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\What are some’ examples of different categories of hormones?
4V Thyrold Hormones
Amine 1 1
OH Ny
1 1
o G —CH = NH2 uo-@n CHy ~Cho
w@_ (Norapinephie) Q oo
(853 trhodotymning )

® (Growt homene)
Steroids

gHaoH
c=0

(;6)5 "

o® OH
(Cortisol)
(Vitamin D)

‘Examples of different categories of hormones. In the case of the protein hormone, each circle reprsets
amino acid, as shown for the polypeptide hormone. The structure of oxytocin is similar © argiin¢ viso
pressin, (From Grifn JE, Ojeda SR (eds): Textbook of Endocrine Physiology, 3rd ed. New York, Ot
University Press, 1996, p 7, with permission.)

5. Is there a pattern to the release of hormones? )
Hormones are rleased with a variety of thythms. Hormones can be released i dircadias
Fhythm, such as cortisol, which peaks at 8 A.M. and reaches its nadi at midnight in dumal &8¢
mals. Hormones can be released in ultradian rhythm, with many regular pulses within' ";’,
( inizi H)), andeven
primarily in response to specific stimuli (e.g., suckling-induced prolactin). Pulsatlty 3pPe4™ ©
maintain receptor sensitivity to hormones.

6. What are the general principles of the control of hormone secretion? - sed
“The end-product (ormone, metabolite) inhibis th release of the hormone At S470 L0,
the production ofthe end-product (fccdback loop). Most hormones re under negatie F 0
(thermostatic) control. For example, glocagon siimulates ghucose production a1 1T
plasma glucose shuts off glucagon production.
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* gl | the hor 1at Y stimules e

{uitary fals to produce trophic hormones (e.g., adrenocorticatrapic hommlhe 1ACTHY,
which mainiain normal function of a gland (c.g., adrenal cortex).
 Apparent (target cell ivity) is usually due to a

evenif

ample of this i testcular feminization, in which a male genotype (XY) fetus has a muta

tion in the testoserone receptor and, as a esult of loss of androgen activity, developsafe-
in which, despite nomal
or elevated parathyroid hormone (PTH) levels, the target cells for PTH cannot respond.

Overproduction:

« Primary overproduction is usually due to a neoplasm (tumor) arising from a cellpopu-
lation i i
gardless of any endogenous signal o stop its production. An example is an adrenocortical
adenoma that produces cortisol even in the absence of ACTH.

« Secondary overproduction is due to excess input into the target gland. An example isa
tumor arising from normal pititary cells and producing (oo much trophic hormone (¢
ACTH) such

release, i inth intestinal tract, and is greall
creased to compensae fo it

« Apparent i 2 recepto
10 2 mutation. Therefore, the flmcmm of the target gland is activated even inthe abserse
of normal hormonal stimulation. An example of an activating mutation is Liddie's -
drome, in which
the effects of too much aldosterone, even though aldosterone is low.

PITUITARY PHYSIOLOGY

13. D functional anatomy of the iitaryInterface.
The control of anterior and posterior pituiary hormone release is & classic exi et
roendocrine sysims. The anteror pititary (adenohypophyss, pars disialis) is mmmlled by

with cell bodies in nuclei in h lly medial nucei such md mﬂ""
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centration in humans;
15, List the factors (hypophysiatropic hormones)involved in the controlof anerg .
jtary secretion. B Aanterior
S Gartcotcopin-releasing hormone (CRH) simulates POMC synthessand Acry
cretion. 3

physiologic roles not established

. seasing hormone (G: i LH and FSH secretion
« Growth ho leasing hormone (GHRH) stimul: b
- Somatostatin (somalotropin release-inhibiting factor [SRIF]) inhibits growth o

secretion.
« Prolactin-stimulating factor probably exists, but its exact nature has not been

+ Prolactin-inhibiting factor (dopamine) inbibits the release of prolactin. i
« Thyrotropin-releasing hormone (TRH) sti TSH and prolactin secretion,

16. What s the general model of the control of anterior pituitary hormone secretion?

The classic model is represented by the control of ACTH release (see figure on next page).
Neural input to te hypothalamus increases or decreases the release of a hypothalamic rleasing
or inhibiting hormone into the long portal system. This hormone is transported to the antriorpic
witary, where it increases or decreases the release of a trophic hormone or hormones. Thes:

target glands

releases a hormone, which has systemic effects.

“The target gland limits its own release by exerting negative feedback inhibition at the el
of the pituitary gland. or even input to th Feedback actions medi-
ated by target gland hormones are called long-loop. Short-loop feedback is the inhibition ofby-
‘pothalamic function by pituitary trophic hormones. Ultra-short loop feedback is the infibitionof
hypothalamic function by hypothalamic factors.

17. Is the control of all anterior pituitary hormones the same?
No, cach is peculiar in its own way. Sometimes it is easier o remember the exceptions (0
bold) to the general model:

CRH-ACTH-cortisol Classic system
in-GH-IGF-1 Dual (s -y [GHRH] and inhibitory

[somatostatin]) hypophysiotropic hormones

TRH-TSH-TyT, Majority of negative feedback of thyroid hormes
exerted at pituitary (inhibition of TSH)

GrRH-LH/FSH-testes Two pituitary hormones (paralllsyser) LH 12
FSH controlled by same hypothalamic factor

GnRH-LH/FSH-ovaries Positive feedback of estrogen on LH during
‘menstrual eycle

Dopamine-prolactin Primarily lnhi:;u'(ory hypophysiotropic contral

tin release)

(dopamine inhibition of prolac
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1% What i meant by isalated hypopltultarism?
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» e of overactivity 1 ! terioe i :
Tunwes i the hactotrophs, which synthesize prolactin, can lead to ;;mu,y o
o ugpwess LH-FSH rleaso and lead to hypogonadism in males and 'woin..,,m.""

AMmenorhey i '"w.,"
POSTERIOR PTUITARY — VASOPRESSIN
21, What & argluine vasopressin (AVP)?
AVP is % heurchormione synthesized and released from nerves. It is o
isulio o between amino acids 1 and 6, which creates s ring and tal syper TP i,
T ailar 1 aytovi see question 4), ’ S s gt
2. Why b AVP also called antidiuretic hormone?
“The two naes deseribe both of its major effects. 1t s a potent vasoeonsgy
pressin, At even kower plasma concentrations. it increases passive water ""'-:9: P
i e
e Bl >
21 Are theve any other prominent actions of AVP?
AVP appears to havo eflects within the central nervous system o :
ol i ¢ '"’g';“"‘mm e
(8 hypophysiotropic eflect. elexe

M. Describe the coatrol of AVP. (See figure.)

LACTIVITY 1N INMIBITORY AFFERENTS
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case bl
o

e v
By increasing renal water reabso
e o e e e e oy
N . (From ledge GA, Co  Clinical Endoi®
Phvachogy. Philadeighia, W.B, S, oo e OA. Gy HD, Gonkan L: i i
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Wt arethe fypes of diabetes insipidus?
3 Sl piiary: Reurogenic) diabetes insipidusis due toth total o paral o of the
i wmicsige o rlease AV This results in an inability o concentrate the urine. The loss
eevarkakroani inpl lali AVP
large increase in thirst. In many patients with central diabetes

ot ot wally esults in 2
o e ptent s igh water intake and output but an usually maintain  relatively nor-
s et (rormonatremia). I i only when waer intake is restricted that the severe
Ipenaality bocomes apparent.

e renah disbetes insipidus is due o the inabilty of the kidoey torespond o
i Hapemollty (hypernatrenia)also ensues, and vasopressi i elevated butthe
iy cammt respond appropriately.

2 bikrea e of vasopressin excess? ) »
nonosmotic stimuli 10 vasopressin (€.
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ADRENAL GLAND

Uiy,

the

Ry xm" zonation of the adrenl gland.
. '\mh composed of layers:
Ul e ple.

g e sl cone, whichconsites spprosTaIlY 0% of e masof

TN Ly, ‘:i""'“us steroid hormones. :

% the ayigqys “’"“”Mldlvnalg]md.ismenwdulla.whlchismlnﬂlldp"'

" ¥ nervous system and secretes catecholamines.
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ADRENAL CORTEX

29. Describe the histology of the adrenal cortex.
e classc example of functional zonation. The OUIETTIOSt z0mt i th zgn,
a

Toss, which synthesizes and releascs the mmﬂ!lncomomd nldmtmme ch| 5 the gon
s productis mermon L.
zona reticularis, whose primary secretory P‘“"““ is the i ‘MWn dehyﬂm% sty

terone (DHEA). The zonae Ndrgy
bnlhsecmzwmwlmdDHEAwwmdeg;ee = '“'u'"ku,’

hetic pathway for the adrenal steroids.

30. Disgram the synt

Hedge GA, Colby HD, Goodman RL: o o
“ G Coby RL: Clinical Endocrine Physiology. Philadelphia, W.B. Saunders, 1987 %

Enzyms  (abbreviation/gene name) keyed by number to the fgure above:
the munchm\dm - TPHIAD: Rt mitng 52
2.3 i i

3p. ¥
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lase (P450c2 1/CYP21)

5 I e (PaSOCLIBICYPLIB) i
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t& Al e synthase d;s 1IASICYP1182) in the s 4 by
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s forsteroid ©© enter the androgen and estrogen path Y same enzyme, Siep
ﬂ““‘d”,uyamxysuwid dehydrogenase (170HSD) is
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troller of cortisol synthesis?

s the primary €00 0

El r}‘;, ey gl incess e sy of cortisol acutly and mai
e and function c:;)mtally. ACTH binds t0 8 pecfic el et ramans

2 o eoide-binding (G)prten.simults de ecepr,

guani’ . w S " nylate :yd.“ activity. This

ich, V2 3 *
‘perease in ¢AMP:
ummmc ey c “
eSO Jocsed. Therefore. Jimiting siep of
p!imnﬂtmimmdna
5 Whatsthe primarY controller of aldosterone synthesis?
oserone synthesis involves multple simulaiory and ihibiory secreta-
secretagogue for aldosierone. Ang

rone
pges Csicaly. 0D (Ang I is used as a model
e eporonthe zona glomerulosa cell which, via a G protein, activales phosphoi-

e Proholpse Ctalyzes the roduction of th second messengers Py and DAG,which
Fely (e indiretly by activating case of intracellular calcium) activates cholesirolrans-
o th mitochondiia-
1 Arecortisol and aldosterone the most potent glucocorticoid and mineralocorticaid?

