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A-50 ေနာကဆ်ကတ်ွ ဲF

ေဟမိ�ဂလိ�ဘငခ်န ့သ်ာ 30% အိ���င့အ်တ�ြပည့�်�ကေ်နသည ်2 လနွး် -much
O 2 အတကွတ်စ်သ��းလိ�အပ်ချကမ်ျားကိ�ထနိး်ရနန်မိ့်သည ်။

အဆိ�ပါ P ကိ� O2ေလမ�တသ်ငွး်သည့အ်ခါနညး်လမ်း��စ်ခ�ြဖင့တ်ိ�း�ိ�ငသ်ည်
အြမင့ေ်ပမ�ာပျံသနး်တယ။် ပထမ ဦး စာွေလယာ�အတငွး်ပိ�ငး်ကိ�ဖိအားေပးြခငး်ြဖင့်
ဖိအား��ိေသာေလထ�ဖိအား��င့�် �ငိး်ယ���ိ�ငေ်သာဖိအားတစ်ခ�ြဖစ်သည်
ပငလ်ယေ်ရမျက�်�ာြပင၊် P O2ေလယာ�အတငွး်မ�ေလထ�၏ ၂၁ ရာခိ�င�်�နး်သည်
760 mm Hg (သိ�)့ ပံ�မ�န ်160 mm Hg ထိ�ေ့�ကာင့ ်alveolar
��င့ေ်သးွလ�တေ်�ကာ P O2��င့ေ်ဟမိ�ဂလိ�ဘငပ်ါဝငမ်�ရာခိ�င�်�နး်မ�ာလညး်အတ�တ�ပငြ်ဖစ်သည်
ပံ�မ�န ်အေရးေပ�အေြခအေနတငွအ်ြပနအ်လ�နထ်နိး်ေကျာငး်ရနပ်ျကက်ကွြ်ခငး်
nal cabin ဖိအားကိ������ ိကရ်ငး် O 2 သည ်P O2 ကိ� ြမ�င့တ်င�်ိ�ငသ်ည် စ�းစား
ပံ�မ�နေ်လကိ������ ိကြ်ခငး်ြဖင့�်ပီးေြမာကေ်အာငြ်မငသ်ည။် ဘယေ်တာလ့ဲ
လ�တစ် ဦး သညသ်န ့စ်ငေ်သာ O 2၊ မ�တသ်ငွး်ခေံနရေသာေလဖိအားအားလံ�းြဖစ်သည်
O 2 ေ�ကာင့ ်ြဖစ်သည။် ဥပမာအားြဖင့၊် စ�စ�ေပါငး်ေလထ�အေြခအေန
အြမင့ေ်ပ ၃၀၀၀၀ တငွ ်၂၂၆ မီလမီီတာ Hg ေသချာပါက P O2 ြဖစ်သည် အတငွး်မ�
သန ့စ်ငထ်ားေသာ O 2 သည ်226 mm Hg ြဖစ်�ပီး၎ငး်သညလ်ံ�ေလာကသ်ညထ်ကပိ်�သည်
ပံ�မ�နေ်သးွလ�တေ်�ကာေဟမိ�ဂလိ�ဘငရ်�ဲမ�ကိ�ထနိး်သမ်ိးပါ။

2. a ။ Hypercapnia သည ်hypoxia ဆကစ်ပ်မ���င့အ်တ�မပါ ၀ ငပ်ါ။
cyanide အဆပ်ိသင့မ်���င့စ်ားခဲသ့ည။် တကယေ်တာ ့CO 2 အဆင့ေ်တကွျဆငး်ေနလိ�ပ့ါ
oxidative metabolism ကိ�တစ်သ��းအဆပ်ိများေ�ကာင့ပိ်တဆ်ိ�ေ့စသည်
CO 2 ကိ�ထ�တလ်�ပ်လျက�်�ိသညမ်ဟ�တ။်

ခ Hypercapnia သည ်hypoxia ကိ�မလိ�ကပ်ါ�ိ�ငပ်ါ
အဆ�တေ်ရာငြ်ခငး်��င့ဆ်ကစ်ပ်သည။် အဆ�တပ်ျံ� ��ံ�့ ိ�ငစ်မ်ွး
၎ငး်သညအ်ဆ�တေ်ဖာေရာငြ်ခငး်ကိ�ေလျာက့ျေစေသာ်လညး် O 2 လ�ေဲြပာငး် မ�သည ်ပိ�မိ�ခစံားရသည်
CO 2 အတကွ ်diffusion constant သည ်CO 2 ထကပိ်� ေသာေ�ကာင့လ်�ေဲြပာငး် သည်
အိ�အဘိ�အ့ဆ 20 ေ�ကာငး် 2 ။ ထိ�ေ့�ကာင့ ်hypoxia သညပိ်�မိ�ြဖစ်ေပ�သည်
ဤအေြခအေနများတငွ ်hypercapnia ထကပိ်�မိ�လယွက်�သည။် Hypercapnia
သိ�ေ့သာ်အဆ�တြ်ပန ့ပ်ာွး�ိ�ငစ်မ်ွးကိ�ခွြဲခားသည့အ်ခါြဖစ်ေပ�လာသည။်
အလနွခ်ျိ� �တဲသ့ည။်

ဂ Hypercapnia သညဆ်ကစ်ပ်ေနေသာ hypoxia ��င့အ်တ�လိ�ကပ်ါလမိ့်မည်
ေလ ၀ ငေ်လထကွစ်နစ်မလံ�ေလာကေ်သာေ�ကာင့အ်ဆ�တေ်ရာဂါ��င့ဆ်ိ�ငသ်ည်
O 2 ေပးပိ� ့ြခငး်��င့ ်CO 2 ြပနလ်ည ်ြဖ ည့စ်ကွြ်ခငး်အတကွဇီ်ဝြဖစ်စ�လိ�အပ်ချကမ်ျားကိ�ြဖည့ဆ်ညး်ပါ။
သားေကာင။် O 2 ��င့ ်CO 2 ��စ်ခ�လံ�း သညအ်ဆ�တ�်�င့အ်�ကားလလဲ�ယသ်ည။်
mosphere သညတ်�ညစီာွထခိိ�ကသ်ည။်

ဒါလညး် Hypercapnia သည ်hypoxia ဆကစ်ပ်မ���င့အ်တ�မပါ ၀ ငပ်ါ။
အြမင့ေ်ပ��င့စ်ားခဲသ့ည။် တကယေ်တာေ့သးွလ�တေ်�ကာက P CO2 ပါတကယတ်မ်းအဆင့ေ်တွ
တနွ ့သ်ာွးသည။် acclimatization အတကွေ်လျာ်ေ�ကးေငတွံ� ့ြပနမ်�များထမဲ�တစ်ခ�ြဖစ်သည်
ြမင့ေ်သာအြမင့သ်ိ�ေ့လ ၀ ငေ်လထကွက်ိ�လ�ံ�ေဆာ်ေပးြခငး်သညရ်လဒတ်စ်ခ�ြဖစ်သည်
ေသးွလ�တေ်�ကာ P O2 ကိ�ေလ�ာခ့ျြခငး်မရ။ ဒေီလျာ်ေ�ကးေင ွhyperventila-
O 2 ကိ� ပိ�မိ�ရယ�ရန ်လ�ပ်ငနး်စ�၌ CO 2 အလနွအ်က�ံတိ�ကထ်�တ ်သည၊်
ထိ�ေ့�ကာင့ေ်သးွလ�တေ်�ကာသည ်P CO2 ြဖစ်သည်အဆင့မ်ျားသညပံ်�မ�နထ်ကက်ျဆငး်သည။်

င Hypercapnia သည ်hypoxia ဆကစ်ပ်မ���င့အ်တ�မပါ ၀ ငပ်ါ။
ြပငး်ထနေ်သာေသးွအားနညး်ေရာဂါ��င့အ်တ�စားခဲသ့ည။် O 2- သယေ်ဆာင�်ိ�ငစ်မ်ွးကိ� ေလ�ာခ့ျ လိ�ကသ်ည်
အေသးွေတာ်သညအ်ေသးွ CO မ�သဇာလ�မ်းမိ�းမ���ိပါတယ ်2 အေ�ကာငး်အရာ, ဒါေ�ကာင့ေ်သးွလ�တေ်�ကာ P ကိ� CO2

အဆင့ေ်တကွပံ�မ�နပ်ါပဲ။
f Hypercapnia သညေ်သးွလညပ်တမ်� hypoxia ��င့အ်တ�လိ�ကပ်ါလမိ့်မည်

congestive heart failure ��င့ဆ်ကစ်ပ်သည။် ေလျာသ့ာွးသလိ�ပဲ
ေသးွစီးဆငး်မ� သညတ်စ်���းများသိ� ့ ad eq uate O 2 ကိ�ပိ�ေ့ဆာငရ်နပ်ျကက်ကွေ်သာ်လညး်၎ငး်သညပ်ျကက်ကွသ်ည်
လံ�ေလာကေ်သာ CO ဖယ�်�ားပစ်ရန ်2 ။

ဆ Hypercapnia သည ်hypoxic hypoxia ��င့အ်တ�လိ�ကပ်ါလမိ့်မည။်
ေလ ၀ ငေ်လထကွေ်ကာငး်ေစေသာေ�ကာင့အ်ဆ�တေ်ရာဂါ��င့ဆ်ကစ်ပ်ေနသည်
O 2 ��စ်ခ�လံ�းအတကွဇီ်ဝြဖစ်စ�လိ�အပ်ချကမ်ျားကိ�ြဖည့ဆ်ညး်ရနမ်လံ�ေလာကပ်ါ
ြဖန ့ေ်ဝြခငး်��င့ ်CO 2 ဖယ�်�ားေရး။ O 2 ��င့ ်CO 2 ��စ်ခ�စလံ�း အ�ကားလလဲ�ယသ်ည်
အဆ�တ�်�င့ေ်လထ�တိ�သ့ညအ်ညအီမ�ထခိိ�ကလ်မိ့်မည။်

3. P O2 ၁၂၂ မီလမီီတာ Hg
၀.၂၁ (H 2 O ၏ေလထ�ဖိအားတစ်စိတတ်စ်ပိ�ငး် )

၀.၂၁ (၆၃၀ မီလမီီတာ Hg ၄၇ မီလမီီတာ Hg)
၀.၂၁ (၅၈၃ မီလမီီတာ Hg) ၁၂၂ မီလမီီတာ Hg

၄။ ေရေအာကန်မိ့်ရာသိ�မ့သာွးမီမိမိဆ��အေလျာကအ်ေြခာကခ်ြံခငး်
ေသးွလ�တေ်�ကာ P CO2 သိ�ေ့သာ်၎ငး်တငွ ်O 2 အေ�ကာငး်အရာကိ� မတိ�းေစ ပါ
ေသးွ။ P CO2 ေ�ကာင့ြ်ဖစ်သညသ်ာမနထ်ကန်မိ့်သ�သညသ်�အ့ားထနိး်�ိ�ငသ်ည်
(သိ�)့ ေသးွလ�တေ်�ကာ P CO2 မတိ�ငမီ်ပံ�မ�နထ်ကအ်သကပိ်���ညသ်ညတ်ိ�းလာသည်
သ�သိ�မ့ဟ�တသ်�မသညအ်သက�်�ရနအ်ေပ�သိ�လ့ငွ့ထ်ကွသ်ာွးသညအ်ထြိဖစ်သည။် အဒဲမီ�ာ-
ေ�� �တငွလ်�တစ် ဦး သညေ်ရေအာက၌်�ကာ��ညေ်န�ိ�ငသ်ည။် ဒါေပမယ့အ်��ရာယ၊်
၎ငး်သညေ်သးွ ၏ O 2 ပါဝငမ်�မဟ�တဘ်ပံဲ�မ�နြ်ဖစ်ခဲသ့ည။်
ေရေအာကမ်သာွးမီတနွ ့က်နဆဲကလ်ကက်ျဆငး်သည။် ထိ�ေ့�ကာင့၊်
ေသးွထတဲငွ ်O 2 အဆင့သ်ည ်CO 2 မတိ�ငမီ်အ��ရာယအ်လနွန်ညး်�ိ�ငသ်ည်
လ�တစ် ဦး အားအသက�်��သငွး်ရနေ်မာငး်��ငရ်နအ်ဆင့အ်ထတိညေ်ဆာကသ်ည။်
ေသးွလ�တေ်�ကာနမိ့် P O2အသက�်��လမ်းေ�ကာငး်ဆိ�ငရ်ာလ�ပ်ေဆာငမ်�ကိ�မလ�ံ�ေဆာ်ပါ
၆၀ မီလမီီတာ Hg အထကိျဆငး်သာွးသည။် တစ်ချိနတ်ညး်မ�ာပငလ်�သညဆ်ံ�း�� ံး�ိ�ငသ်ည်
မလံ�ေလာကအ်ိ�မ�ေ�ကာင့သ်တ�ိ�င့ေ်ရနစ် 2 ပ�မ�ေပးပိ� ့
ဦး ေ��ာက။် အကယ၍် လ�သညအ်သကမ် ၀ ငပ်ါကအ��ပညာ��စ်ခ�လံ�းအတကွ်
rial P CO2 ြဖစ်သည်��င့အ်ိ� 2 အေ�ကာငး်အရာ, ေရေအာကသ်ာွးမီပံ�မ�နမ်ျားမ�ာ
CO 2 စ�ေဆာငး်ြခငး် သညလ်�တစ် ဦး အားမျက�်�ာြပငေ်ပ�သိ�တ့နွး်ပိ�လ့မိ့်မည်
O 2 အဆင့ ်မေရာကမီ်အသက�်� ြခငး်သညအ်��ရာယ�်�ိေသာအမ�တသ်ိ�က့ျဆငး်သာွးသည။်

၅။ ဂ။ ေသးွလ�တေ်�ကာ P O2alveolar P O2 ထကန်ညး်လမိ့်မည် , �ပီးေနာက်
ေသးွလ�တေ်�ကာ P CO2alveolar P CO2 ထက�်ကးီလမိ့်မည် မရ။ ဘာေ�ကာင့လ်ဆဲိ�ေတာ့
monary ပျံ� ��ံ�့ ိ�ငစ်မ်ွးေလျာက့ျလာြခငး်၊ ေသးွလ�တေ်�ကာ P O2 ��င့ ်P CO2 ဘာလ�ပ်မလဲ
alveolar P O2 ��င့မ်ည�ပိါ��င့် ��င့ ်P CO2 မရ။

၎ငး်ကိ� ၁၀၀% O 2၊ alveolar P O2 ြဖင့ ်အ�ပ်ချ�ပ်သည် လမိ့်မည်
��င့ေ်သးွလ�တေ်�ကာ P O2 တိ�းလာသညအ်ညတီိ�းြမ�င့လ်မိ့်မည။် ပင်
ေသးွလ�တေ်�ကာ P O2 alveolar P O2 ��င့မ်�ေြခညမီညမ်ဟ�တပ်ါ , ထိ� ... ြဖစ်မည်
လ�တစ်ေယာကသ်ညေ်လထ�ကိ����ေနသည့အ်ချိနထ်ကပိ်�ြမင့သ်ည။်

ေသးွလ�တေ်�ကာ P CO2လ�တစ်ေယာကဟ်�တမ်ဟ�တအ်တ�တ���ိေနလမိ့်မယ်
၁၀၀% O 2 ကိ�ထနိး်ချ�ပ်သည ်သိ�မ့ဟ�တေ်လထ�ကိ����ေနသည။် ဟိ
alveolar P ကိ� CO2ထိ�ေ့�ကာင့ေ်သးွမ� alveolar P CO2 gradient ေတြွဖစ်ပါတယ်
P CO2 ြဖစ်ေသာေ�ကာင့ ်၁၀၀% O 2 ကိ�အသက�်��ြခငး်ြဖင့မ်ေြပာငး်လပဲါatm ၌
spheric air ��င့ ်100% O 2 ��စ်ခ�လံ�းသညမ်��ိမြဖစ်သ�ည ( P CO2) ြဖစ်သညa်tm ၌
spheric air 0.23 mm Hg) ြဖစ်သည။်

လကေ်တွ�ထည့သ်ငွး်စ�းစားြခငး်
(စာမျက�်�ာ ၅၀၉ တငွေ်မးခနွး်။ )

Emphysema သညအ်သက�်��လမ်းေ�ကာငး်ေသးငယြ်ခငး်�ပိ�လြဲခငး်၏လက�ဏာြဖစ်သည်
ေလလမ်းေ�ကာငး်��င့ ်alveolar နရံံများ�ပိ�ကွြဲခငး် ေကာလပ်ိေ�ကာင့်
ေသးငယေ်သာအသက�်��လမ်းေ�ကာငး်များကယွေ်ပျာကသ်ာွးသည�်�င့အ်မ�အသက�်��လမ်းေ�ကာငး်ခ�ခစံမ်ွးအားလညး်ြမ
emphysema ။ အြခားနာတာ��ညေ်လ�ပနက်ျ�းေရာဂါကဲသ့ိ� ့
သကသ်ာပါသည၊် သကတ်မ်းက�နဆ်ံ�းြခငး်သညလ်�ံ�ေဆာ်မ�ထကမ်ျားစာွသာလနွသ်ည်
လ�ံ�ေဆာ်မ�ေ�ကာင့ေ်လလမ်းေ�ကာငး်များသညသ်ဘာဝအားြဖင့အ်နညး်ငယပိ်�ချဲ�လာသည။်
ပိ�မိ�ေကာငး်မနွေ်သာ transmural pres- ရလဒေ်�ကာင့ရိ်က�ာသညသ်ကတ်မ်းက�နဆ်ံ�းြခငး်ထကသ်ကတ်မ်းက�နသ်ည။်
လ�ံ�ေဆာ်မ�အတငွး်ေသချာေသာ gradient အဘယေ်�ကာင့ဆ်ိ�ေသာ်အသက�်��လမ်းေ�ကာငး်ခ�ခမံ�ေ�ကာင့ြ်ဖစ်သည်
တိ�းတက ်emphysema အတ�လ�နာ larger- ထ�တလ်�ပ်ရနရ်မယ်
ပံ�မ�နထ်က ်intra-alveolar ဖိအားအေြပာငး်အလမဲျားသည�်ပီးေြမာကရ်နြ်ဖစ်သည်
ပံ�မ�နဒ်ေီရအတိ�း ပံ�မ�နအ်သက�်��သ�ံ�င့မ်တ�ဘဲ
သား၊ �ကကသ်ားလ�ံ�ေဆာ်မ�အပိ�ပစ�ညး် (လညပ်ငး်�ကကသ်ား) ��င့်
အသကဝ်ငေ်နေသာ�ကကသ်ားများ (ဝမ်းဗိ�က�်ကကသ်ားများ��င့အ်တငွး်ပိ�ငး်)
intercostal �ကကသ်ားများ) ကိ�လ�ံ�ေဆာ်ရန�်�င့က်စားရနယ်�ေဆာငလ်ာရမည်
ပံ�မ�နေ်လစီးဆငး်မ�ပမာဏကိ�က�နဆ်ံ�းေစသည။်

spirogram သညန်ာတာ��ညပိ်တဆ်ိ� ့ြခငး်၏လက�ဏာြဖစ်လမိ့်မည။်
အဆ�တေ်ရာဂါ။ ဘာလိ�လ့ဆဲိ�ေတာလ့�နာကအေတွ�အ�က�ံပိ�ရတယ်
အဆ�တက်ိ�ြဖည့ရ်နအ်ခကအ်ခမဲ�ာစ�စ�ေပါငး်အဆ�တက်ိ�ြဖည့ရ်နြ်ဖစ်သည်
စမ်ွးေဆာငရ်ညသ်ညပံ်�မ�နအ်ားြဖင့ပံ်�မ�နြ်ဖစ်လမိ့်မည၊်
ual ပမာဏ��င့လ်ကက်ျနပ်မာဏကိ� a အြဖစ်ြမ�င့တ်ငလ်မိ့်မည်
သကတ်မ်းက�နဆ်ံ�း�ပီးေနာကအ်ဆ�တတ်ငွပိ်တမိ်ေနေသာေလ၏ရလဒ်
ရိက�ာ။ အ�ကငး်အကျနပ်မာဏတိ�းလာေသာေ�ကာင့စိ်တလ်�ပ်��ားေစသည်
စမ်ွးရည�်�င့အ်ေရးပါေသာစမ်ွးရညမ်ျားေလျာက့ျသာွးလမိ့်မည။် ဒါအ့ြပင ်FEV 1 လညး်ပါလမိ့်မယ်

စာမျက�်�ာ ၂

အဆိ�ပါ Airflow ��နး်မ�ာေလျာန့ညး်သာွးသညက်ိ� ေထာက.် သသိသိာသာေလ�ာခ့ျခရံ
အသက�်��လမ်းေ�ကာငး်ပိတဆ်ိ� ့ြခငး်။ အဆိ�ပါ FEV 1 - To-အေရးပါေသာအစမ်ွးရညအ်ချိ�းအစားြဖစ်လမိ့်မည်
ပံ�မ�န ်၈၀%ထကအ်များ�ကးီနမိ့်ပါတယ။်

မျက�်�ာြပငဧ်ရိယာေလျာန့ညး်ြခငး်တိ�ေ့�ကာင့လ်လဲ�ယခ်ဲရ့သည်
alveolar နရံံများ�ပိ�ကွြဲခငး်မ�ဓာတေ်ငွ�လလဲ�ယြ်ခငး်သညလ်ိ�အပ်လမိ့်မည။်
တွထဲားသည။် ထိ�ေ့�ကာင့ ်arterial P သည ်CO2 ြဖစ်သည်ြမ�င့ ်တင၍် ေသးွလ�တေ်�ကာ��ိလမိ့်မည်
P O2 ပံ�မ�နထ်ကေ်လျာက့ျသာွးသည။်

ရယစ်ရာေကာငး်တာက O 2 ကိ�လ�နာအားသ�ေ့ရာဂါသကသ်ာေစရန်

စ�းစားရန်အချကမ်ျား
(စာမျက�်�ာ ၅၅၅ မ�ေမးခနွး်များ။ )

၁။ သကဲ��ာရ�ကကမ်ျားတငွ ်Henle ၏ပိ���ညေ်သာကငွး်များ ( သားပိ�ကေ်ကာင ်ဟ�လ�သမိျားသည)်
�ကကမ်ျားသည ်တနြ်ပနမ်ျားြပားေသာများြပားေသာပမာဏကိ�ခငွ့ြ်ပ�သည။်
ထိ�ေ့�ကာင့ပိ်�မိ��ကးီမားေသာ medullary vertical osmotic gradient ြဖစ်သည။် တစ် ဦး အြဖစ်
ရလဒအ်ေန��င့ဤ်�ကကမ်ျားသညစ်�စညး်ထားေသာဆးီကိ�ထ�တလ်�ပ်�ိ�ငသ်ည်
osmolarity သည ်6000 mOsm/litre နးီပါးြဖစ်�ပီးငါးဆြဖစ်သည်
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Translating...

အခနး်ဆံ�းရညရွ်ယခ်ျကေ်မးခနွး်များအတကွအ်ေြဖများ၊ Quantitative ေလက့ျင့ခ်နး်များ၊ စ�းစားရနအ်ချကမ်ျား��င့လ်ကေ်တွ�ထည့သ်ငွး်စ�းစားမ�များ A-51

အဆပ်ိသင့ေ်သာအေြခအေနသညအ်သက�်��ရနသ်�၏ေမာငး်��ငအ်ားကိ�သသိသိာသာကျဆငး်ေစလမိ့်မည်ေသးွလ�တေ်�ကာ P O2 ကိ� ြမ�င့တ်ငြ်ခငး်အဓိကေမာငး်��ငအ်ားကိ�ဖယ�်�ားြခငး်��င့်
အသက�်��ြခငး်အတကွ ်lus ဤအ��ရာယေ်�ကာင့ ်O 2 က�ထံ�းသညလ်ညး်ေကာငး်သင့သ်ည်
အလနွသ်တထိား�ပီးစီမံခန ့ခ်ွရဲနသ်ိ�မ့ဟ�တစီ်မံခန ့ခ်ွရဲနမ်ဟ�တပ်ါ။

အခန်း ၁၄ ဆးီလမ်းေ�ကာငး်
ရညရွ်ယခ်ျကေ်မးခွန်းများ
(စာမျက�်�ာ ၅၅၃ တငွေ်မးခနွး်များ။ )

1. F 2. F 3. T 4. T 5. T 6. nephron 7. ပိ�တကစီ်ယမ်
8. 500 9. 1.b, 2.a, 3.b, 4.b, 5.a, 6.b, 7.b, 8.b, 9.b 10. e
11. b 12. b, e, a, d, c 13. c, e, d, a, b, f 14. g, c, d, a, f၊
b, e 15. 1.a, 2.a, 3.c, 4.b, 5.d

Quantitative ေလက့ျင့ခ်န်း
(စာမျက�်�ာ ၅၅၄ တငွေ်မးခနွး်များ။ )

၁ ။

လ�နာ ၁ ၏တနဖိ်�းအားလံ�းသညပံ်�မ�နအ်တိ�ငး်အတာအတငွး်��ိသည။် လ�နာ ၂ ေယာက်
GFR သညပံ်�မ�နြ်ဖစ်ေသာ်လညး်သ�တ့ငွန်မိ့်ေသာေကျာကက်ပ်ပလာစမာစီးဆငး်မ���င့အ်ြမင့�်�ိသည်
filtration အပိ�ငး် ထိ�ေ့�ကာင့သ်�၏ GFR သညထ်ိ� RPF အတကွအ်လနွြ်မင့မ်ားသည ်။
၎ငး်သညက်ျယြ်ပန ့ေ်သာ filtration slits (သိ�)့ ယိ�စိမ့် glomeru- ကိ�ဆိ�လိ��ိ�ငသ်ည။်
အ�ကမ်းအားြဖင့ ်RPF နမိ့် ြခငး်သညေ်ကျာကက်ပ်ေသးွေပါငခ်ျိနန်မိ့်ြခငး်ကိ�ဆိ�လိ��ိ�ငသ်ည။်
တစ်စိတတ်စ်ပိ�ငး်ပိတဆ်ိ�ေ့နေသာေကျာကက်ပ်ေသးွလ�တေ်�ကာမ�ြဖစ်�ိ�ငသ်ည။်
2. filtered load GFR ပလာစမာအာ�ံ�စ�းစိ�ကမ်�

(၀.၁၂၅ လတီာ/မိနစ်) (၁၄၅ မီလမီီတာ/လတီာ)
၁၈.၁၂၅ mmol/min

3. GFR ( ဦး [ ငါ ] U )/[ I ] B

စ U ◌း်စားပါ( GFR [ I ] B )/[ I ] U

(125 ml/min) (3 mg/litre)/(300 mg/litre)
၁.၂၅ ml/min

၄ ။
ကငး်��ငး်မ���နး်

=

ဆးီအာ�ံ�စ�းစိ�ကမ်� ဆးီ× စီးဆငး်မ�
ပစ�ညး်တစ်ခ�ရဲ ့ ��နး်

ဓာတ၏်ပလာစမာအာ�ံ�စ�းစိ�ကမ်�ပစ�ညး်တစ်ခ�ရဲ ့

=
×7 5. mg/ml 2 ml/min

၀.၂ မီလဂီရမ်/ml

၇၅ ml/min

75 ml / min ၏တစ်ဦး��ငး်လငး်ေရးမ���နး်ေလျာန့ညး်ပျမ်းမ�ထကေ်သာေကာွငျ�
GFR ၁၂၅ မီလလီတီာ/မိနစ်၊ ဓာတက်ိ�ြပနလ်ညစ်�ပ်ယ�သည။်

အများအားြဖင့အ်များအားြဖင့လ်�သားများ၏ဆးီထကပိ်�မိ�စ�စညး်သည်1200 mOsm/လတီာ ဤ�ကးီမားေသာအာ�ံ�စ�းစိ�ကမ်�စမ်ွးရညေ်�ကာင့်
သားပိ�ကေ်ကာင�်ကကမ်ျားသညမ်ညသ်ည့အ်ခါမ�ေသာကရ်နမ်လိ�ပါ။ H 2 O သည ်meta ကိ�ထ�တလ်�ပ်သည။်
အစားအစာများဓာတတ်ိ�းေနစ�အတငွး်သ�တိ�၏့ဆလဲမ်ျားအတငွး်သိ� ့ ၀ ငလ်ာသည်
O 2 n CO 2 H 2 O စမ်ွးအင)် သညသ်�တိ�၏့လိ�အပ်ချကမ်ျားအတကွလ်ံ�ေလာကသ်ည။်
2. a ။ 250 မီလဂီရမ် / မိနစ် filter

စစ်ထ�တထ်ားေသာအရည၏်ပလာစမာအာ�ံ�စ�းစိ�ကမ်�ခွဲ
GFR ရပ်တညခ်ျက်

အရာ ၀ တ� �၏စစ်ထ�တမ်� 200 mg/100 ml 125 ml/min
၂၅၀ မီလဂီရမ်/မိနစ်

ခ 200 mg/min ြပနလ်ညစ်�ပ်ယ�သည်
တစ်ဦးက T က မီတာ ပစ�ညး်ဥစ�ာတနဖိ်�း��ိ reabsorbed လမိ့်မည။်
ဂ ၅၀ မီလဂီရမ်/မိနစ်ထ�တလ်�တသ်ည်
ပါဝငေ်သာပစ�ညး်ပမာဏမ�ထ�တလ်�တေ်သာဓာတပ်မာဏ
စစ်ထ�တထ်ားေသာဓာတပ်မာဏကိ�ြပနလ်ညစ်�ပ်ယ�သည်
၂၅၀ မီလဂီရမ်/မိနစ် ၂၀၀ မီလဂီရမ်/မိနစ် ၅၀ မီလဂီရမ်/မိနစ်

၃။ Aldosterone သည ်Na reabsorption ��င့ ်K secretion ကိ�လ�ံ�ေဆာ်ေပးသည်
ေကျာကက်ပ်�ပနမ်ျားမ� ထိ�ေ့�ကာင့အ်ထင�်�ားဆံ�းလက�ဏာများမ�ာ
Conn's syndrome (aldosterone ၏ hypersecretion) သည ်hyperna
tremia (ေသးွထတဲငွ ်Na အဆင့ြ်မင့တ်ကြ်ခငး်) ေ�ကာင့အ်လနွအ်က�ံြဖစ်ရသည်
Na reabsorption, hypophosphatemia (ပံ�မ�န ်K အဆင့ေ်အာက)်
ေသးွထတဲငွ ်K အလနွအ်က�ံထ�တြ်ခငး်��င့ ်hypertence ေ�ကာင့်
ဆားအလနွအ်က�ံစားြခငး်��င့ဆ်ားလနွက်ြဲခငး်တိ�ေ့�ကာင့ြ်ဖစ်ေပ�လာေသာေသးွဖိအားြမင့တ်ကြ်ခငး်
ter retention ကိ�။
4. e ။ ၃၀၀/၃၀၀ ။ တကေ်နေသာေြခလကမ်ျားသညေ်ရကိ�စိမ့်ဝငလ်�င၎်ငး်သည်
ေဒါငလ်ိ�က ်osmotic gradient တစ်ခ�တညေ်ဆာကရ်နမ်ြဖစ်�ိ�ငပ်ါ
renal medulla ၏ interstitial fluid သညလ်ညး်မဟ�တပ်ါ
ascending-limb fluid သည ်distal သိ�မ့ ၀ ငမီ် hypotonic ြဖစ်လာသည်
tubule ။ တကေ်နေသာကိ�ယလ်ကအ်ဂ� ါသည ်NaCl ကိ��ကားြဖတသ်ိ�စ့�ပ်သည်
အရည၊် ေရသည ်osmotically ေနာကသ်ိ�လ့ိ�ကလ်မိ့်မည၊် ထိ�ေ့�ကာင့ ်interstitial fluid ��စ်ခ�လံ�းသည်
တကလ်ာေသာေြခလကသ်ည ်isotonic 300 mOsm တငွ�်�ိေနလမိ့်မည်
(mosm/လတီာ) tubular အရညသ်ည ်distal tubule ထသဲိ� ့ ၀ ငသ်ည်
ပံ�မ�န ်100 mosm/litre အစား 300 mosm/litre ြဖစ်သည်
osmolarity နညး်ေသာဆးီကိ�ထ�တလ်�ပ်ရနမ်ြဖစ်�ိ�ငေ်ပ
လတီာ ၃၀၀ mosm/လတီာ ဒလီိ�ပဲ medullary မ��ိေတာ့
vertical osmotic gradient ကိ�ထ�တလ်�ပ်ရနမ်ြဖစ်�ိ�ငေ်ပ
မညသ်ိ�ပ့ငြ်ဖစ်ေစဆးီသည ်၃၀၀ mosm/လတီာထကပိ်�စ�စညး်သည်
vasopressin များစာွ��ိသည။်

၅။ အ ဘယေ်�ကာင့ဆ်ိ�ေသာ် ဦး ေ��ာက�်�င့အ်�ကားလမ်းေ�ကာငး်များကျဆငး်ေနြခငး်ေ�ကာင့ြ်ဖစ်သည်
motor urethral များသညြ်ပငပ် urethral sphincter ကိ�ေထာကပံ်ေ့ပးသည်
မေတာ်တဆထခိိ�ကဒ်ဏရ်ာရသ�၊
မ��ိေတာဆ့��အေလျာက ်micturition ထနိး်ချ�ပ်�ိ�ငပ်ါတယ။် ထိ�ေ့�ကာင့ ်Blad-
ဤတစ် ဦး ချငး်စီအတကွက်ကွလ်ပ်ကိ�လံ�း ၀ အ�ပ်ချ�ပ်လမိ့်မည်
micturition တံ� ့ြပနမ်�

လကေ်တွ�ထည့သ်ငွး်စ�းစားြခငး်
(စာမျက�်�ာ ၅၅၅ တငွေ်မးခနွး်။ )

ဆးီကျိတ�်ကးီြခငး်

လ�နာ ၁ လ�နာ ၂

GFR 125 ml/မိနစ် ၁၂၄ ml/min

RPF ၆၂၀ ml/min 400 ml/မိနစ်

RBF ၁၁၂၇ မီလလီတီာ/မိနစ် ၇၂၇ ml/min

FF ၀.၂၀ ၀.၃၁

စာမျက�်�ာ ၃

အခန်း ၁၅ အရည�်�င့်
အကဆ်စ ်- Base Balance
ရညရွ်ယခ်ျကေ်မးခွန်းများ
(စာမျက�်�ာ ၅၈၆ တငွေ်မးခနွး်များ။ )

1. T 2. F 3. F 4. T 5. T 6. intracellular fluid
7. [H 2 CO 3 ], [HCO 3 ] 8. d 9. b 10. a, d, e 11. b, e
12. c 13. 1. metabolic acidosis, 2. diabetes mellitus၊
3. pH 7.1, 4. respiratory alkalosis, 5. anxiety, 6. pH 7.7၊
၇။ အသက�်��လမ်းေ�ကာငး်ဆိ�ငရ်ာ acidosis၊ ၈။ အဆ�တေ်ရာငေ်ရာဂါ၊ ၉. pH ၇.၁၊
10. metabolic alkalosis, 11. အနြ်ခငး်, 12. pH 7.7

Quantitative ေလက့ျင့ခ်န်း
(စာမျက�်�ာ ၅၈၇ တငွေ်မးခနွး်များ။ )

1. pH 6.1 log [HCO 3 ]/(0.03 mM/mm Hg 40 mm Hg)
၇.၄ ၆.၁ မ�တတ်မ်း [HCO 3 ] /1.2 mM
log [HCO 3 ] /1.2 mM 7.4 6.1 1.3
[HCO 3 ] 1.2 mM (10 1.3 ) 24 mM

2. pH log [H], [H] 10 pH

[ဇ] ၁၀ ၆.၈ pH 6.8 အတကွ ်158 nM
[ဇ] ၁၀ ၈.၀ pH 8.0 အတကွ ်10 nM

၃။ ေရစကေ်ရသညအ်တားအဆးီအားလံ�းတငွစိ်မ့်ဝင�်ိ�ငသ်ညက်ိ�သတြိပ�ပါ
၎ငး်ကိ�အခနး်အားလံ�းတိ�တ့ငွည်တီ�ညမီ�ြဖန ့ေ်ဝလမိ့်မည။် ဘာေ�ကာင့လ်ဆဲိ�ေတာ-့
line သညဆ်လဲမ်ျားမ ၀ ငပ်ါ၊ ၎ငး်သည ်ECF တငွ�်�ိေနလမိ့်မည။် ထကွေ်ပ�လာတဲ့
ြဖန ့ြ်ဖ�းချကမ်ျားကိ�ေအာကေ်ြခ��ိဇယားတငွအ်ကျ�းချ�ပ်ေဖာ်ြပထားသည်
စာမျက�်�ာ ပလာစမာပမာဏကိ�ချဲ�ထငွရ်ာမ�ာဆားရညက်ပိ�ေကာငး်တယဆ်ိ�တာ��ငး်ပါတယ။်

tubule သညဆ်းီ၌ခ��ာကိ�ယမ်�ဆံ�း�� ံးသည၊် ခ��ာကိ�ယြ်ဖစ်လာသည်
ေရဓာတခ်နး်ေြခာက�်ပီး ECF osmolarity သညအ်ရကေ်�ကာင့ြ်မင့တ်ကလ်ာသည်
စားသံ�းမ�။ ဆိ�လိ�သညမ်�ာဆးီတငွအ်ရညမ်ျားပိ�ဆံ�း�� ံးသည။်
အရက၏်လ�ပ်ေဆာငခ်ျကေ်�ကာင့အ်ရကယ်မကာကိ�ေပါငး်လိ�ကသ်ည်
vasopressin ။ ထိ�ေ့�ကာင့ ်imbibing ခရံေသာသ�သညေ်ရ��ားပါးမ�ကိ��က�ံေတွ�ရသည်
မ�ကာေသးမီကအရညမ်ျားေသာကေ်နေသာ်လညး်ေရဆာေနဆြဲဖစ်သည။်

၂။ လ�တစ် ဦး သညဆ်ား�ကယဝ်ေသာေခ�း ၁၅၀၀ မီလလီတီာကိ�ဆံ�း�� ံးလ�ငအ်ချိ�ရညေ်သာကပ်ါ
တစ်ချိနတ်ညး်တငွဆ်ားအစားထိ�းြခငး်မ��ိဘေဲရ ၁၀၀၀ မီလလီတီာ
ကာလအပိ�ငး်အြခား��င့ခ်��ာကိ�ယပ်မာဏ ၅၀၀ မီလလီတီာလိ�လမိ့်မည်
အရညမ်ျားသည ်hypotonic (ခ��ာကိ�ယ၌်ကျန�်�ိေသာဆား) ြဖစ်လာလမိ့်မည်
အခမဲ ့H 2 O ၁၀၀၀ မီလလီတီာကိ�စားသံ�းမိပါကအရညေ်ပျာ်သာွးလမိ့်မည ်။ အြဖစ်
ရလဒအ်ေန��င့ ်hypothalamic osmoreceptors (လ�မ်းမိ�းေသာ input)
vasopressin- လ�ိ�� ဝ�ကဆ်လဲမ်ျားသည ်vasopressin ကိ� ကျဆငး် ေစရနအ်ချကြ်ပလမိ့်မည်
ထိ�ေ့�ကာင့ပိ်�လ�ံေသာစနွ ့ပ်စ်ြခငး်သညဆ်းီစနွ ့ထ်�တမ်�ကိ�ြမင့တ်ကေ်စသည်
ေရသညခ်��ာကိ�ယအ်ရညမ်ျားကိ�အလနွေ်မ�းမ�ိနေ်စသည။် တ�ပိ�ငန်ကတ်ညး်၊
ဘယဘ်က ်atrial volume receptors သည ်vasopressin ကိ�အချကြ်ပလမိ့်မည။်
ေရကိ�ထနိး်သမ်ိးရန ်vasopressin secretion ကိ� ြမ�င့ ်တငရ်န ်ဆလဲမ်ျားကိ�လ�ံ�ေဆာ်သည်
ဆးီဖဲွ�စညး်စ�တငွ၎်ငး်သညပ်မာဏလိ�ေငကွိ�ေလျာပ့ါးသကသ်ာေစသည။်
vasopressin-secreting ဆလဲမ်ျားသိ�က့ွလဲွေဲနေသာဤသငွး်အားစ���စ်ခ�သည်
တနြ်ပနအ်ကျိ�းြဖစ်ထနွး်ေစေသာ ဤအေ�ကာငး်ေ�ကာင့၎်ငး်��စ်ခ�လံ�းကိ�အစားထိ�းရနအ်ေရး�ကးီသည်
ေခ�းအလနွအ်က�ံထကွြ်ခငး်သိ�မ့ဟ�တအ်ြခားပံ�မ�နမ်ဟ�တေ်သာဆံ�း�� ံးမ�များေ�ကာင့ေ်ရ��င့ဆ်ား
ဆား�ကယဝ်ေသာအရညမ်ျား ဆားကိ�ေရစားသံ�းမ���င့အ်စားထိ�းလ�င ်ECF
osmolarity သညပံ်�မ�န�်�င့ ်vasopressin-secreting ��င့န်းီစပ်သည်
ဆလဲမ်ျားသည ်vasopressin secretion ကိ�တိ�းပာွးေစရနအ်ချကြ်ပများကိ�သာလကခ်သံည်
ECF အသအံတိ�းအကျယက်ိ�ပံ�မ�နအ်တိ�ငး်ြပနထ်ားပါ။

၃။ dextrose solution ၏အာ�ံ�စ�းစိ�ကမ်���င့ည်ေီသာအခါ
ပံ�မ�နခ်��ာကိ�ယအ်ရညမ်ျားကိ�အေ�ကာထသဲိ�ထ့ိ�းသငွး်သည၊် ECF ပမာဏသည်
တိ�းချဲ�ေသာ်လညး် ECF ��င့ ်ICF တိ�သ့ည ်osmotically ညမီ�ေနဆြဲဖစ်သည။်
ထိ�ေ့�ကာင့ ်ECF အ�ကားေရအသားတငေ်ရွ�လျားမ�မ��ိပါ
��င့ ်ICF dextrose သညဆ်လဲထ်သဲိ� ့ ၀ ငလ်ာ�ပီး metabolized လ�ပ်ေသာအခါ၊



04/08/2021 Human Physiology: From Cells to Systems, 7th ed.

https://translate.googleusercontent.com/translate_f 3/73

Translating...

A-52 ေနာကဆ်ကတ်ွ ဲF

စ�းစားရန်အချကမ်ျား
(စာမျက�်�ာ ၅၈၇ တငွေ်မးခနွး်များ။ )

၁။ အရကက်ိ�တားဆးီေသာအခါဆးီဖဲွ�စညး်မ���နး်ြမင့တ်ကလ်ာသည်
vasopressin secretion ��င့ေ်ကျာကက်ပ်များသညစ်�ပ်ယ��ိ�ငစ်မ်ွးကိ�ြပနလ်ညမ်လ�ပ်ေဆာင�်ိ�ငပ်ါ။
အေဝးမ�စ�ေဆာငး်�ပီး�ပနမ်ျားမ� ဘာလိ�လ့ဆဲိ�ေတာအ့ပိ�ေရအလကားရတယ်
ပံ�မ�နအ်ားြဖင့မ်ျား၏ distal အစိတအ်ပိ�ငး်များထမံ� reabsorbed ခဲ�့ကလမိ့်မယလ်ိ� ့

သိ�ေ့သာ်ဤေပျာ်ရညရွ်ကမ်� ECF သည ်hypotonic ြဖစ်လာသည်
ပလာစမာ။ ပိ�လ�ံေသာေရကိ�ဆးီတငွမ်စနွ ့ထ်�တပ်ါက
ဘာမ�မလ�ပ်ဘေဲနလ�ငေ်ရသည ်osmosis ြဖင့ဆ်လဲမ်ျားထသဲိ�ေ့ရွ �သာွးလမိ့်မည။်

၄။ မ�န ့ဖ်�တေ်ဆာ်ဒါ (NaHCO 3 ) သညအ်လယွတ်က�စ�ပ်ယ��ိ�ငေ်သာေ�ကာင့ြ်ဖစ်သည်
အစာေြခလမ်းေ�ကာငး်၊ bak ��င့အ်စာအမ်ိ hyperacidity ကိ�က�သြခငး်
ေဆာ်ဒါစားသံ�းြခငး်သည ်HCO 3 အလနွအ်က�ံအြဖစ် metabolic alkalosis ကိ�ြဖစ်ေပ�ေစ�ိ�ငသ်ည်သည်
စ�ပ်ယ�သည။် စ�ပ်ယ�မ�အားနညး်ေသာ antacids ��င့က်�သြခငး်သည်

အရညမ်ျားမျိ�ချမိသည် အခန်း

အခန်း၏အရွယအ်စား
စားသံ�းြခငး်မြပ�မီ

(လတီာ)

အခန်း၏အရွယအ်စား
စားသံ�း�ပီးေနာက်

(လတီာ)

ရာခိ�င�်�န်းတိ�းလာသည်
အခန်း၏အရွယအ်စား

စားသံ�း�ပီးေနာက်

ေပါငး်ခံေရ TBW ၄၂ ၄၃ ၂ ရာခိ�င�်�နး်

ICF (၂/၃ TBW) ၂၈ ၂၈.၆၆၇ ၂ ရာခိ�င�်�နး်

ECF (၁/၃ TBW) ၁၄ ၁၄.၃၃၃ ၂ ရာခိ�င�်�နး်

ပလာစမာ (၂၀% ECF) ၂.၈ ၂.၈၆၆ ၂ ရာခိ�င�်�နး်

ISF (၈၀% ECF) ၁၁.၂ ၁၁.၄၆၆ ၂ ရာခိ�င�်�နး်

ဆားရည် TBW ၄၂ ၄၃ ၂ ရာခိ�င�်�နး်

ICF ၂၈ ၂၈ ၀%

ECF ၁၄ ၁၅ ၇ ရာခိ�င�်�နး်

ပလာစမာ ၂.၈ ၃ ၇ ရာခိ�င�်�နး်

ISF ၁၁.၂ ၁၂ ၇ ရာခိ�င�်�နး်

စာမျက�်�ာ ၄

အဘယေ်�ကာင့ဆ်ိ�ေသာ်ဤထ�တက်�နမ်ျားသညအ်စာေြခလမ်းေ�ကာငး်၌တည�်�ိေန�ပီးြဖစ်သည်
အကဆ်စ် - အေြခခမံညမီ�မ�ကိ�မထ�တလ်�ပ်ပါ��င့။်

၅။ ဂ။ ေဟမိ�ဂလိ�ဘင�်ကားခစံနစ်သညက်ာဗွနဒ်ိ�ငေ်အာကဆ်ိ�ဒက်ိ�တားဆးီေပးသည။်
hydrogen ion ကိ�ထ�တေ်ပးသည။် အသက�်��လမ်းေ�ကာငး်ဆိ�ငရ်ာ acidosis အေြခအေနတငွ်
ြပငး်ထနအ်ဆ�တေ်ရာငေ်ရာဂါ၊ အပ်ိချ်အိ�ငဗီွ် Hb n HHb တံ� ့ြပနမ်�
HHb ဘကသ်ိ� ့ ဦး တညသ်ာွး�ပီး၊ အချိ��ကိ�ဖယ�်�ားသည်
ေသးွမ� H ပိ�လတွသ်ည။်

လကေ်တွ�ထည့သ်ငွး်စ�းစားြခငး်
(စာမျက�်�ာ ၅၈၇ တငွေ်မးခနွး်။ )

ရလဒအ်ေန��င့�်ကာ��ညဝ်မ်းေလ�ာြခငး်သညေ်ရဓါတခ်နး်ေြခာကြ်ခငး်ကိ�ြဖစ်ေစသည်
metabolic acidosis သညရ်လဒတ်စ်ခ�ချငး်စီ၌အလနွအ်က�ံဆံ�း�� ံးြခငး်ြဖစ်သည်
အရညသ်ညမ်စင�်�င့ ်NaHCO 3 ပံ�မ�နြ်ဖစ်လမိ့်မည်
ေသးွထသဲိ�စ့�ပ်ယ�သည။်

ေရဓာတခ်မ်းေြခာကြ်ခငး်အတကွေ်လျာ်ေ�ကးေငအွစီအမံများတငွပ်ါဝငသ်ည။်
vasopressin သ�ကားဓာတက်ိ�ကျံ� �ေစ�ပီးေရဓာတြ်ပနလ်ညြ်ဖည့တ်ငး်ေပးသည။်
အေဝးမ�စ�ပ်ယ�ြခငး်��င့ေ်နာကဆ်ကတ်ွ�ဲပနမ်ျားြဖင့စ်�ပ်ယ�ြခငး်
ဆးီထကွ�်�နး်ကျဆငး်ြခငး် တစ်�ပိ�ငန်ကတ်ညး်မ�ာပငအ်ရညမ်ျားေသာကမိ်သည်
ေရငတြ်ခငး်ကိ�အားေပးတယ။် metabolic acidosis ြဖစ်လာသည်
HCO 3 မ� ECF မ�ပိ�ေနေသာ H ကိ�ဖယ�်�ားြခငး်အားြဖင့ေ်ပါငး်စပ်သည်
H 2 CO 3 : HCO 3 �ကားခစံနစ်၏တိ�းတကလ်ာေသာေလအားြဖင့၊်
အကဆ်စ်-ဖဲွ�စညး် CO ၏ပမာဏကိ�ေလ�ာခ့ျဖိ� ့ tion 2 ခ��ာကိ�ယအ်ရညအ်တကွ,်
��င့ေ်ကျာကက်ပ်အပိ� H ကိ� excreting ��င့ ်HCO ထနိး်သမ်ိးေစာင့ေ်��ာကြ်ခငး်ြဖင့ ်3 ။

အခန်း ၁၆ အစာေြခစနစ်
ရညရွ်ယခ်ျကေ်မးခွန်းများ
(စာမျက�်�ာ ၆၃၈ တငွေ်မးခနွး်များ။ )

1. F 2. T 3. T 4. F 5. F 6. F 7. long, short
8. chyme 9. သံ�း 10. ဗီတာမင ်B 12 , သညး်ေြခဆား 11. သညး်ေြခ
ဆားများ 12. b 13. 1.c, 2.e, 3.b, 4.a, 5.f, 6.d 14. 1.c, 2.c, 3.d၊
4.a, 5.e, 6.c, 7.a, 8.b, 9.c, 10.b, 11.d, 12.b

Quantitative ေလက့ျင့ခ်န်း
(p အေပ�ေမးခနွး်လ�ာ။ 639. )

1. a ။ r ၀.၅ စငတ်မီီတာ၊ ဧရိယာ ၄ (၀.၂၅) စငတ်မီီတာ ၂
အသအံတိ�းအကျယ ်၄၃

() (၀.၅) ၃ ၀.၅၂၃၆ စငတ်မီီတာ ၃
ဧရိယာ/ပမာဏ ၆
ခ တစ်ခ�ချငး်စီကိ�သစ်ကိ�မျကရ်ညစ်ကေ်လးေတရဲွအ့သအံတိ�းအကျယ ်5.236 10 3 စငတ်မီီတာ 3 , ဒါေ�ကာင့်

ထိ�ေ့�ကာင့ပ်ျမ်းမ�အချငး်ဝကသ်ည ်၀.၁၀၇၇ စငတ်မီီတာြဖစ်သည။် နယပ်ယတ်စ်ခ���င့တ်စ်ခ�
ထိ�အချငး်ဝကသ်ည်

၄ (၀.၁၀၇၇ စငတ်မီီတာ) ၂၀.၁၄၅၈ စငတ်မီီတာ ၂
ဧရိယာ/ပမာဏ ၂၇.၈
ဂ ဧရိယာ emulsified/ ဧရိယာ droplet (100) (0.1458 စငတ်မီီတာ 2 )/ စငတ်မီီတာ 2

၄.၆၄
ထိ�ေ့�ကာင့ ်emulsified droplets ၁၀၀ လံ�း၏စ�စ�ေပါငး်ဧရိယာသည ်၄.၆၄ ြဖစ်သည်
မ�လပိ��ကးီမားေသာ lipid droplet ၏ဧရိယာကိ�ေြမ�ာကပ်ါ။

ဒါလညး် emulsified/volume droplet (၁၀၀) (၅.၂၃၆

စ�းစားရန်အချကမ်ျား
(p အေပ�ေမးခနွး်လ�ာ။ 639. )

၁။ အစာအမ်ိကိ�ဖယ�်�ား�ပီးေသာလ�နာများသညအ်စာစားရမည်
စားသံ�းမည့အ်စားအစာအနညး်ငယက်ိ�မ�ကာခဏစားပါ
၎ငး်တိ�သ့ညစ်မ်ွးရညက်ိ�ဆံ�း�� ံးထားေသာေ�ကာင့တ်စ်ေနလ့�ငပံ်�မ�နသ်ံ�းနပ်
အစာကိ�အစာအမ်ိတငွသ်ိ�ေလ�ာင�်ပီး၎ငး်ကိ�အ�သမ်ိထသဲိ�ထ့ည့ပ်ါ
အေကာငး်ဆံ�း��နး်တစ်ခ� လ�တစ် ဦး သညအ်စာအမ်ိမ��ိဘေဲလာငလ်�င�်ကးီမားသည်
အ�သမ်ိထသဲိ�တ့စ်�ပိ�ငန်ကတ်ညး် ၀ ငလ်ာေသာအစာသည ်luminal conc
တမဲျားသညအ်စာေြခဖျကမ်�ကဲသ့ိ�အ့လနွလ်ျငြ်မနေ်သာ hypertonic ြဖစ်လာလမိ့်မည်
�ကးီမားေသာအာဟာရဓာတေ်မာ်လကီျ�းများသညေ်သးငယ။် အများအားြဖင့ ်osmotically
တက�်က။ စ�ပ်ယ��ိ�ငေ်သာယ�နစ်များသည ်ပိ�၍ ေ��းေကးွေသာလ�ပ်ေဆာငမ်�ကိ�ေကျာ်တကသ်ည်
ဤယ�နစ်များ၏စ�ပ်ယ�မ� ဒအီကျိ�းဆကအ်ေနနဲတ့ိ�းလာတယ်
luminal osmolarity, ေရသညအ်�သမ်ိ lumen ထသဲိ� ့ ၀ ငသ်ည်
plasma မ� osmosis ေ�ကာင့ေ်သးွလညပ်တမ်�ကိ�ထခိိ�ကေ်စသည။်
bances အြဖစ်��င့အ်�တငး်ကျပ်။ ဤ“ အမ�ိကပ်စ်ြခငး်ကိ�ကာကယွရ်န်
syndrome ေရာဂါြဖစ်ပာွးြခငး်မ�လ�နာသညေ်သးငယေ်သာအစာကိ�ေက�းရမည်
အ�သညတ်စ်�ကမ်ိတငွအ်စာအနညး်ငယမ်�သာစ�ပ်ယ��ိ�ငသ်ည်
အစာေချဖျကမ်�ထ�တက်�နမ်ျားသညသ်�တိ�၏့��နး်��င့အ်ညထီနိး်ထား�ိ�ငသ်ည်
ထ�တလ်�ပ်မ� လ�တစ် ဦး သညမီ်တာကိ�သတ�ိ�ိ��ိကိ�ငတ်ယွရ်မည်
အစာအမ်ိမ�အ�သမ်ိသိ�အ့စားအစာပိ�ေ့ဆာငြ်ခငး်
ဒတီာဝနက်ိ�ထမ်းေဆာငဖိ်�မ့��ိေတာပ့ါဘ�း။

၂။ အ���င့ဆ်ကစ်ပ်ေသာ lymphoid တစ်သ��းသညခ်�ခအံားကိ�ထ�တေ်ပးသည်
ေရာဂါြဖစ်ေစေသာ (ေရာဂါြဖစ်ေစေသာ) ေသးငယေ်သာပိ�းမ �ားများကိ�တိ�ကခ်ိ�ကသ်ည။်
isms များသညအ်လယွတ်က�ရ�ိ�ငေ်သာအစာေြခလမ်းေ�ကာငး်ထသဲိ� ့ ၀ င ်ေရာက၍် ထကွေ်ြပးသည်
တေံတးွ lysozyme (သိ�)့ အစာအမ်ိ HCl ေ�ကာင့ပ်ျကစီ်းြခငး် ဒလီ�ပ်ေဆာငခ်ျက်
ဤအလားအလာ��ိေသာေရာဂါပိ�းများခ��ာကိ�ယထ်သဲိ� ့ ၀ ငေ်ရာကြ်ခငး်မ�ကာကယွေ်ပးသည်
သင့ေ်တာ်သည။် အ���င့ဆ်ကစ်ပ်ေသာခ�ခအံားဆလဲအ်ေရအတကွမ်ျားြပားသည်
lymphoid တစ်သ��းသညခ်�ခကံာကယွမ်�ကိ�ပထမဆံ�းကာကယွသ်ည့အ်ေန��င့လ်ကခ်�ံိ�ငသ်ည။်
ဒမီျက�်�ာြပငရဲ်မ့ျက�်�ာြပငအ်ကျယအ် ၀ နး်ကိ�စ�းစားတဲအ့ခါကျ�းေကျာ်မ�ကိ�ဖယ�်�ားပါ။
gestive tract meem သညအ်�ကား��ိအ�ကးီဆံ�း interface ကိ�ကိ�ယစ်ားြပ�သည်
ခ��ာကိ�ယ�်�င့သ်င့ေ်တာ်ေသာြပငပ်ပတဝ်နး်ကျင။်

၃။ ဆးီ သာွးြခငး်သည�်� ံးနမိ့်ြခငး်အားလံ�းကိ��ပီးေြမာကေ်စလမိ့်မည။်
tion reflex လ�နာတစ်ေယာကခ်ါးေအာကပိ်�ငး်ကေနေအာကက်ိ�ဆငး်ေနလိ� ့
အနမိ့်ေကျာ�ိ�း-�က�ိးဒဏရ်ာ။ ြပငပ်၏ဆ��အေလျာကထ်နိး်ချ�ပ်
anal sphincter သညအ်ေ��ာင့အ်ယ�ကေ်�ကာင့မ်ြဖစ်�ိ�ငပ်ါ
မ�လ motor cortex ��င့ေ်အာကသ်ိ�ဆ့ငး်ေသာလမ်းေ�ကာငး်
ဒ ီsphincter ကိ�ေထာကပံ်ေ့ပးတဲ ့motor neuron

၄။ Glucuronyl transferase ကိ�မလံ�ေလာကေ်သာအခါ
eryth- ေမးွဖွားစ�အတငွး်ထ�တလ်�ပ်ခဲေ့သာ bilirubin အားလံ�းကိ�ေပါငး်ရနေ်မးွကငး်စကေလးငယ်
glycyuronic acid ��င့ ်rocyte ပျကစီ်းြခငး်သညအ်ပိ�မည�ီွတေ်သာ၊
ကန ့သ်တထ်ားေသာ bilirubin ကိ�သညး်ေြခရညထ်သဲိ�မ့ထ�တ�်ိ�ငပ်ါ။ ထိ�ေ့�ကာင့ဤ်သည်
bilirubin အပိ�သညခ်��ာကိ�ယ၌်ကျန�်�ိေနေသး။ အသားဝါြခငး်ကိ�ြဖစ်ေစသည်
ေမးွကငး်စ၌။

၅။ အစာအမ်ိကိ�ဖယ�်�ားြခငး်သညအ်��ရာယ�်�ိေသာေသးွအားနညး်ေရာဂါြဖစ်ေစသည်
ရလဒအ်တကွလ်ိ�အပ်ေသာပငက်ိ�ယအ်ချကမ်��ိြခငး်ေ�ကာင့ြ်ဖစ်သည်
ဗီတာမင ်B က၏စ�ပ်ယ� 12 ။ terminal ileum lead များကိ�ဖယ�်�ားြခငး်
၎ငး်သညဗီ်တာမင�်�ိေသာတစ်ခ�တညး်ေသာေနရာြဖစ်ေသာေ�ကာင့အ်��ရာယ�်�ိေသာေသးွအားနညး်ေရာဂါသိ� ့
B 12 စ�ပ်ယ��ိ�ငသ်ည။်
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Translating...

အခနး်ဆံ�းရညရွ်ယခ်ျကေ်မးခနွး်များအတကွအ်ေြဖများ၊ Quantitative ေလက့ျင့ခ်နး်များ၊ စ�းစားရနအ်ချကမ်ျား��င့လ်ကေ်တွ�ထည့သ်ငွး်စ�းစားမ�များ A-၅၃

၁၀ ၃ စငတ်မီီတာ ၃ ) /၀.၅၂၃၆ စငတ်မီီတာ ၃၁.၀ ။ထိ�ေ့�ကာင့ ်emulsifica- ၏ရလဒေ်�ကာင့စ်�စ�ေပါငး်ပမာဏသညမ်ေြပာငး်လခဲဲပ့ါ။
lipid စ�စ�ေပါငး်ပမာဏေ�ကာင့ေ်မ�ာ်လင့ထ်ားသည့အ်တိ�ငး်ြဖစ်လမိ့်မည်
emulsification ကာလအတငွး်ထနိး်သမ်ိးထားသည။် မ�လအသပံမာဏ
�ကးီမားေသာေသးငယသ်ည့ေ်ရစက၌် ent ကိ� emulsified ၁၀၀ တငွခ်ွထဲားသည်
ဖဲွ။

လကေ်တွ�ထည့သ်ငွး်စ�းစားြခငး်(စာမျက�်�ာ ၆၃၉ တငွေ်မးခနွး်။ )
သညး်ေြခ�ပနက်ိ�သညး်ေြခေကျာကြ်ဖင့ပိ်တဆ်ိ�ေ့သာသ�သည ်a
အဆမီျားေသာအစာကိ�စား�ပီးေနာကန်ာကျငေ်သာ“ သညး်ေြခအတိေ်ဖာကြ်ခငး်”
စားသံ�းမိေသာအဆသီည ်cholecystokinin ကိ�ထ�တလ်�တေ်စသည်
သညး်ေြခအတိက်ျံ� � ြခငး်ကိ�လ�ံ�ေဆာ်ေပးသည။် သညး်ေြခအတိက်ျံ� �သကဲသ့ိ� ့

စာမျက�်�ာ ၅

A-54 ေနာကဆ်ကတ်ွ ဲF

သညး်ေြခကိ�ပိတဆ်ိ�ထ့ားေသာသညး်ေြခ�ပနထ်သဲိ�ည့�စ်လိ�ကလ်�င�်ပနြ်ဖစ်လာသည်
ပိတဆ်ိ� ့ြခငး်မတိ�ငမီ်ေဖာြခငး် ဤတငး်ကျပ်ြခငး်သညန်ာကျငေ်စသည။်

bilirubin မပါဝငေ်သာေ�ကာင့မ်စငသ်ညမီ်းခိ�းေရာငြ်ဖ�သည်
သညး်ေြခရည�်ပနပိ်တဆ်ိ�ေ့သာအခါသညး်ေြခရညသ်ညအ်စာေြခလမ်းေ�ကာငး်ထသဲိ� ့ ၀ ငသ်ည။်
Bilirubin ကိ�ဘကတ်းီရီးယားအငဇိ်�ငး်များြဖင့ေ်ဆာငရွ်ကေ်သာအခါတာဝန�်�ိသည်
၎ငး်သညမ်��ိြခငး်၌မီးခိ�းေရာငြ်ဖ�ေသာမစင၏်အည�ိေရာငြ်ဖစ်သည။်

အခန်း ၁၇ စမ်ွးအငလ်ကက်ျန်
အပ�ချိန်ထန်ိးည�ြိခငး်
ရညရွ်ယခ်ျကေ်မးခွန်းများ
(စာမျက�်�ာ ၆၅၈ တငွေ်မးခနွး်များ။ )

1. F 2. F 3. F 4. F 5. T 6. T 7. T 8. T
9. arcuate nucleus 10. တ�န ်ယင ်ြခငး် 11. nonshivering
thermogenesis 12. ေခ�းထကွြ်ခငး် 13. b 14. 1.b, 2.a, 3.c, 4.a၊
5.d, 6.c, 7.b, 8.d, 9.c, 10.b

Quantitative ေလက့ျင့ခ်န်း
(စာမျက�်�ာ ၆၅၉ တငွေ်မးခနွး်များ။ )

၁။ ��ပေဗဒမ� T (C) U /( C ) ကိ� ငါတိ�သ့သိည် m ) ။ ထိ�အ့တ�
U /t BMR ကိ� သတြိပ�ပါ ။ ဆိ�လိ�သညမ်�ာစမ်ွးအငအ်သံ�းြပ���နး်သညအ်ေြခခြံဖစ်သည်
ဇီဝြဖစ်စ���နး်။ m သညခ်��ာကိ�ယအ်ရည၏်ထ�ထညက်ိ�ကိ�ယစ်ားြပ�သည။် ပံ�မ�နတ်စ်ခ�အတကွ်
လ�၊ ဒါက ၄၂ လတီာ

(၄၂ လတီာ) (၁ ကလီိ�ဂရမ်/လတီာ) ၄၂ ကလီိ�ဂရမ်
ဂ ၁.၀ kcal/(kg-C)

ေရသည ်၁၀၀ ဒဂီရီစငတ်ဂီရိတ�်�င့ပံ်�မ�နက်ိ�ယအ်ပ�ချိနတ်ငွ�်�ိသည်
အပ�ချိန ်၃၇ ဒဂီရီ၊ အပ�ချိန ်၆၃ ဒဂီရီသိ�ေ့ြပာငး်ရနလ်ိ�သည။် ထိ�ေ့�ကာင့,်

t ( T ဂ မီတာ ) / BMR (63C) [1.0 kcal / (ကလီိ�ဂရမ်-C အ)]
(၄၂ ကလီိ�)/(၇၅ kcal/hr) ၃၅ နာရီ

ေလက့ျင့ခ်နး်လ�ပ်ေနစ�ဇီဝြဖစ်စ���နး်ပိ�ြမင့လ်ာသည။်
t (63C) [1.0 kcal/(kg-C)] (42 kg)/(1000 kcal/hr) 2.6 hr

စ�းစားရန်အချကမ်ျား
(စာမျက�်�ာ ၆၅၉ တငွေ်မးခနွး်များ။ )

1. အေထာကအ်ထား CCK တစ်မတွမ်ေြပ�ိ�ငေ်သာအချကြ်ပအြဖစ်တာဝနထ်မ်းေဆာငေ်�ကာငး်အ�ကြံပ�ထားသည။် ၎ငး်သည်
အစာလံ�လံ�ေလာကေ်လာကမ်စားတာကိ�ရပ်တန ့ဖိ်�အ့ချကတ်စ်ခ�အေနနဲယ့ံ��ကညတ်ယ်
ခ��ာကိ�ယရဲ်စ့မ်ွးအငလ်ိ�အပ်ချကက်ိ�ြဖည့ဆ်ညး်ဖိ�စ့ားသံ�း�ပီး�ပီ
အစားအစာသညအ်စာေြခလမ်းေ�ကာငး်၌��ိေနေသးေသာ်လညး် ထိ�ေ့�ကာင့ဘ်ယအ်ချိနလ်ဲ
CCK ထ�တလ်�တမ်�ကိ�ဟန ့တ်ားေသာေဆးများကိ�စမ်းသပ်ရနစီ်မံသည။်
tal တရိစ�ာနမ်ျား၊ ဤအဆာများအချကြ်ပမ�ေ�ကာင့တ်ရိစ�ာနမ်ျားအလနွအ်က�ံစားသည်
ထ�တြ်ပနသ်ည။်

၂။ “ အစာပျကြ်ခငး်” ကိ�မစားပါ��င့။် အာဟာရဓာတမ်�တေအာငစ်ားပါ။
မ��ိမြဖစ်လိ�အပ်ေသာအာဟာရဓာတအ်ားလံ�းကိ�ေထာကပံ်ေ့ပးေသာ anced diet ြဖစ်ေသာ်လညး်စ�စ�ေပါငး်ေလ�ာပ့ါ
ကယလ်ိ�ရီစားသံ�းမ�၊ အထ�းသြဖင့အ်ဆမီျားေသာအစားအစာများကိ�ြဖတေ်တာကြ်ခငး်ြဖင့်
အစားတစ်ေနတ့ာစားသံ�းမ�ကိ�ြဖန ့ပ်ါ
�ကးီမားတဲအ့စားအစာများစာွကိ�စား�ံ�နဲ ့ အပ်ိရာဝငခ်ျိနအ်ဆာေြပေ��ာငပ်ါ။ မီး�� ိ �
ပံ�မ�နေ်လက့ျင့ခ်နး်အစီအစ�မ�တဆင့က်ယလ်ိ�ရီပိ�များလာတယ။်

၃။ ပ�ြပငး်ေသာေနတ့ငွြ်ပငး်ထနေ်သာေလက့ျင့ခ်နး်လ�ပ်ြခငး်သညအ်��ရာယမ်ျားသည။်
အပိ�ကိ�ဖယ�်�ားရန�်က�ိးစားြခငး်မ�ြဖစ်ေပ�လာေသာြပသနာများ
အဆိ�ပါေလက့ျင့ခ်နး်က�ကကသ်ားေတကွေနထ�တလ်�ပ်လိ�ကတ်ဲအ့ပ�။ ပထမဦးစာွ��ိပါလမိ့်မည်
cardiac output ကိ�ြဖန ့ေ်ဝရနက်ွလဲွခဲျကမ်ျား

အပ�ချိနထ်နိး်ည�သိည့ယ်��ရားများသညအ်ေရြပား vasodila ကိ�ြဖစ်ေပ�ေစသည။်
အေရြပားမျက�်�ာြပငမ်�အပ�ဆံ�း�� ံးမ�ကိ�ြမ�င့တ်ငရ်န၊် meta
ေလက့ျင့ခ်နး်�ကကသ်ားများအတငွး် bolic အေြပာငး်အလမဲျားသညေ်ဒသခမံျားကိ���စ်�ခ�ိကစ်ာွြဖစ်ေစလမိ့်မည်
�ကကသ်ားများတငွ ်vasodilation တိ�းပာွးေစေသာဇီဝြဖစ်စ�ကိ�တိ�ကဆ်ိ�ငသ်ည်
ေသးွစီးဆငး်မ�ြမင့မ်ားရနလ်ိ�အပ်သည။် ပိ�မိ�ဆိ�းရွားေစသည်
ေသးွစီးဆငး်မ�အတကွေ်တာငး်ဆိ�ချကက်ွလဲွမဲ�ြပဿနာသည ်ef- ဆံ�း�� ံးြခငး်ြဖစ်သည။်
fective circulating plasma volume သည ်a ၏ဆံ�း�� ံးြခငး်မ�ထကွေ်ပ�လာသည်
အြခားအေရး�ကးီေသာအေအးခစံကမ်�တဆင့အ်ရညပ်မာဏများစာွ
anism, ေခ�း။ ထိ�ေ့�ကာင့ထ်ေိရာကေ်သာထနိး်သမ်ိးရနခ်ကခ်သဲည်
ပလာစမာပမာဏ��င့ေ်သးွဖိအားကိ�တစ်�ပိ�ငန်ကတ်ညး်ထနိး်ထားပါ
ေလက့ျင့ခ်နး်အြပငး်အထနလ်�ပ်သည့အ်ခါခ��ာကိ�ယအ်ပ�လနွက်ြဲခငး်မ�ကာကယွေ်ပးသည်
အပ���ိနေ်�ကာင့အ်ပ�က�နခ်နး်မ�ြဖစ်�ိ�ငသ်ည။်

၄။ လ�တစ် ဦး သညေ်ရေ�းွြဖင့စိ်မ်ေသာအခါအပ�ေ�ကာင့ဆ်ံ�း�� ံးြခငး်
diation, conduction, convection, and evaporation သညအ်ကန ့အ်သတ�်�ိသည်
ေအးစကေ်သာေလ��င့ထ်ေိတွ�ေသာခ��ာကိ�ယမ်ျက�်�ာြပငေ်သးငယသ်ည။်
ပိ��ကးီတဲအ့ေရြပားမျက�်�ာြပငမ်�ာ conduction လ�ပ်ြခငး်ြဖင့အ်ပ�ကိ�ရ��ိပါတယ်
ပိ�ပ�ေသာေရ��င့ထ်ေိတွ�ေသာဧရိယာ

5. အခါအဆိ�ပါ thermoconforming ငါးတစ်ဦးအဖျားကိ� run မဟ�တဘ်�း
ေရာဂါထနိး်ချ�ပ်ေရးစနစ်များမ��ိေသာေ�ကာင့စ်နစ်တကျက�းစကမ်���ိသည။်
ြပညတ်ငွး်အပ�ထ�တလ်�ပ်မ�ကိ�ေလ�ာခ့ျရနသ်ိ�မ့ဟ�တအ်ပ�လလဲ�ယြ်ခငး်ကိ�ထနိး်ချ�ပ်ရန်
၎ငး်၏ပတဝ်နး်ကျင�်�င့အ်တ� ငါး၏ကိ�ယအ်ပ�ချိနသ်ည ်capri ��င့က်ွြဲပားသည။်
မညသ်ိ�ပ့ငြ်ဖစ်ေစ၊ ၎ငး်သညြ်ပငပ်ပတဝ်နး်ကျင�်�င့မ်ဆိ�ငပ်ါ
စနစ်တကျက�းစကြ်ခငး်ဟ�တမ်ဟ�တ ်၎ငး်သညခ်��ာကိ�ယအ်ပ�ချိနက်ိ�မထနိး်သမ်ိး�ိ�ငပ်ါ။
“ ပံ�မ�န”် set point (သိ�)့ high set point (ဆိ�လိ�သညမ်�ာ a)
ဖျားြခငး်။ ကိ�ယပ်�ြခငး်)။

လကေ်တွ�ထည့သ်ငွး်စ�းစားြခငး်
(စာမျက�်�ာ ၆၅၉ တငွေ်မးခနွး်။ )

အေအးခတံစ်သ��းများသညပံ်�မ�နအ်ားြဖင့၎်ငး်တိ�ထ့ကအ်ာဟာရနညး်ရနလ်ိ�အပ်သည်
သ�တိ�၏့သသိာထင�်�ားသည့ေ်လ�ာခ့ျမ�ေ�ကာင့ခ်��ာကိ�ယအ်ပ�ချိန်
ဇီဝြဖစ်စ�လ�ပ်��ားမ�။ ေအာကပိ်�ငး်အိ� 2 အေအးတစ်���းအေကာင့အ်သစ်များ၏လိ�အပ်
ေရနစ်ေသဆံ�းသ�များ၏ရံဖနရံ်ခါ��ငသ်နမ်�အတကွ်
ေရခေဲရတငွြ်ဖစ်�ိ�ငသ်ေလာကထ်ကပိ်��ကာသည်
ပံ�မ�နအ်ားြဖင့ ်O 2 မ��ိဘ�ဲ�ငသ်နသ်ည ်။

အခန်း ၁၈ အေြခခံမ�များ
Endocrinology ၏ဗဟိ�
Endocrine ဂလငး်
ရညရွ်ယခ်ျကေ်မးခွန်းများ
(စာမျက�်�ာ ၆၈၈ တငွေ်မးခနွး်များ။ )

1. T 2. T 3. F 4. T 5. T 6. T 7. tropic
8. down regulation 9. epiphyseal plate 10. suprachias-
matic nucleus 11. 1.c, 2.b, 3.b, 4.a, 5.a, 6.c, 7.b

စ�းစားရန်အချကမ်ျား
(စာမျက�်�ာ ၆၈၈ တငွေ်မးခနွး်များ။ )

၁။ hypothalamic ထ�တလ်�တမ်���င့တ်ားဆးီြခငး်၏အာ�ံ�စ�းစိ�ကမ်�
ေဟာ်မ�နး်များသညသ်သိသိာသာနမိ့်ကျလမိ့်မည။်
istent) ��င့�် �ငိး်ယ��ထားေသာစနစ်ကျေသာေသးွြပနေ်�ကာနမ�နာ၌
hypothalamic နမ�နာတစ်ခ�တငွဤ်ေဟာ်မ�နး်များ၏အာ�ံ�စ�းစိ�ကမ်�
hypophyseal ေပ�တယေ်သးွ။ ဒေီဟာ်မ�နး်ေတကွိ�ခ��ာကိ�ယထ်ကဲိ�လ�ိ�ဝ�ကထ်ားတယ်

စာမျက�်�ာ ၆

hypothalamus ��င့အ်�ကားေဒသပိ�ရ့နေ်ပ�တယေ်သးွ
ေ�� � ပိ�ငး် pituitary ။ ဤေဟာ်မ�နး်များ၏မညသ်ည့အ်စိတအ်ပိ�ငး်ကိ�မဆိ�ေကာကယ်�သည်
anterior pituitary capillary အဆင့�်�ိ systemic ေသးွသည်
စနစ်၏များစာွပိ��ကးီေသာစ�စ�ေပါငး်ပမာဏေ�ကာင့အ်လနွေ်မ�းမ�ိနသ်ာွးသည်
ေသးွအတငွး်မ�အလနွေ်သးငယေ်သာပမာဏ��င့�် �ငိး်ယ��ပါ
ေပ�တယသ်ေဘ�ာ
2. ပံ�မ�နအ်ထက ်အိ�ငအ်ိ�ဒငး်လံ�ေလာကစ်ာွမရဘသဲိ�ငး်ရိွ�ကဂ်လငး်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်အလံ�အေလာကမ်စ�စညး်�ိ�ငြ်ခငး်။ ထကွေ်ပ�လာတဲ့

gluco neogenesis 11. ဦး ေ��ာက၊် �ကကသ်ားများအလ�ပ်လ�ပ်ြခငး်၊ အသညး်
၁၂။ အ�ိ�း၊ ေကျာကက်ပ်၊ အစာေြခလမ်းေ�ကာငး် 13. osteoblasts, osteo-
clasts, osteocytes 14. c 15. a, b, c, g, i, j

စ�းစားရန်အချကမ်ျား
(စာမျက�်�ာ ၇၃၉ တငွေ်မးခနွး်များ။ )

၁။ အေမရိကနအ်ေနာကအ်လယပိ်�ငး်သညအ်စာအမ်ိနာေရာဂါမဟ�တေ်တာပ့ါ
ခါးပတက်ေြမဆလီ�ာကအိ�ငအ်ိ�ဒငး်ချိ� �တဲေ့နေသးေပမယ့ဘ်ာေ�ကာင့လ်ဆဲိ�ေတာတ့စ် ဦး ချငး်စီေပါ ့
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Translating...

အခနး်ဆံ�းရညရွ်ယခ်ျကေ်မးခနွး်များအတကွအ်ေြဖများ၊ Quantitative ေလက့ျင့ခ်နး်များ၊ စ�းစားရနအ်ချကမ်ျား��င့လ်ကေ်တွ�ထည့သ်ငွး်စ�းစားမ�များ A-55

အဆင့ေ်လ�ာခ့ျြခငး်ြဖင့အ်��တလ်က�ဏာတံ� ့ြပနမ်�လ�ပ်ေဆာငခ်ျကက်ိ�ေလ�ာခ့ျပါသိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်သည ်TSH secretion ကိ�ြမင့တ်ကေ်စသည။် De-
TSH ြမင့တ်ကေ်နေသာ်လညး်သိ�ငး်ရိွ�ကဂ်လငး်��ိေန�ိ�ငပ်ါေသးသည်
အိ�ငအ်ိ�ဒငး်ေ�ကာင့လ်ံ�ေလာကေ်သာသိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ကိ�မထ�တေ်ပးပါ
ချိ� �တဲြ့ခငး်။

၃။ CRH ��င့/်သိ�မ့ဟ�တ ်ACTH ကိ� တွ၍ဲ ြမ�င့တ်ငပ်ါ
ပိ�လ�ံေသာ cortisol ထ�တလ်�တမ်�သညခ်ျိ� �ယငွး်မ�၏ေနာကက်ယွမ်�ြဖစ်သည်
hypothalamic/anterior pituitary အဆင့ ်အကယ၍် CRH ��င့ ်ACTH
ပိ�လ�ံေသာ corti- ပမာဏ��င့အ်တ�ပံ�မ�နအ်ားြဖင့ေ်အာကတ်ငွ�်�ိသည။်
sol secretion, အေြခအေနသည ်adre- ၌မ�လချိ� �ယငွး်ချကတ်စ်ခ�ေ�ကာင့ြ်ဖစ်သည။်
nal cortex အဆင့၊် ပိ�လ�ံေသာ cortisol သည ်hypothala ကိ�ဟန ့တ်ားသည၊်
mus ��င့ ်anterior pituitary သညအ်��တလ်က�ဏာတံ� ့ြပနခ်ျကဖ်က�်�ငတ်ငွ�်�ိသည။်
4. testicular feminization syndrome ��ိေသာအမျိ�းသားများသညမ်ြဖစ်�ိ�ငသ်ည။်
များေသာအားြဖင့အ်ရပ်��ညရ်နြ်မ�င့တ်ငရ်န ်testosterone ေဟာ်မ�နး်မ��ိြခငး်ေ�ကာင့ြ်ဖစ်သည်
မ��ိြခငး်၌��ညလ်ျားေသာအ�ိ�းများ၏ epiphyseal ြပားများကိ�ပိတပ်စ်သည်
testosterone receptors ၏။

၅။ အရွယေ်ရာက�်ပီးအားကစားသမားများသညတ်စ်ခါတစ်ရံတရားမဝငအ်ပိ�ြဖည့စ်ကွစ်ာကိ�ယ�သည်
�ကးီထာွး��နး်ကိ�ြမ�င့တ်ငေ်ပးေသာေ�ကာင့�်ကးီထာွးေဟာ်မ�နး်ပမာဏ
၎ငး်၏ IGF-I-induced protein anabolic ef- မ�တဆင့ ်tal �ကကသ်ားထ�
fect သိ�ေ့သာ်�ကးီထာွးေဟာ်မ�နး်အလနွအ်က�ံသညထ်ခိိ�ကေ်စ�ိ�ငသ်ည်
ဆးီချိ�ေရာဂါ (သိ�)့ ေသးွတိ�းြဖစ်ေစ�ိ�ငေ်သာေဘးထကွဆ်ိ�းကျိ�းများ
ဖိအား။

လကေ်တွ�ထည့သ်ငွး်စ�းစားြခငး်
(စာမျက�်�ာ ၆၈၉ တငွေ်မးခနွး်။ )

pituitary gland ဖယ�်�ား�ပီးေနာကေ်ဟာ်မ�နး်အစားထိ�းက�သမ�
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ပါဝငသ်င့သ်ည ်(သိ�ငး်ရိွ�ကဂ်လငး်ကမေထာကပံ်ပ့ါ။
TSH မ��ိေသာအခါလံ�ေလာကေ်သာသိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ကိ�လံ�ေလာကစ်ာွရ��ိေစသည။်
cocorticoid (ACTH မ��ိြခငး်)၊ အထ�းသြဖင့စိ်တဖိ်စီးမ�များတငွြ်ဖစ်သည်
အေြခအေနများ။ ��နြ်ပပါကအမျိ�းသား (သိ�)့ အမျိ�းသမီးလငိေ်ဟာ်မ�နး်ကိ�ြပနလ်ညြ်ပ�ြပင�်ိ�ငသ်ည။်
ဤေဟာ်မ�နး်များသည�်�ငသ်နရ်နမ်��ိမြဖစ်လိ�အပ်ေသာ်လညး်၊
ဥပမာအားြဖင့ ်testosterone သညအ်မျိ�းသားများအတကွအ်ေရး�ကးီေသာအခနး်ကဏ��ပါဝငသ်ည။်
bido ။ �ကးီထာွးေဟာ်မ�နး်��င့ ်prolactin အစားထိ�းရနမ်လိ�အပ်ပါ။
သ�တိ�၏့မ��ိြခငး်ေ�ကာင့ဤ်အရာသည�်ကးီေလးေသာအကျိ�းဆကမ်ျားကိ�ြဖစ်ေပ�ေစမညမ်ဟ�တေ်ပ
တစ် ဦး ချငး် Vasopressin မလံ�ေလာကလ်�ငအ်စားထိ�းရနလ်ိ�အပ်�ိ�ငသ်ည်
ဒေီဟာ်မ�နး်ပမာဏကိ� hypo-
thalamus သည ်posterior pituitary မ��ိြခငး်။

အခန်း ၁၉ အရံပစ�ညး်
Endocrine ဂလငး်
ရညရွ်ယခ်ျကေ်မးခွန်းများ
(စာမျက�်�ာ ၇၃၈ တငွေ်မးခနွး်များ။ )

1. F 2. T 3. T 4. T 5. T 6. F 7. F 8. F
9. colloid, thyro globulin 10. glycogenesis, glycogenolysis၊

ဤေဒသတငွေ်နထိ�ငသ်�သညအ်ိ�ငအ်ိ�ဒငး်အားြဖည့ေ်ဆးမ�အိ�ငအ်ိ�ဒငး်ကိ�ရယ�သည်အိ�ငအ်ိ�ဒငး်ဆား၊ ပငလ်ယစ်ာ��င့အ်ြခားအရာများမ�အာဟာရဓာတမ်ျား
ပငလ်ယက်မ်း�ိ�းတနး်ေဒသများမ�သဘာဝအိ�ငအ်ိ�ဒငး်�ကယဝ်ေသာအစားအစာများကိ�တငပိ်�သ့ည။်

၂။ Anaphylactic shock သညအ်လနွြ်ပငး်ထနေ်သာဓာတမ်တည့မ်�ြဖစ်သည်
ဓာတ�အကျိ�းေဆာငမ်ျားအ�ကးီအကျယလ်�တေ်ပးြခငး်ြဖင့ြ်ဖစ်ေပ�လာသည။်
ဆကစ်ပ်မ�တစ်ခ�ကဲသ့ိ�သ့းီြခားဓာတမ်တည့မ်���င့ထ်ေိတွ� မ�တံ� ့ြပနမ်�
လ�တစ် ဦး သညအ်လနွအ်ာ�ံ�ခစံားမ���ိေသာပျားတ�ပ်ြဖင့်
အရွယအ်စား ဤဓာတ�အကျိ�းေဆာငမ်ျားကေသးွလညပ်တမ်�ကိ�တ�နလ်�ပ်ေစသည်
(ြပငး်ထနေ်သာေသးွတိ�းေရာဂါ) ကိ���စ်ချကသ်ကေ်ရာကမ်�အားြဖင့ ်(၁) ေလ�ာေ့ပါေ့ပးြခငး်
arteriolar ေချာေမွ�ေသာ�ကကသ်ားသညက်ျယြ်ပန ့ေ်သာ arteriolar ကိ�ြဖစ်ေပ�ေစသည်
vasodilation ��င့စ်�စ�ေပါငး် peripheral ခ�ခမံ���င့ရ်လဒတ်စ်ခ�ကျဆငး်သည်
ေသးွလ�တေ်�ကာေသးွဖိအား; (၂) ေယဘ�ယျအားြဖင့တ်ိ�းပာွးမ�ကိ�ြဖစ်ေပ�ေစြခငး်ြဖင့်
ေသးွေ�ကာမ�ငမ်ျားစိမ့်ဝငမ်�၌၎ငး်မ�အရညမ်ျားေြပာငး်သာွးသည်
plasma သည ်interstitial fluid ထသဲိ� ့ ဤအေြပာငး်အလသဲညထ်ေိရာကမ်�ကိ�ေလျာက့ျေစသည်
လညပ်တေ်နေသာပမာဏ၊ ေသးွလ�တေ်�ကာေသးွဖိအားကိ�ပိ�မိ�ေလ�ာခ့ျေပးသည။် ေ�ကာ်ြငာ
��ငး်��ငး်ေြပာရရငဒ်ဓီာတ�အကျိ�းေဆာငေ်တကွသသိာထင�်�ားေစတာပါ
bronchoconstriction သညသ်ားေကာငက်ိ�မြဖစ်�ိ�ငပ်ါ
ကျ�းေသာအသက�်��လမ်းေ�ကာငး်များမ�တစ်ဆင့လ်ံ�ေလာကေ်သာေလကိ�ေ���ပါ။ ဒါေတေွ�ကာင့ပ်ါ
တံ� ့ြပနမ်�များသညလ်ျငြ်မနစ်ာွြဖစ်ပာွး�ပီးေသေစ�ိ�ငသ်ည၊် ဓာတမ်တည့ေ်သာသ�များြဖစ်�ိ�ငသ်ည်
ပျားေချာငး်များကိ�ထိ�းေဆး epinephrine ကိ�၎ငး်တိ�၏့အတငွး်၌ထားရနအ်�ကေံပးသည်
အပိ�င။် ၎ငး်၏အားြဖင့ ်arteriolar vasoconstriction ကိ�ြမ�င့တ်ငြ်ခငး်အားြဖင့်
arteriolar ေချာေမွ� �ကကသ်ား��င့ ်receptors ၁ ခ� အေပ�လ�ပ်ေဆာငခ်ျက်
bronchodilation ကိ� bronch ၌ receptors ၂ ခ� ြဖင့လ်�ပ်ေဆာငြ်ခငး်အားြဖင့်
chiolar ေချာေမွ� �ကကသ်ား (ေတွ� ြမင ်▲ စားပွဲတင ်7-3, p ။ 242), epinephrine
anaphylactic ဓာတတ်ိ�းြခငး်၏အသကအ်��ရာယက်ိ�ဆန ့က်ျငသ်ည။်
ပျားတ�ပ်ခရံြခငး်။

၃။ ေရာဂါပိ�းသညစိ်တဖိ်စီးမ�ကိ�တ�န ့ြ်ပနေ်စသည်
၎ငး်��စ်ခ�စလံ�းသည ်cortisol ��င့ ်epinephrine တိ�က့ိ�ပိ�မိ�ထ�တလ်�တေ်စသည်
ေသးွဂလ�းကိ�စ့်အဆင့က်ိ�ြမင့တ်ကေ်စသည။် ဒါကြပဿနာတစ်ခ�ြဖစ်လာတယ်
ဆးီချိ�ေဝဒနာ��ငမ်ျားသညြ်မင့တ်ကေ်နေသာေသးွကိ���မိ့်ချရနလ်ိ�အပ်သည်
အပိ�အငဆ်�လငထ်ိ�းြခငး် (သိ�)့ ြဖစ်�ိ�ငေ်ြခကိ�ေလ�ာခ့ျေပးြခငး်ြဖင့ဂ်လ�းကိ�စ့်
ကာဘိ�ဟိ�ကဒ်ရိတစ်ားသံ�းြခငး်��င့/်သိ�မ့ဟ�တအ်ချိ� �ကိ�သံ�းရနေ်လက့ျင့ခ်နး်လ�ပ်ြခငး်
အပိ�ေသးွဂလ�းကိ�စ့။ သာမနလ်�တစ် ဦး အေန��င့စ်စ်ေဆးြခငး်သည်
အငဆ်�လင�်�င့အ်ြခားေဟာ်မ�နး်များအ�ကားဟနခ်ျကည်ေီသာစနစ်
ဆန ့က်ျငေ်သာအငဆ်�လင၏်လ�ပ်ေဆာငခ်ျကမ်ျားသညေ်သးွအတငွး်ဂလ�းကိ�စ့်ကိ�ထနိး်ေပးသည်
စိတဖိ်စီးမ�တံ� ့ြပနမ်�အတငွး်အကျိ�းသင့အ်ေ�ကာငး်သင့က်န ့သ်တခ်ျကမ်ျား။

၄။ Chvostek ၏လက�ဏာ��ိေနြခငး်သညတ်ိ�းပာွးလာေသာ neu- ရလဒမ်ျားေ�ကာင့ြ်ဖစ်သည။်
အလယအ်လတ ်hyposecretion ေ�ကာင့ြ်ဖစ်ေပ�လာေသာ romuscular excitability
parathyroid ေဟာ်မ�နး်။

၅။ ကငဆ်ာေရာဂါသည ်meta မ�ြဖစ်ေပ�လာလ�င်
အ�ိ�းများကျ�းေကျာ်။ ဖျကဆ်းီခဲေ့သာတည�်ငမ်ိေသာအကျိတဆ်လဲမ်ျား၊
Calcemia ��င့ ်hyperphosphatemia သညက်ယလ်စီ်ယမ်ကဲသ့ိ� ့ြဖစ်လာလမိ့်မည်
ပျကစီ်းသာွးေသာအ�ိ�းမ�ေဖာစ့ဖိတဆ်ားများထ�တလ်�တသ်ည။် ဟိ
hyperphosphatemia မဟ�တဘ် ဲhyperphosphatemia သညမ်�ကာခဏြဖစ်ပာွးေလ�့�ိသညဟ်�ေသာအချကြ်ဖစ်သည။်
က�မ�ဏမီျားသညက်ငဆ်ာေရာဂါ��င့ဆ်ကစ်ပ်ေသာ hypercalcemia ကိ� ဦး ေဆာငစံ်�စမ်းခဲသ့ည။်
အ�ိ�းများပျကစီ်းြခငး်ကိ� hypercalcece ၏အေ�ကာငး်ရငး်အြဖစ်မ�ဖယ�်�ားရန ်tors
မီယာ ထိ�အစား၎ငး်တိ�သ့ညအ်ကျိတမ်ျားထ�တလ်�ပ်သညဟ်�သသံယ ၀ ငခ်ဲ�့ကသည်

စာမျက�်�ာ ၇

PTH ၏လ�ပ်ေဆာငမ်�များကိ�တ�ပေသာအရာများအားအတ�ခိ�းေသာအရာများ၊
လက�်�ိ hypercalcemia ��င့ ်hypophosphatemia

လကေ်တွ�ထည့သ်ငွး်စ�းစားြခငး်
(စာမျက�်�ာ ၇၃၉ တငွေ်မးခနွး်။ )

“ မ�တဆ်တိေ်မးွအမျိ�းသမီးများ၏ဆးီချိ�ေရာဂါ” သညပိ်�လ�ံေသာ cortisol ��စ်ခ�လံ�းကိ�သ��ပ်ေဖာ်သည်
adrenal androgen ပိ�လ�ံေစြခငး်၊ cortisol အလနွအ်က�ံထ�တြ်ခငး်
hyperglycemia ��င့ ်glucosuria ကိ�ြဖစ်ေပ�ေစသည။် Glucosuria ကိ�အားေပးသည်
osmotic diuresis သညေ်ရဓာတခ်မ်းေြခာကြ်ခငး်��င့ေ်လျာ်ေ�ကးေပးြခငး်ကိ�ြဖစ်ေစသည။်
tory သညေ်ရငတေ်သာခစံားမ�ကိ�တိ�းေစသည။် ဤလက�ဏာအားလံ�းသည ်-
hyperglycemia, glucosuria, polyuria, and polydipsia - အတ�ခိ�းသည်
ဆးီချိ�ေရာဂါ။ အမျိ�းသမီးများတငွ ်adrenal androgen ပိ�လ�ံသည်
မ�တဆ်တိ�်ကးီထာွးြခငး်ကဲသ့ိ�ေ့ယာကျ်ားပီသေသာလက�ဏာများကိ�အားေပးသည။်
cortisol ��င့ ်adrenal an ��စ်ခ�လံ�းကိ�တစ်�ပိ�ငန်က ်hypersecretion
drogen သညပိ်�များေသာ CRH/ACTH se- ဒ�တယိဆင့တ်ငွပိ်�ြဖစ်�ိ�ငသ်ည။်
ACTH သည ်cortisol ��င့ ်androgen ��စ်ခ�လံ�းကိ�လ�ံ�ေဆာ်ေသာေ�ကာင့ ်cretion ြဖစ်သည်
adrenal cortex မ�ထ�တလ်�ပ်သည။်

အခန်း ၂၀ မျိ�းပွားြခငး်
စနစ်
ရညရွ်ယခ်ျကေ်မးခွန်းများ
(စာမျက�်�ာ ၇၉၇ တငွေ်မးခနွး်များ။ )
1. T 2. T 3. T 4. F 5. T 6. F 7. T
8. seminiferous tubules, FSH, testosterone 9. thecal, LH၊
granulosa, FSH 10. ကိ�ယဝ်န၏် corpus luteum
11. လ�သား chorionic gonadotropin 12. c 13. e
14. 1.c, 2.a, 3.b, 4.c, 5.a, 6.a, 7.c, 8.b, 9.e 15. 1.a, 2.c, 3.b ရ၊

LH ထ�တြ်ခငး်၊ မျိ�းဥထကွြ်ခငး်��င့သ်ားအမ်ိ၏အြခားြဖစ်ရပ်များ
သသံရာမထကွလ်ာပါ၊ ထိ�ေ့�ကာင့စ်�ဆကမ်ြပတ ်GnRH စီမံခန ့ခ်ွမဲ�ြဖစ်�ိ�ငသ်ည်
သေ��တားေဆးနညး်လမ်းအြဖစ်သံ�းပါ။
2. လ�ငယတ်စ်ဦးလ�ကေလးအတကွ ်testosterone hypersecretion prema- ြဖစ်ေပ�ေစသည်
သ�သည�်ကးီထာွးမ�ရပ်တန ့ရ်န ်epiphyseal ပနး်ကနမ်ျားကိ�ပိတပ်စ်သည်
သ�သညမ်ျိ�း�ိ� းဗီဇအြမင့က်ိ�မေရာကမီ် ေကလး
အရွယမ်တိ�ငမီ် pseudopuberty, charac- လက�ဏာများကိ�ြပလမိ့်မည။်
ဒ�တယိအ�ကမ်ိလငိပိ်�ငး်ဆိ�ငရ်ာဖံွ� �ဖိ�းမ�အချိနမ်တိ�ငမီ်ဖံွ� �ဖိ�းမ�ေ�ကာင့်
နက�်� ိငး်ေသာအသ၊ံ မ�တဆ်တိ၊် လငိတ်�ံကးီြခငး်��င့လ်ငိဆ်ကဆ်ြံခငး်ကဲသ့ိ�ေ့သာအချကမ်ျား
ေမာငး်ထ�တ်

၃။ တားစီး�ိ�ငေ်သာေဆးများ၏ေဘးထကွဆ်ိ�းကျိ�းြဖစ်�ိ�ငသ်ည်
sympathetic အာ�ံ�ေ�ကာစနစ်လ�ပ်ေဆာငမ်�သညက်�သမ�၏တစ်စိတတ်စ်ပိ�ငး်ြဖစ်သည်
ေသးွတိ�းေရာဂါသညအ်မျိ�းသားများလငိဆ်ကဆ်ြံခငး်ကိ�မလ�ပ်ေဆာင�်ိ�ငပ်ါ။
အလိ�အေလျာကအ်ာ�ံ�ေ�ကာစနစ်၏ကွြဲပားမ���စ်ခ�လံ�းလိ�အပ်သည်
အမျိ�းသားလငိပိ်�ငး်ဆိ�ငရ်ာလ�ပ်ရပ်အတကွ ်Parasympathetic လ�ပ်��ားမ�သညမ်��ိမြဖစ်လိ�အပ်သည်
စိ�ကထ်�မ��ပီးေြမာကရ်န�်�င့က်ိ�ယခ်ျငး်စာစိတထ်ားရနအ်ေရး�ကးီသည်
သ�ကလ်�တဘ်ိ� ့
4. Posterior pituitary extract တငွသ်ိ�ေလ�ာငထ်ားေသာအရာများစာွပါ ၀ ငသ်ည်
oxytocin သညေ်သးွလ�ည့ပ်တမ်�ကိ�လယွက်�ေစရနစီ်မံ�ိ�ငသ်ည။်
သားအမ်ိကျံ� � �ိ�ငအ်ားကိ�ြမ�င့တ်ငေ်ပးသည။် Exogenous oxytocin သည်
အမျိ�းသမီးသညသ်ကတ်မ်းေစပ့ါကအလ�ပ်သမားကိ�ေမးွထ�တရ်ာတငွအ်ေအာငြ်မငဆ်ံ�းြဖစ်သည။်
myome- အာ�ံ�စ�းစိ�ကမ်�များြပားလာြခငး်ေ�ကာင့ြ်ဖစ်�ိ�ငသ်ည။်
ထိ�အချိနတ်ငွ ်oxytocin receptors ကိ�စမ်းသပ်သည။်

၅။ GnRH (သိ�)့ FSH ��င့ ်LH တိ�သ့ညေ်ရာဂါက�သရာတငွမ်ထေိရာကပ်ါ။
သားဥအမ်ိများသညတ်ံ� ့ြပနမ်�မ��ိေတာေ့သာေ�ကာင့ေ်သးွဆံ�းြခငး်၏ toms
gonadotropins သိ� ့ ထိ�ေ့�ကာင့ဤ်ေဟာ်မ�နး်များြဖင့က်�သပါ
estrogen ��င့ ်pro gesterone secretion ကိ�မြဖစ်ေစပါ။ တကယေ်တာ,့
GnRH, FSH ��င့ ်LH အဆင့မ်ျားသည ်postmeno- တငွ ်postmeno- တငွြ်မင့မ်ားေန�ပီ။
သားဥအမ်ိမ�တံ� ့ြပနမ်�မ��ိြခငး်ေ�ကာင့ေ်ခတ� ရပ်နားေသာအမျိ�းသမီးများ
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A-56 ေနာကဆ်ကတ်ွ ဲF

4.a, 5.a, 6.b

စ�းစားရန်အချကမ်ျား
(စာမျက�်�ာ ၇၉၈ တငွေ်မးခနွး်များ။ )

1. anterior pituitary သညပံ်�မ�န ်pulsatile ကိ�သာတံ� ့ြပနသ်ည်
GnRH ပံ�စံ��င့ ်gonadotropins များကိ�ြပနလ်ညထ်�တလ်�တြ်ခငး်မြပ�ပါ။
GnRH ��င့စ်�ဆကမ်ြပတထ်ေိတွ� မ�မ�တံ� ့ြပနမ်� FSH မ��ိြခငး်

ian ေဟာ်မ�နး်။

လကေ်တွ�ထည့သ်ငွး်စ�းစားြခငး်
(စာမျက�်�ာ ၇၉၈ တငွေ်မးခနွး်။ )

သားဥအမ်ိကိ�ယဝ်န၏်ပထမဆံ�းသတေိပးချကမ်�ာဆန ့ြ်ခငး်ေ�ကာင့ြ်ဖစ်ေသာနာကျငမ်�
�ကးီထာွးေနေသာသေ��သားေလာငး်၏ oviduct ကိ�ထည့သ်ငွး်သည။် tubal ကိ�ယဝ်န်
သားဥအမ်ိကထ�တလ်ိ�မ့ရတဲအ့တကွခ်ွစိဲတမ်�ရပ်စဲရမယ။်
သားအမ်ိသည�်ကးီထာွးလာေသာသေ��သားအတကွလ်ိ�ကေ်လျာညေီထြွဖစ်ေအာငလ်�ပ်ေပးသည။်
မဖယထ်�တလ်�င�်ကးီထာွးေနေသာသေ��သားေလာငး်သညသ်ားဥအမ်ိေပါက�်ပဲေစလမိ့်မည။်
ေသေစ�ိ�ငေ်သာေသးွလနွြ်ခငး်ကိ�ြဖစ်ေစသည။်

စာမျက�်�ာ ၈

တးီဝိ�ငး် တစ်ခ�သညအ်ေမ�ာငအ်ဖဲွ�များ��င့တ်စ်လ�ည့စီ်ြပ�လ�ပ်သည်
light (I) တးီဝိ�ငး်များသည ်striated အသငွသ်�ာနက်ိ�ဖနတ်းီသည်
skeletal or cardiac muscle fibre လ�ပ်တဲအ့ခါအဒဲအီမ�ငေ်တပွါတယ်
အလငး်အားအဏ��ကည့မ်�နြ်ဖင့�်ကည့သ်ည်

စ�ပ်ယ�ြခငး် ၊ ေ�ကညကေ်သာအာဟာရများကိ�လ�ေဲြပာငး်ေပးြခငး်��င့်
အစာေြခလမ်းေ�ကာငး်မ� lumen သိ�အ့ရညမ်ျားကိ�မျိ�ချမိသည်
ေသးွသိ�မ့ဟ�တ ်lymph

စ�ပ်ယ��ိ�ငေ်သာအေြခအေန The following metabolic state a
အာဟာရဓာတမ်ျားစ�ပ်ယ�ေသာအခါ��င့အ်စာစားသည်
သိ�ေလ�ာင;် ေက�းေမးွြခငး်ြဖစ်သည်

အစာေြခအဂ� ါအစတိအ်ပိ�ငး် Exocrine ကိ�ယတ်ငွး်အဂ� ါများ
သ�တိ�၏့အစာေြခလမ်းေ�ကာငး်၏နရံံကိ�၎ငး်တိ�အ့နားေပးထားသည်
�ပနမ်ျားမ�တဆင့အ်စာေချလမ်းေ�ကာငး်သိ� ့
lumen

လငိအ်ဂ� ါအစတိအ်ပိ�ငး်များကိ� သ�တိ�၏့အချညး်��းီြဖစ်ေစေသာ ဆကစ်ပ်ဂလငး် များ
မျိ�းပာွးလမ်းေ�ကာငး်ထသဲိ� ့ cretions

ေနရာထိ�ငခ်ငး် ခနွအ်ားကိ�ချိနည်�ေိပး�ိ�ငသ်ည်
မျကစိ်၌မ�နဘ်လီ�း၏အနးီ��င့အ်ေဝး��စ်ခ�လံ�းသိ��့ ိ�ငေ်အာင်
အရငး်အြမစ်များသညြ်မငလ်�ာကိ�အာ�ံ�စိ�က�်ိ�ငသ်ည်
acetylcholine (ACh) (as´-uh-teal-KO¯-le¯n) The
autotomic pre- အားလံ�းမ�ထ�တလ်�တေ်သာ neurotransmitter
ganglionic အမ�ငမ်ျား၊ parasympathetic postganglionic
အမ�ငမ်ျား��င့ေ်မာ်တာအာ�ံ�ခမံျား
acetylcholinesterase (AChE) (as´-uh-teal-ko¯-luh-
NES-tuh-ra¯s) ေမာ်တာတငွ�်�ိေနေသာအငဇိ်�ငး်တစ်ခ�
end-plate membrane သည ်skeletal muscle fibre တစ်ခ�ြဖစ်သည်
acetylcholine inactivates

ACh acetylcholine ကိ��ကည့ပ်ါ

AChE acetylcholinesterase ကိ��ကည့ပ်ါ

အကဆ်စသ်ည ်အထကွတ်ိ�းေစေသာဟိ�ကဒ်�ိ�ဂျငဓ်ာတပ်ါ ၀ ငသ်ည်
လတွလ်ပ်ေသာဟိ�ကဒ်�ိ�ဂျငအ်ိ�ငး်ယနွး်��င့ ်anion ကွြဲခငး်

acidosis (as-i-DO¯-su) ေသးွ၏ pH သည ်၇.၃၅ ထကန်ညး်သည်

acini (asi-ni) saclike များ၏အတငွး်သိ�အ့စိတအ်ပိ�ငး်
အစာေြခအငဇိ်�ငး်ကဲသ့ိ� ့ exocrine ဂလငး်များ
ပနက်ရိယဂလငး်များ (သိ�)့ �ိ�ရ့ညထ်�တလ်�ပ်သည်
mammary ဂလငး်

ခ�ခံအားတံ� ့ြပန်မ�များရ��ိေသာအရာ များမ�ာ
အထ�းသြဖင့�်ိ�ငင်ြံခားသားမိတေ်ဆမွျားကိ�ပစ်မ�တထ်ားေရွးချယသ်ည။်
ခ��ာကိ�ယသ်ညယ်ခငက်ထေိတွ� ခဲဖ့�းေသာရီရယ၊်
antibody-mediated ခ�ခအံား ��င့ ်cell- ကိ�လညး်�ကည့ပ်ါ။
�ကားြဖတခ်�ခအံားစနစ်

ACTH adrenocorticotropic ေဟာ်မ�နး် ကိ��ကည့ပ်ါ

actin သည ်contractile protein ကိ�ေနာကြ်ပနဖဲွ်�စညး်သည။်
�ကကသ်ားအမ�ငမ်ျားတငွပ်ါးလ�ာေသာအမ�ငမ်ျား၏အ�ိ�း

လ�ပ်ေဆာငခ်ျကအ်လားအလာ တိ�တိ�၊ လျငြ်မန၊် �ကးီမားေသာအေြပာငး်အလဲ
ခရီးေဝးအြဖစ်တာဝနယ်�ေသာအေြမ�းပါးအလားအလာ
စိတလ်�ပ်��ားဖွယဆ်လဲတ်ငွလ်�ပ်စစ်အချကြ်ပ

တက�်ကေသာသကတ်မ်းက�န်ဆံ�း ြခငး်သညအ်ဆ�တက်ိ�ပိ�မိ���ငး်လငး်ေစသည်
ရညး်စားေဟာငး်ကိ�စာချ�ပ်ချ�ပ်ဆိ�ြခငး်ြဖင့အ်နားယ�ချိနထ်ကလ်ံ�းဝ
piratory �ကကသ်ား; အတငး်အကျပ်သကတ်မ်းက�နဆ်ံ�း ြခငး်ဟ�လညး်ေခ�သည်

ေကျာကက်ပ်�ပနမ်ျားတစ်ေလ�ာကြ်ပနလ်ညစ်�ပ်ယ�ရနလ်ိ�အပ်သည။်
ergy အသံ�းစရိတ်

တက�်ကေသာသယယ်�ပိ�ေ့ဆာငေ်ရး Active carrier-mediated transport
ပစ�ညး်တစ်ခ�၏သယယ်�ပိ�ေ့ဆာငေ်ရးတငွပ်ါဝငေ်သာ၎ငး်၏ဆန ့က်ျငဖ်က၊်
ပလာစမာအေြမ�းပါးကိ� ြဖတ၍် အလယဗ်ဟိ�မ� gradient

ခွြဲခား သြိမင ်�ိ�ငစ်မ်ွး၊ ပိ�ငး်ြခားသြိမင�်ိ�ငစ်မ်ွး
လ�ံ�ေဆာ်မ�မတ�ညတီဲအ့ချက�်�စ်ခ��ကား

လိ�ကေ်လျာညေီထ ွမ���ိြခငး်လကခ်�ံိ�ငေ်သာအလားအလာကျဆငး်ြခငး်
ြပငး်အားတစ်ခ�တညး်ကိ�ဆကလ်ကတ်နွး်အားေပးေနေသာ်လညး်
adenosine diphosphate (ADP) (uh-DEN-uh-se¯n)
အ�ပ်စ���စ်စ�မ�ေဖာစ့ဖိတထ်�တက်�နမ်ျား
ဆလဲ၏်အသံ�းြပ�မ�အတကွစ်မ်ွးအငထ်�တေ်ပးရန ်ATP ကိ�အသံ�းြပ�သည်

adenosine triphosphate (ATP) Th e ခ��ာကိ�ယရဲ် ့ com-
မနွစ်မ်ွးအင ်"ေငေွ�ကး"၊
ေဖာစ့ဖိတအ်�ပ်စ�သံ�းခ���င့အ်တ� nosine; ကွ-ဲ
high-energy, terminal phosphate bond ၏ ting
ဆယလ်�လာလ�ပ်��ားမ�များအားစမ်ွးအငေ်ထာကပံ်ေ့ပးသည်
adenylyl cyclase (ah-DEN-il-il sı¯-kla¯s) The
အေြမ�းပါး-ချညေ်��ာငထ်ားေသာအငဇိ်�ငး်ကိ� G ပ�ိ�တငး်ြဖင့အ်သကသ်ငွး်သည်
အပိ�ပစ�ညး်တစ်ခ�၏ချညေ်��ာငြ်ခငး်ကိ�တံ� ့ြပနေ်သာ�ကားခံ
မျက�်�ာြပငအ်ေြမ�းပါးလကခ်သံ���င့ ်lular messenger
တစ်နညး်အားြဖင့ ်intracellular cyclic AMP ကိ�ဖွင့ေ်ပးသည်
ဒ�တယိ messenger

လံ�ေလာကေ်သာလ�ံ�ေဆာ်မ� a a to stimulus အမျိ�းအစား
photore ကဲသ့ိ�တ့ကိျတဲ ့receptor အမျိ�းအစားသညတ်ံ� ့ြပနသ်ည။်
ceptor သညအ်လငး်ကိ�တံ� ့ြပနသ်ည်

ADH vasopressin ကိ��ကည့ပ်ါ

adipocytes adipose တစ်သ��းတငွအ်ဆဆီလဲမ်ျား၊ triglyc- စတိ�း
အဆဓီာတက်ိ�ဖယ�်�ား�ပီး adipokines ဟ�ေခ�ေသာ ေဟာ်မ�နး်များကိ�ထ�တလ်�တသ်ည်

adipokines ေဟာ်မ�နး်များသည ်adipose တစ်သ��းများမ�ထ�တလ်�တသ်ည်
၎ငး်သညစ်မ်ွးအငမ်�ေြခ��င့အ်ေရး�ကးီေသာအခနး်ကဏ�� ားတငွပ်ါ ၀ ငသ်ည်
metabolism

adipose တစသ်��း သညသ်ိ�ေလ�ာငရ်နအ်ထ�းြပ�လ�ပ်ထားေသာတစ်သ��းြဖစ်သည်
triglyceride အဆဓီာတ;် အေရြပားေအာက၌်ေတွ�ရသည်
hypodermis

ADP adenosine diphosphate ကိ��ကည့ပ်ါ

adrenal cortex (uh-DRE¯-nul) ၏အြပငဘ်က်
adrenal ဂလငး်; steroid သံ�းမျိ�းကိ�လ�ိ� � ဝ�ကထ်�တလ်�ပ်သည်
ေဟာ်မ�နး်များ: glucocorticoids, mineralocorticoids ��င့်
လငိေ်ဟာ်မ�နး်

adrenal medulla (muh-DUL-uh) အတငွး်ပိ�ငး်၊
adrenal ဂလငး်၏လ�ပ်ေဆာငခ်ျက;် ေဟာ်မ�နး်များကိ�ထ�တလ်�တသ်ည်
epinephrine ��င့ ်norepinephrine တိ�က့ိ�ေသးွထသဲိ�သ့ငွး်သည်
ကိ�ယခ်ျငး်စာစိတလ်�ံ�ေဆာ်မ�ကိ�တံ� ့ြပနြ်ခငး်

adrenergic အမ�ငမ်ျား (ad´-ruh-NUR-jik) အာ�ံ�ေ�ကာအမ�ငမ်ျား
norepinephrine ကိ�သ�တိ�၏့ neurotransmitter အြဖစ်ထ�တလ်�တသ်ည်

adrenocorticotropic ေဟာ်မ�န်း (ACTH) (ad-re¯´-no¯-
kor´-tuh-ko¯-TRO¯ P-ik) ေ�� � pituitary hor-
adrenal မ� cortisol secretion ကိ�လ�ံ�ေဆာ်ေပးေသာ mone
cortex ��င့ ်adrenal cortex �ကးီထာွးမ�ကိ�အားေပးသည်

ြ

�ကကသ်ား၏ကျိ�း�ွေံသာစမ်ွးအငလ်ိ�အပ်ချကမ်ျားကိ�ပံပိ့�းပါ။ လညး်
ခ�ံိ�ငရ်ညအ်မျိ�းအစားေလက့ျင့ခ်နး် ဟ�ေခ�သည်

afferent arteriole (AF-er-ent ar-TIR-e¯-o¯l) အဆိ�ပါ ves-
ဆလဲသ်ည ်glomerulus ထသဲိ�ေ့သးွများသယေ်ဆာငသ်ည်
ေကျာကက်ပ်၏ nephron

afferent division အရံပစ�ညး်၏အပိ�ငး်
အာ�ံ�ေ�ကာစနစ်သညသ်တငး်အချကအ်လကမ်�သယေ်ဆာငသ်ည်
ဗဟိ�အာ�ံ�ေ�ကာစနစ်အစနွအ်ဖျား

afferent neuron အာ�ံ� ခံ ကိ�ပိ�ငဆ်ိ�ငေ်သာ Neuron
၎ငး်၏အဆံ�းစနွး်၌ receptor ��င့အ်ချကအ်လကမ်ျားသယေ်ဆာင်
ဗဟိ�အာ�ံ�ေ�ကာစနစ်သိ�ဆ့ကသ်ယွသ်ည်

hyperpolarization �ပီးေနာက ်(hı¯´-pur-po¯-luh-ruh-ZA-
ေ��ာငရ်န)် အနညး်ငယ၊် ယာယ ီhyperpolarization ြပ�လ�ပ်သည်
တခါတရံမ�ာြဖစ်�ိ�ငေ်ချ��ိတဲလ့�ပ်ေဆာငခ်ျကရဲ်အ့ဆံ�းမ�ာြဖစ်တတပ်ါတယ်

agonist သည ်neurotransmit ��င့ဆ်ကသ်ယွေ်သာဓာတတ်စ်မျိ�းြဖစ်သည။်
ter ၏ receptors များ��င့ ်neurotransmitter's များကိ�အတ�ခိ�းသည်
တံ� ့ြပနမ်�

agranulocytes (a¯-GRAN-yuh-lo¯-sı¯ts´) Leukocytes ြဖစ်သည်
lympho အပါအ ၀ င ်granules မပါ ၀ ငပ်ါ။
cytes ��င့ ်monocytes

albumin (al-BEW-min) အေသးဆံ�း��င့အ်များဆံ�း
�ကယဝ်ေသာပလာစမာပ�ိ�တနိး်; ချညေ်��ာငြ်ခငး်��င့သ်ယယ်�ပိ�ေ့ဆာငေ်ရး
ေသးွ၌မေပျာ် ၀ င�်ိ�ငေ်သာအရာများ၊ ကနွ်
plasma-colloid osmotic အတကွအ်ေလးအနကဂ်�ဏြ်ပ�ပါသည်
ဖိအား

aldosterone (al-do¯-steer-OWN) သိ�မ့ဟ�တ ်(al-DOS-tuh-
ro¯n) လ�ံ�ေဆာ်ေပးေသာ adrenocortical ေဟာ်မ�နး်
distal ��င့စ်�ေဆာငး်�ပနမ်ျားြဖင့ြ်ပနလ်ညစ်�ပ်ယ�သည်
ဆးီဖဲွ�စညး်စ�တငွေ်ကျာကက်ပ်၏ nephron

alkalosis သာ. ကွးီမတွျ၏ (al'-kuh-Lo -sus) ေသးွေသာ pH
၇.၄၅

ဓာတမ်တည့ ်မ�ရယ�ြခငး်သညမ်သင့ေ်လျာ်ေသာသးီြခားြဖစ်သည်
ပံ�မ�နထ်ခိိ�ကမ်�မ��ိေသာပတဝ်နး်ကျငသ်ိ�က့ိ�ယခ်အံားတံ� ့ြပနမ်�
စိတပိ်�ငး်ဆိ�ငရ်ာပစ�ညး်

all-or-none ဥပေဒသည ်စိတလ်�ပ်��ားဖွယအ်ေြမ�းပါးကိ�ြပနလ်ညြ်ဖစ်ေစသည။်
အြမင့ဆ်ံ�းလ�ပ်ေဆာငခ်ျကပ်ါ ၀ ငေ်သာလ�ံ�ေဆာ်မ�တစ်ခ�သိ� ့ sponds
အချကအ်လတသ်ညေ်နရာအ��ံသ့ိ�ပ့ျံ� � �ံသ့ာွးသည်
အေြမ�းပါး (သိ�)့ လ�ပ်ေဆာငခ်ျကတ်စ်ခ���င့မ်တံ� ့ြပနပ်ါ
အလားအလာလံ�းဝ

alpha () ဆလဲမ်ျား endocrine ပနက်ရိယဆလဲမ်ျားြဖစ်သည်
glucagon ေဟာ်မ�နး်ကိ�ထ�တေ်ပးသည်

alpha motor neuron ဆိ�သညမ်�ာအတငွး်ပိ�ငး်��ိ motor neuron တစ်ခ�ြဖစ်သည။်
vates သညသ်ာမနအ်�ိ�း�ကကသ်ားမ�ငမ်ျားြဖစ်သည်

alveolar surface tension (al-VE¯-o¯-lur) မျက�်�ာြပင်
အဆ�တတ်ငွ ်alveoli ကိ�ဖံ�းအ�ပ်ထားေသာအရည၏်တငး်အား၊
မျက�်�ာြပငတ်ငး်အား ကိ��ကည့ပ်ါ

alveolar ventilation ေလထ� ပမာဏလလဲ�ယသ်ည်
ေလထ���င့တ်စ်မိနစ်အတငွး် alveoli �ကား၊
ညမီ�သည ်(ဒေီရအတိ�းအ��တေ်သေနရာပမာဏအ��တ)်
အသက�်����နး်

ခကဆ်စ်
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Translating...

