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၆၅၄ အခနး် ၁၇

duce ၎ငး်ကိ�ထပ်မံကန ့သ်တသ်ည။် ဒ�တယိအချကမ်�ာခ��ာကိ�ယအ်ြမင့်
ture သညဇီ်ဝြဖစ်စ�အပ�ထ�တလ်�ပ်မ���နး်ကိ�ြမင့တ်ကေ်စသည။်

THERMOGENESIS ကိ� တံ� ့ြပနမ်� မ��ိေသာ် ြငားလညး်တံ� ့ြပနမ်�မ��ိေသာ်လညး်၊
�ကကသ်ားလ�ပ်��ားမ�များတငွ ်tary အေြပာငး်အလမဲျားသညတ်ိ�းလာေစေသာအဓိကနညး်လမ်းများြဖစ်သည။်
အပ�ထ�တလ်�ပ်မ���နး်ကိ�မ ေ��ာင့ေ်��းေစေသာ (ဓာတ�ေဗဒနညး်)
mogenesis သည ်thermoregulation အတကွအ်ခနး် ကဏ ္တစ်ခ�လညး်ြဖစ်သည။် အများအားြဖင့်
စမ်းသပ်ဆတဲရိိစ�ာနမ်ျား၊ နာတာ��ညအ်ေအးထေိတွ� မ�သညအ်ေ�ကာငး်တစ်ခ�ြဖစ်ေစသည်
အမ�ီအခိ�ကငး်ေသာဇီဝြဖစ်စ�ဆိ�ငရ်ာအပ�ထ�တလ်�ပ်မ�ကိ�တိ�းေစသည်
�ကကသ်ားများကျံ� � ြခငး်၊ အေြပာငး်အလမဲျားေ�ကာင့ြ်ဖစ်ေပ�လာသည်
အပ�ဓာတထ်�တေ်ပးေသာဓာတ�ေဗဒလ�ပ်ေဆာငခ်ျက ်လ�သားများတငွမ်တ�နလ်�ပ်ပါ
ေမးွကငး်စကေလးများအတကွ ်thermogenesis သညအ်ေရး�ကးီဆံ�းြဖစ်သည်
တ�နလ်�ပ်�ိ�ငစ်မ်ွးမ��ိြခငး်။ မတ�နမ်လ�ပ် thermogenesis သည ်medi
epinephrine ေဟာ်မ�နး်��င့သ်ိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်��စ်မျိ�းလံ�းကိ�စားသည်
၎ငး်သညအ်ဆဓီာတက်ိ�လ�ံ�ေဆာ်ေပးြခငး်ြဖင့အ်ပ�ထ�တလ်�ပ်မ�ကိ�တိ�းေစသည။်
lism ။ ေမးွကငး်စတငွအ်ထ�း adipose တစ်သ��းအမျိ�းအစား��ိသည်
အည�ိေရာငအ်ဆ ီအြဖစ်လ�သမိျား�ပီး အထ�းသြဖင့ေ်ြပာငး်လ�ဲိ�ငစ်မ်ွး��ိသည်
ဓာတ�စမ်ွးအငသ်ညအ်ပ�ထသဲိ� ့ မတ�နမ်လ�ပ် thermogen- ၏အခနး်ကဏ္
အရွယေ်ရာက�်ပီးသ�များတငွအ်ြငငး်ပာွးစရာြဖစ်ေနဆြဲဖစ်သည။်

ေ�ကာ်ြငာအတကွလ်�ပ်ထံ�းလ�ပ်နညး်များကိ�ေလလ့ာ�ပီးမ�
အပ�ထ�တလ်�ပ်မ�ကိ�မ�တေအာငက်��်�ပ်တိ�ယ့ခ�လ�ပ်ပါ
ညမီ�ြခငး်၏အြခားတစ်ဘက၌်အပ�ကိ�ချိနည်�သိည်
အ�� ံး။

အပ�ဆံ�း�� ံးမ�၏ြပငး်အားကိ�ေပး�ိ�ငသ်ည်
စးီဆငး်မ�ကိ�ေြပာငး်လြဲခငး်ြဖင့ခ်ျိန်ည��ိိ�ငသ်ည်
အေရြပားမ�တဆင့ေ်သးွ။
အပ�ဆံ�း�� ံးမ�ယ��ရားများသညလ်ညး်ည��ိ�ငိး်ရနလ်ိ�သည။်
trol၊ တစ်ဖန ်hypothalamus ြဖင့။် ဘယေ်တာလ့ဲ
ငါတိ�က့ပ�တယ၊် အပ�ဆံ�း�� ံးမ�ကိ�တိ�းဖိ�လ့ိ�တယ်
ပတဝ်နး်ကျင;် ငါတိ�ေ့အးတဲအ့ခါငါတိ�လ့ိ�အပ်တယ်
အပ�ဆံ�း�� ံးမ�ကိ�ေလျာက့ျေစသည။် ဆံ�း�� ံးသာွးေသာအပ�ပမာဏ
ဓာတေ်ရာငြ်ခည�်�င့ထ်ေိတွ� မ�ြဖင့ပ်တဝ်နး်ကျငက်ိ�
convection ကိ� temm ြဖင့ဆ်ံ�းြဖတသ်ည။်
အေရြပား��င့အ်ြပငပိ်�ငး်�ကား��ိ perature gradient
nal ပတဝ်နး်ကျင။် ခ��ာကိ�ယရဲ်ဗ့ဟိ�အမာခကံတစ်ခ�ပါ
အပ�ကိ�ထ�တေ်ပးေသာအခနး်
ခန ့မ်�နး်ေြခအားြဖင့ခ်န ့မ်�နး်ေြခအားြဖင့ထ်နိး်သမ်ိးရပါမည်
၁၀၀ ဒဂီရီဖာရငဟ်ိ�က ်အမာခပံတ ်၀ နး်ကျငသ်ည ်insulating တစ်ခ�ြဖစ်သည်
အ�ကားအပ�ဖလ�ယေ်ပးေသာအခွံ
ခ��ာကိ�ယ�်�င့ြ်ပငပ်ပတဝ်နး်ကျငသ်ညေ်နရာယ�သည။်
အစ�အ�မဲ core အပ�ချိနက်ိ�ထနိး်သမ်ိးရန၊်
အခွ၏ံ insulative စမ်ွးရည�်�င့အ်ပ�ချိန်
အပ�ချိနက်ိ�ကွြဲပားေစရနခ်ျိနည်��ိိ�ငသ်ည်
အေရြပား��င့ြ်ပငပ်ပတဝ်နး်ကျငအ်�ကား၊
ထိ�ေ့�ကာင့အ်ပ�ဆံ�း�� ံးမ�အတိ�ငး်အတာကိ�လ�မ်းမိ�းသည။်

အခွ၏ံ insulative capacity သညြ်ဖစ်�ိ�ငသ်ည်
ေသးွစီးဆငး်မ�ပမာဏကိ�ထနိး်ချ�ပ်ြခငး်ြဖင့က်ွြဲပားသည။်
အေရြပားမ�တဆင့ ်အေရြပားေသးွစီးဆငး်မ�ကိ�ေဆာငရွ်ကေ်ပးသည်
function ��စ်ခ� ပထမ ဦး စာွ၎ငး်သညအ်ာဟာရြဖစ်ေစသည်
အေရြပားသိ�ေ့သးွေထာကပံ်မ့�။ ဒ�တယိအချကမ်�ာအသားအေရ
ေသးွစီးဆငး်မ�သညအ်ပ�ချိန၏်လ�ပ်ေဆာငခ်ျကြ်ဖစ်သည်
စညး်မျ�း; ပံ�မ�နအ်ခနး်အပ�ချိနတ်ငွ ်၂၀ မ�
အေရြပားမ�တဆင့ေ်သးွ ၃၀ ဆပိ�စီးသည်
အေရြပားအာဟာရအတကွလ်ိ�အပ်သညထ်က ်လ�ပ်ငနး်စ�၌
thermoregulation ၏အေရြပားေသးွစီးဆငး်မ�သညက်ွြဲပား�ိ�ငသ်ည်
၄၀၀ မီလလီတီာ/မိနစ်မ� ၂၅၀၀ အထိ

ml/မိနစ် ေသးွများပိ�မိ�ေ�းွေထးွလာသညမ်�အေရြပားသိ�ေ့ရာကသ်ည်
core, အေရြပား၏အပ�ချိနသ်ည ်core အပ�ချိန�်�င့ပိ်�နးီစပ်သည။်
အေရြပား၏ေသးွေ�ကာများသညအ်ေရြပား၏ထေိရာကမ်�ကိ�ကျဆငး်ေစသည်
insulator မ� insulator တစ်ခ�သညမ်ျက�်�ာြပငေ်ပ�သိ�အ့ပ� တင၍် ဆံ�း�� ံး�ိ�ငသ်ည်
ခ��ာကိ�ယမ်�ဓာတေ်ရာငြ်ခညြ်ဖာထကွြ်ခငး်��င့စ်�ပ်ယ�ြခငး် Ac-
တိ�းပာွးလာေစေသာအေရြပား arteriolar vasodilation ကိ�ခငွ့ြ်ပ�သည်
အေရြပားမ�တဆင့အ်ပ�စီးဆငး်မ�သညအ်ပ�ဆံ�း�� ံးမ�ကိ�တိ�းေစသည။် အကဲနွး်
အေရြပားေသးွစီးဆငး်မ�ကိ�ေလျာန့ညး်ေစေသာ skin vasoconstriction၊
ေ�းွေထးွေသာေသးွကိ�ဗဟိ�၌ထား��ိြခငး်ြဖင့အ်ပ�ဆံ�း�� ံးမ�ကိ�ေလျာန့ညး်ေစသည်
core သည၎်ငး်ကိ�ြပငပ်ပတ ်၀ နး်ကျငမ်� insulated ေနရာတငွ�်�ိသည။် ဒီ
တံ� ့ြပနမ်�သညအ်ပ�ဆံ�း�� ံးမ�ကိ�ထနိး်သမ်ိးေပးသည။်
ေအးစက။် ေသးွမ��ိေသာအသားအေရသညအ်လနွေ်ကာငး်မနွေ်သာ insulating insulating ကိ�ေပးသည။်
core ��င့ပ်တ ်၀ နး်ကျငက်ိ�ြမ�င့တ်ငပ်ါ။ သိ�ေ့သာ်အသားအေရသညတ်စ် ဦး မဟ�တ်
အများဆံ�း vasoconstriction ��င့ပ်ငလ်�င�်ပီးြပည့စံ်�ေသာ insulator ြငား
အေရြပားသိ�ေ့သးွစီးဆငး်မ�အနညး်ဆံ�းြဖစ်ေသာ်လညး်အချိ� �ေသာအပ�များသညက်�းစက�်ိ�ငသ်ည။်
ပိ�မိ�နက�်� ိငး်ေသာကိ�ယတ်ငွး်အဂ� ါများမ�အေရြပားမျက�်�ာြပငသ်ိ�ပိ့�ေ့ဆာငြ်ခငး်ြဖင့အ်ားေပးသည်
ထိ�ေ့နာကအ်ေရြပားမ�ပတဝ်နး်ကျငသ်ိ�ဆ့ံ�း�� ံး�ိ�ငသ်ည။်

ဤအေရြပား vasomotor တံ� ့ြပနမ်�ကိ� hy- မ�ေပါငး်စပ်သည။်
pothalamus သညက်ိ�ယခ်ျငး်စာစိတ�်�ိေသာအာ�ံ�ေ�ကာစနစ်မ�တဆင့ထ်�တလ်�တသ်ည။်

ဆ��အေလျာက်
၌အေြပာငး်အလမဲျား
အြပ�အမ�

ချိနည်�မိ�များ
အပ�၌

ထ�တလ်�ပ်မ�
သိ�မ့ဟ�တအ်ပ�ဆံ�း�� ံးြခငး်

�ကကသ်ားေလသ၊ံ
တ�န်လ�ပ်ေနသည်

ြပ�ြပငေ်ြပာငး်လမဲ�များ
�ကကသ်ားလ�ပ်��ားမ�

(ဇီဝြဖစ်စ�တငွ်
အပ�ထ�တလ်�ပ်မ�)

Vasoconstriction၊
ေသးွေ�ကာပိတြ်ခငး်

ချိနည်�ြိခငး်
ဆံ�း�� ံးြခငး်သိ�မ့ဟ�တ်

ထနိး်သမ်ိးေရး
အပ�၏

ေခ�းထကွြ်ခငး်

ချိနည်�ြိခငး်
အပ�ဆံ�း�� ံးမ�

ေမာ်တာအာ�ံ�ခံ

အရံပစ�ညး်
thermoreceptors များ

အေရြပား၌

Hypothalamic စငတ်ာများ
thermoregulation အတကွ်
(ခ��ာကိ�ယအ်ပ�ထန်ိးကရိိယာ)

ဗဟိ�
thermoreceptors များ
hypothalamus တငွ၊်
ဝမ်းဗိ�ကအ်ဂ� ါများ၊

��င့အ်ြခားေနရာများ

အ�ိ� းအေ�ကာများ

ကိ�ယခ်ျငး်စာတယ်
အာ�ံ�ေ�ကာ

�ကကသ်ားများကိ�ေချာေမွ�ေစသည်
အေရြပား၌ေသးွလ�တေ်�ကာများ

ကိ�ယခ်ျငး်စာတယ်
အာ�ံ�ေ�ကာ

ေခ�းဂလငး်များ

အေရြပားအပ�ချိန်ေြပာငး်လြဲခငး် core အပ�ချိန်ေြပာငး်လြဲခငး်

●ပံ� 17-5 အဓိက thermoregulatory လမ်းေ�ကာငး်များ။

စာမျက�်�ာ ၂

အေအးသိ�မ့ဟ�တအ်ပ�ထေိတွ� မ�တံ� ့ြပန်မ�အတကွည်��ိ �ငိး်ည��ိ �ငိး်မ�များ

ထေိတွ� မ�ေအးေစရန်တံ� ့ြပန်မ�
(ပိ�စတာအားြဖင့ည်��ိ �ငိး်သည်

ဟစပိ်�လာလာမတ)်

ထေိတွ� မ�ကိ�အပ�ေပးရန်တံ� ့ြပန်ပါ
(ANTERIOR မ�ည��ိ�ငိး်သည်

ဟစပိ်�လာလာမတ)်

အပ�ြမင့တ်ကလ်ာသည်
ထ�တလ်�ပ်ြခငး်

အပ�ဆံ�း�� ံးမ�ေလျာန့ညး်သည်
(အပ�ထန်ိးသမ်ိးေရး)

အပ�ေလျာလ့ာသည်
ထ�တလ်�ပ်ြခငး်

တိ�းလာတယ်
အပ�ဆံ�း�� ံးြခငး်

AB ဇယား ၁၇-၄

Original text

justing heat production, we now turn to the
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စမ်ွးအင ်Balance ��င့အ်ပ�ချိနစ်ညး်မျ�း ၆၅၅

အေရြပားမ�ေသးွလ�တေ်�ကာများသိ�က့ိ�ယခ်ျငး်စာတရားလ�ပ်ေဆာငမ်�ကိ�တိ�းြမ�င့ေ်ပးသည်
အေအးထေိတွ� မ�ကိ�တံ� ့ြပနသ်ည့အ်ေနြဖင့အ်ပ�ကိ�ထနိး်သမ်ိးေသာ vasoconstriction၊
ကိ�ယခ်ျငး်စာစိတထ်ားမ�ကျဆငး်ြခငး်သညအ်ပ�ဆံ�း�� ံးြခငး်ကိ�ြဖစ်ေစသည်
အပ�ထေိတွ� မ�ကိ�တ�န ့ြ်ပနေ်သာအေနြဖင့ဤ်တနဆ်ာများကိ� vasodilation လ�ပ်သည။်

medulla ��ိ��လံ�းေသးွေ�ကာထနိး်ချ�ပ်ေရးဌာနကိ�သတရိပါ
အေရြပား၏ေသးွလ�တေ်�ကာများ (အြပငေ်သးွလ�တေ်�ကာများ) ကိ�လညး်ထနိး်ချ�ပ်သည်
ခ��ာကိ�ယတ်စ်ေလ�ာကလ်ံ�း) ကိ�ယခ်ျငး်စာစိတက်ိ�ထနိး်ည�ေိပးြခငး်ြဖင့်
ေသးွေပါငခ်ျိနထ်နိး်ည�ြိခငး်ရညရွ်ယခ်ျကအ်တကွဤ်ေရယာ�များသိ� ့�ကည့ပ်ါ
p ၃၇၈) ။ သန ့စ်ငမ်�အတကွအ်ေရြပားေသးွလ�တေ်�ကာများေပ�တငွ ်Hypothalamic ထနိး်ချ�ပ်မ�
အပ�ချိနထ်နိး်ည�မိ�ပံ�စံသည ်cardio ထက ်ဦး စားေပးသည။်
ဤေသးွေ�ကာများထနိး်ချ�ပ်သည့ဌ်ာန၏ထနိး်ချ�ပ်မ� (စာမျက�်�ာ ၃၈၀ ကိ��ကည့ပ်ါ) ။
ထိ�ေ့�ကာင့ေ်သးွေပါငခ်ျိနအ်ေြပာငး်အလမဲျားသညသ်သိာထင�်�ားေသာအသမံျားေ�ကာင့ြ်ဖစ်�ိ�ငသ်ည။်
ပိ�မိ�တိ�းပာွးလာေသာအေရြပား vasomotor တံ� ့ြပနမ်� ဥပမာအားြဖင့ေ်သးွထနိး်
အလနွပ်�ေသာပတဝ်နး်ကျင�်�င့ထ်ေိတွ� �ိ�ငသ်ညမ်�ာေသချာသည်
hypothalamic သအီိ�ရီအရအေရြပားေပ�တငွ ်vasodilator တံ� ့ြပနမ်�ကိ�သတမ်�တသ်ည။်
ပိ�များေသာဂလ�းကိ�စ့်သညအ်ေရြပား၏ vasoconstrictor တံ� ့ြပနမ်�ကိ�လ�မ်းမိ�းသည်
medullary ��လံ�းေသးွေ�ကာထနိး်ချ�ပ်ေရးစငတ်ာမ�ေခ�သည။်

hypothalamus သညတ်စ�်ပိ�ငန်ကတ်ညး်ည��ိ�ငိး်သည်
အပ�ထ�တလ်�ပ်မ���င့အ်ပ�ဆံ�း�� ံးမ�ယ��ရားများ
ကအဲပ�ည��ိ �ငိး်ည��ိ �ငိး်မ�ေတကွိ�အတ�တကဆွွ�ဲကစိ� ့
ထ�တလ်�ပ်မ���င့အ်ပ�ဆံ�း�� ံးမ�တစ်ခ�ခ�ကိ�ထေိတွ� မ�မ�တံ� ့ြပနသ်ည်
ေအးေသာသိ�မ့ဟ�တပ်�ေသာပတဝ်နး်ကျင ်( ▲ ဇယား ၁၇-၄) ။

တံ� ့ြပန်မ�ကိ�ေအး ေစရန ်ည��ိ�ငိး်ထားေသာတံ� ့ြပန်ချကမ်ျား
အေအးထေိတွ� မ�၊ hypothalamus ၏အေနာကဘ်ကေ်ဒသသည�်�န�်ကားသည်
တ�နခ်ါြခငး်ကဲသ့ိ�အ့ပ�ထ�တလ်�ပ်မ�ကိ�တိ�းေစသည။်
အေရြပားအားအပ�ဆံ�း�� ံးြခငး် (ဆိ�လိ�သညမ်�ာအပ�ကိ�ထနိး်သမ်ိးြခငး်) ကိ�သသိသိာသာေလျာက့ျေစသည်
vasoconstriction ��င့အ်ြခားအစီအမံများ

အဘယေ်�ကာင့ဆ်ိ�ေသာ်အေရြပားကိ�ေလ�ာခ့ျရနခ်��ာကိ�ယ၏်ကန ့သ်တခ်ျက�်�ိေနေသာေ�ကာင့ြ်ဖစ်သည်
vasoconstriction မ�တဆင့အ်ပ�ချိနအ်များဆံ�း vaso-
အလနွအ်က�ံအပ�ဆံ�း�� ံးမ�ကိ�ကာကယွရ်နက်န ့သ်တခ်ျကသ်ညမ်လံ�ေလာကပ်ါ
ြပငပ်အပ�ချိနအ်လနွန်မိ့်ကျသည။် ထိ�ေ့�ကာင့အ်ြခားနညး်များ
အပ�ဆံ�း�� ံးမ�ကိ�ပိ�မိ�ေလ�ာခ့ျရန ်sures ကိ�သတမ်�တရ်မည။် တရိစ�ာနေ်တမွ�ာ
ထ�ထေဲသာအေမးွများ (သိ�)့ အေမးွများ၊ hypothalamus မ�တဆင့သ်��ပ်ေဆာငသ်ည်
စာနာတတတ်ဲအ့ာ�ံ�ေ�ကာစနစ်ကိ�ကျံ� �ေစတယ်
ဆပံင ်(သိ�)့ အေမးွ�ိ�းအရငး်မ��ကကသ်ားေသးေသးေလးများ
ဆပံငသ်ိ�မ့ဟ�တအ်ေမးွများကိ�အေရြပားမျက�်�ာြပငမ်�ဖယ�်�ားပါ။ ဒါကေထာငေ်ချာကေ်တကွိ�ေထာငလ်�ားေစတယ်

အေရြပားမျက�်�ာြပင�်�င့အ်�ကားလ�ပ်စီးေ�ကာငး်မေကာငး်ေသာအလ�ာ
ထိ�ေ့�ကာင့ပ်တဝ်နး်ကျငအ်�ကား insulating barrier ကိ�တိ�းေစသည်
core ��င့ ်cold air တိ�က့ိ�အပ�ဆံ�း�� ံးမ�ကိ�ေလ�ာခ့ျေပးသည။် ဒါေတာငမ်�
အေအးြပပွဲအားတံ� ့ြပနသ်ည့အ်ေနြဖင့ဆ်ပံင�်�င့�်ကကသ်ားများကျံ� �သည။်
ေသချာတာေပါ၊့ ဒအီပ�ထနိး်စနစ်ကမထေိရာကဘ်�း
လ�ခ့��ာကိ�ယဆ်ပံငအ်များစ�၏သပ်ိသညး်ဆနမိ့်ေသာ��င့�် �းညံေ့သာဖဲွ�စညး်မ� အဒဲမီ�ာ-
sult အစားအသံ�းမ ၀ ငဘ်အဲလန ့တ်�ကားြဖစ်ေစသည ်။

အများဆံ�းအေရြပား vasoconstriction �ပီးေနာကေ်အာငြ်မငသ်ည်
အေအး��င့ထ်ေိတွ� မ�ေ�ကာင့လ်�သားများတငွေ်နာကထ်ပ်အပ�ဓာတပ်ျံ� ��ံမ့�ြဖစ်ေပ�ေစသည်
အြပ�အမ�ေြပာငး်လြဲခငး်များကဲသ့ိ�ေ့သာအြပ�အမ�များြဖင့သ်ာကာကယွ�်ိ�ငသ်ည။်
ထေိတွ� မ�အတတ�်ိ�ငဆ်ံ�းေလျာန့ညး်ေစေသာ tural အေြပာငး်အလမဲျား
အပ�ဒဏမ်�လတွေ်ြမာက�်ိ�ငေ်သာမျက�်�ာဧရိယာ ဤေရွ�ကား postural အေြပာငး်အလမဲျား
လကေ်မာငး်ကိ�ဆ�ပ်ကိ�ငြ်ခငး်ကဲသ့ိ�ေ့သာလ�ပ်��ားမ�များတငွပ်ါဝငသ်ည်
ရငဘ်တေ်�� � (သိ�)့ ေဘာလံ�း၌ေကးွေကာကြ်ခငး်

ပ�ေ�းွေသာအ ၀ တမ်ျားကိ� ၀ တြ်ခငး်ကခ��ာကိ�ယက်ိ�ပိ�ကာကယွေ်ပးသည်
အပ�ဆံ�း�� ံးမ�များလနွး်သည။် အ ၀ တအ်စားသညည်ံဖ့ျငး်ေသာအလ�ာများကိ�ဖံ�းလ�မ်းသည။်
၎ငး်သညအ်ေရြပားမျက�်�ာြပင�်�င့ပ်တဝ်နး်ကျငအ်�ကားေလကိ�စ�ပ်ယ�သည်
အေရြပားမ�အေအးဓာတသ်ိ�ပိ့�ေ့ဆာငြ်ခငး်ြဖင့အ်ပ�ဆံ�း�� ံးမ�ကိ�ေလျာန့ညး်ေစသည်
ြပငပ်ေလ��င့ ်convection current များစီးဆငး်မ�ကိ�ကန ့သ်တသ်ည။်

လ�ပ်ေဆာငခ်ျက ်ေအာကတ်ငွ ်ထေိတွ� မ�အားအပ�ေပးရန်တံ� ့ြပန်မ�များ
အြပ�သေဘာေဆာငေ်သာအေြခအေန - အပ�ထေိတွ� မ� - ၏ေ��� ပိ�ငး်
hypothalamus သညအ်�ိ�းထ�တလ်�ပ်မ�ကိ�ေလျာက့ျေစ�ပီးအပ�ထ�တလ်�ပ်မ�ကိ�ေလျာန့ညး်ေစသည်
�ကကသ်ားလ�ပ်��ားမ���င့လ်�ံ�ေဆာ်မ�ေ�ကာင့အ်ပ�ဆံ�း�� ံးမ�ကိ�တိ�းေစသည်
အေရြပား vasodilation ။ အေရြပားတငွအ်များဆံ�းေသးွြပနေ်�ကာများေပါကေ်နသည့တ်ိ�င်
ပိ�လ�ံေသာအပ�ကိ�ခ��ာကိ�ယမ်�ဖယ�်�ားရနလ်ံ�ေလာကစ်ာွေခ�းထကွသ်ည်
ေရေငွ�ပျံြခငး်မ�တဆင့ေ်နာကထ်ပ်အပ�ဆံ�း�� ံးမ�ကိ��ပီးေြမာကရ်နက်စားပါ။ ၌
အမ�နေ်တာ၊့ ေလထ�အပ�ချိနသ်ညအ်ြမင့ဆ်ံ�းအပ�ချိနထ်ကြ်မင့တ်ကလ်�င်
mally vasodilated အေရြပား၊ အပ�ချိန ်gradient သညသ်�အ့လိ�လိ�ြပနေ်ြပာငး်သာွးသည်
ဒါေ�ကာင့ပ်တဝ်နး်ကျငက်ေနအပ�ကိ�ရ��ိ�ိ�ငပ်ါတယ။် ေခ�းထကွြ်ခငး်သည်
ဤအေြခအေနများတငွအ်ပ�ဆံ�း�� ံးြခငး်ကိ�သာဆိ�လိ�သည။်

လ�သားများသညလ်ညး်သံ�းြခငး်ကဲသ့ိ�ေ့သာေစတနာအေလျာကေ်ဆာငရွ်ကခ်ျကမ်ျားကိ�အသံ�းြပ�သည်
ပရိတသ်တမ်ျား၊ ခ��ာကိ�ယက်ိ�စိ�စတွေ်စြခငး်၊ အချိ�ရညမ်ျားေသာကြ်ခငး်��င့ ်၀ တဆ်ငြ်ခငး်
အပ�ဆံ�း�� ံးမ�ကိ�ပိ�မိ�ေကာငး်မနွေ်စရနအ်ေအးခအံဝတအ်စားများ လ��က�ိကမ်ျားမ���င့ဆ်န ့က်ျငသ်ည်
အေရာငေ်ဖျာေ့ဖျာ၊့ ၀ တထ်ားေသာအဝတအ်စားကိ� ၀ တြ်ခငး်သညယ်ံ��ကညြ်ခငး်ထကပိ်�ေအးသည်
ကိ�ယတ်ံ�းလံ�း ကိ�ယလ်ံ�းတးီအသားအေရသညထ်ိ�ေတာကပ်ေသာစမ်ွးအငအ်ားလံ�းနးီပါးကိ�စ�ပ်ယ�သည်
အေရာငေ်ဖျာေ့သာအ ၀ တသ်ညအ်ားလံ�းနးီပါးကိ�ထငဟ်ပ်ေစသည်
၎ငး်ေပ�၌ကျေရာကေ်နေသာေတာကပ်ေသာစမ်ွးအင ်ထိ�ေ့�ကာင့အ်ေရာငေ်ဖျာလ့�ငအ်ဝတအ်စားြဖစ်ပါသည်
convection current များ��င့လ်ံ�လံ�ေလာကေ်လာကေ်လျာရဲ့�ပီးပါးလ�ာသည်

�ကကသ်ားသတံိ�းလာသည်

ခိ�ကခ်ိ�ကတ်�နေ်နသည်

ေစတနာအေလျာကေ်လက့ျင့ခ်နး်လ�ပ်ြခငး်*

မတ�နလ်�ပ်ေသာ thermogenesis

အေရြပား vasoconstriction

Postural အေြပာငး်အလမဲျားထေိတွ� မ�ကိ�ေလ�ာခ့ျရန်
မျက�်�ာြပငအ်ကျယအ်ဝနး် (ပခံ�းများကိ�ဖိြခငး်၊ စသည)်*

အေ�းွထည*်

�ကကသ်ားသေံလျာက့ျသာွးသည်

စိတဆ်��ေလက့ျင့ခ်နး်ေလျာက့ျြခငး်

အေရြပားေသးွေ�ကာပိတြ်ခငး်

ေခ�းထကွြ်ခငး်

အ ၀ တအ်စားေအး

*အမ�အကျင့အ်လိ�ကလ်ိ�ကေ်လျာညေီထြွဖစ်ေအာငေ်နပါ

စာမျက�်�ာ ၃

အေငွ�ပျံေစေသာအပ�ဆံ�း�� ံးမ�သည၎်ငး်ထကပိ်�ေအးသည်
အဝတအ်စားလံ�းဝမပါဘသဲာွးေနတယ။်

THERMONEUTRAL ZONE အေရြပား vasomotor လ�ပ်ေဆာငခ်ျကသ်ညအ်လနွ ်ထေိရာကသ်ည။်
သဘာဝပတဝ်နး်ကျငအ်ပ�ချိနတ်ငွအ်ပ�ဆံ�း�� ံးမ�ကိ�ထနိး်ချ�ပ်ရာတငွအ်စမ်ွးထကသ်ည်
၆၀ အထက�်�င့ ်၈၀ အလယပိ်�ငး်�ကားတငွ ်ဤအပိ�ငး်အြခား၊ အတငွး်၌
vasomotor တံ� ့ြပနမ်�များြဖင့ ်core အပ�ချိနက်ိ�အ�မဲထနိး်ထား�ိ�ငသ်ည်
အပိ�အပ�ထ�တလ်�ပ်မ�သိ�မ့ဟ�တအ်ပ�ဆံ�း�� ံးြခငး်ကိ�မေခ�ဘဲ
ကစားရနယ်��ရားများကိ� thermoneutral zone ဟ�ေခ�သည ်။ ဘယေ်တာလ့ဲ
ြပငပ်ေလထ�အပ�ချိနသ်ည ်abil ၏ေအာကက်န ့သ်တခ်ျကေ်အာက်
အေရြပား၏ vasoconstriction ေ�ကာင့အ်ပ�ဆံ�း�� ံးမ�ကိ�ပိ�မိ�ေလျာန့ညး်ေစြခငး်၊
ေခ�းထကွြ်ခငး်၊ အထ�းသြဖင့တ်�နခ်ါမ�ေ�ကာင့မ်လိ�အပ်ေတာြ့ခငး်
အဓိကအပ�ချိနက်ိ�ထနိး်သမ်ိးရနအ်ဓိကေသာခ့ျက။် ဟိ�ဘကေ်ရာကရ်င၊်
ြပငပ်ေလထ�အပ�ချိနသ်ညအ်ြမင့ဆ်ံ�းကန ့သ်တခ်ျကထ်ကေ်ကျာ်လနွပ်ါက
အေရြပားမ�ေသးွယိ�စီးမ�၏စမ်ွးရညသ်ညအ်ပ�ဆံ�း�� ံးမ�ကိ�ပိ�တိ�းေစသည ်။၊
core အပ�ချိနက်ိ�ထနိး်သမ်ိးရနမ်��ိမြဖစ်လိ�အပ်သည။် (တစ်ခ�အတကွ်
အပ�လနွက်ြဲခငး် (သိ�)့ အေအးထေိတွ� မ�၏အကျိ�းသကေ်ရာကမ်�များကိ�ေဆးွေ�းွ�ကည့ပ်ါ
ပ�းတွပဲါ boxed အဂ� ါရပ်၊ cept အယ�အဆများ၊ စိနေ်ခ�မ�များ��င့်
အြငငး်ပာွးမ�များ။ )

ဖျားေနစ� hypothalamic thermostat ြဖစသ်ည်
ြမင့မ်ားေသာအပ�ချိန်တငွ ်"ြပန်လညသ်တမ်�တ"် သည။်

အဖျား ဟ�ေသာအသံ�းအ��နး် သညက်ိ�ယအ်ပ�ချိနြ်မင့တ်က ်ြခငး်ကိ� ရည�်�နး်သည။်
က�းစကေ်ရာဂါသိ�မ့ဟ�တေ်ရာငရ်မ်းမ�၏ရလဒအ်ြဖစ် တ�န ့ြ်ပန်
microbial ကျ�းေကျာ်ရန ်phagocytic ဆလဲအ်ချိ� � (macro-

phages) သည ်endogenous pyrogen အြဖစ်ေဆာငရွ်ကေ်သာဓာတ�ပစ�ညး်များကိ�ထ�တလ်�တသ်ည ်။
၎ငး်သညေ်ရာဂါက�းစကမ်�ကိ�တိ�ကဖ်ျကေ်သာအာနသိငမ်ျားစာွအနက ်(p ။ 424 ကိ��ကည့ပ်ါ)၊
ြမ�င့တ်ငရ်န ်hypothalamic thermoregulatory စငတ်ာတငွလ်�ပ်ေဆာငသ်ည်
အပ�ထနိး်ကရိိယာဆကတ်င ်( ● ပံ� ၁၇-၆) ။ ယခ�အခါ hypothalamus

က�းစကမ်�သိ�မ့ဟ�တေ်ရာငရ်မ်းြခငး်

Macrophages

လ�တပ်ါ

endogenous pyrogen ြဖစ်သည်

Prostaglandins ေဆး

Hypothalamic သတမ်�တအ်ချက်

"အေအးတံ� ့ြပနမ်�" စတငြ်ခငး်

အပ�ထ�တလ်�ပ်မ�; အပ�ဆံ�း�� ံးမ�

ကိ�ယအ်ပ�ချိနတ်ကသ်ည်
အသစ်တစ်စံ�အချက ်= ဖျားနာ

● FIGURE 17-6 Fever ထ�တလ်�ပ်မ�။ (ဓာတပံ်� - LJ Le Beau/
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၆၅၆ အခနး် ၁၇

အဓိကအစားအပ�ချိနအ်သစ်ကိ�သတမ်�တအ်ဆင့တ်ငွထ်နိး်သမ်ိးထားသည။်ပံ�မ�နက်ိ�ယအ်ပ�ချိနက်ိ�တကေ်စသည။် ဥပမာအားြဖင့ ်endogenous ြဖစ်လ�င်
pyrogen သည ်set point ကိ� ၁၀၂ ဒဂီရီဖာရငဟ်ိ�က ်(၃၈.၉ ဒဂီရီစငတ်ဂီရိတ)် အထြိမင့တ်ကေ်စေသာ hypothala-
ပံ�မ�န�်�စ်သကေ်သာအပ�ချိနသ်ညအ်လနွေ်အးသညက်ိ�သတြိပ�မိသည်
၎ငး်သညေ်ဒါသကိ�ြမ�င့တ်ငရ်နအ်ေအးတံ� ့ြပနမ်�ယ��ရားများကိ�အစြပ�သည။်
အပ�ချိန ်၁၀၂ ဒဂီရီဖာရငဟ်ိ�ကအ်ထ ိအထ�းသြဖင့၎်ငး်သညတ်�နလ်�ပ်ေချာကခ်ျားေစရနလ်ျငြ်မနစ်ာွစတငသ်ည။်
အပ�ထ�တလ်�ပ်မ�ကိ�တနွ ့ေ်စ�ပီးအေရြပားမ� vasoconstriction ကိ�အားေပးသည်
အပ�ဆံ�း�� ံးမ�ကိ�လျငြ်မနစ်ာွေလ�ာခ့ျေပးသည၊် ��စ်ခ�လံ�းသညအ်ပ�ချိနက်ိ�ေမာငး်��ငသ်ည်
အထကသ်ိ� ့ ဤြဖစ်ရပ်များသည�်�တတ်ရကခ်ျမ်းတ�နြ်ခငး်မ�ကာခဏြဖစ်ေပ�သည်
အဖျားစတငခ်ျိန၌်�က�ံေတွ�ရသည။် လ�သညအ်ေအးဓာတခ်စံားရ�ိ�ငသ်ည်
ခ��ာကိ�ယအ်ပ�ချိနက်ိ�ြမ�င့တ်ငရ်နက်�ညေီစာငမ်ျားပိ�လိ�လ�ငဆ်��အေလျာကထ်ည့ပ်ါ
ခ��ာကိ�ယအ်ပ�ကိ�ထနိး်သမ်ိးြခငး်ြဖင့ ်အပ�ချိနအ်သစ်ရ��ိသည�်�င့တ်�ပိ�ငန်က်
အေအးဒဏက်ိ�တံ� ့ြပနသ်ည့အ်ေန��င့ခ်��ာကိ�ယအ်ပ�ချိနက်ိ�ပံ�မ�နအ်တိ�ငး်ထနိး်ည�ေိပးသည်
ဒါေပမယ့အ်ပ�ပိ�ြမင့တ်ဲ ့setting မ�ာ ထိ�ေ့�ကာင့အ်ဖျားတကြ်ခငး်ကိ�ြပနလ်ညြ်ဖစ်ေပ�ေစသည။်
က�းစကမ်�ကိ�တံ� ့ြပနြ်ခငး်သညတ်မငသ်ကသ်ကရ်လဒတ်စ်ခ�ြဖစ်ေစ။ ြဖစ်ေပ�လာြခငး်မဟ�တပ်ါ
thermoregulation �ပိ�ကွြဲခငး်ေ�ကာင့ ်ဇီဝကမ�ြဖစ်ေပမယ့်
အဖျား၏အေရးပါပံ�ကိ���ငး်��ငး်လငး်လငး်မသရိေသးဟ�ေဆးပညာ��ငအ်များစ�ကဆိ�သည်
ခ��ာကိ�ယအ်ပ�ချိနြ်မင့တ်ကြ်ခငး်သညအ်ကျိ�း��ိေသာအခနး်ကဏ္hasတငွ�်�ိသညဟ်�ယံ��ကညသ်ည်
က�းစကမ်�ကိ�တိ�ကဖ်ျကသ်ည။် အဖျားသညေ်ရာငရ်မ်းတံ� ့ြပနမ်�ကိ�တိ�းေစသည်
ဘကတ်းီရီးယားပာွးများမ�ကိ�အေ��ာင့အ်ယ�ကြ်ဖစ်ေစ�ိ�ငသ်ည။်

အဖျားတကစ်�တငွ ်endogenous pyrogen သညအ်စ�လိ�ကအ်ြပံ�လိ�ကြ်မင့တ်ကေ်စသည်
ေဒသခကံိ�အစပျိ�းြခငး်ြဖင့ ်hypothalamic thermostat ၏အချက်
ြပညတ်ငွး်ဓာတ�အကျိ�းေဆာငမ်ျား ြဖစ်ေသာ prostaglandins ကိ� ထ�တလ်�တသ်ည်
၎ငး်သည ်hypothalamus အေပ�တိ�က�ိ်�ကလ်�ပ်ေဆာငသ်ည။် အကစ်ပရငသ်ညအ်ဖျားကိ�ေလျာက့ျေစသည်
prostaglandins များ၏ေပါငး်စပ်မ�ကိ�ဟန ့တ်ားြခငး်ြဖင့ ်အကစ်ပရငမ်ပါဘ�း
nonbebrile လ�တစ် ဦး အတကွအ်ပ�ချိနက်ိ�နမိ့်ေစေသာေ�ကာင့ြ်ဖစ်သည်
endogenous pyrogen မ��ိြခငး်၊ prostaglandins မ��ိပါ
hypothalamus ၌��စ်သကဖွ်ယေ်ကာငး်ေသာပမာဏများ

အဖျားတကြ်ခငး်၏သဘာဝေမာ်လကီျ�းအေ�ကာငး်ရငး်အတအိကျမ�ာသဘာဝြဖစ်သည်
၎ငး်သည ်pyrogen ေလျာက့ျြခငး်ေ�ကာင့ြ်ဖစ်�ိ�ငသ်ညဟ်�ယ�ဆရသည်
prostaglandin ေပါငး်စပ်မ�ကိ�ထ�တလ်�တြ်ခငး် (သိ�)့ ေလျာန့ညး်ေစသည။် hypotha ြဖစ်တဲအ့ခါ
lamic set point သညပံ်�မ�နအ်ားြဖင့ ်၁၀၂ ဒဂီရီဖာရငဟ်ိ�ကတ်ငွ�်�ိသည်
ဤဥပမာ) အလနွြ်မင့မ်ားသည။် အပ�တံ� ့ြပနမ်�ယ��ရားများသည်
ခ��ာကိ�ယက်ိ�ေအးြမေစေသာအရာြဖစ်သည။် အေရြပား၌ေသးွြပနေ်�ကာများြဖစ်ေပ� ြခငး်၊
ေခ�းထကွမ်ျားလာသည။် လ�သညပ်�အိ�ကသ်ညဟ်�ခစံားရ�ပီးအပိ�ကိ�ထ�တပ်စ်သည်
အဖံ�းများ။ hyt များကဤအပ�ဆံ�း�� ံးမ�ယ��ရားများကိ�ြပငဆ်ငြ်ခငး်
pothalamus သညအ်ပ�ချိနက်ိ�ပံ�မ�နသ်ိ�ေ့လ�ာခ့ျေပးသည။်

Hyperthermia သညက်�းစကမ်���င့မ်သကဆ်ိ�ငပ်ါ။
Hyperthermia သညခ်��ာကိ�ယအ်ပ�ချိနမ်ညသ်ည့အ်ြမင့က်ိ�မဆိ�ရည�်�နး်သည်
ပံ�မ�နလ်ကခ်�ံိ�ငေ်သာအကာွအေဝးထက ်အဖျား ဟ�ေသာေဝါဟာရ သညအ်များအားြဖင့ြ်ဖစ်သည်
endogenous ေ�ကာင့ြ်ဖစ်ေပ�ေသာအပ�ချိနြ်မင့တ်ကမ်�အတကွသ်းီသန ့ထ်ား��ိြခငး်
pyrogen သညေ်ရာဂါက�းစကေ်နစ� hypothalamic set point ကိ�ြပနလ်ညသ်တမ်�တေ်ပးသည်
သိ�မ့ဟ�တေ်ရာငရ်မ်း; hyperthermia သညအ်ြခားမညမီ�ြခငး်အားလံ�းကိ�ရည�်�နး်သည်
ခ��ာကိ�ယအ်ပ�ချိနြ်မင့တ်ကေ်စေသာ heat gain ��င့ ်heat loss အ�ကား။
Hyperthermia သညအ်ေ�ကာငး်အရငး်အမျိ�းမျိ�း��ိ�ပီးအချိ� � မ�ာပံ�မ�နြ်ဖစ်သည်
အ��ရာယ�်�ိေသာ၊ အြခားေရာဂါများ��င့ေ်သေစ�ိ�ငသ်ည။်

ေလက့ျင့ခ်န်းလ�ပ်ြခငး်ေ�ကာင့ြ်ဖစတ်တေ်သာဆးီချိ�ေရာဂါသည ်အြဖစ်များေသာအေ�ကာငး်အရငး်ြဖစ်သည်
hyperthermia ၏ေရ��ညေ်လက့ျင့ခ်နး်ြဖစ်သည။် ��ပ်ပိ�ငး်ဆိ�ငရ်ာအကျိ�းဆကအ်ြဖစ်
�ကကသ်ားများကိ�ေလက့ျင့ခ်နး်လ�ပ်ြခငး်ြဖင့ထ်�တေ်ပးေသာ�ကးီမားေသာအပ�ဝန၏်
ေလက့ျင့ခ်နး်စတငခ်ျိန၌်ခ��ာကိ�ယအ်ပ�ချိနြ်မင့တ်ကသ်ည။်

ဇီဝဓာတပံ်�ဝနေ်ဆာငမ်�။ )

စာမျက�်�ာ ၄

heat gain သည ်heat loss ကိ�ေကျာ်လနွေ်စသည ်( ● ပံ� ၁၇-၇) ။ အြမင့်
core အပ�ချိနတ်ငွ ်reflexly သညအ်ပ�ဆံ�း�� ံးမ�ယ��ရားများကိ�ြဖစ်ေပ�ေစသည ်(အေရြပား
vasodilation ��င့ေ်ခ�းထကွြ်ခငး်၊ ကာွဟချကက်ိ�ဖယ�်�ားေပးသည်
အပ�ထ�တလ်�ပ်မ���င့အ်ပ�ဆံ�း�� ံးမ��ကား အပ�-ြမနြ်မနဆ်ံ�း�� ံးသည်
အပ�ထ�တလ်�ပ်မ�ညမီ�ေစရနယ်��ရားများကိ�လံ�ေလာကစ်ာွအ��ိနြ်မ�င့တ်ငထ်ားသည။်
၎ငး်၊ core အပ�ချိနသ်ညအ်နညး်ငယအ်ထကတ်ငွတ်ည�်ငမ်ိသည်
အပ�ထ�တတ်ဲေ့လက့ျင့ခ်နး်ကိ�ဆကလ်�ပ်ေနေပမဲ ့set point ကိ�သတမ်�တပ်ါ။ ထိ�ေ့�ကာင့၊်

၎ငး်မ�ြဖစ်ေပ�ေသာသိ�ငး်ရိွ�ကေ်ဟာ်မ�နး် (သိ�)့ epinephrine အဆင့က်ိ�သတမ်�တသ်ည်
သိ�ငး်ရိွ�ကဂ်လငး် (သိ�)့ adrenal medulla ၏လ�ပ်ေဆာငခ်ျကအ်သးီသးီသည်
ဤေဟာ်မ�နး်��စ်ခ�စလံ�းသည ်core အပ�ချိနက်ိ�ြမင့တ်ကေ်စ�ပီးြမ�င့တ်ငေ်ပးသည်
ဇီဝြဖစ်စ�လ�ပ်��ားမ���င့အ်ပ�ထ�တလ်�ပ်မ�၏စ�စ�ေပါငး်��နး်။

Hyperthermia သည ်Hyp ၏ချိ��ယငွး်ချကေ်�ကာင့လ်ညး်ြဖစ်�ိ�ငသ်ည။်
pothalamic ထနိး်ချ�ပ်ေရးစငတ်ာများ ဥပမာအချိ� �ေသာ ဦး ေ��ာကထ်ခိိ�ကမ်�များ၊
hypothalamic ၏ပံ�မ�နစ်ညး်မျ�းစညး်ကမ်းစမ်ွးရညက်ိ�ဖျကဆ်းီသည်

ယံ��ကညခ်ျကမ်ျား၊ စန်ိေခ�မ�များ��င့ထ်န်ိးချ�ပ်မ�များ

အပ���င့အ်ေအးလန်ွကြဲခငး်သညေ်သေစ�ိ�ငသ်ည်
အပ�ချိန�်�င့�်ကာ��ညထ်ေိတွ� ြခငး်
tremes ��စ်ခ�စလံ�းတငွ ်tremes များသညေ်ကျာ်လနွ�်ိ�ငသ်ည်
ခ��ာကိ�ယ၏် thermoregulatory ယ��ရားများ၊ ခဓဲာတ်
မ�မမ�နြ်ခငး်��င့ေ်သြခငး်သိ�ပ့ငေ်ရာကေ်စသည။်

အပ���င့ပ်တသ်ကေ်သာေရာဂါများ
အပ�က�န်ခန်း ြခငး်သည�်ပိ�ကျေနသည့အ်ေြခအေန၊
များေသာအားြဖင့သ်တလိစ်ြခငး်၊ ၎ငး်သညထ်င�်�ားသည်
ေသးွဖိအားကျဆငး်ြခငး်ေ�ကာင့ြ်ဖစ်ေပ�လာသည်
အပ�ဆံ�း�� ံးမ�ကိ�လနွက်ြဲခငး်၏ရလဒအ်ြဖစ်အေ�ကာငး်
ယ��ရားများ။ ကျယြ်ပန ့ေ်သာေခ�းထကွ�်�နး်ကိ�ေလျာက့ျေစသည်
ပလာစမာပမာဏေလျာန့ညး်လာြခငး်ြဖင့�် �လံ�းအထကွ်
ume ��င့အ်ေရြပား vasodilation အသထံကွသ်ည်
peripheral ခ�ခအံားစ�စ�ေပါငး်ကျဆငး်ေစသည။်
အဘယေ်�ကာင့ဆ်ိ�ေသာ်ေသးွေပါငခ်ျိနအ်ားြဖင့ဆ်ံ�းြဖတသ်ည်
��လံ�းအထကွ�်ကမ်ိစ�စ�ေပါငး်အရံအရံ resis-
တငး်ြခငး်၊ ေသးွေပါငက်ျြခငး်၊ မလံ�ေလာကြ်ခငး်
ေသးွပမာဏကိ� ဦး ေ��ာကသ်ိ�ပိ့�ေ့ဆာငသ်ည။်
သတလိစ်ြခငး်တိ� ့ြဖစ်တတပ်ါတယ။် ထိ�ေ့�ကာင့အ်ပ�ဓာတသ်ည်
၎ငး်သညအ် ၀ လနွြ်ခငး်၏အကျိ�းဆကြ်ဖစ်သည်
အနားယ�ြခငး်ထကအ်ပ�ဆံ�း�� ံးမ�ယ��ရားများ
ဒယီ��ရားေတရဲွေ့အာက ်ဘာလိ�လ့ဆဲိ�ေတာ့
အပ�ဆံ�း�� ံးမ�ယ��ရားများသညအ်လနွထ်ေိရာကသ်ည။်
ခ��ာကိ�ယအ်ပ�ချိနသ်ညအ်နညး်ငယမ်�သာ��ိသည်
အပ�က�နခ်နး်ြခငး်ကိ�ေထာကခ်သံည။် အတငး်အ�ကပ်လ�ပ်ြခငး်ြဖင့်
အပ�ဆံ�း�� ံးေသာအခါလ�ပ်��ားမ�ရပ်စဲသည်
ယ��ရားများကိ�ထနိး်ေကျာငး်�ိ�ငစ်မ်ွးမ��ိေတာပ့ါ
ေလက့ျင့ခ်နး်လ�ပ်ြခငး် (သိ�)့ ပ�ြခငး်ြဖင့အ်ပ�တိ�းြခငး်
ပတ ်၀ နး်ကျင၌်အပ�က�နခ်နး်မ�လညး်ြဖစ်သည်
ေဘးကငး်လံ�ြခ�ံမ�အဆိ��့�ငက်ိ�ပိ�မိ� seri- ကာကယွရ်န၊်
အပ�ဒဏေ်�ကာင့ြ်ဖစ်ေပ�လာေသာဆိ�းကျိ�းများ

အပ�လ�ငိး်ြဖတ ်ြခငး်သညအ်လနွအ်��ရာယမ်ျားသည်
�ပီးြပည့စံ်�မ�မ�ြဖစ်ေပ�လာေသာအေြခအေန
hypothalamic thermoreg ၏�ပိ�ကွြဲခငး်၊
အနာစနစ်များ။ အပ�ဓာတက်�နခ်နး်ြခငး်ြဖစ်�ိ�ငသ်ည။်
အပ�ဆံ�း�� ံးမ�နညး်သာွးလ�ငအ်ပ�ဒဏအ်ြဖစ်သိ�ေ့ရာကသ်ည။်
ယံ��ကညခ်ျကေ်တကွဆကလ်ကလ်�မ်းမိ�းေနတယ။် အပ�လ�ငိး်ြဖတြ်ခငး်
အရကအ်လနွအ်က�ံသံ�းရငပိ်�ြဖစ်�ိ�ငေ်ချပိ�များပါတယ။်
ပ�အိ�ကစ်တွစိ်�ေသာအချိန�်ကာြမင့စ်ာွထေိတွ� ြခငး်

ပတဝ်နး်ကျင။် အပ�ဒဏခ်�ံိ�ငေ်သာသက�်ကးီရွယအ်ိ�များ၊
စညး်မျ�းစညး်ကမ်းတံ� ့ြပနမ်�များသညေ်ယဘ�ယျအားြဖင့ေ်��းေကးွသည်
ထေိရာကမ်�နညး်ြခငး်၊ အထ�းသြဖင့အ်ားနညး်ချက�်�ိသည်
�ကာ��ညခ်�ံိ�ငရ်ည�်�ိေသာအပ���ိန၌်ေလြဖတြ်ခငး်
လ�ငိး်များ ထိ�အ့တ�ခယံ�ေနေသာပ�ဂ�ိ�လမ်ျားသညလ်ညး်
အချိ� �ေသာစိတ�်ငမ်ိေဆးများကဲသ့ိ�ေ့သာ
Valium သညဤ်ေဆးများကိ�အေ��ာင့အ်ယ�ကေ်ပးေသာေ�ကာင့ြ်ဖစ်သည်
hypothalamic thermoregulatory စငတ်ာများ
neurotransmitter လ�ပ်ေဆာငခ်ျက။်

အပ�လ�ပ်ြခငး်၏အထ�းြခားဆံ�းလက�ဏာြဖစ်သည်
ေလျာ်ေ�ကးအပ�ဆံ�း�� ံးမ�ပမာဏမ��ိြခငး်သည်
a ၏မျက�်�ာ၌ေခ�းထကွြ်ခငး်ကဲသ့ိ� ့ြဖစ်သည်
လ�ငြ်မနစ်ာွြမင့တ်ကခ်��ာကိ�ယအ်ပ�ချိန ်(hyper-

thermia) ။ ေခ�းထကွေ်နေသာ်လညး်တစ်ခ�မ�မြဖစ်ေပ�ပါ
ခ��ာကိ�ယအ်ပ�ချိနသ်သိသိာသာြမင့တ်ကလ်ာြခငး်၊
hypothalamic thermoregulatory ကိ�ြဖစ်ေစသည်
ထနိး်ချ�ပ်ေရးစငတ်ာများသညေ်ကာငး်စာွအလ�ပ်မလ�ပ်ပါ
အပ�ဆံ�း�� ံးမ�ယ��ရားများကိ�မစ�ိ�ငပ်ါ။
အပ�လ�ငိး်ြဖစ်ေပ�စ�၊
ခ��ာကိ�ယအ်ပ�ချိနသ်ညတ်ြဖညး်ြဖညး်ြမင့တ်ကလ်ာသည်
အပ�ဆံ�း�� ံးမ�ယ��ရားများသညေ်နာကဆ်ံ�းတငွအ်လနွ်
အချိန�်ကာြမင့စ်ာွအပ�လနွက်ြဲခငး်မ�ရပ်သည်
အြမတ။် core အပ�ချိနေ်ရာကသ်ည�်�င့တ်�ပိ�ငန်က်
hypothalamic temp ြဖစ်သည့ေ်နရာ
perature ထနိး်ချ�ပ်ေရးစငတ်ာများပျကစီ်းသာွးသည်
အပ�၊ ခ��ာကိ�ယအ်ပ�ချိနသ်ညလ်ျငြ်မနသ်ည်
ြပည့စံ်�မ�ေ�ကာင့ ်ပိ�၍ ပငြ်မင့တ်ကလ်ာသည်
အပ�ဆံ�း�� ံးမ�ယ��ရားများကိ�ပိတပ်စ်သည။် သားေမးွ
thermore သညခ်��ာကိ�ယအ်ပ�ချိနအ်တိ�ငး်၊
တနွ ့ြ်ခငး်၊ ဇီြဝဖစ်��နး်တိ�းလာသည်
စိတေ်နစိတထ်ားြမင့ြ်မတြ်ခငး်ေ�ကာင့်
tures သညဓ်ာတ�လကန်ကအ်ားလံ�း၏��နး်ကိ�ြမနေ်စသည။်
မ�တခ်ျကမ်ျား; ရလဒသ်ညအ်ပ�ဒဏက်ိ�ပိ�မိ��ကးီမားေစသည။်
duction ။ ဤအြပ�သေဘာေဆာငေ်သာတံ� ့ြပနခ်ျကအ်ေြခအေနကိ�ပိ�သ့ည်
အပ�ချိနအ်ထကသ်ိ�တ့ကသ်ာွးသည။် အပ�-
ေလြဖတြ်ခငး်သညအ်လနွအ်��ရာယ�်�ိေသာအေြခအေနတစ်ခ�ြဖစ်သည်
မက�သလ�ငလ်�ငြ်မနစ်ာွေသေစ�ိ�ငသ်ည။် က�ထံ�းနဲေ့တာင်
ေသာငး်ကျနး်မ�ြမင့တ်ကမ်�ကိ�ရပ်တန ့ရ်န�်�င့ေ်ြပာငး်ြပနလ်�နရ်နရ်ညရွ်ယသ်ည်
ခ��ာကိ�ယအ်ပ�ချိန၌်ေသ��နး်သည်

ြမင့ေ်နဆ ဲအ�မဲတမ်းမသနစ်မ်ွးမ���နး်
ြပနမ်ရြခငး်ေ�ကာင့အ်သက�်�ငက်ျနရ်စ်သ�များတငွြ်မင့မ်ားသည။်
ible protein denaturation ေ�ကာင့ြ်ဖစ်ရတာပါ
ြမင့မ်ားေသာအတငွး်အပ�

အေအး��င့ပ်တသ်ကေ်သာေရာဂါများ
အြခားအစနွး်ေရာကေ်သာအခါခ��ာကိ�ယသ်ညြ်ဖစ်�ိ�ငသ်ည်
အေအးထေိတွ� မ�ေ�ကာင့န်ညး်လမ်း��စ်မျိ�းြဖင့ထ်ခိိ�က�်ိ�ငသ်ည။်
frostbite ��င့ေ်ယဘ�ယျအားြဖင့ ်hypothermia

Frostbite သည ်a အလနွအ်က�ံအေအးခြံခငး်တငွပ်ါ ၀ ငသ်ည်
ခ��ာကိ�ယရဲ်အ့ထ�းအစိတအ်ပိ�ငး်
ထိ�ေဒသ��ိတစ်သ��းများပျကစီ်းသာွးသည။် ေဟာငး်လ�င်
စ�ေပါငး်ထားေသာတစ်သ��းများသညအ်မ�နတ်ကယေ်အးခ�ဲပီးတစ်သ��းများပျကစီ်းသည်
ဆလဲမ်ျားြပတေ်တာကြ်ခငး်ေ�ကာင့ြ်ဖစ်ေပ�လာေသာ
ေရခပံဲ�ေဆာငခ်မဲျားသိ�မ့ဟ�တအ်ရညမ်��ိြခငး်
ေရ။

Hypothermia, ခ��ာကိ�ယထ်မဲ�ာတစ်ဦးက�ဆ�ံး tempera-

ေယဘ�ယျအားြဖင့အ်ေအးခေံသာအခါြဖစ်ေပ�သည်
ခ��ာကိ�ယသ်ညပံ်�မ�နစ်မ်ွးရညထ်ကေ်ကျာ်လနွသ်ည်
အပ�ထ�တလ်�ပ်ြခငး်��င့အ်ပ�ထနိး်သမ်ိးြခငး်စနစ်
latory ယ��ယားများအလနွအ်က�ံတိ�ကဆ်ိ�ငသ်ည်
အပ�ဆံ�း�� ံးမ�။ hypothermia အ��ိနြ်မင့တ်ကလ်ာသည�်�င့အ်မ�
ဇီဝြဖစ်စ�ြဖစ်စ�အားလံ�း၏ေ��းေကးွသည။်
အပ�ချိနက်ျဆငး်ြခငး်၏အေ�ကာငး်ရငး်။ ပိ�ြမင့တ်ယ်
ဦး ေ��ာက၏်လ�ပ်ေဆာငခ်ျကမ်ျားကိ�ပထမဆံ�းထခိိ�ကသ်ည်
ခ��ာကိ�ယေ်အးြမေစ�ပီးတရားစီရငြ်ခငး်ကိ�ဆံ�း�� ံးေစသည်
သတလိစ်ြခငး်၊ ေမာပနး်ြခငး်��င့ေ်မာပနး်ြခငး်တိ�အ့တကွ်
ေအးပါ၊ ဒါေတအွားလံ�းဟာသားေကာငရဲ်အ့ေအးဒဏက်ိ�ေလျာပ့ါးေစတယ်
ဆ��အေလျာကယ်��ရားများကိ�စတင�်ိ�ငစ်မ်ွး��ိသည်
ကျဆငး်သာွးေသာကိ�ယအ်ပ�ချိနက်ိ�ြပနေ်ြပာငး်ပါ။ အြဖစ်
ခ��ာကိ�ယအ်ပ�ချိနဆ်ကလ်ကက်ျဆငး်ေနသည၊်
အသက�်��လမ်းေ�ကာငး်ဆိ�ငရ်ာဌာနတငွစိ်တဓ်ာတက်ျြခငး်၊
ဒါေ�ကာင့ ်ventilatory drive ကိ�ေလ�ာခ့ျပါ
အသက�်�ေ��း�ပီးအားနညး်လာသည။် လ�ပ်ေဆာငခ်ျက်
��လံ�းေသးွေ�ကာစနစ်သညလ်ညး်တြဖညး်ြဖညး်
မဟာမိတေ်လ�ာခ့ျခဲသ့ည။် ��လံ�းခ�နေ်��းသာွး�ပီးကား
diac output ကျဆငး်သာွးသည။် ��လံ�းခ�န�်�နး်သည်
စိတအ်ေ��ာင့အ်ယ�ကြ်ဖစ်�ပီးေနာကဆ်ံ�းတငွ ်ventricular သိ� ့ ဦး တညသ်ာွးေစသည်
fibrillation ��င့ေ်သြခငး်။
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စမ်ွးအင ်Balance ��င့အ်ပ�ချိနစ်ညး်မျ�း ၆၅၇

စ�ဆကမ်ြပတေ်လက့ျင့ခ်နး်လ�ပ်ြခငး်ြဖင့ခ်��ာကိ�ယအ်ပ�ချိနသ်ညအ်စပိ�ငး်တငွြ်မင့တ်ကလ်ာသည်ေလက့ျင့ခ်နး်ဆကလ်�ပ်ေနသေရွ� ပိ�မိ�ြမင့မ်ားတဲအ့ဆင့မ်�ာထနိး်သမ်ိးပါ။

PATHOLOGICAL HYPERTHERMIA Hyperthermia လညး်ြဖစ်�ိ�ငတ်ယ်
အလနွက်ွြဲပားြခားနားေသာနညး်လမ်းြဖင့ြ်ဖစ်ေပ�လာသည။် အလနွအ်က�ံ
ပံ�မ�နမ်ဟ�တေ်သာြမင့မ်ားေသာလညပ်တမ်���င့ ်ဆကစ်ပ်၍ အပ�ထ�တလ်�ပ်မ�

အပ�ထနိး်ကရိိယာ thermoregulatory ယ��ရားများမ��ိေသာအခါအသံ�းဝငေ်သာ၊ ေသေစ�ိ�ငေ်သာ hyperthermia သညအ်လနွလ်ျငြ်မနစ်ာွြဖစ်ပာွး�ိ�ငသ်ည။် ပံ�မ�နပ်ါပဲ
ဇီြဝဖစ်စ�သညလ်�တစ် ဦး ကိ�သတရ်နလ်ံ�ေလာကေ်သာအပ�ကိ�ထ�တေ်ပးသည်
အပ�ဆံ�း�� ံးမ�ယ��ရားများလံ�းဝပိတထ်ားလ�ငင်ါးနာရီ
ဆငး်။ ဦး ေ��ာကက်ိ�ထခိိ�ကေ်စတဲအ့ြပငြ်ပငး်ထနတ်ဲထ့ေိတွ� မ�၊
အချိန�်ကာြမင့စ်ာွအပ�ဖိစီးမ�သည ်hy- လ�ပ်ငနး်ေဆာငတ်ာများကိ�ပျကြ်ပားေစ�ိ�ငသ်ည။်

စာမျက�်�ာ ၅

၆၅၈ အခနး် ၁၇

ေလက့ျင့ခ်န်းလ�ပ်ပါ

ဒ ing
set-point ကိ�
အပ�ချိန်

ဒဂီရီေပါငး်များစာွ
အနားယ�ြခငး်အထက်
သတမ်�တအ်မ�တ်

Core အပ�ချိန်

Hyperthermia

ေလက့ျင့ခ်နး်စတငခ်ျိနတ်ငွအ်ပ�ထ�တလ်�ပ်မ���နး်သညက်န ဦး ြဖစ်သည်
အပ�ဆံ�း�� ံးမ���နး်ထက ်ေကျာ်လနွ၍် core အပ�ချိနြ်မင့တ်ကလ်ာသည။်

အပ�ဆံ�း�� ံးမ�ယ��ရားများသညဆ်တဆ်တထ်မိခ�ံိ�ငမ်�ြမင့တ်ကလ်ာေသာအခါ
အဆင့ြ်မင့အ်ပ�ထ�တလ်�ပ်မ�ကိ�အဓိကညမီ�ေစရန ်ciently
အပ�ချိနသ်ညအ်နားယ�ချိနထ်ကအ်နညး်ငယတ်ည�်ငမ်ိသည်
ေလက့ျင့ခ်နး်�ကာချိန်

၁

၁

၂

၂

● ပံ� 17-7 hyperthermia စ�ဆကမ်ြပတေ်လက့ျင့ခ်န်းပါ။

ရညရွ်ယခ်ျကေ်မးခွန်းများ (p ။ A-54 တငွအ်ေြဖများ)
၁။ အစာစမ်ွးအငက်ိ�က�နသ်ညထ်ကပိ်�သံ�းလ�င၊်

အပ�ေ�ကာင့ပိ်�လ�ံေသာစမ်ွးအငဆ်ံ�း�� ံးသည။် (မ�နသ်ညမ်�ားသလား။ )

၂။ အာဟာရေမာ်လကီျ�းများအတငွး်��ိစမ်ွးအငအ်ားလံ�းကိ�သံ�း�ိ�ငသ်ည်
ဇီဝေဗဒလ�ပ်ငနး်များကိ�လ�ပ်ေဆာငရ်န ်(မ�နသ်ညမ်�ားသလား။ )

၃။ O 2 လတီာတစ်ခ�စီ တငွ ်၄.၈ ကလီိ�ကယလ်ိ�ရီပါ ၀ ငသ်ည။်
(မ�နသ်ညမ်�ားသလား။ )

၄။ ၉၈.၂ ဒဂီရီဖာရငဟ်ိ�ကထ်ကပိ်�ေသာကိ�ယအ်ပ�ချိနသ်ညအ်�မဲ��နြ်ပသည။်
အဖျားတကြ်ခငး် (မ�နသ်ညမ်�ားသလား။ )

၅။ Core အပ�ချိနသ်ညအ်ေတာ်အတနတ်ည�်ငမ်ိေနေသာ်လညး်အေရြပားအေြခအေန
ture သညသ်သိသိာသာကွြဲပား�ိ�ငသ်ည။် (မ�နသ်ညမ်�ားသလား။ )

၆။ ခ��ာကိ�ယမ်�စီးဆငး်ေနေသာေခ�းများသညအ်ေအးဓာတက်ိ�မေပးပါ။
(မ�နသ်ညမ်�ားသလား။ )

၇။“ ငနး်အဖ�များ” ထ�တလ်�ပ်မ�သညထ်နိး်ည�ရိာတငွတ်နဖိ်�းမ��ိပါ
ခ��ာကိ�ယအ်ပ�ချိန။် (မ�နသ်ညမ်�ားသလား။ )

၈။ hypothalamus ၏ေနာကဘ်ကေ်ဒသသညတ်�နလ်�ပ်ေစသည်
အေရြပား��င့ ်vasoconstriction ။ (မ�နသ်ညမ်�ားသလား။ )

၉။ hypothalamus ၏ _____ တငွလ်� ဦး ေရ��စ်ခ�ပါ ၀ ငသ်ည်
အာ�ံ�ေ�ကာများ၊ အစာစားချငစိ်တက်ိ�တိ�းတကေ်စေသာ NPY ��င့်
အြခားအစာစားချငစိ်တက်ိ���မ်ိနငး်ေသာ melanocortins ကိ�လ�ိ� � ဝ�ကသ်ည။်

၁၀။ အပ�ကိ�အလိ�အေလျာကြ်မ�င့တ်ငြ်ခငး်၏အဓိကနညး်လမ်းများ
ဆွအဲားသည ်_____ ြဖစ်သည။်

၁၁။ �ကကသ်ားဖဲွ�စညး်မ�မ�ကငး်လတွေ်သာအပ�ထ�တလ်�ပ်မ�ကိ�တိ�းတကေ်စသည။်
ဆွအဲားကိ� _____ ဟ�ေခ�သည။်

၁၂။ အပ�ဆံ�း�� ံးြခငး်၏တစ်ခ�တညး်ေသာနညး်လမ်းမ�ာပတဝ်နး်ကျငြ်ဖစ်သည်
အပ�ချိနသ်ည ်core အပ�ချိနထ်က ်_____ ေကျာ်လနွသ်ည။်

၁၃။ အပ�ဓာတ�်�င့ပ်တသ်ကေ်သာေအာကပ်ါထ�တြ်ပနခ်ျကမ်ျားအနကမ်ညသ်ည်
ခ��ာကိ�ယ�်�င့ြ်ပငပ်ပတဝ်နး်ကျငအ်�ကားေြပာငး်လမဲ�
တစ်ခ�ြဖစ်သည ်မမ�နက်နေ်�ကာငး်?
a အပ�ရ��ိမ�သညအ်ဓိကအားြဖင့ြ်ပညတ်ငွး်အပ�အားြဖင့ြ်ဖစ်သည်

ထ�တလ်�ပ်မ�
ခ ဓာတေ်ရာငြ်ခညြ်ဖာထကွြ်ခငး်သညအ်ပ�ရ��ိမ�ကိ�ေပး�ိ�ငေ်သာနညး်လမ်းတစ်ခ�ြဖစ်သည်

အပ�ဆံ�း�� ံးမ�။
ဂ အပ�စမ်ွးအငသ်ည၎်ငး်၏အာ�ံ�စ�းစိ�ကမ်�ကိ�အ�မဲကျဆငး်ေစသည်

ပ�ေ�းွေသာမ�ေအးေသာအရာများသိ� ့ gradient
ဒါလညး် အေရြပား��င့အ်�ကားအပ�ချိန ်gradient

ြပငပ်ေလကိ�ထနိး်ချ�ပ်�ိ�ငသ်ည။်
င ခ��ာကိ�ယအ်ပ�ဓာတအ်နညး်ငယက်ိ�ထနိး်ေကျာငး်ြခငး်ြဖင့သ်ာဆံ�း�� ံးသည။်

ေလက့ျင့ခ်န်းများကိ�ြပန်လညသ်ံ�းသပ်ပါ

စမ်ွးအငဟ်နခ်ျက�်�င့၎်ငး်၏အပ�စမ်ွးအငမ်�ေြခ။ စမ်ွးအငစ်�စ�ေပါငး်��ိရင်
စ�စ�ေပါငး်စမ်ွးအငထ်�တလ်�ပ်မ�ကိ� ေကျာ်လနွ၍် အပိ�စမ်ွးအငက်ိ�သိ�ေလ�ာငသ်ည်
ခ��ာကိ�ယ�်�င့က်ိ�ယအ်ေလးချိနတ်ိ�းလာသည။် ထိ�နညး်တ�စာွထည့သ်ငွး်၏
အပ�စမ်ွးအငသ်ည၎်ငး်၏ထ�တလ်�တမ်�ကိ� ေကျာ်လနွ၍် ခ��ာကိ�ယအ်ပ�ချိနြ်မင့တ်ကလ်ာသည။်
အြပနအ်လ�နအ်ားြဖင့အ်ထကွသ်ညအ် ၀ လနွလ်�ငခ်��ာကိ�ယအ်ေလးချိနေ်လျာက့ျသည်
ခ��ာကိ�ယအ်ပ�ချိနက်ျဆငး်သည။် hypothalamus သညအ်ဓိကရညရွ်ယသ်ည်
��စ် ဦး စလံ�းသညစ်�စ�ေပါငး်စမ်ွးအငက်ိ�ထနိး်သမ်ိးရနဆ်နခ်ါစငတ်ာ
ချိနခ်ငွလ်�ာ (��င့ထ်ိ�ေ့�ကာင့ခ်��ာကိ�ယအ်ေလးချိန)် ��င့က်နိး်ေသ
အပ�စမ်ွးအငမ်�ေြခ (ထိ�ေ့�ကာင့အ်�မဲမြပတခ်��ာကိ�ယအ်ပ�ချိန)် ။

ခ��ာကိ�ယအ်ပ�ချိနက်ိ� homeostatically တစ်ခ�ြဖစ်သည်
စညး်မျ�းများအတငွး်ပိ�ငး်ပတဝ်နး်ကျင၏်အဓိကအချကမ်ျားမ�ာ-
ဖဲွ�စညး်တညေ်ဆာကပံ်���င့ဓ်ာတြ်ပ�မ�ေ�ကာင့က်ျ�းေြမာငး်ေသာကန ့သ်တခ်ျကမ်ျားအတငွး်
ခ��ာကိ�ယက်ိ�ဖဲွ�စညး်တဲဓ့ာတ�ပစ�ညး်ေတရဲွအ့ပ�ချိနက်အပ�ချိနပ်ါ
ထခိိ�ကလ်ယွသ်ည။် ခ��ာကိ�ယအ်ပ�ချိနအ်ြပငဘ်ကတ်ငွေ်သဖွညသ်ည်
အကာွအေဝးသညပ်�ိ�တနိး်ဓာတခ်ျိ� �တဲြ့ခငး်��င့တ်စ် ဦး ချငး်ေသဆံ�းြခငး်ကိ�ြဖစ်ေပ�ေစသည။်
အပ�ချိနအ်လနွြ်မင့တ်ကလ်�ငသ်ိ�မ့ဟ�တဇီ်ဝြဖစ်စ�ေ��းေကးွလ�ငဆ်းီသာွး�ိ�ငသ်ည်
အပ�ချိနအ်လနွန်မိ့်လ�ငေ်သသည။်

ခ��ာကိ�ယအ်ေလးချိနသ်ညတ်စ် ဦး ��င့တ်စ် ဦး ကွြဲပားစာွကွြဲပားသည။်
စ�စ�ေပါငး်စမ်ွးအငထ်ည့သ်ငွး်မ��ကားမညမီ�ြခငး်၏အစနွး်များသာြဖစ်သည်
ရလဒသ်ညဘ်ဝ��င့မ်ကိ�ကည်ပီါ။ ဥပမာအားြဖင့၊်
စားသံ�းမ�ပံ�စံ၌စမ်ွးအငမ်လံ�ေလာကမ်�၏မျက�်�ာ
အချိန�်ကာြမင့စ်ာွအစာငတေ်နစ�ခ��ာကိ�ယသ်ညအ်စာေ�ကကွရဲနလ်ိ�အပ်သည။်
စမ်ွးအငြ်ဖည့ရ်န၎်ငး်၏လိ�အပ်ချကက်ိ�ြဖည့ဆ်ညး်ရန�်ကကသ်ားများပ�ိ�တငး်ကိ���မိ့်ချသည။်
adipose စတိ�းဆိ�ငမ်ျားက�နခ်မ်းသာွးေသာအခါ diture ကိ�ယအ်ေလးချိန်
ဒ ီself-cannibalistic ယ��ရားေ�ကာင့က်ျဆငး်သာွးသညအ်ထိ
ေနာကဆ်ံ�းတငွ�်�လံ�း�ကကသ်ားဆံ�း�� ံးြခငး်၏ရလဒအ်ြဖစ်ေသဆံ�းသည်
အြခားအရာများ။ ဟိ�ဘကေ်ရာကရ်ငအ်စာကိ�စမ်ွးအငက်�နေ်အာငစ်ားတယ်
သံ�းစွဲေသာစမ်ွးအငထ်ကပိ်�လနွ။် ပိ�ေသာစမ်ွးအင်
ergy input ကိ� adipose တစ်သ��း��င့က်ိ�ယအ်ေလးချိနအ်ြဖစ်သိ�ေလ�ာငသ်ည။်
တနွ ့ြ်ခငး်။ ထကွေ်ပ�လာေသာအဝလနွြ်ခငး်သည�်�လံ�းအားနညး်ြခငး်ကိ�ြဖစ်ေစ�ိ�ငသ်ည။်
ယ�ရီးယား ��လံ�းသညေ်သးွစ�ပ်ရနပိ်�အလ�ပ်လ�ပ်ရ�ံ�တငမ်ကဘ�း
ပိ�လ�ံေသာ adipose တစ်သ��းများသာမကအ ၀ လနွြ်ခငး်သညလ်ညး်
သားသည ်atherosclerosis ��င့�် �လံ�းတိ�ကခ်ိ�ကခ်ရံြခငး် (p ။ 333) ကိ��ကည့ပ်ါ။

pothalamic thermoregulation ထိ�အ့တ�ခ��ာကိ�ယလ်ညး်ြဖစ်�ိ�ငသ်ည်
အလနွေ်အးေသာထေိတွ� မ�ေ�ကာင့ထ်ခိိ�ကသ်ည။် (အကျိ�းအေ�ကာငး်ေဆးွေ�းွရန်
အပ�လနွက်ြဲခငး် (သိ�)့ အေအးထေိတွ� မ�၏လက�ဏာများပါ��ိေသာ boxed အဂ� ါရပ်ကိ��ကည့ပ်ါ
p 657, ■ Concepts, စိနေ်ခ�မ�များ, အြငငး်ပာွးစရာေတနွဲ။့ )

��ေထာင့မ်�အခန်း
Homeostasis ကိ�အာ�ံ�စိ�ကပ်ါ

အဘယေ်�ကာင့ဆ်ိ�ေသာ်စမ်ွးအငသ်ည ်ဖနတ်းီ၍ မရ၊ ဖျကဆ်းီ၍ လညး်မရပါ
ခ��ာကိ�ယအ်ေလးချိန�်�င့က်ိ�ယအ်ပ�ချိနက်ိ�အ�မဲမြပတထ်ည့သ်ငွး်ရန်
ခ��ာကိ�ယ၏်စ�စ�ေပါငး်အေြခအေန၌အထကွတ်နး်တ�ြဖစ်ရမည်

စာမျက�်�ာ ၆

၁၄။ ညာဘက�်�ိအေြဖက�ဒက်ိ� သံ�း၍ မညသ်ည့န်ညး်ကိ���နြ်ပပါ။
အပ�လ�ေဲြပာငး်မ�၏ anism ကိ�ေဖာ်ြပေနသည။်

၁။ ေအးစကေ်သာသတ� �ခံ�ေပ�တငွထ်ိ�ငပ်ါ (က) ဓာတေ်ရာငြ်ခည်
၂။ ကမ်းေြခမ�ာေနပ�စာလ�ြံခငး် (ခ) ေဆာငရွ်ကြ်ခငး်
၃။ ေလြပည၌်ြဖစ်ြခငး် (ဂ) convection
၄။ မီးလငး်ဖိ�ေ�� �တငွထ်ိ�ငပ်ါ ()) ေရေငွ�ပျံြခငး်
5. ေခ�းထကွြ်ခငး်
၆။ ြပတငး်ေပါကဖွ်င့ထ်ားသည့က်ားကိ�စီးပါ
၇။ လ�ပ်စစ်ေစာငေ်အာကတ်ငွလ်ေဲလျာငး်ပါ

၇။ ြပနလ်ညြ်ဖစ်ပာွးေသာေလျာ်ေ�ကးေငအွစီအမံများကိ�ေဆးွေ�းွပါ။
အေအးလနွက်မဲ�ေ�ကာင့ ်core အပ�ချိနက်ျဆငး်ြခငး်ကိ�တံ� ့ြပနသ်ည။်
ကိ�ယဟ်နအ်ေနအထား��င့ ်core အပ�ချိနြ်မင့တ်ကလ်ာသညက်ိ�တ�န ့ြ်ပနြ်ခငး်
အပ�ထေိတွ� မ�၏ရလဒ်

၈။ အဖျားတကြ်ခငး်ြဖစ်စ�၏အြဖစ်အပျကမ်ျားကိ�ပံ�ေဖာ်ပါ။

Quantitative ေလက့ျင့ခ်န်းများ (p ။ A-54 ��ိေြဖ��ငး်ချကမ်ျား)
၁။ basal metabolic rate (BMR) သညမ်ညသ်ိ�တ့ိ�ငး်တာသည်

၎ငး်၏“ ပျငး်ရိြခငး်” ကိ�ထနိး်သမ်ိးရနခ်��ာကိ�ယသ်ညစ်မ်ွးအငမ်ျားစာွသံ�းသည်

ြ ြ
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စမ်ွးအင ်Balance ��င့အ်ပ�ချိနစ်ညး်မျ�း ၆၅၉

၈။ စိ�စတွေ်သာေရက�းဝတစံ်���င့ထ်ိ�ငပ်ါ၉။ သင့က်ိ�ယသ်ငအ်ားေပးပါ
၁၀။ ကိ�ယ့က်ိ�ယက်ိ�ေရေအးထမဲ�ာ��စ်ြမ��ပ်ပါ

စာစစီာကံ�းေမးခွန်းများ
၁။ ြပငပ်��င့အ်တငွး်ပိ�ငး်အလ�ပ်ကိ�ခွြဲခားပါ။

၂။ ဇီဝြဖစ်စ���နး် ��င့ ်အေြခခဇီံဝြဖစ်စ���နး်ကိ�သတမ်�တပ်ါ။ ��ငး်ြပပါ
သယွဝိ်�က ်calorimetry ြဖစ်စ�။

၃။ စမ်ွးအငလ်ကက်ျနသ်ံ�းြပညန်ယက်ိ�ေဖာ်ြပပါ။

၄။ စမ်ွးအငဟ်နခ်ျကက်ိ�အဓိကအားြဖင့မ်ညသ်ိ�ထ့နိး်သမ်ိးထားသနညး်။

၅။ ခ��ာကိ�ယအ်တကွအ်ပ�အထကွ�်�င့အ်ထကွအ်ရငး်အြမစ်များကိ�စာရငး်ြပ�စ�ပါ။

၆။ ��ညလ်ျားေသာေအာကပ်ါတိ�၏့အရငး်အြမစ်��င့အ်ခနး်ကဏ� �ိေဖာ်ြပပါ။
term regulation of energy balance ��င့ေ်ရတိ�
အစာစားချိန�်�င့အ်ရွယအ်စားထနိး်ချ�ပ်မ�: neuropeptide Y၊
melanocortins, leptin, insulin, ghrelin, PYY 3-36 , orexins၊
corticotropin ထ�တလ်�တေ်သာေဟာ်မ�နး်၊ cholecystokinin ��င့်
အစာအမ်ိတငး်ကျပ်။

အ��ိန။် ” ပံ�မ�န ်BMR သည ်၇၂ kcal/hr ြဖစ်သည။် ကျယြ်ပန ့တ်ဲအ့ဓိက-
ဤစမ်ွးအင၏်အပ�သညအ်ပ�သိ�က့�းေြပာငး်သည။် က��်�ပ်တိ�၏့ thermoregula-
tory စနစ်များသညခ်��ာကိ�ယက်ိ�ထနိး်သမ်ိးရနဤ်အပ�ကိ�ဖယ�်�ားရနလ်�ပ်ေဆာငသ်ည်
အပ�ချိနက်နိး်ေသ က��်�ပ်တိ�၏့ခ��ာကိ�ယသ်ညမ်ဆံ�း�� ံး�ိ�ငခ်ဲပ့ါ
ဤအပ�၊ က��်�ပ်တိ�၏့အပ�ချိနသ်ညက်��်�ပ်တိ� ့ြပ�တသ်ညအ်ထြိမင့တ်ကလ်မိ့်မည်
ေသချာတာကေတာလ့�တစ်ေယာကဟ်ာအဒဲစိီတထ်ားကိ�မမ�ီရငေ်သလမိ့်မယ။်
ture) ြဖစ်သည။် ၎ငး်သညမ်ညမ်��ကာမညက်ိ�တကွရ်နအ်ေတာ်ေလးလယွက်�သည်
hypothetical boiling point ကိ�ေရာကဖိ်�ယ့�ပါ။ ပမာဏတစ်ခ�လ�င်
စမ်ွးအင ်ဦး အစ�လိ�ကအ်ြပံ�လိ�ကတ်စ်အရညထ်သဲိ�သ့ငွး်ထားြခငး်ြဖစ်သည ်, မီတာ အဆိ�ပါ tempera-
ture ေြပာငး်လမဲ� T က (° C မ���ိ) ကိ�ေအာကပ်ါပံ�ေသနညး်အားြဖင့ေ်ပးထား:

ကဗျာ့ ဦး / m ဂ

ဤညမီ�ြခငး်တငွ ်C သညအ်ရည၏်သးီြခားအပ�ြဖစ်သည။် ဘိ� ့
ေရ၊ C ၁.၀ kcal/kg- ° C မညမ်��ကာမညက်ိ�တကွပ်ါ
BMR မ�အပ�ကိ� ယ�၍ သင၏်ခ��ာကိ�ယအ်ရညမ်ျားကိ�ဆ�ပကွေ်စသည်
(သင့ခ်��ာကိ�ယ၌်ေရ ၄၂ လတီာ��င့စ်တငပ်ါ
ပံ�မ�နက်ိ�ယအ်ပ�ချိန ်၃၇ ဒဂီရီစငတ်ဂီရိတတ်ငွ�်�ိသည။် အြပငေ်ရာကေ်သာအခါ
အများဆံ�းလ�တစ် ဦး သည ်၁၀၀၀ kcal/hr ခန ့စ်ားသံ�းသည။်
ဒကီစိ�မ�ာဆ�ဖိ�ဘ့ယေ်လာက�်ကာမလ။ဲ

အမ�တမ်ျား

(စာမျက�်�ာ -၅၄ တငွ�်�ငး်လငး်ချကမ်ျား)
၁။ CCK တိ�းြခငး်ကိ�တားြမစ်ေသာေဆးများကိ���ငး်ြပပါ

စမ်းသပ်တရိစ�ာနမ်ျားတငွအ်စာေက�းြခငး်အြပ�အမ�

၂။ အဝလနွေ်နတဲသ့�ငယခ်ျငး်ကိ�မငး်ဘာအ�ကဥံာဏေ်ပးချငလ်ဲ
လံ�ြခ�ံစိတခ်ျရေသာ၊ အကျိ�း��ိေသာ၊ အကျိ�းမ��ိေသာဒဇိီ�ငး်ကိ�ဒဇိီ�ငး်ထ�တရ်နသ်င၏်အက�အညကီိ�ေတာငး်ခပံါ။
ကိ�ယအ်ေလးချိနေ်လ�ာခ့ျရနအ်စီအစ�?

