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) and can act on th tssue that produced it (autocri
ad released into the bloodstream by nerves (neurocrine;

fluid volume,
sulation of plasma ions such as calcium and sodium
and consumption of calories; heat production

la and produced?
is determined by the site of synthesis and, in tum, deter-
e mechanism of action, and rate of metabolism.
'HORMONE
Catecholamines (epincphrine, norepincphrine,
Triiodothyronine (Ty), thyroxine (T,)
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fferent categories of hormones?

4. Whatare some examples of di

Thyrold Hormoneg
5 oDl
HO: CH —CHp— NH2 HO 0- e
@_ ( i) 1 oo
L (3,5,3"riodothyronine, T
L

OH
(Vitamin D3)
Examples of different categories of hormones. In the casc of the protein hormone, cach cicl represets 8
amino acid, as shown for the polypeptide hormone. The structure of oxytocin is similar 0 arginine ViSO
presin (From Griffn JE, Ojeda SR (eds): Textbook of Endocrine Physiology. 3rd ed. New York, O
University Press, 1996, p 7, with permission.)

5. Is there a pattern to the release of hormones?
Hormones ae released with a variety of thythms. Hormones can be released in circadidh
rhythm, such a corisol, which peaks at 8 AM. and reaches its nadir at midnight in durdl 482
s, Hormones canbe relesed i ltradin shythm, with many 204 iy witin 64
bos rmones can essd |
primarily in response to -pmfu: stimuli (e. g suckling-induced prolactin). Pulsatlity appears 0
‘maintain receptor sensitivity to hormones.

6
“The ead-product (ormnose, mebolite) inhibits m: release o the Mnm;gu snmuf::
loop). Most n
R e e e i e o =




e TYeongy

(62, pump, goorPion
1M ity e

“This classic cel membrane receptor s covereg

adenosine Tonophosphate (cAMP) production and tum on
i receptors (¢.g., epidermal growth factor [EGF] and
of tyrosine on intracellular proteins.
A for atrial natruretic pepiide)
L e (cGMP).

e
pression. This s why they genc
ex| e ivate second

. which quiekly acivee
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the metabolism (clearance) of ho

Ll i::r::::‘:ir::l::pmcd i plasmi b 10 cafleabre .

ml‘nudﬂ ';:)m the plasma compartment; ually only the free (unbound) componen .

aing hormone is available for metabolism I the unbound hormone that i e ot

ologle SR earanc i inversly proportonal 0 the percent of o

2 . Thyoid hormane has a sow melabolic clarance(lng halt.
ol Protin binding of a hormone i the plasma compartmeny

circulates > 99.6% bound. n the plas;
;::;::1: m metabolism because anlythe fre hormone s biologieally acive an ayg

metabolism.
3Wi

abolic clearance is also inversel,
in a class of hormones, metabolic I 1y ropotioty B
binding in s, Forexample, thesteroid corisolcrculates 956 bound and s s‘n:; 0
botic cleartac than aldosterone, which circulates only 15% bound. me

e discase.
attibutable to hormones result from eter
arent overproduction. 1

12, Discuss the general principles of endocrin
In general, most disorders that are prin

el or apparent underproduction or real or app
Underprod:

juction:
+ Primary underproduction s duc to loss o the function of the gland producing the g
hormone. i f both adrenal i i

is due to the loss of
e of thi

in which,
{uitary fails to produce rophic hormones (.g., adrenocorticotropic hormane [A(
‘which maintain normal function of a gland (e.g., adrenal cortex).
« Apparent underproduction (i cell insensitivity)is usually due 10 a receptor df
(mutation) such that, even if the hormone is present, the arget cell cannot respond. An
ample of this i tesicular feminization, in which a male genotype (XY) fetus has a my
tion inthe testosterone receptor and, as a result of loss of androgen activity, develops

i idism, in which, despite norm
orelevated parathyroid hormone (PTH) levels, the target cells for PTH cannot respond

« Primary overproduction is usually duc 1o a neoplasm (tumor) arising from a cel p
g - 4

gardless of any endogenous signal o stop its production. An example is an adrer
adenoma that produces cortisol even in the absence of ACTH.
« Secondary overproduction is duc (0 excess input into the target gland. An example
tumor arising from norma pituitary cells and producing to0 much trophic hormone (e
ACTH i el i

release, i b et f et
creased to compensate for it

. is due to activation of a receptor or cellular componeat o%

10 a mutation. Therefore, the function of the target gland is activated even in the abset

ﬁmni:‘hmdmm‘m An example of an activating mutation is Liddle’s

the effects ) much aldosterone, even though aldosterone is low.

omy of the hypothalamic-pituitary interface.
piitary homone relase is a classic example of

Jled by
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ol Increases or decreuses the releqse of Mimulatory (rejeq

roleased from terminaly located o Cpillaries i the iy
UAre. Piitary, where
10 pHUary. The posterio pitay
into the bl nagno-

i inerease o decrease in the release of POSrior pituitary ho.
7 u: mylﬂch‘)‘l‘m capillres i the poteror pitry

supply. blood.
,;",:"s‘:'w
iy :
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and follicle-stimulating hormone (FSH;
. Go;:,:?x:‘?:v‘;'“!“:“ ovarian function and slcmldogcncsi\)
e mulats esticular functon and steroidogenesis

2 Somatomamotropins (sngle-peptide hain ith disulide boy
2 S topin): simultes somatic growth (ia inslin ke grow

and s counterregulatory 0 insulin ey
O e (mammotropin): promes actation infemales
3. Proopiomelanocortin (POMC) family (precursor for small pepides Producegs,

..,,.;mw(g;lﬂ"'z:,f;:.g; adrenal growth and steroidogenesis 4.,

A psopi,-ndorpin:physiologi lesno iy eablhed
e eate-tmulating hormone (MSH):sin drkering inlower animalan

centration in humans; physiologic roles not established ighcon,

15. List the factors. (hypophysiotropic hormones) involved in the control of anterj m
e oteopin-releasing hormone (CRHD stimulates POMC synthesis an Ay
I
crtion.
B in-releasing hormone (GnRH) stimulates LH and FSH secreton
© Growih hormone-releasing hormone (GHRH) simulates growth hormone reegs,
© Somatostatin (somatotropin release-inhibiting factor [SRIFI)inhibits growth b

secretion.
+ Prolactin-stimulating factor probably exists, but its exact nature has not been esoleg,
+ Prolactin-inhibiting factor (dopamine) inhibits the relcase of prolactin,