တက�်ကေသာအငအ်ား ဆိ�သညမ်�ာအသံ�းစရိတလ်ိ�အပ်သည်
ဆလဲတ်စ်ခ�သိ�ပိ့�ေ့ဆာငရ်ာတငွဆ်လဲလ်�စမ်ွးအင ်(ATP)
ပလာစမာအေြမ�းကိ� ြဖတ၍် ရပ်တညသ်ည်

active reabsorption ငါးမျိ�းထကဲတစ်ခ�ခ�ကိ�ရတဲအ့ခါ
ပစ�ညး်တစ်ခ�၏ transepithelial သယယ်�ပိ�ေ့ဆာငေ်ရးအတကွေ်ြခလ�မ်းများ

aerobic ဆိ�သညမ်�ာေအာကဆ်ဂီျင�်�ိသည့အ်ေြခအေနကိ�ရည�်�နး်သည်
ရ��ိ�ိ�ငပ်ါသည်

ေအ�ိ� းဘစေ်လက့ျင့ခ်န်းများြပ�လ�ပ်ေပး ြခငး်ြဖင့ပံ်ပိ့�းေပး�ိ�ငသ်ည်
ATP ဖဲွ�စညး်ြခငး်ကိ� oxidative phos- ဓာတြ်ဖင့ြ်ပည့စံ်�ေစသည။်
phorylation သည ်လံ�ေလာကေ်သာ O 2 ကိ�ရ��ိ�ိ�ငေ်သာေ�ကာင့ြ်ဖစ်သည်

alveoli (al-VE¯-o¯-lı¯) O 2 မ�တဆင့ေ်လအတိမ်ျား��င့ ်CO 2 ကိ�အေသးွများ��င့ေ်လေ�ကာငး်အ�ကားဖလ�ယေ်န�ကတယ်
အဆ�တ၌်

amines (AH-me¯nz) ေဟာ်မ�နး်များမ�ဆငး်သကလ်ာသည်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်အပါအ ၀ ငအ်မိ�င�်ိ�အကစ်စ် tyrosine
��င့ ်catecholamines

ဂျီ -၁

စာမျက�်�ာ ၉

ဂျီ -၂ ခကဆ်စ်

amoeboid လ�ပ်��ားမ� (uh-ME¯-boid) "တာွးသာွးြခငး်"
၎ငး်��င့ဆ်ငတ်�ေသာေသးွြဖ�ဆလဲမ်ျား၏လ�ပ်��ားမ�
အမီးဗားေရွ�လျားြခငး်ကိ�ဆိ�လိ�သည်

AMPA receptor သည ်receptor ��စ်မျိ�းအနကတ်စ်မျိ�းြဖစ်သည။်
အဆိ�ပါ postsynaptic အေြမ�းပါးေပ�တငွခ်ျနန်ယမ်ျား��ိသည်
neurotransmitter glutamate သညဤ်အရာကိ� ဦး ေဆာငသ်ည်
EPSPs ဖဲွ�စညး်ြခငး်သိ� ့
anabolism (ah-NAB-o¯-li-zum) တညေ်ဆာကမ်�၊ သိ�မ့ဟ�တ်
ေသးငယေ်သာမ�ပိ��ကးီေသာေအာ်ဂဲနစ်ေမာ်လကီျ�းများေပါငး်စပ်ြခငး်
ေအာ်ဂဲနစ်ေမာ်လကီျ�းအစိတအ်ပိ�ငး်များ

anaerobic (an´-uh-RO¯-bik) သညအ်ေြခအေနတစ်ခ�ကိ�ရည�်ွနး်သည။်
ေအာကဆ်ဂီျငမ်ပါဝငေ်သာအရာြဖစ်သည်

anaerobic ေလက့ျင့ခ်န်း High-intensity exercise ြပ�လ�ပ်ပါတယ်
ATP ဖဲွ�စညး်ြခငး်ြဖင့�်ပီးေြမာကေ်အာငြ်မင�်ိ�ငသ်ည်
အချိနတ်ိ�အတငွး် anaerobic glycolysis အားြဖင့်
�ကကသ်ားတစ်ခ�သိ� ့ O 2 ပိ�ေ့ဆာငြ်ခငး်သညလ်ံ�ေလာကစ်ာွမလံ�ေလာကေ်သာအခါ
port oxidative phosphorylation ြဖစ်သည်

analgesic (an-al-JEE-zic) နာကျငမ်�ကိ�သကသ်ာေစသည်

ခ��ာေဗဒ ေလလ့ာြခငး်ခ��ာကိ�ယဖဲွ်�စညး်ပံ�

အန်ဒ�ိ�ဂျငသ်ည ်ေယာကျ်ားပီသေသာ“ အမျိ�းသား” လငိေ်ဟာ်မ�နး်၊
ေဝ�းေစမ့� testosterone ��င့ ်dehydro- တိ�ပ့ါဝငသ်ည။်
adrenal cortex မ� epiandrosterone

ေသးွအားနညး်ေရာဂါ O 2 သယေ်ဆာင ်ရာတငွပံ်�မ�နထ်ကေ်လျာန့ညး်သည်
ေသးွ၏စမ်ွးရည်

anion (AN-ı¯-on) တငွ ်Negatively charging ion ပါ ၀ ငသ်ည်
၎ငး်၏အြပငဘ်ကခ်ွ၌ံအလီကထ်ရွနတ်စ်ခ� (သိ�)့ တစ်ခ�ထကပိ်�ရ��ိသည်

ANP atrial natriuretic peptide ကိ��ကည့ပ်ါ

ဆန ့်ကျငဘ်ကြ်ဖစြ်ခငး် အချငး်ချငး်ဆန ့က်ျငလ်�ပ်ေဆာငခ်ျကမ်ျား; ၌
ေဟာ်မ�နး်တစ်ခ�ြဖစ်ေပ�ေစေသာအခါေဟာ်မ�နး်များြဖစ်ေပ�သည်
အြခားေဟာ်မ�နး်၏ receptors များဆံ�း�� ံးြခငး်ကိ�ေလျာက့ျေစသည်
ဒ�တယိေဟာ်မ�နး်၏ထေိရာကမ်�

antagonist အာ�ံ�ေ�ကာလ�ေဲြပာငး်မ�ကိ�တားဆးီေပးတဲဓ့ာတတ်စ်မျိ�း
mitter's receptor သညအ်ာ�ံ�ေ�ကာက�းေြပာငး်ြခငး်ကိ�ကာကယွေ်ပးသည။်
mitter သည ်binding ��င့တ်�န ့ြ်ပနမ်�ကိ�ထ�တလ်�ပ်သည်

anterior pituitary Pi-gland ၏အစိတအ်ပိ�ငး်
ေပါငး်စပ်မ�၊ သိ�ေလ�ာငမ်���င့�်ကးီထာွးမ�ကိ�လ�ိ� � ဝ�ကေ်ပးသည်
ေဟာ်မ�နး်၊ TSH၊ ACTH၊ FSH၊ LH ��င့ ်prolactin

antibody ဆိ�သညမ်�ာတစ် ဦး မ�ထ�တလ်�ပ်ေသာ immunoglobulin ြဖစ်သည်
တကိျေသာ activated B lymphocyte (ပလာစမာဆလဲ)်
အထ�းသြဖင့ ်antigen ဆန ့က်ျင;် တကိျတဲအ့ရာေတနွဲခ့ျညေ်��ာငထ်ားတယ်
၎ငး်ကိ�ထ�တလ်�ပ်�ပီးအားေပးသည်
�ကးီပာွးြခငး်ြဖင့ ်antigenic ကျ�းေကျာ်သ�ကိ�ဖျကဆ်းီသည်
တကိျေသာခ�ခအံားတံ� ့ြပနမ်�များစတငေ်န�ပီြဖစ်သည်
antigen ကိ�ဆန ့က်ျငသ်ည်

antibody-mediated immunity သးီြခားခ�ခအံား
antibody ထ�တလ်�ပ်မ�အားြဖင့�်ပီးေြမာကေ်သာတံ� ့ြပနမ်�
B ဆလဲမ်ျား

antidiuretic ေဟာ်မ�န်း (ADH) (an´-ti-dı¯´-yu¯-
RET-ik) vasopressin ကိ��ကည့ပ်ါ

antigen သည ်A ကိ�အစပျိ�းေပးေသာ�ကးီမား။ ��ပ်ေထးွေသာေမာ်လကီျ�း
တကိျေသာခ�ခအံားတ�န ့ြ်ပနမ်�သညအ်လိ�လိ�ေရာကသ်ာွးသည်
ခ��ာကိ�ယထ်သဲိ� ့ ၀ ငေ်ရာကမ်�

antioxidant (ဓာတတ်ိ�းဆန ့်ကျငပ်စ�ညး်) သည ်ဇီဝ ဓာတက်ိ� အသကမ်ဝငေ်စေအာငက်�ညေီပးသည။်
free radicals များကိ�ကျိ�းေ�ကာငး်ဆေီလျာ်ေစသည်

antiport ပံ�စံသည ်secondary active transport အတကွြ်ဖစ်သည်
driving ion ��င့ ်solute move တိ�က့ေရွ�လျားသည်
ပလာစမာမ�တက်ိ� ြဖတ၍် ဆန ့က်ျငဘ်ကလ်မ်းေ�ကာငး်များတငွ်
brane; ေကာငတ်ာသယယ်�ပိ�ေ့ဆာငေ်ရး သိ� ့ လလဲ�ယ ်ြခငး်ဟ�လညး်ေခ�သည်

antrum (of ovary) အရညမ်ျားြပည့ေ်နေသာအေပါကက်ိ�ဖဲွ�စညး်သည်
ဖံွ� �ဖိ�းဆသဲားအမ်ိ follicle အတငွး်

antrum (အစာအမ်ိ) ၏ေအာကပိ်�ငး်
ဗိ�က်

aorta (a-OR-tah) သယေ်ဆာငေ်သာသေဘ�ာ�ကးီ
ဘယဘ်က ်ventricle မ�ေသးွ

aortic valve ဆိ�သညမ်�ာစီးဆငး်ရနတ်စ်လမ်းသာွးအဆိ��့�ငြ်ဖစ်သည်
ဘယဘ်က ်ventricle မ� aorta dur သိ�ေ့သးွများ
ventricular emptying လ�ပ်ေသာ်လညး် backflow ကိ�ကာကယွေ်ပးသည်
aorta မ�ေသးွများသညဘ်ယဘ်က ်ventricle သိ�ေ့ရာကသ်ာွးသည။်
ventricular ေလ�ာေ့ပါ ့

apoptosis (a¯-pop-TO¯ -sis) ပ�ိ�ဂရမ်ဆလဲေ်သများ၊
ဆလဲတ်စ်ခ�အားအလိ�အေလျာကဖ်ျကဆ်းီြခငး်

aquaporin ေရလိ�ငး်

aqueous humor (A¯ -kwe¯ -us) �ကညလ်င။် အရညရ်�မ်းေသာအရည်
မျကစိ်၏ေ���ခနး်၌; အာဟာရြဖည့ေ်ပးသည်
မျက�်ကညလ်�ာ��င့မ်�နဘ်လီ�းအတကွအ်ဖံ�း

arcuate nucleus (ARE-kyou-it´) သည ်subcortical ြဖစ်သည်
ဦး ေ��ာကေ်ဒသတငွအ်စာစားချငစိ်တက်ိ�ထ�တေ်ပးေသာအာ�ံ�ခဆံလဲမ်ျား
neuropeptide Y ��င့လ်�ိ� � ဝ�ကေ်သာအရာများကိ�တိ�းတကေ်စသည်
melanocortins ကိ�အစာစားချငစိ်တက်ိ���မ်ိနငး်ေပးသည်

aromatase သည ်testosterone ကိ�ေြပာငး်လေဲစေသာအငဇိ်�ငး်တစ်မျိ�းြဖစ်သည်
ေဝ�းေစရဲ့အ့ြပငဘ်ကမ်�ာ estrogen ကိ�ေပးတယ်

arterioles (ar-TIR-e¯-o¯lz) အလနွ�်ကကသ်ားများ၊
ေသးွလ�တေ်�ကာများမ�ခွေဲသာခ�ခစံမ်ွးအားြမင့သ်ေဘ�ာများ၊
caliber ကိ�ထနိး်ည�ရိနေ်ြပာငး်လ�ဲိ�ငသ်ည်
အမျိ�းမျိ�းေသာသ�တိ�အ့ားြဖန ့ေ်ဝေသာေသးွပမာဏ
တစ်��းများ

artery ေသးွလ�တေ်�ကာ မ�ေသးွများကိ�သယေ်ဆာငေ်သာ ေသးွေ�ကာ တစ်ခ�ြဖစ်သည်
��လံ�းသား

ascending tract ဆငတ်�အာ�ံ�ေ�ကာမ�ငမ်ျားစ�စညး်သည်
ေကျာ�ိ�းအထကက်ိ�လ�ည့ပ်တပိ်�လ့�တတ်ဲလ့�ပ်ေဆာငခ်ျက်
ဦး ေ��ာကသ်ိ� ့ afferent input မ�ဆငး်သကလ်ာေသာအချကြ်ပများ

astrocyte ဦး ေ��ာက�်�ိ glial ဆလဲအ်မျိ�းအစား၊ အဓိက
လ�ပ်ေဆာငခ်ျကေ်တထွမဲ�ာအာ�ံ�ခဆံလဲေ်တကွိ�အတ�တကေွပါငး်စညး်ြခငး်ပါဝငပ်ါတယ်
သင့ေ်တာ်ေသာေနရာေဒသဆကဆ်ေံရး၊ ဦး ေ��ာကက်ိ�လ�ံ�ေဆာ်ေပးသည။်
ဝိဥာ�များသညအ်ေရး�ကးီေသာလမ်းဆံ�များတငွဖဲွ်�စညး်ရနအ်ေရး�ကးီသည်
ေသးွ - ဦး ေ��ာကအ်တားအဆးီ��င့ ်synaptic ကိ�တိ�းတကေ်စသည်
လ�ပ်��ားမ�

atmospheric pressure ဖိအားေပး သည်
ေလထ�အတငွး်��ိေလထ�၏အေလးချိန်
ကမ�ာေြမမျက�်�ာြပင;် ပငလ်ယေ်ရမျက�်�ာြပင၌် ၇၆၀ မီလမီီတာ Hg ��င့ည်မီ�သည်

ATP adenosine triphosphate ကိ��ကည့ပ်ါ

ATPase သည ်ATP ကိ�ကွေဲစ�ိ�ငေ်သာအငဇိ်�ငး်တစ်ခ�ြဖစ်သည်

ATP synthase ေ�ကာင ်သည ်mitochondrial အငဇိ်�ငး်ြဖစ်သည။်
ADP ��င့ ်inor- မ� ATP ၏ ATP ေပါငး်စပ်မ�ကိ� alyzes ေပးသည။်
ganic ေဖာစ့ဖိတ်
atrial natriuretic peptide (ANP) (A¯-tre¯ -al NA¯ )
tree-ur-eh´tik) မ� peptide ေဟာ်မ�နး်တစ်ခ�ထကွလ်ာသည်
Na ၏ဆးီဆံ�း�� ံးမ�ကိ�အားေပးသည့ ်cardiac atria

atrioventricular (AV) node (a¯´-tre¯-o¯-ven-TRIK-
yuh-lur) အထ�းြပ���လံ�းဆလဲအ်စ�ငယတ်စ်ခ�
atria ��င့ ်ventricles တိ�ဆ့ံ�ရာတငွ�်�ိသည်
atria ��င့လ်�ပ်စစ်ဆကသ်ယွေ်သာေနရာသာြဖစ်သည်
ventricles

atrioventricular (AV) valve ဆိ�သညမ်�ာ one-way valve ြဖစ်သည်
atrium မ�ေသးွစီးဆငး်မ�ကိ�ခငွ့ြ်ပ�သည်
��လံ�းအားြဖည့ေ်နစ� ventricle သည�်�လံ�းကိ�ကာကယွေ်ပးသည်
ventricle မ� atrium သိ�ေ့သးွြပနစီ်းဆငး်သည်
��လံ�းအားထ�တေ်နစ�

atrium ( atria, plural) (A¯-tree-um) အထကပိ်�ငး်
��လံ�းမ�ေသးွကိ�လကခ်ေံသာအခနး်
ေသးွြပနေ်�ကာများ��င့၎်ငး်ကိ� ventricle သိ�လ့�ေဲြပာငး်သည်

Atrophy (AH-truh-fe¯) အဂ� ါတစ်ခ�၏ြဒပ်ထ�ကျဆငး်ြခငး်

ကိ�ယပိ်�ငအ်�ပ်ချ�ပ်ခွင့ရ်အာ�ံ�ေ�ကာစနစ ်၏အစိတအ်ပိ�ငး်
အရံအာ�ံ�ေ�ကာစနစ်၏ကွြဲပားြခားနားချက်
၎ငး်သညေ်ချာေမွ� �ပီး��လံ�း�ကကသ်ားများကိ�အားေပးသည်
exocrine ဂလငး်; စာနာစိတအ်ြဖစ်ခွထဲားသည်
အာ�ံ�ေ�ကာစနစ်��င့ ်parasympathetic အာ�ံ�ေ�ကာ
စနစ်

autophagy ဆလဲအ်စိတအ်ပိ�ငး်များကိ� ကိ�ယတ်ိ�င ်ေရွးချယအ်စာေ�ကသည်
lysosomes မ�ေဟာငး်�မ်ွးေနေသာ organelles ကဲသ့ိ� ့
autoregulation ၎ငး်၏အဂ� ါအစိတအ်ပိ�ငး်ကိ�ထနိး်ည�ရိနစ်မ်ွးရည်
ယာ�ေမာငး်အေြပာငး်အလ�ဲ�ိေသာ်လညး်ကိ�ယပိ်�ငေ်သးွစီးဆငး်မ���နး်
ပျမ်းမ�ေသးွလ�တေ်�ကာဖိအား

autorhythmicity စိတလ်�ပ်��ားဖွယဆ်လဲတ်စ်ခ�၏စမ်ွးရည်
ကိ�ယပိ်�ငလ်�ပ်��ားမ�အလားအလာများကိ�စညး်ချကည်ညီစီတငပ်ါ

AV nodal delay ေ��ာင့ေ်��း ေစေသာစိတက်�းယ�ထ�တလ်�င့မ်�ေ��ာင့ေ်��းသည်
AV node ��ိ atria ��င့ ်ventricles �ကား၊
၎ငး်သည ်atria ြဖစ်လာရနလ်ံ�ေလာကေ်သာအချိနက်ိ�ခငွ့ြ်ပ�သည်

လံ�းဝ depolarized ��င့စ်ာချ�ပ်, emptying
သ�တိ�၏့အေ�ကာငး်အရာများကိ� ventricular၊ ventricular သိ�မ့ေရာကမီ်
depolarization ��င့က်ျံ� � ြဖစ်ေပ�သည်

AV အဆိ��့�င ်atrioventricular valve ကိ��ကည့ပ်ါ

axon သည ်a, elongated tubular extension a
neuron သညလ်�ပ်��ားမ�အလားအလာများ��င့ေ်ဝးေဝးေနသည်
ဆလဲခ်��ာကိ�ယ;် အာ�ံ�ေ�ကာအမ�င ်ဟ�လညး်ေခ�သည်

axon hillock ဦး ေ��ာကအ်ာ�ံ�ေ�ကာ axon ၏ပထမဆံ�းအပိ�ငး်ြဖစ်သည်
၎ငး်မ�ဆလဲခ်��ာကိ�ယဧ်ရိယာ
axon အရွက;် လ�ပ်ေဆာင�်ိ�ငမ်ည့အ်လားအလာ��ိေသာေနရာ
neurons အများစ�

axon terminal များသည ်neuro- တစ်ခ�၏ခွထဲားေသာအဆံ�းများ
nal axon သည ်neurotransmitter တစ်ခ�ကိ�ထ�တလ်�တသ်ည်
ပစ်မ�တဆ်လဲမ်ျားကိ�အနးီကပ်ေပါငး်သငး်ဆကဆ်ြံခငး်၌လ�မ်းမိ�းသည်
axon terminal များ

ဟန်ချကသ်ေဘာတရားတစခ်�၏ ထည့သ်ငွး်မ�အ�ကားဟနခ်ျကည်မီ�
အစာကိ�မျိ�ချမိြခငး်��င့/်သိ�မ့ဟ�တဇီ်ဝြဖစ်စ�ဇီဝြဖစ်စ�မ�တစ်ဆင့်
ဆွအဲား��င့ထ်�တလ်�တမ်���င့/်သိ�မ့ဟ�တ ်ြဖတ၍် ၎ငး်၏အထကွ်
ဇီဝြဖစ်စ�စားသံ�းမ�

baroreceptor reflex တစ် ဦး အလိ�အေလျာက�်ကားဝငေ်စစ့ပ်ေပးသည်
reflex တံ� ့ြပနမ်�သည�်�လံ�း��င့ေ်သးွကိ�လ�မ်းမိ�းသည်
ပျမ်းမ�ေသးွလ�တေ်�ကာေသးွေြပာငး်လမဲ�ကိ�ဆန ့က်ျငရ်နသ်ေဘ�ာများ
ဖိအား

baroreceptors လကခ်စံကမ်ျားသညပ်တ ်၀ နး်ကျင၌်တည�်�ိသည။်
ေသးွေပါငခ်ျိနက်ိ�ေစာင့�်ကည့ေ်သာ latory စနစ်

basal ganglia basal nuclei ကိ��ကည့ပ်ါ

basal ဇီဝြဖစစ်���န်း (BA¯ -sul) အနညး်ဆံ�း wak-
ြပညတ်ငွး်စမ်ွးအငသ်ံ�းစွဲမ���နး်၊ ခ��ာကိ�ယ်
“ �ငမ်ိေနေသာအ��ိန”်

basal nuclei သညမီ်းခိ�းေရာငြ်ဒပ်ေပါငး်များစာွတည�်�ိသည်
ဦး ေ��ာက၏်အြဖ�ေရာငက်စိ�အတငွး်၌နက�်� ိငး်သည်
ဦး ေ��ာက;် MoH တငွအ်ေရး�ကးီေသာတားစီးသည့အ်ခနး်ကဏ��ပါ ၀ ငသ်ည။်
tor ထနိး်ချ�ပ်မ�

free hy- ဓာတ�်�င့ေ်ပါငး်စပ်�ိ�ငေ်သာ အေြခခံ ပစ�ညး်
drogen ion ကိ�ေြဖ��ငး်ချကမ်�ဖယ�်�ားပါ

အေြခခံလ�ပ်စစစ်ညး်ချက ်(BER) အလိ�အေလျာက ်ြဖစ်ေပ�ေစေသာ လ�ပ်စစဓ်ာတ်
အစာေြခလမ်းေ�ကာငး်ေချာေမွ� �ကကသ်ား၏သံ�း�ကမ်ိလ�ပ်ေဆာငခ်ျက်

basilar membrane (BAS-ih-lar) အေြမ�းပါး
၎ငး်သညအ်လယအ်ခနး်၏�ကမ်းြပငြ်ဖစ်သည်
cochlea သည ်Corti ၏အဂ� ါကိ� ၀ နခ်သံည်
အ�ကားအာ�ံ�အတကွအ်ဂ� ါ

basophils (BAY-so-fills) သညေ်သးွြဖ�ဥများြဖစ်သည်
၎ငး်ကိ�ေပါငး်စပ်�ပီး၊ သိ�ေလ�ာင၊် ထ�တလ်�တေ်သာ histamine ကိ�ထ�တေ်ပးသည်
ဓာတမ်တည့တ်ံ� ့ြပနမ်���င့ ်heparin တိ�အ့တကွအ်ေရး�ကးီသည်
ေသးွမ�အဆအီမ�နမ်ျားကိ�လျငြ်မနစ်ာွဖယ�်�ားသည်

BER အေြခခလံ�ပ်စစ်ရစ်သမ် ကိ��ကည့ပ်ါ

beta () ဆလဲမ်ျား endocrine ပနက်ရိယဆလဲမ်ျားြဖစ်သည်
အငဆ်�လငေ်ဟာ်မ�နး်ကိ�ထ�တလ်�တသ်ည်

bicarbonate (HCO 3 ) မ�ရ��ိေသာ anion ြဖစ်သည်
ကာဘနွန်စ်အကစ်စ်၊ H 2 CO 3 ၏ကွကဲာွြခငး်

သညး်ေြခရညသ်ည ်သညး်ေြခဆား��င့ပ်ါဝငေ်သာအယက်ာလိ�ငး်ေြဖ��ငး်ချကတ်စ်ခ�ြဖစ်သည်
အသညး်မ� bilirubin ကိ�သညး်ေြခရညတ်ငွသ်ိ�ေလ�ာငထ်ား�ပီး၊
ဆးီအမ်ိ��င့ ်lumen အ�သမ်ိအတငွး်သိ�စိ့မ့်ထကွသ်ည်

သညး်ေြခရညဆ်ား များတငွက်ိ�လကစ်ထေရာဆငး်သကလ်ာသည်
သညး်ေြခရညသ်ညသ်�တိ�၏့အဟန ့အ်တားများမ�တစ်ဆင့အ်စာေချဖျကမ်�ကိ�လယွက်�ေစသည။်
gent action မ�တဆင့အ်ဆစီ�ပ်ယ�မ�ကိ�လယွက်�ေစသည်
သ�တိ�ရဲ့ ့ micellar ဖဲွ�စညး်မ�

biliary system (BIL-e¯-air´-e¯) သညး်ေြခရညထ်�တလ်�ပ်သည်
အသညး်၊ သညး်ေြခအတိ�်�င့အ်စာအမ်ိတိ�ပ့ါဝငေ်သာစနစ်
လ�မ�ဆကဆ်ေံရး�ပန်

bilirubin (bill-eh-RU¯ -bin) ဟ�သည့သ်ညး်ေြခရညတ်စ်မျိ�းြဖစ်သည်
ပျကစီ်းြခငး်မ�ဆငး်သကလ်ာေသာစနွ ့ပ်စ်ပစ�ညး်တစ်ခ�ြဖစ်သည်
ေသးွနဦများ�ပိ�ကွစဲ�ေဟမိ�ဂလိ�ဘင်
ဆလဲမ်ျား

bipolar cells များသညြ်မငလ်�ာေပ� ��ိ neururons များြဖစ်သည။်
toreceptors များသည ်terminate ြဖစ်�ပီးအလ�ည့အ်ေြပာငး်တငွအ်ဆံ�းသတသ်ည်
retinal ganglion ဆလဲမ်ျားေပ�တငွ်

စာမျက�်�ာ ၁၀

blastocyst ေြမ�သဇာ၏ဖံွ� �ဖိ�းမ�အဆင့်
ized ovum သညထ်ည့သ်ငွး်ရနအ်ဆငသ်င့ြ်ဖစ်ချိန၌် ကနွ်
a ကိ�ဝနး်ရံထားေသာတစ်လ�ာတညး်ေသာဆလဲမ်ျား၏ဝိ�ငး်များ
အရညမ်ျားြပည့ေ်နေသာအေပါက်

ေသးွ��င့ ်ဦး ေ��ာကအ်တားအဆးီ (BBB) အထ�းတညေ်ဆာကပံ်���င့်
ဦး ေ��ာကေ်သးွေ�ကာမ�ငမ်ျား၏လ�ပ်ေဆာငခ်ျကမ်ျားသညက်န ့သ်တထ်ားသည်
ဦး ေ��ာကသ်ိ�ေ့သးွမ�ပစ�ညး်များရယ�သည်
တစ်သ��း

B lymphocytes (B cells) ေသးွြဖ�ဥများေ�ကာင်
၎ငး်သညတ်ကိျေသာပစ်မ�တမ်ျား��င့ဆ်န ့က်ျငေ်သာပဋပိစ�ညး်များထ�တလ်�ပ်သည်
ေဖာ်ထ�တခ်ဲ�့က�ပီ

sarcoplasmic reticulum ��ိ nels များသညမ်ျားစာွြဖစ်ေပ�ေစသည်
ဤအရာမ� Ca 2 ကိ� cytosol ထသဲိ� ့ ပိ�ထ�တလ်�တသ်ည ်။
tracellular စတိ�းဆိ�င်

calmodulin (kal´-MA-jew-lin) intracellular တစ်ခ�
Ca 2 binding protein သည ်Ca 2 အားသကဝ်ငေ်စ ေသာအခါ၊
ဖဲွ�စညး်တညေ်ဆာကပံ်���င့လ်�ပ်ေဆာငခ်ျကအ်ေြပာငး်အလမဲျားြဖစ်ေပ�ေစသည။်
အြခား intracellular ပ�ိ�တနိး်; တငွအ်ထ�းအေရး�ကးီသည်
ေချာေမွ� �ကကသ်ားများလ�ံ�ေဆာ်ြခငး် – ကျံ��လိ�ကြ်ခငး်

cAMP တငွ ်cyclic adenosine monophosphate ကိ��ကည့ပ်ါ
CAMs များသညဆ်လဲမ်ျား၏ေကာ်ေမာ်လကီျ�းများကိ� �ကည့ပ်ါ

ေသးွေ�ကာမ�င ်နရံံများ၊

� � ြ � �

အလယဗ်ဟိ� အတငွး်ဆလဲဆ်လဲမ်ျားအလ�ပ်လ�ပ်ပံ�စ�ေဆာငး်ြခငး်
ဗဟိ�အာ�ံ�ေ�ကာစနစ်

ဗဟိ� ဓာတ�ေဗဒ receptors (ke¯-mo¯-re¯-SEP-turz) Re-
ceptors များသညအ်သက�်��လမ်းေ�ကာငး်အနးီ medulla တငွတ်ည�်�ိသည်
ECF H ၏အေြပာငး်အလမဲျားအတကွတ်ံ� ့ြပနေ်သာဗဟိ�
ေသးွလ�တေ်�ကာ P CO 2 ��င့ ်အေြပာငး်အလမဲျားမ�ရ��ိေသာရလဒမ်ျား
သင့ေ်လျာ်ေသာအသက�်��လမ်းေ�ကာငး်ကိ�ည�ပိါ

central lacteal (LAK-te¯-ul) ကန ဦး lymphatic
အ�သမ်ိ villi တစ်ခ�စီကိ�ေထာကပံ်ေ့ပးေသာသေဘ�ာ

ဗဟိ�အာ�ံ�ေ�ကာစနစ ်(CNS) ဦး ေ��ာက�်�င့အ်ာ�ံ�ေ�ကာ
nal �က�ိး
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Translating...

ခကဆ်စ် ဂျီ ၃

အစာအမ်ိ ၏အဓိကအစိတအ်ပိ�ငး် (သိ�)့ အလယ၊် အစိတအ်ပိ�ငး်အစာအမ်ိ
ခ��ာကိ�ယစ်နစသ်ည ်လ�ပ်ေဆာငေ်သာအဂ� ါအစိတအ်ပိ�ငး်များကိ�စ�စညး် ေပးသည်
ဆကစ်ပ်လ�ပ်ေဆာငခ်ျကမ်ျား��င့ ်com တစ်ခ�ေအာငြ်မငရ်နအ်ြပနအ်လ�နဆ်ကသ်ယွပ်ါ။
��ငသ်နမ်�အတကွမ်��ိမြဖစ်လိ�အပ်ေသာမနွလ်�ပ်��ားမ�
တစ်ကိ�ယလ်ံ�း; ဥပမာအားြဖင့အ်စာေြခစနစ်

�ိ� းတငွး်ြခငဆ် ီ(soft marrow ) ��းညံ။့ ြမင့မ်ားေသာဆလဲေ်သတစ်သ��းြဖစ်သည်
အ�ိ�း၏အတငွး်ပိ�ငး်တငွး်များကိ�အားြဖည့ေ်ပး�ပီးအရငး်အြမစ်ြဖစ်သည်
ေသးွဆလဲအ်များစ�မ�

Bowman ၏ေဆးေတာင့ ်tubular ၏အစြဖစ်သည်
ခကွ၏်ေကျာကက်ပ်၏ nephron အစိတအ်ပိ�ငး်
glomerulus တစ်ဝိ�က�်�င့ ်glomerular ကိ�စ�ေဆာငး်သည်
ဖဲွ�စညး်ထားသည့အ်တိ�ငး် filtrate

Boyle ၏ဥပေဒ (ဆ�သည)် မညသ်ည့အ်ပ�ချိနတ်ငွမ်ဆိ�၊
ဓာတေ်ငွ�တစ်ခ�မ�ထကွလ်ာေသာဖိအားသညေ်ြပာငး်ြပန�်�င့က်ွြဲပားသည်
ဓာတေ်ငွ�ပမာဏ

ဦး ေ��ာကပ်ငစ်ည ်သညအ်ဆကမ်ြပတဆ်ကေ်နေသာ ဦး ေ��ာကအ်စိတအ်ပိ�ငး်
uous သညေ်ကျာ�ိ�း��င့အ်တ�ေပါငး်စပ်ြခငး်လညး်ြဖစ်သည်
ေကျာ�ိ�း��င့အ်ဆင့ြ်မင့ ်ဦး ေ��ာကအ်ဆင့�်ကားဆကစ်ပ်မ�
els ��င့မ်ျားစာွေသာဘဝရပ်တညမ်�လ�ပ်ငနး်စ�များကိ�ထနိး်ချ�ပ်သည၊်
အသက�်�ြခငး်၊ လညပ်တြ်ခငး်��င့အ်စာေြခြခငး်ကဲသ့ိ� ့
bronchioles (BRONG-ke¯-o¯lz) ေသးငယေ်သာအကိ�ငး်အခက၊်
အဆ�တအ်တငွး်မ�အသက�်��လမ်းေ�ကာငး်များ

bronchoconstriction အသက�်��လမ်းေ�ကာငး်ကျ�းြခငး်
ေလေ�ကာငး်လိ�ငး်များ

bronchodilation အသက�်��လမ်းေ�ကာငး်ကိ�ကျယေ်စြခငး်
ေလေ�ကာငး်လိ�ငး်များ

brush border စ�ေဆာငး်မ� microvilli project-
epithelial ဆလဲမ်ျား၏ luminal border မ�ြဖတထ်�တသ်ည။်
အစာေြခလမ်းေ�ကာငး်��င့ေ်ကျာကက်ပ်�ပနမ်ျားအတငွး်သိ� ့

�ကားခံ ဓာတ��ကားခစံနစ်ကိ� �ကည့ပ်ါ

bulbourethral ဂလငး်များ (bul-bo-you-RE¯TH-ral)
အမျိ�းသားများအတကွအ်ပိ�ပစ�ညး်များသညအ်ခ�ဲများထ�တေ်ပးေသာကျားဂလငး်များြဖစ်သည်
ေချာဆီ

bulk flow Movement သည ်protein-free အေြမာကအ်များြဖစ်သည်
ေသးွအ�ကားေသးွေ�ကာမ�ငန်ရံံများကိ� ြဖတ၍် ပလာစမာ
��င့ပ်တဝ်နး်ကျင ်interstitial အရည;် သဘာဝ
ultrafiltration ��င့ ်reabsorption

His (hiss) အတွလဲိ�ကအ်ထ�း��လံ�းအထ�းက�လမ်းေ�ကာငး်တစ်ခ�
ဆလဲတ်စ်ခ�သညလ်�ပ်ေဆာငမ်�အလားအလာတစ်ခ�ကိ�လျငြ်မနစ်ာွက�းစကေ်စသည်
��လံ�း၏ interventricular septum ကိ�ဆငး်သည်

calcitonin (kal´-suh-TO¯-nun) ေဟာ်မ�နး် se-
ပလာစမာကိ�ကျဆငး်ေစေသာသိ�ငး်ရိွ�က ်C ဆလဲမ်ျားြဖင့ဖ်နတ်းီထားသည်
Ca 2 အဆင့်

ကယလ်စယီမ်လကက်ျန်ပမာဏကိ� အ�မဲမြပတထ်နိး်သမ်ိးြခငး်
ခ��ာကိ�ယ၌် Ca 2 ပမာဏ ြဖင့�်ပီးေြမာကသ်ည်
အ� Ca 2 တငွြ်ဖညး်ြဖညး်ချငး်တံ� ့ြပနမ်�များ
စ�ပ်ယ�မ���င့ဆ်းီတငွ ်Ca 2 ထ�တလ်�တသ်ည်

calcium homeostasis ၏ Maintenance ကိ�အ�မဲမြပတလ်�ပ်ေဆာငသ်ည်
အခမဲ ့plasma Ca 2 အာ�ံ�စ�းစိ�ကမ်�ြဖင့�်ပီးေြမာကသ်ည်
အ�ိ�း��င့ ်ECF အ�ကား Ca 2 ကိ� လျငြ်မနစ်ာွဖလ�ယသ်ည်
ဆးီတငွြ်ပ�ြပငမ်မ်ွးမံြခငး်ြဖင့အ်နညး်ငယပိ်�နညး်သည်
Ca 2 ကိ�စနွ ့ ်ထ�တသ်ည်

ကားေပ�ေရာကရ်င ်ကယလ်စ်ယီမ်ေ�ကာင့က်ယလ်စ်ယီမ်ထ�တလ်�တမ်�
diac ��င့ေ်ချာေမွ�ေသာ�ကကသ်ားဆလဲမ်ျားသညစိ်တလ်�ပ်��ားေစသည။်
၎ငး်မ� Ca 2 ပမာဏအနညး်ငယက်ိ� ၀ ငေ်စသည်
ဗိ�အ့ားကန ့သ်တထ်ားေသာမျက�်�ာြပငအ်ေြမ�းပါးမ�တဆင့ ်ECF
ceptors Ca ၏အဖွင့က်ိ�အစပျိ�းလိ�ကြ်ခငး် 2 -release chan-

ေသးွေ�ကာများအ�ကားလလဲ�ယေ်ပးေသာြဖတ�်ပီးသားေသးွေ�ကာများေသးွ��င့ပ်တဝ်နး်ကျငတ်စ်သ��းများေနရာယ�သည်

carbonic anhydrase (an-HI¯-dra¯s) အငဇိ်�ငး်ြဖစ်သည်
erythrocytes၊ ေကျာကက်ပ် tubular ဆလဲမ်ျား၊ အစာအမ်ိတိ�တ့ငွေ်တွ�ရသည်
parietal ဆလဲမ်ျား��င့ပ်နက်ရိယ�ပနဆ်လဲမ်ျားကိ�ဓာတြ်ပ�ေစသည်
CO 2 ��င့ ်H 2 O ကိ� H ��င့ ်HCO 3 သိ� ့ ေြပာငး်လြဲခငး်

��လံ�းစကဝ်န်း systole ��င့ ်diastole ၏ကာလတစ်ခ�

��လံ�း�ကကသ်ား အထ�းြပ��ကကသ်ားကိ�သာေတွ� ��ိသည်
��လံ�းသားထမဲ�ာ

cardiac output (CO) ေသးွပမာဏ
မိနစ်တိ�ငး် ventricle မ�စ�ပ်ထ�တသ်ည။် ညမီ�သည်
ေလြဖတြ်ခငး်ပမာဏ��လံ�းခ�န�်�နး်

��လံ�းေသးွေ�ကာထန်ိးချ�ပ်ေရးဌာန ေပါငး်စညး်မ�
၎ငး်သည ်ဦး ေ��ာကပ်ငစ်ည၏် medulla တငွတ်ည�်�ိသည်
ထနိး်ချ�ပ်မ�ဆိ�သညမ်�ာေသးွလ�တေ်�ကာဖိအားကိ�ဆိ�လိ�သည်

carrier-mediated transport သယယ်�ပိ�ေ့ဆာငေ်ရးခွတဲစ်ခ�
ပလာစမာအေြမ�းပါးကိ� ြဖတ၍် ရပ်တညမ်�ကိ� a
carrier ေမာ်လကီျ�း

သယေ်ဆာငေ်မာ်လကီျ�းများ Membrane ပ�ိ�တနိး်များ၊
သိ�မ့�သာပံ�သဏ�ေ်ြပာငး်ြပနေ်ြပာငး်လမဲ�များကိ�ခေံနရသည်
သတသ်တမ်�တမ်�တစ်ညး်ေ��ာငထ်ားေသာေနရာများအားတစ်လ�ည့စီ်ေဖာ်ြပသည်
အေြမ�းပါးတစ်ဖကတ်စ်ချကစီ်��င့ခ်ျညေ်��ာင�်ိ�ငသ်ည်
ြဖတေ်ကျာ်။ မရေသာအထ�းပစ�ညး်များကိ�လ�ေဲြပာငး်ေပးသည်
ပလာစမာအေြမ�းပါးသည၎်ငး်တိ�ဘ့ာသာြဖစ်သည်

ဆင့က်ြဲဖစေ်ပ� တတေ်သာဆကတ်ိ�ကတ်ံ� ့ြပနမ်�များ
ခကဲဲသ့ိ�ေ့သာေနာကဆ်ံ�းထ�တက်�နတ်စ်ခ�တငွ ်minates

catabolism (kuh-TAB-o¯-li-zum) ပျကြ်ပားြခငး်၊
စမ်ွးအင�်ကယဝ်ေသာေမာ်လကီျ�း�ကးီများ (သိ�)့ ပျကစီ်းြခငး်
ဆလဲမ်ျားအတငွး်

catalase (KAT-ah-la¯s) သညဓ်ာတတ်ိ�းဆန ့က်ျငေ်သာအငဇိ်�ငး်တစ်မျိ�းြဖစ်သည်
အစမ်ွးထက ်hygot ကိ�ပျကစီ်းေစေသာ peroxisomes တငွေ်တွ�သည။်
drogen peroxide သညအ်��ရာယမ်��ိေသာ H 2 O ��င့ ်O 2 သိ� ့

catecholamines (kat´-uh-KO¯-luh-means) Amine
tyrosine မ�ဆငး်သကလ်ာေသာေဟာ်မ�နး်များ
အများစ�မ�ာ adrenal medulla မ�ြဖစ်သည်

cation (KAT-ı¯-onz) သညအ်ြပ�သေဘာေဆာငေ်သာအိ�ငး်ယနွး်များြဖစ်သည်
သ�တိ�၏့အြပငဘ်ကမ်�အလီကထ်ရွနတ်စ်ခ� (သိ�)့ ထိ�ထ့ကပိ်�ဆံ�း�� ံးသည်
အခွံ

C ဆလဲမ်ျား calcitonin ကိ�ထ�တလ်�တေ်သာသိ�ငး်ရိွ�ကဆ်လဲမ်ျား
CCK cholecystokinin ကိ��ကည့ပ်ါ

ဆလဲ ်ကိ�သယေ်ဆာငရ်နအ်ေသးငယဆ်ံ�းယ�နစ်
ဘဝ��င့ဆ်ကစ်ပ်ေနေသာလ�ပ်ငနး်စ�များ၊ ��စ်ခ�လံ�း၏အေြခခယံ�နစ်
သက�်�ိများအတကွဖဲွ်�စညး်တညေ်ဆာကပံ်���င့လ်�ပ်ေဆာငခ်ျက်

cell adhesion molecules (CAMs) Proteins များြဖစ်သည်
ပလာစမာအေြမ�း၏မျက�်�ာြပငမ်�ြပန ့ထ်ကွလ်ာသည်
ဆလဲမ်ျားကိ�ကငွး်ဆကမ်ျားသိ�မ့ဟ�တအ်ြခားေနာကဆ်ကတ်ွမဲျားကိ�ဖဲွ�စညး်သည်
တစ်ေယာက�်�င့တ်စ်ေယာကဆ်�ပ်ကိ�ငရ်န�်�င့အ်နးီပတဝ်နး်ကျငအ်ားသံ�းရန်
nective တစ်���းအမ�ငမ်ျား

ဆလဲခ်��ာကိ�ယ ်သညအ်ာ�ံ�ခဆံလဲတ်စ်ခ�ြဖစ်သည်
nucleus ��င့ ်organelles

ဆလဲစ်ငတ်ာ �ကည့�်� centrosome

cell-mediated immunity ခ�ခအံားြပနလ်ညရ်��ိေစြခငး်
activated T lymphocytes ြဖင့ြ်ပည့စံ်�ေသာ sponse၊
မလိ�လားအပ်ေသာဆလဲမ်ျားကိ�တိ�က�ိ်�ကတ်ိ�ကခ်ိ�ကသ်ည်

ဆလဲအ်သက�်� ြခငး် ဓာတ�ေဗဒစီးရီးတစ်ခ�လံ�း
intracellular �ပိ�ကွြဲခငး်��င့ပ်တသ်ကေ်သာတံ� ့ြပနမ်�များ
အာဟာရဓာတ�်ကယဝ်ေသာေမာ်လကီျ�းများကိ� O 2 အသံ�းြပ�၍ စမ်ွးအငထ်�တေ်ပးသည်
ြဖစ်စ�တငွ ်CO 2 ကိ� ထ�တလ်�ပ်သည်

central sulcus (SUL-kus) ၏နက�်� ိငး်ေသာထိ�းေဖာကမ်�ဦး ေ��ာကမ်ျက�်�ာြပငသ်ည�်ကမ်းြပငအ်လယသ်ိ�အ့�ကမ်းဖျငး်စီးဆငး်သည်
cerebral hemisphere တစ်ခ�စီ၏ lateral မျက�်�ာြပင�်�င့်
parietal ��င့ ်frontal lobes ကိ�ခွြဲခားသည်

centrioles (SEN-tree-o¯ls) တိ�တိ�၊ ဆလငဒ်ါ၊
mitotic ကိ�ြဖစ်ေပ�ေစေသာဆလဲတ်စ်ခ�အတငွး်��ိ cal တညေ်ဆာကပံ်�
ဆလဲခ်ွေဲနစ� spindle

centrosome ဆလဲ၏် microtubule စ�စညး်မ�ကိ�စ�စညး်ေပးသည။်
ter သည ်nucleus ��င့အ်နးီတငွတ်ည�်�ိသည်
amorphous တစ်ခ� ၀ နး်ရံထားေသာ centrioles တစ်စံ�
ပ�ိ�တနိး်အစ�လိ�ကအ်ြပံ�လိ�က;် ဆလဲစ်ငတ်ာ ဟ�လညး်ေခ�သည်

cerebellum (ser´-uh-BEL-um) ၏အစိတအ်ပိ�ငး်
ဦး ေ��ာကပ်ငစ်ည၏်ေနာကဘ်က�်�င့ ်ဦး ေ��ာကက်ိ�တွထဲားသည်
သင့ေ်တာ်ေသာရာထ�းကိ�ထနိး်သမ်ိးြခငး်��င့သ်ကဆ်ိ�ငသ်ည်
အာကာသထ�ဲ�ိခ��ာကိ�ယ�်�င့မ်သစိိတေ်ပါငး်စပ်မ�
ေမာ်တာလ�ပ်��ားမ�

cerebral cortex မီးခိ�းေရာင၏်အြပငဘ်ကခ်ွသံညအ်တငွး်သိ� ့ ၀ ငသ်ည်
ဦး ေ��ာကအ်ာ�ံ�ေ�ကာ; ဆ��အေလျာကအ်ားလံ�းစတငေ်သာေနရာ
tor output ��င့အ်ားလံ�း၏ေနာကဆ်ံ�း perceptual processing
sensory input အြပငအ်ဆင့ြ်မင့ဆ်ံ�းေပါငး်စညး်မ�
အာ�ံ�ေ�ကာလ�ပ်��ားမ�

cerebral hemispheres ဦး ေ��ာက၏်��စ်ပိ�ငး်��ကြ်ခငး်၊
၎ငး်ကိ� ဦး ေ��ာကအ်ာ�ံ�ေ�ကာအထ�တစ်ခ�ြဖင့ဆ်ကသ်ယွထ်ားသည်
axons များ

cerebrospinal fluid (CSF) (ser'-uh-BRO-SPI¯-nul) သိ�မ့ဟ�တ်
(sah-REE-bro¯-SPI¯-nul) အထ�းက���ငအ်ရည်
၎ငး်မ�ထ�တလ်�ပ်သည၊် ပတ ်၀ နး်ကျင�်�င့ြ်ဖတသ်နး်စီးဆငး်သည်
ဗဟိ�အာ�ံ�ေ�ကာစနစ်

cerebrum (SER-uh-brum) သိ�မ့ဟ�တ ်(sah-REE-brum) The
basal nucle များပါဝငေ်သာ ဦး ေ��ာကက်ိ�ခွြဲခငး်
clei ��င့ ်ဦး ေ��ာက ်cortex

channel များကိ� အေသးစား, ေရအြပည့ြ်ဖညလ်မ်းေ�ကာငး်မ�တဆင့်
ပလာစမာအေြမ�း; membrane pro- ြဖင့ဖဲွ်�စညး်ထားေသာ
အေြမ�းပါးကိ�ြမ�င့ ်တင၍် အလနွေ်ကာငး်မနွေ်စသည်
ေရတငွေ်ပျာ်ဝင�်ိ�ငေ်သာအရာဝတ� �များအတကွေ်ရွးချယထ်ားေသာကျမ်းပိ�ဒ်
အိ�ငး်ယနွး်ကဲသ့ိ� ့
chemical bonds အငအ်ားစ�များသညအ်ကတ်မ်များကိ�အတ�တကကွိ�ငေ်ဆာငသ်ည်

ဓာတ��ကားခံစနစ ်၏အေြဖတစ်ခ�တငွအ်ေရာအေ��ာတစ်ခ�
အနညး်ဆံ�း (သိ�)့ ��စ်ခ�ထကပိ်�ေသာဓာတ�ြဒပ်ေပါငး်များကိ�ေလျာန့ညး်ေစသည်
အကဆ်စ် (သိ�)့ ေအာကခ်ထံည့လ်�င ်pH ေြပာငး်လသဲည်
ေြဖ��ငး်ချကမ်�ဖယ�်�ားပစ်ရန်

ဓာတ�ေဗဒကန ့်သတထ်ားေသာချန်နယ ်များ
တံ� ့ြပနေ်သာအဖွင့၊် အပိတြ်ပ�လ�ပ်ထားေသာ plasma အေြမ�းပါး
သတသ်တမ်�တမ်�တဓ်ာတ�တမနတ်စ် ဦး ၏ binding
အနးီကပ်ေပါငး်သငး်ေနေသာအေြမ�းပါးလကခ်သံည့ေ်နရာ
channel ��င့်

ဓာတ�ဖျန်ေြဖသ� သညလ်�ိ� � ဝ�ကေ်သာဓာတ�ပစ�ညး်ြဖစ်သည်
ဆလဲတ်စ်ခ�သည၎်ငး်သညဆ်လဲြ်ပငပ်��ိလ�ပ်ေဆာငမ်�ကိ�လ�မ်းမိ�းသည်

chemical synapse အေပါများဆံ�းအမျိ�းအစားြဖစ်သည်
လ�ပ်ေဆာငခ်ျကတ်စ်ခ�တငွ ်ဦး ေ��ာကအ်ာ�ံ�ခ�ံ�စ်ခ�အ�ကားဆံ�မ�တ်
presynaptic neuron တစ်ခ�တငွအ်လားအလာသည ်post ကိ�ေြပာငး်လေဲစသည။်
ဓာတ�အားဖွငျ� Synaptic အာ�ံ�ခဆံလဲျရဲအ့လားအလာ
messenger၊ အာ�ံ�ေ�ကာပိ�လ့�တသ်�

chemiosmosis (ke¯-ma-OS-mo¯-sis) ATP ထ�တက်�နမ်ျား
ATP synthase ြဖင့ဓ်ာတြ်ပ�ထားေသာ mitochondria တငွ်
အာ�ံ�စ�းစိ�ကမ်�ေအာကသ်ိ� ့ H စီးဆငး်မ�ြဖင့အ်သကသ်ငွး်သည။်
tion gradient ကိ� electron transport ြဖင့တ်ညေ်ဆာကသ်ည်
စနစ်

စာမျက�်�ာ ၁၁

chemoreceptor (ke¯-mo-re¯-sep´-tur) အာ�ံ�ခြံပနလ်ည်
ceptor သညတ်ကိျေသာဓာတ�ပစ�ညး်များ��င့အ်ထခိိ�ကမ်ခပံါ

chemotaxin (ke¯-mo¯-TAK-sin) ထ�တလ်�တေ်သာဓာတ�ပစ�ညး်တစ်မျိ�းြဖစ်သည်
ရန ်phagocytes ဆွေဲဆာငသ်ည့ေ်ရာငရ်မ်း site ကိ�မ�ာ
ဧရိယာ

အဓိကဆလဲမ်ျား အစာအမ်ိတငွး်��ိဆလဲမ်ျားကေလ�ာထကွသ်ည်
pepsinogen

cholecystokinin (CCK) (ko¯´-luh-sis-tuh-kı¯-nun)
duodenal mucosa မ�ေဟာ်မ�နး်တစ်မျိ�းထကွလ်ာသည်
အဓိကအားြဖင့အ်ဆ�ီ�ိေနြခငး်ကိ�တံ� ့ြပနရ်ာတငွ၊် တားစီးသည်
အစာအမ်ိလ�ပ်��ား�ိ�ငမ်���င့စ်နွ ့ထ်�တမ်�တိ�သ့ညပ်နက်ရိယကိ�လ�ံ�ေဆာ်ေပးသည်
enzyme secretion သညသ်ညး်ေြခအတိက်ိ�ဆန ့က်ျငေ်ပးသည။်
၎ငး်သည ်satiety အချကြ်ပအြဖစ်လ�ပ်ေဆာငသ်ည်

ကိ�လကစ်ထေရာ A သညအ်ဆေီမာ်လကီျ�းတစ်မျိ�းြဖစ်သည်
စတးီရိွ�ကေ်ဟာ်မ�နး်များ��င့သ်ညး်ေြခဆားတိ�အ့တကွေ်�� �ေြပးြဖစ်သည်
အဆိ�ပါပလာစမာအေြမ�းပါးတစ်တည�်ငမ်ိအစိတအ်ပိ�ငး်

cholinergic အမ�ငမ်ျား (ko¯´-lin-ER-jik) အာ�ံ�ေ�ကာအမ�ငမ်ျား
acetylcholine ကိ�သ�တိ�၏့ neurotransmitter အြဖစ်ထ�တလ်�တသ်ည်

chromaffin granules cate- သိ�ေလ�ာငထ်ားေသာအမ�နမ်ျား
adrenomedullary ဆလဲမ်ျားတငွ ်cholamines

chyme (kı¯m) အစားအစာ��င့အ်ရညအ်ေရာအေ��ာထ�ထပ်သည်
အစာေြခရညမ်ျား

cilia (SILL-ee-ah) ေရွ�လျားြခငး်၊ ဆပံငပံ်�စံေပါကြ်ခငး်
အသက�်��လမ်းေ�ကာငး်ေလကိ�ဖံ�းအ�ပ်ထားေသာဆလဲမ်ျက�်�ာြပငမ်ျားမ�
နညး်လမ်းများ��င့ ်oviducts များ

ciliary body ထ�တလ်�ပ်ေသာမျကလ်ံ�း၏အစိတအ်ပိ�ငး်
aqueous ဟာသ��င့ ်ciliary �ကကသ်ားပါ��ိသည်

ciliary �ကကသ်ား ေချာေမွ� �ကကသ်ား၏စကဝိ်�ငး်ပံ�လကစ်ပ်ွ
ကျံ� �ေနေသာမျကလ်ံ�းအတငွး်၌၎ငး်ကိ�တိ�းေစသည်
အနးီဗျာဒတိ�်�ပါ�ံ�သညမ်လိ�ကေ်လျာညေီထဖိွ�မ့�နဘ်လီ�း၏အစမ်ွးသတ� ကိိ�

circadian ရစသ်မ် (ဆရာ-KA¯-de¯-un) ထပ်ခါတလလဲ ဲoscil-
ခ��ာကိ�ယလ်�ပ်��ားမ�အမျိ�းမျိ�းအတကွ ်set point တငွ ်lions များ၊
ေဟာ်မ�နး်ပမာဏ��င့ခ်��ာကိ�ယအ်ပ�ချိနက်ဲသ့ိ� ့ြဖစ်သည်
အလနွပံ်�မ�နအ်စညး်အေဝးြဖစ်�က�ပီးတဦးတညး်သသံရာတစ်ဦးအ�ကမ်ိေရများ
၂၄ နာရီတိ�ငး်တငွပံ်�မ�နအ်ားြဖင့အ်လငး်အေမ�ာငသ်သံရာများ��င့ဆ်ကစ်ပ်ေနသည။်
diurnal ရစ်သမ်; ဇီဝစညး်ချက်

circulatory shock ေသးွလ�တေ်�ကာေသးွစီးဆငး်မ�ကိ�ဆိ�လိ�သည့အ်ခါ
အလနွန်မိ့်ကျသာွးတာေ�ကာင့ ်tis ကိ�လံ�ေလာကတ်ဲေ့သးွစီးဆငး်မ�

concentration gradient အာ�ံ�စ�းစိ�ကမ်� ကာွြခားချက်
ေဘးချငး်ကပ်လျက�်�စ်ခ��ကား��ိအထ�းပစ�ညး်တစ်ခ�၏တညေ်နရာ
ေဒသများ

conduction အပ�သညအ်ရာဝတ� �များအ�ကားအပ�က�းေြပာငး်သည်
တိ�က�ိ်�ကထ်ေိတွ�ေသာကွြဲပားြခားနားေသာအပ�ချိန်

တစမ်ျိ�းကေတာ ့အေရာငအ်တကွအ်သံ�းြပ�မျကစိ်ရဲ ့ photoreceptors vi-
အလငး်၌ sion

connective tissue Tissue သညခ်ျိတဆ်ကရ်နက်�ညေီသာ၊
အေထာကအ်ပံ�့�င့ခ်��ာကိ�ယအ်စိတအ်ပိ�ငး်အသးီသးီကိ�ေကျာကဆ်�း၊ ခွြဲခား
ဆလဲတ်စ်ခ�အတငွး်၌ကွကဲွြဲပားြပားမ��ိေသာဆလဲမ်ျားြဖင့ခ်န ့မ်�နး်သည်
extracellular ပစ�ညး်�ကယဝ်ြခငး်

contiguous conduction ဆိ�သညမ်�ာ an ကိ�ဆိ�လိ�သည်
လ�ပ်ေဆာင�်ိ�ငမ်�အလားအလာသည ်non- တစ်ေလ�ာကလ်ံ�းတငွပ်ျံ� � �ံေ့နသည။်
myelinated အာ�ံ�ေ�ကာအမ�င;် ေဒသခအံ�ကားလက�်�ိစီးဆငး်မ�
တက�်ကြခငး်��င့က်ပ်လျကမ်လ�ပ်မယ�ကေ်သာဧရိယာသညမ်သနမ်စမ်ွးမ�ကိ�ြဖစ်ေစသည။်
tive ဧရိယာသညတ်ခံါးပိတရ်န၊် လ�ပ်ေဆာငရ်နအ်လားအလာတစ်ခ�ကိ�ြဖစ်ေပ�ေစသည်
ယခငက်မလ�ပ်မ��ားဧရိယာ၌

contractile proteins များြဖစေ်သာ Myosin ��င့ ်actin တိ�ပ့ါ ၀ ငသ်ည။်
teraction သည ်a ကိ�အတိ�ေကာက ်(contraction) ြဖစ်ေစသည်
�ကကသ်ားမ�င်

ဆန ့ ◌က်ျင�်ိ�ငမ်�စမ်ွးအား
မညသ်ည့အ်ဆံ�း diastolic ပမာဏတငွမ်ဆိ���လံ�း၏တညေ်နရာ

control center integrator ကိ��ကည့ ်ပါ

controlled variable သညက်ွြဲပား�ိ�ငေ်သာ်လညး် အချိ��ေသာအချကမ်ျားမ�ာ
ထနိး်ချ�ပ်မ�စနစ်တစ်ခ�အေနြဖင့က်ျ�းေြမာငး်ေသာအကာွအေဝးအတငွး်၌ကျငး်ပသည်

convection သညအ်ပ�သိ�မ့ဟ�တစ်မ်ွးအငအ်ားေလသိ�မ့ဟ�တေ်ရြဖင့လ်�ေဲြပာငး်ေပးသည်
ေရစီးေ�ကာငး်

ေပါငး်ဆံ�ြခငး် presynaptic များစာွ၏ေပါငး်ဆံ�ြခငး်
တစ်ဦးအေပ�အြခားအအာ�ံ�ခေံထာငေ်ပါငး်များစာွ၏ထမံ�ဆပ်ိကမ်း
တစ်ခ�တညး်ေသာ neuronal ဆလဲခ်��ာကိ�ယ�်�င့၎်ငး်၏ dendrites တိ� ့ြဖစ်သည်
တစ်ခ�တညး်ေသာ neuron ��ိလ�ပ်ေဆာငမ်�သည ်the လ�မ်းမိ�းမ���ိသည်
များစာွေသာအြခားအာ�ံ�ခ၏ံလ�ပ်��ားမ�

မ�နဘ်လီ�းမျက�်�ာြပငက်ဲသ့ိ� ့ ခံ�း ထကွသ်ည်
၎ငး်သညအ်လငး်ေရာငမ်ျားကိ�ေပါငး်စပ်ေပးသည်

core ကိ�အပ�ချိန် ဟာ in- အတငွး်အပ�ချိန်
ခ��ာကိ�ယ၏်အဓိကအ�လမ်းေ�ကာငး် (ဝမ်းဗိ�က�်�င့ရ်ငဘ်တ်
gans၊ ဗဟိ�အာ�ံ�ေ�ကာစနစ်��င့အ်�ိ�း�ကကသ်ားများ)
၎ငး်ကိ� ၁၀၀ ဒဂီရီဖာရငဟ်ိ�ကခ်န ့တ်ငွ ်homeostatically ထနိး်သမ်ိးထားသည်

ေပါငး်က�းတတံားများ myosin ေမာ်လကီျ�းများ globular
အတငွး်မ�အထ�မ�ငတ်နး်တစ်ခ�မ�ေခါငး်များ
�ကကသ်ားမ�ငမ်ျားသည ်actin ေမာ်လကီျ�းများ��င့အ်ြပနအ်လ�နဆ်ကသ်ယွသ်ည်
ပါးလ�ာေသာအမ�ငမ်ျားကိ�တိ�ေစသည်
ကျံ� �ေနစ��ကကသ်ားမ�င်

CSF cerebrospinal အရည ်ကိ��ကည့ပ်ါ

current သညလ်�ပ်စစ်စီးေ�ကာငး်အားြဖင့ြ်ပ�လ�ပ်သည်
အြပ�သေဘာေဆာငေ်သာစွဲချကမ်ျားက ပိ�၍ အဆိ�းဘကသ်ိ� ့ ဦး တညေ်နသည။်
ေငေွတာငး်ခနံယေ်ြမ

cyclic adenosine monophosphate (cyclic AMP သိ�မ့ဟ�တ်
cAMP ) သည ်intracellular second messenger မ�ဆငး်သကလ်ာသည်
ATP မ�

cyclic AMP cyclic adenosine monophosphate ကိ��ကည့ပ်ါ

cyclic guanosine monophosphate (cyclic GMP သိ�မ့ဟ�တ်
cGMP) အလားတ� intracellular ဒ�တယိ messenger တစ်ခ�
cAMP သိ� ့
cytokines သညပ်ဋပိစ�ညး်များ မ�လွ၍ဲ အြခားဓာတ�ပစ�ညး်အားလံ�း
lymphocytes များြဖင့လ်�ိ� � ဝ�ကသ်ည်

cytoplasm (SI¯-to¯-plaz´-um) ဆလဲ၏်အစိတအ်ပိ�ငး်
အတငွး်ပိ�ငး်တိ� ့ြဖစ်သည်

cytoskeleton ��ပ်ေထးွေသာ intracellular ပ�ိ�တနိး်
ကနွရ်က၏်“ အ�ိ�း��င့�်ကကသ်ားများ” အြဖစ်ေဆာငရွ်ကသ်ည်
ဆလဲ်

cytosol (SI¯-tuh-sol´) ၏ semiliquid အပိ�ငး်
cytoplasm ကိ� organelles များကမသမ်ိးပိ�ကပ်ါ

cytotoxic T cells (sı¯-to¯-TOK-sik) လ� ဦး ေရ
�ိ�ငင်ြံခားမ�သယေ်ဆာငလ်ာေသာဆလဲဆ်လဲမ်ျားကိ�ဖျကဆ်းီေသာ T ဆလဲမ်ျား
ဗိ�ငး်ရပ်စ်များသိ�မ့ဟ�တခ်��ာကိ�ယမ်�ဆလဲမ်ျားကဲသ့ိ�ေ့သာ antigen များ
ကငဆ်ာဆလဲမ်ျား

dead-space volume ြဖစ်ေပ�ေသာေလထ�ပမာဏ
ေလကေရွ�လျားလာ�ပီးအသက�်��လမ်းေ�ကာငး်ကိ�ေလ ၀ ငေ်စပါတယ်
ထကွ�်�င့ ်ex- တငွပ်ါဝငေ်ဆာငရွ်ကရ်နမ်ရ��ိ�ိ�င်
alveoli ��င့ ်O 2 အ�ကား O 2 ��င့ ်CO 2 ေြပာငး်လြဲခငး်
အေငွ�အသက်

ေရဓာတခ်မ်းေြခာကြ်ခငး် - ခ��ာကိ�ယ၌် ေရဓာတခ်ျိ� �တဲြ့ခငး်
dehydroepiandrosterone (DHEA) (de¯-HI¯-dro¯-ep-

ြ ြ
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G-4 ခကဆ်စ်

တရားစွဲဆိ�မ�များကိ�မထနိး်သမ်ိး�ိ�ငပ်ါ
citric အကဆ်စသ်သံရာ A သည ်cyclic series of biochemical re-
အဆိ�ပါအလယအ်လတပ်ျကြ်ပား process လ�ပ်တယေ်�ကာငး်လ�ပ်ရပ်များ
အာဟာရေမာ်လကီျ�း၏ထ�တက်�န,် General ကာဗွန်
ဒိ�ငေ်အာကဆ်ိ�ဒ�်�င့ဟ်ိ�ကဒ်�ိ�ဂျငသ်ယေ်ဆာငေ်သာေမာ်လကီျ�းများကိ�ြပငဆ်ငသ်ည်
စမ်ွးအငြ်မင့လ်�ပ်စစ်စမ်ွးအငအ်လီကထ်ရွနသ်ိ� ့ ၀ ငေ်ရာကရ်န်
သယယ်�ပိ�ေ့ဆာငေ်ရးကငွး်ဆက်

CNS ဗဟိ�အာ�ံ�ေ�ကာစနစ်ကိ� �ကည့ပ်ါ

cochlea (KOK-le¯-uh) ၏ခ��ပံ�သ�ာနသ်ည်
အသအံတကွလ်ကခ်�ံိ�ငေ်သာနားများ��ိသည်

tubule စ�ေဆာငး် ထမဲ�ာ tubule ၏ေနာကဆ်ံ�းေသာအဘိ�က့ိ�
ေကျာကက်ပ်၏ nephron သညေ်ကျာကက်ပ်၏တငပ်ါးဆံ�တငွး်ထသဲိ�စိ့မ့်ဝငသ်ည်

colloid (KOL-oid) သည ်thyroglobulin ပါ ၀ ငသ်ည်
အဆိ�ပါသိ�ငး်ရိွ�က ်follicles အတငွး်ပ�းတွပဲစ�ညး်ဥစ�ာ

colloid osmotic ဖိအား ြဖတ�်ပီး osmotic အငအ်ား
မညညီာေသာ colloi ေ�ကာင့ြ်ဖစ်ေပ�ေသာေသးွေ�ကာမ�ငန်ရံံ
dal အ�ကားပလာစမာပ�ိ�တငး်များပျံ� � �ံ ့ြခငး်
ေသးွ��င့ ်Interstitial အရည်

ယ���ပိ�ငမ်� အေတာ်များများကိ�အနးီကပ်ခွတဲဲအ့ခါ၊
အေြခအေနများသညတ်�ညေီသာသယယ်�ပိ�ေ့ဆာငေ်ရးအချိတအ်ဆက�်�ိေသာေနရာများအတကွယ်���ပိ�ငသ်ည်

ြဖည့စ်ကွစ်နစ ်ပလာစမာများစ�ေဆာငး်ြခငး်
expo- အေပ�အဆငျ�ဆငျ�ဖက�်�ငအ်တကွ ်activated ြဖစ်ေ�ကာငး် teins
ေသးငယေ်သာဇီဝသက�်�ိများကိ�ကျ�းေကျာ်ရနေ်သချာသည၊် ေနာကဆ်ံ�းတငွ်
ပျကစီ်းေစေသာအေြမ�းပါးကိ�တိ�ကခ်ိ�ကေ်သာ��ပ်ေထးွမ�
ကျ�းေကျာ်သ�များ

လိ�ကန်ာမ� တစ်ဦးဆနွး်, elastic ၏ distensibility
ေသးွေ�ကာသိ�မ့ဟ�တအ်ဆ�တက်ဲသ့ိ�ဖဲွ့�စညး်ပံ�၊ a
ဖဲွ�စညး်ပံ��ိ�ငပ်ါတယဘ်ယလ်ိ�အလယွတ်က�၏အတိ�ငး်အတာ
ဆွဆဲန ့သ်ည်

concave မျက�်�ာြပင ်သညမ်�နဘ်လီ�းတစ်ခ�၏မျက�်�ာြပငက်ဲသ့ိ�ေ့ကးွေနသည်
၎ငး်သညအ်လငး်တနး်များကိ�ကွြဲပားေစသည်

မျက�်ကညလ်�ာ (KOR-nee-ah) �ကညလ်ငသ်ည်
မျကစိ်၏အြပငဘ်ကအ်လ�ာသညအ်လငး်ေရာငြ်ခညမ်ျားြဖတသ်နး်သည်
မျကစိ်၏အတငွး်ပိ�ငး်မ�

coronary circulating ေသးွေ�ကာများေထာကပံ်ေ့ပးေသာေသးွေ�ကာများ
��လံ�း�ကကသ်ား

corpus callosum (ka-LOW-sum) အထ�တးီဝိ�ငး်
ဦး ေ��ာက�်�စ်ခ�ကိ�ဆကသ်ယွေ်ပးတဲအ့ာ�ံ�ေ�ကာအမ�ငမ်ျား
စကလ်ံ�းများသညဖဲွ်�စညး်တညေ်ဆာကပံ်���င့အ်ညလီ�ပ်ေဆာငသ်ည်

corpus luteum (LOO-te¯-um) သားအမ်ိ struc-
ေပါက�်ပဲသာွးတဲ ့follicle ကေနြဖစ်ေပ�လာတယ်
မျိ�းဥထကွ်

cortical nephron အေပါများဆံ�းအမျိ�းအစားြဖစ်သည်
nephron, glomeruli ၏အြပငဘ်ကအ်လ�ာ၌တည�်�ိသည်
ယငး်ေကျာကက်ပ်ဆိ�ငရ်ာ cortex နဲသ့�၏တိ�ေတာငး်ေသာ Henle ၏ကငွး်
ေကျာကက်ပ် medulla ထသဲိ�အ့နညး်ငယသ်ာကျသည်

corticotropes Anterior pituitary cells များကလ�ိ�� ဝ�ကသ်ည်
adrenocorticotropic ေဟာ်မ�နး်

cortisol (KORT-uh-sol) adrenocortical ေဟာ်မ�နး်
ဘိ�ဟိ�ကဒ်ရိတအ်တကွအ်ေရးပါေသာအခနး်က�ေ�ကာငး် Mone,
ပ�ိ�တငး်��င့အ်ဆဓီာတမ်ျားကိ�ခ��ာကိ�ယမ်�ြပနလ်ညအ်ားြဖည့က်�ညေီပးသည။်
sist စိတဖိ်စီးမ�

cotransport symport ကိ��ကည့ပ်ါ

countercurrent system ဆိ�သညမ်�ာ၎ငး်ကိ�ဆိ�လိ�သည်
Henle ��င့ ်juxtamedul- ၏ဝါေတာ် recta ၏��ညလ်ျားေသာကငွး်
lary nephrons သညေ်ဒါငလ်ိ�ကက်ိ�တညေ်ဆာက�်ပီးထနိး်သမ်ိးသည်
renal medulla တငွ ်osmotic gradient ကိ�ြပ�လ�ပ်ေစသည်
ကွြဲပားေသာအာ�ံ�စ�းစိ�ကမ်���ိေသာဆးီကိ�ထ�တပ်စ်ရနြ်ဖစ်�ိ�ငသ်ည်
ခ��ာကိ�ယရဲ်လ့ိ�အပ်ချကေ်ပ�မ�တည်

countertransport antiport ကိ��ကည့ပ်ါ

cranial nerves အရံအာ�ံ�ေ�ကာ ၁၂ စံ�၊
အများစ�သည ်ဦး ေ��ာကပ်ငစ်ညမ်�ြဖစ်ေပ�လာသည်

i-and-row-steer-own) အနဒ်�ိ�ဂျငသ်ညလ်�ိ� � ဝ�ကအ်ားြဖင့ြ်ဖစ်သည်လငိ�်�စ်မျိ�းလံ�းတငွ ်adrenal cortex

nendrites ၏မျက�်�ာြပငေ်ပ�မ�ခန ့မ်�နး်ချကမ်ျား
ron ၏ဆလဲက်ိ�ယထ်ညသ်ညဆ်လဲမ်ျားဆသီိ�အ့ချကြ်ပများသယေ်ဆာငသ်ည်
ခ��ာကိ�ယ်
deoxyribonucleic acid (DNA) (de¯-OK-se¯-rı¯-bo¯-
new-kla¯-ik) သညဆ်လဲ၏်မျိ�း�ိ� းဗီဇြဖစ်သည်
nucleus အတငွး်၌ေတွ� ��ိရ�ပီးက�ဒမ်ျားေပးေသာ
ပ�ိ�တနိး်ေပါငး်စပ်မ�အတကွ�်�င့အ်ေသးစိတအ်စီအစ�တစ်ခ�အြဖစ်ေဆာငရွ်ကသ်ည်
ဆလဲပ်ာွး

depolarization (de´-po¯-luh-ruh-ZA¯-shun) ြပနလ်ညစ်�စညး်ြခငး်
poten- အနားယ�ြခငး်မ�အေြမ�းပါး၌ြဖစ်�ိ�ငေ်ချ��ိေသာဖိအား
Tial; ဆသီိ�အ့နားယ�ထမံ�အလားအလာလ�ပ်��ားမ�
0 င ်MV

dermis ဆိ�သညမ်�ာေအာကတ်ငွ�်�ိေသာ တယွ ်ဆကတ်စ်သ��းအလ�ာြဖစ်သည်
အေရြပား၌ epidermis; အေရြပား၏ေသးွပါ��ိသည်
သေဘ�ာများ��င့အ်ာ�ံ�ေ�ကာများ

ဆငး်လာေသာလမ်းေ�ကာငး် simi- အာ�ံ�ေ�ကာမ�ငမ်ျား
ေကျာ�ိ�းမ�ေအာကသ်ိ� ့ြပနစီ်းဆငး်လာသည့ ်Lar လ�ပ်ေဆာငခ်ျက်
ဦး ေ��ာကမ်� efferent neurons သိ�မ့ကေ်ဆခ့ျ်များတငပ်ါ

desmosome (dez´-muh-so¯m) စွဲ�မဲေသာ junc-
ကပ်လျက�်�ိေသာ်လညး်ထေိတွ� မ�မ��ိေသာဆလဲ�်�စ်ခ�အ�ကား
အ�ကား��ိအမ�ငမ်ျားတိ�းချဲ� ြခငး်ြဖင့ဖဲွ်�စညး်သည်
ဆလဲမ်ျား၏ပလာစမာအေြမ�းပါး; တစ်သ��းများတငွအ်ေပါများဆံ�းြဖစ်သည်
အေတာ်အတနဆ်ွဆဲန ့ခ်ရံသည်

DHEA dehydroepiandrosterone ကိ��ကည့ပ်ါ
diacylglycerol (DAG) (die-ACE-sul-gli-sir-all) A
phosphatidylinositol ထမံ�မ�ီဝဲအစိတအ်ပိ�ငး်
bisphosphate (PIP 2 ) သည ်plasma အေြမ�းပါး၌ြပ�လ�ပ်သည်
bind- တံ� ့ြပနမ်�အတကွဒ်�တယိ messenger အြဖစ်ေဆာငရွ်ကသ်ည။်
G- ��င့အ်တ� extracellular (ပထမ) messenger ကိ�ရယ�ြခငး်
protein coupled receptor ြဖစ်သည်

စာမျက�်�ာ ၁၂

diaphragm (DIE-uh-fram) လပ်ိခံ�းပံ�စံစာရွက်
အ�ိ�း၏�ကမ်းြပငက်ိ�ဖဲွ�စညး်ထားေသာအ�ိ�း�ကကသ်ားများ
လ�မျိ�းေရးဂလိ�င;် အဓိကလ�ံ�ေဆာ်မ��ကကသ်ား

diastole (di-AS-to-Le) ��လံ�း relax- ၏ကာလ
ation ��င့ြ်ဖည့စ်ကွ်

diencephalon (dı¯´-un-SEF-uh-lan) ကွြဲပားြခငး်
thalamus ��င့ ်thalamus တိ�ပ့ါဝငေ်သာ ဦး ေ��ာက်
hypothalamus

ဆလဲအ်မျိ�းအစားတစ်ခ�စီ၏လ�ပ်ငနး်စ� ကွြဲပားြခငး်
ဘကစံ်�ဖံွ� �ဖိ�းတိ�းတကေ်ရးအတကွအ်ထ�းြပ�လာမယ့်
cellular organism သညအ်ထ�းလ�ပ်ငနး်ေဆာငတ်ာတစ်ခ�ကိ�လ�ပ်ေဆာငသ်ည်

ပျံ� ��ံ ့ြခငး် Random collisions and intermingling of
ေမာ်လကီျ�းများသညသ်�တိ�၏့အပ�ဓာတအ်ဆကမ်ြပတြ်ဖစ်ေပ�မ�ေ�ကာင့ြ်ဖစ်သည်
လ�ံ�ေဆာ်မ�ေ�ကာင့ြ်ဖစ်ေပ�လာသည်

အစာေချဖျကြ်ခငး် လ�ပ်ငနး်စ�သညဖဲွ်�စညး်တညေ်ဆာကပံ်�ြဖစ်သည်
အစားအစာ၏��ပ်ေထးွေသာအစာများကိ��ဖိ�ဖျကသ်ည်
အငဇိ်�ငး်များြဖင့စ်�ပ်ယ��ိ�ငေ်သာယ�နစ်ငယမ်ျားသိ� ့
အစာေြခစနစ်အတငွး် duced

dihydropyridine receptors (ေသ -HIGH-dro-PEER-
ih-deen) T tubules များေပ�တငွ ်Voltage-gated receptors များ��ိသည်
၎ငး်သညက်ပ်လျက ်ryanodine ြပနလ်ညဖွ်င့ြ်ခငး်ကိ�ြဖစ်ေပ�ေစသည။်
ကာလအတငွး် sarcoplasmic reticulum ေပ�တငွ ်ceptors များ��ိသည်
excitation-contraction coupling

diploid နံပါတ ်(DIP-loid) ၏�ပီးြပည့စံ်�ေသာအစံ�
လ�သားအားလံ�းတငွေ်တွ�ရသည့အ်တိ�ငး်ခ�ိ�မိ�ဆ�နး် ၄၆ ခ� (အတွ ဲ၂၃) ��ိသည်
somatic ဆလဲမ်ျား

ခဲွြခားဆကဆ်မံ�စမ်ွးရည ်acuity ကိ��ကည့ပ်ါ
distal tubule ဆိ�သညမ်�ာအလနွြ်မင့မ်ားေသာ convoluted tubule ြဖစ်သည။်
Henle ၏ကငွး်��င့စ်�ေဆာငး်ြခငး်�ကားတငွြ်ဖစ်ေပ�ေလ�့�ိသည်
duct သညေ်ကျာကက်ပ်၏ nephron တငွ�်�ိသည်

diurnal ရစသ်မ် (dı¯-URN´-ul) ထပ်ခါတလလဲ ဲoscilla-
အလနွပံ်�မ�န�်�င့ပံ်�မ�နြ်ဖစ်ေသာေဟာ်မ�နး်ပမာဏကိ�တိ�ငး်တာသည်
၂၄ နာရီတိ�ငး်စကဝ်နး်တစ်ခ�၏�ကမ်ိ��နး်��ိသည။်
အလငး်��င့အ်ေမ�ာငသ်သံရာ��င့ဆ်ကစ်ပ်ေနေသာမဟာမိတ၊် ခ��ာကိ�ယထ်ကဲ Circadian
ရစ်သမ်; ဇီဝစညး်ချက်

ကွြဲပားြခငး်ကွြဲပားြခငး် (သိ�)့ အကိ�ငး်အခကတ်စ်ခ�၊
ဒါေ�ကာင့ ်ron ရဲ ့ axon terminal ေတကွိ�ဒ ီsingle မ�ာလ�ပ်ေဆာငမ်�ြပ�လ�ပ်ပါတယ်
အာ�ံ�ခဆံလဲျအရာ��င့အ်တ�များစာွေသာအြခားဆလဲမ်ျားကိ��သဇာလ�မ်းမိ�း
၎ငး်၏ terminal ကိ� synapse

DNA deoxyribonucleic acid ကိ��ကည့ပ်ါ

dorsal root ganglion afferent neuro- အ�ပ်စ�
ေကျာ�ိ�း��င့က်ပ်လျကတ်ည�်�ိေသာ nal ဆလဲအ်ေလာငး်များ

down regulation ြပနလ်ညအ်ေရအတကွက်ိ�ေလ�ာခ့ျြခငး်
ceptors for (ထိ�ေ့�ကာင့ပ်စ်မ�တဆ်လဲ၏် sensitivity ကိ�)
(၎) အကျိ�းသကေ်ရာကမ်�၏တိ�က�ိ်�ကရ်လဒအ်ေနြဖင့ေ်ဟာ်မ�နး်တမျိ�းမျိ�း
၎ငး်တငွေ်ဟာ်မ�နး်ပမာဏြမင့မ်ားစာွ��ိေနေ�ကာငး်ေတွ� ��ိရသည်
ကိ�ယပိ်�င ်receptors များ

ေရွ�လျားဟန်ချကမ်�ေြခ ဆန ့က်ျငဘ်က�်�စ်ခ� ေရွ�လျား ေသာအခါ
ဒါေ�ကာင့တ်စ်ေယာကန်ဲတ့စ်ေယာကအ်ြပနအ်လ�နထ်နိး်ည�တိာကိ�အတအိကျမေြပာလိ�ဘ�း
စမ်ွးအငမ်လိ�အပ်ဘအဲသားတငလ်�ပ်��ားသည်
ဤတည�်မဲမ�ကိ�ထနိး်သမ်ိးရန်

dynein (DIE-neen) ေမာ်လကီျ�းေမာ်တာများြဖစ်သည်
microtubular“ အေဝးေြပးလမ်းများ” တစ်ေလ�ာက“် လမ်းေလ�ာက”် သည်
ဆလဲစ်ငတ်ာမ�အပျကအ်စီးများကိ�သယယ်�ရာတငွ်
အားြဖင့ပ်ျကစီ်းြခငး်အဘိ�ဆ့လဲခ်��ာကိ�ယမ်� axon terminal ကိ�
ေရး�မိ��နယ်

ECG ဓာတမ်�န�ိ်�က ်�ကည့ပ်ါ

ECM တငွ ်extracellular matrix ကိ��ကည့ပ်ါ
edema (i-DE¯-muh) တစ်သ��းများေရာငရ်မ်းြခငး်ကိ�ြဖစ်ေပ�ေစသည်
ပိ�များေသာ interstitial အရည်

EDV end-diastolic volume ကိ��ကည့ပ်ါ

EEG electroencephalogram �ကည့ပ်ါ

ြ

လိ�ချငေ်သာအကျိ�းသကေ်ရာကမ်�ကိ�ြဖစ်ေစရနစ်နစ်၏အမိန ့မ်ျား
အထ�းသြဖင့လ်�ပ်��ားမ� (သိ�)့ လျိ�� ဝ�ကခ်ျကတ်စ်ခ�အြဖစ်

efferent division (EF-er-ent) ၏အပိ�ငး်ြဖစ်သည်
��န�်ကားချကမ်ျားကိ�သယေ်ဆာငေ်သာအရံအာ�ံ�ေ�ကာစနစ်
ဗဟိ�အာ�ံ�ေ�ကာစနစ်မ�အဂ� ါများအထအိကျိ�းြပ�သည်

သတငး်အချကအ်လကသ်ယေ်ဆာငေ်ပးေသာ efferent neuron Neuron
ဗဟိ�အာ�ံ�ေ�ကာစနစ်မ�အကျိ�းသကေ်ရာကသ်ည်
အဂ� ါအစိတအ်ပိ�ငး်

efflux (E¯-flux) ဆလဲမ်�ေရွ�လျားသည်

eicosanoids (ı¯-KO¯ -sa-noydz) အာရဗီမ�ဆငး်သကလ်ာသည။်
Phospholipid အ�မီးများတငွ ်chidonic acid
prostaglandins အပါအ ၀ င ်plasma အေြမ�းပါး၊
prostacyclins, thromboxanes ��င့ ်leukotrienes ေသာ
သ�တိ�ရဲ့ထ့�တလ်�ပ်တဲေ့နရာအနးီမ�ာ paracrines အြဖစ်ေဆာငရွ်ကပ်ါ
ခ��ာကိ�ယအ်��ံ ့
elastic recoil ��ိြခငး်�ပီးေနာကအ်ဆ�တ၏် Rebound
ဆွဆဲန ့ခ်ဲသ့ည်

လ�ပ်စစ ်gradient �ကားတငွတ်ာဝနခ်မံ�ြခားနားချက်
��စ်ခ�ကပ်လျကေ်ဒသများ

electrical synapse အေတွ�ရနညး်ဆံ�း junc- အမျိ�းအစား
အာ�ံ�ေ�ကာ��စ်ခ��ကား��ိလ�ပ်ေဆာငခ်ျကတ်စ်ခ�သည်
presynaptic neuron ၌ tential သညတ်ိ�က�ိ်�ကြ်ပန ့ပ်ာွးသည်
ကာွဟချကလ်မ်းဆံ�များမ�တဆင့ ်postsynaptic neuron

electrocardiogram (ECG) ၏ဂရပ်ဖစ်မ�တတ်မ်း
မျက�်�ာြပငသ်ိ�ေ့ရာကေ်သာလ�ပ်စစ်လ�ပ်��ားမ�
cardiac depolarization ၏ရလဒအ်ြဖစ်ခ��ာကိ�ယ�်�င့်
repolarization

လ�ပ်စစဓ်ာတ�ေဗဒ gradient သညတ်စ်�ပိ�ငန်ကတ်ညး်ြဖစ်ေပ�ေနေသာ
လ�ပ်စစ် gradient ��င့အ်ာ�ံ�စ�းစိ�ကမ်�အဆင့်
အိ�ငး်ယနွး်တစ်ခ�အတကွ ်(ဓာတ�ေဗဒ) gradient

electroencephalogram (EEG) (i-lek´-tro¯-in-SEF-
uh-luh-gram´) စ�ေပါငး်မ�တတ်မ်းတငပံ်�
ဆလဲမ်ျားအတငွး်��ိ postsynaptic အလားအလာလ�ပ်ေဆာငခ်ျက်
dendrites သည ်a ေအာက�်�ိ cortical အလ�ာတငွတ်ည�်�ိသည်
မ�တတ်မ်းတင ်electrode

electrolytes များသညေ်ြဖ��ငး်ချကတ်ငွအ်ိ�ငး်ယနွး်များ��င့ြ်ပ�လ�ပ်သည်
လ�ပ်စစ်မီးလ�ပ်ပါ

အလီကထ်ရွန်သယယ်�ပိ�ေ့ဆာငေ်ရးစနစ ်The series of electron
၎ငး်သည ်mitochondrial inner membrane ၌သယေ်ဆာငသ်ည်
အလီကထ်ရွနမ်ျားကိ�ြမင့မ်ားေသာစမ်ွးအငန်မိ့်အဆင့သ်ိ�လ့�ေဲြပာငး်ေပးသည။်
els, လ�တေ်ပးရနစ်မ်ွးအင�်�င့အ်တ�တညေ်ထာငရ်နအ်သံ�းြပ�လျက�်�ိသည်
mitochondria တငွ ်H အာ�ံ�စ�းစိ�ကမ်� gradient
အငအ်ား�ကးီ ATP ေပါငး်စပ်ြပ�လ�ပ်

embolus (EM-bo¯-lus) လတွလ်တွလ်ပ်လပ်ေမျာေနေသာေသးွခဲ

သေ��သားပငမ်ဆလဲ ်(ESCs) ကိ� ခွြဲခားြခငး်မ��ိေပ
ေြမဇာ၏အေစာပိ�ငး်ကွြဲခငး်မ�ထကွေ်ပ�လာေသာဆလဲမ်ျား
ေနာကဆ်ံ�းတငွရ်င့က်ျကသ်�အားလံ�းအား�ကးီထာွးေစေသာ ized �ကကဥ်
တစ်ချိနတ်ညး်မ�ာပငခ်��ာကိ�ယ၏်အထ�းဆလဲမ်ျား
သ�တိ�က့ိ�ယသ်�တိ�အ့သစ်တဖန်

အဆံ�း-diastolic အသအံတိ�းအကျယ ်(EDV) ေသ�း၏အအသအံတိ�းအကျယ်
ြဖည့ေ်သာအခါ diastole ၏အဆံ�း��ိ ventricle ၌��ိသည်
�ပီးပါ�ပီ

endocrine ဝင�ိ်� း A- ေဟာ်မ�နး်သံ�းဆင့သ်ည်
(၁) hypothalamic hypophysiotropic hor- ကိ�ေထာကပံ်ြ့ခငး်
(၂) ေ�� � pi- အထကွက်ိ�ထနိး်ချ�ပ်ေသာ mone
tuitary tropic ေဟာ်မ�နး်ကိ�ထနိး်ည�ေိပးသည်
(၃) ဦး တညေ်သာ endocrine ဂလငး်ေဟာ်မ�နး်ကိ�အားေပးသည်
ေနာကဆ်ံ�းဇီဝကမ�ေဗဒအကျိ�းသကေ်ရာကမ်�

endocrine ဂလငး်များကထကွေ်သာ Ductless glands ြဖစ်သည်
ေသးွထသဲိ�ေ့ဟာ်မ�နး်များ

endocytic vesicle ေသးငယေ်သာ၊ အတငွး်ခနး်၊
extracellular ြဖစ်ေသာအေြမ�းပါး��င့ဖံ်�းထားေသာ vesicle
ပစ�ညး်သညပိ်တမိ်ေနသည်

endocytosis (en´-do¯-sı¯-TO¯ -sis) ၏ Internalization ကိ�

ြ ြြ

receptors ေတကွိ�စားတာကခ��ာကိ�ယရဲ်သ့ဘာဝမ�ာအေရး�ကးီပါတယ။်
ral analgesic စနစ်

endogenous pyrogen (pı¯´-ruh-jun) ဓာတ�ပစ�ညး်တစ်မျိ�းြဖစ်သည်
ေရာငရ်မ်းေနစ� macrophages မ�ထ�တလ်�တသ်ည်
၎ငး်သညြ်မ�င့တ်ငရ်နေ်ဒသခ ံprostaglandins များြဖင့လ်�ပ်ေဆာငသ်ည်
hypothalamic thermostat ၏ set point
အဖျားတကေ်စသည်

endolymph သည ်cochlear duct အတငွး်��င့အ်ရညမ်ျားြဖစ်သည်
နားအတငွး်ပိ�ငး်��ိ vestibular အဂ� ါများ

endometrium (en´-do¯-ME¯-tre¯-um) ၏အတငွး်ပိ�ငး်
သားအမ်ိ
endoplasmic reticulum (ER) (en´-do¯-PLAZ-mik)
ri-TIK-yuh-lum,) တစ်ဦး con- ပါဝငသ်ညဟ်�တစ်ခ� organelle
အရညြ်ဖည့ထ်ားေသာ tu- ေသးငယေ်သာအေြမ�းပါးကနွယ်က်
bules (ေချာေမွ�ေသာ ER) ��င့ြ်ပားချပ်ေသာအတိမ်ျား၊ တစ်ပိ�ငး်
�ိ�ငဗိ်�ဇ�မ်းများအား (�ကမ်းတမ်း ER) နဲထ့ားတဲ;့ စ�ေပါငး်
ဆလဲအ်သစ်များဖဲွ�စညး်ရနပ်�ိ�တနိး်��င့ ်lipids
brane ��င့အ်ြခားဆလဲအ်စိတအ်ပိ�ငး်များကိ�ထ�တလ်�ပ်သည်
စနွ ့ပ်စ်ပစ�ညး်များ

endothelium (en´-do¯-THE¯-le¯-um) ပါးလ�ာသည၊်
တစ်သ��းများဖံ�းအ�ပ်ထားေသာတစ်ခ�တညး်ေသာဆလဲ ်epithelial ဆလဲမ်ျား
တာယာေသးွလညပ်တမ်�စနစ်

အဆံ�းပန်းကန်အလားအလာ (EPP) The graded receptor
a ၏ motor end plate တငွြ်ဖစ်ေပ� �ိ�ငေ်သာအလားအလာ
skeletal �ကကသ်ားမ�ငက်ိ� binding ��င့တ်�န ့ြ်ပနသ်ည်
acetylcholine

အဆံ�း-��လံ�းကျံ� �အသအံတိ�းအကျယ ်(ေတာ်မ�၏) ေသ�း၏အအသအံတိ�းအကျယ်
systole ၏အဆံ�း��ိ ventricle ၌ဗလာြဖစ်ေနလ�င၊်
Ing �ပီးြပည့စံ်�သည်

ခံ�ိ�ငရ်ည-်type အမျိ�းအစားေလက့ျင့ခ်န်း ကိ��ကည့ပ်ါ ေအ�ိ�းဗစ်ေလက့ျင့ခ်နး်

စမ်ွးအငခ်ျိန်ခွငလ်�ာ စမ်ွးအငထ်ည့သ်ငွး်မ�အ�ကားဟနခ်ျကည်သီည်
အစားအစာစားသံ�းမ���င့စ်မ်ွးအငထ်�တလ်�တမ်�တိ� ့ြဖင့်
ြပငပ်အလ�ပ်��င့ြ်ပညတ်ငွး်�ငမ်ိးချမ်းေရးကိ�ဆိ�လိ�သည်

အ�လမ်းေ�ကာငး်အာ�ံ�ေ�ကာစနစ ်၏ကျယြ်ပန ့ေ်သာကနွယ်က်
myenteric plexus ��င့အ်ာ�ံ�ေ�ကာအမ�ငမ်ျား
အစာေြခလမ်းေ�ကာငး်နရံံ��ိ submucous plexus
၎ငး်သညေ်ဝစာကိ�အေတာ်အတနေ်ထာကပံ်ေ့ပးသည်
Self-စညး်မျ�း
enterogastrones (ent´-uh-ro¯-GAS-tro¯nz)
duodenal mucosa မ�ထ�တေ်သာေဟာ်မ�နး်များြဖစ်သည်
အစာအမ်ိလ�ပ်��ားမ���င့အ်ထကွအ်ားကိ�တားစီးသည။် လ�ိ�� ဝ�ကခ်ျကမ်ျားပါဝငသ်ည်
သြံဖ���င့ ်cholecystokinin

enterohepatic လညပ်တမ်� (en´-tur-o¯-hi-PAT-ik)
သညး်ေြခဆားများ��င့အ်ြခားသညး်ေြခရညမ်ျားကိ�ြပနလ်ညအ်သံ�းြပ�ြခငး်
နညး်လမ်းအားြဖင့အ်�သမ်ိ��င့အ်သညး်အ�ကား
hepatic portal vein ၏

enzyme တကအ်ြမန�်�နး်ေ�ကာငး်အထ�းပ�ိ�တနိး်ေမာ်လကီျ�း
ခ��ာကိ�ယ၌်အထ�းဓာတ�တံ� ့ြပနမ်�တစ်ခ�

eosinophils (e¯´-uh-SIN-uh-fils) ေသးွြဖ�ဥများ
မတည့တ်ံ� ့ြပနမ်�များ��င့အ်တငွး်၌အေရး�ကးီသည်
ြပညတ်ငွး်ကပ်ပါးပိ�းမ �ားများတိ�ကဖ်ျကေ်ရး

ependymal cells (eh-PEN-dim-ul) glial ဆလဲမ်ျားြဖစ်သည်
အြဖစ်ေဆာငရွ်ကေ်သာ ဦး ေ��ာက၏် ventricles ကိ�ဖံ�းအ�ပ်သည်
အာ�ံ�ေ�ကာပငမ်ဆလဲ်

epidermis (ep´-uh-DER-mus) ၏အြပငဘ်ကအ်လ�ာ
အေရြပားတငွ ်epithelial အလ�ာများစာွပါ ၀ ငသ်ည်
ဆလဲမ်ျား၊ အြပငဘ်ကဆ်ံ�းအလ�ာများေသဆံ�း�ပီး၊
ရွာလံ�းက�တ်

epididymis အမျိ�းသားအသံ�းအေဆာငမ်ျိ�းပာွးြခငး်-
သ�ကပိ်�းကိ�သိ�ေလ�ာင�်ပီးသ�တိ�ရဲ့လ့�ပ်��ား�ိ�ငစ်မ်ွးကိ�တိ�းေစတယ်
သ�ကလ်�တမ်တိ�ငမီ်ေမးွဖွားြခငး်

epinephrine (ep´-uh-NEF-rin) မ�လတနး်
adrenal medulla မ�လ�ိ� � ဝ�ကထ်ားေသာ mone; တငွအ်ေရး�ကးီသည်
"ရနပ်ွဲ-or-ေလယာ�ခရီးစ�" တံ� ့ြပနမ်�အဘိ�က့ိ�ယျခနဓ်ာြပငဆ်ငေ်န
��င့ေ်သးွလ�တေ်�ကာေသးွဖိအားကိ�ထနိး်ည�ြိခငး်, adren aline ြဖစ်သည်
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Translating...