၃။ ပ�ြပငး်တဲက့ိ�ယလ်ကေ်လက့ျင့ခ်နး်လ�ပ်ရတာဘာေ�ကာင့အ်��ရာယ�်�ိလ၊ဲ
စိ�စတွေ်သာေန?့

၄။ လ�တစ် ဦး ၌စိမ်ြခငး်၌အပ�ဆံ�း�� ံးမ�အတကွန်ညး်လမ်းများကိ�ေဖာ်ြပပါ
ပ�ြပငး်တဲေ့ရချိ�း။

၅။ ေဒသခတံစ် ဦး ��င့သ်ငင်ါးတစ်ေကာင�်ကားြခားနားချကက်ိ�စ�းစားပါ
ခ��ာကိ�ယအ်ပ�ချိနက်ိ�ထနိး်ချ�ပ်ရနေ်ရကန။်
လ�သားများသည ်thermoregulators များြဖစ်�ကသည။် သ�တိ�သ့ညြ်ပနလ်ညထ်နိး်သမ်ိး�ိ�ငသ်ည်
သသိသိာသာတည�်ငမ်ိ�ပီးခ��ာကိ�ယအ်တငွး်အပ�ချိနြ်မင့သ်ည်

ခ��ာကိ�ယသ်ညပ်တဝ်နး်ကျငက်ျယြ်ပန ့စ်ာွထေိတွ�ေနေသာ်လညး်
စိတပိ်�ငး်ဆိ�ငရ်ာအပ�ချိန ်အပ� homeostasis ကိ�ထနိး်သမ်ိးရန၊်
လ�သားများအတငွး်၌ဇီဝကမ�ေဗဒဆိ�ငရ်ာယ��ရားများကိ�အသံ�းချသည်
သ�တိ�ရဲ့ခ့��ာကိ�ယက်အပ�ထ�တလ်�ပ်မ�ကိ�ထနိး်ည�ဖိိ� ့၊ အပ�ထနိး်သမ်ိးေရး၊
��င့အ်ပ�ဆံ�း�� ံးမ�။ ဆန ့က်ျငဘ်ကအ်ားြဖင့င်ါးများသည ်thermoconformers များြဖစ်�ကသည။်
သ�တိ�ရဲ့ခ့��ာကိ�ယအ်ပ�ချိနက်အပ�ချိနန်ဲည့တီယ်
သ�တိ�ရဲ့ပ့တ ်၀ နး်ကျင ်ထိ�ေ့�ကာင့သ်�တိ�၏့ခ��ာကိ�ယအ်ပ�ချိနက်ွြဲပားသည်
ပတဝ်နး်ကျင၏်စိတေ်နစိတထ်ားေြပာငး်လမဲ�များ��င့အ်တ�
ture ြဖစ်သည။် ငါးများသညအ်ပ�ကိ�ထ�တလ်�ပ်ေသာ်လညး်၎ငး်တိ�သ့ည�်�ပ်ပိ�ငး်ဆိ�ငရ်ာ
၎ငး်တိ�သ့ညြ်ပညတ်ငွး်အပ�ထ�တလ်�ပ်မ�ကိ�ယ�တ� ေိဗဒနညး်အရထနိး်ည�သိည်
အပ�ဖလ�ယြ်ခငး်ကိ�ထနိး်ချ�ပ်ရနမိ်မိတိ�ပ့တဝ်နး်ကျငက်ိ�ထနိး်သမ်ိးပါ
ကိ�ယအ်ပ�ချိနတ်ကသ်ည့အ်ခါခ��ာကိ�ယအ်ပ�ချိနအ်�မဲထနိး်သည်
သ�တိ�၏့ပတ ်၀ နး်ကျငသ်ညြ်မင့တ်ကသ်ညြ်ဖစ်ေစ၊ ကျသညြ်ဖစ်ေစ ဒါကိ�မငး်သလိား
ငါးကသ�တိ�မ့�ာေရာဂါအခ�ံ�ိေနရငအ်ဖျားတကမ်ယထ်ငတ်ယ။်
စိတက်�း? ဘာေ�ကာင့ ်(သိ�)့ ဘာေ�ကာင့မ်ြဖစ်တာလ။ဲ

ေဆးခန်းစ�းစားပါ

(စာမျက�်�ာ -၅၄ တငွ�်�ငး်ြပချက)်
ေရနစ်ခါနးီသားမိ�ကက်ယအ်ကဖ််ကိ�ေရခထဲမဲ�ဆွထဲ�တလ်ိ�ကသ်ည်
သ�သညေ်ရခလဲ�ာများ�ကားမ� ၁၅ မိနစ်အ�ကာတငွက်ယဆ်ယေ်ရးသမားများ၏ေရကိ�ေပးခဲသ့ည်
စကတိစီ်းတဲအ့ခါ မိ�ကက်ယသ်ညယ်ခ�အခါသတ ိ��ိ၍ ြပနလ်ည�်ိ�းထလာသည်
ေဆး�ံ� သ�၏“ အံ�့သဖွယရ်ာ” ��ငသ်နမ်�ကိ�သငမ်ညသ်ိ��့�ငး်ြပ�ိ�ငသ်နညး်

သ�သည ်၁၅ မိနစ်�ကာြမ�ပ်ခဲေ့သာ်လညး် ြပန၍် မရေတာပ့ါ
ဦး ေ��ာကပ်ျကစီ်းြခငး်သညေ်သ�ပီးေနာကမ်�ကာမီတငွပံ်�မ�နအ်ားြဖင့ြ်ဖစ်ေပ�သည်
ဦးေ��ာကအ်ိ�ဆံ�း�� ံးလျက�်�ိသည ်2 ဦးထကပိ်� 4 သိ�မ့ဟ�တ ်5 မိနစ်နညး်

စာမျက�်�ာ ၇

Endocrine စနစ်

ခ��ာကိ�ယစ်နစမ်ျား
homeostasis ကိ�ထန်ိးသမ်ိးပါ

Homeostasis ြဖစသ်ည်
အတကွမ်��ိမြဖစ်
ဆလဲမ်ျား၏��ငသ်န်မ�

Homeostasis ြဖစသ်ည်
endocrine စနစ်သညခ်��ာကိ�ယ၏်တစ်ခ�ြဖစ်သည်
အဓိကစညး်မျ�းစနစ်��စ်ခ�၊ လ�ိ�� ဝ�ကခ်ျကမ်ျား
သ�တိ�ရဲ့ ့ ဦး တညဆ်လဲေ်တကွိ�လ�ပ်ေဆာငေ်ပးတဲေ့ဟာ်မ�နး်ေတွ

ေသးွ၏အာဟာရဓာတပ်ါဝငမ်�ကိ�ထနိး်ည�ေိပးသည်
ေမာ်လကီျ�းများ၊ ေရ၊ ဆား��င့အ်ြခားအရာများ

အြခား homeostatic တိ�တ့ငွ ်electrolytes
လ�ပ်��ားမ�များ။ ေဟာ်မ�နး်များသညလ်ညး်အဓိကအခနး်ကဏ��ပါဝငသ်ည်
�ကးီထာွးမ���င့မ်ျိ�းပာွးမ�ကိ�ထနိး်ချ�ပ်ရာတငွ်

စိတဖိ်စီးမ�ကိ�လိ�ကေ်လျာညေီထြွဖစ်ေအာငေ်နပါ။

ေယာကျာ်းေလး
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အဆိ�ပါ endocrine system ကိ� dura- လိ�အပ်ေ�ကာငး်လ�ပ်��ားမ�များထနိး်ည�ိ
အြမန�်�နး်ထက ်Endocrine ဂလငး်မ�ေဟာ်မ�နး်များထ�တလ်�တသ်ည ်၊
ေသးွမ�သယေ်ဆာငလ်ာေသာဓာတ�ေစတမနမ်ျားသညပ်စ်မ�တဆ်လဲမ်ျားကိ�လ�ံ�ေဆာ်ေပးသည။်
endocrine ဂလငး်မ�အကာွအေဝးကိ�သတမ်�တထ်ားသည။် ပစ်မ�တအ်များစ�-
ေဟာ်မ�နး်ထနိး်ချ�ပ်မ�ေအာက�်�ိဆလဲလ်�ပ်��ားမ�များကိ� ဦး တညသ်ည်
homeostasis ထနိး်သမ်ိးြခငး် ဗဟိ� endocrine ဂလငး်များ၊
ဦး ေ��ာက�်�င့န်းီကပ်စာွဆကစ်ပ်ေနသည့အ်ချကမ်ျား
thalamus၊ pituitary gland ��င့ ်pineal gland တိ� ့ြဖစ်သည။် အဆိ�ပါ hy-
pothalamus (ဦး ေ��ာက၏်အစိတအ်ပိ�ငး်) ��င့ ်posterior pituitary

ဂလငး် သညထ်နိး်သမ်ိးရနအ်တကွမ်��ိမြဖစ်လိ�အပ်ေသာေဟာ်မ�နး်များကိ�ထ�တလ်�တေ်ပးရနယ်�နစ်တစ်ခ�အေနြဖင့လ်�ပ်ေဆာငသ်ည။်

ေမးွဖွားချိန�် �င့မိ်ခင�်ိ�တ့ိ�ကေ်က�းေရးအတကွေ်ရဓာတမ်�တေအာငစ်ားသံ�းပါ။ ဟိ
hypothalamus သညထ်နိး်ချ�ပ်ေသာစညး်မျ�းေဟာ်မ�နး်များကိ�လညး်လ�ိ� � ဝ�ကသ်ည်
anterior pituitary gland ၏ေဟာ်မ�နး် ဓာတမ်ျား၊
တစ်နညး်အားြဖင့အ်များစ�ကိ�ထနိး်ချ�ပ်ေသာေဟာ်မ�နး်ေြခာကမ်ျိ�းကိ�ထ�တလ်�တသ်ည်
အရံ endocrine ဂလငး်များစာွမ�ေဟာ်မ�နး်ဓာတမ်ျားထကွလ်ာသည။် တစ်ခ�ေပါ ့
anterior pituitary ေဟာ်မ�နး်, �ကးီထာွးေဟာ်မ�နး်, အားေပးအားေြမ�ာက်
�ကးီထာွးမ���င့အ်ာဟာရဓါတ ်homeostasis ကိ�လ�မ်းမိ�းသည။် အဆိ�ပါ pineal

ဂလငး် သည ်ဦး ေ��ာက၏်ေဟာ်မ�နး်တစ်မျိ�းကိ�ထ�တလ်�တေ်သာ ဦး ေ��ာက၏်အစိတအ်ပိ�ငး်တစ်ခ�ြဖစ်သည။်
ခ��ာကိ�ယရဲ်ဇီ့ဝစညး်ချကက်ိ�တညေ်ဆာကရ်ာမ�ာ tant

ဆလဲမ်ျားဖဲွ�စညး်သည်
ခ��ာကိ�ယစ်နစမ်ျား

ဆလဲမ်ျား
ဆလဲမ်ျားသညအ်ဆကမ်ြပတေ်ထာကပံ်မ့�လိ�အပ်သည်

သ�တိ�ရဲ့အ့ာဟာရေတကွိ�ေထာကပံ်ေ့ပးတယ်
စမ်ွးအငထ်�တဓ်ာတ�

တံ� ့ြပနမ်�။ ပံ�မ�နဆ်လဲလ်�ပ်ေဆာငခ်ျက်
သင့ေ်လျာ်ေသာချိနခ်ငွလ်�ာေပ�တငွလ်ညး်မ�တညသ်ည်
ေရ��င့အ်မျိ�းမျိ�းေသာ electrolytes များ။

စာမျက�်�ာ ၈

အေထေွထအွေြခခံမ�များ
Endocrinology ၏
အဆိ�ပါ endocrine စနစက် အဆိ�ပါ ductless endocrine ဂလငး်ပါဝငပ်ါသည်
(စ�ကည့ပ်ါ။ 4) ခ��ာကိ�ယ ်(ေလ�ာကလ်ံ�းကွြဲပားလျက�်�ိေသာ ● ပံ�
၁၈-၁) ။ အများစ�မ�ာ endocrine ဂလငး်များ��ိေနေသာ်လညး်
ခ��ာေဗဒ��င့မ်ချိတဆ်ကဘ်၎ဲငး်တိ�သ့ညစ်နစ်တစ်ခ�ြဖင့ဖဲွ်�စညး်ထားသည။်
tional သေဘာမျိ�း။ သ�တိ�အ့ားလံ�းကသ�တိ�ရဲ့လ့�ပ်ေဆာငခ်ျကေ်တကွိ�လ�ိ�ဝ�က�်ပီးလ�ပ်တယ်
ေသးွထသဲိ�ေ့ဟာ်မ�နး်များ��င့မ်ျားစာွေသာလ�ပ်ေဆာငခ်ျကအ်ြပနအ်လ�နဆ်ကသ်ယွမ်�များ��ိသည်
အမျိ�းမျိ�းေသာ endocrine ဂလငး်များ�ကားတငွေ်နရာယ�သည။် တစ်ချိနက်လ�ိ� �လ�ိ� � ဝ�ကဝ်�က်
ေဟာ်မ�နး်တစ်မျိ�းသည၎်ငး်၏ေဝးလေံသာပစ်မ�တဆ်လဲမ်ျားဆသီိ�ေ့သးွထတဲငွေ်ရာက�်�ိသာွးသည်
၎ငး်သညအ်ထ�းလ�ပ်ငနး်တစ်ခ�အားထနိး်ည� ိ(သိ�)့ ��န�်ကားသည။် Endocrinology သည်
homeostatic ဓာတ�ချိနည်�မိ�များ��င့အ်ြခားေလလ့ာမ�
ေဟာ်မ�နး်များ�ပီးေြမာကေ်စေသာလ�ပ်ေဆာငခ်ျကမ်ျား

ေသးွသညေ်ဟာ်မ�နး်များကိ�ြဖန ့ေ်ဝေပးေသာ်လညး်
ခ��ာကိ�ယ ် တစ်ခ�စီတငွ ်တကိျေသာ ပစမ်�တဆ်လဲမ်ျား သာတံ� ့ြပန�်ိ�ငသ်ည။်
ပစ်မ�တဆ်လဲမ်ျားသာလ�ငစ်ညး်ေ��ာငရ်နလ်ကခ်�ံိ�ငေ်သာ receptor များ��ိသည်
အထ�းေဟာ်မ�နး် (စာမျက�်�ာ ၁၁၃ ကိ��ကည့ပ်ါ) ။

ေဟာ်မ�နး်တစ်ခ�အား၎ငး်၏သးီြခားပစ်မ�တဆ်လဲလ်ကခ်မံ���င့စ်ညး်ေ��ာငထ်ားြခငး်
tors များသည ်ဦး တညေ်သာဆလဲမ်ျားအတငွး်မ�ြဖစ်ရပ်များကငွး်ဆကက်ိ�စတငေ်ပးသည်
ေဟာ်မ�နး်၏ေနာကဆ်ံ�းအကျိ�းသကေ်ရာကမ်�အေ�ကာငး် ဆိ�လိ�သညက်ိ�ဆိ�လိ�သညက်ိ�သတရိပါ
ေဟာ်မ�နး်သည၎်ငး်၏အဆံ�းစနွေ်သာဇီဝကမ�ဆိ�ငရ်ာအကျိ�းသကေ်ရာကမ်�ကိ�ြဖစ်ေပ�ေစသည်
ေဟာ်မ�နး်သည ်hydrophilic (peptide ေဟာ်မ�နး်) ဟ�တ၊်
catecholamines ��င့ ်indoleamines) သိ�မ့ဟ�တ ်lipophilic (steroid hor-
mones ��င့သ်ိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်) Peptide ေဟာ်မ�နး် သညအ်များဆံ�းြဖစ်သည်
များြပားေသာဓာတ�ေဟာ်မ�နး်အမျိ�းအစားသညအ်မိ�င�်ိ�၏ကငွး်ဆကမ်ျားြဖစ်သည်
ကွြဲပားြခားနားေသာအ��ည၏်အကဆ်စ်။ adate မ�ထ�တလ်�ပ်ေသာ Catecholamines၊
nal medulla၊ အမိ�င�်ိ�အကဆ်စ် tyrosine မ�ဆငး်သကလ်ာသည။် Indole-
amines များကိ� pineal gland မ�ထ�တလ်�ပ်�ပီး၎ငး်မ�ရ��ိသည်
အမိ�င�်ိ�အကဆ်စ် tryptophan Steroid ဟိ�မ�နး်မ� ထ�တလ်�ပ်သည်
adrenal cortex ��င့မ်ျိ�းပာွး�ိ�ငေ်သာ endocrine ဂလငး်များသည�်ကားေနသည်
ကိ�လကစ်ထေရာမ�ရ��ိေသာ lipids သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ကိ� ထ�တလ်�ပ်သည်
သိ�ငး်ရိွ�ကဂ်လငး်သည ်iodinated tyrosine ဆငး်သကလ်ာသည။်

အ�ပ်စ��ကးီ��စ်ခ�ရဲထ့�းြခားချကေ်တကွိ�ြပနသ်ံ�းသပ်�ကည့�်ကစိ� ့
ေဟာ်မ�နး်များ၊ peptide ေဟာ်မ�နး်များ��င့ ်steroid ေဟာ်မ�နး်များ ေရအားလ�ပ်စစ်

Endocrinology ၏အေထေွထအွေြခခံမ�များ
endocrine စနစ်၏ေယဘ�ယျလ�ပ်ေဆာငခ်ျကမ်ျား

အပ�ပိ�ငး်ေဒသေဟာ်မ�နး်များ

endocrine function ၏��ပ်ေထးွမ�များ

ပလာစမာအားထနိး်ည�သိည့န်ညး်လမ်းများ��င့သ်ကေ်ရာကမ်���ိေသာအချကမ်ျား
ေဟာ်မ�နး်များ၏အာ�ံ�စ�းစိ�ကမ်�

endocrine မ�မမ�နအ်မျိ�းအစားများ

ပစ်မ�တ-်ကိ�ယတ်ငွး်အဂ� ါတံ� ့ြပနမ်�ဆိ�ငရ်ာစညး်မျ�း

Hypothalamus ��င့ ်Pituitary
Hypothalamus -posterior pituitary relationship

Vasopressin; oxytocin

Hypothalamus -anterior pituitary relationship

Anterior pituitary ��င့ ်hypophysiotropic ေဟာ်မ�နး်များ

�ကးီထာွးမ� Endocrine ထန်ိးချ�ပ်မ�
�ကးီထာွးမ�အေပ�သကေ်ရာကမ်���ိေသာအချကမ်ျား

�ကးီထာွးေဟာ်မ�နး်၏တိ�က�ိ်�ကဇီ်ဝြဖစ်စ�ဆိ�ငရ်ာလ�ပ်ေဆာငခ်ျကမ်ျား

�ကးီထာွးေဟာ်မ�နး်၏သယွဝိ်�ကေ်သာ�ကးီထာွးမ�အားြမ�င့တ်ငေ်ပးြခငး်၊
အငဆ်�လငက်ဲသ့ိ� ့�ကးီထာွးမ�အချကမ်ျား

အ�ိ�း�ကးီထာွးမ�

�ကးီထာွးမ�၏အြခားေဟာ်မ�နး်များ

Pineal Gland ��င့ ်Circadian Rhythms
သခငဇီ်ဝနာရီအြဖစ် Suprachiasmatic nucleus

melatonin ၏လ�ပ်ေဆာငခ်ျကမ်ျား

အခန်း ၁၈Endocrinology ၏အေြခခံမ�များ၊
ဗဟိ� Endocrine
ဂလငး်
အေ�ကာငး်အရာများအားအချကြ်ပပါ
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Translating...

philic peptide ေဟာ်မ�နး်များကိ�ထ�တလ်�ပ်�ပီးစီမံသည်endoplasmic reticulum ��င့ ်endocrine cell ၏ Golgi complex
ထ�တလ်�တရ်နအ်ချကြ်ပသညအ်ထ ိsecretory vesicles များတငွသ်ိ�ေလ�ာငထ်ားသည်
exocytosis ။ မျက�်�ာြပငအ်ေြမ�းပါး receptors များ��င့စ်ညး်ေ��ာငထ်ားသည်
သ�တိ�ရဲ့ပ့စ်မ�တဆ်လဲေ်တြွဖစ်တဲ ့hydrophilic hormones ေတကွတဆင့အ်ဓိကလ�ပ်ေဆာငတ်ယ်

၆၆၁

http: // www တငွ ်CengageNOW သိ�ဝ့ငေ်ရာကပ်ါ
ကာတန်ွးများ ကိ�စ�းစမ်းေလလ့ာရနအ်ခငွ့အ်လမ်းအတကွ ်.cengage.com/ sso/
သငေ်လလ့ာ၊ ြပနလ်ညသ်ံ�းသပ်ြခငး်��င့က်�မ်းကျငရ်နက်�ညေီပးမည့အ်ြပနအ်လ�နတ်ံ� ့ြပနပ်ေဟ�မိျား
ဇီဝကမ�ေဗဒသေဘာတရားများ။

စာမျက�်�ာ ၉

၆၆၂ အခနး် ၁၈

လက�်�ိတည�်�ိေနေသာလ�ပ်ေဆာငခ်ျကမ်ျားကိ�ေြပာငး်လရဲနဒ်�တယိတမန်
အငဇိ်�ငး်များကဲသ့ိ�ပ့�ိ�တနိး်များသည၎်ငး်တိ�၏့ဇီဝကမ�ြဖစ်စ�ကိ�ြပနလ်ညထ်�တလ်�ပ်ရန်
စကားသ ံCatecholamines ��င့ ်indoleamines တိ�မ့�ထ�တလ်�ပ်သည်
peptide hor- ထကက်ွြဲပားြခားနားေသာယ��ရားများ (ေနာကပိ်�ငး်တငွေ်ဖာ်ြပရန)်
mones၊ ဒါေပမယ့ဒ် ီhydrophilic ေဟာ်မ�နး်ေတကွသ�တိ�ရဲ့ ့ ဦး တညခ်ျကဆ်လဲေ်တမွ�ာလ�ပ်ေဆာငတ်ယ်
hydrophilic peptides ကဲသ့ိ�တ့�ညေီသာယ��ရားြဖင့ ်Lipophilic ြဖစ်သည်
ဆန ့က်ျငဘ်ကအ်ားြဖင့ ်steroid ေဟာ်မ�နး်များသည ်endo- အတငွး်မ�ထ�တလ်�ပ်သည။်
အေြခခကံိ�လကစ်ထေရာကိ��က�ိတငြ်ပ�ြပငြ်ခငး်ြဖင့ ်crine cell
cursor ေမာ်လကီျ�း။ Steroidogenic (“ steroid ထ�တလ်�ပ်ေသာ”) ကိ�ယတ်ငွး်အဂ� ါများ
တစ်ခ�ချငး်စီအလိ�ကထ်�တလ်�ပ်ေသာေဟာ်မ�နး်အမျိ�းအစားကိ�အထ�းြပ�သည်
ဤအဂ� ါများထမဲ�တစ်ခ�သာထ�တလ်�ပ်ရနလ်ိ�အပ်ေသာအငဇိ်�ငး်များ��ိသည်
စတးီ�ိ�ကေ်ဟာ်မ�နး်များအားလံ�းသိ�မ့ဟ�တအ်များအြပား၊ အားလံ�းမဟ�တ။် Steroid ေဟာ်မ�နး်များ
receptors များ��င့ေ်ပါငး်စညး်ရနဗီ်ဇများကိ�သကဝ်ငေ်စြခငး်ြဖင့အ်ဓိကလ�ပ်ေဆာငသ်ည။်
ထိ�ေ့�ကာင့ဆ်လဲသ်ညေ်ဘးတိ�က၌်ပ�ိ�တငး်အသစ်များြဖစ်ေပ�ေစသည်
လိ�ချငေ်သာတံ� ့ြပနမ်�ကိ�လ�ပ်ေဆာငေ်သာပစ်မ�တဆ်လဲ ်Lipophilic ြဖစ်သည်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ကိ�အတငွး်မ�ထ�းြခားေသာလမ်းေ�ကာငး်တစ်ခ�ြဖင့ေ်ပါငး်စပ်ထ�တလ်�ပ်သည်
သိ�ငး်ရိွ�ကဂ်လငး် (အေသးစိတက်ိ�ေနာကပိ်�ငး်တငွဖံ်�းလ�မ်းလမိ့်မည)် ဒါေပမယ့ ်func-
lipo- ကိ�သံ�းေသာ၎ငး်၏ဆလဲမ်ျား��င့ဆ်ငတ်�ေသာနညး်လမ်းများြဖင့၎်ငး်၊
philic စတရိွီ�က ်Hydrophilic ေဟာ်မ�နး်များသညေ်သးွထတဲငွပ်ျံ� � �ံေ့နသည်
အများစ�မ�ာပလာစမာတငွေ်ပျာ်ဝငေ်န�ပီး lipophilic ေဟာ်မ�နး်များြဖစ်သည်
အများစ�ကပလာစမာပ�ိ�တငး်များ��င့ခ်ျညေ်��ာငထ်ားသည။် (အေမးွအတကွစ်ာမျက�်�ာ ၁၁၉-၁၂၆ ကိ��ကည့ပ်ါ။
အေသးစိတ။် )

ေဟာ်မ�န်းများသညစ်ညး်မျ�းဆိ�ငရ်ာသကေ်ရာကမ်�အမျိ�းမျိ�းကိ�ေပးသည်
ခ��ာကိ�ယအ်��ံ။့
endocrine စနစ်သညခ်��ာကိ�ယ၏်အဓိကစညး်မျ�း��စ်ခ�အနကမ်�တစ်ခ�ြဖစ်သည်
စနစ်များ၊ အြခားတစ်ခ�မ�ာသင�်�င့အ်တ���ိေနေသာအာ�ံ�ေ�ကာစနစ်ြဖစ်သည်
ရငး်��းီ�ပီးသားြဖစ်သည ်(အခနး် ၄ မ� ၇ အထ)ိ သတရိပါ။
docrine ��င့အ်ာ�ံ�ေ�ကာစနစ်များကိ�ထနိး်ချ�ပ်ရနအ်ထ�းြပ�သည်
ကွြဲပားြခားနားေသာလ�ပ်��ားမ�အမျိ�းအစားများ။ ေယဘ�ယျအားြဖင့အ်ာ�ံ�ေ�ကာစနစ်သည်
လျငြ်မနတ်ကိျေသာတ�န ့ြ်ပနမ်�များကိ�ေပး�ိ�င�်ပီးအထ�းအေရး�ကးီသည်
ခ��ာကိ�ယရဲ် ့ြပငပ်ပတ ်၀ နး်ကျငန်ဲခ့��ာကိ�ယရဲ်တ့ံ� ့ြပနမ်�ေတကွိ�ြဖနေ်ြဖေပးတယ။်
ment ။ ဆန ့က်ျငဘ်ကအ်ားြဖင့ ်endocrine စနစ်သညအ်ဓိကအားြဖင့ထ်နိး်ချ�ပ်သည်
အြမန�်�နး်ထက�်ကာချိနလ်ိ�အပ်ေသာလ�ပ်ေဆာငခ်ျကမ်ျား ဒါဟာထနိး်ည�ေိပးတယ၊်
�သဒနီတိမ်ျား၊
အကာွအေဝး။

၎ငး်၏ ပံ�စတံငွ ်ENDOCRINE SYSTEM ၏လ�ပ်ငနး်ေဆာငတ်ာအားလံ�း
tory အခနး်ကဏ္ endoc၊ endocrine system သညက်ျယြ်ပန ့ေ်သာအကျိ�းသကေ်ရာကမ်�များကိ�ေပးသည်
ခ��ာကိ�ယအ်ပါအဝင၊်

၁။ ေအာ်ဂဲနစ်ဇီြဝဖစ်ပျကမ်�ကိ�ထနိး်ည�ြိခငး်��င့ ်H 2 O ��င့ ်electrolyte
ည�ီွတမ်�ကိ�ထနိး်သမ်ိးရာတငွအ်ေရး�ကးီေသာစ�ေပါငး်မ�ြဖစ်သည။်
stant အတငွး်ပိ�ငး်ပတဝ်နး်ကျင်

တစ်ခ�တညး်ေသာ endocrine function ကိ�

ေရာေ��ာ function ကိ�

Pineal

Hypothalamus

Pituitary

Parathyroid

စတရိွီ�က်

Thymus

��လံ�းသား

အစာအမ်ိ

Adrenal ဂလငး်

ပနက်ရိယ

Duodenum

ေကျာကက်ပ်

အေရြပား

အမျိ�းသမီးများတငွသ်ားဥအမ်ိ

အချငး်တငွး်
ကိ�ယဝ်နေ်ဆာငအ်မျိ�းသမီး

ေဝ�းေစ့
အထးီ၌

Adipose တစ်သ��း

ေသာခ့ျက်

●ပံ� ၁၈-၁ endocrine စနစ်

စာမျက�်�ာ ၁၀

၂။ ခ��ာကိ�ယအ်ားခ�ံိ�ငရ်ည�်�ိေစရနလ်ိ�ကေ်လျာညေီထြွဖစ်ေအာငေ်ြပာငး်လမဲ�များြပ�လ�ပ်ပါ
စိတဖိ်စီးမ�အေြခအေနများ

၃။ ေချာေမွ�၊ စ�ဆကမ်ြပတတ်ိ�းတကမ်���င့ဖံွ်� �ဖိ�းတိ�းတကမ်�ကိ�ြမ�င့တ်ငြ်ခငး်
မျိ�းပာွးမ�ကိ�ထနိး်ချ�ပ်ြခငး် ၄

၅။ ေသးွနဦထ�တလ်�ပ်မ�ကိ�ထနိး်ည�ေိပးြခငး်
6. ကိ�ယပိ်�ငအ်�ပ်ချ�ပ်ခငွ့ရ်အာ�ံ�ေ�ကာစနစ်��င့အ်တ�ထနိး်ချ�ပ်ြခငး်��င့်
ေသးွလညပ်တမ်���င့အ်စာေြခ��စ်ခ�စလံ�းကိ�ေပါငး်စညး်ေပးသည်
စနစ်များ

အြခား hepatic ကိ�အသကသ်ငွး်ြခငး်ြဖင့ ်glucagon သညအ်ြခားေဟာ်မ�နး်တစ်မျိ�းြဖစ်သည်
အငဇိ်�ငး်သည ်glycogen ၏ပျကစီ်းြခငး်ကိ�ဂလ�းကိ�စ့်သိ�တ့ိ�းတကေ်စသည်
အသညး်ဆလဲမ်ျားအတငွး်
■ တ�ညေီသာဓာတ�တမနသ်ညေ်ဟာ်မ�နး်ြဖစ်ေစ၊ ြဖစ်ေစြဖစ်�ိ�ငသ်ည်
neurotransmitter သည၎်ငး်၏အရငး်အြမစ်��င့ေ်ပးပိ�မ့�ပံ�စံေပ�မ�တညသ်ည။်
ပစ်မ�တဆ်လဲဆ်သီိ� ့ Norepinephrine ကိ�လ�ိ� � ဝ�ကဓ်ာတတ်စ်မျိ�းအြဖစ်သတမ်�တသ်ည်
adrenal medulla မ�ေဟာ်မ�နး်ကိ� ဦး ေ��ာကအ်ာ�ံ�ေ�ကာအြဖစ်ထ�တလ်�တသ်ည။်
စာနာစိတ ်postganglionic အာ�ံ�ေ�ကာအမ�ငမ်ျားမ� mitter သညအ်ဓိကြဖစ်သည်
ဥပမာ
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Translating...

Endocrinology ၏အေြခခမံ�များ၊ ဗဟိ� Endocrine ဂလငး် ၆၆၃

TROPIC HORMONES အချိ��ေဟာ်မ�နး်များသညထ်�တလ်�ပ်မ�ကိ�ထနိး်ည�ေိပးသည်
��င့အ်ြခားေဟာ်မ�နး်ကိ�ထ�တလ်�တသ်ည။် သ�မ့�ာပါတဲေ့ဟာ်မ�နး်တစ်ခ���ိတယ်
အဓိကလ�ပ်ေဆာငခ်ျကမ်�ာေဟာ်မ�နး်ထ�တလ်�တမ်�အားထနိး်ည�ေိပးြခငး်၏အဓိကတာဝနြ်ဖစ်သည။်
အြခား endocrine ဂလငး်ကိ� အပ�ပိ�ငး်ေဒသ အြဖစ်သတမ်�တထ်ားသည။်
mone (tro-pick) ( အပ�ပိ�ငး်ေဒသ ဆိ�သညမ်�ာအာဟာရြဖည့ေ်ပးသည)် ။ အပ�ပိ�ငး်ေဒသေဟာ်မ�နး်များ
သ�တိ�ရဲ့ ့ endocrine ပစ်မ�တတ်စ်သ��းေတကွိ�လ�ံ�ေဆာ်ေပး�ပီးထနိး်သမ်ိးပါ။ ယခငအ်တကွ်
tropic hormone thyroid-stimulating hormone (TSH)၊
anterior pituitary မ�သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ကိ�လ�ံ�ေဆာ်ေပးသည။်
သိ�ငး်ရိွ�ကဂ်လငး်အားြဖင့ဖဲွ်�စညး်တညေ်ဆာကပံ်�ကိ�ေပါငး်စပ်ထနိး်သမ်ိးေပးသည။်
ဤဂလငး်၏��ားပါးမ� TSH မ��ိေသာအခါသိ�ငး်ရိွ�ကဂ်လငး်သညက်ျဆငး်လာသည။်
phies (ကျံ��သည)် ��င့၎်ငး်၏ေဟာ်မ�နး်ပမာဏအလနွန်ညး်သည။်

�ပီးြပည့စ်ံ�ေသာ ENDOCRINE FUNCTION ေအာကပ်ါအချကမ်ျား
စနစ်၏��ပ်ေထးွမ�ကိ�ထည့ပ်ါ။
■ တစ်ခ�တညး်ေသာ endocrine ဂလငး်သညေ်ဟာ်မ�နး်များစာွထ�တလ်�ပ်�ိ�ငသ်ည။်
ဥပမာအားြဖင့ေ်�� � ပိ�ငး် pituitary သညက်ွြဲပားြခားနားေသာ hor ေြခာကမ်ျိ�းကိ�ထ�တလ်�တသ်ည။်
mones, တစ်ခ�ချငး်စီကိ�ကွြဲပားြခားနားေသာထနိး်ချ�ပ်မ�ယ��ရားေအာကမ်�ာ��ိြခငး်
ထ�းြခားေသာလ�ပ်ေဆာငခ်ျက်
■ ေဟာ်မ�နး်တစ်မျိ�းတညး်ကိ� endo- တစ်ခ�ထကပိ်�ေသာအားြဖင့လ်�ိ� � ဝ�က�်ိ�ငသ်ည။်
crine ဂလငး်။ ဥပမာအားြဖင့ ်hypothalamus ��င့ပ်နက်ရိယ��စ်ခ�လံ�း
somatostatin ေဟာ်မ�နး်ကိ�စနွ ့ထ်�တ�်ပီး somatostatin သည၎်ငး်ကဲသ့ိ�လ့�ပ်ေဆာငသ်ည်
paracrine သညအ်စာအမ်ိ၌��ိသည။်
■ များေသာအားြဖင့ေ်ဟာ်မ�နး်တစ်ခ�တညး်ကအမျိ�းအစားတစ်မျိ�းထကပိ်�ပါတယ်
ပစ်မ�တဆ်လဲြ်ဖစ်ေသာေ�ကာင့ ်ef- အမျိ�းအစားတစ်မျိ�းထက ်ပိ�၍ ြဖစ်ေပ�ေစ�ိ�ငသ်ည။်
fect သညပံ်�မ�နအ်ားြဖင့က်ွြဲပားေသာ receptors အမျိ�းအစားခွမဲျား��င့စ်ညး်ေ��ာငထ်ားသည။်
ဥပမာအားြဖင့ ်vasopressin သည ်H 2 O ြပနလ်ညစ်�ပ်ယ�မ�ကိ� အားေပးသည်
V 2 (vasopressin 2) receptors များ ��င့စ်ညး်ေ��ာငြ်ခငး်ြဖင့ေ်ကျာကက်ပ် tubules များ
distal ��င့ ်tubular cells များကိ�စ�ေဆာငး်�ပီး vasoconstric ြဖစ်ေစသည။်
V 1 re- ��င့ခ်ျညေ်��ာငြ်ခငး်ြဖင့ခ်��ာကိ�ယအ်��ံ�့�ိေသးွလ�တေ်�ကာများတညေ်ဆာကြ်ခငး်
ceptors သည ်arteriolar ေချာေမွ� �ကကသ်ားေပ�တငွ�်�ိသည။် တစ်ခါတစ်ရံမ�ာေဟာ်မ�နး်ေတပွါပါတယ်
multiple-cell အမျိ�းအစားများသညေ်ပါငး်စပ်ည��ိ�ငိး်�ိ�င�်ပီးေပါငး်စပ်�ိ�ငသ်ည်
ဘံ�အဆံ�းသိ�တ့စ်သ��းအမျိ�းမျိ�း၏လ�ပ်ေဆာငခ်ျကမ်ျား ဥပမာ,
�ကကသ်ားများ၊ အသညး်��င့အ်ဆတီိ�၌့အငဆ်�လင၏်သကေ်ရာကမ်�များသညေ်ဖျာ်ေြဖပွဲတငွလ်�ပ်ေဆာငသ်ည်
အစာစား�ပီးေနာကအ်ာဟာရစ�ပ်ယ�ရန်
■ အချိ��ေဟာ်မ�နး်များထကွ�်�နး်သညသ်သိသိာသာကွြဲပားသည်
အချိနအ်တန�်ကာစကဘ်းီပံ�စံြဖင့ ်ထိ�ေ့�ကာင့ ်endocrine
စနစ်များသညလ်�ပ်ငနး်ေဆာငတ်ာများကိ�ယာယ ီ(အချိန)် ည��ိ�ငိး်ေပးသည။်
၎ငး်သညမ်ျိ�းပာွးထ�တလ်�ပ်ြခငး်ကိ� endocrine ထနိး်ချ�ပ်မ�တငွအ်ထ�းသသိာထင�်�ားသည။်
ပံ�မ�နလ်ညပ်တမ်�များြဖစ်ေသာရာသစီကဝ်နး်ကဲသ့ိ�ပံ့�မ�နလ်ညပ်တမ်�များ
အစာေြခဖျကမ်�တငွအ်လနွတ်ကိျေသာပံ�စံများလိ�အပ်သည်
အမျိ�းမျိ�းေသာေဟာ်မ�နး်များမ�
■ ပစ်မ�တဆ်လဲတ်စ်ခ�တညး်ကိ�တစ်ခ�ထကပိ်�ေသာလ�မ်းမိ�းမ���ိ�ိ�ငသ်ည်
ေဟာ်မ�နး်။ အချိ��ဆလဲေ်တမွ�ာတံ� ့ြပနမ်�အတကွ ်receptors များစာွပါဝငပ်ါတယ။်
မတ�ညေီသာေဟာ်မ�နး်များသိ�က့ွြဲပားေသာနညး်လမ်းများြဖင့ယ်�သည။် ဥပမာအေနနဲအ့ငဆ်�လင်
ဂလ�းကိ�စ့်ကိ�အသညး်အတငွး်မ� glycogen သိ�ေ့ြပာငး်လြဲခငး်ကိ�အားေပးသည်
ဆလဲမ်ျားကိ� hepatic enzyme တစ်ခ�အားလ�ံ�ေဆာ်ေပးေသာ်လညး်၊

■ အချိ��ေသာကိ�ယအ်ဂ� ါများသည ်endocrine (၎ငး်တိ�တ့ငွသ်ာ) ��ိသည်
anterior pituitary တစ်ခ�တညး်ေဟာ်မ�နး်ထ�တြ်ခငး်ကိ�အထ�းြပ�သည်
ဥပမာတစ်ခ�)၊ endocrine sys ၏အြခားအဂ� ါများြဖစ်ေသာ်လညး်၊
tem သညလ်�ိ� � ဝ�ကြ်ခငး်အြပင ်nonendocrine လ�ပ်ေဆာငခ်ျကမ်ျားကိ�လ�ပ်ေဆာငသ်ည်
ေဟာ်မ�နး်။ ဥပမာအားြဖင့ေ်ဝ�းေစသ့ညသ်�ကပိ်�းကိ�ထ�တေ်ပးသည။်
crete အမျိ�းသားလငိေ်ဟာ်မ�နး် testosterone ။

ထေိရာကေ်သာပလာစမာအာ�ံ�စ�းစိ�ကမ်�
ေဟာ်မ�န်းတစခ်�သညေ်ဟာ်မ�န်း၏လ�မ်းမိ�းမ���ိသည်
လ�ံ�ေဆာ်မ�၊ အရံေြပာငး်လြဲခငး်၊ သယယ်�ပိ�ေ့ဆာငေ်ရး၊
လ�ပ်��ားမ�မ��ိြခငး်��င့စ်နွ ့်ထ�တြ်ခငး်
ေဟာ်မ�နး်အများစ�၏အဓိကလ�ပ်ေဆာငခ်ျကမ်�ာစညး်မျ�းစညး်ကမ်းြဖစ်သည်
homeostatic လ�ပ်��ားမ�အမျိ�းမျိ�း။ ေဟာ်မ�နး်ရဲအ့ာနသိငေ်�ကာင့ပ်ါ
ပလာစမာတငွသ်�တိ�၏့အာ�ံ�စ�းစိ�ကမ်���င့အ်ချိ�းကျသည၊်
စငတ်ာများသည ်homeostatic လိ�အပ်ချကမ်ျား��င့အ်ညထီနိး်ချ�ပ်�ိ�ငသ်ည။်
ထိ� ့ြပငေ်ဟာ်မ�နး်တံ� ့ြပနမ်�ပမာဏေပ�မ�တညသ်ည်
ပစ်မ�တဆ်လဲမ်ျား၏ receptors များ၏ရ��ိ�ိ�ငမ်���င့ထ်ခိိ�ကလ်ယွမ်�အေပ�
ေဟာ်မ�နး်။ လ�မ်းမိ�းမ�ြဖစ်ေစေသာအချကမ်ျားကိ�က��်�ပ်တိ� ့ ဦး စာွဆနး်စစ်မည်
အာ�ံ�စ�းစိ�ကမ်�မလ�ည့မီ်ေဟာ်မ�နး်၏ပလာစမာ
ေဟာ်မ�နး်ကိ� ဦး တညေ်သာဆလဲမ်ျား၏တံ� ့ြပနမ်�အတကွ်

ထေိရာကေ်သာပလာစမာအာ�ံ�စ�းစိ�ကမ်�သညအ်ခမဲ၊့ ဇီဝေဗဒ
တက�်ကေသာေဟာ်မ�နး် - ထိ�ေ့�ကာင့၎်ငး်ေဟာ်မ�နး်ကိ�ရ��ိ�ိ�ငသ်ည်
receptors - အချကမ်ျားစာွေပ�တငွမ်�တညသ်ည။်

■ အဆံ�းစနွေ်သာအားြဖင့ေ်သးွထသဲိ�ေ့ဟာ်မ�နး်ထကွ�်�နး်
crine ဂလငး် ။ စနွ ့ထ်�တမ်���နး်ကိ�ြမင့တ်ကေ်စသည်
ေဟာ်မ�နး်၏ပလာစမာအာ�ံ�စ�းစိ�ကမ်�ကိ�ထနိး်ချ�ပ်သည်
လိ�ချငေ်သာ set point တငွေ်ဟာ်မ�နး်အာ�ံ�စ�းစိ�ကမ်�ကိ�ထနိး်သမ်ိးပါ။
■ ေဟာ်မ�နး်အနညး်ငယအ်တကွ၎်ငး်၏ဇီဝြဖစ်စ�ကိ�လ�ံ�ေဆာ်မ� (သိ�)့ ေြပာငး်လြဲခငး်��နး်
sion ။ ၎ငး်ကိ� endocrine မ�ေသးွထသဲိ�လ့�ိ� � ဝ�က�်ပီးေနာက်
ဂလငး်၊ အထ�းသြဖင့ ်lipophilic ေဟာ်မ�နး်များကိ�မ�ကာခဏြပ�ြပငသ်ည်
အြခားအဂ� ါများ တခါတရံမ�ာဒအီရံပစ�ညး် (အစနွအ်ဖျားနဲေ့ဝးတဲေ့နရာမ�ာ
crine gland) ကိ�ြပ�ြပငြ်ခငး်သညပိ်�မိ�တက�်ကေသာပံ�စံကိ�ြဖစ်ေပ�ေစသည်
ေဟာ်မ�နး်။ ဥပမာအားြဖင့သ်ိ�ငး်ရိွ�ကအ်ေပါများဆံ�းပံ�စံ
သိ�ငး်ရိွ�ကဂ်လငး်မ�သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်သည ်thyroxine ြဖစ်သည်
အိ�ငအ်ိ�ဒငး် (၄) လံ�းပါ ၀ ငေ်သာ်လညး်အစမ်ွးထကဆ်ံ�းသိ�ငး်ရိွ�ကပံ်�စံြဖစ်သည်
ေသးွထ�ဲ�ိေဟာ်မ�နး်သည ်tri-iodothyronine (ပါ ၀ ငသ်ည်
အိ�ငအ်ိ�ဒငး်သံ�းမျိ�း) လ�ိ�� ဝ�က�်ပီးတာနဲ ့ thyroxine ကိ� the အြဖစ်ေြပာငး်လိ�ကတ်ယ်
၎ငး်၏အိ�ငအ်ိ�ဒငး်တစ်မျိ�းကိ�ထ�တယ်�လိ�ကြ်ခငး်ေ�ကာင့ပိ်�မိ�တက�်ကေသာပံ�စံြဖစ်သည်
အများအားြဖင့အ်သညး်��င့ေ်ကျာကက်ပ်တိ�မ့�ထကွသ်ည။် များေသာအားြဖင့�် �နး်ထား
ထိ�သိ�ေ့သာေဟာ်မ�နး်ကိ�လ�ံ�ေဆာ်ေပးြခငး်သညသ်�က့ိ�ယသ်�ေဟာ်မ�နး်ထနိး်ချ�ပ်မ�ေအာကတ်ငွ�်�ိသည။်
တစ်ခါတစ်ရံမ�ာအရံပစ�ညး်ကေဟာ်မ�နး်တစ်မျိ�းကိ�ေြပာငး်ေပးတယ်
functionally ကွြဲပားြခားနားေသာေဟာ်မ�နး်သိ�။့ ဥပမာေလးတစ်ခ�ေပါ ့
အစမ်ွးထကအ်မျိ�းသားလငိေ်ဟာ်မ�နး်ြဖစ်ေသာ Testosterone ၏အချိ�းအစားသည်
adi- အငဇိ်�ငး် aromatase ၏လ�ပ်ေဆာငခ်ျကအ်ားြဖင့ေ်ဘးပတလ်ညတ်ငွ�်�ိသည။်
အစမ်ွးထကအ်မျိ�းသမီးလငိက်ိ� estrogen သိ�တ့စ်သ��းများ��င့အ်ြခားေနရာများတငွထ်ားပါ
ေဟာ်မ�နး်။

စာမျက�်�ာ ၁၁
■ lipophilic ေဟာ်မ�နး်များအတကွပ်လာစမာပ�ိ�တနိး်များ��င့တ်ယွတ်ာမ�ေြခာက�်ကမ်ိ��ိသည။်
အဘယေ်�ကာင့ဆ်ိ�ေသာ် lipophilic ေဟာ်မ�နး်များသညေ်ရတငွေ်ပျာ်ဝငမ်�ညံဖ့ျငး်ေသာေ�ကာင့ြ်ဖစ်သည်
ပလာစမာတငွသ်းီြခားပလာစမာပ�ိ�တနိး်များ��င့ခ်ျညေ်��ာငထ်ားသည။် အားလံ�းအတကွပ်ါ
အကန ့အ်သတမ်��ိေသာေဟာ်မ�နး်၏ေသးငယေ်သာအစိတအ်ပိ�ငး်သညအ်ြပနအ်လ�နအ်ကျိ�းြပ��ိ�ငသ်ည်
၎ငး်၏ပစ်မ�တဆ်လဲမ်ျား ဤအခမဲေ့ရက�းကန၏်ြပငး်အားသည်
ေဟာ်မ�နး်စ�စ�ေပါငး်ကိ�ေစာင့�်ကည့ထ်နိး်ည�ရိနည်�သိည်
ပံ�မ�န ်endocrine လ�ပ်ေဆာငခ်ျက။် Clinical assays ကိ�ဆံ�းြဖတရ်နအ်သံ�းြပ�သည်
ေပးထားေသာေဟာ်မ�နး်၏ပလာစမာအာ�ံ�စ�းစိ�ကမ်�သညစ်�စ�ေပါငး်အေြခအေနကိ�တိ�ငး်တာသည။်
ေဟာ်မ�နး်ကိ� ဗဟိ�ြပ�၍ အတိ�ငး်အတာကိ�ထည့မ်တကွပ်ါ��င့်
ေဟာ်မ�နး်ချိတဆ်ကမ်�။ ဤရလဒမ်ျားသညတ်စ်ခါတစ်ရံအထငမ်�ားေစ�ိ�ငသ်ည။်
ဥပမာအားြဖင့က်ိ�ယဝ်နေ်ဆာငခ်ျိနမ်�ာတကိျတဲပ့လာစမာကိ�ပိ�သံ�းတယ။်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ကိ�ချညေ်��ာငေ်သာ tein ကိ�ထ�တလ်�ပ်သည။် ပိ�များတာေ�ကာင့်
roid ေဟာ်မ�နး်သညဤ်ပလာစမာပ�ိ�တနိး်��င့ေ်ပါငး်စညး်ထားသည၊်
ပလာစမာတငွသ်ိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ဓာတြ်မင့တ်ကလ်ာသည်
��စ်ဆ)၊ သိ�ေ့သာ်အခမဲတ့က�်ကေသာေဟာ်မ�နး်၏အာ�ံ�စ�းစိ�ကမ်�သညက်ျန�်�ိေနသည်
မေြပာငး်လပဲါ၊ ထိ�ေ့�ကာင့က်ိ�ယဝ်နေ်ဆာငအ်မျိ�းသမီးသညပံ်�မ�နသ်ိ�ငး်ရိွ�ကလ်�ပ်ေဆာငခ်ျက�်�ိသည်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်၏ပလာစမာအဆင့ြ်မင့တ်ကေ်သာ်လညး်
■ ၎ငး်၏ဇီဝြဖစ်စ�မလ�ပ်မ��ားမ�ေ�ကာင့ေ်သးွမ�ထ�တယ်�မ���နး်သည်
��င့ဆ်းီ၌စနွ ့ထ်�တမ်� ေဟာ်မ�နး်အားလံ�းသညေ်နာကဆ်ံ�းတငွအ်လ�ပ်မလ�ပ်ေတာပ့ါ
အသညး်၊ ေကျာကက်ပ်၊ ေသးွ (သိ�)့ ပစ်မ�တဆ်လဲမ်ျားတငွအ်ငဇိ်�ငး်များြဖင့ဆ်ံ�းြဖတသ်ည။် ဟိ
ေဟာ်မ�နး်ဓာတမ်လ�ပ်ခငေ်ဟာ်မ�နး်ကိ�ထ�တလ်ိ�ကတ်ဲအ့ချိနပ်မာဏ
အတညြ်ပ��ပီးသည�်�င့ဤ်အရာကိ�ြဖစ်ေပ�ေစေသာနညး်လမ်းများသညက်ွြဲပားြခားနားသည။်
ေဟာ်မ�နး်အတနး်များ။ အများအားြဖင့ ်Hydrophilic peptides
peptide bonds များ၏ hydrolysis ေ�ကာင့ဓ်ာတမ်တည့ြ်ခငး် (p ။ 29) ကိ��ကည့ပ်ါ။ ၌
peptide ေဟာ်မ�နး်များြဖစ်ေသာအငဆ်�လငက်ဲသ့ိ� ့ ဦး တညဆ်လဲြ်ဖစ်သည်
ချညေ်��ာငထ်ားေသာေဟာ်မ�နး်ကိ� receptor-mediated en- အားြဖင့လ်�မ်းြခ�ံသည။်
docytosis ��င့၎်ငး်အား intracellularly (အစ) တငွပ်ျကစီ်းေစသည။် Catechol-
amines များသညဇီ်ဝေဗဒဆိ�ငရ်ာချိ� �တဲမ့�များ��င့ ်ဆကစ်ပ်၍ အငဇိ်�ငး်အြဖစ်အသငွေ်ြပာငး်သည။်
tive ေမာ်လကီျ�းများ Lipophilic steroid ေဟာ်မ�နး်��င့သ်ိ�ငး်ရိွ�က်
ေဟာ်မ�နး်သညတ်က�်ကေသာအစိတအ်ပိ�ငး်၏ေြပာငး်လမဲ�ေ�ကာင့တ်က�်ကလ�ပ်��ားသည်
ဇီဝဓာတ�နညး်လမ်းအမျိ�းမျိ�းြဖင့ေ်မာ်လကီျ�း lipophilic ေဟာ်မ�နး်�ပီးေနာက်

ထေိရာကေ်သာပလာစမာအာ�ံ�စ�းစိ�ကမ်�
ေဟာ်မ�န်းတစမ်ျိ�းကိ�ပံ�မ�န်အားြဖင့အ်ေြပာငး်အလမဲျားြဖင့ထ်န်ိးည�သိည်
၎ငး်၏အထကွ�်�န်း။
ပံ�မ�နအ်ားြဖင့ေ်ဟာ်မ�နး်တစ်မျိ�း၏ထေိရာကေ်သာပလာစမာအာ�ံ�စ�းစိ�ကမ်�သည်

သိ�ငး်ရိွ�ကဂ်လငး်

သိ�ငး်ရိွ�ကက်ိ�လ�ံ�ေဆာ်ေပးသည်
ေဟာ်မ�န်းသိ�ငး်ရိွ�ကေ်ဟာ်မ�န်း

ေ�� � ပိ�ငး် pituitary

●ပံ� 18-2 အ��တလ်က�ဏာတံ� ့ြပန်ချကထ်န်ိးချ�ပ်မ�
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၆၆၄ အခနး် ၁၈

mones သညလ်�ပ်��ားမ�မ��ိ၊ အသညး်သညပံ်�မ�နအ်ားြဖင့အ်�ပ်စ�များကိ�ထပ်ေပါငး်သည်၎ငး်တိ�အ့ားေရမ�ေပျာ်ဝငေ်စရန၎်ငး်တိ�အ့ားပိ�မိ�လတွေ်ြမာကေ်စသည်
ပလာစမာပ�ိ�တနိး်သယေ်ဆာငသ်�များ��င့ဆ်းီတငွဖ်ယ�်�ားပစ်သည။်

ေယဘ�ယျအားြဖင့ ်hydrophilic peptides ��င့ ်catecholamines များသည်
ေသးွ��င့တ်စ်သ��းအငဇိ်�ငး်များအတကွလ်ယွက်�ေသာပစ်မ�တြ်ဖစ်ေသာေ�ကာင့၎်ငး်တိ�သ့ည၎်ငး်၌��ိေနသည်
ေသးွမဆံ�းမီ (မိနစ်အနညး်ငယမ်�နာရီအနညး်ငယအ်ထ)ိ
enzymatically inactivated ြဖစ်သည။် ဆန ့က်ျငဘ်ကအ်ေန��င့ ်lipophilic ၏စညး်ေ��ာငမ်�
ပလာစမာပ�ိ�တနိး်မ�ေဟာ်မ�နး်များသညသ်�တိ�က့ိ�ထခိိ�ကလ်ယွမ်�နညး်ေစသည်
ဇီဝြဖစ်စ�ရပ်တန ့ေ်စြခငး်��င့၎်ငး်တိ�ထ့သဲိ� ့ ၀ ငေ်ရာကြ်ခငး်မ�ကာကယွေ်ပးသည်
ဆးီ။ ထိ�ေ့�ကာင့ ်lipophilic ေဟာ်မ�နး်များကိ� plasma မ�ဖယ�်�ားသည်
အများ�ကးီပိ�ေ��းတယ။် သ�တိ�သ့ညေ်သးွထတဲငွန်ာရီေပါငး်များစာွဆကလ်က�်�ိေန�ိ�ငသ်ည်
(steroids) သိ�မ့ဟ�တတ်စ်ပတလ်�င ်(သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်)

ေဟာ်မ�နး်များ��င့၎်ငး်တိ�၏့ metabolites များကိ�ပံ�မ�နအ်ားြဖင့ဖ်ယ�်�ားပစ်သည်
ဆးီမ�ဆးီမ�တဆင့ပ်လာစမာမ� ဆန ့က်ျငဘ်ကအ်ေန��င့�်ကပ်သည်
ေဟာ်မ�နး်ထ�တလ်�တမ်�၊ ေဟာ်မ�နး်ဓာတခ်ျိ� �တဲမ့���င့ထ်နိး်ချ�ပ်မ�ကိ�ထနိး်ချ�ပ်သည။်
ယံ��ကညြ်ခငး်ကိ�မထနိး်ချ�ပ်ပါ။

ဘာလိ�လ့ဆဲိ�ေတာအ့သညး်နဲေ့ကျာကက်ပ်ကဖယ�်�ားရာမ�ာအေရး�ကးီပါတယ။်
ပလာစမာမ�ေဟာ်မ�နး်များ၊ အသညး်��ိလ�နာများ
ေကျာကက်ပ်ေရာဂါသညအ်ချိ� �ေသာပိ�လ�ံေသာလ�ပ်ေဆာငမ်�များမ�မေကာငး်ေတာပ့ါ

ေဟာ်မ�နး်တစ်ခ�တညး်ေ�ကာင့ေ်ဟာ်မ�နး်ဓာတမ်လံ�ေလာကြ်ခငး်��င့/်သိ�မ့ဟ�တဖ်ယ�်�ားပစ်ြခငး်တိ�ေ့�ကာင့ြ်ဖစ်သည။်
ေလ�ာန့ညး်လာသည။်

အသညး်��င့ေ်ကျာကက်ပ်လ�ပ်ငနး်ေဆာငတ်ာပံ�မ�နြ်ဖစ်လ�ငတ်ိ�ငး်တာသည်
ဆးီ၏ေဟာ်မ�နး်များ��င့၎်ငး်တိ�၏့ metabolites များကိ�ေထာကပံ်ေ့ပးသည။်
endocrine function ကိ�အကြဲဖတရ်နအ်သံ�းဝင။် မထခိိ�ကေ်သာနညး်လမ်းကိ�အသံ�းြပ�သည်
အဘယေ်�ကာင့ဆ်ိ�ေသာ်ဤပစ�ညး်များမ�ဆးီ၏ဆးီထကွ�်�နး်ကျဆငး်ြခငး်ေ�ကာင့ြ်ဖစ်သည။်
endocrine ဂလငး်များကသ�တိ�၏့လ�ိ� � ဝ�က�်�နး်ကိ�မ�နမ်�နက်နက်နေ်ရာငြ်ပနဟ်ပ်သည။်

၎ငး်၏အထကွ�်�နး်ကိ�သင့ေ်တာ်ေသာချိနည်�မိ�များြဖင့ထ်နိး်ည�သိည။်Endocrine ဂလငး်များသည၎်ငး်တိ�၏့ေဟာ်မ�နး်များကိ�အဆကမ်ြပတမ်ထ�တေ်ပးပါ
��နး်; ထနိး်ချ�ပ်မ�ေပ� မ�တည၍် ေဟာ်မ�နး်အားလံ�း၏လ�ိ�� ဝ�က�်�နး်သညက်ွြဲပားသည်
��ပ်ေထးွေသာယ��ရားများစာွကိ�ေပါငး်စပ်ြခငး်ြဖင့ြ်ပ�လ�ပ်ေလ�့�ိသည။် ဟိ
ေဟာ်မ�နး်တစ်ခ�စီအတကွစ်ညး်မျ�းစညး်ကမ်းကိ�အေသးစိတစ်�းစားသည်
ေနာကပိ်�ငး်ကဏ�� ား ေလာေလာဆယေ်တာဒ့ေီယဘ�ယျအားလပ်ရကက်ိ�ငါတိ�ေ့ြဖ��ငး်မယ။်
ကွြဲပားြခားနားမ�များစာွတငွေ်တွ�ရေလ�့�ိေသာအ ၀ တမ်ျားကိ�ထနိး်ချ�ပ်ေသာထနိး်ချ�ပ်မ�များ
ent ေဟာ်မ�နး်များ၊ အပျကသ်ေဘာတံ� ့ြပနခ်ျကထ်နိး်ချ�ပ်မ�၊ neuroendocrine ြပနလ်ညသ်ံ�းသပ်ြခငး်
flexes ��င့ ်diurnal (circadian) စညး်ချကမ်ျား။

မေကာငး်ေသာ တံ� ့ြပနမ်� ထန်ိးချ�ပ်မ� အ��တလ်က�ဏာတံ� ့ြပနခ်ျကသ်ညက်တတိစ်ခ�ြဖစ်သည။်
ေဟာ်မ�နး်ထနိး်ချ�ပ်မ�စနစ်၏ထ�းြခားချကမ်��ိပါ။ �ိ� း�ိ� း��ငး်��ငး်ဘ ဲေြပာခဲတ့ယ်
စနစ်တစ်ခ�၏ရလဒသ်ည ်a ကိ�ဆန ့က်ျငေ်သာအခါ tive တံ� ့ြပနမ်���ိသည်
အ ၀ ငအ်ထကွေ်ြပာငး်လြဲခငး်၊ narcha မ�ထနိး်ချ�ပ်ထားေသာ variable တစ်ခ�ကိ�ထနိး်သမ်ိးြခငး်
သတမ်�တထ်ားေသာအဆင့တ်စ်ဝိ�ကအ်တနး် (စာမျက�်�ာ ၁၅) ကိ��ကည့ပ်ါ။ အ��တလ်က�ဏာတံ� ့ြပနခ်ျက်
ေပးထားေသာေဟာ်မ�နး်တစ်ခ�၏ပလာစမာအာ�ံ�စ�းစိ�ကမ်�ကိ�ထနိး်သမ်ိးသည်
အဆင့သ်ညအ်မ်ိအပ�ေပးစနစ်၏အဓိကကျေသာနညး်လမ်း��င့ဆ်ငတ်�သည။်
ေပးထားေသာ set point တငွအ်ခနး်အပ�ချိနက်ိ�ထနိး်ေပးသည။် ထနိး်ချ�ပ်ြခငး်
ေဟာ်မ�နး်ဓာတသ်ညဂ်��ဝငဇီ်ဝကမ�ဆိ�ငရ်ာဥပမာအချိ� �ကိ�ေပးသည်
အ��တလ်က�ဏာတံ� ့ြပနခ်ျက ်ဥပမာအားြဖင့၊် ပလာစမာအာ�ံ�စ�းစိ�ကေ်သာအခါ၊
လတွလ်ပ်စာွလ�ည့ပ်တေ်နေသာသိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်သညေ်ပးထားေသာအစ�တစ်ခ�ေအာကတ်ငွက်ျဆငး်သည်
အချက”်၊ ေ�� � ပိ�ငး် pituitary သညသ်ိ�ငး်ရိွ�ကက်ိ�လ�ံ�ေဆာ်ေပးေသာေဟာ်မ�နး်ကိ�ထ�တေ်ပးသည။်
mone (TSH) သညသ်ိ�ငး်ရိွ�ကက်ိ�လ�ံ�ေဆာ်ေပး�ပီး၎ငး်၏လ�ိ�� ဝ�ကမ်�ကိ�တိ�းေစသည။်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး် (၏ tion ● ပံ� 18-2) ။ သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်
လ�ည့ြ်ခငး်၊ anterior pituitary အားြဖင့ ်TSH ၏ေနာကထ်ပ် secretion ကိ�တားေပးသည။်
အပျကသ်ေဘာေဆာငေ်သာတံ� ့ြပနမ်�သညသ်ိ�ငး်ရိွ�ကဂ်လငး်အားတစ်�ကမ်ိထ�တေ်ပးသညက်ိ�ေသချာေစသည်
TSH မ�“ ဖွင့”် ခဲသ့ည၊် ၎ငး်သညမ်ပျကဘ်ဆဲကသ်ာွးလမိ့်မည၊် ဒါေပမယ့ြ်ဖစ်လမိ့်မည်

စာမျက�်�ာ ၁၂

အခမဲြ့ဖန ့ေ်ဝရနသ်င့ေ်တာ်ေသာအဆင့ေ်ရာကေ်သာအခါ“ ပိတထ်ား” ပါ
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ေအာငြ်မငသ်ည။် ထိ�ေ့�ကာင့တ်နး်တ�ရညတ်�အကျိ�းသကေ်ရာကမ်�
ticular ေဟာ်မ�နး်၏လ�ပ်ေဆာငမ်�များသည၎်ငး်၏ကိ�ယပိ်�ငအ်ဟန ့အ်တားကိ�တားဆးီ�ိ�ငသ်ည။် ဟိ
feedback loops များသညမ်�ကာခဏ��ပ်ေထးွလာသည။်

NEUROENDOCRINE REFLEXES များစာွေသာ endocrine ထနိး်ချ�ပ်မ�စနစ်များ
အာ�ံ�ေ�ကာ များပါ ၀ ငေ်သာ neuroendocrine တံ� ့ြပန်မ� များပါ ၀ င ်သည်
ေဟာ်မ�နး်အစိတအ်ပိ�ငး်များအြဖစ်။ ဒလီိ�တံ� ့ြပနမ်�ေတရဲွရ့ညရွ်ယခ်ျကက်
ဟိ�မ�နး် (secret) ေဟာ်မ�နး်ထ�တလ်�ပ်မ���တတ်ရကြ်မင့တ်ကေ်စသည်
တကိျေသာလ�ံ�ေဆာ်မ�ကိ�တံ� ့ြပနသ်ည့အ်ခါ thermostat setting ကိ�ြမ�င့ပ်ါ။
မ�ကာခဏခ��ာကိ�ယြ်ပငပ်မ�လ�ံ�ေဆာ်မ�တစ်ခ� အချိ��ကစိ�များတငွ၊်
endocrine ဂလငး်သိ�အ့ာ�ံ�ေ�ကာထည့သ်ငွး်ြခငး်သညထ်နိး်ည�ေိသာတစ်ခ�တညး်ေသာအချကြ်ဖစ်သည်
ေဟာ်မ�နး်ထ�တလ်�ပ်မ� ဥပမာအားြဖင့ ်epinephrine ကိ�စနွ ့ထ်�တြ်ခငး်
adrenal medulla အားစာနာစိတြ်ဖင့သ်ာထနိး်ချ�ပ်သည်
အာ�ံ�ေ�ကာစနစ်။ အချိ��ေသာ endocrine ထနိး်ချ�ပ်မ�စနစ်များ��င့မ်တ�ဘ၊ဲ
တံ� ့ြပနမ်�ထနိး်ချ�ပ်မ���စ်ခ�လံ�းပါ ၀ ငသ်ည ်(ပံ�မ�န ်basal ကိ�ထနိး်သမ်ိးေသာ)
ေဟာ်မ�နး်အဆင့)် ��င့ ်neuroendocrine တံ� ့ြပနမ်�များ (ြဖစ်ေစေသာအေ�ကာငး်များ)
��တတ်ရကတ်ိ�းလာေသာတံ� ့ြပနမ်�ေ�ကာင့�်�တတ်ရကေ်လ�ာထကွလ်ာြခငး်
ေဟာ်မ�နး်လိ�အပ်သည။် ) ဥပမာတစ်ခ�အေနြဖင့အ် ၀ လနွြ်ခငး်
a adrenal cortex မ� cortisol (စိတဖိ်စီးမ�ေဟာ်မ�နး်) သည ်a
စိတဖိ်စီးမ�တံ� ့ြပနမ်� (ေတွ� ြမင ်● ပံ� 19-9, p ။ 701) ။

DIURNAL (CIRCADIAN) RHYTHMS များစာွေသာအထကွ�်�န်း များသည်
ေဟာ်မ�နး်များသညလ်�ပ်ငနး်ေဆာငတ်ာတစ်ခ�အေန��င့အ်တကအ်ဆငး်အတကအ်ကျ��ိသည်
အချိန။် အသံ�းအများဆံ�း endocrine ရစ်သမ်သည ်diurnal ြဖစသ်ည်
(“ ေန ့ - ည”)၊ သိ�မ့ဟ�တ ်circadian (“ ေနတ့စ်ဝိ�က”်) စညး်ချက ်ြဖစ်သည်
၎ငး်သညေ်ဟာ်မ�နး်အဆင့တ်ငွထ်ပ်ခါထပ်ခါတ�နခ်ါြခငး်ြဖင့ထ်�းြခားသည်
အလနွပံ်�မ�နြ်ဖစ်�ပီး ၂၄ နာရီတစ်�ကမ်ိလညပ်တသ်ည။် ဒါကစညး်ချကက်ျတယ်
၎ငး်သည ်self-paced re- ��င့ဆ်ငတ်� endogenous oscillator များေ�ကာင့ြ်ဖစ်သည။်
ဦး ေ��ာကပ်ငစ်ည�်�ိ spiratory neurons သညစ်ညး်ချကက်ိ�ထနိး်ချ�ပ်သည်
အချိနက်ိ�ထနိး်ေပးတဲ ့oscillator စကဝ်နး်မ�လွ�ဲပီးအသက�်��ြခငး်
အများ�ကးီပိ��ကာတဲအ့ချိနအ်တိ�ငး်အတာေပ�မ�ာ ထိ� ့ြပငစ်ညး်ချကမ်တ�၊
အသက�်��မဝြခငး်၊ endocrine စညး်ချကမ်ျား ပိတြ်ခငး် (သိ�)့ ချ�ပ်တညး် ြခငး်

တစ်ေနတ့ာသညအ်နမိ့်ဆံ�းအဆင့ ်( ● ပံ� ၁၈-၃) ေမးွရာပါေဟာ်တယ်
monal စညး်ချကက်ျမ���င့ေ်လက့ျင့မ်�တိ�သ့ည�်ပီးေြမာကြ်ခငး်မ��ိပါ
endocrine ဂလငး်များသညသ်�တိ�က့ိ�ယသ်�တိ� ့ြဖစ်ေသာ်လညး်အလယဗ်ဟိ�မ�ြဖစ်သည။်
ဤဂလငး်များ၏ set point ကိ�ေြပာငး်လေဲစေသာစနစ်ြဖစ်သည။် ငါတိ�ေ့ဆးွေ�းွမယ်
မာစတာဇီဝနာရီကိ�ေနာကပိ်�ငး်တငွဆ်ကလ်ကေ်ဖာ်ြပထားသည။် အ��တလ်က�ဏာ
တံ� ့ြပနမ်�ထနိး်ချ�ပ်မ�ယ��ရားများသညမ်ညသ်ည့အ်ရာကိ�မဆိ�ထနိး်သမ်ိးရနလ်�ပ်ေဆာငသ်ည်
ထိ�အချိနအ်တကွအ်မ�တက်ိ�သတမ်�တသ်ည။် အချိ��ေသာ endocrine သသံရာ
circadian ရစ်သမ်မဟ�တေ်သာအြခားချိနခ်ငွမ်ျားေပ�တငွေ်ကာငး်မနွစ်ာွလညပ်တပ်ါ။
ဥပမာအားြဖင့လ်စ�ရာသစီကဝ်နး်ြဖစ်သည။်

Endocrine ေရာဂါများသညေ်ဟာ်မ�န်းေ�ကာင့ြ်ဖစသ်ည်
ပိ�လ�ံြခငး်သိ�မ့ဟ�တခ်ျိ� �တဲြ့ခငး်သိ�က့ျဆငး်ြခငး်
ပစမ်�တဆ်လဲတ်ံ� ့ြပန်မ�

ေဟာ်မ�နး်တစ်မျိ�း၏ထေိရာကေ်သာပလာစမာတငွပံ်�မ�နမ်ဟ�တြ်ခငး်၊
tration တစ်အချကမ်ျားအမျိ�းမျိ�း (အထကဲေပ�ထနွး်�ိ�ငပ်ါတယ ်▲ ဇယား
၁၈-၁) ။ Endocrine ေရာဂါများသညအ်ြဖစ်များဆံ�းြဖစ်သည်

Inap- ေဟာ်မ�နး်တစ်မျိ�းေ�ကာင့ြ်ဖစ်ေသာပံ�မ�နမ်ဟ�တေ်သာပလာစမာအာ�ံ�စ�းစိ�ကမ်�
သင့ေ်တာ်ေသာ��နး်ထားများ - ဆိ�လိ�သညမ်�ာေဟာ်မ�နး်နညး်လနွး်။ ြဖစ်သည်
(hyposecretion) သိ�မ့ဟ�တေ်ဟာ်မ�နး်အလနွအ်က�ံထကွြ်ခငး် (hypersecre-
ယ�ဆချက)် ရံဖနရံ်ခါ endocrine ချိ� �ယငွး်မ�ေ�ကာင့ြ်ဖစ်တတသ်ည်
ေဟာ်မ�နး်ကိ� ဦး တညေ်သာဆလဲတ်ံ� ့ြပနမ်�သညပံ်�မ�နထ်ကန်ညး်သည။်
ေဟာ်မ�နး်၏ပလာစမာအာ�ံ�စိ�ကမ်�သညပံ်�မ�နြ်ဖစ်ေသာ်လညး်

HYPOSECRETION Primary hyposecretion သည ်endo- ြဖစ်သည့အ်ခါြဖစ်ေပ�သည။်
crine ဂလငး်သည၎်ငး်၏ေဟာ်မ�နး်တစ်ခ�အတကွအ်လနွန်ညး်ေနသည်
ထိ�ဂလငး်အတငွး်ပံ�မ�နမ်ဟ�တြ်ခငး်။ Secondary hyposecretion �ကာသည်
endocrine ဂလငး်သညပံ်�မ�နြ်ဖစ်ေသာ်လညး်၎ငး်သညလ်�ိ� � ဝ�ကေ်နသည်

မညသ်ညက်ိ�ဆိ�လိ�သနညး်
Endocrine ေရာဂါများ
ထ�ိ�ငတ်ယ်

နညး်လန်ွးသည်
ေဟာ်မ�န်းလ�ပ်ေဆာငခ်ျက်

အလန်ွများစာွ
ေဟာ်မ�န်းလ�ပ်ေဆာငခ်ျက်

ေဟာ်မ�နး်နညး်လနွး်သည်
endocrine ဂလငး်မ�
(ရညရွ်ယခ်ျက)်

ဖယ�်�ားမ�ပိ�များလာသည်
ေသးွမ�ေဟာ်မ�နး်

ပံ�မ�နမ်ဟ�တေ်သာတစ်သ��းတံ� ့ြပနမ်�
ေဟာ်မ�နး်အတကွ်

ပစ်မ�တဆ်လဲလ်ကခ်သံ�မ��ိြခငး်

မ��ိမြဖစ်လိ�အပ်ေသာအငဇိ်�ငး်ချိ� �တဲြ့ခငး်
ပစ်မ�တဆ်လဲတ်ံ� ့ြပနမ်�

ေဟာ်မ�နး်များလနွး်သည်
endocrine မ�လ�ိ� � ဝ�ကသ်ည်
ဂလငး် (hypersecretion)*

ပလာစမာပ�ိ�တနိး်ကိ�ေလ�ာခ့ျေပးသည်
ေဟာ်မ�နး်၏စညး်ချက်
(အရမ်းအလကားပဲ၊ ဇီဝေဗဒ
ကယလ်ိ�ရီတက�်ကေသာေဟာ်မ�နး်

ဖယ�်�ားမ�ေလျာန့ညး်သာွးသည်
ေသးွမ�ေဟာ်မ�နး်

လ�ပ်ေဆာငခ်ျကက်ျဆငး်ြခငး်

စနွ ့ထ်�တမ်�ကျဆငး်သည်

*endocrine ကေမာကက်မြဖစ်မ�၏အြဖစ်များေသာအေ�ကာငး်များ။

▲ TABLE 18-1

မ�ပိ�ငခ်ငွ့က်န ့သ်တခ်ျကမ်ျားေ�ကာင့စ်ာမရ��ိ�ိ�ငပ်ါ
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Translating...

Endocrinology ၏အေြခခမံ�များ၊ ဗဟိ� Endocrine ဂလငး် ၆၆၅

အလငး်၊ အေမ�ာငသ်သံရာကဲသ့ိ� ့ြပငပ်အချကမ်ျားသိ� ့ ဆိ�လိ�သညမ်�ာေမးွရာပါြဖစ်သည်၂၄ နာရီပတလ်ံ�းအထတွအ်ထပ်ိသသံရာများ��င့ေ်ဟာ်မ�နး်ထ�တလ်�ပ်မ�ကျဆငး်ြခငး်ကိ�သတမ်�တထ်ားသည်
အလငး်ေရာင�်�င့အ်ေမ�ာငသ်သံရာများြဖင့“် ေြခလ�မ်းချီ” ပါ။ ဥပမာအားြဖင့၊်
tisol secretion သညည်အချိနတ်ငွြ်မင့တ်က�်ပီး၎ငး်၏အထဋွအ်ထပ်ိသိ�ေ့ရာကသ်ည်
လ�တစ် ဦး သညမ်ထမီနနံက၌်၎ငး်ေနာကတ်စ်ေလ�ာကလ်ံ�းလကဲျသည်

၎ငး်၏အပ�ပိ�ငး်ေဒသေဟာ်မ�နး်ချိ� �တဲမ့�ေ�ကာင့ေ်ဟာ်မ�နး်အနညး်ငယ်ေအာကပ်ါတိ�သ့ညက်ွြဲပားြခားနားေသာအချကမ်ျားစာွ (တစ်ခ�စီ) တငွပ်ါဝငသ်ည်
မ�လ hyposecre ကိ�ြဖစ်ေပ�ေစေသာဥပမာတစ်ခ���င့ေ်ဖာ်ြပထားပါသည)်
အမျိ�းအစား (၁) မျိ�း�ိ� းဗီဇ (ေမးွရာပါဓာတြ်ပ�ေစေသာအငဇိ်�ငး်တစ်ခ�မ��ိြခငး်)
ေပါငး်စပ်�ိ�ငစ်မ်ွးမ��ိြခငး်ကဲသ့ိ�ေ့ဟာ်မ�နး်ကိ�ေပါငး်စပ်ြခငး်

စာမျက�်�ာ ၁၃

၆၆၆ အခနး် ၁၈

cortisol သည ်adrenal တငွတ်ကိျေသာအငဇိ်�ငး်မ��ိြခငး်ေ�ကာင့ြ်ဖစ်သည်
cortex); (၂) အာဟာရဓါတ ်(synod အတကွလ်ိ�အပ်ေသာအိ�ငအ်ိ�ဒငး်ဓာတခ်ျိ� �တဲြ့ခငး်)
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်၏စာတမ်း) (၃) ဓာတ� (သိ�)့ အဆပ်ိအေတာက်
secticide အ�ကငး်အကျနမ်ျားသည ်adrenal cortex ကိ�ပျကစီ်းေစ�ိ�ငသ်ည။် (၄) မတညမ်�ငမ်ိ
nologic (autoimmune antibodies များသညခ်��ာကိ�ယ၏်ကိ�ယပိ်�ငက်ိ�ဖျကဆ်းီ�ိ�ငသ်ည်
သိ�ငး်ရိွ�ကတ်စ်သ��း); (၅) အြခားေရာဂါြဖစ်စ�များ (ကငဆ်ာသိ�မ့ဟ�တတ်ဘီ)ီ
losis သည ်endocrine ဂလငး်များကိ�မေတာ်တဆထခိိ�ကေ်စ�ိ�ငသ်ည။် ) (၆) iatro-
genic ( ကငဆ်ာေရာဂါကိ� ခွစိဲတဖ်ယ�်�ားြခငး်ကဲသ့ိ�ဆ့ရာဝနက်ေသးွေဆာငသ်ည။်
ous သိ�ငး်ရိွ�ကဂ်လငး်); ��င့ ်(၇) idiopathic (အေ�ကာငး်အရငး်ကိ�ဆိ�လိ�သည်
မသပိါ) ။

ေဟာ်မ�နး် hyposecre ကိ�က�သရနအ်သံ�းအများဆံ�းနညး်လမ်း
၎ငး်သည ်(သိ�မ့ဟ�တ)် ဆငတ်�ေသာေဟာ်မ�နး်ကိ�စီမံရနြ်ဖစ်သည်
အြခားမျိ�းစိတမ်ျားမ�ကဲသ့ိ�)့ ချိ� �တဲြ့ခငး်သိ�မ့ဟ�တေ်ပျာကဆ်ံ�းြခငး်
ဤကဲသ့ိ�အ့စားထိ�းက�ထံ�းသည�ိ်�း��ငး်ပံ�ရသည၊် သိ�ေ့သာ်
mone ၏အရငး်အြမစ်��င့စီ်မံခန ့ခ်ွမဲ�နညး်လမ်းများသညအ်ချိ� �ေသာအချကမ်ျားတငွပ်ါဝငသ်ည။်
tical ြပဿနာများ။ ေဆးခနး်အတကွ�်က�ိတငြ်ပငဆ်ငမ်�ေဟာ်မ�နး်အရငး်အြမစ်များ
အမ်ိေမးွတရိစ�ာနမ်ျားမ� (၁) endocrine တစ်���းများထည့သ်ငွး်အသံ�းြပ�ပါ။
(၂) ကိ�ယဝ်နေ်ဆာငအ်မျိ�းသမီးများ၏ placental tissue ��င့ဆ်းီ၊ (၃) labora
ေဟာ်မ�နး်ေပါငး်စပ်မ���င့ ်(၄)“ ေဟာ်မ�နး်စက�ံ်�များ” (သိ�)့
လ�သားများထ�တလ်�ပ်ရနထ်�တလ်�ပ်ေသာမျိ�း�ိ� းဗီဇများပါ ၀ ငေ်သာဘကတ်းီရီးယားများ
ေဟာ်မ�နး်များကိ�မိတဆ်ကေ်ပးခဲသ့ည။် a အတကွေ်ရွးချယမ်�နညး်လမ်း
ေပးထားေသာေဟာ်မ�နး်ကိ�၎ငး်၏တညေ်ဆာကပံ်���ပ်ေထးွမ�ြဖင့အ်များစ�ကဆံ�းြဖတသ်ည။်
မျိ�းစိတ�်�င့မ်ျိ�းစိတမ်ျား၏သးီြခားအဆင့်

HYPERSECRETION သည ်hypo secretion ကဲသ့ိ�အ့ဆင့ ်ြမင့ ်hyper secretion ကဲသ့ိ� ့ ၊
ticular endocrine ဂလငး်ကိ�မ�လတနး်သိ�မ့ဟ�တအ်လယတ်နး်အြဖစ်သတမ်�တသ်ည်
ထိ�ဂလငး်တငွခ်ျိ� �ယငွး်ချက�်�ိမ��ိသိ�မ့ဟ�တရ်လဒမ်ျားေပ�မ�တညသ်ည်
အသးီသးီမ�ြပငပ်မ�အလနွအ်က�ံလ�ံ�ေဆာ်မ�ေ�ကာင့ြ်ဖစ်သည။် Hy-
ည��းပနး်��ပ်ိစကမ်�သညအ်ရာ ၀ တ� �ကိ�လျစ်လျ���ေသာအကျိတမ်ျားေ�ကာင့ြ်ဖစ်�ိ�ငသ်ည။်
စညး်ကမ်းထနိး်ည�မိ�အားနညး်ြခငး်��င့ပိ်�လ�ံေသာေဟာ်မ�နး်များကိ�အဆကမ်ြပတထ်�တေ်ပးသည်
(၂) အလနွအ်က�ံလ�ံ�ေဆာ်ြခငး်ကဲသ့ိ�ေ့သာခ�ခအံားကျဆငး်ေစေသာအချကမ်ျား
သိ�ငး်ရိွ�ကဂ်လငး်သညပံ်�မ�နမ်ဟ�တေ်သာ antibody တစ်ခ�ြဖင့ ်ac ကိ�တ�ပသည။်
TSH, သိ�ငး်ရိွ�ကအ်ပ�ပိ�ငး်ေဒသေဟာ်မ�နး်။ အဆင့တ်စ်ခ�လနွက်ြဲခငး်
အထ�းသြဖင့ေ်ဟာ်မ�နး်သညမ်�းယစ်ေဆးဝါးအလွသဲံ�းမ�မ�ြဖစ်ေပ�လာ�ိ�ငသ်ည်
အချိ� �ေသာစတးီရိွ�ကမ်ျားကိ�အသံ�းြပ�ေသာအားကစားသမားများ�ကားတငွတ်ရားမ ၀ ငအ်ေလအ့ကျင့အ်ြဖစ်
ပ�ိ�တငး်ေပါငး်စပ်မ�ကိ�ြမ�င့တ်ငြ်ခငး်ြဖင့�်ကကသ်ားထ�ကိ�တိ�းေစေသာ roids များ
�ကကသ်ားဆလဲမ်ျားတငွ ်(စာမျက�်�ာ ၂၈၂ ကိ��ကည့ပ်ါ) ။

ေဟာ်မ�နး်ဓာတမ်တည့မ်�ကိ�က�သရနန်ညး်လမ်းများစာွ��ိသည။်
အကျိတသ်ညတ်ရားခြံဖစ်လ�င၎်ငး်ကိ�ခွစိဲတဖ်ယ�်�ားပစ်�ိ�ငသ်ည။်
ဓာတေ်ရာငြ်ခညြ်ဖင့က်�သြခငး် အချိ��ကစိ�များတငွ ်hyperse
cretion ကိ�ေဟာ်မ�နး်ေပါငး်စပ်မ� (သိ�)့ ဟန ့တ်ားေသာေဆးများြဖင့က်န ့သ်တ�်ိ�ငသ်ည်
ေဟာ်မ�နး်ထ�တလ်�တမ်�ကိ�ဟန ့တ်ားသည။် တစ်ခါတစ်ရံမ�ာအေြခအေနေတ�ွ�ိ�ိ�ငပ်ါတယ်
ေဟာ်မ�နး်၏လ�ပ်ေဆာငမ်�ကိ�ဟန ့တ်ားေသာေဆးများေပးြခငး်ြဖင့က်�သသည်
ပိ�လ�ံေသာေဟာ်မ�နး်ထ�တလ်�ပ်မ�ကိ�အမ�နတ်ကယမ်ေလ�ာခ့ျဘဲ

ABNORMAL TARGET-CELL တံ� ့ြပန်မ� Endocrine dys-
ပစ်မ�တဆ်လဲမ်ျားကမတံ� ့ြပနေ်သာေ�ကာင့ ်function များလညး်ေပ�ေပါကလ်ာ�ိ�ငသ်ည်
ထေိရာကေ်သာပလာစမာြဖစ်ေသာ်လညး်ေဟာ်မ�နး်ကိ�လံ�ေလာကစ်ာွေပး�ိ�ငသ်ည်
ေဟာ်မ�နး်တစ်ခ�၏အာ�ံ�စ�းစိ�ကမ်�သညပံ်�မ�နြ်ဖစ်သည။် ဒါကတံ� ့ြပနမ်�မ��ိြခငး်
ဥပမာအားြဖင့ေ်မးွရာပါ receptors မ��ိြခငး်ေ�ကာင့ြ်ဖစ်�ိ�ငသ်ည်
testicular feminization syndrome မ�ာေဟာ်မ�နး်ပါ ။ ဤ၌
အေြခအေန၊ testosterone အတကွလ်ကခ်�ံိ�ငေ်သာအမျိ�းသား၊ အမျိ�းသားေဟာ်မ�နး်
အမျိ�းသားေဝ�းေစမ့�ထ�တလ်�ပ်ေသာအရာေ�ကာင့မ်ထ�တလ်�ပ်ပါ
မျိ�း�ိ� းဗီဇဆိ�ငရ်ာချိ� �ယငွး်ချက ်လံ�ေလာကေ်သာ Testosterone ကိ�ရေသာ်လညး်
ြဖစ်�ိ�ငသ်ည၊် အထးီကျနြ်ခငး်သည ်testoster- မ��ိသကဲသ့ိ� ့၊
တစ်ေယာက�်�ိေနခဲသ့ည။် ပံ�မ�နမ်ဟ�တေ်သာတံ� ့ြပနမ်�များလညး်ြဖစ်ေပ� �ိ�ငသ်ည်
ေဟာ်မ�နး်တစ်ခ�အတကွ ်ဦး တညေ်သာဆလဲမ်ျားသညအ်ငဇိ်�ငး်မ��ိ၊
တံ� ့ြပနမ်�ကိ�အေကာငအ်ထညေ်ဖာ်ရန�်က�ိးစားသည။်

ပစမ်�တဆ်လဲတ်စခ်�၏တံ� ့ြပန်မ�
အေရအတကွထ်န်ိးည�ြိခငး်ြဖင့က်ွြဲပား�ိ�ငသ်ည်
ေဟာ်မ�န်းအတကွသ်းီြခား receptors များ
မရညရွ်ယဘ် ဲြဖစ်ေစေသာ endocrine ကေမာကက်မြဖစ်ြခငး်��င့ဆ်န ့က်ျငဘ်ကြ်ဖစ်သည်
receptor မ�မမ�နြ်ခငး်၊ အထ�းသြဖင့ ်target-cell receptors များ
ဇီဝကမ�ြဖစ်စ�ေ�ကာင့ ်ေဟာ်မ�နး်ကိ� တမငတ်ကာေြပာငး် �ိ�ငသ်ည်
ထနိး်ချ�ပ်မ�ယ��ရားများ။ ေဟာ်မ�နး်ကိ� ဦး တညေ်သာဆလဲတ်စ်ခ�၏တံ� ့ြပနမ်�သည်
ဆလဲမ်ျားလကခ်ေံသာဆလဲမ်ျားလကခ်ေံသာအေရအတကွ�်�င့ဆ်က�်ယွေ်နသည်
တစ်ဖနထ်ိ�ေဟာ်မ�နး်၏ေမာ်လကီျ�းများေပ�တငွသ်ာမ�တညသ်ည်
ေဟာ်မ�နး်၏ပလာစမာအာ�ံ�စ�းစိ�ကမ်�သာမကဂဏနး်ေပ�တငွ်
အဒဲေီဟာ်မ�နး်အတကွပ်စ်မ�တဆ်လဲထ်မဲ�ာ receptors ေတမွျားေနတယ။် ထိ�ေ့�ကာင့်
ေပးထားေသာပလာစမာအာ�ံ�စ�းစိ�ကမ်�ကိ� ဦး တညေ်သာဆလဲတ်စ်ခ�၏တံ� ့ြပနမ်�ြဖစ်�ိ�ငသ်ည်
လကခ်သံ�အေရအတကွမ်တ�ညသီြဖင့အ်ေပ�သိ�မ့ဟ�တေ်အာကက်ိ�ချိနည်�သိည်
ေဟာ်မ�နး်ချိတဆ်ကမ်�အတကွရ်�ိ�ငသ်ည။်

��မ့်ိချ သတမ်�တြ်ခငး်သညဤ်ချိနည်�မိ�ပံ�ဥပမာတစ်ခ�အေန��င့ြ်ဖစ်သည်
အငဆ်�လင၏်ပလာစမာအာ�ံ�စ�းစိ�ကမ်�သညန်ာတာ��ညြ်မင့တ်ကလ်ာသည်
အငဆ်�လငအ်တကွပ်စ်မ�တဆ်လဲလ်ကခ်ေံသာစ�စ�ေပါငး်အေရအတကွသ်ညတ်ြဖညး်ြဖညး်ြပနလ်ည်
အကျိ�းသကေ်ရာကမ်�၏တိ�က�ိ်�ကရ်လဒအ်ြဖစ်ေရ��ညတ်ညတ်ံခ့ိ�င�်မဲေသာအြမင့်
ဆ�လငသ်ညအ်ငဆ်�လင ်receptors များေပ�တငွ�်�ိသည။် ဤြဖစ်စ�ကိ�လ�သမိျားသည်
စညး်မျ�းစညး်ကမ်းများေလ�ာက့ျ ြခငး်သညေ်ဒသအလိ�ကအ်ေရး�ကးီေသာအခနး်ကဏ� စ်ခ�အြဖစ်ပါဝငသ်ည်
ပစ်မ�တဆ်လဲမ်ျားကိ�တားဆးီေသာအ��တလ်က�ဏာတံ� ့ြပနခ်ျကယ်��ရား
အလနွအ်က�ံတံ� ့ြပနြ်ခငး်မ�အငဆ်�လင�်ကာ��ညအ်ာ�ံ�စ�းစိ�ကမ်�ြမင့မ်ားြခငး်၊
ဆိ�လိ�သညမ်�ာပစ်မ�တဆ်လဲမ်ျားသည ်အငဆ်�လငက်ိ� အာ�ံ�မစိ�က ်ေတာဘ့တဲံ�းတတိြိဖစ်ေစရနက်�ညေီပးသည်
အငဆ်�လင ်hypersecretion ၏အကျိ�းသကေ်ရာကမ်�

ေအာကပ်ါတိ� ့ြဖင့အ်ငဆ်�လငက်ိ�ထနိး်ည�ြိခငး်ြဖင့�်ပီးေြမာကသ်ည။်
ing ယ��ရား။ အငဆ်�လငက်ိ�၎ငး်၏မျက�်�ာြပင ်receptors များ��င့စ်ညး်ေ��ာငထ်ားသည်
ဦး စားေပးဆယလ်�လာတံ� ့ြပနမ်�ကိ�အစပျိ�း�ပီးေနာက၊်
receptor-mediated endocytosis ေဟာ်မ�နး် receptor com- ၏
plex ကိ�ေနာကပိ်�ငး်တငွ ်intracellular lysosomal ြဖင့တ်ိ�ကခ်ိ�ကသ်ည်
အငဇိ်�ငး်များ (စာမျက�်�ာ ၂၈ ကိ��ကည့ပ်ါ) ။ ဤြပညတ်ငွး်�ငမ်ိးချမ်းေရးသညသ်န ့�်�ငး်မ���စ်ရပ်ကိ�လ�ပ်ေဆာငသ်ည။်
pose: ၎ငး်သည၎်ငး်ေနာကပိ်�ငး်ေဟာ်မ�နး်ကိ�ကျဆငး်ေစေသာလမ်းေ�ကာငး်တစ်ခ�ကိ�ေထာကပံ်ေ့ပးသည်
၎ငး်၏အကျိ�းသကေ်ရာကမ်�ကိ�လကခ်�ံပီး receptors အေရအတကွထ်နိး်ည�ေိပးသည်
ပစ်မ�တဆ်လဲ၏်မျက�်�ာြပငေ်ပ�၌စညး်ေ��ာင�်ိ�ငသ်ည။် ပလာစမာြမင့မ်�ာ
အငဆ်�လငပ်ါဝငမ်�၊ မျက�်�ာြပငအ်တကွလ်ကခ်�ံိ�ငေ်သာမျက�်�ာြပငအ်ေရအတကွ်
receptor ကိ�အ��ိနြ်မ�င့ေ်သာ��နး်ြဖင့ ်sulin ကိ�တြဖညး်ြဖညး်ေလ�ာခ့ျသည်
ြပညတ်ငွး်�ငမ်ိးချမ်းေရး��င့ဆ်�တယ်�တပ်ျကစီ်းမ�သညြ်မင့တ်ကလ်ာသည်
ေဟာ်မ�နး်ချိတဆ်ကမ်� အတငွး်မ� receptors အသစ်များ၏ေပါငး်စပ်��နး်
endoplasmic reticulum ��င့ပ်လာစမာတငွထ်ည့သ်ငွး်ြခငး်
အေြမ�းပါးသညသ်�တိ�၏့ဖျကဆ်းီ��နး်ကိ�အ��ိနမ်မီပါ။ ေကျာ်လနွ်
အချိနသ်ညအ်ငဆ်�လငအ်တကွ ်ဦး တညေ်သာဆလဲမ်ျားလကခ်မံ�ကိ�အလိ�အေလျာကဆ်ံ�း�� ံးေစသည်
ြမင့မ်ားေသာေဟာ်မ�နး်ကိ� ဦး တညေ်သာဆလဲ၏်အာ�ံ�ခစံား�ိ�ငစ်မ်ွးကိ�ေလျာန့ညး်ေစသည်
အာ�ံ�စ�းစိ�ကမ်�။

PERMISSIVENESS, SYNERGISM, ��င့ ်ANTAGONISM A ကိ�ေပးသည်
ေဟာ်မ�နး်၏သကေ်ရာကမ်�များသညအ်ာ�ံ�စ�းစိ�ကမ်�အားြဖင့သ်ာလ�မ်းမိ�းသည်
ေဟာ်မ�နး်ကိ�ယတ်ိ�ငသ်ာမကအြခားအရာများ၏စ�စညး်မ�ေ�ကာင့ြ်ဖစ်သည်
၎ငး်��င့ထ်ေိတွ�ေသာေဟာ်မ�နး်များ အဘယေ်�ကာင့ဆ်ိ�ေသာ်ေဟာ်မ�နး်များသညတ်ငွတ်ငွက်ျယက်ျယြ်ဖစ်ေနေသာေ�ကာင့ြ်ဖ
ေသးွမ�တဆင့ြ်ဖန ့ေ်ဝေသာပစ်မ�တဆ်လဲမ်ျားသညထ်ေိတွ� �ိ�ငသ်ည။်
များစာွေသာကွြဲပားြခားနားေသာေဟာ်မ�နး်များ��င့အ်တ�များြပားစာွြဖစ်ေပ�ေစကာ nu- ကိ�ြဖစ်ေပ�ေစသည။်
ဦး တညေ်သာဆလဲမ်ျားေပ�၌��ပ်ေထးွေသာေဟာ်မ�နး်ဓာတတ်ံ� ့ြပနမ်�များ ေဟာ-
Mones သညအ်ြခားေဟာ်မ�နး်အမျိ�းအစားများအတကွ ်receptors များကိ�မ�ကာခဏေြပာငး်လသဲည်
သ�တိ�ရဲ့ပံ့�မ�နဇီ်ဝကမ�လ�ပ်ေဆာငမ်�ရဲတ့စ်စိတတ်စ်ပိ�ငး်အြဖစ် ေဟာ်မ�နး်တစ်ခ�ရ�ိ�ငပ်ါတယ်
ေပးထားေသာ ဦး တညရ်ာဆလဲတ်စ်ခ�တငွအ်ြခားေဟာ်မ�နး်တစ်မျိ�းတညး်၏လ�ပ်ေဆာငမ်�ကိ�က�မ်းကျငေ်စသည်
ခငွ့ြ်ပ�ြခငး်၊ ေပါငး်စပ်ည��ိ�ငိး်ြခငး်��င့ဆ်န ့က်ျငဘ်ကန်ညး်လမ်းသံ�းခ�အနကတ်စ်ခ�ြဖစ်သည။်

အတ� အလိ�လိ�ကျ, တစျခ�ေဟာ်မ�နး် ad- အတကွပ်စ��ပ�နြ်ဖစ်ရပါမည်
အြခားေဟာ်မ�နး်၏အာနသိငက်ိ�အြပည့အ်ဝအားထ�တမ်�အတကွည်မီ�ေသာပမာဏကိ�ေပးသည။်

စာမျက�်�ာ ၁၄

အ��စ်သာရအားြဖင့ ်ဦး တညေ်သာဆလဲတ်စ်ခ�၏တံ� ့ြပနမ်�ကိ�ြမ�င့တ်ငေ်ပးြခငး်ြဖင့ပ်ထမေဟာ်မ�နး်
အြခားေဟာ်မ�နး်တစ်ခ�အား siveness၊ ဤအြခားဟိ�မ�နး်ကိ�ခငွ့ြ်ပ�သည်
၎ငး်၏အြပည့အ်ဝအကျိ�းသကေ်ရာကမ်�ကိ�သံ�းပါ။ ဥပမာအားြဖင့သ်ိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ြမင့တ်ကေ်စသည်
epinephrine ၏ပစ်မ�တဆ်လဲမ်ျားတငွ ်epinephrine အတကွ ်receptors အေရအတကွ၊်
epinephrine ၏ထေိရာကမ်�ကိ�တိ�းေစသည။် မ��ိြခငး်၌
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ြဖစ်ေသာ epinephrine သညအ်နညး်ငယထ်ေိရာကမ်�သာ��ိသည။်

Synergism သညေ်ဟာ်မ�နး်များစာွ၏လ�ပ်ေဆာငမ်�များကိ�ြဖစ်ေပ�ေစသည်
၎ငး်တိ�သ့ညြ်ဖည့စ်ကွ�်ပီး၎ငး်တိ�ေ့ပါငး်စပ်ထားေသာအကျိ�းသကေ်ရာကမ်�သညထ်ကပိ်��ကးီသည်
သ�တိ�ရဲ့သ့းီြခားသကေ်ရာကမ်�ေတရဲွေ့ပါငး်လဒ ်ဥပမာတစ်ခ�သညေ်ပါငး်စပ်ည��ိ�ငိး်ြခငး်ြဖစ်သည်

ဒ�တယိေဟာ်မ�နး် ဥပမာအေနနဲေ့ြပာရရငပ်�ိ�ဂျကစ်တ�ီ�နး် (ေဟာ်မ�နး်)
ကိ�ယဝ်နေ်ဆာငခ်ျိနမ်�ာြဖစ်တတတ်ဲအ့ကျိတေ်တကွိ�ေလျာက့ျေစတယ်
သားအမ်ိ) သားအမ်ိ၏တံ� ့ြပနမ်�ကိ�အစီထ�ိ�ဂျင ်(အြခား) သိ�တ့ားဆးီေပးသည်
ကိ�ယဝ်နေ်ဆာငခ်ျိနမ်�ာသားအမ်ိထ�တမ်�ကိ�ြမင့တ်ကေ်စတဲေ့ဟာ်မ�နး်
က�းသနး်ေရာငး်ဝယေ်ရး) ။ သားအမ်ိတငွ ်estrogen receptors များဆံ�း�� ံးြခငး်ေ�ကာင့ြ်ဖစ်သည်
ေချာေမွ�ေသာ�ကကသ်ား၊ progesterone သည ်estrogen ကိ�ဟန ့တ်ားေပးသည်
ကိ�ယဝ်နေ်ဆာငခ်ျိနတ်ငွ၎်ငး်၏စိတလ်�ပ်��ားေစေသာအာနသိငမ်ျားကိ�ထနိး်သမ်ိးေပးသည်
သားအမ်ိသညသ်င့ေ်တာ်ေသာဆတိ�်ငမ်ိေသာ (စာချ�ပ်မချ�ပ်ဆိ��ိ�ငေ်သာ) ပတဝ်နး်ကျငြ်ဖစ်သည်
သေ��သားဖံွ� �ဖိ�းဆ။ဲ
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Translating...