Theare e most potent endogenous steroids o thei class. There are several more poiet
e seoids, icoi thasone, prednisone, and riaminolone &nd

" ! -

icoid

atesof enloB 7%
1y). The later can cause by~

sol.
ihiy) and deonycorticosterone (mostly
s n P4S0c1 1B deficiency.

id activit

2

to carrier| and bound

m‘”’f‘w ‘are in equilibrium. In the case of cortisol, about 9 lates i

i g primarily to corticosteroid- jinding globulin (CBG), 2 high-affinity l?w.apu‘iry

i od tumin,a low-afiity, high-capacity carrir. The free form is biologically active
valble for metabolism.

X Hloware adrenl steroids transported in the blood!
i i proteins. The free

X
ln"':v’::‘”" ffects of cortisol.
system ‘Suppresses CRH and AVP
oty Increases food intake .
L ystem Maintains ability to respond ©© Jasoconsrictors
Increases gluconeogenesis (glucose synthesis)
Necessary for lung ‘maturation and surf:
% production in the fetus )
Inhibits ACTH synthesis and secretion
Increases glomerular filtration 73(%
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Increases resorption/decreases forma
p '
Bome e e protein catubolism (ncrense
e ke LI
Decreases insulin sensitivity (decrease j ‘
uptake) "Bl
Immunosuppressive (pharmacologi
Jmmune system fibroblast activi oo
Connective tissue  Decreases fibroblast actvity and collagen synheg
O well known tht ortisol deficiency s alethal diorder that mustbe tcud prompyy.
exact biologic reason for tis i 10t nown. although i s presumed that he ublty P
e and volame s he man faclor Some of the cffects bove a1 probably et
only when the hormone iS used in pharmacologic doses. ¥ Telovay

alled a glucocorticold?
Tt of oriol st increase blood glucose (hyper
i, cortsolleads toan increase in glucose pnfd:rmﬁliyﬁ,':‘r Hdoeg
e ones). Th fiveruses amino acds from muscle and Sycerol from ft s loganer U
T at sese,cortisliscataboic. Second. corisol prevents insulin mege e
o n muscle and ft, which prevent fi 2 thepl ised .
Fincreased i ving thep partment The

36. Why s cortisol ©
One of the long-te?

10 hyperglycemia. This is thought (o be an important mechanism in maintaining plasma gl
levels during a prolonged fast. Blucose

37. Howis ACTH synthesized?

ACTH is synthesized in pituitary corti rtofa
Postranslatonal processing of POMC produces big (22 kilodaltons) ACTH, from wnicﬁmc
T produced. POMC i alsoth precursor for B-LPH, which is furher cleaved to yLPH c
endorphin. ACTH contains within i the MSH sequence; hence, when plusma ACTH e
High o5, primary adrenal nsufficiency, Nelson's syndrome),skin durkening can e

'38. Draw the overall control of cortisol secretion.

DIURNAL
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i feedback). (From Hedge GA. C Good eas
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 Adunocortcal insulfcietiy T (no! cmugh isol)
1. Primary (foss. nluhvnnl ion; €8+ Addxson s disease)
2. Sevondary ( of long-term suppression of ACTH)
3 Mn\g ‘s syndronie (gl..commcu:d excess)
dependent (ACTH Hduces hypertrophy of adrenal gland)
; mnmg "% discase (pitvitary S0V .« crH usually noms)
b, Ectopic ACTH syndrome (nonpitui f ACTH; uswlllyﬁum-nmplum)
2 ACTH-i mdcprw# nt
secretion from adrenal

2 Adrenal (autonomous SeC' ‘denﬂm'
o mnww-um (pmnnmvaguc glucomm
M’m\-mncnl enzyme defici jencies —CONE! nal hypup!m (CAH)
H I: Hydroxylase (virilizing: salt wasnng)
H B Hydronylase (hypertension)
H :g;hsn (salt wasting)
Hydroxylase (hypertension)

I lai ndnsnrsull

um.wn-)

g
:‘:mnmmm.ym,,.mofprmumdnwwmmﬂ
Fague Weight loss
Mm. Hyperpigmentation
Hypotension
s e
"- cause of adrenal Insufficlency? "
l|ll0mlm|m€ on O -
usually mu!ﬂ" lry bypop

adrena]
Insufficiency is n;nnlly ‘caused by -n
nal Insuffic

S
N e atenl gland. Secondary ad:
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aism. Abrupt withdrawal of IOng-erm ex0genous lucosorioig
e enal mffcincy becaus of SUPPESSon ofth Hp e <n'l§'.l'\'.’3!..[.:dm -
45. How is the diagnosis of adrenal insufficiency made? k),
fsuspected,arpid ACTH (oSO s prommed. I he
inuficiency, e oo sponse (0 xOgenous ACTH i ow. et Py iy,
ondaryadrenlinsuffiiency. the Corso esponse o xogenous ACTR i e B b
sopy oving olog o f i o of ACTH.To il et
Sconary sl Iin, RS, f s ACTH sy ot i
evated in primary; low or normal i secondary). R
“The factthat ACTH can be within the normal reference) range in secondary
feney is an exremely importantconcep it s implicaons i s cnnuq::,r:"“ gy,
sec hypothyrojgi S of
o think about it is that if cortisol were low in a normal person, ACTH Zh m?x:':l ‘m xw.yy
st it he ACTH s not clevated meas Ut i nppropriely ow oy g 15
that there is something wrong with the hypothalamus, pitutary, or both. orig g

46. What Cushing’s synd " fenid
« Obesity (truncal distribution) Acess)?
« Facial plethora (red cheeks) and moon face
« Hirsutism

 Hypertension (owing to mineralocorticoid action of cortisoly

* Myopathy (muscle weakness)

* Siriae (purple stripes on the abdomen because of skin thinning and stretching gng
bruisability) easy

* Psychological symptoms (usually depression)

47. How does one screen patients to make the diagnosis of spontancous Cushi
drome, and distinguish between ACTH-dependent and independent Cushing's?
Oneor i  Cushing’s

 A24-hour collection of urine for- i of: b

« Bedtime salivary cortisol i elevated (due
flectsfree [bioactive] plasma cortisol).

* Alowdose of i indi i >
pressed in Cushing’s syndrome (testof negative feedback).

o istinguish ACTH-dependentfrom ACTH-independent Cushing’s syndrome, the mease

tof CTH ic assay ent. It s low in ACTH-independen

witary) and within or sbove e

Ing's syn.

to loss of circadian rhythm; salivary cortsol .

Cushing’s syndrome (because of cortisol fecdback on a normal pi
in ACTH-d hing’s ¥

‘mal ACTH in secondary adrenal insufficiency. Pituitary adenomas used to be normal corticotry

‘Therefore, although
cortisol.

within the normal range, ACTH is inappropriately elevated for the increase in

48. I there a simple way to distinguish between Cushi

s disease (pituitary) and ectople
ACTH?

‘Sometimes it i pituitary tumor by i ingoral o
radiograph). Occult (radiologically hidden) pituitary and ectopic ACTH-secreting tumors, however.
are common, ly

. T i
(i..in the + CRH.

49. What s the logic behind the dexamethasone suppression test?

L
This test was originally designed to diagnose Cushing’s syndrome <hyp«m“"';:'::, o
logic s that a corticotroph adenoma, although arising from a normal corticotroph cel
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4 eceptor. has lost sensitivty 0 cortisol negaii
“W e . | mg at beime)suppress Am":‘:d"m‘k Therefore,
:f,,,w s ortsol elease i s withan omof e
itary a0¢! eat 5 yndrome.
;’,fmﬁ“';‘,:‘ e doses of dexamethasone. funcionto
yu:';@mm:lemmewmm c ACTH.
6 sy - he
,#‘}’é’m“gmwmmm‘m‘?wlmnqmmm,

ot wwﬂ:glu\u. i xfncio diminish ACTF
ed Incontrst €00 umors, ot arise fom pituitary coriotrophs,
oot ‘mﬂwhmmx;‘mmmmugmmm
& itary CONICOTP ACTH secretion o

Therefore.

and specf

rplasia?

o MW’P""; P eaised by  mutation (usualy inherited) i a gee for 8

oo PPl e wsually parial)in 8 sepof e sirodogenic pathvay.
isol. loss of negaive f

Jences of the most common enzyme deficiency, 21-hydroxylase

pecrbe the consed
be converted to 11-deorycortsol (cortsol pahwey)

-
17.0H-progesterone cannot
Beass 1 anot be converted © 11-deorycorticosterone (aldosterone pathway). both
levation of ACTH increases production of he pe:
cause vir

tind ddsterone are deficient The
umikhﬂ-htmﬂveﬂﬂdmummmexmmdmgtﬂ! virilization in girls
om0 ambiguous genitalia i XX fetuses (not sure if phenotype i girl or boy). These
it i of » deficiency in mineralocorti o
—
jon?

e cortisol synthesis is impaired.

2 i It
The best example is 11B-hyds deficiency. Becaus
is and

Al cevated.

01 onporisol, nd he precurso 1o cortcosterone. 11-e0rY i ]

i moeriroricoid than aldosterone, 11-deoxycoricost has sufficient mineralocoti
| sodi ion and.