ခကဆ်စ် ဂျီ ၅

effector သည ်control system တစ်ခ�၏အစိတအ်ပိ�ငး်ြဖစ်သည်the command ကေန output ကိ��ပီးေြမာကေ်စသည်
ေပါငး်စညး်မ�

effector ကိ�ယတ်ငွး်အဂ� ါ များ�ကကသ်ားများသိ�မ့ဟ�တဂ်လငး်များအတငွး်ပိ�ငး်
အာ�ံ�ေ�ကာစနစ်အားြဖင့အ်ာ�ံ�ေ�ကာကိ�ထ�တလ်�တသ်ည်

ရလဒတ်စ်ခ�အေနြဖင့ဆ်လဲတ်စ်ခ�အတငွး်မ� extracellular ပစ�ညး်ြဖစ်သည်plasma အေြမ�းပါးပါ ၀ ငေ်သာအတိတ်စ်ခ�ပါ ၀ ငသ်ည်
အဆိ�ပါ extracellular ပစ�ညး်, ထိ�ေ့နာက ်sur- မ�ာတဆံပ်ိခတ်
အတိ၏်မျက�်�ာသည ်endocytic vesicle တစ်ခ�ြဖစ်လာသည်
endogenous opiates (en-DAJ´-eh-nus o¯´-pe¯-a¯tz)
opi- ��င့ေ်ပါငး်စပ်ထားေသာ Endorphins ��င့ ်enkephalins

epiphyseal ပန်းကန် (eh-pif-i-SEE-al) carti- အလ�ာ
��ညလ်ျားေသာ diaphysis (ဝင�ိ်�း) ကိ�ခွြဲခားေသာ lage
အဆိ�ပါ epiphysis (အလနွေ်ဒါသထကွခ်ဲသ့ညဟ်�အဆံ�း) မ�အ�ိ�း; မ�ာဆိ�က်
အ�ိ�းများသညအ်�ိ�း��ထကပိ်���ညသ်ည်
ossify (အ�ိ�းအြဖစ်ေြပာငး်သည)်

စာမျက�်�ာ ၁၃

ဂျီ -၆ ခကဆ်စ်

epithelial တစသ်��း (ep´-uh-THE¯-le¯-ul) သညလ်�ပ်ေဆာင�်ိ�ငစ်မ်ွးတစ်ခ�ြဖစ်သည်
ma- လလဲ�ယရ်ာတငွအ်ထ�းြပ�ဆလဲမ်ျားစ�ဖဲွ� ြခငး်
ဆလဲ�်�င့၎်ငး်၏ပတဝ်နး်ကျငအ်�ကား terials; လိ�ငး်များ
ခ��ာကိ�ယမ်ျက�်�ာြပငအ်မျိ�းမျိ�း��င့အ်ေခါငး်ေပါကတ်ိ�က့ိ�ဖံ�းအ�ပ်သည်
secretory glands များကိ�ြဖစ်ေပ�ေစသည်

EPSP သည ်စိတလ်�ပ်��ားဖွယ ်postsynaptic ြဖစ်�ိ�ငေ်ြခ ကိ��ကည့ပ်ါ

မ�ေြခမ�ေြခအလားအလာ ( E x ) ြဖစ်သည့အ်လားအလာ
ists သည ်concentration gradient ��င့ဆ်န ့က်ျငဘ်ကြ်ဖစ်သည်
ေပးထားေသာအိ�ငး်ယနွး်အတကွအ်တအိကျလ�ပ်စစ်ဆန ့က်ျင်
အဘယသ်�မ�မပိ�ကက်နွက်ိ�လ�ပ်��ားမ�လညး်မ��ိဒါေ�ကာင့တ်စ်ဦးချငး်စီကတြခားဟနခ်ျကည်ီ
အိ�ငး်ယနွး်

erythrocytes (i-RITH-ruh-sı¯ts) ေသးွနဦများ၊
၎ငး်တိ�သ့ညပ်လာစမာအေြမ�းပါး၊ ဖံ�းထားေသာအတိမ်ျားြဖစ်သည။်
moglobin သည ်O 2 ကိ�အနညး်ငယပိ်�သယေ်ဆာငသ်ည၊်
ေသးွ၌ CO 2 ��င့ ်H ��ိသည်
erythropoiesis (i-rith´-ro¯-poi-E¯-sus) Erythrocyte
�ိ� းတငွး်ြခငဆ်မီ�ထ�တလ်�ပ်သည်

erythropoietin သညေ်ဟာ်မ�နး်မ�ထ�တလ်�တသ်ည်
ေကျာကက်ပ်သည ်O 2 ေပးပိ�မ့�အား ေလျာန့ညး်ေစရနတ်ံ� ့ြပနသ်ည်
ေကျာကက်ပ်; �ိ� းတငွး်ြခငဆ်ထီသဲိ�လ့�ံ�ေဆာ်ေပးသည်
တနွ ့ြ်ခငး် erythrocyte ထ�တလ်�ပ်မ�

ESCs များသညသ်ေ��သားပငမ်ဆလဲမ်ျားကိ� �ကည့ပ်ါ

အစာမျိ��ပန် (i-SOF-uh-gus) �ကကသ်ားေြဖာင့သ်ည်
အဆိ�ပါ pharynx အ�ကားကိ�တိ�းချဲ� �ပန�်�င့်
ဗိ�က်

estrogen Feminizing“ အမျိ�းသမီး” လငိေ်ဟာ်မ�နး်

ESV end-systolic volume ကိ��ကည့ပ်ါ

ေရေငွ�ပျံြခငး် ခ��ာကိ�ယမ်�အပ�များလ�ေဲြပာငး်ေပးသည်
liq မ�ေရကိ�အသငွေ်ြပာငး်ြခငး်ြဖင့မ်ျက�်�ာြပင်
ဓာတေ်ငွ�အေြခအေနသိ�ေ့ရာကသ်ည်

exchange antiport ကိ��ကည့ပ်ါ

စတိလ်�ပ်��ားဖွယတ်စသ်��း Tissue သည ်elec- ထ�တလ်�ပ်�ိ�ငစ်မ်ွး��ိသည။်
စိတလ်�ပ်��ားေသာအခါ trical အချကြ်ပ; အာ�ံ�ေ�ကာ��င့်
�ကကသ်ားတစ်သ��း

excitation – contraction coupling The series of ၏
�ကကသ်ားများကိ�လ�ံ�ေဆာ်ေပးေသာအြဖစ်အပျကမ်ျား (တစ်ခ���ိေနြခငး်
�ကကသ်ားများကျံ� �ရန ်(လ�ပ်ေဆာင�်ိ�ငသ်ည့အ်လားအလာ)
ေလ�ာြခငး်��င့ ်sarcomere အတိ�ေကာက)်

စတိလ်�ပ်��ားဖွယ ်postsynaptic အလားအလာ (EPSP) (po¯st´-
si-NAP-tik) postsyn ၏ေသးငယတ်ဲ ့depolarization
အာ�ံ�ေ�ကာ transmitter ကိ�တံ� ့ြပနေ်သာ aptic membrane
ချညေ်��ာငြ်ခငး်၊ အေြမ�းပါးကိ�ပိ�မိ�နးီကပ်ေစသည်
တခံါးခံ�

excitatory synapse (SIN-aps´) ဟ�ေသာ Synapse ြဖစ်သည်
neurotranspages မ� postsynaptic neuron ၏တံ� ့ြပနမ်�
mitter release သည ်post-depolarization ၏ေသးငယမ်�ြဖစ်သည။်
Synaptic အေြမ�းပါးများပိ�မိ�နးီစပ်သည့အ်ေြမ�းပါးေဆာငခ်ဲ့
တခံါးခံ�သိ� ့

ေလက့ျင့ခ်န်းဆိ�ငရ်ာဇီဝကမ�ေဗဒ ေလလ့ာမ���စ်ခ�စလံ�းကိ�ေလလ့ာသည။်
တစ်ခ�တညး်ကိ�တ�န ့ြ်ပနြ်ခငး်ြဖင့ြ်ဖစ်ေပ�ေသာ tional အေြပာငး်အလမဲျား
ေလက့ျင့ခ်နး်အပိ�ငး်��င့ရ်လဒအ်လိ�ကလ်ိ�ကေ်လျာညေီထြွဖစ်ေအာငေ်နပါ
ပံ�မ�နထ်ပ်ခါတလလဲေဲလက့ျင့ခ်နး်များမ�

exocrine glands သည�်ပနမ်ျားမ�တဆင့လ်�ိ�ထကွသ်ည်
ခ��ာကိ�ယအ်ြပငဘ်ကသ်ိ�သ့ာွးေသာအေပါကတ်စ်ခ�ထသဲိ� ့
အြပငမ်�ာသတံမနေ်တွ

exocytosis (eks´-o¯-sı¯-TO¯ -sis) ၏ေပါငး်စပ်မ�
အေြမ�းပါး��င့ဖံ်�းအ�ပ်ထားေသာ intracellular vesicle
ပလာစမာအေြမ�းကိ�ဖွင့လ်ိ�က၏်
ေတွ�ေနကျမဟ�တေ်သာ��င့သ်�ရဲ့အ့ေ�ကာငး်အရာေတကွိ�၏ Empty
အြပငမ်�ာ

သကတ်မ်းက�န် ။ အသက�်��ထ�တသ်ည်

အသက�်��လမ်းေ�ကာငး်�ကကသ်ားများ အ�ိ�းအေ�ကာ�ကကသ်ားများ
ကျံ� � ြခငး်က thoracic cavity ၏အရွယအ်စားကိ�ေလျာန့ညး်ေစသည်
အဆ�တက်ိ�ေသးငယတ်ဲအ့ရွယအ်စားြဖစ်ေအာငြ်ပနဆ်ွတဲငပ်ါ
အဆ�တမ်�ေလသိ�ေ့ရွ �လျားမ�အေ�ကာငး်
အေငွ�အသက်

ြပငပ်ပတ ်၀ န်း ကျငပ်တဝ်နး်ကျင်
ခ��ာကိ�ယထ်သဲိ� ့

ြပငပ်လငိအ်ဂ� ါ အြပငပိ်�ငး်ြမင�်ိ�ငေ်သာအပိ�ငး်များ
မျိ�းပာွးစနစ်၏

ြပငပ် intercostal �ကကသ်ားများ Inspiratory �ကကသ်ားများ
ကျံ� �လိ�ကေ်သာအခါန�ိံ�းများကိ�ြမ�င့ေ်စ�ပီး၊
ရငဘ်တတ်ငွး်

စာချ�ပ်ချ�ပ်ဆိ�ြခငး်ြဖင့ ်ြပငပ်အလ�ပ် စမ်ွးအင်
skeletal �ကကသ်ားများသညြ်ပငပ်အရာဝတ� �သိ�ေ့ရွ �ရန်
ပတဝ်နး်ကျင�်�င့ဆ်က�်ယွေ်နေသာခ��ာကိ�ယက်ိ�ေ���ပါ

extracellular fluid (ECF) ခ��ာကိ�ယမ်�အရညမ်ျားအားလံ�း
ဆလဲမ်ျားကိ�ေဘးတိ�က ်interstitial fluid ��င့်
ပလာစမာ

extracellular matrix (ECM) ��ပ်ေထးွေသာ mesh-
�ကားကာလ၌ြမ��ပ်ထားေသာ fibrous ပ�ိ�တငး်များအလ�ပ်လ�ပ်သည။်
ေဒသခဆံလဲမ်ျားကလ�ိ��လ�ိ� � ဝ�ကဝ်�က ်Tial အရည်

extrinsic ထန်ိးချ�ပ်မ� စညး်မျ�းစညး်ကမ်းယ��ရားများစတင်
ကိ�ယတ်ငွး်အဂ� ါတစ်ခ�ရဲအ့ြပငဘ်ကမ်�ာစားတာကအစာေချဖျကမ်�ကိ�ေြပာငး်လေဲစတယ်
ကိ�ယတ်ငွး်အဂ� ါ; အာ�ံ�ေ�ကာ��င့ ်endocrine မ�ေအာငြ်မငသ်ည်
စနစ်များ

extrinsic အာ�ံ�ေ�ကာ အဆိ�ပါအာ�ံ�ေ�ကာြပငပ်တငွစ်တငေ်ပ�ေပါကလ်ာ
အမျိ�းမျိ�းေသာတငွး်များကိ�အားြဖည့ေ်ပးေသာအစာေြခလမ်းေ�ကာငး်
tive ကိ�ယတ်ငွး်အဂ� ါများ

ပျံ� ��ံ ့ လယွ ်ေစရန် Passive carrier-mediated trans-
ဆပ်ိကမ်းတစ်ခ�မ�အရာဝတ� �တစ်ခ�ကိ�သယယ်�ပိ�ေ့ဆာငရ်ာတငွပ်ါဝငသ်ည်
plasma အေြမ�းပါးတစ်ေလ�ာကအ်ာ�ံ�စ�းစိ�ကမ်� gradient

ပငပ်န်း�မ်ွးနယြ်ခငး် �ကကသ်ားတငး်အားကိ�ထနိး်သမ်ိး�ိ�ငြ်ခငး်မ��ိြခငး်
စ�ဆကမ်ြပတ�်�းိဆေွနေသာ်လညး်အဆင့ေ်ပးထားသည်

feedback တံ� ့ြပန်မ� သညအ်ေြပာငး်အလတဲစ်ခ�၏ေနာကတ်ငွြ်ဖစ်ေပ�သည်
��ာေဖွေတွ� ��ိခဲသ့ည;် ြဖစ်�ိ�ငပ်ါသည ်အ��တလ်က�ဏာတ�န ့ြ်ပနခ်ျက ်သိ�မ့ဟ�တ ်အြပ�သေဘာေဆာင်
တံ� ့ြပနခ်ျက်

feedforward ယ��ရားသည ်တံ� ့ြပနရ်နဒ်ဇိီ�ငး်ထ�တထ်ားသည်
ထနိး်ချ�ပ်ထားေသာေမ�ာ်မ�နး်ထားေသာေြပာငး်လမဲ�ကိ�တားဆးီပါ
ေပာွငျးလတဲတျေသာ

အစာေက�းြခငး်အချကမ်ျားသညအ်စာ စားချငစိ်တက်ိ�ြမင့တ်ကေ်စသည်
ဆာေလာငမ်�ကိ�ခစံား�ပီးဆ��ကိ�ြမ�င့တ်ငပ်ါ
စားရန်

fibrinogen (fı¯-BRIN-uh-jun) သည�်ကးီ�ကးီမားမားေပျာ်ဝငသ်ည်
ပလာစမာပ�ိ�တနိး်သညအ်ငဆ်�လငအ်ြဖစ်သိ�ေ့ြပာငး်ေသာအခါ၊
ble, thread ကဲသ့ိ�ေ့မာ်လကီျ�းသည ်a meshwork ပံ�စံြဖစ်သည်
ေသးွခေဲနစ�ေသးွခြဲခငး်

Fick ၏ပျံ� ��ံမ့�ဥပေဒ အသားတငပ်ျံ� ��ံမ့���နး်
အေြမ�းပါးတစ်ေလ�ာက�်�ိအရာ ၀ တ� �သညတ်ိ�က�ိ်�ကေ်ထာကခ်သံည။်
ဓာတ၏်အာ�ံ�စ�းစိ�ကမ်� gradient ကိ�အဆင့သ်တမ်�တသ်ည်
အရာ��င့အ်ေြမ�းပါး၏စိမ့်ဝင�်ိ�ငမ်�၊
အေြမ�းပါး၏မျက�်�ာြပငဧ်ရိယာ��င့ေ်ြပာငး်ြပန်
ဓာတ၏်ေမာ်လကီျ�းအေလးချိန�်�င့်
ပျံ� � �ံအ့ကာွအေဝး

ရန်ပဲွသိ�မ့ဟ�တပ်ျံသန်းမ�တံ� ့ြပန်မ� ၏လ�ပ်ေဆာငခ်ျကအ်ေြပာငး်အလမဲျား
အလိ�အေလျာကအ်ားြဖင့ထ်ည့သ်ငွး်ထားေသာအမျိ�းမျိ�းေသာအဂ� ါများ
စာနာစိတလ်�ံ�ေဆာ်မ�ကိ�တံ� ့ြပနေ်သာအာ�ံ�ေ�ကာစနစ်
�ကံ့ခိ�ငမ်�အတကွခ်��ာကိ�ယက်ိ�စ�ေပါငး်ြပငဆ်ငေ်ပးေသာအရာြဖစ်သည။်
အေရးေပ�အေြခအေနတစ်ခ�တငွက်ိ�ယက်ာယေလက့ျင့ခ်နး်လ�ပ်ြခငး်
သိ�မ့ဟ�တ�်�ပ်ပိ�ငး်ဆိ�ငရ်ာ�ခမ်ိးေြခာကမ်�ကဲသ့ိ�ေ့သာစိတဖိ်စီးမ�အေြခအေန
ြပငပ်ပတဝ်နး်ကျင်

စိတလ်�ပ်��ားဖွယဆ်လဲတ်စ်ခ�သညလ်�ပ်ေဆာငမ်�တစ်ခ�ရေသာအခါ ပစခ်တ ်သည်
အလားအလာ

ပထမဆံ�း messenger ၊ extracellular messenger၊
ေဟာ်မ�နး်တစ်ခ�အေန��င့မ်ျက�်�ာြပငအ်ေြမ�းပါး��င့ခ်ျညေ်��ာငသ်ည်
receptor ��င့ ်intracellular second mes- ကိ�ဖွင့ေ်ပးသည။်
senger သညအ်လိ���ိေသာဆယလ်�လာတံ� ့ြပနမ်�ကိ�ထမ်းေဆာငသ်ည်

flagellum (fluh-JEL-um) တစ်ခ�တညး်၊ ��ည၊် �ကာပတွ�်�င့တ်�သည်
တစ်ဦး spermatozoon ၏အ�မီးအြဖစ်တာဝနထ်မ်းေဆာငေ်�ကာငး် appendage

flow rate (of blood or air) ေသးွ၏ပမာဏ (သိ�)့
ေသးွေ�ကာ (သိ�)့ အသက�်��လမ်းေ�ကာငး်မ�တဆင့စီ်းဆငး်ေနေသာေလ
အချိနယ်�နစ်အလိ�က၊်

အရညလ်ကက်ျန် (ECF) ပမာဏထနိး်သမ်ိးြခငး်
ေသးွေပါငခ်ျိနက်ိ�ေရ��ညထ်နိး်ရန)် ��င့ ်ECF os-
molarity (ပံ�မ�နဆ်လဲထ်�ထညက်ိ�ထနိး်သမ်ိးရန)်

follicle (သားဥအမ်ိ) ဖံွ� �ဖိ�းဆ ဲသားဥအမ်ိ ��င့်
ဆလဲမ်ျားကိ�လ�ည့ပ်တေ်ပးသည်

follicle-stimulating hormone (FSH) သည ်ေ�� � ပိ�ငး်ြဖစ်သည်
pituitary hormone သညသ်ားအမ်ိ follicular ကိ�လ�ံ�ေဆာ်ေပးသည်
အမျိ�းသမီးများဖံွ� �ဖိ�းမ���င့ ်estrogen secretion
အမျိ�းသားများတငွသ်�ကပိ်�းထ�တလ်�ပ်မ�ကိ�လ�ံ�ေဆာ်ေပးသည်

follicular ဆလဲမ်ျား (သားအမ်ိ) (fah-LIK-you-lar) Col-
ေဟာေြပာချကတ်ငွ ်granulosa ��င့ ်thecal cells များ��ိသည်

follicular cells (thyroid gland) ၏ဆလဲမ်ျားြဖစ်သည်
in the colloid-filled follicles ၏နရံံများကိ�ဖဲွ�စညး်သည်
သိ�ငး်ရိွ�ကဂ်လငး်��င့သ်ိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ကိ�ထ�တေ်ပးသည်

follicular အဆင့ ်သားအမ်ိစကဝ်နး်အဆင့်
ရင့က်ျကေ်သာ follicles များ��ိေနြခငး်က�ကးီစိ�းေနသည်
မျိ�းဥမထကွမီ်

Frank – Starling law ၏��လံ�းသား Intrinsic control
ေသးွြပနေ်�ကာများြပနလ်ညြ်မင့တ်ကလ်ာသည့�်�လံ�း၏
end-diastolic အသအံတိ�းအကျယ၌်ဆ�ညသံသံည ်ဦး တညေ်စသည်
ကျံ� � �ိ�ငအ်ားကိ�တိ�းေစ�ပီးတိ�းလာသည်
ေလြဖတအ်သအံတိ�းအကျယ;် ဆိ�လိ�သညမ်�ာ��လံ�းသညပံ်�မ�နအ်ားြဖင့စ်�ပ်သည်
ေသးွေတအွားလံ�းြပနထ်ကွလ်ာတယ်

free radicals များ အလနွမ်တညမ်�ငမ်ိအလီကထ်ရွနခ်ျိ� �တဲြ့ခငး်
အလနွတ်ံ� ့ြပနမ်���ိ�ပီးအဖျကသ်ေဘာ��ိေသာအရာများ

frontal lobes အဆိ�ပါ cerebral cortex ၏ lobes မ�ာ��ိသည်
central sulcus ေ�� � ��ိ ဦး ေ��ာကထ်ပ်ိ၊
မိမိဆ��အေလျာကေ်မာ်တာထ�တေ်ပးမ�ကိ�တာဝနယ်�ရေသာ၊
စကားေြပာစမ်ွးရည�်�င့စ်�းစားေတးွေခ� ပံ�တိ�က့ိ���ငး်လငး်တငြ်ပြခငး်

FSH က follicle-stimulating hormone ကိ��ကည့ပ်ါ
fuel metabolism �ကားခ ံmetabolism ကိ��ကည့ပ်ါ

functional syncytium (sin-sish´-e¯-um) အ�ပ်စ�တစ်စ�
ေချာေမွ�ေသာသိ�မ့ဟ�တ�်�လံ�း�ကကသ်ားဆလဲမ်ျားသညအ်ြပနအ်လ�နဆ်ကသ်ယွေ်နေသာ
ကာွဟချကလ်မ်းဆံ�လမ်းခမွျား��င့လ်�ပ်စစ်ဓာတက်ိ�လ�ပ်ေဆာငသ်ည်
စကတ်စ်လံ�းတညး်အေန��င့စ်ကပိ်�ငး်ဆိ�ငရ်ာ

လ�ပ်ေဆာငခ်ျကယ်�နစ ်Or- တစခ်�၏ အေသးငယဆ်ံ�းအစိတအ်ပိ�ငး်
ကိ�ယတ်ငွး်အဂ� ါရဲလ့�ပ်ေဆာငခ်ျကအ်ားလံ�းကိ�လ�ပ်ေဆာင�်ိ�ငတ်ဲ ့gan

gametes (GAM-e¯tz) မျိ�းပာွးြခငး် (သိ�)့ မျိ�းပာွးြခငး်ဆလဲမ်ျား
တစ်ခ�စီတငွ ်haploid ခ�ိ�မိ�ဇ�နး်များပါ ၀ ငသ်ည။်
သ�တပိ်�း��င့ ်ova

gamma motor neuron ဆိ�သညမ်�ာ ၀ ငလ်ာေသာ motor neuron တစ်ခ�ြဖစ်သည။်
�ကကသ်ား - spindle receptor ၏အမ�ငမ်ျားကိ�ေ��ာကယ်�ကသ်ည်

ganglion (GAN-gle¯-un) အာ�ံ�ေ�ကာစ�စညး်မ�
ဆလဲမ်ျားသညအ်ာ�ံ�ေ�ကာဗဟိ�၏အြပငဘ်ကတ်ငွတ်ည�်�ိသည်
စနစ်

ganglion cells အြပငဘ်ကဆ်ံ�း��ိအာ�ံ�ေ�ကာဆလဲမ်ျား
မျက�်ကညလ်�ာ၏ optons အလ�ာသည ်retina ၏အလ�ာြဖစ်သည်
အာ�ံ�ေ�ကာ

gap junction ဆကသ်ယွေ်ရးလမ်းေ�ကာငး်တစ်ခ�ဖဲွ�စညး်သည်
ေသးငယေ်သာဆကသ်ယွထ်ားေသာဥမငမ်ျားြဖင့က်ပ်လျကဆ်လဲမ်ျားအ�ကား
တာဝနခ်သံယေ်ဆာငေ်သာအိ�ငး်ယနွး်များကိ�ြဖတသ်နး်ခငွ့ြ်ပ�သည။်
ဆလဲတ်စ်ခ�အားလ�ပ်စစ်ဆလဲမ်ျားလညပ်တေ်စရနဆ်လဲမ်ျားကိ� tween လ�ပ်သည်
ကပ်လျကဆ်လဲသ်ိ�ပ့ျံ� � �ံသ့ာွးသည်

gastrin သည ်pyloric gland မ�ထ�တလ်�တေ်သာေဟာ်မ�နး်တစ်မျိ�းြဖစ်သည်
parietal ကိ�လ�ံ�ေဆာ်ေသာအစာအမ်ိ၏ဧရိယာ
အကဆ်စ်ဓာတြ်မင့မ်ားေသာအစာအမ်ိေဖျာ်ရညက်ိ�ထ�တရ်နဆ်လဲ�်ကးီများ

အစာအမ်ိနဲအ့�လမ်းေ�ကာငး်မ�ေဟာ်မ�န်းများ ေဟာ်မ�နး်များထသဲိ� ့ ၀ ငလ်ာသည်
အစာေြခလမ်းေ�ကာငး်��ိ endocrine ဆလဲမ်ျားမ�ေသးွကိ�
�ကကသ်ားများလ�ပ်��ားမ���င့/်သိ�မ့ဟ�တစ်နွ ့ထ်�တမ်�ကိ�ထနိး်ချ�ပ်ေသာအစာအမ်ိလမ်းေ�ကာငး်
အစာေြခစနစ်၏အြခားအပိ�ငး်များတငွ်

ကိ�ယဝ်န် ကိ�ယဝ်န်
ghrelin (GRELL-in)“ ဆာေလာငမ်�” ေဟာ်မ�နး်၊
အစာစားချငစိ်တက်ိ���းိဆေွပးတဲ
ဗိ�က်

ဂလငး်များ အထ�းြပ�လ�ပ်ေသာ Epithelial တစ်သ��းများမ�ဆငး်သကလ်ာသည။်
စနွ ့ပ်စ်ရန ်ized

glial ဆလဲမ်ျား (gle¯-ul) ၏တယွဆ်ကတ်စ်သ��းဆလဲမ်ျားြဖစ်သည်
CNS သညအ်ာ�ံ�ေ�ကာ��စ်ခ�လံ�းကိ���ပ်ပိ�ငး်ဆိ�ငရ်ာေထာကပံ်ေ့ပးသည်
astrocytes, oligoden- အပါအ ၀ င ်metabolically၊
drocytes, ependymal ဆလဲမ်ျား��င့ ်microglia

glomerular filtration (glow-MER-yu¯-lur) Filtra-
glomerular မ�ပ�ိ�တနိး်ဓာတမ်ပါေသာပလာစမာကိ�ဖနတ်းီသည်

စာမျက�်�ာ ၁၄

ကေလး၏ tubular အစိတအ်ပိ�ငး်ထသဲိ�ေ့သးွေ�ကာမ�ငမ်ျား
ney's nephron သညဆ်းီဖဲွ�စညး်ြခငး်၏ပထမေြခလ�မ်းြဖစ်သည်

glomerular filtration rate (GFR) ��နး်မ�ာ
glomerular filtrate ကိ�ဖဲွ�စညး်သည်

glomerulus (ေကျာကက်ပ်၌) (glow-MER-yu¯-lus) A
ေကျာကက်ပ်၏ nephron ��ိေသးွေ�ကာမ�ငေ်လးများကဲသ့ိ�ေ့ဘာလံ�း
၎ငး်သညေ်ရကိ�စစ်ထ�တ�်ပီးေသးွမ�ေပျာ်ဝငသ်ည်
ဆးီဖဲွ�စညး်ြခငး်အတကွပ်ထမအဆင့်

glomerulus (olfactory bulb) တငွေ်ဘာလံ�းကဲသ့ိ�အ့ာ�ံ�ေ�ကာတစ်ခ���ိသည်
a အြဖစ်ေဆာငရွ်ကေ်သာ olfactory bulb အတငွး်၌လမ်းဆံ�
ကွြဲပားြခားနားေသာရနံအ့စိတအ်ပိ�ငး်များကိ�စီရန“် အနံဖိ့�င”်

glucagon (GLOO-kuh-gon) ပနက်ရိယေဟာ်မ�နး်

ြ

granulosa ဆလဲမ်ျား (gran´-yuh-LO-suh) ၏အလ�ာြဖစ်သည်
ဆလဲမ်ျားသညဖံွ်� �ဖိ�းဆ ဲoocyte ကိ�ချကခ်ျငး်ဝနး်ရံသည်
သားအမ်ိ follicle အတငွး်

gray ကစိ� ဗဟိ�အာ�ံ�ေ�ကာတစ်စိတတ်စ်ပိ�ငး်
အဓိကအားြဖင့ထ်�ပ်ပိ�းထားေသာစနစ်ြဖင့ဖဲွ်�စညး်ထားသည်
ဦး ေ��ာကဆ်လဲဆ်လဲမ်ျား��င့ ်dendrites

�ကးီထာွးေဟာ်မ�န်း ( anterior pituitary hor- �ကးီထာွးေဟာ်မ�န်း)
ထနိး်ည�ရိနအ်ဓိကတာဝန�်�ိသည်
ခ��ာကိ�ယ�်ကးီထာွးမ���င့အ်ြပနအ်လ�နအ်ကျိ�းြပ�မ�တိ�သ့ညလ်ညး်အေရး�ကးီသည။်
mediary ဇီြဝဖစ်; somatotropin

ဇ ဟိ�ကဒ်�ိ�ဂျငအ်ိ�ငး်ယနွး် ကိ��ကည့ပ်ါ

hydrostatic (fluid) pressure (hı¯-dro-STAT-ik) The
ပါ ၀ ငေ်သာနရံံများေပ�တငွအ်ရညမ်ျားြဖင့ဖိ်အားေပးသည်
အဒဲါ

hyperglycemia (hı¯´-pur-glı¯-SE¯-me¯-uh) ြမင့တ်ကလ်ာသည်
ေသးွဂလ�းကိ�စ့်အာ�ံ�စ�းစိ�ကမ်�

hyperplasia (hı¯-pur-PLA¯-ze¯-uh) တိ�းလာသည်
ဆလဲအ်ေရအတကွ်

hyperpolarization အေြမ�းပါးတငွတ်ိ�းလာြခငး်
အနားယ�ရနအ်လားအလာ အလားအလာြဖစ်လာသည်
အနားယ�ရနအ်လားအလာထကအ်��တလ်က�ဏာပိ�များသည်

hypersecretion ေဟာ်မ�နး်တ မျိ�းမျိ�းများ လနွး်ြခငး်
လ�ိ� � ဝ�ကထ်ားသည်
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ခကဆ်စ် ဂျီ ၇

ေသးွဂလ�းကိ�စ့်��င့ေ်သးွဖကတ်းီအကစ်စ်ကိ�ြမင့တ်ကေ်စေသာ
အဆင့မ်ျား
glucocorticoids (gloo´-ko¯-KOR-ti-koidz) Adreno-
အလယအ်လတတ်ငွအ်ေရးပါေသာ cortical ေဟာ်မ�နး်များ
ဇီြဝဖစ်စ���င့ခ်��ာကိ�ယခ်�ခတံနွး်လ�နရ်ာတငွက်�ညေီပးသည်
စိတဖိ်စီးမ�; အဓိကအားြဖင့ ်cortisol

gluconeogenesis (gloo´-ko¯-ne¯-o¯-JEN-uh-sus) The
အမိ�င�်ိ�အကဆ်စ်များကိ�ဂလ�းကိ�စ့်သိ�ေ့ြပာငး်လြဲခငး်

glycogen (GLI¯-ko¯-jen) glu ၏သိ�ေလ�ာငမ်�ပံ�စံ
အသညး်��င့�်ကကသ်ားများတငွ ်cose

glycogenesis (glı¯´-ko¯-JEN-i-sus) ေြပာငး်လြဲခငး်
ဂလ�းကိ�စ့်ကိ� glycogen သိ� ့
glycogenolysis (glı¯´-ko¯-juh-NOL-i-sus) သည်
ဂလ�းကိ�ဂ့ျငမ်�ဂလ�းကိ�စ့်သိ�ဗ့ား��ငး်

glycolysis (glı¯-KOL-uh-sus) ဇီဝဓာတ�ေဗဒပညာ��င်
ကွအဲကေ်နေသာဆလဲ၏် cytosol တငွေ်နရာယ�သည်
ဂလ�းကိ�စ့်ကိ� pyruvate ေမာ်လကီျ�းများထသဲိ�က့ျဆငး်ေစသည်

GnRH gonadotropin ထ�တလ်�တေ်ပးေသာေဟာ်မ�နး် ကိ��ကည့ပ်ါ

Golgi complex (GOL-je¯) သည ်organelle တစ်ခ�ြဖစ်သည်
စ�ထားေသာ၊ ြပားချပ်ေသာအေြမ�းပါအတိမ်ျား၊ လိ�လားသ�
က�န�်ကမ်းများကိ�အငစ်တကီျ�မ�၎ငး်သိ�ပိ့�ေ့ဆာငသ်ည။်
အေချာထ�တက်�နမ်ျား��င့ ်doplasmic reticulum
အေချာထညပ်စ�ညး်များကိ�သ�တိ�၏့ေနာကဆ်ံ�းသိ�စီ့စ�ေပးသည်
ဦး တညရ်ာ

gonadotropes သည ်Anterior pituitary cells များကိ�လ�ံ�ေဆာ်ေပးသည်
gonadotropin ထ�တလ်�တေ်သာေဟာ်မ�နး်

gonadotropin ထ�တလ်�တေ်သာေဟာ်မ�န်း (GnRH) (go¯-
nad´-uh-TRO¯ -pin) hypothalamic ေဟာ်မ�နး်ြဖစ်သည်
၎ငး်သည ်FSH ��င့ ်LH ထ�တလ်�တမ်�ကိ�လ�ံ�ေဆာ်ေပးသည်
ေ�� � ပိ�ငး် pituitary

gonadotropins FSH ��င့ ်LH; ပါဝငေ်သာေဟာ်မ�နး်များ
gonads မ�လငိေ်ဟာ်မ�နး်များကိ� trol ထ�တေ်ပးသည်

gonads (GO¯ -nadz) မ�လမျိ�းပာွးြခငး် (သိ�)့
gans သည ်gametes များကိ�ထ�တလ်�ပ်ေပး�ပီး၎ငး်ကိ�လ�ိ� � ဝ�ကေ်စသည်
လငိေ်ဟာ်မ�နး်; ေဝ�းေစ�့�င့သ်ားအမ်ိ

G protein A membrane-bound �ကားခ၊ံ
၎ငး်သည ်extracellu- ၏စညး်ေ��ာငအ်ားြဖင့အ်သကသ်ငွး်ေသာအခါ၊
lar ပထမ ဦး ဆံ�း messenger သညမ်ျက�်�ာြပငလ်ကခ်သံ�ထသံိ�တ့က�်ကေစသည်
ပ�ိ�တငး်၏ intracellular ေဘးဘကတ်ငွ�်�ိသည်
cAMP ��င့ ်IP 3 /DAG ဒ�တယိ- အေြမ�းပါး
messenger စနစ်များ

G-protein coupled receptor A receptor အမျိ�းအစားြဖစ်သည်
၎ငး်သညဆ်ကစ်ပ် G ပ�ိ�တနိး်ကိ�စညး်ေ��ာငအ်ားြဖင့သ်ကဝ်ငေ်စသည်
extracellular chemical messenger ��င့်

gradation of contraction Variable magnitude of ၏
�ကကသ်ားတစ်ခ�လံ�းအတကွတ်ငး်အားကိ�ထ�တေ်ပးသည်

အဆင့သ်တမ်�တခ်ျကအ်လားအလာ ြပညတ်ငွး်အေြမ�းပါးေြပာငး်လမဲ�
ြပငး်အားအဆင့အ်မျိ�းမျိ�း၌ြဖစ်ေပ�ေသာအလားအလာ၊
စိတလ်�ပ်��ားဖွယတ်စ်သ��းများတငွတ်ာတိ�အကာွအေဝးအချကြ်ပအြဖစ်ေဆာငရွ်ကသ်ည်

grand postsynaptic potential (GPSP) စ�စ�ေပါငး်
postsynaptic neuron ြပနလ်ညေ်ပါငး်စညး်မ�တငွေ်ပါငး်စပ်အလားအလာ
EPSP များ��င့ ်IPSP များအားလံ�း၏ေပါငး်လဒမ်�ဆ�ပ�ြခငး်
တစ်ချိနတ်ညး်မ�ာဖ�နး်ေခ�ပါ

granulocytes (gran´-yuh-lo¯-sı¯ts) Leukocytes များြဖစ်သည်
neutrophils, eosino- အပါအဝင ်granules များပါ ၀ ငသ်ည။်
phils ��င့ ်basophils

haploid နံပါတ ်(HAP-loid) chro- အေရအတကွ်
gametes တငွ ်mosomes များ၊ chromo တစ်ဝက်
somes၊ အတွတဲစ်ခ�စီ၏အဖဲွ�ဝငတ်စ် ဦး၊ စ�စ�ေပါငး်အတကွ်
လ�သားများတငွခ်�ိ�မိ�ဇ�နး် ၂၃ ခ���ိသည်

Hb ေဟမိ�ဂလိ�ဘင ်ကိ��ကည့ပ်ါ

hCG ကိ� လ�သား chorionic gonadotropin ကိ��ကည့ပ်ါ

helper T cells လ� ဦး ေရ T ဆလဲမ်ျား
အြခားခ�ခအံားတ�န ့ြ်ပနမ်�၏လ�ပ်ေဆာငမ်�ကိ�တိ�းတကေ်စသည။်
fector ဆလဲမ်ျား

hematocrit (hi-MAT´-uh-krit) ရာခိ�င�်�နး်
erythrocytes များနညး်တ�ေသးွပမာဏ
centrifuged ေသးွနမ�နာထတဲငွထ်ည့ထ်ားသည်

ေဟမိ�ဂလိ�ဘင ်(HE¯-muh-glo¯´-bun) (Hb) �ကးီမားသည်
erythrocytes ��ိသဓံာတပ်ါ ၀ ငေ်သာပ�ိ�တငး်ေမာ်လကီျ�း
အတ�ခ��ျေ��ာငျ��င့သ်ယယ်�ပိ�ေ့ဆာငေ်ရးအ��ိဆံ�းအိ� 2 အေသးွ၌;
ထိ�အ့ြပင ်CO အချိ��ကိ�သယေ်ဆာင ်2 ေသးွထတဲငွ�်�င့ ်H

hemolysis (he¯-MOL-uh-sus) ေသးွနဦေပါက�်ပဲြခငး်
ဆလဲမ်ျား

hemostasis (he¯´-mo¯-STA¯-sus) ရပ်တန ့ြ်ခငး်
ဒဏရ်ာရသေဘ�ာမ�ေသးွထကွသ်ည်

အသညး်ေပ�တယစ်နစ ်(hi-PAT-ik) ��ပ်ေထးွေသာ vas-
အစာေြခလမ်းေ�ကာငး်��င့အ်�ကားဆကသ်ယွမ်�
အသညး်မ�အစာေချဖျကမ်�စနစ်မ�ေသးွြပနေ်�ကာများ၊
tem သညစ်�ပ်ယ�မ�ကိ�စီမံရနအ်သညး်ထသဲိ�စီ့းဆငး်သည်
��လံ�းသိ�မ့ြပနမီ်အာဟာရဓာတမ်ျား

hippocampus (hip-oh-CAM-pus) ��ညေ်မျာေမျာ၊
၎ငး်သညတ်စ်စိတတ်စ်ပိ�ငး်ြဖစ်ေသာ temporal lobe ၏ medial အပိ�ငး်ြဖစ်သည်
limbic system ��င့ပံ်�စံအတကွအ်ထ�းအေရး�ကးီသည။်
ေရ��ညအ်မ�တတ်ရများ

histamine A သညရွ်ကတ်ိ�ငမ်ျားမ�ထ�တ ်လ�တ ်ေသာဓာတ�ပစ�ညး်တစ်မျိ�းြဖစ်သည်
basodils များသည ်vasodilation ��င့အ်သားရညက်ိ�ြဖစ်ေပ�ေစသည။်
ေသးွေ�ကာမ�ငမ်ျားစိမ့်ဝင�်ိ�ငြ်ခငး်၊ ဓါတမ်တည့မ်�၌အေရး�ကးီသည်
တံ� ့ြပနမ်�များ��င့ေ်ရာငရ်မ်းြခငး်

homeostasis (ho¯´-me¯-o¯-STA¯ -sus) ထနိး်သမ်ိးမ�ြပ�လ�ပ်သည်
အလနွည်��ိ �ငိး်�ပီး၊
တည�်ငမ်ိေသာဓာတ�ပစ�ညး်များ��င့ခ်��ာကိ�ယစ်နစ်များ
အတငွး်အရညပ်တဝ်နး်ကျင၌်��ပ်ပိ�ငး်ဆိ�ငရ်ာအေြခအေနများ
ခ��ာကိ�ယဆ်လဲမ်ျားကိ�သ�တသ်ငေ်ပးေသာအရာြဖစ်သည်

ေဟာ်မ�န်း ဆိ�သညမ်�ာတာေဝးဓာတ�ဖျနေ်ြဖသ�ြဖစ်သည်
endocrine ဂလငး်မ�ေသးွထသဲိ�လ့�ိ� � ၀ ◌�ကသ်ည။်
၎ငး်သည၎်ငး်၏ပစ်မ�တဆ်လဲမ်ျားသိ�ပိ့�ေ့ဆာငသ်ည်

ေဟာ်မ�န်းတံ� ့ြပန်မ�ြဒပ်စင ်(HRE) သညသ်းီြခားြဖစ်သည်
ေပးထားေသာ steroid hor အတကွ ်DNA ေပ�တငွပ်�းတွထဲားေသာေနရာ
mone ��င့၎်ငး်၏ nuclear receptor

host cell A ဗိ�ငး်ရပ်စ်သညခ်��ာကိ�ယမ်�ဆလဲမ်ျားြဖစ်သည်

HRE ေဟာ်မ�နး်တံ� ့ြပနမ်� ကိ��ကည့ပ်ါ

လ� ့ chorionic gonadotropin (hCG) (ko¯-re¯-
ON-ik go¯-nad´-uh-TRO¯ -pin) ေဟာ်မ�နး်ကိ�ထ�တလ်�တသ်ည်
လ�ံ�ေဆာ်ေပးေသာဖံွ� �ဖိ�းဆအဲကျိတေ်�ကာင့်
ကိ�ယဝ်န၏် corpus luteum ကိ�ထနိး်သမ်ိးေပးသည်

ဟိ�ကဒ်�ိ�ဂျငအ်ိ�ငး်ယန်ွး ( H ) သည ်disation တစ်ခ�၏ cationic အစိတအ်ပိ�ငး်ြဖစ်သည။်
sociated အကဆ်စ်

hydrolysis (hı¯-DROL-uh-sis) ၏အစာေချဖျကြ်ခငး်
a ကိ�ေရထပ်ထည့ြ်ခငး်ြဖင့အ်ာဟာရေမာ်လကီျ�း
ေငေွချးစာချ�ပ်

ေသးွတိ�းေရာဂါ (hı¯´-pur-TEN-chun) ေရ��ညတ်ညတ်ံြ့ခငး်၊
သာမနထ်ကပိ်�ေသာေသးွလ�တေ်�ကာဖိအား

hypertonic solution (hı¯´-pur-TON-ik) အေြဖတစ်ခ�ြဖစ်သည်
ပံ�မ�နခ်��ာကိ�ယထ်က ်osmolarity ပိ�များသည်
အရည;် ပံ�မ�နထ်ကပိ်�အာ�ံ�စိ�ကသ်ည်

hypertrophy (hı¯-PUR-truh-fe¯) အရွယအ်စားကိ�ြမင့တ်ကေ်စသည်
အရွယအ်စား�ကးီထာွးမ�၏ရလဒအ်ြဖစ်အဂ� ါအစိတအ်ပိ�ငး်တစ်ခ�
၎ငး်၏ဆလဲမ်ျား

hyperventilation အသက�်��ြခငး်; ��နး်ကဘယေ်တာလ့ဲ
ေလ ၀ ငေ်လထကွသ်ညခ်��ာကိ�ယဇီ်ဝြဖစ်စ�၏ပိ�လ�ံေနသည်
CO များအတကွလ်ိ�အပ်ချကမ်ျားကိ� 2 ဖယ�်�ားေရး

hypophysiotropic ေဟာ်မ�န်းများ (hi-PO¯ -fiz-e¯-oh-TRO-
pik) ၎ငး်သည ်hypothalamus မ�ထ�တလ်�တေ်သာေဟာ်မ�နး်များြဖစ်သည်
anterior pituitary ေဟာ်မ�နး်များထ�တလ်�တမ်�ကိ�ထနိး်ည�ေိပးသည။်
ေဟာ်မ�နး်ထ�တလ်�တြ်ခငး် ��င့ ်ေဟာ်မ�နး်ဟန ့တ်ား ြခငး်ကိ�လညး်�ကည့ပ်ါ

hyposecretion ေဟာ်မ�နး်တ မျိ�းမျိ�း အလနွန်ညး်သည်
လ�ိ� � ဝ�ကထ်ားသည်

hypotension (hı¯-po¯-TEN-chun) ေအာကတ်ငွတ်ညတ်ံသ့ည၊်
ပံ�မ�နေ်သးွလ�တေ်�ကာဖိအား

hypothalamic-hypophyseal ေပ�တယစ်နစ ်(hı¯-po¯-
thuh-LAM-ik hı¯-po¯-FIZ-e¯-ul) ေသးွေ�ကာများ
hypothalamus ��င့ ်anterior အ�ကားဆွေဲဆာငမ်�
pituitary gland ကိ�ပစ်ရန�်�င့ပိ်�ေ့ဆာငရ်နသ်ံ�းသည်
hypophysiotropic ေဟာ်မ�နး်

hypothalamus (hı¯´-po¯-THAL-uh-mus) ဦး ေ��ာက်
များစာွထနိး်ည�ေိပးေသာ thalamus ေအာက�်�ိေဒသ
ကဲသ့ိ�ေ့သာအတငွး်ပိ�ငး်အရညပ်တဝ်နး်ကျင၏်သငွြ်ပငမ်ျား
ေရ��င့ဓ်ာတဆ်ားမ�ေြခ��င့အ်စားအစာစားသံ�းမ�၊ တစ်ခ�လညး်ြဖစ်
autonomic nervous �ကားဆကစ်ပ်မ�သညအ်ေရး�ကးီသည်
စနစ်��င့ ်endocrine စနစ်

hypotonic solution (hı¯´-po¯-TON-ik) အေြဖတစ်ခ�
ပံ�မ�နခ်��ာကိ�ယထ်က ်osmolarity နညး်သည်
အရည;် ပံ�မ�နထ်ကပိ်�မိ�ေပျာေ့ပျာငး်သည်

hypoventilation အသက�်��; ေလ ၀ ငေ်လထကွေ်ကာငး်မနွြ်ခငး်
O 2 ေပးပိ� ့ မ�အတကွဇီ်ဝြဖစ်စ�လိ�အပ်ချကမ်ျားကိ�ြဖည့ဆ်ညး်ရနည်မီ�သည်
��င့ ်CO 2 ဖယ�်�ားေရး

hypoxia (hı¯-POK-se¯-uh) ဆလဲ ်၂ တငွ ်လံ�ေလာကေ်သာ O 2

lular အဆင့်

ငါတးီတဲ ့light band ေတထွကဲတစ်ခ�ကိ� ငါတးီ တယ်
dark (A) တးီဝိ�ငး်များသည ်striated အသငွအ်ြပငက်ိ�ဖနတ်းီသည်
skeletal or cardiac muscle fibre လ�ပ်တဲအ့ခါအဒဲအီမ�ငေ်တပွါတယ်
အလငး်အားအဏ��ကည့မ်�နြ်ဖင့�်ကည့သ်ည်

ICF တငွ ်intracellular fluid ကိ��ကည့ပ်ါ

IGF သည ်အငဆ်�လငက်ဲသ့ိ� ့�ကးီထာွး��နး် ကိ��ကည့ပ်ါ

ကိ�ယခံ်အားေစာင့�်ကည့ ်ြခငး်အသအိမ�တြ်ပ�ြခငး်��င့ဖ်ျကဆ်းီြခငး်
ခ�ခမံ�အားြဖင့အ်သစ်ြဖစ်ေပ�လာေသာကငဆ်ာဆလဲမ်ျားြဖစ်ေပ� ြခငး်
စနစ်

ခ�ခံအားစနစ ်ခ�ခ�ံိ�ငမ်� (သိ�)့ ဖယ�်�ားရနခ်��ာကိ�ယ၏်စမ်ွးရည်
အ��ရာယြ်ဖစ်ေစ�ိ�ငသ်ည့�်ိ�ငင်ြံခားပစ�ညး်များသိ�မ့ဟ�တပံ်�မ�နမ်ဟ�တေ်သာအရာများ
ဆလဲမ်ျား
immunoglobulins (im´-u¯-no¯-GLOB-yu¯-lunz)
ပဋပိစ�ညး်; gamma globulins

impermeable အထ�းသြဖင့ြ်ဖတသ်နး်ခငွ့က်ိ� တားြမစသ်ည်
plasma အေြမ�းပါးမ�တဆင့ပ်စ�ညး်

စာမျက�်�ာ ၁၅

implantation ေပါကက်ွမဲ�ကိ� blastocyst ထသဲိ� ့ ထည့သ်ငွး်ြခငး်
endometrial အေြမ�းပါး

ပါဝငြ်ခငး် သိ�ေလ�ာငထ်ားေသာအမ်ိေထာငဖ်က၏်မတည�်မဲေသာအစ�လိ�ကအ်ြပံ�လိ�က်
ဆလဲတ်စ်ခ�တငွ ်glygogen သိ�မ့ဟ�တ ်triglycerides (အဆ)ီ ကဲသ့ိ� ့ rial

incretin ေဟာ်မ�နး်သညအ်စာေြခလမ်းေ�ကာငး်မ�ထ�တလ်�တသ်ည်
၎ငး်သညပ်နက်ရိယမ�အငဆ်�လငထ်�တြ်ခငး်ကိ�လ�ံ�ေဆာ်ေပးသည်

indoleamine မ�ဆငး်သကလ်ာေသာ amine ေဟာ်မ�နး်အမျိ�းအစားြဖစ်သည်
အမိ�င�်ိ�အကဆ်စ် tryptophan မ�ထ�တလ်�တသ်ည်
pineal ဂလငး်

ေရာငရ်မ်းြခငး် ၊ ေမးွရာပါ၊ မထ�းြခားေသာစီးရီး
အလနွဆ်ကစ်ပ်ေနေသာအြဖစ်အပျကမ်ျား၊ အထ�းသြဖင့ ်neu ပါဝငေ်သာ
trophils, macrophages ��င့ြ်ပညတ်ငွး်ေသးွေ�ကာဆိ�ငရ်ာအေြပာငး်အလမဲျား၊
�ိ�ငင်ြံခားရငး်��းီြမ��ပ်��မံ�များကိ�တံ� ့ြပနရ်နလ်�ပ်��ားေနေသာ
sion (သိ�)့ တစ်သ��းများပျကစီ်းြခငး်

ဆလဲအ်တငွး်သိ� ့ ၀ ငေ်ရာက ်ေရွ�လျားမ�
Inhibin (in-HIB-un) မ�ထ�တလ်�တေ်သာေဟာ်မ�နး်တစ်မျိ�းြဖစ်သည်
ေဝ�းေစ၏့ Sertoli ဆလဲမ်ျားသိ�မ့ဟ�တသ်ားအမ်ိ follicles များြဖင့်
၎ငး်သည ်FSH secretion ကိ�ဟန ့တ်ားသည်

ေဟာ်မ�န်းကိ�ဟန ့်တားေသာ A hypothalamic hormone
၎ငး်သညအ်ထ�းသြဖင့ ်anterior ၏လ�ိ�� ဝ�ကခ်ျကက်ိ�တားဆးီသည်
pituitary ေဟာ်မ�နး်

inhibitory postsynaptic အလားအလာ (IPSP) (po¯st´-
si-NAP-tik) ၏ hyperpolarization အနညး်ငယ်
neurotrans- တံ� ့ြပနမ်�အတကွ ်postsyn aptic အေြမ�းပါး
mitter binding သညအ်ေြမ�းပါးကိ�အေဝးသိ�ေ့ရွ �ေစသည။်
တခံါးခံ�မ�

inhibitory synapse (SIN-aps´) ဟ�ေသာ Synapse ြဖစ်သည်
neurotranspages မ� postsynaptic neuron ၏တံ� ့ြပနမ်�
mitter ထ�တလ်�တမ်�သညေ်သးငယေ်သာ hyperpolarization ြဖစ်သည်
postsynaptic အေြမ�းပါး, အေြမ�းကိ�ေရွ�လျား
တခံါးခံ���င့ပိ်�ေဝးသည်

ပငက်ိ�ယခံ်စမ်ွးအားတံ� ့ြပန်မ� ကိ�ယသ်ေဘာအရကာကယွေ်ရးြပနလ်ည်
�ိ�ငင်ြံခားရငး်��းီြမ��ပ်��မံ�များကိ�မေရွးချယဘ်ကဲာကယွေ်ပးသည်
(သိ�)့ ကန ဦး ထေိတွ� မ�တငွပံ်�မ�နမ်ဟ�တေ်သာအရာများ၊
ေရာငရ်မ်းြခငး်၊ interferon၊ သဘာဝလ�သတဆ်လဲ ်များကိ�လညး်�ကည့ပ်ါ ။
��င့ ်ြဖည့စ်ကွစ်နစ်

မသန ့်��ငး်ေသာ အရာများကိ�ရည�်�နး်သည။်
tain ကာဗွန;် အသကမ်��ိေသာအရငး်အြမစ်များမ�

intercostal �ကကသ်ားများ (int-ur-KOS-tul) �ကကသ်ားများ
န�ိံ�းများ�ကားတငွတ်ည�်�ိသည။် ြပငပ်ဆကဆ်ေံရး ကိ�လညး်�ကည့ပ်ါ။
tal �ကကသ်ားများ ��င့ ်အတငွး်ပိ�ငး် intercostal �ကကသ်ားများ

interferon (in´-tur-FE¯R-on) ဓာတ�ပစ�ညး်တစ်မျိ�းထကွလ်ာသည်
ဗိ�ငး်ရပ်စ်ကိ�ကျ�းေကျာ် ၀ ငေ်ရာကေ်သာဆလဲမ်ျားမ�မပါ ၀ ငပ်ါ
ဗိ�ငး်ရပ်စ်က�းစကမ်�ကိ�ခ�ခကံာကယွြ်ခငး်ြဖင့ခ်ဏတာ�ကားြဖတြ်ခငး်
တ�ညေီသာသိ�မ့ဟ�တမ်သကဆ်ိ�ငေ်သာ vi ၏ပံ�တ�ပာွးြခငး်ြဖင့်
အြခား host cell များတငွ ်ruses များ

�ကားခံဇီြဝဖစြ်ခငး် စ�ေပါငး် ပါဝငမ်�
ဆလဲမ်ျားပါဝငေ်သာ tracellular ဓာတ�တံ� ့ြပနမ်�များ
ဓာတေ်ရာငြ်ခညြ်ဖာြခငး်၊ ေပါငး်စပ်ြခငး်��င့ေ်သးငယေ်သာအသငွေ်ြပာငး်ြခငး်
အာဟာရေမာ်လကီျ�းများ; fuel metabolism ဟ�လညး်ေခ�သည်

အလယအ်လတအ်မ�ငတ်န်း Threadlike cytoskeletal el-
အစိတအ်ပိ�ငး်များတငွဖဲွ်�စညး်ပံ�ဆိ�ငရ်ာအခနး်ကဏ��ပါဝငေ်သာအစိတအ်ပိ�ငး်များ
ဆလဲမ်ျားသညစ်ကပိ်�ငး်ဆိ�ငရ်ာဖိအားများ��င့ရ်ငဆ်ိ�ငရ်သည်

ခ��ာကိ�ယအ်တငွး် အရညဓ်ာတမ်ျား
ပလာစမာပါဝငေ်သာဆယလ်�လာပတဝ်နး်ကျင်
interstitial fluid ��င့ ်homeostat ြဖစ်ရမည။်
ဆလဲမ်ျားကိ�အသက�်�ငသ်နေ်စရနအ်ထ�းထနိး်သမ်ိးထားသည။်
၎ငး်��င့ဖ်လ�ယမ်�ကိ�တညတ်ံေ့စသည်

internal intercostal �ကကသ်ား Expiratory �ကကသ်ား
ကျံ� � ြခငး်ကန�ိံ�းများကိ�ေအာကသ်ိ�ဆ့ွခဲျသည်
ထိ�ေ့�ကာင့အ်တငွး်ပိ�ငး် thoracic အရွယအ်စားကိ�ေလ�ာခ့ျေပးသည်
ဂလိ�င်

အတငွး်ပိ�ငး်အသက�်� ြခငး် intracellular metabolic
၎ငး်ကိ� mitochondria အတငွး်၌လ�ပ်ေဆာငသ်ည်
O 2 ကိ� သံ�း၍ ထ�တယ်�ချိနတ်ငွ ်CO 2 ကိ� ထ�တလ်�ပ် သည်
အာဟာရေမာ်လကီျ�းများမ�စမ်ွးအင်

အတငွး်ပိ�ငး်အလ�ပ် ဇီဝစမ်ွးအငပံ်�စံေဟာငး်များ
စကပိ်�ငး်ဆိ�ငရ်ာအလ�ပ်မ�ပီးေသာ penditure
ခ��ာကိ�ယအ်ြပငဘ်က်

အတငွး်၌လံ�းလံ�းလျားလျားတည�်�ိေသာ interneuron Neuron
ဗဟိ�အာ�ံ�ေ�ကာစနစ်��င့အ်ာ�ံ�ေ�ကာအတကွအ်ေရး�ကးီသည။်
အရံအချကအ်လကမ်ျားအတကွအ်ရံပစ�ညး်တံ� ့ြပနမ်�ဆနခ်ါ
စိတက်�း��င့စိ်တ� ဇြဖစ်စ�များအတကွ်
"စိတ"် နဲစ့ားတယ်

interstitial အရည ်(in´-tur-STISH-ul) သညေ်ဝစ�ြဖစ်သည်
ပတ ်၀ နး်ကျင�်�င့ေ်ရချိ�းေသာ extracellular အရညမ်ျား
ခ��ာကိ�ယ�်�ိဆလဲအ်ားလံ�း

isotonic contraction �ကကသ်ားကျံ� � ြခငး်
�ကကသ်ားတငး်အားသည�်ကကသ်ားကဲသ့ိ�အ့�မဲတညသ်ည။်
cle fiber သညအ်��ညေ်ြပာငး်သည်

isotonic solution (ı¯´-so¯-TON-ik) ��င့အ်တ�အေြဖတစ်ခ�
osmolarity သညသ်ာမနခ်��ာကိ�ယအ်ရညမ်ျား��င့တ်�ညသီည်

juxtaglomerular ယ��ရား (juks´-tuh-glo¯-MER-
you-lur) အထ�းြပ�ေသးွေ�ကာ��င့အ်စ�အေဝး
bular cells များတကေ်နေသာကိ�ယလ်ကအ်ဂ� ါ၏အမ�တတ်ငွ်
Henle ၏ loop သညဖဲွ်�စညး်ထားေသာလမ်းဆံ�လမ်းခကွိ�ြဖတသ်ာွးသည်
afferent ��င့ ်efferent arterioles တိ� ့ြဖင့တ်�ညသီည်
ေကျာကက်ပ်၌ nephron

juxtamedullary nephron (juks´-tuh-MED-you-
lair-ee) ေကျာကက်ပ်၌ glomeruli တညေ်သာ Nephron များ
medulla ေဘးတငွ ်cortex ��ိ�ပီး��ညလ်ျားေသာကငွး်များ��ိသည်
Henle သည ်medulla ထသဲိ�န့က�်� ိငး်စာွကျဆငး်သာွးသည။် တညေ်ထာငပ်ါ
medullary ေဒါငလ်ိ�က ်osmotic gradient

keratin (CARE-uh-tin) ၌ေတွ�ရေသာပ�ိ�တငး်ဓာတ်
၎ငး်ကိ�ေပးေသာအေရြပားဆလဲမ်ျားတငွအ်လယအ်လတအ်မ�ငမ်ျား
အသားအေရကိ��ကံ့ခိ�ငေ်စ�ပီးေရစိ�ခ�ံိ�ငေ်သာအြပငဘ်ကက်ိ�က�ညေီပးသည်
အလ�ာ

killer (K) cells ဆလဲမ်ျားသညပ်စ်မ�တက်ိ�ဖျကဆ်းီေသာဆလဲမ်ျားြဖစ်သည်
၎ငး်ကိ�အကာအကယွ ်ြပ�၍ antibodies များြဖင့ဖံ်�းအ�ပ်ထားသည်
အေြမ�းပါး

kinesin (kı¯-NE¯´-sin) ေမာ်လကီျ�းေမာ်တာြဖစ်သည်
microtubular တစ်ေလ�ာက ်secretory vesicles များကိ�သယေ်ဆာငသ်ည်
neuronal axons အတငွး်လမ်းမ�ကးီအား“ လမ်းေလ�ာကြ်ခငး်” ြဖင့ေ်လ�ာကပ်ါ
microtubule ြဖစ်သည်

�ိ�တ့ိ�က ်မိခင ်�ိ�တ့ိ�ကေ်က�းြခငး်
ဂလငး်

အသအံိ�း (လာရီ-စီဘ)ီ က en- မ�ာ "စကားသကံိ�ေသတ� ာ"
ေလ�ပန၏် trance; အသ�ံက�ိးများပါ ၀ ငသ်ည်

lateral inhibition ဟ�ေသာအရာသည်
အလနွြ်ပငး်ထနေ်သာ activated signal လမ်းေ�ကာငး်လမ်းေ�ကာငး်မ�ဆငး်သကလ်ာသည်
လ�ံ�ေဆာ်မ�တစ်ခ�ရဲအ့လယဗ်ဟိ�ကေနေလျာန့ညး်ေအာငတ်ားဆးီေပးပါတယ်
အားြဖင့အ်နားစနွး်ေနရာများမ�စိတလ်�ပ်��ားစရာလမ်းေ�ကာငး်များ
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Translating...

ဂျီ -၈ ခကဆ်စ်

inositol trisphosphate (IP 3 ) မ�ီဝဲထားေသာအစိတအ်ပိ�ငး်တစ်ခ�phosphatidylinositol bisphosphate (PIP 2 ) မ�
Ca 2 sec ကိ�စ�စညး်ေပးေသာ plasma အေြမ�းပါး
ond messenger system သည ်binding တစ်ခ�၏တ�န ့ြ်ပနမ်�ြဖစ်သည်
extracellular (ပထမ) messenger မ� G-protein cou-
ဂတလိကခ်သံ�

မယံ��ကည�်ိ�ငေ်သာဆံ�း�� ံးမ� လ�တစ် ဦး ၏ေရဓာတဆ်ံ�း�� ံးြခငး်
အဆ�တ ်(သိ�)့ မစိ�စတွေ်သာအေရြပားမ�သတမိြပ�မိပါ

လ�ံ�ေဆာ်မ� အသက�်�သံ

လ�ံ�ေဆာ ်ေပးေသာ �ကကသ်ားများ (skeletal �ကကသ်ားများ)
ကျံ�� ြခငး်ကတငပ်ါးဆံ�တငွး်ကိ�ပိ�ကျယေ်စတယ်
အဆ�တခ်ျဲ�ထငွြ်ခငး်��င့ေ်လထသဲိ�ေ့ရွ �လျားြခငး်အေ�ကာငး်
ေလထ�ထကဲအဆ�တ်

အငဆ်�လင ်(IN-suh-lin) သညပ်နက်ရိယေဟာ်မ�နး်ြဖစ်သည်
ဂလ�းကိ�စ့်၊ ဖကတ်းီအကဆ်စ်��င့ေ်သးွအဆင့က်ိ�ကျဆငး်ေစသည်
အမိ�င�်ိ�အကဆ်စ်များ��င့၎်ငး်တိ�၏့သိ�ေလ�ာငမ်�ကိ�အားေပးသည်

insulin-like growth factor (IGF) သည ်ထပ်တ�ကျသည်
somatomedins ��င့အ်တ� ; အသညး်မ�ထ�တလ်�တေ်သာေဟာ်မ�နး်
(သိ�)့ ပစ်မ�တဆ်လဲမ်ျားသိ�တ့ိ�က�ိ်�ကလ်�ပ်ေဆာငေ်သာအြခားတစ်သ��းများ
တိ�းတကမ်���နး်ြမ�င့တ်င;် IGF-I ကိ�တံ� ့ြပနရ်နလ်�ိ� � ဝ�ကသ်ည်
�ကးီထာွးေဟာ်မ�နး်��င့ ်IGF-II တိ�သ့ညသ်းီြခားလ�ပ်ေဆာငသ်ည်
�ကးီထာွးေဟာ်မ�နး်

ေပါငး်စညး်မ� အားသာချကက်ိ�ဆံ�းြဖတေ်သာေဒသ
afferent input ကိ� processing အေပ�အေြခခသံည။် လညး်
control center ဟ�ေခ�သည်

integument (in-TEG-yuh-munt) အေရြပား��င့်
တယွဆ်ကတ်စ်သ��းများ

intercalated cells ဆလဲမ်ျားသည ်distal ��င့စ်�ေဆာငး်သည်
ေကျာကက်ပ်၏ tubules များသညေ်ကျာကက်ပ်ထနိး်ချ�ပ်မ�အတကွအ်ေရး�ကးီသည်
အကဆ်စ်-အေြခခမံ�ေြခ

အတငွး်ပိ�ငး် alveolar ဖိအား (in´-truh-al-VE¯-uh-lur)alveoli အတငွး်ဖိအား

intracellular အရည ်(ICF) အဆိ�ပါအရညစ်�ေပါငး်
ခ��ာကိ�ယရဲ်ဆ့လဲအ်ားလံ�းထမဲ�ာပါဝငပ်ါတယ်

intrapleural ဖိအား (in´-truh-PLOOR-ul)
pleural sac အတငွး်ဖိအား

ပငက်ိ�ယထ်န်ိးချ�ပ်မ�များ ြပညတ်ငွး်ထနိး်ချ�ပ်မ�ယ��ရားများတငွ်
အဂ� ါတစ်ခ�သိ�ေ့ရာကသ်ည်

ပငက်ိ�ယအ်ချက ်A ေနြဖင့သ်ိ�ေလ�ာငထ်ားေသာအထ�းအရာြဖစ်သည်
အစာအမ်ိ၏ parietal ဆလဲမ်ျားစ�ေဝးရာြဖစ်ရမည။်
ဗီတာမင ်B, ��င့အ်တ� bined 12 ab- ြဖစ်ဖိ�ဒ့ဗီီတာမငမ်ျားအတကွ်
အ�မ�စ�ပ်ယ�; ချိ� �တဲြ့ခငး်သည ်perni ကိ�ြဖစ်ေစသည။်
ေသးွအားနညး်ေရာဂါ

ပငက်ိ�ယအ်ာ�ံ�ေ�ကာ plexuses ဆကသ်ယွမ်�ကနွယ်ကမ်ျား
အစာေြခလမ်းေ�ကာငး်နရံံ��ိအာ�ံ�ေ�ကာအမ�ငမ်ျား

ဆ��မပါေသာ�ကကသ်ားသည�်ကကသ်ားများ အတငွး်သိ� ့ ၀ ငလ်ာသည။်
tonomic အာ�ံ�ေ�ကာစနစ်သညအ်သအံတိ�းအကျယ�်�င့မ်သကဆ်ိ�ငပ်ါ
tary ထနိး်ချ�ပ်မ�; ��လံ�း��င့ေ်ချာေမွ� �ကကသ်ား

အိ�ငး်ယန်ွး တစ်ခ�သိ�မ့ဟ�တတ်စ်ခ�ထကပိ်��ပီးရ��ိေသာသိ�မ့ဟ�တဆ်ံ�း�� ံးသာွးေသာအကတ်မ်
၎ငး်၏အလီကထ်ရွနမ်ျားြဖစ်ေသာေ�ကာင့လ်�ပ်စစ်ဓာတမ်မ�တပါ

IP 3 inositol trisphosphate ကိ��ကည့ပ်ါ

IPSP သည ်inhibitory postsynaptic potential ကိ��ကည့ပ်ါ
iris အေရာငြ်ခယထ်ားေသာေချာေမွ� �ကကသ်ား
မျကလ်ံ�း၏အစိတအ်ပိ�ငး်ကိ���တ�်ပီး pupillary အရွယအ်စားကိ�ထနိး်ချ�ပ်သည်

Langerhans က�န်းစ�များ (LAHNG-er-honz)
docine သညလ်�ိ� � ဝ�ကေ်သာပနက်ရိယ၏အစိတအ်ပိ�ငး်ြဖစ်သည်
ေသးွထသဲိ�အ့ငဆ်�လင�်�င့ ်glucagon ေဟာ်မ�နး်များ

isometric contraction (ı¯´-so¯-MET-rik) �ကကသ်ားတစ်ခ�
�ကကသ်ားတငး်အားဖံွ� �ဖိ�းလာသည့အ်ခါကျံ� � ြခငး်
�ကကသ်ားအ��ည်

အာ�ံ�ခအံတငွး်ပိ�ငး်၌ေဘးတိ�ကတ်ားဆးီဆကသ်ယွမ်�များလမ်းေ�ကာငး်များ

ေဘးတိ�ကအ်တိမ်ျား a ၏တိ�းချဲ� saclike ေဒသများ
�ကကသ်ားမ�င၏် sarcoplasmic reticulum; သမ်ိး�ပီးြပန်
ကယလ်စီယမ်ဓာတက်ိ�င�ားရမ်းြခငး်ြဖင့အ်စပျိ�းရာတငွအ်ဓိကအခနး်ကဏ��ပါ ၀ ငသ်ည်
�ကကသ်ားကျံ� �

law of mass action ၏တစ်ခ�အပါအ ၀ ငြ်ဖစ်သည်
ေြပာငး်ြပနတ်ံ� ့ြပနမ်�တငွပ်ါဝငေ်သာဓာတမ်ျားသည်
တံ� ့ြပနမ်�သညဆ်န ့က်ျငဘ်ကဘ်ကသ်ိ� ့ ဦး တညသ်ာွးသည၊်
site side ��င့ ်sub- များထမဲ�တစ်ခ�၏အာ�ံ�စ�းစိ�ကမ်�၊
ရပ်တညခ်ျကမ်ျားေလျာက့ျသာွးသည၊် တံ� ့ြပနမ်�သည ်ဦး တညသ်ာွးသည်
အဒဲဘီက်

ယိ�စမ့်ိေသာလမ်းေ�ကာငး်များ Unregulated, ungated channels that
အချိနတ်ိ�ငး်ဖွင့ေ်န�ကတယ်

ဘယဘ်က ်ventricle ေသးွည�စ်ထ�တေ်သာ��လံ�းအခနး်
systemic လညပ်တမ်�ထသဲိ� ့

အ��ည-်တငး်မာမ��ကားဆကဆ်ေံရး ဆကဆ်ေံရး be-
စတငြ်ခငး်တငွ�်ကကသ်ားမ�ငတ်စ်ခ�၏အ��ညက်ိ� tween လ�ပ်ပါ
ကျံ� � �ိ�ငအ်ား��င့အ်မ�ငဓ်ာတရ်��ိ�ိ�ငသ်ည်
ေနာကဆ်ကတ်ွေဲမးခိ�ငက်ျံ� � ြခငး်တငွ်

မ�န်ဘလီ�းမျကလ်ံ�း ၏ပငွ့လ်ငး်ေသာ biconvex ဖဲွ�စညး်ပံ�
၎ငး်သညေ်ကးွေသာအလငး်ေရာငြ်ခညမ်ျား��င့သ်�၏အစမ်ွးသတ� ကိိ�အလငး်ယိ�ငေ်စသည်
အြမငအ်ာ�ံ�အတကွလ်ိ�ကေ်လျာညေီထြွဖစ်ေအာငခ်ျိနည်��ိိ�ငသ်ည်
ကွြဲပားြခားနားေသာအကာွအေဝး

leptin သည ်adipose တစ်သ��းမ�ထ�တလ်�တေ်သာေဟာ်မ�နး်ြဖစ်သည်
၎ငး်သညေ်ရ��ညထ်နိး်ည�မိ�တငွအ်ဓိကအခနး်ကဏ��ပါဝငသ်ည်
hypothalamus ကိ�လ�ပ်ေဆာငရ်နခ်��ာကိ�ယအ်ေလးချိန်
အစာစားချငစိ်တက်ိ���ပ်ိပါ

leukocytes (LOO-kuh-sı¯ts) ေသးွြဖ�ဥများ၊
၎ငး်သညခ်�ခအံားစနစ်၏မိ�ဘိ�ငး်ကာကယွေ်ရးြဖစ်သည်
ယ�နစ်

စာမျက�်�ာ ၁၆

leukotrienes (loo-ko-TRY-eenz) ေဒသတငွး်ဓာတ�ပစ�ညး်များ
ဖျနေ်ြဖသ�သည ်plasma အေြမ�းပါးမ�ဆငး်သကလ်ာသည်
ပနး်နာရငက်ျပ်ေရာဂါ၏ဖံွ� �ဖိ�းမ�တငွအ်ထ�းအေရး�ကးီသည်

Leydig ဆလဲမ်ျား (LI¯-dig) ၏ interstitial cells များြဖစ်သည်
Testosterone ေဟာ်မ�နး်ကိ�ထ�တေ်ပးေသာေဝ�းေစ့
LH luteinizing ေဟာ်မ�နး် ကိ��ကည့ပ်ါ

LH ြမင့တ်ကြ်ခငး် LH secretion တငွေ်ပါကက်ွသဲည်
သားအမ်ိစကဝ်နး်��င့အ်စပျိ�းြခငး်၏ midcycle တငွ်
မျိ�းဥထကွ်

limbic system (LIM-bik) သညအ်လ�ပ်လ�ပ်�ိ�ငေ်သာအြပနအ်လ�န်
ဝနး်ရံထားေသာ forebrain အေဆာကအ် ဦး ၏လကစ်ပ်ွ
ဦး ေ��ာကသ်ညပ်ငစ်ည�်�င့စိ်တခ်စံားမ�များ��င့သ်ကဆ်ိ�ငသ်ည။်
လ�ထ���ငသ်နမ်���င့လ်�မ�ဆကဆ်ေံရးအြပ�အမ�ပံ�စံများ၊
လ�ံ�ေဆာ်မ���င့သ်ငယ်�မ�

lipase (LIE-payz) သညအ်ဓိကအားြဖင့လ်�ိ� � ဝ�ကထ်ားေသာအငဇိ်�ငး်တစ်ခ�ြဖစ်သည်
ပနက်ရိယ acinar ဆလဲမ်ျားကအဆဓီါတက်ိ�ေချဖျကေ်ပးသည်

lipid emulsion အဆေီသးေသးေလးများကိ�ရပ်ဆိ�ငး်သည်
သညး်ေြခရညဆ်ားများစ�ပ်ယ�ြခငး်ေ�ကာင့ရ်လဒအ်ြဖစ်ခွထဲ�တသ်ည်
သ�တိ�ရဲ့မ့ျက�်�ာြပင်

Henle (HEN-le¯) ၏ပတ ်၀ နး်ကျငမ်�ဆထံိ�းအကငွး်
the proximal ��င့ ်distal tubule �ကားတငွြ်ဖစ်ေပ�ေလ�့�ိသည်
ေကျာကက်ပ်၏ nephron

lumen (LOO-men) တငွး်၏အတငွး်ပိ�ငး်ေနရာ
အဂ� ါသိ�မ့ဟ�တ�်ပန်

luteal အဆင့ ်(LOO-te¯-ul) သားအမ်ိအဆင့်
corpus ��ိေနြခငး်ြဖင့လ်�မ်းမိ�းေသာသသံရာ
luteum

luteinization (loot´-e¯-un-uh-ZA¯-shun) ဖဲွ�စညး်ြခငး်
သားအမ်ိထတဲငွ ်postovulatory corpus luteum တစ်ခ�

luteinizing ေဟာ်မ�န်း (LH) an anterior pituitary
မျိ�းဥထကွြ်ခငး်ကိ�လ�ံ�ေဆာ်ေပးတဲ ့luteinization၊
feest တငွ ်estrogen ��င့ ်progesterone ကိ�ထ�တလ်�တြ်ခငး်
အမျိ�းသားများ��င့ ်testosterone ေဟာ်မ�နး်များထကွြ်ခငး်

lymph ကေန စ�ပ်ယ�တဲ ့interstitial အရည်
lymphatic ေသးွေ�ကာများ��င့ေ်သးွြပနေ်�ကာ sys သိ� ့ြပနသ်ာွးသည။်
tem, တစ်ချိနတ်ညး်မ�ာ lymph node များကိ�ြဖတသ်နး်သည်
ကာကယွေ်ရးရညရွ်ယခ်ျကအ်တကွ်

lymphocytes သည ်ေသးွြဖ�ဥများကိ�ေထာကပံ်ေ့ပးေသာ
သ�တိ�က့သ�တိ��့�ိေနတဲပ့စ်မ�တေ်တကွိ�ခ�ခကံာကယွ�်ိ�ငတ်ယ်
အထ�းစီစ�ေပးထားသည်

lymphoid တစ ်သ��းများထ�တလ်�ပ်သိ�ေလ�ာငေ်သာ တစ�်��းများ
lymphocytes များြဖစ်ေသာ lymph node များ��င့ ်tonsils များ

lysosomes (LI¯-so¯-so¯mz) Organelles တိ�ပ့ါဝငပ်ါသည်
အစမ်ွးထက ်hy- ပါ ၀ ငေ်သာအဖံ�းများပါ ၀ ငေ်သာအတိမ်ျား
drolytic အငဇိ်�ငး်များသညမ်လိ�အပ်ေသာပစ�ညး်ကိ�ဖျကဆ်းီသည်
ဆလဲမ်ျားအတငွး်၌ြဖစ်သည့ြ်ပညတ်ငွး်မ��ိ�ငင်ြံခားမိတ်
rial သိ�မ့ဟ�တဆ်ယလ်�လာအပျကအ်စီးများ

macrophages (MAK-ruh-fa¯js) �ကးီမား�ပီးတစ်သ��းြဖင့ခ်ျညေ်��ာငထ်ားသည်
phagocytes

mast cells ဆလဲမ်ျားသညတ်ယွဆ်ကတ်စ်သ��းများအတငွး်၌တည�်�ိသည်
ကဲသ့ိ� ့ histamine ကိ�ေပါငး်စပ်၊ သိ�ေလ�ာင၊် ထ�တလ်�တသ်ည်
မတည့တ်ံ� ့ြပနမ်�များစ�အတငွး်

ပျမ်းမ� ေသးွဖိအားေသးွေပါင်
ေသးွမ�တဆင့ေ်�� �သိ�ေ့မာငး်��ငရ်နတ်ာဝန�်�ိသညမ်�ာေသချာသည်
ေသးွလ�တေ်�ကာများသည�်�လံ�းတစ်ေလ�ာက�်�ိတစ်သ��းများထသဲိ� ့
သသံရာ; cardiac output �ကမ်ိစ�စ�ေပါငး် peripheral ��င့ည်မီ�သည်
ခ�ခံ

စကပိ်�ငး်ဆိ�ငရ်ာ ကန ့သ်တထ်ားေသာ ချန်နယ ်များဖွင့ ်ေသာချန်နယ ်များ
ဆွဆဲန ့ြ်ခငး် (သိ�)့ အြခားစကပ်စ�ညး်များ��င့တ်ံ� ့ြပနြ်ခငး်
cal ပံ�ပျကြ်ခငး်

mechanoreceptor (meh-CAN-oh-re¯-SEP-tur) သိ�မ့ဟ�တ်
(mek´-uh-no¯-re¯-SEP-tur) အာ�ံ�ခလံကခ်သံ� Sen-
ဆန ့ြ်ခငး် (သိ�)့ ဆွြဲခငး်ကဲသ့ိ�စ့ကပိ်�ငး်ဆိ�ငရ်ာစမ်ွးအငက်ိ�ထိ�ငပ်ါ

�ကကသ်ားများ��င့ထ်နိး်ည�မိ�အတကွအ်ေရး�ကးီေသာ input ကိ�လကခ်သံည်
ေလ ၀ ငေ်လထကွပ်မာဏ

megakaryocyte အ�ိ�း�ိ� းတငွး်ြခငဆ်ဆီလဲ�်ကးီများ
၎ငး်သည၎်ငး်၏အြပငဘ်က�်�ိေသးွမ� platelets များကိ�သနွပ်စ်သည်
အနား

meiosis (mı¯-o¯-sis) သည ်chro ပါ ၀ ငေ်သာဆလဲခ်ွြဲခငး်
mosomes ပံ�တ�ပာွး�ပီးေနာက�်ျ�ကလးီယားခွထဲ�တမ်���စ်ခ�
ခ�ိ�မိ�ဇ�နး်တစ်ြခမ်းသာကွသဲည။်
သမီးဆလဲအ်သစ်ေလးလံ�းအတကွဂ်�ဏြ်ပ�သည်

melanocyte-လ�ံ�ေဆာ်ေဟာ်မ�န်း (MSH) (mel-
AH-no¯-sı¯t) �ကားခမံ�ထ�တလ်�ပ်ေသာေဟာ်မ�နး်
ေကျာ�ိ�း��ိသတ� ဝါများတငွ ်pituitary ၏ diate lobe ��ိသည်
ဤအရာများတငွဖံ်�းကယွထ်ားေသာအသားအေရာငက်ိ�ထနိး်ည�ေိပးသည်
မျိ�းစိတ;် လ�သားများအား paracrine တစ်ခ�အေန��င့လ်�ိ� � ဝ�ကထ်ားသည်
hypothalamus သညအ်စားအစာစားသံ�းမ�ကိ�ထနိး်ချ�ပ်ရန�်�င့ ်ke-
အေရြပားတငွ ်ratinocytes များပျံ�လငွ့ြ်ခငး်ကိ�ထနိး်ချ�ပ်ရန်
ေနေလာငေ်နစ� melanocytes မ� anin granules

melatonin (mel-uh-TO¯-nin) ေဟာ်မ�နး်ကိ�ထ�တလ်�တသ်ည်
အေမ�ာငထ်တဲငွအ်က�အညြီဖစ်ေစေသာ pineal gland မ�တဆင့်
ခ��ာကိ�ယရဲ်ဇီ့ဝသစံ�ေတကွိ�အြပငက်ိ�ေလက့ျင့ပ်ါ။
အလငး်/အေမ�ာငအ်ချကမ်ျား

membrane တိ�ကခိ်�ကြ်ခငး်�� ပ်ေထးွေသာ A စ�အေဝး
ြဖည့စ်ကွမ်�၏ေနာကဆ်ံ�းလ�ပ်ေဆာငခ်ျကအ်စိတအ်ပိ�ငး်ငါးခ�
porelike channel တစ်ခ�ြဖစ်ေအာငေ်ပါငး်စညး်ေပးတဲစ့နစ်
ကျ�းေကျာ် micro- ၏ plasma အေြမ�းပါး၌
သက�်�ိများမ�ြဖစ်ေပ�လာေသာယိ�စိမ့်မ���င့အ်တ�
ကျ�းေကျာ်ဖျကဆ်းီြခငး်

membrane ြဖစ�်ိ�ငေ်ချ A စွဲချကက်ိ�ခွြဲခားသည်
အေြမ�းပါးကိ�ြဖတ�်ပီး; အ��တ၏်အနညး်ငယပိ်�လ�ံသည်
ပလာစမာ၏အတငွး်ဘကတ်စ်ေလ�ာကတ်ငွစ်ွဲချကမ်ျား
အေြမ�းပါး��င့အ်နညး်ငယပိ်�လ�ံ၏ကွကဲာွ
အြပငဘ်ကတ်ငွအ်ြပ�သေဘာေဆာငေ်သာစွဲချကမ်ျား

အသစ်ထ�တလ်�ပ်လိ�ကတ်ဲ ့မ�တဥ်ာဏ်ဆလဲ ်B (သိ�)့ T ဆလဲမ်ျား
microbial ကျ�းေကျာ်သ�ကိ�တ�န ့ြ်ပနေ်သာ်လညး်ထိ�သိ�မ့ြပ�လ�ပ်ပါ
ခ�ခအံားတ�န ့ြ်ပနမ်�တငွပ်ါ ၀ ငပ်ါ
ကျ�းေကျာ်သ�; အဒဲအီစားသ�တိ�က့ြမံ�ေနဖိ�အ့ဆငသ်င့ြ်ဖစ်ေန�ပီ
လျငြ်မနေ်သာ၊ အစမ်ွးထကေ်သာတိ�ကခ်ိ�ကမ်�မျိ�းကိ�ြပ�လ�ပ်သင့သ်ည်
ေသးငယေ်သာဇီဝသက�်�ိများသညေ်နာငတ်ငွထ်ပ်မံကျ�းေကျာ်သည်

meninges (men-IN-geez) အေြမ�းပါးသံ�းခ���ိသည်
ဦး ေ��ာက�်�င့ေ်ကျာ�ိ�းကိ�ထ�ပ်ပိ�း; အြပငဘ်ကဆ်ံ�းမ�
အတငွး်ဘက၌် dura mater၊ arachnoid mater ��င့်
ပီယာ mater

ရာသစီကဝ်န်း (men´-stroo-ul) စကဝ်နး်
ေဟာ်မ�နး်��င့အ်တ�ပါေသာသားအမ်ိအေြပာငး်အလမဲျား
သားအမ်ိစကဝ်နး်၌ monal အေြပာငး်အလမဲျား

ရာသအီဆင့ ်ရာသစီကဝ်နး်၏အဆင့်
endometrial အပျကအ်စီးများကိ� sloughing ြခငး်ြဖင့သ်ငွြ်ပငလ်က�ဏာ��ိသည်
လငိအ်ဂ� ါမ�တဆင့ေ်သးွများထကွသ်ည်

messenger RNA (mRNA) သညက်�းယ�ေဖာ်ြပသည်
ပ�ိ�ဂရမ်တစ်ခ�၏ေပါငး်စပ်မ�အတကွမ်ျိ�း�ိ� းဗီဇအေသးစိတ်
tein သည ်nuclear DNA မ� cytoplasmic ribo- သိ� ့
အသားဓာတက်ိ�ေပါငး်စပ်ထ�တလ်�ပ်ထားေသာ somes များ

metabolic acidosis (met-uh-bol´-ik) acidosis ြပနြ်ဖစ်ြခငး်၊
ပိ�လ�ံစ�ေဆာငး်ြခငး် မ�လွ၍ဲ အြခားမညသ်ည့အ်ရာမ�မဆိ�
ခ��ာကိ�ယ၌်ကာဗွနန်တိအ်ကစ်စ် (carbonic acid) ပါဝငြ်ခငး်

metabolic alkalosis (al´-kuh-LO¯ -sus) Alkalosis ြဖစ်သည်
noncarbonic acid ၏ေဆမွျိ�းသားချငး်ချိ� �တဲမ့�ေ�ကာင့ြ်ဖစ်သည်

ဇီဝြဖစစ်���န်းသည ်တစ်ယ�နစ်လ�ငစ်မ်ွးအငအ်သံ�းစရိတြ်ဖစ်သည်
အချိန်

metabolism သညြ်ဖစ်ေပ�ေသာဓာတ�တံ� ့ြပနမ်�အားလံ�း
ခ��ာကိ�ယဆ်လဲမ်ျားအတငွး်

micelle (mı¯-SEL) ေရတငွေ်ပျာ်ဝင�်ိ�ငေ်သာေပါငး်စပ်မ�တစ်ခ�ြဖစ်သည်
သညး်ေြခရညမ်ျား၊ lecithin ��င့က်ိ�လကစ်ထေရာများပါ ၀ ငေ်သာ hydro- ဓာတပ်ါ ၀ ငသ်ည။်
philic shell ��င့ ်hydrophobic core; သယေ်ဆာငသ်ည်
ေရတငွမ်ေပျာ်ဝင�်ိ�ငေ်သာအဆမီျားကိ�ေချဖျကေ်ပးေသာအဆြီဖစ်သည်
စ�ပ်ယ��ိ�ငေ်သာေနရာ

ြ ြ ြ

microglia သည ်glial ဆလဲအ်မျိ�းအစားြဖစ်သည်
CNS ၏ခ�ခအံားဆလဲမ်ျား

tubu- ြဖင့ြ်ပ�လ�ပ်ထားေသာ microtubules Cytoskeletal ြဒပ်စငမ်ျား
lin ေမာ်လကီျ�းများကိ���ည၊် သယွ၊်
အချိ�းမညေီသာဆလဲမ်ျားကိ�ထနိး်သမ်ိးရနက်�ညေီသာ�ပနမ်ျား
ပံ�သဏ�မ်ျား��င့�်� ပ်ေထးွေသာဆလဲလ်�ပ်��ားမ�များကိ�ည��ိ �ငိး်ေပးသည်

microvilli (mı¯´-kro¯-VIL-ı¯) Actin- ေတာင့တ်ငး်သည၊်
luminal sur- မ�ေရွ�လျားေနေသာ၊ ဆပံငပံ်�စံခန ့မ်�နး်ချကမ်ျား
အစာေြခလမ်းေ�ကာငး်အတငွး်��ိ epithelial ဆလဲမ်ျား၏မျက�်�ာ��င့်
ေကျာကက်ပ် tubules; မျက�်�ာြပငက်ိ�အလနွတ်ိ�းေစသည်
ဆလဲ၏် lumen ��င့ထ်ေိတွ�ေသာဧရိယာ

micturition (mik-too-RISH-un) သိ�မ့ဟ�တ ်(mik-chuh-
RISH-un) ဆးီအမ်ိစနွ ့ထ်�တြ်ခငး်ြဖစ်စ�၊
ဆးီသာွးြခငး်

�ိ�ထ့�တြ်ခငး်�ိ�ရ့ညမ်� ည�စ်ထ�တသ်ည်
ရငသ်ား၏ alveoli တငွသ်ိ�ေလ�ာငထ်ားသည်
ပတ ်၀ နး်ကျင�်�ိ myoepithelial ဆလဲမ်ျားကျံ� � ြခငး်
alveolus တစ်ခ�စီ
mineralocorticoids (min-uh-rul-o¯-KOR-ti-koidz)
adrenocortical ေဟာ်မ�နး်များတငွအ်ေရး�ကးီသည်
Na ��င့ ်K ချိနခ်ငွလ်�ာ; အဓိကအားြဖင့ ်aldosterone ြဖစ်သည်

mitochondria (mı¯-to¯-KON-dre¯-uh) စမ်ွးအင်
organelles တငွ ်oxidative အတကွအ်ငဇိ်�ငး်များပါ ၀ ငသ်ည်
phosphorylation

mitosis (mı¯ -TO¯ -sis) ဟ�ေသာဆလဲခ်ွသဲည်
ခ�ိ�မိ�ဆ�နး်များသည�်ျ�ကလးီယားမခွမီဲတငွပံ်�တ�ပာွးသည်
သမီးဆလဲ�်�စ်ခ�စီတိ�ငး်သညအ်ြပည့အ်ဝရ��ိသည်
ခ�ိ�မိ�ဇ�နး်များ

mitotic spindle microtubules များကဲသ့ိ� ့
ပံ�တ�ပာွးထားေသာ mitosis ကာလအတငွး်
ခ�ိ�မိ�ဆ�နး်များသညတ်စ် ဦး ��င့တ်စ် ဦး ေဝးကာွသာွး�ကသည။်
ဆလဲခ်ွြဲခငး်မြပ�မီဆလဲ၏်ဆန ့က်ျငဘ်ကမ်ျားကိ�ရပ်ပါ

modality စမ်ွးအငပံ်�စံသညအ်ာ�ံ�ခစံားမ�ြပနလ်ညရ်��ိေစေသာ
ceptors များသညအ်ပ�၊ အလငး်၊ ဖိအား��င့တ်ံ� ့ြပနသ်ည်
ဓာတ�အေြပာငး်အလမဲျား

ေမာ်လကီျ�းေမာ်တာသည ်အထ�းြပ�ပ�ိ�တငး်ေမာ်လကီျ�းြဖစ်သည်
ေ�� �သိ�တ့စ်လ�ည့စီ်ေြပာငး်�ိ�ငေ်သာ“ ေြခဖဝါးများ” ��င့်
ေမာ်လကီျ�းတစ်ခ�အား microtubu တစ်ေလ�ာက“် လမ်းေလ�ာက”် �ိ�ငေ်စြခငး်
lar လမ်းမ�ကးီသညအ်စိတအ်ပိ�ငး်တစ်ခ�မ�က�နပ်စ�ညး်များတငေ်ဆာငသ်ည်
ဆလဲတ်စ်ခ�သိ� ့

ေမာ်လကီျ�းသည ်ဓာတ�ေဗဒပစ�ညး်များြဖင့ဖဲွ်�စညး်သည်
အကတ်မ်များချိတဆ်ကြ်ခငး်၊ ေပးထားေသာဓာတ�၏အေသးငယဆ်ံ�းယ�နစ်
ical ပစ�ညး်

monocytes (MAH-no¯-sı¯ts) သညေ်သးွြဖ�ဥများြဖစ်သည်
ေသးွမ�ေြပာငး်ေ��� ြခငး်၊ ချဲ� ြခငး်၊ ြဖစ်လာြခငး်
macrophages

monosaccharides (mah´-no¯-SAK-uh-rı¯dz) �ိ� း��ငး်ပါသည်
သ�ကား၊ ဂလ�းကိ�စ့်၊ စ�ပ်ယ��ိ�ငေ်သာ di- ယ�နစ်
gested ဘိ�ဟိ�ကဒ်ရိတ်

motility �ကကသ်ားကျံ� � ြခငး်အစာေြခဖျကြ်ခငး်
ေရာစပ်�ပီး luminal ကိ�ေ�� �သိ�တ့နွး်ပိ�ေ့သာလမ်းေ�ကာငး်နရံံ
အေ�ကာငး်အရာများ

ေမာ်တာလ�ပ်ေဆာငခ်ျက ်ခ��ာကိ�ယလ်�ပ်��ားမ�
အ�ိ�း�ကကသ်ားများကျံ� � ြခငး်ြဖင့ြ်ပ�လ�ပ်သည်

ေမာ်တာအဆံ�းပန်းကန်စ ကတိ၏်အထ�းအပိ�ငး်
etal �ကကသ်ားမ�ငသ်ညခ်ျကခ်ျငး်ေအာက၌်တည�်�ိသည်
ေမာ်တာအာ�ံ�ခ၏ံ terminal ခလ�တ�်�င့ ်pos
acetylcholine ြပနလ်ညစ်ညး်ေ��ာငရ်နလ်ကခ်သံည့ေ်နရာများကိ� sesses
terminal ခလ�တမ်�င�ားရမ်းခဲသ့ည်

ေမာ်တာအာ�ံ� ခံဆလဲမ်ျား ကအတငွး်ပိ�ငး်ကိ�စီးဆငး်ေစေသာအာ�ံ�ခမံျား
tal �ကကသ်ား��င့၎်ငး်၏ axons သည ်somatic ဖဲွ�စညး်သည်
အာ�ံ�ေ�ကာစနစ်

ေမာ်တာယ�နစ ်တစ်ခ�မ�ာေမာ်တာအာ�ံ�ခေံပါငး်�ကကသ်ားအားလံ�း
အမ�ငမ်ျားကအတငွး်အားကိ�ေပးသည်

ေမာ်တာယ�နစစ်�ေဆာငး်ြခငး် တိ�းတကေ်သာလ�ပ်ေဆာငခ်ျက်

� ြ � ြ
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ခကဆ်စ် ဂျီ ၉

ေကးွ�ွတသ်ည်medullary အသက�်��လမ်းေ�ကာငး်ဌာန (MED-you-LAIR-e¯)
အတငွး်အာ�ံ�ေ�ကာဆလဲဆ်လဲမ်ျားေပါငး်များစာွ
medulla သညအ်သက�်��လမ်းေ�ကာငး်မ�အစာများထ�တေ်ပးသည်

microfilaments များြဖင့ြ်ပ�လ�ပ်ထားေသာ Cytoskeletal ြဒပ်စငမ်ျား
သြံဖ�ေမာ်လကီျ�းများ (�ကကသ်ား��ိ myosin ေမာ်လကီျ�းများ)
ဆလဲ)်; အမျိ�းမျိ�းေသာဆလဲက်ာကယွမ်�များတငွအ်ဓိကအခနး်ကဏ��ပါ ၀ ငသ်ည။်
tile systems များအတကွ ်mechanical stiffener အြဖစ်ေဆာငရွ်ကသ်ည်
microvilli

�ပီးေြမာကရ်န�်ကကသ်ားမ�င၏်ေမာ်တာယ�နစ်တစ်ခ�တညေ်ဆာကြ်ခငး်contractile strength ၏ gradations ကိ�တိ�းြမ�င့ေ်ပးသည်

mucosa (mew -KO¯ -sah) ၏အတငွး်ဆံ�းအလ�ာ
lumen ကိ�လမ်းေ�ကာငး်ေပးေသာအစာေြခလမ်းေ�ကာငး်

စာမျက�်�ာ ၁၇

ဂျီ ၁၀ ခကဆ်စ်

multiunit smooth muscle ေချာေမွ�ေသာ�ကကသ်ားထ�
လ�ပ်ေဆာင�်ိ�ငေ်သာ discrete units များစာွပါဝငသ်ည်
တစ်ခ���င့တ်စ်ခ�အမ�ီအခိ�ကငး်ရမည်
အလိ�အေလျာကအ်ာ�ံ�ေ�ကာများြဖင့သ်းီြခား��းိဆေွပးသည်
စာချ�ပ်

muscarinic receptor (MUS-ka-rin´-ik) အမျိ�းအစား
cholinergic receptor ကိ� effector ၏အဂ� ါများတငွေ်တွ�သည်
parasympathetic postganglionic အမ�ငအ်ားလံ�း

�ကကသ်ားမ�င ်(Religion) �ကကသ်ားတစ်ခ�တညး်
��ညလ်ျား�ပီးလံ�းပတပံ်�သဏ��်�ိေသာကျညလ်ံ�းများ��ိသည်

�ကကသ်ားတငး်မာမ� �ကည့�်� တငး်မာမ�

�ကကသ်ားတစသ်��း ဆလဲမ်ျားအလ�ပ်လ�ပ်ရနအ်�ပ်စ�ဖဲွ�လ�ပ်ေဆာငသ်ည။်
ကျံ� � ြခငး်��င့အ်ငအ်ားထ�တလ်�ပ်ြခငး်အတကွ ်cialized

myelin (MI¯-uh-lun) insulative lipid အဖံ�းတစ်ခ�
ပံ�မ�နအ်ားြဖင့ ်myelinated အာ�ံ�ေ�ကာမ�ငမ်ျားကိ�ဝနး်ရံထားသည်
axon ၏အ��ညတ်စ်ေလ�ာက�်ကားကာလ ငါရဲ့ ့ patch တစ်ခ�စီ
elin ကိ�သးီြခား myelin ဖဲွ�စညး်ြခငး်ဆလဲြ်ဖင့ဖဲွ်�စညး်သည်
၎ငး်သည ်neu- ပတပ်တလ်ည၌်ဂျယလ်လီပ်ိဖက�်�ငက်ိ�ထ�ပ်ပိ�းသည။်
ronal axon

myelinated fibers Neuronal axons သည ်reg- တငွဖံ်�းလ�မ်းသည။်
insulated myelin ��င့ ်ular �ကားကာလ
myocardial ischemia (mı¯-o¯-KAR-de¯-ul is-KE¯-)
me¯-uh) ��လံ�းသိ�လ့ံ�ေလာကေ်သာေသးွေထာကပံ်မ့�မလံ�ေလာကပ်ါ
တစ်သ��း

myocardium (mı¯´-o¯-KAR-de¯-um) ��လံ�း
��လံ�းနရံံအတငွး်�ကကသ်ား

myofibril (mı¯´-o¯-FI¯B-rul) အထ�းြပ� intracel-
�ကကသ်ားဆလဲမ်ျား၏ lular ဖဲွ�စညး်တညေ်ဆာကပံ်�
ကျံ� �ေစေသာကရိိယာ

myogenic လ�ပ်��ားမ� �ကကသ်ားမ�ထ�တလ်�ပ်ေသာအာ�ံ�ေ�ကာများ၊
လတွလ်ပ်ေသာ contractile လ�ပ်��ားမ�

myometrium (mı¯´-o¯-me¯-TRE¯-um) ေချာေမွ�သည်
သားအမ်ိ�ကကသ်ားအလ�ာ

myosin (MI¯-uh-sun) ကျံ��ေစေသာပ�ိ�တငး်ပံ�စံ
�ကကသ်ားမ�ငမ်ျားတငွထ်�ေသာအမ�ငမ်ျားကိ�ထည့သ်ည်

Na - K pump သည ်တကတ်က�်က�ကသယယ်�ပိ�ေ့ဆာငေ်ပးေသာ carrier တစ်ခ�ြဖစ်သည်
ဆလဲမ်� Na ကိ�ထ�တ�်ပီးဆလဲထ်သဲိ� ့ K ထည့သ်ည်

Na load ဆိ�ဒယီမ် (Na ) load ကိ��ကည့ပ်ါ

natural killer cells သဘာဝအတိ�ငး် ြဖစ်ေပ�ေနြခငး်၊
lymphocyte ကဲသ့ိ�ဆ့လဲမ်ျားသညအ်ထ�းသြဖင့မ်ဖျကဆ်းီပါ
ဗိ�ငး်ရပ်စ်က�းစကခ်ထံားရေသာဆလဲမ်ျား��င့က်ငဆ်ာဆလဲမ်ျားကိ�တိ�က�ိ်�ကြ်ပသသည။်
သ�တိ�၏့အေြမ�းပါးများကိ�၎ငး်တိ��့ �င့ပ်ထမဆံ�းထေိတွ� ြခငး်

အ��တလ်က�ဏာချိန်ခွငလ်�ာ အတကွဆ်ံ�း�� ံးမ�များအတကွအ်ေြခအေန
ဥစ�ာသည၎်ငး်၏အြမတထ်ကေ်ကျာ်လနွပ်ါကစ�စ�ေပါငး်ြဖစ်သည်
ခ��ာကိ�ယတ်ငွး်��ိဓာတပ်မာဏကျဆငး်သာွးသည်

အ��တလ်က�ဏာတံ� ့ြပန်ချက ်စညး်မျ�းစညး်ကမ်းယ��ရားတငွ�်�ိသည်
ထနိး်ချ�ပ်ထားေသာ variable တစ်ခ�၏အေြပာငး်အလသဲည ်a ကိ�အစပျိ�းသည်
ထိ�ေ့�ကာင့အ်ေြပာငး်အလကဲိ�ဆန ့က်ျငေ်သာတံ� ့ြပနမ်�ကိ�ဆကလ်ကထ်နိး်သမ်ိးထားသည်
regulated factor အတကွအ်ေတာ်ေလးတည�်ငမ်ိတဲ ့set point ပါ

nephron (NEF-ron´) ၏လ�ပ်ေဆာငခ်ျကယ်�နစ်
ေကျာကက်ပ်; ဆကစ်ပ်ေနေသာေသးွေ�ကာတစ်ခ���င့တ်စ်ခ�တိ�ပ့ါဝငသ်ည်
tubular အစိတအ်ပိ�ငး်၊ ၎ငး်သညအ်ေသးငယဆ်ံ�းယ�နစ်ြဖစ်သည်
ဆးီပံ�စံ

အာ�ံ�ေ�ကာ A ရံ peripheral neuronal axons အစ�အေဝး၊
ကနွမ်န ့တ်စ်ခ�ြဖင့ဝ်နး်ရံထားေသာအချိ� �ေသာအကျိ�းြပ�မ�များ��င့အ်ချိ� �ေသာအကျိ�းေကျးဇ�းများ
nective tissue ကိ�ဖံ�းအ�ပ်�ပီးေအာကပ်ါအတိ�ငး်ြပ�လ�ပ်ပါ
လမ်းေ�ကာငး်

အာ�ံ�ေ�ကာစနစ ်၏အဓိကစညး်မျ�း��စ်ခ�အနကမ်�တစ်ခ�ြဖစ်သည်
ခ��ာကိ�ယစ်နစ်များ; ေယဘ�ယျအားြဖင့လ်ျငြ်မနေ်သာည��ိ�ငိး်မ�များ
အထ�းသြဖင့ခ်��ာကိ�ယရဲ်လ့�ပ်ေဆာငခ်ျကေ်တ၊ွ
ြပငပ်ပတဝ်နး်ကျင�်�င့ထ်ေိတွ� မ�

အာ�ံ�ေ�ကာတစသ်��း ဆလဲမ်ျားလ�ပ်ေဆာင�်ိ�ငရ်နအ်�ပ်စ�လိ�ကလ်�ပ်ေဆာငသ်ည။်
လ�ပ်စစ်ဓာတအ်ားစတငထ်�တလ်�င့ြ်ခငး်��င့စ်တငြ်ခငး်
အချကြ်ပ

net diffusion ဆန ့က်ျငဘ်ကအ်�ကားြခားနားချက်
အေြဖတစ်ခ�တငွေ်မာ်လကီျ�းအမျိ�းအစား��စ်ခ�၏ေရွ�လျားမ�

net filtration pressure Net ၌ြခားနားချက်
hydrostatic ��င့ ်osmotic အငအ်ားစ�များသည�်ိ�ငင်တံစ်ဝ�မ်းလံ�းတငွလ်�ပ်ေဆာငသ်ည်

glomerular membrane သည ်a ၏ filtration ကိ���စ်သကေ်စသည်
Bowman ၏ေဆးေတာင့ထ်သဲိ�အ့သားဓာတမ်ပါေသာပလာစမာ

neurogenic လ�ပ်ေဆာငမ်� �ကကသ်ား၌ကျံ� �ေသာလ�ပ်ေဆာငမ်�
အာ�ံ�ေ�ကာများြဖင့စ်တငခ်ဲေ့သာဆလဲမ်ျား

neuroglia glial ဆလဲမ်ျားကိ� �ကည့ပ်ါ

neurohormones ေဟာ်မ�နး်များထသဲိ�ထ့�တလ်�တသ်ည်
neurosecretory neurons မ�ေသးွ
neuromodulators (ner´o¯-MA-jew-la¯´-torz)
အာ�ံ�ေ�ကာတံ� ့ြပနမ်���င့ဆ်ကသ်ယွေ်သာဓာတ�ေစတမနမ်ျား
nonsynaptic site များတငွ ်tors များ��င့ေ်ရ��ညက်ိ�ေဆာင�်က�းေပးသည်
synaptic ကိ�သသိသိာသာစိတဓ်ာတက်ျဆငး်ေစေသာသိ�မ့ဟ�တတ်ိ�းတကေ်စေသာအေြပာငး်အလမဲျား
ထေိရာကမ်�

neuromuscular junction ဆံ�မ�တ ်တစ်ခ� a
motor neuron ��င့အ်�ိ�း�ကကသ်ားမ�င်

neuron (NER-on) သညစ်တငလ်�ပ်ေဆာငရ်နအ်ထ�းြပ�ထားေသာအာ�ံ�ေ�ကာဆလဲတ်စ်ခ�ြဖစ်သည။်
စား၊ ြဖန ့၊် ထ�တလ်�င့ေ်သာလ�ပ်စစ်အချကြ်ပများ
ဆလဲခ်��ာကိ�ယ၊် dendrites ��င့ ်an တိ�ပ့ါ ၀ ငသ်ည်
axon

neuropeptides သညြ်ဖညး်ြဖညး်ချငး် peptide မ�ဲ ့�ကးီ၊
clas များ��င့အ်တ� axon terminal များမ�ထ�တလ်�တေ်သာစညး်မျ�းများ
sical အာ�ံ�ေ�ကာ transmitters; အများစ�မ�ာ neuropeptides func-
neuromodulators အြဖစ်သတမ်�တသ်ည်

neuropeptide Y (NPY) အစမ်ွးထကအ်စာစားချငစိ်တက်ိ�လ�ံ�ေဆာ်ေပးသည။်
hypothalamic arcuate nucleus မ�လ�ိ� � ဝ�က ်tor သည်

neurotransmitter ဓာတ�တမနြ်ပန်
ဦး ေ��ာက၏် neuron ၏ axon terminal မ�င�ားရမ်းထားသည။်
လ�မ်းမိ�းမ���ိေသာလ�ပ်ေဆာငမ်�အလားအလာကိ�တံ� ့ြပနြ်ခငး်
အြခား neuron တစ်ခ� (သိ�)့ effector တစ်ခ�
အာ�ံ�ေ�ကာသညခ်��ာေဗဒ��င့ဆ်ကစ်ပ်ေနသည်

neutrophils (new´-truh-filz) ေသးွြဖ�ဥများ
၎ငး်သည ်phagocytic အထ�းက�များ��င့အ်ေရး�ကးီသည်
ေရာငရ်မ်းတံ� ့ြပနမ်�များ��င့ဘ်ကတ်းီရီးယားများကိ�ကာကယွေ်ပးြခငး်
rial ကျ�းေကျာ်

nicotinic receptor (nick´-o-TIN-ik) cho- အမျိ�းအစား
autergic ganglia အားလံ�းတငွ ်linergic receptor ကိ�ေတွ�သည်
အ�ိ�း�ကကသ်ားမ�ငမ်ျား၏ေမာ်တာအဆံ�းြပားများ

�ိ�ကထ်ရစေ်အာကဆ်ိ�ဒ ်ကိ�ြပညတ်ငွး်ဓာတ�ဖျနေ်ြဖသ�တစ် ဦး ကထ�တလ်�တသ်ည်
endothelial ဆလဲမ်ျား��င့အ်ြခားတစ်သ��းများမ� ၎ငး်၏သကေ်ရာကမ်�
local arteriolar vasodilation လ�ပ်ြခငး်မ�သညအ်ကာွအေဝးအထိ
ြပညပ်ကျ�းေကျာ်သ�များကိ�ဆန ့က်ျငေ်သာအဆပ်ိအေတာကအ်ြဖစ်ေဆာငရွ်ကသ်ည်
ထ�းြခားေသာ neurotransmitter တစ်မျိ�းအြဖစ်ေဆာငရွ်ကသ်ည်

NMDA receptor သည ်receptor ��စ်မျိ�းအနကတ်စ်မျိ�းြဖစ်သည။်
အဆိ�ပါ postsynaptic အေြမ�းပါးေပ�တငွခ်ျနန်ယမ်ျား��ိသည်
neurotransmitter glutamate သညဤ်တစ်ခ�ြဖစ်သည်
chemically mediated ��င့ ်voltage ��စ်ခ�စလံ�းေပ�တငွမ်�တညသ်ည်
ဖွင့ေ်သာအခါ Ca 2 entry ကိ� ခငွ့ြ်ပ�သည်

nociceptor (no¯-se¯-SEP-tur) နာကျငမ်�ကိ�လကခ်ေံသာအာ�ံ�ခကံရိိယာ
တစ်သ��းများပျကစီ်းေစသည်

Ranvier ၏ဆံ�မ�တမ်ျား (RAN-ve¯-a¯) ၏အစိတအ်ပိ�ငး်များ
အပိ�ငး်များအ�ကား myelinated neuronal axon
insulator တငွလ်ညး် myelin; axonal ေဒသများ
onal membrane သည ်ECF ��င့ထ်ေိတွ�သည။်
brane အလားအလာ��ိပါတယ်

norepinephrine (nor´-ep-uh-NEF-run) Neu သည်
ကိ�ယခ်ျငး်စာနာစိတလ်နွက်သဲ�များထမံ� rotransmitter
glionic အမ�င;် noradrenaline

NPY တငွ ်neuropeptide Y ကိ��ကည့ပ်ါ

ဦး ေ��ာက�်ျ�ကလယိ ( NU¯-kle¯-us) အလ�ပ်လ�ပ်�ိ�ငေ်သာလ�ပ်ငနး်
ဦး ေ��ာကအ်တငွး်အာ�ံ�ေ�ကာဆလဲဆ်လဲမ်ျားစ�ပံ�လာြခငး်

(ဆလဲ)် �ျ�ကလယိ တစ်ဦးကကွြဲပားလံ�းသိ�မ့ဟ�တဘ်ဥဲပံ�
အများအားြဖင့ဆ်လဲတ်စ်ခ�၏ဗဟိ�အနးီတငွတ်ည�်�ိသည။်
ဆလဲ၏်မျိ�း�ိ� းဗီဇပစ�ညး်ြဖစ်ေသာ deoxyribo- ပါ ၀ ငသ်ည။်
nucleic acid (DNA)

occipital lobes (ok-SIP´-ut-ul) posterior lobes ြဖစ်သည်
ဦး ေ��ာက ်cortex ၏အစပိ�ငး်တငွအ်ြမငအ်ာ�ံ�ကိ�ြဖစ်ေပ�ေစသည်
input ကိ�

O 2 –Hb dissociation curve ၏သ��ပ်ေဖာ်ပံ�
ေသးွလ�တေ်�ကာ P O 2 ��င့ရ်ာခိ�င�် �နး် အ�ကားဆကစ်ပ်မ�
ေဟမိ�ဂလိ�ဘငြ်ပည့ဝ်မ�
oligodendrocytes (ol-i-go¯´-DEN-dro¯-sitz) The
ဗဟိ�အာ�ံ�ေ�ကာစနစ်၏ myelin ဖဲွ�စညး်ြခငး်ဆလဲမ်ျား

oogenesis (o¯´-o¯-JEN-uh-sus) �ကကဥ်ထ�တလ်�ပ်မ�

opsonin (OP'-Suh-သလီ��င)် ခ��ာကိ�ယ-်ထ�တလ်�ပ်ဓါတ�ေဗဒ
၎ငး်သညဘ်ကတ်းီရီးယားများကိ� macrophages ��င့ခ်ျိတဆ်ကေ်စသည်
ဘကတ်းီရီးယားများသည ်phagocytosis ကိ�ပိ�မိ�ခ�ံိ�ငရ်ည�်�ိသည်

optic အာ�ံ�ေ�ကာ အာ�ံ�ေ�ကာမ�ငအ်စ�အေဝးသညထ်ကွခ်ာွသည်
ြမငလ်�ာ��င့ပ်တသ်ကေ်သာသတငး်အချကအ်လကက်ိ�ထပ်ဆင့လ်�င့ေ်သာအြမင်

အေကာငး်ဆံ�းအ��ည ်(Concentration) မစခငအ်��ည်
အြမင့ဆ်ံ�းအငအ်ား��ိေသာ�ကကသ်ားမ�ငတ်စ်ခ�၏ဆွအဲား
ေနာကဆ်ကတ်ွေဲမးခိ�ငတ်ငွဖံွ်� �ဖိ�း�ိ�ငသ်ည်
ကျံ� � ြခငး်

အဂ� ါ ��စ်ခ�ပါ ၀ ငေ်သာကွြဲပားေသာဖဲွ�စညး်တညေ်ဆာကပံ်�ယ�နစ်
(သိ�)့ မ�လတစ်သ��းအမျိ�းအစားများကိ�ပိ�မိ�စ�စညး်ရန်
တစ်ခ�ထကပိ်�ေသာအထ�းလ�ပ်ေဆာငခ်ျကမ်ျားကိ�ဖဲွ�စညး်ပါ။ စာေမးပွဲအတကွ်
ple, အစာအမ်ိ

organelles (or´-gan-ELZ) အလနွထ်�းြခားသည်
ဖဲွ�စညး်ထားေသာ၊ အေြမ�းပါးြဖင့ခ်ျညေ်��ာငထ်ားေသာ intracellular ြဖစ်သည်
အခနး်များ၊ သးီြခားသတမ်�တခ်ျကမ်ျားပါ ၀ ငေ်သာအခနး်တစ်ခ�စီ
ဆယလ်�လာကိ�သယေ်ဆာငရ်နဓ်ာတ�ပစ�ညး်များ
function ပါ

ေအာ်ဂဲနစသ်ည ်ကားတငွပ်ါဝငေ်သာအရာများကိ�ရည�်�နး်သည။်
ေကာငး်; မ�လသိ�မ့ဟ�တတ်စ်ချိနက်အသက�်�ငေ်သာရငး်ြမစ်များမ�ြဖစ်သည်

သက�်�ိများသည ်unicellular ြဖစ်သညြ်ဖစ်ေစ၊
multicellular

Corti (KOR-te¯) ၏အဂ� ါအစိတအ်ပိ�ငး်
ဆပံငဆ်လဲမ်ျားပါ��ိေသာနားအတငွး်ပိ�ငး်၌
အသလံ�ငိး်များေ�ကာင့ဆ်ပံငမ်ျားေကးွ�ွတလ်ျက်
နားအာ�ံ�ေ�ကာတငွလ်�ပ်ေဆာင�်ိ�ငသ်ည့အ်လားအလာများကိ�သတမ်�တြ်ခငး်

osmolarity (oz´-mo¯-LAR-ut-e¯) အတိ�ငး်အတာတစ်ခ�
သတမ်�တခ်ျကမ်ျားတငွေ်ပးထားေသာအေြဖတစ်ခ�၏အာ�ံ�စ�းစိ�ကမ်�
milliosmoles/litre (mOsm), milli- အေရအတကွ၊်
ေြဖ��ငး်ချကတ်စ်လတီာတငွအ်ရညေ်ပျာ်အမ�နမ်ျား

osmosis (os -MO¯ -sis) သည ်a ကိ�ြဖတ�်ပီးေရ၏ေရွ�လျားမ�ြဖစ်သည်
အေြမ�းပါးသည၎်ငး်၏ကိ�ယပိ်�ငအ်ာ�ံ�စ�းစိ�ကမ်� gradient ကိ�ကျဆငး်ေစသည်
solute concentration ြမင့မ်ားေသာဧရိယာသိ� ့

osmotic ဖိအား (os-MAH-tic) ကိ�တိ�ငး်တာသည်
အေြဖတစ်ခ�ထသဲိ� ့ osmotic စီးဆငး်မ�အတကွသ်ေဘာထား
nonpen- ၎ငး်၏��ငိး်ရအာ�ံ�စ�းစိ�ကမ်�မ�ရလဒ်
ေြဖ��ငး်နညး်များ��င့ေ်ရကိ�ေပါငး်စညး်သည်

osteoblasts (OS-te¯-o¯-blasts´) ကိ�ေထာကပံ်ေ့ပးေသာအ�ိ�းဆလဲမ်ျား
အ�ိ�း၏ organic matrix ကိ� duce လ�ပ်ပါ

osteoclasts Bone ဆလဲမ်ျားသညအ်�ိ�းများကိ�ေပျာ်ဝင ်ေစသည်
ေတွ� ဖ�းတယ်

osteocytes သည ်အ�ငမ်ိးစား osteoblasts များအတငွး်တငွြ်မ��ပ်��ထံားသည်
သ�တိ�ပ့တလ်ည၌်ထားခဲေ့သာအ�ိ�း-
ကယလ်စီ်ယမ်��င့ဆ်ကလ်ကပ်ါ ၀ ငသ်ည်
phosphate သညအ်�ိ�းအရည�်�င့အ်�ကားလလဲ�ယသ်ည်
ပလာစမာ

otolith ကိ�ယတ်ငွး်အဂ� ါများ (O¯ T´-ul-ith) အာ�ံ�ခအံဂ� ါများ
လညပ်တမ်���င့ပ်တသ်ကေ်သာသတငး်အချကအ်လကမ်ျားေပးေသာအတငွး်နား
ဦး ေခါငး်လ�ပ်��ားမ�အေြပာငး်အလမဲျား; utricle ��င့်
ဆးီအမ်ိ

ဘဥဲပံ�ြပတငး်ေပါက ်အေြမ�းဖံ�းဖံ�းဖွင့သ်ည်
ေလြဖည့ထ်ားေသာအလယန်ားကိ�အထက�်�င့ခ်ွထဲားသည်
အရည၌်ြပည့ေ်နေသာ cochlea ၏အခနး်
နားအတငွး်ပိ�ငး်

ေရ ဓာတခ်န်းေြခာက ်ြခငး်ခ��ာကိ�ယ၌်ပိ�လ�ံသည်

မျိ�းဥထကွြ်ခငး် (ov´-yuh-LA¯-shun) မျိ�းဥထကွ ်သည်
ရင့က်ျကေ်သာသားအမ်ိ follicle မ�

ဓာတတ်ိ�းဓာတဖိ်�စဖိ�လစ ်(fos´-fo¯ri-LA¯-shun)
mitochondrial ဇီဝဓာတ�၏အစီအစ�တစ်ခ�လံ�း
စမ်ွးအငမ်�ထ�တယ်�ရနေ်အာကဆ်ဂီျငက်ိ�သံ�းေသာတံ� ့ြပနမ်�များ
အစားအစာတငွပ်ါ ၀ ငေ်သာအာဟာရဓာတမ်ျားကိ� ATP အြဖစ်သိ�ေ့ြပာငး်လေဲပးသည။်
လ�ပ်ငနး်စ�၌ CO 2 ��င့ ်H 2 O ကိ� ထ�တလ်�ပ်သည ်။ ပါဝငပ်ါသည်
အလီကထ်ရွနသ်ယယ်�ပိ�ေ့ဆာငေ်ရးစနစ်��င့ ်chemiosmosis

စာမျက�်�ာ ၁၈

oxyhemoglobin (ok-si-HE¯-muh-glo¯-bun) Hemo-
globin ကိ� O 2 ��င့ေ်ပါငး်စပ်သည်

oxyntic mucosa (ok-SIN-tic) mucosa အေြမ�းပါး
ခ��ာကိ�ယ�်�င့အ်စာအမ်ိ၏ေအာကေ်ြခ၊
အစာအမ်ိဂလငး်များြဖစ်ေပ�ေစေသာအစာအမ်ိအေပါကမ်ျားကိ�ြဖစ်ေပ�ေစသည်
အကျိအခ�ဲလညပ်ငး်ဆလဲမ်ျား၊ parietal ဆလဲမ်ျား��င့်
ဆလဲ�်ကးီများ

oxytocin (ok´-se¯-TO¯-sun) hypothalamic ေဟာ်မ�နး်
လ�ံ�ေဆာ်ေပးတဲ ့posterior pituitary မ�ာ mone
သားအမ်ိကျံ� � ြခငး်��င့�်ိ�ထ့�တြ်ခငး်ေနာကက်ျသည်

pacemaker လ�ပ်ေဆာငခ်ျက ်သည ်ex- ၏စိတလ်�ပ်��ားဖွယေ်ကာငး်ေသာလ�ပ်��ားမ�

ြ ြ

pepsin; pepsinogen (pep-SIN-uh-jun) အငဇိ်�ငး်တစ်မျိ�းြဖစ်သည်
အစာအမ်ိမ�မလ�ပ်မယ�ကပံ်�စံြဖင့လ်�ိ� � ဝ�ကသ်ည်
activated, ပ�ိ�တနိး်အစာေြခစတငသ်ည်

peptide ေဟာ်မ�န်းများ ပါ ၀ ငေ်သာ ေဟာ်မ�န်းများ
ကွြဲပားြခားနားေသာအ��ည�်�ိေသာသးီြခားအမိ�င�်ိ�အကစ်စ်များ၏ကငွး်ဆက်

ေဟမိ�ဂလိ�ဘင ်ပမာဏ ြပည့ဝ်မ�ရာခိ�င�်�န်းကိ� တိ�ငး်တာသည်
ေဟမိ�ဂလိ�ဘင�်�ိေနသည့အ်တိ�ငး်အတာ
O 2 ြဖင့ထ်�ပ်ပိ�းထားသည်

ခံယ�ချက ်၊ အသဥိာဏေ်ဟာငး်၏အနကအ်ဓိပ�ာယ်
ternal world ကိ�ပံ�စံတစ်ခ�မ� ဦး ေ��ာကြ်ဖင့ဖ်နတ်းီသည်
အာ�ံ�ေ�ကာလ�ံ�ေဆာ်မ�များကိ�အာ�ံ�ခမံ�ေပးပိ�သ့ည်
receptors များ

ြ

pituitary gland (pih-TWO-ih-tair-ee) ေသးငယတ်ဲ့
doctine ဂလငး်ကိ�အည�ာ��င့ ်hypothal သိ�ဆ့ကသ်ယွသ်ည။်
အေပျာ်; anterior pituitary ��င့ ်poste- တိ�ပ့ါဝငသ်ည။်
rior pituitary ြဖစ်ပါတယ်

placenta (plah-SEN-tah) လလဲ�ယေ်သာကိ�ယအ်ဂ� ါြဖစ်သည်
မိခင�်�င့သ်ေ��သားေသးွအ�ကား၊ လ�ိ�� ဝ�ကခ်ျကမ်ျားလညး်
ကိ�ယဝ်နက်ိ�ေထာကပံ်ေ့သာေဟာ်မ�နး်များ

plaque တငွက်ိ�လကစ်ထေရာ��င့အ်ြခား lipids များစ�ပံ�ေနြခငး်၊
ပိ�ထ�။ ပံ�မ�နမ်ဟ�တေ်သာေချာေမွ�ေသာ calcified ြဖစ်�ိ�ငသ်ည။်
ရလဒအ်ြဖစ်ေသးွေ�ကာအတငွး်�ကကသ်ားဆလဲမ်ျား
atherosclerosis

plasma အရညသ်ညေ်သးွ၏အစိတအ်ပိ�ငး်ြဖစ်သည်

ြ
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Translating...