Endocrinology ၏အေြခခမံ�များ၊ ဗဟိ� Endocrine ဂလငး် ၆၆၇

follicle-stimulating hormone ��င့ ်testosterone ��စ်ခ�လံ�း၏လ�ပ်ေဆာငခ်ျက်၎ငး်တိ�သ့ညပံ်�မ�န�်�နး်ထားထနိး်သမ်ိးရနလ်ိ�အပ်သည်
သ�ကပိ်�းထ�တလ်�ပ်မ�။ ေပါငး်စပ်မ�သညေ်ဟာ်မ�နး်တစ်ခ�စီမ�ရလဒမ်ျားြဖစ်သည်
အြခားအတကွလ်ကခ်သံ�အေရအတကွ ်(သိ�)့ လကခ်�ံိ�ငစ်မ်ွးအေပ� �သဇာသကေ်ရာကမ်���ိသည်
ေဟာ်မ�နး်။

ေဟာ်မ�နး်တစ်မျိ�းကိ�ဆံ�း�� ံးေစေသာအခါ ဆန ့်ကျငဘ်က ်ြဖစ်ေပ�သည်
အြခားေဟာ်မ�နး်၏ receptors များ၏ထေိရာကမ်�ကိ�ေလျာက့ျေစသည်

၎ငး်သညေ်ယဘ�ယျအားြဖင့လ်�ပ်ေဆာငခ်ျကမ်ျားကိ�အကျ�းချ�ပ်ြခ�ံငံ�သံ�းသပ်ထားသည်endocrine စနစ်။ ▲ ဇယား ၁၈-၂ သညအ်ေရး�ကးီဆံ�းအ��စ်ချ�ပ်
အဓိကေဟာ်မ�နး်များ၏အဓိကလ�ပ်ေဆာငခ်ျကမ်ျား ကျယဝ်နး်သေလာက်
ဇယားေပ�လာသည�်�င့အ်မ�၎ငး်သည“် ကိ�ယစ်ားလ�ယေ်လာငး်” သိ�မ့ဟ�တ်
ေဟာ်မ�နး်များအြဖစ်အြပည့အ်ဝမရ�ိ�ငေ်သာအလားအလာ��ိေသာေဟာ်မ�နး်များ
၎ငး်တိ�သ့ည ်a ၏ဂ�� ၀ ငအ်ဓိပ�ါယ�်�င့မ်ကိ�ကည်�ီကေသာေ�ကာင့ြ်ဖစ်သည်
ေဟာ်မ�နး် (သိ�)့ ၎ငး်တိ�က့ိ�မ�ကာေသးမီက��ာေဖွေတွ� ��ိခဲေ့သာေ�ကာင့ြ်ဖစ်သည်

အဓိကေဟာ်မ�န်းများအကျ�းချ�ပ်

Endocrine ဂလငး် ေဟာ်မ�န်းများ ပစမ်�တဆ်လဲမ်ျား ေဟာ်မ�န်း၏အဓိကလ�ပ်ေဆာငခ်ျကမ်ျား

Hypothalamus လ�တေ်ပးြခငး်��င့ဟ်န ့တ်ားြခငး်
mones (TRH, CRH, GnRH,

GHRH, somatostatin, PRH၊
dopamine)

ေ�� � ပိ�ငး် pituitary ေ�� � ပိ�ငး် pituit ထ�တလ်�တမ်�ကိ�ထနိး်ချ�ပ်ေပးသည။်
itary ေဟာ်မ�နး်

Posterior Pituitary ြဖစသ်ည်
(သိ�ေလ�ာငထ်ားေသာေဟာ်မ�န်းများ)

Vasopressin (antidiuretic) ေဆးြဖစ်သည်
ေဟာ်မ�နး်၊ ADH)

ေကျာကက်ပ်�ပနမ်ျား H 2 O ြပနလ်ညစ်�ပ်ယ�မ�ကိ� တိ�းေစသည်

Arterioles vasoconstriction ကိ�ထ�တေ်ပးသည်

Oxytocin သားအမ်ိ တငး်အားတိ�းေစသည်

Mammary glands (ရငသ်ား) �ိ�ထ့ကွြ်ခငး်ကိ�ြဖစ်ေစသည်

ေ�� � ပိ�ငး် Pituitary သိ�ငး်ရိွ�ကက်ိ�လ�ံ�ေဆာ်ေပးေသာ
mone (TSH)

Thyroid follicular ဆလဲမ်ျား T 3 ��င့ ်T 4 secretion ကိ� လ�ံ�ေဆာ် ေပးသည်

Adrenocorticotropic ေဟာ်မ�နး်
mone (ACTH)

Zona fasciculata ��င့ ်zona re-
adrenal cortex ၏ ticularis

cortisol secretion ကိ�လ�ံ�ေဆာ်ေပးသည်

�ကးီထာွးေဟာ်မ�နး် (GH) အ�ိ�း; တစ်���းေပျာ့ မ��ိမြဖစ်လိ�အပ်သည၊် သိ�ေ့သာ်လံ�း ၀ တာဝနမ်��ိပါ
တိ�းတကမ်�အတကွ;် IGF-I အားြဖင့၊်
ပ�ိ�တငး်ဓာတက်ိ�တိ�က�ိ်�ကလ်�ံ�ေဆာ်ေပးသည။်
lism ��င့အ်�ိ�း�ကးီထာွးမ���င့ေ်ပျာေ့ပျာငး်မ�
တစ်���း; တိ�က�ိ်�ကဇီ်ဝြဖစ်စ�ဆိ�ငရ်ာအကျိ�းသကေ်ရာကမ်�များ
clude အဆစီ�ေဆာငး်ြခငး်��င့ဂ်လ�းကိ�စ့
ထနိး်သမ်ိးေရး

အသညး် IGF-I secretion ကိ�လ�ံ�ေဆာ်ေပးသည်

Follicle လ�ံ�ေဆာ်ေဟာ်မ�နး်
(FSH)

အမျိ�းသမီး: သားအမ်ိ follicles follicular �ကးီထာွးမ�ကိ�အားေပးသည်
ဖံွ� �ဖိ�းတိ�းတကမ်�; estrogen ကိ�လ�ံ�ေဆာ်ေပးသည်
စနွ ့ထ်�တမ်�

အထးီ: seminiferous tubules အတကွ်
ေဝ�းေစ့

သ�တပိ်�းထ�တလ်�ပ်မ�ကိ�လ�ံ�ေဆာ်ေပးသည်

Luteinizing ေဟာ်မ�နး် (LH) အမျိ�းသမီးများ: သားအမ်ိ follicle ��င့်
corpus luteum

မျိ�းဥထကွြ်ခငး်ကိ�လ�ံ�ေဆာ်ေပးသည၊် corpus lu-
teum ဖံွ� �ဖိ�းမ���င့ ်estrogen

��င့ ်progesterone ထ�တလ်�ပ်မ�

▲ TABLE 18-2

(ဆကရ်န)်

စာမျက�်�ာ ၁၅

အဓိကေဟာ်မ�န်းများအကျ�းချ�ပ် (ဆကရ်န်)

Endocrine ဂလငး် ေဟာ်မ�န်းများ ပစမ်�တဆ်လဲမ်ျား ေဟာ်မ�န်း၏အဓိကလ�ပ်ေဆာငခ်ျကမ်ျား

ေ�� � ပိ�ငး် Pituitary

(ဆကရ်န်)

Luteinizing ေဟာ်မ�နး် (LH)

(ဆကရ်န)်

အမျိ�းသားများ: interstitial ဆလဲမ်ျား
ေဝ�းေစတ့ငွ ်Leydig

testosterone ထ�တလ်�ပ်မ�ကိ�လ�ံ�ေဆာ်ေပးသည်

Prolactin (PRL)၊ အမျိ�းသမီးများ: mammary glands ရငသ်ားဖံွ� �ဖိ�းမ�ကိ�အားေပးသည။်
�ိ�ရ့ညက်ိ�လ�ံ�ေဆာ်ေပးသည်

အထးီ မေသချာ

Pineal ဂလငး် Melatonin ဦး ေ��ာက;် ေ�� � pituitary;

မျိ�းပာွးအဂ� ါ; ကိ�ယခ်အံား
စနစ်; အြခားြဖစ်�ိ�ငသ်ည်

ခ��ာကိ�ယ၏်ဇီဝေဗဒစညး်ချကက်ိ�ထည့သ်ငွး်သည်
ြပငပ်အချကမ်ျား��င့အ်တ�; သာွးြခငး်ကိ�တားြမစ်သည်
nadotropins; ၎ငး်၏ေလ�ာခ့ျ�ိ�ငေ်ြခ
အပျိ�ေဖာ်ဝငစ်၊ ဆန ့က်ျငဖ်ကအ်ြဖစ်လ�ပ်ေဆာငသ်ည်
ဓာတတ်ိ�း; ကိ�ယခ်စံမ်ွးအားကိ�တိ�းတကေ်စသည်

သိ�ငး်ရိွ�ကဂ်လငး် Follicular

ဆလဲမ်ျား

Tetraiodothyronine (T 4 သိ�မ့ဟ�တ်
thyroxine); tri-iodothyronine
(T 3 )

ဆလဲအ်များစ� ဇီဝြဖစ်စ���နး်ကိ�တိ�းေစသည။် မ��ိမြဖစ်
ပံ�မ�န�်ကးီထာွးမ���င့အ်ာ�ံ�ေ�ကာအတကွ်
ဖံွ� �ဖိ�းတိ�းတကမ်�

သိ�ငး်ရိွ�ကဂ်လငး် C ဆလဲမ်ျား Calcitonin အ�ိ�း plasma Ca 2 ကိ� ေလျာက့ျေစသည်
အာ�ံ�စ�းစိ�ကမ်�

Adrenal Cortex ြဖစသ်ည်
Zona glomerulosa Aldosterone

(mineralocorticoid) ေဆး၊
ေကျာကက်ပ်�ပနမ်ျား Na reabsorption ကိ�ြမ�င့တ်ငေ်ပးသည်

ကျပ်ထ�တြ်ခငး်

Zona fasciculata ��င့်
ဇ�န် reticularis

Cortisol (glucocorticoid)၊ ဆလဲအ်များစ� ေသးွအတငွး်ဂလ�းကိ�စ့်ကိ�တိ�းေစသည။်
ပ�ိ�တငး်��င့အ်ဆစီတိ�းဆိ�ငမ်ျား၊
စိတဖိ်စီးမ�ကိ�လိ�ကေ်လျာညေီထြွဖစ်ေစသည်

အနဒ်�ိ�ဂျင ်(dehydroepi-
အနဒ်�ိ�စထ�ိ�)

အမျိ�းသမီးများ: အ�ိ�း��င့ ်ဦး ေ��ာက် သားေပါက�်ကးီထာွးမ�အတကွတ်ာဝန�်�ိသည်
အမျိ�းသမီးများအတကွ ်spurt ��င့လ်ငိ ်drive ကိ�

Adrenal Medulla
ြ

▲ TABLE 18-2
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၆၆၈ အခနး် ၁၈

Epinephrine ��င့ ်norepi-nephrine ကိ�ယခ်ျငး်စာတရားလကခ်�ံိ�ငေ်သာေနရာများခ��ာကိ�ယတ်စ်ခ�လံ�း ကိ�ယခ်ျငး်စာစိတက်ိ�အားြဖည့ေ်ပးသည်စနစ်; စိတဖိ်စီးမ�ကိ�အဆငေ်ြပေစသည။်
ပမာဏ��င့ေ်သးွဖိအား
စညး်မျ�း

Endocrine ပန်ကရိယ
(Langerhans က�န်းစ�)

အငဆ်�လင ်(ဆလဲ)် ဆလဲအ်များစ� ဆယလ်�လာစ�ပ်ယ�မ�၊ အသံ�းြပ�မ���င့အ်ားေပးသည်
စ�ပ်ယ�ထားေသာအာဟာရဓာတမ်ျားသိ�ေလ�ာငြ်ခငး်

Glucagon (ဆလဲ)် ဆလဲအ်များစ� အာဟာရဓာတထ်နိး်သမ်ိးရနအ်ေရး�ကးီ
မီးဖွား�ပီးချိန၌်ေသးွအတငွး်ပမာဏ
sorptive ြပညန်ယ်

Somatostatin (D ဆလဲ)် အစာေြခစနစ် အစာေြခဖျကြ်ခငး်��င့စ်�ပ်ယ�မ�ကိ�ဟန ့တ်ားသည်
အာဟာရဓာတမ်ျား

ပနက်ရိယက�နး်ငယဆ်လဲမ်ျား ပနက်ရိယအားလံ�း၏လ�ိ�� ဝ�ကခ်ျကက်ိ�တားြမစ်သည်
ေဟာ်မ�နး်

Parathyroid ဂလငး် Parathyroid ေဟာ်မ�နး် (PTH) အ�ိ�း၊ ေကျာကက်ပ်၊ အ� ပလာစမာ Ca 2 အာ�ံ�စ�းစိ�ကမ်�ကိ� တိ�းေစသည။်
စိတက်�း; plasma PO 4 ကိ� ေလျာက့ျေစသည်3 con-

ဗဟိ�ြပ�; ဗီတာမင ်D ကိ�လ�ံ�ေဆာ်ေပးသည်
activation

Gonads

အမျိ�းသမီး: သားအမ်ိ အစီထ�ိ�ဂျင ်(estradiol) အမျိ�းသမီးလငိအ်ဂ� ါ; ခ��ာကိ�ယအ်ြဖစ်
တစ်ခ�လံ�း

follicular ဖံွ� �ဖိ�းမ�ကိ�အားေပးသည။်
ဒ�တယိတိ�းတကမ်�ကိ�ထနိး်ချ�ပ်သည။်
လငိပိ်�ငး်ဆိ�ငရ်ာလက�ဏာများ��င့်
သားအမ်ိ��င့ရ်ငသ်ားကိ�လ�ံ�ေဆာ်ေပးသည်
တိ�းတကမ်�

စာမျက�်�ာ ၁၆

Endocrine ဂလငး် ေဟာ်မ�န်းများ ပစမ်�တဆ်လဲမ်ျား ေဟာ်မ�န်း၏အဓိကလ�ပ်ေဆာငခ်ျကမ်ျား

အမျိ�းသမီး: သားအမ်ိ
(ဆကရ်န်)

အစီထ�ိ�ဂျင ်(estradiol)

(ဆကရ်န)်

အ�ိ�း epiphy- ပိတြ်ခငး်ကိ�အားေပးသည။်
တဆံပ်ိြပား

Progesterone သားအမ်ိ ကိ�ယဝ်နအ်တကွြ်ပငဆ်ငသ်ည်

အမျိ�းသား: ေဝ�းေစ့ Testosterone ပါ အမျိ�းသားလငိအ်ဂ� ါ; ခ��ာကိ�ယအ်ြဖစ်
တစ်ခ�လံ�း

သ�တပိ်�းထ�တလ်�ပ်မ�ကိ�လ�ံ�ေဆာ်ေပးသည။်
ဒ�တယိတိ�းတကမ်�ကိ�ထနိး်ချ�ပ်သည။်
လငိပိ်�ငး်ဆိ�ငရ်ာလက�ဏာများ��င့ ်လိ�လားသ�
motes လငိ ်drive ကိ�

အ�ိ�း pubertal �ကးီထာွးမ���နး်ကိ�ြမ�င့တ်ငေ်ပးသည။်
epiphy ပိတြ်ခငး်ကိ�အားေပးသည။်
တဆံပ်ိြပား

ေဝ�းေစ�့�င့သ်ားအမ်ိ Inhibin ေ�� � ပိ�ငး် pituitary ေမးွညငး်ေပါကမ်ျားထကွြ်ခငး်ကိ�ဟန ့တ်ားေပးသည။်
လ�ံ�ေဆာ်ေဟာ်မ�နး်

အချငး် အစီထ�ိ�ဂျင ်(estriol);
progesterone

အမျိ�းသမီးလငိအ်ဂ� ါ ကိ�ယဝ်နက်ိ�ထနိး်သမ်ိးရနက်�ည;ီ ြပငဆ်ငပ်ါ
�ိ�တ့ိ�ကရ်နရ်ငသ်ား

လ� ့ chorionic gonado-
tropin (hCG)

သားအမ်ိ corpus luteum corpus luteum ကိ�ထနိး်သမ်ိးေပးသည်
ကိ�ယဝ်န်

ေကျာကက်ပ် Renin (အသကသ်ငွး်ြခငး်ြဖင့်
angiotensin)

adrenal ၏ Zona glomerulosa
cortex (angioten) မ�လ�ပ်ေဆာငသ်ည။်
အြပစ်ကအသကသ်ငွး်ထားတဲအ့ရာပါ
renin)

aldosterone secretion ကိ�လ�ံ�ေဆာ်ေပးသည။်
angiotensin II သညအ်စမ်ွးထကေ်သာအစမ်ွးသတ� လိညး်��ိသည။်
soconstrictor သညေ်ရငတြ်ခငး်ကိ�လ�ံ�ေဆာ်ေပးသည်

Erythropoietin �ိ� းတငွး်ြခငဆ်ီ erythrocyte ထ�တလ်�ပ်မ�ကိ�လ�ံ�ေဆာ်ေပးသည်

အစာအမ်ိ Ghrelin

Gastrin

Hypothalamus

အစာေြခလမ်းေ�ကာငး် exocrine

ဂလငး်များ��င့ေ်ချာေမွ� �ကကသ်ား;
ပနက်ရိယ; အသညး်; သညး်ေြခအတိ်

အချကြ်ပငတမ်တွ;် အစာစားချငစိ်တက်ိ�လ�ံ�ေဆာ်ေပးသည်

လ�ပ်��ားမ���င့လ်�ပ်��ားမ�အားကိ�ထနိး်ချ�ပ်ပါ
အစာေချဖျကမ်���င့စ်�ပ်ယ�မ�ကိ�လယွက်�ေစသည်
လ�ပ်ငနး်စ�များ

အ�သမ်ိ လ�ိ�� ဝ�ကခ်ျက;် cholecystokinin
(CCK)

ဂလ�းကိ�စ့်ကိ�မ�ီခိ�ေသာအငဆ်�လင်
အပ�ပိ�ငး် peptide (GIP)

Endocrine ပနက်ရိယ အငဆ်�လငထ်�တလ်�ပ်မ�ကိ�လ�ံ�ေဆာ်ေပးသည်

PYY ၃-၃၆ Hypothalamus အချကြ်ပ satiety; အစာစားချငစိ်တက်ိ���မ်ိနငး်ေပးသည်

အသညး် အငဆ်�လငက်ဲသ့ိ� ့�ကးီထာွးမ�အချက ်I

(IGF- ငါ)
အ�ိ�း; တစ်���းေပျာ့ �ကးီထာွးမ�ကိ�အားေပးသည်

Thrombopoietin �ိ� းတငွး်ြခငဆ်ီ platelet ထ�တလ်�ပ်မ�ကိ�လ�ံ�ေဆာ်ေပးသည်

Hepcidin အ� သဓံာတစ်�ပ်ယ�မ�ကိ�ဟန ့တ်ားသည်
ေသးွ

အေရြပား ဗီတာမင ်D အ� စ�ပ်ယ�မ�ကိ�ြမ�င့တ်ငေ်ပးသည်
Ca 2 ��င့ ်PO 4 ၃

Thymus Thymosin T lymphocytes T lymphocyte prolifera- ကိ�တိ�းတကေ်စသည။်
လ�ပ်ေဆာငခ်ျက�်�င့လ်�ပ်ေဆာငခ်ျက်

��လံ�းသား Atrial ��င့ ်ဦး ေ��ာက ်natriuretic
peptides (ANP; BNP)

ေကျာကက်ပ်�ပနမ်ျား Na reabsorption ကိ�ဟန ့တ်ားသည်

Adipose တစသ်��း Leptin Hypothalamus အစာစားချငစိ်တက်ိ�ဖိ��ပ်ိ; တငွအ်ေရး�ကးီသည်

⎧
⎢
⎢
⎢
⎢
⎨
⎢
⎢
⎩
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Endocrinology ၏အေြခခမံ�များ၊ ဗဟိ� Endocrine ဂလငး် ၆၆၉

ခ��ာကိ�ယအ်ေလးချိနက်ိ�ေရ��ညထ်နိး်ပါ

အြခား adipokines ဆိ�ဒမ်ျိ�းစံ� ဇီဝြဖစ်ပျကမ်���င့အ်ခနး်ကဏ� ငပ်ါ ၀ ငသ်ည်
ေရာငရ်မ်းြခငး်

စာမျက�်�ာ ၁၇

၆၇၀ အခနး် ၁၈

သ�တိ�ရဲ့ေ့ဟာ်မ�နး်အေြခအေနကမေသးပါဘ�း
အ�ပီးသတမ်�တတ်မ်းတင ်စားပွဲ
၎ငး်မ�ထ�တလ်�တေ်သာ cytokines များကိ�လညး်ဖယထ်�တသ်ည်
ခ�ခအံားစနစ်၏အကျိ�းသကေ်ရာကမ်�ဆလဲမ်ျား
(ေသးွြဖ�ဥများ��င့ ်macrophages)
p ကိ��ကည့ပ်ါ။ ၄၂၄) ��င့တ်ိ�းတကမ်�မျိ�းစံ�
သးီြခားတိ�းတကမ်���နး်ကိ�ြမ�င့တ်ငေ်သာ tors များ
တစ်သ��းများြဖစ်ေသာ epidermal growth factor ကဲသ့ိ� ့ ြဖစ်သည်
��င့ ်တငွ ်nerve growth factor ။ ထိ�မ�သာမက၊
ေဟာ်မ�နး်အသစ်များသညေ်တွ� ��ိရနအ်လားအလာ��ိသည။်
ered ��င့ေ်နာကထ်ပ်လ�ပ်ေဆာငခ်ျကမ်ျားလညး်��ိ�ိ�ငသ်ည်
လ�သမိျားေသာေဟာ်မ�နး်များေ�ကာင့ြ်ဖစ်သည။် ဥပမာအေနနဲ ့
သိ�ေလ�ာငထ်နိး်သမ်ိးရာတငွ ်vasopressin ၏အခနး်ကဏ� ညလ်ံ�ေလာကသ်ည်
ဆးီဖဲွ�စညး်ေနစ� H 2 O သညအ်ဟန ့အ်တားြဖစ်ေစသည။်
ပထမဆံ�းတ�းေဖာ်�ပီးေနာကတ်ငွ်
ေသးွေ�ကာများေပ�တငွ၎်ငး်၏ constrictor အာနသိင၏် covery
oles ။ မ�ကာေသးမီက vasopressin လညး်��ိသည်
အဖျားတကြ်ခငး်၊
မ�တဥ်ာဏ၊် အမ�အကျင့။်

၎ငး်တငွေ်ဖာ်ြပထားေသာေဟာ်မ�နး်အချိ� �
စားပွဲေပ�မ�ာအြခားေနရာေတကွိ�မိတဆ်က�်ပီးပါ�ပီ
ထပ်မံေဆးွေ�းွြခငး်မ��ိ၊ ဤသညမ်ျားမ�ာ
ေကျာကက်ပ်ေဟာ်မ�နး် (erythropoietin)
အခနး် ၁၁ ��င့အ်ခနး် ၁၄ ၌ renin)၊
အသညး်မ�ေဟာ်မ�နး်များ (အခနး် ၁၁ တငွ ်thrombopoietin ��င့ ်hep)
အခနး် ၁၆ တငွ ်cidin) အစာအမ်ိနဲအ့�လမ်းေ�ကာငး်ေဟာ်မ�နး်များ (အခနး်)
၁၆)၊ thymus (အခနး် ၁၂) မ� thymosin၊ atrial ��င့ ်ဦး ေ��ာက်
��လံ�းမ� natriuretic peptides (အခနး် ၁၅) ��င့ ်leptin ��င့်
adipose တစ်သ��းမ�အြခား adipokines (အခနး် ၁၇) ကျနတ်ာကေတာ-့
ဒေီဟာ်မ�နး်ေတကွိ�ဒထီကပိ်��ပီးအေသးစိတေ်ဖာ်ြပထားပါတယ်
ေနာကအ်ခနး်��စ်ခနး် က��်�ပ်တိ�သ့ညဤ်အပိ�ငး်ကိ�ဗဟိ�မ�စတငသ်ည်
endocrine ဂလငး်များ- ဦး ေ��ာကက်ိ�ယတ်ိ�ငသ်ိ�မ့ဟ�တအ်နးီကပ်ေပါငး်သငး်ေနေသာသ�များ
ဦး ေ��ာက�်�င့ဆ်ကသ်ယွမ်� - hypothalamus, pituitary
ဂလငး်��င့ ်pineal ဂလငး်။ အရံ endocrine ဂလငး်များ
ေအာကပ်ါအခနး်များတငွေ်ဆးွေ�းွ�ကသည။်

Hypothalamus ��င့ ်Pituitary
အဆိ�ပါ pituitary gland, သိ�မ့ဟ�တ ်hypophysis, ေသးငယတ်ဲ ့endocrine ြဖစ်ပါသညဂ်လငး်
ဦး ေ��ာက၏်ေအာကေ်ြခ��ိအ�ိ�းေခါငး်တငွတ်ည�်�ိသည်
hypothalamus ( ● ပံ� ၁၈-၄) ။ pituitary သည၎်ငး်��င့ဆ်ကသ်ယွသ်ည်
hypothalamus သညေ်သးသယွေ်သာအည�ာြဖင့ ်အချကတ်စ်ချကက်ိ�ေထာကြ်ပရင်
သင၏်မျကလ်ံ�းတစ်ဖက�်�င့သ်င၏်လကတ်စ်ဖကက်ိ�အြခားလကည်��ိး�ကားထိ�းပါ
နားများ၊ ဤမျ�းများဆံ�ြဖတမ်ည့စိ်တက်�းယ�အမ�တ်
သင၏် pituitary တည�်�ိရာေနရာ��င့ ်ပတသ်က၍်

pituitary gland သညေ်�� � ပိ�ငး်တငွပ်ါဝငသ်ည်
��င့ ်posterior lobes ။
pituitary တငွခ်��ာေဗဒ��င့လ်�ပ်ေဆာငခ်ျက�်�စ်ခ�ကွြဲပားသည်
lobes, posterior pituitary ��င့ ်anterior pituitary ဟိ
posterior pituitary သညအ်ာ�ံ�ေ�ကာတစ်သ��းများြဖင့ဖဲွ်�စညး်ထားသည်
neurohypophysis ဟ�ေခ�သည ်။ anterior pituitary တငွပ်ါဝငသ်ည်
glandular epithelial တစ်သ��းြဖစ်�ပီး၎ငး်ကိ� ad- ဟ�လညး်ေခ�သည။်
enohypophysis ( adeno သညဂ်လငး်ဟ�ေခ�သည)် ေနာကေ်ကျာ��င့်
anterior pituitary lobes များသညတ်�ညေီသာေနရာတငွသ်ာ��ိသည။်
၎ငး်တိ�သ့ညမ်တ�ညေီသာတစ်သ��းများမ�သေ��တညြ်ခငး်၊ ကွြဲပားသည်
လ�ပ်ေဆာငခ်ျကမ်ျားသညက်ွြဲပားြခားနားေသာထနိး်ချ�ပ်မ�ယ��ရားများေပ�တငွမ်�တညသ်ည။်

posterior ��င့ ်the ��စ်ခ�စလံ�းမ�ေဟာ်မ�နး်များထ�တလ်�တသ်ည်
anterior pituitary ကိ� hypothalamus မ�တိ�က�ိ်�ကထ်နိး်ချ�ပ်သည။်
ဒါေပမယ့ဆ်ကဆ်ေံရးရဲသ့ေဘာသဘာဝကလံ�းဝကွြဲပားပါတယ။် pos-
terior pituitary သညအ်ာ�ံ�ေ�ကာလမ်းေ�ကာငး်ြဖင့ ်hypothalamus သိ�ဆ့ကသ်ယွသ်ည။်
ေ�� � ပိ�ငး် pituitary သည ်hypothala ��င့ဆ်ကသ်ယွသ်ည၊်
mus တစ်မ�ထ�းြခားေသာေသးွေ�ကာ link ။ ငါတိ�ေ့နာကေ်ကျာကိ�အရင�်ကည့မ်ယ်
pituitary ။

hypothalamus ��င့ ်posterior pituitary လ�ပ်ရပ်
vasopressin ��င့ ်oxytocin ကိ�ခဲွထ�တရ်န်ယ�နစတ်စခ်�ြဖစသ်ည။်
hypothalamus ��င့ ်posterior pituitary သည ်neuroendo- ဖဲွ�စညး်သည။်
လ� ဦး ေရတငွ ်neurosecretory ပါ ၀ ငေ်သာ crine စနစ်
၎ငး်ဆလဲမ်ျားသညေ်ကာငး်စာွသတမ်�တထ်ားေသာအစ���စ်ခ�၌တည�်�ိသည်
hypothalamus၊ supraoptic ��င့ ်paraventricular nuclei တိ� ့ြဖစသ်ည။် ဟိ
ဤ neurons များ၏ axons များသညေ်သးသယွေ်သာဆကသ်ယွမ်�မ�တဆင့ြ်ဖတသ်နး်သာွးသည်
posterior pituitary ��ိေသးွေ�ကာမ�ငမ်ျားေပ�တငွအ်ဆံ�းသတရ်နအ်ည�ာ
( ● ပံ� ၁၈-၅) ။ posterior pituitary တငွဤ်အာ�ံ�ေ�ကာများပါဝငသ်ည။်
nal terminal များ��င့ ်pitui- ဟ�ေခ�ေသာ glial ကဲသ့ိ�ဆ့လဲမ်ျားကိ�ေထာကပံ်ေ့ပးသည။်
cytes များ။ အလ�ပ်လ�ပ်ပံ���င့ခ်��ာေဗဒအရ posterior pitu-
itary သည ်hypothalamus ၏ extension တစ်ခ�သာြဖစ်သည။်

Pituitary Pituitary သညေ်နာကဆ်ကတ်ွမဲညသ်ည့ေ်ဟာ်မ�နး်ကိ�မ�မထ�တလ်�ပ်�ိ�ငပ်ါ။
mones ၎ငး်သည�ိ်�း��ငး်စာွသမ်ိးဆညး်�ပီးသင့ေ်တာ်ေသာလ�ံ�ေဆာ်မ�ြဖင့ြ်ဖန ့ခ်ျိသည်
ေသးွထသဲိ� ့ peptide ေဟာ်မ�နး်ငယ�်�စ်ခ�ြဖစ်ေသာ vasopressin ��င့်
oxytocin ကိ�အာ�ံ�ေ�ကာဆလဲမ်ျားအတငွး်��ိဆလဲမ်ျားြဖင့ေ်ပါငး်စပ်ဖဲွ�စညး်ထားသည်
hypothalamus ကိ� ဤ hydrophilic peptides ��စ်ခ�လံ�းကိ�ြပ�လ�ပ်သည်
supraoptic ��င့ ်paraventricular nuclei ��စ်ခ�လံ�းေသာ်လညး်တစ်လံ�းတညး်ြဖစ်သည်
neuron သညဤ်ေဟာ်မ�နး်များအနကတ်စ်ခ�သာထ�တလ်�ပ်�ိ�ငသ်ည။် ေပါငး်စပ်မ�
အရွယေ်ဟာ်မ�နး်များကိ� secretory granules များြဖင့ထ်�ပ်ပိ�းထားသည်
ေမာ်လကီျ�းေမာ်တာများြဖင့ ်cytoplasm ၏ေအာကသ်ိ�ပိ့�ေ့ဆာငသ်ည်
axon (p ။ 43) ကိ��ကည့�်ပီးအာ�ံ�ေ�ကာများအတငွး်တငွသ်ိ�ေလ�ာငထ်ားသည်
posterior pituitary ။ terminal တစ်ခ�စီတငွ ်vasopressin သိ�မ့ဟ�တ်
oxytocin၊ သိ�ေ့သာ်��စ်ခ�လံ�းမဟ�တပ်ါ။ ထိ�ေ့�ကာင့ဤ်ေဟာ်မ�နး်များကိ�ထ�တလ်�တ�်ိ�ငသ်ည်
လိ�အပ်သလိ�လတွလ်ပ်စာွ hypo- လ�ံ�ေဆာ်မ�ထည့သ်ငွး်မ�အေ�ကာငး်

Hypothalamus

အ�ိ�း

ေ�� �သိ� ့
lobe ၏
pituitary

ပိ�ဆိ�းသည်
pituitary

(က) pituitary gland ၏ hypothalamus ��င့ဆ်ကစ်ပ်မ�
��င့ ်ဦး ေ��ာက၏်ကျန်

(ခ) pituitary gland ��င့၎်ငး်၏�ကးီထာွးမ�
hypothalamus ��င့ဆ်ကသ်ယွမ်�

ေ�� �သိ� ့
pituitary

ပိ�ဆိ�းသည်
lobe ၏
pituitary

Optic
chiasm

Hypothalamus

အည�ာချိတဆ်ကြ်ခငး်

●ပံ� ၁၈-၄ pituitary gland ၏ခ��ာေဗဒ

စာမျက�်�ာ ၁၈

posterior pituitary ��ိ terminal တငွ ်အြခား neuron များကဲသ့ိ� ့၊
ဤအလားအလာများကိ�ဤ neurosecretory neurons များတငွထ်�တေ်ပးသည်
သ�တိ�ရဲ့ဆ့လဲေ်တဆွကီိ� synaptic input ကိ�တ�န ့ြ်ပနတ်ယ။်

vasopressin ��င့ ်oxytocin တိ�၏့လ�ပ်ေဆာငခ်ျကမ်ျားသညအ်ကျ�းချ�ပ်ြဖစ်သည။်
က��်�ပ်တိ�၏့ endocrine ဇာတလ်မ်းကိ��ပီးေြမာကေ်စရနဤ်ေနရာ၌��ိသည။် သ�တိ�က့ de-
အခနး်များ၌ vasopressin ကိ�အြခားေနရာ၌ ပိ�၍ ေသချာစာွေရးထားသည်
အခနး် ၁၄ တငွ ်၁၄ ��င့ ်၁၅ ��င့ ်oxytocin တိ�ပ့ါဝငသ်ည။်

VASOPRESSIN Vasopressin (antidiuretic hormone, ADH) ��ိတယ်
၎ငး်၏နာမည�်�စ်ခ���င့က်ိ�ကည်ေီသာအဓိကသကေ်ရာကမ်���စ်ခ�မ�ာ (၁) ၎ငး်သည်

၁

၂

Neurosecretory
အာ�ံ�ေ�ကာဆလဲဆ်လဲမ်ျား
hypothalamus တငွ်
(vasopressin ကိ�ထ�တလ်�ပ်သည်
��င့ ်oxytocin)

Supraoptic
တိ� ့ြဖစ်သည်

Paraventricular
တိ� ့ြဖစ်သည်

Hypothalamus

Axons
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Translating...

Endocrinology ၏အေြခခမံ�များ၊ ဗဟိ� Endocrine ဂလငး် ၆၇၁

thalamus၊ vasopressin (သိ�)့ oxytocin ကိ�အစာထသဲိ�ထ့�တလ်�တသ်ည်
the exocytosis of the posterior pituitary မ� systemic blood ြဖစ်သည်
သင့ေ်တာ်ေသာ secretory granules များ ဤေဟာ်မ�နး်ထ�တလ်�တမ်�သညြ်ဖစ်ေပ�ေစသည။်
Hybrid မ�ြဖစ်ေပ�လာေသာလ�ပ်ေဆာငခ်ျကအ်လားအလာများကိ�တ�န ့ြ်ပနသ်ည။်
pothalamic cell body ��င့ ်axon ကိ� neuronal သိ�ပ့တွဆ်ွပဲါ

ဆးီအတငွး်ေကျာကက်ပ် nephron များြဖင့ ်H 2 O ကိ�စ�ေဆာငး်�ိ�ငသ်ည်ဖဲွ�စညး်ြခငး် (antidiuretic အာနသိင)် ��င့ ်(၂) ၎ငး်သညက်ျံ� � ြခငး်ကိ�ြဖစ်ေစသည်
arteriolar ေချာေမွ� �ကကသ်ား (တစ် ဦး ေရယာ�ဖိအားအကျိ�းသကေ်ရာကမ်�) ။ ပထမဆံ�း
အကျိ�းသကေ်ရာကမ်�ကပိ�အေရး�ကးီတယ။် ပံ�မ�နအ်ေြခအေနေအာကမ်�ာ
vasopressin သညထ်နိး်ည�ေိပးေသာအဓိက endocrine အချကြ်ဖစ်သည်
ဆးီ H 2 O ဆံ�း�� ံးြခငး်��င့ ်H 2 O ချိနခ်ငွလ်�ာ ဆန ့က်ျငဘ်ကမ်�ာပံ�မ�နြ်ဖစ်သည်
vasopressin ပမာဏသညေ်သးွအားထနိး်ည�ရိာတငွအ်နညး်ငယေ်သာအခနး်ကဏ��သာပါ ၀ ငသ်ည်
ေဟာ်မ�နး်၏ဖိအားသကေ်ရာကမ်�အားြဖင့ဖိ်အား။

hypothalamic-induced vaso- ထ�တလ်�တမ်�အတကွအ်ဓိကထနိး်ချ�ပ်မ�
posterior pituitary မ� pressin သည ်hypothalamic မ� input ြဖစ်သည်
osmoreceptors သည ်vasopressin တံ� ့ြပနမ်�ကိ�တိ�းေစသည်
plasma osmolarity ြမင့တ်ကလ်ာသည။် ဘယဘ်ကမ်�အငအ်ားနညး်ေသာ input တစ်ခ�
atrial volume receptors များသည ်vasopressin secretion ကိ�ြပနလ်ညြ်မင့တ်ကေ်စသည။်
ECF ပမာဏ��င့ေ်သးွလ�တေ်�ကာေသးွဖိအားကျဆငး်ြခငး်ကိ��ကည့ြ်ခငး် (�ကည့ပ်ါ
p ၅၆၇) ။ (vasopres ၏အေရးပါပံ���င့ ်ပတသ်က၍် ေနာကထ်ပ်အချကအ်လကမ်ျားအတကွ်
ေနပ�ထတဲငွေ်လက့ျင့ခ်နး်လ�ပ်ေသာအခါအြပစ်လ�ိ� � ဝ�ကခ်ျကက်ိ� boxed အဂ� ါရပ်ကိ��ကည့ပ်ါ
p ေပ�မ�ာ 672, ■ ေလက့ျင့ခ်နး်ဇီဝကမ�ေဗဒမ�ာတစ်ဦးပိ�မိ�နးီကပ်စာွေမ�ာ်။ )

OXYTOCIN Oxytocin သညသ်ားအမ်ိကျံ� � ြခငး်ကိ�လ�ံ�ေဆာ်ေပးသည်
ကေလးမီးဖွားစ�ကေလးငယအ်ား��ငထ်�တရ်နေ်ချာေမွ�ေသာ�ကကသ်ား��ိသည်
mammary glands မ��ိ�ထ့�တြ်ခငး်ကိ�အားေပးသည်
(�ိ� ့) �ိ�တ့ိ�ကေ်နစ�။ သင့ေ်တာ်ေသာ oxytocin လ�ိ�� ဝ�က်
ေမးွလမ်းေ�ကာငး်အတငွး်မ�လာေသာ reflexes များြမင့တ်ကလ်ာသည်
ကေလးေမးွဖွားစ���င့ြ်ဖစ်ပာွးေသာအခါတံ� ့ြပနမ်�များ
ကေလးငယသ်ညရ်ငသ်ားကိ�စ�ပ်သည။်

ဤအဓိကဇီဝကမ�ဆိ�ငရ်ာအကျိ�းသကေ်ရာကမ်���စ်ခ�အြပင ်oxytocin
မ�ကာေသးမီကအြပ�အမ�အမျိ�းမျိ�းကိ�လ�မ်းမိ�းရနြ်ပသခဲသ့ည်
အထ�းသြဖင့မိ်ခငအ်ြပ�အမ� ဥပမာအားြဖင့ဒ်ေီဟာ်မ�နး်ဟာ
မိခငတ်စ် ဦး ��င့တ်စ် ဦး အ�ကားသေံယာဇ�တယွတ်ာမ�ကိ�ြဖစ်ေစသည်
သ�မ၏ရငေ်သးွငယ်

ေ�� � ပိ�ငး် pituitary ေဟာ်မ�န်းအများစ�သညအ်ပ�ပိ�ငး်ေဒသြဖစသ်ည။်
ေဟာ်မ�နး် synthe- ထ�တလ်�တေ်သာ posterior pituitary ��င့မ်တ�ပါ။
hypothalamus ြဖင့အ်ရွယအ်စား၊ anterior pituitary ကိ�ယတ်ိ�ငက် synthe-
၎ငး်သညေ်သးွထသဲိ�ထ့�တလ်�တေ်သာေဟာ်မ�နး်များကိ�တိ�ငး်တာသည။် ဆလဲင်ါးမျိ�း
anterior pituitary အတငွး်မ�လ� ဦး ေရသညအ်ဓိက pep ေြခာကမ်ျိ�းကိ�ထ�တေ်ပးသည။်
ဒေီရေဟာ်မ�နး် ဒေီဟာ်မ�နး်တစ်ခ�စီရဲလ့�ပ်ေဆာငခ်ျကေ်တကွ
ေနာကပိ်�ငး်အခနး်များတငွအ်ေသးစိတေ်ရးထားသည။် ေလာေလာဆယ၊် ဒမီ�ာအကျ�းချ�ပ်အေြခအေန
ကျိ�းေ�ကာငး်ဆေီလျာ်မ�ရ��ိရန၎်ငး်တိ�၏့အရငး်အြမစ်��င့မ်�လသကေ်ရာကမ်�များကိ�ေဖာ်ြပသည်
၎ငး်တိ�၏့အမညမ်ျားကိ� (အဘိ�အ့ ● ပံ� 18-6):

၁။ somatotropes ဟ�ေခ�ေသာ anterior pituitary ဆလဲအ်မျိ�းအစား
�ကးီထာွးေဟာ်မ�န်း (GH, somatotropin) ကိ�အဓိက ထ�တေ်ပးသည်
ခ��ာကိ�ယ�်ကးီထာွးမ�ကိ�ထနိး်ည�ရိနတ်ာဝန�်�ိသည့ေ်ဟာ်မ�နး် ( somato)
"ခ��ာကိ�ယ"် ဟ�ဆိ�လိ�သည။် GH သညအ်ေရး�ကးီေသာဇီဝြဖစ်စ�ဆိ�ငရ်ာလ�ပ်ေဆာငခ်ျကမ်ျားကိ�လညး်လ�ပ်ေဆာငသ်

၂။ Thyrotropes သည ်သိ�ငး်ရိွ�ကလ်�ံ�ေဆာ်ေဟာ်မ�န်း (TSH ) ကိ�ထ�တေ်ပး သည ်။
thyrotropin) သညသ်ိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်များထ�တေ်ပးြခငး်ကိ�လ�ံ�ေဆာ်ေပးသည်
��င့သ်ိ�ငး်ရိွ�ကဂ်လငး်�ကးီထာွးမ�။

paraventricular ��င့ ်supraoptic nuclei ��စ်ခ�လံ�းပါ ၀ ငသ်ည်
vasopressin ��င့ ်oxytocin တိ�က့ိ�ထ�တလ်�ပ်ေသာအာ�ံ�ခဆံလဲမ်ျား ေဟာ်မ�နး်၊
အာ�ံ�ေ�ကာေပ� မ�တည၍် vasopressin (သိ�)့ oxytocin ြဖစ်ေစသည်
hypothalamus ��ိအာ�ံ�ေ�ကာဆလဲခ်��ာကိ�ယ၌်ေပါငး်စပ်ထားသည။်

၁

၃

ေဟာ်မ�နး်သည ်axon ေအာကသ်ိ�ဆ့ငး်သာွး�ပီးသိ�ေလ�ာငရ်နြ်ဖစ်သည်
posterior pituitary အတငွး် neuronal terminal များ
၂

အာ�ံ�ခစိံတလ်�ပ်��ားေသာအခါသိ�ေလ�ာငထ်ားေသာေဟာ်မ�နး်ကိ�ထ�တလ်�တသ်ည်
terminal များမ� systemic blood သိ� ့ြဖန ့ြ်ဖ�းသည်
ခ��ာကိ�ယအ်��ံ။့

၃

နဖီရွန်
ေကျာကက်ပ်၌

Arterioles
တစ်ေလ�ာကလ်ံ�း
ခ��ာကိ�ယ်

တိ�းလာသည်
စိမ့်ဝငမ်�
distal ��င့်
စ�ေဆာငး်ြခငး်
tubules H 2 O သိ� ့

ြဖစ်ေစသည်
vasoconstriction

Hypothalamic ေနာကဘ်က်
pituitary အည�ာ

ေ�� � ပိ�ငး် pituitary ေနာကေ်ကျာ pituitary

Vasopressin

သားအမ်ိ

လ�ံ�ေဆာ်ေပးသည်
သားအမ်ိ
ကျံ� � ြခငး်

လ�ံ�ေဆာ်ေပးသည်
�ိ�ထ့�တြ်ခငး်
ရငသ်ားအတငွး်
အစာေက�းြခငး်

Oxytocin

စနစ်ကျသည်
ေသးွလ�တေ်�ကာအတငွး်

စနစ်ကျသည်
ေသးွြပနေ်�ကာ
ထကွ်

ေသးွေ�ကာမ�ငမ်ျား

Neuronal terminal များ
posterior pituitary ၌
(vasopressin ကိ�လ�တသ်ည်
��င့ ်oxytocin ထသဲိ� ့
စနစ်ကျေသာေသးွ)

Mammary တဲ့
ဂလငး်

ေသာခ့ျက်

= Vasopressin
= ေအာကစီ်တိ�စင်

● ပံ� ၁၈-၅ hypothalamus ��င့ ်pos- ဆကစ်ပ်မ�
terior pituitary ကိ�။

စာမျက�်�ာ ၁၉

ေလက့ျင့ခ်န်းေရာဂါေဗဒကိ�အနီးကပ်�ကည့ပ်ါ

စန်ိေခ�မ�ကိ� Endocrine တံ� ့ြပန်မ�
ေပါငး်စပ်အပ���င့ဘ်ငခ်ရာေြခဖဝါး
ပ�ြပငး်တဲပ့တဝ်နး်ကျငတ်စ်ခ�မ�ာေလက့ျင့ခ်နး်လ�ပ်တဲအ့ခါ၊
ပလာစမာပမာဏကိ�ထနိး်သမ်ိးြခငး်သညအ်ေရးပါလာသည။်
ical homeostatic စိ�းရိမ်မ�။ ေလက့ျင့ခ်နး်လ�ပ်ပါ
အပ�ေ�ကာင့အ်ရညပ်မာဏများစာွဆံ�း�� ံးသည်
ေခ�းထကွြ်ခငး်မ�တဆင့ ်တ�ပိ�ငန်ကတ်ညး်မ�ာပငေ်သးွသည်
အေအးခရံနအ်ေရြပားကိ� shunting ရနလ်ိ�အပ်သည်
၎ငး်ကိ�အာဟာရဓာတြ်ဖည့ရ်နေ်သးွစီးဆငး်မ�တိ�းတကေ်စရန်
အလ�ပ်လ�ပ်�ကကသ်ား။ ��လံ�းခ�န�်�နး်ထနိး်ရန်
put, venous return သညလ်ညး်လံ�ေလာကရ်မည။်
hypothalamus – posterior pituitary neu- သည၊်
rosecretory system သညဤ်ေပါငး်များစာွကိ�တံ� ့ြပနသ်ည။်
ေကျးဇ�းြပ�၍ ထ�တလ်�တြ်ခငး်ြဖင့အ်ရညအ်တကွလ်ိ�အပ်ချကမ်ျားကွလဲွသဲည်
ေရကိ�ထနိး်သမ်ိးေသာ vasopressin သည ်uri ကိ�ေလျာက့ျေစသည။်
ပလာစမာပမာဏကိ�ထနိး်သမ်ိးရန ်nary အရညဆ်ံ�း�� ံးြခငး်။

ေလလ့ာမ�များကေယဘ�ယျအားြဖင့ြ်ပသသည။်
အပ�တငွ ်cise သည ်vasopressin ထ�တလ်�တမ်�ကိ�လ�ံ�ေဆာ်ေပးသည။်
၎ငး်သညဆ်းီအရညဆ်ံ�း�� ံးမ�ကိ�ေလျာန့ညး်ေစသည။်
၁၈ မိ�ငအ်တငွး်ေကာကယ်�ထားေသာေလလ့ာမ�တစ်ခ�တငွ်
ပ�ပ�ေ�းွေ�းွလမ်းေလ�ာကခ်ျီတကသ်�များ၊
အသကအ်ရွယဆ်းီထကွ�်�နး် ၁၃၄ မီလမီီတာသိ�က့ျဆငး်သာွးသည။်
တစ်ချိနတ်ညး်တငွဆ်းီထကွ�်�နး်မမ�နြ်ခငး်
riod သည�်�စ်ဆခန ့�်�ိလမိ့်မည။် )
ေခ�းဆံ�း�� ံးမ�မ�ာပျမ်းမ� ၄ လတီာြဖစ်သည။် ေကျာ်လနွ-်
ေလက့ျင့ခ်နး်မလ�ပ်ခငေ်ရဓာတြ်ဖည့ေ်ပးပံ�ရသည။်
ဤတံ� ့ြပနမ်�၏ြပငး်ထနမ်�ကိ�ေလ�ာပ့ါ၊
vasopressin ထ�တလ်�တမ်�ကိ�ြမင့တ်ကေ်စေသာလက�ဏာြဖစ်သည်
plasma osmolarity ��င့ဆ်ကစ်ပ်သည။် အရညဆ်ံ�း�� ံးလ�င်

လံ�ေလာကစ်ာွအစားထိ�းမရ၊ plasma osmolarity
တိ�းလာသည။် hypothalamic osmore-

ceptors များသညဤ် hypertonic အေြခအေနကိ���ာေဖွသည။်
သ�တိ�သ့ည ်vaso- ၏ပိ�လ�ံထ�တလ်�တမ်�ကိ�ြမ�င့တ်ငေ်ပးသည။်
posterior pituitary မ� pressin ။ အချိ��
သိ�ေ့သာ်စံ�စမ်းစစ်ေဆးသ�များကထိ�အရာသည်
creased vasopressin မ�ထကွလ်ာေသာရလဒမ်ျား
ေသးွအေြပာငး်အလမဲျားကဲသ့ိ�အ့ြခားအချကမ်ျား
ဖိအားသိ�မ့ဟ�တေ်ကျာကက်ပ်ေသးွစီးဆငး်မ�။ အားဂ��မထားပဲ
vasopressin ထ�တလ်�တမ်�ယ��ရားသညတ်စ်ခ�ြဖစ်သည်
ေလက့ျင့ခ်နး်လ�ပ်ဖိ�အ့ေရး�ကးီတဲဇီ့ဝကမ�တံ� ့ြပနမ်�
အပ�၌

၃။ Corticotropes သည ်adrenocorticotropic ကိ� ထ�တလ်�ပ်�ပီးထ�တလ်�တသ်ည်
hormone (ACTH, adrenocorticotropin), ဟိ� မ�န်း
adrenal cortex မ� cortisol secretion ကိ�လ�ံ�ေဆာ်ေပး�ပီးအားေပးသည်
adrenal cortex �ကးီထာွးမ�။

၄။ Gonadotropes သည ်gonads ေပ�တငွလ်�ပ်ေဆာငေ်သာေဟာ်မ�နး်��စ်ခ�ကိ�ထ�တေ်ပးသည်
မျိ�းပာွးအဂ� ါများြဖစ်ေသာမျိ�းဥများ��င့ေ်ဝ�းေစမ့ျား
လ�ံ�ေဆာ်ေဟာ်မ�နး်��င့ ်luteinizing ေဟာ်မ�နး်။ Follicle-၊

စိတဝ်ငစ်ားစရာမ�ာ ACTH ကိ��ကးီမားေသာ�က�ိတငစီ်မံချက၏်တစ်စိတတ်စ်ပိ�ငး်အြဖစ်ေပါငး်စပ်ထားသည။်
sor ေမာ်လကီျ�းကိ� pro-opiomelancortin (POMC) ဟ�ေခ�သည။် POMC
ACTH, melanocyte : တက�်ကေသာထ�တက်�နသ်ံ�းမျိ�းသိ�ခ့ွ�ဲ ိ�ငသ်ည်
ေဟာ်မ�နး် (MSH) ကိ���းိဆ,ွ ��င့ ်နဲအ့တ� Endorphins ။ ဆလဲမ်ျိ�းစံ�
အမျိ�းအစားများသည ်POMC ကိ�ထ�တလ်�ပ်�ပီး၎ငး်ေပ� မ�တည၍် ထ�းြခားေသာနညး်လမ်းများြဖင့လ်�းီြဖတသ်ည်
သ�တိ�ပိ့�ငဆ်ိ�ငတ်ဲ ့processing enzymes ေတကွမတ�ညတီဲ ့active ေတကွိ�ထ�တေ်ပးတယ်
မသေိသာေပျာ်စရာ peptide“ scraps” ��င့အ်တ�ထ�တက်�နမ်ျား
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၆၇၂ အခနး် ၁၈

လ�ံ�ေဆာ်ေဟာ်မ�န်း (FSH) သည ်gamete (မျိ�းပာွးြခငး် ) ကိ�ထနိး်ည�ေိပးသည။်
tive ဆလဲမ်ျားြဖစ်ေသာ ova ��င့သ်�ကပိ်�းများသညလ်ငိ�်�စ်မျိ�းလံ�းတငွထ်�တလ်�ပ်သည။် ၌
အမျိ�းသမီးများသညသ်ားအမ်ိ�ကးီထာွးမ���င့�်ကးီထာွးမ�ကိ�လ�ံ�ေဆာ်ေပးသည။်
မျိ�းဥများ (သိ�)့ မျိ�းဥများဖံွ� �ဖိ�းေသာအထမဲ�ာ ၎ငး်သညလ်ညး်အားေပးသည်
သားအမ်ိမ� estrogen ေဟာ်မ�နး်ကိ�ထ�တလ်�တသ်ည။် အမျိ�းသားများတငွ ်FSH
သ�တပိ်�းထ�တလ်�ပ်မ�အတကွလ်ိ�အပ်သည။်

၅။ Luteinizing hormone (LH) သည ်လငိေ်ဟာ်မ�နး်ကိ�ထနိး်ချ�ပ်ရနက်�ညသီည။်
လငိ�်�စ်မျိ�းလံ�း၌ယံ��ကညြ်ခငး်��င့အ်ြခားအေရး�ကးီေသာလ�ပ်ေဆာငခ်ျကမ်ျားတငွ်
အထးီ။ အမျိ�းသမီးများတငွ ်LH သညမ်ျိ�းဥထကွြ်ခငး်��င့ ်luteiniza တိ�အ့တကွတ်ာဝန�်�ိသည။်
(ဆိ�လိ�သညမ်�ာေဟာ်မ�နး်လ�ိ� � ဝ�ကေ်သာ corpus ဖဲွ�စညး်ြခငး်ြဖစ်သည်
မျိ�းဥထကွ�်ပီးေနာက ်luteum) LH သညလ်ညး်ထနိး်ည�ေိပးသည်
အမျိ�းသမီးလငိေ်ဟာ်မ�နး်များ၊ အစီထ�ိ�ဂျင�်�င့သ်ားအမ်ိထ�တြ်ခငး်
progesterone ။ အမျိ�းသားများတငွတ်�ညေီသာေဟာ်မ�နး်သညအ်ြပနအ်လ�နလ်�ံ�ေဆာ်ေပးသည။်
ေဝ�းေစ၌့ Leydig ၏ stitial ဆလဲမ်ျားသညအ်မျိ�းသားလငိစိ်တက်ိ�လ�ံ�ေဆာ်ေပးသည။်
mone, testosterone ပါ။ FSH ��င့ ်LH ��စ်ခ�စလံ�းကိ�အမညေ်ပးထားသညက်ိ�သတြိပ�ပါ
အမျိ�းသမီးများအတကွသ်�တိ�၏့လ�ပ်ေဆာငခ်ျကမ်ျား

၆။ Lactotropes သည ်ပိ�မိ�ေကာငး်မွန်ေသာ prolactin (PRL) ကိ� ထ�တေ်ပး သည်
ရငသ်ားဖံွ� �ဖိ�းမ���င့�်ိ�ထ့�တလ်�ပ်မ� (ဆိ�လိ�သညမ်�ာ�ိ�တ့ိ�ကြ်ခငး်) ြဖစ်သည်
ေမာငတ်ိ�။့ အေထာကအ်ထားများ��ိေသာ်လညး်၎ငး်၏လ�ပ်ေဆာငခ်ျကမ်�ာမေသချာေပ
၎ငး်သညေ်ဝ�းေစ ့LH ထ�တလ်�ပ်မ�ကိ�ြဖစ်ေပ�ေစ�ိ�ငသ်ညဟ်���နြ်ပသည်
receptors များ။ ထိ� ့ြပငမ်�ကာေသးမီကြပ�လ�ပ်ခဲေ့သာေလလ့ာချကမ်ျားအရ prolactin ဓာတပ်ါ ၀ ငသ်ည်
ကိ�ယခ်အံားစနစ်ကိ�ြမ�င့တ်ငေ်ပး�ပီးဖံွ� �ဖိ�းမ�ကိ�အေထာကအ်ပံေ့ပး�ိ�ငပ်ါတယ။်
လငိ�်�စ်မျိ�းစလံ�းတငွတ်စ်သ��းအဆင့တ်ငွေ်သးွေ�ကာအသစ်များအေ�ကာငး်ေဖာ်ြပသည။်
လ�ပ်ေဆာငခ်ျက�်�စ်ခ�စလံ�းသည၎်ငး်၏လ�သမိျားေသာအခနး်ကဏ�� ား��င့လ်ံ�းဝမသကဆ်ိ�ငေ်�ကာငး်၊
ဇီဝကမ�ေဗဒ

သတမ်�တခ်ျက ်ဥပမာအားြဖင့သ်�တ�◌ိ�ရဲ့အ့ဓိကတက�်ကတဲထ့�တက်�နက်ေနဒလီိ�ပဲေ�� �ေြပးေမာ်လကီျ�း၊ corticotropes သည ်ACTH ကိ�ထ�တလ်�ပ်သည။် တ�န ့ြ်ပန်
ေနမ�ခရမ်းလနွေ်ရာငြ်ခညမ်�အေရြပား၌ keratinocytes များထ�တလ်�ပ်သည်

-MSH သညအ်နးီအနား��ိ melanocytes များမ�ပျံ� � �ံမ့�ကိ�အားေပးအားေြမ�ာကြ်ပ�သည်
ေရာငြ်ခယ ်melanin သညေ်နေလာငြ်ခငး်ကိ�ြဖစ်ေစသည ်(p ။ 456)၊ အစာစားချငစိ်တ်
hypothalamus ��ိအာ�ံ�ခဆံလဲမ်ျားကိ���မ်ိနငး်ရန ်-MSH ကိ�ထ�တေ်ပးသည်
အစာစားသံ�းမ�ကိ�ထနိး်ချ�ပ်ပါ (p ။ 644) CNS ��ိအြခားအာ�ံ�ခမံျား
နာကျငမ်�ကိ�သကသ်ာေစေသာ endogenous opiate endorphin ကိ�ထ�တလ်�ပ်သည်
(စာမျက�်�ာ ၁၉၂ ကိ��ကည့ပ်ါ။ )

GH, TSH, ACTH, FSH, and LH အားလံ�းသညအ်ပ�ပိ�ငး်ေဟာ်မ�နး်များြဖစ်သည်
အဘယေ်�ကာင့ဆ်ိ�ေသာ်သ�တိ�သ့ညတ်စ်ခ�ချငး်စီ၏အြခားထ�းြခားေသာအရာ ၀ တ� �၏လ�ိ�� ဝ�ကခ်ျကက်ိ�ထနိး်ည�ေိသာေ�ကာ
crine ဂလငး်။ FSH ��င့ ်LH ကိ�စ�ေပါငး်အား gonado- ဟ�ေခ�သည။်
tropins သညလ်ငိေ်ဟာ်မ�နး်များထ�တလ်�တမ်�ကိ�ထနိး်ချ�ပ်ေသာေ�ကာင့ြ်ဖစ်သည်
gonads များ �ကးီထာွးေဟာ်မ�နး်သည�်ကးီထာွးမ�ကိ�အားေပးသည။်
အသညး်အားထ�တလ်�တမ်�ကိ�လ�ံ�ေဆာ်ေပးြခငး်ြဖင့သ်ယွဝိ်�ကေ်သာအကျိ�းသကေ်ရာကမ်�များကိ�ြမ�င့တ်ငေ်ပးသည်
ေဟာ်မ�နး်၊ အငဆ်�လငက်ဲသ့ိ� ့�ကးီထာွးမ�အချက ်I (IGF-I) (ယခငက်သသိည်
အြဖစ် somatomedin ) , ဒါေ�ကာင့လ်ညး်အပ�ပိ�ငး်ေဟာ်မ�နး်ြဖစ်ပါတယ။် ကာကယွမ်�ေတထွမဲ�ာ
rior pituitary hormones, PRL မပါသည့တ်စ်ခ�တညး်ေသာအရာြဖစ်သည်
အြခားေဟာ်မ�နး်တစ်မျိ�းကိ�ထ�တရ်နလ်�ံ�ေဆာ်ေပးသည။် ၎ငး်သည ်non- အေပ�တိ�က�ိ်�ကလ်�ပ်ေဆာငသ်ည်
endocrine တစ်သ��းများသည၎်ငး်၏အကျိ�းသကေ်ရာကမ်�များကိ�လ�ပ်ေဆာငသ်ည။် အပ�ပိ�ငး်ေဒသမ�ေဟာ်မ�နး်များ၊
FSH, LH ��င့ ်GH တိ�သ့ည ်nonendocrine ပစ်မ�တဆ်လဲမ်ျားေပ�တငွသ်ကေ်ရာကမ်���ိသည်
အြခားေဟာ်မ�နး်များထ�တေ်ပးြခငး်ကိ�လ�ံ�ေဆာ်ေပးြခငး်အြပင်

TSH, ACTH, FSH ��င့ ်LH အားလံ�းသည၎်ငး်တိ�၏့ ဦး တညေ်သာကိ�ယတ်ငွး်အဂ� ါများြဖင့လ်�ပ်ေဆာငသ်ည်
၎ငး်ကိ�သကဝ်ငေ်စေသာ G-protein coupled receptors များ��င့စ်ညး်ေ��ာငထ်ားသည်
cAMP second-messenger system (p ။ 121) ကိ��ကည့ပ်ါ။ GH ��င့ ်PRL
��စ် ဦး စလံ�းသညမ်တ�ညေီသာဒ�တယိ messenger လမ်းေ�ကာငး်မ�တဆင့၎်ငး်တိ�၏့အကျိ�းသကေ်ရာကမ်�များကိ�ထ�တလ်�တ

စာမျက�်�ာ ၂၀

ဒါမ�မဟ�တ်

ေ�� � ပိ�ငး် pituitary
ေနာကေ်ကျာ pituitary

Hypothalamus

�ကးီထာွးေဟာ်မ�န်း

အသညး်

IGF-ငါ

အ�ိ�း တစ်���းေပျာ့

တိ�းတကမ်�

LH FSH ပါ

(သားအမ်ိအတငွး်
အမျိ�းသမီးများ)

(ေဝ�းေစ့
အမျိ�းသားများတငွ)်

Gonads

လငိေ်ဟာ်မ�နး်ထကွြ်ခငး်
(အစီထ�ိ�ဂျင�်�င့်
အမျိ�းသမီးများတငွ ်progesterone၊
အမျိ�းသားများတငွ ်testosterone)

Gamete ထ�တလ်�ပ်မ�
(အမျိ�းသမီးများတငွမ်ျိ�းဥ
အမျိ�းသားများတငွသ်�ကပိ်�းဇီဝြဖစ်စ�

လ�ပ်ေဆာငခ်ျကမ်ျား

Adipose တစ်သ��း၊
�ကကသ်ား၊ အသညး်

TSH

စတရိွီ�က်
ဂလငး်

သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်
(T 3 ��င့ ်T 4 )

တိ�းလာတယ်
ဇီဝြဖစ်စ���နး်

ACTH

Adrenal
cortex

Cortisol

Prolactin

Mammary တဲ့
ဂလငး်

ရငသ်ား�ကးီထာွးမ���င့်
�ိ�ရ့ညထ်ကွြ်ခငး်

ဇီဝြဖစ်စ�လ�ပ်ရပ်များ;
စိတဖိ်စီးမ�တံ� ့ြပနမ်�

●ပံ� ၁၈-၆ ေ�� � anterior pituitary ေဟာ်မ�န်း၏လ�ပ်ေဆာငခ်ျကမ်ျား မတ�ညေီသာ endocrine ဆလဲင်ါးခ�
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Translating...
Endocrinology ၏အေြခခမံ�များ၊ ဗဟိ� Endocrine ဂလငး် ၆၇၃

အမျိ�းအစားများသည ်anterior pituitary hormones ေြခာကမ်ျိ�းြဖစ်ေသာ TSH, ACTH, �ကးီထာွးေဟာ်မ�နး်, LH ��င့ ်FSH တိ�က့ိ�ထ�တလ်�ပ်သည်
(တ�ညေီသာဆလဲအ်မျိ�းအစားြဖင့ထ်�တလ်�ပ်သည)် ��င့ ်prolactin တိ�သ့ညတ်စ်ေလ�ာကလ်ံ�းအကျိ�းသကေ်ရာကမ်�များစာွကိ�ေပးသည်
ခ��ာကိ�ယ။်

စာမျက�်�ာ ၂၁

၆၇၄ အခနး် ၁၈

JAK/STAT လမ်းေ�ကာငး် ��င့သ်ငမ်ရငး်��းီေသာ လမ်း
ဒေီဟာ်မ�နး်ေတကွိ�သ�တိ�ရဲ့ပ့စ်မ�တဆ်လဲမ်ျက�်�ာြပငေ်ပ�မ�ာချိတထ်ားတယ။်
ECF ဘကမ်� brane receptors များသည ်Janus ki- အငဇိ်�ငး်ကိ�တက�်ကေစသည။်
nase (JAK) သည ်receptor ၏ cytosolic ဘက၌်ကပ်သည။် JAK
phosphorylates သည ်signal transducers များ��င့ ်transcription ၏ activators များြဖစ်သည်
(stats) အဆိ�ပါ cytosol အတငွး် ။ Phosphorylated STAT သည ်the သိ�ေ့ရွ �လျားသည်
nucleus ��င့ ်gene transcription ကိ�ဖွင့လ်ိ�ကေ်သာအခါ syn-
ဆယလ်�လာတံ� ့ြပနမ်�ကိ�လ�ပ်ေဆာငေ်သာပ�ိ�တနိး်အသစ်များစာတမ်း။
▲ ဇယား ၁၈-၃ သညအ်ချကြ်ပ transduction လမ်းေ�ကာငး်များကိ�အကျ�းချ�ပ်ေဖာ်ြပထားသည်
အဓိကေဟာ်မ�နး်ေတကွသ�တိ�ရဲ့အ့ကျိ�းသကေ်ရာကမ်�ကိ�ြဖစ်ေစတယ။် အချိ��
ဤလမ်းေ�ကာငး်များကိ�ဤ��င့လ်ာမည့အ်ဆံ�း၌ေဆးွေ�းွလမိ့်မည်
crine ��င့ပ်တသ်ကေ်သာအခနး်များ ဒကီစိ�ေတလွ�ပ်တဲအ့ခါအြခားသ�ေတကွေဆးွေ�းွ�ကတယ။်
mones များကိ�ေ�� �အခနး်များတငွဖံ်�းထားသည။် ဤဇယားသညအ်ဓိပ�ာယတ်စ်ခ�ြဖစ်သည်
မတ�ကွြဲပားေသာေဆးွေ�းွမ�များကိ�တစ်ေနရာတညး်တငွစ်�ေဆာငး်ြခငး်။

Hypothalamic ထ�တလ်�တြ်ခငး်��င့တ်ားဆးီြခငး်
ေဟာ်မ�န်းများသည ်anterior pituitary ထန်ိးည�ရိန်က�ညသီည်
ေဟာ်မ�န်းထ�တလ်�ပ်မ�
ေ�� �ခနး် pituitary ေဟာ်မ�နး်တစ်ခ�သညက်နွမ်န ့တ်စ်ခ�တငွလ်�ိ� � ၀ ◌�ကေ်နသည။်
stant ��နး် ဤေဟာ်မ�နး်တစ်ခ�စီသညတ်စ်မ�ထ�းြခားသည်
ထနိး်ချ�ပ်မ�စနစ်တငွအ်သံ�းများေသာစညး်မျ�းစညး်ကမ်းပံ�စံအချိ� � ��ိသည။် ဟိ
anterior pituitary hor ကိ�ထနိး်ည�ေိပးေသာအေရး�ကးီဆံ�းအချက�်�စ်ချက်
mone secretion (၁) hypothalamic hormones (၂) အစာ
ပစ်မ�တ-်ဂလငး်ေဟာ်မ�နး်များြဖင့ြ်ပနလ်ာသည။်

အဘယေ်�ကာင့ဆ်ိ�ေသာ်ေ�� � ပိ�ငး် pituitary သညေ်ဟာ်မ�နး်များကိ�ထ�တေ်ပးေသာေ�ကာင့ြ်ဖစ်သည။်
အြခားေဟာ်မ�နး်အမျိ�းမျိ�းကိ�ထ�တပ်စ်ြခငး်သည၎်ငး်ကိ��ကာ��ညထ်နိး်သမ်ိးထားသည်
“ မဟာဂလငး်” ၏မထိ�ကတ်နေ်သာဘွဲ� ယခ�သပိ�ံပညာ��ငမ်ျားသသိည်
anterior pituitary ေဟာ်မ�နး်တစ်ခ�စီကိ�ထ�တလ်�တမ်�အားအများစ�ကထနိး်ချ�ပ်ထားသည်
hypothalamus မ�ထ�တလ်�ပ်ေသာအြခားေဟာ်မ�နး်များေ�ကာင့ြ်ဖစ်သည။် ဟိ
ဤစညး်မျ�းစညး်ကမ်း neurohormones များ၏လ�ံ�ေဆာ်မ�သညတ်စ်နညး်အားြဖင့်
ဦး ေ��ာကအ်ာ�ံ�ေ�ကာ��င့ေ်ဟာ်မ�နး်သငွး်အားစ�အမျိ�းမျိ�းကိ� trolled
thalamic neurosecretory ဆလဲမ်ျား

အဓိကေဟာ်မ�န်းများကအသံ�းြပ�ေသာအချကြ်ပလမ်းေ�ကာငး်များ

အချကြ်ပက�းေြပာငး်ြခငး်
လမ်းေ�ကာငး် Receptor အမျိ�းအစားပါဝငသ်ည်

ေဟာ်မ�န်းရလဒ်
လကခံ်သ���င့ခ်ျညေ်��ာငြ်ခငး်

ဒါကိ�သံ�းတဲေ့ဟာ်မ�န်းေတွ
လမ်းေ�ကာငး်

Cyclic AMP/PKA G-protein coupled receptor များပါ ၀ ငသ်ည်
မျက�်�ာြပငအ်ေြမ�းပါး

တည�်�ိေနေသာအေြပာငး်အလမဲျားကိ�သတမ်�တထ်ားသည်
ပ�ိ�တနိး်

LH, FSH, TSH, ACTH, vasopressin၊
epinephrine, norepinephrine၊
glucagon, PTH, CRH, GHRH၊
somatostatin, calcitonin

IP 3 /Ca 2 ြဖစသ်ည�် �င့်
DAG/PKC

G-protein coupled receptor များပါ ၀ ငသ်ည်
မျက�်�ာြပငအ်ေြမ�းပါး

တည�်�ိေနေသာအေြပာငး်အလမဲျားကိ�သတမ်�တထ်ားသည်
ပ�ိ�တနိး်

TRH, GnRH, oxytocin တိ� ့ြဖစ်သည်

Tyrosine kinase Surface-membrane receptor ကိ�ဆိ�လိ�တာပါ
tyrosine kinase လ�ပ်ေဆာငမ်�ကိ�အားေပးသည်

တည�်�ိေနေသာအေြပာငး်အလမဲျားကိ�သတမ်�တထ်ားသည်
ပ�ိ�တနိး်

အငဆ်�လငသ်ညအ်ငဆ်�လငက်ဲသ့ိ� ့�ကးီထာွးေစေသာအချကမ်ျားြဖစ်သည်
(IGF-I ��င့ ်IGF-II)

JAK/STAT Surface-membrane receptor ကိ�ဆိ�လိ�တာပါ
JAK ��င့သ်ကဝ်ငသ်ည်
zymes၊ phosphorylate STAT

ဗီဇက�းေြပာငး်ြခငး်ကိ�ဖွင့သ်ည၊်
ဒဇိီ�ငး်၏ေပါငး်စပ်မ�ကိ� ဦး တညေ်စသည။်
nated ပ�ိ�တနိး်

�ကးီထာွးေဟာ်မ�နး်၊ prolactin

ေဟာ်မ�န်းတံ� ့ြပန်မ�
DNA တငွပ်ါဝငေ်သာအရာများ

intracellular cytoplasmic သိ�မ့ဟ�တ ်nu-

��ငး်လငး်လကခ်သံ�များ
ဗီဇက�းေြပာငး်ြခငး်ကိ�ဖွင့သ်ည၊်
ဒဇိီ�ငး်၏ေပါငး်စပ်မ�ကိ� ဦး တညေ်စသည။်
nated ပ�ိ�တနိး်

lipophilic ေဟာ်မ�နး်အားလံ�း - သိ�ငး်ရိွ�က်
ေဟာ်မ�နး်၊ cortisol၊ aldosterone၊
testosterone, estrogen, progester-

တစ်ခ�၊ ဗီတာမင ်D

▲ TABLE 18-3

အဓိက Hypophysiotropic
ေဟာ်မ�န်းများ

ေဟာ်မ�န်း
Anterior အေပ�သကေ်ရာကမ်�
Pituitary

Thyrotropin ထ�တလ်�တသ်ည်
ေဟာ်မ�န်း (TRH)

TSH ထ�တလ်�တမ်�ကိ�လ�ံ�ေဆာ်ေပးသည်
(thyrotropin) ��င့ ်prolactin

Corticotropin ထ�တလ်�တသ်ည်
ေဟာ်မ�န်း (CRH)

ACTH ထ�တလ်�တမ်�ကိ�လ�ံ�ေဆာ်ေပးသည်
(corticotropin)

Gonadotropin ထ�တလ်�တသ်ည်
ေဟာ်မ�န်း (GnRH)

FSH ထ�တလ်�တမ်�ကိ�လ�ံ�ေဆာ်ေပးသည်
��င့ ်LH (gonadotropins)

�ကးီထာွးေဟာ်မ�န်း
ေဟာ်မ�န်းထ�တလ်�တြ်ခငး်
(GHRH)

�ကးီထာွးမ�ကိ�လ�ံ�ေဆာ်ေပးသည်
ေဟာ်မ�နး်

Somatostatin (�ကးီထာွးမ�
ေဟာ်မ�န်းဟန ့်တားမ�
ေဟာ်မ�န်း; GHIH)

�ကးီထာွးမ��ကးီထာွးမ�ကိ�ဟန ့တ်ားေပးသည်
TSH ��င့ေ်ဟာ်မ�နး်

Prolactin ထ�တလ်�တမ်�
ေဟာ်မ�န်း (PRH)

ထ�တလ်�တမ်�ကိ�လ�ံ�ေဆာ်ေပးသည်
prolactin

Dopamine

(Prolactin-တားြမစသ်ည်
ေဟာ်မ�န်း; PIH)

prolactin ထ�တလ်�တမ်�ကိ�ဟန ့တ်ားေပးသည်

▲ TABLE 18-4

စာမျက�်�ာ ၂၂

HYPOTHALAMIC ထ�တလ်�င့မ်�အခန်းကဏ္

AND တားစးီေဟာ်မ�န်း လ�ိ�� ဝ�ကခ်ျကမ်ျား
anterior pituitary ေဟာ်မ�နး်တစ်ခ�စီသညလ်�ံ�ေဆာ်ေပးသည။်
တစ်ခ�သိ�မ့ဟ�တတ်စ်ခ�ထကပိ်�ေသာအားြဖင့ေ်��ာင့ယ်�ကသ်ည ်(သိ�)့ ကန ့သ်တသ်ည်
hypothalamic hypophysiotropic hor ခ�နစ်ခ�
mones ( hypophysis ဆိ�သညမ်�ာ“ pituitary”၊ အပ�ပိ�ငး်ေဒသ
"အာဟာရ" ဟ�ဆိ�လိ�သည။် ဤ peptide ေသးငယသ်ည်
ေဟာ်မ�နး်စာရငး်ဝငေ်န�ကသည ်▲ စားပွဲတင ်18-4 ။ De-
သ�တိ�ရဲ့ေ့ဟာ်မ�နး်ေတကွသ�တိ�ရဲ့လ့�ပ်ေဆာငခ်ျကေ်တကွိ�ေစာင့ေ်နတယ်
ေဟာ်မ�န်းေတကွိ�ထ�တလ်�တတ်ာ ဒါမ�မဟ�တ ်ဟ န ့်တားတာ လိ�ေ့ခ�တယ။်

အာ�ံ�ေ�ကာ
input ကိ�

ေဟာ်မ�နး်
input ကိ�

Hypothalamic ြဖစ်သည်
neurosecretory neuron ြဖစ်သည်

ေဟာ်မ�န်း ၁

စိတဖိ်စီးမ�

Corticotropin ထ�တလ်�တသ်ည်
ေဟာ်မ�န်း

Hypothalamus

ဒါမ�မဟ�တ် ဒါမ�မဟ�တ်

(လ�ိ�� ဝ�ကခ်ျကမ်ျား)



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

https://translate.googleusercontent.com/translate_f 17/73

Translating...

Endocrinology ၏အေြခခမံ�များ၊ ဗဟိ� Endocrine ဂလငး် ၆၇၅

ေဟာ်မ�န်းများ။ ကစိ�တိ�ငး်တငွမ်�လတနး်ေဟာ်မ�နး်၏လ�ပ်ေဆာငခ်ျကသ်ည၎်ငး်မ�သသိာထင�်�ားသည်
နာမည ်ဥပမာ -thyrotropin ထ�တလ်�တသ်ည်
ေဟာ်မ�န်း (TRH) သညထ်�တလ်�တမ်�ကိ�လ�ံ�ေဆာ်ေပးသည်
အေ��� မ� TSH (alias thyrotropin)
pituitary ြဖစ်ေသာ်လညး် prolactin-inhibiting ြဖစသ်ည်
ေဟာ်မ�န်း (PIH) သည ်dopamine (the
"အသနားခစံာ" တငွ ်neurotransmitter ကဲသ့ိ� ့
ဦး ေ��ာက၌်ေသချာေသာလမ်းေ�ကာငး်များ၊ p ကိ��ကည့ပ်ါ။ ၁၅၇)၊
Antepta မ� prolactin ထ�တလ်�တမ်�ကိ�ဟန ့တ်ားသည။်
rior pituitary ြဖစ်ပါတယ။် hypophysiotropic ကိ�သတြိပ�ပါ
ကစိ�အများစ�တငွေ်ဟာ်မ�နး်တစ်ခ�သညပ်ါဝငပ်တသ်ကသ်ည်
သံ�းေဟာ်မ�နး်အဆင့ဆ်င့က်ငွး်ဆက်
mand ( ● ပံ� ၁၈-၇): hypothalamic
hypophysiotropic ေဟာ်မ�နး် ( ေဟာ်မ�နး် ၁ )
anterior-pituitary ၏အထကွက်ိ�ထနိး်ချ�ပ်သည်
အပ�ပိ�ငး်ေဒသေဟာ်မ�နး် ( ေဟာ်မ�နး် ၂ ) ဤအပ�ပိ�ငး်ေဒသ
တစ်ဖနေ်ဟာ်မ�နး်သညအ် ၀ လနွြ်ခငး်ကိ�ထနိး်ည�ေိပးသည်
ပစ်မ�တ ်endocrine ဂလငး်၏ေဟာ်မ�နး် ( ေဟာ်မ�နး်
၃ ) ေနာကဆ်ံ�းဇီဝကမ�ေဗဒအကျိ�းသကေ်ရာကမ်�ကိ�အသံ�းချသည။်
ဤေဟာ်မ�နး်သံ�းမျိ�းကိ� an ဟ�ေခ�သည်
hypothalamus– တငွက်ဲသ့ိ� ့ endocrine endocrine
pituitary – သိ�ငး်ရိွ�ကဝ်င�ိ်�း

endocrinologist များသညမ်�လကြဖစ်သည်
hypophysiotro- တစ်ခ���ိခဲသ့ညဟ်�ခန ့မ်�နး်သည။်
anterior pituitary hor တစ်ခ�စီအတကွ ်pic ေဟာ်မ�နး်
mone, hypothalamic ေဟာ်မ�နး်များစာွ��ိသည်
အကျိ�းသကေ်ရာကမ်�တစ်ခ�ထကပိ်�ေသာေ�ကာင့သ်�တိ�၏့အမညမ်ျားကိ���နြ်ပသည်
function ကိ�ပထမ ဦး စာွေဖာ်ထ�တသ်ည။် ဒါအ့ြပင ်a
တစ် ဦး တညး် anterior pituitary ေဟာ်မ�နး်ြဖစ်�ိ�ငသ်ည်
hypophysiotropic ��စ်ခ�သိ�မ့ဟ�တထ်ိ�ထ့ကပိ်�ေသာအားြဖင့ထ်နိး်ည�သိည်
ေဟာ်မ�နး်များသညဆ်န ့က်ျငဘ်ကပ်ငြ်ဖစ်ေစ�ိ�ငသ်ည်
သကေ်ရာကမ်�။ ဥပမာ �ကးီထာွးေဟာ်မ�န်း
ေဟာ်မ�န်းထ�တလ်�တမ်� (GHRH) ကိ�လ�ံ�ေဆာ်ေပးသည်
�ကးီထာွးမ�ေဟာ်မ�နး်ထ�တလ်�တမ်�မ�ာ �ကးီထာွးမ�ြဖစသ်ည်
ေဟာ်မ�န်း – တားဆးီေဟာ်မ�န်း (GHIH)၊
somatostatin ဟ�လညး်လ�သမိျား�ပီး ၎ငး်ကိ�တားဆးီေပးသည။် ဟိ
anterior-pituitary somatotropes ၏ရလဒ်
(ဆိ�လိ�သညမ်�ာ�ကးီထာွးေဟာ်မ�နး်လ�ိ� � ဝ�က�်�နး်
ဤကဲသ့ိ�ေ့သာဆန ့က်ျငဘ်က�်�စ်ခ�ကိ�တံ� ့ြပနရ်ာတငွ်
put ရဲ ့ relative concentrations ေပ�မ�တညတ်ယ်
ဤ hypothalamic ေဟာ်မ�နး်များအြပင်
အြခားစညး်မျ�းများသငွး်အားစ�များ၏ြပငး်ထနမ်�အေပ�

ဖဲွ�စညး်တညေ်ဆာကပံ်���င့တ်�ညေီသာဓာတ�ေစတမနမ်ျား
hypothalamic ေဟာ်မ�နး်များထ�တလ်�တြ်ခငး်��င့တ်ားဆးီြခငး်��င့ ်vaso-
pressin ကိ� ဦး ေ��ာက၏်အြပငဘ်ကေ်နရာများစာွ၌ထ�တလ်�ပ်သည်
hypothalamus ။ အဒဲါေတကွိ�ေသးွထကဲိ�လ�တမ်ယ့အ်စား
ေစတမနမ်ျားသညေ်ဒသအလိ�က ်neurotransmitter အြဖစ်��င့ ်neuromodu- အြဖစ်ေဆာငရွ်ကသ်ည။်

ဤအြခား site များတငွ ်lators ဥပမာအားြဖင့ ်PIH သညလ်�ပ်ေဆာငရ်နတ်�ညသီည။်
pamine သည ်basal nuclei များ��င့အ်ြခားအဓိက neurotransmitter တစ်ခ�ြဖစ်သည။်
ဘယမ်�ာလ။ဲ အြခားသ�များသညလ်�ပ်ေဆာငခ်ျကအ်မျိ�းမျိ�းကိ�ေြပာငး်လရဲနစ်�းစားသည်
ေမာ်တာလ�ပ်��ားမ� (TRH) မ�လငိစိ်တ ်(GnRH) အထိ
သငယ်�ြခငး် (vasopressin) ဤဥပမာများကပိ�ြပသသည်
ဓာတ�ေစတမနမ်ျားလ�ပ်ေဆာင�်ိ�ငေ်သာနညး်လမ်းေပါငး်များစာွ။

ေ�� � ပိ�ငး် pituitary

ေဟာ်မ�န်း ၂

(စနစ်လညပ်တမ်�) (စနစ်လညပ်တမ်�)

(အထ�းေပ�တယတ်ိ�တိ�စနစ်) (အထ�းေပ�တယတ်ိ�တိ�စနစ်)

ပစ်မ�တ ်endocrine ဂလငး်

ေဟာ်မ�န်း ၃

(အေထေွထလွညပ်တမ်�) (အေထေွထလွညပ်တမ်�)

ပစ်မ�တဆ်လဲမ်ျား

Adrenocorticotropic
ေဟာ်မ�န်း
(ACTH; corticotropin)

အဒဲါက Metabolic ကိ�ေြပာငး်လေဲစတယ်
စိတဖိ်စီးမ�ကိ�တနွး်လ�နက်�ညေီပးပါ

ေ�� � ပိ�ငး် pituitary

Adrenal cortex ြဖစ်သည်

Cortisol

ဆလဲအ်များစ�

ဇီဝကမ�ေဗဒအကျိ�းသကေ်ရာကမ်�

ဒါမ�မဟ�တ်

ဒါမ�မဟ�တ်

(လ�ိ�� ဝ�ကခ်ျကမ်ျား)

(လ�ိ�� ဝ�ကခ်ျကမ်ျား)

အဆိ�းြမင်
တံ� ့ြပန်ချက်

● ပံ� 18-7 endo- အတကွ ်command ကိ���င့အ်ပျကသ်ေဘာတံ� ့ြပန်ချက၏် hierarchical ကငွး်ဆက်
crine ထန်ိးချ�ပ်မ� ၎ငး်တငွ ်hierarchic command of the chain ၌ပါ ၀ ငေ်သာေယဘ�ယျလမ်းေ�ကာငး်
hypothalamus nter anterior pituitary – peripheral target endocrine-gland axis ကိ�သ��ပ်ေဖာ်ထားသည။်
ဘယဘ်က ်cortisol secretion သိ�ပိ့�ေ့ဆာငေ်သာညာဘကလ်မ်းေ�ကာငး်သညတ်ကိျေသာစစ်ေဆးမ�ကိ�ေပးသည။်
ဤ endocrine ကငွး်ဆက၏်အမိန ့။် ေဟာ်မ�နး်သညေ်နာကဆ်ံ�းတငွပ်စ်မ�တမ်�လ�ိ� � ၀ ◌�ကသ်ည်
cortisol ကဲသ့ိ� ့ endocrine ဂလငး်သညအ် ၀ လနွြ်ခငး်ကိ�ေလ�ာခ့ျရနအ်��တလ်က�ဏာတံ� ့ြပနသ်ည့ပံ်�စံြဖင့လ်�ပ်ေဆာငသ်ည်
ကပ်ွကမဲ�ကငွး်ဆကတ်ငွစ်ညး်မျ�းစညး်ကမ်းေဟာ်မ�နး်များပိ�မိ�ြမင့မ်ားသည။်

စာမျက�်�ာ ၂၃

HYPOTHALAMIC LE HYPOPHYSEAL PORTAL SYSTEM ၏အခန်းကဏ္

hypothalamic စညး်မျ�းစညး်ကမ်းေဟာ်မ�နး်များသည ်anterior pitu-
ထ�းြခားေသာေသးွေ�ကာ link တစ်ခ�ေ�ကာင့ ်itary ။ မတ�တာက-

ေစာငေ်ရ။ ေပ�တယစ်နစ်မ��ိခဲလ့�င ်hypo
hypothalamus ၌ physiotropic ေဟာ်မ�နး်များကိ�ေကာကယ်�သည။်
၎ငး်တိ�က့ိ�စနစ်တကျေသးွြပနေ်�ကာများြဖင့�် �လံ�းသိ� ့ြပနပိ်�လ့မိ့်မည်

Hypophysiotropic ေဟာ်မ�နး်များ (ထ�တလ်�တသ်ည်
ေဟာ်မ�နး်များ��င့တ်ားစီးေဟာ်မ�နး်များ) ကိ�ထ�တလ်�ပ်သည်
hypo- တငွ ်neurosecretory neurons များြဖင့်
thalamus သည ်hypothalamic ေသးွေ�ကာမ�ငမ်ျားထသဲိ� ့ ၀ ငသ်ည။်

၁

၁
၁

၂

၃

၄
၄

၅ ၅

၆

ဤ hypothalamic ေသးွေ�ကာမ�ငမ်ျားသညြ်ပနလ်ညပ်�းေပါငး်သည်
hypothalamic-hypophyseal ေပ�တယက်ိ�ဖဲွ�စညး်သည်
စနစ်၊ anterior သိ�ေ့သးွေ�ကာ link တစ်ခ�
pituitary ။

၂

hypophysiotropic ေဟာ်မ�နး်များြဖစ်သည်
anterior pituitary ကိ� ြဖတ၍် ေသးွကိ�ချနထ်ားပါ
ေသးွေ�ကာမ�ငမ်ျား၊ ေ�� � ပိ�ငး်ထ�တလ်�တမ်�ကိ�ထနိး်ချ�ပ်သည်
pituitary ေဟာ်မ�နး်။

၄

��းိဆသွည့အ်ခါသင့ေ်တာ်သည်
hypothalamic ထ�တလ်�တေ်သာေဟာ်မ�နး်၊ ေ�� � ပိ�ငး်
pituitary သညေ်ဟာ်မ�နး်တစ်မျိ�းကိ�ထ�တေ်ပးသည်
ဤေသးွေ�ကာမ�ငမ်ျား။

၅

anterior pituitary capillaries များသညြ်ပနလ်ညဆ်ကသ်ယွသ်ည်
anterior မ�တဆင့ေ်သးွြပနေ်�ကာတစ်ခ�ဖဲွ�စညး်သည်
pituitary ေဟာ်မ�နး်သညအ်ဆံ�းစနွဆ်ံ�းသိ�ထ့ကွခ်ာွသည။်
စနစ်တကျအားြဖင့ခ်��ာကိ�ယအ်��ံဒ့ �က�ေပးသည်
ေစာငေ်ရ။

၆

ေပ�တယစ်နစ်သညဌ်ာနခွမဲျားသိ�ခ့ွထဲကွသ်ာွးသည်
anterior pituitary ၏ capillaries ။
၃

ေသာခ့ျက်

Hypothalamus

Neurosecretory အာ�ံ� ခံ
hypothalamus (လ�ိ�� ဝ�က)်

လ�တေ်ပးြခငး်��င့တ်ားဆးီြခငး်
ေဟာ်မ�နး်များသညေ်ပ�တယစ်နစ်)

စနစ်ကျသည်
ေသးွလ�တေ်�ကာ
ေသးွ

Hypothalamic- ဟိ�ကပ်ါပါလာမစ်
hypophyseal ြဖစသ်ည်
ေပ�တယစ်နစ်

ပိ�ဆိ�းသည်
pituitary

ေ�� �သိ� ့
pituitary

စနစ်ကျသည်
ေသးွြပနေ်�ကာ
ေသးွထကွသ်ည်

ေသးွေ�ကာမ�ငမ်ျားအတငွး်သိ� ့
ေ�� � ပိ�ငး် pituitary

ေသးွေ�ကာမ�ငမ်ျားအတငွး်သိ� ့
hypothalamus

Endocrine ဆလဲမ်ျား
ေ�� � ပိ�ငး် pituitary
(ေ�� �ကိ�ကယွထ်ားပါ
pituitary ေဟာ်မ�နး်
စနစ်တကျေသးွထသဲိ�)့

ထ�တလ်�တသ်ည်
��င့တ်ားဆးီ
ေဟာ်မ�နး်

= Hypophysiotropic ေဟာ်မ�နး်များ = Anterior pituitary ေဟာ်မ�နး်

● ပံ� 18-8 အဆိ�ပါ hypothalamus ��င့ ်anterior pituitary အ�ကားေသးွေ�ကာဆိ�ငရ်ာ link ကိ�။



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

https://translate.googleusercontent.com/translate_f 18/73

Translating...