2
Lt themajorcontrollers of aldasterone secretion-
Inhibitory
u
Fm,m‘y Plasma sodium
P ) ACTH (chronically)
um Atrial natriuretic pept

X Do,

s o pasma Arg 1 concentration.

e Ay is stimulated by u decrease i plasma sodium
i 4 Yolume, blood volume, and blood pressure. Reit catalyzes the ¢

~:~v by the W:"'"“"Nmptn (see figure, top of next page)- Angiotensi n

. et <onsening enyme (ACE): Ang 1l also dircctly inhibis T

egative
LT ck: not shown in figure).
o e,
S “"""w-mnmmuumpmmm»,,mnhw
and secredion from

ey " Plivma
\g’:“vhm‘,h:."“;."""' dirly tmulates akdoeroo ) athesis
N.,,,.m““:’"“* in aldostcronc stimulates renal potassium excretion.
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ANGIOTENSINOGEN—g=ANGIOTENSIN | ——aNgioney,
aglomenu
. Jull".l‘:""’\l lar
Acty
=
-
tecon.

release. ACTH

{ice that plasma potassium forms its own feedback loop independent of the renin-angiotensin ,m{lt
Shown is tha the conversion of angiotensin I to Ang I1 is catalyzed by ACE. (From Hedge GA, Colby
‘Goodman RL: Clinical Endocrine Physiology. Philadelphia, W.B. Saunders, 1987, with permission)

56. What ‘major renal effects of

‘because it it t i
in the kidney. Therefore, when sodium intake is low, renin secretion is increased, which leads
an increase in plasma Ang II, which stimulates aldosterone secretion. Aldosterone increases
sodium reabsorption to restore plasma sodium to normal.

57. List the major disorders of aldosterone production.
Hypoaldosteronism
« Primary (loss of zona glomerulosa functi . Addison’s disease)
« Secondary (hyporeninemic hypoaldosteronism; loss of renin secretion from the kidney)
Hyperaldosteronism
.

s syndrome)
or nodular adrenal hyperplasia

y renal artery

pressure in the kidney is decreased and the intrarenal baroreceptor stimulates renin release:

58. How does one make the biochemical diagnosis of primary hyperaldosteronism?

Aniincreased ratio of plasma aldosterone to plasma renin activity, especially in the prsence
of hypokalemia (which usually decreases aldosterone secretion) with the appropriate clinice
symptoms (¢.8., hypertension), suggests an autonomous production of aldosterone.

ADRENAL MEDULLA

59. Why ls the adrenal medulla analogous t o 3
‘The adrenal medulla s derived from neuroectoderm, is innervated by preganglionic ¥
thetic neurons, and synthesizes and releases catecholamincs.
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e st of adrensl catecholamines, n
. V‘“dkwnl 1 the adrenal medull are caled chromati o

cells convert tyrosine ta dihydr s bec
roxylase. DOPA is converted Iﬁ’.ﬁ"’"""-m worn :{,,,
Do e 8

enzymatic steps are regulated?

“md step is tyrosine hydroxylase. hich is inhibi
“ ibition). n '!l'“hﬂ_ﬂd by the of the

P‘“’““ inhit ol it
ol medulla is increased by cortisol release fro
el from the adrenal cortex via @
ffects of catecholamines, and what adrenergic receptor medi

»hk""

o
sy ﬂ..mmn
u“‘_‘,wwore
precles?

Responses of Target Tissues 1o Catecholamines
RESPONSE

e SSUE RECEPTOR TYPE
B “Glycogenolysi. lipolysis. gluconcogencsis
B Lipolysis

s
g
e ' Glycogenolysis
o o Decreased insulin secretion
B: Jncreased insulin secretion
sysem B Increased heart rate. increased contractility, increased
[ conduction velocity
« ‘Vasoconsiri
B Vasodilation in skeletal muscl anericles, coronary
arte ) veins
» B Relaxation
-t 8 contractility
a ‘Sphincter contraction
Ty bladder « ‘Sphincter contraction
; B, Detrusor relaxation
e « Contraction
. B Relaxation
sexorgans. « Ejncullnon. detumescence
% B
a Rldul mnscu contraction
- B Ciliary muscle relaxation
% enous sysiem a Stimulation
oo, a Piloerction, sweal produstion
""" 8, ‘Stimulation

H,:“"WGA Colby HD, Goodman RL:

"'h

e the

,,,g, primary stimuli to uuchnl.mlne secretion?
] T

Hypoxll
Cold exposure
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64, 15 theroa disease of the adrenal medulla? which is a i
The best appreciated is pheochromocylomd. ™ TGt
C l0ng the g
These (umOrs are us Sym.

pathetic chuin).
68. What are the most common symptoms of pheochromocytoma?
Hypertension
Headuche )
Excessive perspiration
Palpitations .
Absence of all four of virtually

THYROID PHYSIOLOGY

d.
66. Describe the functional anatomy of the thyroid glan :
+ Follicles: formed by cells that synthesize, store (extracellularly), and secrete thyroid hey,

mone ) ) :

+ Collold: central space in the follicle where thyroid hormone is stored as a componen; of
thyroglobulin o

+ Parafollicular (C) cells: synthesize and secrete the hormone calcitonin

‘What are the main thyroid hormones? E
T, (3.5.3"5'tetrsiodo-Lrthyronine) i the main secretory product of the thyroid gland,

+ T} (3.5 riodo-L-thyronine) can also be produced by the thyroid gland. Most Ty s pr.
duced by monodeiodination of T, in peripheral tissue including target cells. Because T, s
significantly more potent than T, T, can be considered a circulating prohormone.

« Reverse Ty (3.3",5"ri ine)i inthe blood, hlite f any is secrted
by the thyroid. i id of biologic activi is produced pr-
marily by peripheral monodeiodination of T,

68. What Is the source of the iodine used by the thyroid gland to synthesize thyroid hor.
‘mone?
Organic iodine or inorganic iodide (food supplement) in the diet is absorbed into the blood
° . o 5 oot

traps iodine within the thyroid gland.

id hormone.

69. Describe the synthesis of thyroi
1. Trapping of iodide —iodid
20 O

. lloidal side of follicular cell). This is proba-
bly the conversion of I to 19 and is catalyzed by the enzyme thyroperoxidase. I s highly rezc-
tive and binds quickly to the ring of a tyrosyl residue of thyroglobulin (see later).

3. Exocytosis of thyroglobulin, which has been synthesized within the cell, into follicular

lumen.
4. Todination of tyrosine residues within thyroglobulin. This occurs within the follicular -
men and is therefore an extracellular reaction. If one carbon of the tyrosine ring is iodinated.this
results in 3- i . 1 ine ri inated, this results
in 3.5 diiodotyrosine (DIT).

5. Coupling of i when MIT and DIT come
in contact while still part of the thyroglobulin molecule. If MIT and DIT are coupled, T resuls-
If DIT and DIT are coupled, T, results,

6. Endocytosis of thyroglobulin-containing thyroid hormone. If thyroid hormone is needed
sysiemically. TSH from the pititary is increased and stimulates recovery of thyroglobulin o
its storage spuce in the colloid.
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) Jobulin, The liberat w
apin o/ ion o Ty and T, from thyr
roglobuliy
and T, from the inacelir o te e
0 ch tht ioid and tyrosing can b e
recycled.

it ercteme ol Tt
A spiIz:Jinuli.m o MIT 8
9

f—
i homone biosynthesis and secretion. Notice that iodination (iodide incorporaion) of tyrosiné and
1 of thyroglobulin (TG) ‘occur extracellularly (n the:
of each step,see ext. Fr i SM: The
1993, with permission.)

il e coloid)) i i
). For detailed description
e RM, Levy M (ed): Physology, 3rd ed. St Lovis Mosby.

W
oty ormonesfave such a long half-ife?
eof T, 6 day)and 1 (1 day i ong primarily because {hyroid hormones cit-
TG, et ot o T, circulates more than 999% 7 ound to thyroid-binding €100
:”’:m bing. 'w:cu;:' and albumin. Ty is slightly less tightly ‘bound (99.7%) md»-p,wemly
Jmk“”'lhbl ly to transthyretin. Because little of the total circulating mymm ‘hormone
Mgy e for metabolism, hence the long half-lfe.
y
s i b,
i e basal melablie 8t "and oxygen consumption
1..,.:;".':4 n, cardiac output, food intake, ydrate me
m N
Ml oy o rsied for normal elealgrowth probably by 81 nor-
e and normal GH secretion

(and therefore it
abolism, and hes!
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: ary for perinatal maturation and
« Central nervous system: necess: X ! normal ref
. g:’:n;nmlc nervous system: increase sympathetic activity ‘exes.
+ Temperature regulation: increase thermogencsis

a?
s the circulating thyroid hormone regulated?
. #E"m.in feedback loopin this system i, T, inhibition of TSH and TSH s

1, Although probably ot  major mechanism, T and T iaibit TRH secreion Thig et Te
the set-point for T-T; negative feedback. e

Hypothalamus
TRH
(0]
Regulation of the hypothalamic-pituitary axis 4 ;-
Pituitary cates that TRH stimulates TSH and rhﬂs‘ﬁ‘;u:..m‘"
thyroid hormone elease, T, s converted o e s
W lentT, ntheliverand argetsso, s g
@ TSH T, and T, inhibit TSH release (negaive foop
%) (From Goodman HM: Basic Medical mﬂu‘:
nd ed. New York, R: 3 ission)
T _— 2nded. New York, Raven Press, 1994, withpemi

Thyroid

73. Other than TSH, are there other factors that regulate thyroid function?
« Thyroid-stimulating immunoglobulins (TS): These are antibodies produced under ab-
normal conditions (¢.g., Graves’ disease) that are directed against TSH receptors but reslt
in activation by mechanisms similar to TSH.
» Thyroid nerves: These may modulate the sensitivity to TSH.
 lodine: Although chronic iodine deficiency leads to a decrease in thyroid hormone anda
‘TSH-mediated increase in thyroid size, an increase in iodine can also decrease thyroid hor-
mone secretion by the paradoxical Wolff-Chaikoff effect. This is due to a decrease inthe
i of iodide and may be protecti tiodine-induced hyperactivity o the
thyroid gland. Excess iodine may also the secretion of thyroid
by decreasing the sensitivity to TSH.