« Thyrotropin-releasing hormone (TRH) stimulates TSH and prolacin secretion,

16, What is 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 o the hypothalamus increases or decreases the release of a hypothalamic relessing
or inhibiting hormone into the long portal system. This hormone is transported to the anterioric
witary, where it increases or decreases the releas of a trophic hormone or hormones. These

g target gland

releases & hormone, which has systemic effects.
“The target gland limitsits own release by exerting negative feedback inhibition at the sel

of the pituitary or even input to the hy Feedback actions medi-
ated by target gland hormones are called long-loop. Short-loop feedback is the inhibition ofhy-
ic function by pitui i Ultra-short loop feedback i the inhibitionof

p
hypothalamic function by hypothalamic factors

17. Is the control of all anterior pituitary hormones the same?
No, cach is peculiar in ts own way. Sometimes it i casier to remember the exceptions (@

bold) to the general model:
CRH-ACTH-cortisol

Classic system
P (GHRH]
[somatostatin]) hypophysiotropic hormones
Majority of negative feedback of thyroid ‘hormon¢
exerted at pituitary (inhibition of TSH) o
Two pituitary hormones (paralll system) Ui
FSH controlled by same factor
Positive feedback of estrogen on LH during
cycle
Primarily inhibitory cand
(dopamine inhibition of prolactin ks
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18, What s tncant by isotated hypopituitarism?
Oy o o two anterior Bormoncs areabseat. Examplesof thes are Gy,
oy dticioncy (Kalmann's sydrome, anoreia), and isoed A(.':ﬁ%.y(

n ple of overactivity (hy PR b :

Tumons of the lactotrophs, which synthesize prolactin, can lead; lehdn."\

cansuppevs LHFSH ekase and e 10 hypogonadism i malesand ampee O 8linemgy
“anenonhe iy

POSTERIOR PITUITARY — VASOPRESSIN

20, What is arginine vasopressin (AVP)?
AVE is & neurohormone synthesized and released from nerves, It is 4

isulfide bond between amino acids 1 and 6, which creates a ring and aif st PePe

i similar 10 Oxytocin (see question 4). tructure, i

22, Why is AVP abso called antidiuretic hormone?
The two names describe both of its major effects. It is a potent vasocons
pressiin, At ven lower plasma concentrations, it increases passive water reak,
I ause its effect leads 10.a concepra.

20 Are there any other prominent actions of AVP?
AVP appears 1o have effects within the central nervous system to img
and is well known to po "
(a hypophysiotropic effoct).

Strictor, henge

Iprove memory
CRH on ACTH

24, Describe the control of AVP. (See figure.)

LACTIVITY I\ INWIBITORY AFFERENTS




Watrs it JUSCPIEVERIS the Ios of water fro g™

in osmoreceptor activity also stimulate thirs, i
‘small decrease in blood volume is snsed by low.

enddiastoic vl n

to the hypothalamus (via a decrease in activity of in.

‘vasopressin, which i reabsorp-

hypercapia (via central and peripheral

moreCepLors), pain (via nociception), and nau-

caused by either the lack of AVPor th inabilityofthe

tic diuresis (as opposed to diabetes mellts).
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ADRENAL CORTEX

ribe the histology of the adrenal cortex.
s classic example of functional zonaton. The outermost zone
the mineralocorticoid aldosterone. NcI;‘"‘@ 20ma

- Nextis g

losa, which synthesizes and releascs
e whose pimary secrtory product s th glucocorticid cortsol. The
7ona reticularis, whose primary sec e
e (DHEA). The zonae fasciculata and reticulars are ofien cons N

ide
rete cortsol and DHEA o some degrec. red t0gether becgygq

29. Desc

both sec

30. Diagram the synthetic pathway for the adrenal steroids.

R 5 N
G RL: Clinical Endocrine Physiology. nnltklphli.WB ‘Saunders, I

[Enzymes (abbreviation/gene
s name) keyed by number 1o the fi ;
chain YP1IAL). Rate-limi O

the mitochondria
. 3p-Hydrox
‘3B-Hydroxysteroid dehydrogenase (3-HSD/HSD3B)
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0c21/CYP21)
1B/CYPIIBI) in z0na fascic,

5 ulta
(PAS0CHIAS/CYPIIB2) in the 09y ""'“"ﬁ“
lon I*Nm (dotted o),

of aldosterone synthesis? =
esis involves multiple mmuhonynﬂmmwmm

cell, which, via a G protein, activates Mﬂh
ction of the second messengers IP; and DAG, which
uwmmmm)nm‘m
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L Increases resorption/decreases formati
- Increases protein catabolism (increase fn
: g 5 in lucongy
Dereases insulin s 5
‘ sulin sensitvity (decrease
uptake) oo
Immune system Immunosuppressive (pharmacologic?)
em Dect ctivit ¥
Connective tissue ity and collagen
e that must b s el

Juis well known that co" %
exact biologic reason for this although it i presumed hat the abil iy i
blood pressure and volume 1% he main factor. Some of the effects above are r"“b.ya ;n iingy
only when the hormone is used it P acologic doses. Iy o

36. Why s cortisol called glucocorticoid?
One of the long-term effects of cortisol is to incre
i

his intwo general ways: Fi

s blood glucose (hyper
coneogenesis). The liver uses amino acids from musc nd rol from fat as gl liver (gly.
Bt sense,cortsol is catabolic. Second. cortsol prevents il s

B e ft, which prevens glucose from leaving the plasma i
d partmen, The

cose uptake in muscl
o ofnereased gluconeogenesis and decreased insulin-simula
i 2 ted glucos
\o hyperglycemia. Tis is thought (0 be an important mechanism in muimm?ﬁn‘g ;f.‘;m’l leads
ma glcose

evels during a prolonged fast.

