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·Different Cell Tyee~ That Syntliesi?:e and ·secrete 
Hormones~U:;ually, there i:; one cell type for each maJor 
hormone formed in the -anterior pituitary gland. With 
special stains attached to high-affinity antibodies that 
bind with the distinctive hormonet"at least five cell types 
C<d1 be differentiated •. 

Tab"te ?S-1 Cells and Hormones of the Anterior Pituitary Gland-and The11· Physiolog1cal Functions 

~-:·~-:. '~V.').~,~-~;·_:: · .. ··. 
reel!, ,.-, . .,.,, .. ' 
~h ~ " .~ .. ,~;J-,~· •. :;::;· 

Somatotropes 

•• (orticotropes 

Thyrotropes 

Gonadotropes 

· Lactotropes 
'.Mammotropes 

\.Hor~one : :<(; -~ ~-~1.9:/.~;~i:If: ... ~t; .. _Chemistry · 

Growth hormone (GH; 
somatotropin) 

Adrenocorticotropic hormone 
(ACTH; corticotropin) 

Thyroid-stimulating hormone 
(TSH; thyrotropin) 

Follicle-stimulating hormone 
(FSH) 

Luteinizing hormone (LH) -
Prolactin (PRL) 

Single chain of 131 amino 
acids 

Single chain of 39 
amino acids 

Glycoprotein of two subunits, 
a (89 amino acids) and p 
(112 amino acids) 

Glycoprotein of two subunit>. 
a (89 amino acids) and p 
(112 amino acids) 
Glycoprotein of two subunits, 
a (89 amino acids) and p 
(11S amino acids) 

Single chain of 198 amino 
acids 

Physiological Action 

Stimulates body growth; stimulates secretion 
of IGF-1; stimulates lipolysis; inhibits actions of 
insulin on carbohydrate and lipid metabolism 

Stimulates production of glucocorticoids and 
androgens by the adrenal cortex; maintains 
size of zona fasciculata and zona reticularis 
of cortex 

Stimulates production of thyroid hormones 
by thyroid follicular cells; maintains size of 
follicular cdls 

Stimulates deve'opment of ovarian follicles; 
regulates sp •·matogenesis in the testis 
Causes ovulation and formation of the 
corpus luteum in the oval)': stimulates 
production of estrogen and progesterone 
by the oval)', stimulates testosterone 
production by the testis 

Stimulates milk secretion and production 

IGF, insulin-like growth factor. 
jf About 30 to 40 percent of the anterior pituitary celL: 

are somatotropes that secrete growth hormone~and about 
20 percent are corticotropes that secrete ACTH,..Each of 
the other cell types accounts for only 3 to 5 percent of the 
total; nevertheless, they secrete powerful hormones for 
controlling thyroid function, sexual functions, and milk 
secretion by the breasts. 
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Specific Areas in the Hypothalamus Control 
Secretion of Specific Hypothalamic Releasing and 
Inhibitory Hormones. All or most of the hypothalamic 
hormones are secreted at nerve endings in the median 
eminence before being transported to the anterior pituitary 

gland. Electrical stimulation of this region excites these 
nerve endings and, therefore, causes release of essentially 
all the hypothalamic hormones. However, the neuronal 
cell bodies that give rise to these median eminence nerve 
endings are located in other discrete areas of the hypo
thalamus or in closelv related areas of the basal brain. · 

Table 75-2 Hypothalamic Releasing and Inhibitory Hormones That Control Secretion of the Anterior Pituitary Gland 

Hormone 

Thyrotropin-releasing hormone (TRH) 

Gonadotropin-releasing hormone (GnRH) 

Corticotropin-releaoing hormone (CRH) 

Growth hormone-releasing hormone {GHRH) 

Growth hormone inhibitory hormone 
(somatostatin) 

Prolactin-inhibiting hormom• {PIH) 

·',:Structure 
-:·.:·<·. 

Peptide of 3 amino acids 

Single chain of 10 amino acids 

Single chain of 41 amino acids 

Single chain of 44 amino acids 

Single chain of 14 amino acids 

Dopamine (a catecholamine) 

Primary ActiononAnterior Plt&l~~ry.:: · 
! ~"<; . ~:-·.;._;r~~~-;~~o(~ . . 