74, Outline the general disorders of thyroid gland function.
A. Hypothyroidism (to0 little thyroid hormone)
1. Primary
a. Hashimoto's thyroiditis (autoimmune)
b. Todine deficiency
2. Secondary — Hypopituitarism
B. (100 much thyroid ion)
1. Primary (thyrotoxicosis)
a. Endogenous (Graves' disease—TSI)
b. latrogenic (overuse of exogenous thyroxine)
2. Secondary—TSH secreting tumors (very rare)
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2
goiter” I
189 8% argement of the (hyroX ot Hetnd
s mypothyroidion 8- 0t efeny o enm . 7
" dise ich induces thyroid hypertr N
w[‘,‘ﬁ gevated TSH, ¥ e et -
i e symptoms of hypothyroidism?
inet l",,: basal metabolic ¢ N atie voice -
ot ° Fatigue -
o mmﬂc Slow reflexes &",2""“’"
Coohd;.y.i; Muscle cramps i
qedemd: o
" W;;‘:(mn of the skin and
Reafrion  CL ally of te face, hands, and i E
oo .
4 speific Oneert it hypothyroidsm occrs in the neonate?
It el ypothyroidism (_creumsm) o s ity G
ith protruding tongue. The mental ot

Yl:;::d'f;:n, and a pufly face ¥
o miniiz ‘when thyroid horm
S:mughoﬂl . Testng of all Wb
ot

visspected of g Bt thyroidism, i ther a simple vay 1o disingi
”'.-":ypn;(ylymom edonction from hypopituiarisn?
ird tion - -
tof TS o distinguish
eswementof et

v SH from 55
canhypopititarism fead t0 hypothyroidismif TSH s inthe ormal range?

. m ‘econdary adrenal insufficiency, ‘this is an important concept. I the hypothalamic-

iyt function were normal. 2 low circulating T, should fead to an elevated TSH.

i ‘e low thyroid hormone is due t© hypothalamic-pititary dysfunction.

TSHis not elevated,
othyroidism if most of the circulating thyroid bor-

one is administered in the neonaal period (and contin-
ns for hypothyroidis (clevated TSH) i th sandard

1 How does one assess functional hype
‘aeisbound (not biologically active)?
Meaarefee T,
& sthere  common condition that causes a discrepancy between free and total T2
o conmon explanaton s 3 change in circulating TBG concentraton. For example.
b;zwy (or with estrogen therapy), TBG is elevated, which increases’ total T, Because the
gt e Pitary system s normal in most pregnant women, once the ne¥ binding sites are
e T, i ropelyregulated and maintained within the normal 0ge:

L3P
“;:! symptoms of hyperthyroidism.
e tedbasal metaboli rate
* et inleance
‘:ulrmskm
' wﬂ:gmpinﬂnn
i uscml::ﬂw an increase in the intake of food)
R
o Mycargy
B "m?(z:mlhnmlmﬂic effect)
ruding eyeballs; ocours in Graves” disease)
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2 thod to ﬁ.@mm‘ ! i
the need for TRH testing. ot
85, What are the treatment options for patients with Graves” discase?

« Surgical removal of thyroid gland (thyroidectomy)
« Radioactive iodine administration (ablation)
. ption of thyroi

yroid with drgs (e methimzle Tapge
8. in primary Y hypothyreigi
and pregnancy. Yroidigm,
——— T PEKTIYROD | HYPOTHYROD
NORMAL __ HYPERTHYROD _ HYPOTHYROD paguor
Toal T, N T 1
BG N N N H
Free T, N T 1 M
TSH N 4 T N

87. Discuss the thyroid findings in primary hyperthyroidism.
The main defect is excess secretion of T, and hence an increase in total and free T, sy
suppressed in primary hyperthyroidism because of negative feedback nbibition by free T, N

88. Discuss the thyroid findings in primary hypothyroidism.
The main defect is a failure o produce T, normally. Therefore, total and free T, are de-
creased. TSH is increased because of the loss of the negative feedback inhibition by free T,

89. Discuss the thyroid findings in pregnancy.

The increase in estrogen during pregnancy is probably due to an increase in TBG syntesis

in the liver. (Oral contraceptives can cause a similar effect.) Total T, is increased because of an
i TBG i

increase in the num
function, free T, and TSH levels are regulated and maintained within the normal range. Hyper-
thyroidism may occur during pregnancy and postpartum, and itis extremely important thal e
endogenous hyperthyroidism be distinguished from  normal clevation of total T, during preg-
nancy because of an increase in TBG.

ENDOCRINE CONTROL OF GROWTH AND DEVELOPMENT
90. Summarize the hormonal regulation of growth.

Prenatal growth is not well understood. It i thought that insulin or insulin-like factors may be
involved ith i i !

ia). Clearly, other factors inluence fe
tal growth. Hormonal control of growth up to about I year of age is also not well understood:

Tyear
its intermediates), thyroid hormone, and insulin. Much of the effect of thyroid hormone &ppear
0 be duc to its maintenance of normal GH secretion.

‘Puberty ] insexsteroid
production (androgens in males and esirogens i females) stimulates the pubertal growth P
‘The major mechanism appears to be sex stervid-induced growth hormone secretion: athough
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2
nvolved. Sex steroids also terminate the !
J'Mml mpP"Y‘“" (growth) plats of ongbones, "2 By
l!'
ol es nfluencing normal growth,

o
m,ls  IGF-1. the m-p: controller of somatic growth,
Hasine e is or normal central nervous system
"’,"’1\0" of IGF-1: t slnmnlausGH secretion. development ang e
ot and terminate pubertal
geroids stimulate ‘pubertal growth spurt,
wf’ soreion (particularly androgens). spurt Theyare necescary for
n""' inulates fﬂul and postnatal growth.

pits son
:‘ ";:,Iw h plm of bone.
i irectly ¢ gﬂmh velocity ncidren?
L M‘ﬁ,ﬂu eory i s that most of the g
Tt s and release’ f|GFlfmmmehvemuhuloraJ,ma.m,,.,"GMHIrgﬂ
“"“.,um oy GH.IGF-1 w5 originally called sulfation facor ; i
dwmmlm sulfate into bone. It because
e orpin G- e casd incorpo-
l:mwnhmsulm, the cur o)
ke growth f10° binding proteins (IGFBPs).
v
Describe the control of GH
» mwﬂofGleumlmvolm

e iiory bypophysiouopic acters
e ypoaamus synhesize GHRH, =

N s GH release, and somaiostatin,

5 s GHL. These nerons eceve inputs e

oceer prvroes]
lﬂlNPAu&AllmﬂEmGHWﬂnun
kmMnmwumnGHRHr:lrzseuld&
5 A -
@ Adwrwre +
Dopaminergic +

e insomaostatin elease. GH then stimulates
G ek, which can inibit GH release directly
e iy, nibit GHRH release, or stimulate
‘s s, cach of which is a negative

:mmur-smwggmdmaum -
i egaive feedback ithin the hy-
signal wit y

SOMATOSTATIV

A
1
._‘nmh the hypothalamic-pituitary-IGF-1 e l l
"} figue &t right demonsirates regulation
by ﬂm%";, pituitary-IGF-1 axis. Notice J
s malates (+) whereas somatostatin m,.,_.
) Psse o GH from the pituitary. G,
G g t}wx include inhibition of
m,,%“t somaostn, o glacose
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tial negative feedback loops.
o l.‘l?;uku stimulates GH, which inhibits Gl;‘}f‘lw“:.c-n.. e o
« GHRH stimulates GH. -
ks aH eless: s, which increases GH rlese, wi which increases IGF-1, which g,
ulates somatostatin release, which dec: eases GH el

in, Which i,

factors are involved in the control of GH release?
96. What central and systemic Inhibition of GH
Increase in plasma glucose

(hyperglycemia)
Increase in plasm free fatty acids
Cortisol (exogenous or endogenous)
Fasting. Pregnancy
Stage 4 (deep) sleep
Exercise
97. Place factors involved in l of GH

ibit Gi
which inhibis

GH release, ora ingl , which i
" Bevause one of the main effects of GH (via IGF-1) is to increase linear growth, it makes
Sense that ingestion of the building blocks of protein (amino acids) stimulates GH re.

Iusc

10 mobilize glucose and fatty acids.

. po
may be one reason why sleep dcpnvanun may lead to shor statue.

o Itiswell shing’s ‘

glucocorticoid therapy decrease gmwl.h velocity in children. Children receiving high

dosesof potent glucocorticaids (prednisone therapy) for theumatoid arhiis o o pr-

vent transplant rejection are often much shorter than predicted.

98. Classify the direct biologic actions of GH.

« In adipose tissue: GH decreases d increases lipolysis, leadis

« In the liver: GH increases gluconeogenesis (glucose secretion) and increases IGF-1
release. |

99. Summarize the direct biologic actions of GH. 1
Most of the direct actions of GH are on intermediate metabolism. GH resuls n hyper-
glycemia because of decrease in glucose uptake and increase in glucose production (counter-
acts effects of insulin). GH also stimulates increase in muscle mass. The net results of these
two effects are a decrease in adiposity and increase in muscle mass. This explains the abuse
of GH by bodybuilders and competitive athletes. GH may also directly increase epiphyseal
growth, although most of this effect is mediated by local production of growth factors (such
as IGF-1).

100. Wh-x are the direct effects of 1G

il

grows ﬂwdly the heart, lungs, kidneys. and other structures grow as well. IGF-1 also has dr-
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i chondrocyS i bone; e
s

and cell sze and number, g gf - Ption, e, o
P jon. O Which egq Pty
si,
o ) ernof Dincreg o
utline the patern of linear growgh oy, LY oy

Ception
"
W R IOt -6 months” gestation g,

1P ighas 126 per monh

il growth :
s J':c';:"gs rom prenatal pek unil bout 2 yeqr o
- i adequate GH and thyroid Hormone oy,
W 1 4-8 cm/year) until the onset of Ppuberty
P D onadl s
ot by increased gonadsl Sterods (which iy,
3 su“;.‘;uy st 1 about 10 YEArs of ge i g ang 13y, n',{ Sectetion)
2 aialebewoen SUBICLS Gven within the s gy 1 45 nboys
Iy peaks t bout 12 Years of age ingils ang 14,3
N &i‘-’rﬁm reach adult Bight by 15-16 years o e mﬁl’f.ﬁ}‘i‘; s
Sby 171
ofsee e
inaion of the pubertal g1OWth spurt caused by gonggg g
6 mwgd (growth) plates of the long bones Ser0idinduced fugn

Contj
S iy Consiag
Tate
X

ithegeneral disorders involving GH.
ency:

_G:l,\d:,i:imfnsm. isolated GH defciency—leads to short
s treated with recombinant human GH injections

+ Odage—controversial subject

+ GHincensitivity—Laron dwarfism (high GH, low IGF-1)

‘GH excess—GH-secreting pituitary adenomas

+ Chldhood—gigantism

. —acromegaly (acral enlargement, Soft tissue overgrowth,insuln resistance
exding t hyperglycemia and hyperinsulinemia)

©
YA i cildren (dvars)

18 Wiy does GH diff
i e phy

GH i .
8y ad gealy increased final adult height (gigantism). If GH excess commences afir pu-
‘e fsonofthe epiphyseal plates, linear growth is notrestarted and fina ault height oes not

Actomegaly (from the Greek akron [“extremity”] and megas [“large"]) i characterized
omecivetisue proliferation.