37. How is ACTH synthesized?
ACTH s synthesized in pituary corticotrophs as part of a large

i d s part 0 ge precursor mol
Postranslational procesing of POMC produces kilodaltons) ACTH, rr':‘.;ff,:‘f-i.mm'
is produced. POMC i aso the precursor for B-LPH, which is further cleaved to -u:u Ao
endorphin. ACTH contains within it the MSH sequence: hence, when plasma A(.XI'H 1 bl
high (e.8. primary adrenal insufficiency, Nelson's syndrome), skin darkening can m;“h“

38. Draw the overall control of cortisol secretion.

DIURNAL.
RHYTHM @ "
Hypothalamus

(HPA) axis. + indicates that stress imulates CRIH, 0
 cates thacoril
- Clnial B

1987, with permission.)
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1 The parvocellular CRH neurons
They v it o vy
um), i system (.. ansiety), and oy
 hypoglycemia). and vin afferents from e nuleus of

(uymﬂw hypoxia).

cireulation stimulates ACTH release.

in ACTH
mdlly adrenal insufficiency, corticosteroid W, M

roleased from the adrenal gland exerts a varietyof systemic
is own release by inhibiting the ACTH sensitivity to CRH (a the pi-
ase (at the hypothalamus). ‘and inhibiting input into the hypothalz-

in cortisol.
e (wake during the day/slcpatigh) coriscl ks
‘idnight, The increasein cortisol arly in the

mm “This pattem s shifiedin humans

\gh cortisol)
n thlﬂsdnu!)
n-ndldm-iﬂ'“
‘microadenoma)
from aneoplas)
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wiarism. Abrupt withdraa of ong-er €x0BEnOuS lucocorticoig
ondaryadena insuficency becaus of Suppression o the HPA i et 360 g

e n Edh 0y
45. How is the diagnosis of adrenal insufficiency made?

i sspected,arpid ACTH Conytopi) St Promed. e
insuficency, thecorisol response 0 €XOBENOUS ACTH i low. It gy Pty
ondaryadrenl insufficiency. he CORSOIESPOSE 0 XOEEnOus ACTIYj oy Sy
atrophy owing o long-term loss oftropi action of ACTH. To differenig, Betog 26Ol o T
secondary adrenal insufficiency, measurement of plasma ACTH is usually \ur:“n 'ﬂln
evated in primary; low or normal in secondary). cieny Mt‘r

The fctthat ACTH can be withinthe normal (eference) range inseqongy
fciency s an exremely important concept that s impiications in e gy,

encey Ml
eg. secondary ||)pn!hymld|;m? The. s ofy
10 think about it i that if cortsol were low in a nm’m.ﬂ person, ACTH shoulq pr TPty
factthat the ACTH is not elevated means that it s inappropriaely i e vy 1
i AR S N i) g
46. What are the general symptoms of Cushing’s syndrome (glucocor(i
« Obesity umfcal distribution) (Blucocorticoid excesy
« Facial plethora (red cheeks) and moon face
« Hirsutism

« Hypertension (owing to mineralocorticoid action of cortisol)

» Myopathy (muscle weakness)

 Striae (purple sripes on the abdomen because of skin thinning and sty
bruisabiliy) Ehing a0

« Psychological symptoms (usually depression)

47. How docs one screen patients (o make the diagnosis of Spontancous Cushingy
drome, and distinguish between ACTH-dependent and independent Cushing'sy ™
One ormoreof hefollowing is usally found inpaiens with any form of Cusings e
¢ A2hourcolletion o urin fo cortisol i elevated (index of adrenal secretonof gy
* Bedtime salivary cortisol s elevated (due to loss of circadian hythm; salivary cor) .
flctsfree [bioacive] plasma cortisol).
* Alowdose of bedtime indicates that notfully sp.
pressed in Cushing’s syndrome (test of negative feedback),
o distinguish ACTHdependent rom ACTH-independent Cushing s syndrome, e mease.
mentof s low in ACTH-i
Cushing’s syndlm (because of cortisol feedback on a normal piuiay) ad it above e
’s syndrome. The
Pituitary d

mal ACTH i insuffic

ck Thmfme although
‘within the normal range, ACTH is inappropriately clevated for the increase in cortisol

JAI. Cl"‘ﬂ gun a simple way to distinguish between Cushing’s disease (pituitary) and ectopic

radiograph). iy o ccopic ACTH
Loy @.;. different doses. u[dgxumema\mlt\ s notoriously -wﬂ""

CRH.

suppression test?
agnose Cushing’s syndrome (hypaun\lwill::’ 1:
h arising from a normal corticotroph cell




oses of
»A“ d ,m to differentiate pituitary from ectopic
* dm(gbﬂmglbdm)nmm
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+
con.
oo ACI'H ' butthis effect lday N
lice that plasma potassium forms its own ek loop independent of the renin-angiotensin syse, Ng
shown is that the conversion of angiotensin 1 to Ang II i catalyzed by ACE. (From Hedge GA, CA\Iby 1D,

‘Goodman RL: Clinical Endocrine Physiology. Philadelphia, W. - Saunder, 1987, wit permission)

56, What aretheother major renal effects of aldosterone?

mainly because it i
in the kidney. Therefore, when sodiu niake s ow. renin secretion i ncreased, wmm..
an increase in plasma Ang II, which stimulates aldosterone secretion. Aldosterone increases
sodium reabsorption t0 restore plasma sodium to normal.

57. List the major disorders of aldosterone production.
Hyj
o Primary (loss of zona glomerulosa function; e.g., Addison’s discase)
+ Secondary (hyporeninemic hypoaldosteronism; loss of renin secretion from the kidney)
Hypera

byas onn’s syndrome)
ornodular adrenal byperplasia

by renal artery
p.mwe i the idney i decreased and the intrarenal baroreceptor stimulats rnin e’

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

An increased ratio of plasma aldosterone to plasma renin activity, especally in the preee
of hypokalemia (which usually decreases aldosterone secretion) with the appropriate cli
), Suggests an autonomous prod: f aldosterone.

neuroectoderm, is innervated by preganglionic
es catecholamines




o qupm..u is comvened © epic
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&4, Is there a disease of the adrenal medulla?
The best appreciated is pheoc

These tumors are usually loca

pathetic chain).

which is a
I gland

65. What are the most common symptoms of pheochromocytoma?

Excessive perspiration
Palpitations
Absence of all four of

{ these symptoms virtually excludes pheachromocytoma.
THYROID PHYSIOLOGY

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

mo
+ Collold: central space in the follicle where thyroid hormone is stored as a componey

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

What are the main thyroid hormones?