ခကဆ်စ် ဂျီ ၁၁

၎ငး်၏အေြမ�းပါးသညအ်လားအလာ��ိေသာဘွဲ�ရဆလဲမ်ျားမဟာမိတမ်ျားသည၎်ငး်၏ကိ�ယပိ်�ငန်ယန်မိိတက်ိ�သတမ်�တရ်နြ်ဖန ့က်ျကသ်ည်

pacemaker အလားအလာ တစ်ဦးက Self-ေသးွေဆာငေ်��းေကးွ depolar-
pacemaker ဆလဲတ်ငွြ်ဖစ်ေပ�ေသာအဆင့သ်တမ်�တခ်ျကသ်ိ� ့
၎ငး်သည ်passive ionic fluxes များအေြပာငး်အေရွ�၏ရလဒတ်စ်ခ�ြဖစ်သည်
အလိ�အေလျာကအ်ေြပာငး်အလမဲျားပါ ၀ ငေ်သာအေြမ�းပါး
channel permeability

ပန်ကရိယ (PAN-kre¯-us) ေရာစပ်ထားေသာဂလငး်တစ်ခ�ြဖင့ဖဲွ်�စညး်ထားသည်
အစာေချဖျကမ်�ကိ�လ�ိ� � ဝ�ကေ်သာ exocrine အပိ�ငး်
zymes ��င့ ်aqueous alkaline secretion တိ�ထ့သဲိ�စီ့းဝငသ်ည်
duodenal lumen ��င့ ်endocrine အပိ�ငး်တိ�ပ့ါ ၀ ငသ်ည။်
အငဆ်�လင�်�င့ ်glucagon ေဟာ်မ�နး်များကိ�ဖနတ်းီေပးသည်
ေသးွ

paracrine (PEAR-uh-krin) ေဒသ��ရဓာတ� mes-
အမ်ိနးီချငး်ကိ�သာသကေ်ရာကမ်���ိေသာ senger
ဆလဲမ်ျားသည၎်ငး်၏ site ၏အနးီတစ်ဝိ�က၌်��ိသည်
စနွ ့ထ်�တမ်�

parasympathetic အာ�ံ�ေ�ကာစနစ ်(pear´-uh-sim-
puh-THET-ik) ကိ�ယပိ်�ငအ်�ပ်ချ�ပ်ခငွ့ရ်ခွမဲျား
�ငမ်ိသက�်ပီးသကေ်တာင့သ်ကသ်ာထိ�ငေ်နတဲအ့ာ�ံ�ေ�ကာစနစ်
အသံ�းြပ�ြခငး်��င့ခ်��ာကိ�ယထ်နိး်သမ်ိးြခငး်လ�ပ်ငနး်များကိ�အားေပးသည်
အစာေချဖျကြ်ခငး်��င့ဆ်းီစနွ ့ထ်�တြ်ခငး်ကဲသ့ိ� ့
ဆးီအမ်ိ

parathyroid ဂလငး် (pear´-uh-THI¯-roid) ေလး
ဂလငး်၏ေသးငယသ်ည့ဂ်လငး်များသညေ်နာကဘ်ကမ်ျက�်�ာြပငေ်ပ�တငွတ်ည�်�ိသည်
parathyroid ေဟာ်မ�နး်ကိ�ထ�တေ်ပးေသာသိ�ငး်ရိွ�ကဂ်လငး်

parathyroid hormone (PTH) ေဟာ်မ�နး်တစ်ခ�ြဖစ်သည်
plasma Ca 2 အဆင့က်ိ�ြမင့တ်ကေ်စသည်

parietal cells (puh-RI¯-ut-ul) အစာအမ်ိဆလဲမ်ျား
၎ငး်သည ်hydrochloric acid ��င့ပ်ငက်ိ�ယအ်ချကက်ိ�စနွ ့ထ်�တေ်ပးသည်

parietal lobes အဆိ�ပါ ဦး ေ��ာက ်cortex ၏ lobes
central sulcus ရဲေ့နာကမ်�ာ ဦး ေ��ာကထ်ပ်ိမ�ာအပ်ိ၊
somatosensory cortex ပါ ၀ ငသ်ည်

တစစ်တိတ်စပိ်�ငး်ဖိအား လ�တစ် ဦး ချငး်ဖိအားေပးသည်
အေရာအေ��ာအတငွး်သးီြခားဓာတေ်ငွ�တစ်ခ�ြဖင့သ်းီြခားစီတည�်�ိသည်
ဓာတေ်ငွ�များ

တစစ်တိတ်စပိ်�ငး်ဖိအား gradient ကာွြခားချက်
ေဒသ��စ်ခ�အ�ကားဓာတေ်ငွ�၏ဖိအားဖိအား
ထိ�ေဒသမ�ဓာတေ်ငွ�များ၏ေရွ�လျားမ�ကိ�ြဖစ်ေစသည်
ေအာကပိ်�ငး်ေဒသများသိ�တ့စ်စိတတ်စ်ပိ�ငး်ဖိအားပိ�များ
tial ဖိအား

parturition (par'-လနွး်-RISH-un) က၏ Delivery
ကေလးေလး

passive သကတ်မ်းက�န်ဆံ�း သကတ်မ်းက�နဆ်ံ�း dur- ြပည့စံ်�
Elastic တနွ ့ြ်ခငး်၏ရလဒအ်ြဖစ်�ငမ်ိသကေ်သာအသက�်��ြခငး်ကိ�ြပ�လ�ပ်ပါ
အဆ�တသ်ညလ်�ံ�ေဆာ်မ���ိေသာ�ကကသ်ားများကိ�ေြပေလျာေ့စသည်
စမ်ွးအငအ်သံ�းစရိတမ်လိ�ပါ

passive force ဆိ�သညမ်�ာ expen ကိ�မလိ�အပ်ေသာအငအ်ား
သယယ်�ပိ�ေ့ဆာငေ်ရးကိ��ပီးေြမာကရ်နဆ်ယလ်�လာစမ်ွးအငက်ိ�စ�ေဆာငး်သည်
ပလာစမာအေြမ�းပါးကိ�ြဖတ�်ပီးပစ�ညး်တစ်ခ�

passive reabsorption တစ်ခ�မ�မ��ိေသာအခါ Reabsorption ြဖစ်သည်
ခွတဲစ်ခ�၏ transepithelial သယယ်�ပိ�ေ့ဆာငေ်ရးအတကွေ်ြခလ�မ်းများ
ေကျာကက်ပ်�ပနမ်ျားတစ်ေလ�ာကရ်ပ်တညမ်�သညစ်မ်ွးအငလ်ိ�အပ်သည်
အသံ�းစရိတ်

ေရာဂါပိ�းများ (PATH-uh-junz) ေရာဂါြဖစ်ေစေသာ
ဘကတ်းီရီးယားများသိ�မ့ဟ�တဗိ်�ငး်ရပ်စ်များကဲသ့ိ�ေ့သးငယေ်သာသက�်�ိများ

ေရာဂါေဗဒပညာ (path´-o¯-fiz-e¯-OL-o¯-ge¯) မ�မမ�နြ်ခငး်
ေရာဂါ��င့ဆ်ကစ်ပ်ေသာကိ�ယခ်��ာ၏လ�ပ်ေဆာငမ်�

အရံ ဓာတ�ေဗဒအာ�ံ�ခ ံကရိိယာ (ke¯´-mo¯-re¯-SEP-turz)carotid ��င့ ်aortic ေကာငမ်ျားကတံ� ့ြပနသ်ည်
ေသးွလ�တေ်�ကာများ P O 2 , P CO 2 , ��င့ ်H တိ�က့ိ�ချိနည်�သိည်
အညအီသက�်��ြခငး်

အရံအာ�ံ�ေ�ကာစနစ ်(PNS) အာ�ံ�ေ�ကာအမ�ငမ်ျား
ဗဟိ�အာ�ံ�ေ�ကာများအ�ကားသတငး်အချကအ်လကသ်ယေ်ဆာငေ်သာ
ခ��ာကိ�ယ�်�င့အ်ြခားအစိတအ်ပိ�ငး်များ

peristalsis (per´-uh-STOL-sus) Ringlike ဆန ့က်ျငဖ်က်
tubular or- စကဝိ်�ငး်ပံ�ေချာေမွ�ေသာ�ကကသ်ားများ
ြဖညး်ြဖညး်��င့ေ်�� �သိ�တ့ိ�းေသာ gan
ping ေရွ�လျားမ�သညက်ိ�ယတ်ငွး်ကလစီာများကိ�တနွး်ပိ�သ့ည်
ကျံ� �၏ေ�� �

peritubular ေသးွေ�ကာမ�ငမ်ျား (per´-i-TU¯-bu¯-lur) Capil-
ကေလး၏သားဥ�ပနပ်တလ်ညတ်ငွတ်ယွက်ပ်ေနေသာပိ�းမ �ားများ
ney's nephron; သ�တိ�က့ေကျာကက်ပ်တစ်သ��းနဲအ့သားေတကွိ�ေထာကပံ်ေ့ပးတယ။်
tubular fluid ��င့အ်�ကားလလဲ�ယြ်ခငး်ကိ�ေမ�ာ်မ�နး်ပါ
ဆးီဖဲွ�စညး်စ�အတငွး်ေသးွ

permeable သးီြခားြဖတသ်နး်ခငွ့ြ်ပ�ြခငး်
ဥစ�ာ

ခွင့ ်ြပ�မ�ေဟာ်မ�နး်တစ်မျိ�းကိ��က�ိတငသ်တမ်�တရ်မည့အ်ခါ
�က�ိးစားမ�အြပည့အ်ဝအတကွလ်ံ�ေလာကေ်သာပမာဏ
အြခားေဟာ်မ�နး်၏အကျိ�းသကေ်ရာကမ်�
peroxisomes (puh-ROK´-suh-so¯mz) Sac-like or-
အစမ်ွးထက ်oxidative အငဇိ်�ငး်များပါ ၀ ငေ်သာ ganelles
အတငွး်မ�ထ�တလ်�ပ်ေသာအညစ်အေ�ကးအမျိ�းမျိ�းကိ�အဆပ်ိအေတာကြ်ဖစ်ေစသည်
ဆလဲထ်သဲိ�ဝ့ငေ်ရာကလ်ာေသာ�ိ�ငင်ြံခားြဒပ်ေပါငး်များ
ဆလဲ်

pH ၏ logarithm သည ်base 10 မ�ြဖစ်သည်
ဟိ�ကဒ်�ိ�ဂျငအ်ိ�ငး်ယနွး်စ�စညး်မ�၏အြပနအ်လ�န်
pH မ�တတ်မ်း 1/[H] သိ�မ့ဟ�တ ်pH log [H]

phagocytosis (fag´-oh-sı¯-TO¯ -us) endo- အမျိ�းအစား
�ကးီမားေသာဘကစံ်�ေမာ်လကီျ�းများ၊ အစိ�ငအ်ခ�ဲ�ိေသာအစိတအ်ပိ�ငး်များြဖစ်ေသာ cytosis
ဆလဲမ်ျားကိ�ဆလဲမ်ျားြဖင့ဖံ်�းလ�မ်းထားသည်

pharynx (FARE-inks) လညေ်ချာငး်ေနာကေ်ကျာ၊
ဒလီမ်းအတကွအ်သံ�းများတဲလ့မ်းေ�ကာငး်တစ်ခ�အြဖစ်
အသက�်��လမ်းေ�ကာငး်ဆိ�ငရ်ာစနစ်များ

phasic ေချာေမွ� �ကကသ်ား ေချာေမွ� �ကကသ်ားေ�ကာငး် con-
အကက်ွြဲခငး်၏မျိ�းဆကေ်�ကာင့ြ်ဖစ်ေပ�လာေသာေပါကက်ွမဲ�များတငွေ်ဝစာများ
အလားအလာများ

phosphorylation (fos´-fo¯ri-LA¯-shun) ၏ထပ်ေဆာငး်
ေမာ်လကီျ�းတစ်ခ�အတကွေ်ဖာစ့ဖိတအ်�ပ်စ�

photoreceptor အာ�ံ�ခတံံ� ့ြပန�်ိ�ငေ်သာအာ�ံ�ခ ံreceptor
အလငး်ေရာင်

phototransduction ေြပာငး်လြဲခငး်၏ယ��ရား
ေချာငး်များ��င့လ်�ပ်စစ်လ�ပ်��ားမ�သိ�အ့လငး်ေရာငလ်�ံ�ေဆာ်မ�များ
မျကစိ် cones

physiology (fiz-e¯-OL-o¯-ge¯) ခ��ာကိ�ယေ်လလ့ာြခငး်
လ�ပ်ေဆာငခ်ျကေ်တွ

pineal gland (PIN-e¯-ul) ေသးငယေ်သာ endocrine ဂလငး်တစ်ခ�ြဖစ်သည်
ဦး ေ��ာကရဲ်အ့လယဗ်ဟိ�မ�ာတည�်�ိပါတယ်
melatonin ေဟာ်မ�နး်

pinocytosis (pin-oh-cı¯-TO¯ -sus) endocyth အမျိ�းအစား
ဆလဲသ်ညအ်ရညမ်ျားအတငွး်သိ�ေ့ရာက�်�ိသာွးေသာ tosis

အသအံနိမ့်အြမင့ ်သညလ်တွလ်ပ်သ�ကဆံ�းြဖတသ်ည။်
တ�နခ်ါမ�အနမိ့်အြမင့ ်(ဆိ�လိ�သညမ်�ာအသတံစ်ခ�ဟ�တမ်ဟ�တ်
C သိ�မ့ဟ�တ ်G မ�တစ်�)

ပလာစမာဆလဲသ်ည ်ပဋပိစ�ညး်ထ�တလ်�ပ်ေသာဆငး်သကလ်ာသည်activated B lymphocyte ြဖစ်သည်

plasma clearance ဆိ�လိ�သညမ်�ာပလာစမာပမာဏ
ကေလးကေပးထားေသာပစ�ညး်ကိ�လံ�းဝ��ငး်ပစ်လိ�ကသ်ည။်
တစ်မိနစ်လ�င ်neys

plasma-colloid osmotic ဖိအား (KOL-oid os-
MOT-ik) မညမီ�ေသာကွြဲပားမ�ေ�ကာင့ြ်ဖစ်ေပ�လာေသာအငအ်ား
ေသးွ��င့ပ်လာစမာပ�ိ�တနိး်များတညေ်ဆာကြ်ခငး်
ပတ ်၀ နး်ကျင�်�ိအရညမ်ျားသညအ်ရညလ်�ပ်��ားမ�ကိ�အားေပးသည်
ေသးွေ�ကာမ�ငမ်ျားထသဲိ� ့
plasma membrane A သည ်protein-studded lipid bilayer ြဖစ်သည်
ဆလဲတ်စ်ခ�စီကိ�ဝနး်ရံထား�ပီး၎ငး်ကိ�အပိ�မ�ခွထဲ�တသ်ည။်
ဆယလ်�လာအရည်

ပလာစမာပ�ိ�တန်ိး ၊ ပလာစမာ��ိပ�ိ�တငး်များ
အေရး�ကးီေသာလ�ပ်ေဆာငခ်ျကမ်ျားစာွကိ�လ�ပ်ေဆာငပ်ါ။ ပါဝငသ်ည်
albumins, globulins ��င့ ်fibrinogen

plasticity (plas-TIS-uh-te¯) အပိ�ငး်၏စမ်ွးရည်
ဦး ေ��ာကထ်ကဲတာဝနအ်သစ်ေတယွ�ဖိ� ့
၎ငး်အေပ�ထား��ိသည့ေ်တာငး်ဆိ�ချကမ်ျားအားတံ� ့ြပနြ်ခငး်

platelets (PLA¯T-lets) များတငွအ်ထ�းြပ�ဆလဲအ်ပိ�ငး်အစများ��ိသည်
hemostasis တငွပ်ါဝငေ်သာေသးွများြခငး်
အိ�း၏ချိ� �ယငွး်ချကတ်ငွပ်လပ်

pleural sac (PLOOR-ul) နရံံ��စ်ထပ်၊ အပိတ်
အဆ�တတ်စ်ခ�စီကိ� thoracic wall မ�ခွထဲ�တေ်သာအတိ်

pluripotent stem cells ဥပမာ Precursor cells များ
�ိ�းတငွး်ြခငဆ်�ီ�င့အ်ဆကမ်ြပတေ်နထိ�ငေ်သာသ�များ
တစ်ခ�ချငး်စီကိ�တိ�းတကလ်ာေအာငက်ွြဲပားေအာငခ်ွ�ဲပီးခွြဲခားပါ
ေသးွဆလဲအ်မျိ�းအစားများ

polarization အေြမ�းပါး��ိြခငး်အေြခအေန
အလားအလာ

polycythemia (pol-i-sı¯-THE¯-me¯-uh) အလနွအ်က�ံလညပ်တြ်ခငး်
erythrocytes lating ကိ�ြမ�င့တ်ငေ်ပး�ပီး၊
hematocrit

polysaccharides (pol´-ı¯-SAK-uh-rı¯dz) ��ပ်ေထးွသည်
intercon- သ�ံက�ိးများအပါအ ၀ ငဘ်ိ�ဟိ�ကဒ်ရိတ၊်
nected glucose ေမာ်လကီျ�းများ

မညသ်ည့ ်အမ�န် မဆိ�စ�စ�ေပါငး်ပမာဏ
ECF ��ိ ular ပစ�ညး်

အြပ�သေဘာမ�တမ� မ�တဆင့အ်ကျိ�းအြမတရ်ေသာအေြခအေန
ပစ�ညး်တစ်ခ�အတကွထ်ည့သ်ငွး်မ�သည၎်ငး်၏ဆံ�း�� ံးမ�ထကေ်ကျာ်လနွသ်ည်
အဒဲါကခ��ာကိ�ယမ်�ာ��ိတဲဓ့ာတရဲ်စ့�စ�ေပါငး်ပမာဏပါ
တိ�းလာသည်

အြပ�သေဘာတံ� ့ြပန်ချက ်စညး်မျ�းစညး်ကမ်းယ��ရားတငွ�်�ိသည်
ထနိး်ချ�ပ်မ�စနစ်တငွအ်ဝင�်�င့အ်ထကွက်ိ�ဆိ�လိ�သည်
အချငး်ချငး်အြပနအ်လ�နြ်မ�င့တ်င�်ိ�ငေ်အာငဆ်ကလ်ကလ်�ပ်ေဆာငသ်ာွးရန၊်
trolled variable သညတ်ြဖညး်ြဖညး်ေဝးကာွလာသည်
တည�်ငမ်ိေသာအေြခအေန

postabsorptive state a �ပီးေနာက ်a metabolic state
အစာအာဟာရကိ� endogenous စမ်ွးအငအ်တငွး်စ�ပ်ယ�သည်
စတိ�းဆိ�ငမ်ျားကိ�စညး်�ံ�းရမည၊် ဂလ�းကိ�စ့်��ိရမည်
ဂလ�းကိ�စ့်ကိ�မ�ီခိ�ေသာ ဦး ေ��ာကအ်တကွ�်�ေြမာသည။် အစာေ��ာငြ်ခငး်
ြပညန်ယ်

posterior pituitary pitu- ၏အာ�ံ�ေ�ကာအစိတအ်ပိ�ငး်
၎ငး်ကိ�ေသးွေပ�တငွသ်ိ�ေလ�ာင။် ထ�တလ်�တသ်ည။်
pothalamic stimulation မ�ထ�တလ်�ပ်ေသာေဟာ်မ�နး်��စ်ခ�
hypothalamus, vasopressin ��င့ ်oxytocin

စာမျက�်�ာ ၁၉

postganglionic ဖိ�ငဘ်ာ (po¯st´-gan-gle¯-ON-ik) The
two-neuron autonomic nerve မ�ာဒ�တယိ neuron
လမ်းေ�ကာငး်; autonomic ganglion ��င့စ်တငေ်ပ�ေပါကလ်ာသည်
effector ကိ�ယအ်ဂ� ါတစ်ခ�ေပ�တငွအ်ဆံ�းသတသ်ည်

postsynaptic neuron (po¯st´-si-NAP-tik) အဆိ�ပါ neu-
ron သည၎်ငး်၏လ�ပ်ေဆာင�်ိ�ငမ်�အလားအလာများကိ�အေဝးမ�ထနိး်ေပးသည်
synapse တစ်ခ�

Power Stroke ATP စမ်ွးအငသ်ံ�းြဖတေ်ကျာ်တတံား
ပါးလ�ာေသာချညမ်�ငမ်ျားကိ�ဆွထဲ�တေ်သာစညး်ေ��ာငြ်ခငး်��င့ေ်ကးွြခငး်
ထ�ထပ်တဲအ့မ�ငေ်တ�ွကားမ�ာပိ��ပီးနးီကပ်စာွ
�ကကသ်ားမ�ငတ်စ်ခ�ကျံ� � ြခငး်

preganglionic ဖိ�ငဘ်ာ ��စ်ခ�တငွပ်ထမဆံ�း neuron
neuron ကိ�ယပိ်�ငအ်�ပ်ချ�ပ်ခငွ့ရ်အာ�ံ�ေ�ကာလမ်းေ�ကာငး်; တငွစ်တငသ်ည်
ဗဟိ�အာ�ံ�ေ�ကာစနစ်သညအ်လိ�အေလျာကရ်ပ်တန ့သ်ာွး�ပီး
အမညခ် ံganglion

pressure gradient ဖိအားဖိအား ြခားနားချက်
ေရွ�လျားမ�ကိ�တနွး်အားေပးေသာေဒသ��စ်ခ�ကိ� tween လ�ပ်ပါ
ပိ�ြမင့ေ်သာဖိအားမ�ထိ�ေနရာမ�ေသးွသိ�မ့ဟ�တေ်လ
ဖိအားနညး်ေဒသ

presynaptic ပ့ံပိ�းက�ညမီ� Neu- တိ�းြမ�င့လ်�တေ်ပးြခငး်
presynaptic axon terminal တစ်ခ�မ� rotransmitter အြဖစ်
termin ြဖစ်ေသာအြခား neuron တစ်ခ�၏လ�ံ�ေဆာ်မ�ရလဒ်
axon terminal တငွ ်nates

presynaptic inhibition သညထ်�တလ်�တမ်�ကိ�ေလျာက့ျ ေစသည်
presynaptic axon ter- မ� neurotransmitter တစ်ခ�၏
အြခား neuron တစ်ခ�၏လ�ံ�ေဆာ်မ�ေ�ကာင့ ်minal
၎ငး်သည ်axon terminal တငွအ်ဆံ�းသတသ်ည်

presynaptic neuron (pre¯-si-NAP-tik) အာ�ံ�ခဆံလဲ်
၎ငး်သည ်synapse တစ်ခ�ဆသီိ�၎့ငး်၏လ�ပ်ေဆာငမ်�အလားအလာများကိ�လ�ပ်ေဆာငသ်ည်

primary active transport A carrier-mediated ြဖစ်သည်
စမ်ွးအငက်ိ�တိ�က�ိ်�ကြ်ပနလ်ညပိ်�ေ့ဆာငေ်ပးေသာပိ�ေ့ဆာငေ်ရးစနစ်
ေလယာ�တငသ်ေဘ�ာအားလညပ်တရ်န�်�င့လ်�ေဲြပာငး်ရနေ်တာငး်ဆိ�သည။်
၎ငး်၏အာ�ံ�စ�းစိ�ကမ်� gradient ကိ�ဆန ့က်ျငေ်သာအရာကိ�ပိ�သ့ည်

primary follicle A မ�လ oocyte ကဝနး်ရံထားသည်
သားအမ်ိထတဲငွ ်granulosa ဆလဲအ်လ�ာတစ်ခ�တညး်��ိသည်

primary motor cortex ဦး ေ��ာကအ်စိတအ်ပိ�ငး်
ဗဟိ� sulcus ��င့ေ်�� �တငွတ်ည�်�ိေသာ cortex
ဆ��အေလျာကေ်မာ်တာထ�တေ်ပးမ�အတကွတ်ာဝန�်�ိသည်

distal ��ိ အဓိကဆလဲမ်ျား ��င့စ်�စညး်ထားေသာဆလဲမ်ျား

ြ

ေဆးေတာင့�် �င့ေ်ကျာကက်ပ်၏ Henle ကငွး်ဆက်
နဖီရွန်

PTH parathyroid ေဟာ်မ�နး် ကိ��ကည့ပ်ါ

အဆ�တေ်သးွလ�တေ်�ကာ (PULL-mah-nair-e¯) သည�်ကးီမားသည်
ညာဘက ်ventricle မ�ေသးွကိ�သယေ်ဆာငေ်သာသေဘ�ာ
အဆ�တ်

အဆ�တေ်သးွလညပ်တမ်� ပိတထ်ားေသာ ေသးွ ၏ လညပ်တမ်�
��လံ�း��င့အ်ဆ�တ�်ကားမ�ေသးွများကိ�သယေ်ဆာငေ်သာသေဘ�ာများ

pulmonary surfactant (sur-FAK-tunt) ဓာတတ်စ်မျိ�း၊
အမျိ�းအစား II မ�လ�ိ� � ဝ�ကထ်ားေသာ pholipoprotein complex
ေရများ�ကားမ�ြဖတက်�းေသာ veolar ဆလဲမ်ျား
alveoli ကိ�စညး်ေသာေမာ်လကီျ�းများသည၎်ငး်ကိ�ေလ�ာခ့ျေပးသည်
အဆ�တအ်တငွး်မျက�်�ာြပငတ်ငး်အား

pulmonary valve ဆိ�သညမ်�ာခငွ့ြ်ပ�ေသာ one-way valve ြဖစ်သည်
ညာဘက ်ventricle မ�ေသးွထသဲိ�စီ့းဆငး်သည်
ventricular emptying ကာလအတငွး် pulmonary artery ဒါေပမယ့်
pulmo မ�ေသးွြပနစီ်းဆငး်မ�ကိ�ကာကယွေ်ပးသည။်
nary ေသးွလ�တေ်�ကာသည ်ventricle အတငွး်ညာဘက ်ventricle ထသဲိ� ့
lar အပနး်ေြဖ

pulmonary veins သယေ်ဆာငေ်သာတနဆ်ာ�ကးီများ
အဆ�တမ်���လံ�းသိ�ေ့သးွ

pulmonary ventilation ေလ ၀ ငေ်လထကွ ်ပမာဏ
တစ်မိနစ်အတငွး်အထကွ၊် tidal volume times နဲည့တီယ်
အသက�်����နး်

ေကျာငး်သားတစေ်ယာက ်အလယတ်ငွခ်ျိနည်��ိိ�ငေ်သာအဖွင့အ်ပိတြ်ဖစ်သည်
မျကဝ်နး်အတငွး်ပိ�ငး်မ�အလငး်တနး်များြဖတသ်နး်သည်
မျကလ်ံ�း၏အစိတအ်ပိ�ငး်များ

Purkinje အမ�ငမ်ျား (pur-KIN-je¯) ေသးငယေ်သာ terminal အမ�ငမ်ျား
၎ငး်သညသ်�၏အစ�အေဝးမ�လျငြ်မနစ်ာွကျယြ်ပန ့သ်ည်
ပွဲစ�တစ်ေလ�ာကတ်ငွြ်ဖစ်�ိ�ငေ်ချ��ိေသာလ�ပ်ေဆာငခ်ျကတ်စ်ခ�ကိ�ထ�တလ်�င့သ်ည။်
tricular myocardium

pyloric gland ဧရိယာ (PGA) (pı¯-LO¯ R-ik) အဆိ�ပါ spe-
the antrum ��ိ mucosa ၏ cialized ေဒသ
အစာအမ်ိမ�ထကွေ်သာအစာအမ်ိ
pyloric sphincter (pı¯-lo¯r´-ik SFINGK-tur) The
အစာအမ်ိ��င့ ်duodenum အ�ကားဆံ�ချက်

PYY ၃-၃၆ ေသးငယြ်ခငး်��င့ ်ဝ�က ်ထားေသာ satiety signal
�ကးီမားေသာအ�များသညအ်စာစားချငစိ်တက်ိ�တားဆးီေပး�ပီးအစာအြဖစ်စားသည်
အစာစားချိန်

လ�ံ�ေဆာ်မ�; afferent ၌လ�ပ်ေဆာင�်ိ�ငေ်သာအလားအလာများကိ�ထ�တေ်ပးသည်
neuron ဖိ�ငဘ်ာ

ေဟမိ�ဂလိ�ဘငေ်လျာန့ညး်သာွး ြခငး်သည ်ေဟမိ�ဂလိ�ဘင ်မဟ�တပ်ါ
O 2 ��င့ေ်ပါငး်စပ်သည်

တံ� ့ြပန်မ� သညအ်လိ�အေလျာကြ်ဖစ်ေပ�သည်
သတလိစ်ြခငး်မ��ိဘ ဲa ၏အစိတအ်ပိ�ငး်များ
reflex arc တငွ ်receptor, afferent pathway, inte- တိ�ပ့ါ ၀ ငသ်ည။်
ဆနခ်ါစငတ်ာ၊ efferent pathway ��င့ ်effector

အလငး်ယိ�ငြ်ခငး်အလငး်ယိ�င ်ြခငး် Bending

မီးတကခ်ျိန် (re¯-FRAK-tuh-re¯) pe- အချိန်
riod သညမ်�ကာေသးမီကဖွင့ထ်ားေသာအေြမ�းပါး၏ patch ြဖစ်သည်
refractory (တံ� ့ြပနမ်�မ��ိ) သညေ်နာကထ်ပ်��းိဆရွန၊်
၎ငး်သညလ်�ပ်ေဆာင�်ိ�ငသ်ည့ြ်ပန ့ပ်ာွးမ�ကိ�တားဆးီေပးသည်
၎ငး်မ�တဆင့ေ်နာကဘ်က�်�ိဧရိယာသိ�ေ့နာကြ်ပန်
ြဖတ�်ပီးသည�်�င့ ်ဦး တညရ်ာမဲြ့ပန ့ပ်ာွးမ�ကိ�ေသချာေစသည်
လ�ပ်ေဆာင�်ိ�ငေ်ြခအလားအလာ၏မ�လကန ဦး ေနရာ��င့ေ်ဝးသည်
activation

စညး်မျ�းစညး်ကမ်းပ�ိ�တငး် Troponin ��င့ ်tropomyosin၊
�ကကသ်ားကျံ� � ြခငး်ကိ�ထနိး်ည�ရိာတငွအ်ဓိကအခနး်ကဏ္ play မ�ပါဝငသ်ည်
Intrax ၏ ၀ ကဆ်ိ�ကမ်ျားကိ�ဖံ�းကယွြ်ခငး်သိ�မ့ဟ�တေ်ဖာ်ထ�တြ်ခငး်ြဖင့်
contractile protein များအ�ကားဆကသ်ယွမ်�

စညး်မျ�းစညး်ကမ်း T ဆလဲမ်ျား T lymphocytes အတနး်အစားတစ်ခ�ြဖစ်သည်
အြခား lymphocytes များ၏လ�ပ်ေဆာငမ်�ကိ�ဖိ��ပ်ိသည်

ေဟာ်မ�န်း A ကိ� ထ�တလ်�တ ်ေသာ hypothalamic ေဟာ်မ�နး်ြဖစ်သည်
အထ�းသြဖင့ ်anterior pi ၏လ�ိ�� ဝ�ကခ်ျကက်ိ�လ�ံ�ေဆာ်ေပးသည။်
tuitary ေဟာ်မ�နး်

renal cortex အြပငဘ်ကအ်လံ�းေသးေသးေလးေတေွပ�ေနတဲေ့ဒသ
ေကျာကက်ပ်၏

renal medulla (RE¯-nul muh-DUL-uh) အတငွး်စိတတ်စ်ခ�
ေကျာကက်ပ်၏ striated-ထင�်�ားေသာေဒသ

ေကျာကက်ပ်ဆိ�ငရ်ာပမာဏသည ်plasma concentration ကိ� ေရာကသ်ည်
ေသာ T က မီတာ တစ်ဦးအထ�းသြဖင့ပ်စ�ညး်ဥစ�ာများေရာက�်�ိေန�ပီြဖစ်ပါတယ်
၎ငး်ဓာတသ်ညဆ်းီတငွပ်ထမဆံ�းေပ�လာသည်

renin (RE¯-nin) enzymatic ေဟာ်မ�နး်ကိ�ထ�တလ်�တသ်ည်
ေကျာကက်ပ်မ�ကျဆငး်ြခငး်ကိ�တံ� ့ြပနသ်ည်
NaCl/ECF ထ�ထည/်ေသးွလ�တေ်�ကာေသးွဖိအား၊ activates
angiotensinogen ြဖစ်သည်
renin -angiotensin -aldosterone system (RAAS)
(an´je¯-o¯-TEN-sun al-do¯-steer-OWN) ဆား-

� ြ
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ဂျီ ၁၂ ခကဆ်စ်

ေကျာကက်ပ်၏လ�ပ်ေဆာငခ်ျကမ်ျားသည ်al- ၏လ�ပ်ေဆာငမ်�ေနရာများြဖစ်သည။်dosterone ��င့ ်vasopressin

progestational phase secretory phase ကိ��ကည့ပ်ါ

prolactin (PRL) (pro¯-LAK-tun) ေ�� � pitu-
ရငသ်ားဖံွ� �ဖိ�းမ�ကိ�လ�ံ�ေဆာ်ေပးတဲ ့itary ေဟာ်မ�နး်
အမျိ�းသမီးများအတကွ�်ိ�ထ့�တလ်�ပ်မ�

�ကးီထာွး ��နး်အဆင့ရ်ာသစီကဝ်နး်၏အဆင့်
cle သည ်endometrium သ�ဘ့ာသာသ�ြပနလ်ညြ်ပ�ြပငသ်ည်
ဓမ�တာလာ�ပီးေနာကထ်�လာသည။် မ��ကာ��ညသ်ည်
မျိ�းဥထကွသ်ညအ်ထရိာသအီဆင့�်ပီးဆံ�းသည်

လိ�လားသ� opiomelanocortin (pro¯-op´E¯-o¯-ma-LAN-oh-
kor´-tin) ြဖစ်�ိ�ငေ်သာ�ကးီမားေသာေ�� �ေြပးေမာ်လကီျ�းတစ်ခ�ြဖစ်သည်
adrenocorticotropic ေဟာ်မ�နး်သိ�က့ွြဲပားစာွမ�ီဝဲြခငး်၊
melanocyte လ�ံ�ေဆာ်ေဟာ်မ�နး်��င့ ်endorphin

proprioception (pro¯´-pre¯-o¯-SEP-shun) အြမငက်ျယြ်ခငး်
တစ် ဦး ��င့တ်စ် ဦး ဆကစ်ပ်၍ ခ��ာကိ�ယအ်စိတအ်ပိ�ငး်များ၏တညေ်နရာ
��င့ပ်တဝ်နး်ကျငသ်ိ� ့
prostaglandins (pros´-tuh-GLAN-dins) ြပညတ်ငွး်
ေပါငး်စပ်မ�မ�ရ��ိေသာဓာတ�အကျိ�းေဆာငမ်ျား
ပလာစမာအေြမ�းပါး၊ arachidonic အကစ်စ်

ဆးီကျိတဂ်လငး် ( Prostate gland ) အမျိ�းသားလငိအ်ဂ� ါမ�ခွထဲ�တေ်သာလငိအ်ဂ� ါ
အကစ်စ်ဓာတက်ိ�ေချဖျကေ်ပးေသာ alkaline အရညက်ိ�ဖနတ်းီသည်
မိနး်မကိ�ယမ်�ထကွေ်သာအရညမ်ျား

protein kinase (KI¯-nase) သညေ်ဖာစ့ဖိတအ်ငဇိ်�ငး်တစ်ခ�ြဖစ်သည။်
phorylates သည၎်ငး်အားပံ�သဏ�ေ်ြပာငး်လမဲ�ကိ�ြဖစ်ေပ�ေစသည်
intracellular protein တစ်ခ�၏လ�ပ်ေဆာငခ်ျက�်�င့်

proteolytic အငဇိ်�ငး်များ (pro¯t´-e¯-uh-LIT-ik) အငဇိ်�ငး်များ
ပ�ိ�တငး်ကိ�ေချဖျကေ်ပးတဲ့

proximal tubule (PROKS-uh-mul) အလနွအ်ဆင့ြ်မင့သ်ည်
Bowman's အ�ကား၌တည�်�ိေသာ convoluted tubule

RAAS renin-angiotensin-aldosterone system ကိ��ကည့ပ်ါ

ဓါတေ်ရာငြ်ခည ်ရဲမ့ျက�်�ာြပငက်ေနအပ�စမ်ွးအငက်ိ�ထ�တလ်�တမ်�
ေ�းွေထးွေသာကိ�ယခ်��ာကိ�လ�ပ်စစ်သလံိ�ကြ်ဖင့ြ်ပ�လ�ပ်သည်
လ�ငိး်များ

reabsorption interstitial ၏အသားတငလ်�ပ်��ားမ�
ေသးွေ�ကာမ�ငမ်ျားထသဲိ�အ့ရည်

လကခံ်လယြ်ပင ်အဆိ�ပါ circumscribed ေဒသ sur-
Neu- အတငွး်အာ�ံ�ခအံာ�ံ�ခဆံလဲက်ိ�ပတလ်ည်
ron သညလ်�ံ�ေဆာ်မ�အချကအ်လကမ်ျားကိ�တံ� ့ြပနသ်ည်

လကခံ်သ� အာ�ံ�ခလံကခ် ံသ� ( သိ�)့ လကခ် ံသ� ကိ��ကည့ပ်ါ
အေြမ�းပါး)

receptor-channel A သည ်inceptor တစ်မျိ�းြဖစ်သည။်
ဖွင့ ်(သိ�မ့ဟ�တပိ်တ)် ေသာ channel တစ်ခ�၏ tegral အစိတအ်ပိ�ငး်
extracellular messenger တစ်ခ���င့ခ်ျညေ်��ာငြ်ခငး်

receptor-enzyme သည ်လ�ပ်ေဆာငေ်သာ receptor အမျိ�းအစားြဖစ်သည်
extracellular တစ်ခ���င့ေ်ပါငး်စပ်ရနအ်ငဇိ်�ငး်တစ်ခ�အြဖစ်
ဓာတ�တမန်

receptor (in membrane) Membrane protein ကိ�ဆိ�လိ�တာပါ
သးီြခား extracellular ဓာတ� messen- ��င့ခ်ျညေ်��ာင်
ger သညအ်ေြမ�းပါး��င့ ်intracellular ကိ�ြဖစ်ေပ�ေစသည်
ဆလဲတ်စ်ခ�၏လ�ပ်ေဆာငမ်�ကိ�ေြပာငး်လေဲစေသာြဖစ်ရပ်များ

receptor-mediated endocytosis ၏ par- တစ်ခ�တငသ်ငွး်ြခငး်
ticular �ကးီမားေသာေမာ်လကီျ�းကိ� ECF မ�ဆလဲတ်စ်ခ�ထသဲိ� ့ြပ�လ�ပ်သည်
endocytic အတိတ်စ်အတိ၏်ဖဲွ�စညး်ြခငး်��င့ပိ်တြ်ခငး်
ေမာ်လကီျ�းတစ်ခ�၏မျက�်�ာြပငအ်ားချညေ်��ာငြ်ခငး်ကိ�တံ� ့ြပနေ်သာအားြဖင့်
membrane receptor သည၎်ငး်အတကွသ်းီြခားြဖစ်သည်

လကခံ်�ိ�ငေ်သာအလားအလာ The graded potential change
a ကိ�တံ� ့ြပနေ်သာအာ�ံ�ခ ံreceptor တငွြ်ဖစ်ေပ�သည်

renin ထ�တလ်�တမ်�ေ�ကာင့ြ်ဖစ်ေပ�လာေသာထနိး်သမ်ိးေစာင့ေ်��ာကေ်ရးစနစ်
angiotensin ကိ�လ�ံ�ေဆာ်ေပးေသာေကျာကက်ပ်မ�
aldosterone secretion ကိ�လ�ံ�ေဆာ်ေပး�ပီး Na reab-
ပံ�စံစ�အတငွး်ေကျာကက်ပ်�ပနမ်ျားမ�စ�ပ်ယ�ြခငး်
ဆးီထကွြ်ခငး်

repolarization (re¯'-PO-luh-Ruh-Za-ေ��ာငဖ်ယ)် သိ� ့ြပနသ်ာွးသည်
အေြမ�းပါးအလားအလာ၏ေနာကဆ်ကတ်ွြဲဖစ်လာ�ိ�ငေ်ြခများ
depolarization တစ်ခ�တငွ်

မျိ�းပွားမ�လမ်းေ�ကာငး် �ပနစ်နစ်အထ�းြပ�သည်
၎ငး်တိ� ့�ပီးေနာက ်gametes များကိ�သယယ်�ရနသ်ိ�မ့ဟ�တေ်နရာချရနြ်ဖစ်သည်
ထ�တလ်�ပ်သည်

လကက်ျန်အသ ံအနမိ့်ဆံ�းေလထ�ပမာဏ
အြမင့ဆ်ံ�းေရာကလ်�ငပ်ငအ်ဆ�တထ်သဲိ� ့ ၀ ငသ်ည်
သကတ်မ်းက�နဆ်ံ�းြခငး်

ခ�ခံမ� အားြဖင့ေ်သးွသိ�မ့ဟ�တေ်လစီးဆငး်မ�ကိ�အ ဟန ့်အတားြဖစေ်စသည်
ေသးွေ�ကာတစ်ခ�သိ�မ့ဟ�တအ်သက�်��လမ်းေ�ကာငး်တစ်ခ�စီကိ�ေခ�သည်

အသက�်��ြခငး်သည ်�ပီးေြမာကေ်သာလ�ပ်ငနး်စ�များ
atmo- မ� O 2 ၏စ�ဆကမ်ြပတ ်passive ေရွ�လျားမ�
တစ်သ��းများ��င့အ်ဆကမ်ြပတပ်တ ်၀ နး်ကျင၊်
ဇီြဝဖစ်ထ�တလ်�ပ် CO ၏ sive လ�ပ်��ားမ� 2

တစ်သ��းများမ�ေလထ�သိ� ့

အသက�်��လမ်းေ�ကာငး်ဆိ�ငရ်ာ acidosis (as-i-DO¯ -us) acidosis ြပနြ်ဖစ်ြခငး်၊
CO ၏ပံ�မ�နမ်ဟ�တေ်သာ retention ကိ�ထမံ� sulting 2 ေပ�ေပါက်
hypoventilation မ�

အသက�်��လမ်းေ�ကာငး်၊ ေလ �ပနစ်နစ်များ
ducts သညေ်လထ���င့ ်alveoli အ�ကားြဖစ်သည်
အဆ�တ်

အသက�်��လမ်းေ�ကာငး်ဆိ�ငရ်ာ alkalosis (al´-kuh-LO¯ -sus) Alkalosis
ခ��ာကိ�ယမ်� CO 2 အလနွအ်က�ံဆံ�း�� ံးြခငး်ေ�ကာင့်
hyperventilation ၏ရလဒ်

စာမျက�်�ာ ၂၀

အသက�်����န်း တစ်မိနစ်လ�င ်အသက�်���န်း

အနားယ�အေြမ�းပါးအလားအလာ The membrane po-
စိတလ်�ပ်��ားဖွယဆ်လဲတ်စ်ခ�သညမ်ပျကစီ်းသည့အ်ခါတည�်�ိေနသည့အ်လားအလာ
လ�ပ်စစ်အချကြ်ပကစားြခငး်
reticular activating system (RAS) (ri-TIK-u¯-lur)
reticular for- ၌ြဖစ်ေပ�ေသာအမ�ငတ်နး်များ
��းိေဆာ်သ�ံ�င့အ်ချကြ်ပသမံျားကိ�ြမ�င့တ်ငရ်န၊်
ဦး ေ��ာက ်cortex ကိ�ကာကယွေ်ပးသည်

reticular ဖဲွ�စညး်ြခငး် အြပနအ်လ�နခ်ျိတဆ်ကထ်ားေသာကနွယ်ကတ်စ်ခ�ြဖစ်သည်
ဦး ေ��ာကပ်ငစ်ညတ်စ်ေလ�ာက�်�င့လ်ညပ်တေ်နေသာအာ�ံ�ခဆံလဲမ်ျား
ပထမ ဦး စာွ synaptic input အားလံ�းကိ� to လကခ်�ံပီးေပါငး်စပ်သည်
ဦး ေ��ာက်

ြမင ်လ�ာ posterior ေဒသတငွအ်တငွး်ဆံ�းအလ�ာ
မျကစိ်၏ photoreceptors များပါ ၀ ငေ်သာမျကစိ်၊
ေချာငး်များ��င့က်နွက်ရစ်များ

ribonucleic acid (RNA) (rı¯-bo¯-new-KLA¯-ik) A ြဖစ်သည်
nucleic acid သညပံ်�စံသံ�းမျိ�းြဖင့တ်ည�်�ိသည်
RNA၊ ribosomal RNA ��င့ ်transfer RNA) တိ� ့ြဖစ်သည်
ဗီဇက�းယ�ြခငး်��င့ပ်�ိ�တငး်တငွပ်ါ ၀ ငပ်ါ
ေပါငး်စပ်

ribosomes (RI¯-bo¯-so¯ms) အထ�း ribosomal RNA-
ေအာက�်�ိပ�ိ�တနိး်များကိ�ေပါငး်စပ်ေသာ protein complexes များ
�ျ�ကလးီယား DNA ၏ ဦး တညခ်ျက်

right atrium (A¯ -tre¯´ -um) ��လံ�းအခနး်
စနစ်တကျေသးွြပနေ်�ကာမ�ေသးွကိ�လကခ်သံည်
ေစာငေ်ရ

right ventricle ��လံ�းမ�အခနး်ကိ�စ�ပ်သည်
pulmonary လညပ်တမ်�ထသဲိ�ေ့သးွ

RNA တငွ ်ribonucleic acid ကိ��ကည့ပ်ါ

ေချာငး်များ ညဘကအ်ြမငအ်ာ�ံ�အတကွသ်ံ�းေသာမျကလ်ံ�း၏ photoreceptors များ

�ကမ်းတမ်းေသာ ER ြပားချပ်ချပ်၊ ribosome-studded အတိမ်ျား
ပ�ိ�တငး်များကိ�ေပါငး်စပ်ေပးေသာ endoplasmic reticulum
တငပိ်�ရ့နသ်ိ�မ့ဟ�တအ်ေြမ�းပါးတညေ်ဆာကရ်ာတငွသ်ံ�းရန်

ပတပ်တလ်ညြ်ပတငး်ေပါက ်အဆိ�ပါအေြမ�းပါးဖံ�းဖွင့လ်�စ်
cochlea ၏ေအာကခ်နး်ကိ�ခွြဲခားသည်
အလယန်ားမ�အတငွး်နား

ryanodine receptors (rye-ah-NO-deen) လကခ်သံ�များ
dihy- ��င့ေ်ပါငး်စပ်ထားေသာ sarcoplasmic reticulum ေပ�တငွ်
ကပ်လျက ်T tubule တငွ ်dropyridine receptors များ��ိသည်
၎ငး် ကာလအတငွး် Ca 2 ကိ� ြပနလ်ညထ်�တလ်�င့ပ်ါ
excitation-contraction coupling

တေံထးွ amylase (AM-uh-la¯s´) အငဇိ်�ငး်ကိ�ေထာကပံ်ေ့ပးေသာ
ကာဗိ�ဟိ�ကဒ်ရိတစ်တငေ်စေသာတေံတးွဂလငး်များကတနွး်အားေပးသည်
ခတံငွး်၌အစာေချဖျက�်ပီးအစာအမ်ိ၌ဆကလ်ကတ်ညသ်ည။်
အစာ��င့တ်ေံတးွကိ�မျိ�ချ�ပီးေနာက်

ဆား ြဖန ်ြခငး် (SAL-tuh-to¯r´-e¯) နညး်လမ်းများ
လ�ပ်ေဆာငခ်ျကတ်စ်ခ�အလားအလာကိ�ြဖန ့က်ျကေ်ပးသည်
လ�ံ�ေဆာ်မ���င့အ်တ� myelinated fiber တစ်ေလ�ာက်
myelinated ေဒသများတစ်ခ�မ�တစ်ခ�သိ�ခ့�နြ်ခငး်
Ranvier ၏ေနာကတ်စ်ခ�သိ� ့

ဆားမ�တမ� ဆားစားသံ�းမ���င့ဆ်ားအ�ကား မ�ေြခ
အထကွ;် ECF အသအံတိ�းအကျယက်ိ�ထနိး်ချ�ပ်ရာတငွအ်ေရး�ကးီသည်

SA node sinoatrial node ကိ��ကည့ပ်ါ

sarcomere (SAR-ko¯-mir) ၏လ�ပ်ေဆာငခ်ျကယ်�နစ်
အ�ိ�း�ကကသ်ား; Z လိ�ငး်��စ်ခ��ကားဧရိယာ
myofibril အတငွး်

sarcoplasmic reticulum (ri-TIK-yuh-lum) ဒဏေ်ငွ
ပတ ်၀ နး်ကျင�်�ိအြပနအ်လ�န�်ပနမ်ျား၏ meshwork
�ကကသ်ားမ�င၏် myofibrils; တိ�းချဲ� lat ပါဝငပ်ါသည်
ကယလ်စီယမ်ကိ�သိ�ေလ�ာငထ်ားေသာ eral sacs များ
cytosol သညေ်ဒသတငွး်လ�ပ်ေဆာငမ်�အလားအလာကိ�တ�န ့ြ်ပနသ်ည်

satiety အချကြ်ပမ� (suh-TI¯-ut-e¯) သိ� ့ ဦး တညေ်သာအချကြ်ပများ
ြပည့ဝ်ေသာခစံားမ���င့ဆ်��ကိ�ချိ�း��မ်ိပါ
စားရန်

ြ ြ ြ

မျက ်ြဖ�ြမင�်ိ�ငေ်သာမျကလ်ံ�း၏အြပငဘ်ကအ်လ�ာ

အလယတ်န်းတက�်ကသယယ်�ပိ�ေ့ဆာငေ်ရး တစ်ဦးကသယယ်�ပိ�ေ့ဆာငေ်ရး mecha-
ဂလ�းကိ�စ့် (သိ�)့ ဂလ�းကိ�စ့်အတကွသ်ယေ်ဆာငတ်ဲေ့မာ်လကီျ�းတစ်ခ�
အမိ�င�်ိ�အကဆ်စ်ကိ� Na concentration gradi ြဖင့ေ်မာငး်��ငသ်ည။်
စမ်ွးအငက်ိ�မ�ီခိ�ေသာ Na pump ြဖင့တ်ညေ်ဆာကသ်ည်
ဂလ�းကိ�စ့်သိ�မ့ဟ�တအ်မိ�င�်ိ�အကဆ်စ်ကိ�က�နး်တကမ်��ိဘလဲ�ေဲြပာငး်ေပးသည်
ေလယာ�တငသ်ေဘ�ာကိ�လညပ်တရ်နစ်မ်ွးအငက်ိ�တိ�က�ိ်�ကသ်ံ�းစွဲသည်

secondary follicle A သညသ်ားအမ်ိ follicle ဖံွ� �ဖိ�းသည်
၎ငး်သညအ်ကစ်ထ�ိ�ဂျငက်ိ�လ�ံ�ေဆာ်ေပး�ပီး antrum တစ်ခ�ဖဲွ�စညး်သည်

ဒ�တယိလငိပိ်�ငး်ဆိ�ငရ်ာလက�ဏာများ အြပငပ်နး်များစာွ
တိ�က�ိ်�ကမ်သကဆ်ိ�ငေ်သာ nal ဝိေသသလက�ဏာများ
မျိ�းပါွးေသာ်လညး်အမျိ�းသား��င့အ်မျိ�းသမီးခွြဲခားသည်

ဒ�တယိ messenger သည ်intracellular chemical တစ်ခ�ြဖစ်သည်
extracellular ပထမ mes- ကိ�စညး်ေ��ာငြ်ခငး်ြဖင့အ်သကသ်ငွး်သည။်
senger သညမ်ျက�်�ာြပင ်receptor site သိ� ့ pre- ထကွလ်ာသည၊်
ေြပာငး်လေဲစေသာဇီဝဓာတ�ြဖစ်စ�များကိ�အစီအစ�ချသည်
အသားဓာတက်ိ�ထနိး်ချ�ပ်ေပးတဲ ့intracellular protein ေတရဲွလ့�ပ်ေဆာငခ်ျက်
ticular ဆလဲလ်�ပ်��ားမ�

secretin (si-KRE¯T-´n) မ�ထ�တလ်�တေ်သာေဟာ်မ�နး်တစ်မျိ�းြဖစ်သည်
duodenal mucosa သညအ်ဓိကအားြဖင့တ်ံ� ့ြပနသ်ည်
အကဆ်စ်ပါဝငမ်�; အစာအမ်ိလ�ပ်��ားမ�ကိ�ဟန ့တ်ားေပး�ပီး၊
၎ငး်သည ်NaHCO 3 solution ၏လ�ိ�� ဝ�ကခ်ျကက်ိ�လ�ံ�ေဆာ်ေပးသည်
ပနက်ရိယ��င့အ်သညး်မ�

လ�ိ� ဝ�ကခ်ျက် သညဆ်လဲ၏်အြပငဘ်ကသ်ိ� ့ြဖန ့ခ်ျိသည။်
ဆလဲမ်�ထ�တလ်�ပ်ေသာအရာများအားလ�ံ�ေဆာ်မ�ကိ�စားသည်

secretory phase ရာသစီကဝ်နး်၏အဆင့်
စိမ်းလနး်စိ�ေြပေသာ endo- ဖံွ� �ဖိ�းမ�၏သငွြ်ပငလ်က�ဏာ
ေြမဇာသညေ်ြမ�သဇာကိ�ေထာကပံ်ေ့ပး�ိ�ငသ်ည်
သားဥအမ်ိ; progestational phase ဟ�လညး်ေခ�သည်

secretory vesicles (VES-i-kuls) အေြမ�းပါး
ြဖစ်ခဲဖ့�းေသာပ�ိ�တငး်များပါ ၀ ငေ်သာအတိမ်ျား
ေပါငး်စပ်�ပီး endoplasmic ြဖင့စီ်မံသည်
reticulum/Golgi ၏��ပ်ေထးွေသာဆလဲ�်�င့မ်ညသ်ည့အ်ရာြဖစ်သည်
ဆလဲ၏်အြပငဘ်ကသ်ိ� ့ exocytosis ြဖင့လ်�တသ်ည်
သင့ေ်လျာ်ေသာလ�ံ�ေဆာ်မ�

segmentation အ�သမ်ိ၏အဓိက
ေရွ�လျားမ�နညး်လမ်း; တ�နခ်ါမ�၊ လကစ်ပ်ွကဲသ့ိ�ပ့ါဝငသ်ည်
တစ်ေလ�ာက�်�ိေချာေမွ�ေသာ�ကကသ်ားများကျံ� � ြခငး်
အ�သမ်ိ၏အ��ည်

ေရွးချယ�်ိ�ငေ်သာ permeable membrane A membrane
၎ငး်သညအ်မ�နအ်ချိ� �ကိ�ြဖတသ်ာွးခငွ့ြ်ပ�သည်
အြခားသ�များကိ�မပါဝငပ်ါ

self-antigens a ၏ဝိေသသလက�ဏာများ
လ�တစ် ဦး ၏ကိ�ယပိ်�ငဆ်လဲမ်ျား

သ�တရ်ည ်(SE¯-men) အသံ�းအေဆာငလ်ငိဂ်လငး်၏အေရာအေ��ာတစ်ခ�ြဖစ်သည်
သ�တရ်ညမ်ျား��င့သ်�တပိ်�းများ

semicircular canal အာ�ံ�ခအံဂ� ါသညန်ားအတငွး်ပိ�ငး်၌��ိသည်
အလ�ည့အ်ေြပာငး် (သိ�)့ ေထာင့ခ်ျိ�းအ��ိနက်ိ�ေထာကလ်�မ်းသည်
ဦး ေခါငး်၏ေ��းေကးွ

semilunar အဆိ��့�င ်(sem´-ı¯-LEW-nur) the aortic
��င့အ်ဆ�တအ်ဆိ��့�င်

seminal vesicles (VES-i-kuls) အမျိ�းသားအသံ�းအေဆာငလ်ငိ်
Fructose သညသ်�ကပိ်�းကိ�သ�ကေ်ကာငသ်ိ�ေ့ထာကပံ်ေ့ပးသည်
prostaglandins ကိ�ထ�တသ်ည်
seminiferous tubules (sem´-uh-NIF-uh-rus) The
ေဝ�းေစအ့တငွး်မ�အလနွေ်ကာငး်မနွေ်သာ coiled tubules များကိ�ထ�တလ်�ပ်ေပးသည်
spermatozoa ေဆး

sensor သည ်control system တစ်ခ�၏အစိတအ်ပိ�ငး်ြဖစ်သည်
ထနိး်ချ�ပ်�ိ�ငေ်သာ variable ၏ြပငး်အားကိ�ေစာင့�်ကည့သ်ည်

sensory afferent Pathway သညဗ်ဟိ�အာ�ံ�ေ�ကာသိ�သ့ာွးသည်
သတငး်အချကအ်လကမ်ျားသညအ်ဆင့သ်ိ�ေ့ရာကေ်စေသာစနစ်ြဖစ်သည်
ဝိညာဏ၏်

အာ�ံ� ခံစားမ�ထည့သ်ငွး်မ� somatic sensation ��င့်
အထ�းအာ�ံ�များ

အာ�ံ� ခံလကခံ် သ�သည ်afferent neuron's peripheral ြဖစ်သည်
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Sertoli ဆလဲမ်ျား (sur-TO¯-le¯) ဆလဲမ်ျားသညတ်စ်ပိ�ငး်၌တည�်�ိသည။်
niferous tubules များအတငွး် spermatozoa ကိ�ေထာကပံ်သ့ည်
သ�တိ�ရဲ့ဖံွ့� �ဖိ�းတိ�းတကမ်�

ေသးွရည�်ကည ်Plasma minus fibrinogen ��င့အ်ြခားေသးွခြဲခငး်
ေ�� �ေြပးများ

homeostatic အလိ���ိေသာအဆင့ ်ကိ�သတမ်�တပ်ါ
control ယ��ရားများသညထ်နိး်ချ�ပ်�ိ�ငေ်သာ variable တစ်ခ�ကိ�ထနိး်သမ်ိးထားသည်

လငိေ်ဟာ်မ�န်း The steroid hormones တာဝန�်�ိသည်
ေယာကျာ်းေလး��င့မိ်နး်မသားတိ�၏့ဖံွ� �ဖိ�းတိ�းတကမ်�အတကွ်
ဝိေသသလက�ဏာများ; အမျိ�းသားများ��င့ ်estrogens များတငွ ်testosterone
အမျိ�းသမီးများတငွ်

အချကြ်ပေမာ်လကီျ�း တစ်ခ�တငွြ်ပငပ်ဆလဲတ်စ်ခ�ြဖစ်ေသာဓာတ�ဓာတမ်ျား
ဆလဲတ်စ်ခ�တငွအ်ချကြ်ပမ�က�းေြပာငး်မ�ကိ�အစြပ�ေသာ senger

signal transduction အြဖစ်အပျကမ်ျားရဲအ့စ�လိ�က်
extracellular ဓာတ�မ� ၀ ငလ်ာေသာအချကြ်ပများ
ေစတမနမ်ျားကိ�သ�တိ��့�ိရာဆလဲတ်စ်ခ�ထသဲိ�ပိ့�ေ့ဆာငသ်ည်
dictated cellular response အြဖစ်ေြပာငး်လလဲိ�ကသ်ည်

single-unit smooth muscle အေပါများဆံ�း
ေချာေမွ� �ကကသ်ားအမျိ�းအစား; �ကကသ်ားမ�ငမ်ျားြဖင့ဖဲွ်�စညး်ထားသည်
ထိ�ေ့�ကာင့က်ာွဟချကလ်မ်းဆံ�များြဖင့အ်ြပနအ်လ�နဆ်ကသ်ယွ�်ကသည်
သ�တိ�သ့ညစိ်တလ်�ပ်��ားလာ�ပီးယ�နစ်တစ်ခ�အြဖစ်စာချ�ပ်ချ�ပ်ဆိ��ကသည။် လညး်
visceral ေချာေမွ� �ကကသ်ား အြဖစ်လ�သမိျားသည်

sinoatrial (SA) node (sı¯-no¯-A¯-tre¯-ul) ေသးငယေ်သာ spe-
ညာဘက ်atrial wall ၌ cialized autorhythmic ေဒသ
အလိ�အေလျာကအ်လျငြ်မနဆ်ံ�း��ိေသာ��လံ�း၏
depolarizations ��င့ပံ်�မ�န ်pace- အြဖစ်
��လံ�းသားကိ�ဖနဆ်ငး်သ�

skeletal muscle သညတ်ယွက်ပ်ေနေသာ Striated muscle ြဖစ်သည်
အ�ိ�းစ�သိ�ေ့ရွ �လျားမ�အတကွတ်ာဝန�်�ိသည်
ရညရွ်ယခ်ျကတ်စ်ခ���င့တ်စ်ခ�ဆကစ်ပ်ေနေသာအ�ိ�းများ၊ အတငွး်၌
somatic အာ�ံ�ေ�ကာစနစ်��င့ ်ဦး ေ��ာကေ်အာက�်�ိအာ�ံ�ေ�ကာများထခိိ�ကသ်ည်
ဆ��အေလျာကထ်နိး်ချ�ပ်မ�

slow-wave potentials တစ်ခ�သည ်Self-excitable activity တစ်ခ�ြဖစ်သည်
၎ငး်၏အေြမ�းပါးမ�အလားအလာမ��ိေသာစိတလ်�ပ်��ားဖွယဆ်လဲ်
dergoes သည ်depolarizing ��င့ ်hym ကိ�တြဖညး်ြဖညး်ချငး်ေြပာငး်သည။်
perpolarizing လ�ငိး်များ

ေချာေမွ�ေသာ ER endoplasmic reticu- ၏ tubules များ၊
lum သညအ်သစ်ဖဲွ�စညး်ထားေသာပ�ိ�တနိး်များပါ ၀ ငသ်ည်
vesicles သယယ်�ပိ�ေ့ဆာငေ်ရး

ေချာေမွ�ေသာ�ကက ်သားများ၏နရံံများတငွ ်Involuntary �ကကသ်ားများ��ိသည်
အလိ�အေလျာကြ်ပ�လ�ပ်ထားေသာအတငွး်အဂ� ါများ��င့�်ပနမ်ျား
အမညခ်အံာ�ံ�ေ�ကာစနစ်

sodium (Na) load စ�စ�ေပါငး် Na ၏ပမာဏ
ECF အသအံတိ�းအကျယက်ိ�ဆံ�းြဖတေ်ပးေသာခ��ာကိ�ယ်
၎ငး်၏ osmotic အကျိ�းသကေ်ရာကမ်�

somatic cells (so¯-MAT-ik) ခ��ာကိ�ယဆ်လဲမ်ျားကဲသ့ိ� ့၊
မျိ�းပာွးြခငး်ဆလဲမ်ျား��င့ပိ်တမိ်သည်

somatic အာ�ံ�ေ�ကာစနစ ်၏အကျိ�းသကေ်ရာကမ်�အပိ�ငး်
၎ငး်သညအ်ရံအာ�ံ�ေ�ကာစနစ်၏ကွြဲပားြခငး်ြဖစ်သည်
အ�ိ�းအေ�ကာများကိ�အတငွး်ပိ�ငး်ထေိစသည။် axonal ပါဝငသ်ည်
alpha motor neurons ၏အမ�ငမ်ျား

somatic sensation အာ�ံ�ခသံတငး်အချကအ်လကြ်ဖစ်ေပ�သည်
somesthetic sen- အပါအ ၀ ငခ်��ာကိ�ယမ်ျက�်�ာြပငမ်�
ပိ�ငဆ်ိ�ငမ်���င့ပိ်�ငဆ်ိ�ငမ်�

somatomedin (so¯´-mat-uh-ME¯-din) အငဆ်�လင ်ကိ��ကည့ပ်ါ ၊
တိ�းတကမ်�အချကက်ဲသ့ိ� ့
somatosensory cortex အဆိ�ပါ parietal ၏ေဒသ
ဗဟိ� sulcus ေနာကဘ်က ်lobe ချကခ်ျငး် site ကိ�
somesthetic ��င့ ်propriocep ကိ�ကန ဦး လ�ပ်ေဆာငြ်ခငး်
tive input ကိ�

somatotropes သည ်Anterior pituitary cells များကိ�လ�ံ�ေဆာ်ေပးသည်
�ကးီထာွးေဟာ်မ�နး်

somesthetic ခံစားချကမ်ျား (SO¯ -mes-THEH-tik)
ထေိတွ� မ�၊ ဖိအားကဲသ့ိ�အ့ာ�ံ�ခစံားမ�ကိ�သ�ိ�ိနားလညြ်ခငး်၊
ကိ�ယအ်ပ�ချိန�် �င့ခ်��ာကိ�ယမ်ျက�်�ာြပငမ်�နာကျငြ်ခငး်

� ြ
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Translating...
ခကဆ်စ် ဂျီ ၁၃

saturation အေြခအေနအားလံ�းသညစ်ညး်ေ��ာငထ်ားေသာဆိ�ကမ်ျားတငွ�်�ိေသာအေြခအေနြဖစ်သည်
carrier ေမာ်လကီျ�းတစ်ခ�ေပ�တငွေ်နရာယ�သည်

Schwann ဆလဲ ်(shwahn) myelin ဖဲွ�စညး်ေသာဆလဲမ်ျား
အရံအာ�ံ�ေ�ကာစနစ်၏

အဆံ�းသညအ်မ�နတ်စ်ခ�အားတံ� ့ြပနရ်နအ်ထ�းြပ�ေသာ၊၎ငး်၏ပတဝ်နး်ကျင၌် ular လ�ံ�ေဆာ်မ�

sensory transduction လ�ံ�ေဆာ်မ�ေြပာငး်လြဲခငး်
စမ်ွးအငက်ိ�လကခ်�ံိ�ငေ်သာအလားအလာသိ�ေ့ပးသည်

အသလံ�ငိး်များ ေလထတဲငွစီ်းဆငး်ေနေသာတ�နခ်ါမ�များကိ�ခရီးသာွးြခငး်ဖိအားများေ�ကာင့ဖိ်အားြမင့ေ်ဒသများ
ေလေမာ်လကီျ�းများသညေ်လဖိအားနညး်ရပ်ဝနး်၏ေဒသများ��င့မ်တ�ညပီါ
ေမာ်လကီျ�းများ၏��ားပါးမ�ေ�ကာင့ြ်ဖစ်သည်

စာမျက�်�ာ ၂၁

ဂျီ ၁၄ ခကဆ်စ်

spatial summation Post- ေပါငး်များစာွ၏အ��စ်ချ�ပ်
တစ်�ပိ�ငန်ကတ်ညး်ြဖစ်ေပ�လာေသာ synaptic အလားအလာများ
လ�ံ�ေဆာ်မ�များစာွ (သိ�)့ ဟန ့တ်ားမ�များစာွ
tory) synapses များ

အထ�းအာ�ံ�များ ��ပါ�ံ� ၊ �ကားနာြခငး်၊ အရသာ��င့အ်နံ ့
တကိျတဲ ့သယယ်�ပိ�ေ့ဆာငေ်ရးမ�ေလယာ�တငသ်ေဘ�ာေမာ်လကီျ�း၏စမ်ွးရညြ်မင့်
ပလာစမာတစ်ေလ�ာကတ်ငွတ်ကိျေသာအရာများသာ
အေြမ�းပါး
spermatogenesis (spur´-mat-uh-JEN-uh-sus)
သ�တပိ်�းထ�တလ်�ပ်မ�

sphincter (sfink-tur) ဆ��အေလျာကထ်နိး်ချ�ပ်ထားေသာလကစ်ပ်ွ
အေ�ကာငး်အရာများအားထနိး်ချ�ပ်ေသာအ�ိ�း�ကကသ်ားများ
အေခါငး်ေပါကမ်�အဂ� ါတစ်ခ�သိ�အ့ထကွမ်�တဆင့်
သိ�မ့ဟ�တ�်ပန်

spinal reflex ဆိ�သညမ်�ာ spi- ကိ�ေပါငး်စညး်ထားေသာ reflex တစ်ခ�ြဖစ်သည။်
nal �က�ိး

သရကရွ်က ်၏ဘယဘ်ကအ်ေပ� ပိ�ငး်��ိ lymphoid တစ်သ��း
lymphocytes ��င့ ်platelets များကိ�သိ�ေလ�ာငေ်သာဝမ်းဗိ�က်
ေသးွနဦေဟာငး်များကိ�ဖျကဆ်းီသည်

equilibrium ၏ြပညန်ယ ်အဘယသ်�မ�မထားတဲအ့တကွတ်စ်ဦးစနစ်၏ြပညန်ယ်
အသားတငေ်ြပာငး်လမဲ�ြဖစ်ေပ�ေနသည်

အ သားတငမ်��ိေသာစနစ်၏ တည�်ငမ်ိေသာအေြခအေန
လ�ပ်��ားမ�သည ်passive forces ��င့ ်active ြဖစ်ေသာေ�ကာင့ြ်ဖစ်သည်
အငအ်ားစ�များအချငး်ချငး်အြပနအ်လ�နဟ်နခ်ျကည်ညီထီနိး်ည�ြိခငး်၊
ergy ကိ�တည�်ငမ်ိမ�ကိ�ထနိး်သမ်ိးရနသ်ံ�းသည်

ပငမ်ဆလဲမ်ျားသည ်အေတာ်အတနခ်ွြဲခား�ိ�ငေ်သာဆလဲမ်ျားြဖစ်သည်
အလနွက်ွြဲပားြခားနားေသာအထ�းဆလဲမ်ျားကိ�ြဖစ်ေပ�ေစသည်
တစ်ချိနတ်ညး်မ�ာပငမ်ဆလဲအ်သစ်များြပ�လ�ပ်သည်

stereocilia နား��င့ ်vestibular ဆပံငဆ်လဲမ်ျား
၎ငး်သညစ်ကလ်�ပ်��ားမ�များကိ�လ�ပ်စစ်အြဖစ်သိ�ေ့ြပာငး်လေဲပးသည။်
cal အချကြ်ပ

steroids (STEER-oidz) မ�ဆငး်သကေ်သာေဟာ်မ�နး်များ
ကိ�လကစ်ထေရာ

လ�ံ�ေဆာ်မ� ဆိ�သညမ်�ာေတွ� ��ိ�ိ�ငေ်သာ��ပ်ပိ�ငး်ဆိ�ငရ်ာသိ�မ့ဟ�တဓ်ာတ�ေဗဒေြပာငး်လမဲ�ြဖစ်သည်
အာ�ံ�ခလံကခ်သံ�တစ်ေယာကရဲ်ပ့တဝ်နး်ကျငမ်�ာ

စတိဖိ်စးီမ� ေယဘ�ယျအားြဖင့အ်တအိကျမေဖာ်ြပထားေသာတံ� ့ြပနမ်�
ခ��ာကိ�ယအ်ားလ�မ်းမိ�းရနသ်ိ�မ့ဟ�တ�်ခမ်ိးေြခာကရ်နမ်ညသ်ည့အ်ချကသ်ိ�မ့ဆိ�
overwhelm, ခ��ာကိ�ယရဲ်ေ့လျာ်ေ�ကးေပး�ိ�ငစ်မ်ွးကိ�ေပးလိ�ကတ်ယ်
homeostasis ကိ�ထနိး်သမ်ိးပါ

stretch reflex ဆိ�သညမ်�ာမညသ်ည့ ်monosynaptic reflex ြဖစ်သည်
ဆွဆဲန ့-်ေထာကလ်�မ်းြခငး်မ�ဆငး်သကလ်ာေသာ afferent neuron
အ�ိ�း�ကကသ်ားတစ်ခ�မ� receptor သညတ်ိ�က�ိ်�ကအ်ဆံ�းသတသ်ည်
efferent neuron သညတ်�ညေီသာ�ကကသ်ားကိ�ေထာကပံ်ေ့ပးသည်
၎ငး်ကိ�ကျံ� �ေစ�ပီးဆန ့က်ျငမ်�ကိ�ဆန ့က်ျငသ်ည်

stroke volume (SV) ေသးွစ�ပ်သည့ပ်မာဏ
တစ်ခ�စီကိ�ကျံ� � ြခငး် (သိ�)့ �ိ�ကြ်ခငး်ြဖင့ ်ventricle တစ်ခ�စီမ�
��လံ�း၏

subcortical ေဒသများ un- တည�်�ိေသာ ဦး ေ��ာကေ်ဒသများ
basal nuclei အပါအ ၀ င ်cerebral cortex၊
thalamus ��င့ ်hypothalamus

submucosa di- ၏တစ်သ��းအလ�ာ
အေြမ�းပါး��င့ေ်အာကဘ်က၌်တည�်�ိေသာလကဟ်နြ်ပလမ်းေ�ကာငး်
ပိ��ကးီေသာေသးွ��င့ ်lymph ေသးွေ�ကာများ��င့ ်a
အာ�ံ�ေ�ကာကနွယ်က်

ဥစ�ာပစ�ညး် P သည ်neurotransmitter မ�ထ�တလ်�တသ်ည်
နာကျငမ်�အမ�င်
subsynaptic membrane (sub-sih-NAP-tik) The
တည�်�ိေသာ postsynaptic ဆလဲအ်ေြမ�း၏တစ်စိတတ်စ်ပိ�ငး်ြဖစ်သည်
synapse တစ်ခ�၏ေအာကတ်ငွခ်ျကခ်ျငး်ြပနပ်ါ ၀ ငသ်ည်
synpt's neurotransmitter အတကွ ်ceptor ဆိ�ကမ်ျား
suprachiasmatic nucleus (soup´-ra-kı¯-as-MAT-ik)
hypothalamus ��ိအာ�ံ�ေ�ကာဆလဲမ်ျားစ�ြပံ�ေနသည်
master ဇီဝနာရီ၊ သ��ပ်ေဆာငအ်ြဖစ်တာဝနယ်�သည်
pacemaker ကဲသ့ိ�က့ိ�ယခ်��ာကိ�များစာွတညေ်စပါသည်
circadian စညး်ချက်

မျက�်�ာြပငတ်ငး် အား၊ အရညမ်ျက�်�ာြပင�်�ိအငအ်ား
ပိ�မိ��ကးီမားေသာရလဒမ်�ထကွေ်ပ�လာေသာ air-water interface
ပတ ်၀ နး်ကျငသ်ိ�ေ့ရေမာ်လကီျ�းများ၏ဆွအဲား
ter ထကေ်မာ်လကီျ�းများသညမ်ျက�်�ာြပငအ်ထကေ်လထ�ထက၊် a

အရည၏်ဧရိယာကိ�ကျဆငး်ေစေသာအငအ်ား
မျက�်�ာ��င့မ်ျက�်�ာြပငဆ်ွဆဲန ့ြ်ခငး်ကိ�ခ�ံိ�ငရ်ည�်�ိသည်

စာနာစတိအ်ာ�ံ�ေ�ကာစနစ ်ခွ၏ဲ
autonomic အာ�ံ�ေ�ကာစနစ်က�ကးီစိ�းေနတယ်
အေရးေပ�အေြခအေန (“ တိ�ကြ်ခငး်၊ ပျံသနး်ြခငး်”) သိ�မ့ဟ�တစိ်တဖိ်စီးမ�အေြခအေနများ
အားအငြ်ပည့ဝ်ေသာခ��ာကိ�ယအ်တကွခ်��ာကိ�ယက်ိ�ြပငဆ်ငပ်ါ
လ�ပ်��ားမ�

symport ပံ�စံသည ်secondary active transport အတကွြ်ဖစ်သည်
driving ion ��င့ ်solute move တိ�က့ေရွ�လျားသည်
ပလာစမာအေြမ�းကိ� ြဖတ၍် တ�ညေီသာ ဦး တညခ်ျက;်
cotransport ဟ�လညး်ေခ�သည်

synapse (SIN-aps´) အထ�းြပ�လမ်းဆံ�မ�ာ-
၎ငး်တငွလ်�ပ်ေဆာငမ်�အလားအလာ��ိေသာ neurons ��စ်ခ�ကိ� tween လ�ပ်သည်
presynaptic neuron သညအ်ေြမ�းပါးကိ�လ�မ်းမိ�းသည။်
ပံ�မ�နအ်ားြဖင့ ်re- အားြဖင့ ်postsynaptic neuron ၏ tential
ေနရာအ��ံပ့ျံ� � �ံေ့နေသာဓာတ�ေစတမနက်ိ�င�ားရမ်းပါ
အာ�ံ�ခမံျား�ကားတငွေ်သးငယေ်သာကွအဲကြ်ခငး်

synergism (SIN-er-jiz´-um) ေပါငး်များစာွ၏ရလဒြ်ဖစ်သည်
ေပါငး်စပ် ef- ေပါငး်စပ်ပါဝငေ်သာြဖည့စ်ကွလ်�ပ်ေဆာငခ်ျကမ်ျား
fect သညသ်းီြခားသကေ်ရာကမ်�ေပါငး်လဒထ်ကပိ်��ကးီသည်

systemic circulating (sis-TEM-ik) ပိတထ်ားေသာ loop ြဖစ်သည်
��လံ�း�ကားမ�ေသးွများကိ�သယေ်ဆာငေ်သာေသးွေ�ကာများ
��င့ခ်��ာကိ�ယစ်နစ်များ

systole (SIS-to¯-le¯) ��လံ�းဆန ့က်ျငေ်သာကာလ
စနွ ့ပ်စ်ြခငး်

T 3 tri-iodothyronine ကိ��ကည့ပ်ါ

T 4 thyroxine ကိ��ကည့ပ်ါ

T m သယယ်�ပိ�ေ့ဆာငေ်ရးအြမင့ဆ်ံ�း ��င့ ်tubular အများဆံ�း ကိ��ကည့ပ်ါ

ထေိတွ� မ� (TACK-til) ထြိခငး်ကိ�ရည�်ွနး်သည်
target-cell receptors Receptors သညပ်စ်မ�တေ်ပ�တငွတ်ည�်�ိသည်
ဓာတ�ပစ�ညး်တစ်ခ�အတကွသ်းီြခားဆလဲမ်ျား
ဖျနေ်ြဖ

target cells ဆလဲ ်တစ်ခ�သည ်extracellular တစ်ခ�ြဖစ်သည်
ေဟာ်မ�နး်သိ�မ့ဟ�တ ်neu ကဲသ့ိ�ဓ့ာတ�ေစတမန်
rotransmitter၊ လ�မ်းမိ�းမ�များ

temporal lobes ဦး ေ��ာက၏်ေဘးဘက ်lobes
cortex၊ အစပိ�ငး်တငွ ်auditory input ကိ�လ�ပ်ေဆာငသ်ည်
temporal summation The summing of several
အလနွန်းီကပ်ေသာ postsynaptic အလားအလာများ
အြပစ်တစ်ခ�အားအဆကမ်ြပတပ်စ်ခတြ်ခငး်ေ�ကာင့အ်ချိနမီ်ေရာကသ်ည။်
gle presynaptic neuron ြဖစ်သည်

တငး်မာမ� �ကကသ်ားစ�စညး်ေနစ�ထကွလ်ာေသာအငအ်ား
sarcomeres ကိ�တိ�ေစြခငး်ြဖင့ဆ်ွငဲငအ်ားကိ�ြဖစ်ေပ�ေစသည်
�ကကသ်ား၏ elastic ကိ�ဆွဆဲန ့ြ်ခငး်��င့တ်ငး်ကျပ်ြခငး်တိ�တ့ငွ်
တယွဆ်ကတ်စ်သ��းများ��င့အ်ရွတမ်ျားကိ�ပိ�လ့�တသ်ည်
�ကကသ်ား��င့တ်ွထဲားသည့အ်�ိ�းအားတငး်ေစသည်

terminal ခလ�တ ်A motor neuron's enlarged knob-
အ�ိ�း���ကကသ်ားတစ်ခ�အနးီတငွအ်ဆံ�းသတသ်ာွးေသာအဆံ�းသတက်ဲသ့ိ� ့
အမ�ငဓ်ာတသ်ညတ်ံ� ့ြပနမ်�အတကွ ်acetylcholine ကိ�ထ�တေ်ပးသည်
neuron တငွလ်�ပ်ေဆာင�်ိ�ငေ်သာအလားအလာ

testosterone (tes-TOS-tuh-ro¯n) အမျိ�းသားလငိေ်ဟာ်မ�နး်
ေဝ�းေစ၏့ Leydig ဆလဲမ်ျားြဖင့လ်�ိ� � ဝ�ကထ်ားေသာ mone

ေမးခိ�ငေ်ရာဂါ (TET´-n-us) သညေ်ချာေမွ�။ အြမင့ဆ်ံ�း�ကကသ်ားတစ်ခ�ြဖစ်သည်
အမ�ငဓ်ာတက်ိ���းိဆေွသာအခါြဖစ်ေပ�ေသာကျံ�� ြခငး်
အလနွလ်ျငြ်မနေ်သာေ�ကာင့အ်နားယ�ရနအ်ခငွ့အ်လမ်းမ��ိေပ
လ�ံ�ေဆာ်မ�အားလံ�း�ကား

tetraiodothyronine ��င့ ်thyroxine ကိ��ကည့ပ်ါ
thalamus (THAL-uh-mus) ဦး ေ��ာကေ်ဒသတငွြ်ပ�လ�ပ်သည်
prelimi- အတကွ ်pre-synaptic ေပါငး်စညး်ေရးစငတ်ာအြဖစ်ေဆာငရွ်ကသ်ည။်
nary သညအ်ာ�ံ�ခသံငွး်ယ�မ�အားလံ�းသိ�လ့�ပ်ေဆာငလ်ာေန�ပီြဖစ်သည်
ဦး ေ��ာက ်cortex

thecal cells (THAY-kel) ၏အထ�းအလ�ာသည်
ized သားအမ်ိတယွဆ်ကတ်စ်သ��းဆလဲမ်ျားရင့က်ျကလ်ာသည်
ေမးွညငး်ေပါက်

thermoreceptor (thur´-mo¯-re¯-SEP-tur) အာ�ံ�ခံ
အပ���င့အ်ေအးကိ�လကခ်�ံိ�ငေ်သာ receptor

အထ�အမ�ငမ်ျား အထ�းြပ� cytoskeletal ဖဲွ�စညး်ပံ�များ
myosin ��င့ဖဲွ်�စညး်ထားေသာအ�ိ�း�ကကသ်ားများအတငွး်

ေမာ်လကီျ�းများ��င့ပ်ါးလ�ာေသာအမ�ငမ်ျား��င့အ်ြပနအ်လ�နအ်ကျိ�းြပ�သည်
�ကကသ်ားကျံ� �ေနစ�ဖိ�ငဘ်ာကိ�တိ�ေစပါ

thin filaments အထ�းြပ� cytoskeletal ဖဲွ�စညး်ပံ�များ
actin ��င့ဖဲွ်�စညး်ထားေသာအ�ိ�း�ကကသ်ားများအတငွး်
tropomyosin ��င့ ်troponin ေမာ်လကီျ�းများ��င့အ်ြပနအ်လ�နအ်ကျိ�းြပ�သည်
အမာခအံမ�ငမ်ျား��င့အ်တ�အမ�ငဓ်ာတက်ိ�အတိ�ေကာကြ်ဖစ်ေစသည်
�ကကသ်ားကျံ� �

thoracic cavity (tho¯-RAS-ik) ရငဘ်တ်

အလားအလာအလားအလာ ၊ အေရး�ကးီေသာအလားအလာ
လ�ပ်ေဆာငခ်ျကအ်လားအလာမစခငလ်ကလ်�မ်းမ�ီရမည။်
စိတလ်�ပ်��ားဖွယဆ်လဲတ်စ်ခ�တငွစ်ားခဲသ့ည်

thrombus အတငွး်ပိ�ငး်တငွပံ်�မ�နမ်ဟ�တေ်သာေသးွခမဲျားတွေဲနသည်
ေသးွေ�ကာတစ်ခ�ရဲအ့တငွး်ပိ�ငး်

thymus (THI¯-mus) lymphoid ဂလငး်တည�်�ိသည်
T lym- ကိ�ြဖစ်ေပ�ေစေသာရငဘ်တတ်ငွး်အလယအ်လတတ်နး်
phocytes ��င့ ်thymosin ေဟာ်မ�နး်ကိ�ထ�တလ်�ပ်သည၊်
T-cell မျိ�း�ိ� းကိ�ထနိး်သမ်ိးေပးသည်

thyroglobulin (thı¯´-ro¯-GLOB-yuh-lun) �ကးီမားေသာ၊
သိ�ငး်ရိွ�က၏်ေြခလ�မ်းအားလံ�းတငွ�်�ပ်ေထးွေသာေမာ်လကီျ�း
ေဟာ်မ�နး်ေပါငး်စပ်မ���င့သ်ိ�ေလ�ာငမ်�ေနရာယ�သည်

thyroid gland A သည ်bilobed endocrine ဂလငး်ြဖစ်သည်
ေလ�ပနက်ိ�ြဖတ�်ပီး thyrox ေဟာ်မ�နး်ေတကွိ�ထ�တေ်ပးသည။်
ine ��င့ ်tri-iodothyronine တိ�က့ိ�အလံ�းစံ�ထနိး်ည�ေိပးသည်
basal ဇီဝြဖစ်စ���နး်��င့ ်calcitonin တိ�ပ့ါဝင�်ပီး၊
ကယလ်စီ်ယမ်မ�တမ�ကိ�ထနိး်ည�ေိပးသည်

သိ�ငး်ရိွ�ကေ်ဟာ်မ�န်း စ�ေပါငး်ေဟာ်မ�နး်များ
သိ�ငး်ရိွ�က ်follicular ဆလဲမ်ျားဟ�ေခ�သည၊် သင၏်
roxine ��င့ ်tri-iodothyronine

သိ�ငး်ရိွ�ကလ်�ံ�ေဆာ်ေဟာ်မ�န်း (TSH) သည ်ေ�� � ပိ�ငး်ြဖစ်သည်
pituitary ေဟာ်မ�နး်ကသင့ရဲ်အ့ဆဓီာတက်ိ�လ�ံ�ေဆာ်ေပးပါတယ။်
roid ေဟာ်မ�နး်��င့သ်ိ�ငး်ရိွ�က�်ကးီထာွးမ�ကိ�အားေပးသည်
ဂလငး်; thyrotropin

thyrotropes သည ်Anterior pituitary cells များမ�ထကွေ်သာအရာြဖစ်သည်
သိ�ငး်ရိွ�ကလ်�ံ�ေဆာ်ေဟာ်မ�နး်

thyroxine (thı¯-ROCKS-in) အေပါများဆံ�း
သိ�ငး်ရိွ�ကဂ်လငး်မ�ထ�တလ်�တေ်သာေဟာ်မ�နး်; အေရး�ကးီသည်
ေယဘ�ယျအားြဖင့ဇီ်ဝြဖစ်စ���နး်ကိ�ထနိး်ည�ြိခငး်၊ လညး်
tetraiodothyronine သိ�မ့ဟ�တ ်T 4 ဟ�လ�သမိျားသည်

tidal volume အ ၀ ငအ်ထကွသ်ိ�မ့ဟ�တေ်လ ၀ ငေ်လထကွပ်မာဏ
အသက�်��ထ�တေ်နစ�အဆ�တ်

တငး်ကျပ်ေသာလမ်းဆံ� တစ်ခ�အ�ကားမခ�ံိ�ငေ်သာလမ်းဆံ�တစ်ခ�
တဆံပ်ိခတြ်ခငး်ြဖင့ဖဲွ်�စညး်ထားေသာကပ်လျက ်epithelial ဆလဲ�်�စ်ခ�
သ�တိ�ရဲ့ ့ luminal အနးီ��ိဆလဲေ်တရဲွေ့ဘး��စ်ဖကအ်နားေတမွ�ာ
နယန်မိိတမ်ျား; အရာ ၀ တ� �များအ�ကားြဖတသ်နး်ြခငး်ကိ�ကာကယွေ်ပးသည်
ဆလဲမ်ျား

အချိတအ်ဆကမ်ျားသညအ်ချိတအ်ဆကမ်ျားကိ�ဆကသ်ယွ ်ေပးေသာ Cell adhesion ေမာ်လကီျ�းများြဖစ်သည်
stereocilia ၏ဆပံင၌်ကပ်လျကတ်နး်များ
cochlea ��င့ ်vestibular ကိ�ယတ်ငွး်အဂ� ါများ

တစသ်��းများ (၁) ဆလဲမ်ျား၏လ�ပ်ေဆာငခ်ျကစ်�စညး်မ�
အာ�ံ�ေ�ကာဆလဲမ်ျားကဲသ့ိ�တ့စ်မျိ�းတညး်ေသာအထ�းြပ�အမျိ�းအစားြဖစ်သည်
အာ�ံ�ေ�ကာတစ်သ��း; (၂) ဆယလ်�လာမျိ�းစံ�
အစိတအ်ပိ�ငး်တစ်ခ���င့ဖဲွ်�စညး်ထားေသာ extracellular အစိတအ်ပိ�ငး်များ
အဆ�တတ်စ်သ��းကဲသ့ိ� ့ ticular organ

တစသ်��းသတသ်တမ်�တမ်�တပ်ငမ်ဆလဲမ်ျား တစ်စိတတ်စ်ပိ�ငး်ကွြဲပားသည်
အလနွက်ွြဲပားြခားနားေသာဆလဲမ်ျားကိ�ထ�တလ်�ပ်�ိ�ငေ်သာဆလဲမ်ျား
အထ�းဆလဲအ်မျိ�းအစားများသညတ်စ်သ��းများကိ�ေရးဖဲွ�သည်

T lymphocytes (T cells) များကိ�ြဖစ်ေပ�ေစေသာေသးွြဖ�ဥများ
ဆလဲ-်�ကားြဖတခ်�ခအံားတံ� ့ြပနမ်�ကိ�ချီးကျ�းပါ
သ�တိ�အ့ရငက်��ိခဲတ့ဲပ့စ်မ�တေ်တွ
စ�ေပါငး်၍; လညး်ေတွ� ြမင ်cytotoxic T ကဆလဲေ်တ,ွ အေထာကအ် T ကဆလဲေ်တ,ွ နဲ ့
စညး်မျ�းစညး်ကမ်း T ဆလဲမ်ျား

အသ ံသညေ်ပးထားေသာတစ်ခ�တငွလ်�ပ်ေဆာငေ်နေသာအေြခခကံျေသာလ�ပ်ေဆာငခ်ျကြ်ဖစ်သည်
�ကကသ်ားေလသအံတိ�ငး်၊ စနစ် (သိ�)့ ဖဲွ�စညး်တညေ်ဆာကပံ်�
ေလသ၊ံ သိ�မ့ဟ�တေ်သးွေ�ကာအသံ

tonicity အ ေြဖတစ်ခ�အေပ�သကေ်ရာကမ်�ကိ�တိ�ငး်တာသည်
ေြဖ��ငး်ချကသ်ညဆ်လဲက်ိ�ဝနး်ရံေသာအခါဆလဲထ်�ထည်

tonic smooth �ကကသ်ား��င့ည်ေီသာ Smooth �ကကသ်ား
ac မ��ိြခငး်ေ�ကာင့အ်ချိနတ်ိ�ငး်စာချ�ပ်ချ�ပ်ဆိ�ထားသည။်
အလားအလာများ

စာမျက�်�ာ ၂၂

total peripheral resistance ကမ်းလ�မ်းေသာခ�ခမံ�
arteriolar ��င့အ်တ�အရံေသးွေ�ကာအားလံ�း
ခ�ခအံားကိ�အကျယြ်ပန ့ဆ်ံ�းပံပိ့�းေပးသည်

trachea (TRA¯-ke¯ -uh)“ ေလ�ပန”်၊ ကနွမ်န ့်
durying airway သည ်pharynx ��င့က်ျယြ်ပန ့သ်ည်
အဆ�တတ်စ်ခ�စီသိ� ့ bronchi ��စ်ခ�ခွသဲည်

လမ်းေ�ကာငး် အာ�ံ�ေ�ကာမ�ငမ်ျား (��ညလ်ျားေသာဆကသ်ယွမ်� axons များ
အာ�ံ�ေ�ကာများ) သညေ်ကျာ�ိ�းအတငွး်၌တ�ညေီသာလ�ပ်ေဆာငခ်ျက�်�ိသည်
�က�ိး

transduction လ�ံ�ေဆာ်မ�များကိ�လ�ပ်ေဆာငခ်ျကသ်ိ�ေ့ြပာငး်လြဲခငး်
အာ�ံ�ခ ံreceptors များရဲအ့လားအလာ

transepithelial သယယ်�ပိ�ေ့ဆာငေ်ရး (tranz-ep-i-THE¯-le¯-al)
က�းေြပာငး်မ�တငွပ်ါဝငေ်သာေြခလ�မ်းများအားလံ�း

� ြ �

အေ�ကာဆွြဲခငး် - ြပနလ်ညအ်ားနညး် ြခငး် တငွြ်ဖစ်ေပ�ေသာတိ�ေတာငး်ေသာအားနညး်မ�
�ကကသ်ားမ�ငတ်စ်ခ�တငွလ်�ပ်ေဆာငမ်�အလားအလာတစ်ခ�တညး်ကိ�တံ� ့ြပနသ်ည်

twitch summation ��စ်ခ�သိ�မ့ဟ�တထ်ိ�ထ့ကပိ်�ေသာ ေပါငး်ြခငး်
�ကကသ်ားများအေ�ကာဆွြဲခငး်သညလ်ျငြ်မနစ်ာွထပ်တလလဲြဲဖစ်ေပ�ေစသည်
လ�ံ�ေဆာ်မ�ေ�ကာင့ ်fiber ၌တငး်အားပိ�မိ�ြဖစ်ေပ�ေစသည်
တစ်ခ�တညး်ေသာလ�ပ်ေဆာငခ်ျကအ်လားအလာမ�ထ�တလ်�ပ်သညထ်က်

tympanic အေြမ�းပါး (Tim-Pan-ik) က eardrum,
အလယအ် ၀ ငဝ်မ� ြဖတ၍် ဆန ့ေ်သာ
dle နား��င့အ်သတံိ�ထ့ေိသာအခါတ�နခ်ါသည်
လ�ငိး်များသညြ်ပငပ်နားတ�းေြမာငး်ကိ�ကျဆငး်ေစသည်

Type I alveolar cells (al-VE¯-o¯-lur) တစ်ခ�တညး်ေသာအလ�ာြဖစ်သည်
နရံံ၏ြပားချပ်ချပ် epithelial ဆလဲမ်ျား
alveoli သညအ်ဆ�တအ်တငွး်၌��ိသည်

ventricle (VEN-tri-kul) (��လံ�း) ေအာကပိ်�ငး်အခနး်
ေသးွေ�ကာများကိ�ေသးွလ�တေ်�ကာထသဲိ�စ့�ပ်ထ�တေ်ပးေသာ��လံ�း

vertical osmotic gradient A တိ�းတကေ်သာတိ�းသည်
၎ငး်တငွ ်interstitial fluid ၏အာ�ံ�စ�းစိ�ကမ်�၌
renal medulla သည ်cortical နယန်မိိတမ်�ေအာကသ်ိ�ဆ့ငး်သည်
ေကျာကက်ပ်ထငွထ်ားတ;ဲ ကေလးရဲစ့မ်ွးရညအ်တကွအ်ေရး�ကးီပါတယ။်
အေြပာငး်အလမဲျားေသာအာ�ံ�စ�းစိ�ကမ်���ိေသာဆးီများကိ�ထ�တပ်စ်ရန ်neys
ခ��ာကိ�ယရဲ်လ့ိ�အပ်ချကက်ိ�ေစာင့ေ်နတယ်

vesicle (VES-i-kul) ေသးငယေ်သာ၊ အတငွး်လ�ာဆလဲအ်ရည၊်
ြဖည့ထ်ားေသာ၊ အေြမ�းပါးြဖင့ဖံ်�းထားေသာအတိ်

vesicular transport ေမာ်လကီျ�း�ကးီများ၏ေရွ�လျားမ�
ဆလဲ ်(သိ�)့ အြပငဘ်ကသ်ိ�ဘ့ကစံ်�ေမာ်လကီျ�းပစ�ညး်များ
သားအမ်ိအတငွး်၊ endocytosis သိ�မ့ဟ�တ ်exocytosis ကဲသ့ိ� ့
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Translating...

ခကဆ်စ် ဂျီ ၁၅

eit- အ�ကား epithelium ကိ�ြဖတ�်ပီးပစ�ညး်တစ်ခ�ေကျာကက်ပ် tubular lumen (သိ�)့ အစာေြခလမ်းေ�ကာငး်
ေယာကျ်ားများ��င့ေ်သးွ

transmural pressure gradient ဖိအားကွြဲပားသည။်
အဆ�တန်ရံံကိ� ြဖတ၍် ထိ�းသည ်(intra-alveolar ဖိအားသည်
ဆွဆဲန ့ေ်သာ intrapleural ဖိအားထကပိ်��ကးီသည်
အဆ�တသ်ညပိ်��ကးီေသာ thoracic cavity ကိ�ြဖည့သ်ည်
မဆန ့ေ်သာအဆ�တထ်က်

သယယ်�ပိ�ေ့ဆာငေ်ရးဝန်ထမ်းေခ�ယ�ြခငး် ြဖစ်စ�၏
အပိ�ဆ�သယယ်�ပိ�ေ့ဆာငေ်ရး (သယေ်ဆာငသ်�) များကိ�အေစခရံန်
ticular ဓာတသ်ည ်plasma အေြမ�းပါးသိ� ့၊
ထိ�ေ့�ကာင့အ်ေြမ�းပါးအတငွး်သိ�စိ့မ့်ဝင�်ိ�ငစ်မ်ွးကိ�တိ�းေစသည်
သင့ေ်လျာ်ေသာလ�ံ�ေဆာ်မ�ကိ�တံ� ့ြပနသ်ည့အ်ရာ

transport maximum ( T m ) အြမင့ဆ်ံ�း��နး် a
အရာဝတ� �၏သယယ်�ပိ�ေ့ဆာငေ်ရးမ��ကားြဖတသ်ယယ်�ပိ�ေ့ဆာငေ်ရး
သယေ်ဆာငအ်ားြပည့ေ်သာအခါအေြမ�းပါး၊ အြဖစ်လ�သမိျားသည်
ေကျာကက်ပ် tubules များတငွ ်tubular အများဆံ�း

vesicle သယေ်ဆာငရ်န် Membranous sac enclosing
အသစ်ထ�တလ်�ပ်လိ�ကေ်သာေပါငး်စပ်ထားေသာပ�ိ�တနိး်များ
ER ကိ�ေချာေမွ�ေစ�ပီးပ�ိ�တငး်များကိ� Golgi သိ�ေ့���သည်
ေနာကထ်ပ်အေြပာငး်အလနဲဲထ့�ပ်ပိ�းမ�အတကွ�်�ပ်ေထးွပါတယ်
သ�တိ�ရဲ့ေ့နာကဆ်ံ�းပနး်တိ�င်

transverse tubule (T tubule) A perpendicular in- ြဖစ်�ပီး၊
�ကကသ်ားမ�င၏်မျက�်�ာြပငအ်ေြမ�းပါးကိ�ေခါက;်
မျက�်�ာြပငမ်�လ�ပ်စစ်လ�ပ်��ားမ�များကိ�လျငြ်မနစ်ာွပျံ� � �ံေ့စသည်
�ကကသ်ားမ�င၏်ဗဟိ�အပိ�ငး်
triglycerides (trı¯-GLIS-uh-rı¯dz) Neutral fats com-
ဖကတ်းီအကဆ်စ်သံ�းမျိ�းပါ ၀ ငေ်သာ glycerol ေမာ်လကီျ�းတစ်ခ���င့ေ်ပါငး်စပ်ထားသည်
ေမာ်လကီျ�းများပ�းတွဲ
tri-iodothyronine (T 3 ) (trı¯-ı¯-o¯-do¯-THI¯-ro¯-ne¯n)
သိ�ငး်ရိွ�ကမ်�ထ�တေ်သာအစမ်ွးထကဆ်ံ�းေဟာ်မ�နး်
follicular ဆလဲမ်ျား; အလနွအ်က�ံထနိး်ည�ြိခငး်တငွအ်ေရး�ကးီသည်
အားလံ�းဇီဝြဖစ်စ���နး်

trophoblast (TRO¯ F-uh-blast´) ၏အြပငဘ်ကအ်လ�ာ
blastocyst တငွဆ်လဲမ်ျားေပါငး်စပ်ရနတ်ာဝန�်�ိသည။်
plishing implantation ��င့သ်ေ��သားေလာငး်ဖံွ� �ဖိ�းရန်
အချငး်၏တညေ်နရာ

အပ�ပိ�ငး်ေဟာ်မ�န်း (TRO¯ -pik) သညပံ်�မ�နြ်ပနြ်ဖစ်ေစေသာေဟာ်မ�နး်တစ်မျိ�းြဖစ်သည။်
အြခားေဟာ်မ�နး်တစ်မျိ�းမ�ထ�တလ်�တမ်�ေနာကက်ျသည်

tropomyosin (tro¯p´-uh-MI¯-uh-sun) ၏တစ်ခ�ြဖစ်သည်
�ကကသ်ား၏ပါးလ�ာေသာအမ�ငတ်နး်များတငွစ်ညး်မျ�းစညး်ကမ်းပ�ိ�တငး်များ
အမ�ငမ်ျား

troponin (tro-PO¯-nun) သညစ်ညး်မျ�းစညး်ကမ်းဆိ�ငရ်ာေထာကခ်ခံျကမ်ျားထမဲ�တစ်ခ�ြဖစ်သည။်
�ကကသ်ားမ�ငမ်ျား၏ေသးငယသ်ည့အ်မ�ငမ်ျားတငွအ်ေမးွများ��ိသည်

TSH သည ်သိ�ငး်ရိွ�ကလ်�ံ�ေဆာ်ေဟာ်မ�နး် ကိ��ကည့ပ်ါ
T tubule transverse tubule ကိ��ကည့ပ်ါ

tubular maximum ( T m ) ၏အများဆံ�းပမာဏ
ေကျာကက်ပ် tubular ဆလဲမ်ျားသညတ်က�်ကစာွလ�ပ်ေဆာင�်ိ�ငေ်သာအရာတစ်ခ�ြဖစ်သည်
ေပးထားေသာအချိနက်ာလအတငွး်သယယ်�ပိ�ေ့ဆာငေ်ရး၊ ေကျာကက်ပ်
သယယ်�ပိ�ေ့ဆာငေ်ရးအများဆံ�းဆလဲမ်ျား၏ညမီ�သည်

tubular reabsorption ေရွးချယလ်�ေဲြပာငး်ြခငး်
tubular fluid မ� peritubular cap သိ�အ့ရာများ
ဆးီဖဲွ�စညး်စ�အတငွး်ေရာဂါများ

tubular secretion ခဲွ ခွမဲျားကိ�ေရွးချယလ်�ေဲြပာငး်ြခငး်
peritubular capillaries များမ� tubular သိ�ရ့ပ်တညသ်ည်
ဆးီဖဲွ�စညး်ေနစ� lumen

II ကိ� alveolar ဆလဲေ်တ�ိွ�ကထ်ည့ပ်ါ ပ� alveolar အတငွး်အဆိ�ပါဆလဲ်အဆ�တ ်surfactant ကိ�ထ�တေ်ပးေသာနရံံများ

tyrosine kinase A သည ်receptor-enzyme အမျိ�းအစားြဖစ်သည်
ေပါငး်သငး်ဆကဆ်ေံရးတငွအ်မိန ့ေ်ပးေသာဆယလ်�လာတံ� ့ြပနမ်�ကိ�ြဖစ်ေပ�ေစသည။်
extracellular chemical messenger ��င့ေ်တွ�ဆံ�ြခငး်
ဒဇိီ�ငး်တငွအ်မိ�င�်ိ�အကဆ်စ် tyrosine ကိ� phosphorylating
intracellular ပ�ိ�တနိး် nated

ultrafiltration သည ်အသားဓာတမ်ပါေသာအသားတငလ်�ပ်��ားမ�ြဖစ်သည်
ေသးွေ�ကာမ�ငေ်လးများမ�ပတ ်၀ နး်ကျငသ်ိ�ေ့သးွေ�ကာများမ�
ေြမြပငအ်ရည်

umami အသား (သိ�)့ အချိ�အရသာ

ureter (yu¯-RE¯-tur) ဆးီပိ�လ့�တေ်သာ�ပနတ်စ်ခ�
ေကျာကက်ပ်မ�ဆးီအမ်ိသိ� ့
urethra (yu¯-RE¯-thruh) ဆးီသယေ်သာ�ပနတ်စ်ခ�
ခ��ာကိ�ယမ်�ဆးီအမ်ိမ�

ဆးီစနွ ့်ထ�တမ်�ပစ�ညး်များ ဖယ�်�ားြခငး်
ဆးီ၌ခ��ာကိ�ယမ်�; မညသ်ည့အ်ရာကိ�စစ်ထ�တသ်ညြ်ဖစ်ေစ၊ ခွြဲခားသညြ်ဖစ်ေစ
အေစးများ��င့စ်�ပ်ယ�ြခငး်မခရံပါ

vagus အာ�ံ�ေ�ကာ (VA¯ -gus) ဒသမေြမာက ်cranial အာ�ံ�ေ�ကာ၊
အဓိက parasympathetic အာ�ံ�ေ�ကာအြဖစ်ေဆာငရွ်ကသ်ည်

Varicosities autonomic postganglionic တငွေ်ရာငရ်မ်းြခငး်
တစ်�ပိ�ငန်ကတ်ညး် neurotransmitter ထ�တလ်�တေ်သာအမ�ငမ်ျား
အတငွး်ခအံဂ� ါအစိတအ်ပိ�ငး်�ကးီတစ်ခ�ေပ�တငွ်

ေသးွေ�ကာဆိ�ငရ်ာအသ ံအေြခအေနတစ်စိတတ်စ်ပိ�ငး်ချ�ပ်ချယမ်�အေြခအေန
arteriolar ေချာေမွ� �ကကသ်ားသညအ်ေြခခတံစ်ခ�ကိ�တညေ်ဆာကသ်ည်
arteriolar ခ�ခ၏ံ
vasoconstriction (va¯´-zo¯-kun-STRIK-shun) The
ရလဒအ်ေနြဖင့ေ်သးွေ�ကာ lumen များကျ�းေြမာငး်လာသည်
ေသးွလ�တေ်�ကာမ��မိ��ပတရ်ထားေချာေမွ� �ကကသ်ား၏ကျံ��

vasodilation ေသးွေ�ကာများ ကျယလ်ာြခငး်၊
အမျိ�းသားများသညေ်သးွလ�တေ်�ကာ၏�မိ��ပတရ်ထားကိ�ေြပေလျာေ့စသည်
�ကကသ်ားေချာေမွ�

vasopressin (va¯-zo¯-PRES-sin) မ�ထ�တလ်�တေ်သာေဟာ်မ�နး်တစ်မျိ�းြဖစ်သည်
hypothalamus အားြဖင့သ်ိ�ေလ�ာင�်ပီးြပနလ်�တသ်ည်
posterior pituitary မ�; permea ကိ�တိ�းေစသည်
ကေလး၏အေဝးထနိး်�ိ�ငစ်မ်ွး��င့စ်�ေဆာငး်�ပနမ်ျား
ေရေသာကရ်န�်�င့ ်arteriolar vasoconstric- အားေပးသည။်
စိတက်�း; antidiuretic ေဟာ်မ�နး် (ADH) ဟ�လညး်ေခ�သည။်

Vaults များသည ်non -embranous organelles oc- ပံ�သဏ္◌ာန ်��ိသည။်
tagonal စညမ်ျား၊ သယယ်�ပိ�ေ့ဆာငေ်ရးသမားများအြဖစ်ယံ��ကည�်ကသည်
messenger RNA ��င့/်သိ�မ့ဟ�တ ်ribosomal subunits များ
�ျ�ကလယိမ�ပ�ိ�တငး်ေပါငး်စပ်မ�ေနရာများသိ� ့

ေသးွြပန်ေ�ကာ (vein) ေသးွေ�ကာ သည�်�လံ�းသိ�ေ့သးွများသယေ်ဆာငေ်သာေသးွေ�ကာြဖစ်သည်

vena cava (venae cavae, အများကန်ိး) (VE¯ -nah CA¯ V -ah;
VE¯-ne¯ca¯ve¯) �ကးီမားေသာေသးွြပနေ်�ကာထသဲိ�ေ့သးွများစီးဆငး်ေစသည်
ညာဘက ်atrium

Venous return (VE¯-nus) ေသးွပမာဏြပန်
ေသးွြပနေ်�ကာများမ�တစ်မိနစ်လ�င ်atrium တစ်ခ�စီသိ�လ့�ည့သ်ည်

ေလ ၀ ငေ်လထကွ ်အတငွး်သိ�ေ့ရွ �လျားေစေသာစက၏်လ�ပ်ေဆာငခ်ျက်
��င့အ်ဆ�တမ်�ထကွ;် အသက�်��

ventricle (VEN-tri-kul) (ဦး ေ��ာက၏်) ေလးလကမ်အနကတ်စ်ခ�
ဦး ေ��ာကအ်တငွး်မ� terconnected အခနး်များမ�တဆင့်
cerebrospinal အရညစီ်းဆငး်သည်

vestibular ယ��ရား (veh-STIB-yuh-lur) Theသတငး်အချကအ်လကေ်ပးေသာအတငွး်နား၏အစိတအ်ပိ�ငး်
မ�ေြခ��င့အ်ာ�ံ�ခစံားမ�အတကွမ်��ိမြဖစ်လိ�အပ်သည်
ဦး ေခါငး်လ�ပ်��ားမ�အားမျကလ်ံ�း��င့အ်ြပ�သေဘာည��ိ�ငိး်ပါ။
ေကျးလကလ်�ပ်��ားမ�များ; semicircular ca- တိ�ပ့ါဝငသ်ည။်
nals, utricle, and saccule

villus ( villi, plural) (VIL-us) Microscopic ြဖစ်သည်
ဖန၏်အတငွး်မျက�်�ာြပငမ်�လကေ်ချာငး်ကဲသ့ိ�ခ့န ့မ်�နး်ချကမ်ျား
အ�သမ်ိ

virulence (VIR-you-lentz) ေရာဂါထ�တလ်�ပ်သည်
ေရာဂါပိ�းတစ်မျိ�း၏စမ်ွးအား

visceral afferent အလယဗ်ဟိ�သိ�သ့ာွးေသာလမ်းေ�ကာငး်
မသစိိတက်သတငး်အချကအ်လကေ်တကွိ�သယေ်ဆာငေ်ပးတဲ ့vous system
အတငွး်ကလစီာမ�ဆငး်သကသ်ည်

visceral ေချာေမွ� �ကကသ်ား (VIS-uh-rul) ကိ� တစ်ချက ်�ကည့ပ်ါ၊
ေချာေမွ� �ကကသ်ားယ�နစ်

viscosity (vis-KOS-i-te¯) ပတွတ်ိ�ကအ်ားသည်
အရညတ်စ်ခ�၏ေမာ်လကီျ�းများကိ�၎ငး်တိ�တ့စ်ခ�စီအေပ�သိ�ေ့လ�ာချသည်
အရညစီ်းဆငး်ေနစ�အြခား ပိ�ြမင�်ိ�ငေ်လေလ
cosity သညစီ်းဆငး်ရနခ်�ခအံားကိ�ပိ�များေစသည်

ြမင�်ိ�ငေ်သာအလငး် သညလ်�ပ်စစ်သလံိ�က၏်တစ်စိတတ်စ်ပိ�ငး်ြဖစ်သည်
မျကလ်ံ�း၏ photoreceptors များသညေ်ရာငြ်ခည်
တံ� ့ြပနမ်� (လ�ငိး်အလျား ၄၀၀ ��င့ ်၄၀၀ အ�ကား
၇၀၀ နာ�ိ�မီတာ)

အေရးပါေသာစမ်ွးရည ်The maximum volume of air that
ေအာကေ်ဖာ်ြပပါအသက�်�လမ်းေ�ကာငး်တစ်ခ�တညး်တငွေ်ရွ� �ိ�ငသ်ည်
maximal inspiration တစ်ခ�

ဟာသသဘင ်များတငွပ်ါဝငေ်သာေကျာကေ်ကျာကဲသ့ိ�အ့ရာများ
မ�နဘ်လီ�း��င့ြ်မငလ်�ာ�ကား��ိမျကလ်ံ�း၏ terior cavity

ပလာစမာ၌ ဗိ�အ့ားကန ့်သတထ်ားေသာချန်နယ ်များ
တံ� ့ြပနေ်သာအဖွင့သ်ိ�မ့ဟ�တအ်ပိတအ်ေြမ�းပါး
အေြမ�းပါးအလားအလာအေြပာငး်အလမဲျား

ေစတနာ ြဖင့ြ်ပ�လ�ပ်ထားေသာ �ကကသ်ား�ကကသ်ား
matic အာ�ံ�ေ�ကာစနစ်��င့ဆ်��အေလျာကေ်ပါငး်စပ်
လ�ညး်; အ�ိ�း�ကကသ်ား

ေရထန်ိးည�  ိေရစားသံ�းမ�အ�ကားချိနခ်ငွလ်�ာ
ေရထကွ�်�နး်၊ ECF ကိ�ထနိး်ချ�ပ်ရာမ�ာအေရး�ကးီပါတယ်
osmolarity ြဖစ်သည်

white matter ဗဟိ�အာ�ံ�ေ�ကာတစ်စိတတ်စ်ပိ�ငး်
myelinated အာ�ံ�ေ�ကာအမ�ငမ်ျားြဖင့ဖဲွ်�စညး်ထားေသာစနစ်

Z line A သညြ်ပားချပ်ေသာ cytoskeletal protein ကိ�မ�က�ိကပ်ါ
၎ငး်သညက်ပ်လျက�်�စ်ခ�၏ေသးငယေ်သာအမ�ငတ်နး်များကိ�ဆကသ်ယွေ်ပးသည်
sarcomeres

zona fasciculata (zo¯-nah fa-SIK-u¯-lah-ta) The
adrenal cortex ၏အလယ�်�င့အ်�ကးီဆံ�းအလ�ာ; ေမ-
cortisol ၏အရငး်အြမစ်ြဖစ်သည်

zona glomerulosa (glo¯-MER-yu¯-lo¯-sah) ထကွသ်ည၊်
adrenal cortex ၏အေပ�ဆံ�းအလ�ာ; တစ်ခ�တညး်ေသာအရငး်အြမစ်
aldosterone ြဖစ်သည်

zona reticularis (ri-TIK-yuh-lair-us) အတငွး်စိတ်
adrenal cortex ၏အလ�ာအများစ�၊ cortisol ကိ�ထ�တလ်�ပ်သည၊်
zona fasciculata ��င့အ်တ�

စာမျက�်�ာ ၂၃

ဤစာမျက�်�ာကိ�ရညရွ်ယခ်ျက�်�ိ��ိကကွလ်ပ်ထားခဲသ့ည်
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Translating...