B Litsome o the eatures of acromegaly.
+ Sftsse swelling, particularly in hands and feet
* Stinthickening

. ereased sweating " et
':“'r changes (cortcal thickening, osteophyte proliferation, mandible cnlargement
+ o4 protrusion of the lower jaw [prognathism])
< <Alrapment (owing to bone and connective tissue overgrowth)
gy arge liver and kidneys)
esisance

Yo o,
e o€ dingnose GH deficiency? atic
iy (PO mture of G secreion.  sigle plsma "'“"‘:":z:,:’.,:‘?n];nm
CHRH 1Y S0Me Kind of stimulation test i performed, such 85
Y9198 Slecp study to measure GH during stage 4 SlecP-
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d acromegaly? .
106. ’nlaw m‘,{m,mma plasma IGF-1 levels s probably the most comgy
- .W::‘ " Comparison of photographs from differcnt ages is often helpful. cur-

?
. What the treatment for acromegaly?
O, e ity surgey to emov the GH-secretng tumor
+ Treatment with somatostatin enalogue
« Radiation therapy of the pituitary

ENDOCRINE PANCREAS
108, Describe the anatomy ofthe endocrine pancreas.
e organ. The endocrin component of the pancreas consists of several iy

clusters (islets) of cells called the islets of Langerhans.

109. What are the major hormones secreted by the islets and from what cell type?
« Insulin is sccreted by B cells (also known s  cells)—approximately 75% ofislet
« Glucagon is secreted by A cells (also known as a cells)
« Somatostatin is secreted by D cells (also known as 8 cells)

110, What is the major secretory product of the islets of Langerhans, and how is it syn
sized? .
“The protein insuln, the storage hormone, is synthesized s a prohormone called pro

sulin. Posttranslational cleavage of proinsulin produces insulin and C-peptide (connecting), AL
though C-peptide has minimal. if any, biologic activily, ils measurement is generally used as

marker for islet cell function because it is released with insulin. i
111 List i i boli N i
Glucose production Glycogenolysis (breakdown of glycogen to glucose)

Gluconeogenesis (synthesis of new glucose from precursors)
Glucose consumption Glyoolysxs(bumingofglnmselmemrgymndmm )

Fat storage Lipogenesis
Fat breakdown Lipolysis
p i (oxidation of fatty acids to ketone bodies)
112. Categorize the effects of insulin.
Generally, insulin irculati amino acid
and fat breakdoy i i these stores.
ANABOLIC ANTICATABOLIC
T T i thesis | Tahibi o T—
of very low-density lipoproteins cogenesis.
(VLDL), glycolysis g
tein synthesis and increases glucose
I transport and glycogen synthesis.
b
hereses ghcose ke and i Tnhibits lipolysis
113. In question 112, why was hepatic gl i bolic?

The main effect of insulin within

e it s efficiently a povbl, T, <PACEYIE i 0 increase glacose uptake and et 0

fore, one of the goals of insulin is to maintain free i
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ot hepatocyte has 10 oler opion b mp;’::'ble. 1 oo caeq

o
enoug? P the
e Jinked lo glucose uptake,it s considered anaboli, elicose gyl

4

a"“"fw\vkl

e .
¢ primaty effct of nsulln, what would

’ ! Ithe?

m I!ﬂ"‘mmc,umg jptake and ‘adecrease in blood i

e lucose).

sse ofnsulln controlled?
g tor lml irctly stimulate insulin release:
s 1 1 lacose, amino sids, ity acids o)

" inal hormones (increase sensitivity of B cell to glucose)

ood MELPS

! et

.ﬁl-wnsﬂ;,“n‘

e )

o Al irectly incre s
e omones (corsol and GH ndce el esiioc o

gﬂ:::r::s o ood lucose [vhichsimulaes nsul elasc) o insln

st i 9500 release: ‘

o atn (arcine eec “which may prevent insulin overshoo)

: Catecholamines (epinephrine ‘and norepinephrine)

ase insulin release:

M e effects of glucagon- )
Ghagon opPOSES (counteregulats) nsulin and s therefore catabolic. The main rol of
rgnistoperent hypoglycemia by stimulating glycogenolysi s
gonlso promotes e 3 wersion of circulating ree aty acids 0 ketoacids.

factors| 2!

ception, Glucose, ketones, and fre aty acids allinhibit glucagon e-
 ids, nowever, actually stimulat glicagon rleze A way 15
i the wild. The hyena can ingestup t 30% o body
ents a huge protein (and potassium) load-

nslin?

Yes with notable
s e would expect. Amin
eaberthis s fo consider a cami
i vieni ats,for example, a zebra. This repres

ple, a zebra. | 1 0

in dig
i, masive nulin release would lead 1o hypoglycemia ‘and, possibly, loss of con-
e, Trerefore, amin acid stimulation of glucagon makes sense {2 counteract the hypo-
e ffct o insulin when consuming a protein meal. Glucagon also increases amino acid
et er (o eluconcogenesis),so it makes sense that glocagon s stimulated by amino

refers to an islet cell ‘hormone?

i

b ke deraton of the rame Somatostatin as it ¥
i amino-cid peptide somatostatin was first dentified as  nearohormone in the by~
o in) r ostatin. The identical
Birhingly ey fromthe D cells L ndtoin

i and glucagon release. < =
I, Desey
T

e Bn‘::mm"‘l ‘maintenance of blood glucose.

isa spectrum i state of total ghicose consumption (fed state), and at the

‘he counterregulalory

e
g of ] s producion (i il I and

Ml iy 1 betveen glucose consumplion and glucose producton. 11 7€ fed
B g OIS B upteke el and adipoe s (128
g g, is low, allowing catabolism, Furthermore. the counterregulatory
B Wle gon.ndctecholaines) are elevated in the fasted S ‘which.
o g 1E25 insuli semsitivity in muscle and fat) and (2)

luconeogenesis).



|nmrmm-u.,..¢,_m
&

»\..- e e in ;n‘mx In fed state (downward), insuli, the g..,e,"”""“’,,
el whach e

NN stae. production (o
;}l\l&\h\hdm\v\.ﬂk* N&Mwmhxmlmm Gm-

120, What is the insulin-to-glucagon ra
I the noval i idual, lhbnlk\ls\kmu‘ftdv«sushswdm If the individual s

in the fasted state, the insuli

=~ 3 and
catabalie enzyme tivily predominates.

. f glu tu i i i in 2 normal

person.
A mixed meal (carbohydrate, protein, fat) increases glucose. Insulin increases in response,
up

(reactive hypostycemial, That s, if insulin stayed high for 100 long. glucose would continue o &
crease from s peak ater a mal o below: bascline. mulenumofﬂmnmlmmpu&lhl
) alk i
thout going sig ly

122 W of ind what sible?
lin is low Hepatic
‘phocvacogenesss s the prime source of glucose (130 giday), which is consumed by the ceotrl -
s sysiem twhich does o reguire insulin 1 minain i glucose uptake): lood el and. 0008
exent, muscle. heart, kndney. m.mmm substrate for hepatic gluconcogenesis is sippid
. chas 75 g of protein aday. B
uwlmqum-umw l.mmh—m} in glm\nts)whrﬂ&GN -induced and catecholami
tyverol for hepatic These fatry acib o8

e used by Ihrh:m.lmy.u-dnwk for fuel and are also converied to ketones in the iver.

123 What elther an inability to in or an f
to respond peoperly to circulating insulin?

Diabetes mellitus (foo much sweet unine):

® Type 1: the abrence of insulin itself

© Type 2: a resistamce Lo insuhin action
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it n 8 e i ghicote uptake ke
) diuresis: 8o hen a anda o
P, " p o formsof diabets el

e o mellllu! (TIDM) has also been called juvenile-onset

m" di llmn ecaus s onset is usally (but ot lvays) mani o mulin-depnden

o J\Mw‘u‘m e gestruction of the B cels of the st that m::;d o st

O Gesiroped) Wik i, o e ummn i,

et ad, s

p
%""Tmm

o
nﬂ ulﬂy cnmm.u. «
w"‘” . ..mn.m.m i e
s Wy TIDM carlbeoomdmd“imlzmrvalwnmmlan
.w""m "'" Wﬂn;e il o
s becavse urs after puberty and is
s ot di
o B e one NIDDM v
g ,:m et s oneat worstbecause type 2 disbees melitus can be et i
et ofinsulin
o fo ycanecomidersd asyndrome ofsevere insuin esisiance, Tha
i eansporer has adecreasedsenstvty o insuln, WIMymif

SO e g
T o ahough e insulinsignal s presen, the response (o is nade-

:,”,“ gguccse up"“‘ s decred:

i Dene e diabetes WS ined as fasting hyperglycemiaand
m:JIlmxﬁgﬂvﬂl ing hyperglycemia and an exaggerate
Dabets Il lucose hansun:xplavmdbynmzrfmm plasma
1 s xample of GiabeleS mellitus as formally defined.
%0
g
Zam
o b
§ 150 Diabet
g
o)
3™ Nomal
2 s
0 1 2 3 456
. Hours after Oral Glucose (1009)
"
o ; i Oho)
el |mmm‘|nsulin.whxhlowa!blwd
s egonc o3

— ia

— bl sl b e insulin type | cl

*xu,, e e h’:: leased (type 2 diabetes mellitus). (From Gmdmln HM: BantM Eo-
cphia, Lippincatt-Raven, 1994, with permission