« T, (3.5,3' 5" tetraiodo-L-thyronine) is the main secretory product of the thyroid gland.

« T} (3.5 “riodo-L-thyronine) can also be produiced by the thyroid gland. Most T, s
daced by monodeiodination of T, in peripheral tssue including target cels, Because
signifcantly more potent than T, T, can be considered a circulating prohormone.

« Reverse T, (3.3'5-triiodothyronine) is found in the blood, although litle if any isse
by the thyreid. This hormone i essentally devoid of biologic activity and s produced
marily by peripheral monodeiodination of T,.

68. “!.hll is the source of the iodine used by the thyroid gland to synthesize thyroid ho

Organic io?iue or inorganic iodide (food supplement) in the diet is absorbed into the bloo

1l has an form of hic

traps iodine within the thyroid gland.

69. ll)wlb!lhllym of thyroid hormone.
: e e

)

tive and binds quickly to the ring of a tyrosyl residuc of th i
of a tyr yroglobulin (sce later).
3. Exoeytosis of thyroglobulin, which has been synthesized within the cell into follcul

4. by This ithi lar
rbon of the tyrosine ring is iodinated,
M'_r). I two carbons of the tyrosine ring are iodinated, this s

nes (on thyroglobulin molecule) occurs when MIT and DIT
n molecule. If MIT and DIT are coupled, T; rest

ntaining thyroid hormone. If thyroid hormone is

d and stimulates recovery of thyroglobulin
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ki

“The liberation of T, and T from thyroglobulin occurs i,

r, and T, from the intracellular to the plasma compartment,
d DIT such that odide snd yronine can b el
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gystem: necessary for perinatal maturation and normg
+ Central nervous syste! £ forpeceal iy
+ Autonomic nervous system: increase sympa y
+ Temperature regulation: increase thermogenes|

¢is the ci jid hormone regulated?

2. How s the circulating thyroid L =
T mainfeedback loop n this sysiem s T, T inhibition Of TSH and TSH gty

1, Although probably not  major mecharism, T and T inhibit TRH screton. Ty e Te

the set-point for T, T, negative feedback. s

S

Hypothalamus
TRH
(+)
BT Regulation of the hypothalamic-pititary gy
PRjitary. cates that TRH simulates TSH and that T g0
thyroid hormone relesse. T s converted o e
f tentT, inthe iverand argettssu, ~ incicae gy
=) TS T, and T inhibit TSH release (neglive feedbye
() (From Goodman HM: Basic Medical Edocolg)
1. 2nd ed. New York, Raven Press, 1994, with ;
3 s+ 74 i
N e
Ty M
Liver Sryrod

73. Other than TSH, are there other factors that regulate thyroid function?

+ Thyroid-stimulating immunoglobulins (TSI): These are antibodies produced under sb-
‘normal conditions (e.g., Graves’ disease) that are directed against TSH receptors but resut
in activation by mechanisms similar to TSH.

« Thyroid nerves: These may modulate the s

« Todine: Although chronic iodine deficiency lea

in thyroid hormone and a

“TSH-mediated increase in thyroid size, an increase in iodine can also decrease thyroid or-
‘mone secretion by the paradoxical Wolff-Chaikoff effect. This is due to a decrease inthe
organification of iodide and may be protective against iodine-induced hyperactivity of the

thyroid gland. Excess iodine may also decrease the secretion of thyroid hormane possibly
by decreasing the sensitivity to TSH.

74. Outline the general disorders of thyroid gland function.
A. Hypothyroidism (t0o little thyroid hormone)
1. Primary

a. Hashimoto's thyroiditis (autoimmunc)
lodine deficiency

b.
2. Secondary —Hypopituitarism
B. 00 1 thyroid hormone secretion)
D ! disease—TSI)

of exogenous thyroxine)
tumors (very rare)
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9
of the thyroid gland. It
: . an be due 0 hyperg

n (e.g. iodine defc bperthyrii
B krpan) 08 G Ty

vwﬂfn-ham-mkmmm

 (rormal o low) hypothyroidism.
TSH s in the normal range?

, "
.ﬂ:isiunimpommmmepum.e ic-
s low circulating T, should lead to an clevated TSH.
o is due to hypothalamic-pituitary dysfunction.

"TBG concentration. For example.

ieelevated, which ncreass toal T, Because he

‘women, once the new binding ites ¢
‘within the normal range.

discrepancy between free and otal T2
i
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ethod to diagnose hyperthyroidism?
umors are exceedingly rare, suppressed TSH is yseg
Jable can distinguish normal from suppresseq. T;; a

84, T there a simple m
Because TSH-s secreting
{test. The current TSH assays avai =
the need for TRH testing. A "xu
S5, What are the treatment options for patients with Graves' discase?
+ Surgical removal of thyroid gland (thyroidectomy)
+ Radioactive iodine administration (ablation)
* Intermaption of thyroid hormone secreion with drugs (e methimazol [Tapgej

$6. in primary idism, primary hypoth

and pregnancy. "roidisn,

e N T B TR T
NORMAL HYPERTHYROID __ HYPOTHYROD ey

Totl T, N X 1

TBG N N N 1

Free T, N 1 i s

TSH N 4 T N

87. Dis i in primary

“The main defect i excess secretion of T, and hence an increase intotal and free T, Tsi
suppressed n primary hyperthyroidism because of negative feedback inhibition by freeT,

8. id findings in prim:
‘The main defect s a failure to pmduce °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 synthesis

in the lver (Orl contraceptives can cause similareffct Total T i increased becase o
ing sites on TBG.

function, free T, and TSH levels are regulated and maintained within the normal range. Hyper-

o occur during pregnancy and postpartum, and it s extremely importunt at e

be distinguished from a normal elevation of total T, during preg-

mmybumofmmusemTBG

ENDOCRINE CONTROL OF GROWTH AND DEVELOPMENT

9. of growth.
It insulin or

dmmm up to about | ywnfugc s alsamot well mmnt
and insulin. Much of the effect of thyroid mmmm
nal GH secretion.

