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The fem:Je rc:proJucrivc sysH:m cunsists of a pair of 
ovaries, a pair of uterine tubes, a uterus, a vagina, 
anJ the external genital o rgans. The structure of the 
m:unmary glands also wi ll be dt·scribcd, bt:c;tuse 
they undergo changes that arc related co the repru-
ductive system. ' 

OVARJLS 

The ovaries are the organs responsible for the pro­
duction of the female germ cells, the ot•a, .and the 
f<.:male sex hormo nes, estrogens and prognteroue, in 
the sexually mature f<.:male. Each ovary is <Ill al­
mond-shaped organ measuring I. 5 X . 75 inches 
(4 x 2 em) and is attached to the back of the broad 
lig:unenc by the mrsomri11111 (figs. · [ 5-l and 15-2). 
Usually the ovary lies w ith its long axis v<.:rrical, but 
it shares in any movement of the broad ligamc.:qt and 
u terus. The ovary is suspended from the lateral wall 
of the pelvis by chat part of the b road ligament that 
extends berwcen rhe mesovarium and the lateral 
pelvic wal l; this strucrurc is known as the smpemory 
ligament of the ovary and contains th<.: ovarian ves­
sels and nerves. The round ligamml of the ovary lies 

-~~~c;:~-c:unlullu 

uuphona 

within the broad ligament and conneCts the nH.:dial 
margin of the ovary ro the la te ral wall o f the ute rus. 

The ovaries are surrounded by a thin fibro us cap­
sule, the tunica albuginea (Fig. 15-3). This cap:;u le is 
covered externally by a single layer of cubo id cells 
called the gcrmiual epithelium (fiJ;. 15-ti; sec Fig . 
[5-3). The:: term r.enniual epithrlium is a rnimomer, 
because the layer does not give rise w ova. T he 
gc::rminal epithelium is a modified area o f peri­
to neum and is continuous with the squamous meso­
thelial cells of the general peritOneum at the hilus 
of the ovary, where the mesovarium is anached. 
The ovary bas an outer cortex and an inne r me­
dulla, buc the division between the rwo is iiiJcJin;d. 
The compact connective tissue stroma o( the cortex 
is composed of a network of~J and 
spindle-shaped cells (see Fig. 15-4). The strom al 
cells may be responsible for rhe secre tion o f ·a.nd.co 
gens. The connective tissue stroma of the mcJulla is 
;;cry vascular and contains clastic fibers and smooth 
muscle ftbers. Embedded in the stroma o f the con ex 
arc the 011arian follicles, in different stages o f dcvcl­
oprnenc and degeneration (Fig. 15-5; sec f ig. 15-3). 



Primordia~ 
fol lic le 

G raafian o r 

- ',../Oocyw 
,'(~~ 1 -Strorfld l ~ell 

I v I I 
~ '-.--:J--Folllcu lar cell 

Liquor foll iculi 

Membrana 
granulosa 

/ 

I 
) 

A-t 6i rtf. -+soc- o oa - l.joo ~ coo 

~ ~b ~ tt~cl, 
W\Hu.r-it:j ot-j &e.~e 

<NvJ (l+e 

bur i t'\j ~ W\<Wts (YUl.,J ~cf.e 
~ ~(_J_ ~·c~fS ~JL3 iV\ 

1:-n oY ~ at- deveJ..or 

otJLy oNE ~~~-»til_ "'-lltut/1;) 
TH 0 tees T ~ d<L.c:Je-n..e.r~ ~ 

{ . fl Pr1 rvtflr~ 1Jill1. 11 :-\ 
L u. h LX <t ""'- \ tA.IU.. "" ~ c X.{ \ 

ak -£k_ f€Ai f~j db ~ UfL~( J U/.) ~ 
. -t_k ~V\t C;L ~b Ut:J ,'ttvl 

1 W\ ~ il-t u. rt o v ~ wt } t!- 0 0 C& t e_ S v._5 p t~V~.de.J W\ tt~ 
. Jlflo+<4<.<- S+<t~ ~ {b~ ?ro !>V- tv:).-<_ 

.S \.A.n ° <A.n.J {d ~ C\ d?.:J f J't- '"Mti ot\c d_ i v/J; -o~.r~ 1 

S'ilJ G Lt J-~._ '·· at ~ e a_+ kM. ~J -J'-oJ/.)U LU..-t .. ~, cf!YJ.s 
w ~ i ~ ,._p...... '- OY\ ,. L :-... - () {.) . - I L -

I ~ J l v-... \JV"?-"'-'IIl.A~ W\.e._kA\l\1 <l11,( 

(}.., Pr; rv~ i'IA~ ,PJj_,'c,e_t: 

\AA th ~~~ c_dl5 
c- T- s· rv6W\<h db Utk 'I. 

- i: Je.veMp ~ , 1'\ r-o 
C~iLV\~ o CCUJL 



6 

J lljlhl( ,,.tJ, .. "'' 

Zon.tpdlu,od.t 
:t~.luanul.u• · ·...: 1u .uururn 

PrunorJ;al Prirn.ur 
lcollicl~ lolliclt• 

·--- -·· - ---- Maru r~ 1-(ra.tfi:uo 
follidt: 

0 . S'l '2-~ o~ t( 1 Y\c(Letvu ~ , 

t irv. N ~ . ~ G-~~ r R E R.1 r c ~-or~( r 

o. C(e.l\A r~ctc..hle. ~eoprot-e.iV\ """~(syctvt< 
~ ~ z<SV\().._ pillu.o.cto. 4 J~~ ~iwe~ 

ti-L oa~k._ ~ ~ .. 1&.j<.1c~4. ~·~ ceJls 

~ ~t'Lt~(j tJL/~ c.dJ.r---?- kCk"'M<-
Cu_ b-n ; d.. BJ_ (!'( ~IAAVI fiA 

?ro 0. · ~ oJ:.c *ti::, l-en_"" ----l'A . , CJ~fl1w.; ~~" ~ 

: / 

' ' 

