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Physiological anatomy of the female sexual organs
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Physiological anatomy of the female sexual organs
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Monthly ovarian cycle; function of the gonadotropic hormones

» female monthly sexual cycle /menstrual cycle= monthly rhythmical
changes in:
—=>v'rates of secretion of the female hormones
__>v'ovaries and other sexual organs.

Avg(28)d (20-45 d) prolonged of Short cyck-

Abnormal cycle length—>decreased fertility

» Outcomes of female sexual cycles:
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Monthly ovarian cycle; function of the gonadotropic hormo - : ol e
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Synthesis of estrogen by ovarian cells during
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In the uterus (proliferative phase)
increasing estrogen levels re-epithelialize endometrial surface within 4 to 7
days after thﬁ beginning of menstruation)
After that—2>increase numbers of stromal cells & progressive growth of the endometrial glands and new blood

vessels /] (2) =
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Ovulation

A Surge of LH Is Necessary for Ovulation.
LH is necessary for final follicular growth and

ovulation. 7

Progesterone

Estradiol

2 days before ovulation =2 rate of secretion of] LH]

increases markedly, 6-10-fold, peaking 16h before
ovulation. cwnd Lher &//fo]?

(Tw/bu)
auolajsabolid

Estradiol (pg/mL)

LH

Menstruation
Ovulation

FSH also increases 2-3 fold at the same time

FSH and LH
(ng/mL)
N
o
o
|

FSH & LH act synergistically to cause rapid swelling o F+—"A+—F
. . 0 = 8 12 16 20 24 28
of the follicle before ovulation. Daye of fomdiasexusl oydis

/

LH convert{granulosa and thecajcells to mainly

progesterone secreting cells.
=7

rate of secretion of estrogen begins to fall about 1 day
before ovulation
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Signs of Ovulation

e Increase in basal body temperature

* Changes in cervical mucus

=l e Cervix softens

@ » Mittelschmerz---pain



Postovulatory Phase

* |asts 14 days

* In the ovary—> (luteal phase)

 LH—2>luteinization—>granulosa &
theca interna cells change rapidly

V2%

luteum—=>P&E—2>low FSH&L
* Lutein cells=2inhibin=2inhibt FS

N2

Involution of CL

* No fertilization—2>corpus albicans is
formed

* as hormone levels drop, secretion of GnRH,
FSH & LH rise

 if fertilization did occur, developing
& embryo secretes human chorionic
gonadotropin (hCG) which maintains
health of corpus luteum & its
hormone secretions

?lcfcenta- 3 L')—?&:’/(—‘\:‘A

< into futein)cells—>filled with lipid=2>c¢. corpus
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Figure 82-5. Stages of follicular growth in the ovary, also showing formation of the corpus luteum.
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Postovulatory Phase

* In the uterus (secretory phase/progstational phase)

* Hormones (progesterone mainly) from corpus luteum promote marked swelling and
secretory development of endometrium-> provide appropriate conditions for implantation

of a fertilized ovum

———

Glands—>

—s increase in tortuosity
_, excess of secretory substances accumulates in the

glandular epithelial cells

stromal cells 2
— Cytoplasm increases
— lipid and glycogen depositsiton

— |ncrease blood supply to the endometrium

—>blood vessels
becoming highly tortuous.

—s“uterine milk,” provide nutrition for the early
dividing ovum

if no fertilization occurs, menstrual phase will
begin

Follicle Ovulation e Corpus luteum
Ovarian \
event ; R
\ /Ovum : \\ /
Estrogen : Progesterone
! Estrogen
\ 1 AGE l )2 =T
] N | I ) ] \f i ) ‘ N
1 | I ’ :‘ ] \
Endometrial Y . e ey 1 (A5 ‘ |
thickness " o S R " s § >
S L g / 2l 4 | | ' g
: 4 X
Day 1 5 10 15 20 25 28
l | |
Uterine Menstrual Proliferative Secretory Menstrual
phase
Ovarian
phase ‘ Follicular Luteal Follicular
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Ovarian cycle

Uterine (menstrual) cycle
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Menstrual Phase

* Menstruation lasts for 5 days

* First day 1s considered beginning of 28 day cycle

* In ovary
e [Early follicular growt@

* In uterus
\We declining levels of progesterone (mainly) & estrogen
e caused spiral arteries to constrict — ischemia & necrosis—> glandular tissue dies

3]s stratum functionalis layer)1s sloughed ott along with 40 ml of blood, 35 ml
serous fluid > superfiecial layer

@' The menstrual fluid is noenclotting->because a fibrinolysin is released along with
the necrotic endometrial material. excessive bleeding—> not enough fibrinolysin

90_19_t_t1_gg/\” abnorimal. oigN ...