‘ o smfemmq.mulmmwwwl"
§ 10 be sex steroid-induced growth hormone secretion, although
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egative feedback 100ps.
vich inhibits GHRH, which decreases GH.

hich stimulates IGF-1, which stimulates somatostat, wh

95. List some potential ne

« GHRH stimulates GH, W

« GHRH stimulates GH, v/
hibits GH release.

« Somatostatin decreases, whicl

ulates somatostatin release, which decreases

h increases GH release, which increases IGF-1, whigh
GH release.

factors are involved in the control of GH release?

96. What central and systemic
Stimulation of GH Inhibition of GH
Decrease in plasma glucose Increase in plasma glucose

(hypoglycemia) (hyperglycemia)

Decrease in plasma free fatty acids Increase in plasma free fatty acids
lncreace ‘i amino acids (c.g., arginine)  Cortisol (exogenous or endogenous)
Pregnancy
Slage % eep senp
Exercise

97. Place factors involved in the control of GH release into context.
Gl bolism. It

Therefore, it i
forms yet another f loop: GH stimuls . which i
GH release, or a decrease in glucose stimulates G, whidh ez et 6 418
« Because one of the main effects of GH (via IGF-1) s to increase linear growth, it
sense that ingestion of the building blocks of protein (amino acids) stimulates GH|

lease.
o Fasti
0 mabilze glcose and fty acids.
‘This i important in children
‘may be one reason wny sleep dcpvnvalmn may lead to short stature.
- It ‘ushi

glucocorticoid |.M1'apy decrease gmulh velocity in children. Children receiving
doses of potent glucocorticoids (prednisone therapy) for rheumatoid arthritis or to
Vent transplant rejection are often much shorter than predicted.

98. Classify the direct biologic actions of GH.
« In adipose tissue: GH decreases glucose uptake and increases lipolysis, leading to
crease in adiposity.
. ln muscle: GH decreases glucose uptake and increases amino acid uptake and
t0an increase in lean body mass.
i kn:e liver: GH increases gluconeogenesis (glucose secretion) and increases I
release.

9. s-n—rlvlledhedhldoﬁtwﬁmnﬂc

of GH by bodybuilders and competitive athletes. GH may
y also directly increase epi
growth, although m«m-ﬂm is mediated by local production of growth factors.

as IGF-1).

4 B o &
and other structures grow as well. IGF-1 also has.



. If GH excess commences afer pu-
is not restarted and final adult hightdoes not
emity”] and megas [“large") is characterzed
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diagnose act
{ several elevated pl
hotographs from

106. How does one
Measurement of I
rent approach. Comparison of P

(GF-1 levels is probably the most
fferet ages i often helpful, oM Sl

 treatment for acromegaly?
argery to remove the GH:secreting tum
logue

107. What is the
Pituitary or
+ Treatment with somatostatin

« Radiation therapy of the pituitary
ENDOCRINE PANCREAS.

108. Describe the anatomy of the endocrine pancreas.

pan s Feaiss
and an endocrine organ. The endocrine component of the pancreas consists of several mir.
elusters (islets) of cells called the islets of Langerhans. million

109, What are the major hormones secreted by the islets and from what cell type?
« Insulin is secreted by B cells (also known as f cells) —approximately 756 ofi
+ Glucagon s secreted by A cells (also known a5 a cells) o
« Somatostatin is secreted by D cells (also known as & cells)

110. What i P’
e the major secretory product of the ilets of Langerhans, and how is it syng

“The protein insulin, the storage hormane, is synthesized as a

: i hormone, i prohormone called
ol Postransaonal ceavage of proinsuin produces insulin and C-peptide (connecig
though C-pepide ha minima, i any biolgic ctiiy, s messurement is geneal -
marker for iset cell function because it i released with insulin. bt

111, L i
Glummoge.;;sis (synthesis of glymxm e

0 sis of new glucose from precursor)
Glucose consumption  Glycolysis (buming of glucose for energy production) )

pr

Fat storage Lipogenesis
Fat breakdown Lipolysis
i fatty acids
112, Categoizethe effcts ofinsuln.
d fat i acids,
f these stores.
ANABOLIC
Effect on liver — ANTICATABOLIC
Ee——y
glucogenesis
Effect on muscle: Tnce =
e i " Inhibits glycogen phosphorylase
Inhibis lipolysis.

abolic?

ocyte s (0 increase glucose uptake and then 0
of the goals of insulin is fo maintain free o |
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within the hepatoc
hepatocyte has no my':p::o:lobwm“ o aSble I hicose cappy
o glicose uptke, i conidered ol *<% €
st i i

sulin controlled?

¢ release:
e, umino acids, fatty acids, ketones)
inerease sensiivity of B cel t glicose)

s inulin eease:
{cortisol and GH induce peripheral es ;
glcose (which simulis slin Srpiitaey

e )inm!inmdil‘m(muuholm.n:nuinmkul

of circulating free faty acids to ketoacids.
st

e, ketones, and fee faty acids all infibi glucagon e-
stimulate ghucagon rlcase. A way to

can ingest up 10 30% of s body

(and potassium) load-

it concomitant glucose

i a it efers to an il el hormone?
Mum‘ﬂedmmbmmmnm_uy-
iwummmmﬁn.midmnd
memsudmpmmudfmmdwiw

(fed state), and e
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ooy - pes sis) In ol . insulin, the storage
it "Pton). The cou.

ww-m-nmm‘nﬂmg prodac
ik Mol Encocrinology, 2nd ed. Philadelphia, Lippincodt-Raven, 1994, mmf"*

mmhhm
Mmmmu&dwemsmmmnu-ﬁvﬂ.
. the insul jois low,ad
Mmmm
2L glucagon,

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

Thetis if insulin ey o -
S i of the insulin

’_annym'm—lw-ﬂ'

-mmnm-ﬁ—- 4




it puberty and i i
DM is thoug L
ke

i circumstances. Although the pathogenesis of T2DM
dasyndrome of severe insulinsistance Thts the:

e insulin sgnal is presnt, the esponse o it i inade-
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128. What happens if insulin therapy is not given to a patient with type 1 digy, et

Carbohydrate. Glucose transport and glycogen synthesis are dmreused. ki “38? :
olysis and gluconeogenesis are maintained. This leads to hyperglycemig, glucnsur’; Elyc(,gem
(osmotic diuresis), dehydration, and a failure of the circulatory system (o m“inluia' MYurig
perfusion. T Systemjq

Lipid. Lipogenesis is decreased, and lipolysis is increased. This lea
sulin is not present to inhibit conversion of fatty acids to ketones, so keton
cur. This leads to severe metabolic acidosis.