စာမျက�်�ာ ၂၄

အ��န်း

တးီဝိ�ငး် ၂၅၈၊ ၂၆၂
A-delta အမ�ငမ်ျား၊ ၁၉၁
ဝမ်းဗိ�ကန်ရံံ၊ ၄၇၂
ABO ေသးွအ�ပ်စ�စနစ်၊ ၃၉၉
ကိ�ယဝ်နဖ်ျကေ်ဆး။ RU 486 ကိ��ကည့ပ်ါ
အ�ကငး်မဲ�့�နး်�ိ�ငေ်သာကာလ၊ ၉၈-၉၉
စ�ပ်ယ�မ�

Ca 2 , 632
ကစီဓာတ ်၆၂၆၊ ၆၂၈
အဆ၊ီ ၆၂၈
Fe 2 , 630
ပ�ိ�တနိး်၊ ၆၂၈
အ�သမ်ိ၊ ၆၂၃-၆၂၆

အေထာကအ်က�ြပ��ကကသ်ားများ၊ ၄၇၀
Acclimatization, 498, 563
တညး်ခိ�ခ ၂၀၀-၂၀၁၂
Acute myocardial infarction (၃၂၀-၃၂၁)
ACE (angiotensin-converting enzyme)၊ ၅၂၇၊ ၅၂၉
Acetyl-CoA (acetyl coenzyme A)

လက�ဏာ၊ ၃၃-၃၄
citric အကဆ်စ်သသံရာ, 33
ေလာငစ်ာဇီြဝဖစ်ြခငး်��င့ ်၃၃

Acetylcholine (ေအစီ)
လ�ပ်ေဆာင�်ိ�ငသ်ည့အ်လားအလာ၊ ၂၄၉-၂၅၀
အနကေ်ရာငမ်�ဆိ�းမပင့က်�အဆပ်ိ��င့ ်၂၅၁-၂၅၂
botulinum toxin ��င့ ်၊၂၅၂
လက�ဏာ၊ ၁၂၇-၁၂၈
curare ��င့၊် ၂၅၂-၂၅၃
အစာေြခအခနး်ကဏ္,၊ ၅၉၅
အဆံ�း-ပနး်ကနအ်လားအလာလ�ပ်��ားမ�၊ ၂၄၇၊ ၂၅၀
အစာအမ်ိလ�ပ်ငနး်ေဆာငတ်ာ၊ ၆၀၉
�ကကသ်ားကျံ� � ြခငး်၊ ၂၆၄
neurotransmitter လမ်းဆံ�၊ ၂၄၇-၂၅၀
organophosphates ��င့ ်၂၅၃
receptor channel inactivation, ၂၅၃
လ�တ၊် ၂၃၂
ြဖန ့ေ်ဝသည့ေ်နရာများ၊ ၂၄၀

Acetylcholinesterase (AChE)
တားဆးီြခငး်၊ ၂၅၃
�ကကသ်ားကျံ� � ြခငး်၊ ၂၆၄
အာ�ံ�ေ�ကာ�ကကသ်ားဆံ�မ�တလ်�ပ်��ားမ� ၂၅၀-၂၅၁

Acetylsalicylic အကဆ်စ်
အဖျား ၆၅၆
အစာအမ်ိစ�ပ်ယ�မ�၊ ၆၁၁၊ ၆၁၃

အကဆ်စ် - အေြခခမံ�ေြခ
အမိ�းနးီယားအခနး်ကဏ္ 5၊ ၅၈၀ မ� ၅၈၁
ခ��ာကိ�ယ ်၅၇၀
�ကားခစံနစ်များ၊ ၅၇၃-၅၇၅
ဓာတ�ေဗဒ၊ ၅၇၀
ေလျာ်ေ�ကးမမ�နမ်�၊ ၅၈၅
အယ�အဆ၊ ၅၅၇ မ� ၅၅၈
၅၆၉ ဟ�သတမ်�တသ်ည်
ဇ ၂ အိ� ၂ ၅၃၄
H အတကအ်ကျ၊ ၅၆၉–၅၈၄
homeostasis၊ ၅၅၆၊ ၅၈၅-၅၈၆
ေပါငး်စပ်ထားေသာဆလဲမ်ျား၊ ၅၇၇-၅၇၈
K လ�ပ်��ားမ�၊ ၅၇၀ မ� ၅၇၁
pH၊ ၅၆၉ မ� ၅၇၀

အကစ်စ်ဓာတ၊် ၄၅၆
အကစ်စ် (Acidosis)

၅၇၉ မ� ၅၈၀ အတငွး်ကာဗွနန်စ်အကစ်စ်အဆင့်
လက�ဏာ၊ ၅၇၀
၅၇၈ မ� ၅၇၉ အတငွး် H စညး်မျ�း
ဇီဝြဖစ်စ�၊ ၅၄၉၊ ၅၈၁၊ ၅၈၃-၅၈၄
အသက�်��လမ်းေ�ကာငး်၊ ၅၈၁ မ� ၅၈၃

အကစ်စ်များ
arteriolar အပနး်ေြဖြခငး်၊ ၃၅၄
ကာဗွနန်တိဖဲွ်�စညး်ြခငး်၊ ၅၇၁
လက�ဏာ၊ ၅၆၉၊ A-၁၀ ��င့ ်A-၁၁
လ�ပ်ေဆာငခ်ျက၊် ၅၆၉ မ� ၅၇၀
အစာအမ်ိကိ�စနွ ့ထ်�တြ်ခငး်၊ ၆၀၃
ြဒပ်မဲ၊့ ၅၇၂
ေအာ်ဂဲနစ်၊ ၅၇၂
အငအ်ား ၅၇၀
အားနညး်၊ ၅၇၀

Acinar ဆလဲမ်ျား၊ ၆၁၄
Acini၊ ၆၁၃
ကိ�ယခ်အံားစနစ်ကိ� ၄၁၉
တံ� ့ြပနမ်�များရယ�ြခငး်၊ ၁၇၆
Acromegaly၊ ၆၈၃
Acrosome၊ ၇၅၃
Acrosome တံ� ့ြပနမ်�၊ ၇၈၀
ACTH (adrenocorticotropic ေဟာ်မ�နး်)

adrenal cortex ��င့၊် ၇၀၂
adrenocortical မလံ�ေလာကြ်ခငး်��င့၊် ၇၀၅
adrenogenital syndrome ေရာဂါ��င့ ်၇၀၄
CRH လင့ခ်၊် ၆၇၇
လ�ပ်ေဆာငခ်ျက၊် ၆၇၂
ကေလးေမးွဖွားြခငး်၊ ၇၉၀
စိတဖိ်စီးမ�တံ� ့ြပနမ်���င့ ်၇၀၇-၇၀၈
ပစ်မ�တအ်ဂ� ါများ၊ ၆၇၂၊ ၆၇၄

အကတ်င်
အေြခခစံညး်ေဝးပွဲများ၊ ၄၈
လက�ဏာ၊ ၄၇၊ ၂၆၀
platelets တငွ ်၄၀၅
ပါးလ�ာေသာအမ�ငမ်ျား��င့၊် ၂၆၀-၂၆၁

လ�ပ်ေဆာငခ်ျကအ်လားအလာ
axon hillock ��င့၊် ၁၀၉–၁၁၀
��လံ�းဆလဲ ်၃၁၄
၉၁ မ� ၉၃ အတငွး်အေြပာငး်အလမဲျား
လက�ဏာ၊ ၉၁
conduction, ၉၆
contiguous conduction, ၉၆
EPP ��င့၊် ၂၄၉–၂၅၀
ဖိ�ငဘ်ာအချငး်��င့ ်၁၀၂-၁၀၄
၉၁ ြဖင့ပ်စ်ခတသ်ည်
�ကမ်ိ��နး်ကန ့သ်တခ်ျကမ်ျား၊ ၉၆-၉၉
အဆင့ ်၉၈ ��င့ ်အဆင့သ်တမ်�တခ်ျက်
စတငြ်ခငး်ဆိ�က၊် ၁၀၉-၁၁၀၊ ၁၈၅
myelination ��င့၊် ၁၀၀-၁၀၂
neurotransmitter လ�ပ်ေဆာငခ်ျက၊် ၁၀၅-၁၀၇
olfactory receptors, ၂၃၀
တစ်လမ်းေမာငး်ဝါဒြဖန ့ြ်ခငး်၊ ၉၆-၉၉
��လံ�းခ�နစ်က၊် ၂၉၅၊ ၃၀၉-၃၁၀
ြပန ့ပ်ာွးမ�၊ ၉၄-၉၆
အ�ိ�း�ကကသ်ားများ၊ ၂၆၇-၂၆၈

� ြ

တခံါးခံ�၊ ၉၉
အြမငအ်ာ�ံ�လမ်းေ�ကာငး်၊ ၂၀၆

လ�ပ်��ားနယေ်ြမ ၈၉
အငအ်ား ၆၀၊
တက�်ကေသာ hyperemia၊ ၃၅၄
တက�်ကေသာကိ�ယခ်စံမ်ွးအား၊ ၄၃၆
တက�်ကေသာစ�ပ်စက၊် ၈၁-၈၂
တက�်ကေသာြပနလ်ညစ်�ပ်ယ�ြခငး်၊ ၅၂၅-၅၂၆
တက�်ကေသာသယယ်�ပိ�ေ့ဆာငေ်ရး

dephosphorylation၊ ၇၀
ေဖာ်ြပချက၊် ၆၉
ion အာ�ံ�စ�းစိ�ကမ်� gradient, ၆၉
ေမာ်ဒယ၊် ၇၁
မ�လတနး်၊ ၆၉-၇၁
အလယတ်နး်၊ ၆၉၊ ၇၁-၇၃

Acuity၊ ၁၈၉-၁၉၀၊ ၂၀၈
အပ်စိ�ကက်�ထံ�း၊ ၁၉၄
ြပငး်ထနေ်သာေတာငတ်ကေ်ရာဂါ၊ ၄၉၈-၄၉၉
စ�း��ေသာအဆင့ပ်�ိ�တနိး်၊ ၄၂၄
��တတ်ရကေ်ကျာကက်ပ်ပျကစီ်းြခငး်၊ ၅၄၈
ADAM (အသက�်ကးီအမျိ�းသားများတငွအ်နဒ်�ိ�ဂျငခ်ျိ� �တဲြ့ခငး်)၊ ၇၅၁
အလိ�ကသ်င့က်ိ�ယခ်စံမ်ွးအား။ Antibody-mediated immu- ကိ��ကည့ပ်ါ။

nity; ဆလဲ-်�ကားြဖတခ်�ခအံား
ADCC (antibody ကိ�မ�ီခိ�ေသာဆယလ်�လာ

cytotoxicity)၊ ၄၃၃
စွဲလမ်းမ�၊ ၁၁၂၊ ၂၈၂
Addison's ေရာဂါ၊ ၇၀၄-၇၀၅
Adenine, A-19
Adenohypophysis၊ ၆၇၀
Adenoids, 418, 457
Adenosine

arousal စငတ်ာ inhibition ကိ�, 171
��လံ�းထ�တလ်�တမ်�၊ ၃၅၄
GFR၊ ၅၂၁

Adenylyl cyclase၊ ၁၂၁
Adipocytes, 644, 648
Adiponectin, ၇၂၀
Adipose တစ်သ��းများ

anticodons ��င့ ်A-25
လက�ဏာ၊ ၄၅၅၊ ေအ -၂၄
အဆသီိ�ေလ�ာငမ်�၊ ၄၂
ေလာငစ်ာဇီ ၀ ြဖစ်စ�အခနး်ကဏ္၊ ၇၁၄
လ�ပ်ေဆာငခ်ျက၊် ၂၄
ribosomes, 40, A-24

�မီးေကာငေ်ပါကအ်ရွယ၊် ၇၅၁
ADP (adenosine diphosphate)

ATP ထ�တလ်�ပ်မ� ၊၃၂
တတံားြဖတစ်ကဘ်းီစီးြခငး်၊ ၁၆၅
စမ်ွးအငထ်�တလ်�ပ်မ�ကဏ္ role၊ ၃၉
�ကကသ်ားပငပ်နး်ြခငး်၊ ၂၇၈-၂၇၉
platelet activation၊ ၄၀၇

Adrenal cortex ြဖစ်သည်
၇၀၀ တငွ ်aldosterone secretion
၇၀၁-၇၀၂ မ� cortisol ထ�တလ်�တမ်�
အလ�ပ်များ၊ ၇၀၃-၇၀၅
function ၆၉၈-၇၀၀
လငိေ်ဟာ်မ�နး်ထ�တလ်�ပ်မ�၊ ၇၀၂-၇၀၃

Adrenal ဂလငး်များ
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Translating...

ေဖာစ့ဖိတအ်ခနး်ကဏ္၊ ၅၈၀ေကျာကက်ပ်ကဏ္,၊ ၅၇၉ မ� ၅၈၁
အသက�်��လမ်းေ�ကာငး်ဆိ�ငရ်ာအချကမ်ျား၊ ၅၈၁ မ� ၅၈၄

အကစ်စ်ဓာတ ်၅၇၀

�ကကသ်ားေချာေမွ� ြခငး်၊ ၂၉၆ဆ�း၊ ၉၁
လ�ံ�ေဆာ်အား ၉၉-၁၀၀
T tubules များ��င့ ်၊၂၆၄

ခ��ာေဗဒ၊ ၆၉၈
catecholamine-secreting medulla၊ ၆၉၈-၇၀၀၊

၇၀၆-၇၀၇
လက�ဏာ၊ ၆၉၀

ငါ-၁

စာမျက�်�ာ ၂၅

ငါ-၂ အ��နး်

Adrenal ဂလငး်များ (ဆကရ်န)်
steroid-secreting cortex, ၆၉၈-၇၀၅
အမျိ�းအစားများ၊ ၆၉၈

Adrenal medulla ြဖစ်သည်
catecholamine secretion၊ ၇၀၅-၇၀၆
function ၆၉၈-၇၀၀
ြပ�ြပငြ်ခငး်၊ ၂၃၉၊ ၂၄၃၊ ၇၀၅-၇၀၆

Adrenaline ။ Epinephrine ကိ��ကည့ပ်ါ
Adrenergic ေဆးဝါးများ၊ ၄၅၃
Adrenergic အမ�ငမ်ျား၊ ၂၃၈
Adrenergic receptors များ၊ ၂၄၃-၂၄၄
Adrenocortical ေဟာ်မ�နး် ၆၉၉-၇၀၀
Adrenocortical မလံ�ေလာကြ်ခငး်၊ ၇၀၄-၇၀၅
Adrenogenital syndrome ေရာဂါ၊ ၇၀၄
ေအ�ိ�းဗစ်စမ်ွးအင၊် ၃၇-၃၉
ေအ�ိ�းဗစ်ေလက့ျင့ခ်နး်၊ ၃၉၊ ၂၇၈
Afferent arterioles, 513, 521, 523
အကျိ�းခစံားခငွ့ခ်ွြဲခငး်၊ ၁၃၄
အကျိ�းြပ�အမ�ငမ်ျား

လ�ပ်ေဆာငခ်ျက၊် ၁၃၅
နာကျငမ်�၊ ၁၉၁-၁၉၂
ေကျာ�ိ�း၊ ၁၇၅-၁၇၆

Afferent အာ�ံ�ခံ
လက�ဏာ၊ ၁၃၅
မ�တဉ်ာဏ၊် ၁၅၉
�ကကသ်ားလ�ပ်��ားမ�အခနး်၊ ၂၈၄-၂၈၉
အနံ ့၊ ၂၃၀
နာကျငမ်�၊ ၁၉၁
PNS ထည့သ်ငွး်မ�၊ ၁၈၅
တံ� ့ြပနမ်�များ၊ ၁၇၇
အမျိ�းအစားများ၊ ၂၄၈
အတငွး်ပိ�ငး်၊ ၁၈၇-၁၈၈

အာ�ံ�ခစံား�ိ�ငေ်သာအဆံ�းများ၊ ၂၈၅
hyperpolarization �ပီးေနာက ်၉၁
တင�်ပီးေနာက ်၃၃၀-၃၃၁
စ�စညး်မ�၊ ၄၃၁
Agonists များ

ANS၊ ၂၄၄-၂၄၅
လက�ဏာ၊ ၂၄၄
အငဆ်�လင ်၇၂၅

Agranulocytes၊ ၄၀၄-၄၀၅
ေလစီးဆငး်မ�၊ ၄၇၃၊ ၄၈၃-၄၈၅
အယဲားေဝး

ခ��ာေဗဒ၊ ၄၆၃
လက�ဏာ၊ ၄၆၃
�ပိ�ကျြခငး်၊ ၄၇၅
လ�ပ်ေဆာငခ်ျက၊် ၄၆၂
စကြ်ပင၊် ၄၆၅-၄၈၅
ခ�ခ၊ံ ၄၇၃-၄၇၄၊ ၄၇၈
�ကကသ်ား ၄၈၃-၄၈၅

Albumin၊ ၃၉၂
Albuminuria၊ ၅၁၇
အရက၊် ၁၆၁-၁၆၂၊ ၆၁၃
Aldosterone

ေသးွဖိအား homeostasis၊ ၇၀၀
hypersecretion၊ ၇၀၃
ကျပ် ၅၃၄ ြဖင့ထ်နိး်ချ�ပ်သည်
ြပနလ်ညစ်�ပ်ယ�ြခငး်၊ ၅၂၆-၅၂၉
receptor blockers, ၅၂၉
renin-angiotensin-aldosterone စနစ်, ၅၂၇
၅၂၈

Alendronate၊ ၇၃၀
အယလ်က်ာလီ

ပနက်ရိယစနွ ့ထ်�တမ်�၊ ၆၁၄
ေြဖ��ငး်ချက၊် ၅၇၀

Alkalosis ြဖစ်တယ်
ေသးွလ�တေ်�ကာဓာတေ်ငွ�၊ ၄၉၈
ေသးွ၏ pH အဆင့�်�င့ ်၅၇၀
၅၇၉ မ� ၅၈၀ အတငွး်ကာဗွနန်စ်အကစ်စ်အဆင့်
၅၇၈ မ� ၅၇၉ အတငွး် H စညး်မျ�း
ဇီဝြဖစ်စ� ၅၈၁၊ ၅၈၄
အသက�်��လမ်းေ�ကာငး်၊ ၅၈၁၊ ၅၈၃

ဓာတမ်တည့မ်�၊ ၄၅၀
ဓာတမ်တည့ြ်ခငး်

မိခင�်ိ�တ့ိ�ကေ်က�းြခငး်��င့ ်၄၅၀-၄၅၂
၄၅၀ ဟ�သတမ်�တသ်ည်
hypersensitivity ��င့ ်၄၅၀-၄၅၂

အယလ်ဖ်ာဆလဲ ်၇၁၄
Alpha globulins၊ ၃၉၂-၃၉၂
Alpha ေမာ်တာအာ�ံ�ခ၊ံ ၂၈၅၊ ၂၈၇-၂၈၈
Alpha လကခ်သံ�များ၊ ၂၄၃-၂၄၄
Alpha-glycosidase inhibitors, ၇၂၁
Alpha-melanocyte-stimulating hormone, ၆၄၄
Alpha 1 -antitrypsin, ၄၇၄
ALS (amyotrophic ေဘးတိ�ကန်ဗ်ေ�ကာ)၊ ၄၉၊ ၂၄၆
အစားထိ�းြဖည့စ်ကွလ်မ်းေ�ကာငး်၊ ၄၂၇
Alveolar ဆလဲ၊် ၄၆၄
Alveolar macrophages၊ ၄၅၇
Alveolar မျက�်�ာြပငတ်ငး်မာမ�၊ ၄၇၆
Alveoli (အဆ�တ)်

လက�ဏာ၊ ၄၆၅
၄၇၆-၄၇၇ �ပိ�ကျ
ဓာတေ်ငွ�လလဲ�ယမ်�၊ ၄၈၆ မ� ၄၈၈
အြပနအ်လ�နမ်�ီခိ�မ�၊ ၄၇၇-၄၇၈
တညေ်နရာ၊ ၄၆၄
O 2 -Hb မျ�းေကးွ, ၄၉၂
ေလ ၀ ငေ်လထကွ၊် ၄၈၂-၄၈၃၊ ၅၀၄-၅၀၅

Alveoli (mammary glands)၊ ၇၉၃
အယလ်ဇိ်�ငး်မားေရာဂါ (ေအဒ)ီ

အေ�ကာငး်ရငး် ၁၆၅
ြဖစ်ပာွးမ�၊ ၁၆၄
ေရာငရ်မ်းြခငး်၊ ၄၂၅
လက�ဏာများ၊ ၁၆၄
က�သမ� ၁၆၅
ေနာကခ်ေံရာဂါေဗဒ၊ ၁၆၄-၁၆၅

Alzheimer, Alois, ၁၆၄
Amacrine ဆလဲမ်ျား၊ ၂၁၀
AMI (အားကစားရာသစီကဝ်နး်ပံ�မမ�နြ်ခငး်)၊ ၇၇၇
Amines, ၁၁၈
အမိ�င�်ိ�အကဆ်စ်

လက�ဏာ၊ ၅၉၀
A-14 ဟ�သတမ်�တထ်ားသည်
ပျံ� ��ံေ့နေသာပိ�လ�ံ၊ ၇၁၂
အငဆ်�လငအ်ကျိ�းသကေ်ရာကမ်�၊ ၇၁၅
ပ�ိ�တငး်ေပါငး်စပ်မ�၊ ၃၈
ြပနလ်ညစ်�ပ်ယ�ြခငး်၊ ၅၃၀
triplet က�ဒ၊် A-24 – A-25

Aminopeptidases၊ ၆၂၃
အမိ�းနးီယား (NH 3 )၊ ၅၈၀-၅၈၁
သတေိမြ့ခငး်၊ ၁၅၉
Amnion၊ ၇၈၆
ေရြမ�ာေပါက၊် ၇၈၆
Amniotic အရည၊် ၇၈၆
ေရြမ�ာအတိ၊် ၇၈၃၊ ၇၈၆
အမီးဗားကဲသ့ိ�အ့ြပ�အမ�၊ ၄၂၃
Amoeboid လ�ပ်��ားမ�၊ ၄၈
AMPA လကခ်သံ�များ၊ ၁၆၁၊ ၁၉၂
အသခံျဲ�စက၊် ၁၂၃-၁၂၄
Ampulla၊ ၂၂၄၊ ၇၈၀
Amygdala၊ ၁၅၆
Amylase၊ ၅၉၇၊ ၆၁၄
ဟိ�အနဒ်�ိ�ဂျငစ်တးီရိွ�က၊် ၂၈၂
Anabolism, 710, 712
Anaerobic စမ်ွးအင၊် ၃၇-၃၉
Anaerobic ေလက့ျင့ခ်နး်၊ ၃၉
analgesic စနစ်၊ ၁၉၂-၁၉၄
Anaphase, A-29 – A-30
ဓာတမ်တည့ြ်ခငး်၊ ၄၅၁
ခ��ာေဗဒေသဆံ�းအာကာသ၊ ၄၈၂
ခ��ာေဗဒ

adrenal ဂလငး် ၆၉၈
ေလေ�ကာငး်၊ ၄၆၃
ဦး ေ��ာက၊် ၁၄၆
ဦး ေ��ာကပ်ငစ်ည၊် ၁၄၃
ေသးွေ�ကာမ�ငမ်ျား၊ ၃၆၁
ဆလဲခ်��ာကိ�ယ၊် ၉၅
clitoris, ၇၆၀
Cochlea၊ ၂၁၉
dendrites၊ ၉၅
အစာေြခလမ်းေ�ကာငး်၊ ၅၉၂
နား၊ ၂၁၅
endocrine စနစ်၊ ၆၆၂
မျကစိ်, 195-196
အမျိ�းသမီးမျိ�းပာွးစနစ် ၇၄၄

��လံ�း၊ ၃၀၃-၃၀၉
အသညး်၊ ၆၁၇
အ�မ�ကးီ ၆၃၅
အလယန်ား၊ ၂၁၉
နဖီရွန၊် ၅၁၄
အာ�ံ�ခ၊ံ ၉၅
လငိတ် ံ၇၆၀
ဇီဝကမ�ေဗဒ��င့၊် ၁-၂
pituitary ဂလငး်, 670
အသက�်��လမ်းေ�ကာငး်�ကကသ်ား ၄၆၉
အေရြပား၊ ၄၅၅
အစာအမ်ိ၊ ၆၀၁
ေဝ�းေစ ့၇၅၀
သိ�ငး်ရိွ�ကဂ်လငး် ၆၉၂
tubular အစိတအ်ပိ�ငး်၊ ၅၁၄-၅၁၅
အဆိ��့�င ်၃၀၇

အနဒ်�ိ�ဂျငတ်ံ� ့ြပနမ်�ြဒပ်စင၊် ၇၀၀
အနဒ်�ိ�ဂျင ်-binding ပ�ိ�တနိး်၊ ၇၅၄-၇၅၅
အနဒ်�ိ�ဂျင ်တကိျတဲေ့ဟာ်မ�နး်ေတကွိ�လညး်�ကည့ပ်ါ

adrenal cortex secretion၊ ၇၀၂-၇၀၃
ချိ� �တဲမ့�၊ ၇၅၁
ြငငး်ခံ�သ� ၇၆၃
လ�ပ်ေဆာငခ်ျက၊် ၆၇၈
တိ�းတကမ်���င့ ်၆၈၃
ေယာကျ်ားပီသေသာအခနး်ကဏ္,၊ ၇၄၇
ေသးွဆံ�းချိန ်၊၇၇၆

Android အဝလနွြ်ခငး်၊ ၆၄၉
ေသးွအားနညး်ေရာဂါ

အမျိ�းအစားများ၊ ၃၉၇-၃၉၈
အေ�ကာငး်ရငး် ၅၄၉
လက�ဏာ၊ ၃၉၇
ေရာဂါ��င့ဆ်ကစ်ပ်ေသာ ၃၉၈
အ��ရာယ�်�ိေသာ၊ ၆၀၈

Anemic hypoxia၊ ၄၉၇
အနဂ်ျယလ် ်(nongenomic estrogen ကဲသ့ိ�တ့က�်ကလ�ပ်��ားသ�များ

အချကြ်ပ) ၇၃၁
Angina pectoris၊ ၃၃၅
Angiogenesis၊ ၃၅၆
Angiotensin ။ ကိ�လညး်�ကည့ပ်ါ RAAS (renin-angiotensin-

aldosterone သည့စ်နစ်)
စတငြ်ခငး်၊ ၃၉၃
စာဝ�ကစ်နစ်၊ ၃၈၂
ဆားလကက်ျန�်�င့ ်၃၉၃
၅၂၇ မ� ၅၂၈ အတငွး်ထ�တလ်�တမ်�
စိတဖိ်စီးမ�တံ� ့ြပနမ်���င့၊် ၇၀၈

Angiotensin I၊ ၅၂၇
Angiotensin II

ေသးွလ�တေ်�ကာများ��င့၊် ၃၅၉
ေသးွေပါငခ်ျိန၊် ၅၂၉
RAAS ယ��ရား��င့ ်၊၅၂၇
ေရငတ၊် ၅၆၈

ေဒါသထကွ ်macrophages၊ ၄၄၁
Annulospiral အဆံ�းများ မ�လတနး်အဆံ�းများကိ� �ကည့ပ်ါ
Anorexia nervosa၊ ၆၅၀
ANP (atrial natriuretic peptide)၊ ၅၂၉-၅၃၀
ဆန ့က်ျငဘ်ကဝ်ါဒ၊ ၆၆၇၊ ၆၇၀
ရနသ်�များ၊ ၂၄၄
Anterior pituitary ဂလငး်

စ�ိ�ကလ်က�ဏာေတ,ွ 660
လ�ပ်ေဆာငခ်ျက၊် ၆၇၃
ေဟာ်မ�နး် Secret, 677
ေဟာ်မ�နး် ၆၇၁-၆၇၇
hypothalamus link, ၆၇၆
ယ��ရား၊ ၆၇၁
testosterone secretion ��င့ ်၇၅၅

Anterograde, ၁၅၉
ေရာငရ်မ်းမ�ကိ�ဆန ့က်ျငေ်သာေဆးဝါးများ၊ ၄၅၃
Anti-Müllerianေဟာ်မ�နး် Müllerian-inhibiting ကိ��ကည့ပ်ါ

ဥစ�ာ
Anti-myostatin က�ထံ�း၊ ၂၈၅
ပဋပိစ�ညး်

ေပါငး်စညး်ြခငး်၊ ၄၃၁
စညး်ေ��ာငထ်ားေသာေနရာများ၊ ၄၃၁
ပိတဆ်ိ� ့ြခငး်၊ ၄၄၈
လက�ဏာ၊ ၃၉၉
အမျိ�းအစား ၄၃၀-၄၃၁
ပငက်ိ�ယခ်�ခအံား��င့ ်၄၃၁-၄၃၃

စာမျက�်�ာ ၂၆

microbe ��မ်ိနငး်ေရး၊ ၄၃၂
�ကားြဖတမ်�၊ ၄၃၁
ပလာစမာဆလဲထ်�တလ်�ပ်မ�၊ ၄၂၉
ထ�တလ်�ပ်မ�၊ ၄၃၃
လ�ိ�� ဝ�ကဆ်လဲ၊် T-mediated၊ ၄၄၀
serum ၄၃၆ ပါ ၀ ငသ်ည်
ပံ�သဏ္◌ာန၊် ၄၃၀-၄၃၁
ဖဲွ�စညး်ပံ�၊ ၄၃၁
အတနး်ခွ ဲ၄၂၉-၄၃၀
ကာကယွေ်ဆးထိ�း��ြံခငး်၊ ၄၃၄-၄၃၅

Antibody-mediated ခ�ခအံား
B ကဆလဲေ်တ,ွ 429-437
ဘကတ်းီရီးယားကျ�းေကျာ်မ�တံ� ့ြပနမ်�၊ ၄၄၅
clonal ေရွးချယမ်�၊ ၄၃၃-၄၃၆
immunoglobulins ၄၂၉-၄၃၀

ေသးွလ�တေ်�ကာများ
ေသးွဖိအား ၃၄၉-၃၅၀
ေသးွဓာတေ်ငွ� မ�မမ�န,် 496-497
လက�ဏာ၊ ၃၄၇
၃၀၄ ဟ�သတမ်�တသ်ည်
ေရာဂါ၊ ၃၃၃-၃၃၈
function ကိ�, 342
ဖိအားေလ�ာငက်န၊် ၃၄၇၊ ၃၄၉
အဆ�တ၊် ၃၀၆
ေသးွခ�န�်�နး်ဖိအား, 350
အြမနလ်မ်းက�း၊ ၃၄၇ မ� ၃၄၉
ေကျာကက်ပ်၊ ၅၁၂-၅၁၃
ချက�်က�ိး၊ ၇၈၆

Arteriolar ေချာေမွ� �ကကသ်ားများ၊ ၄၈၄-၄၈၅
Arterioles

rigor mortis ��င့ ်၊၂၆၇
အပ်ိစကမ်���င့ ်၁၇၁
ေ��းေကးွေသာ�ကကသ်ားမ�ငမ်ျား��င့၊် ၂၇၉-၂၈၀
ဖဲွ�စညး်ပံ�၊ A-17
tubuloglomerular တံ� ့ြပနခ်ျက�်�င့၊် ၅၂၁

ATP synthase၊ ၃၅-၃၆၊ ၇၀
ATP-sensitive K channel, 717
ATPase၊ ၇၀၊ ၂၇၉-၂၈၀
ATPase စ�ပ်စက၊် ၇၀-၇၂၊ ၂၆၈
Atresia၊ ၇၆၅
Atria၊ ၃၀၄၊ ၃၀၇
��လံ�းခ�န�်�နး်၊ ၃၁၃
Atrial fibrillation၊ ၃၂၀
��လံ�းခ�နသ်၊ံ ၃၁၉-၃၂၀
Atrial natriuretic peptide, 529
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Translating...

အ��နး် ငါ-၃

သံ�းသပ်ချက၊် ၄၂၈-၄၂၉
passive ကိ�ယခ်စံမ်ွးအား, 436
မ�လတံ� ့ြပနမ်�၊ ၄၃၄-၄၃၆
ဒ�တယိတံ� ့ြပနမ်�၊ ၄၃၄-၄၃၆

Anticodons ��င့ ်A-25
Antidiuretic ေဟာ်မ�နး်။ Vasopressin ကိ��ကည့ပ်ါ
Antigen sequestering လ�ပ်ြခငး်။ Immunological ကိ��ကည့ပ်ါ

ေမာဟ
Antigens များ

B ဆလဲလ်�ံ�ေဆာ်မ�၊ ၄၂၉-၄၃၀
စ�ိ�ကလ်က�ဏာေတ,ွ 399, 428
T- မ�ီခိ�, 429
တ-ီလတွလ်ပ်ေသာ၊ ၄၂၉

ဓာတတ်ိ�းဆန ့က်ျငပ်စ�ညး်များ၊ ၆၈၇
Antiport၊ ၇၁
Antiserum၊ ၄၃၆
Antitoxins၊ ၄၃၆
Antral follicles, ၇၆၉
Antrum

စ�ိ�ကလ်က�ဏာေတ,ွ 600
ဖဲွ�စညး်ြခငး်၊ ၇၆၉
601-602 အတကွအ်စာအမ်ိေရာစပ်

Aortic arch baroreceptors, ၃၇၈
Aortic ေကာင၊် ၅၀၁
APCs (antigen- တငြ်ပဆလဲ)်

လက�ဏာ၊ ၄၄၁
အေရြပားဆလဲမ်ျား၊ ၄၅၆
မျိ�းဆက၊် ၄၄၁
အေထာကအ်က�ြပ� T cell binding၊ ၄၄၂
ယ��ရား၊ ၄၄၆

Aphasias၊ ၁၅၀
Aplastic ေသးွအားနညး်ေရာဂါ၊ ၃၉၇ မ� ၃၉၈
Aplysia

လက�ဏာ၊ ၁၅၉
အေလအ့ကျင့ယ်��ရား၊ ၁၅၉-၁၆၀
ေရ��ညမ်�တဉ်ာဏဖဲွ်�စညး်ြခငး်၊ ၁၆၃
အာ�ံ�ခစံားမ�ယ��ရား၊ ၁၆၀-၁၆၁

အသက�်��ကျပ်ြခငး်၊ ၄၉၆၊ ၅၀၆
အသက�်��ကျပ်ြခငး်၊ ၅၀၀
Apneustic စငတ်ာ၊ ၅၀၀
Apocrine ေခ�းဂလငး်များ၊ ၆၅၃
Apoptosis

B ဆလဲေ်�ကာင့ ်၊၄၄၆
ထနိး်ချ�ပ်မ�၊ ၁၂၅
သတမ်�တ၊် ၁၂၄
necrosis vs. ၁၂၄-၁၂၅
အခနး်ကဏ္ 12၊ ၁၂၄
T ဆလဲတ်ံ� ့ြပနမ်�၊ ၄၃၇

APP (amyloid ေ�� �ေြပးပ�ိ�တနိး်)၊ ၁၆၄
အ�အတကေ်ရာငေ်ရာဂါ၊ ၆၃၆
ေနာကဆ်ကတ်ွ၊ဲ ၄၁၈၊ ၆၃၃
အစာစားချငစိ်တအ်ချကြ်ပများ၊ ၆၄၄၊ ၆၄၇
Aquaporins၊ ၆၃၊ ၅၃၂
Aqueous ဟာသ၊ ၁၉၅-၁၉၆
Arachnoid mater, ၁၃၉
Arachnoid villi၊ ၁၃၉
Arcuate nucleus၊ ၆၄၄၊ ၆၄၆-၆၄၇
Aricept၊ ၁၆၅
အရစ�တိ�တယ၊် ၃၄၆
Aromatase၊ ၇၀၂၊ ၇၅၂
စိတလ်�ပ်��ားမ�စနစ်၊ ၁၇၀-၁၇၁
��လံ�းခ�နမ်မ�နြ်ခငး်၊ ၃၁၉

adrenergic receptors, 359
autoregulation, ၃၅၇
ဆခံျညမ်�ငေ်သးွေ�ကာဆိ�ငရ်ာလ�ပ်ေဆာငခ်ျက၊် ၃၆၅
လက�ဏာ၊ ၃၄၇
function ကိ�, 342
histamine ထ�တလ်�တမ်� ၃၅၆
hyperemia၊ ၃၅၄
ဇီဝြဖစ်စ�ဆိ�ငရ်ာသကေ်ရာကမ်�များ၊ ၃၅၃-၃၅၆
��ပ်ပိ�ငး်ဆိ�ငရ်ာလ�မ်းမိ�းမ�များ၊ ၃၅၆-၃၅၇
ဖိအား၊ ၃၅၈
ခ�ံိ�ငရ်ည ်၃၅၀-၃၅၂
ေချာေမွ� �ကကသ်ား၊ ၃၅၈
အသ၊ံ ၃၅၂
vasoactive အကျိ�းေဆာငမ်ျား၊ ၃၅၄၊ ၃၅၆
vasoconstriction၊ ၃၅၂
vasodilation၊ ၃၅၂

Arterioles အချငး်ဝက်
ေသးွေပါငခ်ျိန၊် ၃၅၈
ေဒသ��ရထနိး်ချ�ပ်မ�၊ ၃၅၂-၃၅၄
ကိ�ယခ်ျငး်စာတရား��င့ ်၃၇၇

Artificial pacemaker, ၃၁၂
အတကအ်ဆငး်ေဝစာများ၊ ၁၇၂
အသက�်��ကပ်ြခငး်၊ ၄၉၆
အသငး်နယေ်ြမများ၊ ၁၅၀-၁၅၂
ပနး်နာရငက်ျပ်ေရာဂါ၊ ၄၅၃၊ ၄၇၄
Astigmatism, ၁၉၉
Astrocytes၊ ၁၃၇၊ ၁၄၁
ေမာ်တာယ�နစ်များမကိ�ကည်ပီါ၊ ၂၇၀-၂၇၁
Atheromas၊ ၃၃၄
Atherosclerosis

ကိ�လကစ်ထေရာ��င့ ်၃၃၆-၃၃၇
��ပ်ေထးွမ�များ၊ ၃၃၄-၃၃၅
တိ�းတကမ်�၊ ၃၃၃-၃၃၄
ကာကယွြ်ခငး်၊ ၃၃၄

အားကစား pseudonephritis, ၅၅၀
ေလထ�၊ ၄၈၆
ေလထ�ဖိအား၊ ၄၆၅၊ ၄၆၇
အ��ြမ�အစ�လိ�ကအ်ြပံ�လိ�က။် အ��ြမ�အေလးချိန ်ကိ��ကည့ပ်ါ
အ��ြမ�နပံါတ ်A-4
အ��ြမ�သေက�တများ၊ A-3
အ��ြမ�အေလးချိန၊် A-4
အကတ်မ်

characterization, 2, A-3
ဓာတ�ေ��ာင�်က�ိးများ၊ A-4 – A-6
valence, A-4, A-5

ATP (adenosine triphosphate)
တက�်ကေသာသယယ်�ပိ�ေ့ဆာငေ်ရး��င့ ်၇၀-၇၁
astrocytes ��င့၊် ၁၃၇
ဆယလ်�လာအသက�်��ြခငး်၊ ၃၃
လက�ဏာ၊ ၃၂၊ A-၁၇
citric အကဆ်စ်သသံရာ၊ ၃၃-၃၅
ေသးွေ�ကာကျ�းြခငး် ၊၃၃၃
သတိ�သ့မီးေလာငး်စကဘ်းီစီးြခငး်အခနး်၊ ၂၆၅-၂၆၇
စမ်ွးအငလ်ိ�အပ်ချကမ်ျား၊ ၃၉
စမ်ွးအငသ်ိ�ေလ�ာငမ်�၊ ၃၉
စမ်ွးအငအ်ထကွ�်�နး်၊ ၃၇-၃၉
�ကကသ်ားမ�ငမ်ျား��င့၊် ၂၇၉-၂၈၀
လ�ပ်ေဆာငခ်ျက၊် ၃၂-၃၃
glycolysis၊ ၃၃
�ကကသ်ားအမ�ငလ်မ်းေ�ကာငး်၊ ၂၇၆-၂၇၈
oxidative phosphorylation၊ ၃၅-၃၇
ထ�တလ်�ပ်မ�အကျ�းချ�ပ်၊ ၃၇

Atrial volume receptors, ၃၇၉, ၅၆၇-၅၆၈
Atrioventricular အစ�အေဝး။ သ�၏အတွလဲိ�က ်ကိ��ကည့ပ်ါ
Atrioventricular node, ၃၁၀
Atrioventricular အဆိ��့�င၊် ၃၀၆
Atrium၊ ၃၀၄
Atrophy၊ ၂၈၁
အ�ကားအာ�ံ� cortex, 222-223
အ�ကားအာ�ံ�ဆလဲမ်ျား၊ ၂၁၇
အ�ကားအာ�ံ�ေ�ကာ၊ ၂၂၀
Autocatalytic လ�ပ်ငနး်စ�၊ ၆၀၈
Autoimmune ေရာဂါ။ သးီြခားေရာဂါများကိ�လညး်�ကည့ပ်ါ

လက�ဏာ၊ ၄၄၆
သတမ်�တခ်ျက၊် ၁၀၂
ဖံွ� �ဖိ�းတိ�းတကမ်�၊ ၄၄၆ မ� ၄၄၇
လငိက်ွြဲပားမ�၊ ၄၄၇

ကိ�ယပိ်�ငအ်�ပ်ချ�ပ်ခငွ့ရ်အာ�ံ�ေ�ကာစနစ်
afferent အာ�ံ�ခ၊ံ ၂၄၈
agonists၊ ၂၄၄-၂၄၅
ရနသ်�များ၊ ၂၄၄-၂၄၅
axons၊ ၂၃၉
လက�ဏာ၊ ၂၃၇
CNS ေဒသများ၊ ၂၄၅ ��င့ပ်တသ်ကသ်ည်
အေ�ကာငး်အရာများ၊ ၁၃၄
အကျိ�းြပ�အာ�ံ�ခ၊ံ ၂၄၈
အဂ� ါရပ်များ၊ ၂၄၇
��လံ�းအား ၃၂၆
homeostasis, ၂၅၄
လ�ပ်��ားမ��သဇာ၊ ၂၃၈
ထခိိ�ကေ်သာကိ�ယတ်ငွး်အဂ� ါများ ၊၂၄၂
လကခ်သံ� ၂၄၃-၂၄၅
တေံတးွစနွ ့ထ်�တြ်ခငး် ၊၅၉၈
လ�ိ�� ဝ�ကထ်�တလ်�တမ်��သဇာ၊ ၂၃၈
ဌာနခွမဲျား၊ ၂၃၈
two-neuron chain လမ်းေ�ကာငး်၊ ၂၃၇-၂၃၈

ကိ�ယပိ်�ငအ်�ပ်ချ�ပ်ခငွ့ရ်�ကကသ်ား၊ ၅၉၃-၅၉၄
Autophagy၊ ၃၁
Autoregulation၊ ၃၅၇၊ ၅၂၀-၅၂၁
ေအာ်တိ�စညး်တစ်သ��းများ၊ ၃၁၁
Autorhythmicity၊ ၃၀၉၊ ၃၁၁
Autosomal ခ�ိ�မိ�ဆ�နး် ၇၄၅
AV node, 313, 325
Avogadro ၏နပံါတ ်A-9
Axons ။ ေသးငယေ်သာအမ�ငမ်ျားကိ�လညး်�ကည့ပ်ါ

အလိ�အေလျာကအ်ာ�ံ�ေ�ကာစနစ်၊ ၂၃၉
ဗဟိ�၊ ၁၃၅
လက�ဏာ၊ ၉၅
ေတာငက်�နး်ြမင့ေ်ပ�၌, 94-96, 109-110
အ��ည ်၉၅-၉၆
Parasympathetic၊ ၂၃၈-၂၄၀
အရံပစ�ညး်၊ ၁၃၅
ြပနလ်ညတ်ညေ်ဆာကြ်ခငး်၊ ၁၀၃
ေြပာငး်ြပနသ်ယယ်�ပိ�ေ့ဆာငေ်ရး၊ ၄၃
အ�ိ�း�ကကသ်ား ၂၅၈-၂၆၀
terminal များ၊ ၉၄-၉၆

B ဆလဲမ်ျား
အလိ�ကသ်င့ခ်�ခအံားစနစ်��င့ ်၄၂၀
အငတ်ေီဘာ်ဒ ီ၄၃၀-၄၃၃
antigens ၄၂၉-၄၃၀
clones၊ ၄၃၄
ေ��ာင့ေ်��း hypersensitivity, ၄၅၃
�ိ�ငင်ြံခားသားကိ�ယစ်ားလ�ယအ်သအိမ�တြ်ပ�ြခငး်၊ ၄၂၈

စာမျက�်�ာ ၂၇

B ဆလဲမ်ျား (ဆကရ်န)်
function, 404, 418
မ�တဉ်ာဏ၊် ၄၃၃-၄၃၆
မ�လအစ ၄၂၈-၄၂၉
429-436, 440 မ� plasma cells များ
ြပန ့ပ်ာွးမ�၊ ၄၂၄
repertoire, ၄၃၇
ဆ,ွ 720
T ကဆလဲ ်vs. , 450
T-dependent antigen တံ� ့ြပနမ်�၊ ၄၄၅
အသံ�းမြပ�ပါ၊ ၄၃၀

B-cell �ကးီထာွးမ�အချက ်၄၄၀
ေနာကြ်ပနက်ျြခငး်၊ ၃၃၂
ဘကတ်းီရီးယား။ တကိျတဲဘ့ကတ်းီရီးယားေတကွိ�လညး်�ကည့ပ်ါ

အကျိ�း��ိေသာ၊ ၆၃၆
လက�ဏာ၊ ၄၁၇-၄၁၈
အ�မ�ကးီ၊ ၆၄၈-၆၄၉
dendritic ဆလဲတ်ံ� ့ြပနမ်�, 442
ြပငပ်ကာကယွေ်ရး၊ ၄၅၄
leukocytes ပျကစီ်းြခငး်၊ ၄၂၃
opsonins ဖျကဆ်းီြခငး်၊ ၄၂၃
ေရာဂါြဖစ်ပာွးေစေသာ၊ ၄၁၇-၄၁၈
အေရြပားကွြဲခငး်၊ ၄၂၁
အ�သမ်ိ၊ ၆၂၂-၆၂၃

လကက်ျနသ်ေဘာတရား၊ ၅၅၇
လကက်ျန၊် ဆငး်ရဲ၊ ၁၆၆-၁၆၇
မ�တေသာညမီ�ြခငး်များ၊ A-7 – A-8
Barometric ဖိအား။ ေလထ�ဖိအား ကိ��ကည့ပ်ါ
Baroreceptor တံ� ့ြပနမ်�၊ ၃၇၈-၃၇၉၊ ၅၂၁-၅၂၂
Baroreceptors များ

လိ�ကေ်လျာညေီထမွ�၊ ၃၈၂
လ�ပ်ေဆာငခ်ျက၊် ၃၈၇
တညေ်နရာ၊ ၃၇၈

အတားအဆးီသေ��တားနညး်များ၊ ၇၈၄
Basal ခ��ာကိ�ယ၊် ၄၆
Basal တိ� ့ြဖစ်သည်

လက�ဏာ၊ ၁၅၃
လ�ပ်ေဆာငခ်ျက၊် ၁၅၃-၁၅၄
�ကားနာြခငး်၊ ၂၂၂-၂၂၃
ေမာ်တာလ�ပ်��ားမ���င့၊် ၁၆၇

Basal ယ�နစ်၊ ၃၅
ေြမေအာကခ်နး်အေြမ�းပါး၊ ၅၁၇
အေြခခမံျား၊ ၅၆၉၊ A-၁၀ ��င့ ်A-၁၁
အေြခခဆံလဲ ်၂-၃

ြ ြ ြ �

လ�ံ�ေဆာ်မ�၊ ၆၂၀
သိ�ေလ�ာငခ်နး်၊ ၆၂၀
စနွ ့ပ်စ်ပစ�ညး်များစနွ ့ပ်စ်ြခငး်၊ ၆၁၉-၆၂၀

သညး်ေြခဆား
လက�ဏာ၊ ၆၁၅
ဓာတ�ယ��ရား၊ ၆၂၀
ကိ�လကစ်ထေရာ၊ ၆၁၇
ေစာငေ်ရ၊ ၆၁၇
သန ့စ်ငေ်ဆးရည၊် ၆၁၈
အဆစီ�ပ်ယ�မ�၊ ၆၂၈
အဆေီချဖျကမ်�၊ ၆၁၈-၆၁၉
လ�ပ်ေဆာငခ်ျက၊် ၆၁၉-၆၂၀
micellar ဖဲွ�စညး်ြခငး်၊ ၆၁၈-၆၁၉
ေအာ်ဂဲနစ်၊ ၆၁၇
ဖဲွ�စညး်ပံ�၊ ၆၁၉

ဘလီ�ီ�ဘင ်၆၁၉-၆၂၀
ဇီမင၊် ၈
ဇီဝေမာ်လကီျ�းများ၊ A-10, A-17
ဇီဝြငမ်း၊ ၁၀၃
ဇီဝေမာ်လကီျ�းများ ဇီဝေမာ်လကီျ�းများကိ� �ကည့ပ်ါ
စိတ�်ကဆလဲမ်ျား 201, 205
ပဋသိေ��တားေဆး။ Oral contraceptives ကိ��ကည့ပ်ါ
ေမးွဖွားြခငး် ၇၆၃၊ ၇၈၉-၇၉၂
2,3-bisphosphoglycerate (BPG), ၄၉၄
ခါးေသာအရသာ၊ ၂၃၀
အနကေ်ရာငမ်�ဆိ�းမပင့က်�အဆပ်ိ၊ ၂၅၁-၂၅၂
ဆးီအမ်ိ။ ဆးီအမ်ိဆးီ �ကည့ပ်ါ
Blastocyst၊ ၇၈၀-၇၈၂
Blepharospasm၊ ၂၅၃
မျကမ်ြမငေ်နရာ ၂၀၁၊ ၂၀၃
မျကစိ်ကယွြ်ခငး်၊ ၂၀၉
polyspermy, 780 ကိ�ပိတပ်ါ
အငတ်ေီဘာ်ဒမီျားပိတဆ်ိ� ့ြခငး် ၊၄၄၈
ေသးွ။ ကိ�လညး်�ကည့ပ်ါ ေဟမိ�ဂလိ�ဘင;် ပလာစမာ; Platelets များ

ခ��ာကိ�ယအ်ေလးချိနရ်ာခိ�င�်�နး်၊ ၃၉၁
C-reactive protein အဆင့၊် ၃၃၇
ဆလဲထ်�တလ်�ပ်မ�၊ ၄၀၄
ကိ�လကစ်ထေရာအဆင့ ်၃၃၆-၃၃၇
CO 2 သယယ်�ပိ�ေ့ဆာငေ်ရး၊ ၄၉၅-၄၉၆
coagulation၊ ၄၀၇-၄၁၀
အစိတအ်ပိ�ငး်များ, 390
အဆကမ်ြပတေ်ရွ�လျားမ�၊ ၃၉၁
doping၊ ၃၉၆
erythrocytes၊ ၃၉၃-၄၀၀

��နး်၊ ၃၄၄၊ ၃၆၂
ေကျာကက်ပ်ရာခိ�င�်�နး် ၅၂၄
ခ�ံိ�ငရ်ည၊် ၃၄၄-၃၄၅၊ ၃၄၇၊ ၃၅၁
�ငမ်ိ�ငမ်ိ ၃၄၄
တစ်သ��း၊ ၃၅၇
သယယ်�ပိ�ေ့ဆာငေ်ရး�ကားခ၊ံ ၃၉၁-၃၉၂
��ငး်��ငး်ေြပာရရင၊် ၃၂၄

ေသးွေပါငခ်ျိန။် Hypertension ကိ�လညး်�ကည့ပ်ါ
မ�မမ�နမ်�များ၊ ၃၈၁-၃၈၃
atrial volume receptors များ��င့ ်၊၃၇၉
baroreceptor၊ ၃၇၈-၃၇၉
ေသးွေ�ကာမ�ငမ်ျား၊ ၃၆၆၊ ၅၁၈-၅၁၉
��လံ�းအလ�ပ်��င့ ်၃၃၀
chemoreceptors receptors များ��င့ ်၃၇၉-၃၈၀
လိ�ကန်ာမ�၊ ၃၄၉
သတမ်�တ၊် ၃၄၉
အဆံ�းအြဖတ၊် ၃၇၆-၃၇၇
diastolic ၃၅၀
တငး်ကျပ်မ�၊ ၃၄၉
ECF အသအံတိ�းအကျယ၊် ၅၆၀-၅၆၁
ေဖာြခငး်၊ ၃၇၀
၃၈၀ စိတပိ်�ငး်ဆိ�ငရ်ာထနိး်ချ�ပ်မ�
ေလက့ျင့ခ်နး်အေြခခထံနိး်ချ�ပ်မ� ၃၈၀
��လံ�းအလ�ပ်ဝန�်�င့ ်၃၃၀-၃၃၁
hypothalamic ထနိး်ချ�ပ်မ� ၊၃၈၀
ေရ��ညထ်နိး်ချ�ပ်မ� ၃၇၈
ပျမ်းမ�ေသးွလ�တေ်�ကာ၊ ၃၄၂၊ ၃၅၈၊ ၃၇၆-၃၇၈
တိ�ငး်တာမ�၊ ၃၄၉၊ ၃၅၁
RAAS ��င့ ်၊၅၂၉
စညး်မျ�း၊ ၃၇၆-၃၇၈၊ ၅၃၀
ေကျာကက်ပ် GFR ��င့ ်၅၂၂-၅၂၃
ေရတိ�ထနိး်ချ�ပ်မ� ၃၇၈-၃၇၉
SNS စညး်မျ�း၊ ၃၅၈
စိတဖိ်စီးမ�တံ� ့ြပနမ်���င့ ်၇၀၈-၇၀၉
��လံ�း၊ ၃၅၀

ေသးွေလ�ာငက်န၊် ၃၇၁
ေသးွေ�ကာများ။ Arteries ကိ�လညး်�ကည့ပ်ါ ။ ေသးွလ�တေ်�ကာ; Capil-

laries; ေသးွြပနေ်�ကာများ
အဂ� ါရပ်ေတ,ွ 348
လ�ပ်ေဆာငခ်ျက၊် ၃၀၃
အတငွး်ပိ�ငး်၊ ၂၄၃
ြပ�ြပငြ်ခငး်၊ ၄၁၀
နရံံ ၅၅၉

ေသးွပမာဏ
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Translating...

ငါ-4 အ��နး်

အေြခခတံံ� ့ြပနမ်�များ။ �ိ� း��ငး်ေသာတံ� ့ြပနမ်�များကိ� �ကည့ပ်ါအေြခခေံြဖ��ငး်နညး်များ၊ ၅၇၀
Basilar အေြမ�းပါး၊ ၂၁၇
ေအာကေ်ြခအေြမ�းပါးများ၊ ၅၂၅-၅၂၆
Basophils

ပျံ� ��ံေ့နတဲ,့ 404
ခ�ခအံားတံ� ့ြပနမ်�၊ ၄၅၁
၄၁၈

BCRs (B cell receptors), ၄၂၉
အြပ�အမ�

အမီးဗားကဲသ့ိ� ့ ၄၂၃
ဟိ� Steroid တစ်မျိ�းသကေ်ရာကမ်�, 282
ေသးွေပါငခ်ျိန ်၃၈၀
လ�ံ�ေဆာ်၊ ၁၅၇
ထနိး်ချ�ပ်�ိ�ငသ်ည့အ်ာ�ံ�ေ�ကာပိ�လ့�တသ်�၊ ၁၅၇
ပံ�စံများ၊ ၁၅၆
serotonin၊ ၁၅၇
ေရတိ�၊ ၆၄၆
အပ်ိစကမ်�ပံ�စံ ၁၇၀
testosterone အကျိ�းသကေ်ရာကမ်�များ၊ ၇၅၁-၇၅၂

ေကးွ၊ ၄၉၉
ေပျာေ့ပျာငး်ေသာဆးီကျိတ�်ကးီြခငး်၊ ၇၅၆ မ� ၇၅၇
ေပျာေ့ပျာငး်ေသာအကျိတ ်၄၄၇
BER (အေြခခလံ�ပ်စစ်ရစ်သမ်)၊ ၅၉၃၊ ၆၀၁
Beta amyloid၊ ၁၆၄
ဘတီာဆလဲ၊် ၇၁၄
Beta globulins၊ ၃၉၂-၃၉၂
ဘတီာလကခ်သံ� ၂၄၃-၂၄၄
Bicarbonate အိ�ငး်ယနွး် ၃၉၄၊ ၄၉၆
Bicuspid အဆိ��့�င၊် ၃၀၆
Bifidus အချက၊် ၇၉၆
သညး်ေြခ

တ�းေြမာငး်၊ ၆၁၇
၆၁၇

သေ��တားပစ�ညး်များ၊ ၇၈၆လ�ပ်ေဆာငခ်ျက၊် ၃၀၃
ဓာတေ်ငွ�လလဲ�ယမ်�၊ ၄၈၆ မ� ၄၈၈
ဓာတေ်ငွ�သယယ်�ပိ�ေ့ဆာငေ်ရး၊ ၄၉၀ မ� ၄၉၈
ဂလ�းကိ�စ့်ပမာဏ ၆၀၄၊ ၇၁၃၊ ၇၁၅-၇၁၈
654-655, မ�တစ်ဆင့အ်ပ�ဆံ�း�� ံးမ�
homeostasis၊ ၂၉၀၊ ၄၁၂
homocysteine   အဆင့၊် ၃၃၇
ေဟာ်မ�နး်ထ�တလ်�တမ်�၊ ၆၆၃
၃၆၅ မ� ၃၆၆ �ကားတငွအ်ရညမ်ျား
leukocytes၊ ၄၀၀-၄၀၅
မီးယပ်၊ ၇၇၅
ပံ�မ�နဆ်ယလ်�လာြဒပ်စငမ်ျား၊ ၄၀၁
ေကျာကက်ပ်ဆိ�ငရ်ာ, 547
အစားထိ�း, 402-403
ေထာကပံ်ေ့ရးအရငး်အြမစ်၊ ၃၃၂
ေသးွသငွး်ြခငး်၊ ၃၉၉-၄၀၃
အမျိ�းအစားများ၊ ၃၉၉-၄၀၀
ယ�ရီးယား�ိ�ကထ်�ိ�ဂျင ်၅၃၃
ေသးွြပနေ်�ကာေလ�ာငက်န၊် ၃၇၁-၃၇၂

ေသးွစီးဆငး်မ�
ေလစီးဆငး်မ���င့ ်၄၈၃-၄၈၅
ေသးွေ�ကာမ�ငအ်လျင ်၃၆၂-၃၆၃
��လံ�း O 2 လိ�အပ်ချကမ်ျား၊ ၃၃၂-၃၃၃
သေ��သား၊ ၇၈၃
အသညး်၊ ၆၁၆
homeostasis, ၃၄၃-၃၄၄
ခ��ာကိ�ယအ်စိတအ်ပိ�ငး်များ၊ ၃၄၃-၃၄၄၊ ၃၅၃-၃၅၆
ပံ�စံများ၊ ၃၄၃-၃၄၇
လငိတ် ံ၇၆၀
��ပေဗဒ၊ ၃၄၃-၃၄၇
ဖိအား gradient, 344
pump action လ�ပ်�ကမယ၊် ၃၀၅

ပျံ� ��ံေ့နသည၊် ၃၇၆ မ� ၃၇၇ေသးွလနွြ်ခငး်၊ ၃၈၆
စိတဖိ်စီးမ�တံ� ့ြပနမ်���င့၊် ၇၀၈
စ�စ�ေပါငး်စမ်ွးရည ်၃၇၁-၃၇၃
ေသးွြပနေ်�ကာ��င့ ်၃၇၆

ေသးွ-ဦး ေ��ာကအ်တားအဆးီ (BBB)၊ ၁၄၁
ေသးွဓာတေ်ငွ� မ�မမ�နမ်�များ၊ ၄၉၆-၄၉၈
ေသးွေဝ�းေစအ့တားအဆးီ၊ ၇၅၄
အြပာေရာငက်နွက်ရစ်၊ ၂၀၈
BMI (ခ��ာကိ�ယထ်�ထည�်�နး်ကနိး်) ၆၄၉
BMR (အေြခခဇီံဝြဖစ်စ���နး်)၊ ၆၄၂-၆၄၃၊ ၆၉၆
BNP (ဦး ေ��ာက ်natriuretic peptide)၊ ၅၂၉-၅၃၀
ခ��ာကိ�ယ။် သးီြခားစနစ်ကိ�လညး်�ကည့ပ်ါ

အကဆ်စ် - အေြခခလံကက်ျန ်၅၇၀
ဆယလ်�လာအဆင့၊် ၂-၃၊ ၂၀
ဓာတ�အဆင့၊် ၂
ဖဲွ�စညး်မ�၊ ၆၄၉
ေရနကင်�ပ်ြခငး်၊ ၄၉၉
ခ�ခအံား ( ခ�ခအံားစနစ် ကိ��ကည့ပ်ါ )
ေလာငစ်ာသိ�ေလ�ာငမ်�ကိ�ယအ်ဂ� ါများ၊ ၇၁၁
ဇအရငး်အြမစ်များ၊ ၅၇၁-၅၇၂
အြမင့ေ်ပ ၄၉၈-၄၉၉
Na, ၅၂၈
ကိ�ယတ်ငွး်အဂ� ါအဆင့၊် ၅
သက�်�ိအဆင့၊် ၆
ချိ� �ယငွး်ေနေသာအစိတအ်ပိ�ငး်များကိ�သကတ်မ်းတိ�းြခငး်၊ ၈-၉
အစာအမ်ိ၊ ၆၀၀
စနစ်အဆင့၊် ၅-၆
တစ်သ��းအဆင့၊် ၄-၅
အလ�ပ်အမျိ�းအစားများ၊ ၆၄၁

ကိ�ယအ်ပ�ချိန ်၅၀၄
Bohr အကျိ�းသကေ်ရာကမ်�၊ ၄၉၄
Bolus၊ ၅၉၈

စာမျက�်�ာ ၂၈

�ိ� းတငွး်ြခငဆ်ီ
လက�ဏာ၊ ၃၉၅
erythrocyte ထ�တလ်�ပ်မ�၊ ၃၉၄၊ ၃၉၇-၃၉၈
ကိ�ယခ်အံားစနစ်၊ ၄၁၉
အနေီရာင ်၃၉၅
အြဖ�၊ ၃၉၅

အ�ိ�းများ
ဘဏ၊် ၇၂၉
ဆလဲ၊် ၆၇၉
လက�ဏာ၊ ၆၇၉
ကျစ်လစ်သပ်ိသညး်၊ ၇၂၉-၇၃၂
အစစ်ခခံျက၊် ၇၂၈-၇၂၉
ဖျကသ်မ်ိးြခငး်၊ ၇၃၂-၇၃၃
နား၊ ၂၁၇
ေလက့ျင့ခ်နး်အကျိ�းေကျးဇ�းများ၊ ၇၃၁
အရည,် 729-732
တိ�းတကမ်���နး် ၆၇၉-၆၈၀
လဗီာစနစ်၊ ၂၇၅-၂၇၆
အ��ည ်၆၇၉-၆၈၀
ရင့က်ျကမ်�၊ ၆၈၁
မီးယပ်ေသးွဆံ�းသကေ်ရာကမ်�၊ ၇၇၇
�ကကသ်ား၊ ၂၆၈-၂၆၉
ြပနလ်ညြ်ပ�ြပငြ်ခငး်၊ ၇၂၈-၇၂၉
ြပနလ်ညစ်�ပ်ယ�ြခငး်၊ ၇၂၈
testosterone အကျိ�းသကေ်ရာကမ်�များ၊ ၇၅၁
trabecular, 729
ဗီတာမငဒ်ခီျိ� �တဲြ့ခငး်၊ ၇၃၇-၇၃၈

Boniva ။ Idondronate ကိ��ကည့ပ်ါ
Borborygmi၊ ၆၃၆-၆၃၇
Botox၊ ၂၅၃
Botulinum အဆပ်ိ၊ ၂၅၂၊ ၂၅၃
Botulism၊ ၂၅၂
Bouton Terminal ခလ�တက်ိ� �ကည့ပ်ါ
Bowman ရဲေ့ဆးေတာင့်

လက�ဏာ၊ ၅၁၄
ဂလ�းကိ�စ့်��င့ ်၅၃၀
hydrostatic ဖိအား, 519

Boyle ၏ဥပေဒ၊ ၄၆၈-၄၆၉
Bradycardia၊ ၃၁၉
Bradykinin၊ ၁၉၂
ဦး ေ��ာက။် သးီြခားေဒသများကိ�လညး်�ကည့ပ်ါ

ေသးွအတားအဆးီ၊ ၁၄၁
အကိ�ကအ်ခေဲပျာကေ်ဆးစနစ်၊ ၁၉၂-၁၉၄
ခ��ာေဗဒ၊ ၁၄၆
ပျကစီ်းမ�၊ ၁၄၂
ေသဆံ�း၊ ၁၅၂-၁၅၃
extracellular လက�်�ိစီးဆငး်မ�၊ ၁၅၂-၁၅၃
အရည၊် ၁၃၉-၁၄၁
ေ�� � ပိ�ငး်၊ ၁၅၄
ေလာငစ်ာဇီ ၀ ြဖစ်စ�အခနး်ကဏ္၊ ၇၁၄
ဂလ�းကိ�စ့်လိ�အပ်မ� ၁၄၁၊ ၇၁၃
ကမ�ာြခမ်း၊ ၁၅၂
ဒဏရ်ာများ၊ ၁၆၄
အဓိကလ�ပ်ေဆာငခ်ျက ်၁၄၅
အေြမ�းပါး၊ ၁၃၉
meninges ၁၄၀၊
အာ�ံ�ေ�ကာများ၊ ၁၃၈-၁၃၉
အာဟာရ၊ ၁၃၉-၁၄၁
ေအာကဆ်ဂီျငလ်ိ�အပ်မ� ၁၄၁
ပလတစ်တစ်များ၊ ၁၄၉-၁၅၀
ကာကယွမ်�၊ ၁၃၉-၁၄၁
အသက�်��လမ်းေ�ကာငး်ဌာန ၄၉၉ မ� ၅၀၃
အာ�ံ�ခြံပ�ြပငြ်ခငး်ေနရာများ၊ ၂၁၃
အကျိတမ်ျား၊ ၁၃၈-၁၃၉
ventricles, ၁၃၈
လ�ငိး်အလျားခွြဲခားမ�၊ ၂၀၈

ဦး ေ��ာကပ်ငစ်ည်
ခ��ာေဗဒ၊ ၁၄၃
��လံ�းေသးွေ�ကာထနိး်ချ�ပ်မ�၊ ၃၂၇-၃၂၈
လက�ဏာ၊ ၁၄၂
circadian စညး်ချကမ်ျား၊ ၆၆၅
ထနိး်ချ�ပ်မ�လ�ပ်ငနး်စ�၊ ၁၄၂-၁၄၃
လ�ပ်ေဆာငခ်ျက၊် ၁၆၇

� ြ

မိခင�်ိ� ့
ဖဲွ�စညး်မ�, 794
ထ�တပ်ယြ်ခငး်၊ ၇၉၄
ခ�ခအံား ၇၉၆
ကျဆငး်မ�၊ ၇၉၄
အ ၀ လနွြ်ခငး် (�ိ�တ့ိ�က ်ြခငး်ကိ��ကည့ပ်ါ )

မိခင�်ိ�ရ့ညတ်ိ�ကေ်က�းြခငး်၊ ၇၉၅-၇၉၆
ရငဘ်တ။် Sternum ကိ��ကည့ပ်ါ
ြမတသ်ည။် Mammary glands ကိ��ကည့ပ်ါ
အသက�်��။ Ventilation ကိ��ကည့ပ်ါ
Breech ေမးွဖွားြခငး်၊ ၇၈၉-၇၉၀
Broca ၏ဧရိယာ၊ ၁၅၀
Bronchi၊ ၄၆၄၊ ၄၈၄
Bronchiolar ေချာေမွ� �ကကသ်ားများ၊ ၄၈၄
Bronchioles၊ ၄၆၄
ေချာငး်ဆိ�းရငက်ျပ်၊ ၄၇၄
Bronchoconstriction၊ ၄၇၃
Bronchodilation၊ ၄၇၃
အည�ိေရာငအ်ဆ၊ီ ၆၅၄
စ�တတ်၊ံ ၆၂၅
စ�တတ်-ံနယစ်ပ်အေြမ�း၊ ၆၂၃
�ကားခစံနစ်များ၊ ၅၇၄-၅၇၅
Bulbourethral ဂလငး်များ၊ ၇၅၇
အစ�လိ�ကစီ်းဆငး်သည်

သတမ်�တခ်ျက၊် ၃၆၆
လ�မ်းမိ�း�ိ�ငေ်သာအငအ်ား ၃၆၆-၃၆၇
အခနး်ကဏ္ 36၊ ၃၆၈
ultrafiltration ��င့ ်၃၆၇

BUN (ေသးွယ�ရီးယား�ိ�ကထ်�ိ�ဂျင)် ၅၃၃
သ�၏အတွ၊ဲ ၃၁၀
ပ�ေလာငြ်ခငး်။ Eructation ကိ��ကည့ပ်ါ
Byetta၊ ၇၂၁

C ဆလဲမ်ျား၊ ၆၉၁၊ ၇၃၁
C အမ�ငမ်ျား၊ ၁၉၁-၁၉၂
C-reactive proteins, ၃၃၇, ၄၂၄
CAD (ေသးွေ�ကာကျ�းေရာဂါ)၊ ၃၃၃
Cadherins၊ ၅၈
ကဖိနး်ဓာတ၊် ၁၇၁
Cajal၊ ၅၉၃-၅၉၄ �ကားြဖတဆ်လဲမ်ျား
Calbindin၊ ၆၃၂
Calcitonin

ကယလ်စီယမ်ဇီြဝဖစ်��င့ ်၇၃၄
function, ၆၉၁
အ�ိ�းပေွရာဂါက�သမ�၊ ၇၃၁

ကယလ်စီ်ယမ်
စ�ပ်ယ�မ�၊ ၆၃၂
လကက်ျန ်၇၂၇
ကျံ��အခနး်ကဏ္,၊ ၂၆၄-၂၆၈
စိတလ်�ပ်��ားဖွယအ်ခနး်ကဏ္ 26၊ ၂၆၄-၂၆၈
homeostasis, ၇၂၇
ဇီြဝဖစ်, ၆၉၁
pH မညမီ�မ�၊ ၅၄၉
sarcoplasmic reticulum ထ�တလ်�တမ်�၊ ၂၆၄-၂၆၅

ကယလ်စီ်ယမ်လမ်းေ�ကာငး်များ (Ca 2 )
တားဆးီသ�များ၊ ၅၇
��လံ�း�ကကသ်ားများလ�ံ�ေဆာ်မ�၊ ၂၉၆၊ ၃၁၅-၃၁၅
၂၆၂၊ ြဖတက်�းတတံားဖွင့သ်ည်
ECF အဆင့၊် ၃၁၅-၃၁၆
လျငြ်မနေ်သာလလဲ�ယမ်�များ၊ ၇၃၃
အငဆ်�လငထ်�တလ်�ပ်မ���င့ ်၇၁၇
ဒ�တယိေစတမနလ်မ်းေ�ကာငး်၊ ၁၂၂-၁၂၃
အ�ိ�း�ကကသ်ားများလ�ံ�ေဆာ်မ�၊ ၂၇၂-၂၇၃
ေ��းေကးွေသာဖလ�ယမ်�များ၊ ၇၃၃
�ကကသ်ားေချာေမွ�ေစြခငး်၊ ၂၉၂-၂၉၄၊ ၂၉၆၊ ၂၉၈
သ�ကပိ်�းသယယ်�ပိ�ေ့ဆာငေ်ရး��င့ ်၊၇၇၉
အရသာလကခ်သံ�များ��င့၊် ၂၂၉

ကယလ်စီယမ်ဇီြဝဖစ်
အ�ိ�းြပ�ြပငြ်ခငး်��င့ ်၇၂၈-၇၂၉
calcitonin ��င့ ်၊၇၃၄
မမ�နြ်ခငး်၊ ၇၃၆-၇၃၇
အ�လမ်းေ�ကာငး်၊ ၇၃၃-၇၃၆
အာ�ံ�ေ�ကာ�ကကသ်ားများလ�ံ�ေဆာ်�ိ�ငမ်�၊ ၇၂၆-၇၂၇

ကယလ်စီ်ယမ်ေဖာစ့ဖိတပံ်�ေဆာငခ်၊ဲ ၆၇၉
Calmodulin၊ ၁၂၂
ကယလ်ိ�ရီ၊ ၆၄၂
CAMs (ဆလဲမ်�စ�ပ်ယ�မ�ေမာ်လကီျ�းများ)

blastocyst implantation၊ ၇၈၁
လက�ဏာ၊ ၅၇
ကာွဟချကလ်မ်းဆံ�များ၊ ၅၉-၆၀
ေရာငရ်မ်းတံ� ့ြပနမ်�၊ ၄၂၂-၄၂၃
အထ�းြပ�လမ်းဆံ�များ၊ ၅၈-၆၀
လမ်းဆံ�၊ ၅၉

Canaliculi၊ ၇၃၀
ကငဆ်ာ

ရငသ်ား၊ ၇၆၃
ဆလဲေ်ြပာငး်လြဲခငး်��င့ ်၊၄၄၇
သားအမ်ိေခါငး်ကငဆ်ာ ၊၂၃
GH အစားထိ�းက�ထံ�း၊ ၆၈၄
ခ�ခအံားတံ� ့ြပနမ်���င့ ်၄၄၇-၄၄၈
interferon က�သမ�၊ ၄၂၆
ေြပာငး်လမဲ�များ��င့ ်၄၄၇
ဆးီကျိတ၊် ၇၆၂
somatic mutations ��င့,် A-31
ေဝ�းေစ၊့ ၇၆၂

Capacitance ေရယာ�များ၊ ၃၇၁
စမ်ွးေဆာငရ်ည၊် ၇၅၆
CAPD

dialysis) ၅၅၁
ေသးွေ�ကာမ�ငမ်ျား

ခ��ာေဗဒ၊ ၃၆၁
ေသးွေပါငခ်ျိန ်၃၆၆၊ ၅၁၈ - ၅၁၉
အေြမာကအ်များစီးဆငး်မ�၊ ၃၆၆-၃၆၈
လက�ဏာ၊ ၃၄၇
ပျံ� ��ံပ့ျံ� � �ံ ့ြခငး်၊ ၃၆၁-၃၆၂၊ ၃၆၆
ေဖာြခငး်၊ ၃၇၀-၃၇၁
အြပနအ်လ�န၊် ၃၆၃
function, 342, 361
interstitial fluid ��င့ ်၃၆၅-၃၆၆
lymphatic စနစ်��င့၊် ၃၆၈-၃၆၉
ကနွရ်က၊် ၆၂၆
peritubular, 513
permeability, ကိ�ယခ်စံမ်ွးအား��င့,် 420
ေခ�းေပါကမ်ျား၊ ၃၆၃-၃၆၄
အဆ�တ၊် ၄၆၅
အနားယ�ချိနတ်ငွ ်၃၆၄-၃၆၅
စနစ်တကျ၊ ၄၉၀
ြဖတသ်နး်စီးဆငး်ေနေသာအလျင ်၃၆၂-၃၆၃

ေသးွေ�ကာမ�ငအ်ပ်ိရာ၊ ၃၆၃
ေသးွေ�ကာမ�ငန်ရံံများ

၃၆၆ ြဖတ�်ပီးအေြမာကအ်များစီးဆငး်သည်
လက�ဏာ၊ ၃၆၃
အသားတငအ်ရညလ်လဲ�ယမ်�၊ ၃၆၇ မ� ၃၆၈
စ�ပ်ယ��ိ�ငမ်�၊ ၃၇၀

Capsaicin၊ ၁၉၂
Carbamino ေဟမိ�ဂလိ�ဘင ်(HbCO 2 )၊ ၄၉၅-၄၉၆
ကာဘိ�ဟိ�ကဒ်ရိတတ်ငေ်ပးသည။် ေအ �ိ� းဗစ်ေလက့ျင့ခ်နး် ကိ��ကည့ပ်ါ
ကာဘိ�ဟိ�ကဒ်ရိတ်

စ�ပ်ယ�မ�၊ ၆၂၆၊ ၆၂၈
ဓာတ�ဖဲွ�စညး်မ�၊ A-11
အ�မ�ကးီဓာတေ်ငွ�၊ ၆၃၇
A-11 ဟ�သတမ်�တထ်ားသည်
အစာေြခြခငး်၊ ၅၉၀၊ ၆၁၁၊ ၆၂၄
အစာအမ်ိစ�ပ်ယ�မ�, 626, 628
glucagon လ�ပ်ေဆာငခ်ျကမ်ျား၊ ၇၂၃
အငဆ်�လငလ်�ပ်ေဆာငခ်ျက၊် ၇၁၅-၇၁၇
ဇီြဝဖစ်, 718-719
သိ�ေလ�ာငမ်�၊ ၇၁၅-၇၁၇
အမျိ�းအစားများ, တစ်ဦးက-12

ကာဗွနဒ်ိ�ငေ်အာကဆ်ိ�က ်(CO 2 )
ေသးွသယယ်�ပိ�ေ့ဆာငေ်ရး၊ ၄၉၅-၄၉၆
ေသးွေ�ကာချဲ� ြခငး်၊ ၁၁၄
ကာဗွနန်တိအ်ကစ်စ် ၄၆၀ ထ�တလ်�ပ်သည်
citric acid သသံရာတငွ ်၃၄-၃၅
ဟိ�ကဒ်�ိ�ဂျငက်ိ� ၅၀၂ မ� ၅၀၃ အထထိ�တေ်ပးသည်
Hb saturation ��င့ ်၄၉၃-၄၉၄
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Translating... အ��နး် ငါ-၅

�ကားနာြခငး်၊ ၂၂၃အသက�်��လမ်းေ�ကာငး်ဌာန ၄၉၉-၅၀၀
Braxton-Hicks ကျံ�� ြခငး်၊ ၇၈၉
ရငသ်ားကငဆ်ာ ၇၆၃

phosphate metabolism ��င့ ်၇၃၆ပလာစမာ Ca 2 , 726-738
PTH ��င့ ်၇၂၈-၇၃၄
ဗီတာမငဒ်�ီ�င့ ်၇၃၄-၇၃၆

ေဟမိ�ဂလိ�ဘငဆ်က�်ယွမ်�၊ ၃၉၄၊ ၄၉၅ေဟမိ�ဂလိ�ဘင�်ကားခစံနစ်၊ ၅၇၅
homeostasis ��င့၊် ၁၁
labile၊ ၇၂၉

စာမျက�်�ာ ၂၉

ငါ-၆ အ��နး်

ကာဗွနဒ်ိ�ငေ်အာကဆ်ိ�က ်(CO 2 ) (ဆကရ်န)်
တစ်စိတတ်စ်ပိ�ငး်ဖိအား၊ ၄၈၈
passive ပျံ� ��ံ ့ြခငး်၊ ၆၂-၆၃
placental, ၇၈၆
ထ�တလ်�ပ်မ�၊ ၄၈၇
အဆ�တထ်ကွေ်ပါက၊် ၄၈၆ မ� ၄၈၈
အသက�်��ြခငး်��င့ ်၊၄၆၂
�ကကသ်ားများေချာေမွ�လာ�ပီး ၊၄၈၄

ကာဗွနမိ်�ေနာကဆ်ိ�ဒ ်၃၉၄
ကာဗွနန်တိအ်ကစ်စ် (H 2 CO 3 )

�ကားခစံနစ်၊ ၅၇၄
လက�ဏာ၊ ၄၉၆
metabolic acidosis ��င့ ်၅၈၃-၅၈၄
metabolic alkalosis ��င့ ်၊၅၈၄
ေကျာကက်ပ်ထနိး်သမ်ိးြခငး် ၅၇၈-၅၈၀
အသက�်��လမ်းေ�ကာငး်အကဆ်စ်��င့ ်၅၈၁-၅၈၃

Carbonic anhydrase၊ ၃၉၄၊ ၆၀၇
Carboxypeptidase၊ ၆၁၄
ကငဆ်ာြဖစ်ေစေသာအချကမ်ျား၊ ၄၄၇
��လံ�းဆလဲမ်ျား

အလိ�အေလျာကစ်ညး်ချက၊် ၃၀၉-၃၁၀
ကျံ�� ြခငး်၊ ၃၁၄-၃၁၅

��လံ�းစကဝ်နး်
ဆန ့က်ျငက်ျံ� � ြခငး်၊ ၃၂၁
ဦး တညခ်ျက၊် ၃၂၂
��လံ�းအြပစ်တငလ်ျကြ်မညတ်မ်း, 324-325
isovolumetric ကျံ��, 321
isovolumetric ေလ�ာေ့ပါြ့ခငး်၊ ၃၂၃
ေလြဖတသ်ပံမာဏ ၃၂၁-၃၂၃
အဆိ��့�ငပိ်တြ်ခငး်၊ ၃၂၄
ventricular diastole, ၃၂၁
ventricular ထ�တပ်စ်ြခငး်၊ ၃၂၁-၃၂၃
ventricular စိတလ်�ပ်��ား, 321
ventricular အဆာ, 323
ventricular repolarization, ၃၂၃
ventricular systole, 321, 323

��လံ�း�ကကသ်ား
စတငြ်ခငး်၊ ၂၉၈-၂၉၉
လက�ဏာများ၊ ၂၉၀-၂၉၁
ထနိး်ချ�ပ်မ�ယ��ရားများ၊ ၃၅၈
သတမ်�တ၊် ၄
စိတလ်�ပ်��ားမ�၊ ၇၂၇
ဖိ�ငဘ်ာအဖဲွ�အစညး်၊ ၃၀၉
အမ�ငမ်ျား၊ ၂၉၈၊ ၃၀၈၊ ၃၁၃
functional syncytia ဖဲွ�စညး်ြခငး်၊ ၃၀၈-၃၀၉
homeostasis, ၂၉၉
တညေ်နရာ၊ ၂၅၆၊ ၂၉၈
အာဟာရ၊ ၃၃၂-၃၃၈
ေမးခိ�ငေ်ရာဂါကာကယွြ်ခငး်၊ ၃၁၆

��လံ�း myopathies, 320-321
��လံ�းအထကွ်

ေသးွေပါငခ်ျိန၊် ၃၇၆
သတမ်�တခ်ျက၊် ၃၂၅
��လံ�းခ�န�်�နး်��င့ ်၃၂၅
ေတာ်�ံ�တန�ံ်�ေလက့ျင့ခ်နး်လ�ပ်ချိန ်၃၅၅
�ငမ်ိ�ငမ်ိ ၃၅၅
ေလြဖတသ်ပံမာဏ၊ ၃၂၅

��လံ�းစ�ပ်ြခငး်၊ ၃၇၅-၃၇၆
Cardiogenic ေ��ာခ့၊် ၃၈၄
��လံ�းေသးွေ�ကာထနိး်ချ�ပ်ေရးဌာန

ေသးွေပါငခ်ျိန၊် ၃၇၉
လက�ဏာ၊ ၃၅၉
အပိ�ငး် ၃၇၉

��လံ�းေသးွေ�ကာစနစ်။ ေသးွလညပ်တမ်�စနစ် ကိ�လညး်�ကည့ပ်ါ ။
��လံ�းသား

ဟိ� Steroid တစ်မျိ�းသကေ်ရာကမ်�, 282
အေြခခအံဖဲွ�အစညး်၊ ၃၄၇
ဆးီချိ�ေရာဂါသကေ်ရာကမ်�၊ ၇၁၉
ေလက့ျင့ခ်နး်ေ�ကာင့ြ်ဖစ်ေပ�လာေသာအေြပာငး်အလမဲျား၊ ၃၈၁
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်အကျိ�းသကေ်ရာကမ်�များ၊ ၆၉၄

Carotid ေကာင ်၅၀၁
Carotid အေက� ့, 378
Carpal ဥမငလ်ိ�ဏေ်ခါငး် syndrome ေရာဂါ၊ ၆၈၄
ေလယာ�တငသ်ေဘ�ာေမာ်လကီျ�း, 57
Carrier-mediated transport

တက�်က၊ ၆၉-၇၃
လက�ဏာ၊ ၇၆
ယ���ပိ�ငမ်�၊ ၆၈-၆၉

ပျံ� ��ံမ့�ကိ�လယွက်�ေစသည၊် ၆၉
ြဖစ်စ�၊ ၆၇
ရ�ဲ၊ ၆၇-၆၈
�ိ�း��ငး်ပျံ� � �ံ ့ vs. , 69
vesicular, 73-75

အ�ိ�း��၊ ၆၇၉
အဖံ�းများ၊ ၁၂၄-၁၂၅
သငး်ေထာက၊် ၇၅၁
Catabolism၊ ၇၁၀
Catalase၊ ၃၁
ဓာတက်�ပစ�ညး်များ။ Enzymes ကိ��ကည့ပ်ါ
မျကစိ်အတငွး်တမ်ိ, 201
Catecholamines

လက�ဏာ၊ ၁၁၈
enzymatic လ�ပ်ေဆာငခ်ျကမ်ျား၊ ၆၆၄
ထ�တလ်�ပ်မ�၊ ၆၆၁
ထ�တလ်�တမ်�၊ ၁၁၈-၁၁၉၊ ၇၀၅-၇၀၆
သိ�ေလ�ာငမ်�၊ ၇၀၅-၇၀၆

ကိ�းကားချကမ်ျား၊ ၆၃
Cauda equina, ၁၇၂
ေခါငး်ေပါကမ်ျား။ သာွး��င့ခ်တံငွး်ပိ�းစား ြခငး်ကိ��ကည့ပ်ါ
CCK (cholecystokinin)

သညး်ေြခရညစ်နွ ့ထ်�တြ်ခငး်၊ ၆၂၀
လက�ဏာ၊ ၁၁၁
စမ်ွးအငလ်ကက်ျန�်�င့ ်၆၄၇
အစာအမ်ိနဲအ့�လမ်းေ�ကာငး်ဆိ�ငရ်ာလ�ပ်ေဆာငခ်ျက၊် ၆၃၇
ပနက်ရိယ exocrine secretion၊ ၆၁၄-၆၁၅

Cecum, 633
ဟာ Celiac disease 624
ဆလဲခ်��ာကိ�ယ၊် ၉၅
ဆလဲက်ျံ� �စနစ်များ၊ ၄၇-၄၈
ဆလဲယ်�ေကျးမ�၊ ၈
ဆလဲေ်သ။ Apoptosis ကိ��ကည့ပ်ါ
ဆလဲက်ွြဲပားြခငး်၊ ၂
ဆလဲက်ွြဲပားြခငး်

အစိတအ်ပိ�ငး်များ၊ ၇၄၃
mitosis, A-27 – A-30
ြခ�ံငံ�သံ�းသပ်ချက၊် A-27 – A-28

ဆလဲဖဲွ်�စညး်မ�
cytoplasm၊ ၂၄
ပံ�၊ ၂၂
�ျ�ကလယိ၊ ၂၃-၂၄
သံ�းသပ်ချက၊် ၂၂-၂၄
ပလာစမာအေြမ�း၊ ၂၃

ဆလဲသ်အီိ�ရီ၊ ၂၁-၂၂
ဆလဲ-်�ကားြဖတခ်�ခအံား။ T ဆလဲ ်များကိ��ကည့ပ်ါ

ဘကတ်းီရီးယားကျ�းေကျာ်မ�တံ� ့ြပနမ်�၊ ၄၄၅
လက�ဏာ၊ ၄၂၈
MHC အခနး်ကဏ္ 44၊ ၄၄၂ မ� ၄၄၆
ြဖစ်စ�၊ ၄၃၇

ဆလဲမ်�ဆလဲဆ်လဲမ်ျား၊ ၅၇-၅၈
ဆလဲမ်�ဆလဲအ်ချငး်ချငး်ဆကသ်ယွမ်�၊ ၅၅
ဆလဲအ်စားထိ�းက�သမ�၊ ၂၈၅
ဆလဲမ်ျား။ သးီြခားအမျိ�းအစားများကိ�လညး်�ကည့ပ်ါ

catalase၊ ၃၁
လက�ဏာ၊ ၂၁
ကိ�လကစ်ထေရာစ�ပ်ယ�မ�၊ ၃၃၆
��ပ်ေထးွေသာလ�ပ်��ားမ�များ၊ ၄၃
cytoskeleton လ�ပ်ေဆာငခ်ျက၊် ၄၉
သတမ်�တသ်ည၊် ၂
စမ်ွးအငထ်�တလ်�ပ်မ�၊ ၃၇-၃၉
စမ်ွးအငလ်ိ�အပ်ချကမ်ျား၊ ၄၆၀
ြပငပ်ပတဝ်နး်ကျင၊် ၆-၇
homeostasis, ၁၀-၁၁
homeostasis ��င့၊် ၁၁
ြပညတ်ငွး်ပတ ်၀ နး်ကျင၊် ၇
၃၆၅ မ� ၃၆၆ �ကားတငွအ်ရညမ်ျား
အတငွး်ပိ�ငး်ဆလဲလ်�ပ်��ားမ�၊ ၃
55-56 အတကွ ်lipid bilayer
အာဟာရစ�ပ်ယ�မ�၊ ၁၀
ေလလ့ာေတွ� ��ိချကမ်ျား၊ ၂၁-၂၂
အဖဲွ�အစညး်၊ ၂၀
ေအာကစီ်ဂျငလ်ိ�အပ်သည၊် ၃၀၂
အစိတအ်ပိ�ငး်များ၊ ၂၀
အထ�းြပ�လ�ပ်ေဆာငခ်ျကမ်ျား၊ ၃-၄
��ငသ်နမ်�စမ်ွးရည၊် ၆
အပ�ချိန၊် ၁၁

ဆယလ်�လာအသက�်��ြခငး်၊ ၃၃၊ ၄၆၁

ဆယလ်�လာထရပ်ကားများ၊ ၄၀-၄၁
Cellulose, 590, A-12
ဗဟိ� axons, ၁၃၅
ဗဟိ�တ�းေြမာငး်၊ ၁၃၈၊ ၇၂၉
ဗဟိ�ပငပ်နး်�မ်ွးနယြ်ခငး်၊ ၂၇၉
Central lacteal၊ ၆၂၆
ဗဟိ�အာ�ံ�ေ�ကာစနစ် (CNS) ဦး ေ��ာက ်ကိ�လညး်�ကည့ပ်ါ ။ Spi-

nal �က�ိး
acidosis အကျိ�းသကေ်ရာကမ်�များ၊ ၅၇၁
အကျိ�းခစံားခငွ့ခ်ွြဲခငး်၊ ၂၃၂
ကိ�ယပိ်�ငအ်�ပ်ချ�ပ်ခငွ့ရ်လ�ပ်ငနး်များ��င့ ်၂၄၅
ဆလဲ ်၁၃၅ မ� ၁၃၉ အတငွး်
တယွဆ်ကတ်စ်သ��း ၁၃၅
ကွြဲပားြခငး်၊ ၁၃၃
epinephrine အကျိ�းသကေ်ရာကမ်�များ၊ ၇၀၇
လ�ပ်ေဆာငခ်ျကမ်ျား၊ ၁၃၂
homeostasis၊ ၂၃၂-၂၃၃
myelin ဖဲွ�စညး်ြခငး်ဆလဲမ်ျား၊ ၁၀၁
သံ�းသပ်ချက၊် ၁၄၁-၁၄၃
တံ� ့ြပနမ်�ထနိး်ချ�ပ်မ�၊ ၁၇၇
ြပနလ်ညထ်�ေထာငေ်ရး၊ ၁၀၃
ေဒသများ၊ ၁၄၃
လ�ံ�ေဆာ်မ�အသအိမ�တြ်ပ�မ�၊ ၁၇၇
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်��င့ ်၆၉၅

Central sulcus, ၁၄၄
စငတ်ာများ၊ ၄၁
Centrosomes၊ ၄၁
Cephalic အဆင့၊် ၆၀၉
Cerebellum

လက�ဏာ၊ ၁၄၃
လ�ပ်ေဆာငခ်ျကမ်ျား၊ ၁၄၆၊ ၁၆၆-၁၆၇
ဖဲွ�စညး်ပံ�၊ ၁၆၆
အာ�ံ�ေ�ကာ၊ ၁၆၆
လ�ပ်ထံ�းလ�ပ်နညး်မ�တဉ်ာဏ�်�င့ ်၊၁၆၃

ဦး ေ��ာက ်cortex
အသငး်အဖဲွ�များ၊ ၁၅၀-၁၅၂
အြပ�အမ���င့ ်၁၅၆-၁၅၇
လက�ဏာ၊ ၁၄၃
ေလက့ျင့ခ်နး်��င့ ်၅၀၄-၅၀၅
အလ�ပ်လ�ပ်�ိ�ငေ်သာေနရာများ၊ ၁၄၇
အ�ကားအာ�ံ�ေဒသ၊ ၂၂၃
ကမ�ာလံ�းဆိ�ငရ်ာအထ�းြပ�၊ ၁၅၂
ဘာသာစကားထနိး်ချ�ပ်မ�၊ ၁၅၀
lobes၊ ၁၄၃-၁၄၆
ေမာ်တာဧရိယာ ၁၄၅-၁၄၉
အာ�ံ�ေ�ကာ၊ ၁၄၃
အနံခ့ေံဒသ၊ ၂၃၁
အဖဲွ�အစညး်၊ ၁၄၃
ေဒသဆကသ်ယွမ်�၊ ၁၅၂
စညး်ချကအ်ာ�ံ�ေ�ကာပစ်ခတမ်�၊ ၁၅၃
somatotopic ေြမပံ�များ၊ ၁၄၈
အထ�းြပ�၊ ၁၄၃-၁၄၄

ဦး ေ��ာကေ်သးွေ�ကာေပါက၊် ၁၄၃
ဦး ေ��ာကအ်ာ�ံ�ေ�ကာ၊ ၁၄၃
နားဖာေချး၊ ၂၁၆
ဆးီခံ�

တ�းေြမာငး်၊ ၇၄၂
ကငဆ်ာ၊ ၂၃
ဦး ထ�ပ်၊ ၇၈၄
estrogen ေ�ကာင့ြ်ဖစ်ေပ�လာေသာေြပာငး်လမဲ�များ၊ ၇၇၆
progesterone ေ�ကာင့ြ်ဖစ်ေပ�လာေသာအေြပာငး်အလမဲျား၊ ၇၇၆

CFTR (cystic fibrosis transmembrane conductance)
စညး်ကမ်းထနိး်သမ်ိးေရး) ၅၆

ချနန်ယမ်ျား၊ ၅၆
ဓာတ�အေ��ာငအ်ဖဲွ�

အကတ်မ်လက�ဏာများ၊ A-4 – A-5
covalent, A-5, A-6
A-4 ဟ�သတမ်�တသ်ည်
��စ်ဆေငေွချးစာချ�ပ်များ၊ A-11
အလီကထ်ရွနခ်ွမံျား၊ A-4
စမ်ွးအငအ်ဆင့၊် A-4
ဟိ�ကဒ်�ိ�ဂျင၊် A-7
ionic, A-5 ြဖစ်သည်
nonpolar၊ A-7
ေဖာစ့ဖိတ၊် A-14
ဝင�ိ်�းစနွး်၊ A-7

ဓာတ��ကားခစံနစ်များ၊ ၅၇၃-၅၇၅
ဓာတ�တားေဆး၊ ၇၈၄

စာမျက�်�ာ ၃၀

ဓာတ�ေစတမနမ်ျား
endocrine၊ ၁၂၉
လ�ပ်ေဆာငခ်ျက၊် ၁၁၃
အာ�ံ�ေ�ကာစနစ်များ၊ ၁၂၉
အမျိ�းအစားများ၊ ၁၁၄-၁၁၅

ဓာတ�တံ� ့ြပနမ်�
မ�တေသာညမီ�ြခငး်များ၊ A-7 – A-8
ဓာတပ်စ�ညး်များ၊ A-8
A-7 ဟ�သတမ်�တသ်ည်
ေြပာငး်။ မရေသာ A-8
ေြပာငး်ြပန၊် A-8

ဓာတ�အာ�ံ�များ။ အနံ ့ ကိ��ကည့ ်; အရသာ
ဓာတ�ပိ�းသတြ်ခငး်၊ ၇၈၅
ဓာတ�ဖိစီးမ�၊ ၇၀၇
ဓာတ� synapses များ၊ ၁၀၄-၁၀၅

SCN၊ ၆၈၅
ထပ်တ�ြပ�ြခငး်၊ ၆၈၅

�မိ��ပတ�်ကကသ်ား၊ ၁၉၇
ပျံ� ��ံေ့နေသာ eosinophils၊ ၄၀၄
လညပ်တေ်နေသာ neutrophils၊ ၄၀၂-၄၀၃
ေသးွလညပ်တမ်� hypoxia၊ ၄၉၇
ေသးွလညပ်တမ်�ခ�ခမံ�

ေသးွလ�တေ်�ကာများ၊ ၃၅၀-၃၅၂
လက�ဏာ၊ ၃၄၄-၃၄၅
အဆံ�းအြဖတ၊် ၃၄၅
Poiseuille ၏ဥပေဒ၊ ၃၄၇

ေသးွလညပ်တမ်�လ�ငိး်
အမျိ�းအစား ၃၈၄
အေ�ကာငး်အရငး်၊ ၃၈၄
ေလျာ်ေ�ကးေင ွ၃၈၅

ထေိတွ�တံ� ့ြပနမ်�၊ ၆၅၅-၆၅၆
ဆကစ်ပ်ေရာဂါများ၊ ၆၅၈

Colipase၊ ၆၁၈
ကိ�လာဂျင ်၅၈
အေပါငပ်စ�ညး်လညပ်တမ်�၊ ၃၃၅
အေပါငပ်စ�ညး် ganglia၊ ၂၃၈
အေပါငပ်စ�ညး်ေလဝငေ်လထကွ၊် ၄၆၄
�ပနစ်�ေဆာငး်ြခငး်၊ ၅၁၅
tubules စ�ေဆာငး်ြခငး်၊ ၅၇၇
Colloids များ

လက�ဏာ၊ ၆၉၁
function, A-10
thyroglobulin-laden၊ ၆၉၂-၆၉၄

အ�မ�ကးီ
အကျိ�းြပ�ဘကတ်းီရီးယား၊ ၆၃၆
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Translating...

အ��နး် ငါ-၇

ဓာတ�ေဗဒကန ့သ်တထ်ားေသာချနန်ယမ်ျား ၊၈၈Chemiosmosis၊ ၃၅-၃၇
ဓာတ�ေဗဒ၊ ၄၄၁
Chemoreceptors များ

သတမ်�တခ်ျက၊် ၁၈၄
အစာေြခ၊ ၅၉၅
အစပျိ�းဇ�န၊် ၆၀၅

Chemotaxins၊ ၄၂၁၊ ၄၂၈
Chemotaxis, ၄၂၃
ဓာတ�က�ထံ�းေဆးများ၊ ၄၁
ဝါးြခငး်၊ ၅၉၆
ဆလဲ�်ကးီများ၊ ၆၀၅၊ ၆၀၈-၆၀၉
Chlamydia pneumoniae၊ ၃၃၇၊ ၄၇၄
ကလိ��ိ�ကဆ်ိ�ငး်၊ ၄၉၆
ကလိ��ိ�က်

လ�ပ်��ားမ�၊ ၈၂
Na ��င့ ်၊၅၂၇
ြပနလ်ညစ်�ပ်ယ�ြခငး်၊ Na role၊ ၅၃၂

ကာလဝမ်းေရာဂါ၊ ၆၃၃-၆၃၄
ကာလဝမ်းေရာဂါအဆပ်ိ၊ ၁၂၅
ကိ�လကစ်ထေရာ

ေသးွအဆင့ ်၃၃၆-၃၃၇
ဆလဲစ်�ပ်ယ�မ�၊ ၃၃၆
လက�ဏာ၊ ၁၁၉
A-13 – A-14 ဟ�သတမ်�တသ်ည်
လ�ပ်ေဆာငခ်ျက၊် ၅၄
၃၃၆-၃၃၇
အရငး်အြမစ်များ၊ ၃၃၆
အမျိ�းအစားများ၊ ၃၃၆

Cholinergic အမ�ငမ်ျား၊ ၂၃၈
Cholinergic receptors, 243
Chondrocytes၊ ၆၇၉-၆၈၀
Chordae tendineae၊ ၃၀၆-၃၀၇
Chorion၊ ၇၈၃
Choroid၊ ၁၉၅
Choroid plexuses၊ ၁၃၉
Chromaffin ဆလဲ၊် ၇၀၅
Chromatin, A-20
ခ�ိ�မိ�ဇ�နး်။ X ခ�ိ�မိ�ဇ�နး် ကိ�လညး်�ကည့ပ်ါ ။

Y ခ�ိ�မိ�ဆ�နး်
အလိ�အေလျာက၊် ၇၄၅
DNA ထမဲ�ာ၊ A-19 – A-20
တစ်သားတညး်ြဖစ်မ�၊ ၇၄၃၊ A-၂၀
အတွ ဲ၇၄၃
လငိဆ်ံ�းြဖတြ်ခငး်၊ ၇၄၅

နာတာ��ညေ်ချာငး်ဆိ�းရငက်ျပ်၊ ၄၇၄
နာတာ��ညေ်ကျာကက်ပ်ပျကစီ်းြခငး်၊ ၅၄၈
နာတာ��ညအ်ေပ�ယအံစာအမ်ိနာ၊ ၆၁၂
Chylomicrons၊ ၆၃၀
Chyme၊ ၆၀၁၊ ၆၂၈
Chymotrypsin၊ ၆၁၄
Chymotrypsinogen၊ ၆၁၄
Cilia

လက�ဏာ၊ ၄၅
အတငွး်ပိ�ငး်ဖဲွ�စညး်ပံ�၊ ၄၆-၄၇
လ�ပ်��ားမ�၊ ၄၃၊ ၄၅
�ကကသ်ား ၂၀၀

Cimetidine၊ ၆၁၂
Circadian စညး်ချကမ်ျား

နာရီပ�ိ�တနိး် ၆၈၅
ပတဝ်နး်ကျငအ်ချကမ်ျား၊ ၆၈၅
ေဟာ်မ�နး်ထ�တလ်�ပ်မ���နး် ၆၆၅
ြပနလ်ညခ်ျိနည်�ြိခငး်၊ ၆၈၆

အကျိ�းဆကမ်ျား၊ ၃၈၅သတမ်�တခ်ျက၊် ၃၈၁
ြပနလ်�န။် မရေသာ၊ ၃၈၅

ေသးွလညပ်တမ်�စနစ်။ ေသးွေ�ကာ များကိ�လညး်�ကည့ပ်ါ
လက�ဏာ၊ ၃၄၂
အစိတအ်ပိ�ငး်များ၊ ၆၊ ၃၀၃-၃၀၄
လ�ပ်ေဆာငခ်ျက၊် ၇၊ ၁၀
homeostasis၊ ၁၁၊ ၃၀၂
Poiseuille ၏ဥပေဒ၊ ၃၄၇
သမိ�ငး်၊ ၃၄၆
သယယ်�ပိ�ေ့ဆာငေ်ရးကဏ္,၊ ၃၃၈၊ ၃၄၂
ေသးွေ�ကာသစ်ပင၊် ၃၄၇

အသညး်ေြခာက၊် ၆၂၁
Citric acid သသံရာ၊ ၃၃-၃၅
ဂ��ဝငအ်ြဖည့လ်မ်း၊ ၄၂၇
Clathrin ေမာ်လကီျ�းများ၊ ၃၁
Clitoris, 743, 760
နာရီပ�ိ�တနိး် ၆၈၅
Clonal ဖျကြ်ခငး်၊ ၄၄၆
Clonal စမ်ွးအင၊် ၄၄၆
Clonal ေရွးချယေ်ရး

antibody ထ�တလ်�ပ်မ�၊ ၄၃၃
ြမံ�ေနေသာမ�တဥ်ာဏဆ်လဲမ်ျား��င့ ်၄၃၃-၄၃၆
ပလာစမာဆလဲ၊် ၄၃၃-၄၃၆
သအီိ�ရီ၊ ၄၃၃-၄၃၄

Clones၊ ၄၃၃
Clostridium botulinum၊ ၂၅၂-၂၅၃
ေသးွခဖဲွဲ�စညး်ြခငး်

အသခံျဲ�စက၊် ၄၁၀
Ca 2 အခနး်ကဏ္ 72၊ ၇၂၇
က�တ၊် ၄၀၈-၄၀၉
လက�ဏာ၊ ၄၀၇
ြပငပ်လမ်းေ�ကာငး်၊ ၄၁၀
fibrinogen အခနး်ကဏ္၊ ၄၀၇
မသင့ေ်တာ်ပါ၊ ၄၁၁
ပငက်ိ�ယလ်မ်းေ�ကာငး်၊ ၄၀၉-၄၁၀
monocyte induction, ၄၂၄
လမ်းေ�ကာငး်များ၊ ၄၀၉-၄၁၀
phagocytic induction, ၄၂၄
ကာကယွြ်ခငး်၊ ၄၁၁၊ ၄၂၄
ြဖစ်စ�၊ ၄၀၇-၄၀၈
��ပ်သမ်ိးြခငး်၊ ၄၁၀
ေြပာငး်ြပန၊် ၄၁၀-၄၁၁
thrombin အခနး်ကဏ္,၊ ၄၀၈

အဝတအ်စား၊ ၆၅၅-၆၅၆
ေသးွခြဲခငး်၊ ၄၀၈
စ�ေဆာငး်ြခငး်၊ ၂၈၈
အက�ျပ�ိ�တနိး်၊ ၂၈
Coated တငွး်၊ ၃၁
Coatomers များ။ Coat protein ကိ��ကည့ပ်ါ
ကိ�ကငး်၊ ၁၁၂
Cochlea

ခ��ာေဗဒ၊ ၂၁၉
အာ�ံ�ခအံဂ� ါများ၊ ၂၁၇
အသ�ံကမ်ိ��နး်��င့၊် ၂၂၂

Cochlear implants, ၂၂၃-၂၂၄
Codon, A-24, A-25
Coenzyme A (CoA)၊ ၃၃
သမိ�တမ်�၊ ၁၄၁-၁၄၂
Coitus ။ လငိဆ်ကဆ်ြံခငး် ကိ��ကည့ပ်ါ
Coitus �ကားြဖတ၊် ၇၈၄
ေအးတယ်

ေသးွလ�တေ်�ကာတံ� ့ြပနမ်�၊ ၃၅၇

လက�ဏာ၊ ၆၃၃အဆတီကေ်စေသာဘကတ်းီရီးယား၊ ၆၄၈-၆၄၉
အ�မ�ကးီဓာတေ်ငွ�၊ ၆၃၇
အေရာငမ်�ိနြ်ခငး်၊ ၂၀၉
အေရာငအ်ြမင၊် ၂၀၈-၂၀၉
Colostrum, ၇၉၆
ဆကသ်ယွေ်ရး။ ေဟာ်မ�နး်ဆကသ်ယွမ်� ကိ�လညး်�ကည့ပ်ါ

ကာွဟချကလ်မ်းဆံ�များ၊ ၁၁၃
မျက�်ကညလ်�ာ၊ ၁၁၄-၁၁၅
အာ�ံ�ေ�ကာ၊ ၈၆
venule, ၃၇၁

အ�ိ�းစ� ၇၂၉-၇၃၂
peptide တငရ်နအ်ခနး် ၄၄၂
ြဖည့စ်ကွစ်နစ်

activation လမ်းေ�ကာငး်များ၊ ၄၂၇၊ ၄၃၁
ေရာငရ်မ်းနာကျငြ်ခငး်၊ ၄၂၇-၄၂၈
အေြမ�းပါးတိ�ကခ်ိ�ကမ်���ပ်ေထးွမ�၊ ၄၂၇

ြဖည့စ်ကွအ်ေြခခတံွဖဲကြ်ခငး်၊ A-20, A-23
��လံ�းအပိတ၊် ၃၁၁–၃၁၂၊ ၃၂၀
��ပ်ေထးွေသာဆလဲမ်ျား၊ ၂၁၁
လိ�ကန်ာမ�၊ ၄၇၅
ဓာတေ်ပါငး်များ၊ A-3
ေကးွ��တမ်ျက�်�ာြပင၊် ၁၉၈-၁၉၉
အာ�ံ�စ�းစိ�ကမ်�

လက�ဏာ၊ A-9
သတမ်�တ၊် ၆၁
gradient၊ ၆၁

Concentric isotonic ကျံ�� ြခငး်၊ ၂၇၄
အယ�အဆ၊ ၇၇၈
တပ်ထားတဲတ့ံ� ့ြပနမ်�။ Acquired reflexes ကိ��ကည့ပ်ါ
ကနွဒ်ံ�း ၇၈၄
ေဆာငရွ်ကခ်ျက၊် ၆၅၁-၆၅၂
conductive deafness၊ ၂၂၃
စပယယ်ာ၊ ၉၀
Cones များ

acuity၊ ၂၀၈
လက�ဏာ၊ ၁၉၅
အေရာငအ်ြမင�်�င့ ်၂၀၈-၂၀၉
တညေ်နရာ၊ ၂၀၁
ပိ�ငဆ်ိ�ငမ်�၊ ၂၀၇
အာ�ံ�ခ�ံိ�ငစ်မ်ွး၊ ၂၀၇-၂၀၈

ဝမ်းေလ�ာြခငး်၊ ၃၃၂
Conn's syndrome၊ ၇၀၃
တယွဆ်ကတ်စ်သ��း၊ ၅
တယွဆ်ကတ်စ်သ��းအ�တိ�င၊် ၆၂၄
သတ။ိ အပ်ိစကြ်ခငး် ကိ�လညး်�ကည့ပ်ါ

သတမ်�တ၊် ၁၆၇
ြပညန်ယမ်ျား၊ ၁၆၉

ြဒပ်ထ�ထနိး်သမ်ိးေရး၊ ဥပေဒ၊ A-7 – A-8
စ�စညး်မ�၊ ၁၅၉
ဝမ်းချ�ပ်ြခငး်၊ ၆၃၅-၆၃၆
ကန ့သ်တ�်ကကသ်ား။ �မိ��ပတ�်ကကသ်ား ကိ��ကည့ပ်ါ
ဆန ့က်ျငဖ်ကက်�းမ�၊ ၉၆-၉၇
တားေဆး

ကိ�ယဝ်နဖ်ျကခ်ျြခငး် ၇၈၅
သတမ်�တခ်ျက၊် ၇၈၄
အေရးေပ�၊ ၇၈၅
�� ံးနမိ့်မ���နး် ၇၈၄
အနာဂတအ်လားအလာ၊ ၇၈၅
implantation ပိတဆ်ိ� ့ြခငး်၊ ၇၈၄-၇၈၅
နညး်လမ်းများ၊ ၇၈၂
သဘာဝ၊ ၇၈၄
မျိ�းဥထကွြ်ခငး်ပိတဆ်ိ� ့ြခငး်ေ�ကာင့ ်၇၈၄-၇၈၅

စာမျက�်�ာ ၃၁

ကျံ�� �ိ�ငေ်သာဆလဲမ်ျား၊ ၃၀၉
Contractile လ�ပ်ငနး်စ�၊ ၂၆၁
Contractile ပ�ိ�တနိး် ၂၆၀
ကျံ�� �ိ�ငေ်သာလကစ်ပ်ွ၊ ၄၇-၄၈
ကျံ�� �ိ�ငစ်မ်ွး၊ ၃၂၉
ကျံ�� ြခငး်

��လံ�း၊ ၃၂၁
ကျံ�� ြခငး်။ Segmentation ကိ�လညး်�ကည့ပ်ါ

-excitation နားချငး်ဆကမ်�ီ, 266
Ca 2 အခနး်ကဏ္ 26၊ ၂၆၄-၂၆၈
ကယလ်စီ်ယမ်၏အခနး်ကဏ္,၊ ၂၆၄-၂၆၈
��လံ�း�ကကသ်ား၊ ၃၂၉
အစိတအ်ပိ�ငး်များ၊ ၂၆၉
စမ်ွးအငေ်ြပာငး်လြဲခငး်၊ ၂၇၄-၂၇၅
အမ�ငဓ်ာတ ်၂၆၉-၂၇၁
အလျငစ်လိ�၊ ၆၃၅
လ�ံ�ေဆာ်မ��ကကသ်ားများ၊ ၄၆၉-၄၇၀
isovolumetric ventricular, ၃၂၁
အလ�ပ်သမား ၇၉၂-၇၉၃
စကြ်ပင၊် ၂၆၈-၂၇၆
�ကကသ်ား၊ ၂၆၄
ပါဝါဒဏ၊် ၂၆၃-၂၆၄
ြဖစ်စ�၊ ၂၆၁-၂၆၄
�ကကသ်ားေချာေမွ� ြခငး်၊ ၂၉၂-၂၉၄၊ ၂၉၆-၂၉၇
အငအ်ား ၂၆၉
အချိန၊် ၂၆၈
အမျိ�းအစားများ၊ ၂၇၃-၂၇၄

ထနိး်ချ�ပ်ေရးစငတ်ာ၊ ၁၅
ထနိး်ချ�ပ်�ိ�ငေ်သာ variable များ၊ ၁၅
စ�တယ်�ြခငး်၊ ၆၅၂
ေပါငး်စညး်မ�၊ ၁၁၂
ခံ�းမျက�်�ာြပင၊် ၁၉၈-၁၉၉
COPD (နာတာ��ညေ်လ�ပနက်ျ�းေရာဂါ) ၄၇၄
စ�ေဆာငး်ြခငး်။ လငိဆ်ကဆ်ြံခငး် ကိ��ကည့ပ်ါ
Core အပ�ချိန်

ေစာင့�်ကည့၊် ၆၅၀
ပံ�မ�န ်၆၅၀
ပံ�မ�နအ်ေြပာငး်အလမဲျား၊ ၆၅၀ မ� ၆၅၁
တည�်ငမ်ိ၊ ၆၅၁

မျက�်ကညလ်�ာ
ဆလဲမ်ျား၊ ၂၁၁-၂၁၂
လက�ဏာ၊ ၁၉၅
အြမငအ်ာ�ံ�အေြပာငး်အလ၊ဲ ၂၁၁

ကိ��ိ�နာေရာငြ်ခည၊် ၇၆၉

�

ဦး ေ��ာကအ်ာ�ံ�ေ�ကာ၊ ၁၆၇
Creatine kinase၊ ၂၇၆
Creatine ေဖာစ့ဖိတ၊် ၂၇၆
Creatinine၊ ၅၃၉
CRH (corticotropin ထ�တလ်�တေ်သာေဟာ်မ�နး်)

ACTH လင့ခ်၊် ၆၇၇
adrenal cortex ��င့၊် ၇၀၂
adrenogenital syndrome ေရာဂါ��င့ ်၇၀၄
DHEA ��င့ ်၊၇၀၂
ကေလးေမးွဖွားြခငး်၊ ၇၉၀
စိတဖိ်စီးမ�တံ� ့ြပနမ်�၊ ၇၀၇-၇၀၈

CRH-ACTH-cortisol စနစ်၊ ၆၇၇၊ ၇၀၂၊ ၇၀၇-၇၀၈
တတံားေတြွဖတ်

လ�ပ်��ားမ�၊ ၂၆၃
ATP ��င့၊် ၂၆၅-၂၆၇
စညး်ေ��ာငြ်ခငး်၊ ၂၆၁-၂၆၄
ကယလ်စီ်ယမ်��င့ ်၂၆၂
လက�ဏာ၊ ၂၆၀
စကဘ်းီစီးြခငး်လ�ပ်ငနး်စ�၊ ၂၆၇
အြပနအ်လ�န၊် ၂၆၃

စကားေြပာဆိ�မ�၊ ၁၂၂
Crossed extensor တံ� ့ြပနမ်�များ၊ ၁၇၉
A-30 – A-31 ကိ�ြဖတေ်ကျာ်သည်
Lieberkühn၏ Crypts များ၊ ၆၂၆
�ကညလ်ငရ်ာဇမတက်ကွ၊် A-5
CSF (cerebrospinal အရည)်, 139, 141
Cupula၊ ၂၂၄
Curare၊ ၂၅၂-၂၅၃
လက�်�ိ၊ ၈၉
Cushing's syndrome၊ ၇၀၃-၇၀၄
CVA (ဦး ေ��ာကေ်သးွေ�ကာမေတာ်တဆမ�)၊ ၁၄၂
Cyanosis, ၄၉၆
Cyclic AMP (cyclic adenosine monophosphate)

လက�ဏာ၊ ၁၂၀၊ A-၁၇
GH လ�ိ�� ဝ�ကခ်ျကအ်ခနး်ကဏ္,၊ ၆၈၂
��လံ�းခ�န�်�နး်��င့ ်၃၂၆
LTP ��င့၊် ၁၆၂
အနံခ့ဧံည့ခ်ပံွဲ၊ ၂၃၀
ဒ�တယိတမနလ်မ်းေ�ကာငး်၊ ၁၂၁–၁၂၄

Cyclic GMP (cyclic guanosine monophosphate)
စိ�ကထ်�ြခငး်၊ ၇၆၀
photoreceptor လ�ပ်ေဆာငခ်ျက၊် ၂၀၅
ဒ�တယိတမနအ်ခနး်ကဏ္,၊ ၁၂၂-၁၂၃

Cyclosporin၊ ၄၄၄

D ဆလဲ၊် ၆၀၉
အေမ�ာငလ်က�်�ိ ၂၀၅
အေမ�ာင်

လိ�ကေ်လျာညေီထမွ�၊ ၂၀၉
မီးခိ�းေရာငအ်ြမင၊် ၂၀၇
photoreceptor လ�ပ်ေဆာငခ်ျက�်�င့ ်၂၀၅

DASH (ရပ်တန ့ရ်နအ်စားအေသာကန်ညး်လမ်းများ
ေသးွတိ�းေရာဂါ၊ ၃၈၃

duodenum၊ ၆၀၂-၆၀၄
နားမ�ကားြခငး်၊ ၂၂၃-၂၂၄
ေသြခငး်

ဦး ေ��ာက၊် ၁၅၂-၁၅၃
ဆလဲ ်( Apoptosis ကိ��ကည့ပ်ါ )
endometrium၊ ၇၇၅
homeostasis အေ��ာင့အ်ယ�ကမ်ျား��င့၊် ၁၇

ကျဆငး်ေနေသာေဝစာများ၊ ၁၇၂
Decidua၊ ၇၈၂
Decompression ဖျားနာ၊ ၄၉၉
မစငစ်နွ ့ြ်ခငး်တံ� ့ြပနမ်�၊ ၆၃၅
Defensin၊ ၅၆
Defensins၊ ၆၂၆
ေရဓါတခ်နး်ေြခာကြ်ခငး်။ Hypertonicity ကိ��ကည့ပ်ါ
Dehydroepiandrosterone၊ ၆၉၉၊ ၇၄၈
ေ��ာင့ေ်��းြခငး်၊ ၄၅၃-၄၅၄
Delta ဆလဲ၊် ၇၁၄
Denaturation, A-15
Dendrites၊ ၉၅
Dendritic ဆလဲမ်ျား၊ ၄၄၁-၄၄၂
သပ်ိသညး်ေသာအေြမ�းပါးများ၊ ၁၁၀
သာွးပိ�းစားြခငး်၊ ၅၉၆
Deoxyhemoglobin၊ ၄၉၁
Dephosphorylation၊ ၇၀
Depolarization

ဘေလာက၊် ၂၅၂
လက�ဏာ၊ ၈၈
photoreceptor၊ ၂၀၅
ြဖန ့၊် ၈၉

စိတက်ျေရာဂါ၊ ၁၅၇၊ ၁၆၁
အတမ်ိအနကသ်မိ�တမ်�၊ ၂၁၀-၂၁၁
Dermatome၊ ၁၇၆
Desmosomes

��လံ�း�ကကသ်ား ၃၀၈
လက�ဏာ၊ ၅၈
အေရြပား၊ ၄၅၄



04/08/2021 Human Physiology: From Cells to Systems, 7th ed.

https://translate.googleusercontent.com/translate_f 24/73

Translating...