* Within 4 to 7 days after menstruation starts, the loss of blood ceases because, by
this time, the endometrium has become| re-epithelialized.)

P
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Functions of the ovarian hormones

Two types of ovarian sex hormones:

Uterus, Jagina, lorecaet

» promote proliferation and growth of specific gells in the body that are responsible for
the development of most secondary sexual characteristics of the female

* mainly from ovary (in non-pregnant) and very little from the adrenal cortex.

» In pregnancy the placenta secretes very large amount.

[1}Estrogens {

e Three estro ma.in estrogen in the Jooo/aq, amfjl%ikjs action 57lr‘0ﬂ3fr Fhon sther
- 4 VO’@GHS
W B-estradiof (the principle one and most potent )

» Estrone: most of this Is formed in the peripheral tissues from androgens secreted by the
adrenal cortices

(2] » Estriol: weak, Increase in pregnanc




Functions of the ovarian hormones

Two types of ovarian sex hormones:

(2}progestins
» the most Important progesterone
* little of 17-a- hydroxyprogesterone. Jap5l) et

* [N non-pregnant progesterone Is secreted mainly from
* [n pregnancy, large amount b@@especially after 4th month of pregnancy

» to/prepare the uterus)for pregnancy and th@s’t@jm lactation.

T thickness 07[’ the wiferus _”%Jeve)a?meﬂi'dzg O{MC/LS OHO/ QJV@()}J'
‘5@5““4’7&0'7 C/’ta%es in the endmatriol Ca\/f@ 7o be recdy ?%/ Jact ﬁé}‘ﬁﬂ
to I ﬂzaof/\/ r 1he ZDI”@HCN’C)/ ond Fetus [mf/&r)f'af)‘&'ﬁ P/;“’)"}ﬁ’“ﬁ”” o de 2

% Estrogens and Progesterone Are Transported in the Blood Bound to Plasma Proteinsj
A/ (albumin and with specific estrogen and progesterone-binding globulins)
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Functions of estrogen oot the genitel track ongans Fam

CZ@V‘O)‘V] S e Emcﬁlp Sex S oul

rmones

Size to adult ©1ze

 External female sex organs: at pubetty, increase In size of ovaries, fallopian tubes, uterus and

@.

alveoli & lobules)

vagina, external genitalia (D promotren of female 2ry charackrishic by enlorgment the Size
- B "‘pﬁb& femals sexuwal organs

deposition of fat in mons pubis
p p P]—i% \fer\/ ;‘mjDOr'gLaﬂ'I; Ty CkOlL/l]b .«S‘}.’%e O"-P kl"Qe E@Camse kal‘S

change vaginal epithelia from cuboidal to stratified type->more resistant to trauma & infection
a bﬁcaw:c +he fe,W\_o.le O\-E 8@(104)_,4‘\‘(1&/8\08 woi M be magare ’Pf'ﬁnﬁ 1o ‘H’)E’, Loum o by =exXua | 7hhsr‘cﬁur5r3
endometrium: proliferation of stroma and endometrial glands (important in nutrition of fertilized
ovum) Lsvory mportant for preparation of uterine enviconment £y the ferlilizol ovum

very /'mpod;ani Por increase the amount of Secrebions ( l’;er if the female ALt Pregy m@
Fallopian Tubes: proliferation of éﬁandular tissues of this lining to proliferate, and especially

Important, increase number of ciliated epithelial cells that line the fallopian tubes
o . - -|—9\/ery vmparjcanjc ﬁﬂr Fhe movement ‘ﬂﬂﬂ’)f guum o
Increase activity of the cilia -cilia always beat toward the uterus—=> helps propel the fertilized

ovum in that direction. uferus 31 PLEL CL=TE Ly 0
L(A+CFU\S ,_l] DBL Lgﬁf“?? %%\]_ZEJOVDLm leyg‘ﬁ
reasts: fat deposition, development of stromal cells, growth of ducts

(progesterone (mainly), prolactin important in milk production. estrogen influence growth of

Pm&&sferanfjx@ 1nain M’monf)3 Uﬂ br@%f By &; dﬂ;;;) O (o) CN:,P)J;/J) N
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Functions of estrogen

(3o 5oy G =0 'Sl (Plo (O oc
o, the ﬂema le  Jhave nre Voasculture within the ekin —> — _

male SO GET gy ap e

(5« Skin: irqzrease vascularization of skin and development of soft skin——= i .5/.