Protein. A decrease in amino acid uptake and protein synthesis and a
degradation lead to increased amino acids in the blood and urine, This is m
nitrogen balance.

The end result is the patient loses large quantities of calories, amino acj
carbonate in the urine. This is manifest as extreme weight loss, weakness, hy
coma, severe acidosis, and, if not treated, death.

&

ds to hypey);

. Mig, [y
CMia and kegq 5 In.,

Nurjy

N increage i

. N Prote,
anifest ag 4 Proteif

ncgﬂti\@

ds, water, and by,
pPerglycemie shock

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

The first defect is probably a decrease in the sensitivity to insulin (insulin resistance
pears to be an inherited propensity. If this occurs without weight gain, the islet cel] can y
pensate by increasing insulin secretion. If the patient gains weight and insulin resistance
islet cell response is inadequate, and hyperglycemia occurs, Eventually the insulin TESponse tg by,
perglycemia wanes, and the symptoms worsen. There is usuall y adequate insulin secretj 1

Vo 4 . . g i . on mpva
ketogenesis in the liver, although there is not sufficient insulin to shut off hepatic g!uconeogenesi&

)9 whiCh ap.

suﬂ“)’ Com.
Worsens, the :

130. Compare and contrast type 1 and type 2 diabetes mellitus.

TYPE 1 DIABETES MELLITUS TYPE 2 DIABETES MELLI_T-l-J;--
Pathogenesis Loss of islet cell function Resistance to insulin T
Age of onset Usually < 30 years Usually > 40 years
Ketoacidosis Common Uncommon
Body weight Very thin > 80% obese
Prevalence 0.5% 2-4% (may be higher)
Genetics Approximately 50% concordance > 95% concordance in twins
in twins
Autoimmune Yes 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.
¢ Pancreatic discase E
» Excess in the counterregulatory hormones such as GH ( acromegaly), cortisol (Cushing’s

Syndro I X

~ syndrome), catecholamines (pheochromocytoma)

(also known as syndrome of insulin resistance, subclinical diabetes, or the
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ROL OF CALCIUM HOMEOSTASIS

bone, blood. clotting, and plggp,
ber of processes, incj

‘plasma)is the central compartment wih which al other
other important compartments and their hormonal con-

site of calcium absorption. For example, outof
) is absorbed. The absorption of caciun i the
1),D. the biologically active component o the ita-

. of the glomerular flate. The
i) o8 o e cecium fom bl

cium concentration dirctly by increasin cal-
calciu o renal tubular fuid and i
ntestinal tract via 1,25(0H),D-
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137, Other than PTH and 125(OH),D, is there another hormonal controll

calelum? O Plasng

Calcitonin, produced by the parafollicular cells of the thyroid gland. inhibits bope
Rorioq

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

rocholesterol
(Pr:n.mm 0)

J
R

CH;
| 1-Hydrosylation
HO*" (Kidney) 'm"

HO-*"
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reaches the plasma compartmen,

enzyme in the liver I8 converted o a5y

Lhlated ey,
Cinhibiton), 1y iy
Ay have calcoinopicof

th St

ep (end
DD has little biologic miviny'.,u?em‘?«“:f
!

d to the active form, 1.25(0H),D, by
o 14 D, by Lhydryla
f eyl el ) P nd e
. 25(0H)D can alo beinctivated .24 30y
0D

1,25(0H),D, the active component of the pathvay

(o assess vitamin D intake and stores?
(OH)D because it reflects the summation of vitamin D from i

e for activation o 1.25(OH),D.

the major calcium-regulating hormones,

| Phosphate reabsorption
1 Conversion of 25(OHD to 125010
| Calcium and phosphate resorpion

1 Calcium and phosphate reabsorpion
‘Maintains calcium transport ysiem

1 Caleium and phosphate sbsopion___
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e P

1,25 (OH), Dy
)

(=)

Integration ofthe hormonal regulation of caium balance. PTH increases plasma (ECF) calcium by ncregg
g bone resorption, ncreasing reabsorption of calcium in the kidney, and by increasing renal producton of
1.25(0H),D, of cal :
resorption at and with doses, ts physiologic role is minog
HM: Basic Medi 2nd ed. Philadelphia, | . 1994, withper

mission.)

144, Briefly explain phosphate balance.
Phosphate resorption in the gastrointestinal tract accompanies calcium and is increased by
1,25(0H),D. Phosphate resorption also accompanies calcium and is increased by PTH. The main
difference between calcium and phosphate balance occurs in the Kidney, where PTH increases
phosp This is why patients with clevated PTH have and hypoph
phatemia—they reclaim calcium from the urine while allowing phosphate (0 be excreted.

145. Discuss PTH-dependent
PTH s defined as pri "

y

i duce intact PTH in excess and a
by small increases in plasma calcium (as opposed to normal PTH-producing cells). Therefore,
plasma calcium increases but fals to shut off PTH adequately. This increases calcium (and phos-
phate) resorption from bone, increases calcium reabsorption and decreases phosphate reabsorp-

125(0H),D production from the kidney to i
ion i intestit The result without PTHor
with frankly elevated PTH, (owing to the effects of PTH), and:
hypercalciuria.
146. Explain why a patient with elevated PTH has it PTH
calcium

‘When plasma calcium is elevated, the filtered load of calcium in the kidney increases. Al
though PTH does increase tubular calcium reabsorption of calcium, the filtered load of calcium

and calcium spills into the urine.