~i!A. .JJ._ ~~ cfG cJiJ ==lb> , ~ ft>..iLLI u~ 

qrc 1 Vt ~ s e1. edt s.J, ~ ~ ft ~ 1u 1-v~ ~ ~ n t.t.L; J u. 'v.. (fl v rf./l Cu.i_<V,-

A.j a ce..t;t 51v """j. -tJ,... e.q 'wL_· 
oJj_ 

i V\ ~€A.k -I:J....e..cfl._ 
o~ ~ ·fsvo~ 
~cfl ex:~~ 

Q s· h~Vu.i !L(:e > 
'fi::t.:: J (-< r ,~ c1 ~ s 1'\-1 c.. f ,ZJ<... 

~"' {};~ -t f..-<ftl c cf.} s 

~.SH Sh ~~.~~~ ,...)-c?~· 
c1 r L:vvl ,Li- ,-l k .. ~ CJ.,<....(_ 

!J 1 ~tn uJ c r -'t c Ud.e!.J . 



Zou.1 P<'liuciJ ~ 

Srnuum Krllnulosum 

M~k-i 1ttMi rV1r 
Primordial Primary I fj r oli ;cie 
follicle follicle i 

Ln1uu r 1 .ru. ufi 
3l Cutnu .. ,:tn..,; in autrutn 

Se~Llty 
¥c cU: c.~ 

Zona 
pdluciJa 

Membran.1 ~r.1nu losa 
The ca 

Mawrc: graafaan 
folladc 

- -----·. - - - - -

I 1 [) /) 'c:--R· C6v\ h' 11 u..e. --co 1 ...:., Sl (' ( (~ p a«-d & ~ 
lN-L {oJLU '- +i V\ lA e. U C CW1.\ uJ.d. f 

~ ·0 9 Lwr -fi .. QJJ~·)~. .. 
u.e_ OVtttv\ Vtcn.J 0Cc<;-pies ~ f:CC~f'JTRt'C 
fosi{\~ ~ -tJu_ ~i~~ Sv-.rr<>~ttde..d ~ A W\&Z~s 
~ O(}f 'q rtuloS<{ cdJ.r t/A~ fr'?Jecf irtfv a~ ~/d-
-/{JJeJ C\vt 'tYLAW\ t0 u.._,___ ~ Cu11 fA LUS OoPHo RU3~ 

flr-.f<_ C~J {,t_JJ- 1__/Vl. ( fJv_ Ctt_u/f:J hAl?/({ l.<..f 

~ HcMSRAf\JA GRANULosA 
fk__z (J t'" il(!\~5<t ceJJ~ tJ1. ,u- JlAYr ccli'1J ~ Ooc;;t_e 

f?or~ iiH_ CoRotJA K RDi/IT/1-
{Jv._ c eJJ.s. c/G -tk ~.J! .. c tt i 11 fO..Y'-o. -">- h A_\1--Z -().;~ <:;j fo ( orJ?'c 
1; il._fu.re > 'b S fUl. e;~d_(r Jevu.h.}""' O..nd r?JZr-,.$ 

11fJ~t..._ /O ~ tv d~1 cf6 o;rrrw (£.__ ~ G. fU;_/c~ MeH<MR s ct6ov.t 
/0 ,.,.._~ ~ d..it\Wt~ 



E . Menstrual cycle <Figure 7-19> 

1. Follicular phase (dayH fr-14) 

- A primor dial foll icle develops to the graufian s tage with atres ia of t he 
neighboring follicl es. 

- LH and FSH receptors are induced in theca a nd granulosa cells so that 
they can s timulate synthesis of androgen (LH, theca cells) and estradiol 
(F'SH, granulosa ce lls ). 

-Estradiol levels fitcadily increase and cause proliferation of the 
uterut>. 

-FSH and LH lcvch; arc suppressed by negative feedback of estradiol 
on the anterior pituitary. 

-Progeste rone lcvelH arc low. 

: Follicular phase : Luteal phase 

Events of the Menstrual Cycle 

I 
I 
I 
I 
I 

The menstrual cycle recurs approximately ev-
ery 2H days over the reproduct ive period oi the 
female: from puberty unti l menopause. T he t·vents 

' 17P· Estradiol 

25 27 1 3 5 7 9 11 13 15 1-7 19 21 23 25 27 1 . 3 5 

Day of cycle 

2. Ovulation (day 15) 

of the cycle include development of an ovarian Ioiii-) 
cle and i ts oocyte, ovulation . preparation of the •* 
reproducti ve tract to receive the ferti li zed ovum 
and shedding o f the endometrial lining i f lerti l i zatio~ 
does not occur. Cycle length can vary from 21-35 
days, but the average length is 28 days. Th e variabil-
ity in cycle length is at tri butable to variabilitv in tlw 
dura tion o f the fo llicul ar E'2_ase; the lu teal phnsc Is 
constant. I he hormonal changes and even ts of a 28-
day menstrual cy cle are il lustrated in Figure 10-10 
and descr ibed in the following steps. !Jy conoenfl()n. 
day 1 marks rhe onser of menses from rhe preuwus c,._ 
etc. · 

I 
I 

Figure 7-19. The menslrual cycle. I 
-occurs 14 days prior to menses, regardless of cycle length. Thus, in a 35-

day cycle , ovulation occurs on day 21. 
- A burst of estr adiol synthesis at the end of the follicula r phase has a pos­

itive feedback effect on secretion of FSH a nd LH (LH surge). 
-Ovulation occurs as a result of the estrogen-induced LH surge. 
-Estrogen leve ls fall jus t after ovulation (but rise again in the luteal 

phase). 
-Cervical mucus increases in quantity; it becomes less viscous and 

more penetrable by s penn. 