၆၇၆ အခနး် ၁၈

hypothalamus ��င့ ်poste အ�ကား rect အာ�ံ�ေ�ကာဆကသ်ယွမ်�rior pituitary၊ ခ��ာေဗဒ��င့လ်�ပ်ေဆာငခ်ျကဆ်ကစ်ပ်မ�
hypothalamus ��င့ ်anterior pituitary သညပံ်�မ�နမ်ဟ�တေ်သာေသးွေ�ကာမ�ငမ်�
ေသးွေ�ကာမ�ငမ်ျားဆကသ်ယွမ်�၊ hypothalamic -hypophyseal ေပ�တယ်
စနစ။် ေပ�တယစ်နစ်သညေ်သးွေ�ကာစနစ်တစ်ခ�ြဖစ်သည်
ေသးွြပနေ်�ကာမ�ေသးွများသညေ်သးွေ�ကာမ�ငတ်စ်ခ�ခ�တငတ်စ်ခ�မ�တိ�က�ိ်�ကစီ်းဆငး်သည်
ေသးွေ�ကာကိ�အြခားေသးွေ�ကာမ�ငခ်�တငတ်စ်ခ���င့ခ်ျိတဆ်ကေ်ပးသည။် အ�ကးီဆံ�းနဲအ့ေကာငး်ဆံ�း
လ�သမိျားေသာေပ�တယစ်နစ်သညေ်ရစီးဆငး်ေနေသာ hepatic ေပ�တယစ်နစ်ြဖစ်သည်
အ�လမ်းေ�ကာငး်မ�ေသးွြပနေ်�ကာများသညခ်ျကခ်ျငး်အသညး်ထသဲိ�တ့ိ�က�ိ်�ကစီ်းဝငသ်ည်
စ�ပ်ယ�ထားေသာအာဟာရဓာတမ်ျားကိ�ြပ�ြပငြ်ခငး် (p ။ 616) အများ�ကးီ
ေသးငယသ်ည၊် hypothalamic – hypophyseal portal system သညမ်နညး်ပါ
၎ငး်သည ်ဦး ေ��ာကအ်�ကားအေရးပါေသာဆကသ်ယွမ်�ကိ�ပံပိ့�းေပးေသာေ�ကာင့အ်ေရး�ကးီသည်
��င့ ်endocrine စနစ်၏များစာွ။ ၎ငး်ကိ�ေြခရငး်၌စတငသ်ည်
hypothalamus သညေ်သးွေ�ကာမ�ငမ်ျားအ�ပ်စ���င့ြ်ပနလ်ညေ်ပါငး်စညး်သည်
ေသးငယေ်သာေပ�တယသ်ေဘ�ာများသညဆ်ကသ်ယွမ်�မ�တဆင့ြ်ဖတသ်နး်သည်
anterior pituitary သိ�အ့ည�ာ ဤတငွမ်�ခေ်ရယာ�ဌာနခွ�ဲ�ိသည်
အလ�ည့က်ျြဖစ်ေသာ anterior pituitary capillaries အများစ�ကိ�ဖဲွ�စညး်ရန်
စနစ်တကျေသးွြပနေ်�ကာစနစ် ( ● ပံ� ၁၈-၈) ။

ရလဒအ်ေန��င့ေ်�� � ပိ�ငး် pi to သိ�ေ့ပးေသာေသးွအားလံ�းနးီပါး
tuitary သည ်hypothalamus ကိ�ပထမဆံ�းြဖတသ်နး်ရမည။် ဘာြဖစ်လိ�လ့ဆဲိ�ေတာအ့ေမ
terials များကိ�ေသးွ��င့ပ်တဝ်နး်ကျငအ်�ကားလလဲ�ယ�်ိ�ငသ်ည်
တစ်သ��းများကိ�ေသးွေ�ကာမ�ငမ်ျားအဆင့၊် hypothalamic -hypophyseal တငွသ်ာ��ိသည်
ေပ�တယစ်နစ်သညြ်ဖန ့ခ်ျိမည့ေ်နရာ��င့သ်းီသန ့လ်မ်းေ�ကာငး်ကိ�ေပးသည်
ေဟာ်မ�နး်များကိ�ဟန ့တ်ားေသာအားကိ� hypothalamus တငွေ်တွ� ��ိ�ိ�ငသ်ည်
anterior pituitary သိ�ခ့ျကခ်ျငး်��င့တ်ိ�က�ိ်�ကပိ်�ေ့ဆာငသ်ည်
အေတာ်ေလးြမင့မ်ားေသာအာ�ံ�စ�းစိ�ကမ်�၊ အေထေွထကွိ�လံ�းဝေကျာ်ြဖတသ်ည်

စနစ်။ ဒကီေနသ�တိ�က့အဆ�တဆ်ကီိ�သာွး�ပီးြပနသ်ာွးလမိ့်မယ်အဆ�တလ်ညပ်တမ်�မ�တဆင့�်�လံ�းသညေ်နာကဆ်ံ�းတငွဝ်ငသ်ည်
ခ��ာကိ�ယတ်စ်ေလ�ာကြ်ဖန ့ြ်ဖ�းေပးေသာေသးွလ�တေ်�ကာစနစ်
anterior pituitary အပါအ ၀ င ်ဒလီ�ပ်ငနး်စ�ကတစ်ခ�တညး်မဟ�တဘ်�း
ပိ��ကာေပမယ့ ်hypophysiotropic ေဟာ်မ�နး်ေတြွဖစ်လာလမိ့်မယ။်
ပိ�ကျယေ်သာေသးွစီးဆငး်မ�ပမာဏေ�ကာင့ေ်ဘးထကွဆ်ိ�းရွားသာွးသည်
ဤပံ�မ�နေ်သးွလညပ်တမ်�လမ်းေ�ကာငး်မ�တဆင့်

၎ငး်ကိ�ထ�တလ်�ပ်ေပးေသာ neurosecretory neurons ၏ axons များ
hypothalamic စညး်မျ�းစညး်ကမ်းေဟာ်မ�နး်များသညေ်သးွေ�ကာမ�ငမ်ျားေပ�တငွအ်ဆံ�းသတသ်ည်
ေပ�တယစ်နစ်ရဲမ့�လအစမ�ာ ဤ hypothalamic အာ�ံ�ခမံျား
သ�တိ�၏့ေဟာ်မ�နး်များကိ� hypothalamic ကဲသ့ိ�တ့�ညစီာွခွထဲ�တသ်ည်
vasopressin ��င့ ်oxytocin တိ�က့ိ�ထ�တလ်�ပ်ေသာအာ�ံ�ခဆံလဲမ်ျား ေဟာ်မ�နး်သည်
ဆလဲက်ိ�ယခ်��ာ၌ေပါငး်စပ်�ပီးထိ�ေ့နာက ်vesicles ြဖင့သ်ယယ်�သည်
axon terminal သိ�ေ့မာ်လကီျ�းေမာ်တာများ ၎ငး်ကိ�၎ငး်၏ေနရာအထသိမ်ိးဆညး်သည်
သင့ေ်တာ်ေသာ exocytosis ြဖင့က်ပ်လျကေ်သးွေ�ကာမ�ငမ်ျားထသဲိ�ထ့�တလ်�တသ်ည်
ဆ။ွ အဓိကြခားနားချကမ်�ာ hypophysiotropic ြဖစ်သည်
ေဟာ်မ�နး်များကိ�ထ�တလ်�တေ်ပးေသာ portal vessels များထသဲိ�ထ့�တလ်�တသ်ည်
သ�တိ�က့ိ�လ�တေ်ပးြခငး်ကိ�ထနိး်ချ�ပ်တဲေ့နရာမ�ာ anterior pituitary ကိ�သာွး�ကတယ်
anterior pituitary ေဟာ်မ�နး်များသညအ်ေထေွထလွညပ်တမ်�သိ� ့ ကနွြ်ပ�တာမ�ာ
trast, posterior pitu- ၌သိ�ေလ�ာငထ်ားေသာ hypothalamic ေဟာ်မ�နး်များ၊
itary များသညသ်�တိ�က့ိ�ယသ်�တိ�အ့ေထေွထလွညပ်တမ်�ထသဲိ�လ့�တသ်ည။်

HYPOTHALAMIC ထ�တလ်�တမ်���င့ထ်န်ိးချ�ပ်မ�ကိ�ထန်ိးချ�ပ်ြခငး်

HORMONES သညဤ် hypophysiotro- ေဟာ်မ�န်းကိ� ထနိး်ည�ေိပးသည။်
pic ေဟာ်မ�နး်လား။ အြခားအာ�ံ�ခမံျားနညး်တ�၊ ၎ငး်တိ�သ့ညလ်�ိ� � ဝ�ကဆ်လဲမ်ျားြဖစ်သည်
စညး်မျ�းစညး်ကမ်းေဟာ်မ�နး်များသညသ်တငး်အချကအ်လကမ်ျားြဖည့သ်ငွး်မ�ကိ�လကခ်သံည်

စာမျက�်�ာ ၂၄

(အာ�ံ�ေ�ကာ��င့ေ်ဟာ်မ�နး်��စ်မျိ�းလံ�း��င့စိ်တလ်�ပ်��ားေစေသာအဟန ့အ်တားြဖစ်ေစသည)်
သ�တိ�ေ့ပါငး်စညး်ရမယ။် ေြဖေလ�ာရ့နေ်လလ့ာမ�များြပ�လ�ပ်ေနဆြဲဖစ်သည်
ဦး ေ��ာက၏်ကွြဲပားြခားနားေသာေနရာများစာွမ���ပ်ေထးွေသာအာ�ံ�ေ�ကာထည့သ်ငွး်မ�
hypophysiotropic secretory neurons သိ� ့ ဤအရာများထမဲ�အချိ� � မ�ာ-
ပတဝ်နး်ကျငအ်ေြခအေနအမျိ�းမျိ�းအေ�ကာငး်သတငး်အချကအ်လကမ်ျားသယေ်ဆာငလ်ာသည။်
မ�တခ်ျကမ်ျား ဥပမာတစ်ခ�မ�ာအ ၀ လနွြ်ခငး်၌သသိသိာသာတိ�းလာသည်
စိတဖိ်စီးမ�ကိ�တံ� ့ြပနရ်ာမ�ာ corticotropin-release hormone (CRH)
( ● ပံ� ၁၈-၇ ခ) ကိ��ကည့ပ်ါ ။ အာ�ံ�ေ�ကာဆကသ်ယွမ်�များစာွလညး်��ိသည်
hypothalamus ��င့ ်ဦး ေ��ာကအ်စိတအ်ပိ�ငး်များ�ကား
စိတခ်စံားမ�များြဖင့ထ်နိး်ချ�ပ်ထားသည ်(limbic system; p ။ 155) ကိ��ကည့ပ်ါ။ ထိ�ေ့�ကာင့,်
စိတခ်စံားမ�များသည ်hypophysiotropic ေဟာ်မ�နး်ထ�တလ်�တမ်�ကိ�အလနွလ်�မ်းမိ�းသည။်
mones ရာသမီမ�နတ်ာကတစ်ခါတစ်ရံမ�ာြဖစ်တတပ်ါတယ်
စိတအ်ေ��ာင့အ်ယ�ကြ်ဖစ်ေနေသာအမျိ�းသမီးများသညအ်ြဖစ်များေသာလက�ဏာတစ်ခ�ြဖစ်သည်
ဒဆီကဆ်ေံရးရဲ ့

မတ�ညေီသာေဒသများ၏စညး်မျ�းများအြပင်
ဦး ေ��ာက၊် hypophysiotropic neurons များကိ�ပံ�စံအမျိ�းမျိ�းြဖင့ထ်နိး်ချ�ပ်သည။်
မ��တဆင့ ်hypothalamus သိ�ေ့ရာက�်�ိသာွးေသာ ous ဓာတ�သငွး်အားစ�များ
ေသးွ။ ဦး ေ��ာက၏်အြခားေဒသများ��င့မ်တ�ဘ ဲhy- အပိ�ငး်များ
pothalamus ကိ�ေသးွ - ဦး ေ��ာကအ်တားအဆးီြဖင့က်ာကယွမ်ထားပါ
hypothalamus သညဓ်ာတေ်ြပာငး်လမဲ�များကိ�အလယွတ်က�ေစာင့�်ကည့�်ိ�ငသ်ည်
ေသးွ။ အြဖစ်များဆံ�းမ�ာေသးွအားများေစေသာအချကမ်ျားြဖစ်သည်
hypothalamic neurosecretion သညအ်��တလ်က�ဏာတံ� ့ြပနခ်ျကြ်ဖစ်သည်
ပစ်မ�တ-်ဂလငး်ေဟာ်မ�နး်များ၏အကျိ�းသကေ်ရာကမ်�ကိ�က��်�ပ်တိ�ယ့ခ�ေြပာငး်သည်
အာ�ံ�စိ�က။်

ပစမ်�တဂ်လငး်ေဟာ်မ�န်းသည ်hypothalamic ကိ�ဟန ့်တားသည်
anterior pituitary ေဟာ်မ�န်းထ�တေ်ပးြခငး်
အ��တလ်က�ဏာတံ� ့ြပန်ချကမ်�တဆင့်
ကစိ�အများစ�တငွ ်hypophysiotropic ေဟာ်မ�နး်သညသ်ံ�းမျိ�းစတငသ်ည။်
ေဟာ်မ�နး်အဆင့ ်(၁) hypophysiotropic ေဟာ်မ�နး် (၂) ေ�� � ပိ�ငး်
pituitary tropic hormone ��င့အ်ရံပစ�ညး်မ� (၃) hormone
ပစ်မ�တ ်endocrine ဂလငး် ပံ�မ�နအ်ားြဖင့၎်ငး်၏ထ�တလ်�ပ်ြခငး်အြပင်
ဇီဝကမ�ေဗဒဆိ�ငရ်ာအကျိ�းသကေ်ရာကမ်�များ၊ ပစ်မ�တဂ်လငး်ေဟာ်မ�နး်သညအ်ထကွက်ိ�ဖိ��ပ်ိသည်
၎ငး်ကိ�တနွး်အားေပးေသာအပ�ပိ�ငး်ေဟာ်မ�နး်ြဖစ်သည။် ဤအ��တလ်က�ဏာတံ� ့ြပနခ်ျကသ်ည်
ပစ်မ�တဂ်လငး်ေဟာ်မ�နး်ကိ�တိ�က�ိ်�ကြ်ဖစ်ေစ၊ လ�ပ်ေဆာငသ်ည်
pituitary ကိ�ယတ်ိ�ငသ်ိ�မ့ဟ�တ ်hypothalamic ေဟာ်မ�နး်များထ�တလ်�တြ်ခငး်တငွ၊်
အလ�ည့အ်တကွ ်anterior pituitary function ကိ�ထနိး်ည�ေိပးေသာ (ေတွ� ြမင ်● ပံ�
၁၈-၇) ။ ဥပမာတစ်ခ�အေန��င့ ်CRH -ACTH – cortisol system ကိ�စ�းစားပါ။
Hypothalamic CRH (corticotropin ထ�တလ်�တေ်သာေဟာ်မ�နး်) လ�ံ�ေဆာ်မ�
ACTH (adrenocorticotropic) ကိ�ထ�တရ်န ်anterior pituitary ကိ�ေနာကက်ျေစသည်
ေဟာ်မ�နး် (alias corticotropin) သညအ်ပငအ်ားလ�ံ�ေဆာ်ေပးေသာ၊
nal cortex သည ်cortisol ကိ�ထ�တလ်�တသ်ည။် ေနာကဆ်ံ�းေဟာ်မ�နး်စနစ်၊
cortisol သည ်hypothalamus ကိ�တားဆးီေပး�ပီး CRH secretion ကိ�ေလ�ာခ့ျေပးသည်
anterior pituitary ��ိ corticotropes များေပ�တငွလ်ညး်တိ�က�ိ်�ကလ်�ပ်ေဆာငသ်ည်
pro-opiomelanocortin ��င့ ်ACTH secretion ေပါငး်စပ်မ�ကိ�ေလ�ာခ့ျေပးသည။်
ဤ��စ်ထပ်ြပနညး်မ�တဆင့ ်cortisol သညအ်ပျကသ်ေဘာေဆာငသ်ည။်
၎ငး်၏ကိ�ယပိ်�ငပ်လာစမာအာ�ံ�စ�းစိ�ကမ်�ကိ�တည�်ငမ်ိေစရနတ်ံ� ့ြပနခ်ျကက်ိ�ထနိး်ချ�ပ်သည။် အကယ၍်
plasma cortisol ပမာဏသညသ်တမ်�တထ်ားေသာအဆင့ထ်ကြ်မင့တ်ကလ်ာသည။်
cortisol သည၎်ငး်၏ကိ�ယပိ်�င ်secretion ကိ�တားစီးေသာေ�ကာင့်
hypothalamus ��င့ ်anterior pituitary တငွ�်�ိသည။် ဒကီစိ�အတကွ်
ေဟာ်မ�နး်စနစ်ကိ�အသကသ်ငွး်�ပီးသည�်�င့၎်ငး်သည၎်ငး်၏လ�ိ�� ဝ�ကခ်ျကက်ိ�ေသချာေစသည်
မပျကဘ်ဆဲကသ်ာွးသည။် ပလာစမာ cortisol ပမာဏသညေ်အာကသ်ိ�က့ျဆငး်သာွးပါက
hypothalamus တငွလ်ိ�ချငေ်သာ set point, cortisol ၏ inhibitory လ�ပ်ေဆာငခ်ျကမ်ျား

Diurnal rhythms များကိ�ဤတည�်ငမ်ိမ�အမျိ�းအစားတငွထ်ည့သ်ငွး်ထားသည။်
အ��တလ်က�ဏာ-တံ� ့ြပနခ်ျကစ်ညး်မျ�း၊ ဆိ�လိ�သညမ်�ာ set point ေြပာငး်သည်
ေန၏့လ�ပ်ေဆာငခ်ျကတ်စ်ခ�အြဖစ် ထိ�အ့ြပငအ်ြခားထနိး်ချ�ပ်မ�
သငွး်အားစ�များသညအ်ပျကသ်ေဘာတံ� ့ြပနခ်ျကထ်နိး်ချ�ပ်မ�ကိ� ြဖတ၍် ေြပာငး်လ�ဲိ�ငသ်ည်
ေဟာ်မ�နး်ထ�တလ်�တမ်� (ဆိ�လိ�သညမ်�ာသတမ်�တအ်ဆင့က်ိ�ေြပာငး်သည)်
အထ�းလိ�အပ်သည။် ဥပမာအားြဖင့စိ်တဖိ်စီးမ�သည ်cortisol အတကွ ်set point ကိ�ြမင့တ်ကေ်စသည်
စနွ ့ထ်�တမ်�

anterior pitu- လံ�း၏အေသးစိတလ်�ပ်ေဆာငခ်ျကမ်ျား��င့ထ်နိး်ချ�ပ်မ�
�ကးီထာွးေဟာ်မ�နး်မ� လွ၍ဲ itary ေဟာ်မ�နး်များကိ�အြခားအေ�ကာငး်ေဆးွေ�းွသည။်
၎ငး်တိ�လ့�မ်းမိ�းေသာပစ်မ�တတ်စ်သ��းများ��င့တ်ွလဲျက၊်
ဥပမာအားြဖင့သ်ိ�ငး်ရိွ�ကလ်�ံ�ေဆာ်သည့ေ်ဟာ်မ�နး်ကိ�ဖံ�းလ�မ်းထားသည်
သိ�ငး်ရိွ�ကဂ်လငး်အေ�ကာငး်ေဆးွေ�းွမယ့အ်ခနး် သေဘာတ�ညခီျက်
�ကးီထာွးမ�ေဟာ်မ�နး်သညတ်စ်ခ�တညး်ေသာေ�� � ပိ�ငး် pituitary ေဟာ်မ�နး်ြဖစ်သည်
ဒအီချိနမ်�ာငါတိ�အ့ေသးစိတ�်�ငး်ြပတယ။်

�ကးီထာွးမ� Endocrine ထန်ိးချ�ပ်မ�
�ကးီထာွးလာေသာကေလးများတငွစ်�ဆကမ်ြပတအ်သားဓာတေ်ပါငး်စပ်မ�ြဖစ်ေပ�သည်
�ကးီထာွးေဟာ်မ�နး်၏လ�မ်းမိ�းမ�ေအာကတ်ငွခ်��ာကိ�ယသ်ညတ်ြဖညး်ြဖညး်�ကးီထာွးလာသည်
ပိ��ကးီလာသည။် ကိ�ယအ်ေလးချိနတ်ကတ်ာတစ်ခ�တညး်က�ကးီထာွးမ�နဲမ့ကိ�ကည်ဘီ�း၊
အဘယေ်�ကာင့ဆ်ိ�ေသာ်ပိ�လ�ံေသာ H 2 O (သိ�)့ ပိ�ေနြခငး်ကိ�ထနိး်သမ်ိးြခငး်ေ�ကာင့က်ိ�ယအ်ေလးချိနတ်ကလ်ာ�ိ�ငသ်ည
တစ်သ��းများ၏စစ်မ�နေ်သာတညေ်ဆာကပံ်�တိ�းတကမ်�မ��ိဘအဲဆသီိ�ေလ�ာငြ်ခငး်။ တိ�းတကမ်�
ပ�ိ�တနိး်များ၏အသားဓာတေ်ပါငး်စပ်မ�လိ�အပ်�ပီး��ညရ်နလ်ိ�သည်
��ညလ်ျားေသာအ�ိ�းများ (အစနွး်များ၏အ�ိ�းများ) အြပငတ်ိ�းလာသည်
ေပျာေ့ပျာငး်ေသာတစ်သ��းများတငွဆ်လဲအ်ေရအတကွ�်�င့အ်ရွယအ်စား

�ကးီထာွးမ�သည�်ကးီထာွးေဟာ်မ�န်းေပ�မ�တညသ်ည်
ဒါေပမယ့လ်ညး်အြခားအချကေ်တကွလ�မ်းမိ�းေနပါတယ။်
နာမညအ်ရငး်အတိ�ငး်�ကးီထာွးေဟာ်မ�နး် (GH) သည်
�ကးီထာွးမ�အတကွမ်��ိမြဖစ်လိ�အပ်ေသာအရာြဖစ်သည။်
ေပးထားေသာအ�ိ�ယိ�ိ�ငင်တံငွတ်ိ�းတကမ်���နး်��င့ေ်နာကဆ်ံ�းအတိ�ငး်အတာပမာဏကိ�တ�းေဖာ်ြခငး်
ြမငက်ငွး် ေအာကပ်ါအချကမ်ျားသည�်ကးီထာွးမ�အေပ�သကေ်ရာကမ်���ိသည။်
■ မျိ�း�ိ� းဗီဇဆံ�းြဖတခ်ျက ်သညလ်�တစ် ဦး ၏အြမင့ဆ်ံ�းတိ�းတကမ်�ြဖစ်သည်
စမ်ွးရည ်ဤတိ�းတကမ်�အြပည့အ် ၀ ရ��ိရနေ်နာကထ်ပ်မ�တညသ်ည်
ဤတငွေ်ဖာ်ြပထားေသာအြခားအချကမ်ျားတငွ်
■ လံ�ေလာကေ်သာဓာတစ်ာ၊ လံ�ေလာကေ်သာ ပ�ိ�တငး်ဓာတ�်�င့ ်လံ�ေလာကေ်သာအာဟာရတိ�ပ့ါ ၀ ငသ်ည်
ပ�ိ�တနိး်ေပါငး်စပ်မ�လိ�အပ်ချကမ်ျားြပည့စံ်�ေစရနမ်��ိမြဖစ်လိ�အပ်ေသာအမိ�င�်ိ�အကစ်စ်များ
တိ�းတကမ်�အတကွစ်ာရိတ�  အာဟာရချိ� �တဲေ့သာကေလးများသညသ်�တိ�၏့အြပည့အ်ဝကိ�မရ��ိ�ကေပ
တိ�းတကမ်�အလားအလာ မလံ�ေလာကြ်ခငး်၏�ကးီထာွးမ�ေ��းေကးွေသာအကျိ�းသကေ်ရာကမ်�များ
၎ငး်တိ�သ့ည�်ိ�စိ့�အ့ရွယတ်ငွေ်တွ�ရေသာအာဟာရဓာတမ်ျားြဖစ်သည။် ၌
ြပငး်ထနေ်သာအေြခအေနများတငွက်ေလးအားေနာကြ်ပနလ်�ည့ရ်နလ်�ံ�ေဆာ်ခရံ�ိ�ငသ်ည်
ခ��ာကိ�ယ�်ကးီထာွးမ���င့ ်ဦး ေ��ာကဖံွ်� �ဖိ�းမ�။ ဦး ေ��ာကစ်�စ�ေပါငး်ရဲ ့ ၇၀ ရာခိ�င�်�နး်ခန ့်
�ကးီထာွးမ�သညဘ်ဝ၏ပထမ��စ်��စ်တငွြ်ဖစ်ေပ�သည။် ဆန ့က်ျငဘ်ကအ်ားြဖင့လ်�တစ်ေယာက်
သ�၏မျိ�း�ိ� းဗီဇသတမ်�တထ်ားေသာအြမင့ဆ်ံ�းကိ� ေကျာ်လနွ၍် မရပါ
လံ�ေလာကေ်သာအစားအစာထကပိ်�စားြခငး်။ ပိ�လ�ံေသာအစားအစာများစားသံ�းြခငး်သည်
�ကးီထာွးမ�အစားအဝလနွြ်ခငး်ကိ�ြဖစ်ေစသည။်
■ နာတာ��ညေ်ရာဂါ��င့စိ်တဖိ်စီးမ���ိေသာပတဝ်နး်ကျငတ်ိ�မ့�ကငး်ေဝးြခငး်
အေြခအေနများ။ ဆိ�းရွားေသာအေြခအေနများတငွ�်ကးီထာွးမ�ေ��းေကးွသည်
�ကာ��ညစိ်တဖိ်စီးမ�များေစေသာအရာ၏အစိတအ်ပိ�ငး်အများစ�ကိ�ြဖစ်ေပ�ေစသည်
adrenal cortex မ� cortisol Cortisol သညအ်စမ်ွးထကေ်စသည်
ပ�ိ�တငး်ဓာတ�်ပိ�ကွြဲခငး်ကိ�အားေပးြခငး်ကဲသ့ိ�ေ့သာ antigrowth သကေ်ရာကမ်�များ၊
��ညလ်ျားေသာအ�ိ�းများတငွ�်ကးီထာွးမ�ကိ�ဟန ့တ်ားြခငး်၊
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Translating...
Endocrinology ၏အေြခခမံ�များ၊ ဗဟိ� Endocrine ဂလငး် ၆၇၇

anterior pituitary ကိ�ေလျာန့ညး်ေစသည၊် ထိ�ေ့�ကာင့ ်corti အတကွေ်မာငး်��ငအ်ားများသည်sol secretion (CRH – ACTH) သည�်�င့အ်ညတီိ�းသည။် တြခားဟာေတွ
ပစ်မ�တ-်ဂလငး်ေဟာ်မ�နး်များသညအ်လားတ�အ��တလ်က�ဏာတံ� ့ြပနခ်ျက ်loops များြဖင့လ်�ပ်ေဆာငသ်ည်
set point တငွသ်�တိ�၏့ plasma အဆင့က်ိ�အေတာ်အတနအ်�မဲထနိး်ထားသည။်

GH ဖျားနာြခငး်သိ�မ့ဟ�တစိ်တဖိ်စီးမ�များေသာကေလးများသညေ်ကာငး်စာွမ�ကးီထာွးေသာ်လညး်အရွယေ်ရာက�်ပီးသ�တိ�ငး်၏ေနာကခ်အံေြခအေနကိ�ြပ�ြပငလ်�င်
ေအာငြ်မငသ်ည�်�င့သ်�တိ�သ့ညသ်�တိ�၏့ပံ�မ�န�်ကးီထာွးမ�ကိ�အလျငအ်ြမနလ်ိ�က�်ိ�ငသ်ည်
တိ�းတကမ်�အတကွထ်�းြခားေသာအ��ိနအ်ဟ�နြ်ဖင့ ်ြဖတ၍် ေကးွပါ။

စာမျက�်�ာ ၂၅

၆၇၈ အခနး် ၁၈

■ �ကးီထာွးမ�အေပ�သကေ်ရာကမ်���ိေသာေဟာ်မ�နး်များ၏ပံ�မ�နအ်ဆင့ ်ြဖည့စ်ကွက်ာ
သိ�ငး်ရိွ�ကအ်ပါအဝငအ်ြခားမ��ိမြဖစ်လိ�အပ်ေသာ GH၊ အြခားေဟာ်မ�နး်များ
ေဟာ်မ�နး်၊ အငဆ်�လင�်�င့လ်ငိေ်ဟာ်မ�နး်တိ�သ့ညဒ်�တယိအခနး်ကဏ��ပါ ၀ ငသ်ည်
တိ�းတကမ်�ြမ�င့တ်ငရ်ာတငွ်

�ကးီထာွး��နး်သညစ်�ဆကမ်ြပတမ်ဟ�တ၊် အေ�ကာငး်အချကမ်ျားလညး်မဟ�တပ်ါ
�ကးီထာွးမ�ြမ�င့တ်ငေ်ရးအတကွတ်�ညေီသာတာဝန�်�ိသည်
�ကးီထာွးမ�ကာလ အချိ��ေသာ သေ��သား ေလာငး်များမ� သေ��သား�ကးီထာွးမ�ကိ� ြမ�င့တ်ငသ်ည။်
အချငး်မ� mones (ေဟာ်မ�နး်လ�ိ� � ဝ�ကအ်ဂ� ါ
သေ��သား��င့မိ်ခငေ်သးွလညပ်တမ်�စနစ်များအ�ကားေြပာငး်လြဲခငး်၊ �ကည့ပ်ါ
p ၇၈၂) ေမးွဖွားြခငး်အရွယအ်စားကိ�အဓိကအားြဖင့ဆ်ံ�းြဖတသ်ည်
မျိ�း�ိ� းဗီဇ��င့ပ်တဝ်နး်ကျငအ်ချကမ်ျား GH သညသ်ေ��သားအတကွမ်ညသ်ည့အ်ခနး်ကဏ��မပါ ၀ ငပ်ါ
ဖံွ� �ဖိ�းေရး။ ေမးွ�ပီးေနာက ်GH ��င့အ်ြခား nonntalal hor-
monal အချကမ်ျားသညထ်နိး်ည�ရိာတငွအ်ေရးပါေသာအခနး်ကဏ��စတငပ်ါ ၀ ငသ်ည်
တိ�းတကမ်�။ မျိ�း�ိ� းဗီဇ��င့အ်ာဟာရဆိ�ငရ်ာအချကမ်ျားသညလ်ညး်ြပငး်ထနစ်ာွအကျိ�းသကေ်ရာကသ်ည်
ဤကာလအတငွး်တိ�းတကမ်�။

ကေလးငယမ်ျားသည ်မီးဖွား�ပီးေနာကပိ်�ငး် �ကးီထာွး��နး်��စ်ပိ�ငး်ကိ� ြပသည်
တိ�းတကမ်���နး် spurt အသကတ်ာ၏သ�တိ�ရဲ့ပ့ထမဦးဆံ�း��စ်��စ်ကာလအတငွး်��င့တ်စ်ဦး pubertal
�မီး ေကာငေ်ပါက ်အရွယ၌် �ကးီထာွး��နး် ( ● ပံ� ၁၈-၉) အသက ်၂ ��စ်မ�
အပျိ�ေဖာ်ဝငစ်မ�ီ, ��နး်ကိ� linear တိ�းတကမ်�၏အဆငျ�ဆငျ� ြငငး်ပယ,်
ကေလးက�ကးီထာွးေနဆြဲဖစ်ေသာ်လညး် အပျိ�ေဖာ်မဝငခ်ငမ်�ာ��ိတယ်
အရပ် (သိ�)့ ကိ�ယအ်ေလးချိနအ်နညး်ငယက်ာွြခားချက ်အပျိ�ေဖာ်ဝငခ်ျိနအ်တငွး်၊
အမ�တအ်သားတိ�းတကမ်�သည ်linear တိ�းတကမ်�အတကွေ်နရာယ�ေသာေ�ကာင့ြ်ဖစ်သည်
အ�ိ�း��ညသ်ည�်�ညသ်ည။် အပျိ�ေဖာ်ဝငစ်သညမိ်နး်ကေလးအသက ်၁၁ ��စ်ခန ့တ်ငွစ်တငသ်ည်
ေယာကျ်ားေလး ၁၃ ဦး ��င့လ်ငိ�် �စ်မျိ�းလံ�း၌��စ်ေပါငး်များစာွ�ကာ��ညသ်ည။် ဟိ
pubertal �ကးီထာွးမ�အ��ိနအ်တကွတ်ာဝန�်�ိသည့ယ်��ရားများမ��ိပါ
��ငး်��ငး်လငး်လငး်နားလညသ်ည။် မျိ�း�ိ� းဗီဇ��င့ေ်ဟာ်မ�နး်��စ်မျိ�းလံ�းြဖစ်ပံ�ရသည်
အချကမ်ျားပါ ၀ ငသ်ည။် အချိ��အေထာကအ်ထားများက GH လ�ိ�� ဝ�က်
အပျိ�ေဖာ်ဝငစ်အရွယတ်ငွြ်မင့တ်ကြ်ခငး်ေ�ကာင့၎်ငး်ကိ�အေထာကအ်က�ြဖစ်ေစသည်
ဤကာလအတငွး်တိ�းတကမ်���နး် ဒါအ့ြပင ်အန်ဒ�ိ�ဂျင်
(“ အမျိ�းသား” လငိေ်ဟာ်မ�နး်) များသညသ်�၏လ�ိ�� ဝ�ကအ်ားကိ�သသိသိာသာတိ�းေစသည်
အပျိ�ေဖာ် ၀ ငခ်ျိနသ်ညသ်ား ဦး ေပါက�်ကးီထာွးမ�ကိ�လညး်အားေပးသည်
ပ�ိ�တငး်ေပါငး်စပ်မ���င့အ်�ိ�း�ကးီထာွးမ�ကိ�အားေပးသည။် အစမ်ွးထကေ်သာ-
အမျိ�းသားေဝ�းေစမ့� Testosterone ေဟာ်မ�နး်သညအ်�ကးီြမတဆ်ံ�းေသာအေရး�ကးီဆံ�းြဖစ်သည။်
ဆယေ်ကျာ်သကအ်ရွယတ်ငွအ်ြမင့သ်သိသိာသာြမင့တ်ကလ်ာေစရနအ်ားေပးြခငး်
ေယာကျ်ားေလးများ; ad adrenal အနဒ်�ိ�ဂျငေ်လျာန့ညး်ေနေသာ်လညး် ad-
ေကျာကက်ပ်ဂလငး်သညအ် ၀ လနွြ်ခငး်ကိ�သသိသိာသာြမင့တ်ကေ်စသညက်ိ�ြပသည်
�မီးေကာငေ်ပါကအ်ရွယတ်ငွအ်မျိ�းသမီးများ၌အေရး�ကးီဆံ�းြဖစ်�ိ�ငသ်ည်
pubertal �ကးီထာွး spurt ။ အစီထ�ိ�ဂျငေ်ဟာ်မ�နး်ထ�တလ်�တေ်သာ်လညး်
သားဥအမ်ိသညအ်ပျိ�ေဖာ်ဝငစ်တငွစ်တငသ်ည၊် ၎ငး်သညမ်ညသ်ည့အ်ခနး်က�ဏ�စ်သညက်ိ���ငး်��ငး်လငး်လငး်မသရိေသးပါ
“ အမျိ�းသမီး” လငိေ်ဟာ်မ�နး်သညသ်ားအမ်ိြပငပ်�ကးီထာွးမ�၌�ကးီထာွးေစ�ိ�ငသ်ည်
မိနး်ကေလးများ။ Testosterone ��င့ ်estrogen ��စ်ခ�စလံ�းသညေ်နာကဆ်ံ�းတငွအ်�ိ�းေပ�တငွလ်�ပ်ေဆာငသ်ည်
အရွယေ်ရာက�်ပီးသ�တိ�ငး်၏အြမင့က်ိ�မ�ီ�ိ�ငေ်သာေ�ကာင့၎်ငး်၏ေနာကထ်ပ်�ကးီထာွးမ�ကိ�ရပ်တန ့ပ်ါ
ဆယေ်ကျာ်သကအ်ရွယ၏်အဆံ�း။

�ကးီထာွးမ�အတကွမ်��ိမြဖစလ်ိ�အပ်ေသာ�ကးီထာွးေဟာ်မ�န်း
ဒါေပမယ့လ်ညး်၎ငး်သညဇီ်ဝြဖစစ်�ဆိ�ငရ်ာအကျိ�းသကေ်ရာကမ်�များကိ�တိ�က�ိ်�ကလ်�ပ်ေဆာငသ်ည်
တိ�းတကမ်���င့မ်သကဆ်ိ�ငပ်ါ။
GH သညေ်��� ပိ�ငး်မ�ထ�တလ်�ပ်ေသာအေပါများဆံ�းေသာေဟာ်မ�နး်ြဖစ်သည်
�ကးီထာွးမ�ရပ်တန ့ေ်န�ပီြဖစ်ေသာလ��ကးီများတငွပ်င ်pituitary၊
GH လ�ိ�� ဝ�ကခ်ျကသ်ညပံ်�မ�နအ်ားြဖင့အ်လယပိ်�ငး်မ�စတငက်ျဆငး်လာေသာ်လညး်
အသက ်�ကးီထာွးမ�ထက ်ေကျာ်လနွ၍် GH ကိ�ဆကလ်ကြ်မင့မ်ားေစသည်
ရာသသီညဤ်ေဟာ်မ�နး်သညအ်ေရး�ကးီေသာ�သဇာလ�မ်းမိ�းမ���ိသညဟ်�ဆိ�လိ�သည်
တိ�းတကမ်� မ�လွ၍ဲ အြခား တိ�းတကမ်�အားြမ�င့တ်ငြ်ခငး်အြပင ်GH
အေရး�ကးီေသာဇီဝြဖစ်စ�ဆိ�ငရ်ာသကေ်ရာကမ်�များ��ိ�ပီးခ�ခအံားစနစ်ကိ�တိ�းတကေ်စသည။်
tem GH ၏ဇီဝြဖစ်စ�ဆိ�ငရ်ာလ�ပ်ေဆာငခ်ျကမ်ျားကိ�က��်�ပ်တိ�အ့ကျ�းချ�ပ်ေဖာ်ြပပါမည်
�ကးီထာွးမ�ြမ�င့တ်ငေ်ရးလ�ပ်ေဆာငခ်ျကမ်ျားသိ�က့��်�ပ်တိ�၏့အာ�ံ�စိ�ကမ်�ကိ�လ�ည့ပ်ါ။

၎ငး်၏ဇီဝြဖစ်စ�ဆိ�ငရ်ာအကျိ�းသကေ်ရာကမ်�များကိ�အသံ�းချရန ်GH သည၎်ငး်��င့တ်ိ�က�ိ်�ကခ်ျိတဆ်ကသ်ည်
ပစ်မ�တအ်ဂ� ါများြဖစ်ေသာ adipose တစ်သ��း၊ အ�ိ�း�ကကသ်ားများ��င့အ်သညး်
GH ကိ�ြမ�င့တ်ငေ်ပးြခငး်ြဖင့ေ်သးွ၌အဆအီကဆ်စ်အဆင့က်ိ�တိ�းေစသည်
adipose တစ်သ��းတငွသ်ိ�ေလ�ာငထ်ားေသာ triglyceride အဆကီိ��ပိ�ကွေဲစသည်
ဂလ�းကိ�စ့်ကိ�စ�ပ်ယ�မ�အားြဖင့ေ်သးွဂလ�းကိ�စ့်အဆင့က်ိ�တိ�းေစသည်
�ကကသ်ားများ��င့အ်သညး်မ�ဂလ�းကိ�စ့်အထကွတ်ိ�းေစသည။် �ကကသ်ားများအသံ�းြပ�သည်
ဂလ�းကိ�စ့်ကိ�ဇီဝြဖစ်စ�ေလာငစ်ာအြဖစ်ေလာငက်�မ်းေစေသာဖကတ်းီအကစ်စ်များ။
ထိ�ေ့�ကာင့ ်GH ၏ဇီဝြဖစ်စ�ဆိ�ငရ်ာအကျိ�းသကေ်ရာကမ်�သညအ်ဆအီေရာငး်ဆိ�ငမ်ျားကိ�စ�စညး်ရနြ်ဖစ်သည်
ဂလ�းကိ�စ့်အတကွဂ်လ�းကိ�စ့်ကိ�ထနိး်သမ်ိးေနစ�အဓိကစမ်ွးအငအ်ရငး်အြမစ်အြဖစ်
ဦး ေ��ာကက်ဲသ့ိ�ေ့သာတစ်သ��းများ ဦး ေ��ာကက်ိ�သာသံ�း�ိ�ငသ်ည်
ဂလ�းကိ�စ့်သည၎်ငး်၏ဇီဝြဖစ်စ�ေလာငစ်ာဆြီဖစ်ေသာ်လညး်အာ�ံ�ေ�ကာတစ်သ��းများမသိ�ေလ�ာင�်ိ�ငပ်ါ
မညသ်ည့အ်တိ�ငး်အတာအထ ိglycogen (သိ�ေလ�ာငထ်ားေသာဂလ�းကိ�စ့်) ဒါကဇီဝြဖစ်စ�ပံ�စံပါ
အစာေ��ာငြ်ခငး် (သိ�)့ �ကာ��ညအ်စာေ��ာငေ်နစ�ခ��ာကိ�ယက်ိ�ထနိး်သမ်ိးရနသ်င့ေ်တာ်သည်
ခ��ာကိ�ယမ်�လိ�အပ်ေသာစမ်ွးအငမ်ျားလိ�အပ်သညထ်ကပိ်�ရေသာအခါအြခားအေြခအေနများ
ဂလ�းကိ�စ့တိ�းဆိ�ငမ်ျား GH သညအ်မိ�င�်ိ�အကဆ်စ်စ�ပ်ယ�မ�ကိ�အားေပးသည။်
tein ေပါငး်စပ်မ�၊ ဒါေပမယ့အ်ဒဲါေတကွိ��ပီးေြမာကဖိ်�တ့ိ�က�ိ်�ကမ်လ�ပ်ေဆာငပ်ါဘ�း
�ကးီထာွးမ�အားြမ�င့တ်ငေ်ပးေသာဇီဝြဖစ်စ�ဆိ�ငရ်ာလ�ပ်ေဆာငခ်ျကမ်ျားသိ�မ့ဟ�တအ်ြခားတိ�းတကမ်�တစ်ခ�ခ�
ဆကစ်ပ်လ�ပ်ေဆာငခ်ျကမ်ျား GH ၏နညး်လမ်းများကိ�မစစ်ေဆးမီ
�ကးီထာွးမ�ကိ�အားေပးသည၊် ၎ငး်၏ဇီဝြဖစ်စ�ဆိ�ငရ်ာသကေ်ရာကမ်�များကိ�က��်�ပ်တိ�အ့ကျ�းချ�ပ်�ကပါစိ�။့
ေသးွဖကတ်းီအကဆ်စ်များကိ�ေလျာေ့စသည၊် ေသးွဂလ�းကိ�စ့်��င့အ်ပိ�ပစ�ညး်များတိ�းေစသည်
ဦး ေ��ာကအ်တကွဂ်လ�းကိ�စ့် (protein synthesis) ကိ�လ�ံ�ေဆာ်ေပးသည။်
ြဖစ်စ�တငွေ်သးွ၌အမိ�င�်ိ�အကဆ်စ်များထည့သ်ငွး်သည။်

�ကးီထာွးေဟာ်မ�န်းသည၎်ငး်၏�ကးီထာွးမ�ကိ�အားေပးသည်
အငဆ်�လငက်ဲသ့ိ�လ့�ံ�ေဆာ်ေပးြခငး်ြဖင့သ်ယွဝိ်�ကေ်သာအကျိ�းသကေ်ရာကမ်�များ
တိ�းတကမ်�အချကမ်ျား
GH သည၎်ငး်၏�ကးီထာွးမ�ကိ�ထ�တလ်�ပ်ရနတ်ိ�က�ိ်�ကလ်�ပ်ေဆာငြ်ခငး်မ��ိပါ
လ�ပ်ေဆာငခ်ျက ်(ဆလဲပ်ာွးများမ�၊ ပ�ိ�တနိး်ေပါငး်စပ်မ�တိ�းတကြ်ခငး်၊
အ�ိ�း�ကးီထာွးမ�) ။ ၎ငး်အစား GH ၏တိ�းတကမ်�ြမ�င့တ်ငေ်ရးလ�ပ်ေဆာငခ်ျကမ်ျားသည်
တိ�က�ိ်�ကက်ကမကထြပ�ခဲ ့အငဆ်�လငက်ဲသ့ိ�ေ့သာစးီပွားေရးတိ�းတကမ်�အချက ်(IGFs), အရာ
��းညံေ့သာတစ်သ��းများ��င့�်ကးီထာွးမ�ြဖစ်ေစရနပ်စ်မ�တဆ်လဲမ်ျားေပ�တငွလ်�ပ်ေဆာငသ်ည်
အ�ိ�း။ IGF များကိ�တစ်သ��းများစာွတငွထ်�တလ်�ပ်�ပီး endocrine ��ိသည။်
paracrine ��င့ ်autocrine လ�ပ်ေဆာငခ်ျကမ်ျား မ�လက somatome ဟ�ေခ�သည်
ေဆးများ၊ ဤ peptide အကျိ�းေဆာငမ်ျားအားယခ�အခါ ဦး စားေပးေခ�သည်
၎ငး်တိ�သ့ညဖဲွ်�စညး်တညေ်ဆာကပံ်���င့အ်ညြီဖစ်ေသာေ�ကာင့အ်ငဆ်�လငက်ဲသ့ိ� ့�ကးီထာွးမ�အချကမ်ျား
အငဆ်�လင�်�င့ဆ်ငတ်�သည။် အငဆ်�လငက်ဲသ့ိ� ့ IGF များသညသ်�တိ�၏့အစမ်ွးကိ�ထ�တသ်ည်
သကေ်ရာကမ်�အများစ�ကိ�သကဝ်ငေ်စေသာ receptor-enzymes များြဖင့စ်ညး်ေ��ာငြ်ခငး်ြဖင့အ်ကျိ�းသကေ်ရာကမ်�များ��ိသ
ပစ်မ�တဆ်လဲအ်တငွး်သကေ်ရာကမ်���ိေသာပ�ိ�တနိး်ဓာတက်ိ� phosphor-
ပ�ိ�တနိး် (tyrosines (အမိ�င�်ိ�အကဆ်စ်တစ်မျိ�း) ကိ� ylating လ�ပ်ြခငး်သည်
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စ�စ�ေပါငး်တိ�းတကမ်�ရာခိ�င�်�နး်

အသက ်(��စ်)

Pubertal
တိ�းတကမ်�
အ��ိန်ြပငး်သည်

မီးယပ်
တိ�းတကမ်�
အ��ိန်ြပငး်သည်

●ပံ� 18-9 ပံ�မ�န်တိ�းတကမ်�မျ�းေကးွ

စာမျက�်�ာ ၂၆

tyrosine kinase လမ်းေ�ကာငး်၊ p ကိ��ကည့ပ်ါ။ ၁၁၅) ။ IGF ��စ်ခ���ိတယ-် IGF-
ငါ ��င့ ်IGF-II ကိ� ။

IGF-I IGF-I ေပါငး်စပ်မ�ကိ� GH မ�လ�ံ�ေဆာ်ေပး�ပီးဒါကိ�ေြပလညေ်စပါသည်
ေဟာ်မ�နး်၏�ကးီထာွးမ�ကိ�အားေပးသည့လ်�ပ်ေဆာငခ်ျကမ်ျား လညပ်တမ်�၏အဓိကအရငး်အြမစ်
IGF-I သညဤ် peptide ထ�တက်�နက်ိ�ြဖန ့ြ်ဖ�းေပးေသာအသညး်ြဖစ်သည်
GH လ�ံ�ေဆာ်မ�ကိ�တံ� ့ြပနရ်နေ်သးွထသဲိ� ့ IGF-I သညလ်ညး်
အြခားတစ်သ��းအများစ�ကထ�တေ်သာ်လညး်၎ငး်တိ�က့မထ�တလ်�တေ်ပ
မညသ်ည့အ်တိ�ငး်အတာအထေိသးွထသဲိ� ့ သ�ေတသမီျားက IGF-I ကိ�အဆိ�ြပ�သည်
ပစ်မ�တတ်စ်���းများြပညတ်ငွး်၌ထ�တလ်�ပ်ြခငး်သည ်paracrine မ�တဆင့လ်�ပ်ေဆာင�်ိ�ငသ်ည်
ဆိ�လိ�သညမ်�ာ (စာမျက�်�ာ ၁၁၄ ကိ��ကည့ပ်ါ) ။ ထိ�သိ�ေ့သာယ��ရားသညအ်ဘယေ်�ကာင့ေ်သးွကိ���ငး်ြပ�ိ�ငခ်ဲသ့နညး်

ဆလဲအ်စိတအ်ပိ�ငး်။ GH သညပ်�ိ�တငး်၏ကဏ္ aspects အားလံ�းနးီပါးကိ�လ�ံ�ေဆာ်ေပးသည်
၎ငး်သညတ်စ်�ပိ�ငန်ကတ်ညး်ပ�ိ�တငး်ပျကစီ်းြခငး်ကိ�ဟန ့တ်ားသည။်
၎ငး်သညအ်မိ�င�်ိ�အကဆ်စ်များ (စ�ပ်ယ�ရနအ်တကွက်�န�်ကမ်းများကိ�အားေပးသည်
ဆလဲမ်ျားြဖင့ပ်�ိ�တငး်ေပါငး်စပ်ြခငး်၊ ေသးွအမိ�င�်ိ�အကဆ်စ်အဆင့က်ိ�ကျဆငး်ေစသည်
ြဖစ်စ�၌ ထိ� ့ြပင၎်ငး်သညဆ်ယလ်�လာစကက်ိ�လ�ံ�ေဆာ်ေပးသည။်
ပ�ိ�တနိး်ေပါငး်စပ်မ��ပီးေြမာကရ်နတ်ာဝန�်�ိသည်
ဆလဲ၏်မျိ�း�ိ� းဗီဇက�ဒသ်ိ� ့ ၎ငး်သည ်DNA ��င့ ်RNA ေပါငး်စပ်မ�ကိ�တိ�းေစသည်
အသစ်ေသာအမိ�င�်ိ�အကဆ်စ်များေပါငး်စပ်ထည့သ်ငွး်ြခငး်ကိ�တိ�းတကေ်စသည။်
ribosomal အဆင့တ်ငွအ်သားများ (စာမျက�်�ာ ၃၉ တငွ�်ကည့ပ်ါ) ။

��ညလ်ျားေသာအ�ိ�းများ၏�ကးီထာွးမ�သညအ်ြမင့က်ိ�ြမင့တ်ကေ်စသည်
GH ၏အထင�်�ားဆံ�းအကျိ�းသကေ်ရာကမ်� မငး်နားမလညခ်ငမ်�ာ
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Endocrinology ၏အေြခခမံ�များ၊ ဗဟိ� Endocrine ဂလငး် ၆၇၉

GH ၏အဆင့မ်ျားသညမ်ြမင့မ်ားဘ ဲIGF-I အဆင့သ်ိ� ့ြဖန ့ေ်နသည်အရွယ�်�င့�် �ငိး်ယ��ပါကဘဝ၏ပထမ��စ်အနညး်ငယအ်တငွး်နမိ့်သည်
မီးဖွား�ပီးချိနတ်ငွ�်ကးီထာွးမ�သညအ်လနွလ်ျငြ်မနေ်သာ်လညး်တနဖိ်�းများသည်
ကာလ ပစ်မ�တတ်စ်သ��းများတငွ ်IGF-I ကိ�ြပညတ်ငွး်ထ�တလ်�ပ်မ�ြဖစ်�ိ�ငသ်ည်
ေသးွမ� IGF-I သိ�မ့ဟ�တ ်GH ကိ�ပိ�ေ့ဆာငြ်ခငး်ထကပိ်�အေရး�ကးီသည်
ဤကာလအတငွး်

IGF ထ�တလ်�ပ်မ�ကိ�အချကမ်ျားစာွြဖင့ထ်နိး်ချ�ပ်ထားသည်
အာဟာရအေြခအေန၊ အသကအ်ရွယ�်�င့တ်စ်သ��းများအပါအ ၀ င ်GH မ�လွ၍ဲ
ေအာကပ်ါအတိ�ငး်သးီြခားအချကမ်ျား
■ IGF-I ထ�တလ်�ပ်မ�သညလ်ံ�ေလာကေ်သာအာဟာရေပ�မ�တညသ်ည။် Inade-
quate အစားအစာစားသံ�းြခငး်သည ်IGF-I ထ�တလ်�ပ်မ�ကိ�ေလျာန့ညး်ေစသည။် ထိ�ေ့�ကာင့အ်ေြပာငး်အလမဲျားသည်
ပျံ� ��ံေ့နေသာ IGF-I အဆင့မ်ျားသညအ်�မဲတမ်းအေြပာငး်အလမဲျား��င့မ်ကိ�ကည်ပီါ
GH လ�ိ�� ဝ�ကခ်ျကတ်ငွ ်ဥပမာအားြဖင့အ်စာေ��ာငြ်ခငး်သည ်IGF-I အဆင့က်ိ�ကျဆငး်ေစသည်
၎ငး်သည ်GH secretion ကိ�တိ�းေစေသာ်လညး်
■ အသကအ်ရွယ�်�င့သ်ကဆ်ိ�ငေ်သာအချကမ်ျားသည ်IGF-I ထ�တလ်�ပ်မ�ကိ�လ�မ်းမိ�းသည။် သဘငတ်စ်ခ�
ပျံ� � �ံေ့နေသာ IGF-I အဆင့မ်ျားသညအ်လယအ်လတ�်�င့လ်ိ�ကပ်ါလာသည်
အပျိ�ေဖာ်ဝငခ်ျိနတ်ငွ ်GH ြမင့တ်ကြ်ခငး်သညတ်နွး်အားတစ်ခ�ြဖစ်�ိ�ငသ်ည်
pubertal �ကးီထာွးမ���နး်သိ� ့
■ ေနာကဆ်ံ�းတငွတ်စ်သ��းများအလိ�ကသ်းီြခားလ�ံ�ေဆာ်ေပးေသာအချကမ်ျားသည်
အထ�းသြဖင့တ်စ်သ��းများတငွ ်IGF-I ထ�တလ်�ပ်မ�ကိ�တနွ ့ေ်စသည။် ဥပမာအေနနဲေ့ြပာရရင်
gonadotropins ��င့လ်ငိေ်ဟာ်မ�နး်များသည ်IGF-I ထ�တလ်�ပ်မ�ကိ�လ�ံ�ေဆာ်ေပးသည်
အမျိ�းသားများ��င့ေ်ဝ�းေစက့ဲသ့ိ�မ့ျိ�းပာွးအဂ� ါများအတငွး်
အမျိ�းသမီးများတငွသ်ားအမ်ိ��င့သ်ားအမ်ိ

ထိ�ေ့�ကာင့ ်IGF-I ထ�တလ်�ပ်မ�ကိ�ထနိး်ချ�ပ်ြခငး်သည�်�ပ်ေထးွ�ပီးတစ်ခ���င့တ်စ်ခ�သကဆ်ိ�ငသ်ည်
စနစ်��င့ေ်ဒသဆိ�ငရ်ာအချကမ်ျားအမျိ�းမျိ�း။

IGF-II သည ်IGF-I ��င့မ်တ�ဘ ဲIGF-II ထ�တလ်�ပ်မ�ကိ�လ�မ်းမိ�းြခငး်မ��ိေပ
GH မ� IGF-II သညသ်ေ��သားဖံွ� �ဖိ�းစ�တငွအ်ဓိကအေရး�ကးီသည။်
IGF-II ကိ�အရွယေ်ရာကခ်ျိနတ်ငွဆ်ကလ်ကထ်�တလ်�ပ်ေနေသာ်လညး်
အရွယေ်ရာကသ်�များတငွ၎်ငး်၏အခနး်ကဏ� �ိ��ငး်��ငး်လငး်လငး်မသရိေသးေပ။

ယခ�က��်�ပ်တိ� ့ GH ၏တိ�းတကမ်�ြမ�င့တ်ငေ်ရးအကျိ�းသကေ်ရာကမ်�များကိ��ကားဝငဖ်ျနေ်ြဖသည်
IGF-I မ�

�ကးီထာွးေဟာ်မ�န်း/IGF-I သည�်ကးီထာွးမ�ကိ�အားေပးသည်
hyperplasia ကိ�လ�ံ�ေဆာ်ြခငး်ြဖင့ေ်ပျာေ့ပျာငး်ေသာတစသ်��းများ
��င့ ်hypertrophy ။
တစ်သ��းများသည�်ကးီထာွးမ�အားေကာငး်ေစေသာအာနသိငမ်ျားကိ�တံ� ့ြပနေ်သာအခါ၊
GH (IGF-I မ�တဆင့သ်��ပ်ေဆာငြ်ခငး်) သည�်�းညံေ့သာ tis ��စ်ခ�လံ�း၏�ကးီထာွးမ�ကိ�လ�ံ�ေဆာ်ေပးသည။်
တရားစွဲ��င့အ်�ိ�းစ�။ GH သည�်�းညံေ့သာတစ်သ��းများ�ကးီထာွးမ�ကိ�အားေပးသည်
(၁) ဆလဲအ်ေရအတကွမ်ျားလာြခငး် ( hyperplasia ) ��င့ ်(၂) in-
ဆလဲမ်ျား၏အရွယအ်စားကိ�ြမင့တ်ကေ်စြခငး် ( hypertrophy ) ။ GH သညဂ်ဏနး်ကိ�တိ�းေစသည။်
ဆလဲမ်ျားစ�ပံ�ြခငး်ကိ�လ�ံ�ေဆာ်ေပးြခငး်��င့ ်apop- ကာကယွေ်ပးြခငး်
tosis (အစီအစ�ချထားေသာဆလဲေ်သ; p ။ 124) ကိ��ကည့ပ်ါ။ GH သညအ်ရွယအ်စားကိ�တိ�းေစသည်
ဆလဲမ်ျား၏အဓိကဖဲွ�စညး်တညေ်ဆာကပံ်�ြဖစ်ေသာပ�ိ�တငး်များကိ�ေပါငး်စပ်ေပးြခငး်အားြဖင့ဆ်လဲမ်ျား

GH သညအ်�ိ�း�ကးီထာွးမ�ကိ�လ�ံ�ေဆာ်ေသာအားြဖင့သ်ငပ်ထမ ဦး ဆံ�းလ�ပ်ရမည်အ�ိ�းဖဲွ�စညး်တညေ်ဆာကပံ်���င့�်ကးီထာွးပံ�ကိ�အက�မ်းတဝငြ်ဖစ်လာသည်
အ�ိ�း�ပီးေြမာကသ်ည။်

အ�ိ�းသညအ်ထ���င့အ်��ည၌်�ကးီထာွးသည်
ကွြဲပားြခားနားေသာယ��ရားများအားြဖင့�် �စ ်ဦး စလံ�းကိ�လ�ံ�ေဆာ်ေပးခဲသ့ည်
�ကးီထာွးေဟာ်မ�န်းအားြဖင့်
အ�ိ�း သညသ်က�်�ိတစ်သ��းြဖစ်သည။် ၎ငး်သညတ်ယွဆ်ကတ်စ်သ��းပံ�စံြဖစ်ြခငး်ေ�ကာင့ြ်ဖစ်သည်
ဆလဲမ်ျား��င့ ်extracellular organic matrix တိ�ပ့ါ ၀ ငသ်ည်
osteoid ဆလဲမ်ျားမ�ထ�တလ်�ပ်သည။် ထ�တလ်�ပ်ေသာအ�ိ�းဆလဲမ်ျား
organic matrix ကိ� osteoblasts (“ bone formers”) ဟ�ေခ�သည။် Os-
teoid ကိ� semisolid တငွ ်collagen အမ�ငမ်ျားြဖင့ဖဲွ်�စညး်ထားသည ်(p ။ 58)
လမ်ိးေဆး ဤေအာ်ဂဲနစ် matrix သညေ်ရာ်ဘာကိ�ကည်မီ���ိ�ပီးြပနလ်ညအ်ားြဖည့သ်ည။်
အ�ိ�း၏ခ�ံိ�ငရ်ညအ်ား (အ�ိ�း၏ခ�ံိ�ငရ်ညအ်ားကိ�ေထာကပံ်ေ့ပးသည်
တငး်အားကိ�အသံ�းချသည့အ်ခါကွြဲခငး်။ ) အ�ိ�းသည�်က�ိတငြ်ပ�လ�ပ်ထားသြဖင့အ်လနွမ်ာေကျာသည်
osteoid အတငွး် ကယလ်စီ်ယမ်ေဖာစ့ဖိတ ်crystals များ စ�ေဆာငး်ြခငး်
ဤအရာ ၀ တ� �ပံ�ေဆာငခ်မဲျားသညအ်�ိ�းများကိ�ချံ� �ေပးသည်
ခနွအ်ား (အ�ိ�းည�စ်ေသာအခါ၎ငး်၏ပံ�သဏ္◌ာနက်ိ�ထနိး်ထား�ိ�ငမ်�
ချံ� �ထားသည)် ။ အ�ိ�းများသည ်inorganic crystals များလံ�း ၀ ပါလ�င၊်
ေြမြဖ�ခအဲပိ�ငး်များကဲသ့ိ� ့�ကပ်ဆတသ်ာွးလမိ့်မည။် အ�ိ�းများသညဖဲွ်�စညး်တညေ်ဆာကပံ်���ိသည်
အားြဖည့က်နွက်ရစ်များထကခ်ျ�းကပ်အားေကာငး်ေသာ်လညး်၎ငး်တိ�သ့ည်
�ကပ်ဆတမ်�မ��ိြခငး်��င့၎်ငး်တိ�သ့ညအ်ေလးချိနပိ်�ေပါေ့သာေ�ကာင့ြ်ဖစ်သည်
inor- အားြဖင့ခ်ိ�ငမ်ာေစေသာ organic scaffolding ၏ဖဲွ�စညး်တညေ်ဆာကပံ်�ေရာစပ်မ�
ganic crystals အ�ိ�း�� ေ�ကာငး်လ�ေနမ� မ�လွ.ဲ အ�ိ�းဆငတ်�သည်
အ�ိ�း��သည ်calcified မဟ�တပ်ါ။

��ညလ်ျားေသာအ�ိ�းတငွအ်ေြခခအံားြဖင့မ်�တေသာတ�ညေီသာဆလငဒ်ါတစ်ခ�ပါ ၀ ငသ်ည်
��ပ်၊ diaphysis၊ မီးေတာကတ်စ်ခ�အားေပါကက်ွေဲစေသာအဖ�တစ်ခ���င့်
အဆံ�း၊ epiphysis �ကးီထာွးေနေသာအ�ိ�းတငွ ်diaphysis ကိ�ခွြဲခားထားသည်
epiphysis ဟ�ေခ�ေသာအ�ိ�း��အလ�ာတစ်ခ�စီ၏အဆံ�း၌
အဆိ�ပါ epiphyseal ပန်းကန် ( ● ပံ� 18-10a) ။ ဗဟိ�၏အေပါက်
အ�ိ�းသည�ိ်�းတငွး်ြခငဆ်၊ီ ေသးွဆလဲမ်ျားထ�တလ်�ပ်သည့ေ်နရာ��င့ြ်ပည့ေ်နသည။်
(စာမျက�်�ာ ၃၉၅ ကိ��ကည့ပ်ါ) ။

ေသွ�ေြခာကေ်သာအ�ိ� းတိ�းတကမ်� အတကွ�်ကးီထာွးမ� ထ� အ�ိ�း၏ add- ြခငး်ြဖင့ေ်အာငြ်မငေ်နသည်
��ိ�ပီးသား၏အြပငဘ်ကမ်ျက�်�ာြပင၏်အေပ�ဆံ�း၌အ�ိ�းအသစ်ကိ�ထည့သ်ငွး်သည်
အ�ိ�း။ ဤ�ကးီထာွးမ�ကိ� perios- အတငွး် osteoblasts မ�ထ�တလ်�ပ်သည။်
teum သညအ်ြပငဘ်ကအ်�ိ�းကိ�ဖံ�းအ�ပ်ထားေသာ တယွ ်ဆကတ်စ်သ��းအစပ်ွြဖစ်သည။် အြဖစ်
osteoblast လ�ပ်ေဆာငခ်ျကသ်ညြ်ပငပ်မျက�်�ာြပငတ်ငွအ်�ိ�းအသစ်များစ�ေဆာငး်ြခငး်၊
အ�ိ�းအတငွး်မ�အြခားဆလဲမ်ျားြဖစ်ေသာ osteoclasts (“ bone breakers”)၊
ြခငဆ်ေီဘး��ိအတငွး်မျက�်�ာြပငတ်ငွအ်�ိ�းတစ်သ��းကိ�အရညေ်ဖျာ်ပါ
ဂလိ�င။် ဤနညး်အားြဖင့ြ်ခငဆ်သီညအ်စာေြခြမနရ်နက်ျယလ်ာသည်
အ�ိ�း�ိ� း၏လံ�းပတက်ိ�တိ�းသည။်

အ�ိ�း ��ည�်�ည ်များ၏ �ကးီထာွးမ�သည ်ကွြဲပားြခားနားချကတ်စ်ခ�ြဖင့�်ပီးေြမာကသ်ည။်
ent ယ��ရား။ အ�ိ�း၏လ�ပ်ေဆာငမ်�ေ�ကာင့အ်�ိ�းများသညအ်လျား��ညလ်ာသည်
အ�ိ�း��ဆလဲမ်ျား (သိ�)့ chondrocytes များကိ� epiphyseal ပနး်ကနမ်ျား ( ● Fig-
ယ� ၁၈-၁၀ b) �ကးီထာွးေနစ�၊ အြပငဘ်ကအ်စနွး်��ိအ�ိ�း��ဆလဲမ်ျား

စာမျက�်�ာ ၂၇

အ�ိ�းအဆစ်
အ�ိ�း��

epiphysis ၏အ�ိ�း

အ�ိ�း
epiphysis

ဒ ing
chondrocytes

Epiphyseal ပနး်ကန်

diaphysis အ�ိ�း

ြခငဆ်ေီပါကြ်ခငး်

epiphysis ၏အ�ိ�း

Chondrocytes
ဆလဲြ်ဖတခ်ရံတယ်
ကွြဲပားြခငး်

အသက�်ကးီသည်
chondrocytes
ပိ��ကးီလာ

extracellular အြဖစ်
matrix သည ်calcifies, entrapped ြဖစ်သည်
chondrocytes ေသသည။်

ေသဆံ�းသာွးေသာ chondrocytes များသည်
osteoclasts ြဖင့�်�ငး်လငး်သည။်

ထ�ထပ်ြခငး်ကိ�ြဖစေ်စသည်
epiphyseal ပန်းကန်

Epiphyseal ပန်းကန်

(က) အ�ိ�း��ည၏်ခ��ာေဗဒ

အ�ိ�း��

တကွထ်ားေသာအ�ိ�း��

အ�ိ�း

၁

၂

၃

၄

ေသာခ့ျက်
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Translating...

၆၈၀ အခနး် ၁၈

epiphysis ေဘး��ိပနး်ကနြ်ပားကိ� ခွ၍ဲ ေြမ�ာကပ်ါ၊ ယာယထီားပါ
epiphyseal ပနး်ကနက်ိ�ချဲ� ြခငး်။ chondrocytes အသစ်များြဖစ်ေပ�လာသည�်�င့အ်မ�
epiphyseal နယန်မိိတ�်�ိအ�ိ�း��ဆလဲေ်ဟာငး်များသည်
diaphyseal နယန်မိိတသ်ညပိ်�ကျယလ်ာသည။် ဤ prolifera- ေပါငး်စပ်မ�
အ�ိ�း��ဆလဲအ်သစ်များ��င့ရ်င့က်ျကေ်သာ chon- ြမင့တ်ကြ်ခငး်
drocytes များသည ်epiphyseal ပနး်ကနြ်ပားကိ�ယာယကီျယေ်စသည။် ဒါကထ�တယ-်
�ကားြဖတဝ်ငေ်နေသာအ�ိ�း��ြပားကိ�အ�ိ�းထသဲိ�တ့နွး်ပိ�သ့ည်
epiphysis သည ်diaphysis ��င့ပိ်�ေဝးသည။် မ�ကာခငမ်�ာပဲမကထ်ရစ်
ေ��းအကျဆံ�း hypertrophied အ�ိ�း��များကိ�ပတ�်ပီးစ�ပံ�ြခငး်ြဖင့ ်calcified ြဖစ်လာသည။်
အ�ိ�း��သည၎်ငး်၏ကိ�ယပိ်�ငေ်သးွေ�ကာမ�ငက်နွယ်ကမ်��ိြခငး်ေ�ကာင့�်�ငသ်နမ်�ြဖစ်သည်
အ�ိ�း��ဆလဲမ်ျားသညအ်ာဟာရများပျံ� � �ံမ့���င့ ်O 2 မ�တဆင့ ်မ�တညသ်ည်
matrix, ကယလ်စီယမ်၏စ�ပ်ယ�မ�အားြဖင့တ်ားဆးီေသာြဖစ်စ�တစ်ခ�ြဖစ်သည်
ဆားများ ထိ�ေ့�ကာင့အ်ာဟာရဓာတခ်ျိ� �တဲေ့နေသာအ�ိ�း��ဆလဲမ်ျားေဟာငး်�မ်ွးလာသည်
diaphyseal border ေသဆံ�းသည။် osteoclasts သညေ်သဆံ�းေနေသာ chondro- များကိ���ငး်လငး်ေပးသည။်

cytes ��င့ ်calcified matrix တိ�က့သ�တိ�က့ိ�ေထာငခ်ျခဲသ့ည်
diaphy မ�အထကသ်ိ�ပ့ျံတကေ်နေသာ osteoblasts များကကျ�းေကျာ်လာသည။်
sis၊ သ�တိ��့ �င့အ်တ�သ�တိ�၏့ေသးွေ�ကာမ�ငမ်ျားေထာကပံ်မ့�ကိ�ေနာကေ်ကာကက်ျသည။် ဒအီမ်ိင�ားအသစ်ေတွ
�ပိ�ကွပဲျကစီ်းေနေသာအ�ကငး်အကျနမ်ျားကိ�အ�ိ�းပတလ်ညတ်ငွခ်ျထားပါ
အ�ိ�း��သညအ်�ိ�း��၏အတငွး်ပိ�ငး်ေနရာကိ�အစားထိ�းသညအ်ထအိ�ိ�း��
ပနး်ကန၏် diaphyseal ဘက၌် ဤအခါ ossification
(“ အ�ိ�းဖဲွ�စညး်ြခငး်”) �ပီးပါ�ပီ၊ diaphyseal ဘကမ်�အ�ိ�း
��ညသ်ာွး�ပီ
မ�ရငး်အထ� အ�ိ�းေပ� ��ိအ�ိ�း��သညအ်စားထိ�းလိ�ကသ်ည်
ပနး်ကန၏် diaphyseal အဆံ�းသညအ်ေပ�မ�အ�ိ�း��အသစ်ကဲသ့ိ�ထ့�သည်
ပနး်ကန၏် epiphyseal အဆံ�း။ ထိ�ေ့�ကာင့အ်�ိ�း�ကးီထာွးမ�ကိ�ြဖစ်�ိ�ငေ်ချ��ိသည်
"spacer" ကဲသ့ိ� ့ြပ�ေသာအ�ိ�း���ကးီထာွးြခငး်��င့ေ်သဆံ�းြခငး်တိ�ေ့�ကာင့်
၎ငး်သညမ်�ေဘာငတ်စ်ခ�ေပးေသာအခါ epiphysis ကိ�ပိ�မိ�ေဝးေဝးသိ�တ့နွး်ထ�တသ်ည်
diaphysis ၏အဆံ�းတငွအ်နာဂတအ်�ိ�းဖဲွ�စညး်မ�အတကွ်

Osteoblasts ေတစွ�ြပံ�လာတယ်
diaphysis ��င့ေ်ငသွငွး်ြခငး်မ�
အ�ိ�းအ�ကငး်အကျနမ်ျား
အ�ိ�း��များ�ပိ�ကွြဲခငး်။Diaphysis

(ခ) မတ�ညေီသာအချိနမ်ျားတငွတ်�ညေီသာ epiphyseal ပနး်ကန၏်အပိ�ငး်��စ်ခ�၊ ��ညေ်သာအ�ိ�းများ��ညြ်ခငး်ကိ�သ��ပ်ေဖာ်သည။်

၅

●ပံ� ၁၈-၁၀ ခ��ာေဗဒ��င့အ်�ိ� း��ညမ်ျား�ကးီထာွးမ�။

စာမျက�်�ာ ၂၈

ရင့က်ျက,် NONGROWING ေသွ�ေြခာကေ်သာအ�ိ� း အတိ�ငး်
extracellular matrix တစ်ခ�မ�ထ�တလ်�ပ်သည်
osteoblast သည ်calcobes ကဲသ့ိ� ့ osteoblast ကဲသ့ိ� ့ြဖစ်သည်
၎ငး်၏ chondrocyte သညယ်ခငြ်ဖစ်လာသည်
matrix ြဖင့ြ်မ��ပ်��ထံားသည။်
သ�က့ိ�ယသ်�လ�ည့ပ်တေ်နတယ။် chondrocytes ��င့မ်တ�၊
သိ�ေ့သာ် osteoblasts များသညတ်စ်ခ�အတငွး်၌ပိတမိ်ေနသည်
calcified matrix ေ�ကာင့မ်ေသပါဘ�း
၎ငး်တိ�က့ိ�အာဟာရဓာတမ်ျားြဖင့ပိ်�ေ့ဆာငေ်ပးသည်
သ�တိ�က့ိ�တ�းေြမာငး်ေသးေသးေလးေတကွတဆင့ပိ်�ေ့ပးတယ်
osteoblasts များသည၎်ငး်တိ�က့ိ�ယတ်ိ�ငြ်ပ�လ�ပ်သည်
cytoplasmic extension များထ�တလ်�တသ်ည်
bony matrix သည ်de- ပတလ်ည်
တငခ်ဲသ့ည။် ထိ�ေ့�ကာင့ေ်နာကဆ်ံ�းအ�ိ�းစ�အတငွး်
ထ�တက်�နမ်ျားထိ�းေဖာကဝ်ငေ်ရာက�်ိ�ငေ်သာကနွယ်က်
ပိတမိ်ေနေသာေနရာအသးီသးီမ� nels များသညေ်ရာငြ်ခညမ်ျား
teoblast သညအ်သကေ်သးွေ�ကာစနစ်တစ်ခ�အေန��င့ထ်မ်းေဆာငသ်ည်
အာဟာရြဖန ့ေ်ဝြခငး်��င့စ်နွ ့ပ်စ်ြခငး်
ယခ�ေခ�ေသာ entrapped osteoblasts
osteocytes၊ တက�်ကေသာအ�ိ�းများမ�အနားယ�ပါ။
၎ငး်တိ�အ့ားေထာငခ်ျြခငး်ေ�ကာင့တ်ာဝနဖဲွ်�စညး်ြခငး်၊
ment သညသ်�တိ�က့ိ�အပ်ိစကြ်ခငး်မ�ကာကယွေ်ပးသည်
အ�ိ�းအသစ် ဒါေပမယ့သ်�တိ�က့ပါဝငပ်တသ်ကတ်ယ်
ေဟာ်မ�နး်ထနိး်ည�ဖိလ�ယမ်�တငွ်
အ�ိ�း��င့ေ်သးွအ�ကားကယလ်စီ်ယမ်
ဤလလဲ�ယမ်�သညထ်နိး်ချ�ပ်မ�ေအာကတ်ငွ�်�ိသည်
parathyroid ေဟာ်မ�နး် (၌ေဆးွေ�းွသည်
ေနာကအ်ခနး်)၊ GH မဟ�တပ်ါ။

�ကးီထာွးေဟာ်မ�န်း/IGF-I
အ�ိ�း�ကးီထာွးမ�ကိ�အားေပးပါတယ်
အ��ည�်�င့အ်ထ���စခ်�လံ�း
GH သညအ်�ိ�း��စ်ခ�လံ�းကိ��ကးီထာွးေစသည်
��င့အ်ထ�။ GH သည ်IGF-I မ�တဆင့လ်�ံ�ေဆာ်ေပးသည်
epiphyseal အ�ိ�း��များြပန ့ပ်ာွးြခငး်၊
ထိ�ေ့�ကာင့အ်�ိ�းပိ�များေစရနေ်နရာလတွေ်ပးသည်
ဖဲွ�စညး်ြခငး်��င့ ်osteoblast ac- ကိ�လ�ံ�ေဆာ်ေပးသည။်
ကာကယွမ်�။ GH ၏��ညြ်ခငး်ကိ�ြမ�င့တ်င�်ိ�ငသ်ည်
epiphyseal ကဲသ့ိ��့�ညေ်သာအ�ိ�းများ
ပနး်ကနသ်ညအ်�ိ�း��ပံ�စံြဖစ်ေနသည၊် သိ�မ့ဟ�တ“် ဖွင့ထ်ားသည”်
�မီးေကာငေ်ပါကအ်ရွယရဲ်အ့ဆံ�းမ�ာ၊
လငိေ်ဟာ်မ�နး်ေတရဲွလ့�မ်းမိ�းမ�၊ ဒါေတကွ
ပနး်ကနမ်ျားသညလ်ံ�း ၀ ossify (သိ�)့“ ပိတ”် သည်
အ�ိ�းများသညအ်ေမးွ��ညြ်ခငး်ကိ�မ��ည�်ိ�ငပ်ါ။
GH ��ိေနေသာ်လညး် ထိ�ေ့�ကာင့,်
ပနး်ကနမ်ျားပိတ�်ပီးေနာကတ်စ် ဦး ချငး်
ဘယအ်ပငမ်�မ�ကးီထာွးဘ�း။

�ကးီထာွးေဟာ်မ�န်းထ�တလ်�ပ်မ�ကိ�ထန်ိးည�ေိပးသည်
hypophysiotropic ေဟာ်မ�န်း��စခ်�ေ�ကာင့်
GH secretion ထနိး်ချ�ပ်မ�သည ်hypothalamic ��စ်ခ���င့�်� ပ်ေထးွသည်
hypophysiotropic ေဟာ်မ�နး်များသညအ်ဓိကအခနး်ကဏ��ပါဝငသ်ည။်

ling growth hormone secretion: �ကးီထာွးေဟာ်မ�နး်ကိ�ထ�တလ်�တသ်ည်
ေဟာ်မ�နး် (GHRH) သညလ်�ံ�ေဆာ်မ���င့လ်�မ်းမိ�းမ���ိေသာ
က�မ်းကျငမ်���င့�်ကးီထာွးဟန ့တ်ားေဟာ်မ�နး် (GHIH, သိ�မ့ဟ�တ)်
somatostatin) သညတ်ားစီး�ိ�ငေ်သာ ( ● ပံ� ၁၈-၁၁) (သတြိပ�ပါ
somatotropin, alias �ကးီထာွးေဟာ်မ�နး် တိ�တ့ငွြ်ခားနားချကမ်ျား ၊ ဒါေ�ကာင့်
matomedin သညအ်သညး်အားေဟာ်မ�နး် (alias IGF-I) ကိ�တိ�က�ိ်�က ်ြဖနေ်ြဖ ေပးသည်

* * *

ေလက့ျင့ခ်နး်လ�ပ်ြခငး်၊ စိတဖိ်စီးမ�
ေသးွဂလ�းကိ�စ့

ေသးွတငွး်အမိ�င�်ိ�အကဆ်စ်၊

ေသးွဖကတ်းီအကဆ်စ်

Ghrelin

အေသးအဖဲွ
သငွး်အားစ�များ

ဗိ�လမ်�း
သငွး်အားစ�များ

ေနစ့ဥ်စညး်ချက်

Hypothalamus

�ကးီထာွးေဟာ်မ�နး်
ေဟာ်မ�နး်ထ�တလ်�တသ်ည်
(GHRH)

Somatostatin (�ကးီထာွးမ�
ေဟာ်မ�နး် - တားြမစ်သည်
ေဟာ်မ�နး်; GHIH)

Anterior pituitary somatotrope

�ကးီထာွးေဟာ်မ�န်း

အသညး်

IGF-ငါ

�ကးီထာွးမ�ကိ�အားေပးသည့လ်�ပ်ေဆာငခ်ျကမ်ျား

ဆလဲခ်ွဲ

ပ�ိ�တနိး်ေပါငး်စပ်
(ေသးွတငွး်အမိ�င�်ိ�အကဆ်စ်)

အ�ိ�း�ကးီထာွးမ�

ဇီဝြဖစ်စ�လ�ပ်ေဆာငခ်ျကမ်ျား
တိ�းတကမ်���င့မ်သကဆ်ိ�ငပ်ါ။

အဆ�ီပိ�ကွဲ
(ေသးွဖကတ်းီအကစ်စ်)

ဂလ�းကိ�စ့်ကိ�စ�ပ်ယ�သည်
�ကကသ်ားများ
(ေသးွဂလ�းကိ�စ့်)

ဂလ�းကိ�စ့်အထကွ်
အသညး်
(ေသးွဂလ�းကိ�စ့်)

* ဤအချကမ်ျားအားလံ�းသည�်ကးီထာွးေဟာ်မ�နး်ထ�တလ်�တမ်�ကိ�ြမင့တ်ကေ်စေသာ်လညး်၎ငး်ဟ�တမ်ဟ�တ�်�ငး်��ငး်လငး်လငး်မသရိေသးပါ
သ�တိ�သ့ည ်GHRH ကိ�လ�ံ�ေဆာ်ြခငး်သိ�မ့ဟ�တ ်GHIH somatostatin (သိ�)့ ��စ်ခ�လံ�းကိ�တားဆးီြခငး်ြဖင့၎်ငး်ကိ�ြပ�လ�ပ်သည။်

●ပံ� ၁၈-၁၁ �ကးီထာွးေဟာ်မ�န်းထ�တလ်�ပ်မ�ကိ�ထန်ိးချ�ပ်သည။်
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Translating...Endocrinology ၏အေြခခမံ�များ၊ ဗဟိ� Endocrine ဂလငး် ၆၈၁

�ကးီထာွးေဟာ်မ�န်း H ေဟာ်မ�န်း��င့�်ကးီထာွးမ�ကိ�ြဖန ့်ချိသည်
HORMONE H HORMONE ဆန ့်ကျငဘ်ကစ်ညး်မျ�း ��စ်ခ�
hypothalamus မ� tory ေဟာ်မ�နး်များသညထ်နိး်ချ�ပ်မ�တငွပ်ါ ၀ ငသ်ည။်

GH ၏သကေ်ရာကမ်�; ��င့ ်somatostatin, အရာတားစီး GH secre-
) GHRH ��င့ ်somatostatin ��စ်ခ�လံ�းသညေ်�� � ပိ�ငး် pitu- ကိ�လ�ပ်ေဆာငသ်ည။်
itary somatotropes ကိ� G-protein-coupled recep- ��င့ေ်ပါငး်စပ်ြခငး်ြဖင့်

စာမျက�်�ာ ၂၉

၆၈၂ အခနး် ၁၈

cAMP second-messenger pathway ��င့ခ်ျိတဆ်ကထ်ားသည်
GHRH သည ်cAMP ကိ�ြမင့တ်ကေ်စ�ပီး somatostatin သည ်cAMP ကိ�ကျဆငး်ေစသည။်

အြခား anterior pituitary ေဟာ်မ�နး်များကိ�ထနိး်ချ�ပ်သကဲသ့ိ� ့၊
အ��တလ်က�ဏာတံ� ့ြပနခ်ျက ်loops သည ်GH လ�ိ�� ဝ�ကထ်နိး်ချ�ပ်ြခငး်တငွပ်ါ ၀ ငသ်ည။်
သတမ်�တခ်ျက ်hypothalamus– အတကွတ်ံ� ့ြပနမ်�ကငွး်ဆကမ်ျားကိ���ပ်ေထးွေစသည။်
pituitary – အသညး်ဝင�ိ်�းသည ်GH secretion ကိ�တိ�က�ိ်�ကထ်နိး်ည�ေိပးေသာအချကြ်ဖစ်သည။်
လ�ံ�ေဆာ်မ���င့အ်ဟန ့အ်တားြဖစ်ေစေသာအချက�်�စ်ခ�လံ�းတငွေ်ဖာ်ြပထားသည။် ထိ�ေ့�ကာင့်
အ��တလ်က�ဏာတံ� ့ြပနခ်ျကက်ငွး်ဆကသ်ညလ်�ံ�ေဆာ်မ�ကိ�တားဆးီြခငး်��စ်ခ�စလံ�းတငွပ်ါ ၀ ငသ်ည်
အချကမ်ျား��င့ ်inhibitory အချကမ်ျား၏လ�ံ�ေဆာ်။ GH သညလ်�ံ�ေဆာ်ေပးသည်
အသညး်အားြဖင့ ်IGF-I ကိ�စနွ ့ပ်စ်ြခငး်��င့ ်IGF-I သညအ်ဓိကြဖစ်သည်
anterior pituitary မ� GH secretion ကိ�တားစီးသည။် IGF-I ကိ�တားဆးီသည။်
၎ငး်၏ somatotropes သည ်pituitary ၌တိ�က�ိ်�က�်�ိ�ပီးေနာကထ်ပ် de-
GHRH လ�ိ�� ဝ�ကဆ်လဲမ်ျားကိ�တားဆးီြခငး်ြဖင့ ်GH secretion ကိ�တိ�းေစသည်
hypothala ��ိ somatostatin-secreting ဆလဲမ်ျားကိ�လ�ံ�ေဆာ်ေပးသည။်
mus, ထိ�ေ့�ကာင့ ်somato- ၏ hypothalamic လ�ံ�ေဆာ်မ�ကိ�ေလျာက့ျေစသည။်
အပ�ပိ�ငး်ေဒသများ ထိ� ့ြပင ်GH ကိ�ယတ်ိ�ငက် hypothalamic GHRH ကိ�တားဆးီေပးသည်
secretion ��င့ ်somatostatin ထ�တလ်�တမ်�ကိ�လ�ံ�ေဆာ်ေပးသည။်

GH လ�ိ� � ဝ�ကခ်ျကက်ိ�ထခိိ�ကေ်စေသာ အချကမ်ျားအချကမ်ျားစာွ��ိသည်
hypothalamus ေပ�တငွသ်��ပ်ေဆာငြ်ခငး်ြဖင့ ်GH secretion ကိ�လ�မ်းမိ�းသည။် GH
အထကွသ်ညေ်ကာငး်မနွေ်သာထ�းြခားေသာ diurnal ရစ်သမ်ကိ�ြပသည။် ေ��ာက်
ေနအ့များစ�တငွ ်GH ပမာဏသညန်မိ့်ကျေန�ပီးအေတာ်အတနတ်ည�်ငမ်ိသည။်
��စ်��စ်�ခ�ိက�်ခ�ိကအ်ပ်ိေပျာ်�ပီးေနာကန်ာရီဝကခ်န ့တ်ငွ ်GH သညလ်�ိ� � ဝ�က်
၎ငး်သညေ်နအ့ချိနတ်ငွတ်နဖိ်�းနမိ့်ငါးဆအထသိသိသိာသာတိ�းလာသည။်

GH secretion တငွဤ်ေနအ့လိ�ကေ်ြပာငး်လမဲ�ကိ�အေပ�မ�တငြ်ပသည်
၎ငး်သညအ်ရာ ၀ တ� �များကိ�တံ� ့ြပနသ်ည့အ်ေန��င့ြ်ဖစ်ေပ�လာေသာေနာကထ်ပ်လ�ိ� � ဝ�ကခ်ျကမ်ျားြဖစ်သည။်
စိတဖိ်စီးမ�များြခငး်၊ စိတဖိ်စီးမ���င့ေ်သးွတငွး်ဂလ�းကိ�စ့်နမိ့်ြခငး်တိ�သ့ညအ်ဓိကလ�ံ�ေဆာ်မ�များြဖစ်သည။်
စနွ ့ထ်�တမ်�။ GH secretion တိ�းလာြခငး်၏အကျိ�းေကျးဇ�းများ
ခ��ာကိ�ယမ်�စမ်ွးအငလ်ိ�အပ်ေသာအခါဤအေြခအေနများတငွရ်ငဆ်ိ�ငရ်သည်
ဂလ�းကိ�စ့်သိ�ကမ်ျားသညဂ်လ�းကိ�စ့်ကိ�ထနိး်သမ်ိးထားသညဟ်�ယ�ဆရသည်
ဦး ေ��ာက�်�င့ဖ်ကတ်းီအကဆ်စ်များကိ�အစားထိ�းစမ်ွးအငအ်ြဖစ်ေထာကပံ်ေ့ပးသည်
�ကကသ်ားအတကွအ်ရငး်အြမစ်

အဘယေ်�ကာင့ဆ်ိ�ေသာ် GH သညအ်ဆအီေရာငး်ဆိ�ငမ်ျားကိ� သံ�း၍ ေပါငး်စပ်မ�ကိ�အားေပးသည်
ပ�ိ�တနိး်သညခ်��ာကိ�ယဖဲွ်�စညး်မ�ေြပာငး်လမဲ�ကိ�အားေပးသည်
�ကကသ်ား�ကးီထာွးမ�ဆသီိ� ့ adipose စ�ပ်ယ�မ�မ�ေဝးသည်
ပ�ိ�တနိး်။ ထိ�ေ့�ကာင့ ်GH secretion ြမင့တ်ကြ်ခငး်၊
panies ေလက့ျင့ခ်နး်သညအ်နညး်ဆံ�းအကျိ�းသကေ်ရာကမ်�များကိ�တစ်စိတတ်စ်ပိ�ငး်ေြပလညေ်စ�ိ�ငသ်ည။်
ခ��ာကိ�ယ�်ကးီထာွးေစေသာအဆရီာခိ�င�်�နး်ကိ�ေလ�ာခ့ျေပးသည်
ပိနေ်သာကိ�ယခ်��ာ

ပ�ိ�တနိး်ဓာတြ်မင့မ်ားေသာအစားအစာများစား�ပီးေနာကေ်သးွ၌အမိ�င�်ိ�အကစ်စ်များြမင့တ်ကလ်ာသည်
GH secretion ကိ�တိ�းတကေ်စသည။် တစ်ဖန ်GH သညဤ်အရာကိ�အသံ�းြပ�ြခငး်ကိ�အားေပးသည်
ပ�ိ�တငး်ေပါငး်စပ်မ�အတကွအ်မိ�င�်ိ�အကဆ်စ်များ GH ကိ�လညး် a ြဖင့�် �းိေဆာ်သည်
ေသးွဖကတ်းီအကဆ်စ်ကျဆငး်ြခငး်။ အဘယေ်�ကာင့ဆ်ိ�ေသာ် GH သညအ်ဆဓီာတက်ိ�စ�စညး်ေစသည်
စညး်မျ�းစညး်ကမ်းသညမ်�တေသာအ�မဲ��ိေနေသာေသးွဖကတ်းီအကဆ်စ်အဆင့က်ိ�ထနိး်သမ်ိးရနက်�ညသီည။်

ေနာကဆ်ံ�းတငွ ်ghrelin ဟ�ေသာအစာစားချငစိ်တက်ိ�လ�ံ�ေဆာ်ေပးေသာအစမ်ွးထကလ်ာသည်
အစာအမ်ိသည ်GH secretion ကိ�လ�ံ�ေဆာ်ေပးသည ်(p ။ 646) ဒီ
“ ဆာေလာငမ်�ေဟာ်မ�နး်” သည�်ကးီထာွးမ���င့ည်��ိ �ငိး်ရာတငွအ်ခနး်ကဏ� စ်ခ�ြဖစ်�ိ�ငသ်ည်
အာဟာရရ��ိမ�။

GH လ�ိ�� ဝ�ကခ်ျကအ်တကွလ်�သမိျားေသာစညး်မျ�းစညး်ကမ်း inputs များသညသ်တြိပ�ပါ
ဂလ�းကိ�စ့်၊ အမိ�င�်ိ�အကဆ်စ်��င့အ်ဆပီမာဏကိ�ချိနည်�ရိနရ်ညရွ်ယသ်ည်
ေသးွ၌အကဆ်စ်များ တိ�းတကမ်���င့ပ်တသ်ကေ်သာအချကြ်ပမ��သဇာကိ�မသပိါ
GH လ�ိ�� ဝ�ကခ်ျက ်တိ�းတကမ်���နး်ကိ�အမ�နတ်ကယထ်နိး်ချ�ပ်ေသာအရာအားလံ�းသညြ်ပဿနာြဖစ်သည်
အေစာပိ�ငး်ကေလးဘဝတငွ ်GH အဆင့သ်ည�်�ပ်ေထးွသည။်
အလနွလ်ျငြ်မနေ်သာ linear တိ�းတကမ်�ကာလသည၎်ငး်��င့တ်�သည်
ပံ�မ�နလ်��ကးီများ ေစာေစာကေြပာခဲသ့လိ�သပ်ိမ��ိ
ဤကစိ�တငွ ်IGF-I လ�ပ်��ားမ�ကိ�ထနိး်ချ�ပ်ြခငး်သညအ်ေရး�ကးီသည။် An-
အြခားဆကစ်ပ်ေမးခနွး်တစ်ခ�မ�ာလ��ကးီများတစ်သ��းများဘာေ�ကာင့မ်တံ� ့ြပနေ်သးတာလ။ဲ
GH ၏တိ�းတကမ်�ြမ�င့တ်ငေ်ရးအကျိ�းသကေ်ရာကမ်�များကိ�သံ�းလိ�ပါသလား။ ငါတိ�မ့လ�ပ်ဘ�းဆိ�တာငါတိ�သ့တိယ်

epiphyseal ပနး်ကနမ်ျားြဖစ်ေသာေ�ကာင့ဆ်ယေ်ကျာ်သကအ်ရွယေ်နာကပိ်�ငး်မညသ်ည့အ်ပငမ်ဆိ��ကးီထာွး�ိ�ငသ်ည်
ပိတလ်ိ�ကေ်သာ်လညး်��းညံေ့သာတစ်သ��းများဘာေ�ကာင့ဆ်ကလ်ကမ်�ကးီထာွးလာသနညး်
၏လ�မ်းမိ�းမ�ေအာကတ်ငွ ်hypertrophy ��င့ ်hyperplasia မ�တဆင့်
GH လား? ခန ့မ်�နး်ချကတ်စ်ခ�မ�ာ GH အဆင့မ်ျားသာြမင့မ်ား�ိ�ငသ်ည်
ဒကီာလအတငွး်မ�ာသ�ရဲ့ ့�ကးီထာွးမ�ြမ�င့တ်ငေ်ရးအကျိ�းသကေ်ရာကမ်�ေတကွိ�ထ�တလ်�ပ်ဖိ�လ့ံ�ေလာကပ်ါတယ။်
��စ်��စ်�ခ�ိက�်ခ�ိကအ်ပ်ိေပျာ်ေနစ�ြဖစ်ေပ�ေသာ cretion ေပါကက်ွမဲ�များ။ ၎ငး်သညမ်�တသ်ားရနစိ်တဝ်ငစ်ားစရာေကာငး်သည
��စ်��စ်�ခ�ိက�်ခ�ိကအ်ပ်ိေပျာ်ရနအ်ချိနသ်ည�်ိ�စိ့�အ့ရွယ၌်ြဖညး်ြဖညး်ချငး်��င့အ်ေကာငး်ဆံ�းြဖစ်သည်
အသကအ်ရွယအ်လိ�ကက်ျဆငး်လာသည။် အသက�်ကးီလာသည�်�င့အ်မ�က��်�ပ်တိ�သ့ညအ်ချိနအ်ချိ� �ကိ�ြဖ�နး်ေနဆြဲဖစ်သည
��စ်��စ်�ခ�ိက�်ခ�ိကအ်ပ်ိေပျာ်ေနေသာ်လညး်ငါတိ�တ့ြဖညး်ြဖညး်ပိ��ကးီလာမ�ာမဟ�တဘ်�း။ ေနာကထ်ပ်သ�ေတသန
ဤလ�ိ�� ဝ�ကခ်ျကမ်ျားကိ�ေဖာ်ထ�တရ်နလ်ိ�အပ်သည။်

ပံ�မ�န်မဟ�တေ်သာ�ကးီထာွးေဟာ်မ�န်းထ�တလ်�တမ်�ရလဒမ်ျား
�ကးီထာွးမ�ပံ�စမံမ�န်ြခငး်။

ချိ� �တဲြ့ခငး်��င့အ်လနွအ်က�ံ��စ်ခ�လံ�း��င့ဆ်ိ�ငေ်သာေရာဂါများ
�ကးီထာွးေဟာ်မ�နး်ြဖစ်ေပ� �ိ�ငသ်ည။် ပံ�စံအေပ�သကေ်ရာကမ်�
�ကးီထာွးမ�သည ်meta ထကသ်သိာထင�်�ားသည။်

bolic အကျိ�းဆကမ်ျား

�ကးီထာွး��န်းေဟာ်မ�န်းအခကအ်ခဲ GH ချိ� �တဲြ့ခငး်ေ�ကာင့ြ်ဖစ်�ိ�ငသ်ည်
pituitary ချိ� �ယငွး်ြခငး် (GH မ��ိြခငး်) ေ�ကာင့သ်ိ�မ့ဟ�တေ်နာကဆ်ကတ်ွြဲဖစ်ေပ�လာ�ိ�ငသ်ည်
hypothalamic ကေမာကက်မြဖစ်မ� (GHRH မ��ိြခငး်) ။ ရညရွ်ယခ်ျက်
ကေလး၌ GH သည ်dwarfism ြဖစ်ေစေသာအေ�ကာငး်ရငး်တစ်ခ�ြဖစ်သည ်။ �ကးီစိ�းတဲအ့သငွ်
ture သညေ်��းေကးွေသာအ�ိ�း�ကးီထာွးမ�ေ�ကာင့ြ်ဖစ်ေပ�လာေသာအရပ်အတိ� ( ● Fig-
ယ� ၁၈-၁၂) သသိာထင�်�ားသည့ဝိ်ေသသလက�ဏာများမ�ာဖံွ� �ဖိ�းမ�အားနညး်ြခငး်၊
oped �ကကသ်ားများ (�ကကသ်ားပ�ိ�တနိး်ေပါငး်စပ်မ�ေလျာန့ညး်) ��င့ပိ်�လ�ံသည်
အေရြပားေအာက�်�ိအဆ ီ(အဆနီညး်လာြခငး်) ။

●ပံ� ၁၈-၁၂ တငွမ်� မမ�န်မ�၏အကျိ�းသကေ်ရာကမ်�ဥပမာများ
�ကးီထာွးမ�အေပ� �ကးီထာွးေဟာ်မ�န်းထ�တလ်�တမ်�။ ညာဘကက်လ�
အပငထ်�တလ်�ပ်မ�နညး်ြခငး်ေ�ကာင့ ်pituitary dwarfism ကိ�ြပသည်
ကေလးဘဝမ�ာ�ကးီထာွးေဟာ်မ�နး် ဓာတပံ်�၏အလယဗ်ဟိ�မ�လ�
ဂရပ်ဖ်တငွ�်ကးီထာွးေဟာ်မ�နး်အလနွအ်က�ံထကွြ်ခငး်ေ�ကာင့ြ်ဖစ်ေပ�လာေသာ�ကးီြမတမ်���ိသည။်
ကေလးဘဝမ�ာ ဘယဘ်က�်�ိလ�သညပ်ျမ်းမ�အရပ်အြမင့�်�ိသည။်

စ�စညး်မ��ိ�ငင်တံကာ၊ လမိီတက၊် ၁၉၈၆

စာမျက�်�ာ ၃၀

ဒါအ့ြပင�်ကးီထာွးမ�လညး်ြဖစ်�ိ�ငပ်ါတယ်
တစ်သ��းများချိ� �ယငွး်သာွးေသာေ�ကာင့အ်�ွန ့တ်ံ�းသာွးသည်
GH ကိ�ပံ�မ�နတ်ံ� ့ြပနရ်န ်တစ်ခ���ိတယ်
ဥပမာ Laron dwarfism
abnor ၏သငွြ်ပငလ်က�ဏာ
ချိ� �တဲေ့သာ GH receptors များ
ေဟာ်မ�နး်ကိ�ေထာကပံ်ေ့ပးသည။် ဟိ
ဤအေြခအေန၏လက�ဏာများ
ြပငး်ထနေ်သာ GH ကာကယွမ်�ကိ� semble
ေသးွအဆင့�်�ိေသာ်လညး်အစမ်ွးထကသ်ည်
GH သညအ်မ�နတ်ကယြ်မင့မ်ားသည။်
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Translating...