5)+ Hair: little effect -pubic & axillary hair=adrenal androgens (ourse anel  <— GFIf )
T 4 male 1 cuJf erense al _Ifa_gj 4

z)  Bones: estrogen inhibits osteoclastic act|V|ty%+ puberty
cpi-i, 0steoprotegerin/osteoclastogenesis in nhibitory factor, so height increases after
O‘Lﬁ puberty, but epiphyses and shafts of bones unite early and growth stops puberdy Iy U, (5 )

T strength of lone | male Ji_ fermale s .
Menopause—=> 0SteoporosIS—=cq, =y, ouss e o o growth b G~ o

a= 3} C}%SJJS uberJL\ JJ D_/\_aJ‘_)_,J]

(2] Estrogens slightly increase protein deposition (nfa ore In males) f#@;w%;r Iy o8
Fms Closur of epi— J1 3 Gird ) O

) Sodium aiwater retention by the kidney. Slight effect but during pregnancy the

tremendous formation of estrogens by the placenta may contribute to body fluid——> -
retenthn in normal condiErons (ion P”j”eni CUUWIBV\)—B j\gg;'ﬂ?‘fj;ﬂjl Sp Csu—ﬂ> ojL fé@—i:r;f-is
Contraception 52l Gy 57 body Puid celetir lProolwran g lome _p — P23 al m(/mtha
o) Estrogens increase E)ody metabolism and f@ deposﬁ/on tbét cUtaneous tissues, nga nt

breasts, buttocks and thighs)

« More subcutaneous fat in women than men

.Se«aa.L )I@ hoir J'kﬂ}jf"s‘_}'(\J

Aress.. 5

' » | oedog s VL e par 1 J0RU how dedpiedy e o ° 5
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fie prepaiy) the uheres Cor the  Jominant s» UJJ: ’Dre;)ararjaor\ of the ulevus y 4__dac s P L.LQ @
//nﬂﬂ”fﬁboﬂ C%E 74’7%5 the f (St Jﬁa}—f 3%)’“ +he Pyézﬁmng

Functions of Progesterone il e 2ol S

g 1o 5T o bal P Iigly awlation o @ haif of the oo

-2< Promotes secretory changes in the uterus during the latter half of
the monthly female sexual cycle suitable for implantation of an

embryo (secretory phase).
_ elotion e Flect op—
2) Decreases contraction of uterine tubes and myometrium (decreases

expulsion of implanted ovt Featepind S oo Wdah o

%JldF)“‘_g\ q,_P_;a,Q d[,o.d Z"-"VU'D marny) - m vemenfjlw_m ?_3\ gj(—cés)é L}\\\ 6'&33 tjjﬁﬁ Pr@ed?m?ms b= g SUy e R

Lilap w 4 falla N +ot and Y“)’Om uvg - .
3. Stimulates bresst growth, and swelling particularly glandular tissue.

O_JL_SJ/C}U/)//(_’// C}Lg,ﬂ_/'éJ Swellin ajo-}hed,g_)d‘—J
4] Increase mucosal secretions of the fallopian Tlibes to provide

nutrition to the fertilized dividing ovum which traverses the tubes
towards the uterus body.

5) Changes the cervix mucus into thick and sticky (cervical plug).—» 4=~

\»

1 4y J—;’)‘zaﬁ‘oab o) - o | ’ - ]
_aps Gy Lokl éf)j > (2] oo\ V) L) B day ol ol
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Lert] ]zeoz leie DIJJ\JI onhractinste 31 oy dabortion q,_g_fbpﬁ\_h oo ’TJ\% o8
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Overview of Hormonal Regulation
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Feedback oscillation of the hypothalamic-pituitar-yovarian system
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Anovulatory Cycles—Sexual Cycles at Puberty
aulation 3y oles (5> @9

araund The mid cy (e
preovulatory surge of Lﬁi\:not sufficient 2 anovulatory cycle

Consequences
—— failure of development of corpus luteum
_ > no secretion of progesterone during the latter portion of the cycle

> cycle 1s shortened

menQrche ) normal Qo

The first few cycles after the onset of puberty are usually anovulatory, as are
the cycles occurring several months to years before menopause JJ
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PUBERTY AND MENARCHE indication for ovarian Lo lure 5
ILS 4 bm’ 519N In @@mafuCJf{w ae