ငါ-၈ အ��နး်

ေသးွေ�ကာလညပ်တမ်�၊ ၃၃၂Corpus callosum၊ ၁၄၃
Corpus luteum

ထနိး်ချ�ပ်မ�၊ ၇၇၃-၇၇၄
ယိ�ယငွး်မ�၊ ၇၆၈၊ ၇၇၀
ဖဲွ�စညး်ြခငး်၊ ၇၆၈၊ ၇၆၉-၇၇၀
သကတ်မ်း ၇၇၃-၇၇၄
ကိ�ယဝ်န ်၇၇၀

Cortical granules၊ ၇၈၀
Cortical ေလြပငး်တိ�ကခ်တေ်သာဧရိယာ၊ ၂၂၉
Cortical nephron, ၅၁၅
Corticospinal ေမာ်တာစနစ်၊ ၂၈၃
Corticosteroid-binding globulin, ၇၀၀
Corticotropes၊ ၆၇၂
Corticotropin ထ�တလ်�တေ်သာေဟာ်မ�နး်၊ ၆၄၆
Cortisol

ေရာငရ်မ်းမ�ကိ�ဆန ့က်ျငေ်သာအကျိ�းသကေ်ရာကမ်�များ၊ ၇၀၁
လက�ဏာ၊ ၇၀၀
တိ�က�ိ်�ကဇီ်ဝြဖစ်စ�ဆိ�ငရ်ာသကေ်ရာကမ်�များ၊ ၇၂၅-၇၂၆
diurnal ရစ်သမ်အကျိ�းသကေ်ရာကမ်�များ၊ ၇၀၂
hypersecretion၊ ၇၀၃-၇၀၄
ခ�ခအံားကျဆငး်ေစေသာအကျိ�းသကေ်ရာကမ်�များ၊ ၇၀၁
ဇီဝြဖစ်စ�သကေ်ရာကမ်� ၇၀၀
ခငွ့ြ်ပ�မိန ့ ်၇၀၀
၇၀၁-၇၀၂
စိတဖိ်စီးမ�တံ� ့ြပနမ်���င့ ်၇၀၀-၇၀၁၊ ၇၀၇-၇၀၈

သယယ်�ပိ�ေ့ဆာငေ်ရး။ Symport ကိ��ကည့ပ်ါ
က�တငအ်ာလ�းေရာဂါ၊ ၆၄၈
Coumadin၊ ၄၁၁
အ�ကမ်ိအေရအတကွ၊် ၅၄၁
ေကာငတ်ာသယယ်�ပိ�ေ့ဆာငေ်ရး Antiport ကိ��ကည့ပ်ါ
Covalent ေငေွချးစာချ�ပ်များ၊ A-5 – A-6
CPR (��လံ�းေသးွေ�ကာကျ�းြပနလ်ညက်ယဆ်ယမ်�) ၃၀၄

Cysteinuria၊ ၆၇Cystic fibrosis, ၅၆
Cytochrome c, ၁၂၄
Cytokines

သတမ်�တ၊် ၄၂၄
helper T cells ၄၄၀
ေရာငရ်မ်းတံ� ့ြပနမ်�၊ ၄၂၁

Cytokinesis, 48, A-30
Cytoplasm

လက�ဏာ၊ ၂၀
အစိတအ်ပိ�ငး်များ၊ ၂၄၊ ၄၄
သတမ်�တ၊် ၂၄

Cytosine, A-19
Cytoskeleton

လက�ဏာ၊ ၄၂
သတမ်�တ၊် ၂၄
ြဒပ်စင၊် ၄၂
လ�ပ်ေဆာငခ်ျက၊် ၄၉

Cytosol
သတမ်�တ၊် ၂၄
လ�ပ်ေဆာငခ်ျက၊် ၄၂
glycolysis၊ ၃၃
ribosomes ၄၀၊

Cytotoxic T ဆလဲမ်ျား
စညး်မျ�းသတမ်�တခ်ျကမ်ျား၊ ၄၄၄
လက�ဏာ၊ ၄၃၇
ကာကယွေ်ရးယ��ရား၊ ၄၄၀
လ�ပ်ေဆာငခ်ျက၊် ၄၃၈-၄၄၀
ကိ�ယခ်အံားေစာင့�်ကည့ြ်ခငး်၊ ၄၄၈
ယ��ရား၊ ၄၃၉
MHC ေမာ်လကီျ�းများ��င့ ်၊၄၄၃
အာ�ံ�ေ�ကာစနစ်��င့ ်၄၄၀

လ�ပ်ေဆာငခ်ျက၊် ၅၈-၅၉ဖျကေ်ဆး၊ ၆၁၈
DHEA (dehydroepiandrosterone)

adrenogenital syndrome ေရာဂါ��င့ ်၇၀၄
အသကအ်ရွယ�်�င့ဆ်ကစ်ပ်ေသာကျဆငး်မ� ၇၀၃
လက�ဏာ၊ ၇၀၂
လ�ပ်ေဆာငခ်ျက၊် ၇၀၂-၇၀၃
ကေလးေမးွဖွားြခငး်၊ ၇၉၀

DHT (dihydrotestosterone) ၄၇၄
ဆးီချိ�ေရာဂါ insipidus၊ ၅၆၄
ဆးီချိ�ေသးွချိ�ေရာဂါ၊ ၆၈

ြပငး်ထနေ်သာအကျိ�းသကေ်ရာကမ်�များ၊ ၇၂၁-၇၂၂
ကာဘိ�ဟိ�ကဒ်ရိတဇီ်ြဝဖစ်စ���င့ ်၇၁၈-၇၁၉
လက�ဏာ၊ ၇၁၈
အဆဓီာတ ်(metabolism) ��င့ ်၇၁၉
hyperglycemia ၇၂၄-၇၂၅
ေရ��ညြ်ပဿနာများ၊ ၇၁၉၊ ၇၂၂-၇၂၃
စီမံခန ့ခ်ွမဲ�၊ ၇၂၁
ပလာစမာဂလ�းကိ�စ့်စ�ပ်ယ�မ�၊ ၅၃၁
ပ�ိ�တနိး်ဓာတ�်�င့ ်၇၁၉
က�သမ�၊ ၇၂၀-၇၂၁
မ�ကွ၊ဲ ၇၁၈၊ ၇၂၀

သတမ်�တထ်ားေသာဆးီချိ�ေရာဂါ၊ ၇၁၈
Diacylglycerol (DAG)၊ ၁၂၂
Dialysis၊ ၅၅၁
Diapedesis၊ ၄၂၃
diaphragm၊

လက�ဏာ၊ ၄၆၄
အဆ�တခ်ျဲ�ထငွြ်ခငး်၊ ၄၇၀
အပနး်ေြဖ၊ ၄၇၂

diaphragm၊ သေ��တားေဆး၊ ၇၈၄
Diaphysis, ၆၇၉
ဝမ်းေလ�ာြခငး်၊ ၆၃၃-၆၃၄

စာမျက�်�ာ ၃၂

Diastole ေဆး
၃၃၂ အတငွး်ေသးွေ�ကာလညပ်တမ်�
အြဖစ်အပျကမ်ျား၊ ၃၂၁-၃၂၃
�� ံးနမိ့်မ�၊ ၃၃၂
ညညး်ည�သ၊ံ ၃၂၄

diastolic ေသးွေပါငခ်ျိန ်၃၅၀
Dicrotic ထစ်၊ ၃၂၃
Diencephalon၊ ၁၄၃၊ ၁၅၄
အစားအစာမ�ြဖစ်ေပ�ေသာ thermogenesis၊ ၆၄၂
အဆဓီါတ။် အ ဆစီ�ပ်ယ�မ�ကိ� လညး်�ကည့ပ်ါ

သညး်ေြခကိ�အစာေြခြခငး်၊ ၆၁၈-၆၁၉
အစားအေသာက၊် ၅၉၀
အစာေြခ၊ ၆၂၄၊ ၆၃၀
emulsion၊ ၆၁၈
အစာအမ်ိကိ�စနွ ့ထ်�တြ်ခငး်၊ ၆၀၃
glucagon လ�ပ်ေဆာငခ်ျကမ်ျား၊ ၇၂၃
အငဆ်�လငအ်ကျိ�းသကေ်ရာကမ်�၊ ၇၁၇
ဇီြဝဖစ်စ�၊ ၇၁၉
ြဖစ်စ�၊ ၆၃၀ မ� ၆၃၁

ပ�ိ�တငး်ဓါတ်
စ�ပ်ယ�မ�၊ ၆၂၈-၆၂၉
လက�ဏာ၊ ၅၉၀
အစာေြခြခငး်၊ ၆၀၀-၆၀၁၊ ၆၀၇-၆၀၈

ကွြဲပားြခငး်။ ဆလဲက်ွြဲပားမ� ကိ��ကည့ပ်ါ
ပျံ� ��ံ ့ြခငး်

CO 2၊ ၆၂–၆၃
အာ�ံ�စ�းစိ�ကမ်� gradient၊ ၆၀-၆၁
အဆငေ်ြပေစေသာပံ�စံ၊ ၆၈-၆၉
လ�မ်းမိ�းေသာအချကမ်ျား၊ ၆၂-၆၃
Fick ၏ဥပေဒ၊ ၆၂-၆၃၊ ၄၈၈-၄၈၉
အသားတင၊် ၆၂၊ ၄၉၀
passive, 60-63
အမျိ�းအစားများ၊ ၆၁

အစာမေ�ကြခငး်
ကစီဓာတ၊် ၆၁၁
၅၉၀ ဟ�သတမ်�တသ်ည်
အဆ ီ၆၃၀
ပ�ိ�တနိး်၊ ၆၀၀-၆၀၁၊ ၆၂၈-၆၂၉
တေံတးွကဏ္ role၊ ၅၉၇ မ� ၅၉၈
အ�သမ်ိ၊ ၆၂၃

အစာေြခအငဇိ်�ငး် ၅၉၀
အစာေြခရည ်၆၀၅
အစာေြခစနစ်

စ�ပ်ယ�မ�၊ ၅၉၀ မ� ၅၉၁
ကိ�ယပိ်�ငအ်�ပ်ချ�ပ်ခငွ့ရ်ေချာေမွ� �ကကသ်ားလ�ပ်ေဆာငခ်ျက၊် ၅၉၃-၅၉၄
အေြခခလံ�ပ်ေဆာငခ်ျက၊် ၅၈၉
အေြခခလံ�ပ်ငနး်စ� ၅၈၉ မ� ၅၉၁
သညး်ေြခကဏ္ section၊ ၆၁၃-၆၂၁
ဇီဝဓာတ�လကက်ျန၊် ၆၃၃
အစိတအ်ပိ�ငး်များ၊ ၆
ကာကယွေ်ရး၊ ၄၅၆ မ� ၄၅၇
အငဇိ်�ငး်များ၊ A-12
အစာ�ပန၊် ၅၉၈-၆၀၀
လ�ပ်ေဆာငခ်ျက၊် ၅၈၈
အသညး်လ�ပ်ေဆာငခ်ျက၊် ၆၁၅-၆၁၇
homeostasis၊ ၁၁၊ ၅၈၈၊ ၆၃၈
ေဟာ်မ�နး်လမ်းေ�ကာငး်များ၊ ၅၉၅ မ� ၅၉၆
ေဟာ်မ�နး် ၆၃၇
ပငက်ိ�ယအ်ာ�ံ�ေ�ကာ plexuses, ၅၉၄-၅၉၅
အ�မ�ကးီ ၆၃၃-၆၃၇
လ�ပ်��ားမ� ၅၈၉ မ� ၅၉၀
ပါးစပ်၊ ၅၉၅ မ� ၅၉၈
အာ�ံ�ေ�ကာတံ� ့ြပနမ်�များ၊ ၅၉၅-၅၉၆
ပနက်ရိယ၊ ၆၁၃-၆၁၅
pharynx၊ ၅၉၈-၆၀၀
စညး်မျ�း၊ ၅၉၃ မ� ၅၉၅
၅၉၀
အ�သမ်ိ၊ ၆၂၁-၆၃၃
အစာအမ်ိ၊ ၆၀၀-၆၁၃

အစာေြခလမ်းေ�ကာငး်
ခ��ာေဗဒ၊ ၅၉၂
ေသးွစီးဆငး်မ� ၃၄၃
အစိတအ်ပိ�ငး်များ၊ ၅၉၁
လ�ပ်ေဆာငခ်ျက၊် ၅၉၂ မ� ၅၉၃

Dihydropyridine receptors, 264-265
Dilator �ကကသ်ား။ Radial muscle ကိ��ကည့ပ်ါ
Diploid နပံါတ၊် ၇၄၃၊ A-၂၀
ဒပီလိ�မာ၊ ၂၁၁
တိ�က�ိ်�က ်calorimetry, ၆၄၃
Disaccharidases၊ ၆၂၃
Disaccharide maltose၊ ၅၉၁
Disaccharides, 590, A-12
ခွြဲခားဆကဆ်မံ�စမ်ွးရည။် Acuity ကိ��ကည့ပ်ါ
ကွလဲငွ့သ်ာွးေသာအမ�နမ်ျား၊ A-10
အေဝး�ပန၊် ၅၁၅၊ ၅၇၇
အကာွအေဝး၊ ၆၀၄
DIT (di-iodotyrosine)၊ ၆၉၂-၆၉၄
Diuresis၊ ၅၄၆-၅၄၇
Diuretics ဆးီေဆး၊ ၅၂၉
ေနစ့ဥ်စညး်ချက၊် ၆၆၅၊ ၇၀၂
ကွြဲပားမ�၊ ၁၁၂
DNA (deoxyribonucleic acid)

B ဆလဲြ်ပနလ်ညြ်ပ�ြပငြ်ခငး်၊ ၄၃၇
လက�ဏာ၊ A-15၊ A-17
လ�ပ်ေဆာငခ်ျကမ်ျား၊ ၂၄၊ A-၁၉
မျိ�း�ိ� းဗီဇ��င့ ်A-19
ေဟာ်မ�နး်လကခ်သံ�၊ ၁၂၆
�ျ�ကလးီယားလ�ေဲြပာငး်မ�၊ ၉
စညး်�ံ�းေရးအဆင့မ်ျား၊ A-22
ထ�ပ်ပိ�းမ�၊ A-19 ��င့ ်A-20
ပံ�တ�ပာွးြခငး်၊ A-20 – A21
ဖဲွ�စညး်ပံ�၊ A-19
ပံ�စံ၊ A-22
သိ�ငး်ရိွ�ကတ်ံ� ့ြပနမ်�ြဒပ်စင၊် ၆၉၄
စာသား၊ A-21 ��င့ ်A23
ဘာသာြပန၊် A-24၊ A-27

DNA ပာွးြခငး်
anaphase, A-29 – A-30
interphase, A-28
meiosis, A-30
metaphase, A-29
mitosis, 46–47, A-28 – A-30
prophase, A-28 ��င့ ်A-29
telophase၊ A-30

ဆိ�ကက်ပ်မ�တမ်ျား၊ ၂၇-၂၈
Docking-marker လကခ်သံ�၊ ၂၈၊ ၅၇၈
Dopamine

အြပ�အမ���င့၊် ၁၅၇
စိတခ်စံားမ���င့ ်၁၅၇
လ�ပ်ေဆာငခ်ျက၊် ၆၇၅
�ိ�တ့ိ�ကြ်ခငး်၊ ၇၉၅
ပါကငဆ်နေ်ရာဂါက�သမ�၊ ၁၁၂

အေနာကမ်� ဦး ချိ�၊ ၁၇၄
Dorsal အသက�်��လမ်းေ�ကာငး်ဆိ�ငရ်ာအဖဲွ� (DRG)၊ ၅၀၀
အေနာကဘ်ကအ်ြမစ်၊ ၁၇၅
Dorsal root ganglion, ၁၇၅
��စ်ဆေငေွချးစာချ�ပ်များ၊ A-11
��စ်ထပ်အြမင။် Diplopia ကိ��ကည့ပ်ါ
DPP-4 (dipeptidyl peptidase-4) inhibitors, 721
မ�းယစ်ေဆးဝါးများ

adrenergic၊ ၄၅၃
ေရာငရ်မ်းမ�ကိ�ဆန ့က်ျငသ်ည ်( NSAIDS ကိ��ကည့ပ်ါ )
ဓာတ�က�ထံ�း၊ ၄၁
epidermis စ�ပ်ယ�မ�၊ ၄၅၅
ခ�ခအံားကျဆငး်မ�၊ ၈
အကျိ�းသကေ်ရာကေ်စေသာ inhibitory synapses များ၊ ၁၁၂
လ�မ�ေရးအလွသဲံ�းစားမ�၊ ၁၁၂
statin၊ ၇၃၁
သညး်ခစိံတ၊် ၁၁၂

အရကမ်�းေနေသာသေဘ�ာသားလမ်းေလ�ာကြ်ခငး်၊ ၁၆၇
Dual innervation၊ ၂၄၀၊ ၂၄၃
Duchenne �ကကသ်ား dystrophy၊ ၂၈၄-၂၈၅
Ductus deferens, ၇၅၆
Dura mater၊ ၁၃၉
Dural sinuses, ၁၃၉
လ�ပ�ဝါဒ၊ ၆၈၂ မ� ၆၈၃
Dynamic မ�ေြခ၊ ၆၁၊ ၈၂
Dynein၊ ၄၃၊ ၄၆

အသက�်��ကျပ်ြခငး်၊ ၄၉၆၊ ၅၀၆
Dystonias, ၂၅၃
Dystrophin၊ ၂၈၄

နားကိ�။ ကိ�လညး်�ကည့ပ်ါ အ�ကားအာ�ံ�, နားအတငွး်ပိ�ငး်
ခ��ာေဗဒ၊ ၂၁၅
အ�ိ�း၊ ၂၁၇
တ�းေြမာငး်၊ ၂၁၆
အစိတအ်ပိ�ငး်များ၊ ၂၁၃၊ ၂၂၈
ြပငပ်၊ ၂၁၆
အလယ၊် ၂၁၇-၂၁၈

နားေကျာကခ်။ဲ Otoliths ကိ��ကည့ပ်ါ
နားဖေယာငး်၊ ၂၁၆
Eccentric isotonic ကျံ�� ြခငး်၊ ၂၇၄
Eccrine ေခ�းဂလငး်၊ ၆၅၃
ECF (extracellular အရည)် ။ Interstitial fluid ကိ�လညး်�ကည့ပ်ါ ။

ပလာစမာ
adrenocortical မလံ�ေလာကြ်ခငး်��င့၊် ၇၀၅
ဗိ�ငး်ရပ်စ်ကာကယွမ်� ၄၄၀
ဟနခ်ျကတ်ည�်ငမ်ိမ�၊ ၅၅၈
Ca 2 ��င့ ်315-316, 727
ကာဗွနန်စ်အကစ်စ်�ကားခ၊ံ ၅၇၄
ဆလဲမ်ျားေပါငး်စညး်ြခငး်၊ ၂၃
အစိတအ်ပိ�ငး်များ၊ ၇၊ ၅၅၉
ြဖန ့ြ်ဖ�းမ�၊ ေသးွေ�ကာမ�ငမ်ျားအခနး်ကဏ္,၊ ၃၆၆-၃၆၈
hypertonicity ၅၆၄ မ� ၅၆၅
၅၅၉ မ� ၅၆၀ �ကား ICF အတားအဆးီ
အတငွး်ေရကန၊် ၅၅၇ မ� ၅၅၈
K အဆင့၊် ၅၃၅-၅၃၆
osmolarity၊ ၅၆၃-၅၆၉
ပလာစမာအေြမ�းပါးထေိတွ� မ�၊ ၅၄
RAAS ��င့၊် ၅၂၇-၅၂၉
စညး်မျ�း၊ ၅၆၀
ထ�တြ်ပနြ်ခငး်၊ ၂၈
H 2 O, 511 ၌ပိ�ေငွ
ေလ ၀ ငေ်လထကွ�်�င့ ်၅၀၂-၅၀၃
အသအံတိ�းအကျယထ်နိး်ချ�ပ်မ�၊ ၅၆၀ မ� ၅၆၃

ECG (ဓာတမ်�န�ိ်�ကြ်ခငး်)
��လံ�းအြဖစ်အပျကမ်ျား��င့ ်၃၁၇-၃၁၉
ဆကသ်ယွမ်�, 316-317
ေဖာ်ြပချက၊် ၃၁၆
ေရာဂါ��ာေဖွေရး applications များ, 319-321
ကိ�ယစ်ားြပ�မ�၊ ၃၁၆-၃၁၇

ECM (extracellular matrix), ၅၈
Ectopic ဝမ်းဗိ�ကက်ိ�ယဝ်န၊် ၇၇၈
သားအမ်ိအာ�ံ�စ�းစိ�ကမ်�၊ ၃၁၂
Ectopic tubal ကိ�ယဝ်န၊် ၇၈၁
ေရဖျ�း၊ ၃၇၀-၃၇၁၊ ၄၂၁-၄၂၂
EDV (diastolic ပမာဏအဆံ�း)

လက�ဏာ၊ ၃၁၄
Frank-Starling ဥပေဒ၊ ၃၂၈
အသအံတိ�းအကျယ ်၃၂၈-၃၂၉

EEG (electroencephalogram)၊ ၁၅၂-၁၅၃
Effector၊ ၁၅
Effector ကိ�ယတ်ငွး်အဂ� ါများ၊ ၁၃၄
ပ�ိ�တနိး်ဓာတ၊် ၁၁၇
အကျိ�းသကေ်ရာကမ်�များ။ Efferent လမ်းေ�ကာငး်ကိ� �ကည့ပ်ါ
မတ�ညေီသာေသးွလ�တေ်�ကာများ၊ ၅၁၃
အကျိ�းခစံားခငွ့ခ်ွြဲခငး်၊ ၁၃၄
ကွြဲပားေသာအမ�ငမ်ျား၊ ၁၇၅-၁၇၆
ကွြဲပားေသာအာ�ံ�ခ၊ံ ၁၃၅၊ ၂၄၈
မတ�ညေီသာလမ်း၊ ၁၇၇
�ကကဥ်-သ�ကပိ်�းေပါငး်စပ်မ�၊ ၇၇၉-၇၈၀
Eicosanoids, 758
သ�ကလ်�တြ်ခငး်

လက�ဏာ၊ ၇၆၀-၇၆၁
ထ�တလ်�တမ်�၊ ၇၆၁
ထ�တပ်ယြ်ခငး်၊ ၇၆၁
ေအာ်ဂဇင ်၇၆၁
ဆံ�းြဖတခ်ျက၊် ၇၆၁
သ�တပိ်�းပါဝငမ်� ၇၆၁

သ�တရ်ည�်ပန၊် ၇၅၆
ထ�တပ်ယြ်ခငး်အပိ�ငး်၊ ၃၂၉-၃၃၀



04/08/2021 Human Physiology: From Cells to Systems, 7th ed.

https://translate.googleusercontent.com/translate_f 25/73

Translating... အ��နး် ငါ-၉

အလ�ာ၊ ၅၉၁၊ ၅၉၃
mucosa၊ ၅၉၁

Digitalis ကဲသ့ိ�အ့ရာများ၊ ၃၈၂

Dynorphins၊ ၁၉၂
Dyslexia၊ ၁၅၀
Dysmenorrhea ၇၇၅

Elastic တယွဆ်ကတ်စ်သ��း၊ ၄၇၄-၄၇၆ေမ�ာတ့နွ ့၊် ၄၇၆၊ ၄၇၈
Elastin၊ ၅၈
လ�ပ်စစ်��လံ�းအက�စက,် 313

စာမျက�်�ာ ၃၃

ငါ-၁၀ အ��နး်

လ�ပ်စစ် gradient၊ ၆၃
လ�ပ်စစ်အချကြ်ပများ၊ ၈၇-၈၈
လ�ပ်စစ် synapses, 104
လ�ပ်စစ်ဓာတ�ေရာငြ်ခည၊် ၆၃
လ�ပ်စစ်ဓာတ။် သးီြခား electrolyte ကိ�လညး်�ကည့ပ်ါ

ကာလဝမ်းေရာဂါ၊ ၆၃၄
A-9 ဟ�သတမ်�တသ်ည်
တ�ညေီသာ A-9
homeostasis, 11, 511
ဆံ�း�� ံးမ�၊ ၆၂၂

လ�ပ်စစ်သလံိ�ကေ်ရာငစ်�၊ ၁၉၇
လ�ပ်စစ်သလံိ�ကလ်�ငိး် ၆၅၁
လ�ပ်စစ်အား၊ ၂၂၀
အလီကထ်ရွနမိ်�ကခ်�ိ�စက�ပ်၊ ၂၂
အလီကထ်ရွနမ်ျား

လက�ဏာ၊ A-3
ဓာတ�ေ��ာင�်က�ိးများ၊ A-4 – A-6
အခွ၊ံ A-4
သယယ်�ပိ�ေ့ဆာငေ်ရးစနစ်၊ ၃၅-၃၆

Elements, A-3
ဆငေ်ြခေထာကေ်ရာဂါ၊ ၃၇၁
အဘီိ�လ၊ီ ၄၁၁
အဘီိ�လာ၊ ၃၃၅
သေ��သား

လက�ဏာ၊ ၇၄၂
ဖံွ� �ဖိ�းေရး၊ ၇၈၃၊ ၇၈၆
ESC ရိတသ်မ်ိးြခငး်၊ ၉
ြငငး်ပယခ်ရံြခငး်မ�ကာကယွြ်ခငး်၊ ၇၈၂
အဆပ်ိအာနသိငမ်ျား၊ ၇၈၆

Emesis ။ ေအာအ့နြ်ခငး် ကိ��ကည့ပ်ါ
Emetics၊ ၆၀၅
Emmetropia၊ ၂၀၂
စိတခ်စံားမ�

ေသးွေပါငခ်ျိန ်၃၈၀
အစာအမ်ိလ�ပ်��ား�ိ�ငမ်�၊ ၆၀၄
limbic စနစ်��င့၊် ၁၅၆
ထနိး်ချ�ပ်�ိ�ငသ်ည့အ်ာ�ံ�ေ�ကာပိ�လ့�တသ်�၊ ၁၅၇
အဝလနွြ်ခငး်၊ ၆၄၈
serotonin၊ ၁၅၇

Emphysema
လက�ဏာ၊ ၄၇၄
elastic တနွ ့လ်မ်ိြခငး်၊ ၄၇၆
အဆ�တမ်ျက�်�ာြပငဧ်ရိယာ��င့ ်၄၈၉

ေ�က၊ ၅၉၆
ေနာကဆ်ံ�းအဆင့ေ်ကျာကက်ပ်ပျကစီ်းြခငး် ၅၄၈
Endocrine ဝင�ိ်�း၊ ၆၇၅
Endocrine disrupters, ၇၆၂
Endocrine ပနက်ရိယ၊ ၆၁၃-၆၁၅
Endocrine စနစ်။ Glands ကိ�လညး်�ကည့ပ်ါ ။ ေဟာ်မ�နး်များ

ခ��ာေဗဒ၊ ၆၆၂
ကယလ်စီယမ်ဇီြဝဖစ်, 726-738
လက�ဏာ၊ ၁၂၇-၁၂၈၊ ၆၆၀
circadian စညး်ချကမ်ျား၊ ၆၆၅၊ ၆၈၅-၆၈၇
command hierarchy, ၆၇၅
��ပ်ေထးွမ�၊ ၆၆၃
အစိတအ်ပိ�ငး်များ၊ ၇၊ ၆၆၁
အလ�ေင ွ၆၈၇
ပံ�မမ�နမ်�များ၊ ၆၄၈၊ ၆၆၅-၆၆၆
diurnal စညး်ချက,် 665
ေလာငစ်ာဇီြဝဖစ်စ�၊ ၇၁၀-၇၂၆
လ�ပ်ေဆာငခ်ျက၊် ၁၂၇-၁၂၈၊ ၆၆၀
�ကးီထာွးထနိး်ချ�ပ်မ�လ�ပ်ေဆာငခ်ျက၊် ၆၇၇ မ� ၆၈၅
အပ�တံ� ့ြပနမ်�၊ ၆၇၂
homeostasis၊ ၁၄၊ ၈၆၊ ၁၂၉
ေဟာ်မ�နး် ၇၃၈
ေသးွတိ�းေရာဂါ၊ ၃၈၂
ခ�ခအံားစနစ်ချိတဆ်ကမ်�၊ ၄၄၈-၄၄၉
အ��တလ်က�ဏာတံ� ့ြပနခ်ျက၊် ၆၇၅
အာ�ံ�ေ�ကာစနစ် ��င့၊် ၁၂၆-၁၂၉
neuroendocrine တံ� ့ြပနမ်�, 665
ေယဘ�ယျလ�ပ်ေဆာငခ်ျကမ်ျား၊ ၆၆၂-၆၆၃
စိတဖိ်စီးမ�တံ� ့ြပနမ်�၊ ၇၀၇-၇၁၀
၆၆၁ ကိ�ေလလ့ာပါ
ပစ်မ�တဆ်လဲတ်ံ� ့ြပနမ်�၊ ၆၆၅-၆၇၀

Endocrinology
သတမ်�တ၊် ၁၁၇
လ�ပ်ေဆာငခ်ျက၊် ၁၁၈
ေယဘ�ယျအေြခခမံ�များ၊ ၆၆၁

Endocytosis ြဖစ်တယ်
လက�ဏာ၊ ၇၆
ပံ�စံ ၃၀၊
လ�ပ်ေဆာငခ်ျက၊် ၂၉
receptor- �ကားြဖတ၊် ၃၁
vesicular သယယ်�ပိ�ေ့ဆာငေ်ရး၊ ၇၅

Endogenous digitalis ကဲသ့ိ�အ့ရာဝတ� �များ၊ ၃၈၂
Endogenous pyrogen, ၄၂၄, ၆၅၆
Endolymph၊ ၂၁၇
Endometrium၊ ၇၇၄-၇၇၅၊ ၇၈၁
Endoplasmic reticulum (ER) ြဖစ်သည။် ကိ�လညး်�ကည့ပ်ါ Rough

endoplasmic reticulum; ေချာေမွ� endoplasmic
မျက�်ကညလ်�ာ

လ�ပ်ေဆာငခ်ျက၊် ၂၄-၂၅
lumen၊ ၂၅
ပ�ိ�တငး်ေပါငး်စပ်မ�၊ ၃၉

Endorphin၊ ၆၇၁
Endorphins၊ ၁၉၂
Endothelial ဆလဲမ်ျား

လက�ဏာ၊ ၃၅၄
လ�ပ်ေဆာငခ်ျက၊် ၃၅၆
slit ကဲသ့ိ�က့ာွဟချကမ်ျား ၊၃၆၃

Endothelin၊ ၃၅၆၊ ၃၈၂
Endothelium၊ ၃၀၈
ခ�ံိ�ငရ်ညအ်မျိ�းအစားေလက့ျင့ခ်နး်။ ေအ �ိ� းဗစ်ေလက့ျင့ခ်နး် ကိ��ကည့ပ်ါ
စမ်ွးအင်

ဆလဲ ်၄၆၀ လိ�အပ်သည်
ေအာကစီ်ဂျင ်၆၄၃ ��င့ည်မီ�သည်
အသံ�းစရိတ�်�နး်၊ ၆၄၃
အဆင့၊် A-4
ပ�ိ�တငး်ေပါငး်စပ်မ�၊ A-25၊ A-27
အပ�၊ ၆၄၂
၆၄၂-၆၄၃

စမ်ွးအငမ်�ေြခ
anorexia nervosa ၆၅၀
arcuate nucleus ��င့ ်၆၄၄၊ ၆၄၆-၆၄၇
CCK ��င့ ်၊၆၄၇
အစားအစာစားသံ�းမ���င့ ်၆၄၄-၆၄၇
ghrelin ��င့ ်၊၆၄၆
homeostasis၊ ၆၄၀၊ ၆၅၇
hypothalamus အခနး်ကဏ္,၊ ၆၄၄-၆၄၇
ထည့သ်ငွး်မ�၊ ၆၄၁-၆၄၂
အငဆ်�လင�်�င့ ်၆၄၄-၆၄၆
leptin ��င့ ်၆၄၄-၆၄၆
ေရ��ညထ်နိး်သမ်ိးမ�၊ ၆၄၄-၆၄၆
ဇီဝြဖစ်စ���နး် ၆၄၂-၆၄၃
�ကားေနြပ�ြပငထ်နိး်သမ်ိးမ�၊ ၆၄၃-၆၄၄
အဝလနွြ်ခငး်��င့ ်၆၄၇-၆၄၉
orexins ��င့ ်၆၄၆-၆၄၇
အထကွ၊် ၆၄၁-၆၄၂
PYY ��င့ ်၊၆၄၆
satiety အချက၊် ၆၄၇

စမ်ွးအငက်ိ�မ�ီခိ�ေနသည့ ်Na, 626
Enkephalins, 192
Enteric အာ�ံ�ေ�ကာစနစ်၊ ၁၃၄၊ ၅၉၅
Enterochromaffin ကဲသ့ိ� ့ (ECL) ဆလဲမ်ျား၊ ၆၀၈
Enterogastric reflex, ၆၀၂
Enterohepatic လညပ်တမ်�၊ ၆၁၇
Enterokinase, 614, 623
Enteropathy, ၆၂၅
ဝ�ကထ်ားေသာအချကမ်ျား၊ ၆၆၅
ပတဝ်နး်ကျင။် ြပငပ်ပတဝ်နး်ကျငက်ိ� �ကည့ပ်ါ ။ ြပညတ်ငွး်�ငမ်ိးချမ်းေရး

ပတဝ်နး်ကျင်
အငဇိ်�ငး်များ။ တကိျေသာအငဇိ်�ငး်များကိ�လညး်�ကည့ပ်ါ

သတမ်�တသ်ည၊် ၃
အစာေချဖျကမ်�၊ ၅၉၀၊ ေအ -၁၂
erythrocyte၊ ၃၀၄
ပနက်ရိယ၊ ၆၁၄
A-8 ၏တံ� ့ြပနမ်�
စညး်မျ�း၊ ၄၂
အ�သမ်ိ၊ ၆၂၃

Eosinophil chemotactic အချက၊် ၄၅၁
Eosinophils

လက�ဏာ၊ ၄၀၄
ပျံ� ��ံေ့နတဲ,့ 404
အနေီရာငဆ်ိ�းေဆးသံ�းြခငး်၊ ၄၀၁
၄၁၈

Ependymal cells, 138–139

Epicardium, 308
Epidermis

cell formation, 454
characterization, 454
defense mechanism, 454–455
desmosomes, 454
drugs absorbed by, 455
specialized cells, 456

Epididymis, 756
Epiglottis, 599
Epilepsy, 152
Epinephrine

adrenal medulla secretion, 705
adrenergic receptor affinity, 706
arterioles and, 359
characterization, 240
CNS effects, 707
direct metabolic effects, 725–726
exercise and, 504
SNS effects, 706–707

Epiphyseal plate, 679–680
Epiphysis, 679
Episodic memory, 163
Epithelial cells

in stomach, 5
surface, 605
villi, 624

Epithelial sheets, 4, 59
Epithelial tissue, 4
Epogen, 397
EPP (end-plate potential)

action potential and, 249–250
characterization, 249
formation, 247, 249

EPSP (excitatory postsynaptic potential)
characterization, 106
concurrent cancellation, 108
GABA and, 106
measuring, 152
presynaptic inhibition, 111
presynaptic inputs and, 107–109
spatial summation, 108

Equations
balanced, A-7–A-8
function, A-33
Goldman-Hodgkin-Katz, 81
Henderson-Hasselbalch, 574–575
Nernst, 79–80
problem solving with, A-34
thinking about, A-33–A-34
thinking with, A-34–A-36

Equilibrium potential for K , 79
Equivalents, A-9
ER. See Endoplasmic reticulum (ER)
Erasistratus, 346
Erectile dysfunction, 760
Erection

dysfunction, 760
reflex, 759–760
tissues, 759–760

Erection-generating center, 759
Eructation, 600, 636
Erythroblastosis fetalis, 399
Erythrocytes

blood types and, 399–400
bone-marrow production, 394
characterization, 393
clot formation and, 407
departure preparation, 397
enzymes, 304
excessive amount of, 398–399
excessive loss of, 397–398
hemoglobin in, 393–394
high altitude effects, 498
high demand for, 397
life span, 395
molecules, 394
production stimulus, 395
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structure, 393
transfusion reaction, 399–400

Erythropoiesis, 395, 397
Erythropoietins

altitude effects, 498
characterization, 395
function, 395, 397
synthetic, 397

ESCs (embryonic stem cells)
characterization, 8
controversy, 9
harvesting, 9

Esophageal stage, 600
Esophagus, 59–60, 463
Essential hypertension. See Primary

hypertension

O2- or CO2-related variables, 505
plasma volume, 563
post, O2 demands, 279
pregame meal, 604
pulmonary ventilation and, 479
reflexes and, 504
urinary proteins and, 550
weight control and, 648

Exhaustion, 658
Exocrine glands

characterization, 4
dermal, 455
formation, 5

Exocrine pancreas
enzymes, 614
secretion regulation, 614–615

Factor XIII (fibrin-stabilizing factor), 408
FAD (flavine adenine dinucleotide), 35
Fallopian tubes, 742
Familial Alzheimer’s disease, 165
Farsightedness. See Hyperopia
Fas ligand, 782
Fast pain pathway, 191
Fast synapses, 117
Fast-twitch muscles, 279–281
Fasting, 713–714
Fat absorption

bile salts and, 617, 628
process, 628, 630–631

Fat cells. See Adipocytes
Fat digestion, 614
Fatigue
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Essential nutrients, 712Estradiol, 119, 769
Estriol, 769
Estrogens

actions, 794
adrenal cortex secretion, 702–703
cervical changes by, 776
conversion to testosterone, 752
environmental, 762–763
follicular production, 772
growth and, 683, 685
lactation and, 793
menopause and, 776–778
Na -K pump, 72
ovarian cycle regulation by, 770–772
parturition and, 790
physiologic actions, 777
placental secretion, 788–789
secretion, 769–770
tonic, 772
types, 769
uterus and, 774

Estrone, 769
ESV (end systolic volume), 323, 329
Ethanol, 161–162
Eunuch, 751
Eupnea, 496
Eustachian tube, 217
Evaporation, 652–653
Evista. See Raloxifene
Exchange. See Antiport
Excitable tissues, 78
Excitation

Ca2 role, 264–268
cardiac, 313–314
smooth muscles, 296
ventricular, 321

Excitation-contraction coupling
cytosolic Ca2, 315–316
defined, 264
process, 266

Excitation-secretion coupling, 717–718
Excitatory synapses, 106
Excitotoxicity, 142
Executing voluntary movement, 166–167
Exercise

aerobic, 39, 278
anaerobic, 39
blood doping, 396
body temperature and, 504
bone benefits, 731
cardiac output, 355
cardiovascular changes during, 381
cooling mechanisms, 563
defined, 11
epinephrine release and, 504
glucose transport during, 70
hypertension and, 383
hypothermia from, 657
immune defense, 451
maxVO2, 506
menstrual dysfunctions and, 777

tissues, 613–615Exocytosis
characterization, 76
defined, 28
vesicular transport, 75

Exophthalmos, 697
Expiration

difficulty in, 474
fat metabolism and, 719
forced, 472, 475
neurons associated with, 500
onset of, 470–472
respiratory muscles during, 470–472

Expiratory reserve volume (ERV), 480–481
External anal sphincter, 635
External ear, 216–217
External environment

circadian rhythms and, 685
defined, 6
estrogens in, 762–763
homeostasis and, 10
learning and, 163
room temperature, 15

External intercostal muscles, 469
External respiration, 461–462
External work, 461
Extracellular chemical messengers, 113–115, 117
Extracellular material, 29
Extrafusal fibers, 285
Extrapyramidal motor system. See Multineuronal

motor system
Extrasystoles, 319
Extrinsic controls

cardiac contractility, 329
renal GFR, 522–523
stroke volume, 328

Extrinsic nerves, 595
Eye. See also Vision

anatomy, 195–196
color, 196
components, 212
cornea, 195, 211
diseases of, 196, 201
layers, 201
lens, 200–201
light passing through, 196–197, 201
muscles, 197, 200
phototransduction, 201, 205
protective mechanism, 195
receptors, 183–184, 203–205
refraction, 197–200
retina, 195, 201–209
structure, 195

Eyelashes, 195
Eyelids, 195

F cells, 714
Fab (antigen-binding fragments), 431
Facilitated diffusion, 61
Factor VIII, 411
Factor X, 408, 410
Factor XII, 409, 410–411

central, 279defined, 270
muscle, 278–279

Fats. See also Dietary fats; Lipids
brown, 654
lymphatic transport, 369
subcutaneous, 645, 649
visceral, 645, 649

Fatty acids
digestion, 590
excess circulating, 712
free, 630
insulin effects, 715
insulin/glucagon actions, 724
molecules, A-12
saturated, A-12
stress response and, 708–709
unsaturated, A-12

Fc (constant region), 431
Feces, 634–635
Feedforward mechanism, 16–17
Feedback. See also Negative feedback; Positive

feedback
defined, 15
luteal phase, 775
parturition, 791–792
tonic LH, 773
tubuloglomerular, 521

Feeding signals, 644
Female pseudohermaphroditism, 704
Female reproductive system

anatomy, 744
blastocyst implantation, 780–782
characterization, 764
contraception, 784–785
embryo protection, 782
fertilization, 778–780
genitalia, 742–743
lactation, 793–796
menopause, 776–778

oogenesis, 764–765
ovarian cycle, 765–766, 769–776
overview, 742
parturition, 790–793
placenta in, 782–783, 786
pregnancy, 780–789
pubertal changes, 776

Female reproductive tract, 742
Fenestrations, 363
Ferritin, 632
Ferroportin, 632
Fertile, 779
Fertile period, 778
Fertilization

characterization, 778
early stages, 780–782
process, 779–780
site, 778

Fibers. See Axons
Fibrillation, 313, 320–321
Fibrinogen, 393, 407
Fibrinolytic plasmin, 410–411
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Fibroblasts, 58, 334
Fibronectin, 58
Fibrosis, 476
Fibrous skeleton, 307–308
Fick’s law, 62–63, 488–489
Fight-or-flight response, 240
Filaments. See also Thick filaments; Thin filaments

actin and, 260–261
muscle, 258
myosin and, 260
podocytes, 523
smooth muscles, 289, 292

Filariasis, 371
Filtration fraction, 539
Filtration slits, 518
Fimbriae, 778
Final common pathway, 246
First law of thermodynamics, 641–642
First-order sensory neuron, 188
Flaccid paralysis, 283
Flagella

characterization, 45
internal structure, 46–47
movement, 43, 45

Flatus, 636–637
Flexion, 269
Flower-spray endings. See Secondary endings
Fluid balance. See also Acid–base balance

compartments, 559–560
concept, 557–558
maintenance, 560–569
nonphysiologic factors, 569
oral metering, 569
regulation, 556

Fluid mosaic model, 55
Fluids. See also ECF (extracellular fluid); ICF (in-

terstitial fluid)
amniotic, 786
balance, 556
bone, 729–732
brain, 139–141
exchange, capillary, 367–368
hypertonic, 539
hypotonic, 539
intrapleural, 464, 467
isotonic, 539

Food intake
arcuate nucleus role, 644
behavior and, 646–647
hypothalamus role, 644
obesity from, 647–649
satiety signal, 647

Foot proteins, 264
Force

active, 60
bulk flow, 366–367
defined, 274
expiration, 472
glomerular filtration, 518–520
passive, 60
pulmonary, 478
vomiting, 604

Forced expiratory volume in one second (FEV1),
480–481

Forgetting, 159
Formula weight, A-8
Forteo. See Teriparatide
Forward failure, 331
Fosamax. See Alendronate
Fovea, 201
Foxp3, 438
Frank-Starling curve, 329–330
Frank-Starling law of the heart, 328
Frank-Starling mechanism, 563
Fraternal twins, 769
Free radicals, 142, 334
Free ribosomes, 24–25
Frontal lobes, 144
Frostbite, 658
Fructose, 590
FSH (follicle-stimulating hormone)

feedback control, 772
function, 672
LH surge and, 773
ovarian cycle regulation by, 770–772
prepubertal period, 755–756
target organs, 672, 674
testosterone function and, 755

Fuel metabolism. See also Nutrients
anabolism and, 710, 712
catabolism and, 710, 712
complications, 712–713

Galactose, 590, 628
Galen, 346
Gallbladder, 617, 620
Gallstones, 619
GALT (gut-associated lymphoid tissue), 418, 591
Gametes

characterization, 741–742
defined, A-20
egg production, 767
mutation, A-31

Gametogenesis, 743, 745
Gamma globulins, 392–392
Gamma motor neurons, 285, 287–288
Ganglion, 175
Ganglion cells, 201, 205
Gap junctions

astrocytes, 137
cardiac muscle fibers, 308
cell communication through, 113
function, 59
location, 59–60, 104
zona pellucida, 766

Gas exchange
alveoli, 464
alveoli role, 486–488
CO2 exit, 486–488
factors influencing, 488–489
O2 entrance, 486–488
partial pressure gradients, 486
across systemic capillaries, 490

Gas transport, 490, 494–496
Gastric glands, 605
Gastric mucosal barrier, 611
Gastric phase, 610
Gastric pits, 605
Gastric relaxation, 601
Gastrin, 609, 637
Gastritis, 612
Gastroesophageal sphincter, 600
Gastroileal reflex, 622
Gastrointestinal, 595–596
Gastrointestinal tract. See Digestive system
Gated channels, 88
GDP (guanosine diphosphate), 35, 120–121
Gender bending, 762
Gene-signaling factors, A-27
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loss of, 622
pericardial, 309
perilymph, 217–219
seminiferous tubule, 754
serous, 593
transcellular, 559

Focal point, 197–198
Folic acid, 337
Follicles

development, 768, 769
estrogen production by, 772
formation, 764–765
granulosa cells, 766
LH surge, 772–773
mature, development, 769
maturing, 765–766
size, 691
types, 764

Follicular cells
characterization, 691
function, 692, 769
structural transformation, 769–770
thyroglobulin-laden colloid and, 692–694

Follicular phase, 765–766
Foods. See also Nutrients

energy conversion, 641–642
energy-dense, 648
gastric secretion and, 610–611
high-carbohydrate, 604
ingestion, 600
intake storage, 712–713

cortisol effects, 725–726
epinephrine effects, 725–726
GH effects, 725–726
glucagon regulation, 714–715
hormonal control summary, 726
insulin regulation, 714–715
key organs, 714
organic intermediates, 714
reactions summary, 710
somatostatin regulation, 714–715

Functional groups, A-11
Functional murmurs, 324
Functional residual capacity (FRC), 480–481
Functional syncytia formation, 308–309
Functional syncytium, 308
Functional unit, 258
Fundus, 600
Funny channels, 310

G cells, 608–609
G proteins

characterization, 117, 120
hormone binding, 672, 674
inactive, 120–121
olfactory reception, 230

G-protein-coupled receptors, 117
GABA (gamma-aminobutyric acid)

arousal sleep and, 171
astrocytes and, 137
ethanol effects, 161–162
IPSP response, 107
tetanus toxin and, 112

General adaptation syndrome, 707
Genes

cancer, 447
DNA, A-19
Muscle fibers, 280
muscular dystrophy, 284–285
mutations, A-30–A-31
obesity link, 648
protein transcription, A-27
tPA, 411

Genetic female, 745
Genetic male, 745
Genetic sex, 747
Genital swelling, 747
Genital tubercle glans penis, 747
Germ cell mutation. See Gametes
GFR (glomerular filtration rate)

autoregulation of, 520–521
baroreceptor reflex in, 521–522
changes in, 520–523
characterization, 519–520
coefficient changes, 523
controlled adjustments, 510
extrinsic sympathetic control, 521–522
Na reabsorption and, 530
Na filtration, 562–563
plasma clearance rate and, 537–539
unregulated influences, 520

GH (growth hormone)
-IGF growth promotion link, 678–679, 681
abnormal secretion, 682–683
bone development and, 681
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deficiency, 682–683
direct metabolic effects, 725–726
function, 671
metabolic effects, 678
replacement therapy, 684
secretion regulation, 681–682
thyroid hormone and, 694–695

GHIH (growth hormone-inhibiting hormone).
See Somatostatin

Ghrelin, 646
GHRH (growth hormone-releasing

hormone), 675
Gigantism, 683
GIP (glucose-dependent insulinotropic peptide),

637–638, 717
Glands

adrenal, 698–707
bulbourethral, 757
characterization, 4–5
formation, 5
hypothalamus, 670–677
male accessory sex, 742
mammary, 792–793
pineal, 685–687
pituitary, 670–677
prostate, 757
sex, 756–758
sweat, 243, 455
thyroid, 619–698
types, 4–5

Glans, penis, 759
Glaucoma, 196
Glial cells

characterization, 135
communication, 137
division, 138–139
function, 135–139, 136
types, 135–139

Globins, A-15
Globulins, 392–392
Glomerular capillary wall, 517
Glomerular filtration. See also GFR (glomerular fil-

tration rate)
characterization, 515
forces involved with, 518–520
process, 516–517

Glomerular membrane, 517–518
Glomeruli, 230–231, 512–513
Glomerulonephritis, 547
Glottis, 463, 599
GLP (glucagon-like peptide), 717–718
GLP-1 (glucagon-like peptide 1), 721
Glucagon

carbohydrate actions, 723
insulin vs., 723–724
metabolic regulation by, 714–715
protein actions, 724

Glucocorticoids
characterization, 698
inflammation suppression, 425
metabolic effects, 700–701
receptors, 700
response element, 700
secretion, 698

Gluconeogenesis, 700
Glucose

blood levels, 604
brain, 141, 713
characterization, 37–38
concentrations, 713
conversion, 694
deficiency, 719
digestion, 590
gastric absorption, 628
homeostasis, 715–717

plasma levels, 530
reabsorption, 530
regulation, 530–532
renal threshold, 531
sodium cotransporter, 73
stress response and, 708
support of, 74
tubular maximum, 531
in urine, 719

Glucose-6-phosphate, 716
Glucosuria, 719
GLUT (glucose transporter)

characterization, 716–717
exercise and, 70
secondary active transport, 530

Glutamate, 107, 192
Gluten, 624–625
Glycerol, A-12
Glycine, 107
Glycocalyx, 55
Glycogen

characterization, 712
defined, A-12
digestion and, 590
gluconeogenesis and, 700
glucose to, 694
production, 42
storage, 42

Glycogenesis, 715–716
Glycogenolysis, 706, 718–719
Glycolipids, 55
Glycolysis

characterization, 33
in muscle activity, 278
power supplied by, 39

Glycolytic enzymes, 394
Glycolytic fibers, 280
Glycoproteins

binding, 597
characterization, 55
MHC, 442–444

GnRH (gonadotropin-releasing hormone)
characterization, 755
levels, at puberty, 776
LH surge and, 773
ovarian cycle regulation by, 770–772
at puberty, 755–756

Goldman-Hodgkin-Katz equation (GHK), 81
Golgi complex

characterization, 27
function, 27–28
protein transport to, 27
recognition markers, 28
secretory vesicle packaging, 27–28

Golgi tendon organs
activation, 285
function, 288–289
location, 288

Gonadal sex, 747
Gonadotropes, 672
Gonadotropins, 671
Gonads, 742
GPSP (grand postsynaptic potential)

defined, 107
neuronal integration, 108–109
spatial summation, 108
sum of activity, 109
temporal summation, 108
threshold, 107–108

Graafian follicles, 769
Graded exercise tests, 320
Graded potentials. See also EPSP (excitatory post-

synaptic potential); IPSP (inhibitory postsyn-
aptic potential)

action potentials vs., 98

over short distances, 90–91
spread of, 89–90
triggering events, 88–89

Granstein cells, 456
Granular cells, 521, 527
Granulocyte colony-stimulating factor, 401
Granulocytes, 400–401
Granulosa cells, 764, 766, 770
Granzymes, 439
Graves’ disease, 696–698
Gravity, 374–375, 485
Gray matter

outer shell, 143
periaqueductal, 192
regions, 176
spinal cord, 174

Gray vision, 207
Green cones, 208
Growth

androgen and, 683
diet factors, 677
disease factors, 677
estrogen and, 685
estrogen stimulation of, 683
factors determining, 677–678
genetic factors, 677
insulin and, 683
normal curve, 678
postnatal spurt, 687
pubertal spurt, 687
stress factors, 677
testosterone effects, 751–752
thyroid hormone effects, 683, 694

Growth hormone, 671, 678–683
GTP (guanosine triphosphate), 35, 120–121
Guanine, A-19
Guanylate cyclase, 760
Gustducin, 230
Gynoid obesity, 649

H zone, 258
Habituation

Aplysia and, 160
defined, 159
mechanisms, 159–160

Hageman factor. See Factor XII
Hair cells

loss of, 223
peak vibration, 222
role of, 220
types, 217–218
vestibular, 224

Hair follicles, 455
Hair receptors, 187
Haldane effect, 496
Haploid number, 743, A-20
Harvey, William, 346
Haustra, 635
Hay fever, 453
hCG (human chorionic gonadotropin)

characterization, 787
metabolic demands for, 789
placental requirements, 787–788

hCS (human chorionic somatomammotropin),
789, 793

HDL (high-density lipoproteins), 336
Head, sperm, 753
Headpiece, 35
Hearing. See also Ear

defined, 213
intensity, 214
loudness, 214, 222
pitch, 213–214, 220–222
quality, 214–215
sound waves, 213
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insulin and, 715, 717–718
level maintenance, 724
oxidative reactions, 37–39

current flow during, 89–90
decremental, 90
description, 88

threshold, 214
timber, 214–215
tone, 213–214
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Hearing aids, 223
Heart. See also Cardiac muscle

abnormal conditions, 319–321
anatomy, 303–309
atrial excitation, 313
autorhythmic cells, 309–310, 311
autorhythmicity, 309
blood flow circuit, 305–306
blood supply, 332
cardiac output, 325
chambers, 304, 306
circulatory function, 303
contractile cells, 309, 314–315
cycle, 321–325
electrical activity, 309–321
excitation coordination, 313–314
fibrillation, 313
location, 304
mechanical events, 321–325
muscles (See Cardiac muscles)
myopathies, 321–321
normal pacemaker activity, 310–311
output, 325, 355, 376
parasympathetic stimulation, 326–327
pericardial sac enclosure of, 309
pulmonary circulation, 303–304
pumps, 304, 306
sinoatrial node, 310–313
sounds, 324
specialized conduction system, 311
study of, history, 346
sympathetic stimulation, 327, 329
systemic circulation, 304
valves, 306–308, 324
venous passage, 371–372
ventricular excitation, 313–314
wall composition, 308
workload, 330–331

Heart attack. See Acute myocardial infarction
Heart failure

compensated, 331
decompensated, 331–332
defined, 331
diastolic, 332
prime defect in, 331
systolic, 332

Heart murmurs
associated disorders, 325
characterization, 324
insufficient valves, 324
stenotic valves, 324
timing of, 324–325

Heart rate
abnormalities, 319
control of, 327–328
determinants, 325–328
SA node and, 325–328

Heartburn, 600
Heat

arteriole response, 357
conduction and, 651–652
convection and, 652
defined, 642
endocrine response, 672
evaporation and, 652–653
exposure response, 656
hypothalamus mechanisms, 655–656
input, 651
loss of, 654–655
output, 651
production, thyroid role, 694
radiation and, 651
related disorders, 658

Heat exhaustion, 658
Heat index. See Temperature-humidity index
Heat stroke, 563
Heat waves, 651

Heatstroke, 658
HeLa Cells, 23
Helicobacter pylori, 507, 612
Helicotrema, 217
Helper T cells

antigen response, 441–442
APC binding, 442
binding requirements, 444
characterization, 438
cytokines, 440
defense mechanism, 440
dermal cells and, 456
function, 440–411
MHC molecules and, 443–443
subsets, 441

Hematocrit, 391, 397–398
Heme iron, 632–633
Hemiplegia paralysis, 283
Hemodialysis, 551
Hemoglobin. See also Oxygen (O2)-hemoglobin

(Hb) curve
CO2 affinity, 495
mechanism, 490
O2 storage, 493
O2 unloading, 493–495
presence of, 393–394
products, 402–403
reduced, 491
saturation, 491, 493–495
structure, 394

Hemoglobin buffer system, 575
Hemolysis, 398
Hemolytic jaundice. See Prehepatic jaundice
Hemophilia, 411–412
Hemopoiesis, 404
Hemorrhage, 386
Hemorrhagic anemia, 398
Henderson-Hasselbalch equation, 574–575
Henle loops

ascending limb, 541
countercurrent system, 541
descending limb, 540–541
Na absorption, 526
structure, 514–515

Heparin, 411
Hepatic jaundice, 620
Hepatic portal system, 616
Hepatitis, 621
Hepatocytes, 616
Hepcidin, 632
Hering-Breuer reflex, 500
Hernia, 749
Herpes virus, 337, 440
High altitudes, 498–499
High-carbohydrate foods, 604
High-energy elections, 36
High-energy phosphate bonds, A-14
High-intensity exercise. See Anaerobic exercise
Hippocampus, 163
Hirsutism, 704
Histamine

allergic response, 451–452
arteriole dilation by, 356
characterization, 114
complement system, 428
gastric function, 609
inflammatory response, 421
TNF-induced release, 424

Histones, A-20
Histotoxic hypoxia, 497
Hitchhiking hormone, 120
HIV/AIDS

cell transport, 31
exercise and, 451
fetal, 786
GH therapy, 684
helper T cell response, 440

Homeostasis
acid–base balance, 556, 585–586
apoptosis and, 124
autonomic nervous system, 254
blood, 290, 412
blood flow, 343–344
body system contributions, 11–14
calcium, 727
cardiac muscles, 299
cells, 10–11
circulatory system, 302, 338
clot formation, 407–410
compensatory mechanisms, 10–11
concept of, 6–14
defined, 10
digestive system, 588, 638
disruption, 17
endocrine, 738
endocrine system, 14, 86, 129
energy balance, 640, 657
external environment and, 10
fluid balance, 556
function, 406
glucose, 715–717
immune system, 416, 457
integumentary system, 416
internal environment and, 10
muscular system, 256
nervous system, 86, 129
overview, 20
plasma membrane, 52
platelet plug step, 407
PNS, 182
regulatory role, 11
renal, 511–512, 552–553
reproductive system, 740, 796–797
respiratory system, 460, 507
skeletal muscles, 299
smooth muscles, 299
temperature, 657
temperature regulation, 640
thrombin role, 408
urinary system, 510
vascular spasm step, 406–407

Homeostatic control system
defined, 14
extrinsic controls, 14–15
feedforward mechanism, 16–17
feedback systems, 15–16
intrinsic controls, 14
negative feedback loop, 15
positive feedback loop, 15–16

Homeostatic drives, 157
Homocysteine, 337
Homologous chromosomes, 743, A-20
hOR17-4, 779
Horizontal cells, 210
Hormonal communication

characterization, 86
mechanisms, 119–126
overview, 87–88
study of, 117–118

Hormones. See also specific hormones
characterization, 115, 660
chemical classification, 118–119
elimination mechanism, 664
in gastric emptying, 602
gastrointestinal, 595, 637–638
general means of action, 120
major, 667–669
negative-feedback control, 664–665
plasma concentration, 663–665
production, 4–5
reflex mediated by, 179
regulatory functions, 662–664
reproductive, 742
secretion rate, 663
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signal transduction pathway, 674
uterine changes and, 771

Host cells, 418, 439–440
HRE (hormone response element), 126
Hunger, 644
Hydrophilic hormones, 661–662
Hydrophilic peptide hormones, 661
Hydration, 539–540
Hydrocephalus, 139, 141
Hydrochloric acid

functions, 607
gastric secretion, 605–608
pepsinogen activation, 605, 607–608
vomiting and, 584

Hydrochloric acid (HCl), 603
Hydrogen bonds, A-7
Hydrogen gas, A-6

defined, 381
endocrine, 382
exercise and, 383
GH therapy, 684
primary, 382
renal, 381–382
renal failure and, 549
secondary, 381–382
treatment, 383

Hyperthyroidism
causes, 696–697, 698
defined, 695
goiter and, 697–698

Hypertonic fluids, 539
Hypertonicity

causes, 564
defined, 564

lymphatic route, 368–379
osmolarity, 564–564
plasma vs., 559–650

Identical twins, 769
Idiopathic hypertension. See Primary

hypertension
IDO (Indoleamine 2,3-dioxygenase), 782
Idondronate, 730
IEGs (immediate early genes), 163
IGFs (insulin-like growth factors)

-GH growth promotion link, 678–679, 681–682
function, 671
thyroid hormone and, 694–695
types, 679

Ileocecal sphincter, 622–623
Ileocecal valve, 622
Immediate hypersensitivity
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Hydrogen ions (H )
acid liberation of, 569
base acceptance of, 569
body sources, 571–572
buffer systems, 573–575
changes, defense against, 572–574
in citric acid cycle, 25
CO2 generated, 502–503
gastric secretion, 607
hemoglobin bound, 394
metabolic acidosis and, 583–584
metabolic disturbances, 581
in oxidative phosphorylation, 36
pH designation, 570
renal regulation, 576–580
respiratory acidosis and, 581–583
respiratory regulation, 575–576
ventilation magnitude and, 501

Hydrogen peroxide (H2O2), 31, 534
Hydrolysis

defined, 590
disaccharide maltose, 591
function, 29
protein, A-15

Hydrolytic enzymes, 29
Hydrophilic hormones

characterization, 118–119
mechanism of action, 120–125
in plasma, 120
processing of, 119
receptor location, 120

Hydrophilic peptides, 670
Hydrostatic pressure, 64
Hydroxyapatite crystals, 728
Hymen, 743
Hyperaldosteronism, 703
Hypercapnia, 496–497
Hypercomplex cells, 211
Hyperemia

active, 354
arteriole response, 357
reactive, 357

Hyperglycemia
brain-starving, 723
development, 718
diabetes, 724–725

Hyperopia, 201–202
Hyperparathyroidism, 736
Hyperplasia, 679
Hyperpnea, 496–497
Hyperpolarization, 88
Hyperpolarize, 205
Hypersecretion, 665–666
Hypersensitivity

defined, 450
delayed, 450
immediate, 450–453

Hypertension
baroreceptor adaptation, 382
complications, 382–383

ECF, 564–565
gastric emptying and, 603–604
symptoms, 564

Hypertrophy, 281, 679
Hyperventilation, 496
Hypocapnia, 496
Hypocretin, 171
Hypodermis, 455
Hypoparathyroidism, 736–737
Hypophysiotropic hormones, 675, 681–682
Hypophysis. See Pituitary gland
Hyposecretion, 665
Hypotension

circulatory shock, 383–386
defined, 383
orthostatic, 383–384

Hypothalamus
-hypophyseal portal system, 676
anterior pituitary link, 674, 676
arousal system and, 171
autonomic system and, 245
blood pressure control by, 380
characterization, 660
cortisol secretion by, 701–702
food intake control, 644–647
heat mechanisms, 655–656
inhibiting hormones, 676–677
osmoreceptors, 567
posterior pituitary link, 670–671
releasing hormones, 676–677
sensory functions, 143, 154–155
shivering control by, 653–654
sleep center, 171
stimulatory input, 670–671
stress response coordination, 708–709
temperature regulation by, 653
vasopressin release, 543

Hypothalamus-pituitary-adrenal cortex axis,
701–702

Hypothermia
characterization, 658
exercise-induced, 657
pathological, 657

Hypothyroidism
causes, 695–696
defined, 695
goiter, 697–698

Hypotonic fluids, 539
Hypotonic solutions, 66
Hypoventilation, 496–497
Hypovolemic shock, 384
Hypoxia, 496–497, 498

I bands, 258
IC (inspiratory capacity), 470–472
ICF (interstitial fluid)

capillary pressure, 367
compartments, 372–373
ECF barrier between, 559–560
ECF concentration, 559

anaphylactic shock, 453
chemical mediators, 451
defined, 450
delayed hypersensitivity vs., 454
parasitic worms, 453
symptoms, 453
treatment, 453
triggers for, 450–451

Immune complex disease, 433
Immune defenses

dermal, 454–456
digestive system, 456–457
respiratory system, 457
urogenital, 457

Immune diseases
allergies, 450–453
characterization, 449
immune complex, 433
insufficient response-associated, 449–450

Immune privilege, 446
Immune system. See also Antibody-mediated

immunity; Cell-mediated immunity; Innate
immunity; Leukocytes

adaptive, 420
apoptosis and, 124
cancer and, 447–448
components, 7
cortisol effects, 701
defined, 314, 400
depression of, 549
endocrine system link, 448–449
external defenses, 453–457
homeostasis, 416, 457
innate, 419–420
nervous system link, 448–449
organs, 419
response types, 19
self-antigen response, 446
surveillance, 447–448
tolerance, 446
tolerance loss, 446–447

Immunity
active, 436
antibody-mediated, 429–437
breast milk and, 796
cell-mediated, 405
defined, 314, 400
long-term, 435
passive, 436

Immunization. See Vaccination
Immunocontraception, 785
Immunoglobulins

IgA, 430, 796
IgD, 430
IgE, 451–452
IgG, 429–430
IgM, 429

Immunological ignorance, 446
Immunosuppressive drugs, 8
Impermeable, 60
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Implantation, 781
Impotence, 760
Inclusions, 42
Incontinence, 552
Incretins, 718
Incus, 217
Indirect calorimetry, 643
Indoleamines, 118–119
Induced pluripotent stem cells (iPSCs), 9
Infants. See also Neonates

breast-fed, 795–796
respiratory distress, 477–478
sudden death, 506–507

Infectious disease, 436
Infectious organisms, 547
Inflammation

augmenting, 427–428
capillary defense, 420
chronic illnesses and, 425
cortisol effects, 701
defined, 420
edema and, 421–422
glucocorticoid suppression, 425
IL-10 release, 446
leukocyte defense, 422–423
macrophage defense, 420
manifestations, 422
NSAIDS suppression, 425
outcomes, 422
parturition and, 790, 792
phagocyte response, 424–425
steps producing, 422
tissue repair, 425
vasodilation defense, 420
walling off, 422

Inflammatory response, 333
Inguinal canal, 749
Inguinal hernia, 749
Inhibin, 755
Inhibiting hormones, 675
Inhibitory synapses, 106–107, 112
Initial lymphatics, 368–369
Innate immune response, 431–433
Innate immunity

bacterial invasion response, 445
characterization, 419

Insufficient immune responses, 449–450
Insufficient valve, 324
Insulators, 90
Insulin

antagonists, 725
deficient action, 68
energy balance and, 646
excess, 723
glucagon vs., 723–724
glucose uptake and, 604
growth and, 683
metabolic regulation by, 714–715
nutrient metabolism role, 715–717
pumps, 721
secretion factors, 719
secretion stimulus, 717–718
shock, 723
stress response and, 708
summary of actions, 717

Insulin-like growth factor (IGF-I), 282
Integral proteins, 54
Integrating center, 177
Integrator, 15
Integumentary system. See also Skin

components, 7
homeostasis, 416
homeostasis role, 14

Intensity, 197
Intensity discrimination, 222
Intention tremor, 167
Interatrial pathway, 313
Intercalated cells, 577–578
Intercalated discs, 308
Intercellular communication, 113–117
Intercostal muscles, 469
Intercostal nerves, 469
Interferon

anticancer effects, 426
antiviral effects, 425
characterization, 425
defense mechanism, 440
immune surveillance, 448

Interleukin 1ß, 792
Interleukin-1, 424
Interleukin-10, 446
Interleukin-12, 440

Intracellular proteins, 120
Intrafusal fibers, 285
Intrapleural fluids, 464, 467
Intrapleural pressure

changes in, 468–473
characterization, 466
subatmospheric aspects, 468

Intrapulmonary pressure. See Intra-alveolar pressure
Intrathoracic pressure. See Intrapleural pressure
Intrinsic control, 328, 329
Intrinsic controls, 14
Intrinsic factor, 397, 608
Intrinsic nerve plexuses, 594–595
Inulin, 539
Involution, 792
Iodide pump, 692
Ion concentration gradient, 69
Ionic bonds, A-5
Ions. See also Cations

concentration, 78
membrane transport role, 63
movement, 88, 90–93
permeability, 78

IPSP (inhibitory postsynaptic potential)
arousal sleep and, 171
characterization, 106
concurrent cancellation, 108
glycine and, 107
measuring, 152
presynaptic inputs and, 107–109
temporal summation, 108

Iris, 196–197
Iron (Fe), 394, 630
Irreversible reactions, A-8
IRV (inspiratory reserve volume), 480–481
Islets of Langerhans

cells, 715
characterization, 613
metabolic regulation by, 714

Isometric contractions, 273–274
Isotonic contractions, 273–274
Isotonic fluids, 539
Isotonic solutions, 66
Isovolumetric ventricular contraction, 321
Isovolumetric ventricular relaxation, 323
IUDs (Intrauterine devices), 785
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complement system, 427–428
compounds, 419–420
inflammation defenses, 420–425
interferon and, 425–426
natural killer cells, 426

Inner cell mass, 781
Inner ear

balance portion, 224–227
characterization, 213
hearing portion, 217–218, 220
sensitivity, 222

Inner hair cells, 217, 220
Innervation

defined, 104
dual, 240, 243
skeletal muscles, 246

Inorganic acids, 572
Inorganic chemicals

acids, A-10–A-11
bases, A-10–A-11
organic vs., A-10

Inorganic phosphate, 265, 278–279
Inorganic salts, A-11
Inositol trisphosphate (IP3), 122
Insensible loss, 566
Insertion, defined, 269
Inspiration

capacity, 480–481
neurons associated with, 500
onset, 469–470
reserve volume, 480–481
respiratory muscles during, 470–472

Interleukin-4, 440, 451
Interleukin-5, 440
Interleukin-6

energy balance and, 645
release, 424
secretion, 440

Interleukin-8, 790
Intermediary metabolism, 42
Intermediate filaments, 42, 49
Internal anal sphincter, 635
Internal environment, 7, 10
Internal pool, 557
Internal respiration, 33, 461
Internal work, 461
Interneurons, 135
Internodal pathway, 313
Interphase, A-28
Interstitial cells. See Leydig cells
Interstitial fluid, 7
Intestinal gases, 636–637
Intestinal housekeeper. See Migrating motility

complex
Intestinal phase, 610
Intestine. See Large intestine; Small intestine
Intoxication, water, 565
Intra-alveolar pressure

characterization, 465
during expiration, 471
during inspiration, 471

Intracellular fluid (ICF), 23
Intracellular movement, 3

Janus kinase, 674
Jaundice, 620
Jet lag, 685
Joints, 275–276
Juxtaglomerular apparatus, 514–515, 521
Juxtamedullary nephrons, 515

Kallikrein, 424
Keratin, 49
Keratinized, 454
Keratinocytes, 456
Ketogenesis, 723
Ketone bodies

characterization, 714
defined, A-13
types, 719

Kidneys
acid–base balance and, 579–581
anemia-associated, 398
basic processes, 515–517
blood flow to, 343–344
blood supply, 547
cardiac output, 524
cells, 3
diabetes and, 721
dialysis, 551
erythropoiesis control by, 395, 397
excretory functions, 553
failure, 547–549
functional unit, 512–515
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glomerular filtration, 515, 517–524
glucose threshold, 531
H regulation by, 576–578
homeostasis, 511–512, 552–553
hormonal functions, 553
hypertension, 381–382
membrane transport, 39
metabolic functions, 553
phosphate regulation, 532
PTH effects, 733–734
regulatory functions, 553
salt management, 382
stress response and, 709
tubular reabsorption, 524–534
tubular secretion, 534–537
tubules, microvilli in, 48
urine extraction by, 539–540

Killer T cells. See Cytotoxic T cells
Kilocalorie, 642
Kinesin molecule, 46
Kinins, 424, 428
Kinocilium, 224
Kiss sites, 59
Knee-jerk reflexes, 286
Korotkoff sounds, 350
Krebs cycle. See Citric acid cycle
Kupffer cells, 616

L-Dopa, 112
Labeled lines, 188–189
Labia majora, 743
Labia minora, 743
Labor. See Paturition
Lacrimal gland, 195
Lactase, 623
Lactate

accumulation, 279
characterization, 714
production, 278

Lactation. See also Breast-feeding
hormones, 794–795
preparation for, 792–793
prevention, 793–794
stimulation, 794–795

Lactic acid. See Lactate
Lactobacillus bifidus, 796
Lactoferrin, 424, 597, 796
Lactose, 590, 623
Lactotropes, 672
Lamellae, 729
Lamina propria, 591
Laminar blood flow, 324
Langerhans cells, 456
Language. See also Communication

cortex and, 150
cortical pathway, 151
defined, 150
disorders, 150

Large intestine
anatomy, 635
Ca2 absorption, 734–736
components, 633
feces movement through, 634–636
function, 634
gases, 636–637
Na absorption, 636
secretion, 636
volumes absorbed by, 633
water absorption, 636

Laron dwarfism, 125, 683
Larynx, 463, 599
Latch phenomenon, 298
Late ventricular diastole, 321
Late-onset Alzheimer’s disease, 165
Latent pacemaker, 311

Lateral horn, 174
Lateral inhibition, 190
Lateral sacs, 264
Lateral spaces, 525
LATS (long-acting thyroid stimulator), 696
Law of LaPlace, 476
Law of mass action, 491
LDL (low-density lipoprotein), 334, 336
Leads, ECG, 316–317
Leak channels, 81–82, 88
Leaky valve, 324
Learning

defined, 157
example of, 158
external environment and, 163

Left atrial volume receptors, 567–568
Left cerebral hemisphere, 152
Legs, 374
Length-tension relationship, 228–229
Lens

cells, 201
characterization, 195
ciliary muscle, 200

Leptin, 646
Leukocytes

adhered, 423
bacteria destruction by, 423
blood-borne, 423
categories, 400–401
characterization, 400
count, 401, 403
donors, 402
functions, 401–405
immune function, 400, 418–419
inflammation response by, 422–423
life spans, 401–405
origins, 418–419
production, 401
production abnormalities, 405
proliferation, 423

Leydig cells
pubescent, 751
secretion, 749

LH (luteinizing hormone)
feedback control, 773
function, 672
ovarian cycle regulation by, 770–772
prepubertal period, 755–756
secretion, 772
secretion modes, 772–773
surge, 772–774
target organs, 672, 674
testosterone function and, 755
tonic, 772–773

LHA (lateral hypothalamic area), 646
Lieberkühn, crypts of, 626
Ligaments, 200
Light

adaptation, 209
characterization, 197
conversion, 201–205
far source, 199
intensity, 197
near source, 199
passing through eye, 196–197, 201
photoreceptor activity, 205
retinal processing, 205–207
visible, 197
wavelengths, 197

Light chains, 292
Light ray, 197
Limbic association cortex, 150–151
Limbic system

behavioral patterns, 156
characterization, 155–156

Lipase
function, 630
gastric, 614
pancreatic, 614, 618

Lipid bilayers, 54, 55
Lipids. See also Dietary fats; Fats

complex, A-13–A-14
defined, A-12
membrane, 54
metabolism, 26–27
in plasma membrane, 23
simple, A-12–A-13
solubility, 62
storage, 42

Lipolysis, 700
Lipophilic hormones

endocrine, 663–664
mechanism of action, 125–126
processing, 119–120
protein synthesis and, 125–126
receptor location, 120

Lips, 596
Liver

anabolic steroid effects, 282
anatomy, 617
bile secretion, 617
blood flow, 616
cells, 27
digestive functions, 615–617
disease of, 621
fuel metabolism role, 714
jaundice, 620
lobules, 616–617
nutrient absorption and, 632
portal system, 616

Load
arm, 275
blood pressure and, 330–331
defined, 274
Na , 526
overcoming, 274–275
shortening velocity and, 274

Load-velocity relationships, 274
Lobules, 616–617
Local controls. See Intrinsic controls
Lochia, 792
Long reflexes, 595
Long-term depression (LTD), 161
Long-term memory

characterization, 158
molecular mechanism, 159
short-term memory vs., 158–159
synaptic connections, 162–163

Long-term potentiation (LTP), 161–162
Lou Gehrig’s disease. See ALS (amyotrophic lateral

sclerosis)
Low volume shock. See Hypovolemic shock
Lumen

characterization, 4
ER, 25
Golgi, 28

Lungs. See also Expiration; Inspiration;
Ventilation

artery, 306
capillaries, 465
circulation, 303–340
circulatory function, 303–304
dysfunction, 481
elasticity of, 474–476
expansion, 466–468, 470
fibrosis, 476
gas exchange, 486–490
gravitational effects, 485
inflammation, 464
inside/outside interrelationship, 465–466
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Latent period, 268Lateral geniculate nucleus, 210 emotions and, 156shivering control by, 653–654
structures composing, 156

location, 464–465O2-Hb curve factors, 494
obstructive diseases, 474, 481
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Lungs (continued)
opposing forces acting on, 478

stretch receptors, 500
surface area, 489
surfactant, 476–477
thickness, 489
volume, 479–481

Luteal phase
corpus luteum formation, 769–770
feedback control, 769–770
ovulation control, 772–773

Luteinization, 770
Lymph, 369, 559
Lymph nodes

defined, 369
leukocyte production, 401
pathogen filtration, 418

Lymph vessels
blockage, 371
characterization, 369
villi, 626

Lymphatic system
characterization, 368
functions, 369–370
initial lymphatics, 368–369

Lymphocytes. See also B cells; T cells
characterization, 401
foreign agent recognition, 428
life span, 404–405
naive, 433

Lymphoid tissues
in blood, 401
characterization, 418
functions, 419
location, 418–419

Lysosomes
cell body degradation by, 43
characterization, 28
digestive role, 29
organelle removal, 31

Lysozyme, 597

M line, 258
MAC (membrane attack complex), 427
Macromolecules, 710, A-10
Macrophage-migration inhibition factor, 441
Macrophages

alveolar, 457
angry, 441
bacteria destruction, 423
characterization, 334
chemicals released by, 424
defense mechanism, 440
immune surveillance, 448
inflammation response, 420
NO secretion, 424
production, 418

Macula densa, 521
Macular degeneration, 201
Macular densa cells, 527
Macular lutea, 201
Malaria, 398
Male accessory sex glands, 742
Male reproductive system

abnormalities at birth, 762
castration, 751
components, 757
embryonic, 749
genitalia, 742–743
organs, 749–750, 756
overview, 742–743
prostaglandins, 758
pubescent, 751
semen, 756–758
sexual arousal, 757–758
sexual intercourse and, 759–763
sperm development, 754–755

spermatogenesis, 752–756
testosterone in, 749–752

Male reproductive tract
components, 756
overview, 742
sterilization, 751, 756

Malignant tumors, 447
Malleus, 217
Malpighi, Marcello, 346
Maltase, 623
Mammary glands, 763, 792–793
Margination, 422
Mass action, law of, 491, 572
Mass movement, 635
Mast cells

concentrations, 451
IgE response, 452
parasitic worms and, 453
transport, 404

Mastication, 596
Matter, A-3
Mature ovum, 765
Maximal O2, 506
Mean arterial pressure

alterations, 342
determinants, 377
function, 376
regulation, 342
TPR influence on, 358

Mechanical nociceptors, 191
Mechanical stiffeners, 48–49
Mechanical work, 39
Mechanically gated channels, 88
Mechanoreceptors, 184, 595–596
Medial geniculate nucleus, 223
Medulla

adrenal, 698
autonomic system and, 245
electrical stimulation, 192
respiration and, 500

Medullary countercurrent system
gradient, 540
Henle’s loop, 540–541
multiplication, 541
vasa recta conservation, 546

Medullary respiratory center, 500
Megakaryocytes, 405
Meiosis

cell division and, A-30
reproduction and, 745
in spermatogenesis, 752

Meiotic arrest, 764
Meissner’s corpuscle, 186–187
Melanin, 456
Melanocortins, 644
Melanocytes, 456
Melatonin

characterization, 686
function, 687
male puberty and, 756
secretion, 685

Mellitus, defined, 718
Membrane carbohydrate, 55
Membrane potential

action potential effects, 91
active pumping, 81–82
changes in, 88
chloride movement, 82
depolarization, 87–88
GHK equation, 81
graded potentials, 88–91
hyperpolarization, 87–88
leak channels, 81–82
muscle cells, 87
Na -K pump, 78
Nernst equation, 79–80
nerve cells, 87
passive leaks and, 81–82

potassium pump, 78–80
resting, 78, 81–82
sodium movement, 80
steady state, 82

Membrane transport
active, 69–73
assisted, 67–75
carrier-mediated, 67–75
Fick’s law, 62–63
ions and, 63
methods of, 76
osmosis, 63–66
overview, 60
passive diffusion, 60–63
renal, 39
unassisted, 60–67
vesicular, 73–75

Membrane-bound enzymes, 57
Membranous organelles, 24
Memory. See also Long-term memory; Short-term

memory; Working memory
characterization, 158
declarative, 163
episodic, 163
ethanol effects, 161–162
external environment and, 163
lack of, 159
procedural, 163
semantic, 163

Memory cells
characterization, 433
clonal selection and, 433–436
disease exposure, 435–436
responses, 434–436

Memory trace, 158, 163
Menarche, 777
Ménière’s disease, 227
Meningiomas, 138–139
Menopause, 776–778
Menstrual cycle

cessation, 776–778
characterization, 774–775
dysfunctions, 777
organs, 664

Menstrual flow, 775
Merkel’s disc, 186–187
Mesangial cells, 523
Messenger RNA (mRNA)

codon, A-24–A-25
function, 24, A-22, A-24
polyribosomes, A-27
ribosomes in, 40

Metabolic acidosis
acid–base imbalance, 581
defined, 549
HCO3 association, 583–584

Metabolic alkalosis, 584
Metabolic rate

defined, 642
factors influencing, 643
measuring, 642–643

Metabolic syndrome, 720
Metabolic water, 566
Metabolism. See also Fuel metabolism

calcium, 726–727
carbohydrate, 718–719
cholesterol, 336–337
defined, 710
epinephrine, 706–707
fat, 719
fuel, 710–726
glucocorticoid, 700–701
intermediary, 42
lipid, 26–27
phosphate, 736
skeletal muscles, 276–281
thyroid gland, 694

Metabolism, intermediary, 694
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Metaphase, A-29
Metarterioles, 364
Metastasis, 447
Methionine, 337
Metoprolol, 245
Metric system, A-1–A2
MHC (major histocompatibility complex)

cytotoxic T cells and, 442
disease and, 446–447
glycoproteins, 442–444
helper T cells and, 442–443
immune system tolerance, 446
mechanism, 442
molecules, 437, 442
synthesis, 438
transplant rejection and, 444

Miacalcin. See Calcitonin
Micelles, 618–619, 628, 630

MLC kinase (myosin light chain kinase), 292
Modalities, 183
Molarity, A-9
Molecular masses, A-8, A-9
Molecular motors, 43
Molecular weight, 62–63
Molecular weights. See Molecular masses
Molecules. See also Biological molecules; CAMs

(cell adhesion molecules); MHC (major histo-
compatibility complex); specific molecules

biological, A-10
carrier, 57
characterization, 2
clathrin, 31
defined, A-3
erythrocytes, 394
fatty acid, A-12
functional groups, A-11

Multiple sclerosis, 102
Multisensory neurons, 213
Murmurs, cardiac, 324
Muscarinic receptors, 243
Muscle cells, 87
Muscle fibers

anabolic steroid effects, 282
ATP pathway, 276–278
atrophy, 281
characteristics, 280
characterization, 268–269
contracting, 269–274
demand adaption, 280–281
fatigue, 270, 278–279
genetic factors, 280
hypertrophy, 281
load, 273
motor unit, 270
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Microbes, 432
Microcirculation, 347
Microfilaments

in cell contractile systems, 47–48
characterization, 47
as mechanical stiffeners, 48–49
structure, 42

Microglia, 138
Microscopes, 21–22
Microtubules

characterization, 42
cilia movement, 43, 45–46
dynein’s role, 46
flagella movement, 43, 45–46
organization, 41

Microvilli
characterization, 48
diffusion and, 62
formation, 623
function, 48–49

Micturition reflex, 550, 552
Mid ventricular diastole, 321
Middle ear, 217, 219
Midpiece, sperm, 753
Mifepristone. See RU 486
Migrating motility complex, 622
Milk. See Breast milk
Millivolt (mV), 75
Mineralocorticoid

characterization, 698
Na and K balance and, 700
receptors, 700
secretion, 698

Mineralocorticoid response element, 700
MIT (Monoiodotyrosine), 692, 693–694
Mitochondria

ATP generation, 32–37
characterization, 31–32
enclosure, 32
in muscle fiber, 258
oxidative phosphorylation in, 36
oxidative reactions in, 38–39

Mitochondrion, 32
Mitosis

anaphase, A-29–A-30
characterization, 745
defined, A-28
DNA replication, 46–47
egg production, 767
interphase, A-28
metaphase, A-29
proliferation, 752
prophase, A-28–A-29
sperm production, 767
telophase, A-30

Mitotic spindle, 46–47
Mitral cells, 231
Mitral valves, 306
Mixing movements, 590
Mixtures, A-9

interconversions, 712
macro, 710, A-10
nonpolar, A-7
polar, A-7
transport, 57

Moles, A-8
Monocytes, 334

blood clotting and, 424
inflammatory response, 421
life span, 404
transformation, 418

Monoglycerides, 590, 630
Monomers, A-10
Mononuclear agranulocytes, 401
Monosaccharides, 590, A-12
Monosynaptic reflex, 177
Morning-after pills, 785
Morphine, 192
Morula, 780–781
Motilin. See Migrating motility complex
Motility, 589–590
Motion sickness, 227
Motivation, 157
Motor control

basal nuclei role, 153–154
cerebellum and, 167
higher areas, 145, 149
Parkinson’s disease and, 154
thalamus role in, 154–155

Motor control movement
afferent information for, 284–289
neural inputs, 283–284
patterns, 281, 282
process, 286

Motor homunculus, 145
Motor neurons

characterization, 246
as final common pathway, 246
neuromuscular junctions, 246–253

Motor program, 149
Motor units

asynchronous, 270–271
defined, 270
output, neural influences, 283–284
recruitment, 270

Mouth, 596–697
MSG (monosodium glutamate), 230
MSH (melanocyte stimulating hormone), 671, 705
Mucosa, 605
Mucus

breast milk, 796
cells, 605–606
digestive, 591, 597
escalator, 457
membranes, 591
protective role, 608
stomach, 608

Müllerian ducts, 747–748
Müllerian-inhibiting substance, 747
Multineuronal motor system, 283

neuromuscular junctions, 246–253
optimal length, 272–273
oxidative capacity, 281
repair limitations, 281
spindle structure, 285–288
stimulation frequency, 271
tension, 283
testosterone and, 281
twitch summation, 271–272
types, 276–281

Muscle receptors, 284–289
Muscle spindles

alpha motor neuron activation, 287–288
function, 288
gamma motor neuron activation, 287–288
reflexes, 285–287
structure, 285

Muscular dystrophy
anti-myostatin therapy, 285
causes, 284
cell-transplants, 285
gene therapy, 284–285
symptoms, 284
utrophin therapy, 285

Muscular system. See also Cardiac muscles; Skeletal
muscles; Smooth muscles

homeostasis, 14, 256
muscle categorization, 258

Muscularis external, 593
Muscularis mucosa, 591
Mutagens, A-31
Mutations

cancer and, 447
point mutation, A-30
somatic, A-31

Myasthenia gravis, 253
Myelin, 100–102
Myelinated fibers

action potential propagation and, 102–104
characterizations, 100
skeletal muscles, 246

Myelination, 100–102
Myenteric plexus, 594
Myoblasts, 258
Myocardial infarction

acute, 320–321
C-reactive protein, 337
cholesterol levels and, 336–337
homocysteine and, 337
occluded vessels and, 335
outcomes, 337

Myocardial ischemia, 320
Myocardial toxic factor, 385
Myocardium, 308
Myofibrils, 258, 264
Myogenic mechanism, 520–521
Myoglobin. See Aerobic exercise
Myometrium, 774
Myopia, 201, 202
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Myosin
characterization, 47
filament formation and, 260
phosphorylation, 292
in platelets, 405
structure, 261

Myostatin, 282
Myxedema, 696

Na -K pump
blood pressure management and, 382
Ca2 absorption and, 632
end-plate potential formation, 247, 249
gradient levels restoration, 93–94
iodide pump and, 692
membrane potential and, 78
mineralocorticoids and, 700
in primary active transport, 70–71
in secondary active transport, 71
tubular reabsorption, 526

NAD (nicotinamide adenine dinucleotide), 35
Nails, 455
Naive lymphocytes, 433
Narcolepsy, 172
Nasal passages, 463
Natural killer (NK) cells

characterization, 426
defense mechanism, 440
immune surveillance, 448
stimulation, 433

Nearsightedness. See Myopia
NEAT (nonexercise activity thermogenesis), 648
Necrosis, 124–125, 320
Negative energy balance, 643
Negative feedback

anterior pituitary hormone secretion, 677
characterization, 15
defined, 15
endocrine system, 675
hormones, 664–665

Nemenda, 165
Neonates

adrenogenital syndrome, 704
breech birth, 789–790
hemolytic disease, 399
lactation and, 794

Nephrons

Neural signals, 217–218
Neuregulin, 163
Neuritic plaque, 164
Neuroendocrine reflexes, 665
Neuroendocrinology, 129
Neurofibrillary tangles, 164
Neurofilaments, 49
Neurogenic properties, 294–295
Neurogenic shock, 384–385
Neuroglia. See Glial cells
Neuroglobin, 141
Neurohormones, 115, 129
Neurohypophysis, 670
Neurological disorders, 157
Neuromodulators, 110–111
Neuromuscular junction

AChE function at, 250–251
characterization, 246
events at, 250
neurotransmitter, 247–250
synapse vs., 252
vulnerability, 251–253

Neurons. See also specific nerves
anatomy, 95
axonal transport in, 45
basic parts, 95
brain, 138
cerebellum, 166
cerebral cortex, 143
cranial, 168
digestive, 594–596
functional classes, 135
GPSP integration, 108–109
linkage, 112–113
locations, 135
membrane potential, 87
postsynaptic, 104–105
presynaptic, 104–105
respiratory, 500
rhythmic synchrony, 153
short-term memory and, 159
structure, 176
termination, 104
vestibular, 224

Neuropathic pain, 192
Neuropeptides, 110
Neurotransmitters. See also specific

characterization, 161, 334
functions, 356
hemoglobin, 394
high altitudes and, 498
macrophage secretion, 424
in platelet plug formation, 407

Nitrite, 456
Nitrogen, 533
Nitrogen narcosis, 499
Nitroglycerin, 335
NMDA receptors

Alzheimer’s disease and, 165
LTP, 161
pain and, 192

Nociceptors, 184
Nodes of Ranvier, 101
Noise. See Sound
Noncarbonic acids, 574
Nonhistones, A-20
Nonmembranous organelles, 24
Nonmuscle cells, 48
Nonpolar molecules, A-7
Nonrespiratory acidosis. See Metabolic acidosis
Nonshivering thermogenesis, 654
Norepinephrine

adrenal medulla secretion, 705
adrenergic receptor affinity, 706
arterioles and, 359
behavior and, 157
characterization, 240
emotions and, 157
messenger function, 129
release, 232, 240

Normality, A-9
Nose. See Nasal passages
NPY (neuropeptide Y), 644
NSAIDS (nonsteroidal anti-inflammatory drugs).

See also Acetylsalicylic acid
eliminations, 536
gastric irritation from, 612
inflammation suppression, 425

NTS (nucleus tractus solitarius), 647
Nuclear envelope, 23
Nuclear pores, 23
Nuclear transfer, 9
Nucleic acids, A-15, A-17
Nucleotides, A-15, A-19
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anatomy, 514
characterization, 512
cortical, 515–516
juxtamedullary, 515–516
Na reabsorption, 548
regions, 512
tubular component, 514–515
vascular component, 512–514
water reabsorption, 548

Nernst equation, 79–80
Nerve fiber. See Axons
Nervous system. See also Central nervous system;

Neurons; Peripheral nervous system
antiviral defense in, 440
characterization, 127–128
components, 7
endocrine system vs., 126–129
enteric, 595
functions, 127, 132
homeostasis, 86, 132, 180, 232–233, 236
homeostasis role, 14
immune system link, 448–449
organization, 133–134
thyroid hormone effects, 694–695
tissues, 4

Net diffusion, 61
NETs (neutrophil extracellular traps), 401–402
Neural communication, 86
Neural networks, 153
Neural presbycusis, 223

neurotransmitter
-receptor response, 107
action potential function, 105–107
behavior and, 157
common, 107
emotion and, 157
intracellular communication and, 114–115
neuropeptides vs., 110
storage, 104
synaptic cleft removal, 107

Neutral energy balance, 643
Neutralization, 431
Neutralization reactions, A-11
Neutrons, A-3
Neutrophilia, 402–403
Neutrophils

bacteria destruction, 423
characterization, 401
circulating, 402–403
define, 418
inflammatory response, 421
release of, 401–402
synthesis, 424

NF-B (nuclear factor B), 790
Nicotinic cholinergic receptors, 239
Nicotinic receptors, 243
Night blindness, 209
Nitric acid, 595
Nitric oxide (NO)

abnormalities, 382

Nucleus, 20, 23–24
Nutrients. See also Food; Fuel metabolism

absorbed, hepatic processing of, 632
absorption, digestive, 590–591, 598
absorption, microvilli role, 48
absorptive states, 713
blood pressure lowering, 382
body storage, 711
brain, 139–141
breakdown, 572
cell uptake, 10
circulatory distribution, 7, 10
in colon, 536
in cytoplasm, 780
digestive process categories, 624
essential, 712
growth role, 677
majority pathways, 711
postabsorptive states, 713–714
storage, 712–713

Nutritional anemia, 397

Obesity
android, 649
causes, 647–649
colon bacteria and, 648–649
defined, 647
gynoid, 649

Occipital lobes, 144
Occlusion. See Dental caries
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Oddi, sphincter of, 617
Odor eating enzymes, 232
Odorants, 230
Odors

clearance, 232
detection, 230–231
discrimination, 232
pheromones, 232

Off response, 186–187
Off-center bipolar cells, 205–207
Off-center ganglion cells, 205, 207
Olfactory bulb

characterization, 230
odor discrimination, 232
scent processing in, 231

Olfactory mucosa, 230
Olfactory nerve, 230
Olfactory receptors

action potentials, 230
cells, 230, 232
location, 231
number, 230
specialization, 230

Olfactory system, 232
Oligodendrocytes, 101, 138
On-center bipolar cells, 205, 207
On-center ganglion cells, 205, 207
Oncogenes, A-31
Onset of ventricular diastole, 323
Oocytes, 764–765, 772
Oogenesis

characterization, 764
meiotic divisions, 767
mitotic divisions, 767
process, 765–766
spermatogenesis vs., 765

Oogonia, 764
OPG (osteoprotegerin), 728–729
Opiates, 192–193
Opsin, 205
Opsonins, 423, 428
Optic chiasm, 210
Optic disc, 201
Optic nerve, 201, 686
Optic radiation, 210
Optic tracts, 210
Optimal length, 272
Oral cavity, 596
Oral contraceptives, 784
Oral rehydration therapy (ORT), 633–634
Orexins, 646–647
Organ of Corti

characterization, 217
hair cells in, 217–218, 220

Organ printing, 8
Organelles. See also specific organelles

defined, 24
removal, 31
types, 24

Organic acids, 572
Organic chemicals

acids, A-10–A-11
bases, A-10–A-11
inorganic vs., A-10
monomers, A-10
polymers, A-10
salts, A-11

Organic ion secretory system, 536
Organisms

characterization, 2
female, 763–764
male, 761
single-celled, 6

Organophosphates, 253
Origin, defined, 269
Oropharyngeal stage, 598–599

Osmolarity
arteriolar, 354
characterization, 563
defined, A-9–A-10
digestive, 603–604
ECF, 563–569
ICF, 564
measurement, 64

Osmoreceptors, 184
Osmosis

defined, 63
diuresis, 546
plasma-colloid, 366–367
pressure, 64
process of, 63–64
tonicity and, 66–67
water movement, 63–66

Ossicles, 217
Ossification, 680
Osteoblasts, 679
Osteoclasts, 679, 728–729
Osteocytes, 681
Osteocytic-osteoblastic bone membrane, 730
Osteomalacia, 737–738
Osteons, 729, 732
Osteoporosis

characterization, 729, 730
drug therapy for, 730
exercise benefits, 731

Otolith organs, 224
Otoliths, 224–225
Outer hair cells, 217, 220
Oval window, 217–218
Ovarian cycle

cyclic uterine changes, 774–776
follicular phase, 765–766, 769
hormonal regulation, 770–774
luteal phase, 765, 769–774
menstrual phase, 774–776
progesterone in, 772
proliferative phase, 775
secretory phase, 775–776

Ovaries, 664, 771
Oviducts

characterization, 742
ovum transport to, 778
sperm transport to, 778–779

Ovulation
characterization, 769
control of, 772–773
development, 768
LH surge, 772–774

Ovum, 745, 778
Oxidative enzymes, 31
Oxidative fibers, 280
Oxidative phosphorylation

characterization, 35
exercise and, 278
mitochondrial inner membrane, 36
muscle fibers, 280
process, 276
steps leading to, 37

Oxygen (O2)
arteriolar relaxation, 354
blood carrying capacity, 398, 402–403
brain needs, 141
cardiac needs, 332–333
cells’ need for, 302
circulatory distribution, 7, 10
diffusion, 62–63
dissolved, 490
energy equivalent of, 643
in glycolysis, 37
in hemoglobin, 393–394
homeostasis and, 11
maximal, 506

post-exercise needs, 279
pulmonary entrance, 486–488
respiration and, 462
smooth muscles and, 484–485
synthetic carriers, 403
toxicity, 497, 499
transport in blood, 490–491
ventilation magnitude and, 501–503

Oxygen (O2)-hemoglobin (Hb) curve
2,3-bisphosphoglycerate, 494
acid and, 494
alveolar level, 492
arterial abnormalities, 496–498
Bohr effect, 494
dissociation, 491
exercise-related variables, 505
plateau portion, 491–492
steep portion, 492
storage, 493
temperature and, 494
tissue level, 492–495
transport methods, 490–491

Oxyhemoglobin, 491
Oxyntic cells. See Parietal cells
Oxyntic mucosa, 605
Oxytocin

function, 671
homeostatic role, 16
lactation and, 794–795
parturition and, 790
storage, 670–671

P wave, 317, 319
Pacemaker cells, 601
Pacemakers

abnormal activity, 311–313
activity analogy, 312
artificial, 312
normal activity, 310–311
potentials, 295, 309–310

Pacinian corpuscle, 186–187
Packaging, 752–754
Packed cell volume. See Hematocrit
PAF (platelet-activating factor), 333
PAH (para-aminohippuric acid), 539
Pain

brain analgesics, 192–194
causes, 421
characteristics, 191
defined, 191
fibers, 191–192
higher-level processing, 192
impulse origins, 191–192
neuropathic, 192
perception of, 191
phantom, 189
receptors, 184, 191
referred, 176

Palate, 596
Pancreas. See also Endocrine pancreas; Exocrine

pancreas
bile production, 615–620
biochemical balance, 622
characterization, 690
cystic fibrosis effects on, 56
enzymes, 614
metabolic regulation by, 714–715
tissues, 613–615

Pancreatic amylase, 614
Pancreatic insufficiency, 614
Pancreatic islet transplants, 721
Pancreatic lipase, 614, 618
Paneth cells, 626
Papillary muscles, 307
Paracrines, 114. See also specific paracrines
Paradoxical sleep, 169–170
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Orthostatic hypotension, 383–384 placental, 786 Paralysis, 283
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Paraplegia paralysis, 283
Parasitic worms, 453
Parasympathetic nervous system, 134

ACh release by, 238–239
arteriole innervation, 359
blood pressure and, 379
characterization, 238
distinguishing features, 245
fibers, 238–240
heart stimulation and, 326–327
visceral organ innervation, 240–243

Parasympathetic tone, 240
Parathyroid gland, 690
Parathyroid hormone, 532
Parietal cells, 608

function, 605
HCL and, 607
regulatory pathway influence, 608–609

Parietal lobes, 144
Parietal-temporal-occipital association cortex, 151
Parkinson’s disease

basal nuclei role in, 153–154
medication, 112
motor disturbances, 154

Partial pressure, 486
Partial pressure gradients

characterization, 486
decrease in, 501–502
gas transfers across pulmonary capillaries,

486–488
gas transfers across systemic capillaries, 490
increase in, 502–503
ventilation magnitude and, 501–502

Passive current flow, 89–90
Passive forces, 60
Passive immunity, 436
Passive reabsorption, 525–526
Pasteur, Louis, 436
Patellar tendon, 286
Pathogens

bacteria, 417–418
defense against, 417
defined, 400
tissue filtering, 418–419

Pathological hypothermia, 657
Pathophysiology, 17
Parturition

characterization, 789
feedback cycle, 791–792
hormones, 790
inflammation and, 790, 792
initiation, 791
labor stages, 792–793
progression, 791

Paxil, 107
PDE5 (phosphodiesterase 5), 760
Pelvis, 512
Penis

anatomy, 760
blood flow into, 760
description, 724
genital tubercle and, 747
glans, 759
vasocongestion, 759–760

Pepsinogen, 605, 607–608
Peptic ulcer, 611–612
Peptide bonds, A-14
Peptide hormones, 661
Peptides. See also specific peptides

characterization, 118
processing of, 119

Perception
defined, 190
depth, 210–211
processing, 190–191
vision, 213

Perforin, 438

Perfusion, 485
Periaqueductal gray matter, 192
Pericardial fluid, 309
Pericardial sac, 309
Pericarditis, 309
Perilymph, 217–219
Perimenopause, 776
Perineal region, 742–743
Periosteum, 679
Peripheral axons, 135
Peripheral chemoreceptors, 501–503
Peripheral nervous system (PNS)

acuity, 189–190
afferent division, 182, 232
afferent function, 187–188
autonomic, 237–245
discriminative ability, 189
divisions, 133–134
fibers, 183
homeostasis, 182, 232–233
myelin-forming cells in, 101
nerves in, 176
neuromuscular junction, 246–253
pain receptors, 191–194
receptive fields, 189
regeneration, 103
somatic, 246
somatosensory pathway, 188–190
stimuli receptors, 183–191
vision, 195–213

Peripheral proteins, 54–55
Peristalsis, 600
Peristaltic waves, 600
Peritubular capillaries, 513
Permeability

ion, 78
membrane, 91–93
selective, 60

Permeable, 60
Permissiveness

cortisol and, 700
defined, 666
function, 666, 670

Pernicious anemia, 397, 608
Peroxisomes, 31
Pertussis toxin, 125
Peyer’s patches, 418
PGA (pyloric gland area), 605
pH

defined, 569
homeostasis and, 11
maintaining, 460

Phagocytes
bacteria destruction, 423
blood clotting and, 424
chemotaxis, 423
Sertoli cells and, 754

Phagocytic cells. See Macrophages
Phagocytic white blood cells, 410–411
Phagocytosis

characterization, 31
enhancement, 433
extracellular material transport, 29
process, 423

Phantom pain, 189
Pharyngoesophageal sphincter, 599–600
Pharynx

characterization, 596
function, 463
swallowing and, 598–600

Phasic receptors, 186–187
Phasic smooth muscles, 293–294
Phenotypic sex, 747
Pheromones, 232
Phosphate

buffer role, 580
Ca2 imbalance, 549

inorganic, 265
metabolism, 736
plasma, 737

Phosphate bonds, A-14
Phosphate buffer system, 575
Phosphatidylinositol bisphosphate (PIP2), 122
Phospholipase, 122
Phospholipid molecules, 54
Phospholipids, 54, A-13
Phosphorylation. See also Oxidative

phosphorylation
characterization, 70
myosin, 292

Photons, 197
Photopigments, 205
Photoreceptors

activity, 205
acuity, 208
defined, 184
parts, 201, 204–205
stimuli, 183

Phototransduction, 201, 205–206
Phrenic nerve, 469, 472
Physical stress, 707
Physiologic stress, 707
Physiology

anatomy and, 1–2
defined, 1
exercise, 11
purpose, 1

Pia mater, 139
PIH (prolactin-inhibiting hormone). See Dopamine
Pineal gland

characterization, 685
circadian rhythms and, 685–687
function, 660
male puberty and, 756

Pinocytosis, 31
Pitch

defined, 213–214
determination, 213–214
discrimination, 220–222

Pituicytes, 670
Pituitary glands. See also Anterior pituitary gland;

Posterior pituitary gland
anatomy, 670
characterization, 660, 670
components, 670
cortisol secretion by, 701–702

PKC (protein kinase C)
characterization, 122

Placenta
characterization, 782
components, 786
formation, 783, 786
functions, 786–787
hormones secreted by, 787–788

Placental clock, 790
Placental villi, 786
Placentation, 783
Planning, 166–167
Plaque

AD-associated, 164
atherosclerotic, 334
location, 58

Plasma. See also ECF (extracellular fluid)
calcium, 726–732
characterization, 7
ECF concentration, 559
estrogen levels, 770
glucose levels, 530
hormone concentration, 663–665
hydrophilic hormones in, 120
interstitial fluid vs., 559–650
K levels, 535
phosphate, 737
substances dissolved in, 392
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volume, 563
water, 391–392

Plasma cells
clonal selection and, 433–436
defense mechanism, 440
function, 429
unactivated, 430

Plasma clearance
defined, 537
GFR and, 537–539
medullary countercurrent system, 540–541
process, 538
water reabsorption, 541–457

Plasma membrane. See also Membrane transport
action potentials, 91–104
appearance, 53
blood pressure control by, 382
cell-to-cell adhesions, 57–60

Pores, 363–364
Pores of Kohn, 464
Positive energy balance, 643
Positive feedback, 15–16, 93
Posterior parietal cortex, 146, 149
Posterior pituitary gland

characterization, 660
hormones, 671
hypothalamus link, 670–671

Postganglionic autonomic fibers, 238, 240
Posthepatic jaundice, 620
Postsynaptic neurons

characterization, 104
communication, 113
function, 104–105
linkage, 112–113

Postural hypotension. See Orthostatic hypotension
Potassium (K )

Primary endings, 285
Primary follicles, 764
Primary hyperaldosteronism. See Conn’s syndrome
Primary hypertension, 382
Primary motor cortex, 145
Primary oocytes, 764
Primary peristaltic wave, 600
Primary polycythemia, 398
Primary protein structures, A-14
Primary response, 434–436
Primary spermatocytes, 752
PRL (prolactin), 672, 793–793
Procarboxypeptidase, 614
Procedural memory, 163
Procrit, 397
Products, A-7
Progestational phase. See Secretory phase
Progesterone
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cellular, 559–560
characterization, 20
current loss across, 90
defined, 2
fluid mosaic model, 55
functions, 23, 53–57
homeostasis, 52
interacting, 59
ion movement across, 88
membrane structure, 53–57
most abundance, 54
potential, 75–82
protein functions, 56–57
signal transduction pathway, 121

Plasma proteins
brain, 139
characterization, 391
classification, 391–392
functions, 391–392
hepatic synthesis, 616
loss of, 549
reduced concentrations, 370
tubular reabsorption, 524

Plasma-colloid osmotic pressure, 519, 520
Plasmin, 410
Plasminogen, 410–411
Plastic softeners, 762
Plasticity, 149–150
Plateau phase, 315
Platelets

aggregation, 407–411
characterization, 405
hemophilia, 411–412
homeostasis, 406–411
life span, 405
plug formation, 406–407

Pleural sac, 464, 466
Pleurisy, 464
Pluripotent stem cells, 395
Pneumonia, 63
Pneumotaxic centers, 500
Pneumothorax, 468
Podocytes, 517–518, 523
Point mutation, A-30
Poiseuille’s law, 347
Polar body, 765
Polar molecules, A-7
Polarization, 87–88
Poliovirus, 246
Polycythemia, 398–399
Polymers, A-10
Polymodal nociceptors, 191
Polymorphonuclear granulocytes, 400–401
Polypeptides genes, A-19
Polyphagia, 719
Polyribosomes, A-27
Polysaccharides, 590, A-12
Polyspermy, block to, 780
Polyuria, 719
POMC (pro-opiomelanocortin), 644, 672

accumulation of, 279
acid–base balance and, 570–571
adrenocortical insufficiency and, 704
arteriolar relaxation, 354
blood pressure control by, 382
cardiac muscle activation, 315
movement, 79
resting potentials and, 91–92
retention, 549
secretion, 534–535
voltage-gated channels, 92

Potential membrane
defined, 77
determination, 77
ion concentration/permeability, 78
measuring, 75

Power arm, 275
Power stroke, 263–264
Pre-Bötzinger complex, 500
Precapillary sphincters, 365
Precipitation, 431
Precortical processing, 190
Prefrontal association cortex, 151
Preganglionic fiber, 237–238
Pregnancy

corpus luteum of, 770
ectopic abdominal, 778
ectopic tubal, 781
late gestation changes, 789
prevention, 782, 784–785
termination, 785

Prehepatic jaundice, 620
Prehypertension, 383
Preload, 328
Premature ventricular contractions. See Extrasystoles
Premotor cortex, 146, 149
Preovulatory follicles, 769
Preprohormones, 119
Prepuce, 747
Presbyopia, 201
Pressure. See also Blood pressure

atmospheric, 498–499
glomerular filtration-related, 518–519
homeostasis and, 11
partial, 486
plasma-colloid osmotic, 366–367, 520
waves, 218–219

Pressure gradients, 344, 465–468
Pressure reservoir, 347
Presynaptic inhibition, 111
Presynaptic neurons

characterization, 104
electrical signal conversion, 105
linkage, 112–113
sum of activities, 107–109

PRH (prolactin-releasing hormone), 795
Primary active transport, 69–71
Primary adrenocortical insufficiency. See Addison’s

disease

actions, 794
cervical changes by, 776
ovarian cycle, 772
placental secretion, 788–789
secretion, 769–770

Programmed cell death. See Apoptosis
Proliferative phase, 775–776
Propanolol, 245
Prophase, A-28–A-29
Proprioception, 144, 188
Propulsive movements, 589
Prostacyclin, 407
Prostaglandins

arteriolar, 354
function, 758
inflammatory response and, 424
pain and, 191

Prostate
cancer of, 762
characterization, 756
PSA screening, 757

Prostglandins, 790
Protein buffer system, 575
Protein kinase A, 121
Protein kinases, 117
Protein phosphatases, 117
Protein synthesis

amino acids in, 38
DNA role, 24
energy costs, A-25, A-27
ER, 39
hormones and, 125–126
steps, A-25

Proteins. See also Dietary proteins
absorption of, 628
chemical composition, A-14
defined, A-14
denaturation, A-15
digestion of, 611, 614, 623
glucagon actions, 724
hydrolysis, A-15
insulin actions, 717
lymphatic transport, 369–370
metabolism, 719
peptide bonds, A-14
primary structure, A-14
processing, 27
quaternary structure, A-15
secondary structure, A-14–A-15
secretion, 27–28
structures, A-14–A-16
tertiary structure, A-15
transcription, A-27
translation, A-26

Proteolytic enzymes, 614
Prothrombin, 408
Proto-oncogenes, A-31
Proton acceptor, A-11
Protons, A-3
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Proximal tubule, 514, 577
Prozac, 107, 157
PSA (prostate-specific antigen), 757
Pseudomonas aeruginosa, 56
Pseudopods, 31
Psychiatric disorders, 157
PTH (parathyroid hormone)

based osteoporosis therapy, 731
bone metabolism and, 729–733
Ca2 metabolism and, 729–733
characterization, 728
feedback loop, 736
function, 727–728
hypersecretion, 736
hyposecretion, 736–737
renal functions, 733–734
vitamin D and, 735