3 . Luteal phase (days 1 ~28) 

- Deve lopment of t he corpus lute urn begins, and it synthesizes estro­
gen and progester o n e. 

- There is increased vascularity a nd secretory activity of the en­
dometrium to prepa re fo r receipt of a fertilized egg. 

-Basal body temperature increases beca use of proges te rone's effect on 
the hypothalamic thermoregulato ry ce nter. 



-u. H~ruuzauon aocs not occur, the corpus luteum· regresses. As a 
result, there is an abrupt decrease in estradiol and progesterone 

levels. 

4. Menses (days 1-4) . 
_The endometrium is s.loug~e~ bee~ use of the withd,rawal o.f estra~10l 

and progesterone(]) W"•l\.j t:iWl ·h Vllf~ 1 Pn rYJCJrcl~tt..f fc~;cJc5 -fur 
f:t-.t_ ~ ~c~ ap_ hei':j rec.ru/(~cl dN,I --zre. k[l r"hru·'lj 

~ d0v'dcP 

FOLLICULAR PHASE MIDCYCLE LUTEAL PHASE ~ \ 
~ Hypothalamus Hypothalamus Hypothalamus 

1 1 1 
GnRH GnRH GnRH 

..., le le 
Anterior pituitary 

G 
~---- Anterior pituitary Anterior pituitary 

e 
~ .. .. . . 

1 1 1 
FSH, LH FSH. LH FSH, LH 

ie le le 
,___o_va_ry _ __,l -+ Estradiol ..__o_v_a_ry _ _.jl-+ Estradiol ..__o_v_ary _ __.l-+ Progesterone 

FI GURE 10-9. Control of foll iclc-sllmulatlng hormone (FSH) and luteinizing hormooe (lli) secretion in females duriog the 
menstrual cycle. The follicular and luteal phases are characterized by negative feedback of estradiol and progesterone. respectively, 
on the anterior pituitary. Midcycle is characterized by positive feedback of estradiol on the anterior pituitary. GnRH. gonadotropin-

Negative and Positive Feedback · 
In females, the hypothalamic-pituitary axis is 

controlled by botlt negative and positi ve feedback 
depending on the phase of the menstrual cycle (Fig: 
ure 10- 9). 

• In the follicular phase, FSH and LH stimulate 
synthesis and secretion of estradiol by follicular 
cells. One ol the actions ol estradiol Is nepntiue 
{(•cclbilck on tiH· ;lflt<'rlor plluit;11·v ct'lls to in­
hibit further secretion of FSH and LH. Thus, the 
!ollicular phase is cl<.Hllinatcd by cstrilcliol and 
ts regulated by negattve feedback. 

At midcycle, the pattern changes. Estradiol lev­
els rise sharply as a result of the proliferation of 
fo llicular cells and the stimulation of estradiol 
synthesis that occurred during the follicular 
phase. When a critical level of estradiol is 
r e acltecl (of al l eas t 200 pkogr<.1111~ per milliliter 
o f plasma). estrc•diol has a positive feedback 
effec t on the anterior pituitary. causin~ further 
secretion of FSH and LH. This burst of hormone 
secretion by the anterior pituitary, called the 
ovulatory surge of FSH and LH, then iriggers 
ovulation of the mature oocyte. 

In the luteal phase, the major hormonal sec re- , 
tion ol the ovaries is progesterone. One of the 
actions of r>rogcslet·ottc is ne~atiuc feedback on 
the anterior p it uit ar~· to inhibi t secretion of FSH 
and Ll t. 

I 
I 



Ftgure 28. 15. Phas es of the m e n strual cycle rn relatron to ovarrar. 
c hanges and hormone se cre tron. a nd the re la tro nshtp be tween 
c hanges rn the ovarre s and the end ome trrum of the uterus d urrng 
d rfferent phases o f t he menstrual cycle 
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Endometrial 
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bleeding 

Mitotic division 
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develop (due to 
estradiol stimulation) 

No change 

Glandular development 
in endometrium (due 
to progesterone 
stimulation) 



FEMALE REPRODUCTIVE HORMONES 
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OVULATION (day 16 ·) • - -, ~ ~ ' I 

. ' ·: ~ .) 

. Hypothalamus : GnRH released; stimulated by high levels of estrogen. 

A nterior Pituitary : LH released In large quantities (called the LH surge). 

Ovary : LH surge triggers ovulation. 

Vesicular ovarian follicle ruptures, releasing the secondary oocyte. 

Uterus : Endometrium thickens; stimulated by high levels of estrogen. 
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UTERUS: f-ollicular l'ha!e ·:: Pfo1 f t r t1{') v-'!.. 
1. Columnar epithelium -< c.:dul'\ ed . n· 1 
2. Uterine glamls '--- V\<-"A- ..._,_x • •• ~r cJ 
3. Lamina propria ( S trc.'W\0..) 
4. Coikd artery 
5. Smooth muscle fib res 

A. Endometrium 
B. Myometrium 

1. Functiona lis 
11. llnsulis 

The endomct ri um is a complex mucous 
membrane tha t, in the human female, under­
goes cyclic cha nges in s t ruc tu re and funct!gn 
in response to the ovarian cycle. The cycl ic 
activity begins a t puberty and continues until 
menopause. In the body o f the u te rus, the 
endo metrium consists of a thick lami na pro­
pria, the endometrial s troma, and a covering 
epithelium. The stroma resembles mesenchy­
mal tissue and consists o f stellate, loosely 
arranged stromal cells wi th large round or 
ovoid nuclei, supported by a line connective 
tissue network in which ly mphocytes, granu­
la r leukocyte5 and macro phages are present. 
The endometria l stroma lies di rectly on the 
myomet rium to which it is firmly attached 
a nd there is no intervening submucosa. 