Stimulates secretion of TSH by thyrotropes 

Stimulates secretion of FSH and LH by - ·-gonadotropes 

Stimulates secretion of ACTH by 
corticotropes 

Stimulates secretion of growth hormone by 
somatotropes 

Inhibits secretion of growth hormone by 
somatotropes 

Inhibits synthesis and secretioQ;ofprolactin 
by ladotrooes ' · · '·h~~,J::·; ' · · 

."<CTH, adrenocorticotropic hormone; FSH, follicle-stimulating hormone; LH, luteinizing hormone; TSH, thyroid-stimulating hormone. 

~A- For most of the anterior pituitary hormones, it is the releasing hormones 
that are important, but for prolactin, a hypothalamic 
inhibitory hormone probably exerts more control. · 
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FIGURE 31.2 The blood supply to the anterior pituitary. 
't This illustration shows the relationship of the pituitary blood supply to 

hypothalamic magnocellular neurons and to hypothalamic neurosecretory 
cells that produce releasing hormones. The magnocellular neuron 
(larger, dark blue cell body) releases AVP or oxytocin at its axon . 

· terminals into capillaries that give rise to the venous drainage of the 
posterior lobe. The neurons with smaller, light blue cell bodies are 
secreting releasing factors into capillary networks that give rise to the 
long and short hypophyseal portal vessels, respectively. Releasing 
hormones are shown reaching the hormone-secreting cells of the 
anterior lobe via the portal vessels. 

... 
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I'Ff'Gi)'Rff5~3~3~· Leydig· and Senoli·cell physiology. The Leydig cell (lLjt) h<~s rcccpwrs r._,r LH. The binding of LH incre~Sl'S teswst~.·mn~ 5) n:~ . ..:::.:::. Til~· 
has receptors £or FSH. (Useful mnemonics: .. L .. for LH and Leydig. "S" for FSH and Scrh.•li.J\;SH pr~.,m~.,b.:s the ~;::~:h..:~~::- \_,:· 
protcln (ABP). :::t.romatasc. growth ractors, nn~ inhibinAfhcn:: is cm::.st~1lk between Leydig .:dis and Scrtolt cells. The L..::.-..:lt; ..::.::\~: 
which acts on ScnoH cells. Con\'crscl\', the Senoli cells com·en s~.,me of this testostcr~.,n..: 11.' ..:strJdiL'I (lxcausc L,f the ~':·:.:::..::1..:-L \_,: 
can act on the Leydig cells. Sertoli c~lls also gcnerat~.· gfl.l\\·th fact~.H::> th;H <~Cl on the LLycht, ..:dls. ATP. ;ltktwstnc tr:~~=~\_~:;~i~.H\_' 

monophosphouc; FSH. follidc stimul<~Ling hormone; PK.A .. pmtcin kin"1sc r\. 
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FIGURE 37.1 Regulation of reproduction in the male. 
The main reproductive hormones ilre shown in 

boxes. Positive and negative regulations arc depicted by plus Jnd 
mmus s1gns, respectively. 

~ Testosterone, estradiol, inhibin, activin, and follistatin are 
major testicular hormones that regulate the release of the 
gonadotropins LH and FSH:*Generally, testosterone, estra
diol, and inhibin reduce the secretion of LH and FSH in the 
male~ Activin stimulates the secretion of FSH, whereas fol
listatin inhibits FSH secretion .. 

'* Inhibin acts directly on the anterior pituitary and 
inhibits the secretion of FSH but not LH ... -
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:FIGURE 36.2 The prec~rsor !'"olecule, preproGnRH, 
that contains GnRH. The am1no ac1d sequence of GnRH, a 
; decapeptide, is indicated at the bottom. 
' ' 

Processing sites 

23AA ~ 10 AA ~ 56AA 

Signal peptide Gnfit:f"JI . ; -,,1: )-
GnRH-associated peptide (GAP) 

I 
GnRH 

term in us term in us 

I 
pyroGLU-HIS-TRP-SER-TYR-GLY-LEU-ARG-PRO-GLY-NH2 I 

'"? GnRH originates from a large precursor molecule called 
preproGnRH (Fig. 36.2). PreproGnRH consists of a signal pep
tide, native GnRH, and a GnRH-associated peptide (GAP). The 
signal peptide (or leader sequence) allows the protein to 
cross the membrane of the rough endoplasmic reticulum 
(ER). However, both the signal peptide and GAP are' enzymat
ically cleaved at the rough ER prior to GnRH secretion ... 