PTHrp (parathyroid hormone-related peptide), 789
Puberty

characterization, 751
female, changes induced by, 776
female, initiation, 664–665
follicle formation, 65
GnRH activity at, 755–756
male, initiation, 755–756

Pulse deficit, 320
Pulse pressure, 350
Punishments, 157
Pupils, 196–197
Purkinje fibers, 310–311
Pus, 423
PVC (premature ventricular contraction), 312
PVN (paraventricular hypothalamic nucleus), 646
Pyloric sphincter, 600
Pyramidal cells, 143, 283
Pyramidal motor system. See Corticospinal motor

system
PYY secretion, 646

QRS complex, 317
Quadriplegia paralysis, 283
Quantitative reasoning, A-33–A-36
Quaternary protein structure, A-15

RAAS (renin-angiotensin-aldosterone system)
diseases associated with, 529
functions of, 527–528

protein, 57
sensory, 177
stimuli effect, 185
stimuli sensitivities, 183–185
sustained stimulation, 186
tactile, 187
taste, 229
tonic, 186
types of, 184

Reciprocal innervation, 177
Reclast. See Zoledronic acid
Recognition markers, 28
Rectum, 633
Red blood cells. See Erythrocytes
Red bone marrow, 395
Red cones, 208
Red fibers, 280
Referred pain, 176
Reflexes

arc, 177
autonomic system and, 245
crossed extensor, 179
defecation, 635
defined, 176
digestive, 595–596
enterogastric, 602
exercise and, 504
gastroileal, 622
Hering-Breuer, 500
knee-jerk, 286
local responses, 179
neuroendocrine, 665
salivary, 597–598
stretch, 285–287
suckling, 794–795
types, 176
withdrawal, 177–179

Reflux, 600
Refraction

concave lens, 199
convex lens, 199
defined, 198
process, 198
structures, 198–200

Refractory periods, 97–99
Regeneration, nerve, 103
Regeneration tube, 103

Repolarization, 88
Reproductive cells. See Gametes
Reproductive system. See also Female reproductive

system; Male reproductive system
abnormalities at birth, 762
anabolic steroid effects, 282
chromosomes, 743, 745
components, 7, 741–743
DNA role, 24
female, 742–743, 744
gametogenesis, 743, 745
homeostasis, 14, 740, 796–797
hormones, 742
primary organs, 742
requirements, 741
secondary sexual characteristics, 742
sex determining region, 747
sexual differentiation, 745–748
sexual intercourse, 759–764

Reproductive tract
female, 742
male, 756
sexual differentiation, 747

Residual volume (RV), 480–481
Resistin, 645, 720
Respiration. See also Expiration; Inspiration

chemical factors and, 501
control of, 598–501
defined, 460
external, 461–462
internal, 461
neural control components, 499–500

Respiratory arrest, 496
Respiratory distress syndrome, 477–478
Respiratory muscles

anatomy, 469
contractions, 469–470
expiration, 470–472
inspiration, 470–472

Respiratory pump, 375
Respiratory quotient (RQ), 461
Respiratory rate, 482
Respiratory states, 496–498
Respiratory system. See also Lungs

acid–base balance and, 581–584
acidosis, 498, 581–583
alkalosis, 583
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mechanism, 527
Na reabsorption, 562–563
stress response and, 708–709

Radial muscle, 197
Radiation, 651
Raloxifene, 731
RANK (receptor activator of NF-B) ligand,

728–729
RAS (reticular activating system), 167
Reabsorption. See Tubular reabsorption
Reactants, A-7
Reactive hyperemia, 357
Reactive hypoglycemia, 723
Readiness potential, 146
Receptive field, 189–190
Receptor editing, 446
Receptor-mediated endocytosis, 31
Receptors. See also specific receptors

-neurotransmitter response, 107
adaptation speed, 186–187
automatic nervous system, 243–245
information detected by, 184–185
lateral inhibition, 190
opiate, 192
pain, 191
perception and, 190–191
phasic, 186
potential conversion, 184
potential initiation site, 185–186

Regulatory proteins, 260Regulatory T cells
activation, 446
characterization, 438
function, 782

Regurgitation, 324
Rehearsal, 158
Relative humidity, 653
Relative refractory periods, 98–99
Relaxation

gastric, 601
isovolumetric ventricular, 323
process, 267–268
response to stress, 298
skeletal muscles, 266
smooth muscles, 297–298
time of, 268

Relaxin, 789
Releasing hormones, 675
REM (rapid eye movement), 170–172
Remembering, 159
Renal anemia, 398
Renal artery, 512–513
Renal cortex, 512
Renal medulla, 512
Renal pelvis, 512
Renal pyramids, 512
Renal vein, 512
Renin. See RAAS (renin-angiotensin-aldosterone

system)

anatomy, 461–465characterization, 460
components, 6, 462–464
cystic fibrosis effects on, 56
defense mechanism, 457
dysfunction, 481
gas exchange, 486–490
gas transport, 490–498
H regulation by, 575–576
homeostasis, 11, 460, 507
nonrespiratory functions, 462
role of, 461
venous return and, 375

Rest
blood flow at, 344
capillaries at, 364–365
cardiac output, 355
K potentials, 91–92
membrane potential at, 78, 81–82
Na potential, 91–92

Resting membrane potential, 78
Reticular formation

activating system, 169
defined, 167
electrical stimulation, 192

Reticulocytes, 397
Retina

cells, 201, 205, 210
characterization, 195
cones, 195, 201, 207–208
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layers, 201
light input processing, 205
rods, 195, 207–208

Retinal, 205
Retinohypothalamic tract, 687
Reverse axonal transport, 43
Reverse vesicular traffic, 43
Reversible reactions, A-8
Rewards, 157
Rh blood group system, 400
Rheumatic fever, 324
Rheumatoid arthritis, 433, 701
Rhodopsin, 205
Rhythm

cardiac, 319, 704
electrical rhythm, 593
respiratory, 499–500

Rhythm method, 784
Ribosomal protein synthesis, 42
Ribosomal RNA, A-24
Ribosomes. See also Free ribosomes

assembly, A-26
function, 39–40, A-24
in rough ER, 40

Ribs, 464
Rickets, 737–738
RIG-I (retinoic acid inducible gene I), 419
Right cerebral hemisphere, 152
Rigor mortis, 267
RNA (ribonucleic acid)

characterization, A-15, A-17
defense mechanism, 425
function, 24
ribosomes, A-25
sugar in, A-22
transcription role, A-22–A-23
translation, A-24–A27
types of, A-24

Rods
acuity, 208
characterization, 195
gray vision and, 207
location, 201
properties, 207
sensitivity, 207–208

Rough endoplasmic reticulum, 24–26, 40
Round window, 217
RU 486, 785
Ruffini endings, 186–187
Ryanodine receptors, 264

SA node, 325–328
Saccule, 224, 227
Salbutamol, 245–246
Saliva

characterization, 597
function, 597
secretion, 597–598

Salivary amylase, 597
Salivary center, 597
Salivary glands, 243
Salivary reflexes, 597–598
Salt. See Bile salts; Sodium (Na )
SALT (skin-associated lymphoid tissues), 456
Salt balance

angiotensin and, 393
ECF volume and, 561–563
water balance and, 556

Saltatory conduction, 100–101
Salty taste, 229
Sarcomere, 258
Sarcoplasmic reticulum, 264–265
Satiety center, 647
Satiety signals, 644, 647
Saturated fatty acids, A-12
Scala media, 217

Scala vestibuli, 217
Scent processing, 231
Schwann cells, 101
Sclerosis, 102, 334
SCN (suprachiasmatic nucleus), 685–687
Scrotum, 72
Scurvy, 58
Sebaceous glands, 455
Sebum, 455
Second messengers

Ca2 pathway, 122–123
characterization, 117
cyclic AMP, 120–122
LTP and, 161–162
pathway amplification, 123–124

Second-order sensory neuron, 188
Second polar body, 765
Secondary active transport, 69, 530
Secondary adrenocortical insufficiency, 704–705
Secondary endings, 285
Secondary follicles, 769
Secondary hyperaldosteronism, 703
Secondary oocytes, 765
Secondary peristaltic wave, 600
Secondary polycythemia, 398–399
Secondary protein structure, A-14–A-15
Secondary response, 434–436
Secondary spermatocytes, 752
Secretin, 614–615, 637
Secretion

ANF influence on, 238
bile, 617
digestive, 590
esophageal, 600
ghrelin, 646
HCL, 605, 607
large intestine, 636
proteins, 27
saliva, 597–598
small intestine, 623
vasopressin, 567–569

Secretory glands, 4
Secretory phase, 775–776
Secretory vesicles, 28, 42
Seed cells, 8
Segmentation

control of, 621–622
defined, 621
functions, 622
initiation, 621–622

Selectins, 422
Selectively permeable, 60
Self-antigens

autoimmunity and, 446–447
coding, 443
tolerance, 446

Self-recognition process, 55
Semantic memory, 163
Semen, 756–758
Semicircular canals, 224
Seminal vesicles, 756, 757
Seminiferous tubule fluid, 754
Senile dementia, 164
Sensitization, 159, 160–161
Sensor, 15
Sensorineural deafness, 223
Sensory homunculus, 145
Sensory information

categories, 188
coding, 189
vision vs. hearing, 214

Sensory nerves, 188–189
Septicemic shock, 411
Septum, 304
Series-elastic component, 269, 272
SERMs (Selective estrogen receptor modulators),

664–665

Serosa, 593
Serotonin, 157
Serous fluids, 593
Sertoli cells

characterization, 754
function, 754–755
secretion, 754–755

Serum sickness, 436
Set point, 15
Severe combined immunodeficiency, 449–450
Sex act. See Sexual intercourse
Sex chromosomes, 745
Sex determination

chromosomes, 745
masculinizing determinants, 745–749
sexual differentiation and, 746

Sex glands, 742, 756–758
Sex hormones

adrenal cortex secretion, 702–703
characterization, 699
female, 702–703
secretion, 698–700

Sexual arousal, 757–758
Sexual differentiation

defined, 474
errors in, 747–748
external genitalia, 747
organs, 747
reproductive tract, 747
sex determination and, 746

Sexual intercourse
defined, 759
ejaculation, 759, 760–762
erection, 759–760
female cycle, 762–764
male cycle, 759–763

Sexual nose. See Pheromones
Sexual response cycle, 759
SGLT (sodium and glucose cotransporter), 73, 530
Shear stress, 357
Shivering

controlling mechanism, 653–654
defined, 653
function, 653

Short reflexes, 595
Short-term behavior, 646
Short-term memory

characterization, 158
long-term memory vs., 158–159
molecular mechanism, 159
synaptic activity and, 159–162

Sickle cell disease, 398
SIDS (sudden infant death syndrome), 506–507
Sigmoid colon, 633
Signal molecules. See Chemical messengers
Signal transduction, 124–125, 674
Sildenafil, 760
Simple cells, 211
Simple diffusion

carrier-mediated transport vs., 69
characterization, 61
methods, 76

Simple reflexes, 176
Single-unit smooth muscles

cells function, 295
contractions, 296–297
myogenic properties, 295–296
pacemaker potentials, 295
slow-wave potentials, 295–296

Singulair, 453
Sinoatrial node, 310–313
Sinuses, 139
Sinusoids, 364, 616
Skeletal muscles. See also Muscle fibers

action potential, 264
bones attached to, 268–269
Ca2 effects, 264–268
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Scala tympani, 217
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Skeletal muscles (continued)
characteristics, 290–291
characterization, 4
components, 6, 260
contractile response, 3
contraction mechanics, 268–276
control mechanisms, 358–359
cross-bridge cycling, 265–267
electrical activity effects, 268
energy conversion and, 274–275
eye, 197, 200
function, 256
homeostasis, 299
homeostasis role, 11, 14
innervation, 246
lever system, 275–276
mass loss, 251
metabolism, 276–281
motor movement control, 281–289
organization levels, 259
proprioceptors, 188
pump, 374
reflexes, brain stem role, 167
relaxation, 266, 267–268
rigor mortis, 267
sarcoplasmic reticulum, 263–264
shortening, 262
sliding filament mechanism, 261, 263
smooth muscles vs., 289
spindles, 188
structure, 257–261
tension, 269
tissues, characterization, 4
venous return and, 373–374

Skeleton, 728
Skin

anatomy, 455
break in, 421
dermis, 455
exocrine glands, 455
hair follicles, 455
heat loss through, 654–655
hypodermis, 455
layers, 454–455
vasoconstriction, 655
vitamin D synthesis, 456, 734–735

Skin cells, 49, 456
Sleep. See also Consciousness

architecture, 170
behavioral patterns, 170
characterization, 167
defined, 169
disturbance, 172
EEG patterns, 169–170
function, 171–172
obesity link, 648
paradoxical, 169–170

Sleep-wake cycle, 169–171
Sliding filament mechanism, 261, 263
Slitlike gaps, 363
Slow pain pathway, 191
Slow synapses, 117
Slow-twitch muscles, 279–280
Slow-wave potentials, 593
Slow-wave sleep, 169
Slow-wave sleep center, 171
Small intestine

absorption function, 623–626
absorption/secretion balance, 632–633
bacterial infection of, 622–623
between-meal motility, 622
biochemical balance, 622
Ca2 absorption, 734–736
carbohydrate absorption, 626, 628
characterization, 621
diarrhea and, 622
digestive function, 590–591

enzymes, 623
fat absorption, 628, 630–631
lining, 624–626
malabsorption, 624
microvilli in, 48
migrating motility complex, 622
mucosal lining, 626
protein absorption, 628
secretions, 623
segmentation, 621–622
surface area, 623–624
villus, 624, 626
volumes absorbed by, 633

Smallpox, 436
Smell, 230
Smooth endoplasmic reticulum

abundance, 26–27
characterization, 24
function, 27
protein packaging in transport vesicles, 26

Smooth muscles
action potentials, 296
activity modification, 297
arteriolar, 358, 484
autonomous, 593–594
cells, 289
characteristics, 290–291
characterization, 4, 289
contraction, 292–294
economy of, 298
excitation, 727
filaments, 292
homeostasis, 299
length-tension relationship, 298
local control, 483–485
location, 256
microscopic view, 292
multiunit, 294–295
muscle bronchiolar, 484
relaxation, 297–298
self-generated electrical activity, 295
single-unit, 295–299
slow response of, 298
stomach tissues, 5
stretching, 297–298
types, 292–294

Social stress, 707
Sodium (Na ). See also Salt balance

adrenocortical insufficiency and, 704
energy dependent, 626
gastric absorption, 628
glucose cotransporter, 73
homeostasis, 11, 511
imbalance, 549
intake, 561
large intestine absorption, 528
load, 526
loss of, 528
membrane potential and, 80
neutralization reactions, A-11
output, 561–563
renal management, 382
resting potentials and, 91–92
tubular reabsorption, 521, 523
voltage-gated channels, 92

Sodium (Na ) reabsorption
aldosterone stimulation, 526–529
AQPs, 532–533
basolateral membrane role, 526
chloride reabsorption and, 532
inhibiting agents, 529–530
RAAS role, 527–529
secondary active transport, 530
water reabsorption and, 532–533

Sodium bicarbonate (NaHCO3), 603, 614
Sodium chloride (NaCl), 527, A-5
Soft tissue growth, 679

Solute reabsorption, 546–547
Solutes

characterization, A-9
concentrations, 63–65
nonpenetrating, 63–64
penetrating, 64–65
water/solute concentrations, 63–65

Solutions
characterization, A-9
colloids, A-10
concentration measures, A-9
defined, 61
electrolytes, A-9
hypotonic, 66
isotonic, 66
mixtures, A-9
non-penetrating solute, 63–66
nonelectrolytes, A-9
osmolarity, 66, A-9–A-10
penetrating solute, 64–65
suspensions, A-10
tonicity, 66–67

Solvents, 61, A-9
Somatic cells, A-20
Somatic mutation, A-31
Somatic nervous system

afferent neurons, 248
characterization, 237
contents, 134
efferent neurons, 248
features, 247
motor neurons, 246

Somatomedins. See IGFs (insulin-like growth factors)
Somatosensory cortex

function, 145
location, 144
maps of, 148

Somatosensory pathways
characterization, 188
labeled lines, 188–189
stimuli response, 189–190

Somatostatin
gastric function, 609
inhibition, 675
metabolic regulation by, 714–715

Somatotopic maps, 148–149
Somatotropes, 671
Somatotropin, 681–682
Somesthetic sensations, 141
Sound waves

characterization, 213
in external ear, 216–217
formation, 215
pressure, 218–219
properties, 216
transmission, 217–220

Sounds
intensity, 214
loud, 222, 223
loudness, 214
magnitude, 216
pitch, 213–214, 216
quality, 214–215
relative magnitude, 216
timber, 214
tone, 213, 216, 222–223
transduction, 221–222

Sour taste, 229
Spastic paralysis, 283
Spatial summation, 107–108
Special senses, 188. See also specific sense
Speech impediments, 150
Sperm

-egg fusion, 779–780
content, 761
falling counts, 762
fertilization, 779–790
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genetic uniqueness, 743, 745
maturation, 753
oviduct transport, 778–779
Sertoli cells role, 754–755
volume, 761

Spermatids, 752
Spermatogenesis

characterization, 752
FSH role, 755
meiosis during, 752
mitotic proliferation, 752
oogenesis vs., 765
packaging, 752–754
site of, 70
testosterone role, 755

Spermatogonia, 752
Spermatozoon, 753–754
Spermiation, 754
Sphincters

defined, A-13
processing, 119–120
ring systems, A-13
secretion, 119
steroidogenic pathways, 699

Stimulation
muscle, 271
parasympathetic, 326–327
sympathetic, 329–330

Stimuli
adequate, 183
defined, 183
ratios, 209
receptor adaptation to, 186–187
receptor permeability, 185
reflex, 177
sensitivity to, 183–185
somatosensory response, 189–190

Stomach

Submucosal plexus, 594
Substance P, 192–193
Subsynaptic membrane, 105
Suckling reflexes, 794–795
Sucrase, 623
Sucrose, 590
Suffocation, 496
Summation, 107–108
Supplementary motor area, 146, 149
Suppressor T cells. See Regulatory T cells
Surface epithelial cells, 605
Surface tension. See Alveolar surface tension
Suspensions, A-10
Suspensory ligaments, 200
Swallowing

esophageal stage, 600
oropharyngeal stage, 598–599
process, 598

Swallowing center, 598
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external anal, 635
gastroesophageal, 600
ileocecal, 622–623
Oddi, 617
pharyngoesophageal, 599–600
precapillary, 365
pyloric, 600
urethral, 550

Sphygmomanometer, 349, 351
Spinal cord

brain stem link, 167
cross section, 174
description, 172
gray matter, 174
reflex functions, 176–179
spinal nerve connections, 172
white matter, 172–175

Spinal nerves
characterization, 176
fibers carried by, 175–176
organization, 172–173

Spindles, 188, 287
Spinocerebellum, 166
Spirograms, 480–481
Spirometer, 480
Spleen, 419
SRS-A (slow-reactive substance of anaphylaxis),

451, 453
SRY (sex-determining region), 747
SSRIs (selective serotonin reuptake inhibitors),

107, 157
Stapes, 217
Starch, 590, A-12
Starvation, 714
STAT (signal transducers and activators of tran-

scription), 674
Statin drugs, 731
Stator, 35
Steady state energy, 82
Steatorrhea, 614
Stellate cells, 143
Stem cells

characterization, 8
in gastric pits, 605
medical promise, 8
pluripotent, 395

Stenotic valve, 324
Stereocilia

basilar membrane deflection, 220
characterization, 217
sound transduction role, 221
vestibular, 224

Sterilization, 751, 784, 785
Sternum, 464
Steroids. See also Aldosterone; Androgens; Cortisol;

Estrogens
anabolic androgenic, 282
characterization, 118, 661

alcohol absorption, 611, 613
anatomy, 601
biochemical balance, 622
characterization, 600
defense mechanisms, 456
digestive juices, 605
emptying, 602–604
filling, 601
function, 600–601
glands, 605–606
intrinsic factor, 608
lining, protection, 610–611
mixing, 601–602
mucosa, 605–606
mucus, 608
peptic ulcers, 611–612
regulatory pathway influences, 608–609
secretion process, 609–611
storage, 601
tissue contents, 5
tissue types, 4
vomiting, 604–605

Stomach emptying
emotions and, 604
factors influencing, 602–604
hormonal response, 602
neural response, 602
stimuli, 602–604

Storage diseases, 31
Stress response

cortisol adaptation, 700–702
dangers, 709–710
defined, 707
hormonal changes during, 708
hypothalamus coordination, 708–709
relaxation, 298
renal factors, 709
response pattern, 707–708
SNS role, 707
testing, 320
types, 707

Stretch reflex
arteriole response, 357
smooth muscle, 297–298
spinal, 177
whole muscle, 285–287

Stroke volume (SV)
blood pressure and, 376
characterization, 323
determination, 328
factors summary, 330
increased, 325
intrinsic control, 329

Structure-function relationship, 1
Subarachnoid space, 139
Subcutaneous contraceptives, 785
Subcutaneous fat, 455, 645, 649
Submucosa, 593

Sweat, 653
Sweat glands, 243, 455
Sweating, 242–243, 653
Sweet taste, 230
Sympathetic ganglion chain, 238
Sympathetic nervous system

adrenal medulla and, 243, 705–706
blood pressure regulation by, 358, 377, 379
characterization, 238
defined, 134
distinguishing features, 245
dominance, 240–241, 243
epinephrine and, 706–707
Frank-Starling curve and, 330
heart stimulation by, 327, 329–330
hypotension and, 383–384
norepinephrine release by, 239
stress role, 707
stroke volume and, 328
venous return and, 373
visceral organ innervation, 240–243

Sympathetic postganglionic neuron, 705–706
Sympathetic tone, 240
Sympathomimetic effect, 694
Symport, 71
Synapses

characterization, 104–105
fast, 117
function, 105
long-term memory and, 162–163
neuromuscular junction vs., 252
neuron-to-neuron, 246
short-term memory and, 159–162
slow, 117
structure, 105
transmission modification, 112
types, 105–106

Synaptic cleft, 104
Synaptic delay, 106
Synaptic knob, 104–105
Synaptic vesicles, 104
Synthetic erythropoietins, 397
Systemic capillaries, 490
Systemic circulation, 304
Systemic controls. See Extrinsic controls
Systemic lupus erythematosus, 447
Systole events, 321–323
Systolic blood pressure, 350
Systolic heart failure, 332
Systolic murmur, 324

T cells. See also Cytotoxic T cells; Helper T cells;
Regulatory T cells

activated, 437
adaptive immune system and, 420
B cells vs., 450
binding, 437
delayed hypersensitivity, 453
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T cells (continued)
embryo protection role, 782
foreign agent recognition, 428
function, 404, 418
lineage, 429
NK cells, 426
origins, 428–429
proliferation, 424
transplant rejection and, 444
types of, 37–438

T wave, 317
T-cell growth factor, 441
t-SNARE, 28
T3 (tri-iodothyronine)

characterization, 691
conversion, 694
goiter and, 697
metabolic effects, 694–695
secretion, 692
thyroglobulin molecules and, 692–693

T4 (tetraiodothyronine)
characterization, 691
conversion, 694
goiter and, 697
metabolic effects, 694–695
secretion, 663, 692
thyroglobulin molecules and, 692–693

Tachycardia, 319
Tactile receptors, 187
Taeniae coli, 634
Tail, sperm, 753
Target cell response

abnormal responses, 665–666
antagonism, 666–667, 670
down regulation, 666
permissiveness, 666–667, 670
synergism, 667, 670
variation in, 666–670

Target cells, 113, 661
Target-gland hormones, 677
Tastant, 229
Taste, 229–230
Taste buds, 229, 596
Taste pore, 229
Tau, 165
Tay-Sachs disease, 31
TCRs (T-cell receptors), 429, 437
TDF (testis-determining factor), 747

Teriparatide, 731
Terminal button, 246
Terminal cisternae. See Lateral sacs
Tertiary active transport, 628
Tertiary follicles, 769
Tertiary protein structure, A-15
Testes

anatomy, 750
barrier protecting, 754
cancer of, 762
development, 749
Leydig cells, 749
scrotal location, 749
seminiferous tubules, 749
spermatogenesis, 752–755

Testicular feminization syndrome, 666, 748
Testosterone

aggression from, 752
androgen-binding protein and, 755
athletes use of, 282
characterization, 749
effects, 751
embryonic effects, 750–751
estrogen conversion to, 752
FSH control of, 755
function, 119
LH control of, 755
muscle fibers and, 281–282
nonreproductive actions, 751–752
pubescent effects, 751
secondary sexual effects, 751
secretion, 749–752
spermatogenesis role, 755

Tetanus
causes, 271
prevention316
toxin, 112

Tetrad, A-30
Thalamus

function, 143
hearing and, 223
motor control and, 154–155

Thalidomide, 786
Thecal cells, 769, 770
Thermal energy. See Heat
Thermal nociceptors, 191
Thermally gated channels, 88
Thermodynamics, 641–642

Thrombocytopenia purpura, 412
Thromboembolism, 334–335, 411
Thrombopoietin, 405
Thrombospondin, 137
Thromboxane A2, 407
Thrombus, 335, 411
Thymine, A-19
Thymosin, 429
Thymus, 419, 428
Thyroglobulin, 691, 692
Thyroid gland

anatomy, 692
characterization, 690, 691
dysfunctions, 695–698
major cells, 691–692
stimulation, 666

Thyroid hormone
in blood, 663
cardiovascular effects, 694
characterization, 118, 661
direct metabolic effects, 725
growth and, 683
growth effects, 694
metabolic effects, 694–695
nervous system effects, 694–695
regulation, 695
secretion, 119, 692–694
storage, 692
synthesis, 692
types, 691

Thyroid-response element, 694
Thyroid-stimulating hormone (TSH), 57
Thyrotropes, 671
Thyroxine. See T4 (tetraiodothyronine)
Thyroxine-binding globulin, 694
Tidal volume (TV), 480–481
Tight junctions, 58, 141
Timbre, 214, 216, 222
Tip links, 220
Tissue-specific stem cells, 8
Tissues. See also specific tissue

autorhythmic, 311
development, 679
engineering, 8–9
erection, 759–760
excitable, 78
exocrine pancreas, 613–615
lymphoid, 401, 418–419



04/08/2021 Human Physiology: From Cells to Systems, 7th ed.

https://translate.googleusercontent.com/translate_f 39/73

Translating...

I-28 Index

Tears, 195
Tectorial membrane, 217
Teeth, 596–697
Temperature. See also Cold; Heat

diseases associated with, 658
homeostasis and, 11
internal core, 650–653
measuring, 15
O2–Hb curve and, 494
room, 15

Temperature regulation
cold response, 655–656
fever and, 656–657
heat exchange and, 651–653
heat loss, 654–655
homeostasis, 640, 657
hypothalamus role, 653
overview, 650
shivering and, 653–654
sweating and, 653

Temperature-humidity index, 653
Temporal lobes, 144, 222–223
Temporal summation, 107–108
Tendons, 268, 286
Tension

-length relationship, 272, 298
muscle, 269
whole muscle, 283

Tenting effect, 763

Thermogenesis, 642, 654
Thermometer, 15
Thermoneutral zone, 656
Thermoreceptors, 184
Thick filaments, 258, 261
Thin filaments

actin and, 260–261
cardiac, 298
characterization, 258
composition, 261
inward pull on, 261
sliding mechanism, 261, 263

Third-order sensory neuron, 188
Thirst

angiotensin role, 568
controlling factors, 568–569
RAAS stimulation, 527
vasopressin secretion and, 567–569
water input and, 567

Thorax
cavity, 304, 464
characterization, 464
duct, 632
pulmonary expansion in, 466–468
vertebrae, 464
wall, 464

Threshold potential, 91
Throat. See Pharynx
Thrombocytes. See Platelets

primary types, 4
stomach, 5
stomach types, 4
thromboplastin, 410

Titin, 258
TLRs (toll-like receptors), 419–420, 423
TMJ (temporomandibular joint), 597
TNF (tumor necrosis factor), 242, 645
Tolerance, 446
Tone

auditory cortex mapping, 222–223
defined, 213–214
determination, 213
existence, 294

Tongue, 596, 599
Tonic activity, 240
Tonic receptors, 186
Tonic smooth muscle, 293–294
Tonicity, 66–67
Tonsils, 401, 418, 457
Total lung capacity (TLC), 480–481
Total peripheral resistance, 358, 360, 377

arterial blood pressure and, 377
defined, 358
factors affecting, 360

tPA (tissue plasminogen activator), 411
TPO (thyroperoxidase), 692
Trabecular bone, 729
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Trachea
anatomy, 599
function, 463
irritants, 457

Transcellular fluid, 559
Transcortin. See Corticosteroid-binding globulin
Transcription, A-21–A23
Transducin, 205
Transepithelial transport, 525–526
Transferrin, 632
Transfusions

blood types and, 399
need for, 402
reaction, 399–400
universal donors/recipients, 400

Transmembrane proteins, 54, 56–57
Transmural pressure gradient, 467
Transplant rejection, 444
Transport maximum, 67–68
Transport molecules, 57
Transport recruitment, 716
Transport vesicles

function, 27
new proteins in, 26

Transverse tubules, 264–265
TRH (thyrotropin-releasing hormone), 675, 695
Tricarboxylic acid cycle. See Citric acid cycle
Tricuspid valves, 306
Triggering events, 88–89
Triglycerides

aggregation, 630
defined, A-13
digestion and, 590
storage, 713
synthesis, 719

Triplet code, A-24–A-25
Trophoblasts, 781
Tropic hormones, 663
Tropomyosin, 260
Troponin, 260
Trypsin, 474, 614
Trypsin inhibitor, 614
Trypsinogen, 614
TSH (thyroid-stimulating hormone)

excessive levels, 666
function, 671
goiter and, 697–698
negative-feedback control, 664–665
regulation, 695
target organs, 672, 675

TSI (thyroid-stimulating immunoglobulin), 696
Tubal ligation, 784
Tubular component

anatomy, 514–515
reabsorption, 515
secretion, 515–516

Tubular reabsorption
active, 525–526
aldosterone stimulation, 526–529
amino acid reabsorption, 530
ANP inhibition, 529–530
characterization, 524–525
glucose, 530–532
mechanism summary, 536
Na -K pump, 526
passive, 525–526
phosphate, 532
RAAS activation, 527–529
transepithelial transport, 525–526
urea, 533
waste products exclusion, 533–434
water, 541–546

Tubular secretion
aldosterone and, 534–536
mechanism, 534
mechanism summary, 536

organic anions and cations and, 536
renal H in, 534–535, 577–580
renal K in, 534–536

Tubules, 577
Tubulins, 43
Tubuloglomerular feedback, 521
Tumor suppressor genes, A-31
Tumors

benign, 447
brain, 138–139
characterization, 447
malignant, 447

Tuning fork, 213, 216
Twins, 769
Twitch

defined, 269
stimulation, 271
summation, 271–272

Tympanic membrane, 216
Type 1 diabetes

characterization, 718
treatment, 720–721
underlying defects, 720

Type 2 diabetes
characterization, 718
treatment, 720–721
underlying defects, 720

Type A Intercalated cells, 577
Type B Intercalated cells, 577–578
Type I alveolar cells, 464
Type II alveolar cells, 464
Tyrosine, 691
Tyrosine kinase pathway, 117

Ultrafiltration, 366
Umami taste, 230
Umbilical arteries, 786
Umbilical cords, 786
Umbilical veins, 786
Umbilicus, 792
Uncoupling proteins, 648
Universal donors, 400
Universal recipients, 400
Unsaturated fatty acids, A-12
Urea, 533
Uremic toxicity, 549
Urethra

characterization, 512
function, 513
sphincters, 550

Urinary bladder
characterization, 512
function, presynaptic inputs and, 108–109
incontinence, 552
micturition reflex, 550, 552
role of, 549
urethral sphincters, 550

Urinary system. See also Kidneys
components, 6, 513
defenses mechanism, 457
homeostatic role, 11, 510
organs, 512
phosphate buffer, 575, 580
protein loss, 550

Urination. See Micturition reflex
Urine

characterization, 537
excessive albumin in, 517
excretion, 516
flow, 547
formation, 512
glucose in, 719
level control, 549
Na loss in, 528
Na output, 561–563
storage, 549–550, 552

Urine excretion
body’s needs, 545
countercurrent exchange, 546
hydration and, 539–540
medullary countercurrent system, 540–541
regulation, 544–446
solute reabsorption and, 546–547
vasopressin role, 542–444
water reabsorption, 541–446

Use-dependent competition, 149
Uterine tubes, 742
Uterus

estrogen effects, 774
function, 742
gestation and, 789
hormonal levels and, 771
involution, 792
morula descent into, 780–781

Utricle, 224, 226–227
Utrophin, 285
Uvula, 596

v-SNARE, 28
Vaccinations

defined, 434–435
development, 436
memory cells and, 435–436

Vagina
function, 742
opening, 742
pouch, 784
vasocongestion, 763

Vagus nerve, 167, 325
Valence, A-4–A-5
Valves

action, 306
anatomy, 307
disorders, 324–325
fibrous skeleton of, 307–308
pressure-operated, 306–308
types, 306, 324

Varicose veins, 375
Varicosities, 240
Vasa recta, 515
Vascular permeability, 428
Vascular spasm, 333, 406–407
Vascular tone, 352
Vascular tree, 347
Vasectomy, 756, 784
Vasoactive intestinal peptide, 595
Vasoactive mediators, 354, 382
Vasocongestion, 759–760, 763
Vasoconstriction, 352, 655
Vasodilation

characterization, 352
complement system, 428
localized, 420

Vasogenic shock, 384
Vasopressin

arterioles and, 359
characterization, 541
deficiency, 564
ECF osmolarity regulation by, 565–567
function, 671
mechanism of action, 544
production, 115
release, 543
secretion, thirst and, 566–569
storage, 670–671
stress response and, 708
water deficit and, 565
water output control, 566–567
water reabsorption role, 541–544

Vaults
as transport vehicles, 40–41
characterization, 40
chemotherapy drugs and, 41
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Index I-29
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I-30 Index

Vegetative functions, 142
Veins

blood return (See Venous return)
blood volume capacity, 372–373
communication, 371
functions, 342, 371–372
pressure, 307
renal, 512
umbilical, 786
varicose, 375

Velocity, 274
Venae cavae, 306
Venous return

blood pressure and, 376
cardiac suction and, 375–376
defined, 373
determination, 328
extrinsic factors, 372–376
gravity and, 374
respiratory activity and, 375
skeletal muscle activity and, 373–374
sympathetic activity and, 373
venous valves and, 374

Venous sinuses, 139
Ventilation

alveolar, 482–483
brain ECF [H ] and, 502–503
collateral, 464
emergency mechanism, 501–502
energy expenditure for, 478–479
exercise and, 504–505
gravitational effects, 485
influences, 505–506
magnitude, chemical factors, 501
mechanical act of, 461
pressure and, 465–468
pulmonary, 482

Ventral corticospinal tract, 172
Ventral horn, 174
Ventral root, 175
Ventral spinocerebellar tract, 172
Ventricles

brain, 138
defined, 304
diastole, 321–323
ejection, 321, 323
excitation, 313–314, 321
filling, 323
relaxation, 323
repolarization, 323
systole, 321, 323

Ventricular autorhythmic cells. See Purkinje fibers
Ventricular fibrillation, 320
Venules, 347
Vertebrae, 304
Vertebral column, 172
Vertical osmotic gradient, 540
Vesicles

defined, 27
function, 28
transport, 43

Vesicular transport
characterization, 76
description, 73–74
endocytosis, 75
exocytosis, 75
requirements, 75

Vestibular apparatus
activation, 224
characterization, 224
function, 224
hair cells, 224

nerves, 224
otolith organs, 224, 226–227
semicircular canals, 224
signals arising from, 224–227
structure, 224

Vestibular membrane, 217
Vestibular nuclei, 227
Vestibulocerebellum, 166
Vestibulocochlear nerve, 224
Vertebrae, 464
Viagra. See Sildenafil
Vibrio cholera, 633–634
Villi, 624, 786
Viruses. See also specific viruses

characterization, 418
defenses, 440
host cells, 439–440
interferon effects, 425
obesity link, 39
T cell lysing, 438

Visceral afferents
defined, 187–188
function, 187–188

Visceral fats, 645, 649
Visible light, 197
Vision. See also Eye

accommodation, 200–201
action potential, 206
blind spot, 201, 203
color, 208–209
color blindness, 209
cortex and, 210–213
cortical processing, 211, 213
defects, 210–211
depth perception, 210–211
disorders, 201, 202
double, 211
gray, 207
information, 209–210
perception, 213
thalamus cortex and, 210–213

Vision chip, 207
Visual field, 209–210
Vital capacity (VC), 480–481
Vitamin A, 209
Vitamin B, 337
Vitamin B12

absorption, 397
diabetes therapy with, 721
function, 608
homocystine clearance by, 337

Vitamin B6, 337
Vitamin D

activation, 734–735
Ca absorption and, 632
characterization, 734
deficiency, 737–738
dermal synthesis, 456
function, 735–736
intestinal Ca absorption and, 734–736
RDA, 735
renal activation, 551

Vitamin K, 411–412
Vitreous humor, 195
Vocal folds, 463, 599
Voice box. See Larynx
Voltage-gated channels, 88, 92
Volume. See also Stroke volume (SV)

dead space and, 482
EDV increases, 328–329
homeostasis and, 11
pulmonary, 479–481

Vomeronasal organ (VNO), 232
Vomiting

causes, 605
characterization, 584
coordination, 605
defined, 604
effects, 605
force generating, 604

Vomiting center, 605
VRG (ventral respiratory group), 500
Vulva, 743

Warfarin, 411
Waste products, 11
Water (H2O)

balance, 558–559
channels, 532
concentrations, 63–65
daily balance, 566
distribution, 559
diuresis, 547
GFR and, 521
homeostasis and, 11
hypotonicity and, 565
ingestion, 511
input, 566–567
intake, 569
large intestine absorption, 636
metabolic, 566
oral metering, 569
output, 566–567
passive absorption, 626
reabsorption, Na role, 532–533
in selectively, 63–66
tubular reabsorption, 521, 541–546
urine levels, 539–540

Water balance, 556
Water intoxication, 565
Wavelength, 197, 208
Weaning, 796
Wernicke’s area, 150
White blood cells. See Leukocytes
White bone marrow, 395
White fibers, 280
White matter

ascending order, 175
characterization, 143
descending order, 175
organization, 172–173

Whooping cough. See Pertussis toxin
Windpipe. See Trachea
Withdrawal reflexes, 177–179
Withdrawal symptoms, 112
Wolffian ducts, 747
Work, 274, 641
Working memory, 158, 163–165

X chromosomes, 745, 753–754

Y chromosomes, 745, 753–754

Z lines, 262, 289
Zoledronic acid, 730
Zona fasciculata, 698–699
Zona glomerulosa, 698–699
Zona reticularis, 698–699
ZP3, 780
Zygotes, 780
Zymogen granules, 608
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BODY SYSTEMS

See Chapter 1.
Made up of cells organized according to specialization to maintain homeostasis

NERVOUS SYSTEM
Acts through electrical signals to control rapid
responses of the body; also responsible for
higher functions__e.g., consciousness, memory,
and creativity
See Chapters 4, 5, 6, and 7.

Information from the
external environment
relayed through the
nervous system

Regulate
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O2

CO2

RESPIRATORY SYSTEM
Obtains O2 from and eliminates CO2 to the external
environment; helps regulate pH by adjusting the
rate of removal of acid-forming CO2

See Chapters 13 and 15.

URINARY SYSTEM
Important in regulating the volume, electrolyte
composition, and pH of the internal environment;
removes wastes and excess water, salt, acid,
and other electrolytes from the plasma and
eliminates them in the urine
See Chapters 14 and 15.

DIGESTIVE SYSTEM
Obtains nutrients, water, and electrolytes from
the external environment and transfers them into
the plasma; eliminates undigested food residues
to the external environment
See Chapter 16.

REPRODUCTIVE SYSTEM
Not essential for homeostasis, but essential for
perpetuation of the species
See Chapter 20.

CIRCULATORY SYSTEM
Transports nutrients, O2, CO2, wastes, electrolytes, and hormones throughout the body
See Chapters 9, 10, and 11.

EXTERNAL
ENVIRONMENT

Urine containing
wastes and excess
water and
electrolytes

Nutrients, water,
electrolytes

Sperm leave male

Sperm enter female

Exchanges with
all other systems

Feces containing
undigested food
residue

Each chapter begins with a system-specific version of the pictorial homeostatic model
above that depicts how the body system discussed in the chapter functions within

the body as a whole. The accompanying icon marks a special section at each chap-
ter’s end that focuses on how the system contributes to homeostasis. Together

these features will give you a better perspective on homeostasis and the interdependency of body
systems.
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ENDOCRINE SYSTEM
Acts by means of hormones secreted into the
blood to regulate processes that require duration
rather than speed__e.g., metabolic activities and
water and electrolyte balance
See Chapters 4, 18, and 19.

INTEGUMENTARY SYSTEM
Serves as a protective barrier between the
external environment and the remainder of the body;
the sweat glands and adjustments in skin blood flow
are important in temperature regulation
See Chapters 12 and 17.

IMMUNE SYSTEM
Defends against foreign invaders and cancer cells;
paves way for tissue repair
See Chapter 12.

MUSCULAR AND SKELETAL SYSTEMS

HOMEOSTASIS
A dynamic steady state of the
constituents in the internal fluid
environment that surrounds and
exchanges materials with the cells
See Chapter 1.
Factors homeostatically maintained:

Concentration of nutrient molecules
See Chapters 16, 17, 18, and 19.
Concentration of O2 and CO2

See Chapter 13.
Concentration of waste products
See Chapter 14.
pH See Chapter 15.
Concentration of water, salts, and other
electrolytes
See Chapters 14, 15, 18, and 19.
Temperature See Chapter 17.
Volume and pressure
See Chapters 10, 14, and 15.

Body systems
maintain
homeostasis

Homeostasis is
essential for
survival of cells

Keeps internal
fluids in

Keeps foreign
material out

Protects against
foreign invaders
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Support and protect body parts and allow body
movement; heat-generating muscle contractions are
important in temperature regulation; calcium is stored
in the bone
See Chapters 8, 17, and 19.

CELLS
Need homeostasis for their own
survival and for performing
specialized functions essential for
survival of the whole body
See Chapters 1, 2, and 3.
Need a continual supply of nutrients and
O2 and ongoing elimination of acid-forming
CO2 to generate the energy needed
to power life-sustaining cellular
activities as follows:
Food + O2 CO2 + H2O + energy
See Chapter 17.

Cells make up
body systems

Enables the
body to interact
with the external
environment

Exchanges with
all other systems
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ANATOMICAL TERMS USED TO INDICATE DIRECTION
AND ORIENTATION
anterior situated in front of or in the front part of
posterior situated behind or toward the rear
ventral toward the belly or front surface of the body; synonymous with anterior
dorsal toward the back surface of the body; synonymous with posterior
medial denoting a position nearer the midline of the body or a body structure
lateral denoting a position toward the side or farther from the midline of the body or a body structure
superior toward the head
inferior away from the head
proximal closer to a reference point
distal farther from a reference point
sagittal section a vertical plane that divides the body or a body structure into right and left sides
longitudinal section a plane that lies parallel to the length of the body or a body structure
cross section a plane that runs perpendicular to the length of the body or a body structure
frontal or coronal section a plane parallel to and facing the front part of the body

WORD DERIVATIVES COMMONLY USED IN PHYSIOLOGY
a; an- absence or lack
ad-; af- toward
adeno- glandular
angi- vessel
anti- against
archi- old
-ase splitter
auto- self
bi- two; double
-blast former
brady- slow
cardi- heart
cephal- head
cerebr- brain
chondr- cartilage
-cide kill; destroy
contra- against
cost- rib
crani- skull
-crine secretion
crypt- hidden
cutan- skin
-cyte cell
de- lack of
di- two; double
dys- difficult; faulty
ecto-; exo-; extra- outside; away from
ef- away from
-elle tiny; miniature
-emia blood
encephalo- brain
endo- within; inside

epi- above; over
erythro- red
gastr- stomach
-gen; -genic produce
gluc-; glyc- sweet
hemi- half
hemo- blood
hepat- liver
homeo- sameness
hyper- above; excess
hypo- below; deficient
inter- between
intra- within
kal- potassium
leuko- white
lip- fat
macro- large
mamm- breast
mening- membrane
micro- small
mono- single
multi- many
myo- muscle
natr- sodium
neo- new
nephr- kidney
neuro- nerve
oculo- eye
-oid resembling
ophthalmo- eye
oral- mouth

osteo- bone
oto- ear
para- near
pariet- wall
peri- around
phago- eat
-pod footlike
-poiesis formation
poly- many
post- behind; after
pre- ahead of; before
pro- before
pseudo- false
pulmon- lung
rect- straight
ren- kidney
reticul- network
retro- backward
sacchar- sugar
sarc- muscle
semi- half
-some body
sub- under
supra- upon; above
tachy- rapid
therm- temperature
-tion act or process of
trans- across
tri- three
vaso- vessel
-uria urine
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= Stimulates or activates
= Inhibits or shuts off
= Physical entity, such as body structure or a chemical
= Actions
= Compensatory pathway
= Turning off of compensatory pathway (negative feedback)
Note that lighter and darker shades of the same color are
used to denote, respectively, a decrease or an increase in a
controlled variable.

Flow diagrams throughout the text

*

Deviation in
controlled variable

Compensatory response

Sensor

(detected by)

relieves

Integrator

(informs)

Effector(s)

(sends instructions to)

(brings about)

Controlled variable
restored to normal

(results in)

(negative
feedback)

(negative
feedback
shuts off
system
responsible
for response)

(negative
feedback)

(a) Components of a negative-
feedback control system

Fall in room
temperature below
set point

Heat output

Thermometer

relieves

Thermostat

Furnace

Increase in room
temperature to set
point

(b) Negative-feedback control of
room temperature

* *

*

*

**

Fall in body
temperature below
set point

Heat production
through shivering and
other means

Temperature-monitoring
nerve cells

relieves

Temperature
control center

Skeletal muscles
(and other effectors)

Increase in body
temperature to set
point

(c) Negative-feedback control of
body temperature

KEY
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C H A P T E R1 Study CardIntroduction to Physiology (pp. 1–2)

■ Physiology is the study of body functions.

■ Physiologists explain body function in terms of the mecha-
nisms of action involving cause-and-effect sequences of physi-
cal and chemical processes.

■ Physiology and anatomy are closely interrelated because
body functions are highly dependent on the structure of the
body parts that carry them out.

relatively stable internal fluid environment with which the
cells directly make life-sustaining exchanges.

■ The ECF serves as the body’s internal environment. It con-
sists of the plasma and interstitial fluid. (Review Figure 1-5.)

■ Homeostasis is the maintenance of a dynamic steady state
in the internal environment.

■ The factors of the internal environment that must be ho-
meostatically maintained are its (1) concentration of nutrient
molecules; (2) concentration of O2 and CO2; (3) concentra-
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Levels of Organization in the Body (pp. 2–6)

■ The human body is a complex combination of specific at-
oms and molecules.

■ These nonliving chemicals are organized in a precise way
to form cells, the smallest entities capable of carrying out life
processes. Cells are the body’s structural and functional living
building blocks. (Review Figure 1-1.)

■ The basic functions performed by each cell for its own sur-
vival include (1) obtaining O2 and nutrients, (2) performing
energy-generating chemical reactions, (3) eliminating wastes,
(4) synthesizing proteins and other cell components, (5) con-
trolling movement of materials between the cell and its envi-
ronment, (6) moving materials throughout the cell, (7) re-
sponding to the environment, and (8) reproducing.

■ In addition to its basic functions, each cell in a multicellu-
lar organism performs a specialized function.

■ Cells of similar structure and specialized function combine
to form the four primary tissues of the body: muscle, ner-
vous, epithelial, and connective. (Review Figure 1-2.)

■ Glands are derived from epithelial tissue and specialized
for secretion. Exocrine glands secrete through ducts to the
body surface or into a cavity that communicates with the
outside; endocrine glands secrete hormones into the blood.
(Review Figure 1-3.)

■ Organs are combinations of two or more types of tissues
that act together to perform one or more functions. An ex-
ample is the stomach. (Review Figure 1-2.)

■ Body systems are collections of organs that perform re-
lated functions and interact to accomplish a common activity
essential for survival of the whole body. An example is the di-
gestive system. (Review Figure 1-4.)

■ Body systems combine to form the organism, or whole body.

Concept of Homeostasis (pp. 6–14)

■ The fluid inside the cells of the body is intracellular fluid
(ICF); the fluid outside the cells is extracellular fluid (ECF).

■ Because most body cells are not in direct contact with the
external environment, cell survival depends on maintaining a

tion of waste products; (4) pH; (5) concentration of water,
salt, and other electrolytes; (6) volume and pressure; and
(7) temperature. (Review Figure 1-7.)

■ The functions performed by the 11 body systems are di-
rected toward maintaining homeostasis. These functions ulti-
mately depend on the specialized activities of the cells that
make up the system. Thus, homeostasis is essential for each
cell’s survival, and each cell contributes to homeostasis.
(Review Figures 1-6 and 1-7.)

Homeostatic Control Systems (pp. 14–17)

■ A homeostatic control system is a network of body compo-
nents working together to maintain a controlled variable in
the internal environment relatively constant near an optimal
set point despite changes in the variable.

■ Homeostatic control systems
can be classified as (1) intrinsic
(local) controls, which are inher-
ent compensatory responses of
an organ to a change; and
(2) extrinsic (systemic) controls,
which are responses of an organ
triggered by factors external to
the organ, namely, by the ner-
vous and endocrine systems.

■ Both intrinsic and extrinsic
control systems generally oper-
ate on the principle of negative
feedback: A change in a con-
trolled variable triggers a re-
sponse that drives the variable
in the opposite direction of the
initial change, thus opposing
the change. (Review Figure 1-8.)

■ In positive feedback, a
change in a controlled variable
triggers a response that drives the variable in the same direc-
tion as the initial change, thus amplifying the change. Positive
feedback is uncommon in the body but is important in sev-
eral instances, such as during childbirth.

■ Feedforward mechanisms are compensatory responses that
occur in anticipation of a change.

Deviation in
controlled variable

Compensatory response

Sensor

(detected by)

relieves

Integrator

(informs)

Effector(s)

(sends instructions to)

(brings about)

Controlled variable

restored to normal

(results in)

(negative

feedback

shuts off

system

responsible

for response)

(a) Components of a negative-

feedback control system

*

*
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ENDOCRINE SYSTEM
Acts by means of hormones secreted into theblood to regulate processes that require durationrather than speed

__

e.g., metabolic activities and

water and electrolyte balanceSee Chapters 4, 18, and 19.
INTEGUMENT

AR

Y SYSTEM

Serves as a protective barrier between theexternal environment and the remainder of the body;the sweat glands and adjustments in skin blood floware important in temperature regulationSee Chapters 12 and 17.

IMMUNE SYSTEM
Defends against foreign invaders and cancer cells;paves way for tissue repairSee Chapter 12.

MUSCULAR AND SKELET

AL SYSTEMS

Support and protect body parts and allow bodymovement; heat-generating muscle contractions areimportant in temperature regulation; calcium is storedin the boneSee Chapters 8, 17, and 19.

HOMEOST

ASIS

A dynamic steady state of theconstituents in the internal fluidenvironment that surrounds andexchanges materials with the cellsSee Chapter 1.Factors homeostatically maintained:

Concentration of nutrient moleculesSee Chapters 16, 17, 18, and 19.Concentration of O

2
and CO

2

See Chapter 13.Concentration of waste productsSee Chapter 14.pH

See Chapter 15.

Concentration of water, salts, and otherelectrolytesSee Chapters 14, 15, 18, and 19.Temperature

See Chapter 17.

Volume and pressureSee Chapters 10, 14, and 15. CELLSNeed homeostasis for their ownsurvival and for performingspecialized functions essential forsurvival of the whole bodySee Chapter

s 1, 2, and 3.

Need a continual supply of nutrients andO
2

and ongoing elimination of acid-forming

CO

2
to generate the energy needed

to power life-sustaining cellularactivities as follows:Food + O

2

CO

2
+ H

2O + energy

See Chapter 17.

Body systemsmaintainhomeostasis

Homeostasis isessential forsurvival of cells

Cells make upbody systems

Keeps internalfluids inKeeps foreignmaterial out Protects againstforeign invaders Enables thebody to interactwith the externalenvironment

Exchanges withall other systems

Regulate
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O
2

CO

2

BODY SYSTEMS

RESPIRA

TOR

Y SYSTEM

Obtains O

2
from and eliminates CO

2
to the external

environment; helps regulate pH by adjusting therate of removal of acid-forming CO

2

See Chapters 13 and 15.URINAR

Y SYSTEM

Important in regulating the volume, electrolytecomposition, and pH of the internal environment;removes wastes and excess water, salt, acid,and other electrolytes from the plasma andeliminates them in the urineSee Chapters 14 and 15.DIGESTIVE SYSTEMObtains nutrients, water, and electrolytes fromthe external environment and transfers them intothe plasma; eliminates undigested food residuesto the external environmentSee Chapter 16. REPRODUCTIVE SYSTEMNot essential for homeostasis, but essential forperpetuation of the speciesSee Chapter 20.

See Chapter 1.

CIRCULA

TOR

Y SYSTEM

Transports nutrients, O

2, CO

2, wastes, electrolytes, and hormones throughout the body

See Chapters 9, 10, and 11.

EXTERNALENVIRONMENT

Made up of cells organized according to specialization to maintain homeostasis

NER

VOUS SYSTEM

Acts through electrical signals to control rapidresponses of the body; also responsible forhigher functions

__
e.g., consciousness, memory

,

and creativitySee Chapters 4, 5, 6, and 7.

Information from theexternal environmentrelayed through thenervous system Urine containingwastes and excesswater andelectrolytes Nutrients, water,electrolytes Sperm leave maleSperm enter female

Exchanges withall other systems

Feces containingundigested foodresidue
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C H A P T E R2 Study CardCell Theory (p. 21)

■ The complex organization and interaction of the chemicals
within a cell confer the unique characteristics of life. The cell
is the smallest unit capable of carrying out life processes.

■ Cells are the living building blocks of the body. The struc-
ture and function of a multicellular organism ultimately de-
pend on the structural and functional capabilities of its cells.
(Review Table 2-1.)

Observations of Cells (p. 21–22)

■ Cells are too small for the unaided eye to see.

■ Using early microscopes, investigators learned that all
plant and animal tissues consist of individual cells.

■ Scientists now know that a cell is a complex, highly orga-
nized, compartmentalized structure.

An Overview of Cell Structure (pp. 22–24)

■ Cells have three major subdivisions: the plasma mem-
brane, the nucleus, and the cytoplasm. (Review Figure 2-1.)

■ The plasma membrane encloses the cell and separates the
intracellular and extracellular fluid.

■ The nucleus contains deoxyribonucleic acid (DNA), the
cell’s genetic material.

■ Three types of RNA play a role in the protein synthesis
coded by DNA: messenger RNA (mRNA), ribosomal RNA
(rRNA), and transfer RNA (tRNA).

■ The cytoplasm consists of cytosol, a complex gel-like mass,
which is laced with a cytoskeleton and organelles. Organelles
are highly organized structures that serve a specific function.

■ There are two categories of organelles. Membranous or-
ganelles are bound by a membrane that separates the organ-
elle’s contents from the surrounding cytosol. They include the
endoplasmic reticulum, Golgi complex, lysosomes, peroxi-
somes, and mitochondria. The nonmembranous organelles
are not surrounded by membrane and include ribosomes,
vaults, and centrioles. (Review Figure 2-1 and Table 2-2, p. 44.)

Endoplasmic Reticulum and Segregated Synthesis
(pp. 24–27)

■ The endoplasmic reticulum (ER) is a single, complex mem-
branous network that encloses a fluid-filled lumen.

■ The primary function of the ER is to synthesize proteins
and lipids that are either (1) secreted to the exterior of the
cell, such as enzymes and hormones, or (2) used to produce
new cell components, particularly cellular membranes.

■ The two types of ER are rough ER (flattened intercon-
nected sacs studded with ribosomes) and smooth ER (inter-
connected tubules with no ribosomes). (Review Figure 2-2.)

■ The rough-ER ribosomes synthesize proteins, which are re-
leased into the ER lumen so that they are separated from the
cytosol. Also entering the lumen are lipids produced within
the membranous walls of the ER.

■ Synthesized products move from the rough ER to the
smooth ER, where they are packaged and discharged as trans-
port vesicles. Transport vesicles are formed as a portion of the
smooth ER “buds off.” (Review Figure 2-3.)

Golgi Complex and Exocytosis (pp. 27–28)

■ Transport vesicles move to and fuse with the Golgi com-
plex, which consists of a stack of separate, flattened,
membrane-enclosed sacs. (Review Figures 2-3 and 2-4.)

■ The Golgi complex serves a twofold function: (1) to mod-
ify into finished products the newly synthesized molecules de-
livered to it in crude form from the ER; and (2) to sort, pack-
age, and direct molecular traffic to appropriate intracellular
and extracellular destinations.

■ The Golgi complex of secretory cells packages proteins to
be exported from the cell in secretory vesicles that are re-
leased by exocytosis on appropriate stimulation. (Review
Figures 2-3, 2-5a, and 2-6.)

Lysosomes and Endocytosis (pp. 28–31)

■ Lysosomes are membrane-enclosed sacs that contain pow-
erful hydrolytic (digestive) enzymes. (Review Figure 2-7.)

■ Serving as the intracellular digestive system, lysosomes de-
stroy foreign materials such as bacteria that have been inter-
nalized by the cell and demolish worn-out cell parts to make
way for new replacement parts.

■ Extracellular material is brought into the cell by endocyto-
sis for attack by lysosomal enzymes. (Review Figure 2-5b.) The
three forms of endocytosis are pinocytosis, receptor-mediated
endocytosis, and phagocytosis. (Review Figure 2-8.)

Peroxisomes and Detoxification (p. 31)

■ Peroxisomes are small membrane-enclosed sacs containing
powerful oxidative enzymes. (Review Figure 2-7.)

■ They carry out particular oxidative reactions that detoxify
various wastes and toxic foreign compounds that have en-
tered the cell. During these detoxification reactions, peroxi-
somes generate potent hydrogen peroxide, which they de-
compose into harmless water and oxygen by means of the
catalase they contain.
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Mitochondria and ATP Production (pp. 31–39)

■ The rod-shaped mitochondria are enclosed by two mem-
branes, a smooth outer membrane and an inner membrane
that forms a series of shelves, the cristae, which project into
an interior gel-filled cavity, the matrix. (Review Figure 2-9.)

■ Mitochondria are the energy organelles of the cell. They
efficiently convert the energy in food molecules to the usable
energy stored in ATP molecules. Cells use ATP as an energy
source for synthesis of new chemical compounds, for mem-
brane transport, and for mechanical work.

■ Cellular respiration refers collectively to the intracellular re-
actions in which energy-rich molecules are broken down to
form ATP, using O2 and producing CO2 in the process. Cellu-
lar respiration includes the sequential dismantling of nutrient
molecules and subsequent ATP production in three stages:
(1) glycolysis in the cytosol, (2) the citric acid cycle in the mi-
tochondrial matrix, and (3) oxidative phosphorylation at the
mitochondrial inner membrane. (Review Figure 2-10.)

■ Oxidative phosphorylation includes the electron transport
system and chemiosmosis by ATP synthase. The electron
transport system extracts high-energy electrons from hydro-
gens released during nutrient breakdown during glycolysis
and the citric acid cycle and transfers them to successively
lower energy levels. The free energy released during this pro-
cess is used to create a H gradient across the mitochondrial
inner membrane. The flow of H down this gradient activates
ATP synthase, an enzyme that synthesizes ATP in a process
called chemiosmosis. (Review Figures 2-11 through 2-14.)

■ A cell is more efficient at converting food energy into ATP
when O2 is available. Without O2 (the anaerobic condition), a
cell can produce only 2 molecules of ATP for every glucose
molecule processed by glycolysis. With O2 (the aerobic condi-
tion), the mitochondrial processes can yield another 30 mole-
cules of ATP for every glucose molecule processed (2 from the
citric acid cycle and 28 from oxidative phosphorylation).
(Review Figures 2-14 and 2-16.)

Ribosomes and Protein Synthesis (pp. 39–40)

■ During protein synthesis, a large and a small ribosomal
subunit unite to form a ribosome. (Review Figure 2-17a.)

■ Ribosomes translate mRNA into chains of amino acids as-
sembled according to the DNA code carried by mRNA. Ribo-
somes have binding sites where tRNAs carrying specified
amino acids link with mRNA during protein assembly. (Review
Figure 2-17b.)

Vaults as Cellular Trucks (pp. 40–41)

■ Vaults are hollow, octagonal structures that are the same
shape and size as the nuclear pores. (Review Figure 2-18.)
They are believed to be cellular trucks that dock at the nu-
clear pores and pick up cargo for transport from the nucleus.

■ The leading proposals are that vaults may transport mRNA
or the ribosomal subunits from the nucleus to the cytoplas-
mic sites of protein synthesis.

Centrosome, Centrioles, and Microtubule
Organization (p. 41)

■ The centrosome (cell center) consists of a pair of centrioles
surrounded by an amorphous mass. (Review Figure 2-19.)

■ The centrosome is the main microtubule organizing center
of a cell. It forms and organizes the microtubule cytoskeleton,
forms cilia and flagella, and forms the mitotic spindle.

Cytosol: Cell Gel (p. 42)

■ The cytosol contains the enzymes involved in intermediary
metabolism and the ribosomal machinery essential for synthe-
sis of these enzymes as well as other cytosolic proteins.

■ Many cells store unused nutrients within the cytosol in the
form of glycogen granules or fat droplets. (Review Figure 2-20.)

■ Also present in the cytosol are various secretory, transport,
and endocytic vesicles.

Cytoskeleton: Cell “Bone and Muscle” (pp. 42–49)

■ Extending throughout the cytosol is the cytoskeleton,
which serves as the “bone and muscle” of the cell. (Review
Table 2-2, p. 44.)

■ The three types of cytoskeletal elements—microtubules, mi-
crofilaments, and intermediate filaments—each consist of dif-
ferent proteins and perform various roles. (Review Figure 2-21.)

■ Microtubules, made of tubulin, maintain asymmetric cell
shapes, serve as highways for intracellular transport by molec-
ular motors, are the main component of cilia and flagella, and
make up the mitotic spindle. (Review Figures 2-22, 2-23, 2-24,
and 2-25.)

■ Microfilaments, made of actin in most cells, are important
in various cellular contractile systems, including amoeboid
movement and muscle contraction. They also serve as a me-
chanical stiffener for microvilli. (Review Figures 2-26, 2-27,
and 2-28.)

■ Intermediate filaments are irregular threadlike proteins that
help cells resist mechanical stress. They are most abundant in
skin cells and nerve cells.

■ Collectively, the cytoskeletal elements give the cell shape
and support, enable it to organize and move its internal
structures as needed, and, in some cells, allow movement be-
tween the cell and its environment.

Page 62

C H A P T E R3 Study CardMembrane Structure and Functions (pp. 53–57)

■ All cells are bounded by a plasma membrane, a thin lipid
bilayer interspersed with proteins and having carbohydrates
attached on the outer surface.

■ The appearance of the plasma membrane in an electron
microscope as a trilaminar structure (two dark lines separated
by a light interspace) is produced by the arrangement of its
molecules. The phospholipids orient themselves to form a bi-
layer with a hydrophobic interior (light interspace) sand-
wiched between hydrophilic outer and inner surfaces (dark

■ Many cells are further joined by specialized cell junctions,
of which there are three types: desmosomes, tight junctions,
and gap junctions.

■ Desmosomes serve as adhering junctions to hold cells to-
gether mechanically and are especially important in tissues
subject to a great deal of stretching. (Review Figure 3-4.)

■ Tight junctions actually fuse cells together, preventing the
passage of materials between cells and thereby permitting
only regulated passage of materials through the cells. These
impermeable junctions are found in the epithelial sheets that
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lines). (Review Figures 3-1, 3-2, and 3-3.)

■ The lipid bilayer forms the structural boundary of the cell,
serving as a barrier for water-soluble substances and being re-
sponsible for the fluid nature of the membrane. Cholesterol
molecules tucked between the phospholipids contribute to
the fluidity and stability of the membrane.

■ According to the fluid mosaic model of membrane struc-
ture, the lipid bilayer is embedded with proteins. (Review Fig-
ure 3-3.) Membrane proteins, which vary in type and distri-
bution among cells, serve as (1) channels for passage of small
ions across the membrane; (2) carriers for transport of spe-
cific substances in or out of the cell; (3) docking-marker ac-
ceptors for fusion with and subsequent exocytosis of secre-
tory vesicles; (4) membrane-bound enzymes that govern
specific chemical reactions; (5) receptors for detecting and
responding to chemical messengers that alter cell function;
and (6) cell adhesion molecules that help hold cells together
and serve as a structural link between the extracellular sur-
roundings and intracellular cytoskeleton.

■ Membrane carbohydrates on the outer surface of the cell
serve as self-identity markers. (Review Figure 3-3.) They are
important in recognition of “self” in cell-to-cell interactions
such as tissue formation and tissue growth.

Cell-to-Cell Adhesions (pp. 57–60)

■ The extracellular matrix (ECM) serves as a biological
“glue” between the cells of a tissue. The ECM consists of a
watery, gel-like substance interspersed with three major types
of protein fibers: collagen, elastin, and fibronectin.

separate compartments with very different chemical composi-tions. (Review Figure 3-5.)

■ Gap junctions are communicating junctions between two
adjacent, but not touching, cells. They form small tunnels
that permit exchange of ions and small molecules between
the cells. Such movement of ions plays a key role in the
spread of electrical activity to synchronize contraction in heart
and smooth muscle. (Review Figure 3-6.)

Overview of Membrane Transport (p. 60)

■ Materials can pass between the ECF and ICF by unassisted
and assisted means.

■ Transport mechanisms may also be passive (the particle
moves across the membrane without the cell expending en-
ergy) or active (the cell expends energy to move the particle
across the membrane). (Review Table 3-2, p. 76.)

Unassisted Membrane Transport (pp. 60–67)

■ Nonpolar (lipid-soluble) molecules of any size cross the
membrane unassisted by dissolving in and passively moving
through the lipid bilayer down concentration gradients. (Re-
view Figures 3-7 and 3-8.) Small ions can traverse the mem-
brane unassisted by passively moving down electrochemical
gradients through open protein channels specific for the ion.
(Review Figure 3-3.)

■ In osmosis, water moves passively down its own concen-
tration gradient across a selectively permeable membrane to
an area of higher concentration of nonpenetrating solutes.
Penetrating solutes do not have an osmotic effect. (Review
Figures 3-9 through 3-12.)

■ The osmolarity of a solution is a measure of its total num-
ber of solute particles, both penetrating and nonpenetrating,
both molecules and ions, per liter. The osmotic pressure of a
solution is the pressure that must be applied to the solution
to completely stop osmosis. The tonicity of a solution refers to
the effect the solution has on cell volume and depends on the
solution’s relative concentration of nonpenetrating solutes
compared to the concentration of nonpenetrating solutes in
the cell it surrounds. (Review Figure 3-13.)
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Assisted Membrane Transport (pp. 67–75)

■ In carrier-mediated transport, small polar molecules and
selected ions are transported across the membrane by specific
membrane carrier proteins. Carriers open to one side of the
membrane where a passenger binds to a binding site specific
for it, then change shape so that the binding site is exposed
to the opposite side of the membrane where the passenger is
released. Carrier-mediated transport may be passive and
move the particle down its concentration gradient (facilitated
diffusion) (review Figure 3-14), or active and move the particle
against its concentration gradient (active transport). Carriers
exhibit a transport maximum (Tm) when saturated. (Review
Figure 3-15.)

■ There are two forms of active transport: primary active
transport and secondary active transport. Primary active trans-
port requires the direct use of ATP to drive the pump. (Review
Figure 3-16.) One of the most important examples of primary
active transport is the Na –K pump, which concentrates Na
in the ECF and K in the ICF. (Review Figure 3-17.) Secondary
active transport is driven by an ion concentration gradient es-
tablished by a primary active-transport system. There are two
types of secondary active transport: symport (or cotransport)
and antiport (or countertransport or exchange). In symport,
the cotransported solute is moved uphill in the same direction
as the driving ion moves downhill. In antiport, the coupled
solute is moved uphill in the opposite direction as the driving
ion moves downhill. (Review Figures 3-18 and 3-19.)

■ Large polar molecules and multimolecular particles can
leave or enter the cell by being wrapped in a piece of mem-

brane to form vesicles that can be internalized (endocytosis)
or externalized (exocytosis). (Review Figures 2-5, 2-6, and 2-8.)

■ Cells are differentially selective in what enters or leaves be-
cause they possess varying numbers and kinds of channels,
carriers, and mechanisms for vesicular transport.

■ Large polar molecules (too large for channels and not lipid
soluble) for which there are no special transport mechanisms
are unable to cross the membrane.

Membrane Potential (pp. 75–82)

■ All cells have a membrane potential, which is a separation
of opposite charges across the plasma membrane. (Review
Figure 3-20.)

■ The Na –K pump makes a small direct contribution to
membrane potential because it transports more Na ions out
than K ions in. (Review Figure 3-17.) However, the primary
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role of the Na –K pump is to actively maintain a greaterconcentration of Na outside the cell and a greater concen-
tration of K inside the cell. These concentration gradients
tend to passively move K out of the cell and Na into the
cell. (Review Table 3-3 and Figures 3-21 and 3-22.)

■ Because the resting membrane is much more permeable
to K than to Na , substantially more K leaves the cell than
Na enters, resulting in an excess of positive charges outside
the cell. This leaves an unbalanced excess of negative
charges, in the form of large protein anions (A–), trapped in-
side the cell. (Review Table 3-3 and Figure 3-23.)

■ When the resting membrane potential of –70 mV is
achieved, no further net movement of K and Na takes
place, because any further leaking of these ions down their
concentration gradients is quickly reversed by the Na –K
pump.

■ The distribution of Cl– across the membrane is passively
driven by the established membrane potential so that Cl– is
concentrated in the ECF.
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C H A P T E R4Study CardIntroduction to Neural Communication (pp. 87–88)

■ Nerve and muscle cells are excitable tissues because they
can rapidly alter their membrane permeabilities and undergo
transient membrane potential changes when excited. These
rapid changes in potential serve as electrical signals.

■ Compared to resting potential, a membrane becomes de-
polarized when the magnitude of its negative potential is re-
duced (becomes less negative) and hyperpolarized when the
magnitude of its negative potential is increased (becomes
more negative). (Review Figure 4-1.)

■ Changes in potential are brought about by triggering
events that alter membrane permeability, in turn leading to
changes in ion movement across the membrane.

■ The two kinds of potential change are: (1) graded poten-
tials, the short-distance signals, and (2) action potentials, the
long-distance signals. (Review Table 4-1, p. 98.)

Graded Potentials (pp. 88–91)

■ A graded potential, usually a depolarization, occurs in a
small, specialized region of an excitable cell membrane. The
site undergoing a potential change is designated an active
area. (Review Figure 4-2.)

■ The magnitude of a graded potential varies directly with
the magnitude of the triggering event.

■ Graded potentials spread decrementally by local current
flow between the active area and adjacent inactive areas and
die out over a short distance. (Review Figures 4-2 and 4-3.)

Action Potentials (pp. 91–104)

■ During an action potential, depolarization of the mem-
brane to threshold potential triggers sequential changes in
permeability caused by conformational changes in voltage-
gated Na and K channels. (Review Figures 4-4 through 4-7.)

■ These permeability changes bring about a brief reversal of
membrane potential, with Na influx causing the rising phase
(from –70 to 30 mV), followed by K efflux causing the fall-
ing phase (from peak back to resting). (Review Figure 4-7.)

■ Before an action potential returns to resting, it regenerates
an identical new action potential in the area next to it by
means of current flow that brings the previously inactive area
to threshold. This self-perpetuating cycle continues until the
action potential has spread throughout the cell membrane in
undiminished fashion.

■ There are two types of action potential propagation:
(1) contiguous conduction in unmyelinated fibers, in which
the action potential spreads along every portion of the mem-
brane; and (2) the more rapid, saltatory conduction in my-
elinated fibers, in which the impulse jumps from one node of

Ranvier to the next over sections of the fiber covered with in-
sulating myelin. (Review Figures 4-9, 4-12, and 4-13.)

■ The Na –K pump gradually restores the ions that moved
during propagation of the action potential to their original lo-
cation, to maintain the concentration gradients.

■ It is impossible to restimulate the portion of the membrane
where the impulse has just passed until it has recovered from
its refractory period, ensuring the one-way propagation of ac-
tion potentials. (Review Figures 4-10 and 4-11.)

■ Action potentials occur either maximally in response to
stimulation or not at all (all or none law).

■ Variable strengths of stimuli are coded by varying the fre-
quency of action potentials, not their magnitude, in an acti-
vated nerve fiber.

Synapses and Neuronal Integration (pp. 104–113)

■ One neuron directly interacts with another neuron primarily
through a chemical synapse. (Review Figures 4-14 and 4-15.)

■ Most neurons have four different functional parts: (Review
Figure 4-8.)
1. The dendrite/cell body region (the input zone) serves as

the postsynaptic component that binds with and re-
sponds to neurotransmitters released from other neurons.

2. The axon hillock (the trigger zone) is where action po-
tentials are initiated because it has the lowest threshold
and thus reaches threshold first in response to an excit-
atory graded potential change.

3. The axon, or nerve fiber (the conducting zone), conducts
action potentials in undiminished fashion from the axon
hillock to the axon terminals.

4. The axon terminal (the output zone) serves as the pre-
synaptic component, releasing a neurotransmitter that
influences other postsynaptic cells in response to action
potential propagation down the axon.

■ Released neurotransmitter combines with receptor-
channels on the postsynaptic neuron. (Review Figure 4-15.)
(1) If nonspecific cation channels that permit passage of both
Na and K are opened, the resultant ionic fluxes cause an
EPSP, a small depolarization that brings the postsynaptic cell
closer to threshold. (2) If either K or Cl– channels are
opened, the likelihood that the postsynaptic neuron will reach
threshold is diminished when an IPSP, a small hyperpolariza-
tion, is produced. (Review Figure 4-16.)

■ If the dominant activity is in its excitatory inputs, the post-
synaptic cell is likely to be brought to threshold and have an
action potential. This can be accomplished by either (1) tem-
poral summation (EPSPs from a single, repetitively firing, pre-
synaptic input occurring so close together in time that they
add together) or (2) spatial summation (adding of EPSPs occur-
ring simultaneously from several different presynaptic inputs).
(Review Figure 4-17.) If inhibitory inputs dominate, the postsyn-



04/08/2021 Human Physiology: From Cells to Systems, 7th ed.

https://translate.googleusercontent.com/translate_f 49/73

Translating...Page 65

aptic potential is brought farther than usual from threshold. If
excitatory and inhibitory activity to the postsynaptic neuron is
balanced, the membrane remains close to resting.

■ Even though there are a number of different neurotrans-
mitters, each synapse always releases the same neurotransmit-
ter to produce a given response when combined with a par-
ticular receptor. (Review Table 4-2.)

■ Synaptic pathways between neurons are incredibly com-
plex, due to convergence of neuronal input and divergence
of its output. Usually, many presynaptic inputs converge on a
single neuron and jointly control its level of excitability. This
same neuron, in turn, diverges to synapse with and influence
the excitability of many other cells. (Review Figure 4-19.)

■ Numerous factors may alter synaptic effectiveness: Some
are built-in mechanisms to fine-tune neural responsiveness,
for example presynaptic inhibition (Review Figure 4-18); some
are pharmacologic manipulations to achieve a desired result;
and some are caused by poisons or disease processes.

Intercellular Communication and Signal Transduction
(pp. 113–117)

■ Intercellular communication is accomplished directly via
(1) gap junctions or (2) transient direct linkup of
cells’complementary surface markers. (Review Figure 4-20.)

■ More commonly cells communicate indirectly with one
another to carry out various coordinated activities by dis-
patching extracellular chemical messengers, which act on
particular target cells to bring about the desired response.
There are four types of extracellular chemical messengers,
which differ in their source and in the distance and means by
which they get to their site of action: (1) paracrines (local
chemical messengers); (2) neurotransmitters (very short-range
chemical messengers released by neurons); (3) hormones
(long-range chemical messengers secreted into the blood by
endocrine glands); and (4) neurohormones (long-range
chemical messengers secreted into the blood by neurosecre-
tory neurons). (Review Figure 4-20.)

■ Transfer of the signal carried by the extracellular messenger
into the cell for execution is known as signal transduction.

■ Attachment of an extracellular chemical messenger that
cannot gain entry to the cell, such as a protein hormone (the
first messenger), to a membrane triggers cellular responses
by: (1) opening receptor-channels; (2) activating receptor-
enzymes, such as tyrosine kinase; or (3) activating an intracel-
lular second messenger via G-protein-coupled receptors.
(Review Figures 4-21 and 4-22.)

Introduction to Hormonal Communication (pp. 117–129)

■ Hormones are long-distance chemical messengers secreted
by the endocrine glands into the blood, which transports
them to specific target sites where they control a particular
function by altering protein activity within the target cells.

■ Hormones are grouped into two categories based on their
solubility differences: (1) hydrophilic (water-soluble) hor-
mones, which include peptides (the majority of hormones)
and catecholamines (secreted by the adrenal medulla); and
(2) lipophilic (lipid-soluble) hormones, which include steroid
hormones (the sex hormones and those secreted by the adre-
nal cortex) and thyroid hormone. (Review Table 4-4.)

■ Hydrophilic peptide hormones are synthesized and pack-
aged for export by the endoplasmic reticulum/Golgi com-
plex, stored in secretory vesicles, and released by exocytosis
on appropriate stimulation. They dissolve freely in the blood
for transport to their target cells.

■ At their target cells, hydrophilic hormones bind with sur-
face membrane receptors, triggering a chain of intracellular
events by means of a second-messenger pathway that ulti-
mately alters preexisting cell proteins, usually enzymes, lead-
ing to the target cell’s response to the hormone. (Review Fig-
ures 4-24 and 4-25.) Through this cascade of reactions, the
initial signal is greatly amplified. (Review Figure 4-26).

■ Steroids are synthesized by modifications of stored choles-
terol through enzymes specific for each steroidogenic tissue.
Steroids are not stored in the endocrine cells. Being lipophilic,
they diffuse out through the lipid membrane barrier as soon
as they are synthesized. Control of steroids is directed at their
synthesis.

■ Lipophilic steroids and thyroid hormone are both trans-
ported in the blood largely bound to carrier plasma proteins,
with only free, unbound hormone being biologically active.

■ Lipophilic hormones readily cross the lipid membrane bar-
riers of their target cells and bind with receptors inside the
cell. Once the hormone binds with the receptor, the
hormone receptor complex binds with DNA and activates a
gene, which leads to the synthesis of new enzymatic or struc-
tural intracellular proteins that carry out the hormone’s effect
on the target cell. (Review Figure 4-27.)

Comparison of the Nervous and Endocrine Systems
(pp. 126–129)

■ The nervous and endocrine systems are the two main reg-
ulatory systems of the body. (Review Table 4-5.) The nervous
system is anatomically “wired” to its target organs, whereas
the “wireless” endocrine system secretes blood-borne hor-
mones that reach distant target organs.

■ Specificity of neural action depends on the anatomic prox-
imity of the neurotransmitter-releasing neuronal terminal to
its target organ. Specificity of endocrine action depends on
specialization of target cell receptors for a specific circulating
hormone.

■ In general, the nervous system coordinates rapid re-
sponses, whereas the endocrine system regulates activities
that require duration rather than speed.

Page 66

C H A P T E R5 Study CardOrganization and Cells of the Nervous System
(pp. 133–139)

■ The nervous system consists of the central nervous system
(CNS), which includes the brain and spinal cord, and the pe-
ripheral nervous system, which includes the nerve fibers car-
rying information to (afferent division) and from (efferent di-
vision) the CNS. (Review Figure 5-1.)

■ Three functional classes of neurons—afferent neurons, ef-
ferent neurons, and interneurons—compose the excitable cells
of the nervous system. (Review Figure 5-2.) (1) Afferent neu-

■ Ultimate responsibility for many discrete functions is local-
ized in particular regions of the cortex as follows: (1) the oc-
cipital lobes house the visual cortex; (2) the auditory cortex is
in the temporal lobes; (3) the parietal lobes are responsible
for reception and perceptual processing of somatosensory
(somesthetic and proprioceptive) input; and (4) voluntary
motor movement is set into motion by the motor areas in the
frontal lobes. (Review Figures 5-8 through 5-10.)

■ Language ability depends on the integrated activity of two
primary language areas—Broca’s area and Wernicke’s area—
typically located only in the left cerebral hemisphere. (Review
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rons inform the CNS about conditions in both the externaland internal environment. (2) Efferent neurons carry instruc-
tions from the CNS to effector organs, namely, muscles and
glands. (3) Interneurons are responsible for integrating affer-
ent information and formulating an efferent response, as well
as for all higher mental functions associated with the “mind.”

■ Glial cells form the connective tissue within the CNS and
physically, metabolically, and functionally support the neurons.
The four types of glial cells are astrocytes, oligodendrocytes,
microglia, and ependymal cells. (Review Figures 5-3 and 5-4
and Table 5-1.)

Protection and Nourishment of the Brain (pp. 139–141)

■ The brain is provided with several protective devices,
which is important because neurons cannot divide to replace
damaged cells. (1) The brain is wrapped in three layers of
protective membranes—the meninges—and is further sur-
rounded by a hard, bony covering. (2) Cerebrospinal fluid
flows within and around the brain to cushion it against physi-
cal jarring. (Review Figure 5-6.) (3) Protection against chemi-
cal injury is conferred by a blood–brain barrier that limits ac-
cess of blood-borne substances to the brain.

■ The brain depends on a constant blood supply for delivery
of O2 and glucose because it cannot generate ATP in the ab-
sence of either of these substances.

Overview of the Central Nervous System (pp. 141–143)

■ The parts of the brain from the lowest, most primitive
level to the highest, most sophisticated level are the brain
stem, cerebellum, hypothalamus, thalamus, basal nuclei, and
cerebral cortex. (Review Table 5-2 and Figure 5-7.)

Cerebral Cortex (pp. 143–153)

■ The cerebral cortex is the outer shell of gray matter that
caps an underlying core of white matter. The cortex itself
consists primarily of neuronal cell bodies, dendrites, and glial
cells. The white matter consists of bundles of nerve fibers that
interconnect various areas. (Review Figure 5-14.)

Figures 5-9 and 5-11.)
■ The association areas are regions of the cortex not specifi-
cally assigned to processing sensory input or commanding
motor output or language ability. These areas provide an inte-
grative link between diverse sensory information and pur-
poseful action; they also play a key role in higher brain func-
tions such as memory and decision making. The association
areas include the prefrontal association cortex, the parietal-
temporal-occipital association cortex, and the limbic associa-
tion cortex. (Review Figures 5-9 and 5-12.)

Basal Nuclei, Thalamus, and Hypothalamus
(pp. 153–155)

■ The subcortical brain structures include the basal nuclei,
thalamus, and hypothalamus. (Review Figures 5-14 and 5-15
and Table 5-2.)

■ The basal nuclei inhibit muscle tone; coordinate slow, sus-
tained postural contractions; and suppress useless patterns of
movement.

■ The thalamus serves as a relay station for preliminary pro-
cessing of sensory input. It also accomplishes a crude aware-
ness of sensation and some degree of consciousness.

■ The hypothalamus regulates body temperature, thirst,
urine output, and food intake; extensively controls the auto-
nomic nervous system and endocrine system; and is part of
the limbic system.

Emotion, Behavior, and Motivation (pp. 155–157)

■ The limbic system, which includes portions of the hypo-
thalamus and other structures that encircle the brain stem,
plays an important role in emotion, basic behavioral patterns,
motivation, and learning. (Review Figure 5-16.)

■ Emotion refers to subjective feelings and moods and the
physical responses associated with these feelings.

■ Basic behavioral patterns triggered by the limbic system
are aimed at survival (such as attack) and perpetuation of the
species (such as mating behavior). Higher cortical centers can
reinforce, modify, or suppress these basic behaviors.
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■ Motivation is the ability to direct behavior toward specific
goals.

■ Norepinephrine, dopamine, and serotonin are the key
neurotransmitters in pathways for emotions and behavior.

Learning and Memory (pp. 157–165)

■ Learning refers to acquiring knowledge or skills as a result
of experience, instruction, or both. Memory is storage of ac-
quired knowledge for later recall and use.

■ There are two types of memory: (1) a short-term memory
with limited capacity and brief retention, coded by modifica-
tion of activity at preexisting synapses; and (2) a long-term
memory with large storage capacity and enduring retention,
involving relatively permanent structural or functional
changes, such as the formation of new synapses between ex-
isting neurons. Enhanced protein synthesis underlies these
long-term changes. (Review Table 5-3 and Figure 5-17.)

■ Consolidation is the transfer of short-term memory to long-
term memory. Long-term potentiation, a prolonged increase
in the strength of existing synaptic connections in activated
pathways, might be the link between short-term memory and
consolidation of long-term memory. (Review Figure 5-18.)

■ The hippocampus and associated structures are especially
important in declarative, or “what,” memories of specific ob-
jects, facts, and events. The cerebellum and associated struc-
tures are especially important in procedural, or “how to,”
memories of motor skills gained through repetitive training.

■ The prefrontal association cortex is the site of working
memory, which temporarily holds currently relevant data—
both new information and knowledge retrieved from memory
stores—and manipulates and relates them to accomplish the
higher-reasoning processes of the brain.

■ Consciousness is the subjective awareness of the external
world and self. The states of consciousness in decreasing or-
der of arousal level are (1) maximum alertness, (2) wakeful-
ness, (3) several types of sleep, and (4) coma.

■ The prevailing state of consciousness depends on the cycli-
cal interplay among an arousal system (the reticular activating
system) originating in the brain stem and commanded by
hypocretin-secreting neurons in the hypothalamus, (2) a
slow-wave sleep center consisting of sleep-on neurons in the
hypothalamus, and (3) an REM sleep center consisting of
REM sleep-on neurons in the brain stem. (Review Figure 5-21.)

■ Sleep is an active process, not just the absence of wakeful-
ness. While sleeping, a person cyclically alternates between
slow-wave sleep and paradoxical (REM) sleep. (Review Figure
5-23 and Table 5-4.) Slow-wave sleep is characterized by slow
waves on the EEG and little change in behavior pattern from
the waking state except for not being consciously aware of
the external world. Paradoxical, or REM, sleep is characterized
by an EEG pattern similar to that of an alert, awake individual;
rapid eye movements, dreaming, and abrupt changes in be-
havior pattern occur. (Review Figure 5-22.)

■ The leading theories of why we need sleep fall into the
categories of (1) restoration and recovery and (2) memory
consolidation.

Spinal Cord (pp. 172–179)

■ Extending from the brain stem, the spinal cord descends
through a canal formed by surrounding protective vertebrae.
(Review Figures 5-24 and 5-25.)

■ The spinal cord has two functions. (1) It serves as the neu-
ronal link between the brain and the peripheral nervous sys-
tem. All communication up and down the spinal cord is lo-
cated in ascending and descending tracts in the cord’s outer
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Cerebellum (pp. 166–167)

■ The cerebellum, attached at the back of the brain stem be-
neath the cortex, consists of three functionally distinct parts.
(Review Figure 5-19.)

■ The vestibulocerebellum helps maintain balance and controls
eye movements. The spinocerebellum enhances muscle tone
and helps coordinate voluntary movement, especially fast, pha-
sic motor activities. The cerebrocerebellum plays a role in initiat-
ing voluntary movement and in storing procedural memories.

Brain Stem (pp. 167–172)

■ The brain stem is an important link between the spinal
cord and higher brain levels.

■ The brain stem is the origin of the cranial nerves. (Review
Figure 5-20.) It also contains centers that control cardiovascu-
lar, respiratory, and digestive function; regulates postural
muscle reflexes; controls the overall degree of cortical alert-
ness; and plays a key role in the sleep–wake cycle.

white matter. (Review Figures 5-27 and 5-28.) (2) It is the inte-grating center for spinal reflexes, including some basic protec-
tive and postural reflexes and those involved with the empty-
ing of the pelvic organs. (Review Figures 5-31 and 5-32.)

■ The basic reflex arc includes a receptor, an afferent path-
way, an integrating center, an efferent pathway, and an effec-
tor. (Review Figure 5-31.)

■ The centrally located gray matter of the spinal cord con-
tains the interneurons interposed between the afferent input
and efferent output as well as the cell bodies of efferent neu-
rons. (Review Figures 5-26 and 5-29.)

■ A nerve is a bundle of peripheral neuronal axons, both af-
ferent and efferent, wrapped in connective tissue and follow-
ing the same pathway. (Review Figure 5-30.) Spinal nerves
supply specific body regions and are attached to the spinal
cord in paired fashion throughout its length. (Review Figures
5-24, 5-25, and 5-26.)

■ The 31 pairs of spinal nerves along with the 12 pairs of
cranial nerves that arise from the brain stem constitute the
peripheral nervous system. (Review Figures 5-21 and 5-25.)
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C H A P T E R6Study CardReceptor Physiology (pp. 183–191)

■ The afferent division of the PNS carries information about
the internal and external environment to the CNS.

■ Sensory receptors are specialized peripheral endings of af-
ferent neurons. (Review Figure 6-1.) Each type of receptor
(photoreceptor, mechanoreceptor, thermoreceptor, osmore-
ceptor, chemoreceptor, or nociceptor) responds to its ade-
quate stimulus (a change in the energy form, or modality, to
which it is responsive), translating the energy form of the
stimulus into electrical signals.

■ A stimulus typically brings about a graded, depolarizing
receptor potential by opening nonspecific cation channels,
which leads to net Na entry. Receptor potentials, if of suffi-
cient magnitude, ultimately generate action potentials in the
afferent fiber next to the receptor. These action potentials
self-propagate along the afferent fiber to the CNS. (Review
Figures 6-1 and 6-2.) The strength of the stimulus determines
the magnitude of the receptor potential, which in turn deter-
mines the frequency of action potentials generated. (Review
Figure 6-3 and Table 6-1.)

■ The magnitude of the receptor potential is also influenced
by the extent of receptor adaptation, which is a reduction in
receptor potential despite sustained stimulation. (1) Tonic re-
ceptors adapt slowly or not at all and thus provide continu-
ous information about the stimuli they monitor. (2) Phasic re-
ceptors adapt rapidly and frequently exhibit off responses,
thereby providing information about changes in the energy
form they monitor. (Review Figure 6-4.)

■ Visceral afferent information remains mostly subconscious.
Sensory afferent information reaches the level of conscious
awareness, including (1) somatic sensation (somesthetic sen-
sation and proprioception) and (2) special senses.

■ Discrete labeled-line pathways lead from the receptors to
the CNS so that information about the type and location of
stimuli can be deciphered by the CNS. (Review Table 6-1.)

■ The term receptive field refers to the area surrounding a re-
ceptor within which the receptor can detect stimuli. The acu-
ity, or discriminative ability, of a body region varies inversely
with the size of its receptive fields and also depends on the
extent of lateral inhibition in the afferent pathways arising
from receptors in the region. (Review Figures 6-6 and 6-7.)

■ Perception is the conscious interpretation of the external
world that the brain creates from sensory input. What the
brain perceives from its input is an abstraction and not reality.
(Review Figures 6-8 and 6-9.) The only stimuli that can be de-
tected are those for which receptors are present. Further-
more, as sensory signals ascend through progressively more
complex processing, some of the information may be sup-
pressed, whereas other parts of it may be enhanced.

Pain (pp. 191–194)

■ Painful experiences are elicited by noxious mechanical,
thermal, or chemical stimuli and consist of two components:
the perception of pain coupled with emotional and behav-
ioral responses to it.

■ The three categories of pain receptors are mechanical,
thermal, and polymodal nociceptors. The latter respond to all
kinds of damaging stimuli, including chemicals released from
injured tissues.

■ Pain signals are transmitted over two afferent pathways: a
fast pathway that carries sharp, prickling pain signals; and a
slow pathway that carries dull, aching, persistent pain signals.
(Review Table 6-2.)

■ Afferent pain fibers terminate in the spinal cord on ascend-
ing pathways that transmit the signal to the brain for process-
ing. Descending pathways from the brain use endogenous
opiates to suppress the release of substance P, a pain-signal-
ing neurotransmitter from the afferent pain-fiber terminal.
Thus, these descending pathways block further transmission
of the pain signal and serve as a built-in analgesic system.
(Review Figure 6-10.)

Eye: Vision (pp. 195–213)

■ Light is a form of electromagnetic radiation, with visible
light being only a small band in the total electromagnetic
spectrum. (Review Figures 6-14 and 6-15.)

■ The eye houses the light-sensitive photoreceptors essential
for vision—the rods and cones found in its retinal layer. (Re-
view Table 6-4, and Figures 6-11, 6-23, and 6-26.)

■ The iris controls the size of the pupil to adjust the amount
of light permitted to enter the eye. (Review Figure 6-13.)

■ The cornea and lens are the primary refractive structures
that bend incoming light rays to focus the image on the retina.
The cornea contributes most to the total refractive ability of the
eye. The strength of the lens can be adjusted through action of
the ciliary muscle to accommodate for differences in near and
far vision. (Review Figures 6-16 through 6-22.)

■ Rods and cones have three parts: a photopigment-contain-
ing outer segment, a metabolically specialized inner segment,
and a neurotransmitter-secreting synaptic terminal. (Review
Figures 6-23, 6-26, and 6-27.)

■ Rods and cones secrete neurotransmitter in the dark. They
are activated when their photopigments differentially absorb
various wavelengths of light. Photopigments consist of opsin,
a membrane protein, and retinal, a vitamin A derivative. Dur-
ing phototransduction, light absorption by retinal causes a
biochemical change in the photopigment that, through a se-
ries of steps, hyperpolarizes the photoreceptor, leading to de-
creased neurotransmitter release. Further retinal processing by
on-center and off-center bipolar and ganglion cells eventually
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converts this light-induced signal into a change in the rate of
action potential propagation in the visual pathway leaving
the retina. (Review Figures 6-26, 6-27, and 6-28.)

■ Cones display high acuity but can be used only for day vi-
sion because of their low sensitivity to light. Different ratios of
stimulation of three cone types by varying wavelengths of
light lead to color vision. (Review Figure 6-29 and Table 6-3.)

■ Rods provide only indistinct vision in shades of gray, but
because they are very sensitive to light, they can be used for
night vision. (Review Table 6-3.)

■ The visual message is transmitted via a complex crossed and
uncrossed pathway to the visual cortex in the occipital lobe of
the brain for perceptual processing. (Review Figure 6-31.)

Ear: Hearing and Equilibrium (pp. 213–228)

■ The ear performs two unrelated functions: (1) hearing,
which involves the external ear, middle ear, and cochlea of the
inner ear; and (2) sense of equilibrium, which involves the ves-
tibular apparatus of the inner ear. The ear receptor cells lo-
cated in the inner ear—the hair cells in the cochlea and vestib-
ular apparatus—are mechanoreceptors. (Review Table 6-6 and
Figure 6-32.)

■ Hearing depends on the ear’s ability to convert airborne
sound waves into mechanical deformations of auditory hair
cells, thereby initiating neural signals. Sound waves consist of
high-pressure regions of compression alternating with low-
pressure regions of rarefaction of air molecules. The pitch
(tone) of a sound is determined by the frequency of its
waves, the loudness (intensity) by the amplitude of the
waves, and the timbre (quality) by its characteristic overtones.
(Review Figures 6-33 and 6-34 and Table 6-5.)

■ Sound waves are funneled through the ear canal to the
tympanic membrane, which vibrates in synchrony with the
waves. Middle ear bones bridging the gap between the tym-
panic membrane and the inner ear amplify the tympanic
movements and transmit them to the oval window, whose
movement sets up traveling waves in the cochlear fluid. (Re-
view Figures 6-35 and 6-36.)

■ These waves, which are at the same frequency as the origi-
nal sound waves, set the basilar membrane in motion. Various
regions of this membrane selectively vibrate more vigorously
in response to different frequencies of sound. The narrow, stiff
end of the basilar membrane near the oval window vibrates
best with high-frequency pitches, and the wide, flexible end
near the helicotrema vibrates best with low-frequency
pitches. (Review Figure 6-36.)

■ On top of the basilar membrane are the receptive inner
hair cells of the organ of Corti, whose stereocilia (“hairs”) are
bent as the basilar membrane is deflected up and down in re-
lation to the overhanging stationary tectorial membrane,
which the hairs contact. (Review Figures 6-35, 6-37, and 6-38.)

■ Pitch discrimination depends on which region of the basi-
lar membrane naturally vibrates maximally with a given fre-
quency. Loudness discrimination depends on the amplitude
of the vibrations. Hair bending in the region of maximal basi-
lar membrane vibration is transduced into neural signals that
are transmitted to the auditory cortex in the temporal lobe of
the brain for sound perception. (Review Figure 6-39.)

■ The vestibular apparatus in the inner ear consists of (1) the
semicircular canals, which detect rotational acceleration or de-
celeration in any direction; and (2) the utricle and the saccule,
which collectively detect changes in the rate of linear move-
ment in any direction and provide information important for
determining head position in relation to gravity. Neural signals
are generated in response to the mechanical deformation of
vestibular hair cells by specific movement of fluid and related
structures within these vestibular sense organs. (Review Figures
6-41 and 6-42.)

■ Vestibular input goes to the vestibular nuclei in the brain
stem and to the cerebellum for use in maintaining balance
and posture, controlling eye movement, and perceiving mo-
tion and orientation. (Review Figure 6-43.)

Chemical Senses: Taste and Smell (pp. 227–232)

■ Taste and smell are chemical senses. In both cases, attach-
ment of specific dissolved molecules to binding sites on the re-
ceptor membrane causes receptor potentials that, in turn, set
up neural impulses signaling the presence of the chemical.

■ Taste receptors are housed in taste buds on the tongue;
olfactory receptors are located in the olfactory mucosa in the
upper part of the nasal cavity. (Review Figures 6-44 and 6-45.)

■ Both sensory pathways include two routes: one to the lim-
bic system for emotional and behavioral processing and one
to the cortex for conscious perception and fine discrimination.

■ Taste and olfactory receptors are continuously renewed,
unlike visual and hearing receptors, which are irreplaceable.

■ The five primary tastes are salty, sour, sweet, bitter, and
umami (a meaty, “amino-acid” taste). Taste discrimination
beyond the primary tastes depends on the patterns of stimu-
lation of the taste buds, each of which responds in varying
degrees to the different primary tastes. Salty and sour tastants
bring about receptor potentials in taste buds by directly af-
fecting membrane channels, whereas the other three catego-
ries of tastants act through second-messenger pathways to
bring about receptor potentials.

■ There are 1000 different types of olfactory receptors, each
of which responds to only one discrete component of an
odor, an odorant. Odorants act through second-messenger
pathways to trigger receptor potentials. The afferent signals
arising from the olfactory receptors are sorted according to
scent component by the glomeruli within the olfactory bulb.
Odor discrimination depends on the patterns of activation of
the glomeruli. (Review Figure 6-46.)
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C H A P T E R7 Study CardAutonomic Nervous System (pp. 237–245)

■ The CNS controls muscles and glands by transmitting sig-
nals to these effector organs through the efferent division of
the PNS. (Review Table 7-1.)

■ There are two types of efferent output: the autonomic ner-
vous system, which is under involuntary control and supplies
cardiac and smooth muscle as well as most exocrine and
some endocrine glands; and the somatic nervous system,
which is subject to voluntary control and supplies skeletal
muscle. (Review Table 7-6, p. 247, and Table 7-7, p. 248.)

■ All preganglionic fibers and parasympathetic postgangli-
onic fibers release acetylcholine (ACh). Sympathetic postgan-
glionic fibers release norepinephrine (NE). (Review Figure 7-2
and Tables 7-2 and 7-4.)

■ Postganglionic fibers have numerous swellings, or varicosi-
ties, that simultaneously release neurotransmitter over a large
area of the innervated organ. (Review Figures 7-1 and 8-32,
p. 297.)

■ The adrenal medulla, an endocrine gland, is a modified
sympathetic ganglion that secretes the hormones epinephrine
and to a lesser extent norepinephrine into the blood in re-
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■ The autonomic nervous system consists of twosubdivisions—the sympathetic and parasympathetic nervous
systems. (Review Figures 7-2 and 7-3 and Tables 7-3 and 7-5.)

■ An autonomic nerve pathway consists of a two-neuron
chain. The preganglionic fiber originates in the CNS and syn-
apses with the cell body of the postganglionic fiber in a gan-
glion outside the CNS. The postganglionic fiber ends on the
effector organ. (Review Figures 7-1, 7-2, and 7-3 and Table 7-5.)

sponse to stimulation by the sympathetic preganglionic fiber
that innervates it. (Review Figure 7-2.)

■ The same neurotransmitter elicits different responses in dif-
ferent tissues. Thus, the response depends on specialization of
the tissue cells, not on the properties of the messenger. (Re-
view Table 7-4.)

■ Tissues innervated by the autonomic nervous system pos-
sess one or more of several different receptor types for the
postganglionic chemical messengers (and for the related ad-
renomedullary hormone epinephrine). Cholinergic receptors
include nicotinic and muscarinic receptors; adrenergic recep-
tors include 1, 2, 1, and 2 receptors. (Review Figure 7-2
and Tables 7-3, 7-4, and 7-5.)

■ A given autonomic fiber either excites or inhibits activity in
the organ it innervates. (Review Tables 7-3 and 7-4.)

■ Most visceral organs are innervated by both sympathetic
and parasympathetic fibers, which in general produce oppo-
site effects in a particular organ. Dual innervation of organs
by both branches of the autonomic nervous system permits
precise control over an organ’s activity. (Review Figure 7-3 and
Table 7-3.)

■ The sympathetic system dominates in emergency or stress-
ful (“fight-or-flight”) situations and promotes responses that
prepare the body for strenuous physical activity. The parasym-
pathetic system dominates in quiet, relaxed (“rest-and-
digest”) situations and promotes body-maintenance activities
such as digestion. (Review Tables 7-3 and 7-5.)

■ Visceral afferent input is used by the CNS to direct appro-
priate autonomic output to maintain homeostasis. Autonomic
activities are controlled by multiple areas of the CNS, includ-
ing the spinal cord, medulla, hypothalamus, and prefrontal
association cortex.
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Somatic Nervous System (p. 246)

■ The somatic nervous system consists of the axons of motor
neurons, which originate in the spinal cord or brain stem and
end on skeletal muscle. (Review Figure 7-4 and Table 7-6.)

■ ACh, the neurotransmitter released from a motor neuron,
stimulates muscle contraction.

■ Motor neurons are the final common pathway by which
various regions of the CNS exert control over skeletal muscle
activity. The areas of the CNS that influence skeletal muscle
activity by acting through the motor neurons are the spinal
cord, motor regions of the cortex, basal nuclei, cerebellum,
and brain stem.

Neuromuscular Junction (pp. 246–253)

■ When a motor neuron reaches a muscle, it branches into
axon terminals. Each axon terminal forms a neuromuscular

■ An action potential in the axon terminal causes the release
of ACh from its storage vesicles in the terminal button. The
released ACh diffuses across the space separating the nerve
and muscle cells and binds to special receptor-channels on
the underlying motor end plate. This binding triggers the
opening of these nonspecific cation channels. The subsequent
ion movements depolarize the motor end plate, producing
the end-plate potential (EPP). (Review Figure 7-5.)

■ Local current flow between the depolarized end plate and
adjacent muscle cell membrane brings these adjacent areas to
threshold, initiating an action potential that is propagated
throughout the muscle fiber. This muscle action potential
triggers muscle contraction. (Review Figure 7-5.)

■ Membrane-bound acetylcholinesterase in the motor end
plate inactivates ACh, ending the EPP and, subsequently, the
action potential and resultant contraction. (Review Figure 7-5.)

Spinal cord (section)

Axon of efferent
motor neuron

Muscle
fibers

Terminal
button

Neuromuscular
junction

Muscle

Axon
terminals

8

7

6

3

4 5 9

6
7

8
2

1

Axon terminal of

motor neuron

Myelin sheath

Acetylcholinesterase

Acetylcholine-gated

receptor-channel (for

nonspecific cation traffic)

Motor end plate

Contractile elements within muscle fiber

Terminal button

Voltage-gated

Ca2+ channel

Vesicle of

acetylcholine

Voltage-gated

Na+ channel

Plasma membrane

of muscle fiber

Action potential

propagation

in motor neuron

Action potential

propagation

in muscle fiber

Na+

Na+

Na+

Ca2+

K+



04/08/2021 Human Physiology: From Cells to Systems, 7th ed.

https://translate.googleusercontent.com/translate_f 54/73

Translating...

junction with a single muscle cell (fiber). The axon terminal
splits into multiple fine branches, each of which ends in an
enlarged terminal button. (Review Figure 7-4 and Table 7-8.)

■ The specialized region of the muscle cell membrane un-
derlying the axon-terminal complex is called the motor end
plate. Because these structures do not make direct contact,
signals are passed between a terminal button and muscle fiber
by chemical means. (Review Figure 7-5.)

An action potential in a motor neuron is propagated to the axon
terminal (terminal button).
1

This local action potential triggers the opening of voltage-gated Ca2+

channels and the subsequent entry of Ca2+ into the terminal button.

2

Ca2+ triggers the release of acetylcholine (ACh) by exocytosis from

a portion of the vesicles.

3

ACh diffuses across the space separating the nerve and muscle

cells and binds with receptor-channels specific for it on the motor end

plate of the muscle cell membrane.

4

This binding brings about the opening of these nonspecific

cation channels, leading to a relatively large movement of Na+ into

the muscle cell compared to a smaller movement of K+ outward.

5

The result is an end-plate potential. Local current flow occurs
between the depolarized end plate and the adjacent membrane.
6

This local current flow opens voltage-gated Na+ channels in

the adjacent membrane.

7

The resultant Na+ entry reduces the potential to threshold,

initiating an action potential, which is propagated throughout the

muscle fiber.

8

ACh is subsequently destroyed by acetylcholinesterase, an

enzyme located on the motor end-plate membrane, terminating

the muscle cell’s response.

9
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C H A P T E R8Study CardStructure of Skeletal Muscle (pp. 257–261)

■ Muscles, contraction specialists, can develop tension,
shorten, produce movement, and accomplish work.

■ The three types of muscle are categorized in two different
ways according to common characteristics. (1) Skeletal mus-
cle and cardiac muscle are striated, whereas smooth muscle is
unstriated. (2) Skeletal muscle is voluntary, whereas cardiac
muscle and smooth muscle are involuntary. (Review Figure 8-1
and Table 8-3, pp. 290–291.)

■ Skeletal muscles are made up of bundles of long, cylindri-
cal muscle cells known as muscle fibers, wrapped in connec-
tive tissue. Muscle fibers are packed with myofibrils, each
myofibril consisting of alternating, slightly overlapping stacked
sets of thick and thin filaments. This arrangement leads to a
skeletal muscle fiber’s striated microscopic appearance, which
consists of alternating dark A bands and light I bands. A sarco-
mere, the area between two Z lines, is the functional unit of
skeletal muscle. (Review Figures 8-2 and 8-3.)

■ Thick filaments consist of the protein myosin. Cross
bridges made up of the myosin molecules’ globular heads
project from each thick filament toward the surrounding thin
filaments. (Review Figures 8-2 and 8-4.)

■ Thin filaments consist primarily of the protein actin, which
can bind and interact with the myosin cross bridges to bring
about contraction. In the resting state two other proteins,
tropomyosin and troponin, lie across the surface of the thin
filament to prevent this cross-bridge interaction. (Review Fig-
ures 8-2 and 8-5.)

Molecular Basis of Skeletal Muscle Contraction
(pp. 261–268)

■ Excitation of a skeletal muscle fiber by its motor neuron
brings about contraction through a series of events that re-
sults in the thin filaments sliding closer together between the
thick filaments. (Review Figure 8-7.)

■ This sliding filament mechanism of muscle contraction is
switched on by Ca2 release from the lateral sacs of the sarco-
plasmic reticulum in response to the spread of a muscle fiber
action potential into the central portions of the fiber via the
T tubules. (Review Figures 8-9, 8-10, and 8-11.)

■ Released Ca2 binds to troponin, slightly repositioning
tropomyosin to uncover actin’s cross-bridge binding sites.
(Review Figures 8-6 and 8-11.)

■ Binding of actin to a myosin cross bridge triggers cross-
bridge stroking, powered by energy stored in the myosin
head from prior splitting of ATP by myosin ATPase. During a
power stroke the cross bridge bends toward the thick fila-
ment’s center, “rowing” in the thin filament to which it is at-
tached. (Review Figures 8-8, 8-11, and 8-12.)

■ When a fresh ATP attaches to the cross bridge, myosin and
actin detach, the cross bridge returns to its original shape,
and the cycle is repeated. Repeated cycles of cross-bridge ac-
tivity slide the thin filaments inward step by step. (Review Fig-
ures 8-8 and 8-12.)

■ When the action potential ends, the lateral sacs actively
take up the Ca2, troponin and tropomyosin slip back into
their blocking position, and relaxation occurs. (Review
Figure 8-11.)

■ The entire contractile response lasts about 100 times lon-
ger than the action potential. (Review Figure 8-13.)

Skeletal Muscle Mechanics (pp. 268–276)

■ Tension is generated within a muscle by the contractile
component (sarcomere shortening brought about by cross-
bridge cycling). To move the bone to which the muscle is in-
serted, this internal tension is transmitted to the bone as the
contractile component stretches and tightens the muscle’s
series-elastic component (intracellular titin, connective tissue,
tendon). (Review Figure 8-14.)

■ Gradation of whole-muscle contraction can be accom-
plished by (1) varying the number of muscle fibers contract-
ing within the muscle and (2) varying the tension developed
by each contracting fiber. (Review Table 8-2, p. 283.)

■ The number of fibers contracting depends on (1) size of
the muscle (number of muscle fibers present), (2) extent of
motor unit recruitment (how many motor neurons supplying
the muscle are active), and (3) size of each motor unit (how
many muscle fibers are activated simultaneously by a single
motor neuron). (Review Figures 8-16 and 8-17 and Table 8-2.)

■ Two variable factors that affect fiber tension are (1) fre-
quency of stimulation, which determines the extent of twitch
summation; and (2) length of the fiber before the onset of
contraction (length-tension relationship). (Review Table 8-2.)

■ Twitch summation is the increase in tension accompanying
repetitive stimulation of a muscle fiber. After undergoing an
action potential, the muscle cell membrane recovers from its
refractory period and can be restimulated while some con-
tractile activity triggered by the first action potential still re-
mains so that the twitches induced by the two rapidly succes-
sive action potentials sum. If the muscle fiber is stimulated so
rapidly that it does not have a chance to start relaxing be-
tween stimuli, a smooth, sustained maximal contraction
known as tetanus occurs. (Review Figure 8-18.)

■ The tension also depends on the length of the fiber at the
onset of contraction. At optimal length (lo) (the resting mus-
cle length), there is maximal opportunity for cross-bridge in-
teraction, because of optimal overlap of thick and thin fila-
ments, so the greatest tension can develop. Less tension can
develop at shorter or longer lengths. (Review Figure 8-19.)
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■ The two primary types of muscle contraction—isometric
(constant length) and isotonic (constant tension)—depend on
the relationship between muscle tension and the load (the
weight of an object being lifted). (1) If tension is less than the
load, the muscle cannot shorten and lift the object but re-
mains at constant length (an isometric contraction). (2) If the
tension exceeds the load, the muscle can shorten and lift the
object, maintaining constant tension while shortening (iso-
tonic contraction).

■ The velocity, or speed, of shortening is inversely propor-
tional to the load. (Review Figure 8-20.)

■ The amount of work accomplished by a contracting muscle
equals the magnitude of the load times the distance the load is
moved. The amount of energy consumed by a contracting
muscle that is realized as external work varies from 0% to 25%;
the remaining energy is converted to heat. (Review Figure 8-20.)

Skeletal Muscle Metabolism and Fiber Types
(pp. 276–281)

■ Three pathways furnish the ATP needed for muscle con-
traction and relaxation: (1) the transfer of high-energy phos-
phates from stored creatine phosphate to ADP, providing the
first source of ATP at the onset of exercise; (2) oxidative phos-
phorylation, which efficiently extracts large amounts of ATP
from nutrients if enough O2 is available to support this sys-
tem; and (3) glycolysis, which can synthesize ATP in the ab-
sence of O2 but uses large amounts of stored glycogen and
produces lactate in the process. (Review Figure 8-22.)

■ The three types of skeletal muscle fibers are classified by
the pathways they use for ATP synthesis (oxidative or glyco-
lytic) and the rapidity with which they split ATP and subse-
quently contract (slow twitch or fast twitch): (1) slow-
oxidative fibers, (2) fast-oxidative fibers, and (3) fast-glycolytic
fibers. (Review Table 8-1.)

Control of Motor Movement (pp. 281–289)

■ Control of motor movement depends on activity in the
three types of presynaptic inputs that converge on the motor
neurons supplying various muscles: (1) spinal reflex pathways,
which originate with afferent neurons; (2) the corticospinal
(pyramidal) motor system, which originates in the primary
motor cortex and is concerned with discrete, intricate move-
ments of the hands; and (3) the multineuronal (extrapyrami-
dal) motor system, which originates in the brain stem and is
involved with postural adjustments and involuntary move-
ments of the trunk and limbs. The final motor output from
the brain stem is influenced by the cerebellum, basal nuclei,
and cerebral cortex. (Review Figure 8-23.)

■ Establishment and adjustment of motor commands de-
pend on continuous afferent input, especially feedback about
changes in muscle length (monitored by muscle spindles)
and muscle tension (monitored by Golgi tendon organs).
(Review Figure 8-24.)

■ When a whole muscle is stretched, the stretch of its mus-
cle spindles triggers the stretch reflex, which results in reflex
contraction of that muscle. This reflex resists any passive
changes in muscle length. (Review Figures 8-25 and 8-26.)

Smooth and Cardiac Muscle (pp. 289–299)

■ Smooth muscle cells are spindle shaped and much smaller
than skeletal muscle fibers. The thick and thin filaments of
smooth muscle are oriented diagonally in a diamond-shaped
lattice instead of running longitudinally, so the fibers are not
striated. (Review Figures 8-27 and 8-28.)

■ In smooth muscle, cytosolic Ca2, which enters from the
ECF and is also released from sparse intracellular stores, acti-
vates cross-bridge cycling by initiating a series of biochemical
reactions that result in phosphorylation of the light chains of
the myosin cross bridges to enable them to bind with actin.
(Review Figures 8-29 and 8-30.)

■ Smooth muscle in different organs is highly diversified and
can be classified in various ways: phasic or tonic, multiunit or
single-unit, and neurogenic or myogenic.

■ Phasic smooth muscle displays bursts of pronounced con-
traction in response to action potentials. Tonic smooth mus-
cle is partially contracted at all times in the absence of action
potentials because of ongoing Ca2 entry through open
surface-membrane Ca2 channels.