(1] The period of puberty is caused by a gradual increase in GnRH by the pituitary
beginning in about the eighth year of life, and usually culminating in the onset of o
puberty and menstruation between ages 11 and 16 years in girls nomal ©sb old ages s ol [£)

(average, 13 years). svulatign s ADX
== J
5}"@7; ncrease 4‘9_—5

the hypothalamus does not secrete significant quantities of GnRH o fSH+ LA
during childhood. L e B e, & ) as o4
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C)/C)E /( U}:ﬂ":& Q/M irrfﬂo@larjb/ y Q\W/ T J-

MenOpause <H J [y (_)_U) M C}L#J u)/d female sevual H J1ay¥ > M
(m/n}/ FSH ) -&MJ 1 w ) > 1/
At age 40 to 50 years, the sexual cycle usually becomes irregular and ovulation often fails to )

occur. evro OsLE o
After a few months to a few years, the cycle ceases o

The period during which the cycle ceases and the female sex hormones diminish to
almost none 1s called menopause

estrogens can no longer inhibit FSH and LH

FSH and LH (mainly FSH) are produced after

menopause in large and continuous quantities Female

Menopause

Total urinary gonadotropins
(units/24 hr)
W
o
|

0O 10 20 30 40 50 60 70 80
Age (yr)
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Menopause

the production of estrogens by the ovaries falls virtually to zero.

The loss of estrogens :

(1)*“hot flushes” characterized by extreme flushing of the skin

(2)psychic sensations of dyspnea

(3) Irritability

(4) Fatigue

(5) anxiety

(6) Decreased strength and calcification of bones throughout the body —— Oétwp 0SS

Administration of estrogen (HRT) after menopause—=> V¥V symptoms of menopause, may
increase the risk for cardiovascular disease

—_—




Female sexual response

Stimulation of the Female Sexual Act. by stimulation of the cexual Port

loroin ocrea CI,'mbfc éys]-gmB

psyr:hic stimulation, local sexual stimulatic!: & thoughts.

Sexual desire Is based on psychological and physiological drive

sexual desire does increase In proportion to the level of sex hormones
&

Desire also changes during the monthly sexual cycle, reaching a peak near the time of
ovulation, probably because of the high levels of estrogen secretion during the preovulatory
period.




Female sexual act

» Sexual stimulation in women IS
Initiated by stimulation of the vulva,
vagina, and other perineal regions can
create sexual sensations.

* The glans of the clitoris Is very
sensitive the sexual stimulation

Sensory S|gna|8 fmm gem}alm

l

pudendal nerve and sacral plexus

l

sacral segments of the spinal cord

l

Cerebrum




,/wﬁ a/pmz‘ngmf l)’//(é Ehe Wfi /%ﬁm)/ v Lhe ares ammno/)mitmf{‘US

Female Erection and Lubrication.

=10 the vulva
Parasympathetic from sacral plexus—————  Bilateral Bartholin glands
J N2
erectile tissue located around the introitus ‘:w;‘t Che Mucus_
L gy v
release of Ach, NO, and VIP Lubrication

J /7 N\

Vasodilation & accumulation of blood in the erectile tissue \.ginal epithelium ~ Male urethral glands

\l/ 02}50 Secfetfomy\
introitus tightens around the penis P o
N2

stimulation for ejaculation

Dr Iman Aolymat 16



Female Orgasm

Female Orgasm (female climax ) : happens when maximal sexual sensation is
reached.

This is supported by psychic conditioning signals from the cerebrum

fema
help

e orgasm is analogous to emission and ejaculation in the male, and it may

oromote fertilization of the ovum.




Process Is similar in males and females:

1) Excitement phase:caused by psychological or physical
stimulation; engorgement and erection of clitoris, vaginal

congestion -- parasympathetic nerves j

2) Plateau phase: intensification of these responses,
Increased HR, BP, respiratory rate, muscle tension

3) Orgasmic phase:culmination of sexual excitement,
intense physical pleasure— 7 #he male o female

4) Resolution phase:returns genitalia and body systems to
pre-arousal state



he male afler the o aculation
Male and female sexual response the male affer &) aculofio

pro cess — 736,/;00{ of &
. refracti on
Differences: (efactory period )
U male 0f Gh=Ds o= AJ“;—’&%JJA&XE%Z act S, ae e ]
aln -

(U Women don’t require refractory time before beginning
excitation again

(2) No ejaculation in the female

Dr Iman Aolymat 19



Fertile Period of Each Sexual Cycle.

e
or | dby o e
Therovum remains viable and capable of being fertilized > 24 hours after it is Orundd
expelled from the ovary. Pechilization O _apn (e Che o Lhe the

for People Who are Hnn\émg abwé pregno, ééﬁ Zme
Therefore, sperm must be available soon after ovulation if fertilization is to take place. “ulatin

A few sperm can remain fertile in the female reproductive tract for up to 5 days.