The stroma is covered by a simple colum­
nar epithelium tha t contains ci liated cells and 
nonciliated secreto ry cel ls. The epithelium 
dips down into the stroma to form numerous 
uterine glands which extend deeply into the 
s tro ma and occasionally penetra te in to the 
myometrium. Most of the gland s a re simple 
tubular glands but some branchtng may occur 
near the muscle. A basement membrane un­
derlies both the glandu Jar and surface epithe­
lium. 

The endometrium can be Jividcd into two 
layers: the stratum basalc (basa l layer) and 
the stratum functionale (functional layer). 
These differ in their struc ture, function and 
b lood ~Y.· The basal layer is narrower, 
more<~llu a r-and fibrous than the functio nal 
fayer and lies directly o n the myometrium. It 
undergoes few changes during the menstrual 
cycle and is not shed a t men struation. but 
rather serves as the source fro m which the 
func tionallayN is restored . Th e ~tratum fun c­
tionalc extenus to the lumen of the ute tus, 
and it is this portio n or the enuomctriu m in 
which cyclic changes o~:cu r a nd which is 
slo u hed durin ' menstru <J tinn. T he stratum 

compacln , a na rnnv supcrlicial zone. anu the 
spo n;;tusn. a bronder tone th a t com prises the 
hulk or th e funu io na lis. 
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Figure 18-1 Arrangement of blood vessels in the endometrium. 

Cyclic Changes in the Endometrium , 

KEY WORDS-proliferative, maturation of r 
follicle, secretory phase, 
corpus lutcum, ischemic 
(premenstrual) and men­
strual stages 

During the no rmal menstrual cyde, the 
endometrium unde rgoes a continuous se­
quence of changes in which four sta~es can 
be desc ri bed. The s tages correlate With th_c 
functio nal activity o f the ovaries an~ const_• ­
tute the prolife rative. secretory. •s::henHC 
,premenstrual ) and menstrual Sta!!,es. 

. In t he nonpregnant uterus the smooth mus­
cle ~ells arc about 30 to 50 JJ.m in length but 
dunng pregnancy they hypertrophy to re ·tch 
lengths of 500 to_ 600 JJ.m or greater. Dur<in 
prcgnancY_~hcre •s_ roductio n of new muse!~ 
fronl unddferentiate<.~ an pos·· ·bl f 
I.. r = - · .>1 y rom 

<. IVIS I? n o ~lure cells also. In spite of the 
to tal 1nc reasc 1n the muscle mass the .1 1 . . , muse e 
ayers_ are thmned _ during pregnancy as the 
~tcrus becomes distended. The connective 
t• s~uc of the myometrium a lso increases . 
a m? unt. ~ol_ l o_win_g delivery, the muscle ee l\~ 
rap•dly ~·m_mlsh In s ize but the uterus does 
no t regam liS origi nal nonpregnant dimen­
SIOns. 

Tl~e myometrium normally unde rgoes in­
tcnlllttent contractions which, however me 
us_u ally no t of s ufficient intensity to be' per­
Ce ived. The i~tensity of the contractio ns may 
•ncreasc_ dunng menstruation to result in 
c ramp-llk_c pains. The co ntractions are dimin­
Ished dunng pregnancy, possible as the resu lt 
of the h~rmone relaxin. At parturition st ro ng 
contract io ns o f the uterine musculature occ 