" "" . i g reated?
wunh Y is the
N ‘ ,“"”‘""th-m'?:;n:uy of treatment. Various preparations of insulin are available
"“wn s shiot e et can ity accurately dnphf'm"’"“" ol
e dy Nothing it for a normal endocrine
iabetics exhibit morbidity from the discase.
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128. What happens if insulin therapy is not given to a patient wi
_ Carbohydrate. Glucose transport and glycogen synthesis are
olysis and gluconcogenesis are maintained. This Jeads to hypergly
(osmotic diuresis), dehydration, and a failure of the circulato
perfusion.
| Lipid. Lipogenesis is decreased, and lipolysis is increased. This leads 1o hyperlian:
sulin is not present to inhibit conversion of fatty acids to ketones, 5o ketonemiy and k pe"“fl. In.
cur. This leads to severe metabolic acidosis. Stonurig o,

Protein. A decrease in amino acid uptake and protein synthesis and an increase
degradation lead to increased amino acids in the blood and urine. This is manifesg 1 Protejy,

nitrogen balance. 8 Negative

The end result is the patient loses large quantities o
carbonate in the urine. This is manifest as extreme weight
coma, severe acidosis, and, if not treated, death.

th type 1 dlabcten? :
dcm:eased. while glye  1
cemia, glucosyyiy Ogcg.
TY System to mnintain‘ smﬁ::fa

| ic ;

LTI SN

]
]

e,

U Y

j
ds, water, ang bi.
Perglycemic ghogy |

3

f calories, aming aci
loss, weakness, hy

B

129. What is the pathogenesis of type 2 diabetes mellitus?

The first defect is probably a decrease in the sensitivi
pears to be an inherited propensity. If this occurs without
pensate by increasing insulin secretion. If the patient gain

ty to insulin (insulin resistance),
weight gain, the islet ce] cap us

s weight and insulin resistance Worsens, th
islet cell response is inadequate, and hyperglycemia occurs. Eventually the insulin reg e

i . . ponse tg hy.
perglycemia wanes, and the symptoms worsen. There is usually adequate insulin secretion to prey
ketogenesis in the liver, although there is not sufficient insulin to shut off hepatic gl ot

WhiCh ap- :
ually com.

‘i
|
]
]
)
Uconeogeneyjs, i
130. Compare and contrast type 1 and type 2 diabetes mellitus. |
TYPE | DIABETES MELLITUS TYPE 2 DIABETES MELLITUS 1
Pathogenesis Loss of islet cell function Resistance to insulin B
Age of onset Usually < 30 years o - Usually > 40 years ]
Ketoacidosis ~  Common | - Uncommon g
Body weight Very thin o | > 80% obese ;
Prevalence 0.5% . 2-4% (may be higher) 3
Genetics - Approximately 50% concordance > 95% concordance in twins 3
_ in twins '- . ]
Autoimmune = Yes S . No
Treatment | Insulin Diet, hypoglycemia agents, appetite
_ suppression, weight loss, exercise,
_ __ . insulin (sometimes)
Symptomatic Usually | - Not usually (at least, at first)

131. List other conditions that can resemble diabetes mellitus,
~ Secondary diabetes
e Pancreatic disease | - S
¢ Excess in the counterregulatory hormones such as GH (acromegaly), cortisol (Cushing's -
syndrome), catecholamines (pheochromocytoma)
¢ Drugs | -- S o :
Syndrome X (also known as syndrome of insulin resistance, subclinical diabetes, or the
- metabolic syndrome) o | . . :
Gestational disbetes Wis
- @ Glucase intolerance (hyperglycemia) usually only manifest during pregnancy. "
- probably due to placental hormones (¢.8.. human chononic somatomammaotropin. p
cental steroids). - - [T o o §
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NTROL OF
HQRMONALCO OF CALCIUM HOMEOSTASSS
tightly regulated?
jmportant cation in many intrag

s w rymr!\onqdmincmliyzntinﬂc::)::::?o:?lm'l“]"m :
! ular calium is necessary fo  arge numbe of et 1 P
P O musce e :the secreton of hormones, neurorapee <
il ‘,,,mnwu.mpmmuulund_mmlfunmm.;mnimmwo’smmm,m, e
:,,mo A ln P neyme function; and cll growth and dviion. T %
T s clcium circlate n the plasma?
R pocin prinurily albumin)
i

50
jum A%
el ¥
o M et
W e 1
el

N free
clum balance.
dally caletum ! .
D creliutar fuid (including plasma) is the central compartment with which all other
e ange caleium- “Fhe other important compartments and their hormonal con

E follows: L it i il
st This is the PAEE) site ofcalcium absorption.Forexamy
"‘.:?:‘;:: et 00 mg (10%) s absrte. T s prt
el U aulated by 1,25(0H),D, the biologically active component of the vita-
o i 25(OH),D is stimulated by PTH. About 300 mg (out o 1000
Wy st xtracellular fluid compartment to the gastrointestinal tract

m absorption per day is about 10% of the calcium

o e the typcal et calci
d dramatically by ‘vitamin D excess or deficiency.

spscetions. T ;
.Mlmnmmnmm..ge .
. Boneis heprimary SOTIEC S for calcium (approximately 1 kg; ~99% of total body
hanged with the plasma compartmen. Bone accreton

o Cakium in bore actively excl ¢
(i) is 0 Ongoing process. Reclamation of calcium from bone is a process called re-
) iicd by PTH. In the long term (seady state), bone formation and resorp-
el ncquiibrum. Any sat i which calcium resorption s increased without an
e amutionorformation isdecreased without a decrease in resorption ultmately resuts

ks of bone (€21 waotws).
ey Clcum i fitred (about 10,000 mg/dzy
s dcloped efficint mechanisms for reclaiming his il
- rabsorption — which s stimulated by PTH.
i increases exracellular calcium concentraion direel Y increasing cal-
reabsorption from renal tubular fuid and in-

) as part of the glomerular filtate. The
red calcium from tbular

dm oo from bone and increasing calcium
by bsorption inthe gastrointestinal tract via 1.25(OH);D-
X Hor s the secretion of PTH controlled?
o H.produced by the parathyroid glands. s one of the only hormones whose secreion s
et 5 clum, In a simple ecdback loop, a decrease in lasmé
ium reabsorption

sma calcium, The converse i also
1 decresses the res0P-
plasma caium to -

ot PTH, which i

bt i | 25(0H)D). ll ating 1o resore pla

W s i plasma alium Sppresses PTH release, whic!

e P and absorption (via 1.25(0H),D) of calcium, allowing
Lcium,

Wiog,

Tee Rﬁ':“':::m cells detect small changes In extracellular (plasm) calcium?

T g 2 wepor with an extracellular calcium-sensing compone®t nda T

e Cand aiyy by o ain; the receptor is G-protein coupled: This receptor acts via PO

S g ey cyclase, Parshyroid TS P one of the few
by an increase in calcium.
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137, Other than PTH and 1,25(0H),D, Is there another hormonal controlier of

calelum? - ] N
Calcitonin, produced by the inhibis boo

138. Describe the pathway that produces. 1,25(0H),D.

7.Dehydrocholesterol
(Provitamin 0)

25-Hydroxycholecalciterol
(254OH)D2)
CH;
A |mmmm zm :mm
HO*"
OH oM
) |
CH;y CHy
OH
-m‘mm :holecalcilerol
(1:25(0H1D:) ey

‘The endogenous vi D steroidogenic pathway. Conversion of vitamin D o 2S(OHID in the livee i b |
tively unregulated while activation of 25(OH)D 10 1.25(0H),D in the kidney is Righly regulited ¢ g 00
ulated by PTH). Vitamin D can also be obtained in the diet as cholecalciferol il s D¢ o
calciferol (plant vitamin D). (From Grifin JE. Ojeda SR (eds): Textbook of Endoxrine Physidog. W

New York, Oxford Univenity Press, 1996, with permission.)

|
|
1. The vitamin D (calciferol) pathwuy is a steroidogenic pathway catalyred by aseres ol
cytochrome P-450 enzymes. There are two forms of vitamin D in the diet: anmal vitan Py
(cholecalciferol) and plunt vitamin D, (ergocalcifero). In addition, vitanun D, can be b
from the skin from 7-dehydrocholesterol via the action of ultraviolet light. j
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qamin D; 07 D . )
":?’f‘y::d[r’é;‘v'laxé :.‘:;;1 e rasma compurtinen.

2 OH).D is thought to et a0 28y

is step (end-pidyer y,,\\;":\'uumm e, il

et inhibitios). n .

Phiysiiy.

ovated D has

centralionS- "JS(OH)D has little biologic activity, whereay i
may have valoi

hotrupic ef.

eV "
5 5D .c:yvawg‘u:‘mc active form, L2S(OH)D, by 1.ty
u"“ ey .cnmyd utm-! ydpv:ylgw iy increased by PTH an, \;}:n';""“"“"')vne et
) 25O m; 'I‘e juct inhibition). 25COH)D can -Imhcmlcl‘(:hnl by plasing phos.
ﬁ'; e in the kidney. ated 10 24,2501,

5 On®
 ion of

ethod to assess the activity of the vitamin ) puthway?
By

pt s the best ™
L3 ‘,:w...emm of serum 1.25(0H),D. the active companent of the pathway,

o Wit pest metihod o assess vitamin D Intake and storec?
Nesarementof v 25(OHID because it reffects the summation of vi
a0 purces availatle 07 activation to 1.250HLD. armin D from di-
u, summacize 10 sctions of the major calcium-regulating hortmones,
HORMONE SITE ACTION
o bonmune Bone T Calcium and phosphate resorpiiun
Kidney 1 Caleium reabsarption
| Phosphate reabsorption
1 Conversion of 25OMD to 1.IKOWD
Cionin Bone 1 Calciunt and phosphate resorpion
Kidney  Calcium and phosphate reabvorprion
‘Maintsins calciun trusport sysient

vasaDU25OHLD]  Bore
Gastrointestinal tract T Calciu and phosphate sbsormtion

ones that affect bone and calctum ‘metabolism.
nd estrogens are necessary for e pubertal growth ypurt nd

s in bone and, therefore. before “dulthood. favos bone for
sorption (probably PTH-mediated) and therefore

e of testosterone in en bessss of
ensity (osteaparesish

42 Discuss other horm

Gouadalsteroids. ANdrogens
o e epiphyseal (growth) plat
asin Inihe adul, estrogen decreases bore I
et bone density. Loss of estrogen at ‘menopause (0
e atried by & loss of bone mineril & . )
 escorticoids Although cortisol is necessary for normal skeletal growihs cotisol inex
gLt There are several mm:lmnism.\forglnrnxmimxdi\vulu«d s
..,,E""""ﬂms hypercalcioria and an inhibition o 1.25(0H),D-medited calium m:m
mode guiniesinal tact, The et secondary hyperpaatii e
T :.«31'271"" e, cortisol in excess appears (0 inhxbilus!e«dvhlmuc o foraation et
- eces ghuoconicoid may induce secondary nypogonadisit )
%\njﬂ"’::.:'ﬂmonz. ek o adquate thyroid horione delis ossitication of m":.:‘,:::wh-
hm.w':,,'f"fﬂ"‘"" Uevelopmen in children. Excess yroid bonone 14 ¢
e orpi