Endocrinology ၏အေြခခမံ�များ၊ ဗဟိ� Endocrine ဂလငး် ၆၈၃

အချိ��အေြခအေနများတငွ ်GH ပမာဏလံ�ေလာက�်ပီးပစ်မ�တဆ်လဲြ်ပနလ်ညြ်ပည့ဝ်သည။်
ေထာကပံ်မ့�သညပံ်�မ�နြ်ဖစ်ေသာ်လညး် IGF များ
ချိ� �တဲေ့န�ကတယ။် အာဖရိက pygmies များြဖစ်�ကသည်
စိတဝ်ငစ်ားစရာဥပမာတစ်ခ� သ�တိ�ရဲ့ ့
ပံ�မ�နအ်ားြဖင့အ်ရပ်��ညြ်ခငး်ေ�ကာင့ြ်ဖစ်�ိ�ငသ်ည်
IGF-I ချိ� �တဲြ့ခငး်ေ�ကာင့်

GH ချိ� �တဲမ့�စတငြ်ခငး်
�ကးီထာွး�ပီးေနာကအ်ရွယေ်ရာက�်ပီးသားြဖစ်သည်
�ပီးြပည့စံ်�မ�အနညး်ငယထ်�တလ်�ပ်သည်
လက�ဏာများ။ GH ချိ� �တဲေ့သာလ��ကးီများ
အ�ိ�းေလ�ာန့ညး်တတသ်ည်
�ကကသ်ားထ���င့ခ်နွအ်ား (ေလျာန့ညး်သည်
�ကကသ်ားပ�ိ�တငး်) အြပင ်de-
အ�ိ�းသပ်ိသညး်ဆ (တနွ ့ဆ်�တေ်နစ�တငွ ်osteoblast လ�ပ်��ားမ�နညး်သည်
အ�ိ�းြပ�ြပငြ်ခငး်) ထိ� ့ြပင ်GH သညမ်��ိမြဖစ်လိ�အပ်ေသာေ�ကာင့ြ်ဖစ်သည်
အရွယေ်ရာကခ်ျိနတ်ငွ�်�လံ�း�ကကသ်ားထ���င့စ်မ်ွးေဆာငရ်ညက်ိ�ထနိး်သမ်ိးြခငး်၊
GH ချိ� �တဲေ့သာလ��ကးီများသည�်�လံ�းဖံွ� �ဖိ�းရနအ်��ရာယပိ်�များ�ိ�ငသ်ည်
�� ံးနမိ့်ြခငး်။ (GH က�ထံ�းအေ�ကာငး်ေဆးွေ�းွချကအ်တကွ ်boxed feature ကိ��ကည့ပ်ါ
p 684, ■ Concepts, စိနေ်ခ�မ�များ, အြငငး်ပာွးစရာေတနွဲ။့ )

�ကးီထာွး��န်းေဟာ်မ�န်း ြမင့တ်ကမ်� GH ၏ Hypersecretion သညအ်များစ�ြဖစ်သည။်
ေ�� � ပိ�ငး် GH ထ�တလ်�ပ်ေသာဆလဲမ်ျား၏အကျိတေ်�ကာင့ြ်ဖစ်ပာွးေသာဆယမ်ျိ�း
pituitary ။ ေရာဂါလက�ဏာများသညလ်�တစ် ဦး ၏အသကအ်ရွယေ်ပ�မ�တညသ်ည်
ပံ�မ�နမ်ဟ�တေ်သာအညစ်အေ�ကးများစတငေ်သာအခါ GH အလနွအ်က�ံထ�တလ်�ပ်လ�င်
epiphyseal ပနး်ကနမ်ျားမပိတမီ်ကေလးဘဝ၌စတငခ်ဲသ့ည။်
cipal ထင�်�ားမ�သညအ်တားအဆးီမ��ိဘအဲြမင့၌်လျငြ်မနစ်ာွ�ကးီထာွးသည။်
ခ��ာကိ�ယအ်ချိ�းအစား။ သင့ေ်တာ်ေသာအေြခအေနကိ�သသိည်
အြဖစ် အလန်ွ�ကးီမားေသာ ( ● ပံ� 18-12) ။ မက�သလ�ငဖ်ယ�်�ားပစ်ပါ
အကျိတ ်(သိ�)့ GH ၏အာနသိငက်ိ�တားဆးီေသာေဆးများေ�ကာင့လ်�တစ် ဦး သညြ်ဖစ်�ိ�ငသ်ည်
��စ်ေပ��င့အ်ထကသ်ိ�ေ့ရာက�်ိ�ငသ်ည။် ��းညံေ့သာတစ်��းအားလံ�း�ကးီထာွးသည်
ထိ�ေ့�ကာင့ခ်��ာကိ�ယသ်ညအ်ချိ�းအစားကျေနဆြဲဖစ်သည။်

GH hypersecretion သည�်မီးေကာငေ်ပါကအ်ရွယေ်နာကပိ်�ငး်ြဖစ်လ�င်
epiphyseal ပနး်ကနမ်ျားသညပိ်တ�်ပီး၊ အြမင့၌်ပိ�မိ��ကးီထာွးသည်
တားဆးီထားသည။် သိ�ေ့သာ်ပိ�လ�ံ GH ၏လ�မ်းမိ�းမ�ေအာက၌်
အ�ိ�းများသညပိ်�ထ�လာ�ပီးေပျာေ့ပျာငး်ေသာတစ်သ��းများ၊ အထ�းသြဖင့တ်ယွဆ်ကသ်ည်
အေရြပား��င့တ်စ်သ��းများပာွးများပါ။ ဤအချိ�းအစားမညေီသာတိ�းတကမ်�သည်
tern သည ်acromegaly ဟ�ေခ�ေသာ��ပ်ပျကဆ်ငး်ပျကအ်ေြခအေနတစ်ခ�ကိ�ထ�တလ်�ပ်သည်
( acro "အစနွး်" ကိ� ဆိ�လိ�သည ်၊ megaly သည ်"�ကးီ" ဟ�ဆိ�လိ�သည။် ) အ�ိ�းေတထွ�လာတယ်
ing သညမ်ျက�်�ာ��င့အ်စနွး်တငွသ်သိာထင�်�ားသည။် မ�တသ်ားထားေသာ Coars များ
ြဖညး်ြဖညး်ချငး်နးီပါး apelike အသငွအ်ြပငသ်ိ�အ့သငွအ်ြပငမ်ျားကိ� ening လ�ပ်ပါ
ေမး�ိ�း��င့ပ်ါး�ိ� းများပိ�မိ�ထင�်�ားလာသည�်�င့အ်မ�ဖံွ� �ဖိ�းလာသည်
မျက�်�ာအ�ိ�းများ��င့အ်ေရြပားများထ�လာြခငး်ေ�ကာင့ြ်ဖစ်သည်
( ● ပံ� ၁၈-၁၃) ။ လက�်�င့ေ်ြခတိ�သ့ညက်ျယလ်ာ�ပီးလကေ်ချာငး်များလညး်ကျယလ်ာသည်
ေြခေချာငး်များအလနွထ်�လာသည။် အရံအာ�ံ�ေ�ကာမ�မမ�နြ်ခငး်
အများအားြဖင့အ်ာ�ံ�ေ�ကာများဖံ�းလ�မ်းေနေသာတယွက်ပ်ြခငး်ေ�ကာင့ြ်ဖစ်ေပ�ေလ�့�ိသည်
တစ်သ��းသိ�မ့ဟ�တအ်�ိ�း။

�ကးီထာွးေဟာ်မ�န်းမ�တပါးအြခားေဟာ်မ�န်းများ
ပံ�မ�န်�ကးီထာွးမ�အတကွမ်��ိမြဖစလ်ိ�အပ်သည။်
GH အြပငအ်ြခားေဟာ်မ�နး်များစာွသညအ်ထ�းအေထာကအ်က�ြပ�သည်
အလံ�းစံ��ကးီထာွးရနန်ညး်လမ်းများ

■ �ကးီထာွးမ�အတကွ ်သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး် သညမ်��ိမြဖစ်လိ�အပ်သည၊်
�ကးီထာွးမ�ကိ�ြမ�င့တ်ငရ်နမ်�နက်နစ်ာွတာဝန�်�ိသည။် ၎ငး်သညခ်ငွ့ြ်ပ�ချကတ်စ်ခ�ြဖစ်သည်
အ�ိ�း�ကးီထာွးမ�အတကွအ်ခနး်ကဏ္ GH ၏လ�ပ်ေဆာငခ်ျကမ်ျားသညအ်ြပည့အ်ဝသာေဖာ်ြပသည်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်အလံ�အေလာက�်�ိေနလ�င ်ထိ�ေ့�ကာင့တ်ိ�းတကမ်�သည်
hypothyroid ကေလးများတငွြ်ပငး်ထနစ်ာွပ�ည�ကြ်ခငး်၊ ဒါေပမယ့အ်လနွလ်ျငြ်မနြ်ခငး်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်သညအ်လနွ�်ကးီထာွးမ�ကိ�မြဖစ်ေစပါ။
■ အငဆ်�လင ်သညအ်ေရး�ကးီေသာ�ကးီထာွးမ�ြမ�င့တ်ငမ်�တစ်ခ�ြဖစ်သည။် အငဆ်�လငခ်ျိ� �တဲြ့ခငး်
�ကးီထာွးမ�ကိ�ဟန ့တ်ားေလ�့�ိ�ပီး hyperinsulinism သညမ်�ကာခဏြဖစ်ေပ�ေစသည။်
ရပ်တန ့တ်ိ�းတကမ်�။ အဘယေ်�ကာင့ဆ်ိ�ေသာ်အငဆ်�လငသ်ညပ်�ိ�တငး်ေပါငး်စပ်မ�ကိ�အားေပးသည်
တိ�းတကမ်�ြမ�င့တ်ငေ်ရးအကျိ�းသကေ်ရာကမ်�များသညအ်ံ�့သစရာမြဖစ်သင့ပ်ါ။ ဒါေပမယ့၊်
ဤသကေ်ရာကမ်�များသညအ်ာမခခံျက ်မ�လွ၍ဲ အြခားယ��ရားတစ်ခ�မ�ြဖစ်ေပ�လာ�ိ�ငသ်ည။်
ပ�ိ�တငး်ေပါငး်စပ်မ�အေပ� lin ၏တိ�က�ိ်�ကအ်ကျိ�းသကေ်ရာကမ်� အငဆ်�လငက်ိ�ြပနလ်ညတ်ညေ်ဆာကပံ်�
IGFs များ��င့ ်IGF-I receptor တိ��့ �င့အ်ြပနအ်လ�နဆ်ကသ်ယွ�်ိ�ငသ်ည။်
၎ငး်သည ်insulin receptor ��င့အ်လနွဆ်ငတ်�သည။်
■ အနဒ်�ိ�ဂျင ်သညအ်ေရးပါေသာအခနး်ကဏ��ပါဝငသ်ညဟ်�ယံ��ကည�်ကသည်
pubertal �ကးီထာွး��နး်ကိ�ြမ�င့တ်ငေ်ပး�ပီးပ�ိ�တနိး်ဓာတေ်ပါငး်စပ်မ�ကိ�အားေပးသည။်
sis များစာွေသာအဂ� ါများ Androgens သည ်linear growth ကိ�ြမ�င့တ်ငေ်ပးသည်
ကိ�ယအ်ေလးချိနတ်ိ�းြခငး်��င့�်ကကသ်ားထ�ထညက်ိ�တိ�းေစသည။် အစမ်ွးထကဆ်ံ�း Andro-
ေဝ�းေစေ့ဟာ်မ�နး် Testosterone သညအ်မျိ�းသားများဖံွ� �ဖိ�းရနတ်ာဝန�်�ိသည်
အမျိ�းသမီးများထက�်ကကသ်ားပိ�ေလးသည။် ဤအနဒ်�ိ�ဂျင�်ကးီထာွးမ�-
အကျိ�းသကေ်ရာကမ်�ြမ�င့တ်ငြ်ခငး်သည ်GH ��ိေနြခငး်အေပ�မ�တညသ်ည။် အနဒ်�ိ�ဂျင်
GH မ��ိြခငး်ေ�ကာင့ခ်��ာကိ�ယ�်ကးီထာွးမ�အေပ�အကျိ�းသကေ်ရာကမ်�လံ�းဝမ��ိေပ။
သိ�ေ့သာ်၎ငး်၏တည�်�ိမ�၌၎ငး်တိ�သ့ညအ်တ�တက ွlinear တိ�းတကမ်�ကိ�ြမ�င့တ်ငေ်ပးသည။်
အနဒ်�ိ�ဂျငသ်ည�်ကးီထာွးမ�ကိ�လ�ံ�ေဆာ်ေပးေသာ်လညး်ေနာကဆ်ံ�းတငွအ်ေမးွများရပ်တန ့သ်ာွးသည။်
epiphyseal ပနး်ကနမ်ျားပိတြ်ခငး်ကိ�ြမ�င့တ်ငြ်ခငး်ြဖင့�်ကးီထာွးမ�တိ�းတကေ်စသည။်
■ အကစ်ထ �ိ�ဂျငသ်ညအ်နဒ်�ိ�ဂျငက်ဲသ့ိ�ေ့နာကဆ်ံ�းတငွ ်linear growth ကိ�အဆံ�းသတေ်စသည်
epiphyseal ပနး်ကနမ်ျားကိ��ပီးြပည့စံ်�ေသာေြပာငး်လြဲခငး်ကိ�လ�ံ�ေဆာ်ေပးြခငး်ြဖင့်

အသက ်၁၃ အသက ်၂၁ အသက ်၃၅

●ပံ� ၁၈-၁၃ acromegaly ၏တိ�းတကဖံွ်� �ဖိ�းမ�။ ဒစီီးရီးထကဲဓာတပံ်�ေတွ
ကေလးဘဝမ�ယခ�အချိနထ်လိ�နာ၏နဖ�းအ�ိ�း၊ ပါး�ိ�း��င့ေ်မး�ိ�းတိ�သ့ညမ်ညသ်ိ� ့ြဖစ်သညက်ိ�သတြိပ�ပါ။
အ�ိ�းများ��င့အ်ေရြပားများအဆကမ်ြပတထ်�လာြခငး်ေ�ကာင့တ်ြဖညး်ြဖညး် ပိ�၍ ထင�်�ားလာသည်
GH အလနွအ်က�ံထ�တြ်ခငး်ေ�ကာင့ြ်ဖစ်သည။်

ဒငး်ဒဗလျ�

archak@www

.acromegalysupport.com ။

စာမျက�်�ာ ၃၁

ယံ��ကညခ်ျကမ်ျား၊ စန်ိေခ�မ�များ��င့ထ်န်ိးချ�ပ်မ�များ

ပ�လငး်ထမဲ��ကးီထာွးမ���င့လ်�ငယမ်ျား။
ေဟာ်မ�နး်အများစ���င့မ်တ�ဘ�ဲကးီထာွးေဟာ်မ�နး်ြဖစ်သည်
မျိ�းစိတတ်ိ�တ့ငွဖဲွ်�စညး်တညေ်ဆာကပံ်���င့လ်�ပ်ေဆာငခ်ျကက်ွြဲပားသည။်
ထိ�ေ့�ကာင့�်ကးီထာွးေဟာ်မ�နး် (GH) သည်
imal အရငး်အြမစ်များသည ်GH ကိ�က�သရာတငွမ်ထေိရာကပ်ါ
လ�သားများတငွခ်ျိ� �တဲမ့� အရငတ်�နး်ကတစ်ခ�တညး်ပဲ
လ�သား၏ GH အရငး်အြမစ်သည ်pituitary glands ြဖစ်သည်
လ��့�ပ်ကလာပ်များမ� ဒါကေထာကပံ်မ့�ြဖစ်ခဲတ့ယ်
ဘယေ်တာမ့�မလံ�ေလာကဘ်�း၊ ေနာကဆ်ံ�းေတာဖ့ယထ်�တပ်စ်လိ�ကတ်ယ်
အစားအေသာက�်�င့ေ်ဆးဝါးေ�ကာ်ြငာေဈးကကွမ်�
ဗိ�ငး်ရပ်စ်ေ�ကာကစိ်တေ်�ကာင့ ်ministration (FDA)
ညစ်ညမ်းမ� ဒါေပမယ့အ်ခ�ေတာန့ညး်ပညာ
မျိ�း�ိ� းဗီဇအငဂ်ျငန်ယီာပညာ၏ထ�းြခားချကက်ိ�ဖနဆ်ငး်ထားသည်
လ�သားအားအကန ့အ်သတမ်��ိရ��ိ�ိ�ငသ်ည်
GH GH ၏ေပါငး်စပ်မ�ကိ���နြ်ပေသာမျိ�း�ိ� းဗီဇြဖစ်သည်
လ�သားများအားဘကတ်းီရီးယားပိ�းအြဖစ်စတငမိ်တဆ်ကခ်ဲသ့ည်
ria သညဘ်ကတ်းီရီးယားများကိ�စက�ံ်�များအြဖစ်သိ�ေ့ြပာငး်သည။်
၎ငး်သညလ်�သား GH ကိ�ေပါငး်စပ်သည။်

လံ�ေလာကေ်သာလ�သား GH ��ိေနေသာ်လညး်
မျိ�း�ိ� းဗီဇအငဂ်ျငန်ယီာမ�တဆင့ယ်ခ�ရ�ိ�ငသ်ည်
ေဆးဘကဆ်ိ�ငရ်ာအသိ�ငး်အဝိ�ငး်အတကွြ်ပဿနာသစ်တစ်ခ�
ဘယအ်ေြခအေနမျိ�းမ�ာဆံ�းြဖတမ်လဲ
synthetic GH က�သမ�သညသ်င့ေ်လျာ်သည။် အထိ
မ�ကာေသးမီက FDA သညက်�သမ�ကိ�အတညြ်ပ�ခဲသ့ည်
ေအာကပ်ါအသံ�းြပ�မ�များအတကွသ်ာြဖစ်သည။် (၁) GH အတကွ်
ချိ� �တဲေ့သာကေလးများ၊ အရွယေ်ရာက�်ပီးသ�များအတကွ ်(၂)
itary အကျိတ ်(သိ�)့ အြခားေရာဂါြဖစ်ေစေသာ
GH ချိ� �တဲြ့ခငး်��င့ ်AIDS အတကွ ်(၃)

�ကကသ်ားများဆိ�းရွားစာွနာကျငေ်နေသာလ�နာများ
ing ။ အကဖ််ဒေီအကအတညြ်ပ�မေပးေပမယ့်
ဤအသံ�းြပ�မ�ကိ� GH က�ထံ�းကိ�လညး်တငွတ်ငွက်ျယက်ျယအ်သံ�းြပ��ကသည်
အေရြပားကိ�လျငြ်မနစ်ာွြပငး်ထနစ်ာွသကသ်ာေစသည်

■ ေလ�ာအ့�ိ�းသပ်ိသညး်ဆ (GH အားေပးအားေြမ�ာက်
အ�ိ�းဖဲွ�စညး်မ�ဆလဲမ်ျား၏လ�ပ်ေဆာငမ်�)

■ ပါးလ�ာ။ တနွ ့ေ်နေသာအသားအေရ (GH ကိ�အားေပးသည်
အေရြပားဆလဲမ်ျားြပန ့ပ်ာွးြခငး်)

(သိ�ေ့သာ်လ�ပ်��ားမ�မ��ိြခငး်သညက်စားရနလ်ညး်ယံ��ကညသ်ည်
အသကအ်ရွယ�်�င့ဆ်ကစ်ပ်ေသာေလ�ာခ့ျမ�များတငွအ်ဓိကအခနး်ကဏ��ပါဝငသ်ည်
�ကကသ်ားထ�၊ အ�ိ�းသပ်ိသညး်ဆ��င့ခ်နွအ်ား။ )

၁၉၉၀ ြပည့လ်နွ�်�စ်အေစာပိ�ငး်ေတမွ�ာသ�ေတသနများစာွ
ဤအကျိ�းဆကမ်ျားမ�အချိ� �ကိ�ေဖာ်ြပခဲသ့ည်
အသကအ်ရွယ�်ကးီရင့ြ်ခငး်ကိ�ဆန ့က်ျငတ်နွး်လ�န�်ိ�ငသ်ည်
အသက ်၆၀ ေကျာ်လ�များတငွ ်synthetic GH ကိ�အသံ�းြပ�သည။်
သက�်ကးီရွယအ်ိ�များကိ�အပိ� GH ြဖင့က်�သသည်
တိ�းလာေသာ�ကကသ်ားထ�ကိ�ေလ�ာြ့ပသည်
အဆတီစ်သ��းများ��င့အ်ေရြပားထ�လာသည။် ဆငတ်�မ�ာပဲ
သက�်ကးီရွယအ်ိ�အမျိ�းသမီးများအတကွြ်ဖည့စ်ကွ ်GH ကိ�ေလလ့ာြခငး်
က�သမ�သည�်ကကသ်ားထ�ကိ�မတိ�းေစပါ။
သသိသိာသာဘအဲဆထီ�ကိ�ေလျာက့ျေစ�ပီး
အ�ိ�းဆံ�း�� ံးမ�ကိ�ကာကယွေ်ပးသည။်

ဤအေစာပိ�ငး်ရလဒမ်ျားသညပ်ငလ်�င်
စိတလ်�ပ်��ားစရာ၊ ေနာကထ်ပ်ေလလ့ာမ�ေတကွပိ�များလာ�ပီ
စိတဓ်ာတက်ျေစသည။် ဥပမာအားြဖင့-်
ပိနပိ်နပ်ါးပါးခ��ာကိ�ယအ်ချိ�းအစား၊ လ�အများစ�က�သေပးေသာ
အံ�့သစရာေကာငး်ေလာကေ်အာငတ်ိ�းတကလ်ာတာမ��ိဘ�း
အစမ်ွးသတ� သိိ�မ့ဟ�တေ်လက့ျင့ခ်နး်စမ်ွးရည။် ထိ�အ့တ�၊
GH ကိ�ထပ်မံတိ�းချဲ�ေသာအခါ
အချိန ်(သိ�)့ �ကးီ�ကးီမားမားြဖစ်ေစေသာေဘးထကွဆ်ိ�းကျိ�းများ
ဆးီချိ�ြဖစ်�ိ�ငေ်ြခပိ�များြခငး်တိ�ပ့ါဝငသ်ည။်
ေကျာကက်ပ်ေကျာကတ်ညြ်ခငး်၊ ေသးွတိ�းြခငး်၊ ေခါငး်ကိ�ကြ်ခငး်
ကိ�ကခ်ြဲခငး်၊ အဆစ်နာြခငး်��င့ ်carpal ဥမငလ်ိ�ဏေ်ခါငး်
ဒ��နး် (Carpal tunnel syndrome တငွပ်ါဝငသ်ည်

� ြ

လက�်�ိတငွသ်က�်ကးီရွယအ်ိ� ၃၀၀၀၀ ခန ့�်�ိသည်
GH ယ�ြခငး်

ကျင့ဝ်တဆ်ိ�ငရ်ာအကျပ်�ိ�ကြ်ခငး်သညမ်�းယစ်ေဆးဝါးဟ�တမ်ဟ�တ်
ပံ�မ�န�်�ိသ�များအြခားသ�များသံ�းသင့သ်ည်
GH အဆင့�်�ိေသာ်လညး်ထ�တက်�န၏်တိ�းတကမ်�ကိ�လိ�လားသည။်
အလ�က�နသ်ိ�မ့ဟ�တအ်ားကစားအတကွလ်�ပ်ေဆာငခ်ျကမ်ျားကိ�ြမ�င့တ်ငြ်ခငး်
ပံ�မ�နအ်ားြဖင့ဆ်ယေ်ကျာ်သကအ်ရွယ�်ကးီထာွးလာြခငး်ကဲသ့ိ�ေ့သာအေ�ကာငး်ရငး်များ
ပိ�မိ�ြမင့ေ်သာအြမင့သ်ိ�ေ့ရာကလ်ိ�သ�။
မ�းယစ်ေဆးဝါးကိ�တရားမ ၀ ငအ်သံ�းြပ�ေန�ပီြဖစ်သည်
အားကစားသမားအချိ� � ��င့က်ာယဗလသမားများ ဒါထက်
မ�ကာေသးမီကေလလ့ာမ�တစ်ခ�တငွ ်၄ ခ�သာေတွ� ��ိခဲသ့ည်
တရားဝငလ်ကခ်ထံားေသာကေလး ၁၀ ေယာကတ်ငွ်
GH က�ထံ�းကိ�ေဆးဝါး�ကးီ�ကပ်မ�ေအာကတ်ငွထ်ားပါ
GH ချိ� �တဲြ့ခငး်သိ�မ့ဟ�တေ်အာကေ်ြခ၌��ိသည်
အြမင့ ်1.2% အြခားသ�များကလကခ်သံည်
မိဘများ၊ ဆရာဝနမ်ျားေ�ကာင့က်�သမ�
�ပီးေတာက့ေလးေတဟွာအလိ�ကသ်င့ယ်မ်ိးယိ�ငေ်နတယ်
အြမင့က်ိ� ဦး စားေပးေသာယ�ေကျးမ�ဖိအားများကိ�ေ��ာငခ်ဲသ့ည်
ေဆးဘကဆ်ိ�ငရ်ာအချကမ်ျားထက်

မ�းယစ်ေဆးဝါးကိ�ကေလးများ��င့ပံ်�မ�နသ်ံ�းြခငး်
GH အဆင့မ်ျားေ�ကာင့ြ်ပဿနာတက�်ိ�ငသ်ည်
synthetic GH သညသ်နလ်ျငထ်�တက်�နတ်စ်ခ�ြဖစ်သည။်
�ကးီထာွးမ���င့�်ကကသ်ားကိ�အားေပးသည်
အစ�လိ�ကအ်ြပံ�လိ�က၎်ငး်ကဲသ့ိ�ဆ့ိ�းကျိ�းများလညး်��ိသည်
ဒ�က�ေပး�ိ�ငေ်သာေဘးထကွဆ်ိ�းကျိ�းများ။ ဒါထက်
ထိ� ့ြပငေ်လလ့ာမ�တစ်ခ�ကေပျာေ့ပျာငး်ေစေသာ
tal GH က�ထံ�းမ��ိေသာကေလးများသည်
ေဟာ်မ�နး်သညခ်��ာကိ�ယအ်ဆကီိ�ြဖန ့ြ်ဖ�းေပးသည်
��င့ပ်�ိ�တနိး် စံ�စမ်းစစ်ေဆးသ�များက��ငိး်ယ��ခဲသ့ည်
မဟ�တရ်ငက်ျနး်မာတဲအ့�ပ်စ�ေြခာကစ်���စ်စ�
ထိ�အထတဲငွ�်�စ်��စ်သားများ
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၆၈၄ အခနး် ၁၈

မီးေလာငခ်ရံေသာလ�နာများ ၂၀၀၃ ခ���စ်မ�ာေတာစိ့တလ်�ပ်��ားမ�ေတထွကွေ်ပ�ေနတယ်
စွဲချကတ်ငေ်ဆးွေ�းွချကမ်ျား၊ FDA သည ်GH ကိ�ေထာကခ်သံည်
အြခားအ�ပ်စ�အတကွ�ိ်�ကခ်ျကအ်တိ�ဆံ�း ၁.၂%
no အတကွပံ်�မ�နထ်ကပိ်�တိ�ေသာကေလးများ
ထင�်�ားေသာအေ�ကာငး်ြပချက ်ဒကီ�ထံ�းမ�ာပိ�းမ �ားေတအွများ�ကးီပါဝငတ်ယ။်
နပံါတတ်စ်ခ�အတကွတ်စ်ပတလ်�င ်GH ထိ�းေဆးသံ�း�ကမ်ိ
ကေလးအထ�းဂ��စိ�ကမ်�ေအာကတ်ငွ�်�စ်ေပါငး်များစာွ
ric endocrinologist များသညပ်ျမ်းမ�အကျိ�းအြမတအ်တကွ်
အြမင့တ်စ်လကမ်မ�သံ�းလကမ် GH ချိ� �တဲြ့ခငး်
ကေလးများသည ်ပိ�၍ သသိာထင�်�ားေသာအကျိ�းေကျးဇ�းများကိ�ခစံားရသည်
GH က�ထံ�းတငွေ်ြခာကမ်� ၈ လကမ်ခန ့်

ေနာကထ်ပ် GH ကိ�ဘယသ်�နဲအ့စားထိ�းလဲ
က�သမ�သညသ်က�်ကးီရွယအ်ိ�များအတကွအ်ကျိ�း��ိ�ိ�ငသ်ည။် GH လ�ိ�� ဝ�က်
လ�တစ်ေယာကရဲ်အ့သက ်၂၀ မ�ာပံ�မ�နအ်ားြဖင့အ်ထတွအ်ထပ်ိေရာကေ်နတယ။်
သိ� ့ြဖစ်လ�ငလ်�များစာွ၌စတငေ်လျာန့ညး်လာ�ိ�ငသ်ည်
အသက ်၄၀ ေကျာ်�ပီးေနာကဤ်ကျဆငး်မ�သညအ်ေထာကအ်က�ြဖစ်ေစသည်
အသကအ်ရွယ�်ကးီရင့ြ်ခငး်၏လက�ဏာအချိ� �

■ ေလျာန့ညး်သာွး�ကကသ်ားထ�ထည ်(GH အားေပးအားေြမ�ာက်
�ကကသ်ားများအပါအ ၀ ငပ်�ိ�တငး်များေပါငး်စပ်ြခငး်
ပ�ိ�တငး်)

■ တိ�းြမ�င့ေ်ကာငဆ်ဦကိ�အစစ်ခ ံ(GH အားေပးအားေြမ�ာက်
အဆစီတိ�းဆိ�ငမ်ျားကိ�သံ�းရနစ်ညး်�ံ�းြခငး်ြဖင့ပိ်နြ်ခငး်
စမ်ွးအငအ်ရငး်အြမစ်အြဖစ်)

ဥမငလ်ိ�ဏေ်ခါငး်ကိ�ထ��ပီးကျ�းေြမာငး်ေစသည်
အာ�ံ�ေ�ကာကိ�ေထာကပံ်ေ့ပးေသာလကေ်ကာကဝ်တ်
လက�်ကကသ်ားများြဖတသ်ာွးသည။် carpal ကိ� ဆိ�လိ�သည်
“ လကေ်ကာကဝ်တ”်) ထိ� ့ြပင ်synthetic GH လညး်��ိသည်
က�နက်ျစရိတ ်(��စ်စ� ၁၅၀၀၀ မ� ၂၀၀၀၀ ေဒ�လာ) ��င့်
ပံ�မ�နေ်ဆးထိ�းရမည။် ဒါအ့ြပငသ်ပိ�ံပညာအချိ� �
တညတ်ံခ့ိ�င�်မဲေသာအ�ပ်ချ�ပ်ေရးကိ�စိ�းရိမ်ေသာကဝငလ်ာသည်
synthetic GH သညဖံွ်� �ဖိ�းမ�ကိ�ြမင့တ်ကေ်စ�ိ�ငသ်ည။်
ထနိး်ချ�ပ်မ�ကိ�ြမ�င့တ်ငြ်ခငး်ြဖင့က်ငဆ်ာေရာဂါကိ�တိ�ကဖ်ျကသ်ည်
ဆလဲြ်ပန ့ပ်ာွးမ� ဤအေ�ကာငး်များေ�ကာင့မ်ျားစာွ
စံ�စမ်းစစ်ေဆးသ�ေတကွ synthetic GH ကိ�မ�ကည့ေ်တာဘ့�း
အလားအလာ��ိေသာ "လ�ငယမ်ျားအတကွစ်မ်းေရတငွး်" အြဖစ် အစား၊
သ�တိ�က့ပိ��ပီးအကန ့အ်သတန်ဲသ့ံ�း�ိ�ငမ်ယလ်ိ�ေ့မ�ာ်လင့တ်ယ်
�ကကသ်ားများ��င့အ်�ိ�းများကိ��ကံ့ခိ�ငသ်နမ်ာေစေသာနညး်လမ်း
GH ��ိေသာသက�်ကးီရွယအ်ိ�များတငွ ်ciently
လိ�ေငြွပမ�များြဖစ်ပာွးမ�ကိ�ေလ�ာခ့ျရနက်�ညသီည်
အ�ိ�းကျိ�းတဲေ့ရတခံနွေ်တကွအပျကအ်စီးကိ�ြဖစ်ေစတတတ်ဲ့
စမ်ွးရည�်�င့လ်တွလ်ပ်ေရးဆံ�း�� ံးြခငး် နာ-

အသကအ်ရွယ�်ကးီရင့မ်�သပိ�ံအငစ်တကီျ�သညလ်က�်�ိ
တစ်�ိ�ငင်လံံ�းအတိ�ငး်အတာြဖင့ေ်လလ့ာမ�များကိ�စ�ေဆာငး်သည်
သက�်ကးီရွယအ်ိ�များတငွ ်GH က�ထံ�းပါ ၀ ငရ်နက်�ညသီည်
ဤအလားအလာ��ိေသာတရားဝငအ်ခနး်ကဏ�� ားကိ�ခွြဲခားပါ
ြဖည့စ်ကွေ်ဟာ်မ�နး် မေစာင့ခ်ျငဘ်�း၊

သ�တိ�ရဲ့အ့သကအ်တိ�ဆံ�း အ�ပ်စ�တစ်စ�ပါဝငသ်ည်
GH ရ��ိေသာကေလးများ၊
မဟ�တေ်သာအြခားကေလးများ အဆံ�းမ�ာ
ေြခာကလ် မ�စ၍ ကေလးများသညေ်ကျာငး်တကသ်ည။်
thetic ေဟာ်မ�နး်သညအ်ရာ ၀ တ� �ထကသ်ာလနွသ်ည်
အ�ပ်စ�လိ�ကက်�သြခငး်ထကပိ်�မိ�တိ�းတကလ်ာသည်
တစ်��စ်လ�င ်၁.၅ လကမ် သိ�ေ့သာ် un-
ကေလးများကိ��ကကသ်ား��စ်ခ�လံ�း��င့ေ်ပါငး်ထည့သ်ည်
အဆပိီ�များလာ�ပီးက�သမ�ခယံ�ေနစ�တငွ်
dren သညပံ်�မ�နမ်ဟ�တေ်သာ�ကကသ်ားများြဖစ်လာ�ပီးဆံ�း�� ံးခဲသ့ည်
သ�တိ�ရဲ့ခ့��ာကိ�ယအ်ဆ ီ၇၆% အထ ိအဆဆီံ�း�� ံးသည်
အထ�းသြဖင့သ်�တိ�၏့မျက�်�ာများတငွသ်သိာထင�်�ားလာသည်
ေြခလကအ်ဂ� ါများ၊
gangly အသငွအ်ြပင ်အဒဲါဘာလဆဲိ�တာမသကဲွဘဲ�း
ေရ��ညအ်ကျိ�းသကေ်ရာကမ်�များ-ဆိ�းဝါးသညြ်ဖစ်ေစ၊ ဆိ�းသညြ်ဖစ်ေစ
��စ်သကဖွ်ယေ်ကာငး်ေသာဤခ��ာကိ�ယ၌်ထ�းြခားေသာအေြပာငး်အလမဲျား
ဖဲွ�စညး်မ���ိ�ိ�ငသ်ည။် သပိ�ံပညာ��ငမ်ျားလညး်
ဒါေတကွိ�အလယွတ်က�ြမင�်ိ�ငတ်ဲစိ့�းရိမ်စရာကိ���ပ်ိပါ
��ပ်ပိ�ငး်ဆိ�ငရ်ာေြပာငး်လမဲ�များလညး်အတ�လိ�ကပ်ါလာ�ိ�ငပ်ါသည်
ကိ�ယတ်ငွး်အဂ� ါများ��င့ပိ်�မိ�ေသးငယေ်သာမ�မမ�နမ်�များ
ဆလဲမ်ျား ဒါေ�ကာင့အ်ြငငး်အခ�နလ်�ပ်မလား
ပံ�မ�နအ်ားြဖင့တ်ိ�ေသာ်လညး်ကေလးများသည ်GH ကိ�သံ�းသည်
ဆကရ်နအ်လားအလာ��ိသည။်

စာမျက�်�ာ ၃၂

အ�ိ�း။ သိ�ေ့သာ်အ�ိ�းမတိ�ငမီ်�ကးီထာွးမ�အေပ�အစီထ�ိ�ဂျငသ်ကေ်ရာကမ်���ိသည်
ရင့က်ျကမ်�ကိ�ေကာငး်စာွနားမလညပ်ါ။ အချိ��ေလလ့ာမ�များကအ�ကြံပ�သည်
အစီထ�ိ�ဂျငပ်မာဏများများသံ�းြခငး်သညခ်��ာကိ�ယ�်ကးီထာွးမ�အား ပိ�၍ ပငတ်ားဆးီ�ိ�ငသ်ည်
epiphyseal ပနး်ကနမ်ျားတငွ ်chondrocyte ြပန ့ပ်ာွးမ�ကိ�ဟန ့တ်ားသည်
ဖွင့ထ်ားေသးသည။်

အချကမ်ျားစာွသညပ်ျမ်းမ�အြမင့က်ာွြခားချကမ်ျားကိ�အေထာကအ်က�ြပ�သည်
အမျိ�းသား��င့အ်မျိ�းသမီး�ကား ပထမအေ�ကာငး်မ�ာအပျိ�ေဖာ်ဝငြ်ခငး်��င့ ်ပတသ်က၍် ြဖစ်ေပ�သည်
ပျမ်းမ�အားြဖင့မိ်နး်ကေလးများသညေ်ယာကျ်ားေလးများထက�်�စ်��စ်ေစာသည်
မိနး်ကေလးများထက ်prepubertal �ကးီထာွးမ�သည�်�စ်��စ်ြဖစ်သည။် ရလဒအ်ေန��င့,်
ေယာကျ်ားေလးများသညအ်စပိ�ငး်တငွမိ်နး်ကေလးများထကမ်ျားေသာအားြဖင့လ်ကမ်ပိ���ည�်ကသည်
သ�တိ�ရဲ့သ့ကဆ်ိ�ငရ်ာတိ�းတကမ်���နး်ေတ ွဒ�တယိအချကမ်�ာေဖာ်ြပခဲသ့ည့အ်တိ�ငး်၊
ေယာကျ်ားေလးများသညအ်နဒ်�ိ�ဂျငေ်�ကာင့ြ်ဖစ်ေပ�လာေသာ�ကးီထာွး��နး်ထကပိ်��ကးီသည်
မိနး်ကေလးများသည၎်ငး်တိ�၏့သကဆ်ိ�ငရ်ာ gonadal steroids များမထိ�းမီ၎ငး်တိ�၏့��ညလ်ျားေသာတဆံပ်ိခတြ်ခငး်ကိ�ခရံသည်
ေနာကထ်ပ်�ကးီထာွးမ�မ�အ�ိ�းများ ဒါကရလဒက်ိ�ပိ�ြမင့လ်ာေစတယ်
ပျမ်းမ�အားြဖင့အ်မျိ�းသမီးများထကအ်မျိ�းသားများ တတယိအချကမ်�ာသားအမ်ိြပငပ်၌ြမင့တ်ကြ်ခငး်
trogen သညအ်မျိ�းသမီးများတငွသ်ားအမ်ိ�ကးီထာွးမ���နး်ကိ�ေလျာက့ျေစ�ိ�ငသ်ည။် စတ�တ� ၊
မ�ကာေသးမီကသကေ်သအေထာကအ်ထားများအရအနဒ်�ိ�ဂျငမ်ျားသည ်ဦး ေ��ာကက်ိ�“ �ိ�က�်�ပ်ိ” သည်
ဖံွ� �ဖိ�းတိ�းတကမ်�ကာလအတငွး်အထးီများသည“် ေယာကျ်ားပီသေသာ” လ�ိ�� ဝ�ကခ်ျကက်ိ�ြဖစ်ေပ�ေစသည။်
ပိ�မိ�ြမင့မ်ားေသာ cyclic peaks များြဖင့သ်ငွြ်ပငလ်က�ဏာ��ိေသာ GH ၏ tory ပံ�စံ
အထးီများ၏အြမင့က်ိ�အေထာကအ်က�ြပ�ရနခ်န ့မ်�နး်ထားသည။်

ဤေဟာ်မ�နး်များအြပငအ်လံ�းစံ�အကျိ�းသကေ်ရာကမ်�ကိ�ြဖစ်ေစသည်
ခ��ာကိ�ယ�်ကးီထာွးမ�၊ နားမလည�်ိ�ငေ်သာ peptide �ကးီထာွးမ� အေရအတကွ်
mitotic လ�ပ်ေဆာငမ်�ကိ�လ�ံ�ေဆာ်ေသာ အချကမ်ျားကိ� ေဖာ်ထ�တထ်ားသည်
တကိျေသာတစ်သ��းများ (ဥပမာအေရြပားအေပ�ယ�ံကးီထာွး��နး်)

ယခ�က��်�ပ်တိ�သ့ညအ်ြခားဗဟိ� endocrine သိ�အ့ာ�ံ�ေြပာငး်သည်
ဂလငး် - pineal ဂလငး်။

Pineal ဂလငး်
��င့ ်Circadian Rhythms
အဆိ�ပါ pineal ဂလငး်, တည�်�ိေသာအလနွေ်သးငယေ်သာ, pinecone-shaped ဖဲွ�စညး်ပံ�မ�ာ
ဦးေ��ာကက်ိ� (�ကည့�်�၏ဗဟိ� ● p ။ 146, ပံ� 5-7b ��င့ ်● ပံ�
18-1, စ။ ၆၆၂) melatonin၊ indoleamine ေဟာ်မ�နး် ကိ�ထ�တလ်�တ ်သည်
amino acid tryptophan မ�ရ��ိေသာေဟာ်မ�နး် (မလ�ပ်ပါ��င့်
melatonin သညအ်ေရြပားကိ�အေရာငမ်ညး်ေစေသာအေရာင၊် melanin ��င့ေ်ရာေထးွေစသည ်။
၁၉၅၉ တငွ ်melatonin ကိ���ာေဖွေတွ� ��ိခဲေ့သာ်လညး်စံ�စမ်းစစ်ေဆးသ�များ��ိသည်
မ�ကာေသးမီက၎ငး်၏လ�ပ်ေဆာငခ်ျကမ်ျားစာွကိ�ေြဖေဖျာကရ်နစ်တငခ်ဲသ့ည။် တစ်ခ�ြဖစ်သည်
melatonin ၏လ��က�ိကအ်များဆံ�းလကခ်ထံားသည့အ်ခနး်ကဏ္isများကိ�ထနိး်သမ်ိးရနက်�ညသီည်
အလငး်��င့ထ်ပ်တ�ကျေနေသာခ��ာကိ�ယမ်�ေမးွရာပါ circadian စညး်ချကမ်ျားသည်
ေမ�ာငမိ်�ကသ်သံရာ ေယဘ�ယျအားြဖင့ ်circadian rhythms ေတကွိ�အရငဆ်ံ�းဆနး်စစ်ပါမယ်
ဤကစိ���င့ ်ပတသ်က၍် melatonin ၏အခနး်ကဏ� �ိမ�ကည့မီ်၊
ဤေဟာ်မ�နး်၏အြခားလ�ပ်ေဆာငခ်ျကမ်ျားကိ�ထည့သ်ငွး်စ�းစားသည။်

suprachiasmatic nucleus သညသ်ခငြ်ဖစသ်ည်
ဇီဝနာရီ
ေဟာ်မ�နး်ထ�တလ်�ပ်မ���နး်သညခ်��ာကိ�ယအ်တကွတ်စ်ခ�တညး်ေသာအချကမ်ဟ�တပ်ါ
၂၄ နာရီအတငွး်စကဘ်းီေြပာငး်သည။် လ�သားေတမွ�ာတ�ညတီာေတ�ွ�ိတယ်
lar များစာွေသာအြခားကိ�ယခ်��ာလ�ပ်ေဆာငခ်ျကမ်ျားအတကွ ်lar ဇီဝနာရီများ၊
မျိ�း�ိ� းဗီဇမ�ထ�တေ်ဖာ်ြပသြခငး်မ�အပ�အေအးကဲသ့ိ�ဇီ့ဝကမ�ြဖစ်စ�များသိ� ့
အြပ�အမ�အတကွတ်ငး်ကျပ်ေသာစညး်မျ�း (စာမျက�်�ာ ၆၅၀ ကိ��ကည့ပ်ါ။ ) သခငအ်ရငး်
ခ��ာကိ�ယရဲ် ့ circadian အတကွ ်pacemaker အြဖစ်သံ�းတဲန့ာရီ
စညး်ချကမ်ျားသည ်suprachiasmatic nucleus (SCN) ြဖစသ်ည။် တစ် ဦး ပါဝငပ်ါသည်

မျကလ်ံ�းသည ်ဦး ေ��ာက၏်ဆန ့က်ျငဘ်ကတ်စ်ြခမ်းသိ� ့ြဖတသ်ာွးသည ်( supra "အထက"် ဟ�ဆိ�လိ�သည။်
chiasm နညး်လမ်းများ "လကဝ်ါးကပ်တိ�င"်) (p ေတွ� ြမင ်210; ။ ● ပံ� 5-7b, p 146; ။ ��င့်
● ပံ� ၁၈-၄၊ စ။ ၆၇၀) ။ အလိ�အေလျာကလ်�ံ�ေဆာ်ေသာစညး်ချကြ်ဖင့ပ်စ်ခတြ်ခငး်
SCN အာ�ံ�ခဆံလဲမ်ျားစာွကိ�တညေ်ဆာကရ်ာမ�ာအဓိကအခနး်ကဏ� ပါ ၀ ငပ်ါတယ်
ခ��ာကိ�ယရဲ်ေ့မးွရာပါေနစ့�စညး်ချက။်

ကန ့်သတပ်�ိ�တန်ိး၏အခန်းကဏ္Scientကိ� သပိ�ံပညာ��ငမ်ျားယခ� ေတွ� ��ိထားသည်
SCN အတကွတ်ာဝန�်�ိသည့ေ်မာ်လကီျ�းယ��ရားများ
circadian တ�နခ်ါမ� �ျ�ကလးီယားဗံ�းအတငွး်၌သးီြခားစတငေ်သာမျိ�းဗီဇများ
SCN အာ�ံ�ခအံာ�ံ�ေ�ကာများ၏ clei သညေ်ရွ�လျားေစေသာအြဖစ်အပျကမ်ျားကိ�ြပသေပးသည်
ပတ ်၀ နး်ကျင�်�ိ cytosol ၌ နာရီပ�ိ�တငး်များ ေပါငး်စပ်ြခငး်အေ�ကာငး်
တိ� ့ြဖစ်သည။် ေနတ့ာ ၀ ငလ်ာသည�်�င့အ်မ�၊ ဤနာရီပ�ိ�တနိး်များသည ်ဆကလ်က၍်
စ�ေဆာငး်ရန၊် ေနာကဆ်ံ�း၌အေရး�ကးီသည့အ်စ�လိ�ကအ်ြပံ�လိ�ကသ်ိ�ေ့ရာက�်�ိသာွးသည်
၎ငး်တိ�က့ိ� nucleus ထသဲိ�ပိ့�ေ့ဆာငသ်ည။် ဒမီ�ာသ�တိ�က့နယေ်ြမကိ�ပိတဆ်ိ� ့
netic လ�ပ်ငနး်စ�သည၎်ငး်တိ�၏့ကိ�ယပိ်�ငထ်�တလ်�ပ်မ�အတကွတ်ာဝန�်�ိသည။် ၏အဆင့်
နာရီအတငွး်၌အသားဓာတမ်ျားသညတ်ြဖညး်ြဖညး်ကျဆငး်လာသည်
ထိ�ေ့�ကာင့ ်nucleus သညသ်�တိ�၏့တားစီး�ိ�ငေ်သာ�သဇာကိ�ဖယ�်�ားသည်
နာရီ-ပ�ိ�တနိး်မျိ�း�ိ� းစကမ်ျား ဒါေတကွိ�အပိတမ်ခရံေတာဘ့�း
မျိ�း�ိ� းဗီဇများသညန်ာရီပ�ိ�တငး်များထ�တလ်�ပ်မ�ကိ�တစ်ဖနြ်ပနလ်ည�်ိ�းထေစသည်
သသံရာသညသ်�အ့လိ�လိ�ြပနြ်ဖစ်လာသည။် သသံရာတစ်ခ�စီသညတ်စ်ရကခ်န ့�်ကာသည။် fluc-
နာရီပ�ိ�တနိး်ပမာဏကိ�စ�ပ်ယ�ြခငး်သညစ်ကဝ်နး်အေြပာငး်အလမဲျားကိ�ြဖစ်ေစသည်
SCN မ�အာ�ံ�ေ�ကာရလဒသ်ညတ်စ်ဖန ်cyclic အေြပာငး်အလမဲျားသိ� ့ ဦး တညသ်ည်
တစ်ေနတ့ာအကျိ�းသကေ်ရာကမ်���ိအဂ� ါများ ဥပမာတစ်ခ�ကေနစ့ဥ်
cortisol Secret အတကွအ်ေြပာငး်အလ ဲ(ကိ�ေတွ� ြမင ်● ပံ� 18-3, p ။ 665) ။ ခန ့်
ထိ�ေ့�ကာင့ ်dian rhythms များသည ်clock protein များအတကအ်ကျ��င့ဆ်ကစ်ပ်ေနသည။်
သ�တိ�ရဲ့ထ့�တလ်�ပ်မ�ကိ�ထနိး်ချ�ပ်ဖိ� ့ feedback loop ကိ�သံ�းပါတယ။် ၌
ဤနညး်အားြဖင့ြ်ပညတ်ငွး်အချိနထ်နိး်ြခငး်သညမိ်မိကိ�ယက်ိ�ရပ်တည�်ိ�ငေ်သာယ��ရားတစ်ခ�ြဖစ်သည်
SCN အာ�ံ�ခဆံလဲမ်ျား၏မျိ�း�ိ� းဗီဇေပါငး်စပ်မ�တငွတ်ညေ်ဆာကထ်ားသည။်

ENVI- ��င့အ်တ�ဇီဝေဗဒဆိ�ငရ်ာအချကအ်လတမ်ျား၏ေပါငး်စပ်မ�

RONMENTAL CUES ကိ�ယပိ်�ငဇီ်ဝနာရီသညေ်ယဘ�ယျအားြဖင့ြ်ဖစ်သည်
၂၄ နာရီပတဝ်နး်ကျငလ်ညပ်တမ်�ထကအ်နညး်ငယေ်��းသည။် အတ�-
မညသ်ည့ြ်ပငပ်အချကမ်ျားကိ�မဆိ� SCN သညပ်ျမ်းမ�အားြဖင့လ်ညပ်တေ်စသည်
၂၅ နာရီ။ ေပးထားေသာတစ် ဦး ချငး်အတကွေ်သာ်လညး်ေကာငး်၊ သသံရာများသညတ်သမတတ်ညး်��ိသည်
ကွြဲပားတဲလ့�ေတ�ွကားမ�ာအနညး်ငယက်ွြဲပားတယ။် ဒမီာစတာနာရီ��ိရင်
ကမ�ာ�ကးီကိ�အ��ိနအ်ဟ�နန်ဲလ့ိ�ကေ်လျာညေီထြွဖစ်ေအာငအ်�မဲတေစြပ�ြပငေ်ြပာငး်လခဲဲတ့ာမဟ�တဘ်�း။
တစ်ဖကမ်�ခ��ာကိ�ယ၏် circadian rhythms များသညတ်ြဖညး်ြဖညး်ြဖစ်လာလမိ့်မည်
အလငး်ေရာင ်(လ�ပ်��ားမ�ကာလများ) ��င့အ်ေမ�ာငသ်သံရာများ��င့ထ်ပ်တ�မကျပါ
(အနားယ�ချိန)် ထိ�ေ့�ကာင့ ်SCN ကိ�ြပငပ်မ�ေနစ့�ြပနလ်ညသ်တမ်�တရ်မည်
အချကမ်ျားသညခ်��ာကိ�ယ၏်ဇီဝသစံ�များကိ�တစ်�ပိ�ငတ်ညး်ြဖစ်ေအာငထ်နိး်ည�ေိပးသည်
ပတ ်၀ နး်ကျငမ်�ေမာငး်��ငေ်သာလ�ပ်��ားမ�အဆင့မ်ျား��င့်
အတငွး်နာရီ၏ဆကစ်ပ်မ�ကိ�မထနိး်သမ်ိး�ိ�ငြ်ခငး်၏အကျိ�းသကေ်ရာကမ်�
ဂျကေ်လယာ�ကိ�ေတွ� ဖ�းေသာ လ�များကပတဝ်နး်ကျငအ်ားေကာငး်စာွသသိည်
သ�တိ�၏့ေမးွရာပါစညး်ချကသ်ညြ်ပငပ်��င့မ်ယ��ေသာအခါ ေနာကက်ျ သည်
အချကမ်ျား SCN သည ်pineal gland ��င့ ်တွ၍ဲ အလ�ပ်လ�ပ်သည်
၎ငး်၏ေဟာ်မ�နး်ထ�တက်�န ်melatonin သညအ်မျိ�းမျိ�းကိ�တစ်�ပိ�ငတ်ညး်ြဖစ်ေစသည်
circadian rhythms များသည ်၂၄ နာရီေန ့ – ညလညပ်တမ်���င့အ်တ� (တစ်ခ�အတကွ်
စညး်ချကမ်ညြီဖစ်ြခငး်��င့ဆ်ကစ်ပ်ေသာြပဿနာများကိ�ေဆးွေ�းွြခငး်
ပတ ်၀ နး်ကျငဆ်ိ�ငရ်ာအချကမ်ျား၊ p တငွပ်ါ��ိေသာ boxed feature ကိ��ကည့ပ်ါ။ ၆၈၆၊ ■ ◌ီ
ေနရာများ၊ စိနေ်ခ�မ�များ��င့အ်ြငငး်ပာွးမ�များ။ )

Melatonin သညခ်��ာကိ�ယ၏် circadian ကိ�ထန်ိးေပးသည်
အလငး်��င့အ်ေမ�ာငသ်သံရာ၌အချိန်သညစ်ညး်ချကြ်ဖစသ်ည။်
ေနစ့�ြပငး်ထနေ်သာအလငး်ေရာငေ်ြပာငး်လမဲ�များသညအ်ဓိကပတဝ်နး်ကျငြ်ဖစ်သည်
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Translating...Endocrinology ၏အေြခခမံ�များ၊ ဗဟိ� Endocrine ဂလငး် ၆၈၅

optic အထက�်�ိ hypothalamus ��ိအာ�ံ�ေ�ကာဆလဲမ်ျားစ�ြပံ�chiasm၊ အာ�ံ�ေ�ကာအမ�ငအ်စိတအ်ပိ�ငး်တစ်ခ�စီမ�အချက် SCN မာစတာနာရီကိ�ချိနည်�ရိန ်cue အထ�း photorecep-retina ��ိ tors များသညအ်လငး်အချကြ်ပများကိ�ေကာကယ်��ပီး၎ငး်တိ�အ့ားပိ�လ့�တသ်ည။်

စာမျက�်�ာ ၃၃

၆၈၆ အခနး် ၁၈

SCN သိ�မ့�နမ်�နက်နက်န ်ဤ photoreceptors များသညက်ွြဲပားသည်
ေချာငး်များ��င့က်နွက်ရစ်များသညအ်လငး်ကိ�ြမင�်ိ�င၊် ြမင�်ိ�ငရ်နသ်ံ�းသည ်(စာမျက�်�ာ ၂၀၄ ကိ��ကည့ပ်ါ) ။ Mela-
အထ�းြမငလ်�ာ ganglion ဆလဲတ်ငွေ်တွ�ရေသာပ�ိ�တငး် ( nopsin ) ကိ��ကည့ပ်ါ
p 201) သညခ်��ာကိ�ယအ်တကွအ်လငး်ကိ�ဖမ်းယ�ေပးေသာအရာြဖစ်သည်
ြပငပ်အချိန ်ြမငလ်�ာ ganglion ဆလဲအ်များစ�သညလ်ကခ်သံည်

rod ��င့ ်cone photoreceptors များမ� input ကိ�ထည့သ်ငွး်သည။် အဒဲါေတရဲွ ့ axons ေတွ
ganglion ဆလဲမ်ျားသည ်သတငး်အချကအ်လကမ်ျားကိ�သယေ်ဆာင ်ေပးေသာ optic nerve ကိ� ဖဲွ�စညး်သည်
occipital lobe ��ိအြမငအ်ာ�ံ� cortex (p ။ 144) ကိ��ကည့ပ်ါ။ ေရာယ�ကေ်နသည်
အြမငအ်ာ�ံ�ကိ� ဦး တညေ်သာ retinal ganglion ဆလဲမ်ျားထမဲ� ၁ ရာခိ�င�်�နး်ခန ့�်�ိသည်
မျက�်ကညလ်�ာ ganglion ဆလဲ ်၂ ရာခိ�င�်�နး်သညလ်ံ�း ၀ မတည�်�ိေတာပ့ါ။

ယံ��ကညခ်ျကမ်ျား၊ စန်ိေခ�မ�များ��င့ထ်န်ိးချ�ပ်မ�များ

က��်�ပ်တိ�၏့ဇီဝနာရီများ��င့အ်တ�ြမညး်စမ်းပါ
ေလလ့ာေတွ� ��ိချကမ်ျားအရမလ�ပ်မယ�ကေ်သာအ��ိနက်ိ�ေတွ�ရသည်
ေခတသ်စ်ဘဝ၊ စိတဖိ်စီးမ�၊ ဆ�ညသံ၊ံ ညစ်ညမ်းမ���င့်
မလိ�က�်ိ�ငေ်သာအချိနဇ်ယားများသညအ်လ�ပ်သမားများစာွလိ�ကန်ာ�ိ�ငသ်ည်
စိတအ်ေ��ာင့အ်ယ�ကြ်ဖစ်ရေသာ၊
ကျနး်မာေသာြပငပ်ပတဝ်နး်ကျငသ်ညက်��်�ပ်တိ�၏့အေပ�သကေ်ရာကမ်���ိသည်
ကိ�ယပိ်�ငအ်တငွး်ပတဝ်နး်ကျင�်�င့က်��်�ပ်တိ�၏့ကျနး်မာေရး။

အာ�ံ�ေ�ကာအထ�းက�ေဒါကတ်ာ Richard Restak

စာေရးသ�က“ ပံ�မ�နသ်စံ�များြဖစ်သည်
�ိ�းြခငး်��င့အ်ပ်ိေပျာ်ြခငး်။ မရ။ မရ။ အားထ�တေ်နပံ�ရသည်
က��်�ပ်တိ�၏့��ပ်ပိ�ငး်ဆိ�ငရ်ာ��င့စိ်တပိ်�ငး်ဆိ�ငရ်ာကိ�တည�်ငမ်ိေစေသာအကျိ�းသကေ်ရာကမ်�
chological ကျနး်မာေရး " အ�ကးီမားဆံ�းအေ��ာင့အ်ယ�ကြ်ဖစ်သည်
က��်�ပ်တိ�၏့သဘာဝ circadian စညး်ချကမ်ျားသညက်ွြဲပားသည။်
လ�ပ်ေဆာင�်ိ�ငေ်သာအချိနဇ်ယား၊ အံ�့သဖွယေ်ကာငး်သည်
စကမ်��ိ�ငင်မံျားတငွ ်ဒေီနတ့စ်ေယာကထ်ကွလ်ာတယ်
အလ�ပ်လ�ပ်ေသာလ�ေလးေယာကတ်ငွတ်စ်ေယာက�်�င့တ်စ်ေယာကြ်ဖစ်သည်
အလ�ပ်လ�ပ်တဲအ့မျိ�းသမီးေြခာကေ်ယာကတ်ိ�ငး်မ�ာအေြပာငး်အလတဲစ်ခ���ိတယ်
အလ�ပ်အချိနဇ်ယား- မ�ကာခဏေြပာငး်ြခငး်
ေနေ့ရာညပါအလ�ပ်လ�ပ်သည။် အေတာ်များများမ�ာ-
ကရိိယာများကိ�အေကာငး်ဆံ�းအသံ�းချ�ိ�ငရ်န�်က�ိးစားသည်
အေဆာကအ် ဦး များ၊ အလ�ပ်သမားများအလ�ပ်တငွ�်�ိေနသည်
ေနန့ဲည့။ အလ�ည့အ်ေြပာငး်တစ်ခ�အေန��င့ပိ်�မိ�စားေသာကဆ်ိ�င်
မ�ဒနိး်မ���င့စ်တိ�းဆိ�ငမ်ျားသည ်၂၄ နာရီပတလ်ံ�းဖွင့သ်ည်
ကျနး်မာေရးေစာင့ေ်��ာကမ်� ၀ နထ်မ်းများပိ�မိ�ပါ ၀ ငရ်မည်
မေတာ်တဆထခိိ�ကဒ်ဏရ်ာရ��ိသ�များအားေစာင့ေ်��ာကရ်နည်အချိနတ်ငွတ်ာဝန်

က�မ�ဏမီျားစာွကိ�ဝနထ်�ပ်ဝနပိ်�းြဖစ်ေစပါတယ်
နာရီအေြပာငး်အလကဲိ�ထနိး်သမ်ိးေသာအားြဖင့်
သ�တိ�ရဲ့အ့လ�ပ်သမားအစီအစ� တစ်ပတ၊်
ployees များသညေ်နဆ့ိ�ငး်အလ�ပ်လ�ပ်သည။် ေနာကအ်ပတ၊်
သ�တိ�သ့ည“် သခ�ျ�ငး်က�နး်ေြပာငး်” မ�
သနး်ေခါငမ်�နနံက ်၈ နာရီေနာကအ်ပတတ်ငွသ်�တိ� ့
ညေန ၄ နာရီမ�ညလယ်
ည။ ဆိ�ငး်လ�ပ်သားအများစ�သညပ်ငပ်နး်မ�အများဆံ�းခစံားရသည်
အချိန�်�င့�် ိ�းေနဖိ�အ့ခကအ်ခ�ဲ�ိသည်
အလ�ပ်။ လ�ပ်ငနး်ခငွစ်မ်ွးေဆာငရ်ညေ်�ကာင့�်က�ံေတွ�ေန�ကရသည်
အလ�ပ်သမားများ၏ပငပ်နး်�မ်ွးနယမ်� အလ�ပ်သမားေတေွရာကလ်ာတဲအ့ခါ
အမ်ိသိ�အ့ပ်ိရနအ်ပ်ိပါ၊ သ�တိ�သ့ညပ်ငပ်နး်ေသာ်လညး်
သ�တိ� ့�က�ိးစားေနတာေ�ကာင့အ်ပ်ိလိ�မ့ရဘ�း
ခ��ာကိ�ယက်�က�ိးစားေနတဲအ့ချိနမ်�ာမ�ိနး်လိ�ကပ်ါ
သ�တိ�က့ိ���းိဖိ� ့ ကမံေကာငး်စာွပဲ
အချိနဇ်ယား၌အပတစ်�အေြပာငး်အလမဲျားသညခ်ငွ့မ်ြပ�ပါ
အလ�ပ်သမားများ၏အတငွး်��းိစကန်ာရီများအြပည့အ်ဝေ�ကာ်ြငာရန်
သကသ်က။် လ�အများစ�သည ်၄   ရကမ်� ၁၄ ရကအ်ထလိိ�အပ်သည်
အစီအစ�သစ်တစ်ခ���င့ည်�ပိါ။

အလ�ည့အ်ေြပာငး်လ�ပ်သားများဒ�က�ေရာကသ်ည်
ပိ�မိ�ေသာအနာများ၊ အပ်ိမေပျာ်ြခငး်၊ စိတတ်ိ�ြခငး်၊ စိတတ်ိ�ြခငး်၊
sion ��င့ ်un- အလ�ပ်သမားများထကတ်ငး်မာမ�
အေြပာငး်အလမဲျား။ သ�တိ�ဘ့ဝကဘယေ်တာမ့�မ�ိ�းဘ�း
အတ�တ�ပဲ။ ပိ�ဆိ�းတာကစိတပ်ငပ်နး်တာ၊ စိတတ်ိ�တာတိ� ့
တရားမ ၀ ငေ်သာအလ�ပ်သမားများ
ပငပ်နး်�မ်ွးနယြ်ခငး်သညလ်�အ့ဖဲွ�အစညး်တစ်ခ�လံ�းကိ��ခမ်ိးေြခာကေ်နသည။်
ဥပမာတစ်ခ�ကိ�သံ�းသပ်�ကည့ပ်ါ။

နနံက ်၄ နာရီတငွဧ်။ ◌ထ်နိး်ချ�ပ်ခနး်၌
Penn- ��ိသံ�းမိ�ငက်�နး်�ျ�ကလးီယားဓာတေ်ပါငး်ဖိ�
sylvania, ေအာ်ပေရတာသံ�းခ�သညပ်ထမဆံ�းမ�ားယငွး်မ�ကိ�ြပ�လ�ပ်ခဲသ့ည။်
အမ�ားများကိ�ဆကတ်ိ�ကြ်ဖစ်ေစသည်
အေမရိကနသ်မိ�ငး်တငွအ်ဆိ�းရွားဆံ�း�ျ�ကလးီယားမေတာ်တဆမ� ဟိ
ေအာ်ပေရတာများသညသ်တေိပးအချကြ်ပမီးများ��င့သ်တမိြပ�မိ�ကေချ
အေရး�ကးီေသာအဆိ��့�ငတ်စ်ခ�ြပနလ်ညေ်ရာက�်�ိလာသညက်ိ�သတမိြပ�မိပါ။
ဖွင့လ်�စ်ထားသည။် မနကဆ်ိ�ငး်ေြပာငး်ချိန်
erators များသညထ်နိး်ချ�ပ်ခနး်ထသဲိ� ့ ၀ ငလ်ာသည်
တစ်ေနမ့�ာသ�တိ�က့ြပဿနာေတကွိ�ြမနြ်မနသ်လိာတယ်
ဒါေပမယ့ေ်နာကက်ျသာွး�ပီ။ ပိ�ကမ်ျားတငွစ်နစ်တကျ��ိခဲဖ့�းသည်
ေပါကက်ွ�ဲပီးေရဒယီိ�သတ� �ိကေရေ�းွေငွ� ��င့ေ်ရကိ�ပိ�သ့ည်
ေလထသဲိ��့ �င့အ်ေဆာကအ် ဦး ��စ်ခ�သိ� ့ Ironi-

စာရငး်အရ ၁၉၇၉ ခ���စ်မေတာ်တဆမ�သည ်၁၂ ရက�်ကာြဖစ်ပာွးခဲသ့ည်
နာမည�်ကးီ��ပ်��င ်The

China Syndrome သည�်ျ�ကလးီယားဓာတေ်ပါငး်ဖိ�တစ်ခ�အေ�ကာငး်ြဖစ်သည်
မေတာ်တဆမ�သညလ်�ထ�အသပိညာကိ�ြမ�င့တ်ငေ်ပးသည်
��းိစက။် ကေံကာငး်ေထာကမ်စာွ၊ ေဘးပတ ်၀ နး်ကျငမ်��ိ
ေဒသခမံျားချကခ်ျငး်ဒဏရ်ာရ��ိြခငး်မ��ိေ�ကာငး်သရိသည်
ေရ��ညေ်လလ့ာမ�ေတကွခိ�ငလ်ံ�တဲအ့ချကက်ိ�ေတွ� ��ိခဲပ့ါတယ်
တိ�းတက�်ိ�ငေ်ြခြမင့တ်ကမ်�အ�ကားဆကစ်ပ်မ�
cer ��င့ဓ်ာတေ်ရာငြ်ခညအ်ဆင့န်မိ့်သည်
ပ�ပနေ်နေသာဓာတေ်ပါငး်ဖိ�အနးီတငွေ်နထိ�ငသ်�များ
ေဖာ်ထ�တသ်ည။် မေတာ်တဆမ�အား��ငး်လငး်ေရးသည�်ကာြမင့ခ်ဲသ့ည်
၁၉၇၀ မ� ၁၉၉၃ အထ ိ၉၇၅ သနး်က�နက်ျခဲသ့ည်
ေဒ�လာ

၁၉၈၆ ခ���စ်ဧ�ပီလေ��ာငး်ပိ�ငး်တငွေ်နာကထ်ပ်�ျ�ကလးီယားတစ်ခ�ရခဲသ့ည်
လ�ပ်စစ်ဓာတအ်ားေပးစက�ံ်�လညး်ပိတသ်ာွး�ပီ။ ဤမေတာ်တဆမ�၌၊
Chernobyl သညယ်ခငဆ်ိ�ဗီယကြ်ပညေ်ထာငစ်�၌ြဖစ်ခဲသ့ည်
ပိ�မိ�ြပငး်ထနသ်ည။် မနကေ်စာေစာတငွဟ်သိည်
နနံကပိ်�ငး်တငွအ်ငဂ်ျငန်ယီာ��စ် ဦး သညစ်မ်းသပ်ေနသည်
ဓာတေ်ပါငး်ဖိ� စံသတမ်�တထ်ားေသာလ�ပ်ငနး်လညပ်တမ်�ကိ�ချိ�းေဖာကြ်ခငး်
tocol၊ သ�တိ�သ့ညအ်ဓိကလံ�ြခ�ံေရးစနစ်များကိ�ပိတထ်ားသည။်
ဤတစ်ခ�တညး်ေသာအမ�ားသည ်(ြဖစ်�ိ�ငသ်ည်
ပငပ်နး်�မ်ွးနယမ်�ေ�ကာင့ြ်ဖစ်ေပ�လာေသာ) အ�ကးီဆံ�း��င့ ်ဦး ေဆာငခ်ဲသ့ည်

ကမ�ာေပ�တငွေ်စျးအ�ကးီဆံ�း�ျ�ကလးီယားမေတာ်တဆမ�
tory ပါ။ ဓာတေ်ပါငး်ဖိ�အတငွး်၌ေရေ�းွေငွ�များထကွလ်ာသည်
အေဆာကအ် ဦး မ�ေခါငမိ်�းကိ�မ�တထ်�တလ်ိ�ကသ်ည။်
ထ�ထပ်ေသာဓာတေ်ရာငြ်ခညသ်င့တ်မ်ိတိ�ကသ်ညေ်ကာငး်ကငသ်ိ�တ့ကလ်ာသည်
ထိ�ေ့နာကဥ်ေရာပတစ်ဝ�မ်းလံ�းသိ�ပ့ျံ� � �ံသ့ာွးသည်
ကမ�ာ�ကးီ ဓာတေ်ပါငး်ဖိ�သည ်၁၀ ရက�်ကာေလာငက်�မ်းသည။်
ဓာတေ်ရာငြ်ခညသ်ညြ်ပနလ်ညရ်��ိြခငး်ထကအ်ဆ ၄၀၀ ပိ�ြပငး်သည။်
အဏ�ြမ�ဗံ�းမ�အင�ားချထားသည်
ဒ�တယိကမ�ာစစ်အတငွး်ဟ�ိီ���ီးမား အလ�ပ်သမားများေနစ�
အရညက်ျိ�ထားေသာေရဒယီိ�သတ� �ိကများကိ�ဖံ�းအ�ပ်ရနတ်ိ�ကသ်ည်
ဓာတေ်ရာငြ်ခညသ်ညေ်ကာငး်ကငသ်ိ� ့ြဖာထကွေ်သာအမာခြံဖစ်သည်
တစ်ေလာကလံ�းထတိလ်န ့တ်�ကား�ကည့ေ်န�ကသည။်

ချာ�ိ�ဘိ�ငး်ေဘးအ��ရာယသ်ညအ်လျငက်ဲသ့ိ� ့
Three Mile Island မ�ာသာွးြဖစ်ဖ�းတယ်
တစ်ချိနတ်ညး်မ�ာလ�ပ်သားေတရဲွရ့လဒ်
��ငး်လငး်ေသာေတးွေခ�မ�အတကွမ်သင့ေ်တာ်ပါ။ တစ်ခ�ေတာရ့မယ်
ေအာ်တိ�ေလယာ�ဘယ�်�စ်�ကမ်ိပျကက်ျလေဲတးွ�ကည့ပ်ါ
အေြခအေနများ��င့ေ်ဆးဘကဆ်ိ�ငရ်ာအကျင့ပ်ျကြ်ခစားမ�များ
ရလဒအ်မ�ားများမ�တရား ၀ ငေ်ြခရာခ�ံိ�ငသ်ည်
က��်�ပ်တိ�၏့ ၀ ငေ်ရာကဆ်န ့က်ျငေ်ရးကိ�အားတငး်ရန်
ခ��ာကိ�ယစ်ညး်ချကက်ိ�လိ�ကန်ာသည။်

ဇီဝေတးသာွးများ၏ေလလ့ာမ�များေ�ကာင့်
သ�ေတသမီျားသညဇီ်ဝေဗဒကိ�ြပနလ်ညြ်ပငဆ်ငရ်နန်ညး်လမ်းများ��ာေဖွေန�ကသည။်
ယ�တ� ကိျေသာနာရီများက၎ငး်ကိ�သကသ်ာေစရနက်�ညေီပး�ိ�ငသ်ည်
အေြပာငး်အေ���အလ�ပ်သမားများ၏စိတဆ်ငး်ရဲမ���င့ဒ် �က�များ
၏စမ်ွးေဆာငရ်ညက်ိ�တိ�းတကေ်စ�ိ�ငသ်ည်
သခ�ျ�ငး်က�နး်ေြပာငး်အလ�ပ်သမားများ။ ဥပမာတစ်ခ�၊
�ိ� း��ငး်ေသာအတိ�ငး်အတာသညဆ်ိ�ငး်ထမ်းများအားအလ�ပ်ခန ့ရ်နြ်ဖစ်သည်
သ�တိ�ရဲ့န့ာရီေတကွိ�အချိနေ်ပးဖိ� ့ ၃ ပတစ်ကဝ်နး်
ချိနည်�ရိန ်ေ���ေြပာငး်အလ�ပ်သမားများအစား
ေနဘ့ကမ်�သခ�ျ�ငး်က�နး်သိ�ေ့��� ြခငး်၊ လ�ေဲြပာငး်ြခငး်
၎ငး်တိ�သ့ညေ်နာကသ်ိ�ဆ့�တြ်ခငး်ထကေ်�� �သိ�တ့ိ�းသည်
ဥပမာအားြဖင့ေ်နဘ့ကမ်�ညအချိန်
ေြပာငး်) ။ ၎ငး်သညအ်လနွလ်ယွက်�ေသာည��ိ�ငိး်မ�တစ်ခ�ြဖစ်သည။် ေတာကပ်
ဇီဝေဗဒကိ�ြပနလ်ညြ်ပငဆ်ငရ်နမီ်းများကိ�လညး်သံ�း�ိ�ငသ်ည။်
cal နာရီ ၎ငး်သညေ်ပးေချရနေ်သးငယသ်ည့ေ်စျး��နး်ြဖစ်သည်
ကျနး်မာေသာလ�ပ်သား��င့ပိ်�မိ�လံ�ြခ�ံေသာလ�အ့ဖဲွ�အစညး် သားေမးွ
thermore၊ ြဖည့စ်ကွ ်melatonin သံ�းြခငး်၊
အတငွး်နာရီကိ�သတမ်�တေ်ပးတဲေ့ဟာ်မ�နး်
သဘာဝပတဝ်နး်ကျင�်�င့အ်တ�အဆင့ဆ်င့ခ်ျီတက်
ခ��ာကိ�ယြ်ပနလ်ညြ်ပငဆ်ငြ်ခငး်တငွအ်သံ�းဝငေ်�ကာငး်သကေ်သြပ�ိ�ငပ်ါသည်
ထိ�နာရီသညစ်ညး်ချကမ်ညေီသာအခါနာရီ
ြပငပ်အချကမ်ျား��င့အ်တ�

စာမျက�်�ာ ၃၄

illumi- အဆင့မ်ျားကိ�တံ� ့ြပနေ်သာ pendent light-detection system
ကငမ်ရာသည�်ိ�ငင်၏ံအလငး်မီတာကဲသ့ိ�မ့တ�ဘကဲွြဲပားြခားနားသည။်
ပံ�သဏ္visualနဖ်နတ်းီေသာ visual sys- မ�ေတွ� ��ိေသာအေရာငမ်ျား��င့ေ်ကာကေ်�ကာငး်များ
tem melanopsin ပါဝငေ်သာ illumination-detecting retinal
ganglion ဆလဲမ်ျားသည ်pineal gland မ��ိြခငး်သိ�မ့ဟ�တ ်pres- အေ�ကာငး်
retino တစ်ေလ�ာကသ်�တိ�ရဲ့အ့ချကြ်ပေတကွိ�ပိ� ့ြခငး်အားြဖင့အ်လငး်ေရာင်
hypothalamic tract သည ်SCN သိ� ့ ဤလမ်းသညက်ွြဲပားသည်
အာ�ံ�ေ�ကာစနစ်များသညအ်ြမငအ်ာ�ံ�ကိ�အာ�ံ�ခစံားမ�ြဖစ်ေပ�ေစသည။် SCN သည်
အလငး်အေြခအေန��င့ပ်တသ်ကေ်သာသတငး်ကိ� pineal gland သိ�ပိ့�သ့ည။်
ဒါကအတငွး်ပိ�ငး်နာရီကိ� a နဲည့��ိ �ငိး်ေပးတဲအ့ဓိကနညး်လမ်းဘဲ
၂၄ နာရီတစ်ရက။် Melatonin သညအ်ေမ�ာင၏်ေဟာ်မ�နး်ြဖစ်သည။် Melatonin
ည�့်အေမ�ာငတ်ငွစ်နွ ့ထ်�တမ်�သည ်၁၀ ဆအထတိိ�းလာသည်

��ေထာင့မ်�အခန်း
Homeostasis ကိ�အာ�ံ�စိ�ကပ်ါ

endocrine စနစ်သညခ်��ာကိ�ယ၏်အဓိကစညး်မျ�း��စ်ခ�အနကမ်�တစ်ခ�ြဖစ်သည။်
tory စနစ်များ; ေနာကတ်စ်ခ�ကအာ�ံ�ေ�ကာစနစ်ပါ။ ၎ငး်၏ဆကဆ်ေံရးမ�တဆင့်
တြဖညး်ြဖညး်ချငး်ေဟာ်မ�နး်ေစတမနမ်ျား၊ endocrine sys-
tem သညေ်ယဘ�ယျအားြဖင့အ်ချိန�်ကာြမင့ရ်နလ်ိ�အပ်ေသာလ�ပ်ငနး်များကိ�ထနိး်ည�သိည်
ြမန�်�နး်ထက ်ဤလ�ပ်ေဆာငခ်ျကအ်များစ�သညအ်ဓိကအားြဖင့်
homeostasis ကိ�ထနိး်ချ�ပ်သည။် ဗဟိ�၏သးီြခားပံပိ့�းမ�များ
homeostasis သိ� ့ endocrine ကိ�ယအ်ဂ� ါများသညေ်အာကပ်ါအတိ�ငး်ြဖစ်သည။်

■

ြ
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Translating...

Endocrinology ၏အေြခခမံ�များ၊ ဗဟိ� Endocrine ဂလငး် ၆၈၇

၎ငး်သညေ်နအ့လငး်ေရာငတ်ငွအ်ဆင့န်မိ့်ကျသည။် အတကအ်ကျ
melatonin secretion သညတ်စ်ဖနခ်��ာကိ�ယ၏်ဇီဝေဗဒကိ�စ�ပ်ယ�ရနက်�ညသီည။်
cal အြပငဘ်ကအ်လငး်အေမ�ာငအ်ချကမ်ျား��င့ ်cal rhythms

ခ��ာကိ�ယရဲ်ထ့နိး်ည�မိ�အြပင ်melatonin ရဲအ့ခနး်ကေဏ� ကိ�အဆိ�ြပ�ခဲတ့ယ်
ဇီဝနာရီသညေ်အာကပ်ါတိ�ပ့ါဝငသ်ည။်

■ (ေဆးလံ�းတစ်လံ�းအတငွး်) melatonin သညသ်ဘာဝကိ�ြဖစ်ေပ�ေစသည်
hypnotic seda ��င့တ်ွပဲါေသာေဘးထကွဆ်ိ�းကျိ�းမ��ိဘအဲပ်ိပါ။
အပ်ိစကြ်ခငး်ေ�ကာင့၎်ငး်သညအ်ပ်ိေပျာ်မ�ကိ�ြမ�င့တ်ငရ်ာတငွပံ်�မ�နအ်ခနး်ကဏ��ပါဝင�်ိ�ငသ်ည။်
■ Melatonin သညလ်�ံ�ေဆာ်ေသာေဟာ်မ�နး်များကိ�တားစီးသညဟ်�ယံ��ကညသ်ည်
မျိ�းဆကပ်ာွးလ�ပ်��ားမ�။ အပျိ�ေဖာ်ဝငမ်�ကိ�ေလ�ာခ့ျြခငး်ြဖင့စ်တင�်ိ�ငပ်ါသည်
melatonin ထ�တလ်�ပ်မ�
■ ဆကစ်ပ်ေနေသာအခနး်ကဏ္ In တစ်ခ�တငွအ်ချိ� �မျိ�းစိတမ်ျားတငွရ်ာသအီလိ�ကအ်တကအ်ကျ��ိသည်
melatonin secretion အေရအတကွေ်ြပာငး်လြဲခငး်��င့ဆ်ကစ်ပ်သည်
ေနအ့လငး်ေရာငသ်ညရ်ာသအီလိ�ကေ်မးွြမ�ေရးအတကွအ်ေရး�ကးီေသာအချကမ်ျားြဖစ်သည။်
ေ���ေြပာငး်ြခငး်��င့ေ်ဆာငး်ခိ�ြခငး်
■ အြခားဆကစ်ပ်အခနး်ကဏ္ In တစ်ခ�တငွ ်melatonin ကိ�ေဆးခနး်တငွသ်ံ�းသည်
စမ်းသပ်မ�များကိ�သားဆကြ်ခားနညး်တစ်ခ�အေန��င့ြ်မင့မ်ားေသာအဆင့တ်ငွပိ်တထ်ားသည်
မျိ�းဥထကွြ်ခငး် (ဥလ�တြ်ခငး်) ။ mela- ကိ� သံ�း၍ အမျိ�းသားသေ��တားေဆး
သ�ကပိ်�းထ�တလ်�ပ်မ�ရပ်တန ့ရ်နတ်ိ�နငသ်ညလ်ညး်ဖံွ� �ဖိ�းဆြဲဖစ်သည။်
■ melatonin အလနွထ်ေိရာကေ်သာြဖစ်ေပ�လာေသာ , ဓါတတ်ိ�း တဲ ့de-
ဇီဝေဗဒကိ�ထခိိ�ကေ်စေသာ free radicals များကိ�ဆန ့က်ျငေ်သာလကန်က ်အခမဲေ့ရဒယီိ�
ကယလ် ်များသညအ်လနွမ်တည�်ငမ်ိေသာအလီကထ်ရွနခ်ျိ� �တဲေ့သာအမ�နမ်ျားြဖစ်သည်
ဓာတြ်ပ�မ���င့အ်ဖျကသ်ေဘာေဆာငသ်ည။် ဖရီးရယဒ်ကီယမ်ျားပါဝငပ်တသ်ကေ်နသည်
ေသးွေ�ကာကျ�းေရာဂါကဲသ့ိ�န့ာတာ��ညေ်ရာဂါများစာွ (�ကည့ပ်ါ
p ၃၃၃) ကငဆ်ာ��င့အ်ိ�မငး်ရင့ေ်ရာ်မ�ကိ�အေထာကအ်က�ြပ�သညဟ်�ယံ��ကည�်ကသည်
လ�ပ်ငနး်စ�။
■ အေထာကအ်ထားများအရ melatonin သညအ်ိ�မငး်ြခငး်ကိ�ေ��းေကးွေစ�ိ�ငသ်ည။်
free radicals များကိ�ဖယ�်�ားြခငး်သိ�မ့ဟ�တအ်ြခားနညး်လမ်းများြဖင့ြ်ပ�လ�ပ်�ိ�ငသ်ည။်
■ Melatonin သညက်ိ�ယခ်စံမ်ွးအားကိ�ြမ�င့တ်ငေ်ပးသည့ပံ်�ေပ�သည်
သင၏်အသကအ်ရွယ�်�င့ဆ်ိ�ငေ်သာကျံ�� ြခငး်အချိ� �ကိ�ြပနလ်�နြ်ပထားသည်
အေတွ�အ�က�ံေဟာငး်တငွ ်T lymphocytes ၏အရငး်အြမစ် (စာမျက�်�ာ ၄၂၈ ကိ��ကည့ပ်ါ)၊
စိတပိ်�ငး်ဆိ�ငရ်ာတရိစ�ာနမ်ျား

melatonin ၏များစာွေသာအဆိ�ြပ�ထားေသာအခနး်ကဏ္ Because များေ�ကာင့အ်သံ�းြပ�ြခငး်၊
အေြခအေနအမျိ�းမျိ�းအတကွြ်ဖည့စ်ကွ ်melatonin သည်
အလနွအ်လားအလာ သိ�ေ့သာ်သ�ေတသအီများစ�သည်

၎ငး်မ�ြဖည့စ်ကွ ်melatonin ကိ�ေထာကခ်သံည�်�င့ ်ပတသ်က၍် စိတ ်၀ ငစ်ားသည်
ေဆးဝါးတစ်ခ�အြဖစ်ထေိရာကမ်�ကိ�ထပ်မံအတညြ်ပ�သည။် ဒအီချိနမ်�ာ၊
လ�များစာွသည ်melatonin ကိ�ကျနး်မာေရးအားြဖည့အ်စာအြဖစ်ေြပာငး်လလဲာ�ကသည။်
ment; ထိ�ေ့�ကာင့၎်ငး်ကိ�အစားအေသာက�်�င့ေ်ဆးဝါးကပ်ွကမဲ�မ�မထနိး်ချ�ပ်ပါ။
လံ�ြခ�ံေရး��င့ထ်ေိရာကမ်�အတကွ ်၀ နေ်ဆာငမ်� အ�ကးီဆံ�းကိ�ယပိ်�င�်�စ်ခ�
သတမ်�တထ်ားေသာ melatonin ကိ�အသံ�းြပ�ြခငး်သည ်jet lag ��င့က်ာကယွရ်နြ်ဖစ်သည်
အပ်ိစကြ်ခငး်အေထာကအ်က�အြဖစ်

hypothalamus – posterior pituitary unit သည ်vaso- ကိ�ထ�တလ်�တသ်ည။်ဆးီထကွေ်နစ�တငွေ်ကျာကက်ပ်ေပ�တငွလ်�ပ်ေဆာငေ်သာ pressin ြဖစ်သည်
H 2 O ဟနခ်ျကက်ိ�ထနိး် ရနက်�ညသီည ်။ H 2 O ချိနခ်ငွလ်�ာကိ� ထနိး်ချ�ပ် သည်
အလ�ည့သ်ည ်ECF osmolarity ကိ�ထနိး်သမ်ိးရန�်�င့သ်င့ေ်လျာ်ရနမ်��ိမြဖစ်လိ�အပ်သည်
ဆလဲပ်မာဏ

■ အများအားြဖင့ေ်�� � ပိ�ငး်မ�ထ�တေ်သာေဟာ်မ�နး်များြဖစ်သည်
pituitary သည ်homeostasis ကိ�တိ�က�ိ်�ကမ်ေထာကပံ်ပ့ါ။ အစား၊
အများစ�မ�ာအပ�ပိ�ငး်ေဒသ၊ ဆိ�လိ�သညမ်�ာ၎ငး်တိ�သ့ညအ် ၀ လနွြ်ခငး်ကိ�လ�ံ�ေဆာ်ေပးသည်
အြခားေဟာ်မ�နး်

■ သိ�ေ့သာ် anterior pituitary မ��ကးီထာွးေဟာ်မ�နး်ကိ�ထည့သ်ငွး်သည်
�ကးီထာွးမ�ြမ�င့တ်ငေ်ရးလ�ပ်ေဆာငခ်ျကမ်ျားအြပင ်meta ကိ�လညး်လ�ပ်ေဆာငသ်ည။်
ပလာစမာအာ�ံ�စ�းစိ�ကမ်�ကိ�ထနိး်သမ်ိးရနက်�ညေီသာ bolic အကျိ�းသကေ်ရာကမ်�များ
အမိ�င�်ိ�အကဆ်စ်၊ ဂလ�းကိ�စ့်��င့ဖ်ကတ်းီအကစ်စ်များ။

■ pineal ဂလငး်သည ်၀ ငေ်ရာကမ်�ကိ�က�ညေီသာ melatonin ကိ�လ�ိ�ဝ�ကေ်ပးသည်
ခ��ာကိ�ယ၏် circadian ရစ်ချကသ်ညပ်တဝ်နး်ကျငလ်ညပ်တမ်�၏လညပ်တမ်�ြဖစ်သည်
အလငး် (လ�ပ်��ားမ�ကာလ) ��င့အ်ေမ�ာင ်(လ�ပ်��ားမ�မ��ိေသာကာလ)

အရံဆလဲ ်endocrine ဂလငး်များသညဟ်ိ�ဟိ�ဒဒီထီနိး်သမ်ိးရနက်�ညသီည။်
meostasis ကိ�ေအာကပ်ါနညး်လမ်းများြဖင့်

■ ေဟာ်မ�နး်များသညအ်ာဟာရဓာတမ်ျားကိ�သင့တ်င့ေ်လျာကပ်တေ်သာအာ�ံ�စ�းစိ�ကမ်�ကိ�ထနိး်သမ်ိးရနက်�ညသီည။်
ဓာတ�ေဗဒနညး်ြဖင့�်�န�်ကားြခငး်ြဖင့အ်တငွး်ပတဝ်နး်ကျင၌်
ဆယလ်�လာစ�ပ်ယ�ြခငး်၊ သိ�ေလ�ာငြ်ခငး်��င့ထ်�တလ်�တြ်ခငး်တငွပ်ါဝငေ်သာလ�ပ်ေဆာငခ်ျကမ်ျား
ဒေီမာ်လကီျ�းေတရဲွ ့ ဒါအ့ြပငဒ်�ီ�နး်ေတွ
အာဟာရဓာတမ်ျားကိ� metabolized လ�ပ်ြခငး်အားြဖင့�်ကးီ�ကးီမားမားထနိး်ချ�ပ်ထားသည်
endocrine စနစ်။

■ သင့တ်င့ေ်လျာကပ်တမ်�ကိ�ထနိး်သမ်ိးရာတငွအ်ေရး�ကးီေသာဓာတဆ်ား
ECF ထ�ထည�်�င့ေ်သးွလ�တေ်�ကာေသးွဖိအားကိ� hor-by
ဆားမ�ြပနလ်ညစ်�ပ်ယ�ြခငး်ကိ� monally ထနိး်ချ�ပ်ထားေသာြပ�ြပငေ်ြပာငး်လမဲ�များ
ဆးီဖဲွ�စညး်ေနစ�ေကျာကက်ပ်

■ ထိ�နညး်တ�စာွေဟာ်မ�နး်များကိ�ထနိး်သမ်ိးရနအ်မျိ�းမျိ�းေသာပစ်မ�တဆ်လဲမ်ျားေပ�တငွလ်ညး်လ�ပ်ေဆာငသ်ည်
ကယလ်စီ်ယမ်��င့အ်ြခား electrolytes များ၏ပလာစမာအာ�ံ�စ�းစိ�ကမ်�
တစ်ဖနဤ် electrolytes များသည ်homeostatic ac- တငွအ်ဓိကအခနး်ကဏ��ပါ ၀ ငသ်ည။်
ကာကယွမ်�များ ဥပမာအားြဖင့က်ယလ်စီ်ယမ်ပမာဏကိ�ထနိး်သမ်ိးပါ
ကျ�းေြမာငး်ေသာကန ့သ်တခ်ျကမ်ျားသညအ်ာ�ံ�ေ�ကာ�ကကသ်ားများ��င့စိ်တလ်�ပ်��ားမ�အတကွအ်ေရး�ကးီသည်
ေသးွခေဲစြခငး်၊ အြခားအသကက်ယအ်ေထာကအ်က�ြပ�လ�ပ်ေဆာငခ်ျကမ်ျားတငွ်

■ endocrine စနစ်သညခ်ျိနည်�ရိနက်ျယြ်ပန ့သ်ည။်
တံ� ့ြပနမ်�ကိ�ခ��ာကိ�ယမ်� homeostasis ကိ�ထနိး်သမ်ိးရနက်�ညေီသာစာများ
စိတဖိ်စီးမ�အေြခအေနများသိ� ့

■ endocrine နဲအ့ာ�ံ�ေ�ကာစနစ်ေတကွေဖျာ်ေြဖပွဲေတမွ�ာအလ�ပ်လ�ပ်ပါတယ်
ေသးွလညပ်တမ်���င့အ်စာေချဖျကမ်�စနစ်များကိ�ထနိး်ချ�ပ်သည်
အေရး�ကးီ homeostatic လ�ပ်��ားမ�များလ�ပ်ေဆာငပ်ါ။

homeostasis ��င့မ်သကဆ်ိ�ငေ်သာေဟာ်မ�နး်များသည�်ကးီထာွးမ�ကိ� ဦး တညသ်ည်
မျိ�းပာွးမ�စနစ်၏ကဏ္ aspects အများစ�ကိ�စီမံ။ ထနိး်ချ�ပ်သည။်

စာမျက�်�ာ ၃၅

ရညရွ်ယခ်ျကေ်မးခွန်းများ (p ။ A-54 တငွအ်ေြဖများ)
၁။ endocrine ဂလငး်တစ်ခ�သညေ်ဟာ်မ�နး်တစ်ခ�ထကပိ်�ထကွ�်ိ�ငသ်ည။်

mone (မ�နသ်ညမ်�ားသလား။ )

၂။ ေဟာ်မ�နး်တစ်မျိ�းသည ်tar အမျိ�းအစားတစ်မျိ�းထကပိ်�လ�မ်းမိ�း�ိ�ငသ်ည။်
ဆလဲရ်ယ�ပါ။ (မ�နသ်ညမ်�ားသလား။ )

၃။ endocrine ဂလငး်အားလံ�းသည ်endocrine function တစ်ခ�တညး်တငွသ်ာ��ိသည။်
(မ�နသ်ညမ်�ားသလား။ )

၄။ ပစ်မ�တဆ်လဲတ်စ်ခ�တညး်သညတ်စ်ခ�ထကပိ်�ေသာ�သဇာလ�မ်းမိ�း�ိ�ငသ်ည်
ေဟာ်မ�နး်။ (မ�နသ်ညမ်�ားသလား။ )

၅။ တကိျေသာေဟာ်မ�နး်တစ်ခ�၏ Hyposecretion သိ�မ့ဟ�တ ်hypersecretion
၎ငး်၏ endocrine ဂလငး်သညလ်ံ�းဝဥဿံ�ြဖစ်ေသာ်လညး်ြဖစ်ပာွး�ိ�ငသ်ည်
ပံ�မ�န ်(မ�နသ်ညမ်�ားသလား။ )

၆။ ေသးွအတငွး်�ကးီထာွးေဟာ်မ�နး်ပမာဏသညြ်မင့မ်ားြခငး်မ��ိပါ
ငယရွ်ယစ်�ကေလးဘဝသညအ်ရွယေ်ရာကခ်ျိနထ်ကပိ်�မိ��ကးီထာွးလာသည။်
(မ�နသ်ညမ်�ားသလား။ )

7. ေဟာ်မ�နး်သည၎်ငး်၏အဓိကလ�ပ်ေဆာငခ်ျကြ်ဖစ်ေသာစညး်မျ�းြဖစ်သည်
အြခား endocrine ဂလငး်တစ်ခ�၏လ�ပ်ေဆာငခ်ျကက်ိ�အမျိ�းအစားတစ်ခ�အြဖစ်ခွြဲခားသည်
_____ ေဟာ်မ�နး်

၈။ တစ် ဦး အတကွလ်ကခ်�ံိ�ငေ်သာအေရအတကွေ်လျာက့ျလာသည်
တကိျေသာေဟာ်မ�နး်ကိ� _____ ဟ�ေခ�သည။်

9. အြဖစ်လ�သမိျား cartilaginous အ�ိ�းအလ�ာအတငွး်လ�ပ်ေဆာငခ်ျက်
_____ သညအ်�ိ�း��ညမ်ျား��ညရ်နတ်ာဝန�်�ိသည။်

၁၀။ hypothalamus ��ိ _____ သညခ်��ာကိ�ယ၏် master bio- ြဖစ်သည။်
ယ�တ� နိာရီ

11. ေဟာ်မ�နး်များအ�ကားဆက�်ယွမ်�ကိ���နြ်ပပါ
hypothalamic/anterior pituitary/adrenal cortex system ြဖင့ြ်ပ�လ�ပ်သည်
ေအာကပ်ါအေြဖက�ဒက်ိ� သံ�း၍
ကကွလ်ပ်တစ်ခ�စီ၌ mone သည်
(က) cortisol
(ခ) ACTH

(၁) hypothalamus မ� _________ သညစိ်တက်ိ�လ�ံ�ေဆာ်ေပးသည်
anterior pituitary မ� (၂) _________ ကိ�စနွ ့ထ်�တြ်ခငး်
(၃) _________ သညတ်စ်နညး်အားြဖင့၎်ငး်၏လ�ိ�� ဝ�ကခ်ျကက်ိ�လ�ံ�ေဆာ်ေပးသည်
(၄) adrenal cortex မ� _________ အ��တလ်က�ဏာမ�ာ-
တံ� ့ြပနမ်�ဖက�်�င၊် (၅) _________ သညအ် ၀ လနွြ်ခငး်ကိ�တားဆးီေပးသည်
ေဟာ်မ�နး် (၆) _________ ကိ�ထ�တလ်�တေ်ပး�ပီး၎ငး်သညတ်ားဆးီေပးသည်
အပ�ပိ�ငး်ေဟာ်မ�နး် (၇) _________

စာစစီာကံ�းေမးခွန်းများ
၁။ endocrine စနစ်၏လ�ပ်ငနး်ေဆာငတ်ာများကိ�စာရငး်ြပ�စ�ပါ။

၂။ ေဟာ်မ�နး်တစ်ခ�၏ပလာစမာအာ�ံ�စ�းစိ�ကမ်�ဘယလ်ိ�လဲ
စညး်မျ�း?