The. ne..u.rotl hcmspor~s both GnRH a,d GR.P do t.t~n 
into the poft~L ci(cuuMon. GAp -may 7rlhibit pro\~ctl'-n 
se rretiot'l. · · 

.,_ 
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\ showing successive cell divisions ren'tod!!ll 
; leading to the formation of haploid 

Enters adiuminal poriion -
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Spermatogonium 

Diploid spermatogonia divide by 
mitosis inside seminiferous tubule 
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Seconca~y 
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Mature 
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Meiosis 
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-~. Because sperm cells are rapidly dividing and under
: going meiosis, they are sensitive to external agents that 
'.alter cell division~Chemical carcinogens, chemotherapeu-
tic agents, certain drugs. environmental toxins, irradiation, 
and. extremeter.nperatyre~_ are facto-rs-th-at can re.d u-c-e th.e 
number of replicating germ cells or cause chromosomal 
abnormalities in indivicltJnl \PIIs 



---ii;h~~U RE 3 6 .4 The testis. This cross·sectional view 
the anatomic relationship of the Leydig cells, base· 

membrane, seminiferous tubules, Sertoli cells, sper· 
r---(jn<ltO!lOniia, and spermatozoa. 
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Sertoli cell 

Spermatogonium 

Basement membrane 

. . 

s u rro u n ding the -:;.:;::::;-::::;;;r=::;~~:::::::,,.._ 
seminiferous tubule .... ~ 

-.....:;, Sertoli Cells Have Multiple Functions 
"1) 1 -"!>Sertoli cells a'fe critical to germ cell clevelopmerlj, as indicated 

-' 

by their close contact. As,p,1any as 6 to 12 spermatids may be 

attached to a Sertoli cell~et·toli cells t_JJ.:_<'._g_l!C!'tQSt residual 
bodies (excess cytoplasm resulting front the transformation.~)
of spermaticls to spermatozoa) ancl cl<unagccl germ cells.,!2!2:_ '-"-_ 

vic! e s t ruJkht;.<..\L2__L~J2J?Qlli11~: t ri t i 01 ~- ~Jt.: _ _serrll_c~Il~ sec cel..l:~J_\1 , 
fluids, an _;, ssist in spemuat10n. the !mal detachment ol --- --=,_-~ ........__. ______ .. _, ____ .. _ 

mature spermatozoa from the Scrtoli cell i11to the lumen. • 
G,: '-i> Spermiation may involve plasminogen activator. which con

~-erts \)·i~:S~l;inogen to pla.Stl}itl. <I lli'IJtcol\ ti·.· emyme that 

assists in the release uf the ill<lllll'c' spcrtlt i11tu the lum<c'tl. 
Sertuli cells also svnthesiz,· large allH>Litils oi tt·<uJsfCTrin, o\11 

....;...._ ... ,.,.,....,.,. ... ---- ~-~T. ·---.-,--~·""'--·- '''"·•_,-,,, ~.,-., 
(~.i. 

inJtl-tr<~port protein importatlt frn SIJc·t-ttl clc·H·I<Jpment. <-'' 

(__~) -j'Sertoli cells also produce glycoprotein 
:, :·if)ill'>- in!Jili!Jl ~~ :1· .. ·:;, :l11rl fnll;~:t;; ···- -- 1 l1rtt rPgu\;_Jtc; 

~ .... 

tl1<· ~L:cretionul\.)1 i. '' 
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Fig. 10.16 Schematic representation 
of the male reproductive tract. 
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CHAPTER 6: MALE REPRODUCTIVE ENDOCRINOLOGY 

Cytoplasmic bridges 

H~~~-secondary 
spermatocyte ( l N) 

Fibroblasts 
<:,Capillary 

'(~>t~~· 

Interstitial cells 

FIGURE IHl: Dingrnm of tho testis illustratiug the cytological changes during spermatogenesis. In 
man. this process re']llires approximately IJ4 days to trnnsform a spermatogonium into n rnnture 
spernwtid. An ndditional month may pass before these sperm are ejaculated. (Adapted from: 
junqueira and Carneiro, lUIJU.) 
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MALE ACCESSORY SEX ORGANS 

. ' 
' 

·rhcsc urc lhc organs 011.iaph.:c.i fur lransf~,· of live SlH.:l"llH\loi':ua fron1 rnah: to 1\:n'lak. 

URETER 

-
... 

Smooth muscle wall of · 
.- VAS DEFERENS 

contracts to propel 
spormatozocJ into 
URETHRA. 