I f · u~ as a. resu t o "':'lllch the fetus is expelled . 
Utenne co~tractiOn s are increased following 
admJnts tration o f oxytoci n, a hormone pro­
?ucec.l by l_he neurohypophysis. They also arc 
~~~<;d In response to prostaglandins, and 
~ n s_Q .J!I the level of BfOStaglandins occurs l 
J_ust,.rmo r to deli.v..e.cy •. _ 

\ 
\ 

The blood supply o f the endometrium is \ 

unique and plays an important role in the 
events of menstruation. Branches of the uter­
ine artery penetrate the myometrium to the 
middle layer where they provide the arcuate 
arteries which run circumferentially in the 
myometrium. One set of branches from these 
arteries supplies the superlicial layers of the 
myometrium, while radial branches pass in­
ward to supply the endometrium. At the junc­
tion of myometrium and endometrium the 
radial branches provide a dual circulation to 
the endometrium. Straight arteries supply 
the s tratum basale, while the st'ra tum runc­
tio nale is supplied by highly contorted coiled 
arteries. /l. s the latter pass through the func-~ 
tiona! layer, they provide terminal arterioles 
which then unite with a complex network of 
capillat ies and thin walled dilated vascular 
s tructures, the lacunae. The venous system 
a lso fo rms an irregular netwo rk of venules 
and veins with irregular s inusoidal enla rge­
ments, then drains into a plexu s at the junc­
tio n o r myometrium anti e ndom etrium. Dur­
ing th e menst1ual cycles the spiral a 1te1 ies 
const•ict criodica ll so that the lun ~: t ional 

layer IS SU JCClet I O intermittent periods o r 
blanchi nS. The dista l po rtio n or the arterial 
supply 111 the fun cti o nalis undergoes dege n­
eration and regeneration with each menst1 ual 
cycle. whe1 eas the stra ight artcrics o f the 
basal layer show no s uch chan)!.es. 1' 



Uterus: Menstrual Phase 

1. Superficial emlomelrium witho ut 
. epithel ium 

2 . Glandular lumen filled wirh blood 

3. Coiled art.:rics 

4 . Fragments of d isintegrated muco,a 
.5. Erythrocytes in lamina propria 

G. Jnter glandular la mina propriJ of 
basal region 

oes-rt< oG-c:, 
-------------~ 

( / 

~lf:U!(III 
an crac5. 

c 

Spiral aru:ru:s 

(
proJi 6~r•1flv(.) 

s.f.·'-/}e ---

"+ ~Vv?:rav.o.;' 
f\ ~ c.~ ci .-(j§ lx__Cc'-'-· ~·u= ~c·0 b~rn~--* tt~"- ~,Lh(;'l,tL? 
,f 'v:/ €A c·h -t~ '-{: c Y'cl 0 Y\11(' (y ; vi ~ ~; ~<...."'WI<) d ep (i' ~,~.J eft ~ ~lJ A {. V) 

--lJk s r·; J! ( iZ u; c.d) <I (f;c r' <J" ~ ons IY ; lt: ·, n t-<r "''; H-eMl j > 
A&~t.' ;; J..,(j·f tl-<- S;; r . tf t t "" " be"-""""" 1l r ""·'" , ~ ~~ Ceo\ ty, <~ 

( J ~ - ·1 
~(i,..z Tl .. A.n (.; f) .... 'Yta .. L .. -Q L~y'-er b--(..~~·0 /5CKe.rvlr(__;p.- ncc.n:/'lc--::r'-/ J'k:.d 
-,{ T~ J·p 1 f !\2 rl r (<t i~J ,·,..I'J 0 h ( ( .;:r..,f{ n tc run c o/ r v.jttA.r--rt ~ ~ !:;;:r-

C\.c{u... rV\vJ ,'-4 cl~ iN 'lvllA<:CSil ----7 flur1 1-.~Gr Si~cf c.~ flvu .... (h t...·V!AL 

l<~r 



4-

LV ~ o_,_ 'IYl , " , t ~ . J j-f.., w C <? • 1 J e 1 c"' '\ b.o..d: 

j (1 o.y_ 4 fJ_ c~~V\ fl r1 GlJ!.J {frt ( (fv;J-f V~ /4-
"f: cLu.r ( ~ cU~ r l-v:r-..c t,i 't fL ~· J> Ci)1 (J 1 i 'de' ~ L(JCVV\ n . ·--m Vl ~ 
t~i<..re,"- ( u-f -to d}_ - --s 0Y\w-. J bf(()vtSe cb 4?ro~~fe r:th '<Svl 

"---..--~ 

c fh c e)}s (}.): { l~ b rU~ .. \ ~ (1 e,u- I'('IA n 1 V\ 

1..!-V';J!fe d eJ d•", ';!}- if_. 7n < M lYe' .1/ ('I ,;l.M , &. <·U{ '<' tJl eM. 

~ ~ 0"C (1 S Vf~ ~._) t0 i p ( rl <.f .. ) (j) -iLz_ evtdO VVl e ty I,-&_ ~~rl ~~ S 

/f\C;-r:.:tx \.'\J\. nviiY'beA. ~ I h VQ4\:;t-t-. (i) 8~<-<::.:;-e,, ((((i..J.Mvv/iU-( 

~f .fd'-< hru-c ct; -6£'-'- :;;,/rln./::@ Sp 1 n~ d~·+cr,o ..Jer:jtt,e" 

q/ do 11ot e..x~~Y'-/ r t1.f-o -a~ S~e1fu·,JJ ); c'6 e.-1\Jcrvt~frt . \t~t-v, 
V (OQ.t·"k,o h' ~ tp ~iV)( \-'!;;> CcrY(O fc,'V\c.( r to "'Mt\ h,n;l h c'l--. t:·G O\ Jrt r,· 11 V\ 

~_(QI(QL t-L,f t::> tt't hvL'<_ ((._. <>1/~·J,.\ /"l<.~ 

~ 
?- ~ c rei/on cfG e_sw <J"fl fry d'<!.. de...._dcr; ~ Jf,_£Q le-I (f 
r5f> • Yl-1 u..P ,:zje') c;rr <-"W d'- c cfb tt....e__ I -e'IA<l (})tvl < rr ;' \J( "" 

Sec rc-hfr;j. p~ U '+/..-1.k' PAx- »"-js t:;-- ,;z r) ~ct-a.utf' 
·- C..G'IV\ \1\f\ i:'l'"l ( e ~ r~h:_/1... ov LJ ,i H cfh ' 

- tJ)~ erdome h' IL.l•lt\ ~':'f" r. ~"vt~J -tc ~uue. ~ {_a,,'c f:~ c:tn ~ f"'f Yt.Jt 
c~ ·~~rertro(>~ ,1; ~!:dj-&m( ~0cven I J?nl ~ Git~ 
\\ _<; ty c:Vv1 ;J_ e J .. RJvVI- c\ 0 t• c (_ f!I-7 c.."Y>_~~ __ ~~..!::!.;,.,,en ) 

\ > A ,1 • \f' 
1 'f\. c r{i\ J-t""( \!Cv'/ C.<.,cU1r d:d- ( houf tS~ ~ t....,.cnceytt-:s 

S pt (rt(! . <'!Y f : . f :\:J' < X.~t-1/•..J \~\I-\) ~<II•\(}, 1' .:r"~ ~ t'-~1.!:.~/\ c.J 