၃။ ရာထ�း၏အရငး်အြမစ်��င့လ်�ပ်ငနး်ေဆာငတ်ာများကိ�အကျ�းချံ�းေဖာ်ြပပါ။
terior pituitary ေဟာ်မ�နး်။

၄။ ante- ရဲအ့ရငး်အြမစ်နဲလ့�ပ်ေဆာငခ်ျကေ်တကွိ�စာရငး်လ�ပ်�ပီးအကျ�းချ�ပ်ေဖာ်ြပပါ။
rior pituitary ေဟာ်မ�နး်။

၅။ hypothalamus ��င့ဆ်က�်ယွမ်�ကိ���ငိး်ယ��ပါ
hypo အ�ကားဆက�်ယွမ်���င့အ်တ� posterior pituitary၊
pothalamus ��င့ ်anterior pituitary ၏အခနး်ကဏ� �ိေဖာ်ြပပါ
hypothalamic – hypophyseal ေပ�တယစ်နစ်��င့ ်hypo-
thalamic ေဟာ်မ�နး်ထ�တလ်�တမ်�ကိ�ဟန ့တ်ားေပးသည။်

၆။ �ကးီထာွးမ�မ��ိေသာ�ကးီထာွးေဟာ်မ�နး်၏လ�ပ်ေဆာငခ်ျကမ်ျားကိ�ေဖာ်ြပပါ။
�ကးီထာွးရနေ်နာကက်ျသည။် �ကးီထာွးေဟာ်မ�နး်ရဲ ့�ကးီထာွးမ�ကဘာလ။ဲ
လ�ပ်ေဆာငခ်ျကမ်ျားအားြမ�င့တ်ငြ်ခငး်? IGFs ေတရဲွအ့ခနး်ကဏ� ဘာလ။ဲ

၇။ �ကးီထာွးေဟာ်မ�နး်ထ�တလ်�ပ်မ�ကိ�ထနိး်ချ�ပ်ရနေ်ဆးွေ�းွပါ။

၈။ နာရီပ�ိ�တငး်၏အခနး်ကဏ� �ိေဖာ်ြပပါ။

၉။ စနွ ့ထ်�တမ်�အတကွအ်ရငး်အြမစ်၊ လ�ပ်ေဆာငခ်ျကေ်တနွဲလ့�ံ�ေဆာ်မ�ေတကွဘာေတလွဲ
melatonin ၏?

ေလက့ျင့ခ်န်းများကိ�ြပန်လညသ်ံ�းသပ်ပါ
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၆၈၈ အခနး် ၁၈

(ဂ) CRH

အမ�တမ်ျား

(စာမျက�်�ာ -၅၄ တငွ�်�ငး်လငး်ချကမ်ျား)
၁။ hypothalamic ြပနလ်ညစ်�စညး်မ�ကိ�သငေ်မ�ာ်လင့ပ်ါသလား။

စနစ်တကျေသးွြပနေ်�ကာ၌ေဟာ်မ�နး်များကိ�င�ားရမ်းြခငး်��င့က်န ့သ်တြ်ခငး်
ေသးွနမ�နာကိ�ပိ�ြမင့သ်ည၊် နမိ့်သည ်(သိ�)့ တ�ညသီည်
နမ�နာတစ်ခ�တငွဤ်ေဟာ်မ�နး်များ၏အာ�ံ�စ�းစိ�ကမ်�
hypothalamic – hypophyseal ေပ�တယေ်သးွလား။

၂။ TRH တိ�တ့ငွ ်feedback control loop အေ�ကာငး်စ�းစားြခငး်၊
TSH ��င့သ်ိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်တိ�ေ့ပါငး်စပ်မ�ကိ�သငေ်မ�ာ်လင့ပ်ါသလား။
TSH ၏ဗဟိ�ချကသ်ညပံ်�မ�န၊် ပံ�မ�နအ်ထက ်(သိ�)့ ေအာကတ်ငွ�်�ိသည်
အိ�ငအ်ိ�ဒငး်ဓာတခ်ျိ� �တဲေ့သာသ�တစ် ဦး တငွပံ်�မ�နြ်ဖစ်သည်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ကိ�ေပါငး်စပ်ရနမ်��ိမြဖစ်လိ�အပ်ေသာြဒပ်စင)်

၃။ လ�နာတစ် ဦး သညပိ်�လ�ံေသာ cortisol အထကွလ်က�ဏာကိ�ြပသည။်
ေသးွနမ�နာကိ�မညသ်ည့အ်ချကမ်ျားြဖင့တ်ိ�ငး်တာ�ိ�ငသ်နညး်။
termine ချိ� �ယငွး်မ�ေ�ကာင့ြ်ဖစ်ရတဲအ့ေြခအေနဟ�တမ်ဟ�တ ်termine
hypothalamic/anterior pituitary အဆင့ ်(သိ�)့ adrenal
cortex အဆင့?်

4. testicular feminization syndrome ��ိေသာအမျိ�းသားများအဘယေ်�ကာင့ြ်ဖစ်ရသနညး်
ပံ�မ�နမ်ဟ�တေ်သာအရပ်��ညသ်လား။

၅။ �ကးီထာွးေဟာ်မ�နး်အလွသဲံ�းမ�အတကွေ်မ�ာငခ်ိ�ေဈးကကွတ်စ်ခ���ိေန�ပီ
ကိ�ယအ်ေလးချိနြ်မ�င့တ်ငသ်�များ��င့အ်ြခားအားကစားသမားများအ�ကား ဘယလ်ိ�လ�ပ်ေဆာငခ်ျကေ်တလွဲ
�ကးီထာွးေဟာ်မ�နး်သညအ်ရွယေ်ရာက�်ပီးသ�အားကစားသမားတစ် ဦး ကိ�လ�ံ�ေဆာ်ေပးလမိ့်မည်
ဒေီဟာ်မ�နး်ကိ�အပိ�ြဖည့ေ်ဆးေတယွ�မလား။ ဘာေတလွဲ
ြဖစ်�ိ�ငေ်သာေဘးထကွဆ်ိ�းကျိ�းများ

စာမျက�်�ာ ၃၆

(စာမျက�်�ာ -၅၅ တငွ�်�ငး်ြပချက)်
အသက ်၁၈ ��စ်��င့အ်ရပ်��စ်ေပ��ိေသာ Anthony O. သညမ်ျကမ်�နတ်ပ်ခဲသ့ည။်
pituitary အကျိတေ်�ကာင့ြ်ဖစ်ရတဲ ့gigantism ��င့�် �ာေခါငး်။ ကနွဒ်ိ�

သ�၏ pituitary gland ကိ�ခွစိဲတဖ်ယ�်�ားြခငး်ြဖင့က်�သသည။်
Anthony သညမ်ညသ်ည့ေ်ဟာ်မ�နး်အစားထိ�းက�သမ�ကိ�လိ�အပ်ပါသနညး်။

ေဆးခန်းစ�းစားပါ
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Endocrinology ၏အေြခခမံ�များ၊ ဗဟိ� Endocrine ဂလငး် ၆၈၉

စာမျက�်�ာ ၃၇

အဆိ�ပါ endocrine စနစ,် ထိ�အေသးွကိ�ဖွားအားဖွငျ� hor-
mones it secretes သည ်ေယဘ�ယျအားြဖင့လ်ိ�အပ်ေသာလ�ပ်ေဆာငခ်ျကမ်ျားကိ�ထနိး်ည�ေိပးသည်
ြမန�်�နး်ထက�်ကာချိန ်အရံ endocrine ဂလငး်များ
ခ��ာကိ�ယရဲ် ့ Basal ကိ�ထနိး်ချ�ပ် ေပးတဲ ့သိ�ငး်ရိွ�ကဂ်လငး် ပါဝငပ်ါတယ်
ဇီဝြဖစ်စ���နး်; အဆိ�ပါ adrenal ဂလငး်, ေဟာ်မ�နး် secrete ရာ

လိ�ကေ်လျာညေီထြွဖစ်ေစရနအ်ာဟာရေမာ်လကီျ�းများကိ� metabolizing လ�ပ်ရာတငွအ်ေရး�ကးီသည်
စိတဖိ်စီးမ���င့ဆ်ားမ�တမ�ကိ�ထနိး်သမ်ိးြခငး်၊ အဆိ�ပါ endocrine pan-

creas, သည ်metabolizing အတကွအ်ေရး�ကးီေသာေဟာ်မ�နး်များကိ� ထ�တေ်ပးသည်
အာဟာရေမာ်လကီျ�းများ; ��င့ ်parathyroid ဂလငး်, အရာ se-
Ca 2 ဇီြဝဖစ်စ� အတကွအ်ေရးပါေသာေဟာ်မ�နး်တစ်ခ�ြဖစ်သည ်။

Endocrine စနစ်

ခ��ာကိ�ယစ်နစမ်ျား
homeostasis ကိ�ထန်ိးသမ်ိးပါ

Homeostasis ြဖစသ်ည်
အတကွမ်��ိမြဖစ်
ဆလဲမ်ျား၏��ငသ်န်မ�

ဆလဲမ်ျားဖဲွ�စညး်သည်
ခ��ာကိ�ယစ်နစမ်ျား

Homeostasis ြဖစသ်ည်

ဆလဲမ်ျား

endocrine စနစ်သညခ်��ာကိ�ယ၏်တစ်ခ�ြဖစ်သည်
အဓိကစညး်မျ�းစနစ်��စ်ခ�၊ လ�ိ�� ဝ�ကခ်ျကမ်ျား
သ�တိ�ရဲ့ ့ ဦး တညဆ်လဲေ်တကွိ�လ�ပ်ေဆာငေ်ပးတဲေ့ဟာ်မ�နး်ေတွ

ေသးွ၏အာဟာရဓာတပ်ါဝငမ်�ကိ�ထနိး်ည�ေိပးသည်
ေမာ်လကီျ�းများ၊ ေရ၊ ဆား��င့အ်ြခားအရာများ

အြခား homeostatic တိ�တ့ငွ ်electrolytes
လ�ပ်��ားမ�များ။ ေဟာ်မ�နး်များသညလ်ညး်အဓိကအခနး်ကဏ��ပါဝငသ်ည်
�ကးီထာွးမ���င့မ်ျိ�းပာွးမ�ကိ�ထနိး်ချ�ပ်ရာတငွ်

စိတဖိ်စီးမ�ကိ�လိ�ကေ်လျာညေီထြွဖစ်ေအာငေ်နပါ။

ဆလဲမ်ျားသညအ်ဆကမ်ြပတေ်ထာကပံ်မ့�လိ�အပ်သည်
သ�တိ�ရဲ့အ့ာဟာရေတကွိ�ေထာကပံ်ေ့ပးတယ်

စမ်ွးအငထ်�တဓ်ာတ�
တံ� ့ြပနမ်�။ ပံ�မ�နဆ်လဲလ်�ပ်ေဆာငခ်ျက်

သင့ေ်လျာ်ေသာချိနခ်ငွလ်�ာေပ�တငွလ်ညး်မ�တညသ်ည်
ေရ��င့အ်မျိ�းမျိ�းေသာ electrolytes များ။

အပျိ�

စာမျက�်�ာ ၃၈

အရံပစ�ညး်
Endocrine ဂလငး်
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Translating...

သိ�ငး်ရိွ�ကဂ်လငး်
အဆိ�ပါ သိ�ငး်ရိွ�ကဂ်လငး် endocrine တစ်���း��စ်ခ�ေပ�၌��ိေသာအေြမ�းပါဝငပ်ါသည်
ဂလငး်၏ကျ�းေြမာငး်ေသာအစိတအ်ပိ�ငး်တစ်ခ���င့အ်လယ၌် ေပါငး်စညး်ထားသည ်၊
mus၊ ၎ငး်ကိ� ဦး ထ�ပ်ပံ�စံ ( ● ပံ� ၁၉-၁ က) ။ ဂလငး်သည်
ဦး ��တရ်နသ်င့ေ်လျာ်ေသာေနရာတငွတ်ည�်�ိသည်
အသအံိ�းေအာကက်ေလ�ပန။်

အဓိကဆလဲမ်ျားကိ�လ�ံ�ေဆာ်ေပးသည်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�န်းများကိ�စ�စညး်ေပးသည်
colloid ြပည့ေ်နေသာ follicles များထသဲိ� ့
follicular ဆလဲ ်ဟ�လ�သမိျားေသာအဓိကသိ�ငး်ရိွ�က ်secretory ဆလဲ ်များသည်
တစ်ခ�စီသညလ်�ပ်ေဆာငခ်ျကတ်စ်ခ�အြဖစ်ဖဲွ�စညး်ထားေသာအေခါငး်ေပါကမ်ျားထသဲိ�စီ့စ�ေပးသည်
follicle ဟ�ေခ�သည ်။ အဏ��ကည့မ်�နေ်ြပာငး်အပိ�ငး် ( ● ပံ� ၁၉-
1b), follicles များသညအ်လ�ာတစ်ခ�တညး်ပါဝငေ်သာကငွး်များကဲသ့ိ�ေ့ပ�လာသည်
��ငျ� ပ�ွျ� စံ�တခ�အတငွး် lumen enclosing follicular ဆလဲ ်colloid, တစ်ဦး
သိ�ငး်ရိွ�ကအ်တကွ ်extracellular သိ�ေလ�ာငရ်ာေနရာအြဖစ်ေဆာငရွ်ကေ်သာပစ�ညး်
ေဟာ်မ�နး်။ follicular lumen အတငွး်��ိ colloid သညသ်တြိပ�ပါ
extracellular (ဆိ�လိ�သညမ်�ာသိ�ငး်ရိွ�ကဆ်လဲမ်ျားအြပငဘ်က)် ြဖစ်သည်
follicle ၏အတငွး်ပိ�ငး်၌တည�်�ိသည။် Colloid မပါဝငပ်ါ
ပတ ်၀ နး်ကျင�်�ိ extracellular အရည�်�င့တ်ိ�က�ိ်�ကထ်ေိတွ�သည်
တိ�က�ိ်�ကမ်ထေိတွ�ေသာက�နး်တငွး်ေရကန�်�င့တ်�သည်
တိ�က�်ကးီကိ�ဝနး်ရံေနေသာသမ�ဒ�ရာများ��င့်

colloid ၏အဓိကအစိတအ်ပိ�ငး်သည�်ကးီမားေသာ glycoprotein mol
thyroglobulin (Tg) ဟ�ေခ�ေသာ ecule သည၎်ငး်တငွပ်ါ ၀ ငသ်ည။်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်များကိ�သ�တိ�၏့ကွြဲပားေသာအဆင့အ်မျိ�းမျိ�းတငွြ်ဖတေ်တာကခ်ဲသ့ည။်
စာတမ်း။ follicular ဆလဲမ်ျားသညအ်ိ�ငအ်ိ�ဒငး်ပါဝငေ်သာ��စ်မျိ�းထ�တလ်�ပ်သည်
အမိ�င�်ိ�အကဆ်စ် tyrosine မ�ဆငး်သကလ်ာေသာေဟာ်မ�နး်များ: tetraiodo-
thyronine (T 4 , or thyroxine) ��င့ ်tri-iodothyronine (T 3 ) ။ ဟိ
prefixes tetra ��င့ ်tri ��င့ ်subscripts 4 ��င့ ်3 တိ�သ့ည၎်ငး်ကိ�ရည�်�နး်သည်
ဤေဟာ်တယတ်စ်ခ�ချငး်စီတငွအ်ိ�ငအ်ိ�ဒငး်အကတ်မ်အေရအတကွ်
mones ဒေီဟာ်မ�နး်��စ်ခ�ကိ�စ�ေပါငး်�ပီး မငး်ရဲ ့
roid ေဟာ်မ�န်း သညေ်ယဘ�ယျအားြဖင့ ်basal meta- ၏အေရးပါေသာထနိး်ည�သိ�ြဖစ်သည။်
bolic ��နး်

follicles များအ�ကား interstitial space များတငွက်ွြဲပားသည်
ေနာကထ်ပ် secretory cell အမျိ�းအစားတစ်ခ�ြဖစ်တဲ ့C cells ေတကွ pep
ဒေီရေဟာ်မ�နး် calcitonin Calcitonin သညက်ယလ်စီ်ယမ်တငွအ်ဓိကအခနး်ကဏ��ပါဝငသ်ည်
metabolism ��င့အ်ြခားအဓိက��စ်ခ�မ�မညသ်ည့န်ညး်��င့မ်�ဆကစ်ပ်မ�မ��ိပါ
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်။ ကျေနာ်တိ�က့ဒမီ�ာ T ကေဆးွေ�းွ�ကမည ်4 နဲ ့ T 3 ��င့ေ်ဟာေြပာပွဲ
ေနာကပိ်�ငး်တငွ ်calcitonin အေ�ကာငး် endocrine ထနိး်ချ�ပ်မ���င့ပ်တသ်ကေ်သာအပိ�ငး်၌
ကယလ်စီ်ယမ်လကက်ျနပ်မာဏ

သိ�ငး်ရိွ�ကဂ်လငး်
သိ�ငး်ရိွ�ကဂ်လငး်၏ခ��ာေဗဒ

သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်

Adrenal ဂလငး်
Adrenal ဂလငး်၏ခ��ာေဗဒ

Adrenocortical mineralocorticoids

Adrenocortical glucocorticoids

Adrenocortical လငိေ်ဟာ်မ�နး်

Adrenal medullary catecholamines

ေပါငး်စညး်စတိဖိ်စးီမ�တံ� ့ြပန်မ�

Fuel Metabolism ၏ Endocrine ထန်ိးချ�ပ်မ�
Metabolism, anabolism, catabolism

စမ်ွးအငသ်ိ�ေလ�ာငမ်�

စ�ပ်ယ�မ���င့စ်�ပ်ယ��ိ�ငေ်သာအေြခအေနများ

Endocrine ပနက်ရိယ - အငဆ်�လင�်�င့ ်glucagon

အြခားေဟာ်မ�နး်များ၏ဇီဝြဖစ်စ�အကျိ�းသကေ်ရာကမ်�

Calcium Metabolism ၏ Endocrine ထန်ိးချ�ပ်မ�
Calcium homeostasis ��င့ ်calcium balance

အ�ိ�းြပ�ြပငြ်ခငး်

Parathyroid ေဟာ်မ�နး်

Calcitonin

ဗီတာမင ်D

ကယလ်ဆ်ယီမ်��င့ေ်ဖာစ့ဖိတဖ်လ�ယမ်�ဆက�်ယွမ်�
metabolism

အခန်း ၁၉
အေ�ကာငး်အရာများအားအချကြ်ပပါ

၆၉၁

http: // www တငွ ်CengageNOW သိ�ဝ့ငေ်ရာကပ်ါ
ကာတန်ွးများ ကိ�စ�းစမ်းေလလ့ာရနအ်ခငွ့အ်လမ်းအတကွ ်.cengage.com/ sso/
သငေ်လလ့ာ၊ ြပနလ်ညသ်ံ�းသပ်ြခငး်��င့က်�မ်းကျငရ်နက်�ညေီပးမည့အ်ြပနအ်လ�နတ်ံ� ့ြပနပ်ေဟ�မိျား
ဇီဝကမ�ေဗဒသေဘာတရားများ။

စာမျက�်�ာ ၃၉

ဆန ့က်ျငဘ်ကအ်ားြဖင့သ်ိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ေပါငး်စပ်မ�အတကွလ်ိ�အပ်ေသာအိ�ငအ်ိ�ဒငး်
အာဟာရစားသံ�းမ�မ�ရ��ိသည။် အိ�ငအ်ိ�ဒငး်ဓါတ ်(I) သညြ်ပနလ်ည်
အ�သမ်ိမ�စ�ပ်ယ�ြခငး်မြပ�မီ iodide (I) ကိ�သံ�းသည။်
ယခ�က��်�ပ်တိ�ေ့ပါငး်စပ်မ�၊ သိ�ေလ�ာငမ်�တငွပ်ါဝငေ်သာအဆင့မ်ျားကိ�ဆနး်စစ်သည။်
သ�ကားဓာတ�်�င့သ်ိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်များကိ�ပိ�ေ့ဆာငေ်ပးသည။်

သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ေပါငး်စပ်မ�၏ေြခလ�မ်းအများစ�သညေ်နရာေပ�တငွ�်�ိသည်
colloid အတငွး်��ိ thyroglobulin ေမာ်လကီျ�းများ Thyroglobulin ကိ�ယတ်ိ�ငြ်ဖစ်သည်
endoplasmic reticulum/Golgi complex မ�ထ�တလ်�ပ်သည်
thyroid follicular ဆလဲမ်ျား အမိ�င�်ိ�အကစ်စ် tyrosine ြဖစ်လာသည်
ပိ��ကးီေသာ thyroglobulin ေမာ်လကီျ�းများတငွထ်ည့သ်ငွး်ထားသည်
ေနာကဆ်ံ�းထ�တလ်�ပ်လျက�်�ိသည။် ထ�တလ်�ပ်�ပီးသည�်�င့ ်tyrosine ပါ ၀ ငသ်ည်
thyroglobulin ကိ� follicular ဆလဲမ်ျားမ� vesicles များတငွတ်ငပိ်�သ့ည်
exocytosis အားြဖင့ ်colloid (ေြခလ�မ်းသိ� ့ 1 အတကွ ်● ပံ� 19-2) ။ ဟိ
သိ�ငး်ရိွ�ကသ်ညက်��်�ပ်အားေသးွမ�ဖမ်းယ�လိ�က�်ပီး၎ငး်ကိ� colus ထသဲိ�ပိ့�ေ့ဆာငသ်ည။်
အား ေကာငး်ေသာ၊ စမ်ွးအငလ်ိ�အပ်ေသာသယေ်ဆာငသ်� iodide စ�ပ်စက ်ြဖင့ဖွ်င့သ်ည်
follicular ဆလဲမ်ျား၏အြပငဘ်ကအ်ေြမ�းပါး၌ပ�ိ�တနိး် (အဆင့ ်၂ )
အိ�ငအ်ိ�ဒငး်စ�ပ်စကသ်ည ်Na အာ�ံ�စ�းစိ�ကမ်�မ�ေမာငး်��ငအ်ားြဖည့ေ်ပးသ�ြဖစ်သည။်
Na မ�သတမ်�တထ်ားေသာ tion gradient basolat- တငွစ်�ပ်စက ်K
eral membrane (follicular cell ၏အြပငဘ်ကအ်ေြမ�းပါး
interstitial fluid ��င့ထ်ေိတွ�ပါ။ ) iodide စ�ပ်စကသ်ညသ်ယယ်�ပိ�ေ့ဆာငေ်ပးသည်
Na သည ်follicular cell ထသဲိ�၎့ငး်၏အာ�ံ�စ�းစိ�ကမ်� gradient ကိ�ကျဆငး်ေစသည်
ငါသ�ရဲ့အ့ာ�ံ�စ�းစိ�ကမ်� gradient ကိ�ဆန ့က်ျငတ်ဲဆ့လဲထ်ကဲိ�ငါေရာကေ်နတယ။် အားလံ�းနးီပါး
က��်�ပ်၏ခ��ာကိ�ယသ်ည၎်ငး်၏အာ�ံ�စ�းစိ�ကမ်� gradient ကိ�ဆန ့က်ျငသ်ည်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ေပါငး်စပ်မ�အတကွသ်ိ�ငး်ရိွ�ကတ်ငွပိ်တမိ်ေနြခငး်
sis အိ�ငအ်ိ�ဒငး်သညမ်ျားေသာအားြဖင့၎်ငး်ထကအ်ဆ ၃၀ ခန ့ပိ်�များသည်
ေသးွထကသ်ိ�ငး်ရိွ�က ်follicular ဆလဲမ်ျား Iodide သညအ်ြခားအရာများကိ�မလ�ပ်ေဆာငပ်ါ
ခ��ာကိ�ယထ်မဲ�ာ function ကိ�။

follicular cell အတငွး်၌ iodide သည ်oxidized“ active” iodide သိ� ့ oxidized ြဖစ်သည်
တစ်ဦးအေြမ�းပါး-ေဘာငး်အငဇိ်�ငး်က thyroperoxidase (TPO), lo-
luminal membrane, follicular ၏အေြမ�း
ဆလဲသ်ည ်colloid (အဆင့ ်၃ ) ��င့ထ်ေိတွ�သည ်။ ဤတက�်ကေသာ iodide သညထ်ကွသ်ည်
luminal membrane ��ိ channel တစ်ခ�မ�တဆင့ ်colloid သိ�ဝ့ငေ်ရာကသ်ည်
(အဆင့ ်၄ )

colloid, TPO, အေြမ�းပါးြဖင့ခ်ျညေ်��ာငထ်ားဆ၊ဲ လျငြ်မနစ်ာွ

(က) သိ�ငး်ရိွ�ကဂ်လငး်၏စ�စ�ေပါငး်ခ��ာေဗဒ

ညာဘကအ်ေြမ�း Trachea လညပ်ငး် ဘယဘ်ကစ်�း

စတရိွီ�က်
ဂလငး်

Follicular ဆလဲ် C ဆလဲ်Colloid

https://translate.google.com/translate?hl=en&prev=_t&sl=auto&tl=my&u=http://www.cengage.com/sso/
https://translate.google.com/translate?hl=en&prev=_t&sl=auto&tl=my&u=http://www.cengage.com/sso/
https://translate.google.com/translate?hl=en&prev=_t&sl=auto&tl=my&u=http://www.cengage.com/sso/
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၆၉၂ အခနး် ၁၉

သိ�ငး်ရိွ�ကေ်ဟာ်မ�န်းကိ�ေပါငး်စပ်�ပီးသိ�ေလ�ာငထ်ားသည်
thyroglobulin ေမာ်လကီျ�းေပ�တငွ်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ေပါငး်စပ်မ�အတကွအ်ေြခခပံါဝငပ်စ�ညး်များမ�ာ tyro
sine ��င့ ်iodine ��စ်ခ�လံ�းကိ�ေသးွမ�ထ�တယ်�ရမည်
follicular ဆလဲမ်ျားမ� Tyrosine, အမိ�င�်ိ�အကဆ်စ်ကိ�ေပါငး်စပ်ထ�တလ်�ပ်သည်
ခ��ာကိ�ယအ်တကွလ်ံ�ေလာကေ်သာပမာဏြဖစ်ေသာေ�ကာင့၎်ငး်သညအ်စားအစာအတကွမ်��ိမြဖစ်လိ�အပ်သည။်

thyroglobulin ေမာ်လကီျ�းအတငွး် tyrosine သိ� ့ iodide ကိ�ေပးသည။်tyrosine သိ�အ့ိ�ငအ်ိ�ဒငး် တစမ်ျိ�းတွပဲါက monoiodotyrosine ကိ�ထ�တေ်ပးသည်
(MIT) (အဆင့ ်၅ က ) အိ�ငအ်ိ�ဒငး်��စ်မျိ�းကိ� tyrosine အထကွ�်�နး်သိ�တ့ွေဲပးသည်
di-iodotyrosine (DIT) (အဆင့ ်5b ) MIT ��င့ ်DIT တိ�က့ိ�ဖဲွ�စညး်�ပီးေနာက၊်
ဆကစ်ပ်မ�ြဖစ်စ�သည ်thyroglobulin ေမာ်လကီျ�းအတငွး်၌ြဖစ်ေပ�သည်
iodinated tyrosine ေမာ်လကီျ�းများအ�ကားသိ�ငး်ရိွ�ကက်ိ�ဖဲွ�စညး်သည်
ေဟာ်မ�နး်။ MIT တစ်ခ� (iodide တစ်ခ�) ��င့ ်DIT တစ်ခ�တွြဲခငး်
(iodides ��စ်ခ�ပါ ၀ ငေ်သာ) tri-iodothyronine ( သိ�)့ T 3 (သံ�းလံ�းပါ ) ေပးသည်
iodides) (အဆင့ ်၆ က ) DIT ��စ်ခ�ကိ�ေပါငး်ြခငး် (တစ်ခ�စီတငွ ်io ��စ်ခ�ပါ ၀ ငသ်ည။်
အကတ်မ်များ ေသာကြ်ခငး်သည ်tetraiodothyronine (T 4 , or thyroxine) ကိ� ထ�တေ်ပး သည်
iodide ပံ�စံသိ�ငး်ရိွ�ကေ်ဟာ်မ�နး် (အဆင့ ်၆ ခ ) Coupling လ�ပ်တာ
MIT ေမာ်လကီျ�း��စ်ခ��ကားတငွမ်ြဖစ်ေပ�ပါ။ ဒထီ�တက်�နေ်တအွားလံ�းကိ�
peptide bond များြဖင့ ်thyroglobulin ကိ�အဓိကမ�ီဝဲသည။် သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်
mones များသည ်colloid တငွဤ်ပံ�စံတငွသ်ိ�ေလ�ာငထ်ားသည်
ခွ�ဲပီးလ�ိ� � ဝ�ကထ်ားတယ။် လံ�ေလာကေ်သာသိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်သညပံ်�မ�နြ်ဖစ်သည်
ခ��ာကိ�ယမ်�လိ�အပ်ချကမ်ျားအားလေပါငး်များစာွြဖည့ဆ်ညး်ရနသ်ိ�ေလ�ာငထ်ားသည။်

သိ�ငး်ရိွ�ကေ်ဟာ်မ�န်း၊ follicular ဆလဲမ်ျားကိ�ထ�တရ်န်
phagocytize သည ်thyroglobulin-laden colloid ြဖစသ်ည။်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ကိ�စနစ်တကျလညပ်တမ်�ထသဲိ�ထ့�တလ်�တသ်ည်
အေ�ကာငး်��စ်ခ�ေ�ကာင့အ်ေတာ်ေလး��ပ်ေထးွေသာြဖစ်စ�တစ်ခ�ြဖစ်သည။် သ�တိ�အ့ရငမ်လ�ပ်ခင်
ြဖန ့ခ်ျိ, T- 3 နဲ ့ T 4 ေနဆ ဲthyroglobulin အတငွး်ချညေ်��ာငလ်ျက�်�ိ
ေမာ်လကီျ�း။ ဒ�တယိအချကမ်�ာဒေီဟာ်မ�နး်ေတကွိ�က�နး်တငွး်ပိ�ငး်မ�ာသိ�ေလ�ာငထ်ားတယ။်

(ခ) သိ�ငး်ရိွ�ကဂ်လငး်၏အဏ��ကည့မ်�နေ်ြပာငး်

●ပံ� ၁၉-၁ သိ�ငး်ရိွ�ကဂ်လငး်၏ခ��ာေဗဒ (က) အ�ကမ်းနညး်
သိ�ငး်ရိွ�ကဂ်လငး်၏ omy, ေ�� � ြမငက်ငွး်။ သိ�ငး်ရိွ�ကဂ်လငး်သညအ်ေပ�ဘကတ်ငွတ်ည�်�ိသည်
အသအံိ�းေအာကတ်ငွ�်�ိေသာ trachea ��င့ ်lobes ��စ်ခ�ပါ ၀ ငသ်ည။်
isthmus ဟ�ေခ�ေသာပါးလ�ာေသာအေြမ�ာငး်တစ်ခ�ြဖင့ခ်ျိတထ်ားသည။် (ခ) အလငး်-အဏ��ကည့မ်�န်
သိ�ငး်ရိွ�ကဂ်လငး်၏လက�ဏာများ သိ�ငး်ရိွ�ကဂ်လငး်သညအ်ဓိကဖဲွ�စညး်ထားသည်
follicular ၏အလ�ာတစ်ခ�တညး်ြဖင့ဖံ်�းလ�မ်းထားေသာ colloid ြဖည့ထ်ားေသာ spheres များ၏ marily
ဆလဲမ်ျား

အလဲစ်ဇဘက ်R. W.

alker ��င့ ်Dennis O. Overman

စာမျက�်�ာ ၄၀

tracellular site, follicular lumen, ထိ�ေ့�ကာင့၎်ငး်တိ�သ့ည ်trans- ြဖစ်ရမည။်
capilic ကိ�ေရာကဖိ်� ့ follicular ဆလဲေ်တကွိ�လံ�းလံ�းလျားလျားတငလ်ိ�ကတ်ယ။်
အေကာငမ်ျားအ�ကား�ကားြဖတေ်နရာများမ�ြဖတေ်ကျာ်လာေသာေခးွေကာငမ်ျား
follicles များ။

သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ထ�တလ်�တမ်�ြဖစ်စ�သညအ်ဓိကအားြဖင့်
follicular ဆလဲမ်ျားကိ� volloid အပိ�ငး်အစတစ်ခ�မ�“ ကိ�ကြ်ဖတ”် သည။်

သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ထ�တလ်�တမ်�အတကွသ်င့ေ်တာ်ေသာလ�ံ�ေဆာ်မ�ြဖစ်သည်
follicular ဆလဲမ်ျားသည ်thyroglobulin ၏တစ်စိတတ်စ်ပိ�ငး်ကိ�အတငွး်ပိ�ငး်ထေိစသည်
colloid အပိ�ငး်အစတစ်ခ�ကိ� phagocytizing ြပ�လ�ပ်ြခငး်ြဖင့ေ်ဟာ်မ�နး်��ပ်ေထးွမ� (အဆင့ ်၇)

၏ ● ပံ� 19-2) ။ ဆလဲမ်ျားအတငွး်၌အေြမ�းပါးကိ�ဖံ�းအ�ပ်ထားသည်
colloid အမ�နမ်ျားသည ်lysosomes များ��င့ေ်ပါငး်စပ်သည်
ဇီဝေဗဒတက�်ကေသာသိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်များြဖစ်ေသာ T 3 ��င့ ်T 4 တိ�က့ိ� ခွထဲ�တ ်သည်

Na + Na +

K + ပါ K + ပါ

Golgi
��ပ်ေထးွ

Golgi
��ပ်ေထးွEndoplasmic

မျက�်ကညလ်�ာ
Endoplasmic

မျက�်ကညလ်�ာ

ေသးွ

DIT ၂ ခ�1 DITMIT ၁ ခ�

Colloid

ေရး�မိ� �နယ်

အမ်အိ�ငတ်ီ
DIT

Tg

TPO

Tg

အမ်အိ�ငတ်ီ
DIT
T ၃
T ၄

T 3 , T 4 T ၃
T ၄

အမ်အိ�ငတ်ီ
DIT
T ၃
T ၄

အမ်အိ�ငတ်ီ
DIT

T ၃
T ၄

Tg = Thyroglobulin
ငါ - = အိ�ငအ်ိ�ဒငး်

TPO = Thyroperoxidase
MIT = Monoiodotyrosine

DIT = Di-iodotyrosine
T 3 = Tri-iodothyronine
T 4 = Tetraiodothyronine

(thyroxine)

စတရိွီ�က်
follicular ဆလဲ်

စတရိွီ�က်
ေမွးညငး်ေပါက်

ငါ - ငါ -

ငါ -
ငါ -

ငါ -

တက�်ကေသာငါ -
(Iodinase
လ�ပ်ေဆာငခ်ျက)်

ေသာခ့ျက်

Tyrosine ပါဝငေ်သာ Tg ကိ� thyroid follicular အတငွး်၌ထ�တလ်�ပ်သည်
endoplasmic reticulum/Golgi complex မ�ဆလဲမ်ျားကိ�ပိ�ေ့ဆာငသ်ည်
exocytosis အားြဖင့ ်colloid သိ� ့

Iodide ကိ�ေသးွမ�ဆင့ပ်ာွးတက�်ကေသာသယယ်�ပိ�ေ့ဆာငေ်ရးြဖင့သ်ယေ်ဆာငသ်ည်
the basolateral membrane ၏ပံပိ့�းသ�များက colloid ထသဲိ� ့
follicular ဆလဲမ်ျား

follicular cell တငွ ်iodide သည ်active form ြဖင့ ်oxidized လ�ပ်သည်
luminal အေြမ�းပါးမ�ာ TPO

တက�်ကေသာ iodide သည ်luminal channel မ�တဆင့ဆ်လဲမ်�ထကွသ်ည်
colloid ကိ��ိ�ကထ်ည့ပ်ါ။

TPO ြဖင့ဓ်ာတြ်ပ�ြခငး်၊ iodide တမျိ�းကိ� tyrosine သိ�တ့ယွတ်ာြခငး်
Tg ေမာ်လကီျ�းအတငွး် MIT ကိ�ထ�တေ်ပးသည။်

Tyrosine အထကွ�်�နး်��င့ ်iodide ��စ်ခ�တွ။ဲ

MIT တစ်ခ���င့ ်DIT တစ်ခ�တွြဲခငး်သည ်T 3 ကိ� ထ�တေ်ပးသည ်။

DIT ��စ်ခ�ကိ�ေပါငး်ြခငး်သည ်T 4 ကိ� ထ�တေ်ပးသည ်။

သင့ေ်တာ်ေသာလ�ံ�ေဆာ်မ�တငွသ်ိ�ငး်ရိွ�က ်follicular ဆလဲမ်ျားသည ်a ကိ�လ�မ်းမိ�းသည်
phagocytosis အားြဖင့ ်Tg ပါဝငေ်သာ colloid အစိတအ်ပိ�ငး်

Lysosomes သညဖံ်�းလ�မ်းထားေသာ vesicle ကိ�တိ�ကခ်ိ�က�်ပီး iodinated ကိ�ခွသဲည်
Tg မ�ထ�တက်�နမ်ျား

T 3 ��င့ ်T 4 တိ�သ့ညေ်သးွထသဲိ�ပ့ျံ� � �ံသ့ာွးသည။်

MIT ��င့ ်DIT တိ�သ့ညဓ်ာတအ်ားြပတေ်တာကသ်ာွး�ပီး iodide လတွသ်ည်
ေဟာ်မ�နး်များကိ�ပိ�မိ�ေပါငး်စပ်ထ�တလ်�ပ်ရနြ်ပနလ်ညအ်သံ�းြပ�သည။်

သယယ်�ပိ�ေ့ဆာငေ်ရး = ဆင့ပ်ာွးတက�်ကမ�
(ေထာကခ်သံ�)

သယယ်�ပိ�ေ့ဆာငေ်ရး = အဓိကတက�်က

ATP

ATP

၇

9a

5a

5b

5a

6a 6b

5b

9b

၈

၂ ၃

၂

၃

၄

၁

9a

9b

6a

6b

၇

၈

၁

၄

● ပံ� 19-2 သိ�ငး်ရိွ�ကေ်ဟာ်မ�န်း၏ Synthesis, သမ်ိးဆညး်ြခငး်, ��င့ ်Secret ။ သတြိပ�ရနမ်�ာ-
ganelles ကိ�စေကးနဲဆ့ွတဲာမဟ�တဘ်�း။ endoplasmic reticulum/Golgi complex သညအ်ချိ�းကျလနွး်သည်
ေသးငယ။်
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Peripheral Endocrine Glands များ ၆၉၃

thyroglobulin ေမာ်လကီျ�းကိ�၎ငး်၏အစိတအ်ပိ�ငး်ထသဲိ�ထ့ည့သ်ည်လတွေ်ြမာကလ်ာေသာ T 3 ��င့ ်T 4 တိ�က့ိ�အစိတအ်ပိ�ငး်များ အတငွး်သိ�ေ့သးွလ�ံေစသည။် စေနမလ�ပ်��ား�ိ�ငေ်သာ iodotyrosines, MIT ��င့ ်DIT (အဆင့ ်၈ ) ဟိအလနွ ်lipophilic ြဖစ်ေသာသိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်များသညလ်တွလ်ပ်စာွြဖတသ်နး်�ိ�ငသ်ည်

စာမျက�်�ာ ၄၁

၆၉၄ အခနး် ၁၉

follicular ဆလဲမ်ျား၏အြပငဘ်ကအ်ေြမ�းပါးများ��င့ေ်သးွထသဲိ� ့
(အဆင့ ်၉ က )

MIT ��င့ ်DIT တိ�သ့ည ်endocrine တနဖိ်�းမ��ိေပ။ follicular
ဆလဲ ်ေတမွ�ာ iodinase အငဇိ်�ငး်တစ်ခ�ပါ ၀ င�်ပီး လျငြ်မနစ်ာွဖယ�်�ားေပးပါတယ။်
လတွေ်ြမာကလ်ာေသာ iodide ကိ�ြပနလ်ညအ်သံ�းြပ�ခငွ့ြ်ပ�ရန ်MIT ��င့ ်DIT တိ�မ့�စားပါ။
ပိ�များေသာေဟာ်မ�နး်ကိ�ေပါငး်စပ်ရနအ်ဆင့ ်( ၉ ဆင့ ်) ဤအလနွြ်မင့ြ်မတေ်သာ
cific enzyme သညတ်နဖိ်�းမ��ိ MIT မ� iodide ကိ�သာဖယ�်�ားလမိ့်မည်
DIT၊ အဖိ�းတန ်T 3 သိ�မ့ဟ�တ ်T 4 မဟ�တပ်ါ။

ေသးွထသဲိ�တ့စ်�ပိ�ငန်ကလ်�တလ်ိ�ကေ်သာအခါအလနွြ်ပငး်ထနေ်သာ lipophilic (��င့)်
ထိ�ေ့�ကာင့ေ်ရတငွမ်ေပျာ်ဝင�်ိ�င)် သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ေမာ်လကီျ�းများအလနွေ်ပါသည်
plasma ပ�ိ�တနိး်များစာွ��င့လ်ျငြ်မနစ်ာွေပါငး်စညး်သည။် ပတ ်၀ နး်ကျငအ်များစ�
T 4 ��င့ ်T 3 lating ကိ� thyroxine-binding globulin ြဖင့ပိ်�ေ့ဆာငသ်ည ်။
plasma ပ�ိ�တနိး်သညသ်ိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်တစ်ခ�တညး်ကိ�သာေရွးချယသ်ည။်
T 4 ၏ ၀.၁% ေအာက�်�င့ ်T 3 ၏ ၁% ေအာကသ်ာ ကျန�်�ိသည်
အကန ့အ်သတမ်��ိ (အခမဲ)့ ပံ�စံ ဤသညသ်ာလ�ငစ်�းစားစရာြဖစ်သည်
စ�စ�ေပါငး်သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ေရကန၏်အခမဲအ့ပိ�ငး်ကိ�သံ�းခငွ့�်�ိသည်
ပစ်မ�တဆ်လဲလ်ကခ်သံ�များအေန��င့အ်ကျိ�းသကေ်ရာကေ်စ�ိ�ငသ်ည။်

သိ�ေလ�ာငထ်ားေသာ T 4 အများစ�ကိ� က�းေြပာငး်သည်
သိ�ငး်ရိွ�ကအ်ြပငဘ်က ်T 3 သိ� ့
သိ�ငး်ရိွ�ကမ်�ထ�တေ်သာ secretory ထ�တက်�န ်၉၀% ခန ့်
ဂလငး်သည ်T 4 ပံ�စံ၌ ��ိေသာ်လညး် T 3 သည ်၁၀ ဆခန ့ပိ်�မိ�အစမ်ွးထကသ်ည်
၎ငး်၏ဇီဝေဗဒလ�ပ်ေဆာငခ်ျက၌် သိ�ေ့သာ်လ�ိ� � ဝ�ကထ်ားေသာ T 4 သည ်အများစ�ြဖစ်သည်
T 3 (သိ�)့ ၎ငး်အား၎ငး်၏တစ်ခ�မ�ထ�တယ်�ြခငး်ြဖင့ ်အသကသ်ငွး် သည်
အဓိကအားြဖင့အ်သညး်��င့က်ေလးတငွသ်ိ�ငး်ရိွ�ကဂ်လငး်ြပငပ်၌ iodides
neys ပျံ� ��ံေ့နေသာ T 3 ၏ ၈၀% ခန ့ ်သညလ်�ိ� � ဝ�က ်T 4 မ�ဆငး်သကလ်ာသည်
၎ငး်ကိ�အရံခ�တလ်ိ�ကသ်ည။် ထိ�ေ့�ကာင့ ်T 3 သညအ်ဓိကြဖစ်သည်
ဆယလ်�လာအဆင့တ်ငွသ်ိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်၏ဇီဝေဗဒတက�်ကေသာပံ�စံ၊
အဆိ�ပါသိ�ငး်ရိွ�ကလ်�ိ� � ဝ�ကခ်ျကမ်ျားကိ�အများအားြဖင့ ်T က gland ေသာ်လညး် 4 ။

သိ�ငး်ရိွ�ကေ်ဟာ်မ�န်းသညအ်ဓိကအဆံ�းအြဖတြ်ဖစသ်ည်
Basal ဇီဝြဖစစ်���န်း��င့လ်�ပ်ေဆာငခ်ျကမ်ျား
အြခားသကေ်ရာကမ်�များလညး်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်တငွသ်းီြခားခွထဲားေသာပစ်မ�တအ်ဂ� ါများမ��ိပါ။ အဒဲါကိ�
ခ��ာကိ�ယ�်�ိတစ်သ��းအားလံ�းနးီပါးကိ�ထခိိ�ကသ်ည။် lipophilic အားလံ�းလိ�လိ�
mones, သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်သညပ်လာစမာအေြမ�းပါးကိ�ြဖတသ်ာွးသည်
ဤကစိ�တငွ�်ျ�ကလးီယားလကခ်မံ�တစ်ခ�သည ်intracellular receptor ��င့ခ်ျညေ်��ာငသ်ည။်
tor သည ်DNA ၏ သိ�ငး်ရိွ�ကတ်ံ� ့ြပန်မ�ြဒပ်စင ်��င့ခ်ျညေ်��ာငထ်ားသည ်။ ဒစီညး်
တကိျတဲ ့mRNAs ေတရဲွစ့ာသားက�းေြပာငး်တာနဲဒ့ါေ�ကာင့ ်synthe-
သးီြခားပ�ိ�တနိး်အသစ်များ၊ ပံ�မ�နအ်ားြဖင့၎်ငး်ကိ�သယေ်ဆာငေ်သာအငဇိ်�ငး်များြဖစ်သည်
ဆယလ်�လာတံ� ့ြပနမ်� �ျ�ကလးီယားသိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်လကခ်သံ�တစ် ဦး ��ိသည်
T 4 အတကွ ်T 3 ထက ်၁၀ ဆပိ�နးီစပ်သည ်။ ေဟာ်မ�နး်တစ်မျိ�းေ�ကာင့ြ်ဖစ်သည်
အာနသိငသ်ညေ်ဟာ်မ�နး်��င့၎်ငး်၏မညမ်�ထစိပ်မ�ေပ�တငွမ်�တညသ်ည်
ပစ်မ�တဆ်လဲလ်ကခ်သံ�များ T 3 သည ်T 4 ထကပိ်�မိ�အစမ်ွးထကသ်ည ်။

အြခားေဟာ်မ�နး်များ��င့�် �ငိး်ယ��ပါကသိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်၏လ�ပ်ေဆာငခ်ျက်
mone သည ်"ေ��းေကးွသည"် သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ြမင့တ်ကလ်ာြခငး်အေပ�တံ� ့ြပနမ်�
နာရီများစာွေ��ာင့ေ်��း�ပီးမ�သာ mone ကိ���ာေဖွေတွ� ��ိ�ိ�ငသ်ည်
maximal တံ� ့ြပနမ်�သညရ်ကေ်ပါငး်များစာွမထင�်�ားပါ။ �ကာချိန်
တံ� ့ြပနမ်�သညအ်ေတာ်ေလး��ညသ်ည၊် တစ်စိတတ်စ်ပိ�ငး်ြဖစ်ေသာသိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ေ�ကာင့ြ်ဖစ်သည။်
mone သညအ်လျငအ်ြမနပ်ျကဆ်းီသာွးြခငး်မဟ�တဘ်တဲံ� ့ြပနမ်�ေ�ကာင့လ်ညး်ြဖစ်သည်
ရကအ်တန�်ကာလ�ိ�� ၀ ◌�မ်းတိ�းလာြခငး်ကိ�ဆကလ်ကေ်ဖာ်ြပသည်
ပလာစမာသိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်စ�စညး်�ပီးေနာကရ်ကသ်တ� ပတမ်ျားပင်
ပံ�မ�နြ်ပနြ်ဖစ်သာွးပါ�ပီ။

ခ��ာကိ�ယဆ်လဲအ်ားလံ�းသညတ်ိ�က�ိ်�ကြ်ဖစ်ေစသယွဝိ်�က။် ြဖစ်ေစထခိိ�ကသ်ည်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်။ T 3 ��င့ ်T 4 ၏အကျိ�းသကေ်ရာကမ်�များကိ� အ�ပ်စ�ခွ�ဲိ�ငသ်ည်
အများအြပားထပ်ေနေသာအမျိ�းအစားများ

သိ�ငး်ရိွ�က�်�န်း��င့အ်ပ�ထ�တလ်�ပ်မ�အေပ�သကေ်ရာကမ်���ိေသာ သိ�ငး်ရိွ�က်
ေဟာ်မ�နး်သညခ်��ာကိ�ယတ်စ်ခ�လံ�း၏အေြခခဇီံြဝဖစ်��နး်ကိ�တိ�းေစသည်
(BMR) သိ�မ့ဟ�တ“် မလ�ပ်မယ�ကေ်သာအ��ိန”် (စာမျက�်�ာ ၆၄၂ ကိ��ကည့ပ်ါ) ။ ၎ငး်သညအ်ေရးအ�ကးီဆံ�းြဖစ်သည်
ခ��ာကိ�ယတ်ငွး် O 2 စားသံ�းမ���နး်��င့စ်မ်ွးအင ်ex- ��နး်ကိ�ထနိး်ည�ေိပးြခငး်
အနားယ�အေြခအေနများေအာကတ်ငွ ်penditure

သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်၏ဇီဝြဖစ်စ�ဆိ�ငရ်ာအကျိ�းသကေ်ရာကမ်���င့အ်နးီကပ်ဆကစ်ပ်ေနသည်
၎ငး်သည၎်ငး်၏ calorigenic (“ အပ�ထ�တလ်�ပ်ြခငး်”) အကျိ�းသကေ်ရာကမ်�ြဖစသ်ည။် တိ�းြမ�င့ ်meta-
bolic လ�ပ်ေဆာငမ်�သညအ်ပ�ထ�တလ်�ပ်မ�ကိ�ြမင့တ်ကေ်စသည။်

ြမ�င့တ်ငြ်ခငး် အြပင၊်
ေယဘ�ယျအားြဖင့ဇီ်ဝြဖစ်စ���နး်ကိ�သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ကထနိး်ည�ေိပးသည်
ေလာငစ်ာဇီြဝဖစ်စ�၌များစာွေသာတကိျေသာတံ� ့ြပနမ်���နး်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်၏ဇီဝြဖစ်စ�ေလာငစ်ာများအေပ�သကေ်ရာကမ်�များသည်
tifaceted; ၎ငး်သညေ်ပါငး်စပ်မ���င့အ်ဆင့�် �စ်ခ�လံ�းကိ�လ�မ်းမိ�း�ိ�င�ံ်�သာမက
ကာဗိ�ဟိ�ကဒ်ရိတ၊် အဆ�ီ�င့ပ်�ိ�တငး်ဓာတက်ိ�ထ�တလ်�င့ေ်သာ်လညး်ေသးငယသ်ညြ်ဖစ်ေစ၊ �ကးီသညြ်ဖစ်ေစ
ေဟာ်မ�နး်ပမာဏသညဆ်န ့က်ျငဘ်ကသ်ကေ်ရာကမ်�များြဖစ်ေပ�ေစ�ိ�ငသ်ည။် ယခငအ်တကွ်
လံ�ေလာကေ်သာ၊ ဂလ�းကိ�စ့်ကိ� glycogen သိ�ေလ�ာငမ်�ပံ�စံသိ�ေ့ြပာငး်လြဲခငး်
ဂလ�းကိ�စ့်ကိ�သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်အနညး်ငယြ်ဖင့က်�ညေီပးသည။်
သိ�ေ့သာ်ေြပာငး်ြပန ်- glycogen ၏ဂလ�းကိ�စ့်သိ� ့�ပိ�ကွြဲခငး်
ေဟာ်မ�နး်ပမာဏများစာွ��င့ြ်ဖစ်ေပ�သည။် ထိ�အ့တ�လံ�ေလာကသ်ည်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ပမာဏသညပ်�ိ�တနိး်ဓာတအ်တကွမ်��ိမြဖစ်လိ�အပ်သည။်
ပံ�မ�နက်ိ�ယခ်��ာ�ကးီထာွးမ�အတကွလ်ိ�အပ်ေသာစာတမ်းသညေ်ဆးပမာဏကဲသ့ိ� ့ြမင့မ်ားေသာပမာဏြဖစ်သည်
thyroid hypersecretion, သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်သညပ်�ိ�တနိး်ဓာတက်ိ�ကျဆငး်ေစသည။်
ရကစ်ွဲ ေယဘ�ယျအားြဖင့သ်ိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်၏ဇီဝြဖစ်စ�ဆိ�ငရ်ာအကျိ�းသကေ်ရာကမ်�
ပံ�မ�နဇီ်ဝကမ�ေဗဒအဆင့တ်ငွ ်mone သညစ်ားသံ�းမ�ကိ���စ်သကသ်ည်
ခ��ာကိ�ယေ်လာငစ်ာဆသီိ�ေလ�ာငမ်�ထက်

SYMPATHOMIMETIC အကျိ�းသကေ်ရာကမ်�အကျိ�းလိ�လားသ� တစ် ဦး ��င့တ်�ေသာမညသ်ည့လ်�ပ်ေဆာငခ်ျကမ်ဆိ�
sympathetic အာ�ံ�ေ�ကာစနစ်က ဖိအားေပးတာကိ� sympa- ဟ�ေခ�သည။်
thomimetic (“ ကိ�ယခ်ျငး်စာတရားြဖင့တ်�ပြခငး်”) အကျိ�းသကေ်ရာကမ်� သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်
mone သည ်catecholamines သိ�ပ့စ်မ�တဆ်လဲတ်ံ� ့ြပနမ်�ကိ�တိ�းေစသည်
(epinephrine and norepinephrine) ဓာတ�ေစတမနမ်ျား
စာနာစိတအ်ာ�ံ�ေ�ကာစနစ်��င့၎်ငး်၏ေဟာ်မ�နး်အားြဖည့မ်�တိ�က့အသံ�းြပ�သည။်
adrenal medulla မ�ဖိအားများ သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်
ြပန ့ပ်ာွးမ�ကိ�ြဖစ်ေစြခငး်ြဖင့ဤ်ခငွ့ြ်ပ�ေသာလ�ပ်ေဆာငခ်ျကက်ိ��ပီးေြမာကေ်စသည်
တကိျေသာ catecholamine ပစ်မ�တဆ်လဲလ်ကခ်သံ� (p ။ 666 ကိ��ကည့ပ်ါ) Be-
ဤလ�ပ်ေဆာငခ်ျက၏်အေ�ကာငး်ရငး်၊ သိ�ငး်ရိွ�ကသ်တြိပ�မိသည့အ်ကျိ�းသကေ်ရာကမ်�များစာွ
ေဟာ်မ�နး်ထ�တလ်�တမ်�ြမင့တ်ကလ်ာသည�်�င့အ်တ�ပါ ၀ ငသ်ည။်
pany ကိ�စာနာတတတ်ဲအ့ာ�ံ�ေ�ကာစနစ်ကိ�လ�ံ�ေဆာ်ေပးတယ။်

CARDIOVASCULAR SYSTEM တငွ ်၎ငး်၏အကျိ�းသကေ်ရာကမ်�မ�တဆင့ထ်ေိရာကမ်���ိသည်
catechol ကိ�ြဖန ့ေ်ဝရန�်�လံ�း၏တံ� ့ြပနမ်�ကိ�တိ�းတကေ်စသည။်
amines, သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်သည�်�လံ�းခ�န�်�နး်��င့ခ်နွအ်ားကိ�တိ�းေစသည။်
ဆွငဲငအ်ားေ�ကာင့�် �လံ�းအထကွတ်ိ�းေစသည ်(p ။ 325) ေနာကဆ်ကတ်ွအဲေနနဲ ့
၎ငး်သညက်ယလ်ိ�ရီဂျငန်စ်မ�ထ�တေ်ပးေသာအပ�ဝနက်ိ�တံ� ့ြပနသ်ည်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်၏အကျိ�းသကေ်ရာကမ်�၊ အရံေသးွလ�တေ်�ကာမ�ေသးွေ�ကာများြဖစ်ေပ�သည်
ဖယ�်�ားပစ်ရနခ်��ာကိ�ယမ်ျက�်�ာြပငသ်ိ�အ့ပိ�အပ�များသယေ်ဆာငလ်ာသည်
ပတဝ်နး်ကျင ်(စာမျက�်�ာ ၆၅၅ ကိ��ကည့ပ်ါ) ။

�ကးီထာွးမ���င့စ်နစက်ျေသာ သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်အေပ�သကေ်ရာကမ်�
mone သည၎်ငး်၏�ကးီထာွးမ�အေပ�သကေ်ရာကမ်�များေ�ကာင့ပံ်�မ�န�်ကးီထာွးမ�အတကွမ်��ိမြဖစ်လိ�အပ်သည်
�ကးီထာွးေဟာ်မ�နး် (GH) ��င့ ်IGF-I (စ။ ၆၇၈) ကိ��ကည့ပ်ါ။ သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်
mone သည ်GH secretion ကိ�လ�ံ�ေဆာ်ေပး�ံ�သာမကအထကွတ်ိ�းေစသည။်
အသညး်အားြဖင့ ်IGF-I ၏လ�ပ်ေဆာငခ်ျကသ်ညသ်ာမက GH ၏အကျိ�းသကေ်ရာကမ်�ကိ�အားေပးအားေြမ�ာကြ်ပ�သည်
��င့ ်IGF-I အသစ်တညေ်ဆာကပံ်�ပ�ိ�တနိး်ေပါငး်စပ်မ���င့်
အ�ိ�း�ကးီထာွးမ� သိ�ငး်ရိွ�ကခ်ျိ� �တဲေ့သာကေလးများသည�်ကးီထာွးမ�ေ��းေကးွသည်
၎ငး်ကိ�သိ�ငး်ရိွ�ကအ်စားထိ�းက�ထံ�းြဖင့ေ်ြပာငး်�ိ�ငသ်ည။် မတ�တာဘဲ

စာမျက�်�ာ ၄၂

GH ပိ�များေသာ်လညး်ပိ�လ�ံေသာသိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ကိ�မထ�တလ်�ပ်ပါ
အလနွအ်က�ံ�ကးီထာွးမ�။

ပံ�မ�နဖံွ်� �ဖိ�းမ�တငွသ်ိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်သညအ်လနွအ်ေရးပါသည။်
အာ�ံ�ေ�ကာစနစ်၊ အထ�းသြဖင့ ်CNS ၏အကျိ�းသကေ်ရာကမ်�
ေမးွကတညး်ကသိ�ငး်ရိွ�ကခ်ျိ� �တဲေ့သာကေလးများတငွအ်ဟန ့အ်တားြဖစ်ေစသည။်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်သညပံ်�မ�န ်CNS လ�ပ်ေဆာငမ်�အတကွမ်��ိမြဖစ်လိ�အပ်သည်
လ��ကးီများ။

သိ�ငး်ရိွ�ကေ်ဟာ်မ�န်းကိ�ထန်ိးည�ေိပးသည်
hypothalamus pituitary thyroid axis ြဖစသ်ည။်
သိ�ငး်ရိွ�က ်လ�ံ�ေဆာ်ေဟာ်မ�န်း (TSH)၊ သိ�ငး်ရိွ�ကအ်ပ�ပိ�ငး်ေဒသေဟာ်မ�နး်
anterior pituitary မ� mone သညအ်ေရးအ�ကးီဆံ�းေသာကိ�ယခ်��ာြဖစ်သည။်

ေမးွကငး်စကေလးများတငွအ်ေအးမိြခငး်စိတဖိ်စီးမ�

Hypothalamus

Thyrotropin ထ�တလ်�တသ်ည်
ေဟာ်မ�နး် (TRH)
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Peripheral Endocrine Glands များ ၆၉၅

သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်လ�ိ� � ဝ�ကခ်ျက ်(၏ ologic ထနိး်ည� ိ● ပံ� 19-3)
(စာမျက�်�ာ ၆၇၁ ကိ��ကည့ပ်ါ။ ) TSH သည ်thyrotropes များတငွ ်cAMP ကိ�တိ�းြမ�င့ြ်ခငး်ြဖင့လ်�ပ်ေဆာငသ်ည။်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ေပါငး်စပ်မ���င့ထ်�တလ်�တမ်�၏ေြခလ�မ်းတိ�ငး်နးီပါးသည်
TSH မ�လ�ံ�ေဆာ်ြခငး်- iodide စ�ပ်ယ�ြခငး်၊ iodide ဓာတတ်ိ�းြခငး်၊ iodin ဓာတတ်ိ�းြခငး်
tyrosine ation၊ အိ�ငအ်ိ�ဒငး်ဓာတပ်ါ ၀ ငေ်သာထ�တက်�နမ်ျားေပါငး်စပ်ြခငး် T 3 ကိ�အထကွ�်�နး်တိ�းေစသည်
��င့ ်T 4 , follicular ဆလဲမ်ျားမ� colloid phagocytic စ�ပ်ယ�ြခငး်��င့က်ွြဲပားြခားနားသည။်
ထ�တလ်�တေ်သာေဟာ်မ�နး်ထ�တက်�နမ်ျားကိ�ေသးွထသဲိ�ေ့ပါငး်စပ်ြခငး်
၊ လ�ိ�� ဝ�ကခ်ျက)် ြဖစ်သည။်

သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ထ�တလ်�ပ်မ�ကိ�တိ�းတကေ်စသည့အ်ြပင ်TSH
သိ�ငး်ရိွ�ကဂ်လငး်၏ဖဲွ�စညး်ပံ�သမာဓိကိ�ထနိး်သမ်ိးသည။် ၌
TSH မ��ိြခငး်၊ သိ�ငး်ရိွ�ကအ်ကျိတမ်ျား (အရွယအ်စားကျဆငး်ြခငး်) ��င့်
၎ငး်၏ေဟာ်မ�နး်များကိ�အလနွန်ညး်ေသာ��နး်ြဖင့ထ်�တသ်ည။် အြပနအ်လ�နအ်ားြဖင့၎်ငး်သည်
hypertrophy (follicular ဆလဲတ်စ်ခ�စီ၏အရွယအ်စားတိ�းလာြခငး်)
hyperplasia (follicular ဆလဲအ်ေရအတကွတ်ိ�းလာြခငး်)
ပိ�လ�ံ TSH လ�ံ�ေဆာ်မ�ကိ�တံ� ့ြပနသ်ည။်

hypothalamic thyrotropin-release hormone (TRH)၊
အပ�ပိ�ငး်ေဒသပံ�စံအရ၊ ေ�� � ပိ�ငး် pitu- TSH secretion ကိ�ဖွင့သ်ည။်
itary (p ။ 675) ကိ��ကည့ပ်ါ၊ သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်သညအ်ပျကသ်ေဘာတံ� ့ြပနခ်ျကတ်ငွ�်�ိသည်
ဖက�်�င၊် “ TSH secretion ကိ�ပိတပ်စ်ြခငး်အားြဖင့ေ်�� � ပိ�ငး် Pi-
tuitary ��င့ ်hypothalamus TRH လ�ပ်ေဆာငခ်ျကမ်ျားကိ� IP 3 /DAG /Ca 2 မ�တဆင့လ်�ပ်ေဆာငသ်ည်
ဒ�တယိတမနလ်မ်းေ�ကာငး် (စာမျက�်�ာ ၁၂၂ ကိ��ကည့ပ်ါ) ။ အြခားအပျကသ်ေဘာများကဲသ့ိ� ့
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်��င့ ်TSH အ�ကား��ိတံ� ့ြပနမ်� loops
တည�်ငမ်ိေသာသိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်အထကွက်ိ�ထနိး်သမ်ိးရနအ်ားေပးသည။်

သိ�ငး်ရိွ�က�်�င့ေ်�� � ပိ�ငး် pitu- အ�ကားအ��တလ်က�ဏာတံ� ့ြပနခ်ျက်
itary သညေ်နစ့�သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်အခမဲထ့နိး်ချ�ပ်မ�ကိ��ပီးေြမာကေ်စသည။်
mone အဆင့၊် hypothalamus သညတ်ာ��ညက်ိ�ည��ိ �ငိး်ေပးသည်
ချိနည်�မိ�များ အြခားေဟာ်မ�နး်စနစ်အများစ���င့မ်တ�ဘ၊ဲ
အရွယေ်ရာက�်ပီးသ�များတငွ ်hypothalamuspituitarythyroid ဝင�ိ်�း၌ mones
ပံ�မ�နအ်ားြဖင့�်�တတ်ရကက်ျယြ်ပန ့စ်ာွလ�ိ� � ၀�က ်ြခငး်ကိ�မခရံပါ။ ဟိ
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ထ�တလ်�တမ်���နး်အေတာ်အတနတ်ည�်ငမ်ိသည်
ေ��းေကးွ။ �ကာ��ညခ်�ံိ�ငေ်သာတံ� ့ြပနမ်�များ��င့အ်တ�ဤေဟာ်မ�နး်သည်
duces; ��တတ်ရကတ်ိ�းတကလ်ာေသာအလိ�ကသ်င့တ်နဖိ်�းမ��ိ�ိ�ငေ်ပ
သိ�မ့ဟ�တပ်လာစမာသိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ပမာဏကိ�ကျဆငး်ေစသည။်

TRH secretion ကိ�ြမင့တ်ကေ်စေသာတစ်ခ�တညး်ေသာအချက ်(��င့၊်
ထိ�ေ့�ကာင့ ်TSH ��င့သ်ိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ထ�တလ်�တမ်�) သညထ်ေိတွ� မ�ြဖစ်သည်
ေမးွကငး်စေမးွကငး်စကေလးငယမ်ျားကိ�အေအးမိြခငး်၊ အလနွလ်ိ�ကေ်လျာညေီထြွဖစ်ေစေသာယ��ရားတစ်ခ�ြဖစ်သည။် သပိ�ံပညာ
အပ�ထ�တလ်�ပ်သည့သ်ိ�ငး်ရိွ�ကသ်သိသိာသာြမင့တ်ကလ်ာသညဟ်�ယ�ဆသည်
ေဟာ်မ�နး်ထ�တလ်�ပ်မ�သညခ်��ာကိ�ယအ်ပ�ချိနက်ိ�ထနိး်ထားရနက်�ညသီည်
ေမးွဖွားချိနတ်ငွပ်တဝ်နး်ကျငအ်ပ�ချိန�်�တတ်ရကက်ျဆငး်ြခငး်
စိတက်�းယ�မိခင၏်ေ�းွေထးွေသာခ��ာကိ�ယမ်�ေအးြမေသာပတဝ်နး်ကျငသ်ိ� ့ြဖတသ်နး်သည။်
စိတပိ်�ငး်ဆိ�ငရ်ာေလ။ အေအးထေိတွ� မ���င့ဆ်ငတ်�ေသာ TSH တ�န ့ြ်ပနမ်�သည်
အရွယေ်ရာက�်ပီးသ�များတငွြ်ဖစ်ပာွးေလမ့��ိေသာ်လညး်၎ငး်သညဇီ်ဝကမ�ေဗဒသေဘာအရြဖစ်ေစသည။်
စ�ေဆာငး်ြခငး်��င့စ်မ်းသပ်ထားေသာတရိစ�ာနအ်မျိ�းအစားများစာွတငွြ်ဖစ်ပာွးသည။်
အချိ� �အေထာကအ်ထားများအရကာလ�ကာ��ညအ်ေြခခတံငွ၊်
ေအးြမေသာပတဝ်နး်ကျငသ်ိ�ရ့ာသဦတ�ေြပာငး်လြဲခငး်၊ ေဟာ်မ�နး်များစ�စညး်မ�

ဤဝင�ိ်�း၌ mones သည ်BMR ကိ�ြမ�င့တ်ငရ်နန်ညး်လမ်းတစ်ခ�အြဖစ်တိ�းေစသည်
��င့အ်ပ�ထ�တလ်�ပ်မ�။

��ပ်ပိ�ငး်ဆိ�ငရ်ာဖိစီးမ�၊ အစာငတြ်ခငး်အပါအ ၀ ငစိ်တဖိ်စီးမ�အမျိ�းမျိ�း၊
က�းစကမ်�၊ TSH ��င့သ်ိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ထ�တလ်�တမ်�ကိ�ဟန ့တ်ားသည။်
hypothalamus အေပ�အာ�ံ�ေ�ကာလ�မ်းမိ�းမ�များေ�ကာင့ြ်ဖစ်�ိ�ငသ်ည။်
ဤတားစီးမ�၏လိ�ကေ်လျာညေီထမွ�အေရး�ကးီပံ�မ�ာမ��ငး်လငး်ေသာ်လညး်

သိ�ငး်ရိွ�ကလ်�ပ်ေဆာငခ်ျကမ်�မမ�န်မ�များပါဝငသ်ည်
hypothyroidism ��င့ ်hyperthyroidism ��စမ်ျိ�းလံ�း

သိ�ငး်ရိွ�ကလ်�ပ်ေဆာငခ်ျကမ်�မမ�နမ်�များသညအ်များဆံ�းြဖစ်သည်
အြဖစ်များေသာ endocrine ေရာဂါများ။ သ�တိ�က့အဓိက��စ်ပိ�ငး်ြဖစ်သာွးတယ်
အမျိ�းအစား - hypothyroidism ��င့ ်hyperthyroidism -

သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ချိ� �တဲြ့ခငး်��င့ပိ်�လ�ံေနြခငး်ကိ�ထငဟ်ပ်ေစသည။်
အစ�အတိ�ငး် တကိျေသာအေ�ကာငး်အရငး်များစာွသညတ်စ်ခ�စီကိ�ြမင့တ်ကေ်စ�ိ�ငသ်ည်
ဤအေြခအေနများ ( ▲ စားပွဲတင ်19-1) ။ ဘယလ်ိ�အေ�ကာငး်ေ�ကာင့ဘ်ြဲဖစ်ြဖစ်
သိ�ငး်ရိွ�ကေ်ဟာ်မ�နး်ထ�တလ်�တမ်�အလနွန်ညး်ြခငး် (သိ�)့ အလနွမ်ျားေနြခငး်
သိ�ငး်ရိွ�က၏်လ�ပ်ငနး်ေဆာငတ်ာများကိ�သ�ိ�ိြခငး်ြဖင့�်က�ိတငမ်�နး်ဆ�ိ�ငသ်ည်
ေဟာ်မ�နး်။

HYPOTHYROIDISM Hypothyroidism သည ်Pri- မ� (၁) အထြိဖစ်ေပ�ေစ�ိ�ငသ်ည။်
mary သိ�ငး်ရိွ�ကဂ်လငး်သ�ဟ့ာသ�ပျကက်ကွ;် (၂) အကာအကယွအ်တကွအ်လယတ်နး်

ေ�� � ပိ�ငး် pituitary

သိ�ငး်ရိွ�ကက်ိ�လ�ံ�ေဆာ်ေပးသည်
TSH (ေဟာ်မ�နး်)

သိ�ငး်ရိွ�ကဂ်လငး်

သိ�ငး်ရိွ�ကေ်ဟာ်မ�န်း
(T 3 ��င့ ်T 4 )

ဇီဝြဖစ်စ���နး်��င့အ်ပ�ထ�တလ်�ပ်မ�၊
တိ�းတကမ်���င့ ်CNS ဖံွ� �ဖိ�းေရးကိ�ြမ�င့တ်ငြ်ခငး်၊
ကိ�ယခ်ျငး်စာစိတက်ိ�တိ�းတကေ်စသည်

●ပံ� ၁၉-၃ သိ�ငး်ရိွ�ကေ်ဟာ်မ�န်းထ�တလ်�တမ်�ကိ�ထန်ိးည�ေိပးြခငး်။

စာမျက�်�ာ ၄၃

TRH, TSH (သိ�)့ ��စ်ခ�လံ�း၊ (၃) အာဟာရမလံ�ေလာကြ်ခငး်မ�
အိ�ငအ်ိ�ဒငး်ေထာကပံ်ေ့ရး

hypothyroidism ၏လက�ဏာများသညတ်စ် ဦး မ�တစ် ဦး သိ� ့ြဖစ်ေစသည်
ေယဘ�ယျအားြဖင့ဇီ်ဝြဖစ်စ�လ�ပ်ေဆာငမ်�ကိ�ေလျာက့ျေစသည။် ပမာ၊
hypothyroidism လ�နာသည ်BMR (စမ်ွးအငန်ညး်သည်
အနားယ�ချိနတ်ငွအ်သံ�းစရိတ)် အေအးဒဏက်ိ�ခ�ံိ�ငရ်ညည်ံဖ့ျငး်မ�ကိ�ြပသည်
calorigenic အကျိ�းသကေ်ရာကမ်�); အလနွအ်က�ံကိ�ယအ်ေလးချိနတ်ကလ်ိ�တဲစိ့တ�်�ိတယ်
ပံ�မ�န�်�နး်ြဖင့ေ်လာငက်�မ်းြခငး်) ေမာပနး်လယွသ်ည ်(စမ်ွးအငန်ညး်သည်
ထ�တလ်�ပ်မ�); ေ��းေကးွ။ အားနညး်ေသာေသးွခ�န�်�နး်��ိသည်
��လံ�းကျံ� � ��နး်��င့ခ်နွအ်ား��င့ေ်လျာက့ျလာေသာကား
diac အထကွ)်; ေ��းေကးွေသာတံ� ့ြပနမ်�များ��င့စိ်တပိ်�ငး်ဆိ�ငရ်ာတံ� ့ြပနမ်�ေ��းေကးွြခငး်ကိ�ြပသည။်
siveness (အာ�ံ�ေ�ကာစနစ်အေပ�သကေ်ရာကမ်�ေ�ကာင့)် ။ ဟိ
စိတပိ်�ငး်ဆိ�ငရ်ာသကေ်ရာကမ်�များသညသ်တလိစ်ေမေ့မျာြခငး်၊ ေ��းေကးွြခငး်တိ� ့ြဖင့သ်ငွြ်ပငလ်က�ဏာ��ိသည်
အေြပာအဆိ�၊ မ�တဥ်ာဏအ်ားနညး်ြခငး်။

အြခားထင�်�ားေသာဝိေသသလက�ဏာတစ်ခ�မ�ာအကိ�ကခ်ရံေသာအေြခအေနြဖစ်သည်

Types of Thyroid Dysfunctions

Thyroid Dysfunction Cause
Plasma Concentrations
of Relevant Hormones

Goiter
Present?

Hypothyroidism Primary failure of the thyroid gland g T3 and T4, h TSH Yes

Secondary to hypothalamic or anterior

pituitary failure

g T3 and T4, g TRH and/or g TSH No

Lack of dietary iodine g T3 and T4, h TSH Yes

Hyperthyroidism Abnormal presence of thyroid-stimulating
immunoglobulin (TSI) (Graves’ disease)

h T3 and T4, g TSH Yes

Secondary to excess hypothalamic or anterior

pituitary secretion

h T3 and T4, h TRH and/or h TSH Yes

Hypersecreting thyroid tumor h T3 and T4, g TSH No

▲ TABLE 19-1

Thyroid-stimulating
immunoglobulin (TSI)

(an antibody)

Anterior pituitary

No TSH

(No stimulation)

Thyroid gland

Thyroid hormone
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၆၉၆ အခနး် ၁၉

အေရြပားအတငွး်စိမ့်ဝငမ်�ေ�ကာင့ြ်ဖစ်ေပ�လာေသာေရဓာတက်ိ�ထနိး်သမ်ိးေပးသည်ေြပာငး်လေဲစေသာအကျိ�းဆကမ်ျားအရကာဘိ�ဟိ�ကဒ်ရိတေ်မာ်လကီျ�းများဟ�ယ�ဆရသည။်
tabolism ။ အဓိကအားြဖင့မ်ျက�်�ာမ�ထကွေ်ပ�လာေသာ puffy အသငွအ်ြပင၊်
လက�်�င့ေ်ြခတိ�က့ိ� myxedema ဟ�ေခ�သည။် တကယေ်တာ ့myx ဆိ�တဲအ့သံ�းအ��နး်က
edema is often used as a synonym for hypothyroidism in an
adult because of the prominence of this symptom.

If a person has hypothyroidism from birth, a condition
known as cretinism develops. Because adequate levels of thy-
roid hormone are essential for normal growth and CNS devel-
opment, cretinism is characterized by dwarfism and mental re-
tardation as well as other general symptoms of thyroid deficiency.
The mental retardation is preventable if replacement therapy is
started promptly, but it is not reversible once it has developed
for a few months after birth, even with later treatment with
thyroid hormone.

Treatment of hypothyroidism, with one exception, consists
of replacement therapy by administering exogenous thyroid
hormone. The exception is hypothyroidism caused by iodine
deficiency, in which the remedy is adequate dietary iodine.

HYPERTHYROIDISM The most common cause of hyperthyroid-
ism is Graves’ disease. This is an autoimmune disease in which
the body erroneously produces thyroid-stimulating immuno-

globulin (TSI), also known as long-acting thyroid stimulator
(LATS), an antibody whose target is the TSH receptors on the
thyroid cells. TSI stimulates both secretion and growth of the
thyroid in a manner similar to TSH. Unlike TSH, however, TSI
is not subject to negative-feedback inhibition by thyroid hor-
mone, so thyroid secretion and growth continue unchecked
(● Figure 19-4). Less frequently, hyperthyroidism occurs sec-
ondary to excess TRH or TSH or in association with a hyperse-
creting thyroid tumor.

As expected, the hyperthyroid patient has an elevated BMR.
The resultant increase in heat production leads to excessive
perspiration and poor tolerance of heat. Despite the increased
appetite and food intake that occur in response to increased
metabolic demands, body weight typically falls because the
body is burning fuel at an abnormally rapid rate. Net degrada-

● FIGURE 19-4 Role of thyroid-stimulating immunoglobulin
in Graves’ disease. Thyroid-stimulating immunoglobulin (TSI), an
antibody erroneously produced in the autoimmune condition of

Graves’ disease, binds with the TSH receptors on the thyroid gland
and continuously stimulates thyroid hormone secretion outside the

normal negative-feedback control system.
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tion of carbohydrate, fat, and protein stores occurs. The resul-
tant loss of skeletal muscle protein results in weakness. Various
cardiovascular abnormalities are associated with hyperthyroid-
ism, caused both by the direct effects of thyroid hormone and
by its interactions with catecholamines. Heart rate and strength
of contraction may increase so much that the individual has
palpitations (an unpleasant awareness of the heart’s activity). In
severe cases, the heart may fail to meet the body’s metabolic
demands despite increased cardiac output. The effects on the
CNS are characterized by an excessive degree of mental alert-
ness to the point where the patient is irritable, tense, anxious,
and excessively emotional.

A prominent feature of Graves’ disease but not of the other
types of hyperthyroidism is exophthalmos (bulging eyes)
(● Figure 19-5). Complex, water-retaining carbohydrates are
deposited behind the eyes, although why this happens is still
unclear. The resulting fluid retention pushes the eyeballs for-
ward so they bulge from their bony orbit. The eyeballs may
bulge so far that the lids cannot completely close, in which case
the eyes become dry, irritated, and prone to corneal ulceration.
Even after correction of the hyperthyroid condition, these
troublesome eye symptoms may persist.

Three general methods of treatment can suppress excess
thyroid hormone secretion: use of antithyroid drugs that spe-
cifically interfere with thyroid hormone synthesis (for example,
drugs that block symporter uptake of I or drugs that inhibit
thyroperoxidase); surgical removal of a portion of the overse-
creting thyroid gland; or administration of radioactive iodine,
which, after being concentrated in the thyroid gland by the io-
dide pump, selectively destroys thyroid glandular tissue.

A goiter develops when the thyroid gland
is overstimulated.

A goiter is an enlarged thyroid gland. Because the thy-
roid lies over the trachea, a goiter is readily palpable and
usually highly visible (● Figure 19-6). A goiter occurs

whenever either TSH or TSI excessively stimulates the thyroid
gland. Note from ▲ Table 19-1 that a goiter may accompany hy-
pothyroidism or hyperthyroidism, but it need not be present in
either condition. Knowing the hypothalamuspituitarythyroid

dysfunction will produce a goiter. Let us consider hypothyroid-
ism first.

■ Hypothyroidism secondary to hypothalamic or anterior pi-
tuitary failure will not be accompanied by a goiter, because the
thyroid gland is not being adequately stimulated, let alone ex-
cessively stimulated.
■ With hypothyroidism caused by thyroid gland failure or
lack of iodine, a goiter does develop because the circulating
level of thyroid hormone is so low that there is little negative-
feedback inhibition on the anterior pituitary and hypothala-
mus, and TSH secretion is therefore elevated. TSH acts on the
thyroid to increase the size and number of follicular cells and to
increase their rate of secretion. If the thyroid cells cannot se-
crete hormone because of a lack of a critical enzyme or lack of
iodine, no amount of TSH will be able to induce these cells to
secrete T3 and T4. However, TSH can still promote hypertrophy
and hyperplasia of the thyroid, with a consequent paradoxical
enlargement of the gland (that is, a goiter), even though the
gland is still underproducing.

Similarly, a goiter may or may not accompany hyperthyroidism:

■ Excessive TSH secretion resulting from a hypothalamic or
anterior pituitary defect would obviously be accompanied by a
goiter and excess T3 and T4 secretion because of overstimula-
tion of thyroid growth. Because the thyroid gland in this cir-
cumstance is also capable of responding to excess TSH with
increased hormone secretion, hyperthyroidism is present with
this goiter.
■ In Graves’ disease, a hypersecreting goiter occurs because
TSI promotes growth of the thyroid as well as enhancing secre-

● FIGURE 19-5 Patient displaying exophthalmos. Abnormal
fluid retention behind the eyeballs causes them to bulge forward.

Lester V. Bergmann and Associates, Inc.

● FIGURE 19-6 Patient with a goiter.

Lester V. Bergmann and Associates, Inc.
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axis and feedback control, we can predict which types of thyroid tion of thyroid hormone. Because the high levels of circulating
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T3 and T4 inhibit the anterior pituitary, TSH secretion itself is
low. In all other cases when a goiter is present, TSH levels are
elevated and are directly responsible for excessive growth of the
thyroid.
■ Hyperthyroidism resulting from overactivity of the thyroid
in the absence of overstimulation, such as caused by an uncon-
trolled thyroid tumor, is not accompanied by a goiter. The spon-
taneous secretion of excessive amounts of T3 and T4 inhibits
TSH, so there is no stimulatory input to promote growth of the
thyroid. (Even though a goiter does not develop, a tumor may
cause enlargement of the thyroid, depending on the nature or
size of the tumor.)

Adrenal Glands
There are two adrenal glands, one embedded above each kid-
ney in a capsule of fat (ad means “next to”; renal means “kid-
ney”) (● Figure 19-7a).

Each adrenal gland consists
of a steroid-secreting cortex
and a catecholamine-secreting medulla.
Each adrenal is composed of two endocrine organs, one sur-
rounding the other. The outer layers composing the adrenal
cortex secrete a variety of steroid hormones; the inner portion,
the adrenal medulla, secretes catecholamines. Thus, the adrenal
cortex and medulla secrete hormones belonging to different
chemical categories, whose functions, mechanisms of action, and
regulation are entirely different. We will first examine the adrenal
cortex before turning our attention to the adrenal medulla.

The adrenal cortex secretes mineralocorticoids,
glucocorticoids, and sex hormones.
The adrenal cortex consists of three layers or zones: the zona
glomerulosa, the outermost layer; the zona fasciculata, the
middle and largest portion; and the zona reticularis, the in-
nermost zone (● Figure 19-7b). The adrenal cortex produces a

Adrenal
gland

Adrenal
cortex

Adrenal
medulla

Catecholamines
(epinephrine and
norepinephrine)

Mineralocorticoids
(aldosterone)

Glucocorticoids
(cortisol)

and
sex hormones

(dehydroepiandrosterone)

Connective tissue
capsule

Zona
glomerulosa

Medulla

Cortex

Zona
fasciculata

Zona
reticularis

(b) Layers of adrenal cortex(a) Location and gross structure of adrenal glands

● FIGURE 19-7 Anatomy of and hormonal secretion by the adrenal glands.
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Dehydroepiandrosterone
(adrenal cortex hormone)

Cholesterol

Progesterone

Testosterone

Androstenedione17-Hydroxyprogesterone

Deoxycortisol

17-Hydroxypregneneolone

11-Deoxycorticosterone

Pregneneolone

Estrone

Estradiol

(female sex hormone)
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number of different adrenocortical hormones, all of which are
steroids derived from the common precursor molecule, choles-
terol. All steroidogenic (“steroid-producing”) tissues first con-
vert cholesterol to pregnenolone, then modify this common core
molecule by stepwise enzymatic reactions to produce active
steroid hormones. Each steroidogenic tissue has a complement
of enzymes to produce one or several but not all steroid hor-
mones (● Figure 19-8). The adrenal cortex produces a greater
variety of hormones than any other steroidogenic tissue. Slight
variations in structure confer different functional capabilities
on the various adrenocortical hormones. On the basis of their
primary actions, the adrenal steroids can be divided into three
categories:

1. Mineralocorticoids, mainly aldosterone, influence mineral
(electrolyte) balance, specifically Na and K balance.

2. Glucocorticoids, primarily cortisol, play a major role in
glucose metabolism as well as in protein and lipid metabolism
and in adaptation to stress.

3. Sex hormones are identical or similar to those produced by
the gonads (testes in males, ovaries in females). The most abun-
dant and physiologically important of the adrenocortical sex

hormones is dehydroepiandrosterone, an androgen, or “male”
sex hormone.

The three categories of adrenal steroids are produced in
anatomically distinct portions of the adrenal cortex as a result
of differential distribution of the enzymes required to catalyze
the different biosynthetic pathways leading to the formation of
each of these steroids. Of the two major adrenocortical hor-
mones, aldosterone is produced exclusively in the zona glo-
merulosa, whereas cortisol synthesis is limited to the two inner
layers of the cortex, with the zona fasciculata being the major
source of this glucocorticoid (see ● Figure 19-7b). No other
steroidogenic tissues have the capability of producing either
mineralocorticoids or glucocorticoids. In contrast, the adrenal
sex hormones, also produced by the two inner cortical zones,
are produced in far greater abundance in the gonads.

Because the adrenocortical hormones are all lipophilic and
immediately diffuse through the plasma membrane of the ste-
roidogenic cell into the blood after being synthesized, the rate
of secretion is regulated by controlling the rate of synthesis.

Being lipophilic, the adrenocortical hormones are all car-
ried in the blood extensively bound to plasma proteins. Cortisol

Aldosterone

Cortisol

Corticosterone

Estriol

Mineralocorticoid
(adrenal cortex hormone)

Glucocorticoid
(adrenal cortex hormone)

Androgens
(male sex hormones)

Estrogens
(female sex hormones)

● FIGURE 19-8 Steroidogenic pathways for the major steroid hormones. All steroid
hormones are produced through a series of enzymatic reactions that modify cholesterol mole-

cules, such as by varying the side groups attached to them. Each steroidogenic organ can pro-
duce only those steroid hormones for which it has a complete set of the enzymes needed to ap-

propriately modify cholesterol, after first converting it to pregneneolone. The active hormones
produced in the steroidogenic pathways are highlighted by screens. The intermediates that are

not biologically active in humans are not screened. The adrenal cortex has the enzymes necessary
to convert cholesterol into the mineralocorticoid aldosterone, the glucocorticoid cortisol, and the

weak androgen dehydroepiandrosterone. The testes can synthesize the potent androgen testoster-
one. The ovaries produce various estrogens and progesterone.
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is bound mostly to a plasma protein specific for it called
corticosteroid-binding globulin (transcortin), whereas aldo-
sterone and dehydroepiandrosterone are largely bound to albu-
min, which nonspecifically binds a variety of lipophilic
hormones.