AN E YR EC)(.Q\/.S
Therefore, for fertilization to take place, intercourse must occur sometime
between 4 and 5 days before ovulation up to a few hours after ovulation.

Thus, the period of female fertility during each month is short—about 4 to 5 days.
Very reqular (615 ;PSHGOU ]WJ,

Concept of contraception —~ § .
ﬁm}ﬁ o o) lation /s )’“{}

_,L_SU_sd/j svulaton I oS pt ass o (W ool o

Q/-O_jl@—) Ls
external gjac lobion 8> Sexua) intercou

,WQ/QM:J,\-D@—J
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Maturation and fertilization of the ovum

Secondary oocyte+ granulosa cell (corona radiata)

N2
Ovulation
d &%H%’L‘) 1an J]Zo 2% L MJ’:OU:"AO[/QY)/_,JJ o
Peritoneal cavity 25 Lo @y
I o st Fmbri o the
25 omoe S . Cilia activation by estrogen | T fPlapian tube
follape e 2 odas OV oary N o A
rube Beating toward ostium of FT pertamal coub) 1 Sle a0 ovulatim

D/ v es ond Fwo FT)

e Ova enters fimbriated end of one of FT [ we have Fwo ovavi

p——_

el \l/ Oocy}f BIRNGIYS Z:r_u ) o2 Ihe avar//vqrz" M«

.- . J
<« Secondary oocyte at[npullae of FT) 4_62@ -l AT Ouaries
ZLQ( oG 011]'80} J H'Jﬁ’ vag ind -]
o 2 feriuation gl s St e st
oM Perifonenl | fertilization o p p :

. . 7 contractions of the uterus and FT 2 PG in seminal fluid
C&\/u‘ty into [T Q_;_GJL@ (% J\Jp_i_ Pef/@acu lation @ _/_JE&J}

(2} oxytocin during female orgasm

——

mwj)u\lcxe J (o Chgake 02 negative pessure b
et FI o OM 5199"”’5)] e s Lo S [ sle st
(9"?_9)/_]_*_&)/ C_ﬁ\)j S?Q(mﬁ -)l (0(3)—}’0( CfJ‘OHéJaf L émove”;e;;iaro’ amPMJJ 1, albg_
. e N the s ond F SR O
ey oW e “%PT Gontra chens J1 @ & s
man Aolymat Semng Dol 2 géh Pa2 _Jlg_@



Fertilization

+h€ oVILM Surr‘aunded
oy mulliple layers of
7 grantlesa cels

Corona
radiata
’JDQWBTW’TJAW L;J\/\O\ﬁ .))_ZD @
of ane Sperm 1

Fusion of 1 sperm prevents polysperqqy
| in the membrane potential of the ovu
1 IP3 in ovum — Ca release--> releas
of enzymes--> hardening of ZP

(mﬂrg Ehan one
épe rm fertilize the

ovmw\>

= the ovum has
cm\)/ One gexD

econdary oocyte, arrested
in metaphase Il, ovulated

Meiosis Il

(completed only
if fertilized)

body (dies) ot %

Once a sperm has entered the 2> the oocyte
divides to form mature ovum + second polar body

moture i e cpan Cy&@)a&n M ©
.Driman Aclymat

oy v (plh=l 2rd ?0\a~‘ By

. Q_—,rl-)‘_)_s)-j; EJ\IQJJ

Chvompsome O()

at the time o Ay 9|
olulatign o\rreéfeol 'n mei‘aPJ’)UESE”

n @ 2n ZyQOteQnJ | Lé)J‘:P-J ’()va'—ihzaﬁan EYSYo RN S e
Second polar ' jlayr - .
‘ SR+ AU o iy e o Sevision

Layer 5urroundm9 Fhe  alim

=

(2) Bind to & penetrate zona pellucida

release acrosomal enzymes, hyaluronidase and
proteolytic enzymes

Dispersed corona radiata IT— S SP‘?”” By Jg =5 E)