o from a malignancy

D intoxication. s
yan elevation in 1,25(0H), 1> but may be due 10
and that levated 25(OH)D (index of increased ':

rom its plasma carrier protein, increasing its free.
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tinal absorption of caloim iy

calcium oxcreton and st o s o™ g

RSy
n,
" o primary W Lack of pryg
1,25(0H),D and a decrease in gastointestingl AbNorption of gl
YEH activity in the Kidney prevents the renal rosponse hypocal
eption. AIso, without PTH 0 inhibit phosphate resbwarpion

inadequate

on of caleium and vitamin D may also lead 1o hypocaleemia,
s because PTH is elovated in response o hypoal

one and caleium reabsorption in the kidney in an
s i also often a consequence of

1 0 generate 125(OH),D and, perhaps,  oss o el cletun

Ll mw'r interval)

used by a PTH

PTHE have sequence honokgy
B Pl b i

withiamin Dinoxka.
D stores). Measurement
i the past because hs i an ndex of PTH actiity
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hout 6 monihs of gestational age and decreases (hereale Vi Process called atrgi, g
e (opproximately S0 years of ge), almost 1o viable gem celsremain,

vimmary follices. These have the potential (0 st maturation.

Maturing folicles. Thesebegi o deselop intrfolicular id and proffeating e
o cell (thoca and granulosa cells).

Cranfian follcte. The dominant follice i flled with fluid and contains a mature g
oady for ovulation, 1t produces large amounts of estrogen and s primed to produce large “,\m:
of .\mmm\uw after ovulation.

s Tteum. This declos fom the upturd fllice aftee ovaion. sy
cells, ce o

“Atretic follicle, This is  follicle whose oocyte was not ovulated but regrm\ed during mag
uration (nondonvinant follicle)

Retrogressive corpus luteum. If conception does not oceur, the corpus luteu “dies »

188, List
« HOG (from trophoblast and placenta) and fetal FSH and LH stimulate development of
ovarian germ cells

X ly 4 montk i the brain?
Adrenarche — increase in adrenal androgens at about 8 years of age.
A onstof puberty (3-10 years o), GuRH puesfrom hypothalamus increase, i
H and FSH and increases ovarian function.
‘ovarian steroids induces development of secondary sex characteristics.
* Mensial cyces (mencche) s st approximacly 12 yers of .

of secondary sex

mm spurt (assuming presence of adequate GH).
sing fusion of epiphyseal plates in bone,
« Atmenopause (at approximately S0 years of age), ovaries stop producing steroids. This
leads to the absence of menses as well as other physiologic (hot flashes) and psychologs
ical changes. Lack of steroid negative feedback leads to an increase in FSH and LH.

156. How are ovarian steroids synthesized?

“The pathway is essentially the same as that outlined in the adrenal cortex section, particus

respect (0 progesterone pmduLmn Alter 17-hydroxylation and androgen producion,

sterone i converted to estradiol by the cnzyme

aromatase. I s eneraly believd that this pmm e m: two follicular cell types —theca
1l i

larly

genesis” (see figure, next mel
“The theea cell expresses primarily LH receptors. LH stimulates steroidogenesis and large
mountS o androgenprodugiog Thethec el s eltively devoid of sromatse activity.
the basal lamina e granulosa cell x-
although i LH receptors just i
drogens from e thec el e sromtized 10 cstrogens prinarly nthe granulos el

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

do not resem=

bind to CBG. e protein called

carries estradiol (approximately 38%). Progesterone
18%).

# 3 about
icantly by plasma albumin, with estradiol having
bout 80% binding with albumin. Therefore. estras
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161. Outline a typical menstrual cycle.

oy 1k ¥ a

however, . § =
Follicular phase: The emergence of the dominant follce.

p
2 Increase in FSH on day 28 is induced by loss of steroid negative foadhack. Tnorease in
FSH on day 28 promotes the maturation of 6-12 primary follicles

3. Increase in FSH on H

days 2-8

the decrease in FSH and undergo atresia. The.
Decause it hay increased expeession of LR ad

auhnu—?z'

estrogen causes T LN coses
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s (0 decrease as LH reaclibs
| 0 BSOS e LH receptor on the et s PEAk Thisi e
1 O eloss of SOz Rt vo foecbackustination of 1, .. . e b

1 o of sterone (o estrogen Tea “k_wnn‘f LH terminateg e .

F e expusion of the ovum from the dom @ fecdback signgl - 1ES The

£ T eurs owing to prior LH surge inant follicle, :

erone (and esrogen) secretion from the cry

e corpus luteu,

y by granulosa

y granulosa cells prime
terone and e ned by 1
ne and estrogen inereases: n:l and FSH surge,
% the process i de

epen.

is
%” “udequate) LH levels
 derone nd esrozen decrease owing o fnie lfe of
i levels. (f fertilization occurs, HCG N ot
e trophoblast rescuesthe
ves the

I
H"“s
4 ,,mauw'
:’gﬂdwm enstruion) The corus cum s s
o the trophoblast rescues the corpus lutcum s fertilization occurs and

KO oo -
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w ™
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Ovulation
m. Menses startat day 1 ovU-
i (Adapted from SperofT L.

n across the botion
‘Williams & Wilkins.

Days of the cycle are show
fed numerically in the t¢

P
Gynecologic Endocrinology ‘and Infertility. Baltimore.

s in FSH

rollicular development-

of granulosa cells during f
more and more Teases

calestradiol production within (he d¢
Positive feedback of estrogen from the
receptor expression on granulosa cell
granlosa cells o the dominant folicl

LH receptors in great number.

estrogen despite dec

ominant follicle
dominant follic

By the later follicular

ave increased greatly
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Ml;‘::“. eyl s insynchrony Withthe menstralcycl and is a gy o
extraovarian actions of gonadal steroids. 1 the
" Proiferative phase occurs during the follicular phase of the menstrual cycle.
timulates the growth of the epithelial and stromal layers. The thickness M&“"h
ettt increases, and the terine glands increase in size. The spiral artries, w40~
the primary blood supply for the endometrium, clongate. Which g
« Secretory phase oceurs during the luteal phase of the menstrual cycle and
endometrium f plus. Progy M“%u
Jty of the uterine glands, and glycogen production increases. The stroma acty.
matous, and the spiral arteris ol Becomes e
+ Menstrual phase correlates with the end of the luteal phase of the menstrug
Joss of gonadal steroid secretion from the corpus luteum induces vasoge ) T
(spasmn?) of the spiral arteries and necrosis of the endometrium, The <5
is sloughed off in the form of menstrual bleeding. endometria fsipy