Each of the adrenocortical steroid hormones binds with
a receptor specific for it within the cytoplasm of the hor-
mone’s target cells: Mineralocorticoids bind to the mineralo-
corticoid receptor (MR), glucocorticoids to the glucocorti-
coid receptor (GR), and dehydroepiandrosterone to the
androgen receptor (AR). As is true of all steroid hormones,
each hormone-receptor complex moves to the nucleus and
binds with a complementary hormone-response element in
DNA, namely the mineralocorticoid response element, glu-
cocorticoid response element, and androgen response ele-
ment. This binding initiates specific gene transcription lead-
ing to synthesis of new proteins that carry out the effects of
the hormone.

The major effects of mineralocorticoids
are on Na and K balance and blood
pressure homeostasis.
The actions and regulation of the primary adrenocortical min-
eralocorticoid, aldosterone,are described thoroughly elsewhere
(Chapters 14 and 15). The principal site of aldosterone action is
on the distal and collecting tubules of the kidney, where it pro-
motes Na retention and enhances K elimination during the
formation of urine. The promotion of Na retention by aldoste-
rone secondarily induces osmotic retention of H2O, expanding
the ECF volume, which is important in the long-term regula-
tion of blood pressure.

Mineralocorticoids are essential for life. Without aldoste-
rone, a person rapidly dies from circulatory shock because of
the marked fall in plasma volume caused by excessive losses of

METABOLIC EFFECTS The overall effect of cortisol’s metabolic
actions is to increase the concentration of blood glucose at the
expense of protein and fat stores. Specifically, cortisol performs
the following functions:

■ It stimulates hepatic gluconeogenesis, the conversion of
noncarbohydrate sources (namely, amino acids) into carbohy-
drate within the liver (gluco means “glucose”; neo means “new”;
genesis means “production”). Between meals or during periods
of fasting, when no new nutrients are being absorbed into the
blood for use and storage, the glycogen (stored glucose) in the
liver tends to become depleted as it is broken down to release
glucose into the blood. Gluconeogenesis is an important factor
in replenishing hepatic glycogen stores and thus in maintaining
normal blood glucose levels between meals. This is essential
because the brain can use only glucose as its metabolic fuel, yet
nervous tissue cannot store glycogen to any extent. The concen-
tration of glucose in the blood must therefore be maintained at
an appropriate level to adequately supply the glucose-dependent
brain with nutrients.
■ It inhibits glucose uptake and use by many tissues, but not
the brain, thus sparing glucose for use by the brain, which ab-
solutely requires it as a metabolic fuel. This action contributes
to the increase in blood glucose concentration brought about by
gluconeogenesis.
■ It stimulates protein degradation in many tissues, especially
muscle. By breaking down a portion of muscle proteins into
their constituent amino acids, cortisol increases the blood
amino acid concentration. These mobilized amino acids are
available for use in gluconeogenesis or wherever else they are
needed, such as for repair of damaged tissue or synthesis of new
cellular structures.
■ It facilitates lipolysis, the breakdown of lipid (fat) stores in
adipose tissue, thus releasing free fatty acids into the blood (ly-
sis means “breakdown”). The mobilized fatty acids are available
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H2O-holding Na . With most other hormonal deficiencies,death is not imminent, even though a chronic hormonal defi-
ciency may eventually lead to a premature death.

Aldosterone secretion is increased by (1) activation of the
reninangiotensinaldosterone system (RAAS) by factors re-
lated to a reduction in Na and a fall in blood pressure and
(2) direct stimulation of the adrenal cortex by a rise in plasma
K concentration (see ● Figure 14-22, p. 535). In addition to its
effect on aldosterone secretion, angiotensin promotes growth of
the zona glomerulosa, in a manner similar to the effect of TSH
on the thyroid. Adrenocorticotropic hormone (ACTH) from
the anterior pituitary primarily promotes the secretion of corti-
sol, not aldosterone. Thus, unlike cortisol regulation, the regu-
lation of aldosterone secretion is largely independent of anterior
pituitary control.

Glucocorticoids exert metabolic effects and play
a key role in adaptation to stress.
Cortisol, the primary glucocorticoid, plays an important role in
carbohydrate, protein, and fat metabolism; executes significant
permissive actions for other hormonal activities; and helps
people resist stress.

as an alternative metabolic fuel for tissues that can use this en-
ergy source in lieu of glucose, thereby conserving glucose for
the brain.

PERMISSIVE ACTIONS Cortisol is extremely important for its
permissiveness. For example, cortisol must be present in ade-
quate amounts to permit the catecholamines to induce vaso-
constriction. A person lacking cortisol, if untreated, may go
into circulatory shock in a stressful situation that demands im-
mediate widespread vasoconstriction.

ROLE IN ADAPTATION TO STRESS Cortisol plays a key role in
adaptation to stress. Stress of any kind is one of the major
stimuli for increased cortisol secretion. Although cortisol’s pre-
cise role in adapting to stress is not known, a speculative but
plausible explanation might be as follows. A primitive human
or an animal wounded or faced with a life-threatening situation
must forgo eating. A cortisol-induced shift away from protein
and fat stores in favor of expanded carbohydrate stores and in-
creased availability of blood glucose would help protect the
brain from malnutrition during the imposed fasting period.
Also, the amino acids liberated by protein degradation would
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provide a readily available supply of building blocks for tissue
repair if physical injury occurred. Thus, an increased pool of
glucose, amino acids, and fatty acids is available for use as
needed.

ANTI-INFLAMMATORY AND IMMUNOSUPPRESSIVE EFFECTS

When stress is accompanied by tissue injury, inflammatory
and immune responses accompany the stress response. Corti-
sol exerts anti-inflammatory and immunosuppressive effects to
help hold these immune system responses in check-and-
balance. An exaggerated inflammatory response has the poten-
tial of causing harm. Cortisol interferes with almost every step
of inflammation. For example, among other anti-inflammatory
actions, cortisol partially blocks production of inflammatory
chemical mediators, such as prostaglandins and leukotrienes
(see p. 758); it suppresses migration of neutrophils to the in-
jured site and interferes with their phagocytic activity (see
p. 423); and it inhibits proliferation of fibroblasts in wound
repair (see p. 425). Cortisol also inhibits immune responses by
interfering with antibody production by lymphocytes. Blurring
the line between endocrine and immune control, lymphocytes
have been shown to secrete ACTH, and some of the cytokines
(such as IL-1, IL-2, and IL-6; see pp. 424 and 441) released
from immune cells can stimulate the hypothalamuspitu-
itaryadrenal axis. In feedback fashion, cortisol in turn has a
profound dampening (turning-down) impact on the immune
system. These interactions between the immune system and
cortisol secretion help maintain immune homeostasis, an area
only beginning to be explored.

Administering large amounts of glucocorticoid inhibits
almost every step of the inflammatory response, mak-
ing these steroids effective drugs in treating conditions

in which the inflammatory response itself has become destruc-
tive, such as rheumatoid arthritis. Glucocorticoids used in this
manner do not affect the underlying disease process; they
merely suppress the body’s response to the disease. Because
glucocorticoids also exert multiple inhibitory effects on the
overall immune process, such as “knocking out of commission”
the white blood cells responsible for antibody production as
well as those that directly destroy foreign cells, these agents
have also proved useful in managing various allergic disorders
and in preventing organ transplant rejections.

When glucocorticoids are administered at pharmacologi-
cal levels (that is, at higher-than-physiologic concentrations),
not only are their anti-inflammatory and immunosuppressive
effects increased but their metabolic effects are also magni-
fied. Therefore, synthetic glucocorticoids have been devel-
oped that maximize the anti-inflammatory and immunosup-
pressive effects of these steroids while minimizing the
metabolic effects.

Even then, when these steroids are employed therapeuti-
cally, they should be used only when warranted and then only
sparingly, for several important reasons. First, because these
drugs suppress the normal inflammatory and immune re-
sponses that form the backbone of the body’s defense system, a
glucocorticoid-treated person has limited ability to resist infec-
tions. Second, troublesome side effects may occur with pro-

cocorticoids. These effects include development of gastric
ulcers, high blood pressure, atherosclerosis, menstrual irregu-
larities, and bone thinning. Third, high levels of exogenous
glucocorticoids act in negative-feedback fashion to suppress the
hypothalamuspituitaryadrenal axis that drives normal glu-
cocorticoid secretion and maintains the integrity of the adrenal
cortex. Prolonged suppression of this axis can lead to irrevers-
ible atrophy of the cortisol-secreting cells of the adrenal gland
and thus to permanent inability of the body to produce its own
cortisol.

Cortisol secretion is regulated by the
hypothalamus pituitary adrenal cortex axis.
Cortisol secretion by the adrenal cortex is regulated by a
negative-feedback system involving the hypothalamus and
anterior pituitary (● Figure 19-9). ACTH from the anterior
pituitary corticotropes, acting through the cAMP pathway,

Stress

Hypothalamus

Diurnal rhythm

Corticotropin-releasing
hormone (CRH)

Anterior pituitary

Adrenocorticotropic
hormone (ACTH)

Adrenal cortex

Cortisol

Blood glucose
(by stimulating gluconeogenesis
and inhibiting glucose uptake)

Blood amino acids
(by stimulating protein degradation)

Blood fatty acids
(by stimulating lipolysis)

Metabolic fuels
and building blocks
available to help
resist stress

● FIGURE 19-9 Control of cortisol secretion.
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longed exposure to higher-than-normal concentrations of glu- stimulates the adrenal cortex to secrete cortisol. Being tropic
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to the zona fasciculata and zona reticularis, ACTH stimulates
both the growth and the secretory output of these two inner
layers of the cortex. In the absence of adequate amounts of
ACTH, these layers shrink considerably and cortisol secretion
is drastically reduced. Recall that angiotensin, not ACTH,
maintains the size of the zona glomerulosa. Like the actions of
TSH on the thyroid gland, ACTH enhances many steps in the
synthesis of cortisol. ACTH mobilizes cholesterol from the
lipid droplets stored in the zona fasciculata and reticularis;
increases production of pregneneolone from cholesterol; and
increases the concentration of enzymes needed to convert
pregneneolone into primarily cortisol, with lesser amounts of
dehydroepiandrosterone. The ACTH-producing cells, in turn,
secrete only at the command of corticotropin-releasing hor-
mone (CRH) from the hypothalamus. CRH stimulates the
corticotropes via the cAMP pathway. The feedback control
loop is completed by cortisol’s inhibitory actions on CRH and
ACTH secretion by the hypothalamus and anterior pituitary,
respectively.

The negative-feedback system for cortisol maintains the
level of cortisol secretion relatively constant around the set
point. Superimposed on the basic negative-feedback control
system are two additional factors that influence plasma cortisol
concentrations by changing the set point: diurnal rhythm and
stress, both of which act on the hypothalamus to vary the secre-
tion rate of CRH.

INFLUENCE OF DIURNAL RHYTHM ON CORTISOL SECRETION Re-
call that the plasma cortisol concentration displays a character-
istic diurnal rhythm, with the highest level occurring in the
morning and the lowest level at night (see ● Figure 18-3, p. 665).
This diurnal rhythm, which is governed by the suprachiasmatic
nucleus (the master biological clock that serves as the pace-
maker for the body’s circadian rhythms; see p. 685) is related
primarily to the sleepwake cycle. The peak and low levels are
reversed in a person who works at night and sleeps during the
day. Such time-dependent variations in secretion are of more
than academic interest because it is important clinically to
know at what time of day a blood sample was taken when inter-
preting the significance of a particular value. Also, the linking
of cortisol secretion to daynight activity patterns raises seri-
ous questions about the common practice of swing shifts at
work (that is, constantly switching day and night shifts among
employees). Furthermore, because cortisol helps a person resist
stress, increasing attention is being given to the time of day
various surgical procedures are performed.

INFLUENCE OF STRESS ON CORTISOL SECRETION The other ma-
jor factor that is independent of, and in fact can override, the
stabilizing negative-feedback control is stress. Dramatic in-
creases in cortisol secretion, mediated by the central nervous
system through enhanced activity of the CRHACTH
cortisol system, occur in response to all kinds of stressful situa-
tions. The magnitude of the increase in plasma cortisol concen-
tration is generally proportional to the intensity of the stressful
stimulation: A greater increase in cortisol levels is evoked in
response to severe stress than to mild stress.

The adrenal cortex secretes both male
and female sex hormones in both sexes.
In both sexes, the adrenal cortex produces both androgens, or
“male” sex hormones, and estrogens, or “female” sex hormones.
The main site of production for the sex hormones is the go-
nads: the testes for androgens and the ovaries for estrogens.
Accordingly, males have a preponderance of circulating andro-
gens, whereas in females estrogens predominate. However, no
hormones are unique to either males or females (except those
from the placenta during pregnancy), because the adrenal cor-
tex in both sexes produces small amounts of the sex hormone
of the opposite sex. Additional small amounts of sex hormone
of the opposite sex come from nonadrenal sources. Some tes-
tosterone in males is converted into estrogen by the enzyme
aromatase, found especially in adipose tissue (see p. 752). In
females, the ovaries produce androgen as an intermediate step
in estrogen production (see ● Figure 19-8). A little of this an-
drogen is released into the blood instead of being converted
into estrogen.

Under normal circumstances, the adrenal androgens and
estrogens are not sufficiently abundant or powerful to induce
masculinizing or feminizing effects, respectively. The only adre-
nal sex hormone that has any biological importance is the an-
drogen dehydroepiandrosterone (DHEA). The testes’ primary
androgen product is the potent testosterone, but the most abun-
dant adrenal androgen is the much weaker DHEA. (Testoster-
one exerts about 100 times greater “androgenicity” than DHEA.)
Adrenal DHEA is overpowered by testicular testosterone in
males but is of physiologic significance in females, who other-
wise have very little androgens. This adrenal androgen governs
androgen-dependent processes in the female such as growth of
pubic and axillary (armpit) hair, enhancement of the pubertal
growth spurt, and development and maintenance of the female
sex drive.

Because the enzymes required for the production of estro-
gens are found in very low concentrations in the adrenocortical
cells, estrogens are normally produced in very small quantities
from this source.

In addition to controlling cortisol secretion, ACTH (not the
pituitary gonadotropic hormones) controls adrenal androgen
secretion. In general, cortisol and DHEA output by the adrenal
cortex parallel each other. However, adrenal androgens feed
back outside the hypothalamuspituitaryadrenal axis. In-
stead of inhibiting CRH, DHEA inhibits gonadotropin-releasing
hormone, just as testicular androgens do. Furthermore, some-
times adrenal androgen and cortisol output diverge from each
other—for example, at the time of puberty adrenal androgen
secretion undergoes a marked surge, but cortisol secretion does
not change. This enhanced secretion initiates the development
of androgen-dependent processes in females. In males the same
thing is accomplished primarily by testicular androgen secre-
tion, which is also aroused at puberty. The nature of the puber-
tal inputs to the adrenals and gonads is still unresolved.

A surge in DHEA secretion begins at puberty and peaks
between the ages of 25 and 30. After 30, DHEA secretion slowly
tapers off until, by the age of 60, the plasma DHEA concentra-
tion is less than 15% of its peak level.
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Some scientists suspect that the
age-related decline of DHEA
and other hormones such as

GH (see p. 684) and melatonin (see
p. 687) plays a role in some problems of
aging. Early studies with DHEA re-
placement therapy demonstrated some
physical improvement, such as an in-
crease in lean muscle mass and a de-
crease in fat, but the most pronounced
effect was a marked increase in psycho-
logical well-being and an improved
ability to cope with stress. Advocates
for DHEA replacement therapy do not
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suggest that maintaining youthful levels
of this hormone is a fountain of youth
(that is, it is not going to extend the life
span), but they do propose that it may
help people feel and act younger as they
age. Other scientists caution that evi-
dence supporting DHEA as an anti-
aging therapy is still sparse. Also, they
are concerned about DHEA supple-
mentation until it has been thoroughly
studied for possible harmful side effects. For example, some
research suggests a potential increase in the risk of heart disease
among women taking DHEA because of an observed reduction
in HDL, the “good’ cholesterol (see p. 336). Also, high doses of
DHEA have been linked with increased facial hair in women.
Furthermore, some experts fear that DHEA supplementation
may raise the odds of acquiring ovarian or breast cancer in
women and prostate cancer in men.

Ironically, although the Food and Drug Administration
(FDA) banned sales of DHEA as an over-the-counter drug in
1985 because of concerns about very real risks coupled with
little proof of benefits, the product is widely available today as
an unregulated food supplement. DHEA can be marketed as a
dietary supplement without approval by the FDA as long as the
product label makes no specific medical claims.

The adrenal cortex may secrete too much
or too little of any of its hormones.

Although uncommon, there are a number of different
disorders of adrenocortical function. Excessive secre-
tion may occur with any of the three categories of adre-

nocortical hormones. Accordingly, three main patterns of
symptoms resulting from hyperadrenalism can be distinguished,
depending on which hormone type is in excess: aldosterone
hypersecretion, cortisol hypersecretion, and adrenal androgen
hypersecretion.

ALDOSTERONE HYPERSECRETION Excess mineralocorticoid se-
cretion may be caused by (1) a hypersecreting adrenal tumor
made up of aldosterone-secreting cells (primary hyperaldoste-
ronism, or Conn’s syndrome) or (2) inappropriately high ac-
tivity of the reninangiotensinaldosterone system (second-
ary hyperaldosteronism). The latter may be produced by any

number of conditions that cause a chronic reduction in arterial
blood flow to the kidneys, thereby excessively activating RAAS.
An example is atherosclerotic narrowing of the renal arteries.

The symptoms of both primary and secondary hyperaldo-
steronism are related to the exaggerated effects of aldosterone—
namely, excessive Na retention (hypernatremia) and K deple-
tion (hypokalemia). Also, high blood pressure (hypertension) is
generally present, at least partially because of excessive Na and
fluid retention.

CORTISOL HYPERSECRETION Excessive cortisol secretion
(Cushing’s syndrome) can be caused by (1) overstimulation of
the adrenal cortex by excessive amounts of CRH and/or ACTH,
(2) adrenal tumors that uncontrollably secrete cortisol indepen-
dent of ACTH, or (3) ACTH-secreting tumors located in places
other than the pituitary, most commonly in the lung. Whatever
the cause, the prominent characteristics of this syndrome are
related to the exaggerated effects of glucocorticoid, with the
main symptoms being reflections of excessive gluconeogenesis.
When too many amino acids are converted into glucose, the
body suffers from combined glucose excess (high blood glu-
cose) and protein shortage. Because the resultant hyperglyce-
mia and glucosuria (glucose in the urine) mimic diabetes mel-
litus, the condition is sometimes referred to as adrenal diabetes.
For reasons that are unclear, some of the extra glucose is depos-
ited as body fat in locations characteristic for this disease, typi-
cally in the abdomen, above the shoulder blades, and in the
face. The abnormal fat distributions in the latter two locations
are descriptively called a “buffalo hump” and a “moon face,”
respectively (● Figure 19-10). The appendages, in contrast, re-
main thin because of muscle breakdown.

Besides the effects attributable to excessive glucose produc-
tion, other effects arise from the widespread mobilization of

(b) Only four months later, the same boy
displaying a “moon face” characteristic of
Cushing’s syndrome

(a) Young boy prior to onset of the condition

● FIGURE 19-10 Patient with Cushing’s syndrome.

Elsevier Science
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amino acids from body proteins for use as glucose precursors.
Loss of muscle protein leads to muscle weakness and fatigue. The
protein-poor, thin skin of the abdomen becomes overstretched
by the excessive underlying fat deposits, forming irregular, red-
dish purple linear streaks. Loss of structural protein within the
walls of the small blood vessels leads to easy bruisability. Wounds
heal poorly, because formation of collagen, a major structural
protein found in scar tissue, is depressed. Furthermore, loss of the
collagen framework of bone weakens the skeleton, so fractures
may result from little or no apparent injury.

ADRENAL ANDROGEN HYPERSECRETION Excess adrenal andro-
gen secretion, a masculinizing condition, is more common than
the extremely rare feminizing condition of excess adrenal estro-
gen secretion. Either condition is referred to as adrenogenital
syndrome, emphasizing the pronounced effects that excessive
adrenal sex hormones have on the genitalia and associated
sexual characteristics.

The symptoms that result from excess androgen secretion
depend on the sex of the individual and the age when the hy-
peractivity first begins.

■ In adult females. Because androgens exert masculinizing
effects, a woman with this disease tends to develop a male pat-
tern of body hair, a condition referred to as hirsutism. She
usually also acquires other male secondary sexual characteris-
tics, such as deepening of the voice and more muscular arms
and legs. The breasts become smaller, and menstruation may
cease as a result of androgen suppression of the woman’s
hypothalamuspituitaryovarian axis for her own female sex-
hormone secretion.
■ In newborn females. Female infants born with adrenogenital
syndrome manifest male-type external genitalia because exces-
sive androgen secretion occurs early enough during fetal life to
induce development of their genitalia along male lines, similar

able in the face of the powerful masculinizing effects of the
much more abundant and potent testosterone from the testes.

The adrenogenital syndrome is most commonly caused by
an inherited enzymatic defect in the cortisol steroidogenic
pathway. The pathway for synthesis of androgens branches from
the normal biosynthetic pathway for cortisol (see ● Figure
19-8). When an enzyme specifically essential for synthesis of
cortisol is deficient, the result is decreased secretion of cortisol.
The decline in cortisol secretion removes the negative-feedback
effect on the hypothalamus and anterior pituitary so that levels
of CRH and ACTH increase considerably (● Figure 19-11). The
defective adrenal cortex is incapable of responding to this in-
creased ACTH secretion with cortisol output and instead shunts
more of its cholesterol precursor into the androgen pathway.
The result is excess DHEA production. This excess androgen
does not inhibit ACTH but rather inhibits the gonadotropins.
Because gamete production is not stimulated in the absence of
gonadotropins, people with adrenogenital syndrome are sterile.
Of course, they also exhibit symptoms of cortisol deficiency.

The symptoms of adrenal virilization, sterility, and cortisol
deficiency are all reversed by glucocorticoid therapy. Adminis-
tration of exogenous glucocorticoid replaces the cortisol deficit
and, more dramatically, inhibits the hypothalamus and pituitary
so that ACTH secretion is suppressed. Once ACTH secretion is
reduced, the profound stimulation of the adrenal cortex ceases
and androgen secretion declines markedly. Removing the large
quantities of adrenal androgens from circulation allows mascu-
linizing characteristics to gradually recede and normal gonado-
tropin secretion to resume. Without understanding how these
hormonal systems are related, it would be very difficult to com-
prehend how glucocorticoid administration could dramatically
reverse symptoms of masculinization and sterility.

ADRENOCORTICAL INSUFFICIENCY If one adrenal gland is non-
functional or removed, the other healthy organ can take over
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to the development of males under the influence of testicularandrogen. The clitoris, which is the female homolog of the male
penis, enlarges under androgen influence and takes on a penile
appearance, so in some cases it is difficult at first to determine
the child’s sex. Thus, this hormonal abnormality is one of the
major causes of female pseudohermaphroditism, a condition
in which female gonads (ovaries) are present but the external
genitalia resemble those of a male. (A true hermaphrodite has
the gonads of both sexes.)
■ In prepubertal males. Excessive adrenal androgen secretion
in prepubertal boys causes them to prematurely develop male
secondary sexual characteristics—for example, deep voice,
beard, enlarged penis, and sex drive. This condition is referred
to as precocious pseudopuberty to differentiate it from true
puberty, which occurs as a result of increased testicular activity.
In precocious pseudopuberty, the androgen secretion from the
adrenal cortex is not accompanied by sperm production or any
other gonadal activity, because the testes are still in their non-
functional prepubertal state.
■ In adult males. Overactivity of adrenal androgens in adult
males has no apparent effect, because any masculinizing effect
induced by the weak DHEA, even when in excess, is unnotice-

the function of both through hypertrophy and hyperplasia.
Therefore, both glands must be affected before adrenocortical
insufficiency occurs.

In primary adrenocortical insufficiency, also known as
Addison’s disease, all layers of the adrenal cortex are underse-
creting. This condition is most commonly caused by autoim-
mune destruction of the cortex by erroneous production of
adrenal cortexattacking antibodies, in which case both aldo-
sterone and cortisol are deficient. Secondary adrenocortical
insufficiency may occur because of a pituitary or hypothalamic
abnormality, resulting in insufficient ACTH secretion. In this
case, only cortisol is deficient because aldosterone secretion
does not depend on ACTH stimulation.

The symptoms associated with aldosterone deficiency in
Addison’s disease are the most threatening. If severe enough,
the condition is fatal because aldosterone is essential for life.
However, the loss of adrenal function may develop slowly and
insidiously so that aldosterone secretion may be subnormal but
not totally lacking. Patients with aldosterone deficiency display
K retention (hyperkalemia), caused by reduced K loss in the
urine, and Na depletion (hyponatremia), caused by excessive
urinary loss of Na . The former disturbs cardiac rhythm. The
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latter reduces ECF volume, including circulating blood volume,
which in turn lowers blood pressure (hypotension).

Symptoms of cortisol deficiency are as would be expected:
poor response to stress, hypoglycemia (low blood glucose)
caused by reduced gluconeogenic activity, and lack of permis-
sive action for many metabolic activities. The primary form
of the disease also produces hyperpigmentation (darkening
of the skin) resulting from excessive secretion of ACTH. Be-
cause the pituitary is normal, the decline in cortisol secretion
brings about an uninhibited elevation in ACTH output (result-
ing from reduced negative feedback). Recall that ACTH and
melanocyte-stimulating hormone (-MSH, a skin-darkening
hormone that promotes dispersion of the pigment melanin) can
both be cleaved from the same pro-opiomelanocortin precursor
molecule (but not at the same time nor in the same organ; see
p. 672). However, being closely related, at high levels ACTH can

also bind with -MSH’s receptors in the
skin and cause darkening of the skin.

Having completed discussion of the
adrenal cortex, we now shift attention to
the adrenal medulla.

The adrenal medulla consists
of modified sympathetic
postganglionic neurons
The adrenal medulla is actually a modified
part of the sympathetic nervous system. A
sympathetic pathway consists of two neu-
rons in sequence—a preganglionic neuron
originating in the CNS, whose axonal fiber
terminates on a second peripherally lo-
cated postganglionic neuron, which in
turn terminates on the effector organ (see
p. 238). The neurotransmitter released by
sympathetic postganglionic fibers is nor-
epinephrine, which interacts locally with
the innervated organ by binding with spe-
cific target receptors known as adrenergic
receptors.

The adrenal medulla consists of mod-
ified postganglionic sympathetic neurons
called chromaffin cells because of their
staining preference for chromium ions.
Unlike ordinary postganglionic sympa-
thetic neurons, chromaffin cells do not
have axonal fibers that terminate on effec-
tor organs. Instead, on stimulation by the
preganglionic fiber the chromaffin cells
release their chemical transmitter directly
into the circulation (see ● Figure 7-2,
p. 239). In this case, the transmitter quali-
fies as a hormone instead of a neurotrans-
mitter. Like sympathetic fibers, the adre-
nal medulla does release norepinephrine,
but its most abundant secretory output is
a similar chemical messenger known as
epinephrine. Both epinephrine and nor-

epinephrine belong to the chemical class of catecholamines,
which are derived from the amino acid tyrosine (see p. 661).
Epinephrine and norepinephrine are the same except that epi-
nephrine also has a methyl group.

STORAGE OF CATECHOLAMINES IN CHROMAFFIN GRANULES

Catecholamine is synthesized almost entirely within the cytosol
of the adrenomedullary secretory cells. Once produced, epi-
nephrine and norepinephrine are stored in chromaffin gran-
ules, which are similar to the transmitter storage vesicles found
in sympathetic nerve endings. Segregation of catecholamines in
chromaffin granules protects them from being destroyed by
cytosolic enzymes during storage.

SECRETION OF CATECHOLAMINES FROM THE ADRENAL

MEDULLA Catecholamines are secreted into the blood by exo-

Hypothalamus

GnRH CRH

Anterior pituitary

FSH, LH ACTH

Gonads Adrenal cortex

Androgen

Virilization

= Normal pathways that do not occur
ACTH = Adrenocorticotropic hormone
GnRH = Gonadotropin-releasing hormone

FSH = Follicle-stimulating hormone
LH = Luteinizing hormone

CRH = Corticotropin-releasing hormone

No sex hormone production
(androgens or estrogens)

No gamete
production

No cortisol

Enzyme
absent

KEY

● FIGURE 19-11 Hormonal interrelationships in adrenogenital syndrome. The ad-

renocortical cells that are supposed to produce cortisol produce androgens instead because
of a deficiency of a specific enzyme essential for cortisol synthesis. Because no cortisol is se-

creted to act in negative-feedback fashion, CRH and ACTH levels are elevated. The adrenal
cortex responds to increased ACTH by further increasing androgen secretion. The excess an-

drogen produces virilization and inhibits the gonadotropin pathway, with the result that the
gonads stop producing sex hormones and gametes.
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cytosis of chromaffin granules. Their release is analogous to the
release mechanism for secretory vesicles that contain stored
peptide hormones or the release of norepinephrine at sympa-
thetic postganglionic terminals.

Of the total adrenomedullary catecholamine output, epi-
nephrine accounts for 80% and norepinephrine for 20%.
Whereas epinephrine is produced exclusively by the adrenal
medulla, the bulk of norepinephrine is produced by sympa-
thetic postganglionic fibers. Adrenomedullary norepinephrine
is generally secreted in quantities too small to exert significant
effects on target cells. Therefore, for practical purposes we can
assume that norepinephrine effects are predominantly medi-
ated directly by the sympathetic nervous system and that epi-
nephrine effects are brought about exclusively by the adrenal
medulla.

Epinephrine and norepinephrine vary
in their affinities for the different adrenergic
receptor types.
Epinephrine and norepinephrine have differing affinities for
four distinctive receptor types: 1, 2, 1, and 2 adrenergic
receptors (see p. 243) (see ▲ Tables 7-3 and 7-4 to review the
distribution of these receptor types among target organs).

Norepinephrine binds predominantly with and 1 recep-
tors located near postganglionic sympathetic-fiber terminals.
Hormonal epinephrine, which can reach all and 1 receptors
via its circulatory distribution, interacts with these same recep-
tors. Norepinephrine has a little greater affinity than epineph-
rine for the receptors, and the two hormones have approxi-
mately the same potency at the 1 receptors. Thus, epinephrine
and norepinephrine exert similar effects in many tissues, with
epinephrine generally reinforcing sympathetic nervous activity.
In addition, epinephrine activates 2 receptors, over which the
sympathetic nervous system exerts little influence. Many of the
essentially epinephrine-exclusive 2 receptors are located at tis-
sues not even supplied by the sympathetic nervous system but
reached by epinephrine through the blood. Examples include
skeletal muscle, where epinephrine exerts metabolic effects
such as promoting the breakdown of stored glycogen, and bron-
chiolar smooth muscle, where it causes bronchodilation.

Sometimes epinephrine, through its exclusive 2-receptor
activation, brings about a different action from that elicited by
norepinephrine and epinephrine action through their mutual
activation of other adrenergic receptors. As an example, norepi-
nephrine and epinephrine bring about a generalized vasocon-
strictor effect mediated by 1-receptor stimulation. By contrast,
epinephrine promotes vasodilation of the blood vessels that
supply skeletal muscles and the heart through 2-receptor acti-
vation (see p. 359).

Realize, however, that epinephrine functions only at the
bidding of the sympathetic nervous system, which is solely re-
sponsible for stimulating its secretion from the adrenal me-
dulla. Epinephrine secretion always accompanies a generalized
sympathetic nervous system discharge, so sympathetic activity
indirectly controls actions of epinephrine. By having the more
versatile circulating epinephrine at its call, the sympathetic ner-
vous system has a means of reinforcing its own neurotransmit-

ter effects plus a way of executing additional actions on tissues
that it does not directly innervate.

Epinephrine reinforces the sympathetic nervous
system and exerts additional metabolic effects.
Adrenomedullary hormones are not essential for life, but virtu-
ally all organs in the body are affected by these catecholamines.
They play important roles in mounting stress responses, regu-
lating arterial blood pressure, and controlling fuel metabolism.
The following sections discuss epinephrine’s major effects,
which it achieves either in collaboration with the sympathetic
transmitter norepinephrine or alone to complement direct
sympathetic response.

EFFECTS ON ORGAN SYSTEMS Together, the sympathetic ner-
vous system and adrenomedullary epinephrine mobilize the
body’s resources to support peak physical exertion in emer-
gency or stressful situations. The sympathetic and epinephrine
actions constitute a fight-or-flight response that prepares the
person to combat an enemy or flee from danger (see p. 240).
Specifically, the sympathetic system and epinephrine increase
the rate and strength of cardiac contraction, increasing cardiac
output, and their generalized vasoconstrictor effects increase
total peripheral resistance. Together, these effects raise arterial
blood pressure, thus ensuring an appropriate driving pressure
to force blood to the organs most vital for meeting the emer-
gency. Meanwhile, vasodilation of coronary and skeletal muscle
blood vessels induced by epinephrine and local metabolic fac-
tors shifts blood to the heart and skeletal muscles from other
vasoconstricted regions of the body.

Because of their profound influence on the heart and blood
vessels, the sympathetic system and epinephrine also play an
important role in the ongoing maintenance of arterial blood
pressure.

Epinephrine (but not norepinephrine) dilates the respiratory
airways to reduce the resistance encountered in moving air in
and out of the lungs. Epinephrine and norepinephrine also re-
duce digestive activity and inhibit bladder emptying, both activi-
ties that can be “put on hold” during a fight-or-flight situation.

METABOLIC EFFECTS Epinephrine exerts some important meta-
bolic effects. In general, epinephrine prompts the mobilization
of stored carbohydrate and fat to provide immediately available
energy for use as needed to fuel muscular work. Specifically,
epinephrine increases the blood glucose level by several differ-
ent mechanisms. First, it stimulates both hepatic (liver) gluco-
neogenesis and glycogenolysis, the latter being the breakdown
of stored glycogen into glucose, which is released into the
blood. Epinephrine also stimulates glycogenolysis in skeletal
muscles. Because of the difference in enzyme content between
liver and muscle, however, muscle glycogen cannot be con-
verted directly to glucose. Instead, the breakdown of muscle
glycogen releases lactate into the blood. The liver removes lac-
tate from the blood and converts it into glucose, so epineph-
rine’s actions on skeletal muscle indirectly help raise blood
glucose levels. Epinephrine and the sympathetic system may
further add to this hyperglycemic effect by inhibiting the secre-
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tion of insulin, the pancreatic hormone primarily responsible
for removing glucose from the blood, and by stimulating gluca-
gon, another pancreatic hormone that promotes hepatic glyco-
genolysis and gluconeogenesis. In addition to increasing blood
glucose levels, epinephrine also increases the level of blood fatty
acids by promoting lipolysis.

Epinephrine’s metabolic effects are appropriate for fight-or-
flight situations. The elevated levels of glucose and fatty acids
provide additional fuel to power the muscular movement re-
quired by the situation and also assure adequate nourishment
for the brain during the crisis when no new nutrients are being
consumed. Muscles can use fatty acids for energy production,
but the brain cannot.

Because of its other widespread actions, epinephrine also hemorrhagic shock, pain); infectious (bacterial invasion); psy-

Stressor

Body

Specific response characteristic
of type of stressor

Nonspecific generalized response
regardless of type of stressor =

Stress response

● FIGURE 19-12 Action of a stressor on the body.
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increases the overall metabolic rate. Under the influence ofepinephrine, many tissues metabolize faster. For example, the
work of the heart and respiratory muscles increases, and the
pace of liver metabolism steps up. Thus, epinephrine as well as
thyroid hormone can increase the metabolic rate.

OTHER EFFECTS Epinephrine affects the central nervous system
to promote a state of arousal and increased CNS alertness. This
permits “quick thinking” to help cope with the impending
emergency. Many drugs used as stimulants or sedatives exert
their effects by altering catecholamine levels in the CNS.

Both epinephrine and norepinephrine cause sweating,
which helps the body rid itself of extra heat generated by in-
creased muscular activity. Also, epinephrine acts on smooth
muscles within the eyes to dilate the pupil and flatten the lens.
These actions adjust the eyes for more encompassing vision so
that the whole threatening scene can be quickly viewed.

Sympathetic stimulation of the adrenal medulla
is solely responsible for epinephrine release.
Catecholamine secretion by the adrenal medulla is controlled
entirely by sympathetic input to the gland. When the sympa-
thetic system is activated under conditions of fear or stress, it
simultaneously triggers a surge of adrenomedullary catechol-
amine release. The concentration of epinephrine in the blood
may increase up to 300 times normal, with the amount of epi-
nephrine released depending on the type and intensity of the
stressful stimulus.

Because both components of the adrenal gland play an exten-
sive role in responding to stress, this is an appropriate place to
pull together the major factors involved in the stress response.

Integrated Stress Response
Stress is the generalized, nonspecific response of the body to
any factor that overwhelms, or threatens to overwhelm, the
body’s compensatory abilities to maintain homeostasis. Con-
trary to popular usage, the agent inducing the response is cor-
rectly called a stressor, whereas stress refers to the state induced
by the stressor. The following types of noxious stimuli illustrate
the range of factors that can induce a stress response: physical
(trauma, surgery, intense heat or cold); chemical (reduced O2

supply, acidbase imbalance); physiologic (heavy exercise,

chological or emotional (anxiety, fear, sorrow); and social (per-sonal conflicts, change in lifestyle).

The stress response is a generalized
pattern of reactions to any situation
that threatens homeostasis.
Different stressors may produce some specific responses char-
acteristic of that stressor; for example, the body’s specific re-
sponse to cold exposure is shivering and skin vasoconstriction,
whereas the specific response to bacterial invasion includes in-
creased phagocytic activity and antibody production. In addi-
tion to their specific response, however, all stressors produce a
similar nonspecific, generalized response (● Figure 19-12). This
set of responses common to all noxious stimuli is called the
general adaptation syndrome. When a stressor is recognized,
both nervous and hormonal responses bring about defensive
measures to cope with the emergency. The result is a state of
intense readiness and mobilization of biochemical resources.

To appreciate the value of the multifaceted stress response,
imagine a primitive cave dweller who has just seen a large wild
beast lurking in the shadows. We will consider both the neural
and hormonal responses that would take place in this scenario.
The body responds in the same way to modern-day stressors.
You are already familiar with all these responses. At this time we
are just examining how these responses work together.

ROLES OF THE SYMPATHETIC NERVOUS SYSTEM AND EPINEPH-

RINE IN STRESS The major neural response to such a stressful
stimulus is generalized activation of the sympathetic nervous
system. The resultant increase in cardiac output and ventilation
as well as the diversion of blood from vasoconstricted regions
of suppressed activity, such as the digestive tract and kidneys, to
the more active vasodilated skeletal muscles and heart prepare
the body for a fight-or-flight response. Simultaneously, the sym-
pathetic system calls forth hormonal reinforcements in the
form of a massive outpouring of epinephrine from the adrenal
medulla. Epinephrine strengthens sympathetic responses and
reaches places not innervated by the sympathetic system to
perform additional functions, such as mobilizing carbohydrate
and fat stores.

ROLES OF THE CRH ACTH CORTISOL SYSTEM IN STRESS Be-
sides epinephrine, a number of other hormones are involved in
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the overall stress response (▲ Table 19-2). The predominant
hormonal response is activation of the CRHACTHcortisol
system. Recall that cortisol’s role in helping the body cope with
stress is presumed to be related to its metabolic effects. Cortisol
breaks down fat and protein stores while expanding carbohy-
drate stores and increasing the availability of blood glucose. A
logical assumption is that the increased pool of glucose, amino
acids, and fatty acids is available for use as needed, such as to
sustain nourishment to the brain and provide building blocks
for repair of damaged tissues.

In addition to the effects of cortisol in the hypothalamus
pituitaryadrenal cortex axis, ACTH may also play a role in

lower blood glucose. If it were not for the deliberate inhibition
of insulin during the stress response, the hyperglycemia caused
by stress would stimulate secretion of glucose-lowering insulin.
As a result, the elevation in blood glucose could not be sus-
tained. Stress-related hormonal responses also promote a re-
lease of fatty acids from fat stores because lipolysis is favored by
epinephrine, glucagon, and cortisol but opposed by insulin.
■ Maintenance of blood volume and blood pressure through in-
creased renin angiotensin aldosterone and vasopressin activity.
In addition to the hormonal changes that mobilize energy stores
during stress, other hormones are simultaneously called into play
to sustain blood volume and blood pressure during the emer-

Major Hormonal Changes during the Stress Response

Hormone Change Purpose Served

Epinephrine h Reinforces the sympathetic nervous system to prepare the body for “fight or flight”

Mobilizes carbohydrate and fat energy stores; increases blood glucose and blood fatty
acids

CRH–ACTH–Cortisol h Mobilizes energy stores and metabolic building blocks for use as needed; increases

blood glucose, blood amino acids, and blood fatty acids

ACTH facilitates learning and behavior

Glucagon h Act in concert to increase blood glucose and blood fatty acids

Insulin g

Renin–
Angiotensin–

Aldosterone;
Vasopressin

h Conserve salt and H2O to expand the plasma volume; help sustain blood pressure when
acute loss of plasma volume occurs

Angiotensin II and vasopressin cause arteriolar vasoconstriction to increase blood

pressure

Vasopressin facilitates learning

▲ TABLE 19-2
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resisting stress. ACTH is one of several peptides that facilitate
learning and behavior. Thus, an increase in ACTH during psy-
chosocial stress may help the body cope more readily with
similar stressors in the future by facilitating the learning of ap-
propriate behavioral responses.

ROLE OF OTHER HORMONAL RESPONSES IN STRESS Besides the
CRHACTHcortisol system, other hormonal systems play
key roles in the stress response, as follows:

■ Elevation of blood glucose and fatty acids through decreased
insulin and increased glucagon. The sympathetic nervous system
and the epinephrine secreted at its bidding both inhibit insulin
and stimulate glucagon. These hormonal changes act in concert
to elevate blood levels of glucose and fatty acids. Epinephrine
and glucagon, whose blood levels are elevated during stress,
promote hepatic glycogenolysis and (along with cortisol) he-
patic gluconeogenesis. However, insulin, whose secretion is
suppressed during stress, opposes the breakdown of liver glyco-
gen stores. All these effects help increase the concentration of
blood glucose. The primary stimulus for insulin secretion is a
rise in blood glucose; in turn, a primary effect of insulin is to

gency. The sympathetic system and epinephrine play major roles
in acting directly on the heart and blood vessels to improve circu-
latory function. In addition, RAAS is activated as a consequence
of a sympathetically induced reduction of blood supply to the
kidneys (see p. 527). Vasopressin secretion is also increased dur-
ing stressful situations (see p. 565). Collectively, these hormones
expand the plasma volume by promoting retention of salt and
H2O. Presumably, the enlarged plasma volume serves as a protec-
tive measure to help sustain blood pressure should acute loss of
plasma fluid occur through hemorrhage or heavy sweating during
the impending period of danger. Vasopressin and angiotensin also
have direct vasopressor effects, which would be of benefit in main-
taining an adequate arterial pressure in the event of acute blood
loss (see p. 359). Vasopressin is further believed to facilitate learn-
ing, which has implications for future adaptation to stress.

The multifaceted stress response is coordinated
by the hypothalamus.
All the individual responses to stress just described are either
directly or indirectly influenced by the hypothalamus (● Figure
19-13). The hypothalamus receives input concerning physical
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and emotional stressors from virtually all areas of the brain and
from many receptors throughout the body. In response, the
hypothalamus directly activates the sympathetic nervous sys-
tem, secretes CRH to stimulate ACTH and cortisol release, and
triggers the release of vasopressin. Sympathetic stimulation, in
turn, brings about the secretion of epinephrine, with which it
has a conjoined effect on the pancreatic secretion of insulin and
glucagon. Furthermore, vasoconstriction of the renal afferent
arterioles by the catecholamines indirectly triggers the secre-
tion of renin by reducing the flow of oxygenated blood through
the kidneys. Renin, in turn, sets in motion RAAS. In this way,
the hypothalamus integrates the responses of both the sympa-
thetic nervous system and the endocrine system during stress.

Activation of the stress response by chronic
psychosocial stressors may be harmful.

Acceleration of cardiovascular and respiratory activity, retention
of salt and H2O, and mobilization of metabolic fuels and build-
ing blocks can be of benefit in response to a physical stressor,
such as an athletic competition. Most of the stressors in our ev-
eryday lives are psychosocial in nature; however, they induce
these same magnified responses. Stressors such as anxiety about
an exam, conflicts with loved ones, or impatience while sitting in
a traffic jam can elicit a stress response. Although the rapid mo-
bilization of body resources is appropriate in the face of real or
threatened physical injury, it is generally inappropriate in re-

Stressor

Hypothalamus

Posterior
pituitary

Vasopressin

Sympathetic
nervous system

CRH

Anterior
pituitary

ACTH

Adrenal cortex

Cortisol

Adrenal medulla

Epinephrine

Endocrine
pancreas

Glucagon Insulin

Arteriolar
smooth muscle

Vasoconstriction

Blood flow
through kidneys
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Glucagon-secreting cells
Insulin-secreting cells

● FIGURE 19-13 Integration of the stress response
by the hypothalamus.
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sponse to nonphysical stress. If no extra energy is demanded, no
tissue is damaged, and no blood lost, body stores are being bro-
ken down and fluid retained needlessly, probably to the detri-
ment of the emotionally stressed individual. In fact, there is
strong circumstantial evidence for a link between chronic expo-
sure to psychosocial stressors and the development of patho-
logical conditions such as high blood pressure, although no de-
finitive cause-and-effect relationship has been ascertained. As a
result of “unused” stress responses, could hypertension result
from too much sympathetic vasoconstriction? From too much
salt and H2O retention? From too much vasopressin and angio-
tensin pressor activity? A combination of these? Other factors?
Recall that hypertension can develop with prolonged exposure
to pharmacological levels of glucocorticoids. Could long-
standing lesser elevations of cortisol, such as might occur in the
face of continual psychosocial stressors, do the same thing, only
more slowly? Considerable work remains to be done to evaluate
the contributions that the stressors in our everyday lives make
toward disease production.

Endocrine Control
of Fuel Metabolism
We have just discussed the metabolic changes that are elicited
during the stress response. Now we will concentrate on the
metabolic patterns that occur in the absence of stress, including
the hormonal factors that govern this normal metabolism.

Fuel metabolism includes anabolism,
catabolism, and interconversions among
energy-rich organic molecules.
The term metabolism refers to all the chemical reactions that
occur within the cells of the body. Those reactions involving the
degradation, synthesis, and transformation of the three classes
of energy-rich organic molecules—protein, carbohydrate, and
fat—are collectively known as intermediary metabolism, or
fuel metabolism (▲ Table 19-3).

During the process of digestion, large nutrient molecules
(macromolecules) are broken down into their smaller absorb-
able subunits as follows: Proteins are converted into amino ac-
ids, complex carbohydrates into monosaccharides (mainly glu-
cose), and triglycerides (dietary fats) into monoglycerides and
free fatty acids. These absorbable units are transferred from the
digestive tract lumen into the blood, either directly or by way of
the lymph (Chapter 16).

ANABOLISM AND CATABOLISM These organic molecules are
constantly exchanged between the blood and body cells. The
chemical reactions in which the organic molecules participate
within the cells are categorized into two metabolic processes:
anabolism and catabolism (● Figure 19-14). Anabolism is the
buildup or synthesis of larger organic macromolecules from
small organic molecular subunits. Anabolic reactions generally
require energy input in the form of ATP. These reactions result
in either (1) the manufacture of materials needed by the cell,
such as cellular structural proteins or secretory products; or
(2) storage of excess ingested nutrients not immediately needed
for energy production or needed as cellular building blocks.
Storage is in the form of glycogen (the storage form of glucose)
or fat reservoirs. Catabolism is the breakdown, or degradation,
of large, energy-rich organic molecules within cells. Catabolism
encompasses two levels of breakdown: (1) hydrolysis (see p. 29)
of large cellular organic macromolecules into their smaller sub-
units, similar to the process of digestion except that the reac-
tions take place within the body cells instead of within the di-
gestive tract lumen (for example, release of glucose by the
catabolism of stored glycogen); and (2) oxidation of the smaller
subunits, such as glucose, to yield energy for ATP production
(see p. 37).

As an alternative to energy production, the smaller, multi-
potential organic subunits derived from intracellular hydrolysis
may be released into the blood. These mobilized glucose, fatty
acid, and amino acid molecules can then be used as needed for
energy production or cellular synthesis elsewhere in the body.

In an adult, the rates of anabolism and catabolism are gen-
erally in balance, so the adult body remains in a dynamic

Summary of Reactions in Fuel Metabolism

Metabolic Process Reaction Consequence

Glycogenesis Glucose n glycogen g Blood glucose

Glycogenolysis Glycogen n glucose h Blood glucose

Gluconeogenesis Amino acids n glucose h Blood glucose

Protein Synthesis Amino acids n protein g Blood amino acids

Protein Degradation Protein n amino acids h Blood amino acids

Fat Synthesis (Lipogenesis or Triglyceride Synthesis) Fatty acids and glycerol n triglycerides g Blood fatty acids

Fat Breakdown (Lipolysis or Triglyceride Degradation) Triglycerides n fatty acids and glycerol h Blood fatty acids

▲ TABLE 19-3
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Food intake Dietary protein Dietary carbohydrate Dietary triglyceride fat

D I G E S T I O N
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● FIGURE 19-14 Summary of the major pathways involving organic nutrient
molecules.
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steady state and appears unchanged even though the organic
molecules that determine its structure and function are con-
tinuously being turned over. During growth, anabolism ex-
ceeds catabolism.

INTERCONVERSIONS AMONG ORGANIC MOLECULES In addi-
tion to being able to resynthesize catabolized organic mole-
cules back into the same type of molecules, many cells of
the body, especially liver cells, can convert most types of
small organic molecules into other types—as in, for example,

Because food intake is intermittent, nutrients
must be stored for use between meals.
Dietary fuel intake is intermittent, not continuous. As a result,
excess energy must be absorbed during meals and stored for use
during fasting periods between meals, when dietary sources of
metabolic fuel are not available. Despite discontinuous energy
intake, the body cells’ demand for energy is ever-present and
fluctuating. That is, energy must constantly be available for cells
to use on an as-needed basis no matter what the status of food

Stored Metabolic Fuel in the Body

Metabolic

Fuel

Circulating

Form

Storage

Form

Major

Storage Site

Percentage
of Total

Body Energy
Content (and

Calories*)

Reservoir

Capacity Role

Carbohydrate Glucose Glycogen Liver, muscle 1% (1500
calories)

Less than a day’s
worth of energy

First energy source;
essential for the

brain

Fat Free fatty acids Triglycerides Adipose tissue 77% (143,000
calories)

About two months’
worth of energy

Primary energy res-
ervoir; energy source

during a fast

Protein Amino acids Body proteins Muscle 22% (41,000
calories)

Death results long
before capacity is

fully used because
of structural and

functional
impairment

Source of glucose for
the brain during a

fast; last resort to
meet other energy

needs

*Actually refers to kilocalories; see p. 642.

▲ TABLE 19-4
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transforming amino acids into glucose or fatty acids. Because
of these interconversions, adequate nourishment can be
provided by a wide range of molecules present in different
types of foods. There are limits, however. Essential nutrients,
such as the essential amino acids and vitamins, cannot be
formed in the body by conversion from another type of or-
ganic molecule.

The major fate of both ingested carbohydrates and fats is
catabolism to yield energy. Amino acids are predominantly
used for protein synthesis but can be used to supply energy after
being converted to carbohydrate or fat. Thus, all three catego-
ries of foodstuff can be used as fuel, and excesses of any food-
stuff can be deposited as stored fuel, as you will see shortly.

At a superficial level, fuel metabolism appears relatively
simple: The amount of nutrients in the diet must be sufficient to
meet the body’s needs for energy production and cellular syn-
thesis. This apparently simple relationship is complicated, how-
ever, by two important considerations: (1) nutrients taken in at
meals must be stored and then released between meals, and
(2) the brain must be continuously supplied with glucose. Let us
examine the implications of each.

intake is. Stored energy fills in the gaps between meals. Energy
storage takes three forms (▲ Table 19-4):

■ Excess circulating glucose is stored in the liver and muscle as
glycogen, a large molecule consisting of interconnected glucose
molecules. About twice as much glycogen is stored in the skel-
etal muscles collectively as in the liver. Because glycogen is a
relatively small energy reservoir, less than a day’s energy needs
can be stored in this form. Once the liver and muscle glycogen
stores are “filled up,” additional glucose is transformed into fatty
acids and glycerol, which are used to synthesize triglycerides
(glycerol with three fatty acids attached), primarily in adipose
tissue (fat).
■ Excess circulating fatty acids derived from dietary intake
also become incorporated into triglycerides.
■ Excess circulating amino acids not needed for protein syn-
thesis are not stored as extra protein but are converted to glu-
cose and fatty acids, which ultimately end up being stored as
triglycerides.

Thus, the major site of energy storage for excess nutrients of all
three classes is adipose tissue. Normally, enough triglyceride is
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stored to provide energy for about two months, more so in an
overweight person. Consequently, during any prolonged period
of fasting, the fatty acids released from triglyceride catabolism
serve as the primary source of energy for most tissues. The ca-
tabolism of stored triglycerides frees glycerol as well as fatty
acids, but quantitatively speaking, the fatty acids are far more
important. Catabolism of stored fat yields 90% fatty acids and
10% glycerol by weight. Glycerol (but not fatty acids) can be
converted to glucose by the liver and contributes in a small way
to maintaining blood glucose during a fast.

As a third energy reservoir, a substantial amount of energy
is stored as structural protein, primarily in muscle, the most
abundant protein mass in the body. Protein is not the first
choice to tap as an energy source, however, because it serves
other essential functions; in contrast, the glycogen and triglyc-
eride reservoirs serve solely as energy depots.

The brain must be continuously supplied
with glucose.
The second factor complicating fuel metabolism besides inter-
mittent nutrient intake and the resultant necessity of storing
nutrients is that the brain normally depends on the delivery of
adequate blood glucose as its sole source of energy. Conse-
quently, the blood glucose concentration must be maintained
above a critical level. The blood glucose concentration is typi-
cally 100 mg glucose/100 ml plasma and is normally kept
within the narrow limits of 70 to 110 mg/100 ml.1 Liver glyco-
gen is an important reservoir for maintaining blood glucose
levels during a short fast. However, liver glycogen is depleted
relatively rapidly, so during a longer fast other mechanisms
must meet the energy requirements of the glucose-dependent
brain. First, when no new dietary glucose is entering the blood,
tissues not obligated to use glucose shift their metabolic gears to
burn fatty acids instead, sparing glucose for the brain. Fatty
acids are made available by catabolism of triglyceride stores as
an alternative energy source for tissues that are not glucose de-
pendent. Second, amino acids can be converted to glucose by
gluconeogenesis, whereas fatty acids cannot. Thus, once glyco-
gen stores are depleted despite glucose sparing, new glucose
supplies for the brain are provided by the catabolism of body
proteins and conversion of the freed amino acids into glucose.

Metabolic fuels are stored during
the absorptive state and mobilized
during the postabsorptive state.
The preceding discussion should make clear that the disposi-
tion of organic molecules depends on the body’s metabolic
state. The two functional metabolic states—the absorptive state
and the postabsorptive state—are related to eating and fasting
cycles, respectively (▲ Table 19-5).

ABSORPTIVE STATE After a meal, ingested nutrients are being
absorbed and are entering the blood during the absorptive, or
fed, state. During this time, glucose is plentiful and serves as
the major energy source. Very little of the absorbed fat and
amino acids are used for energy during the absorptive state,
because most cells use glucose when it is available. Extra nutri-
ents not immediately used for energy or structural repairs are
channeled into storage as glycogen or triglycerides.

POSTABSORPTIVE STATE The average meal is completely ab-
sorbed in about four hours. Therefore, on a typical three-meals-
a-day diet, no nutrients are being absorbed from the digestive
tract during late morning and late afternoon and throughout
the night. These times constitute the postabsorptive, or fast-
ing, state. During this state, endogenous energy stores are mo-
bilized to provide energy, whereas gluconeogenesis and glucose
sparing maintain the blood glucose at an adequate level to
nourish the brain. Synthesis of protein and fat is curtailed. In-
stead, stores of these organic molecules are catabolized for glu-
cose formation and energy production, respectively. Carbohy-
drate synthesis does occur through gluconeogenesis, but the
use of glucose for energy is greatly reduced.

Note that the blood concentration of nutrients does not
fluctuate markedly between the absorptive and postabsorptive
states. During the absorptive state, the glut of absorbed nutri-
ents is swiftly removed from the blood and placed into storage;

1 Blood glucose concentration is sometimes given in terms of molarity,
with normal blood glucose concentration hovering around 5 mM (see
p. A-9).

Comparison of Absorptive
and Postabsorptive States

Metabolic

Fuel Absorptive State

Postabsorptive

State

Carbohydrate Glucose providing
major energy source

Glycogen degra-
dation and

depletion

Glycogen synthesis
and storage

Glucose sparing to
conserve glucose

for the brain

Excess converted
and stored as

triglyceride fat

Production of new
glucose through

gluconeogenesis

Fat Triglyceride synthe-
sis and storage

Triglyceride
catabolism

Fatty acids provid-

ing major energy
source for

non-glucose-
dependent tissues

Protein Protein synthesis Protein catabolism

Excess converted

and stored as tri-
glyceride fat

Amino acids

used for
gluconeogenesis

▲ TABLE 19-5
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during the postabsorptive state, these stores are catabolized to
maintain the blood concentrations at levels necessary to fill tis-
sue energy demands.

ROLES OF KEY TISSUES IN METABOLIC STATES During these al-
ternating metabolic states, various tissues play different roles as
summarized here.

■ The liver plays the primary role in maintaining normal blood
glucose levels. It stores glycogen when excess glucose is available,
releases glucose into the blood when needed, and is the principal
site for metabolic interconversions such as gluconeogenesis.
■ Adipose tissue serves as the primary energy storage site and
is important in regulating fatty acid levels in the blood.
■ Muscle is the primary site of amino acid storage and is the
major energy user.
■ The brain normally can use only glucose as an energy
source, yet it does not store glycogen, making it mandatory that
blood glucose levels be maintained.

Lesser energy sources are tapped as needed.
Several other organic intermediates play a lesser role as energy
sources—namely, glycerol, lactate, and ketone bodies.

■ As mentioned earlier, glycerol derived from triglyceride hy-
drolysis (it is the backbone to which the fatty acid chains are
attached) can be converted to glucose by the liver.
■ Similarly, lactate, which is produced by the incomplete ca-
tabolism of glucose via glycolysis in muscle (see p. 278), can
also be converted to glucose in the liver.
■ Ketone bodies (namely acetone, acetoacidic acid, and -
hydroxybutyric acid) are a group of compounds produced by
the liver during glucose sparing. Unlike other tissues, when the
liver uses fatty acids as an energy source, it oxidizes them only
to acetyl coenzyme A (acetyl CoA), which it is unable to process
through the citric acid cycle for further energy extraction. Thus,
the liver does not degrade fatty acids all the way to CO2 and
H2O for maximum energy release. Instead, it partially extracts
the available energy and converts the remaining energy-bearing
acetyl CoA molecules into ketone bodies, which it releases into
the blood. Ketone bodies serve as an alternative energy source
for tissues capable of oxidizing them further by means of the
citric acid cycle.

During long-term starvation, the brain starts using ketones
instead of glucose as a major energy source. Because death re-
sulting from starvation is usually the result of protein wasting
rather than hypoglycemia (low blood glucose), prolonged sur-
vival without any caloric intake requires that gluconeogenesis
be kept to a minimum as long as the energy needs of the brain
are not compromised. A sizable portion of cell protein can be
catabolized without serious cellular malfunction, but a point is
finally reached at which a cannibalized cell can no longer func-
tion adequately. To ward off the fatal point of failure as long as
possible during prolonged starvation, the brain starts using
ketones as a major energy source, correspondingly decreasing
its use of glucose. Use by the brain of this fatty acid “table scrap”

left over from the liver’s “meal” limits the necessity of mobiliz-
ing body proteins for glucose production to nourish the brain.
Both the major metabolic adaptations to prolonged starvation—
a decrease in protein catabolism and use of ketones by the
brain—are attributable to the high levels of ketones in the blood
at the time. The brain uses ketones only when blood ketone
level is high. The high blood levels of ketones also directly in-
hibit protein degradation in muscle. Thus, ketones spare body
proteins while satisfying the brain’s energy needs.

The pancreatic hormones, insulin and glucagon,
are most important in regulating fuel
metabolism.
How does the body “know” when to shift its metabolic gears
from a system of net anabolism and nutrient storage to one of
net catabolism and glucose sparing? The flow of organic nutri-
ents along metabolic pathways is influenced by a variety of
hormones, including insulin, glucagon, epinephrine, cortisol,
and growth hormone. Under most circumstances, the pancre-
atic hormones, insulin and glucagon, are the dominant hor-
monal regulators that shift the metabolic pathways back and
forth from net anabolism to net catabolism and glucose spar-
ing, depending on whether the body is in a state of feasting or
fasting, respectively.

ISLETS OF LANGERHANS The pancreas is an organ composed of
both exocrine and endocrine tissues. The exocrine portion se-
cretes a watery, alkaline solution and digestive enzymes through
the pancreatic duct into the digestive tract lumen. Scattered
throughout the pancreas between the exocrine cells are about a
million clusters, or “islands,” of endocrine cells known as the
islets of Langerhans (● Figure 19-15a). The islets make up
about 1% to 2% of the total pancreatic mass. The most abundant
pancreatic endocrine cells are the (beta) cells, which are the
site of insulin synthesis and secretion and constitute about 60%
of the total islet mass. The (alpha) cells produce the hormone
glucagon and make up 25% of the islet mass. Less common
(making up 10% of islet mass), the D (delta) cells are the pan-
creatic site of somatostatin synthesis. The least common islet
cells (1% of islet mass), the F cells, secrete pancreatic polypep-
tide, which plays a possible role in reducing appetite and food
intake, is poorly understood, and will not be discussed any fur-
ther. (The remaining 4% of islet mass consists of connective
tissue, blood vessels, and nerves.) The cells are concentrated
centrally in the islets, with the other cells clustered around the
periphery (● Figure 19-15b). We will briefly highlight soma-
tostatin now and then will pay the most attention to insulin and
glucagon, the most important hormones in the regulation of
fuel metabolism.

SOMATOSTATIN Acting as a hormone, pancreatic somatostatin
inhibits the digestive system in a variety of ways, the overall ef-
fect of which is to inhibit digestion of nutrients and to decrease
nutrient absorption. Somatostatin is released from the pancre-
atic D cells in direct response to an increase in blood glucose
and blood amino acids during absorption of a meal. By exerting
its inhibitory effects, pancreatic somatostatin acts in negative-
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feedback fashion to put the brakes on the rate at which the meal
is being digested and absorbed, thereby preventing excessive
plasma levels of nutrients. Pancreatic somatostatin also acts as
a paracrine in regulating pancreatic hormone secretion. The
local presence of somatostatin decreases the secretion of insu-
lin, glucagon, and somatostatin itself, but the physiologic im-
portance of such paracrine function has not been determined.

Somatostatin is also produced by cells lining the digestive
tract, where it acts locally as a paracrine to inhibit most diges-
tive processes (see p. 609). Furthermore, somatostatin (alias
GHIH) is produced by the hypothalamus, where it inhibits the
secretion of growth hormone and TSH (see p. 681).

We next consider insulin and then glucagon, followed by a
discussion of how insulin and glucagon function as an endo-
crine unit to shift metabolic gears between the absorptive and
postabsorptive states.

Insulin lowers blood glucose, fatty acid, and
amino acid levels and promotes their storage.
Insulin has important effects on carbohydrate, fat, and protein
metabolism. It lowers the blood levels of glucose, fatty acids,
and amino acids and promotes their storage. As these nutrient
molecules enter the blood during the absorptive state, insulin
promotes their cellular uptake and conversion into glycogen,
triglycerides, and protein, respectively. Insulin exerts its many

effects either by altering transport of specific blood-borne nu-
trients into cells or by altering the activity of the enzymes in-
volved in specific metabolic pathways. To accomplish its effects,
in some instances insulin increases the activity of an enzyme,
for example glycogen synthase, the key regulated enzyme that
synthesizes glycogen from glucose molecules, a process known
as glycogenesis. In other cases, however, insulin decreases the
activity of an enzyme, for example by inhibiting hormone-
sensitive lipase, the enzyme that catalyzes the breakdown of
stored triglycerides back to free fatty acids and glycerol.

ACTIONS ON CARBOHYDRATES The maintenance of blood glu-
cose homeostasis is a particularly important function of the
pancreas. Circulating glucose concentrations are determined by
the balance among the following processes (● Figure 19-16):
glucose absorption from the digestive tract, transport of glucose
into cells, hepatic glucose production, and (abnormally) uri-
nary excretion of glucose. Among these factors, only glucose
transport into cells and hepatic glucose production are subject
to control.

Insulin exerts four effects that lower blood glucose levels
and promote carbohydrate storage:

1. Insulin facilitates glucose transport into most cells. (The
mechanism of this increased glucose uptake is explained after
insulin’s other blood glucoselowering effects are listed.)

(a) Location and structure of pancreas

(b) Cell types in islet of Langerhans

Exocrine portion of pancreas
(acinar and duct cells)

β cell → insulin

Islet of LangerhansExocrine cells

α cell → glucagon

D cell → somatostatin

Capillary

● FIGURE 19-15 Location and structure of the pancreas
and cell types in the islets of Langerhans.

A. F. Michler/Peter Arnold, Inc.
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2. Insulin stimulates glycogenesis, the production of glycogen
from glucose, in both skeletal muscle and the liver.

3. Insulin inhibits glycogenolysis, the breakdown of glycogen
into glucose. By inhibiting the breakdown of glycogen into glu-
cose, insulin likewise favors carbohydrate storage and decreases
glucose output by the liver.

4. Insulin further decreases hepatic glucose output by inhibit-
ing gluconeogenesis, the conversion of amino acids into glucose
in the liver. Insulin does so by decreasing the amount of amino
acids in the blood available to the liver for gluconeogenesis and
by inhibiting the hepatic enzymes required for converting
amino acids into glucose.

Thus, insulin decreases the concentration of blood glucose by
promoting the cells’ uptake of glucose from the blood for use

Each member of the GLUT family performs slightly differ-
ent functions. For example, GLUT-1 transports glucose across
the bloodbrain barrier, GLUT-2 transfers into the adjacent
bloodstream the glucose that has entered the kidney and intes-
tinal cells by means of the sodium and glucose cotransporter
(SGLT; see p. 73), and GLUT-3 is the main transporter of glu-
cose into neurons. The glucose transporter responsible for the
majority of glucose uptake by most cells of the body is GLUT-4,
which operates only at the bidding of insulin. Glucose mole-
cules cannot readily penetrate most cell membranes in the ab-
sence of insulin, making most tissues highly dependent on in-
sulin for uptake of glucose from the blood and for its subsequent
use. GLUT-4 is especially abundant in the tissues that account
for the bulk of glucose uptake from the blood during the ab-
sorptive state, namely, skeletal muscle and adipose tissue cells.

Factors that increase blood glucose Factors that decrease blood glucose

KEY

Glucose absorption from digestive tract

Hepatic glucose production:
––Through glycogenolysis

of stored glycogen
––Through gluconeogenesis

Urinary excretion of glucose (occurs only
abnormally, when blood glucose level
becomes so high it exceeds the reabsorptive
capacity of kidney tubules during urine
formation)

Transport of glucose into cells:
––For utilization for energy production
––For storage

as glycogen through glycogenesis
as triglycerides

Blood
glucose

= Factors subject to hormonal control to maintain blood glucose level

● FIGURE 19-16 Factors affecting blood glucose concentration.
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and storage, while simultaneously blocking the two mecha-
nisms by which the liver releases glucose into the blood (glyco-
genolysis and gluconeogenesis). Insulin is the only hormone
capable of lowering the blood glucose level. Insulin promotes
the uptake of glucose by most cells through glucose transporter
recruitment, a topic to which we now turn attention.

Glucose transport between the blood and cells is accom-
plished by means of a plasma membrane carrier known as a
glucose transporter (GLUT). Fourteen forms of glucose trans-
porters have been identified, named in the order they were
discovered—GLUT-1, GLUT-2, and so on. These glucose trans-
porters all accomplish passive facilitated diffusion of glucose
across the plasma membrane (see p. 69). Once GLUT trans-
ports glucose into a cell, an enzyme within the cell immediately
phosphorylates glucose to glucose-6-phosphate, which has no
means out of the cell, unlike “plain” glucose, which could exit
through the bidirectional glucose transporter. Therefore, glu-
cose is trapped inside the cell. Furthermore, the phosphoryla-
tion of glucose as it enters the cell keeps the intracellular con-
centration of plain glucose low so that a gradient favoring the
facilitated diffusion of glucose into the cell is maintained.

GLUT-4 is the only type of glucose transporter that re-
sponds to insulin. Unlike the other types of GLUT molecules,
which are always present in the plasma membranes at the sites
where they perform their functions, GLUT-4 in the absence of
insulin is excluded from the plasma membrane. Insulin pro-
motes glucose uptake by transporter recruitment. Insulin-
dependent cells maintain a pool of intracellular vesicles con-
taining GLUT-4. When insulin binds with its receptor (a
receptor that acts as a tyrosine kinase enzyme; see p. 115) on the
surface membrane of the target cell, the subsequent signaling
pathway induces these vesicles to move to the plasma mem-
brane and fuse with it, thus inserting GLUT-4 molecules into
the plasma membrane. In this way, increased insulin secretion
promotes a rapid 10- to 30-fold increase in glucose uptake by
insulin-dependent cells. When insulin secretion decreases,
these glucose transporters are retrieved from the membrane by
endocytosis and returned to the intracellular pool.

Several tissues do not depend on insulin for their glucose
uptake—namely, the brain, working muscles, and liver. The
brain, which requires a constant supply of glucose for its minute-
to-minute energy needs, is freely permeable to glucose at all
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times by means of GLUT-1 and GLUT-3 molecules. Skeletal
muscle cells do not depend on insulin for their glucose uptake
during exercise, even though they are dependent at rest. Muscle
contraction triggers the insertion of GLUT-4 into the plasma
membranes of exercising muscle cells in the absence of insulin.
This fact is important in managing diabetes mellitus (insulin
deficiency), as described later. The liver also does not depend on
insulin for glucose uptake, because it does not use GLUT-4.
However, insulin does enhance the metabolism of glucose by the
liver by stimulating the first step in glucose metabolism, the
phosphorylation of glucose to form glucose-6-phosphate.

Insulin also exerts important actions on fat and protein.

ACTIONS ON FAT Insulin exerts multiple effects to lower blood
fatty acids and promote triglyceride storage:

1. It enhances the entry of fatty acids from the blood into adi-
pose tissue cells.

2. It increases the transport of glucose into adipose tissue cells
by means of GLUT-4 recruitment. Glucose serves as a precursor
for the formation of fatty acids and glycerol, which are the raw
materials for triglyceride synthesis.

3. It promotes chemical reactions that ultimately use fatty ac-
ids and glucose derivatives for triglyceride synthesis.

4. It inhibits lipolysis (fat breakdown), reducing the release of
fatty acids from adipose tissue into the blood.

Collectively, these actions favor removal of fatty acids and glu-
cose from the blood and promote their storage as triglycerides.

ACTIONS ON PROTEIN Insulin lowers blood amino acid levels
and enhances protein synthesis through several effects:

1. It promotes the active transport of amino acids from the
blood into muscles and other tissues. This effect decreases the
circulating amino acid level and provides the building blocks
for protein synthesis within the cells.

2. It increases the rate of amino acid incorporation into pro-
tein by stimulating the cells’ protein-synthesizing machinery.

3. It inhibits protein degradation.

The collective result of these actions is a protein anabolic effect.
For this reason, insulin is essential for normal growth.

SUMMARY OF INSULIN’S ACTIONS In short, insulin primarily
exerts its effects by acting on nonworking skeletal muscle, the
liver, and adipose tissue. It stimulates biosynthetic pathways
that lead to increased glucose use, increased carbohydrate and
fat storage, and increased protein synthesis. In so doing, this
hormone lowers the blood glucose, fatty acid, and amino acid
levels. This metabolic pattern is characteristic of the absorptive
state. Indeed, insulin secretion rises during this state and shifts
metabolic pathways to net anabolism.

When insulin secretion is low, the opposite effects occur.
The rate of glucose entry into cells is reduced, and net catabo-
lism occurs rather than net synthesis of glycogen, triglycerides,
and protein. This pattern is reminiscent of the postabsorptive
state; indeed, insulin secretion is reduced during the postab-

sorptive state. However, the other major pancreatic hormone,
glucagon, also plays an important role in shifting from absorp-
tive to postabsorptive metabolic patterns, as described later.

The primary stimulus for increased
insulin secretion is an increase in blood
glucose concentration.
The primary control of insulin secretion is a direct negative-
feedback system between the pancreatic cells and the concen-
tration of glucose in the blood flowing to them. An elevated
blood glucose level, such as during absorption of a meal, di-
rectly stimulates the cells to synthesize and release insulin.
The increased insulin, in turn, reduces blood glucose to normal
and promotes use and storage of this nutrient. Conversely, a fall
in blood glucose below normal, such as during fasting, directly
inhibits insulin secretion. Lowering the rate of insulin secretion
shifts metabolism from the absorptive to the postabsorptive
pattern. Thus, this simple negative-feedback system can main-
tain a relatively constant supply of glucose to the tissues without
requiring the participation of nerves or other hormones.

Glucose stimulates insulin secretion by means of an
excitation-secretion coupling process. That is, glucose initiates
a chain of events that changes the cell’s membrane potential,
leading to secretion of insulin. This is one of the few known
examples where cells other than nerve or muscle cells undergo
functionally related changes in membrane potential. Specifi-
cally, glucose enters the cell by means of GLUT-2 (● Figure
19-17, step 1 ). Once inside, glucose is immediately phosphory-
lated to glucose-6-phosphate (step 2 ), which is oxidized by the

cell to yield ATP (step 3 ). A cell has two types of channels:
an ATP-sensitive K channel, which is a leak channel that re-
mains open unless ATP binds to it, and a voltage-gated Ca2

channel, which is closed at resting potential. The ATP-sensitive
K channel closes when ATP generated from glucose-6-
phosphate binds to it (step 4 ). The resultant decrease in K
permeability leads to depolarization of the cell (because of
less outward movement of positively charged K ) (step 5 ).
This depolarization causes the voltage-gated Ca2 channels to
open (step 6 ). The subsequent Ca2 entry (step 7 ) triggers
exocytosis of secretory vesicles containing insulin (step 8 ), re-
sulting in insulin secretion (step 9 ).

In addition to blood glucose concentration, which is the
major controlling factor, other inputs are involved in regulating
insulin secretion, as follows (● Figure 19-18):

■ An elevated blood amino acid level, such as after a high-
protein meal, directly stimulates the cells to increase insulin
secretion. In negative-feedback fashion, the increased insulin
enhances the entry of these amino acids into the cells, lowering
the blood amino acid level while promoting protein synthesis.
Amino acids increase insulin secretion in the same way as glu-
cose does, by generating ATP that leads to excitation-secretion
coupling.
■ Gastrointestinal hormones secreted by the digestive tract in
response to the presence of food, especially glucose-dependent
insulinotropic peptide (GIP) (see p. 637) and a similar candidate
hormone glucagon-like peptide (GLP), stimulate pancreatic in-
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sulin secretion in addition to having direct regulatory effects on
the digestive system. Through this control, insulin secretion is
increased in “feedforward,” or anticipatory, fashion even before
nutrient absorption increases the blood concentration of glu-
cose and amino acids. Hormones released from the digestive
tract that “notify” the pancreatic cell of the impending rise in
blood nutrients (primarily blood glucose) are termed incretins.
Incretins increase insulin secretion by increasing cAMP, which
enhances Ca2-induced release of insulin.
■ The autonomic nervous system also directly influences in-
sulin secretion. The islets are richly innervated by both para-
sympathetic (vagal) and sympathetic nerve fibers. The increase
in parasympathetic activity that occurs in response to food in
the digestive tract stimulates insulin release, with the parasym-
pathetic neurotransmitter acetylcholine acting through the IP3/
Ca2 pathway. This, too, is a feedforward response in anticipa-
tion of nutrient absorption. In contrast, sympathetic stimula-
tion and the concurrent increase in epinephrine both inhibit

insulin secretion by decreasing cAMP. The fall in in-
sulin level allows the blood glucose level to rise, an
appropriate response to the circumstances under
which generalized sympathetic activation occurs—
namely, stress (fight or flight) and exercise. In both
these situations, extra fuel is needed for increased
muscle activity.

The symptoms of diabetes mellitus
are characteristic of an exaggerated
postabsorptive state.

Diabetes mellitus is by far the most common
of all endocrine disorders. The acute symp-
toms of diabetes mellitus are attributable to

inadequate insulin action. Because insulin is the only
hormone capable of lowering blood glucose levels,
one of the most prominent features of diabetes mel-
litus is elevated blood glucose levels, or hyperglyce-
mia. Diabetes literally means “siphon” or “running
through,” a reference to the large urine volume ac-
companying this condition. A large urine volume
occurs in both diabetes mellitus (a result of insulin
insufficiency) and diabetes insipidus (a result of vaso-
pressin deficiency). Mellitus means “sweet”; insipidus
means “tasteless.” The urine of patients with diabetes
mellitus acquires its sweetness from excess blood
glucose that spills into the urine, whereas the urine of
patients with diabetes insipidus contains no sugar, so
it is tasteless. (Aren’t you glad you were not a health
professional at the time when these two conditions
were distinguished on the basis of the taste of the
urine?)

Diabetes mellitus has two major variants, differ-
ing in the capacity for pancreatic insulin secretion:
Type 1 diabetes, characterized by a lack of insulin se-
cretion, and Type 2 diabetes, characterized by normal
or even increased insulin secretion but reduced sen-
sitivity of insulin’s target cells to its presence. (For a
further discussion of the distinguishing features of

these two types of diabetes mellitus, see the boxed feature on
pp. 720-721, ■ Concepts, Challenges, and Controversies.)

The acute consequences of diabetes mellitus can be grouped
according to the effects of inadequate insulin action on carbo-
hydrate, fat, and protein metabolism (● Figure 19-19, p. 722).
The figure may look overwhelming, but the numbers, which
correspond to the numbers in the following discussion, help
you work your way through this complex disease step by step.

CONSEQUENCES RELATED TO EFFECTS ON CARBOHYDRATE ME-

TABOLISM Because the postabsorptive metabolic pattern is in-
duced by low insulin activity, the changes that occur in diabetes
mellitus are an exaggeration of this state, with the exception of
hyperglycemia. In the usual fasting state, the blood glucose level
is slightly below normal. Hyperglycemia, the hallmark of diabetes
mellitus, arises from reduced glucose uptake by cells, coupled
with increased output of glucose from the liver (step 1 in ● Fig-
ure 19-19). As the glucose-yielding processes of glycogenolysis
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Glucose enters β cell by facilitated diffusion via GLUT-2.
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● FIGURE 19-17 Stimulation of insulin secretion by glucose via
excitation-secretion coupling.
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CONSEQUENCES RELATED TO EFFECTS ON

FAT METABOLISM Triglyceride synthesis
decreases while lipolysis increases, result-
ing in large-scale mobilization of fatty
acids from triglyceride stores (step 12).
The increased blood fatty acids are largely
used by the cells as an alternative energy
source. Increased liver use of fatty acids
results in the release of excessive ketone
bodies into the blood, causing ketosis (step

13). Ketone bodies include several differ-
ent acids, such as acetoacetic acid, that
result from incomplete breakdown of fat
during hepatic energy production. There-
fore, this developing ketosis leads to pro-
gressive metabolic acidosis (step 14). Aci-

Gastrointestinal
hormones (incretins)

Blood glucose
concentration

Blood amino acid
concentration

Major control

Food intake

Islet cells

Insulin secretion

Sympathetic stimulation
(and epinephrine)

Parasympathetic
stimulation

β
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and gluconeogenesis proceed unchecked in the absence of insu-
lin, hepatic output of glucose increases. Because many of the
body’s cells cannot use glucose without the help of insulin, an
ironic extracellular glucose excess occurs coincident with an in-
tracellular glucose deficiency—“starvation in the midst of plenty.”
Even though the non-insulin-dependent brain is adequately
nourished during diabetes mellitus, further consequences of the
disease lead to brain dysfunction, as you will see shortly.

When the blood glucose rises to the level where the amount
of glucose filtered exceeds the tubular cells’ capacity for reab-
sorption, glucose appears in the urine (glucosuria) (step 2 ).
Glucose in the urine exerts an osmotic effect that draws H2O
with it, producing an osmotic diuresis characterized by polyuria
(frequent urination) (step 3 ). The excess fluid lost from the
body leads to dehydration (step 4 ), which in turn can ulti-
mately lead to peripheral circulatory failure because of the
marked reduction in blood volume (step 5 ). Circulatory fail-
ure, if uncorrected, can lead to death because of low cerebral
blood flow (step 6 ) or secondary renal failure resulting from
inadequate filtration pressure (step 7 ). Furthermore, cells lose
water as the body becomes dehydrated by an osmotic shift of
water from the cells into the hypertonic extracellular fluid (step
8 ). Brain cells are especially sensitive to shrinking, so nervous
system malfunction ensues (step 9 ) (see p. 564). Another char-
acteristic symptom of diabetes mellitus is polydipsia (excessive
thirst) (step 10), which is actually a compensatory mechanism
to counteract the dehydration.

The story is not complete. In intracellular glucose defi-
ciency, appetite is stimulated, leading to polyphagia (excessive
food intake) (step 11). Despite increased food intake, however,
progressive weight loss occurs from the effects of insulin defi-
ciency on fat and protein metabolism.

dosis depresses the brain and, if severe
enough, can lead to diabetic coma and
death (step 15).

A compensatory measure for metabolic
acidosis is increased ventilation to blow off
extra, acid-forming CO2 (step 16). Exhala-
tion of one of the ketone bodies, acetone,
causes a “fruity” breath odor that smells like
a combination of Juicy Fruit gum and nail
polish remover. Sometimes, because of this

odor, passersby unfortunately mistake a patient collapsed in a dia-
betic coma for a “wino” passed out in a state of drunkenness. (This
situation illustrates the merits of medical alert identification tags.)
People with Type 1 diabetes are much more prone to develop ke-
tosis than are Type 2 diabetics.

CONSEQUENCES RELATED TO EFFECTS ON PROTEIN METABO-

LISM The effects of a lack of insulin on protein metabolism re-
sult in a net shift toward protein catabolism. The net breakdown
of muscle proteins leads to wasting and weakness of skeletal
muscles (step 17) and, in child diabetics, a reduction in overall
growth. Reduced amino acid uptake coupled with increased
protein degradation results in excess amino acids in the blood
(step 18). The increased circulating amino acids can be used for
additional gluconeogenesis, which further aggravates the hy-
perglycemia (step 19).

As you can readily appreciate from this overview, diabetes
mellitus is a complicated disease that can disturb both carbohy-
drate, fat, and protein metabolism and fluid and acidbase
balance. It can also have repercussions on the circulatory sys-
tem, kidneys, respiratory system, and nervous system.

LONG-TERM COMPLICATIONS In addition to these potential
acute consequences of untreated diabetes, which can be ex-
plained on the basis of insulin’s short-term metabolic effects,
numerous long-range complications of this disease frequently
occur after 15 to 20 years despite treatment to prevent the
short-term effects. These chronic complications, which account
for the shorter life expectancy of diabetics, primarily involve
degenerative disorders of the blood vessels and nervous system.
Cardiovascular lesions are the most common cause of prema-
ture death in diabetics. Heart disease and strokes occur with

Blood glucose
Blood fatty acids
Blood amino acids
Protein synthesis
Fuel storage

● FIGURE 19-18 Factors controlling insulin secretion.
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CONCEPTS, CHALLENGES, AND CONTROVERSIES

Diabetics and Insulin: Some Have It and Some Don’t
There are two distinct types of diabetes mel-

litus (see the accompanying table). Type 1
(insulin-dependent, or juvenile-onset)

diabetes mellitus, which accounts for
about 10% of all cases of diabetes, is charac-

terized by a lack of insulin secretion. Because
their pancreatic cells secrete no or nearly

no insulin, Type 1 diabetics require exoge-
nous insulin for survival. In Type 2 (non-

insulin-dependent, or maturity-onset)
diabetes mellitus, insulin secretion may

be normal or even increased, but insulin’s
target cells are less sensitive than normal to

this hormone. Ninety percent of diabetics
have the Type 2 form. Although either type

can first be manifested at any age, Type 1 is
more prevalent in children, whereas Type 2

more generally arises in adulthood, hence
the age-related designations.

Diabetes of both types currently affects
more than 20 million people in the United

States, costing this country an estimated
$132 billion annually in health-care ex-

penses. The disease accounts for 10% of
the health-care dollars spent in the United

States. The U.S. diabetes-related death rate
has increased by 30% since 1980, largely

because the incidence of the disease has
been rising. Because diabetes is so preva-

lent and exacts such a huge economic toll,
coupled with the fact that it forces a

change in the lifestyle of affected individu-
als and places them at increased risk for de-

veloping a variety of troublesome and even
life-threatening conditions, intensive re-

search is directed toward better under-

sensitivity of insulin’s target cells to its pres-

ence. Various genetic and lifestyle factors
appear important in the development of

Type 2 diabetes. Obesity is the biggest risk
factor; 90% of Type 2 diabetics are obese.

Many Type 2 diabetics have metabolic
syndrome, or syndrome X, as a forerunner of

diabetes. Metabolic syndrome encom-
passes a cluster of features that predispose

the person to developing Type 2 diabetes
and atherosclerosis (see p. 333). These fea-

tures include obesity, large waist circumfer-
ence (that is, “apple” shapes; see p. 649),

high trigylceride levels, low HDL (the
“good” cholesterol; see p. 336), high blood

glucose, and high blood pressure. An esti-
mated 20% of the U.S. population has

metabolic syndrome, with this number
climbing to 45% for those over age 50.

The ultimate cause of Type 2 diabetes
remains elusive despite intense investigation,

but researchers have identified a number of
possible links between obesity and reduced

insulin sensitivity. Recent studies indicate that
the responsiveness of skeletal muscle and

liver to insulin can be modulated by circulat-
ing adipokines (hormones secreted by adi-

pose cells). The implicated adipokines are
distinct from leptin, the adipose hormone

that plays a role in controlling food intake
(see p. 646). For example, adipose tissue se-

cretes the hormone resistin, which pro-
motes insulin resistance by interfering with

insulin action. Resistin production increases
in obesity. By contrast,the adipokine adipo-

nectin increases insulin sensitivity by en-

betes are usually slower in onset and less

severe than in Type 1 diabetes.

Treatment of Diabetes
The treatment for Type 1 diabetes is a con-

trolled balance of regular insulin injections
timed around meals, management of the

amounts and types of food consumed, and
exercise. Insulin is injected because if it

were swallowed, this peptide hormone
would be digested by proteolytic enzymes

in the stomach and small intestine. Inhaled
insulin was available for a while but was

withdrawn from the market because of fi-
nancial considerations. Pharmaceutical

companies are also in late-stage clinical tri-
als with an oral insulin spray product that

can be absorbed in the mouth. Exercise is
also useful in managing both types of dia-

betes, because working muscles are not in-
sulin dependent. Exercising muscles take

up some of the excess glucose in the
blood, reducing the overall need for insulin.

Whereas Type 1 diabetics are perma-
nently insulin dependent, dietary control

and weight reduction may be all that is
necessary to completely reverse the symp-

toms in Type 2 diabetics. Six classes of oral
medications are currently available for use if

needed for treating Type 2 diabetes in con-
junction with a dietary and exercise regime.

These pills help the patient’s body use its
own insulin more effectively, each by a dif-

ferent mechanism, as follows:
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standing and controlling or preventing

both types of the disease.

Underlying Defect in Type 1 Diabetes
Type 1 diabetes is an autoimmune process
involving the erroneous, selective destruc-

tion of the pancreatic cells by inappropri-
ately activated T lymphocytes (see p. 437).

The precise cause of this self-attack is un-
clear. Some have a genetic susceptibility to

acquiring Type 1 diabetes. Environmental
triggers also appear to play a role, but in-

vestigators have not been able to defini-
tively pin down any culprits.

Underlying Defect in Type 2 Diabetes
Type 2 diabetics do secrete insulin, but the
affected individuals exhibit insulin resis-

tance. That is, the basic problem in Type 2
diabetes is not lack of insulin but reduced

hancing insulin’s effects, but its production is

decreased in obesity. Furthermore, free fatty
acids released from adipose tissue can abnor-

mally accumulate in muscle and interfere
with insulin action in muscle by decreasing

insulin’s ability to promote GLUT-4 mediated
uptake of glucose in skeletal muscle. Also,

evidence suggests that excessive fatty acids
can indirectly trigger apoptosis of cells.

Early in the development of the disease,
the resulting decrease in sensitivity to insu-

lin is overcome by secretion of additional
insulin. However, the sustained overtaxing

of the genetically weak cells eventually
exceeds their reserve secretory capacity.

Even though insulin secretion may be nor-
mal or even elevated, symptoms of insulin

insufficiency develop because the amount
of insulin is still inadequate to prevent hy-

perglycemia. The symptoms in Type 2 dia-

1. By stimulating the cells to secrete
more insulin than they do on their own
(sulfonylureas; for example, Glucotrol)

2. By suppressing liver output of glu-
cose (metformin; for example, Glucophage)

3. By blocking enzymes that digest
complex carbohydrates, thus slowing glu-

cose absorption into the blood from the
digestive tract and blunting the surge of

glucose immediately after a meal (alpha-
glycosidase inhibitors; for example, Precose)

4. By making muscle and fat cells
more receptive to insulin (thiazolidinedio-

nes; for example, Avandia)
5. By mimicking naturally occurring

incretins (incretin mimetics; for example,
Byetta). Incretin mimetics are a recently ap-

proved class of drugs for treating Type 2
diabetics. Incretins are hormones released

by the digestive tract in response to food
that act in feedforward fashion on the endo-
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crine pancreas to reduce the anticipated rise

in blood glucose. The first drug on the mar-
ket of this type, Byetta, mimics the gut-

released hormone glucagon-like peptide 1
(GLP-1; see p. 717). GLP-1 is released from

the small intestine L cells in response to food
intake and has multiple glucose-lowering ef-

fects. GLP-1 itself is too short-lived to be
suitable as a drug. Byetta, which is a version

of a peptide found in the venom of a poi-
sonous Gila monster, must be injected. Like

GLP-1, this drug stimulates insulin secretion
when blood glucose is high but not when

glucose is in the normal range. It also sup-
presses production of glucose-raising gluca-

gon and slows gastric emptying. By promot-
ing satiety, Byetta decreases food intake and

in the long term causes weight loss (see p.
644). Evidence suggests that Byetta even

stimulates regeneration of pancreatic cells.
6. By increasing endogenous GLP-1

levels (dipeptidyl peptidase-4 or DPP-4 inhibi-
tors; for example, Januvia). The newest ap-

proved class of drugs, the DPP-4 inhibitors
increase endogenous GLP-1 levels by block-

ing DPP-4, an enzyme that breaks down
GLP-1, thus prolonging action of this incre-

tin. Prolonged activity of GLP-1 boosts in-
sulin secretion until glucose levels return to

normal. Januvia also suppresses the release
of glucose by the liver and slows digestion.

Because none of these drugs deliver
new insulin to the body, they cannot re-

place insulin therapy for people with

Type 1 diabetes. Furthermore, sometimes
the weakened cells of Type 2 diabetics

eventually burn out and can no longer pro-
duce insulin. In such a case, the previously

non-insulin-dependent patient must be
placed on insulin therapy for life.

New Approaches to Managing Diabetes
Several newer approaches are currently
available for insulin-dependent diabetics

that preclude the need for the one or two
insulin injections daily.

■ Implanted insulin pumps can deliver a
prescribed amount of insulin on a regu-
lar basis, but the recipient must time

meals with care to match the automatic
insulin delivery.

■ Pancreas transplants are also being per-
formed more widely now, with increasing

success rates. On the downside, recipi-
ents of pancreas transplants must take

immunosuppressive drugs for life to pre-
vent rejection of their donated organs.

Also, donor organs are in short supply.

Current research on several fronts may

dramatically change the approach to dia-
betic therapy in the near future. The fol-

lowing new treatments are on the horizon:

■ Some methods under development cir-
cumvent the need for insulin injections by
using alternative routes of administration

that bypass the destructive digestive tract

enzymes, such as by using ultrasound to
force insulin into the skin from an insulin-

impregnated patch. Some researchers are
seeking methods to protect swallowed

insulin from destruction by the digestive
tract, for example, by attaching oral insu-

lin to vitamin B12, which protects the
insulin from digestive enzymes until the

vitamin–insulin complex is absorbed by
intrinsic factor-induced endocytosis in the

terminal ileum (see p. 608).

■ Others have identified a potential oral
substitute for insulin—namely, a nonpep-
tide chemical that binds with the insulin

receptors and brings about the same in-
tracellular responses as insulin does. Be-

cause this insulin mimetic is not a protein,
it would not be destroyed by the proteo-

lytic digestive enzymes if taken as a pill.

■ Another hope is pancreatic islet trans-
plants. Scientists have developed several
types of devices that isolate donor islet

cells from the recipient’s immune sys-
tem. Such immunoisolation of islet cells

permits use of grafts from other animals,
circumventing the shortage of human

donor cells. Pig islet cells are an espe-
cially good source, because pig insulin is

nearly identical to human insulin.

■ Some researchers have coaxed stem
cells to develop into insulin-secreting
cells that hopefully can be implanted.

■ In a related approach, others are turning
to genetic engineering in the hope of

developing surrogates for pancreatic
cells. An example is the potential repro-

gramming of the small-intestine endo-
crine cells that produce GIP. The goal is

to cause these non- cells to cosecrete
both insulin and GIP on feeding.

■ Another approach under development is
an implanted, glucose-detecting,

insulin-releasing “artificial pancreas” that
would continuously monitor the pa-

tient’s blood glucose level and deliver
insulin in response to need.

■ On another front, scientists are hopeful
of one day developing immunotherapies

that specifically block the attack of the
immune system against the cells, thus

curbing or preventing Type 1 diabetes.

■ Nearly 400 new drugs for diabetes,
mostly for the Type 2 form of the dis-
ease, are under development.