SEMINAL VESICLES (two) 
,.., ..... expel a viscous 

,.,. ... "" fructosc·contuining secretion to keep 
spermatozoa alive und motile, und 

prosta(Jiandins to increase uterine ilnd 
Fallopian tube motility. --

------------EJACULATORY DUCT ---

' •;·, 

PROSTATE GLAND neutrulizes ucidic vas 
dderens and vaginul fluids, enhilncing 

-- sperm motility. --

Bilateral ligation of 
vas deferens is a safe 
contraceptive procedure 
but is difficult to reverse. 

--
BULBO-URETHRAL GLANDS (two) add a 
thin lubricant secretion. 

During ejaculation the bulbocovernosus 
muscle- o striated muscle- contracts to 
eject this SEMINAL FLUID (semen) from 
the urethra. 

_ _ _ Erection occurs by dilatation of the 
----- arterioles of the PENIS- the meshwork of 

I 
I 

I I 
TESTIS I 

I 
I 

SCROTUM 

Testes in scrotum keep 
tcmpernture of sperm 
2'C below normal body 
temperature. 
Necessary for fertility. 

Sperm must remain in female tract for 
several hours to acquire ability to 
penetrilte ovum- copocitation. 

(_ . 

8'wm~ tfJe ~.U(<~.S Go 11ut ck)cgVI£11 {k Con£\i1io~ "p Ccl.led. 

CRYf.-!OBCW-21~~-
'The Co~IO'I ;CLUIJ ill abouDt'• of .( .. ,11-lel'wJ irlkl~~llli1cl. 

:bot.bur~of fXUtt.,.._(, i-1\Mtt-fl. 

blood sinuses fills with blood. Venous 
outflow is thus compressed and the penis 
becomes firm and erect. Arteriolnr 
dilatation is produced by 
parasympnthetic nerves releasing 
acetylcholine and VIP and nonadrenergic
noncholincrgic nerves releasing the 
powerful vosodilator nitric oxide IEDRF). 
2-4 ml of SEMINAL FLUID containing 
several hundred million spermatozoil arc 
deposited in the female vagino. 

1 m tht. W {f!.ll.<..e.. '~"~'~'"'-1/c.J t>{ / 
r~~'j I te.¢oYl~.c.-.« 

l ~~ ;;J.e ~~Cif "flQ., 
~ L~_.U, { J,t-1 £ ~ ~ +(._ t h.~ cl,.y,'" 
d_i~ t ~ t4 ~o{~-~~.f ~· 
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FIGUHE 41-!i Plasma testosterone profile during the life 
span of a normal male. (Redrawn from Griffin JE et al. In Bon
dy PK and Hosenberg LE: Metabolic control and disease, Phil
adelphia, 1980, WB Saunders Co; and Winter JSD et al: J Clin 
Emlocrinol Metab 42:679, 1976. Copyright 1976. Reproduced 
by permission.) 



Testosterone 
testes, pituitary, muscle 

Estradiol 
fat, liver, CNS, skin, hair 

'Plasma 
·testosterone 

Conjugates 
liver, kidney 

Dihydrotestosterone 
prostate, scrotum ll]n the testis, the Sertoli cell is the 17-Ketosteroids 

pen1s bone . .1 f . . h' h. l1ver, k1dney 
'----_:_-'_--l"'am 51 eo aromat1zat1on. w 1c 1s stimulated bv FSH: howi--------' 

ever, aromatization may also occur in peripheral tissues that 
lack FSH rece tors e.a. adi ose tissue . 

Biologically active Excretory metabolites 

FIGURE 36.11 Conversion of testosterone to different products in extratesticular sites. cr·IS, central nervous system. 

® Dfu~s '\hat inhibit S.x-,.cd1..1d.CU~ aYf.. currenily used to 
ret/uce. prostatic. hypertre>phy because. t>\-!Tin~uces h~per
pl~sia oF prosti\fi c epith elilll r~Us. 
@The bio\o~'t fldi\4ty oc:'D HT is 30 to So times hi,hcr1h•n thtft 

of t•stoft~fol"'e • 
~ Sev~r~! tic;sue.s besides ih( hstc.s- \nduc:ho! ~dip~~e 
\issu_t) ~-' mu.~Jt, ~A 11nd ~rent! cu~te_l(- prodr..act 
testo,1c,OII t. ana SCVf1"4l other andro!ellf, The~e St~b
stArtcts n1ay be synthesized de )\oVo or proJucetl hy pt
rip her.J/ convtoior'l of precur.sot.s. 