-t.,L.--z. _s VV'e-r;;..., u /L~ (r:~v-J ci.. e.~, (\. "'M<' t~· , ":~>.- Gt> l<!'v!.v -4-.rv+- ----.;, :; l./' \) ' I <..: I l L-\ c L~ \ 

'T?--e. sec re..f?:'~j I...J /vi/):._ c-6 C:(/lJCUtLtccf v..JtCi, u~ ch-wko-t~.-v{ 
c7J-{L4 <-Cr(r-\ 5 1<-.dett..,,_, Y.l/:) 1/v\.i'ltl'\.-lrl,,"' ~) 6"1 .io:J tv) -<...l ·-'<-

Cci ('-V) ./L v .... -k~ (,\ "•' r-e. l\1\r) .l V1 J J 'vw. {. h t,:-Y\ILO 

_.r---...--~ ~ 
~~ ~.< {r'd~) by ti...z (.<..f'l-flAS _,-L-tt..i-e-t-1v""' {/J 

fv'Y -{)'-f._ ~--.:: ( !--?. .. f\;)~j ( g r\ ~-< j I 1· 1 t.4 -t\,'1 d 0 ~11'\ ( fy 1 ,JJ 
r'-f! J/cvt ),· 6-~­

~/nty 



{tr_-_ (J'(I){..:i c.'6 r:ml!.nSfY;~,Lf (_:;_;cf~ (nrH<·G[~s 
~ft'YIY\1113 inlf.;ot:,.(f'.L"')t, 16 ~ 

!v.A tL'. w~ 
V-!;~ d'-"-
CeL.pu s 

J.....,n_..: cunuous ~I.J:ads ..--___,-.--==.. 
dt \ tc..' lldcd wuh scuc.:ttt>n 

0 



1\ 

2 ' 

Fie. 90. Ccrvi~t ... 

~X~. . 
·1. Os or •ncinal ,,pcninc of the ccrvlcnl cnnnl 

2. Eplthcliu111 uf l'o1 t io v~&innl is) 
J. Lymphalil: nu•lulc 

4. Ycnou~ pk:\liS 

5. Mu~cul:u is (sm un th musck) 

6. SlrntiGcJ ~qu:\lllllliS cpithdium 

1. Mucus scc•ctinr: (oluouu:or epithelium 

8. Lnminn '" ' 'Prin 

~. 'n1 t,\ (..ol, l.i Dl.\"; I 

B 

~Jo CeAv ix 

(s,-~,.,cY.; <J ~o-Us 
+ill ~Vn.~M cJJ..r 
W~i~ 

-}.-(~"-<.. . ci'-'tv1<:-f,c~ lctwec~ 
1 
t~~ .Si~Y~?f'c CoCuv ... v1c&'\. 

c f I tU,. (.,() d VV?-c uJ :1:.?- t'n tk e X io\Y\ .0? 0 s. 



Columnar 
ciliaced 

cell 
I nrcrcabrcd 

cell 

,Columnar secrecory cell 
(?€.j cUt) 

.\luco u~ layer 

.\I uscular layer 

Conneccive cissue layer 

1': ~ 
'k~t,(_ 

t J'j n-r~e<:>is 

~"" j~,qhf 
..;- Lvk -ti~ 

cJ,-... 

1' s e. cre . .h"ffi' 



~ofi\U.Je 

~ 
-rt'._ er; t£- . ~a tt.t (I( I 
oJ- ~ cdJs &nf(\ir~ 1~ 
~ ~MoUrlH l{; Jf/;4jf!A, \ 
~ fi...effi c:J+oyit:VJ .... ~ 0 i 'I ; 'J 
tJ\.L ~hl'f)w;M.A "' Vli.W~dtej 
df fec\A ctV\cc ~' HCV f " --

/1f tk s 4"' 0?.1}' 
ev--e. der~CA~w-..~+ eJ --'>- ~ 
~ UJVI! 0 h ~f.An._fed <:t/ 

e~ 0J J)ad~/Y1 5 
b, uJ.} ,· ~ ~ ; ct.- C6n l)eNf. ·u 

iVIfb )_;,. c)l c iJ.CA.'J ~ f k 

&w f J-f 06 ~ Ll '}f'·rtJ. 
,{;\w-<U" ~ inl-t ib;l-! f:t....t ~crwti, 
0G fJ-t~ 3 et1 ,'c_ brl ckA r't~ 

Fir. 91. Vog lnn {Looglrutlinnl Sect ion) : 

2
1. SltrntiOcd squn!'IOUS epithelium 

• .amino proprm 
3. Obllq.uo '?Undies of smooth muscle lii.Jrcs 1: id~!::~~~~nul bundles of smooth muscle fibres 

___ 1 

l-f ec,'\ S(} (/\ e._ kd 
~ th\J J ~ -{jv._ 



f~e~ St . ~ ~ ocl; {}eel 
S:vJ~It.t /)~lt~ ft~Sen-f cr- / ' 
1 v\ Go {t.,. S~)(es bu..:t U 

0 riA. d. ,·Me.t1 fA.rj ""· 
1"'7Vt ;J ( .s 

Fig. 3 Extent of tho breast. 
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Fig. 4 Axillary tail of the breast lies deep to the deep fascia. Tho opening '·.·.~:_· .. ·:; .... ·.· · ··.· 
in tho deep fascia is called 'foramen of Langer•. . ·! ··~·-.'~:~·i~)i·:~~::·>:f :::.~·- ·::·' 
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Deep relations. The deep surface of the breast is related to the:following ~ ·~-
structures in that order (Figs.- 5,6) : r~~;i:·~:;~-~--~'V<.;·:-.:: :_,~.· 

.. ·I, ' ;-~ .. ~--~ ~:~::!~~~~~-:~~'..:-~:-~-: . 
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1. The relromammary space of loose ar<:olar tissue: makes the breast 
freely movable over the pectoralis major muscle. According ·: to . the 
former concept of the free flow of lymphatics in this .space, it was IV 
known as lake of Murcillc. (jjj;. ~ 

Pec.'101 ,,,,, maJO' . 
I 

• 
rlct•u•ua''"11.lty ::·L 

U>J C~~ ;;;L.--
t ••• 
t ••• 
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Fig. 5 Deep ·relations of tht.: breast. 

• ct.wo:t c 

2. Deep fascia (pectoral fascia) covering the pectoralis major. 
3. Still deeper there arc pectoralis major, serratus anterior and external 

oblique muscle of the abdomen. 

rcctvralis major 

Fig. 6 Muscles situated tlccp to the brca~t. 
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Structure of the breast. The structure of the breast may be conveni~~~ly - · · 

studied by dividing it into the skin, parenchyma, and the ~~rpma . . · :· '::.~. . . 

> A. Skin. It covers the glan? and forms · · ':'(J,)Ltot-; 
1. Nipple, a conical projection f~oth just below the centre of · the ~' 

breast at the level of the fourth space. Jt is pierced by 15-20 lacti- . (j) 
fcrous ducts. It contains circular and longitudinal smooth muscle · IE 
fibres which can erect or flatten it respectively.· It has a'i~- ~~ 
~ sebaceous glands. It is rich in its nerve supp~y and 
has many enu organs. . . . . 

2. Areola, a pigmented urea of skin' surroundil'}g the base of the 
nipple. It is rich in modified sebaceous glands, pru:ticularly :at its 