■ Multiunit smooth muscle is neurogenic, requiring stimula-
tion of individual muscle fibers by its autonomic nerve supply
to trigger contraction. Single-unit smooth muscle is myo-
genic; it can initiate its own contraction. Phasic, single-unit
smooth muscle spontaneously depolarizes to threshold as a
result of pacemaker potentials or slow-wave potentials. Once
an action potential is initiated, this electrical activity spreads
by means of gap junctions to the surrounding cells within the
functional syncytium, so the entire sheet becomes excited
and contracts as a unit. (Review Figure 8-31 and Table 8-4.)

■ The level of tension in smooth muscle depends on the
level of cytosolic Ca2. The autonomic nervous system (Re-
view Figure 8-32), as well as hormones and local metabolites,
can modify the rate and strength of contractions by altering
cytosolic Ca2 concentration.

■ Smooth muscle contractions are slow and energy efficient,
enabling this type of muscle to economically sustain long-
term contractions without fatigue. This economy, coupled
with the fact that single-unit smooth muscle can exist at a
variety of lengths with little change in tension, makes single-
unit smooth muscle ideally suited for its task of forming the
walls of hollow organs that can distend.

■ Cardiac muscle is found only in the heart. It has highly
organized striated fibers, like skeletal muscle. Like single-unit
smooth muscle, some cardiac muscle fibers can generate
action potentials, which are spread throughout the heart with
the aid of gap junctions. (Review Table 8-3.)
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■ The circulatory system is the transport system of the body.

■ The three basic components of the circulatory system are
the heart (the pump), the blood vessels (the passageways),
and the blood (the transport medium).

■ The heart is positioned midline in the thoracic cavity at an
angle with its wide base lying toward the right and its
pointed apex toward the left.

■ The heart is basically a dual pump that provides the driv-
ing pressure for blood flow through the pulmonary circula-

of inherent changes in ion movement across the membrane.
The first half of the pacemaker potential results from opening
of unique funny channels that permit entry of Na at the
same time K channels slowly close so that exit of K slowly
declines. Both of these actions gradually depolarize the mem-
brane toward threshold. The final boost to threshold results
from Ca2 entry on opening of T-type Ca2 channels. The ris-
ing phase of the action potential is the result of further Ca2

entry on opening of L-type Ca2 channels at threshold. The
falling phase results from K efflux on opening of K channels
at the peak of the action potential. Slow closure of these K
channels at the end of repolarization contributes to the next
pacemaker potential. (Review Figure 9-7.)
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tion (between the heart and lungs) and systemic circulation(between the heart and other body systems). (Review Figures
9-1 and 9-2.)

■ The heart has four chambers: Each half of the heart con-
sists of an atrium, or venous input chamber, and a ventricle,
or arterial output chamber. The right atrium receives O2-poor
blood from the systemic circulation and the right ventricle
pumps it into the pulmonary circulation. The left atrium re-
ceives O2-rich blood from the pulmonary circulation and
pumps it into the systemic circulation. (Review Figures 9-1,
9-2, and 9-4.)

■ Four heart valves direct blood in the right direction and
keep it from flowing in the other direction. The right and left
atrioventricular (AV) valves direct blood from the atria to the
ventricles during diastole and prevent backflow of blood from
the ventricles to the atria during systole. The aortic and pul-
monary semilunar valves direct blood from the ventricles to
the aorta and pulmonary artery, respectively, during systole
and prevent backflow of blood from these major vessels to the
ventricles during diastole. (Review Figures 9-3, 9-4, and 9-5.)

■ Contraction of the spirally arranged cardiac muscle fibers
produces a wringing effect important for efficient pumping.
Also important for efficient pumping is that the muscle fibers
in each chamber act as a functional syncytium, contracting as
a coordinated unit. (Review Figure 9-6.)

■ The branching cardiac muscle fibers are interconnected by
intercalated discs, which contain (1) desmosomes that hold
the cells together mechanically and (2) gap junctions that
permit spread of electrical current between cells joined to-
gether as a functional syncytium. (Review Figure 9-6.)

Electrical Activity of the Heart (pp. 309–321)

■ The heart is self-excitable, initiating its own rhythmic con-
tractions.

■ Autorhythmic cells are 1% of the cardiac muscle cells; they
do not contract but are specialized to initiate and conduct
action potentials. The other 99% of cardiac cells are contrac-
tile cells that contract in response to the spread of an action
potential initiated by autorhythmic cells.

■ Autorhythmic cells display a pacemaker potential, a slow
drift to threshold potential, as a result of a complex interplay

■ The cardiac impulse originates at the SA node, the pace-
maker of the heart, which has the fastest rate of spontaneous
depolarization to threshold. (Review Table 9-1 and Figures 9-8
and 9-9.)

■ Once initiated, the action potential spreads throughout
the right and left atria, partially facilitated by specialized con-
duction pathways but mostly by cell-to-cell spread of the im-
pulse through gap junctions. (Review Figure 9-8.)

■ The impulse passes from the atria into the ventricles
through the AV node, the only point of electrical contact be-
tween these chambers. The action potential is delayed briefly
at the AV node, ensuring that atrial contraction precedes ven-
tricular contraction to allow complete ventricular filling. (Re-
view Figure 9-8.)

■ The impulse then travels rapidly down the interventricular
septum via the bundle of His and rapidly disperses through-
out the myocardium by means of the Purkinje fibers. The rest
of the ventricular cells are activated by cell-to-cell spread of
the impulse through gap junctions. (Review Figure 9-8.)

■ Thus, the atria contract as a single unit, followed after a
brief delay by a synchronized ventricular contraction.

■ The action potentials of cardiac contractile cells exhibit a
prolonged positive phase, or plateau, accompanied by a pro-
longed period of contraction, which ensures adequate ejec-
tion time. This plateau is primarily the result of activation of
slow L-type Ca2 channels. (Review Figure 9-10.)

■ Ca2 entry though the L-type channels in the T tubules
triggers a much larger release of Ca2 from the sarcoplasmic
reticulum. This Ca2-induced Ca2 release leads to cross-
bridge cycling and contraction. (Review Figure 9-11.)

■ Because a long refractory period occurs in conjunction
with this prolonged plateau phase, summation and tetanus of
cardiac muscle are impossible, ensuring the alternate periods
of contraction and relaxation essential for pumping of blood.
(Review Figure 9-12.)

■ The spread of electrical activity throughout the heart can
be recorded from the body surface. In this electrocardiogram
(ECG), the P wave represents atrial depolarization; the QRS
complex, ventricular depolarization; and the T wave, ventricu-
lar repolarization. (Review Figures 9-13, 9-14, and 9-15.)
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Mechanical Events of the Cardiac Cycle (pp. 321–324)

■ The cardiac cycle consists of three important events (Re-
view Figure 9-16):

1. The generation of electrical activity as the heart auto-
rhythmically depolarizes and repolarizes (Review Figure
9-14.)

2. Mechanical activity consisting of alternate periods of
systole (contraction and emptying) and diastole (relax-
ation and filling), which are initiated by the rhythmic
electrical cycle.

3. Directional flow of blood through the heart chambers,
guided by valve opening and closing induced by pres-
sure changes that are generated by mechanical activity.

■ The atrial pressure curve remains low throughout the en-
tire cardiac cycle, with only minor fluctuations (normally vary-
ing between 0 and 8 mm Hg). The aortic pressure curve re-
mains high the entire time, with moderate fluctuations
(normally varying between a systolic pressure of 120 mm Hg
and a diastolic pressure of 80 mm Hg). The ventricular pres-
sure curve fluctuates dramatically, because ventricular pres-
sure must be below the low atrial pressure during diastole to
allow the AV valve to open for filling; and to force the aortic
valve open to allow emptying, it must be above the high aor-
tic pressure during systole. Therefore, ventricular pressure
normally varies from 0 mm Hg during diastole to slightly
more than 120 mm Hg during systole. During the periods of
isovolumetric ventricular contraction and relaxation, ventricu-
lar pressure is above the low atrial pressure and below the
high aortic pressure, so all valves are closed and no blood en-
ters or leaves the ventricles. (Review Figure 9-16.)

■ The end-diastolic volume is the volume of blood in the
ventricle when filling is complete at the end of diastole. The
end-systolic volume is the volume of blood remaining in
the ventricle when ejection is complete at the end of systole.
The stroke volume is the volume of blood pumped out by
each ventricle each beat. (Review Figure 9-16.)

■ Stroke volume depends on (1) the extent of ventricular fill-
ing, with an increased end-diastolic volume resulting in a
larger stroke volume by means of the length–tension relation-
ship (Frank–Starling law of the heart, a form of intrinsic con-
trol); and (2) the extent of sympathetic stimulation, with in-
creased sympathetic stimulation resulting in increased
contractility of the heart, that is, increased strength of con-
traction and increased stroke volume at a given end-diastolic
volume (extrinsic control). (Review Figures 9-20 through 9-23.)

■ The preload of the heart (the workload imposed on the
heart before contraction begins) is the extent of filling. The

Cardiac output
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■ Valve closing gives rise to two normal heart sounds. The
first heart sound is caused by closing of the AV valves and sig-
nals the onset of ventricular systole. The second heart sound
is the result of closing of the aortic and pulmonary valves at
the onset of diastole. (Review Figure 9-16.)

■ Defective valve function produces turbulent blood flow,
which is audible as a heart murmur. Abnormal valves may be
either stenotic and not open completely or insufficient and
not close completely. (Review Figure 9-18 and Table 9-2.)

Cardiac Output and Its Control (pp. 325–332)

■ Cardiac output, the volume of blood ejected by each ven-
tricle each minute, is determined by heart rate times stroke
volume. (Review Figure 9-24.)

■ Heart rate is varied by altering the balance of parasympa-
thetic and sympathetic influence on the SA node. Parasympa-
thetic stimulation slows the heart rate, and sympathetic stim-
ulation speeds it up. (Review Figure 9-19 and Table 9-3.)

afterload of the heart (the workload imposed on the heart af-
ter contraction has begun) is the arterial blood pressure.

Nourishing the Heart Muscle (pp. 332–338)

■ Cardiac muscle is supplied with oxygen and nutrients by
blood delivered to it by the coronary circulation, not by
blood within the heart chambers.

■ Most coronary blood flow occurs during diastole, because
during systole the contracting heart muscle compresses the
coronary vessels. (Review Figure 9-26.)

■ Coronary blood flow is normally varied to keep pace with
cardiac oxygen needs. (Review Figure 9-27.)

■ Coronary blood flow may be compromised by develop-
ment of atherosclerotic plaques, which can lead to ischemic
heart disease ranging in severity from mild chest pain on ex-
ertion to fatal heart attacks. (Review Figures 9-28 through
9-30 and Table 9-4.)
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■ Materials can be exchanged between various parts of the
body and with the external environment by means of the
blood vessel network that transports blood to and from all or-
gans. (Review Figure 10-1.)

■ Organs that replenish nutrient supplies and remove meta-
bolic wastes from the blood receive a greater percentage of
the cardiac output than is warranted by their metabolic
needs. These “reconditioning” organs can better tolerate re-
ductions in blood supply than can organs that receive blood
solely for meeting their own metabolic needs. The recondi-
tioning organs are the digestive organs, kidneys, and skin.

■ The brain is especially vulnerable to reductions in its blood
supply. Therefore, maintaining adequate flow to this vulnera-
ble organ is a high priority in circulatory function.

■ The flow rate of blood through a vessel (in volume per
unit of time) is directly proportional to the pressure gradient
and inversely proportional to the resistance. The higher pres-
sure at the beginning of a vessel is established by the pres-
sure imparted to the blood by cardiac contraction. The lower
pressure at the end is the result of frictional losses as flowing
blood rubs against the vessel wall. (Review Figure 10-2.)

■ Resistance, the hindrance to blood flow through a vessel,
is influenced most by the vessel’s radius. Resistance is in-
versely proportional to the fourth power of the radius, so
small changes in radius profoundly influence flow. As the
radius increases, resistance decreases and flow increases, and
vice versa. (Review Figure 10-3.)

■ Blood flows in a closed loop between the heart and the
organs. The arteries transport blood from the heart through-
out the body. The arterioles regulate the amount of blood
that flows through each organ. The capillaries are the actual
site where materials are exchanged between blood and sur-
rounding tissue cells. The veins return blood from the tissue
level back to the heart. (Review Figure 10-4 and Table 10-1.)

Arteries (pp. 347–350)

■ Arteries are large-radius, low-resistance passageways from
the heart to the organs. They also serve as a pressure reser-
voir. Because of their elasticity, owing to their abundant elas-
tin fibers, arteries expand to accommodate the extra volume
of blood pumped into them by cardiac contraction and then
recoil to continue driving the blood forward when the heart
is relaxing. (Review Table 10-1 and Figures 10-5 and 10-6.)

■ Systolic pressure (average 120 mm Hg) is the peak pressure
exerted by the ejected blood against the vessel walls during
cardiac systole. Diastolic pressure (average 80 mm Hg) is the
minimum pressure in the arteries when blood is draining off
into the vessels downstream during cardiac diastole. When
blood pressure is 120/80, pulse pressure (the difference be-
tween systolic and diastolic pressures) is 40 mm Hg. (Review
Figures 10-7 and 10-8.)

■ The average driving pressure throughout the cardiac cycle
is the mean arterial pressure, which can be estimated using
the following formula: mean arterial pressure diastolic
pressure 1/3 pulse pressure. (Review Figure 10-9.)

Arterioles (pp. 350–360)

■ Arterioles are the major resistance vessels. Their high resis-
tance produces a large drop in mean pressure between the
arteries and capillaries. This decline enhances blood flow by
contributing to the pressure differential between the heart
and organs. (Review Figure 10-9.)

■ Arterioles have a thick layer of circular smooth muscle,
variable contraction of which alters arteriolar caliber and resis-
tance. (Review Table 10-1.) Tone, a baseline of contractile ac-
tivity, is maintained in arterioles at all times. Arteriolar vasodi-
lation (expansion of arteriolar caliber above tonic level)
decreases resistance and increases blood flow through the
vessel, whereas vasoconstriction (narrowing of the vessel) in-
creases resistance and decreases flow. (Review Figure 10-10.)

■ Arteriolar caliber is subject to two types of control mecha-
nisms: local (intrinsic) controls and extrinsic controls.

■ Local controls primarily involve local chemical changes as-
sociated with changes in the level of metabolic activity in an
organ, such as local changes in O2, which cause the release of
vasoactive mediators from the endothelial cells in the vicinity.
Examples include vasodilating nitric oxide and vasoconstrict-
ing endothelin. These vasoactive mediators act on the under-
lying arteriolar smooth muscle to bring about an appropriate
change in the caliber of the arterioles supplying the organ. By
adjusting the resistance to blood flow, the local control mech-
anism adjusts blood flow to the organ to match the momen-
tary metabolic needs of the organ. (Review Figures 10-10,
10-11, and 10-14 and Tables 10-2 and 10-3.)

■ Arteriolar caliber can be adjusted independently in different
organs by local control factors. Such adjustments are important
in variably distributing cardiac output. (Review Figure 10-12.)

■ Other local influences include (1) histamine release (impor-
tant in inflammatory and allergic reactions); (2) local applica-
tion of heat or cold (important therapeutically); (3) chemical
response to shear stress (which resists changes in the force
exerted parallel to the vessel surface by flowing blood); and
(4) myogenic response to stretch (which resists changes in
the distending force exerted across the vessel wall by blood-
pressure driven changes in blood flow).

■ Extrinsic control is accomplished primarily by sympathetic
and to a lesser extent by hormonal influence over arteriolar
smooth muscle. Extrinsic controls are important in maintain-
ing mean arterial pressure. Arterioles are richly supplied with
sympathetic nerve fibers, whose increased activity produces
generalized vasoconstriction and a subsequent increase in to-
tal peripheral resistance, thus increasing mean arterial pres-
sure. Decreased sympathetic activity produces generalized ar-
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teriolar vasodilation, which lowers mean arterial pressure.
These extrinsically controlled adjustments of arteriolar caliber
help maintain the appropriate pressure head for driving blood
forward to the tissues. Most arterioles are not supplied by
parasympathetic nerves. (Review Figure 10-14.)

■ Hormones that extrinsically influence arteriolar radius are
norepinephrine, epinephrine, vasopressin, and angiotensin II,
all of which cause generalized arteriolar vasoconstriction.

Capillaries (pp. 361–371)

■ The thin-walled, small-radius, extensively branched capil-
laries are ideally suited to serve as sites of exchange between
the blood and surrounding tissue cells. Anatomically, the sur-
face area for exchange is maximized and diffusion distance is
minimized in the capillaries. Furthermore, because of their
large total cross-sectional area, the velocity of blood flow
through capillaries (in distance per unit of time) is relatively
slow, providing adequate time for exchanges to take place.
(Review Figures 10-15 through 10-17 and Table 10-1, p. 348.)

■ Two types of passive exchanges—diffusion and bulk flow—
take place across capillary walls.

■ Individual solutes are exchanged primarily by diffusion down
concentration gradients. Lipid-soluble substances pass directly
through the single layer of endothelial cells lining a capillary,
whereas water-soluble substances pass through water-filled
pores between the endothelial cells. Plasma proteins generally
do not escape. (Review Figures 10-18 and 10-21.)

■ Imbalances in physical pressures acting across capillary
walls are responsible for bulk flow of fluid through the pores.
(1) Fluid is forced out of the first portion of the capillary (ul-
trafiltration), where outward pressures (mainly capillary blood
pressure) exceed inward pressures (mainly plasma-colloid os-
motic pressure). (2) Fluid is returned to the capillary along its
last half, when outward pressures fall below inward pressures.
The reason for the shift in balance down the capillary’s length
is the continuous decline in capillary blood pressure while the
plasma-colloid osmotic pressure remains constant. Bulk flow
is responsible for the distribution of ECF between plasma and
interstitial fluid. (Review Figures 10-9, 10-22, and 10-23.)

■ Normally, slightly more fluid is filtered than is reabsorbed.
The extra fluid, any leaked proteins, and bacteria in the tissue
are picked up by the lymphatic system. Bacteria are destroyed
as lymph passes through lymph nodes on the way to being
returned to the venous system. (Review Figures 10-22, 10-24
and 10-25.)

Veins (pp. 371–376)

■ Veins are large-radius, low-resistance passageways through
which blood returns from the organs to the heart. In addition,

the thin-walled, highly distensible veins, as capacitance ves-
sels, can passively stretch to store a larger volume of blood
and therefore act as a blood reservoir. The capacity of veins to
hold blood can change markedly with little change in venous
pressure. At rest, the veins contain more than 60% of the total
blood volume. (Review Table 10-10 and Figure 10-27.)

■ The primary force that produces venous flow is the pres-
sure gradient between the veins and atrium (that is, what re-
mains of the driving pressure imparted to the blood by car-
diac contraction). (Review Figures 10-9 and 10-28.)

■ Venous return is enhanced by sympathetically induced ve-
nous vasoconstriction and by external compression of the
veins from contraction of surrounding skeletal muscles, both
of which drive blood out of the veins. These actions help
counter the effects of gravity on the venous system. (Review
Figures 10-28 through 10-31.)

■ One-way venous valves ensure that blood is driven toward
the heart and kept from flowing back toward the tissues.
(Review Figure 10-32.)

■ Venous return is also enhanced by the respiratory pump
and the cardiac suction effect. Respiratory activity produces a
less-than-atmospheric pressure in the chest cavity, thus estab-
lishing an external pressure gradient that encourages flow
from the lower veins that are exposed to atmospheric pres-
sure to the chest veins that empty into the heart. In addition,
slightly negative pressures created within the atria during
ventricular systole and within the ventricles during ventricular
diastole exert a suctioning effect that further enhances
venous return and facilitates cardiac filling. (Review Figures
10-28 and 10-33.)

Blood Pressure (pp. 376–386)

■ Regulation of mean arterial pressure (MAP) depends on
control of its two main determinants, cardiac output (CO)
and total peripheral resistance (TPR). Control of CO, in turn,
depends on regulation of heart rate and stroke volume,
whereas TPR is determined primarily by the degree of arterio-
lar vasoconstriction. (Review Figure 10-34.)

■ Short-term regulation of blood pressure is accomplished
mainly by the baroreceptor reflex. Carotid sinus and aortic
arch baroreceptors continuously monitor MAP. When they de-
tect a deviation from normal, they signal the medullary car-
diovascular center, which responds by adjusting autonomic
output to the heart and blood vessels to restore the blood
pressure to normal. (Review Figures 10-35 through 10-38.)

■ Long-term control of blood pressure involves maintaining
proper plasma volume through the kidneys’ control of salt
and water balance. (Review Figure 10-34.)
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■ Blood consists of three types of cellular elements—
erythrocytes (red blood cells), leukocytes (white blood cells),
and platelets (thrombocytes)—suspended in the liquid
plasma. (Review Figure 11-1 and Table 11-1.)

■ The 5- to 5.5-liter volume of blood in an adult consists of
42% to 45% erythrocytes, less than 1% leukocytes and plate-
lets, and 55% to 58% plasma. The percentage of whole-
blood volume occupied by erythrocytes is the hematocrit.
(Review Figure 11-1.)

■ Hemoglobin also contributes to CO2 transport and buffer-
ing of blood by reversibly binding with CO2 and H .

■ Unable to replace cell components, erythrocytes are des-
tined to a short life span of about 120 days.

■ Undifferentiated pluripotent stem cells in the red bone
marrow give rise to all cellular elements of the blood. (Review
Figures 11-3 and 11-9.) Erythrocyte production (erythropoie-
sis) by the marrow normally keeps pace with the rate of
erythrocyte loss, keeping the red cell count constant. Erythro-
poiesis is stimulated by erythropoietin, a hormone secreted
by the kidneys in response to reduced O2 delivery. (Review
Figure 11-4.)
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■ Plasma is a complex liquid consisting of 90% water that
serves as a transport medium for substances being carried in
the blood. The most abundant inorganic constituents in
plasma are Na and Cl–. The most plentiful organic constitu-
ents in plasma are plasma proteins.

■ All plasma constituents are freely diffusible across the cap-
illary walls except the plasma proteins, which remain in the
plasma, where they perform a variety of important functions.
Plasma proteins include the albumins, globulins (, , and ),
and fibrinogen. (Review Table 11-1.)

Erythrocytes (pp. 393–400)

■ Erythrocytes are specialized for their primary function of
O2 transport in the blood. Their biconcave shape maximizes
the surface area available for diffusion of O2 into cells of this
volume. (Review Figure 11-1.) Erythrocytes do not contain a
nucleus or organelles (these are extruded during develop-
ment) but instead are packed full of hemoglobin, an iron-
containing molecule that can loosely and reversibly bind with
O2. Because O2 is poorly soluble in blood, hemoglobin is in-
dispensable for O2 transport. Each hemoglobin molecule can
carry four O2 molecules. (Review Figures 11-2 and 11-3.)

■ The major ABO blood types depend on the presence of
specific antigens on the surface of erythrocytes. The red
blood cells of type A blood have A antigen, of type B blood
have B antigen, of type AB blood have both A and B antigen,
and of type O blood have no A or B antigen. Type A blood
has anti-B antibodies, type B blood has anti-A antibodies, type
AB blood has no anti-A or anti-B antibodies, and type O
blood has both anti-A and anti-B antibodies. These antibodies
cause the RBCs with the corresponding antigens to aggluti-
nate (clump) and/or rupture, causing a transfusion reaction if
incoming donor cells are exposed to corresponding antibod-
ies in recipient blood. (Review Figure 11-7.)

Leukocytes (pp. 400–405)

■ Leukocytes are the defense corps of the body. They attack
foreign invaders (the most common of which are bacteria and
viruses), destroy cancer cells that arise in the body, and clean
up cellular debris. Leukocytes as well as certain plasma pro-
teins make up the immune system.

■ Each of the five types of leukocytes has a different task:
(1) Neutrophils, the phagocytic specialists, are important in
engulfing bacteria and debris. (2) Eosinophils specialize in at-
tacking parasitic worms and play a role in allergic responses.
(3) Basophils release two chemicals: histamine, which is also
important in allergic responses; and heparin, which helps
clear fat particles from the blood. (4) Monocytes, on leaving
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the blood, set up residence in the tissues and greatly enlarge
to become the large tissue phagocytes known as macro-
phages. (5) Lymphocytes provide immune defense against
bacteria, viruses, and other targets for which they are specifi-
cally programmed. Their defense tools include the production
of antibodies that mark the victim for destruction by phago-
cytosis or other means (for B lymphocytes) and the release of
chemicals that punch holes in the victim (for T lymphocytes).
(Review Figure 11-8 and Table 11-1.)

■ Leukocytes are present in the blood only while in transit
from their site of production and storage in the bone marrow
(and also in the lymphoid tissues in the case of the lympho-
cytes) to their site of action in the tissues. (Review Figure
11-9.) At any given time, most leukocytes are out in the tis-
sues on surveillance or performing actual combat missions.

■ All leukocytes have a limited life span and must be replen-
ished by ongoing differentiation and proliferation of precursor
cells. The total number and percentage of each of the differ-
ent types of leukocytes are produced at variable rates de-
pending on the momentary defense needs of the body. Fac-
tors that regulate production of the different types of
leukocyte are released from invaded or injured tissues and/or
from activated leukocytes.

Platelets and Hemostasis (pp. 405–412)

gether cause other passing-by platelets to pile on, setting up
a positive-feedback cycle as the platelet plug grows to fill in
the defect. Normal adjacent endothelium secretes inhibitory
chemicals that prevent platelets from adhering to the sur-
rounding undamaged part of the vessel. (Review Figures 11-11
and 11-15.)

■ Clot formation reinforces the platelet plug and converts
blood in the vicinity of a vessel injury into a nonflowing gel.

■ Most factors necessary for clotting are always present in
the plasma in inactive precursor form. When a vessel is dam-
aged, exposed collagen initiates a cascade of reactions involv-
ing successive activation of these clotting factors, ultimately
converting fibrinogen into fibrin via the intrinsic clotting
pathway. (Review Figures 11-13, 11-14, and 11-15.)

■ Fibrin, an insoluble threadlike molecule, is laid down as
the meshwork of the clot; the meshwork in turn entangles
blood cellular elements to complete clot formation. (Review
Figure 11-12.)
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■ Platelets are cell fragments derived from large megakaryo-
cytes in the bone marrow. (Review Figures 11-8, 11-9, and
11-10.)

■ Platelets play a role in hemostasis, the arrest of bleeding
from an injured vessel. The three main steps in hemostasis
are (1) vascular spasm, (2) platelet plugging, and (3) clot
formation.

■ Vascular spasm reduces blood flow through an injured
vessel.

■ Aggregation of platelets at the site of vessel injury quickly
plugs the defect. Platelets start to aggregate on contact with
exposed collagen in the damaged vessel wall. These aggre-
gated platelets secrete ADP and thromboxane A2, which to-

■ Platelet aggregation and clot formation mutually reinforce
each other to seal the damaged vessel. Both processes are ini-
tiated simultaneously by exposure to collagen at a vessel de-
fect. Thrombin converts fibrinogen to fibrin to form the clot
and participates in hemostasis in multiple ways, including en-
hancing platelet aggregation. Platelets secrete PF3, which en-
hances the clotting cascade. (Review Figures 11-13 and
11-15.)

■ Blood that has escaped into the tissues clots on exposure
to tissue thromboplastin, which sets the extrinsic clotting
pathway into motion. (Review Figure 11-14.)

■ Clots form quickly. When no longer needed, they are
slowly dissolved by plasmin, a fibrinolytic factor also activated
by exposed collagen. (Review Figure 11-16.)
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C H A P T E R12Study CardImmune System: Targets, Effectors, Components
(pp. 417–420)

■ Foreign invaders and newly arisen mutant cells are imme-
diately confronted with multiple interrelated defense mecha-
nisms aimed at destroying and eliminating anything that is
not part of the normal self. These mechanisms, collectively
referred to as immunity, include both innate and adaptive im-
mune responses. Innate immune responses are nonspecific
responses that nonselectively defend against foreign material
even on initial exposure to it. Adaptive immune responses are
specific responses that selectively target particular invaders
for which the body has been specially prepared after a prior
exposure. (Review Table 12-3, p. 445.)

■ The most common invaders are bacteria and viruses. Bac-
teria are self-sustaining, single-celled organisms, which pro-
duce disease by virtue of the destructive chemicals they re-
lease. Viruses are protein-coated nucleic acid particles, which
invade host cells and take over the cellular metabolic machin-
ery for their own survival to the detriment of the host cell.

■ Leukocytes and their derivatives are the major effector cells
of the immune system and are reinforced by a number of dif-
ferent plasma proteins. Leukocytes include neutrophils, eosin-
ophils, basophils, monocytes, and lymphocytes.

■ Immune cells also clean up cellular debris, preparing the
way for tissue repair.

Innate Immunity (pp. 420–428)

■ Innate immune responses include inflammation, inter-
feron, natural killer cells, and the complement system.

■ Inflammation is a nonspecific response to foreign invasion
or tissue damage mediated largely by the professional phago-
cytes (neutrophils and monocytes-turned-macrophages). The
phagocytic cells destroy foreign and damaged cells both by
phagocytosis and by release of lethal chemicals. (Review Fig-
ures 12-2 and 12-3.) Phagocytic secretions also augment in-
flammation, induce systemic manifestations such as fever,
and enhance adaptive immune responses.

■ Histamine-induced vasodilation and increased permeability
of local capillaries at the site of invasion or injury permit en-
hanced delivery of more phagocytic leukocytes and inactive
plasma protein precursors crucial to defense, such as comple-
ment components. These vascular changes also largely pro-
duce the observable local manifestations of inflammation—
swelling, redness, heat, and pain. (Review Figure 12-3.)

■ Interferon is nonspecifically released by virus-infected cells
and transiently inhibits viral multiplication in other cells to
which it binds. (Review Figure 12-5.)

■ Natural killer (NK) cells nonspecifically lyse and destroy
virus-infected cells and cancer cells on first exposure to them.
(Review Figure 12-11.)

■ On being activated by microbes themselves at the site of
invasion or by antibodies produced against the microbes, the
complement system directly destroys the foreign invaders by
lysing their membranes and also augments other aspects of
the inflammatory process, such as by acting as opsonins that
enhance phagocytosis. The complement system lyses the tar-
geted cells by forming a hole-punching membrane attack
complex that inserts into the victim cell’s membrane, leading
to osmotic rupture of the cell. (Review Figures 12-4 and 12-6.)

Adaptive Immunity: General Concepts (pp. 428–429)

■ Not only is the adaptive immune system able to recognize
foreign molecules as different from self-molecules—so that
destructive immune reactions are not unleashed against the
body itself—but it can also distinguish between millions of
different foreign molecules. Lymphocytes, the effector cells of
adaptive immunity, are each uniquely equipped with surface
membrane receptors that can bind with only one specific
complex foreign molecule, known as an antigen.

■ The two broad classes of adaptive immune responses are
antibody-mediated immunity accomplished by plasma cells
derived from B lymphocytes (B cells), and cell-mediated im-
munity accomplished by T lymphocytes (T cells). (Review
Figure 12-7 and Table 12-4, p. 450.)

■ B cells develop from a lineage of lymphocytes that origi-
nally matured within the bone marrow. The T-cell lineage
comes from lymphocytes that migrated from the bone mar-
row to the thymus to complete their maturation. New B and
T cells arise from lymphocyte colonies in lymphoid tissues.
(Review Figures 12-1 and 12-7 and Table 12-1.)

B Lymphocytes: Antibody-Mediated Immunity
(pp. 429–437)

■ Each B cell recognizes specific free extracellular antigen,
such as that found on the surface of bacteria.

■ After being activated by binding of its receptor (a B-cell re-
ceptor or BCR) with its specific antigen, a B cell rapidly prolif-
erates, producing a clone of its own kind that can specifically
wage battle against the invader. Most lymphocytes in the ex-
panded B-cell clone become antibody-secreting plasma cells
that participate in the primary response against the invader.
Some of the new lymphocytes do not participate in the attack
but become memory cells that lie in wait, ready to launch a
swifter and more forceful secondary response should the
same foreigner ever invade the body again. (Review Figures
12-8, 12-9, 12-12, 12-13, and 12-14.)
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■ Antibodies are Y-shaped molecules. The antigen-binding
sites on the tips of each arm of the antibody determine with
what specific antigen the antibody can bind. Properties of the
antibody’s tail portion determine what the antibody does
once it binds with antigen. There are five subclasses of anti-
bodies, depending on differences in the biological activity of
their tail portion: IgM, IgG, IgE, IgA, and IgD immunoglobu-
lins. (Review Figure 12-10.)

■ Antibodies do not directly destroy antigenic material. In-
stead, they exert their protective effect by physically hinder-
ing antigens through neutralization or agglutination or by in-
tensifying lethal innate immune responses already called into
play by the foreign invasion. Antibodies activate the comple-
ment system, enhance phagocytosis, and stimulate killer cells.
(Review Figure 12-11 and Table 12-3.)

T Lymphocytes: Cell-Mediated Immunity
(pp. 437–449)

■ T cells accomplish cell-mediated immunity by being in di-
rect contact with their targets and by releasing cytokines.
Chemicals other than antibodies released by leukocytes are
known as cytokines.

■ There are three types of T cells: cytotoxic, helper, and reg-
ulatory T cells.

■ The targets of cytotoxic (CD8) T cells are virally invaded
cells and cancer cells, which they destroy by releasing perfo-
rin molecules that form a lethal hole-punching complex that
inserts into the membrane of the victim cell or by releasing
granzymes that trigger the victim cell to undergo apoptosis.
(Review Figures 12-15 and 12-16 and Table 12-2.)

■ Helper (CD4) T cells bind with other immune cells and
release cytokines that augment the activity of these other
cells. B cells cannot convert to plasma cells and produce anti-
bodies in response to T-dependent antigen without the help
of helper cells. (Review Figure 12-21.)

■ Regulatory (CD4CD25) cells secrete cytokines that sup-
press other immune cells, putting the brake on immune re-
sponses in check-and-balance fashion.

■ Like B cells, T cells bear receptors (T-cell receptors or TCRs)
that are antigen specific (Review Figure 12-8), undergo clonal
selection, exert primary and secondary responses, and form
memory pools for long-lasting immunity against targets to
which they have already been exposed.

■ Helper T cells can recognize and bind with antigen only
when it has been processed and presented to them by
antigen-presenting cells (APCs), such as macrophages and
dendritic cells. (Review Figures 12-18 and 12-19.)

■ Lymphocytes produced by chance that can attack the
body’s own cells are eliminated or suppressed so that they are
prevented from functioning. In this way, the body is able to
“tolerate” (not attack) its own antigens.

■ B and T cells have different targets because their require-
ments for antigen recognition differ. B cells recognize freely
circulating antigen, such as bacteria, that can lead to antigen
destruction at long distances via antibodies. T cells, in con-
trast, have a dual binding requirement of foreign antigen in
association with self-antigens on the surface of one of the
body’s own cells. (Review Figures 12-20 and 12-21.)

■ The self-antigens on cell surfaces are class I or class II MHC
molecules, which are unique for each individual. Cytotoxic
T cells can bind only with virus-infected host cells or cancer
cells, which always bear class I MHC self-antigen in associa-
tion with foreign or abnormal antigen. Helper T cells can
bind only with APCs and B cells that bear the class II MHC
self-marker in association with foreign antigen. The APCs acti-
vate helper T cells, and helper T cells activate B cells. Thus,
such differential binding ensures that the appropriate specific
immune response ensues. (Review Figures 12-20 and 12-21.)

■ In the process of immune surveillance, natural killer cells,
cytotoxic T cells, macrophages, and the interferon they col-
lectively secrete normally eradicate newly arisen cancer cells
before they have a chance to spread. (Review Figure 12-23.)

Immune Diseases (pp. 449–453)

■ Immune diseases are of two types: immunodeficiency dis-
eases (insufficient immune responses) or inappropriate im-
mune attacks (excessive or mistargeted immune responses).

■ Inappropriate attacks include autoimmune diseases, im-
mune complex diseases, and allergies (hypersensitivities), of
which there are two types: (1) Immediate hypersensitivities
involving the production of IgE antibodies by B cells that trig-
ger release of histamine from mast cells and basophils to
bring about a swift response to the allergen, and (2) delayed
hypersensitivities involving a more slowly responding cell-
mediated, symptom-producing response by T cells against
the allergen. (Review Figure 12-24 and Table 12-5.)

External Defenses (pp. 453–457)

■ The body surfaces exposed to the outside environment—
both the outer covering of skin and the linings of internal
cavities that communicate with the external environment—
serve not only as mechanical barriers to deter would-be
pathogenic invaders but also play an active role in thwarting
entry of bacteria and other unwanted materials.

■ The skin consists of two layers: an outer vascular, keratin-
ized epidermis and an inner, connective tissue dermis. The
epidermis contains four cell types: pigment-producing mela-
nocytes, keratin-producing keratinocytes, antigen-presenting
Langerhans cells, and immune-suppressive Granstein cells.
(Review Figure 12-25.)

■ The other main routes by which potential pathogens enter
the body are the digestive system, the urogenital system, and
the respiratory system, which are all defended by various an-
timicrobial strategies.
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C H A P T E R13Study CardRespiratory Anatomy (pp. 461–464)

■ Cellular respiration refers to the intracellular metabolic re-
actions that use O2 and produce CO2 during energy-yielding
oxidation of nutrient molecules. External respiration refers to
the transfer of O2 and CO2 between the external environ-
ment and tissue cells. The respiratory and circulatory systems
function together to accomplish external respiration. (Review
Figure 13-1.)

■ The respiratory system exchanges air between the atmo-
sphere and lungs. The airways conduct air from the atmo-
sphere to the alveoli, across which O2 and CO2 are exchanged
between air in these air sacs and blood in the surrounding

■ For more forceful active expiration, contraction of the ex-
piratory muscles (namely, the abdominal muscles) further de-
creases the size of the thoracic cavity and lungs, which further
increases the intra-alveolar–to–atmospheric-pressure gradient.
(Review Figures 13-11 and 13-12d.)

■ The larger the gradient between the alveoli and atmo-
sphere in either direction, the larger the airflow rate, because
air flows until intra-alveolar pressure equilibrates with atmo-
spheric pressure. (Review Figures 13-13 and 13-14.)

■ Besides being directly proportional to the pressure gradi-
ent, airflow rate is also inversely proportional to airway resis-
tance. (Review Table 13-1.) Because airway resistance, which
depends on the caliber of the conducting airways, is normally
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pulmonary capillaries. The extremely thin alveolar walls areformed by Type I alveolar cells. Type II alveolar cells secrete
pulmonary surfactant. (Review Figures 13-2 and 13-4.)

■ The lungs are housed within the closed compartment of
the thorax, the volume of which can be changed by contrac-
tile activity of surrounding respiratory muscles.

■ Each lung is surrounded by a double-walled, closed sac,
the pleural sac. (Review Figure 13-5.)

Respiratory Mechanics (pp. 465–485)

■ Ventilation, or breathing, is the process of cyclically mov-
ing air in and out of the lungs so that old alveolar air that has
given up O2 and picked up CO2 can be exchanged for fresh
atmospheric air.

■ Ventilation is mechanically accomplished by alternately
shifting the direction of the pressure gradient for airflow be-
tween the atmosphere and alveoli through the cyclic expan-
sion and recoil of the lungs. When intra-alveolar pressure de-
creases as a result of lung expansion during inspiration, air
flows into the lungs from the higher atmospheric pressure.
When intra-alveolar pressure increases as a result of lung re-
coil during expiration, air flows out of the lungs toward the
lower atmospheric pressure. (Review Figures 13-6, 13-7,
13-10, 13-13, and 13-14.)

■ Alternate contraction and relaxation of the inspiratory
muscles (primarily the diaphragm) indirectly produce periodic
inflation and deflation of the lungs by cyclically expanding
and compressing the thoracic cavity, with the lungs passively
following its movements. (Review Figures 13-11 and 13-12.)

■ The lungs follow the movements of the thoracic cavity by
virtue of the intrapleural fluid’s cohesiveness and the trans-
mural pressure gradient across the lung wall. The transmural
pressure gradient exists because the intrapleural pressure is
subatmospheric and thus less than the intra-alveolar pressure.
(Review Figures 13-8 and 13-14.)

■ Because energy is required for contracting the inspiratory
muscles, inspiration is an active process, but expiration is pas-
sive during quiet breathing because it is accomplished by
elastic recoil of the lungs on relaxing inspiratory muscles, at
no energy expense. (Review Figure 13-12a, b, and c.)

very low, airflow rate usually depends primarily on the pres-
sure gradient between the alveoli and atmosphere.

■ The lungs can be stretched to varying degrees during in-
spiration and then recoil to their preinspiratory size during ex-
piration because of their elastic behavior. Pulmonary compli-
ance refers to the distensibility of the lungs—how much they
stretch in response to a given change in the transmural pres-
sure gradient. Elastic recoil refers to the snapping back of the
lungs to their resting position during expiration.

■ Pulmonary elastic behavior depends on the elastic connec-
tive tissue within the lungs and on alveolar surface tension/
pulmonary surfactant interaction. Alveolar surface tension,
which is the result of attractive forces between the surface
water molecules lining each alveolus, tends to resist the alveo-
lus being stretched on inflation (decreases compliance) and
tends to return it back to a smaller surface area during defla-
tion (increases lung rebound). (Review Table 13-2.)

■ If the alveoli were lined by water alone, the surface tension
would be so great that the lungs would be poorly compliant
and would tend to collapse. Pulmonary surfactant intersperses
between the water molecules and lowers alveolar surface ten-
sion, thereby increasing compliance and counteracting the
tendency for alveoli to collapse. Alveolar interdependence
also counteracts the tendency for alveoli to collapse. (Review
Figures 13-16 and 13-17 and Table 13-2.)

■ The lungs can be filled to about 5.5 liters on maximal in-
spiration or emptied to about 1 liter on maximal expiration.
Normally the lungs operate at “half full.” Lung volume typi-
cally varies from about 2 to 2.5 liters as an average tidal vol-
ume of 500 ml of air is moved in and out with each breath.
(Review Figures 13-18, 13-19, and 13-20.)

■ The amount of air moved in and out of the lungs in one
minute, the pulmonary ventilation, is equal to tidal volume
times respiratory rate.

■ Not all the air moved in and out is available for gas ex-
change with the blood, because part occupies the conducting
airways (anatomic dead space). Alveolar ventilation, the vol-
ume of air exchanged between the atmosphere and alveoli in
one minute, is a measure of the air actually available for gas
exchange with the blood. Alveolar ventilation equals (tidal
volume minus dead space volume) times respiratory rate.
(Review Figure 13-22 and Table 13-3.)
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Gas Exchange (pp. 486–490)

■ Oxygen and CO2 move across body membranes by pas-
sive diffusion down partial pressure gradients. The partial
pressure of a gas in air is that portion of the total atmospheric
pressure contributed by this individual gas, which in turn is
directly proportional to the percentage of this gas in the air.
The partial pressure of a gas in blood depends on the amount
of this gas dissolved in the blood. (Review Figure 13-25.)

■ Net diffusion of O2 occurs first between the alveoli and
blood and then between the blood and tissues as a result of
the O2 partial pressure gradients created by continuous use of
O2 in the cells and continuous replenishment of fresh alveolar
O2 provided by ventilation. Net diffusion of CO2 occurs in the
reverse direction, first between the tissues and blood and
then between the blood and alveoli, as a result of the CO2

partial pressure gradients created by continuous production
of CO2 in the cells and continuous removal of alveolar CO2

through ventilation. (Review Figure 13-26.)

■ Other factors that influence the rate of gas exchange are
surface area and thickness of the membrane across which the
gas is diffusing and the diffusion constant of the gas in the
membrane (Fick’s law of diffusion). (Review Table 13-5.)

Gas Transport (pp. 490–498)

■ Because O2 and CO2 are not very soluble in blood, they
must be transported primarily by mechanisms other than sim-
ply being physically dissolved. (Review Table 13-6.)

■ Only 1.5% of the O2 is physically dissolved in the blood,
with 98.5% chemically bound to hemoglobin (Hb).

■ The primary factor that determines the extent to which Hb
and O2 are combined (the % Hb saturation) is the PO2 of the
blood, depicted by an S-shaped curve known as the O2–Hb
dissociation curve. In the PO2 range of the pulmonary capillar-
ies (the plateau portion of the curve), Hb is still almost fully
saturated even if the blood PO2 falls as much as 40%. This

■ Carbon dioxide picked up at the systemic capillaries is
transported in the blood by three methods: (1) 10% is physi-
cally dissolved, (2) 30% is bound to Hb, and (3) 60% takes
the form of bicarbonate (HCO3 ). The erythrocyte enzyme
carbonic anhydrase catalyzes conversion of CO2 to HCO3 ac-
cording to the reaction CO2 H2O n H HCO3 . These re-
actions are all reversed in the lungs as CO2 is eliminated to
the alveoli. (Review Table 13-6 and Figure 13-31.)

Control of Respiration (pp. 498–507)

■ Ventilation involves two aspects, both subject to neural con-
trol: (1) rhythmic cycling between inspiration and expiration
and (2) regulation of ventilation magnitude, which depends on
control of respiratory rate and depth of tidal volume.

■ Respiratory rhythm is established by the pre-Bötzinger
complex, which displays pacemaker activity and drives the in-
spiratory neurons located in the dorsal respiratory group
(DRG) of the medullary respiratory control center. When
these neurons fire, impulses ultimately reach the inspiratory
muscles to bring about inspiration. (Review Figure 13-33.)

■ When the inspiratory neurons stop firing, the inspiratory
muscles relax and passive expiration takes place. For active
expiration, the expiratory muscles are activated at this time
by expiratory neurons in the ventral respiratory group (VRG)
of the medullary respiratory control center.

■ This basic rhythm is smoothed out by the apneustic and
pneumotaxic centers located in the pons. The apneustic cen-
ter prolongs inspiration; the more powerful pneumotaxic cen-
ter limits inspiration. (Review Figure 13-33.)

■ Three chemical factors play a role in determining the mag-
nitude of ventilation: PCO2, PO2, and H concentration of the
arterial blood. (Review Table 13-8.)

■ The dominant factor in the ongoing regulation of ventila-
tion is arterial PCO2, an increase of which is the most potent
chemical stimulus for increasing ventilation. Changes in arte-
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provides a margin of safety by ensuring near-normal O2 deliv-
ery to the tissues despite a substantial reduction in arterial
PO2. In the PO2 range in the systemic capillaries (the steep por-
tion of the curve), Hb unloading increases greatly in response
to a small local decline in blood PO2 associated with increased
cellular metabolism. In this way, more O2 is provided to
match the increased tissue needs. (Review Figure 13-28.)

■ Increased PCO2, increased acid, and increased temperature
at the tissue level shift the O2–Hb curve to the right, facilitat-
ing the unloading of O2 from Hb for tissue use. (Review
Figure 13-30.)

■ Hemoglobin facilitates a large net transfer of O2 between
the alveoli and blood and between the blood and tissue cells
by acting as a storage depot to keep PO2 (that is, dissolved O2

concentration) low, despite a considerable increase in the to-
tal O2 content of the blood. (Review Figure 13-29.)

rial PCO2 alter ventilation by bringing about corresponding
changes in the brain-ECF H concentration, to which the cen-
tral chemoreceptors are very sensitive. (Review Figure 13-35.)

■ The peripheral chemoreceptors are responsive to an in-
crease in arterial H concentration, which likewise reflexly
brings about increased ventilation. The resulting adjustment
in arterial H -generating CO2 is important in maintaining the
acid–base balance of the body. (Review Figure 13-34.)

■ The peripheral chemoreceptors also reflexly increase
ventilation in response to a marked reduction in arterial PO2

(60 mm Hg), serving as an emergency mechanism to in-
crease respiration when arterial PO2 levels fall below the safety
range provided by the plateau portion of the O2–Hb curve.

■ Respiration activity can also be voluntarily modified.
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C H A P T E R14Study CardKidneys: Anatomy, Functions, and Basic Processes
(pp. 511–517)

■ Each of the pair of kidneys consists of an outer renal cor-
tex and inner renal medulla. The kidneys form urine. They
eliminate unwanted plasma constituents in the urine while
conserving materials of value to the body. Urine from each
kidney is collected in the renal pelvis, then transmitted from
both kidneys through the pair of ureters to the single urinary
bladder, where urine is stored until emptied through the ure-
thra to the outside. (Review Figures 14-1 and 14-2.)

■ The urine-forming functional unit of the kidneys, the
nephron, is composed of interrelated vascular and tubular
components. The vascular component consists of two capil-
lary networks in series, the first being the glomerulus, a tuft
of capillaries that filters large volumes of protein-free plasma
into the tubular component. The second capillary network
consists of the peritubular capillaries, which nourish the renal
tissue and participate in exchanges between the tubular fluid
and plasma. (Review Figures 14-3 and 14-4.)

■ The tubular component begins with Bowman’s capsule,
which cups around the glomerulus to catch the filtrate, then
continues a specific tortuous course to ultimately empty into
the renal pelvis. (Review Figure 14-3.) As the filtrate passes
through various regions of the tubule, cells lining the tubules
modify it, returning to the plasma only those materials neces-
sary for maintaining proper ECF composition and volume.
What is left behind in the tubules is excreted as urine.

■ The kidneys perform three basic processes: (1) glomerular
filtration, the nondiscriminating movement of protein-free
plasma from the blood into the tubules; (2) tubular reabsorp-
tion, the selective transfer of specific constituents in the fil-
trate back into the blood of the peritubular capillaries; and
(3) tubular secretion, the highly specific movement of se-
lected substances from peritubular capillary blood into the tu-
bular fluid. Everything filtered or secreted but not reabsorbed
is excreted as urine. (Review Figure 14-6.)

Glomerular Filtration (pp. 517–524)

■ Glomerular filtrate is produced when part of the plasma
flowing through each glomerulus is passively forced under
pressure through the glomerular membrane into the underly-
ing Bowman’s capsule. The net filtration pressure causing fil-
tration results from a high glomerular capillary blood pressure
that favors filtration outweighing the combined opposing
forces of plasma-colloid osmotic pressure and Bowman’s cap-
sule hydrostatic pressure. (Review Figure 14-7 and Table 14-1.)

■ 20% to 25% of the cardiac output is delivered to the kid-
neys to be acted on by renal regulatory and excretory pro-
cesses. Of the plasma flowing through the kidneys, normally
20% is filtered through the glomeruli, for an average glomer-
ular filtration rate (GFR) of 125 ml/min.

■ Myogenic mechanisms and tubuloglomerular feedback,
triggered by the juxtaglomerular apparatus, autoregulate glo-
merular blood flow and the GFR despite transient changes in
the driving mean arterial blood pressure in the range of 80 to
180 mm Hg. (Review Figures 14-9, 14-10, and 14-11.)

■ The GFR can be deliberately altered by changing the glo-
merular capillary blood pressure via sympathetic influence on
the afferent arterioles as part of the baroreceptor reflex re-
sponse that compensates for changed arterial blood pressure.
When blood pressure falls too low, sympathetically induced af-
ferent arteriolar vasoconstriction lowers glomerular blood pres-
sure and GFR. When blood pressure rises too high, reduced
sympathetic activity causes afferent arteriolar vasodilation,
leading to a rise in GFR. As the GFR is altered, the amount of
fluid lost in urine changes correspondingly, adjusting plasma
volume as needed to help restore blood pressure to normal on
a long-term basis. (Review Figures 14-10 and 14-12.)

Tubular Reabsorption (pp. 524–534)

■ After the filtrate is formed, the tubules handle each filtered
substance discretely, so that even though the initial glomeru-
lar filtrate is identical to plasma (with the exception of plasma
proteins), the concentrations of different constituents are vari-
ously altered as the filtered fluid flows through the tubular
system. (Review Tables 14-2 and 14-3, p. 537.)

■ The reabsorptive capacity of the tubular system is tremen-
dous. More than 99% of the filtered plasma is returned to the
blood through reabsorption. On average, 124 ml out of the
125 ml filtered per minute are reabsorbed. (Review Table 14-2.)

■ Tubular reabsorption involves transepithelial transport from
the tubular lumen into the peritubular capillary plasma. This
process may be active (requiring energy) or passive (using no
energy). (Review Figure 14-14.)

■ The pivotal event to which most reabsorptive processes are
linked is the active reabsorption of Na , driven by the energy-
dependent Na –K pump in the basolateral membrane of the
tubular cells. The transport of Na out of the cells into the
lateral spaces between adjacent cells by this carrier induces
the net reabsorption of Na from the tubular lumen to the
peritubular capillary plasma. (Review Figure 14-15.)

■ Most Na reabsorption takes place early in the nephron in
constant unregulated fashion, but in the distal and collecting
tubules, the reabsorption of a small percentage of the filtered
Na is variable and controlled, primarily by the renin–angio-
tensin–aldosterone system. (Review Table 14-4, p. 548.)

■ Because Na and its attendant anion, Cl , are the major
osmotically active ions in the ECF, the ECF volume is deter-
mined by the Na load in the body. In turn, the plasma vol-
ume, which reflects the total ECF volume, is important in the
long-term determination of arterial blood pressure. Whenever
the Na load, ECF volume, plasma volume, and arterial blood
pressure are below normal, the juxtaglomerular apparatus se-
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cretes renin, an enzymatic hormone that triggers a series of
events ultimately leading to increased aldosterone secretion
by the adrenal cortex. Aldosterone increases Na reabsorp-
tion from the distal portions of the tubule, thus correcting for
the original reduction in Na , ECF volume, and blood pres-
sure. (Review Figures 14-11 and 14-16.)

■ By contrast, Na reabsorption is inhibited by the natri-
uretic peptides, ANP and BNP, hormones released from the
cardiac atria and ventricles, respectively, in response to ex-
pansion of the ECF volume and a subsequent increase in
blood pressure. (Review Figure 14-17.)

■ In addition to driving the reabsorption of Na , the energy
used by the Na –K pump is ultimately responsible for the
reabsorption of organic nutrients (glucose or amino acids)
from the proximal tubule by secondary active transport.
(Review Figure 3-19, p. 74.)

■ Other electrolytes actively reabsorbed by the tubules, such
as PO4 3 and Ca2, have their own independently functioning
carrier systems within the proximal tubule.

■ Because the electrolyte and nutrient carriers can become
saturated, each exhibits a maximal carrier-limited transport
capacity (Tm). Once the filtered load of an actively reabsorbed
substance exceeds the Tm, reabsorption proceeds at a con-
stant maximal rate, and any additional filtered quantity of the
substance is excreted in the urine. (Review Figure 14-18.)

■ Active Na reabsorption also drives the passive reabsorp-
tion of Cl (via an electrical gradient), H2O (by osmosis), and
urea (down a urea concentration gradient created as a result
of extensive osmotic-driven H2O reabsorption). Sixty-five per-
cent of the filtered H2O is reabsorbed from the proximal tu-
bule in unregulated fashion, driven by active Na reabsorp-
tion. (Review Figure 14-19 and Table 14-4.) Reabsorption of
H2O increases the concentration of other substances remain-
ing in the tubular fluid, most of which are filtered waste
products. The small urea molecules are the only waste prod-
ucts that can passively permeate the tubular membranes, so
urea is the only waste product partially (50%) reabsorbed as
a result of being concentrated. (Review Figure 14-20.)

■ The other waste products, which are not reabsorbed, re-
main in the urine in highly concentrated form.

Tubular Secretion (pp. 534–537)

■ Tubular secretion involves transepithelial transport from
the peritubular capillary plasma into the tubular lumen. By tu-
bular secretion, the kidney tubules can selectively add some
substances to the quantity already filtered. Secretion of sub-
stances hastens their excretion in the urine.

■ The most important secretory systems are for (1) H (helps
regulate acid–base balance); (2) K (keeps the plasma K
concentration at the level needed to maintain normal mem-
brane excitability in the heart, other muscles, and nerves);
and (3) organic ions (accomplishes more efficient elimination

of foreign organic compounds from the body). H is secreted
in the proximal, distal, and collecting tubules. K is secreted
only in the distal and collecting tubules under control of al-
dosterone. Organic ions are secreted only in the proximal tu-
bule. (Review Table 14-3 and Figures 14-21 and 14-22.)

Urine Excretion and Plasma Clearance (pp. 537–552)

■ Of the 125 ml/min of glomerular filtrate formed, normally
only 1 ml/min remains in the tubules to be excreted as urine.
Only wastes and excess electrolytes not wanted by the body
are left behind, dissolved in a given volume of H2O to be
eliminated in the urine.

■ Because the excreted material is removed or “cleared”
from the plasma, the term plasma clearance refers to the vol-
ume of plasma cleared of a particular substance each minute
by renal activity. (Review Figure 14-23.)

■ The kidneys can excrete urine of varying volumes and con-
centrations to either conserve or eliminate H2O, depending
on whether the body has a H2O deficit or excess, respectively.
The kidneys can produce urine ranging from 0.3 ml/min at
1200 mOsm to 25 ml/min at 100 mOsm by reabsorbing vari-
able amounts of H2O from the distal portions of the nephron.

■ This variable reabsorption is made possible by a vertical
osmotic gradient in the medullary interstitial fluid, established
by the long loops of Henle of the juxtamedullary nephrons
via countercurrent multiplication and preserved by the vasa
recta of these nephrons via countercurrent exchange. (Review
Figures 14-5, 14-24, 14-25, and 14-28.) This vertical osmotic
gradient, to which the hypotonic (100 mOsm) tubular fluid is
exposed as it passes through the distal portions of the neph-
ron, establishes a passive driving force for progressive reab-
sorption of H2O from the tubular fluid, but the actual extent
of H2O reabsorption depends on the amount of vasopressin
(antidiuretic hormone) secreted. (Review Figure 14-27.)

■ Vasopressin increases the permeability of the distal and
collecting tubules to H2O; they are impermeable to H2O in its
absence. (Review Figure 14-26.) Vasopressin secretion in-
creases in response to a H2O deficit, increasing H2O reabsorp-
tion. Its secretion is inhibited in response to a H2O excess, re-
ducing H2O reabsorption. Thus vasopressin-controlled H2O
reabsorption helps correct any fluid imbalances.

■ Once formed, urine is propelled by peristaltic contractions
through the ureters from the kidneys to the urinary bladder
for temporary storage.

■ The bladder can accommodate up to 250 to 400 ml of
urine before stretch receptors within its wall initiate the mic-
turition reflex. (Review Figure 14-30.) This reflex causes invol-
untary emptying of the bladder by simultaneous bladder con-
traction and opening of both the internal and external
urethral sphincters. Micturition can transiently be voluntarily
prevented by deliberately tightening the external sphincter
and pelvic diaphragm. (Review Figure 14-29.)

Page 86

C H A P T E R15Study CardBalance Concept (pp. 557–558)

■ The internal pool of a substance is the quantity of that
substance in the ECF. The inputs to the pool are by way of in-
gestion or metabolic production of the substance. The out-
puts from the pool are by way of excretion or metabolic con-
sumption of the substance. (Review Figure 15-1.)

■ Input must equal output to maintain a stable balance of
the substance.

Fluid Balance (pp. 558–569)

■ On average, the body fluids compose 60% of total body

■ To prevent these harmful fluxes, changes in ECF osmolarity
are primarily detected and corrected by the systems that
maintain free H2O balance (H2O without accompanying
solute).

■ Free H2O balance is regulated largely by vasopressin and,
to a lesser degree, by thirst. Both of these factors are gov-
erned primarily by hypothalamic osmoreceptors, which moni-
tor ECF osmolarity, and to a lesser extent by left atrial volume
receptors, which monitor vascular “fullness.” The amount of
vasopressin secreted determines the extent of free H2O reab-
sorption by distal portions of the nephrons, thereby determin-
ing the volume of urinary output. (Review Figure 15-4 and
Table 15-4.)
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weight. This figure varies, depending on how much fat (a tis-
sue with a low H2O content) a person has. Two thirds of the
body H2O is in the ICF. The remaining third, in the ECF, is dis-
tributed between plasma (20% of ECF) and interstitial fluid
(80% of ECF). (Review Table 15-1.)

■ Because all plasma constituents are freely exchanged
across the capillary walls, the plasma and interstitial fluid are
nearly identical in composition, except for the lack of plasma
proteins in the interstitial fluid. In contrast, the ECF and ICF
have markedly different compositions, because the plasma
membrane barriers are highly selective as to what materials
are transported into or out of the cells. (Review Figure 15-2.)

■ The essential components of fluid balance are control of
ECF volume by maintaining salt balance and control of ECF
osmolarity by maintaining water balance. (Review Tables 15-2,
15-3, and 15-5.)

■ Because of the osmotic holding power of Na , the major
ECF cation, a change in the body’s total Na content, or
load, causes a corresponding change in ECF volume, includ-
ing plasma volume, which alters arterial blood pressure in the
same direction. Appropriately, in the long run Na -regulating
mechanisms compensate for changes in ECF volume and ar-
terial blood pressure. (Review Table 15-5.)

■ Salt intake is not controlled in humans, but control of salt
output in the urine is closely regulated to maintain salt bal-
ance. Blood pressure–regulating mechanisms can vary the GFR,
and thus the amount of Na filtered, by adjusting the radius of
the afferent arterioles supplying the glomeruli. Blood pressure–
regulating mechanisms can also vary aldosterone secretion to
adjust Na reabsorption by the renal tubules. Varying Na fil-
tration and Na reabsorption can adjust how much Na is ex-
creted in the urine to regulate plasma volume and thus arterial
blood pressure in the long term. (Review Figure 15-3.)

■ ECF osmolarity must be closely regulated to prevent os-
motic shifts of H2O between the ECF and ICF, because cell
swelling or shrinking is harmful, especially to brain neurons.
Excess free H2O in the ECF dilutes ECF solutes; the resulting
ECF hypotonicity drives H2O into the cells. An ECF free H2O
deficit, by contrast, concentrates ECF solutes, so H2O leaves
the cells to enter the hypertonic ECF. (Review Table 15-5.)

■ Simultaneously, intensity of thirst controls the volume of
fluid intake. However, because the volume of fluid drunk is of-
ten not directly correlated with the intensity of thirst, control
of urinary output by vasopressin is the most important regula-
tory mechanism for maintaining H2O balance.

Osmolarity

Hypothalamic
osmoreceptors
(dominant factor
controlling thirst
and vasopressin
secretion)

Hypothalamic neurons

Thirst

H2O intake

Plasma osmolarity Plasma volume

Urine output

H2O reabsorption

H2O permeability
of distal and
collecting tubules

Arteriolar
vasoconstriction

Vasopressin

Left atrial
volume receptors
(important only in
large changes in
plasma volume/
arterial pressure)

Arterial
blood pressure

ECF volume

Relieves

Relieves

Relieves

H2O

H2O
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Acid–Base Balance (pp. 569–585)

■ Acids liberate free hydrogen ions (H ) into solution; bases
bind with free hydrogen ions and remove them from solu-
tion. (Review Figure 15-5.)

■ Acid–base balance refers to regulation of [H ] in the body
fluids. To precisely maintain [H ], input of H by metabolic pro-
duction of acids within the body must continually be matched
with H output by urinary excretion of H and respiratory re-
moval of H -generating CO2. Furthermore, between the time of
this generation and its elimination, H must be buffered within
the body to prevent marked fluctuations in [H ].

■ Hydrogen ion concentration is often expressed in terms of
pH, which is the logarithm of 1/[H ].

■ The normal pH of the plasma is 7.4, slightly alkaline com-
pared to neutral H2O, which has a pH of 7.0. A pH lower
than normal (higher [H ] than normal) indicates a state of ac-
idosis. A pH higher than normal (lower [H ] than normal)
characterizes a state of alkalosis. (Review Figure 15-6.)

■ Fluctuations in [H ] have profound effects, most notably
(1) changes in neuromuscular excitability, with acidosis de-
pressing excitability, especially in the CNS, and alkalosis pro-
ducing overexcitability of both the PNS and CNS; (2) disrup-
tion of normal metabolic reactions by altering the structure
and function of all enzymes; and (3) alterations in plasma
[K ] (which affect cardiac function) brought about by H -
induced changes in the rate of K elimination by the kidneys.

■ The primary challenge in controlling acid–base balance is
maintaining normal plasma alkalinity despite continual addi-
tion of H to the plasma from ongoing metabolic activity.
The major source of H is from CO2-generated H .

■ The three lines of defense for resisting changes in [H ] are
first the chemical buffer systems, second respiratory control of
pH, and third renal control of pH.

■ Chemical buffer systems each consist of a pair of chemicals
involved in a reversible reaction, one that can liberate H and

stimulates respiration so that more H -forming CO2 is blown
off, compensating for acidosis by reducing generation of
CO2-associated H . Conversely, a fall in [H ] depresses respi-
ratory activity so that CO2 and thus H generated from this
source can accumulate in the body fluids to compensate for
alkalosis. (Review Table 15-7.)

■ The kidneys are the most powerful line of defense. They
require hours to days to compensate for a deviation in body-
fluid pH. However, not only can they eliminate the normal
amount of H produced from non-CO2 sources but they can
also alter their rate of H removal in response to changes in
both non-CO2 and CO2-generated acids. In contrast, the
lungs can adjust only H generated from CO2. Furthermore,
the kidneys can regulate [HCO3 ] in body fluids as well.

■ The kidneys compensate for acidosis by secreting the ex-
cess H in the urine while adding new HCO3 to the plasma
to expand the HCO3 buffer pool. During alkalosis, the kid-
neys conserve H by reducing its secretion in urine. They also
eliminate HCO3 –, which is in excess because less HCO3 – than
usual is tied up buffering H when H is in short supply. (Re-
view Figures 15-9 through 15-12 and Table 15-8.)

■ Secreted H must be buffered in the tubular fluid to pre-
vent the H concentration gradient from becoming so great
that it blocks further H secretion. Normally, H is buffered
by the urinary phosphate buffer pair, which is abundant in
the tubular fluid because excess dietary phosphate spills into
the urine to be excreted from the body.

■ In acidosis, when all the phosphate buffer is already used
up in buffering the extra secreted H , the kidneys secrete
NH3 into the tubular fluid to serve as a buffer so that H se-
cretion can continue.

■ The four types of acid–base imbalances are respiratory aci-
dosis, respiratory alkalosis, metabolic acidosis, and metabolic
alkalosis. Respiratory acid–base disorders stem from deviations
from normal [CO2], whereas metabolic acid–base imbalances
include all deviations in pH other than those caused by ab-
normal [CO2]. (Review Figure 15-13 and Table 15-9.)
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the other that can bind H . By acting according to the law of
mass action, a buffer pair acts immediately to minimize any
changes in pH. The four chemical buffers are (1) H2CO3:
HCO3 , (2) proteins, (3) hemoglobin, and (4) phosphate.
(Review Figure 15-8 and Table 15-6.)

■ The relationship between pH and the members of the
H2CO3:HCO3 buffer pair is represented in the Henderson-
Hasselbalch equation: pH pK log [HCO3 ]/[CO2], with
[CO2] reflecting [H2CO3]. [HCO3 ] is controlled by the kid-
neys; [CO2] is controlled by the lungs. pK is a constant at 6.1,
and the normal ratio of [HCO3 ]/[CO2] is 20/1 (the log of
which is 1.3), for a normal pH of 7.4.

■ The respiratory system normally eliminates metabolically
produced CO2 so that CO2-generated H does not accumu-
late in the body fluids.

■ When chemical buffers alone have been unable to imme-
diately minimize a pH change, the respiratory system re-
sponds within a few minutes by altering its rate of CO2 re-
moval. An increase in [H ] from sources other than CO2

Chemical Buffers
and Their Primary Roles

Buffer System Major Functions

Carbonic Acid:

Bicarbonate Buffer
System

Primary ECF buffer against non-

carbonic acid changes

Protein Buffer

System

Primary ICF buffer; also buffers

ECF

Hemoglobin Buffer
System

Primary buffer against carbonic
acid changes

Phosphate Buffer

System

Important urinary buffer; also

buffers ICF

TABLE 15-6
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C H A P T E R16Study CardGeneral Aspects of Digestion (pp. 589–596)

■ The four basic digestive processes are motility, secretion,
digestion, and absorption.

■ The three classes of energy-rich nutrients are digested into
absorbable units as follows: (1) Dietary carbohydrates in the
form of the polysaccharides starch and glycogen are digested
into monosaccharides, mostly glucose. (Review Figure 16-1.)
(2) Dietary proteins are digested into amino acids and a few
small polypeptides. (3) Dietary fats (triglycerides) are digested
into monoglycerides and free fatty acids.

■ The digestive system consists of the digestive tract and ac-
cessory digestive organs (salivary glands, exocrine pancreas,
and biliary system). (Review Table 16-1.)

■ The lumen of the digestive tract (a tube that runs from the
mouth to the anus) is continuous with the external environ-
ment, so its contents are technically outside the body; this ar-
rangement permits digestion of food without self-digestion
occurring in the process.

■ The digestive tract wall has four layers. From innermost
outward, they are the mucosa, submucosa, muscularis ex-
terna, and serosa. (Review Figure 16-2.)

■ Digestive activities are carefully regulated by synergistic
autonomous, neural (both intrinsic and extrinsic), and hor-
monal mechanisms to ensure that ingested food is maximally
made available to the body. (Review Figure 16-3.)

Mouth (pp. 596–598)

■ Motility: Food enters the digestive system through the
mouth, where it is chewed and mixed with saliva.

■ Secretion and digestion: The salivary enzyme, amylase, be-
gins to digest polysaccharides into the disaccharide maltose,
a process that continues in the stomach after swallowing. Sal-
ivary secretion is controlled by a salivary center in the me-
dulla, mediated by autonomic nerves to the salivary glands.
(Review Figures 16-1 and 16-4.)

■ Absorption: No food is absorbed from the mouth.

Pharynx and Esophagus (pp. 598–600)

■ Motility: The tongue propels the bolus of food to the rear
of the throat, which initiates the swallowing reflex. The swal-
lowing center in the medulla coordinates a complex group of
activities that result in closure of the respiratory passages and
propulsion of food through the pharynx and esophagus into
the stomach. (Review Figures 16-5 and 16-6.)

■ Secretion, digestion, and absorption: The esophageal secre-
tion, mucus, is protective. No nutrient digestion or absorp-
tion occurs here.

Stomach (pp. 600–613)

■ Motility: Gastric motility includes filling, storage, mixing, and
emptying. Gastric filling is facilitated by vagally mediated re-
ceptive relaxation of the stomach. Gastric storage takes place
in the body of the stomach, where peristaltic contractions of
the thin muscle walls are too weak to mix the contents. Gastric
mixing in the thick-muscled antrum results from vigorous peri-
staltic contractions. (Review Figures 16-7 and 16-8.)

■ Gastric emptying is influenced by factors in both the stom-
ach and duodenum. (1) Increased volume and fluidity of
chyme in the stomach promote emptying. (2) Fat, acid, hy-
pertonicity, and distension in the duodenum (the dominant
factors controlling gastric emptying) delay gastric emptying
until the duodenum is ready to process more chyme. They do
so by inhibiting stomach peristaltic activity via the enterogas-
tric reflex and the enterogastrones, secretin and cholecystoki-
nin (CCK), which are secreted by the duodenal mucosa. (Re-
view Figure 16-8 and Table 16-2.)

■ Secretion: Gastric secretions into the stomach lumen in-
clude (1) HCl (from the parietal cells), which activates pepsin-
ogen; (2) pepsinogen (from the chief cells), which, once
activated, initiates protein digestion; (3) mucus (from the mu-
cous cells), which provides a protective coating; and (4) in-
trinsic factor (from the parietal cells), which is needed for vita-
min B12 absorption. (Review Table 16-3 and Figures 16-9,
16-10, and 16-11.)

■ The stomach also secretes the hormone gastrin, which
plays a dominant role in stimulating gastric secretion, and the
paracrines histamine and somatostatin, which stimulate and
inhibit gastric secretion, respectively. (Review Table 16-3.)

■ Gastric secretion is increased before and during a meal via
excitatory vagal and intrinsic nerve responses along with the
stimulatory actions of gastrin and histamine. After the meal
empties, gastric secretion is reduced by withdrawal of stimu-
latory factors, release of inhibitory somatostatin, and inhibi-
tory actions of the enterogastric reflex and enterogastrones.
(Review Tables 16-4 and 16-5.)

■ Digestion and absorption: Carbohydrate digestion continues
by swallowed salivary amylase in the body of the stomach.
Protein digestion is initiated by pepsin in the antrum of the
stomach, where vigorous peristaltic contractions mix the food
with gastric secretions, converting it to a thick liquid mixture
known as chyme. (Review Table 16-6, p. 624.) No nutrients
are absorbed from the stomach.

Pancreatic and Biliary Secretions (pp. 613–621)

■ Pancreatic exocrine secretions and bile from the liver both
enter the duodenal lumen.

■ Pancreatic secretions include (1) potent digestive enzymes
from the acinar cells, which digest all three categories of
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foodstuff; and (2) an aqueous NaHCO3 solution from the
duct cells, which neutralizes the acidic contents emptied into
the duodenum from the stomach. Secretin stimulates the
pancreatic duct cells, and CCK stimulates the acinar cells. (Re-
view Figures 16-12 and 16-13.)

■ The pancreatic digestive enzymes include (1) the proteo-
lytic enzymes trypsinogen, chymotrypsinogen, and procar-
boxypeptidase, which are secreted in inactive form and are
activated in the duodenal lumen on exposure to enterokinase
and activated trypsin; (2) pancreatic amylase, which contin-
ues carbohydrate digestion; and (3) lipase, which accom-
plishes fat digestion. (Review Table 16-6.)

■ The liver, the body’s largest and most important metabolic
organ, performs many varied functions. Its contribution to di-
gestion is the secretion of bile, which contains bile salts. Bile
salts aid fat digestion through their detergent action (forming
a lipid emulsion) and facilitate fat absorption by forming wa-
ter-soluble micelles that carry the water-insoluble products of
fat digestion to their absorption site. (Review Figures 16-15
through 16-18 and 16-26)

■ Between meals, bile is stored and concentrated in the gall-
bladder, which is stimulated by CCK to contract and empty
into the duodenum during meal digestion. After participating
in fat digestion and absorption, bile salts are reabsorbed and
returned via the hepatic portal system to the liver, where they
are resecreted and also act as a potent choleretic to stimulate
secretion of more bile. (Review Figures 16-14 and 16-16.)

■ Bile also contains bilirubin, a derivative of degraded hemo-
globin, which is the major excretory product in the feces.

Small Intestine (pp. 621–633)

■ Motility: Segmentation, the small intestine’s primary motil-
ity during digestion of a meal, thoroughly mixes the chyme
with digestive juices to facilitate digestion; it also exposes the
products of digestion to the absorptive surfaces. (Review Fig-
ure 16-19.) Between meals, the migrating motility complex
sweeps the lumen clean.

■ Secretion: The juice secreted by the small intestine does
not contain any digestive enzymes. The enzymes synthesized
by the small intestine act within the brush-border membrane
of the epithelial cells. (Review Figures 16-24a and 16-25a.)

■ Digestion: The small intestine is the main site for digestion
and absorption. Carbohydrate and protein digestion contin-
ues in the small-intestine lumen by the pancreatic enzymes
and is completed by the small-intestine brush-border en-
zymes (disaccaridases and aminopeptidases, respectively). Fat
is digested entirely in the small-intestine lumen, by pancreatic
lipase. (Review Table 16-6.)

■ Absorption: The small-intestine lining is remarkably adapted
to its digestive and absorptive function. Its folds bear a rich
array of fingerlike projections, the villi, which have a multi-

tude of even smaller hairlike protrusions, the microvilli (brush
border). Together, these surface modifications tremendously
increase the area available to house the membrane-bound
enzymes and to accomplish absorption. (Review Figures
16-21, 16-22, and 16-23.) This lining is replaced about every
three days to ensure it is optimally healthy despite harsh
lumen conditions.

■ The energy-dependent process of Na absorption provides
the driving force for Cl , water, glucose, and amino acid ab-
sorption. All these absorbed products enter the blood. (Re-
view Figures 16-24b and 16-25b.)

■ Because they are not soluble in water, the products of fat
digestion must undergo a series of transformations that en-
able them to be passively absorbed, eventually entering the
lymph. (Review Figure 16-26.)

■ The small intestine absorbs almost everything presented to
it, from ingested food to digestive secretions to sloughed epi-
thelial cells. In contrast to the almost complete, unregulated
absorption of ingested nutrients, water, and most electrolytes,
the amount of iron and calcium absorbed is variable and sub-
ject to control. (Review Figure 16-27.) Only a small amount of
fluid and indigestible food residue passes on to the large in-
testine. (Review Table 16-7.)

Large Intestine (pp. 633–637)

■ Motility: The colon (review Figure 16-28) concentrates and
stores undigested food residues (fiber; that is, plant cellulose)
and bilirubin until they can be eliminated in the feces. (Re-
view Figure 16-28.) Haustral contractions slowly shuffle the co-
lonic contents back and forth to mix and facilitate absorption
of most of the remaining fluid and electrolytes. Mass move-
ments several times a day, usually after meals, propel the fe-
ces long distances. Movement of feces into the rectum trig-
gers the defecation reflex.

■ Secretion, digestion, and absorption: The alkaline mucus se-
cretion is protective. No secretion of digestive enzymes or ab-
sorption of nutrients takes place in the colon. Absorption of
some of the remaining salt and water converts the colonic
contents into feces.

Overview of the Gastrointestinal Hormones
(pp. 637–638)

■ The three major gastrointestinal hormones are gastrin from
the stomach mucosa and secretin and cholecystokinin from the
duodenal mucosa. Gastrin is released primarily in response to
protein in the stomach, and its effects promote digestion of
protein. Secretin is released primarily in response to acid in
the duodenum, and its effects neutralize the acid. Cholecysto-
kinin is released primarily in response to fat in the duodenum,
and its effects optimize conditions for digesting fat.
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C H A P T E R17Study CardEnergy Balance (pp. 641–650)

■ Energy input to the body in the form of food energy must
equal energy output, because energy cannot be created or
destroyed. Energy output or expenditure includes (1) external
work, performed by skeletal muscles to move an external ob-
ject or move the body through the external environment;
and (2) internal work, which consists of all other energy-
dependent activities that do not accomplish external work,
including active transport, smooth and cardiac muscle con-
traction, glandular secretion, and protein synthesis. (Review
Figure 17-1.)

■ Only about 25% of the chemical energy in food is har-
nessed to do biological work. The rest is immediately con-

and promote eating, whereas satiety signals lead to the sensa-
tion of fullness and suppress eating. (Review Table 17-3.)

■ The arcuate nucleus of the hypothalamus plays a key role
in energy homeostasis by virtue of the two clusters of appe-
tite-regulating neurons it contains: neurons that secrete neu-
ropeptide Y (NPY), which increases appetite and food intake;
and neurons that secrete melanocortins, which suppress ap-
petite and food intake. (Review Figure 17-2.)

■ Adipocytes in fat stores secrete the hormone leptin,
which reduces appetite and decreases food consumption by
inhibiting the NPY-secreting neurons and stimulating the
melanocortins-secreting neurons of the arcuate nucleus. This
mechanism is important in the long-term matching of energy
intake with energy output, thus maintaining body weight
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verted to heat. Furthermore, all the energy expended to ac-complish internal work is eventually converted into heat, and
75% of the energy expended by working skeletal muscles is
lost as heat. Therefore, most of the energy in food ultimately
appears as body heat.

■ The metabolic rate (energy expenditure per unit of time)
is measured in kilocalories of heat produced per hour.

■ The basal metabolic rate (BMR) is a measure of the body’s
minimal waking rate of internal energy expenditure.

■ For a neutral energy balance, the energy in ingested food
must equal energy expended in performing external work
and transformed into heat. If more energy is consumed than
is expended, the extra energy is stored in the body, primarily
as adipose tissue, so body weight increases. By contrast, if
more energy is expended than is available in the food, body
energy stores are used to support energy expenditure, so
body weight decreases.

■ Usually, body weight remains fairly constant over a pro-
longed period of time (except during growth) because food
intake is adjusted to match energy expenditure on a long-
term basis. Food intake is controlled primarily by the hypo-
thalamus by means of complex regulatory mechanisms in
which hunger and satiety are important components. Feed-
ing or appetite signals give rise to the sensation of hunger

over the long term. (Review Table 17-2 and Figure 17-2.)

■ Insulin released by the endocrine pancreas in response to
increased glucose and other nutrients in the blood also inhib-
its the NPY-secreting neurons and contributes to long-term

control of energy balance and body weight.

■ NPY and melanocortins bring about their effects by
acting on the lateral hypothalamus area (LHA) and
paraventricular nucleus (PVN) to alter the release of
chemical messengers from these areas. The LHA se-
cretes orexins, which are potent stimulators of food in-
take, whereas the PVN releases neuropeptides such as
corticotropin-releasing hormone, which decrease food
intake. (Review Figure 17-2.)

■ Short-term control of the timing and size of meals is
mediated primarily by the actions of two peptides se-
creted by the digestive tract. (1) Ghrelin, a mealtime
initiator, is secreted by the stomach before a meal and

signals hunger. Its secretion drops when food is consumed.
Ghrelin stimulates appetite and promotes feeding behavior by
stimulating the NPY-secreting neurons. (2) PYY3-36, a mealtime
terminator, is secreted by the small and large intestines dur-
ing a meal and signals satiety. Its secretion is lowest before a
meal. PYY3-36 inhibits the NPY-secreting neurons. (Review Fig-
ure 17-2.)

■ The nucleus tractus solitarius (NTS) in the brain stem
serves as the satiety center and in this capacity also plays a
key role in short-term control of meals. The NTS receives in-
put from the higher hypothalamic areas concerned with con-
trol of energy balance and food intake as well as input from
the digestive tract and pancreas. Satiety signals acting
through the NTS to inhibit further food intake include stom-
ach distension and increased CCK, a hormone released from
the duodenum in response to the presence of nutrients, espe-
cially fat, in the digestive tract lumen. (Review Figure 17-2.)

■ Psychosocial and environmental factors can also influence
food intake above and beyond the internal signals that gov-
ern feeding behavior. (Review Figure 17-2.)

Thermal energy
(heat)

Energy input

Food energy Metabolic
pool in body

Energy storage

Internal work

External work

Energy output
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Temperature Regulation (pp. 650–657)

■ The body can be thought of as a heat-generating core (in-
ternal organs, CNS, and skeletal muscles) surrounded by a
shell of variable insulating capacity (the skin).

■ The skin exchanges heat energy with the external environ-
ment, with the direction and amount of heat transfer de-
pending on the environmental temperature and the momen-
tary insulating capacity of the shell. The four physical means
by which heat is exchanged are (1) radiation (net movement
of heat energy via electromagnetic waves); (2) conduction
(exchange of heat energy by direct contact); (3) convection
(transfer of heat energy by means of air currents); and
(4) evaporation (extraction of heat energy from the body by
the heat-requiring conversion of liquid H2O to H2O vapor).
Because heat energy moves from warmer to cooler objects,
radiation, conduction, and convection can be channels for ei-
ther heat loss or heat gain, depending on whether surround-
ing objects are cooler or warmer, respectively, than the body
surface. Normally, they are avenues for heat loss, along with
evaporation resulting from sweating. (Review Figure 17-4.)

■ To prevent serious cell malfunction, the core temperature
must be held constant at about 100°F (equivalent to an aver-
age oral temperature of 98.2°F) by continuously balancing
heat gain and heat loss despite changes in environmental
temperature and variation in internal heat production. (Re-
view Figure 17-3.)

■ This thermoregulatory balance is controlled by the hypo-
thalamus. The hypothalamus is apprised of the skin tempera-
ture by peripheral thermoreceptors and of the core tempera-
ture by central thermoreceptors, the most important of which
are located in the hypothalamus itself. (Review Figure 17-5.)

■ The primary means of heat gain is heat production by
metabolic activity, the biggest contributor being skeletal mus-
cle contraction. (Review Figure 17-5.)

■ Heat loss is adjusted by sweating and by controlling to the
greatest extent possible the temperature gradient between
the skin and surrounding environment. The latter is accom-

■ Conversely, in response to a rise in core temperature (re-
sulting either from excessive internal heat production accom-
panying exercise or from excessive heat gain on exposure to

Voluntary
changes in

behavior

Adjustments
in heat

production
or heat loss

Muscle tone,
shivering

Adjustments in
muscle activity
(in metabolic

heat production)

Vasoconstriction,
vasodilation

Adjustment in
loss or

conservation
of heat

Sweating

Adjustment in
heat loss

Motor neurons

Peripheral
thermoreceptors

in skin

Hypothalamic centers
for thermoregulation
(body's thermostat)

Central
thermoreceptors
in hypothalamus,

abdominal organs,
and elsewhere

Skeletal muscles

Sympathetic
nerves

Smooth muscle in
arterioles in skin

Sympathetic
nerves

Sweat glands

Change in skin temperature Change in core temperature



04/08/2021 Human Physiology: From Cells to Systems, 7th ed.

https://translate.googleusercontent.com/translate_f 69/73

Translating...

plished by regulating the diameter of the skin’s arterioles.
(1) Skin vasoconstriction reduces the flow of warmed blood
through the skin so that skin temperature falls. The layer of
cool skin between the core and environment increases the in-
sulating barrier between the warm core and the external air.
(2) Skin vasodilation brings more warmed blood through the
skin so that skin temperature approaches the core tempera-
ture, thus reducing the insulative capacity of the skin. (Review
Figure 17-5.)

■ On exposure to cool surroundings, the core temperature
starts to fall as heat loss increases, because of the larger-than-
normal skin-to-air temperature gradient. The posterior hypo-
thalamus responds to reduce the heat loss by inducing skin
vasoconstriction while simultaneously increasing heat produc-
tion through heat-generating shivering. (Review Table 17-4.)

a hot environment), the anterior hypothalamus triggers heat-
loss mechanisms, such as skin vasodilation and sweating,
while simultaneously decreasing heat production, such as by
reducing muscle tone. (Review Table 17-4.)

■ In both cold and heat responses, voluntary behavioral ac-
tions also help maintain thermal homeostasis.

■ A fever occurs when endogenous pyrogen released from
macrophages in response to infection raises the hypothalamic
set point. An elevated core temperature develops as the hy-
pothalamus initiates cold-response mechanisms to raise the
core temperature to the new set point. (Review Figure 17-6.)
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C H A P T E R18Study CardGeneral Principles of Endocrinology (pp. 661–670)

■ Hormones are long-distance chemical messengers secreted
by the ductless endocrine glands into the blood, which trans-
ports the hormones to specific target cells where they control
a particular function by altering protein activity.

■ Hormones are grouped into two categories based on dif-
ferences in their solubility and are further grouped according
to their chemical structure—hydrophilic hormones (peptide
hormones, catecholamines, and indoleamines) and lipophilic
hormones (steroid hormones and thyroid hormone).

■ The endocrine system is especially important in regulating
organic metabolism, H2O and electrolyte balance, growth,
and reproduction and in helping the body cope with stress.
(Review Figure 18-1 and Table 18-2, pp. 667–669.)

■ Some hormones are tropic, meaning their function is to
stimulate and maintain other endocrine glands.

■ The effective plasma concentration of each hormone is
normally controlled by regulated changes in the rate of hor-
mone secretion. Secretory output of endocrine cells is primar-
ily influenced by two types of direct regulatory inputs:
(1) neural input, which increases hormone secretion in re-
sponse to a specific need and governs diurnal variations in se-
cretion; and (2) input from another hormone, which involves
either stimulatory input from a tropic hormone or inhibitory
input from a target-cell hormone in negative-feedback fash-
ion. (Review Figures 18-2, 18-3, and 18-7, p. 675.)

■ The effective plasma concentration of a hormone can also
be influenced by its rate of removal from the blood by meta-
bolic inactivation and excretion and, for some hormones, by
its rate of peripheral activation or its extent of binding to
plasma proteins.

■ Endocrine dysfunction arises when too much or too little
of any particular hormone is secreted or when there is de-
creased target-cell responsiveness to a hormone. (Review
Table 18-1.)

■ Target-cell sensitivity to a given plasma concentration of a
hormone to which the target cell is responsive can be modi-
fied by (1) down regulation (number of target-cell receptors
decreases in the face of a prolonged increase in the hor-
mone), (2) permissiveness (one hormone increases the effec-
tiveness of another hormone), (3) synergism (combined ef-
fect of two hormones is greater than sum of their separate
effects), and (4) antagonism (one hormone decreases the ef-
fectiveness of another hormone).

Hypothalamus and Pituitary (pp. 670–677)

■ The pituitary gland consists of two distinct lobes, the pos-
terior pituitary and the anterior pituitary. (Review Figure 18-4.)

■ The hypothalamus, a portion of the brain, secretes nine
peptide hormones. Two are stored in the posterior pituitary,
and seven are carried through a special vascular link—the
hypothalamic–hypophyseal portal system—to the anterior pi-
tuitary, where they regulate the release of particular anterior
pituitary hormones. (Review Figures 18-5 and 18-8.)

■ The posterior pituitary is a neural extension of the hypo-
thalamus. Cell bodies of neurosecretory neurons in the hypo-
thalamus synthesize two small peptide hormones, vasopressin
and oxytocin, which pass down the axon to be stored in
nerve terminals within the posterior pituitary. These hormones
are independently released from the posterior pituitary into
the blood in response to action potentials originating in the
hypothalamus. (Review Figure 18-5.)

■ The anterior pituitary secretes six different peptide hor-
mones that it produces itself. Five anterior pituitary hormones
are tropic. (1) Thyroid-stimulating hormone (TSH) stimulates
secretion of thyroid hormone. (2) Adrenocorticotropic hor-
mone (ACTH) stimulates secretion of cortisol by the adrenal
cortex. (3 and 4) The gonadotropic hormones—follicle-
stimulating hormone (FSH) and luteinizing hormone (LH)—
stimulate production of gametes (eggs and sperm) as well as
secretion of sex hormones. (5) Growth hormone (GH) stimu-
lates growth indirectly by stimulating liver secretion of IGF-I,
which in turn promotes growth. GH exerts metabolic effects
as well. (6) Prolactin stimulates milk secretion and is not
tropic to another endocrine gland. (Review Figure 18-6.)

■ The anterior pituitary releases its hormones into the blood
at the bidding of releasing and inhibiting hormones from the
hypothalamus. The hypothalamus, in turn, is influenced by a
variety of neural and hormonal controlling inputs. (Review Ta-
ble 18-4 and Figures 18-7 and 18-8.)

■ Both the hypothalamus and anterior pituitary are inhibited
in negative-feedback fashion by the product of the target en-
docrine gland in the hypothalamus–anterior pituitary–target-
gland axis. (Review Figure 18-7.)
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Endocrine Control of Growth (pp. 677–685)

■ Growth depends not only on growth hormone and other
growth-influencing hormones such as thyroid hormone, insu-
lin, and the sex hormones but also on genetic determination,
an adequate diet, and freedom from chronic disease or stress.
Major growth spurts occur the first few years after birth and
during puberty. (Review Figure 18-9.)

■ Growth hormone (GH) promotes growth indirectly by
stimulating liver production of an insulin-like growth factor,
IGF-I, which acts directly on soft tissues and bone to bring
about growth-promoting actions. The GH/IGF-I pathway
causes growth by stimulating protein synthesis, cell division,
and the lengthening and thickening of bones. (Review Figures
18-10 and 18-11.)

■ Growth hormone also directly exerts metabolic effects un-
related to growth, such as conservation of carbohydrates and
mobilization of fat stores. (Review Figure 18-11.)

■ Growth hormone secretion by the anterior pituitary is reg-
ulated by two hypothalamic hormones, growth hormone–
releasing hormone (GHRH) and growth hormone–inhibiting
hormone (somatostatin). In negative-feedback fashion, IGF-I
and GH both inhibit GHRH and stimulate somatostatin.
(Review Figure 18-11.)

■ Growth hormone levels are not highly correlated with pe-
riods of rapid growth. The primary signals for increased
growth hormone secretion are related to metabolic needs
rather than growth, namely, deep sleep (during diurnal
rhythm), exercise, stress, and low blood glucose.

Pineal Gland and Circadian Rhythms (pp. 685–687)

■ The suprachiasmatic nucleus (SCN) is the body’s master
biological clock. Self-induced cyclic variations in the concen-
tration of clock proteins within the SCN bring about cyclic
changes in neural discharge from this area. Each cycle takes
about a day and drives the body’s circadian (daily) rhythms.

■ The inherent rhythm of this endogenous oscillator is a bit
longer than 24 hours. Therefore, each day the body’s circa-
dian rhythms must be entrained or adjusted to keep pace
with environmental cues so that the internal rhythms are
synchronized with the external light–dark cycle.

■ In the eyes, special photoreceptors that respond to light
but are not involved in vision send input to the SCN. Acting
through the SCN, the pineal gland’s secretion of the hor-
mone melatonin rhythmically fluctuates with the light–dark
cycle, decreasing in the light and increasing in the dark. Mel-

atonin, in turn, is believed to synchronize the body’s natural
circadian rhythms, such as diurnal (day–night) variations in
hormone secretion and body temperature, with external cues
such as the light–dark cycle.

■ Other proposed roles for melatonin include (1) promoting
sleep; (2) influencing reproductive activity, including the on-
set of puberty; (3) acting as an antioxidant to remove dam-
aging free radicals; and (4) enhancing immunity.

* * *
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C H A P T E R19Study CardThyroid Gland (pp. 691–698)

■ The thyroid gland contains two types of endocrine secre-
tory cells: (1) follicular cells, which produce the iodide-
containing hormones, T4 (thyroxine or tetraiodothyronine)
and T3 (tri-iodothyronine), collectively known as thyroid hor-
mone; and (2) C cells, which synthesize a Ca2-regulating
hormone, calcitonin. (Review Figure 19-1.)

■ Most steps of thyroid hormone synthesis take place on
large thyroglobulin molecules within the colloid, an “inland”
extracellular site within the interior of the spherical thyroid
follicles. Dietary iodine is transported as iodide (I ) from the
blood into the follicular cells by the iodide pump, an energy-
dependent symporter. From the follicular cells, I enters the
colloid where it iodinates the amino acid tyrosine within thy-

■ Cortisol helps regulate fuel metabolism and is important in
stress adaptation. It increases blood levels of glucose, amino
acids, and fatty acids and spares glucose for use by the
glucose-dependent brain. The mobilized organic molecules
are available for use as needed for energy or repair. Cortisol
secretion is regulated by a negative-feedback loop involving
hypothalamic CRH and pituitary ACTH. Stress is the most po-
tent stimulus for increasing activity of the CRH–ACTH–cortisol
axis. Cortisol also displays a characteristic diurnal rhythm.
(Review Figures 18-3, p. 665; 18-7, p. 675; 19-9; and 19-13
and Table 19-2, p. 708.)

■ Dehydroepiandrosterone (DHEA) governs the sex drive and
growth of axillary and pubertal hair in females. It has no ob-
servable effect in males, in whom it is overpowered by testos-
terone. DHEA is under control of CRH/ACTH but negatively
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roglobulin, yielding monoiodothyronine (MIT) and di-iodo-
thyronine (DIT). Coupling of MIT and DIT produces T3; cou-
pling of two DITs produces T4. Thyroid hormone is secreted
by follicular cells phagocytizing a piece of colloid and freeing
T4 and T3, which enter the blood. (Review Figure 19-2.)

■ Thyroid hormone is the primary determinant of the overall
metabolic rate of the body. By accelerating metabolic rate, it
increases heat production. It also enhances the actions of the
sympathetic catecholamines and is essential for normal growth
and for development and function of the nervous system.

■ Thyroid hormone secretion is regulated by a negative-
feedback system between hypothalamic TRH, anterior pitu-
itary TSH, and thyroid gland T3 and T4. The feedback loop
maintains thyroid hormone levels relatively constant. Cold ex-
posure in newborn infants is the only input for increasing TRH
and thus thyroid hormone secretion. (Review Figure 19-3.)

Adrenal Glands (pp. 698–707)

■ Each adrenal gland (of the pair) consists of two separate
endocrine organs—an outer, steroid-secreting adrenal cortex
and an inner, catecholamine-secreting adrenal medulla. (Re-
view Figure 19-7.)

■ Each steroid hormone is produced by stepwise modifica-
tions of cholesterol via specific enzymes present in a given ste-
roidogenic endocrine gland. The adrenal cortex has enzymes
to produce three categories of steroid hormones: mineralocor-
ticoids (primarily aldosterone), glucocorticoids (primarily corti-
sol), and adrenal sex hormones (primarily the weak androgen,
dehydroepiandrosterone). (Review Figure 19-8.)

■ Aldosterone regulates Na and K balance and is impor-
tant for blood pressure homeostasis, which is achieved sec-
ondarily by the osmotic effect of Na in maintaining the
plasma volume, a lifesaving effect. Control of aldosterone se-
cretion is related to Na and K balance and to blood pres-
sure regulation and is not influenced by ACTH. Aldosterone is
controlled by the renin–angiotensin–aldosterone system
(RAAS) and by a direct effect of K on the adrenal cortex.
(Review Figure 14-22, p. 535).

feeds back to the gonadotropin loop.

■ The adrenal medulla consists of modified sympathetic
postganglionic neurons known as chromaffin cells, which se-
crete the catecholamine epinephrine into the blood in re-
sponse to sympathetic stimulation. (Review Figure 7-2, p. 239.)
Epinephrine reinforces the sympathetic system in mounting
fight-or-flight responses and in maintaining arterial blood
pressure. It also increases blood glucose and blood fatty acids.
The primary stimulus for increased epinephrine secretion is
activation of the sympathetic system by stress. (Review Table
19-2 and Figure 19-13.)

Integrated Stress Response (pp. 707–710)

■ The term stress refers to the generalized nonspecific re-
sponse of the body to any factor that overwhelms, or threat-
ens to overwhelm, the body’s compensatory ability to main-
tain homeostasis. The term stressor refers to any noxious
stimulus that elicits the stress response. (Review Figure 19-12.)

■ In addition to specific responses to various stressors, all
stressors produce a similar generalized stress response: (1) in-
creased sympathetic and epinephrine activity, which prepares
the body for fight-or-flight; (2) activation of the CRH–ACTH–
cortisol axis, which helps the body cope with stress by mobi-
lizing metabolic resources; (3) elevation of blood glucose and
fatty acids through decreased insulin and increased glucagon
secretion; and (4) maintenance of blood volume and blood
pressure through increased activity of RAAS and vasopressin.
All these actions are coordinated by the hypothalamus.
(Review Figure 19-13 and Table 19-2.)

Endocrine Control of Fuel Metabolism (pp. 710–726)

■ Intermediary or fuel metabolism is, collectively, the synthe-
sis (anabolism), breakdown (catabolism), and transformations
of the three classes of energy-rich organic nutrients—
carbohydrate, fat, and protein—within the body. Glucose and
fatty acids derived from carbohydrates and fats, respectively,
are primarily used as metabolic fuels, whereas amino acids
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derived from proteins are primarily used for synthesis of struc-
tural and enzymatic proteins. (Review Tables 19-3 and 19-4
and Figure 19-14.)

■ During the absorptive state following a meal, excess ab-
sorbed nutrients not immediately needed for energy produc-
tion or protein synthesis are stored to a limited extent as gly-
cogen in the liver and muscle but mostly as triglycerides in
adipose tissue. During the postabsorptive state between meals
when no new nutrients are entering the blood, the glycogen
and triglyceride stores are catabolized to release nutrient mol-
ecules into the blood. If necessary, body proteins are de-
graded to release amino acids for conversion into glucose
(gluconeogenesis). The blood glucose concentration must be
maintained above a critical level even during the postabsorp-
tive state because the brain depends on blood-delivered glu-
cose as its energy source. Tissues not dependent on glucose
switch to fatty acids as their metabolic fuel, sparing glucose
for the brain. (Review Table 19-5.)

■ Blood glucose concentration is controlled by factors that
regulate glucose uptake by cells and glucose output by the
liver. (Review Figure 19-16.)

■ The shifts in metabolic pathways between the absorptive
and postabsorptive state are controlled by hormones, the
most important being insulin. Insulin is secreted by the cells
of the islets of Langerhans, the endocrine portion of the pan-
creas. (Review Figure 19-15 and Table 19-6.)

■ Insulin is an anabolic hormone; it promotes the cellular
uptake of glucose, fatty acids, and amino acids and enhances
their conversion into glycogen, triglycerides, and proteins, re-
spectively. In so doing, it lowers the blood concentrations of
these small organic molecules. Insulin secretion is increased
during the absorptive state, primarily by a direct effect of an
elevated blood glucose on the cells via excitation-secretion
coupling. Insulin directs nutrients into cells during this state.
(Review Figures 19-17 through 19-21.)

■ Glucagon, secreted by the pancreatic cells, mobilizes the
energy-rich molecules from their stores during the postab-
sorptive state. Glucagon, which is secreted in response to a

balance—and depends on hormonal control of exchanges
between the ECF and three compartments: bone, kidneys,
and intestine. Regulation of Ca2 homeostasis, maintenance of
a constant free plasma Ca2 concentration, involves rapid ex-
changes between bone and the ECF and to a lesser extent to
adjustments in urinary Ca2 excretion. Regulation of Ca2 bal-
ance, maintenance of a constant total amount of Ca2 in the
body, is accomplished by adjustments in Ca2 absorption
from the intestine and urinary Ca2 excretion.

■ Bone consists of an organic extracellular matrix, the oste-
oid, which is hardened by precipitation of calcium phosphate
crystals. Bone constantly undergoes remodeling by means of
bone-dissolving osteoclasts and bone-building osteoblasts.
Entombed osteocytes are “retired” osteoblasts that have de-
posited bone around themselves. Osteoblasts and osteocytes
are interconnected by long cytoplasmic arms that extend
through the tiny canals that permeate the hardened bone,
forming a continuous osteocytic-osteoblastic bone mem-
brane. (Review Figures 19-23 and 19-24.)

■ Three hormones regulate the plasma concentration of
Ca2 (and concurrently regulate PO4 3)—parathyroid hor-
mone (PTH), calcitonin, and vitamin D.

■ PTH, whose secretion is directly increased by a fall in
plasma Ca2 concentration, acts directly on bone and kidneys
and indirectly on the intestine to raise plasma Ca2. In so do-
ing, it is essential for life by preventing the fatal consequences
of hypocalcemia. PTH promotes Ca2 movement across the
osteocytic-osteoblastic bone membrane from the bone fluid
into the plasma in the short term and promotes localized dis-
solution of bone in the long term by enhancing osteoclasts
and suppressing osteoblasts. (Review Figures 19-24 and 19-25.)

■ Dissolution of the calcium phosphate bone crystals releases
PO4 3 as well as Ca2 into the plasma. PTH acts on the kid-
neys to enhance the reabsorption of filtered Ca2, thereby re-
ducing the urinary excretion of Ca2 and increasing its
plasma concentration. Simultaneously, PTH reduces renal
PO4 3 reabsorption, in this way increasing PO4 3– excretion
and lowering plasma PO4 3 levels. This is important because
a rise in plasma PO4 3 would force the redeposition of some
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direct effect of a fall in blood glucose on the cells, in gen-
eral opposes the actions of insulin. (Review Figures 19-15,
19-20, and 19-21.)

Endocrine Control of Calcium Metabolism
(pp. 726–737)

■ Changes in the concentration of free, diffusible plasma
Ca2, the biologically active form of this ion, produce pro-
found and life-threatening effects, most notably on neuro-
muscular excitability. Hypercalcemia reduces excitability,
whereas hypocalcemia brings about overexcitability of nerves
and muscles. If the overexcitability is severe enough, fatal
spastic contractions of respiratory muscles can occur.

■ Control of Ca2 metabolism involves two aspects—
regulation of Ca2 homeostasis and regulation of Ca2

of the plasma Ca2 back into the bone. (Review Figure 19-28.)

■ PTH facilitates activation of vitamin D, which in turn stimu-
lates Ca2 and PO4 3 absorption from the intestine. The skin
can synthesize vitamin D from cholesterol when exposed to
sunlight, but frequently this endogenous source is inade-
quate, so vitamin D must be supplemented by dietary intake.
From either source, vitamin D must be activated first by the
liver and then by the kidneys (the site of PTH regulation of vi-
tamin D activation) before it can exert its effect. (Review Fig-
ures 19-26 and 19-27.)

■ Calcitonin, a hormone produced by the C cells of the thy-
roid gland, is secreted in response to an increase in plasma
Ca2 and lowers plasma Ca2 by inhibiting activity of bone
osteoclasts. Calcitonin is unimportant except during the rare
condition of hypercalcemia. (Review Figure 19-25.)
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C H A P T E R20Study CardUniqueness of the Reproductive System (pp. 741–748)

■ Both sexes produce gametes (reproductive cells), sperm in
males and ova (eggs) in females, each of which bears one
member of each of the 23 pairs of chromosomes present in hu-
man cells. Union of a sperm and an ovum at fertilization results
in the beginning of a new individual with 23 complete pairs of
chromosomes, half from each parent. (Review Figure 20-3.)

■ The reproductive system is anatomically and functionally
distinct in males and females. Males produce sperm and de-
liver them into the female. Females produce ova, accept
sperm delivery, and provide a suitable environment for sup-
porting development of a fertilized ovum until the new indi-
vidual can survive on its own in the external world.

■ In both sexes, the reproductive system consists of (1) a pair
of gonads, testes in males and ovaries in females, which are
the primary reproductive organs that produce the gametes
and secrete sex hormones; (2) a reproductive tract composed
of a system of ducts that transport and/or house the gametes
after they are produced; and (3) accessory sex glands that
provide supportive secretions for the gametes. The external
genitalia are the externally visible parts of the reproductive
system. (Review Figures 20-1 and 20-2.) Secondary sexual
characteristics are the distinguishing features between males
and females not directly related to reproduction.

■ Sex determination is a genetic phenomenon dependent on
the combination of sex chromosomes at the time of fertiliza-
tion: An XY combination is a genetic male, and an XX combi-
nation, a genetic female. Sexual differentiation refers to the
embryonic development of the gonads, reproductive tract,
and external genitalia along male or female lines, which gives
rise to the apparent anatomic sex of the individual. In the
presence of masculinizing factors, a male reproductive system
develops; in their absence, a female system develops. (Review
Figures 20-4, 20-5, and 20-6.)

Male Reproductive Physiology (pp. 749–758)

■ The testes are located in the scrotum. The cooler tempera-
ture in the scrotum than in the abdominal cavity is essential
for spermatogenesis (sperm production), which occurs in the
testes’ highly coiled seminiferous tubules. Leydig cells in the
interstitial spaces between these tubules secrete the male sex
hormone testosterone into the blood. (Review Figure 20-7
and 20-8.)

■ Testosterone is secreted before birth to masculinize the de-
veloping reproductive system; then its secretion ceases until
puberty, at which time it begins once again and continues
throughout life. Testosterone is responsible for maturation
and maintenance of the entire male reproductive tract, for
development of secondary sexual characteristics, and for
stimulating libido. (Review Table 20-1.)

■ The testes are regulated by the anterior pituitary gonado-
tropic hormones, luteinizing hormone (LH) and follicle-
stimulating hormone (FSH), which are under control of hypo-

thalamic gonadotropin-releasing hormone (GnRH). (Review
Figure 20-10.)

■ Testosterone secretion is regulated by LH stimulation of the
Leydig cells, and in negative-feedback fashion, testosterone
inhibits LH secretion. (Review Figure 20-10.)

■ Spermatogenesis requires both testosterone and FSH. Tes-
tosterone stimulates the mitotic and meiotic divisions required
to transform the undifferentiated diploid germ cells, the sper-
matogonia, into undifferentiated haploid spermatids. FSH
stimulates the remodeling of spermatids into highly specialized
motile spermatozoa. (Review Figures 20-7, 20-8, and 20-10.)

■ A spermatozoon consists only of a DNA-packed head bear-
ing an enzyme-filled acrosome at its tip for penetrating the
ovum, a midpiece containing the mitochondria for energy
production, and a whiplike motile tail. (Review Figure 20-9.)

■ Also present in the seminiferous tubules are Sertoli cells,
which protect, nurse, and enhance the germ cells throughout
their development. Sertoli cells also secrete inhibin, a hor-
mone that inhibits FSH secretion, completing the negative-
feedback loop. (Review Figures 20-7b and d and 20-10.)

■ The still immature sperm are flushed out of the seminifer-
ous tubules into the epididymis by fluid secreted by the Ser-
toli cells. The epididymis and ductus deferens store and con-
centrate the sperm and increase their motility and fertility
prior to ejaculation. During ejaculation, the sperm are mixed
with secretions released by the accessory glands. (Review
Table 20-2 and Figure 20-7.)

■ The seminal vesicles supply fructose for energy and prosta-
glandins, which promote smooth muscle motility in both the
male and female reproductive tracts to enhance sperm trans-
port. The seminal vesicles also contribute the bulk of the se-
men. The prostate gland contributes an alkaline fluid to neu-
tralize the acidic vaginal secretions. The bulbourethral glands
release lubricating mucus.

Sexual Intercourse between Males and Females
(pp. 759–764)

■ The male sex act consists of erection and ejaculation,
which are part of a much broader systemic sexual response
cycle. (Review Table 20-4.)

■ Erection is a hardening of the normally flaccid penis that
enables it to penetrate the female vagina. Erection is accom-
plished by marked vasocongestion of the penis brought about
by reflexly induced vasodilation of the arterioles supplying the
penile erectile tissue. (Review Figures 20-12 and 20-13.)

■ When sexual excitation reaches a critical peak, ejaculation
occurs. It consists of two stages: (1) emission, the emptying of
semen (sperm and accessory sex gland secretions) into the ure-
thra; and (2) expulsion of semen from the penis. The latter is
accompanied by a set of characteristic systemic responses and
intense pleasure referred to as orgasm. (Review Table 20-4.)
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■ Females experience a sexual response cycle similar to that
of males, with both having excitation, plateau, orgasmic, and
resolution phases. Like the penis, the highly vascular clitoris
undergoes erection (but not ejaculation). (Review Figure
20-12.) During sexual response, the outer portion of the va-
gina constricts to grip the penis, and the inner part expands
to create space for sperm deposition.

Female Reproductive Physiology (pp. 764–796)

■ In the nonpregnant state, female reproductive function is
controlled by a complex, cyclic, negative-feedback control
system between the hypothalamus (GnRH), anterior pituitary
(FSH and LH), and ovaries (estrogen, progesterone, and in-
hibin). During pregnancy, placental hormones become the
main controlling factors.

■ The ovaries perform the dual and interrelated functions of
oogenesis (producing ova) and secretion of estrogen and pro-
gesterone. (Review Table 20-6, p. 794.) Two related ovarian
endocrine units sequentially accomplish these functions: the
follicle and the corpus luteum.

■ The same steps in chromosome replication and division
take place in oogenesis as in spermatogenesis, but the timing
and end result are markedly different. Spermatogenesis is ac-
complished within two months, but the similar steps in oo-
genesis take anywhere from 12 to 50 years to complete on a
cyclic basis from the onset of puberty until menopause. A fe-
male is born with a limited, nonrenewable supply of germ
cells, whereas postpubertal males can produce several hun-
dred million sperm each day. Each primary oocyte yields only
one cytoplasm-rich ovum along with three doomed
cytoplasm-poor polar bodies that disintegrate, whereas each
primary spermatocyte yields four equally viable spermatozoa.
(Review Figures 20-14, 20-15, and Figure 20-8, p. 753.)

■ Oogenesis and estrogen secretion take place within an
ovarian follicle during the first half of each reproductive cycle
(the follicular phase) under the influence of FSH, LH, and
estrogen. (Review Figures 20-16 through 20-20.)

■ At approximately midcycle, the maturing follicle releases a
single ovum (ovulation). Ovulation is triggered by an LH surge
brought about by the high level of estrogen produced by the
mature follicle. (Review Figures 20-16, 20-18, and 20-21.)

■ LH converts the empty follicle into a corpus luteum (CL),
which produces progesterone and estrogen during the last
half of the cycle (the luteal phase). This endocrine unit pre-
pares the uterus for implantation if the released ovum is fertil-
ized. (Review Figures 20-16, 20-18, and 20-22.)

■ If fertilization and implantation do not occur, the CL de-
generates, withdrawing hormonal support for the highly de-
veloped uterine lining, causing it to disintegrate and slough,
producing menstrual flow. Simultaneously, a new follicular
phase is initiated. (Review Figures 20-16 and 20-18.)

■ Menstruation ceases and the uterine lining (endometrium)
repairs itself under the influence of rising estrogen levels from
the newly maturing follicle. (Review Figure 20-18.)

■ If fertilization does take place, it occurs in the oviduct as
the released egg and sperm deposited in the vagina are both
transported to this site. (Review Figures 20-23 through 20-25.)

■ The fertilized ovum begins to divide mitotically. Within a
week it grows and differentiates into a blastocyst capable of
implantation. (Review Figure 20-26.)

■ Meanwhile, the endometrium has become richly vascular-
ized and stocked with stored glycogen under the influence of
luteal-phase progesterone. (Review Figure 20-18.) Into this es-
pecially prepared lining the blastocyst implants by means of
enzymes released by the trophoblasts, which form the blasto-
cyst’s outer layer. These enzymes digest the nutrient-rich en-
dometrial tissue, accomplishing the dual function of carving a
hole in the endometrium for implantation of the blastocyst
while simultaneously releasing nutrients from the endometrial
cells for use by the developing embryo. (Review Figure 20-27.)

■ After implantation, an interlocking combination of fetal and
maternal tissues, the placenta, develops. The placenta is the or-
gan of exchange between maternal and fetal blood and also
acts as a transient, complex endocrine organ that secretes a
number of hormones essential for pregnancy. Human chorionic
gonadotropin (hCG), estrogen, and progesterone are the most
important of these hormones. hCG maintains the CL of preg-
nancy, which secretes estrogen and progesterone during the
first trimester of gestation until the placenta takes over this
function in the last two trimesters. High levels of estrogen and
progesterone are essential for maintaining a normal pregnancy.
(Review Figures 20-28, 20-30, and 20-31 and Table 20-5.)

■ At parturition, rhythmic contractions of increasing
strength, duration, and frequency accomplish the three
stages of labor: dilation of the cervix, birth of the baby, and
delivery of the placenta (afterbirth). (Review Figure 20-33.)

■ Parturition is initiated by a complex interplay of multiple
maternal and fetal factors. Once the contractions are initiated
at the onset of labor, a positive-feedback cycle is established
that progressively increases their force. As contractions push
the fetus against the cervix, secretion of oxytocin, a powerful
uterine muscle stimulant, is reflexly increased. The extra oxy-
tocin causes stronger contractions, giving rise to even more
oxytocin release, and so on. This positive-feedback cycle pro-
gressively intensifies until cervical dilation and delivery are
complete. (Review Figure 20-32.)

■ During gestation, the breasts are specially prepared for lac-
tation. The elevated levels of placental estrogen and proges-
terone, respectively, promote development of the ducts and
alveoli in the mammary glands. (Review Figure 20-34.)

■ Prolactin stimulates the synthesis of enzymes essential for
milk production by the alveolar epithelial cells. However, the
high gestational level of estrogen and progesterone prevents
prolactin from promoting milk production. Withdrawal of the
placental steroids at parturition initiates lactation.

■ Lactation is sustained by suckling, which triggers the re-
lease of oxytocin and prolactin. Oxytocin causes milk ejection
(letdown) by stimulating the myoepithelial cells surrounding
the alveoli to squeeze the secreted milk out through the
ducts. Prolactin stimulates secretion of more milk to replace
the milk the baby nurses. (Review Figures 20-34 and 20-35.)