CHimus IGF-1, which increases bone format

on,
M Doy

ibe the.

e b averallregolation of i

e n of calcium balance: ) it
S e ke ol gl cacum 4 . l'l:“:\,;:‘::ai‘n
N aicium absorpion is increased bY 1 280D WO P rom
ey ‘.‘k o i reases calcium resorption from bore and calcivn e

10m & high, calcitonin may decrease bone resorion:
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@ P
/ (+) (+)

125 (OH), Dy CRICHONIN =y

PN

m

Inegration of the hormonal regulation of calcium balance. PTH increases plasma (ECF) calcium by incey,
ing bone resorpion, increasing reabsorption of calcium in the kidney, and by increasing renal production of
125(0H),D. i A ¢ e
resorption at i and with doses, its physiologic role s mior

q: i d ed. Philadelphia, L 1994, with per.

|

mission.)

144, Briefly explain phosphate balance.
Phosphate resorption in the gastrointestinal tract accompanies calcium and i increased by
1,25(0H),D. Phosphate ies calcium and s increased by PTH. The main
ifference beoween calcium and phosphate balance occurs in the kidney, where PTH increase |
p This is why patients wi d PTH have dhy
phatemia—they reclaim calcium from the urine while allowing phosphate to be excreted.

145, Discuss the of PTH-dependent
PTH-depend i i

y ‘
i PTH ot suppressed
by small increases in plasma calcium (as opposed to normal PTH-producing cells). Therefore,
plasma calcium increases but fails to shut off PTH adequately. This increases calcium (and phos-
phate) resorption from bone, increases calcium reabsorption and decreases phosphate reabsorp-

i
1

tion in the kidney, and increases 1,25(OH),D production from the kidney to i b
sorption in the gastrointestinal tract, The result is ia without fPTHor
with frankly elevated PTH, hypophosphatemia (owing to the phosphaturic effects of PTH). and
hypercalciuria. J

146. Explain why a patient with elevated PTH has hypercalciuria if PTH increases renal
calcium reabsorption. i

‘When plasma calcium is elevated. the fltered load of calcium in the kidney increases. Al
though PTH does increase tubular calcium reabsorption of calcium, the filtered load of calcium
‘may exceed the renal reabsorptive capacity, and calcium spils into the urine.

147. What are PTH-Independent causes of hypercalcemia?
« Vitamin D intoxication
 PTH-eluted peptide (PTHIP) secretion from a mulignancy

148. Discus the pathogenesis of vitamin I intoxlcation. ‘

o ly di i 1.25(0H), 1> but may be due tosmal
but significant biologic sctivity of 25OH)D, and that clevated 2OHID (index of increased V&
min D siores) may displace 1.25(0H),13 from its plaama carier protein, icreasing i free. 40
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o 1 s rsul o fllure ke et vanin ) ekt i

)
acla in adults)
alabsorption of calcium and vitamin 1) may s lead to hypocal
poxlcemi,

yml
”’ﬁ\mmual e
led sccondary aperparathyroldisns because PPH i cevatd i vespnse o b
::\ Jis INCTEASCS caleiunt from bone and caleiimn reabsorption in the Lu\lvwvj:'l_
" dore plasn ciun, SOy ahsorpion
,f..”ﬁfu'.e because of the inability to generate 1.25(OH),D and. perhaps. s owe o renlcakum
et
e symptoms of 1y pocalcemia.
® %:‘m’uh‘glﬂ" ipheral (tetany) and central (seizures) nerve
+ Cafovasular: abnoral electrocardiogram (prolonged Q-T lnterval)
sed by a PTIL

1 Howcanone distingulsh between hyp

‘s npercalmia caused by PrileP?
e tway i fomeasure intct PTH. AUouEh PTH and PTHEP have squence homology.
antcurenly used assays for intact PTH do not measure PTHP. PTH docs nol have o be above
e to suggest primary hypx o, PTHEP- ahove

apresnac normal) PTH.

cen itamin D Intoxication and hypercalcena of wallg
ey chsed by PTHEP since they both have suppressed ntaet PIH?
o for PTHRP provide nccurate result. Furthemore. pticts with vitamin D intoxices
x sy v clevated 25(OH)D levels (an index of vitamin D stores). Measurement of
:ﬂ'wxmnmry) "AMB has been done in the past because this is an index of PTH uetivity
incnased by both intact PTH and PTHIP.

152 How can one distinguish betw

FEMALE REPRODUCTION (EXCEPT FOR PREGNANCY AND LACTATION)
18D
e fetal sexusl ton”
e T, . gefotype (i d phenotyy isicshare
e by ;:n XX conceptus develops into a female baby and an XY conceptus develops into
Mot g Presence of 8 Y-chromosame (H-Y antigen) induces development of texies,
S of Y-chromosome (v H-Y antigen)allows the development o VS he
:‘:m erone, which induces development of the male eproductive tt from e wolf-
%M“‘m”mmm d? also converted to dihydrotestosterone (DHTY by Secreductase it target
ot (i, w;ﬂ;vmcm of male genitalia, In addition. the fostey SRR | mullm':l'
o S ichcavesrgresion 1 the millerian ducts, The absenes @1 w
iy g gecone. DHT,und MIE allows olllon ducts o regress the dereiony
formation of the female reproductive tract from the millcrian ducts.

Cu
e
Yoy Mistology of
N thewmary give Insight nto fts function?
w .
Mber o germ cells (potcntial oocytes) peaks at approximaly S millor '
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thercafter via 8 process called gipegs
At & months of gestational ago and decreases sy |
:\'::lqm\lw Sapprociately 30 yours of uge) almost no viable germ cells remain, By
erinuary foliles. These have the poteatial to start maturation.
Maturing follicles. These hvgm 1o dovelop ntalllicular id and proliferting e,

e cells (heca and granulosa cells)
o ;-r:ul\un fllcle. The dnmuwlll fllil i filed with fuid ad conains  mture

iy nounts.
W progesterane o \wulullm |
e Tm\ develps fom the ruptured folicle after ovlaion, 1t o
‘Ateete fllcl. This s follcle whose oocyte was not ovalated but rcgr!.ssed during ,,."'V
uration (nondoninant follicle).
Retrugressive corpus luteum, If conception does not occur, the corpus luteur “dies,»

158 List
& HOG (trom trophoblast ud placenta) and fetal FSH and LH stimulate developmen o

ovarian germ cells.
oLt

the brain?),
o Adrenarche —increase in adrenal androgens at about 8 years of age.
+ Atonset of puberty (8-10 years old), GnRH pulses from hypothalamus increase, which
imelcn Lt e FSH and increases ovarian functon.
o hne of secondary sex ch
Mensinal celes (memarche) sarta aproximaely 12 year of age.

growth spurt (assuming presence of adequate GH).
« Estrogens also stop growth spurt by causing fusion of epiphyseal plates in bone,
« At menopause (at approximately S0 years of age), ovaries stop producing steroids. This
leads to the absence of menses as well as other physiologic (ot flashes) and psycholog-
ical chunges. Lack of steroid negative feedback leads to an increase in FSH and LH.

156. How are
The puthway is essentially the same as that outlined in the adrenal cortex section, paricu-
Tarly with nespect 1o progesterone production. After 17-hydroxylation and androgen production,
androstenedione is converted to estrone, and testosterone is converted to estradiol by the enzyme
aromatase. 1 is generally believed that this process requires the two follicular cell types—theca
and work in what “two-cell
genesis” (see figure, next page).
‘The theca cell expresses primarily LH receptors. LH stimulates steroidogenesis and large
‘amounts of androgen production. The theca cell is relatively devoid of aromatase activity.
Androgens iluse though hebasallmin no the granulosa el The ransoss ol ex
presses priwrily FSH Ith LH receptors just
drogens from the theca cell are nomamed o0 estrogens primarily in the granulosa cell.

157. Since the gonadal hormones are steroids, do they circulate bound to carrier proteins
similar to cortisol?

diol and estrone, because they 17201, jon, do not rese-
ble vortisol wry much and therefore do not bind to CBG There is ﬂnolher carrier protein called
globulin (SHBG) that ¢t ¥ 38%). Progesterone

oes circlue bound 1 CBG (approximately 18%).

158, If progesterone only binds about 18% to CBG and estradiol only binds about 38% (0
SHBG, do these gonadal steroids circulate mostly in the free form?