outer margin. These become enlarged during pregnancy · and ·· lac­
tation to form taised tubercles, the 'tubercles of Montgom.ery'. 
Oily secretion of these glands lubricates nipple and · areola, ·and 
prevents them from cracking during lactation. Apart from ·sebac­
ous glands, it also contains some sweat and accessory mammary 
glands. Fat is abseut beneath the nipple and arcola, both of which 
arc devoid of hair. · · 

-~;:-- D. Parcncbmya (mammary ghi.nd). It is made up of glandular tissue which 
secretes milk. The gland consists o.f 15-20 lobes, Each lobe is a ·clus- . 
ter of alveoli, and is drained by a lactiferous duct. Each duct:· is .'di­
lated into a lactiferous sinus beneath the arcola. The lactiferous ducts 

. converge at the nipple like the spokes of a wheel; the incisions are . 
therefore given radially. · ~ 

1 
' ..... ·:·. 

lnhr t (llj .']t!/.:/·:·· 
! ...... . 
: ·: · 

l n~ ttltH O U\ !l• nU \ I , 
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.Hg. 7 Lobes of th e mammary gL.lnu. of the mammary 

~c. r Stromn. lt forms the supporling frnmework of the gland. 
It may be divideo into : 
1. Fibrous stroma. It form~ septa, known as suspensory ligaments 

of Cooper, which anchor the skin and gland to the pectoral fascia. 
' l ~~ 



·· - - · ---- - . 0@ 
Infiltration of these ligaments by the cancer cells 
the gland and pu~kcring of the ::;kin. · 

causes -fixity of 
: . : . 

2. Fatty"stroma. lt forms matn bulk of the gland. 
all over, except beneath the nipple and arcola. 

It is distributed 

Fig. 9 Suspensory ligaments of-tho breast. 

Arterial supply. The mammary gland is ,extremely vascular It is supplied 
by: 

Axll lnry cttcry . . v 
~~ 

Or .1nchr ~. l r( llll 

int crcosta l ar 1 c11 •1 ::. 

~dJ·(f \ · : ~- Su pgrior thoracic l'!rlery _·' --;.--__ l ' 
~ \ r A«omiotho,.ok "'"' 

L
< r~f£ lJl Or\11 t horac ic ar lory 

' /) · ~ ~ ~ I 
• • • •• -;::? Perf o rating l.uJ nchc:; ol · 

\::. ~ ' $ ,: ~ _:..- iut"n>l ti>O<OoiO "'"V 
~~ .... F/ 
1~/ 

l 
_ · Fig. 10 Arterial supply of the brc:ast. 

1. Internal thoracic artery (a branch of subclavian artery), through 
its perforating branches· (2-6 spaces). 

~ . Lalcral thoracic } 
3. Superior thoracic branches of the axillary a rtery . 
4. Acromio-thoracic 



5. Lateral branches of the posterior intercostal arteries. @bcHo 
The arteries converge on the breast and are· distributed from the ante-

rior surface. Posterior surface is rel tively avascular. 
Vt:nous drainage. eins follow the arteries. These are important for 

following reasons : (i) because they indicate lymphatic pathways, (ii) be­
cause carcinoma can spread tluough the veins, and (iii) because theY. com­

~ municate with the vertebral plexus of vems throu h which mali nancy can 
\~ sprea o ones and nervous system. 

The veir.~ first converge toward the base of the nipple where they form 
an anastor:;.otic venous circle, from where the veins run in superficial and 
deep seb. 

1. Superficial veins drain in the internal thoracic and superficial 
veins of the lower neck. 

2. Deep veins drain into the internal thoracic, axillary and posterior 
intercostal veins. The connection of the posterior intercostal veins 
wi~ the vertebral plexus of vems provioes route for the carcino­
matous spread to the bones ano nervous system. 

Nerve supply. The breast is supplied by the anterior and lateral cutane­
ous branches of the 4th to 6th intercostal nerves~ The nerves convey sen­
sory fibres to the skin, and autonomic fibres to the smooth muscles and 
blood vessels. Nerves do not control sscretion of the milk. It is regulated 
by a hormone, prolactin, secreted by the anterior pituitary. 

Lymphatic drainage of breast. The malignant disease of the breast spreads 
(metastasizes) mostly through the lymphatics to the associated lymph 
nodes. Therefore the subject assumes great importance to the surgeon. 

~ ... ilS,p<Ool•vi<"l" '<-t;.)'tof-~ • 
Centra l axiii<Jrv '/\ _ - -~-~ V 

1 

? .. ---r-- Apoool 
Late:al axillary / ,--- __ _ -- Antc 11or axi llary 

""-- ·• ·· -··:~--· · / :·· ·: _.. _ .. :· ... . . •·· : : 
: ... · ·-· .". · ... · .•. 

---lntcrna i mammary 

• • . :I _: :. ·: .•. 
P" '"'o""""' . . . . . 

Fig. 11 Lymph nodes dra ining the breast. 

Lymph nodes draining the breast 

A. Principal nodes 
1. Axillary nodes, chiefly the anterior (pectoral) group. The poste­

rior, lateral, central and a pi cal groups of nodes are also associa­
ted, either directly or indirectly. 



4. The lymphatics from the deep surface of the breast pass through 