164 o

Ovidy

secretory activity and decreases contractility. 5 increase;
L d
contractlity. ¢ eases
Cervix—Estrogen induces  watery secretion, and progesterone stimul :
. viscous secretions. ulates the production
nd :

of e
ferentation. s
-

Veghea—Bi i

ogen st lopment of the duct system and adipose
Puberty), and rogestrone indces formation ofscretory sl . drng gy
—Estrogen stimulates and terminates pubkr S| inhibi
e pubertal growth spurt. Estrogen nhibitsboe
Other —Exirogen i . CBG, and TBG. Esrogen altrs lipid profie,

165, List and briely describe fertlization of the ovum implantation of the coneeptus.
:mmzﬂumw al end of fallopian tube
* Sperm transport quﬂl_;ﬂon. qmwm female tract activates sperm function
* Implantation and placentation: Blastocy:
proximately 7 days afier ovulation

166. What is

stusually implants on endometrial lining ap

cessation of regular menses during
disappears. Usually,
Y a loss of ovarian fu
Because of P
10 1oss of negaive foedback.
hypogonadism.

g the female climacteric

cycles.
M menopause, excessive exercise, and
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reationsip bty e g
ke "‘""“" nd phys.

e -
tion of mllerian mhubmry( actor (M) induces 80 fom

i ICes regression, of t
e wolfa ducts o deveop o e .m.m.m‘;f

i intmﬂelllhwlﬁnmlh:o{lgumm
tncrase i eculir Serodogeneis g o
ofthebrain,

s necessary befor pubery o maintain normgt g
androgens), which usually occursat aproximatly § g oy
of puberty.

adrenal androgen production, in which pregnenolone and

A and androstenedione by P450¢17. DHEA and androstene-

one. Although testosterone i theprimary androgen poduced

Dihydrotestosterone (DHT) is produced from testosterone

et tssue (peripheral activation). Inaditio, esticulr androgens
primarily by peripheral conversion by aromaase.
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173, Describe Jaic-pitut !
m!\m'l';‘“'w‘ ino the bt FeRU hllrv\\umm pitus m the nm‘m
1, Neural U TRCCL which drain ino the & p el

s nto the long PO

S St

b
elease. i (testosterone production) from ghe | . 4
mlr@’}l timulates steroidogencsis ( the Leydig (i

iy

< i Stes. - i rt with local testosteroy
cllsinthetes Sertol cells(in concert with oc C10E) 10 g,
3 FSH m;‘:.“'véﬁ i od inhibin producion, ¢ g

nes tein (a local t
‘m;:::'nllw feedback: Testosterone inhibits
4

RH.and LH release. iy, docry
- ‘n\m‘m

release. Conters
Highet
TR
Nucteus
: + Idicates tha Gy
3t FSH i g il
Aruse ; LH stimulates Leygig o icdy
€Il simulate Serygy o bt
an ine).  indictes tha g L

Serolcells nhibi sl
terone inhibits GoRH ey ot
back). Direct nhibiionof Ly g ¢
has not been il el o

Y

Basic Mg
crinology, 2nd ed. Philadelgh | 0
Raven, 1994, with permission) "8

174. What is the main difference Mw&nw
‘The testes produce two negative feedba inhibits LH (and FSH

hibin inhibits FSH release.

175. Categorize the W the testes.
LH stimulates steroidogenesis (testosterone synthesis and release) from the Leydig (et

tial) cells. Although LH was named for its luteinizing action in the female, it effctin ks
crease in androgen) is analogous. In fact, in the past, LH has been called interstitel clins
lating hormone.

+ FSH stimulates androgen binding protein from Sertoli cells into the lumen of e st
erous twbule. Androgen binding protein acts as a local testosterone sink, which dranai
creases the local concentration of testosterone that is necessary for sperm maturaiion. FStise
stimulates spermatogenesis. (See figure, next page.)

Sk . which has systemic effects and local effects Y
stimulates spermatogenesis and increases local festosterone concentration by inret% %
. en binding protein release from Sertoli celly into tubular lumens.
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179, I there nn event in males snalogous Lo msnupsuwfn females’
l'otal ll‘hlnsﬂ"rmll‘ levels do tend to decrease as men ape but Uhua”y rémain W

y $ ﬂh]n . :
 More importantly, free (bloactive) testosterone may decrease due 1o chan the Nor.

mal range ges in SHBé

binding characteristics, Although hypogonadism in aging men is not a ubiquitoys finding 1 I8
menopause), it is amenable (o testosterone therapy. Spermatogenesis has been reported mi;llke_q
equate for fertility in men in their eighties, ad.
R
180. What is the most common digorder of the HPF.axis?
Hypogonadism (4 decrease in testicular function). )
I81. Discuss the causes of male hypogonadism.™
Hypogonadism in males can be generally classified as two types: |
[, Testicular dysfunction is due to a dccrc_eu.sc in testosterone production from the teste i
L.H and FSH increase because of a loss of negative feedback. Therefore, this is called hYDergon;;d;j |

tropic hypogonadism and is analogous to primary adrenal insufficiency,

2. Hypopituitarism is called hypogonadotropic hypogonadism and can be du
idiopathic decrease in LH and FSH or due to panhypopituitarism. ”Hypogonadotmpicﬂ mavl
be misleading because LH concentrations are often in the normal range in patients with h 2
pogonadotropic hypogonadism. The LH levels are inappropriately low for the Jow testgi: ‘
terone,

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

€loan

182. What are the symptoms of hypogonadism in males?
Symptoms depend on the age of onset. %
* Androgen deficiency or insensitivity to androgens in early fetal development leads to 'J

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. |

¢ 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. |

PP R N WA o,

|
|

|
|

183. What is the most common cause of male hypogonadism?
Klinefelter syndrome; which occurs in about 0.2% of male births.

184. Describe the genotype and phenotype of Klinefelter syndrome.

The most common FENOLYPE 18 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,

y8ic H. 20th ed. New York, McGraw-Hill, 2001.

erne RM, Levy MN (cds): Physiology, 4th ed. St. Louis. Mosbys
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