Testosterone 
-=~~·;~". ; :">-'\' . 

o'T 'Androstenedione 
,T,'-:,, .'':~tk\:-,, -,: ... ,•',' 
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FIGURE 44-6 The spectrum or androgen effects. Note some ef!ects result from the action of 
testosterone (T) itself, whereas others are mediated by dihydrotestosterone (DHT) and possibly 
estrmliol (E

2
) arter they are produ~ed from testosterone. VLDL, LDL, and HDL are very-low

density, low-density, and high-density lipoproteins. 
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Table 8 .. 10 Causes of delayed puberty :· 

Normal variant 
..• • . . f . . . 

. r . ' . . • .. ·.·,. _'! · ~ ~ ... :,· ·· .·: ~--:,·.-··.·:~·.<:·~r~·-~.\:·:·.·.~··.:-.···::.-:,.~~':"~<_;~ .. A ••• :-~·:~ ... :.··~-·_.····~.·:~ •• 1 ••• ···: ... :',·>·,,. 

familial · · 
racial 

Coincidental serious illness 

Psychological stress 

l-lypogonadism from any cause 

Hyperprolactinaemia 

• I ·. ~ 

·.~ - ;~ ~ 

•• /- •' ~·". 

·-:. 
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! . Table 8.6 Causes of impotence 
I 
I 
I 
: . ~ 

-:~:.:,;~,.: .. ,,_ ..... ~ ... __ Psychol·ogicar dis~urbance (the most common) 
. ' . ' ' ' - ... ' . ·:- .' ·.::- .. -·:·\" '- ' .. - ~,-·_ "·- ::-:~ _2-----~~-·- . :. . :. . ->~:-: ;;t;~_ ·:·· ~; -~ ;>:_: .. _~·-\ ·-:.:·. ·. · .. > _-_- ',- '·-:_ ~ . . :-. -~- . ·. -~ . ' . . '. . ' . . . 

.. Drugs I 

Methyldopa 
Guanethidine and related substances 
Spi ronol act one 

Autonomic neuropathy (including diabetes) 

Hyperprolactinaemia · 

Hypogonadism . ' 
• 

Vascular dis~ase (the Leriche syndrome) 

Hypogonad men seldom complain of impotence because 
of the associated loss of I ibido 
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FIGURE 16-16 Sperm and 
Ovum Transport to Site of 

Location 

Fertilization II 
site 
(upper third 
of oviduct) 

Uterus 

Cervical 
canal 

Vagina 

II 

Time of 
appearance 
(min after 
ejaculation) 

30-60 

10-20 

1-3 

0 

Percent of 
ejaculated 
sperm• 

II .001 

II 0.1 

3 

100 

Optimal site 
of 

400.000,000 sperm 
deposited 

Fertilization 
•Based on data from animals. 
Sperm and ovum enlarged. 

===~-------=~---:----------:--------) -· 



TABLE 25-4 Composition of human semen. 

Color: White, opalescent 

Specific gravity: 1.028 

pH: 7.35-7.50 

Sperm count: Average about 100 million/ml, with fewer than 20% 
abnormal forms 

Other components: 

Fructose (1.5-6.5 mg/ml) 

Phosphorylcholine 

Ergothioneine 

Ascorbic acid 

From seminal vesicles 
(contributes 60% of 
total volume) 

--Fiavins----------1---------------

Prostaglandins 

Spermine 

Citric acid 

Cholesterol, phospholipids 

Fibrinolysin, fibrinogenase 

Zinc 

Acid phosphatase 

Phosphate 

Bicarbonate ) 

From prostate (contributes 
20% of total volume) 

Buffers 
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. .. 
·Table 8.2 Seminal fluid - mean values for a fertile semen 

Volume 

Sperm count 

Motility 

Morphology 

Secondary liquefaction 

3.5 ~I (Range l-1 ml) 

100 million/ml (minimum 20 million/ml) 

Normal in more than 60 per cent of total 

Normal in more than 60 per cent of total 

Complete within fifteen minutes 

/· Fructose content 2.2 g/1 
..... ;,. 

' I 
i 
' . ' 
! 
i 

l~flammatory cells and blood elements should be absent; sperma
tozoal precursor cells should not exceed 10 per cent of sperm 
count 

* O};..go5f~.: ~..v S.p~ ~( b.J.lo"-' 2c.J~sj,.,.....{. 
it A 3"s.p~; ;v~ sp~s a.:fa.li. 

.. .. ---~ 
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