the pectoralis major and .£lavipectoral fascia to reach the apical 
nodes, and also to the interna mammary nodes. Lymphatic ple­
xus on the deep fascia (lake of Marcille) is not a normal path­
way for the lymphatics as was ~ly thought to be (Fig. 13). 

5. Lymphatics from the~an~quadrant of the breast may 
communicate with the subdiaphragmatic and subperitoneal lymph 
plexuses, after crossing The costal margm and then piercing the 
anterior abdominal wall through the upper part of the linea alba. 
Thus cancer cells from breast may spread to the liveJ, and from 
the peritoneal cavity may drop into the pelvis. 

Fig. 13 Deep lymphatics of the breast drain into the apical lymph nodes. 

Oinical application. Carcinoma of the breast may give rise to the follow­
ing features, which may be of diagnostic and prognostic values. 

1. Retraction or puckering of the skin due to invasion of the ligaments 
of Cooper. 

2. Peau d'orange or oedema with pittin · oedema is due to obstruc­
tion of the cutaneous lymp attcs by cancer cells, and pitting due 
to fixation of the hair follicles to the subcutaneous tissue. 

3. Axillary lymph nodes may be involved; these are @§X nard) and 

4. ~ction of the nipple is due to extension of the growth along the 
lactiferous ducts with accompanying fibrosis. 

5. Breast may become fixed to the deep fascia, pectoral muscle and 
chest wall, due to direct spread of the growth to the subjacent 
structures. 

6. Carcinoma may spread tc distant places, iike liver, lungs, bones, 
and ovary. 
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THE PECTORAL REGION 

Development of the breast r--:- _ Lf'f 
1. Breast develo s from an ~~rmal thickening, called mammar 

ridge, milk line, or line of Schultz, whtc ex e ds from the axt a 
to the ingumal re.gion. The ridge appears during the 4th week of 
development, but <!_isappears in humans except in the pectoral~ 
region. Gland is ectodermal and the stroma mesodermal in origin. 

2. Stages of development 
(i) The remaining ridge is converted into a mammary pit. 
(ii) Secondary buds (15-20) grow down from. the floor of the pit. 

These buds divide and redivide to form lobes. 
(iii) Entire system is canalized. 
(iv) At birth or later nipple is everted. 

3. Growth at puberty is caused by the oestrogens; secretory alveoli 
develop under the influence of oestrogens and progesterone, and 
anterior pituitary hormone. Lactation is controlled by prolactin 
secreted by the anterior pituitary. 

4. Developmental anomalies of the breast 
(i) Absence of breast=amastia 
(ii) Absence of nipple=athelia 
(iii) Supernumerary breasts=Polymastia 
(iv) Supernumerary nipples=Polythelia 
(v) Gynaecomastia is developed breast m males, as m Klien­

Felter syndrome. 
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Hormones Major source Effects .··'; 

Insulin, cortisol, thyroid hormones Pancreas, ad ronal cortex, and . .. . Permissive effects-adequate amounts of these must be present 
thyroid • ·· ·: ... : · for other hormones to exert their effects on mammary glands 

Estrogen and progesterone Placenta . . .•.. . ·.:: '", :·· .... . - . ; Growth and development of secretory units (alveoli) and ducts in 
• :: ,, ,., ·;• .· mammary glands · 

Prolactin 

Oxytocin 

.. , . .:..::·:· . . 
: . Anterior pituitary · ~.; ··: Production of milk proteins. including casein and lactalbumin 

· Posterior pituitary . · ·• · '. :· ~- Stimulates mitk~jection renex 

Figure 28.21 . .Lactation occurs 10 two stages 
milk productoon (Sttmulated by prolacton) and 
m ilk e1ectoon (stimulated by oxytocon) The 
stomulus of suckling troggers a neuroendocrone 
reflex that results on oncreased secrehon ol 
oxytoc•n and prolacton . 

HORMONES OF PREGNANCY 

· Placenta 

10 20 30 40 

Weeks of pregancy 

I ~M ILK PRODUCTION I; 
Stimulus Responses I 

·--------------------------~ 
fiGURE 10-1 1. Hormones o f pregnancy. Number _of weeks o f 
pregnancy are counted from _the onset of the last menses. HCG. I 
human .;horionic gonadotropm. 
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FIG. 16. TYPES OF PELVIS. 

Diagram shows brim shape (exaggerated) and subpubic angle. 
A, Gynaecoid; B, Android; C, Anthropoid; D, Platypelloid. 
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F•c 26 s""'.;; N.:v. Bcoe<t. 
!njection of local anaesthetic round Pudendal nerve in region of ischial spine. (Trans­

Lyaginal approach). 
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FIG. 18. E PISIOTOMY. Ctrr STARTING IN MIDLINE. 
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