Comparison of Type 1 and Type 2 Diabetes Mellitus

Characteristic Type 1 Diabetes Type 2 Diabetes

Level of Insulin Secretion None or almost none May be normal or exceed
normal

Typical Age of Onset Childhood Adulthood

Percentage of Diabetics 10%–20% 80%–90%

Basic Defect Destruction of cells Reduced sensitivity of

insulin’s target cells

Treatment Insulin injections;
dietary management;

exercise

Dietary control and
weight reduction; exer-

cise; sometimes oral
hypoglycemic drugs
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greater incidence than in nondiabetics. Because vascular lesions
often develop in the kidneys and retinas of the eyes, diabetes is
the leading cause of both kidney failure and blindness in the
United States. Impaired delivery of blood to the extremities may
cause these tissues to become gangrenous, and toes or even
whole limbs may have to be amputated. In addition to circula-

tory problems, degenerative lesions in nerves lead to multiple
neuropathies that result in dysfunction of the brain, spinal cord,
and peripheral nerves. The latter is most often characterized by
pain, numbness, and tingling, especially in the extremities.

Regular exposure of tissues to excess blood glucose over a
prolonged time leads to tissue alterations responsible for the
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● FIGURE 19-19 Acute effects of diabetes mellitus. The acute consequences of diabetes
mellitus can be grouped according to the effects of inadequate insulin action on carbohydrate,
fat, and protein metabolism. These effects ultimately cause death through a variety of pathways.

See pp. 718–719 for an explanation of the numbers.
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development of these long-range vascular and neural degenera-
tive complications. Thus, the best management for diabetes
mellitus is to continuously keep blood glucose levels within
normal limits to diminish the incidence of these chronic abnor-
malities. However, the blood glucose levels of diabetic patients
on traditional therapy typically fluctuate over a broader range
than normal, exposing their tissues to a moderately elevated
blood glucose level during a portion of each day. Fortunately,
recent advances in understanding and learning how to manipu-
late underlying molecular defects in diabetes offer hope that
more effective therapies will be developed within this decade to
better manage or even cure existing cases and perhaps to pre-
vent new cases of this devastating disease. (See the boxed fea-
ture on diabetes on pp. 720–721 for current and potential future
treatment strategies for this disorder.)

dose, the diabetic person should eat or drink something sugary.
Prompt treatment of severe hypoglycemia is imperative to pre-
vent brain damage. Note that a diabetic can lose consciousness
and die from either diabetic ketoacidotic coma caused by pro-
longed insulin deficiency or acute hypoglycemia caused by in-
sulin shock. Fortunately, the other accompanying signs and
symptoms differ sufficiently between the conditions to enable
medical caretakers to administer appropriate therapy, either
insulin or glucose. For example, ketoacidotic coma is accompa-
nied by deep, labored breathing (in compensation for the meta-
bolic acidosis) and fruity breath (from exhaled ketone bodies),
whereas insulin shock is not.

Ironically, even though reactive hypoglycemia is character-
ized by a low blood glucose level, people with this disorder are
treated by limiting their intake of sugar and other glucose-
yielding carbohydrates to prevent their cells from overrespond-
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Insulin excess causes brain-starving
hypoglycemia.

Let us now look at the opposite of diabetes mellitus,
insulin excess, which is characterized by hypoglycemia
(low blood glucose) and can arise in two different ways.

First, insulin excess can occur in a diabetic patient when too
much insulin has been injected for the person’s caloric intake
and exercise level, resulting in so-called insulin shock. Second,
blood insulin level may rise abnormally high in a nondiabetic
individual who has a -cell tumor or whose cells are over-
responsive to glucose, a condition called reactive hypoglyce-
mia. Such cells “overshoot” and secrete more insulin than
necessary, in response to elevated blood glucose after a high-
carbohydrate meal. The excess insulin drives too much glucose
into the cells, resulting in hypoglycemia.

The consequences of insulin excess are primarily manifesta-
tions of the effects of hypoglycemia on the brain. Recall that the
brain relies on a continuous supply of blood glucose for its nour-
ishment and that glucose uptake by the brain does not depend
on insulin. With insulin excess, more glucose than necessary is
driven into the other insulin-dependent cells. The result is a
lowering of the blood glucose level so that not enough glucose is
left in the blood to be delivered to the brain. In hypoglycemia,
the brain literally starves. The symptoms, therefore, are primar-
ily referable to depressed brain function, which, if severe enough,
may rapidly progress to unconsciousness and death. People with
overresponsive cells usually do not become sufficiently hypo-
glycemic to manifest these more serious consequences, but they
do show milder symptoms of depressed CNS activity.

The true incidence of reactive hypoglycemia is a subject of
intense controversy because laboratory measurements to con-
firm the presence of low blood glucose during the time of
symptoms have not been performed in most people who have
been diagnosed as having the condition. In mild cases, the
symptoms of hypoglycemia, such as tremor, fatigue, sleepiness,
and inability to concentrate, are nonspecific. Because these
symptoms could also be attributable to emotional problems or
other factors, a definitive diagnosis based on symptoms alone is
impossible to make.

The treatment of hypoglycemia depends on the cause. At
the first indication of a hypoglycemic attack with insulin over-

ing to a high glucose intake. With low carbohydrate intake, the
blood glucose does not rise as much during the absorptive state.
Because blood glucose elevation is the primary regulator of insu-
lin secretion, the cells are not stimulated as much with a low-
carbohydrate meal as with a typical meal. Accordingly, reactive
hypoglycemia is less likely to occur. Giving a symptomatic indi-
vidual with reactive hypoglycemia something sugary temporarily
alleviates the symptoms. The blood glucose level is transiently
restored to normal so that the brain’s energy needs are once again
satisfied. However, as soon as the extra glucose triggers further
insulin release, the situation is merely aggravated.

Glucagon in general opposes
the actions of insulin.
Even though insulin plays a central role in controlling meta-
bolic adjustments between the absorptive and postabsorptive
states, the secretory product of the pancreatic islet cells, glu-
cagon, is also very important. Many physiologists view the
insulin-secreting cells and the glucagon-secreting cells as a
coupled endocrine system whose combined secretory output is
a major factor in regulating fuel metabolism.

Glucagon affects many of the same metabolic processes that
insulin influences, but in most cases glucagon’s actions are op-
posite to those of insulin. The major site of action of glucagon
is the liver, where it exerts a variety of effects on carbohydrate,
fat, and protein metabolism. Glucagon acts by increasing
cAMP.

ACTIONS ON CARBOHYDRATE The overall effects of glucagon
on carbohydrate metabolism result in an increase in hepatic
glucose production and release and thus an increase in blood
glucose levels. Glucagon exerts its hyperglycemic effects by de-
creasing glycogen synthesis, promoting glycogenolysis, and
stimulating gluconeogenesis.

ACTIONS ON FAT Glucagon also antagonizes the actions of in-
sulin with regard to fat metabolism by promoting fat break-
down and inhibiting triglyceride synthesis. Glucagon enhances
hepatic ketone production (ketogenesis) by promoting the
conversion of fatty acids to ketone bodies. Thus, the blood levels
of fatty acids and ketones increase under glucagon’s influence.
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ACTIONS ON PROTEIN Glucagon inhibits
hepatic protein synthesis and promotes
degradation of hepatic protein. Stimula-
tion of gluconeogenesis further contrib-
utes to glucagon’s catabolic effect on he-
patic protein metabolism. Glucagon
promotes protein catabolism in the liver,
but it does not have any significant effect
on blood amino acid levels because it does
not affect muscle protein, the major pro-
tein store in the body.

Glucagon secretion is increased
during the postabsorptive state.
Considering the catabolic effects of gluca-
gon on energy stores, you would be correct
in assuming that glucagon secretion in-
creases during the postabsorptive state
and decreases during the absorptive state,
just the opposite of insulin secretion. In
fact, insulin is sometimes referred to as a
“hormone of feasting” and glucagon as a “hormone of fasting.”
Insulin tends to put nutrients in storage when their blood levels
are high, such as after a meal, whereas glucagon promotes ca-
tabolism of nutrient stores between meals to keep up the blood
nutrient levels, especially blood glucose.

As in insulin secretion, the major factor regulating glucagon
secretion is a direct effect of the blood glucose concentration on
the endocrine pancreas. In this case, the pancreatic cells in-
crease glucagon secretion in response to a fall in blood glucose.
The hyperglycemic actions of this hormone tend to raise the
blood glucose level back to normal. Conversely, an increase in
blood glucose concentration, such as after a meal, inhibits glu-
cagon secretion, which tends to drop the blood glucose level
back to normal.

bohydrate and fat metabolism oppose one another. The effect of
blood amino acid concentration on the secretion of these two
hormones is a different story. A rise in blood amino acid con-
centration stimulates both insulin and glucagon secretion. Why
this seeming paradox, because glucagon does not exert any ef-
fect on blood amino acid concentration? The identical effect of
high blood amino acid levels on both insulin and glucagon se-
cretion makes sense if you consider the concomitant effects
these two hormones have on blood glucose levels (● Figure
19-21). If, during absorption of a protein-rich meal, the rise in
blood amino acids stimulated only insulin secretion, hypogly-
cemia might result. Because little carbohydrate is available for
absorption following consumption of a high-protein meal, the
amino acidinduced increase in insulin secretion would drive
too much glucose into the cells, causing a sudden, inappropriate
drop in the blood glucose level. However, the simultaneous in-

Blood glucose

Glucagon Insulin

Blood glucose
to normal

Blood glucose

Glucagon Insulin

Blood glucose
to normal

α β α βcell cell cell cell

● FIGURE 19-20 Complementary interactions of glucagon and insulin.
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Insulin and glucagon work as a team to maintainblood glucose and fatty acid levels.
Thus, a direct negative-feedback relationship exists between
blood glucose concentration and both the cells’ and cells’
rates of secretion, but in opposite directions. An elevated blood
glucose level stimulates insulin secretion but inhibits glucagon
secretion, whereas a fall in blood glucose level leads to de-
creased insulin secretion and increased glucagon secretion
(● Figure 19-20). Because insulin lowers and glucagon raises
blood glucose, the changes in secretion of these pancreatic hor-
mones in response to deviations in blood glucose work together
homeostatically to restore blood glucose levels to normal.

Similarly, a fall in blood fatty acid concentration directly
inhibits insulin output and stimulates glucagon output by the
pancreas, both of which are negative-feedback control mecha-
nisms to restore the blood fatty acid level to normal.

The opposite effects exerted by blood concentrations of
glucose and fatty acids on the pancreatic and cells are ap-
propriate for regulating the circulating levels of these nutrient
molecules because the actions of insulin and glucagon on car-

crease in glucagon secretion elicited by elevated blood amino
acid levels increases hepatic glucose production. Because the
hyperglycemic effects of glucagon counteract the hypoglycemic
actions of insulin, the net result is maintenance of normal blood
glucose levels (and prevention of hypoglycemic starvation of
the brain) during absorption of a meal that is high in protein
but low in carbohydrates.

Glucagon excess can aggravate the
hyperglycemia of diabetes mellitus.

No known clinical abnormalities are caused by glucagon
deficiency or excess per se. However, diabetes mellitus is
frequently accompanied by excess glucagon secretion

because insulin is required for glucose to gain entry into the
cells, where it can exert control over glucagon secretion. As a
result, diabetics frequently have a high rate of glucagon secretion
concurrent with their insulin insufficiency because the elevated
blood glucose cannot inhibit glucagon secretion as it normally
would. Because glucagon is a hormone that raises blood glucose,
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its excess intensifies the hyperglycemia of diabetes mellitus. For
this reason, some insulin-dependent diabetics respond best to a
combination of insulin and somatostatin therapy. By inhibiting
glucagon secretion, somatostatin indirectly helps achieve better
reduction of the elevated blood glucose concentration than can
be accomplished by insulin therapy alone.

Epinephrine, cortisol, and growth hormone
also exert direct metabolic effects.
The pancreatic hormones are the most important regulators of
normal fuel metabolism. However, several other hormones ex-
ert direct metabolic effects, even though control of their secre-
tion is keyed to factors other than transitions in metabolism
between feasting and fasting states (▲ Table 19-6).

The stress hormones, epinephrine and cortisol, both in-
crease blood levels of glucose and fatty acids through a variety
of metabolic effects. In addition, cortisol mobilizes amino acids
by promoting protein catabolism. Neither hormone plays an
important role in regulating fuel metabolism under resting
conditions, but both are important for the metabolic responses
to stress. During long-term starvation, cortisol also seems to
help maintain blood glucose concentration.

Growth hormone (GH) (acting through IGF-I) has protein
anabolic effects in muscle. In fact, this is one of its growth-

promoting features. Although GH can elevate the blood levels of
glucose and fatty acids, it is normally of little importance to the
overall regulation of fuel metabolism. Deep sleep, stress, exercise,
and severe hypoglycemia stimulate GH secretion, possibly to
provide fatty acids as an energy source and spare glucose for the
brain under these circumstances. GH, like cortisol, appears to
help maintain blood glucose concentrations during starvation.

Although thyroid hormone increases the overall metabolic
rate and has both anabolic and catabolic actions, changes in
thyroid hormone secretion are usually not important for fuel
homeostasis, for two reasons. First, control of thyroid hormone
secretion is not directed toward maintaining nutrient levels in
the blood. Second, the onset of thyroid hormone action is too
slow to have any significant effect on the rapid adjustments re-
quired to maintain normal blood levels of nutrients.

Note that, with the exception of the anabolic effects of GH
on protein metabolism, all the metabolic actions of these other
hormones are opposite to those of insulin. Insulin alone can
reduce blood glucose and blood fatty acid levels, whereas gluca-
gon, epinephrine, cortisol, and GH all increase blood levels of
these nutrients. These other hormones are therefore considered
insulin antagonists. Thus, the main reason diabetes mellitus
has such devastating metabolic consequences is that no other
control mechanism is available to pick up the slack to promote
anabolism when insulin activity is insufficient, so the catabolic
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GlucagonInsulin

Promotes cellular uptake
and assimilation
of amino acids

Glucose uptake
by cells

Hepatic
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Hepatic
glucose output
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(Effects counteract each other)

β α cellscells

● FIGURE 19-21 Counteracting actions of glucagon and in-
sulin on blood glucose during absorption of a high-protein
meal.
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reactions promoted by other hormones proceed unchecked.
The only exception is protein anabolism stimulated by GH.

Endocrine Control
of Calcium Metabolism
Besides regulating the concentration of organic nutrient mole-
cules in the blood by manipulating anabolic and catabolic path-
ways, the endocrine system regulates the plasma concentration of
a number of inorganic electrolytes. As you already know, aldoste-
rone controls Na and K concentrations in the ECF. Three other
hormones—parathyroid hormone, calcitonin, and vitamin D—

control calcium (Ca2) and phosphate (PO4 3) metabolism. These
hormonal agents concern themselves with regulating plasma
Ca2, and in the process, plasma PO4 3 is also maintained. Plasma
Ca2 concentration is one of the most tightly controlled variables
in the body. The need for the precise regulation of plasma Ca2

stems from its critical influence on so many body activities.

Plasma Ca2 must be closely regulated to
prevent changes in neuromuscular excitability.
About 99% of the Ca2 in the body is in crystalline form within
the skeleton and teeth. Of the remaining 1%, about 0.9% is
found intracellularly within the soft tissues; less than 0.1% is

Summary of Hormonal Control of Fuel Metabolism

MAJOR METABOLIC EFFECTS CONTROL OF SECRETION

Hormone
Effect on Blood
Glucose

Effect on

Blood Fatty
Acids

Effect on

Blood Amino
Acids

Effect on

Muscle
Protein
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Stimuli for
Secretion

Primary Role in
Metabolism

Insulin g
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Glycogenesis

Glycogenolysis
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g

Triglyceride
synthesis
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g
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h

Protein
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Protein
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h Blood
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h Blood amino
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of absorptive and
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Glucagon h

Glycogenolysis
Gluconeogenesis
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h
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No effect No effect g Blood
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h Blood amino
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absorptive cycles in
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hypoglycemia
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Glycogenolysis
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h

Lipolysis
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h increase g decrease

▲ TABLE 19-6
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5. Maintenance of tight junctions between cells. Calcium forms
part of the intercellular cement that holds particular cells tightly
together.

6. Clotting of blood. Calcium serves as a cofactor in several
steps of the cascade of reactions that leads to clot formation.

In addition to these functions of free ECF Ca2, intracellu-
lar Ca2 serves as a second messenger in many cells and is in-
volved in cell motility and cilia action. Finally, the Ca2 in bone
and teeth is essential for the structural and functional integrity
of these tissues.

Because of the profound effects of deviations in free Ca2,
especially on neuromuscular excitability, the plasma concentra-
tion of this electrolyte is regulated with extraordinary precision.
Let us see how.

present in the ECF. Approximately half of the ECF Ca2 either
is bound to plasma proteins and therefore restricted to the
plasma or is complexed with PO4 3 and not free to participate
in chemical reactions. The other half of the ECF Ca2 is freely
diffusible and can readily pass from the plasma into the inter-
stitial fluid and interact with the cells. The free Ca2 in the
plasma and interstitial fluid is considered a single pool. Only
this free ECF Ca2 is biologically active and subject to regula-
tion; it constitutes less than one thousandth of the total Ca2 in
the body.

This small, free fraction of ECF Ca2 plays a vital role in a
number of essential activities, including the following:

1. Neuromuscular excitability. Even minor variations in the
concentration of free ECF Ca2 can have a profound and im-
mediate impact on the sensitivity of excitable tissues. A fall in
free Ca2 results in overexcitability of nerves and muscles;
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Control of Ca2 metabolism includes regulationof both Ca2 homeostasis and Ca2 balance.
Maintaining the proper plasma concentration of free Ca2 dif-
fers from the regulation of Na and K in two important ways.
Na and K homeostasis is maintained primarily by regulating
the urinary excretion of these electrolytes so that controlled
output matches uncontrolled input. Although urinary excretion
of Ca2 is hormonally controlled, in contrast to Na and K ,
not all ingested Ca2 is absorbed from the digestive tract; in-
stead, the extent of absorption is hormonally controlled and
depends on the Ca2 status of the body. In addition, bone serves
as a large Ca2 reservoir that can be drawn on to maintain the
free plasma Ca2 concentration within the narrow limits com-
patible with life should dietary intake become too low. Ex-
change of Ca2 between the ECF and bone is also subject to
hormonal control. Similar in-house stores are not available for
Na and K .

Regulation of Ca2 metabolism depends on hormonal con-
trol of exchanges between the ECF and three other compart-
ments: bone, kidneys, and intestine. Control of Ca2 metabo-
lism encompasses two aspects:

■ First, regulation of calcium homeostasis involves the im-
mediate adjustments required to maintain a constant free plasma
Ca2 concentration on a minute-to-minute basis. This is largely
accomplished by rapid exchanges between bone and ECF and to
a lesser extent by modifications in urinary excretion of Ca2.
■ Second, regulation of calcium balance involves the more
slowly responding adjustments required to maintain a constant
total amount of Ca2 in the body. Control of Ca2 balance en-
sures that Ca2 intake is equivalent to Ca2 excretion over the
long term (weeks to months). Calcium balance is maintained by
adjusting the extent of intestinal Ca2 absorption and urinary
Ca2 excretion.

Parathyroid hormone (PTH), the principal regulator of
Ca2 metabolism, acts directly or indirectly on all three of these
effector sites. It is the primary hormone responsible for mainte-
nance of Ca2 homeostasis and is essential for maintaining
Ca2 balance, although vitamin D also contributes in important
ways to Ca2 balance. The third Ca2-influencing hormone,
calcitonin, is not essential for maintaining either Ca2 homeo-

conversely, a rise in free Ca2 depresses neuromuscular excit-
ability. These effects result from the influence of Ca2 on mem-
brane permeability to Na . A decrease in free Ca2 increases
Na permeability, with the resultant influx of Na moving the
resting potential closer to threshold. Consequently, in the pres-
ence of hypocalcemia (low blood Ca2), excitable tissues may
be brought to threshold by normally ineffective physiologic
stimuli so that skeletal muscles discharge and contract (go into
spasm) “spontaneously” (in the absence of normal stimula-
tion). If severe enough, spastic contraction of the respiratory
muscles results in death by asphyxiation. Hypercalcemia (ele-
vated blood Ca2) is also life threatening, because it causes
cardiac arrhythmias and generalized depression of neuromus-
cular excitability.

2. Excitation–contraction coupling in cardiac and smooth mus-
cle. Entry of ECF Ca2 into cardiac and smooth muscle cells,
resulting from increased Ca2 permeability in response to an
action potential, triggers the contractile mechanism. Calcium is
also necessary for excitationcontraction coupling in skeletal
muscle fibers, but in this case the Ca2 is released from intracel-
lular Ca2 stores in response to an action potential. A signifi-
cant part of the increase in cytosolic Ca2 in cardiac muscle
cells also derives from internal stores.

Note that a rise in cytosolic Ca2 within a muscle cell causes
contraction, whereas an increase in free ECF Ca2 decreases
neuromuscular excitability and reduces the likelihood of con-
traction. Unless one keeps this point in mind, it is difficult to
understand why low plasma Ca2 levels induce muscle hyper-
activity when Ca2 is necessary to switch on the contractile
apparatus. We are talking about two different Ca2 pools, which
exert different effects.

3. Stimulus–secretion coupling. The entry of Ca2 into secre-
tory cells, which results from increased permeability to Ca2 in
response to appropriate stimulation, triggers the release of the
secretory product by exocytosis. This process is important for
the secretion of neurotransmitters by nerve cells and for pep-
tide and catecholamine hormone secretion by endocrine cells.

4. Excitation–secretion coupling. In pancreatic cells, Ca2+

entry from the ECF in response to membrane depolarization
leads to insulin secretion.
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stasis or balance. It serves a backup function during the rare
times of extreme hypercalcemia. We will examine the specific
effects of each of these hormonal systems in more detail.

Parathyroid hormone raises free plasma
Ca2 levels by its effects on bone, kidneys,
and intestine.
Parathyroid hormone (PTH) is a peptide hormone secreted by
the parathyroid glands, four rice grainsized glands located
on the back surface of the thyroid gland, one in each corner (see
● Figure 19-25, p. 734). Like aldosterone, PTH is essential for
life. The overall effect of PTH is to increase the Ca2 concentra-
tion of plasma (and, accordingly, of the entire ECF), thereby
preventing hypocalcemia. In the complete absence of PTH,
death ensues within a few days, usually because of asphyxiation
caused by hypocalcemic spasm of respiratory muscles. By its
actions on bone, kidneys, and intestine, PTH raises plasma
Ca2 level when it starts to fall so that hypocalcemia and its ef-
fects are normally avoided. This hormone also acts to lower
plasma PO4 3 concentration. We will consider each of these
mechanisms, beginning with an overview of bone remodeling
and the actions of PTH on bone.

Bone continuously undergoes remodeling.
Because 99% of the body’s Ca2 is in bone, the skeleton serves
as a storage depot for Ca2. (See ▲ Table 19-7 for other func-
tions of the skeleton.) Bone is a living tissue composed of an
organic extracellular matrix or osteoid (see p. 679) impregnated
with hydroxyapatite crystals consisting primarily of precipi-
tated Ca3(PO4)2 (calcium phosphate) salts. Normally, Ca3(PO4)2

salts are in solution in the ECF, but the conditions within bone
are suitable for these salts to precipitate (crystallize) around the
collagen fibers in the matrix. By mobilizing some of these Ca2

stores in bone, PTH raises plasma Ca2 concentration when it
starts to fall.

bone. Thus attached, the osteoclast actively secretes hydrochlo-
ric acid that dissolves the Ca3(PO4)2 crystals and enzymes that
break down the organic matrix. After it has created a cavity, the
osteoclast moves on to an adjacent site to burrow another hole
or dies by apoptosis (cell suicide; see p. 124), depending on the
regulatory signals it receives. Osteoblasts move into the cavity
and secrete osteoid to fill in the hole. Subsequent mineralization
of this organic matrix results in new bone to replace the bone
dissolved by the osteoclast. Thus, a constant cellular tug-of-war
goes on in bone, with bone-forming osteoblasts countering the
efforts of the bone-destroying osteoclasts. These construction
and demolition crews, working side by side, continuously re-
model bone. At any given time, about a million microscopic-
sized sites throughout the skeleton are undergoing resorption
or deposition. Throughout most of adult life, the rates of bone
formation and bone resorption are about equal, so total bone
mass remains fairly constant during this period.

Osteoblasts and osteoclasts both trace their origins to the
bone marrow. Osteoblasts are derived from stromal cells, a type
of connective tissue cell in the bone marrow, whereas osteo-
clasts differentiate from macrophages, which are tissue-bound
derivatives of monocytes, a type of white blood cell (see p. 404).

Functions of the Skeleton

Support

Protection of vital internal organs

Assistance in body movement by giving attachment to
muscles and providing leverage

Manufacture of blood cells (bone marrow)

Storage depot for Ca2 and PO4 3, which can be ex-

changed with the plasma to maintain plasma concentra-
tions of these electrolytes

▲ TABLE 19-7
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BONE REMODELING Despite the apparent inanimate nature ofbone, its constituents are continually being turned over. Bone
deposition (formation) and bone resorption (removal) nor-
mally go on concurrently so that bone is constantly being re-
modeled, much as people remodel buildings by tearing down
walls and replacing them. Through remodeling, the adult hu-
man skeleton is completely regenerated an estimated every
10 years. Bone remodeling serves two purposes: (1) it keeps the
skeleton appropriately “engineered” for maximum effectiveness
in its mechanical uses, and (2) it helps maintain the plasma
Ca2 level. Let us examine in more detail the underlying mech-
anisms and controlling factors for each of these purposes.

Recall that three types of bone cells are present in bone (see
pp. 679 and 681). The osteoblasts secrete the extracellular or-
ganic matrix within which the Ca3(PO4)2 crystals precipitate.
The osteocytes are the retired osteoblasts imprisoned within the
bony wall they have deposited around themselves. The osteo-
clasts resorb bone in their vicinity. The large, multinucleated
osteoclasts attach to the organic matrix and form a “ruffled
membrane” that increases its surface area in contact with the

In a unique communication system, osteoblasts and their im-mature precursors produce two chemical signals that govern
osteoclast development and activity in opposite ways—RANK
ligand and osteoprotegerin—as follows (● Figure 19-22):

■ RANK ligand (RANKL) revs up osteoclast action. (A li-
gand is a small molecule that binds with a larger protein mol-
ecule; an example is an extracellular chemical messenger bind-
ing with a plasma membrane receptor.) As its name implies,
RANK ligand binds to RANK (for receptor activator of NF- B),
a protein receptor on the membrane surface of nearby macro-
phages. This binding induces the macrophages to differentiate
into osteoclasts and helps them live longer by suppressing
apoptosis. As a result, bone resorption is stepped up and bone
mass decreases.
■ Alternatively, neighboring osteoblasts can secrete osteopro-
tegerin (OPG), which by contrast suppresses osteoclast activity.
OPG secreted into the matrix serves as a freestanding decoy
receptor that binds with RANKL. By taking RANKL out of ac-
tion so that it cannot bind with its intended RANK receptors,
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OPG prevents RANKL from revving up osteoclasts’ bone-
resorbing activity. As a result, the matrix-making osteoblasts
are able to outpace the matrix-removing osteoclasts, so bone
mass increases. The balance between RANKL and OPG thus is
an important determinant of bone density. If osteoblasts pro-
duce more RANKL, the more osteoclast action, the lower the
bone mass. If osteoblasts produce more OPG, the less osteoclast
action, the greater the bone mass. Importantly, scientists are
currently unraveling the influence of various factors on this bal-
ance. For example, the female sex hormone estrogen stimulates
activity of the OPG-producing gene in osteoblasts and also
promotes apoptosis of osteoclasts, both mechanisms by which
this hormone preserves bone mass.

Mechanical stress favors bone deposition.
As a child grows, the bone builders keep ahead of the bone de-
stroyers under the influence of GH and IGF-I (see pp. 679–681).

Mechanical stress also tips the balance in favor of bone de-
position, causing bone mass to increase and the bones to
strengthen. Mechanical factors adjust the strength of bone in
response to the demands placed on it. The greater the physical
stress and compression to which a bone is subjected, the greater
is the rate of bone deposition. For example, the bones of athletes
are stronger and more massive than those of sedentary people.

By contrast, bone mass diminishes and the bones weaken
when bone resorption gains a competitive edge over bone de-
position in response to removal of mechanical stress. For ex-
ample, bone mass decreases in people who undergo prolonged
bed confinement or those in spaceflight. Early astronauts lost
up to 20% of their bone mass during their time in orbit. Thera-
peutic exercise can limit or prevent such loss of bone.

Bone mass also decreases as a person ages. Bone density
peaks when a person is in the 30s, then starts to decline
after age 40. By 50 to 60 years of age, bone resorption

often exceeds bone formation. The result is a reduction in bone
mass known as osteoporosis (meaning “porous bones”). This
bone-thinning condition is characterized by a diminished laying
down of organic matrix as a result of reduced osteoblast activity
and/or increased osteoclast activity rather than abnormal bone
calcification. The underlying cause of osteoporosis is uncertain.
Plasma Ca2 and PO4 3 levels are normal, as is PTH. Osteopo-
rosis occurs with greatest frequency in postmenopausal women
because of the associated withdrawal of bone-preserving estro-
gen. (For more details on osteoporosis, see the boxed feature on
pp. 730–731, ■ A Closer Look at Exercise Physiology.)

PTH raises plasma Ca2 by withdrawing Ca2

from the bone bank.
In addition to the factors geared toward controlling the me-
chanical effectiveness of bone, throughout life PTH uses bone
as a “bank” from which it withdraws Ca2 as needed to main-
tain plasma Ca2 level. Parathyroid hormone has two major
effects on bone that raise plasma Ca2 concentration. First, it
induces a fast Ca2 efflux into the plasma from the small labile
pool of Ca2 in the bone fluid. Second, by stimulating bone dis-
solution, it promotes a slow transfer into the plasma of both
Ca2 and PO4 3 from the stable pool of bone minerals in bone
itself. As a result, ongoing bone remodeling is tipped in favor of
bone resorption over bone deposition. Let us examine more
thoroughly PTH’s actions in mobilizing Ca2 from its labile and
stable pools in bone.

The immediate effect of PTH is to promote
the transfer of Ca2 from bone fluid into plasma.
Compact bone forms the dense outer portion of a bone. Inter-
connecting spicules of trabecular bone make up the more lacy-
appearing inner core of a bone (● Figure 19-23, p. 732). Com-
pact bone is organized into osteon units, each of which consists
of a central canal surrounded by concentrically arranged lamel-
lae (● Figure 19-23b). Lamellae are layers of osteocytes en-
tombed within the bone they have deposited around themselves
(● Figure 19-23c). The osteons typically run parallel to the long
axis of the bone. Blood vessels penetrate the bone from either

Osteoblasts and
their precursors

(secrete) (secrete)

RANK ligand
(RANKL)

Macrophages/
osteoclasts

(triggered by
binding of

RANKL and RANK)

Differentiation
of macrophages
into osteoclasts

Suppression
of osteoclast

apoptosis

Osteoclast action
outpaces

osteoblast action

Osteoprotegerin
(OPG)

RANKL bound
to OPG not
available to

bind with RANK

Blocks action
of RANK

Osteoblast action
outpaces

osteoclast action

Osteoclast
action

Bone mass

Osteoclast
action

Bone mass

RANK

● FIGURE 19-22 Role of osteoblasts in governing osteoclast
development and activity.
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the outer surface or the marrow cavity and run through the cen-
tral canals. Osteoblasts are present along the outer surface of the
bone and along the inner surfaces lining the central canals. Os-
teoclasts are also located on bone surfaces undergoing resorp-
tion. The surface osteoblasts and entombed osteocytes are con-
nected by an extensive network of small, fluid-containing canals,
the canaliculi, which allow substances to be exchanged between
trapped osteocytes and the circulation. These small canals also
contain long, filmy cytoplasmic extensions, or “arms,” of osteo-
cytes and osteoblasts that are connected to one another, much as
if these cells were “holding hands.” The “hands” of adjacent cells

are connected by gap junctions, which permit communication
and exchange of materials among these bone cells. The intercon-
necting cell network, which is called the osteocytic-osteoblastic
bone membrane, separates the mineralized bone itself from the
blood vessels within the central canals (● Figure 19-24a). The
small, labile pool of Ca2 is in the bone fluid that lies between
this bone membrane and the adjacent bone, both within the
canaliculi and along the surface of the central canal.

PTH exerts its effects via cAMP. The earliest effect of PTH
is to activate membrane-bound Ca2 pumps located in the
plasma membranes of the osteocytes and osteoblasts. These

A CLOSER LOOK AT EXERCISE PHYSIOLOGY

Osteoporosis: The Bane of Brittle Bones
Osteoporosis, a decrease in bone density

resulting from reduced deposition of the
bone’s organic matrix (see the accompa-

nying figure), is a major health problem
that affects 38 million people in the

United States. The condition is especially
prevalent among perimenopausal and

postmenopausal women. (Perimenopause
is the transition period from normal men-

strual cycles to no cycles brought about
by waning ovarian function. Menopause is

permanent cessation of menstruation.)
During this time, women start losing 1%

or more bone density each year. Skeletons
of elderly women are typically only 50%

to 80% as dense as at their peak at about
age 35, whereas elderly men’s skeletons

retain 80% to 90% of their youthful
density.

Osteoporosis is responsible for the
greater incidence of bone fractures

among women over the age of 50 than
among the population at large. Because

bone mass is reduced, the bones are
more brittle and more susceptible to frac-

ture in response to a fall, blow, or lifting
action that normally would not strain

stronger bones. For every 10% loss of
bone mass, the risk of fracture doubles.

Osteoporosis is the underlying cause of
approximately 1.5 million fractures each

year, of which 530,000 are vertebral frac-
tures and 227,000 are hip fractures. The

attendant medical and rehabilitation cost
is $14 billion per year. The cost in pain,

suffering, and loss of independence is
not measurable. Half of all American

women have spinal pain and deformity
by age 75.

Drug Therapy for Osteoporosis

Estrogen replacement therapy, Ca2 supple-
mentation, and a regular weight-bearing ex-

ercise program traditionally have been the
most common therapeutic approaches used

to minimize or reverse bone loss. Estrogen
slows bone loss by promoting apoptosis (cell

suicide) of osteoclasts and by enhancing ac-
tivity of osteoblasts. However, estrogen ther-

apy has been linked to an increased risk of
breast cancer and cardiovascular disease, and

Ca2 alone has not been as effective in halt-
ing bone thinning as was once hoped.

The Food and Drug Administration has
recently approved four new classes of drugs

for treating osteoporosis: bisphosphonates,
calcitonin in a nasal-spray form, raloxifene,

and teriparatide; and several other promis-
ing drugs are in the pipeline, as follows:

■ Alendronate (Fosamax), a bisphospho-
nate, was the first nonhormonal osteo-
porosis drug. It works by blocking os-

teoclasts’ bone-destroying actions.
Alendronate pills have to be taken daily,

or a newer version can be taken weekly.
Even newer bisphosphonates can be

taken at longer intervals, such as ibon-
dronate (Boniva) (once-a-month pill)

and zoledronic acid (Reclast) (once-a-
year intravenous infusion).

Normal bone

Comparison of normal and osteoporotic bone. Note the reduced
density of osteoporotic trabecular bone compared to normal trabecular bone.

Osteoporotic bone

D. P. Motta/SPL/Photo Researchers, Inc.
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■ Calcitonin (Miacalcin), the thyroid C-cell
hormone that slows osteoclast activity, is
used to treat advanced osteoporosis,

but traditionally it had to be injected
daily, a deterrent to patient compliance.

Now calcitonin is available in a more pa-
tient-friendly nasal spray (Fortical).

■ Raloxifene (Evista) belongs to a new class
of drugs known as selective estrogen re-

ceptor modulators (SERMs). Raloxifene
does not bind with estrogen receptors

in reproductive organs, but it does bind
with estrogen receptors outside the

■ The statins (for example, Lipitor) are an-
other group of drugs with some prom-
ise for treating osteoporosis. The statins

are already commonly used as
cholesterol-lowering agents. They also

stimulate osteoblast activity, promoting
bone formation and reducing the frac-

ture rate, which are side benefits to their
favorable cholesterol actions. They still

have not been approved specifically for
use in preventing bone loss.

■ ANGELS (activators of nongenomic
estrogen-like signaling) is a new class of

fects. Therefore, prevention is by far the

best approach to managing this disease.
Development of strong bones to begin

with before menopause through a good,
Ca2-rich diet and adequate exercise ap-

pears to be the best preventive measure. A
large reservoir of bone at midlife may delay

the clinical manifestations of osteoporosis
in later life. Continued physical activity

throughout life appears to retard or pre-
vent bone loss, even in the elderly.

It is well documented that osteoporosis
can result from disuse—that is, from re-
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reproductive system, such as in bone.
Through this selective receptor binding,

raloxifene mimics estrogen’s beneficial
effects on bone to provide protection

against osteoporosis by keeping osteo-
clasts in check while avoiding estrogen’s

potentially harmful effects on reproduc-
tive organs, such as increased risk of

breast cancer.

■ Teriparatide (Forteo) is the newest class
of osteoporosis drugs and the first ap-
proved treatment that stimulates bone

formation instead of acting to prevent
bone loss, as the other drugs do. Teripa-

ratide, which must be injected, is an ac-
tive fragment of parathyroid hormone

(PTH). Even though continuous expo-
sure to PTH, as with hyperparathyroid-

ism, increases osteoclast activity and
thereby promotes the breakdown of

bone, evidence suggests that, by con-
trast, intermittent administration of PTH

(or its active teriparatide fragment) in-
creases osteoblast formation and pro-

longs survival of these bone builders by
blocking osteoblast apoptosis.

osteoporosis drug under development.
Most of estrogen’s effects are brought

about by estrogen binding with its re-
ceptors in the target cell’s nucleus,

thereby turning on specific genes, just
as all steroids do (see p. 126). However,

scientists recently discovered that estro-
gen blocks apoptosis among osteoblasts

by using a different pathway. In this al-
ternative cytoplasmic-signaling pathway,

estrogen binds with a cytoplasmic re-
ceptor instead of binding with its nu-

clear receptor to bring about its effect.
Estren, the first ANGELS drug, triggers

estrogen’s cytoplasmic signaling path-
way to block osteoblast apoptosis. The

term ANGELS refers to activation of this
nongene pathway, by contrast to

SERMs, which trigger estrogen’s tradi-
tional nuclear gene pathway in bone.

Benefits of Exercise on Bone
Despite advances in osteoporosis therapy,
treatment is still often less than satisfactory,

and all the current therapeutic agents are
associated with some undesirable side ef-

duced mechanical loading of the skeleton.
Space travel has clearly shown that lack of

gravity results in a decrease in bone density.
Studies of athletes, by contrast, demonstrate

that weight-bearing physical activity in-
creases bone density. Within groups of ath-

letes, bone density correlates directly with
the load the bone must bear. If one looks at

athletes’ femurs (thigh bones), the greatest
bone density is found in weight lifters, fol-

lowed in order by throwers, runners, soccer
players, and finally swimmers. In fact, the

bone density of swimmers does not differ
from that of nonathletic controls. Swimming

does not place any strain on bones. The
bone density in the playing arm of male ten-

nis players has been found to be as much as
35% greater than in their other arm; female

tennis players have been found to have 28%
greater density in their playing arm than in

their other arm. One study found that very
mild activity in nursing-home patients,

whose average age was 82 years, not only
slowed bone loss but even resulted in bone

buildup over a 36-month period. Thus, exer-
cise is a good defense against osteoporosis.

pumps promote movement of Ca2, without the accompani-
ment of PO4 3, from the bone fluid into these cells, which in
turn transfer the Ca2 into the plasma within the central canal.
Thus, PTH stimulates the transfer of Ca2 from the bone fluid
across the osteocytic-osteoblastic bone membrane into the
plasma. Movement of Ca2 out of the labile pool across the
bone membrane accounts for the fast exchange between bone
and plasma (● Figure 19-24b). Because of the large surface area
of the osteocytic-osteoblastic membrane, small movements of
Ca2 across individual cells are amplified into large Ca2 fluxes
between the bone fluid and plasma.

After Ca2 is pumped out, the bone fluid is replenished
with Ca2 from the partially mineralized bone along the adja-
cent bone surface. Thus, the fast exchange of Ca2 does not
involve resorption of completely mineralized bone, and bone
mass is not decreased. Through this means, PTH draws Ca2

out of the “quick-cash branch” of the bone bank and rapidly
increases the plasma Ca2 level without actually entering the
bank (that is, without breaking down mineralized bone itself).
Nomally, this exchange is much more important for maintain-
ing plasma Ca2 concentration than is the slow exchange.
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PTH’s chronic effect is to promote localized
dissolution of bone to release Ca2 into plasma.

Under conditions of chronic hypocalcemia, such as may occur
with dietary Ca2 deficiency, PTH influences the slow ex-
change of Ca2 between bone itself and the ECF by promoting
actual localized dissolution of bone. It does so by acting on
osteoblasts, causing them to secrete RANKL, thereby indi-
rectly stimulating osteoclasts to gobble up bone and increas-
ing the formation of more osteoclasts while transiently inhib-
iting the bone-forming activity of osteoblasts. Bone contains
so much Ca2 compared to the plasma (more than 1000 times
as much) that even when PTH promotes increased bone re-

sorption, there are no immediate discernible effects on the
skeleton because such a tiny amount of bone is affected. Yet
the negligible amount of Ca2 “borrowed” from the bone bank
can be lifesaving in terms of restoring free plasma Ca2 level
to normal. The borrowed Ca2 is then redeposited in the bone
at another time when Ca2 supplies are more abundant.
Meanwhile, the plasma Ca2 level has been maintained with-
out sacrificing bone integrity. However, prolonged excess PTH
secretion over months or years eventually leads to the forma-
tion of cavities throughout the skeleton that are filled with
very large, overstuffed osteoclasts.

When PTH promotes dissolution of the Ca3(PO4)2 crystals
in bone to harvest their Ca2 content, both Ca2 and PO4 3 are
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released into the plasma. An elevation in plasma PO4 3 is unde-
sirable, but PTH deals with this dilemma by its actions on the
kidneys.

PTH acts on the kidneys to conserve Ca2

and eliminate PO4 3.

PTH promotes Ca2 conservation and PO4 3 elimination by the
kidneys during urine formation. Under the influence of PTH,
the kidneys can reabsorb more of the filtered Ca2, so less Ca2

escapes into urine. This effect in-
creases the plasma Ca2 level and de-
creases urinary Ca2 losses. (It would
be counterproductive to dissolve bone
to obtain more Ca2 only to lose it in
urine.) By contrast, PTH decreases
PO4 3 reabsorption, thus increasing
urinary PO4 3 excretion. As a result,
PTH reduces plasma PO4 3 levels at
the same time it increases plasma
Ca2 concentrations.

This PTH-induced removal of ex-
tra PO4 3 from the body fluids is es-
sential for preventing reprecipitation
of the Ca2 freed from bone. Because
of the solubility characteristics of
Ca3(PO4)2 salt, the product of the
plasma concentration of Ca2 times
the plasma concentration of PO4

3

must remain roughly constant. There-
fore, an inverse relationship exists be-
tween the plasma concentrations of
Ca2 and PO4 3; for example, when
the plasma PO4 3 level rises, some
plasma Ca2 is forced back into bone
through hydroxyapatite crystal for-
mation, reducing plasma Ca2 level
and keeping constant the calcium
phosphate product. This inverse rela-
tionship occurs because the concen-
trations of free Ca2 and PO4 3 ions
in the ECF are in equilibrium with the
bone crystals.

Recall that both Ca2 and PO4
3

are released from bone when PTH
promotes bone dissolution. Because
PTH is secreted only when plasma
Ca2 falls below normal, the released
Ca2 is needed to restore plasma Ca2

to normal, yet the released PO4
3

tends to raise plasma PO4 3 levels
above normal. If plasma PO4 3 levels
were allowed to rise above normal,
some of the released Ca2 would
have to be redeposited back in bone
along with the PO4 3 to keep the cal-
cium phosphate product constant.
This self-defeating redeposition of

Ca2 would lower plasma Ca2, just the opposite of the needed
effect. Therefore, PTH acts on the kidneys to decrease the
reabsorption of PO4 3 by the renal tubules. This increases uri-
nary excretion of PO4 3 and lowers its plasma concentration,
even though extra PO4 3 is being released from bone into the
blood.

The third important action of PTH on the kidneys (be-
sides increasing Ca2 reabsorption and decreasing PO4 3 re-
absorption) is to enhance the activation of vitamin D by the
kidneys.
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● FIGURE 19-24 Fast and slow exchanges of Ca2 across the osteocytic-osteoblastic
bone membrane. (a) Entombed osteocytes and surface osteoblasts are interconnected by long
cytoplasmic processes that extend from these cells and connect to one another within the cana-

liculi. This interconnecting cell network, the osteocytic-osteoblastic bone membrane, separates
the mineralized bone from the plasma in the central canal. Bone fluid lies between the mem-

brane and the mineralized bone. (b) Fast exchange of Ca2 between the bone and plasma is
accomplished by Ca2 pumps in the osteocytic-osteoblastic bone membrane that transport

Ca2 from the bone fluid into these bone cells, which transfer the Ca2 into the plasma. Slow ex-
change of Ca2 between the bone and plasma is accomplished by osteoclast dissolution of bone.
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PTH indirectly promotes absorption of Ca2

and PO4 3 by the intestine.
Although PTH has no direct effect on the intestine, it indirectly
increases both Ca2 and PO4 3 absorption from the small intes-
tine by helping activate vitamin D. This vitamin, in turn, di-
rectly increases intestinal absorption of Ca2 and PO4 3, a topic
we will discuss more thoroughly shortly.

The primary regulator of PTH secretion
is plasma concentration of free Ca2.
All the effects of PTH raise plasma Ca2 levels. Appropriately,
PTH secretion increases when plasma Ca2 falls and decreases
when plasma Ca2 rises. The secretory cells of the parathyroid
glands are directly and exquisitely sensitive to changes in free
plasma Ca2. Because PTH regulates plasma Ca2 concentra-
tion, this relationship forms a simple negative-feedback loop for
controlling PTH secretion without involving any nervous or
other hormonal intervention (● Figure 19-25).

Calcitonin lowers plasma Ca2 concentration
but is not important in the normal control
of Ca2 metabolism.
Calcitonin, the hormone produced by the C cells of the thy-
roid gland, also exerts an influence on plasma Ca2 levels.
Like PTH, calcitonin has two effects on bone, but in this case
both effects decrease plasma Ca2 levels. First, on a short-term
basis calcitonin decreases Ca2 movement from the bone fluid
into the plasma. Second, on a long-term basis calcitonin de-
creases bone resorption by inhibiting the activity of osteo-
clasts via the cAMP pathway. The suppression of bone resorp-
tion lowers plasma PO4 3 levels as well as reduces plasma
Ca2 concentration. Calcitonin also inhibits Ca2 and PO4

3

reabsorption from the nephron, further reinforcing its hypo-
calcemic and hypophosphatemic effects. Calcitonin has no
effect on the intestine.

As with PTH, the primary regulator of calcitonin release is
free plasma Ca2 concentration, but unlike with PTH, an in-
crease in plasma Ca2 stimulates calcitonin secretion and a fall
in plasma Ca2 inhibits calcitonin secretion (● Figure 19-25).
Because calcitonin reduces plasma Ca2 levels, this system con-
stitutes a second simple negative-feedback control over plasma
Ca2 concentration, one opposed to the PTH system.

Most evidence suggests, however, that calcitonin plays little
or no role in the normal control of Ca2 or PO4 3 metabolism.
Although calcitonin protects against hypercalcemia, this condi-
tion rarely occurs under normal circumstances. Moreover, nei-
ther thyroid removal nor calcitonin-secreting tumors alter cir-
culating levels of Ca2 or PO4 3, implying that this hormone is
not normally essential for maintaining Ca2 or PO4 3 homeo-
stasis. Calcitonin may, however, play a role in protecting skeletal
integrity when there is a large Ca2 demand, such as during
pregnancy or breast-feeding. Furthermore, some experts specu-
late that calcitonin may hasten the storage of newly absorbed
Ca2 following a meal.

Vitamin D is actually a hormone that increases
calcium absorption in the intestine.
The final factor involved in regulating Ca2 metabolism is
cholecalciferol, or vitamin D, a steroidlike compound essen-
tial for Ca2 absorption in the intestine. Strictly speaking, vi-
tamin D should be considered a hormone because the body
can produce it in the skin from a precursor related to choles-
terol (7-dehydrocholesterol) on exposure to sunlight. It is
subsequently released into the blood to act at a distant target
site, the intestine. The skin, therefore, is actually an endocrine
gland and vitamin D a hormone. Traditionally, however, this
chemical messenger has been considered a vitamin, for two
reasons. First, it was originally discovered and isolated from a
dietary source and tagged as a vitamin. Second, even though
the skin would be an adequate source of vitamin D if it were
exposed to sufficient sunlight, indoor dwelling and clothing in
response to cold weather and social customs preclude signifi-
cant exposure of the skin to sunlight in the United States and
many other parts of the world most of the time. At least part
of the essential vitamin D must therefore be derived from di-
etary sources.

ACTIVATION OF VITAMIN D Regardless of its source, vitamin D
is biologically inactive when it first enters the blood from
either the skin or the digestive tract. It must be activated by two
sequential biochemical alterations that involve the addition of
two hydroxyl (—OH) groups (● Figure 19-26). The first of
these reactions occurs in the liver and the second in the kid-
neys. The end result is production of the active form of vitamin
D, 1,25-(OH)2-vitamin D3, also known as calcitriol. The kidney
enzymes involved in the second step of vitamin D activation
are stimulated by PTH in response to a fall in plasma Ca2. To
a lesser extent, a fall in plasma PO4 3 also enhances the activa-
tion process.

FUNCTION OF VITAMIN D The most dramatic effect of activated
vitamin D is to increase Ca2 absorption in the intestine. Unlike

Plasma Ca2

Parathyroid glands

PTH Calcitonin

Thyroid C cells

Plasma Ca2

Plasma Ca2 Plasma Ca2

● FIGURE 19-25 Negative-feedback loops controlling para-
thyroid hormone (PTH) and calcitonin secretion.
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vitamin D exerts its effects by binding with
a nuclear vitamin D receptor, with this
complex regulating gene transcription in
the target cells by binding with the vitamin
D–response element in DNA.

PTH is principally responsible for
controlling Ca2 homeostasis because the
actions of vitamin D are too sluggish for it
to contribute substantially to the minute-
to-minute regulation of plasma Ca2 con-
centration. However, both PTH and vita-
min D are essential to Ca2 balance, the
process ensuring that, over the long term,
Ca2 input into the body is equivalent to
Ca2 output. When dietary Ca2 intake is
reduced, the resultant transient fall in
plasma Ca2 level stimulates PTH secre-

Precursor in skin
(7-dehydrocholesterol) Dietary vitamin D

Sunlight
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most dietary constituents, dietary Ca2 is not indiscriminately
absorbed by the digestive system. In fact, the majority of in-
gested Ca2 is typically not absorbed but is lost in the feces.
When needed, more dietary Ca2 is absorbed into the plasma
under the influence of vitamin D. Independently of its effects on
Ca2 transport, the active form of vitamin D also increases intes-
tinal PO4 3 absorption. Furthermore, vitamin D increases the
responsiveness of bone to PTH. Thus, vitamin D and PTH are
closely interdependent (● Figure 19-27). Like steroid hormones,

tion. The increased PTH has two effectsimportant for maintaining Ca2 balance:
(1) it stimulates Ca2 reabsorption by the
kidneys, thereby decreasing Ca2 output;
and (2) it activates vitamin D, which in-
creases the efficiency of uptake of ingested
Ca2. Because PTH also promotes bone
resorption, a substantial loss of bone min-
erals occurs if Ca2 intake is reduced for a
prolonged period, even though bone is
not directly involved in maintaining Ca2

input and output in balance.
Recent research indicates that vitamin

D’s functions are more far reaching than its
effects on uptake of ingested Ca2 and
PO4 3. Vitamin D, at higher blood concen-
trations than those sufficient to protect
bone, appears to bolster muscle strength
and is also an important force in energy
metabolism and immune health. It helps
thwart development of diabetes mellitus,
fights some types of cancer, and counters
autoimmune diseases like multiple sclerosis
by presently unknown mechanisms. Be-
cause of these newly found actions, scien-
tists and dieticians are reevaluating the rec-
ommended daily allowance (RDA) for
vitamin D in the diet, especially when suf-
ficient sun exposure is not possible. The
RDA will likely be bumped up, but what the
optimal value will be is yet to be deter-
mined by further study.

Phosphate metabolism is controlled
by the same mechanisms that regulate
Ca2 metabolism.
Intracellular PO4 3 is important in the high-energy phosphate
bonds of ATP, plays a key regulatory role in phosphorylating
designated proteins in second-messenger pathways, and helps
form the backbone of DNA molecules. Excreted PO4 3 is an im-

Vitamin D3

Hydroxyl group (OH)

Liver enzymes

25-OH-vitamin D3

Hydroxyl group

Plasma PO4
3

Kidney enzymes

1, 25-(OH)2-vitamin D3

(active vitamin D)

Promotes intestinal absorption
of Ca2 and PO4

3

PTH Plasma Ca2

● FIGURE 19-26 Activation of vitamin D.
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portant urinary buffer. In the ECF, plasma PO4 3 concentration
is not as tightly controlled as plasma Ca2 concentration. Phos-

Disorders in Ca2 metabolism
may arise from abnormal
levels of PTH or vitamin D.

The primary disorders that af-
fect Ca2 metabolism are too
much or too little PTH or a defi-

ciency of vitamin D.

PTH HYPERSECRETION Excess PTH
secretion, or hyperparathyroidism,
which is usually caused by a hyperse-
creting tumor in one of the parathy-
roid glands, is characterized by hyper-
calcemia and hypophosphatemia. The
affected individual can be asymptom-
atic or symptoms can be severe, de-
pending on the magnitude of the
problem. The following are among the
possible consequences:

■ Hypercalcemia reduces the excitabil-
ity of muscle and nervous tissue, leading
to muscle weakness and neurologic dis-
orders, including decreased alertness,
poor memory, and depression. Cardiac
disturbances may also occur.

■ Excessive mobilization of Ca2 and
PO4 3 from skeletal stores leads to thin-
ning of bone, which may result in skel-
etal deformities and increased inci-
dence of fractures.

■ An increased incidence of Ca2-
containing kidney stones occurs be-
cause the excess quantity of Ca2 being
filtered through the kidneys may pre-
cipitate and form stones. These stones

may impair renal function. Passage of the stones through the
ureters causes extreme pain. Because of these potential multiple
consequences, hyperparathyroidism has been called a disease of

Plasma Ca2

Parathyroid glands

PTH

Kidneys Bone

Intestine

Activation
of vitamin D

Mobilization of
Ca2 from bone

Absorption of
Ca2 in intestine

Urinary excretion
of Ca2
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● FIGURE 19-27 Interactions between PTH and vitamin D in controlling plasma
calcium.
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phate is regulated directly by vitamin D and indirectly by theplasma Ca2 PTH feedback loop. To illustrate, a fall in plasma
PO4 3 concentration exerts a twofold effect to help raise the cir-
culating PO4 3 level back to normal (● Figure 19-28). First, be-
cause of the inverse relationship between the PO4 3 and Ca2

concentrations in the plasma, a fall in plasma PO4 3 increases
plasma Ca2, which directly suppresses PTH secretion. In the
presence of reduced PTH, PO4 3 reabsorption by the kidneys
increases, returning plasma PO4 3 concentration toward normal.
Second, a fall in plasma PO4 3 also increases activation of vita-
min D, which then promotes PO4 3 absorption in the intestine.
This further helps alleviate the initial hypophosphatemia. Note
that these changes do not compromise Ca2 balance. Although
the increase in activated vitamin D stimulates Ca2 absorption
from the intestine, the concurrent fall in PTH produces a com-
pensatory increase in urinary Ca2 excretion because less of the
filtered Ca2 is reabsorbed. Therefore plasma Ca2 remains un-
changed while plasma PO4 3_ is being increased to normal.

“bones, stones, and abdominal groans.”
■ To further account for the “abdominal groans,” hypercalce-
mia can cause peptic ulcers, nausea, and constipation.

PTH HYPOSECRETION Because of the parathyroid glands’ close
anatomic relation to the thyroid, the most common cause of
deficient PTH secretion, or hypoparathyroidism, used to be
inadvertent removal of the parathyroid glands (before doctors
knew about their existence) during surgical removal of the thy-
roid gland (to treat thyroid disease). If all the parathyroid tissue
was removed, these patients died, of course, because PTH is
essential for life. Physicians were puzzled why some patients
died soon after thyroid removal but others did not. Now that
the location and importance of the parathyroid glands are
known, surgeons are careful to leave parathyroid tissue during
thyroid removal. Rarely, PTH hyposecretion results from an
autoimmune attack against the parathyroid glands.
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Hypoparathyroidism leads to hypocalcemia and hyperphos-
phatemia. The symptoms are mainly caused by increased neuro-
muscular excitability from the reduced level of free plasma Ca2.
In the complete absence of PTH, death is imminent. With a
relative deficiency of PTH, milder symptoms of increased neu-
romuscular excitability become evident. Muscle cramps and
twitches occur from spontaneous activity in the motor nerves,
whereas tingling and pins-and-needles sensations result from
spontaneous activity in the sensory nerves. Mental changes in-
clude irritability and paranoia.

VITAMIN D DEFICIENCY The major consequence of vitamin D
deficiency is impaired intestinal absorption of Ca2. In the face
of reduced Ca2 uptake, PTH maintains the plasma Ca2 level at

the expense of the bones.
As a result, the bone ma-
trix is not properly miner-
alized, because Ca2 salts
are not available for depo-
sition. The demineralized
bones become soft and
deformed, bowing under
the pressures of weight
bearing, especially in chil-
dren. This condition is
known as rickets in chil-
dren and osteomalacia in
adults (● Figure 19-29).
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● FIGURE 19-28 Control of plasma phosphate.

● FIGURE 19-29 Rickets.
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Chapter in Perspective:
Focus on Homeostasis

A number of peripherally located endocrine glands play key
roles in maintaining homeostasis, primarily by means of their
regulatory influences over the rate of various metabolic reac-
tions and over electrolyte balance. These endocrine glands all
secrete hormones in response to specific stimuli. The hor-
mones, in turn, exert effects that act in negative-feedback
fashion to resist the change that induced their secretion, thus
maintaining stability in the internal environment. The specific
contributions of the peripheral endocrine glands to homeosta-
sis include the following:

■ Two closely related hormones secreted by the thyroid
gland, tetraiodothyronine (T4) and tri-iodothyronine (T3), in-
crease the overall metabolic rate. Not only does this action in-
fluence the rate at which cells use nutrient molecules and O2

within the internal environment, but it also produces heat,
which helps maintain body temperature.

■ The adrenal cortex secretes three classes of hormones. Al-
dosterone, the primary mineralocorticoid, is essential for Na
and K balance. Because of Na ’s osmotic effect, Na balance
is critical to maintaining the proper ECF volume and arterial
blood pressure. This action is essential for life. Without aldoste-
rone’s Na - and H2O-conserving effect, so much plasma vol-
ume would be lost in the urine that death would quickly en-
sue. Maintaining K balance is essential for homeostasis
because changes in extracellular K profoundly impact neuro-
muscular excitability, jeopardizing normal heart function,
among other detrimental effects.

■ Cortisol, the primary glucocorticoid secreted by the adre-
nal cortex, increases the plasma concentrations of glucose,
fatty acids, and amino acids above normal. Although these ac-
tions destabilize the concentrations of these molecules in the
internal environment, they indirectly contribute to homeosta-
sis by making the molecules readily available as energy sources
or building blocks for tissue repair to help the body adapt to
stressful situations.

■ The sex hormones secreted by the adrenal cortex do not
contribute to homeostasis.

■ The major hormone secreted by the adrenal medulla, epi-
nephrine, generally reinforces activities of the sympathetic ner-
vous system. It contributes to homeostasis directly by its role
in blood pressure regulation. Epinephrine also contributes to
homeostasis indirectly by helping prepare the body for peak
physical responsiveness in fight-or-flight situations. This in-
cludes increasing the plasma concentrations of glucose and
fatty acids above normal, which provides additional energy
sources for increased physical activity.

■ The two major hormones secreted by the endocrine pan-
creas, insulin and glucagon, are important in shifting meta-
bolic pathways between the absorptive and postabsorptive
states, which maintains the appropriate plasma levels of nutri-
ent molecules.

■ Parathyroid hormone from the parathyroid glands is critical
to maintaining plasma concentration of Ca2. PTH is essential
for life because of Ca2’s effect on neuromuscular excitability. In
the absence of PTH, death rapidly occurs from asphyxiation
caused by pronounced spasms of the respiratory muscles.

REVIEW EXERCISES

Objective Questions (Answers on p. A-55)
1. The response to thyroid hormone is detectable within a

few minutes after its secretion. (True or false?)

2. “Male” sex hormones are produced in both males and fe-
males by the adrenal cortex. (True or false?)

3. Adrenal androgen hypersecretion is caused by a deficit of
an enzyme crucial to cortisol synthesis. (True or false?)

4. Excess glucose and amino acids as well as fatty acids can
be stored as triglycerides. (True or false?)

5. Insulin is the only hormone that can lower blood glucose
levels. (True or false?)

6. The most life-threatening consequence of hypocalcemia is
reduced blood clotting. (True or false?)

7. All ingested Ca2 is indiscriminately absorbed in the intes-
tine. (True or false?)

8. The Ca3(PO4)2 bone crystals form a labile pool from which
Ca2 can rapidly be extracted under the influence of PTH.
(True or false?)

9. The lumen of the thyroid follicle is filled with _____, the
chief constituent of which is a large protein molecule
known as _____.

10. _____ is the conversion of glucose into glycogen. _____ is
the conversion of glycogen into glucose. _____ is the con-
version of amino acids into glucose.

11. The three major tissues that do not depend on insulin for
their glucose uptake are _____, _____, and _____.

12. The three compartments with which ECF Ca2 is ex-
changed are _____, _____, and _____.

13. Among the bone cells, _____ are bone builders, _____ are
bone dissolvers, and _____ are entombed.

14. Which of the following hormones does not exert a direct
metabolic effect?
a. epinephrine d. cortisol
b. growth hormone e. thyroid hormone
c. aldosterone
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15. Which of the following are characteristic of the postab-
sorptive state? (Indicate all that apply.)
a. glycogenolysis
b. gluconeogenesis
c. lipolysis
d. glycogenesis
e. protein synthesis

Essay Questions
1. Describe the steps of thyroid hormone synthesis.

2. What are the effects of T3 and T4? Which is the more po-
tent? What is the source of most circulating T3?

3. Describe the regulation of thyroid hormone.

4. Discuss the causes and symptoms of both hypothyroidism
and hyperthyroidism. For each cause, indicate whether or
not a goiter occurs, and explain why.

5. What hormones are secreted by the adrenal cortex? What
are the functions and control of each of these hormones?

8. Define stress. Describe the neural and hormonal responses
to a stressor.

9. Define fuel metabolism, anabolism, and catabolism.

10. Indicate the primary circulating form and storage form of
each of the three classes of organic nutrients.

11. Distinguish between the absorptive and postabsorptive
states with regard to the handling of nutrient molecules.

12. Name the two major cell types of the islets of Langerhans,
and indicate the hormonal product of each.

13. Compare the functions and control of insulin secretion
with those of glucagon secretion.

14. What are the consequences of diabetes mellitus? Distin-
guish between Type 1 and Type 2 diabetes mellitus.

15. Why must plasma Ca2 be closely regulated?

16. Explain how osteoblasts influence osteoclast function.

17. Discuss the contributions of parathyroid hormone, calcito-
nin, and vitamin D to Ca2 metabolism. Describe the

f. triglyceride synthesis
g. protein degradation
h. increased insulin secretion
i. increased glucagon secretion
j. glucose sparing
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6. Discuss the causes and symptoms of each type of adreno-
cortical dysfunction.

7. What is the relationship of the adrenal medulla to the
sympathetic nervous system? What are the functions of
epinephrine? How is epinephrine release controlled?

source and control of each of these hormones.
18. Discuss the major disorders in Ca2 metabolism.

POINTS TO PONDER

(Explanations on p. A-55)
1. Iodine is naturally present in salt water and is abundant in

soil along coastal regions. Fish and shellfish living in the
ocean and plants grown in coastal soil take up iodine
from their environment. Fresh water does not contain io-
dine, and the soil becomes more iron poor the farther in-
land it is. Knowing this, explain why the midwestern
United States was once known as an endemic goiter belt.
Why is this region no longer an endemic goiter belt even
though the soil is still iodine poor?

2. Why do doctors recommend that people who are allergic
to bee stings and thus are at risk for anaphylactic shock
(see p. 453) carry a vial of epinephrine for immediate in-
jection in case of a sting?

3. Why would an infection tend to raise the blood glucose
level of a diabetic individual?

4. Tapping the facial nerve at the angle of the jaw in a pa-
tient with moderate hyposecretion of a particular hor-

mone elicits a characteristic grimace on that side of the
face. What endocrine abnormality could give rise to this
so-called Chvostek’s sign?

5. Soon after a technique to measure plasma Ca2 levels was
developed in the 1920s, physicians observed that hypercal-
cemia accompanied a broad range of cancers. Early re-
searchers proposed that malignancy-associated hypercalce-
mia arose from metastatic (see p. 447) tumor cells that
invaded and destroyed bone, releasing Ca2 into the blood.
This conceptual framework was overturned when physicians
noted that hypercalcemia often appeared in the absence of
bone lesions. Furthermore, cancer patients often manifested
hypophosphatemia in addition to hypercalcemia. This find-
ing led investigators to suspect that the tumors might be
producing a PTH-like substance. Explain how they reached
this conclusion. In 1987, this substance was identified and
named parathyroid hormonerelated peptide (PTHrP),
which binds to and activates PTH receptors.

(Explanation on p. A-56)
Najma G. sought medical attention after her menstrual peri-
ods ceased and she started growing excessive facial hair. Also,
she had been thirstier than usual and urinated more fre-

quently. A clinical evaluation revealed that Najma was hyper-
glycemic. Her physician told her that she had an endocrine
disorder dubbed “diabetes of bearded ladies.” What underly-
ing defect do you think is responsible for Najma’s condition?

CLINICAL CONSIDERATION
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Reproductive System

Body systems
maintain homeostasis

Homeostasis is
essential for
survival of cells

Cells make up
body systems

Homeostasis

Cells

The reproductive system does not
contribute to homeostasis but is

essential for perpetuation of the species.
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Normal functioning of the reproductive system is not
aimed toward homeostasis and is not necessary for survival of
an individual, but it is essential for survival of the species. Only

through reproduction can the complex genetic blueprint of
each species survive beyond the lives of individual members of
the species.
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Uniqueness of the
Reproductive System
The central theme of this book has been the physiologic pro-
cesses aimed at maintaining homeostasis to ensure survival of
the individual. We are now going to disengage from this theme
to discuss the reproductive system, which serves primarily the
purpose of perpetuating the species.

Unique among body systems, the reproductive
system does not contribute to homeostasis
but exerts other important effects.
Even though the reproductive system does not contribute to
homeostasis and is not essential for survival of an individual, it
still plays an important role in a person’s life. For example, the
manner in which people relate as sexual beings contributes in
significant ways to psychosocial behavior and has important
influences on how people view themselves and how they interact
with others. Reproductive function also has a profound effect on
society. The universal organization of societies into family units
provides a stable environment that is conducive for perpetuating
our species. On the other hand, the population explosion and its
resultant drain on dwindling resources have led to worldwide
concern with the means by which reproduction can be limited.

Reproductive capability depends on intricate relationships
among the hypothalamus, anterior pituitary, reproductive organs,
and target cells of the sex hormones. These relationships employ
many of the regulatory mechanisms used by other body systems
for maintaining homeostasis, such as negative-feedback control.
In addition to these basic biological processes, sexual behavior and
attitudes are deeply influenced by emotional factors and the socio-
cultural mores of the society in which the individual lives. We will
concentrate on the basic sexual and reproductive functions that
are under nervous and hormonal control and will not examine the
psychological and social ramifications of sexual behavior.

The reproductive system includes the gonads,
reproductive tract, and accessory sex glands,
all of which are different in males and females.
Reproduction depends on the union of male and female gam-
etes (reproductive, or germ, cells), each with a half set of
chromosomes, to form a new individual with a full, unique set

Uniqueness of the Reproductive System
Unique among body systems: no contribution to
homeostasis

Unique anatomy of the reproductive systems between
the sexes

Unique sex determination and sexual differentiation
between males and females

Male Reproductive Physiology
Scrotal location of the testes

Testosterone secretion

Spermatogenesis

Puberty

Male reproductive tract

Male accessory sex glands

Prostaglandins

Sexual Intercourse between Males and Females
Male sex act

Female sex act

Female Reproductive Physiology
Ovarian function

Menstrual cycle

Puberty; menopause

Fertilization

Implantation; placentation

Gestation

Parturition

Lactation
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of chromosomes. Unlike the other body systems, which are es-
sentially identical in the two sexes, the reproductive systems of
males and females are markedly different, befitting their differ-
ent roles in the reproductive process. The male and female re-
productive systems are designed to enable union of genetic
material from the two sexual partners, and the female system is
equipped to house and nourish the offspring to the develop-
mental point at which it can survive independently in the exter-
nal environment.

The primary reproductive organs, or gonads, consist of a
pair of testes in the male and a pair of ovaries in the female. In
both sexes, the mature gonads perform the dual function of
(1) producing gametes (gametogenesis), that is, spermatozoa
(sperm) in the male and ova (eggs) in the female; and (2) se-
creting sex hormones, specifically, testosterone in males and
estrogen and progesterone in females.

In addition to the gonads, the reproductive system in each
sex includes a reproductive tract encompassing a system of
ducts that are specialized to transport or house the gametes af-
ter they are produced, plus accessory sex glands that empty
their supportive secretions into these passageways. In females,
the breasts are also considered accessory reproductive organs.
The externally visible portions of the reproductive system are
known as external genitalia.

SECONDARY SEXUAL CHARACTERISTICS The secondary sexual
characteristics are the many external characteristics not di-
rectly involved in reproduction that distinguish males and fe-
males, such as body configuration and hair distribution. In
humans, for example, males have broader shoulders, whereas
females have curvier hips; and males have beards, whereas fe-
males do not. Testosterone in the male and estrogen in the fe-
male govern the development and maintenance of these charac-
teristics. Progesterone has no influence on secondary sexual
characteristics. Even though growth of axillary and pubic hair
at puberty is promoted in both sexes by androgens—testosterone
in males and adrenocortical dehydroepiandrosterone in females
(see p. 702)—this hair growth is not a secondary sexual charac-
teristic, because both sexes display this feature. Thus, testoster-
one and estrogen alone govern the nonreproductive distin-
guishing features.

In some species, the secondary sexual characteristics are of
great importance in courting and mating behavior; for example,
the rooster’s headdress or comb attracts the female’s attention,
and the stag’s antlers are useful to ward off other males. In hu-
mans, the differentiating marks between males and females do
serve to attract the opposite sex, but attraction is also strongly
influenced by the complexities of human society and cultural
behavior.

OVERVIEW OF MALE REPRODUCTIVE FUNCTIONS AND ORGANS

The essential reproductive functions of the male are as follows:

1. Production of sperm (spermatogenesis)

2. Delivery of sperm to the female

The sperm-producing organs, the testes, are suspended out-
side the abdominal cavity in a skin-covered sac, the scrotum,

which lies within the angle between the legs. The male reproduc-
tive system is designed to deliver sperm to the female reproduc-
tive tract in a liquid vehicle, semen, which is conducive to sperm
viability. The major male accessory sex glands, whose secretions
provide the bulk of the semen, are the seminal vesicles, prostate
gland, and bulbourethral glands (● Figure 20-1). The penis is the
organ used to deposit semen in the female. Sperm exit each testis
through the male reproductive tract, consisting on each side of
an epididymis, ductus (vas) deferens, and ejaculatory duct. These
pairs of reproductive tubes empty into a single urethra, the canal
that runs the length of the penis and empties to the exterior.
These parts of the male reproductive system are described more
thoroughly later when their functions are discussed.

OVERVIEW OF FEMALE REPRODUCTIVE FUNCTIONS AND

ORGANS The female’s role in reproduction is more complicated
than the male’s. The essential female reproductive functions
include the following:

1. Production of ova (oogenesis)

2. Reception of sperm

3. Transport of the sperm and ovum to a common site for
union (fertilization, or conception)

4. Maintenance of the developing fetus until it can survive in the
outside world (gestation, or pregnancy), including formation of
the placenta, the organ of exchange between mother and fetus

5. Giving birth to the baby (parturition)

6. Nourishing the infant after birth by milk production
(lactation)

The product of fertilization is known as an embryo during
the first two months of intrauterine development when tissue
differentiation is taking place. Beyond this time, the developing
living being is recognizable as human and is known as a fetus
during the remainder of gestation. Although no further tissue
differentiation takes place during fetal life, it is a time of tre-
mendous tissue growth and maturation.

The ovaries and female reproductive tract lie within the
pelvic cavity (● Figure 20-2a and b). The female reproductive
tract consists of the following components. Two oviducts
(uterine, or Fallopian tubes), which are in close association
with the two ovaries, pick up ova on ovulation (ovum release
from an ovary) and serve as the site for fertilization. The thick-
walled, hollow uterus is primarily responsible for maintaining
the fetus during its development and expelling it at the end of
pregnancy. The vagina is a muscular, expandable tube that con-
nects the uterus to the external environment. The lowest por-
tion of the uterus, the cervix, projects into the vagina and con-
tains a single, small opening, the cervical canal. Sperm are
deposited in the vagina by the penis during sexual intercourse.
The cervical canal serves as a pathway for sperm through the
uterus to the site of fertilization in the oviduct and, when
greatly dilated during parturition, serves as the passageway for
delivery of the baby from the uterus.

The vaginal opening is located in the perineal region be-
tween the urethral opening anteriorly and the anal opening
posteriorly (● Figure 20-2c). It is partially covered by a thin
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mucous membrane, the hymen, which typically is physically
disrupted by the first sexual intercourse. The vaginal and ure-
thral openings are surrounded laterally by two pairs of skin
folds, the labia minora and labia majora. The smaller labia
minora are located medially to the more prominent labia ma-
jora. The externally visible part of the clitoris, an erotic struc-
ture composed of tissue similar to that of the penis, lies at the
anterior end of the folds of the labia minora. The female exter-
nal genitalia are collectively referred to as the vulva.

Reproductive cells each contain a half set
of chromosomes.
The DNA molecules that carry the cell’s genetic code are not ran-
domly crammed into the nucleus but are precisely organized into
chromosomes (see p. A-19). Each chromosome consists of a dif-

ferent DNA molecule that contains a unique set of genes. Somatic
(body) cells contain 46 chromosomes (the diploid number),
which can be sorted into 23 pairs on the basis of various distin-
guishing features. Chromosomes composing a matched pair are
termed homologous chromosomes, one member of each pair
having been derived from the individual’s maternal parent and the
other member from the paternal parent. Gametes (that is, sperm
and eggs) contain only one member of each homologous pair for
a total of 23 chromosomes (the haploid number).

Gametogenesis is accomplished by meiosis,
resulting in genetically unique sperm and ova.
Most cells in the human body have the ability to reproduce
themselves, a process important in growth, replacement, and
repair of tissues. Cell division involves two components: division
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(b) Posterior view of the reproductive organs● FIGURE 20-1 The male reproductive system.
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Oviduct

Ovary

Fimbriae

Uterus

Urinary
bladder

Pubic
bone

Urethra

External part
of clitoris

Labia
minora

Labia
majora

Oviduct

Endometrium

Myometrium

Anus

Vagina

Rectum

Cervix

Vertebral column

Cervical canal

Uterus

Ovary

Ovarian vessels

Fimbriae

Clitoris



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

https://translate.googleusercontent.com/translate_f 69/73

Translating...

744 Chapter 20

(b) Posterior view of the reproductive organs

(c) Perineal view of the external genitalia
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● FIGURE 20-2 The female reproductive system.
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of the nucleus and division of the cytoplasm. Nuclear division
in somatic cells is accomplished by mitosis. In mitosis, the
chromosomes replicate (make duplicate copies of themselves);
then the identical chromosomes are separated so that a com-
plete set of genetic information (that is, a diploid number of
chromosomes) is distributed to each of the two new daughter
cells. Nuclear division in the specialized case of gametes is ac-
complished by meiosis, in which only a half set of genetic infor-
mation (that is, a haploid number of chromosomes) is distrib-
uted to each of four new daughter cells (see p. A-30).

During meiosis, a specialized diploid germ cell undergoes
one chromosome replication followed by two nuclear divisions.
In the first meiotic division, the replicated chromosomes do not
separate into two individual, identical chromosomes but re-
main joined. The doubled chromosomes sort themselves into
homologous pairs, and the pairs separate so that each of two
daughter cells receives a half set of doubled chromosomes. Dur-
ing the second meiotic division, the doubled chromosomes
within each of the two daughter cells separate and are distrib-
uted into two cells, yielding four daughter cells, each containing
a half set of chromosomes, a single member of each pair. Dur-
ing this process, the maternally and paternally derived chromo-
somes of each homologous pair are distributed to the daughter
cells in random assortments containing one member of each
chromosome pair without regard for its original derivation.
That is, not all of the mother-derived chromosomes go to one
daughter cell and the father-derived chromosomes to the other
cell. More than 8 million (223) different mixtures of the 23 pa-
ternal and maternal chromosomes are possible. This genetic
mixing provides novel combinations of chromosomes. Crossing-
over contributes even further to genetic diversity. Crossing-over
refers to the physical exchange of chromosome material be-
tween the homologous pairs prior to their separation during the
first meiotic division (see p. A-31).

Thus, sperm and ova each have a unique haploid number of
chromosomes. When fertilization takes place, a sperm and
ovum fuse to form the start of a new individual with 46 chro-
mosomes, one member of each chromosomal pair having been
inherited from the mother and the other member from the fa-
ther (● Figure 20-3).

The sex of an individual is determined
by the combination of sex chromosomes.
Whether individuals are destined to be males or females is a
genetic phenomenon determined by the sex chromosomes they
possess. As the 23 chromosome pairs are separated during
meiosis, each sperm or ovum receives only one member of each
chromosome pair. Of the chromosome pairs, 22 are autosomal
chromosomes that code for general human characteristics as
well as for specific traits such as eye color. The remaining pair
of chromosomes consists of the sex chromosomes, of which
there are two genetically different types—a larger X chromo-
some and a smaller Y chromosome.

Sex determination depends on the combination of sex
chromosomes: Genetic males have both an X and a Y sex chro-
mosome; genetic females have two X sex chromosomes. Thus,
the genetic difference responsible for all the anatomic and func-

tional distinctions between males and females is the single Y
chromosome. Males have it; females do not.

As a result of meiosis during gametogenesis, all chromo-
some pairs are separated so that each daughter cell contains
only one member of each pair, including the sex chromosome
pair. When the XY sex chromosome pair separates during
sperm formation, half the sperm receive an X chromosome and
the other half a Y chromosome. In contrast, during oogenesis,
every ovum receives an X chromosome because separation of
the XX sex chromosome pair yields only X chromosomes. Dur-
ing fertilization, combination of an X-bearing sperm with an
X-bearing ovum produces a genetic female, XX, whereas union
of a Y-bearing sperm with an X-bearing ovum results in a ge-
netic male, XY. Thus, genetic sex is determined at the time of
conception and depends on which type of sex chromosome is
contained within the fertilizing sperm.

Sexual differentiation along male or female
lines depends on the presence or absence
of masculinizing determinants.
Differences between males and females exist at three levels: ge-
netic, gonadal, and phenotypic (anatomic) sex (● Figure 20-4).

Parents with diploid
(46-chromosome) somatic cells

Mother Father

Meiotic division
of germ cells

Meiotic division
of germ cells

Haploid
(23-chromosome) sperm

Haploid
(23-chromosome) ovum

Fertilization

Diploid (46-chromosome)
fertilized ovum

Mitosis

Offspring with diploid
(46-chromosome) somatic cells

● FIGURE 20-3 Chromosomal distribution in sexual repro-
duction.
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X

X

Y

Ovum with X sex chromosome

Sperm with Y sex chromosome Sperm with X sex chromosome

Embryo with XY sex chromosomes Embryo with XX sex chromosomes

Sex-determining region of Y
chromosome (SRY) codes for
production of testis-determining
factor (TDF)

TDF directs differentiation
of gonads into testes

Testes secrete testosterone and
Müllerian-inhibiting factor

Testosterone

Dihydrotestosterone
Degeneration of
Müllerian ducts

Mü llerian-inhibiting factor

MALE FEMALE

TESTES OVARIES

MALE REPRODUCTIVE
TRACT AND EXTERNAL

GENITALIA

FEMALE REPRODUCTIVE
TRACT AND EXTERNAL

GENITALIA

No Y chromosome, so no SRY
and no TDF

With no TDF, undifferentiated
gonads develop into ovaries

No testosterone or Müllerian-
inhibiting factor secreted

Absence of Müllerian-
inhibiting factor

Absence of testosterone

Degeneration of
Wolffian ducts

Development of Müllerian
ducts into female
reproductive tract (e.g.,
oviducts, uterus)

Development of undifferen-
tiated external genitalia
along female lines (e.g.,
clitoris, labia)

Promotes development of
undifferentiated external
genitalia along male lines
(e.g., penis, scrotum)

Transforms Wolffian ducts
into male reproductive tract
(e.g., epididymis, ductus
deferens, ejaculatory duct,
seminal vesicles)

Converted to

Fertilized byFertilized by

(a) Male sex determination and sexual differentiation (b) Female sex determination and sexual differentiation

Genetic sex:
depends on
combination of sex
chromosomes

1

Gonadal sex:
determined by
presence or
absence of SRY
gene

2

Phenotypic sex:
determined by presence or
absence of masculinizing
hormones

3

● FIGURE 20-4 Sex determination and sexual differentiation.
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GENETIC AND GONADAL SEX Genetic sex, which depends on
the combination of sex chromosomes at the time of conception,
in turn determines gonadal sex, that is, whether testes or ova-
ries develop. The presence or absence of a Y chromosome deter-
mines gonadal differentiation. For the first month and a half of
gestation, all embryos have the potential to differentiate along
either male or female lines because the developing reproductive
tissues of both sexes are identical and indifferent. Gonadal
specificity appears during the seventh week of intrauterine life
when the indifferent gonadal tissue of a genetic male begins to
differentiate into testes under the influence of the sex-
determining region of the Y chromosome (SRY), the single
gene responsible for sex determination. This gene triggers a
chain of reactions that leads to physical development of a male.
SRY “masculinizes” the gonads by coding for production of
testis-determining factor (TDF) (also known as SRY protein)
within primitive gonadal cells. TDF directs a series of events
that leads to differentiation of the gonads into testes.

Because genetic females lack the SRY gene and conse-

and more or less completely covers the glans penis. In females,
the urethral folds and genital swellings do not fuse at midline
but develop instead into the labia minora and labia majora,
respectively. The urethral groove remains open, providing ac-
cess to the interior through both the urethral opening and the
vaginal opening.

SEXUAL DIFFERENTIATION OF THE REPRODUCTIVE TRACT Al-
though the male and female external genitalia develop from the
same undifferentiated embryonic tissue, this is not the case with
the reproductive tracts. Two primitive duct systems—the
Wolffian ducts and the Müllerian ducts—develop in all em-
bryos. In males, the reproductive tract develops from the Wolff-
ian ducts and the Müllerian ducts degenerate, whereas in fe-
males the Müllerian ducts differentiate into the reproductive
tract and the Wolffian ducts regress (● Figure 20-6). Because
both duct systems are present before sexual differentiation oc-
curs, the early embryo has the potential to develop either a male
or a female reproductive tract.
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quently do not produce TDF, their gonadal cells never receive a
signal for testes formation, so by default during the ninth week
the undifferentiated gonadal tissue starts developing into ova-
ries instead.

PHENOTYPIC SEX Phenotypic sex, the apparent anatomic sex
of an individual, is hormonally mediated and depends on the
genetically determined gonadal sex. The term sexual differen-
tiation refers to the embryonic development of the external
genitalia and reproductive tract along either male or female
lines. As with the undifferentiated gonads, embryos of both
sexes have the potential to develop either male or female exter-
nal genitalia and reproductive tracts. Differentiation into a
male-type reproductive system is induced by androgens, which
are masculinizing hormones secreted by the developing testes.
Testosterone is the most potent androgen. The absence of these
testicular hormones in female fetuses results in the develop-
ment of a female-type reproductive system. By 10 to 12 weeks
of gestation, the sexes can easily be distinguished by the ana-
tomic appearance of the external genitalia.

SEXUAL DIFFERENTIATION OF THE EXTERNAL GENITALIA Male
and female external genitalia develop from the same embry-
onic tissue. In both sexes, the undifferentiated external geni-
tals consist of a genital tubercle, paired urethral folds sur-
rounding a urethral groove, and, more laterally, genital
(labioscrotal) swellings (● Figure 20-5). The genital tubercle
gives rise to exquisitely sensitive erotic tissue—in males the
glans penis (the cap at the distal end of the penis) and in fe-
males the glans clitoris. The major distinctions between the
glans penis and glans clitoris are the smaller size of the glans
clitoris and the penetration of the glans penis by the urethral
opening. The urethra is the tube through which urine is trans-
ported from the bladder to the outside and also serves in
males as a passageway for exit of semen through the penis to
the outside. In males, the urethral folds fuse around the ure-
thral groove to form the penis, which encircles the urethra.
The genital swellings similarly fuse to form the scrotum and
prepuce, a fold of skin that extends over the end of the penis

Development of the reproductive tract along male or female
lines is determined by the presence or absence of two hormones
secreted by two different cell types in the fetal testes—testosterone
produced by the newly developed Leydig cells and Müllerian-
inhibiting factor (also known as anti-Müllerian hormone), pro-
duced by the early Sertoli cells (see ● Figure 20-4). A hormone
released by the placenta, human chorionic gonadotropin, is the
stimulus for this early testicular secretion. Testosterone induces
development of the Wolffian ducts into the male reproductive
tract (epididymis, ductus deferens, and seminal vesicles). This
hormone, after being converted into dihydrotestosterone
(DHT), is also responsible for differentiating the external genita-
lia into the penis and scrotum. Meanwhile, Müllerian-inhibiting
factor causes regression of the Müllerian ducts.

In the absence of testosterone and Müllerian-inhibiting fac-
tor in females, the Wolffian ducts regress, the Müllerian ducts
develop into the female reproductive tract (oviducts, uterus,
and upper part of vagina), and the external genitalia differenti-
ate into the clitoris and labia.

Note that the undifferentiated embryonic reproductive tis-
sue passively develops into a female structure unless actively
acted on by masculinizing factors. In the absence of male tes-
ticular hormones, a female reproductive tract and external
genitalia develop regardless of the genetic sex of the individual.
For feminization of the fetal genital tissue, ovaries do not even
need to be present. Such a control pattern for determining
sexual differentiation is appropriate, considering that fetuses of
both sexes are exposed to high concentrations of female sex
hormones throughout gestation. If female sex hormones influ-
enced the development of the reproductive tract and external
genitalia, all fetuses would be feminized.

ERRORS IN SEXUAL DIFFERENTIATION Genetic sex and
phenotypic sex are usually compatible; that is, a genetic
male anatomically appears to be a male and functions as

a male, and the same compatibility holds true for females. Oc-
casionally, however, discrepancies occur between genetic and
anatomic sexes because of errors in sexual differentiation, as the
following examples illustrate:
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■

(a) Undifferentiated genitalia

(b) Male genitalia (c) Female genitalia

KEY

Genital tubercle
Urethral folds
Genital swellings

Genital tubercle

Developing penis

Urethral fold
(partially fused)

Genital
(scrotal) swelling

Urethral folds

Genital swellings

Anal opening

At 10 weeks

At 7 weeks

Near term

At 10 weeks

Urethral opening

Developing clitoris

Urethral fold

Genital
(labial) swelling

Glans clitoris

Labia minora

Urethral opening

Vagina

Labia majora

Anus

Glans penis

Prepuce

Shaft of penis

Scrotum

Anus

● FIGURE 20-5 Sexual differentiation of the external genitalia.
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If testes in a genetic male fail to properly differentiate andsecrete hormones, the result is the development of an appar-
ent anatomic female in a genetic male, who, of course, will be
sterile. Similarly, genetic males whose target cells lack recep-
tors for testosterone are feminized, even though their testes
secrete adequate testosterone (see p. 666, testicular feminiza-
tion syndrome).
■ Because testosterone acts on the Wolffian ducts to convert
them into a male reproductive tract but the testosterone deriva-
tive DHT is responsible for masculinization of the external
genitalia, a genetic deficiency of the enzyme that converts tes-
tosterone into DHT results in a genetic male with testes and a
male reproductive tract but with female external genitalia.
■ The adrenal gland normally secretes a weak androgen, dehy-
droepiandrosterone, in insufficient quantities to masculinize fe-
males. However, pathologically excessive secretion of this hor-
mone in a genetically female fetus during critical developmental

stages imposes differentiation of the reproductive tract andgenitalia along male lines (see adrenogenital syndrome, p. 704).

Sometimes these discrepancies between genetic sex and
apparent sex are not recognized until puberty, when the dis-
covery produces a psychologically traumatic gender identity
crisis. For example, a masculinized genetic female with ovaries
but with male-type external genitalia may be reared as a boy
until puberty, when breast enlargement (caused by estrogen
secretion by the awakening ovaries) and lack of beard growth
(caused by lack of testosterone secretion in the absence of tes-
tes) signal an apparent problem. Therefore, it is important to
diagnose any problems in sexual differentiation in infancy.
Once a sex has been assigned, it can be reinforced, if necessary,
with surgical and hormonal treatment so that psychosexual
development can proceed as normally as possible. Less dra-
matic cases of inappropriate sexual differentiation often appear
as sterility problems.
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Male Reproductive Physiology
In the embryo, the testes develop from the gonadal ridge located
at the rear of the abdominal cavity. In the last months of fetal life,
they begin a slow descent, passing out of the abdominal cavity
through the inguinal canal into the scrotum, one testis drop-
ping into each pocket of the scrotal sac. Testosterone from the
fetal testes induces descent of the testes into the scrotum.

After the testes descend into the scrotum, the opening in
the abdominal wall through which the inguinal canal passes
closes snugly around the sperm-carrying duct and blood vessels
that traverse between each testis and the abdominal cavity. In-
complete closure or rupture of this opening permits abdominal
viscera to slip through, resulting in an inguinal hernia.

Although the time varies somewhat, descent is usually com-
plete by the seventh month of gestation. As a result, descent is
complete in 98% of full-term baby boys.

However, in a substantial percentage of premature male
infants the testes are still within the inguinal canal at
birth. In most instances of retained testes, descent occurs

naturally before puberty or can be encouraged
with administration of testosterone. Rarely, a tes-
tis remains undescended into adulthood, a condi-
tion known as cryptorchidism (“hidden testis”).

The scrotal location of the testes
provides a cooler environment
essential for spermatogenesis.
The temperature within the scrotum averages
several degrees Celsius less than normal body
(core) temperature. Descent of the testes into
this cooler environment is essential because
spermatogenesis is temperature sensitive and
cannot occur at normal body temperature.
Therefore, a cryptorchid is unable to produce
viable sperm.

The position of the scrotum in relation to the
abdominal cavity can be varied by a spinal reflex
mechanism that plays an important role in regu-
lating testicular temperature. Reflex contraction
of scrotal muscles on exposure to a cold envi-
ronment raises the scrotal sac to bring the testes
closer to the warmer abdomen. Conversely, re-
laxation of the muscles on exposure to heat
permits the scrotal sac to become more pendu-
lous, moving the testes farther from the warm
core of the body.

The testicular Leydig cells secrete
masculinizing testosterone.
The testes perform the dual function of produc-
ing sperm and secreting testosterone. About
80% of the testicular mass consists of highly
coiled seminiferous tubules, within which sper-
matogenesis takes place. The endocrine cells that
produce testosterone—the Leydig, or intersti-

tial, cells—lie in the connective tissue (interstitial tissue) be-
tween the seminiferous tubules (● Figure 20-7b). Thus, the
portions of the testes that produce sperm and secrete testoster-
one are structurally and functionally distinct.

Testosterone is a steroid hormone derived from a choles-
terol precursor molecule, as are the female sex hormones, estro-
gen and progesterone (see ● Figure 19-8, p. 699). Once pro-
duced, some of the testosterone is secreted into the blood,
where it is transported, primarily bound to plasma proteins, to
its target sites of action. A substantial portion of the newly syn-
thesized testosterone goes into the lumen of the seminiferous
tubules, where it plays an important role in sperm production.

To exert its effects, testosterone (and other androgens) bind
with androgen receptors in the cytoplasm of target cells. The
androgen-receptor complex moves to the nucleus, where it
binds with the androgen-response element on DNA, leading to
transcription of genes that direct synthesis of new proteins that
carry out the desired cellular response.

Most but not all of testosterone’s actions ultimately function
to ensure delivery of sperm to the female. The effects of testos-
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● FIGURE 20-6 Sexual differentiation of the reproductive tract.
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terone can be grouped into five categories: (1) effects on the
reproductive system before birth; (2) effects on sex-specific tis-
sues after birth; (3) other reproduction-related effects; (4) ef-
fects on secondary sexual characteristics; and (5) nonreproduc-
tive actions (▲ Table 20-1).

EFFECTS ON THE REPRODUCTIVE SYSTEM BEFORE BIRTH Before
birth, testosterone secretion by the Leydig cells of the fetal testes
masculinizes the reproductive tract and external genitalia and
promotes descent of the testes into the scrotum, as already de-
scribed. After birth, testosterone secretion ceases, and the testes

(a) Longitudinal section of testis showing
location and arrangement of seminiferous
tubules

(b) Light micrograph of cross section of seminiferous tubules

(c) Scanning electron micrograph of cross section
of seminiferous tubules

(d) Relationship of Sertoli cells to developing sperm cells

Seminiferous
tubules
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deferens

Epididymis SpermatozoonCytoplasm
of Sertoli cell

Leydig cellLumen of
seminiferous tubule

Varying stages of
sperm development

Spermatogonium

Leydig cell

Tails of spermatozoaSeminiferous tubule

Varying stages of
sperm development

Tails of spermatozoa

Lumen of
seminiferous
tubule

Mature
spermatozoa

Spermatids
undergoing
packaging

Spermatids

Secondary
spermatocyte

Primary
spermatocyte

Spermatogonium

Tight
junction
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● FIGURE 20-7 Anatomy of testis depicting the site of spermatogenesis. (a) The semi-
niferous tubules are the sperm-producing portion of the testis. (b) The undifferentiated germ cells
(the spermatogonia) lie in the periphery of the tubule, and the differentiated spermatozoa are in

the lumen, with the various stages of sperm development in between. (c) Note the presence of
the highly differentiated spermatozoa (recognizable by their tails) in the lumen of the seminifer-

ous tubules. (d) Relationship of the Sertoli cells to the developing sperm cells.
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