. because they are bound significantly by plasma albumin, with estradiol having abou!
60% hmdms ‘with albumin, and progesterone about 80% binding with albumin. Therefore. ¢St




Endocrine Physiology

[t

> Andosienodone
—= Tesosarone

|

Eswadiol

Estrone

‘GRANULOSA CELL

‘an steoidogenesis. LH primai
ovaran
mﬂﬂd"“mi o cell where heyar converted 0 csogens b FSH sl -

ey Gritn JE. e
crone o androgens. |
. O Universiy Pess, 1996, with permission.)
I imately 2% free, with sbout
produce peptide hormones?

relaxes pelvic ligaments
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W How s the hypothalamic-pituitary-ovarian control system similar €0 and different
bt HPA ayis?

e

are similar. i
otropins LH and FSH. These tv0
back, decreasesthe s

i ypogonadism anlogous to prinary adend

Jow (analog
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Mimulates ovulation, (See figure, next pige.)
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161. Outline a typical menstrual cye

Because this i trly a cycle. day Insm\cs\huluhmr\ Bevause the make physial s
uﬂnumw(memes however, ths is considered day |

ollcular phase: The emergence of the dominant ol

| ‘Menses are induced by (Rereases in estrogen and progesteroae. i

2 Incresce in FSH on day 281 inuced by o of Sictond egative ok, e
FSH on day 28 promotesthe maturation of 6-12 peinary fllicles

3 I in FSH on day 28 ollowed by LH cn days 3-8 imosses etnogen p\\h\n‘

genis aiste FSH seireion by negative feedhack, ESirugen cvexentiation mgy awrelar o
size ol i doninant llce.

decrewse I ESH .
H evause it has incressd expeessn of LR and

domuum mme survives this decrease in
FSH receptons.

6. The system shifts from thack s that the
gen from the dominant follicle ndunes the LR surge. T estrogen canes |‘ T omes T m‘
gencauses T LH.

7. Preovulatory increase Mad i

8 L ure and ESH e xcurs. wilh e o LU b0 SH g Bantnalty
This mewsn il

Pt surge induces LH rovepors on granuions cells b pevpare the Rl S e
‘mation into the corpus luteum.
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exmwnanan ations of Ronadsl FREIL e follcular phase of the menstrual <Yele. By
. NQTMI:;P:'::K:‘:}TM eithelial and siromal layers. The hickness o o
w:::. :'\Q.)mmm and the uterine glands increase in size. The spiral arteries,
- .

. Which g
w y for the endometrium. elongate.
e e soang the e phas of the menstral " .
Sevretory ph
embonetrium & npl "Cparey

i Loy actiy.
ity of the uterine glands lMg|y<logenpma-mmnm,hgﬂlm%%
atous, and the spiral arteries coil.
. :mwnp:mmumlh the end of the luteal phase of the menstral ey, 7,,
huss of gondal steroid seeretion from the corpus luteum induces v
tspast?) of the spiral arteries and necrosis of the endometrium, The

endomeria finigy
s shoughed of in the form of menstrual bleeding.
164 Are thereot ro .
o i -
sty ativity amd decreases confractilty. o
8 -
contractility

Cerix—Esmogen induces 3 watery sereion, and progesterone stimulates theprodaciog
of dense, viscous secetions. ) )
Vagina Estrogen i

g,

ferentiation. o
Breasts—Estrogenstimulats development ofthe ductsystem and adipose tissue (e,
¢ i i 2., during

puberty). and progesirone induces formalion of seetory alveol e ., during pregnancy,
Bane —Estrogen stimulaes and terminates puberial growth spurt.Estrogen inhib b

&L— i SHBG. CBG. and TBG. Es Tipid p
168 Listand ilization of the

ly il m and implantation of the conceptus,

N transport: Ovl: & By fibrial end of fall

- Sperm transport and capacitation: Contact with emale tract actvates sperm funcion

* Fertilization: Usually occurs in fallopian tube

* Implantation and placentation: Blastocyst usually implants on endometrial lining ap-

proximately 7 days afer ovulation

166, Whatis.
Menopatse s the age-relted cessaton of regular menses during the female climaceri

hen reproductive yclicity gradually disappears. Usully, mensirual yees becone, imegularbe-

fore they completely stop. Menopauseis characterzed by g lossof ovarins function probably as

aresultof exhaustion of available follicl

es lost because of atresia. Because of the decrease ins-
ogen producton from the ovary. LH and FSH increase owing to logs of negative fecdback.In
that sense, menopause can be defined as by pi N
167. What is amenorrhea? ™
+ Priumry amcnorrhea: the
berty). It iy curreatly believed that the failure to have normal menstrual cycles by the age
of 16 should be evaluated, ¥
+ Second ! Causesinclode
!ﬁx‘&l\m\‘_\. Byperprolactinen

. and weigh
" imegular meastrual cycles,
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lar steroidogenesis ang “52;: 4 similar

rone secretion is necessary before put .
o e el androgens), which vl oo b ol g,
the onset of puberty. imaiely 8 years of
of age. LH and FSH increase, leading to a )

2 spermatogenesis. Te increase in uumfum mﬁm&mumn
a"‘":,y g ofhe voie, iy nd pubi i, s et gy signs of
sk eistence of a male climacteic inthe eldrly i a controvrsial topic. Almm). h
T e s men g o i Fories o i i ay o o s
:;«nwl"r nd spermalogenesis can be maintained. rpresent clivcal

.

steroidogencefl.

Flly the same as adrenal androgen production. in which

o e o DHEA and androstenedione by P4S0ci7. o it
e cnveted o estosterone. Although tetosterone s the primary androgen

e st s 10 he most potent. D) ) s produced roduced
St primarily in target U erion! In abdition

et o csrogens in males primarily by peripherl converion by ot

o
This s essent
are cor

the male and sources,

M. Resies
+ >95% of circulating testosterone is from the testes.

+>80% of the circulating DHT i from peripheral conversion

> 80-90% !

of testosterone.
of is from perip jon of precursors.
+>90%of cireulating DHEA (sulfate) is from the adrenal cortex.

n

tthe bo i puberty.
L GiRH pulesfrom the hypothalamus increase FSH and LH secreion.
2 LH stimultes testosterone production, which induces development of secondary sex ,

i ’;_’,‘aﬁmlalts spermatogenesis. rche).

G e growth,
dovcone enures the srton of GH nd it the pubertal grosth sput
causes epiphyseal fusion (termination of the pubertal growih spurt)

My,
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gy ¥ \kak.‘,, i pes with sbout  90-minut frequency. ahough s vmn:
g ol by timeof day (and even o ofth year. GiRH pUkCS 60
s, w,,...w"“ Contanily high levels of GoRIH. lthough imltng LN
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174, What is the main difference between e HPT and HPA axes
The testes produce two negative feedbiick signals: Testosterone infibits LH (and s
hibin inhibits FSH release.

175. Culegﬂrhe lhe setions of FSH and"LHwon the testes.

d release) from the Leydig (e

tal) «us Allhmlgh LH was named for its luteinizing action in the female, it effct inmas e

crease in androgen) is analogous. In fact, in the past, LH has been called interstta el sint

lating hormone.

B FSH stimulates androgen birding protein from Sertoli cells into the lumen of theseris

erous tubule. Androgen binding protein acts as a tocal testosterone sink, which dramaticaly &
ereases the local concentration of testosterane that is necessary for sperm manration. FSH4Y
stimulates spermatogenesis. (See figure, next page.)

176. Why are LH and FSH necassary?
LH is wecessary to stimulate which has
simulates spermatogenesis and increases ocal testosterone concentration by inTesi®f
8en binding protein reiease from Sertoli cells into tubulas lumens.

Tocal e S
T

177, What are the major acti
actions of androgens® wt
Fetal development: Towosterone stimulutes internel genitalia and s
(OHT) stimulutes extemal genitnlin, ——

Puberty: Testostorone and DHT increase secondary sex charsctert
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179. In there un event In mulus-analogous L0 menopause in femaies?

Total testos@roge levels do tend to decrease a5 men age but usually remain withip
mal range. More inportantly, free (hioactive) !cslufstcropc may d?crcasc due to chap
hinding charactoristics, Although hypogonadism in aging men is not a ubiquitoyg g, dine 3 .
menopunse), i i§ amenable to testosterone therapy. Spermatogenesis has been reported tog (like

equute for fertility in men in their eighties, be ag.

it e T e ot B

Nor.
ges in SH;{; |

i 27 Y]

180, What Ix the most common digorder of the HPT.axds?
Hypogonudinm (a decrease in testicular function).

i
181, Discuss the causes of qalg hypogonadism™® - i'

Hypogonndism in males cun be generally classified as two types: - 4

_ 1. Testleulur dysfunctlon is due to a decrease in testosterone production from 1
LH and F'SH increuse because of u loss of negative feedback, Therefore, this is called hy
tropic hypogonadism und is analogous to primary adrenal insufficiency,

2. Hypopltuitarism is called hypogonadotropic hypogonadism and can be due o !
idiopathic decrease in LH and FSH or due to panhypopituitarism. “Hypogonadotropic,, man |
be misleading becuuse LH concentrations are often in the normal range in patients wiy, hay |
pogonadotropic hypogonadism, The LH levels are inappropriately low for the low tesmi
terone. - | |

Another cause of hypogonadotropic hypogonadism is hyperprolactinemia, which s usa.
ally due to a prolactin-secreting pituitary adenoma. Elevated prolactin levels inhibit gonadotropin
secretion and induce hypogonadism in males (and amenorrhea in females),

5
.4
!

182. What are the symptoms of hypogonadism in males? |
Symptoms depend on the age of onset, s = s ;
* Androgen deficiency or insensitivity to androgens in early fetal development leads 1 -
varying degrees of ambiguity of the genitalia and male pseudohermaphroditism,

* Prepubertal androgen deficiency leads to limited secondary sex characteristics and ey. |
nuchoid skeletal proportions because, even though there is no androgen-mediated pu- |
bertal growth spurt, there is also failure to close the epiphyseal plates and the long bones -
continue to grow. Therefore, the arm span of these individuals is longer than a typical .
man, i

* Androgen deficiency after puberty usually results in decreased libido, impotence, and

- low energy levels, If androgen deficiency continues for longer periods of time, there can
be a decrease in facial or body hair,

183. What is the most common cause of male hypogonadism? | | '
Klinefelter syndrome=whicltr occursr about-6.2% of male births.

184. Describe the genotype and phenotype of Klinefeltex syndrome, |
The most commot genotype is XXY (an extra X chromosome). An XXY genotype usu-
ally results from meiotic nondisjunction during gametogenesis. The phenotype usually appears
at puberty and includes increased lower-to-upper body segment ratio, gynecomastia, small pe-
nis, and sparse upper body hair. The testes do not develop normally and are usually small and
fibrotic. The decreased testosterone production usually leads to elevated LH and FSH concen-
trations, - _
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