O

o Sperm JJ Cbe:fj’; Qr_ (D o (o}

/_\C; o -?_Jié d»P:J_a foail i C e
= OO T

o S Q\Sperm male ?a’omc/fus
JDBVﬁJJzeJ ovum = @erm‘k ounr) J1 00

Qb}é’)ﬂj& Cg)j‘”ASD (2]
mle+ female  Jy (o
(PQJnf’rrmZ_p mmﬁ?rnaé)

Q}]L7HMﬁni rqgf@—,f
g By Q;fpsz_)_ (o2t (R 2

)puj) Sef o/ C hromo Sames

. the Ferlyli=zed ’Z»\/307l
(%6 chromssgmes )

23 unpaired chromosomes of male
pronucleus+ 23 unpaired chromosomes
of female pronucleus align themselves—>
re-form a complete complement of 46

_ 4 _— chromosomes (23 pairs) in the fertilized
Lo Le o L@ovum or zygote -
il )y Baledl ﬂ:f”’ % Le oo O 0y Sl&a ¢

. : Ce ma )¢
95;‘0@'2;\0]] —j\\%"_ & pr(yar)l/lc leus

Centrosome

pronucleus E
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Transport of fertilized ovum

 3-5days after fertilization=> ovum is
transported to U cavity

Aided by:
(e Epithelialsecretionsfmm fr

(2)* Cllia action
(5)* Weak contractions of fallopian tube

UCavi})/ YRV Lé_j, @mphl}me B QA'JJJZEOI J] a):_? IS

ovum
B
(/90‘

Several division of the developing embryo
take place before implantation

(blastomere—> morula—>blastocyst)
2 cells 16 - 22 ~2- 100

cell s cells

Fom the eite of fer #ilization (ampullae of I

(uferine COtl/J't\/ e

Cell division Blastocyst
: e () m— Q — <
Zygote Fallopian \

D

mio

Fertilization
(day 1)

Blastocyst
reaches
uterus
(days 4-5)

Ovulation

Blastocyst
implants
(days 5-7)

Ovary

Ovum

A
oD g S ) o
Lo

/mP hn}‘a’J‘f{)}’) J k

UWerine @il Jrse &JJQ
1-5 days after ferti lization

(frklraaton) sa 7-6 ool ¢4 @) oo a3ad e &5 mplanfotion Wopo 22

/MP /&ﬂ%ﬁ Z,Llldﬁ W{w u: -2
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Implantation of fertilized ovum
¢/

2 7@’!’%}}}'2&% avum JJ z— /m?)ﬁﬂ)’ﬂ%dn I—/'—fC-JL_Q_A CBJ

E}’)dQMELLVJUm ) _),«/—— _;47—) Fertilization Cell division Blastocyst
_ (day 1)
) adas Corep) Adae Jgo I 1 ~0—-0— C
nyaslal) v W Zygote oy
allopian
&70 bla.st ocyéf (7 l tube
O /\
Mediated byﬁrophoblagsﬂon surface of the @@ <f\@og@® ooy
blastocyst > Proteolytic enzymes— degmdation of the/ I\ L o/ reaches
y RS N uterus
endometripm AVity —> inua s! nl X ‘ ” (days 4-5) D
. . . vulation
(Ulnvasion results in fluid secretion — nutrient eﬁz"g/ﬁw s Ovum  Ovary Blastocyst /
. : implant
[Z] trophoblast & blastocyst (foetus) + endometrium cowity (days 5.7) /L
(mother) — placenta

Amnlotlc

o oil bl imvasion 2 ardas
CJES}VULC#J}’\ Io endamam@ﬁ PI’OTBOI\/%J'( enzyme I

>_)7_.D

~

Q’Dr%ahﬁz n (;y ,M Secre J\Ur)/ ,’J}\QSQJKe e hUj 4 e )-fl‘

_ : ) f))

Mm ) | ST 09M7 ) ) Trophoblastic
cells invadin

Jl 6/J,a£ _étdg @ endometriurr%J

Socro bion (2002 VRS
’f these o subston ces

fotys N utient ) 2o S L
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Le JLp e 2= O,
pregnany Ji douyp

Nutrition during pregnancy

@QHJ ho\|p ()][o 'H/J\? C}/C)E —_— Pre]aam

the endomefvium oty
by 6€C*’€Jr0ry Phaae

nutrition Vs /Y embryo

(3 nutrition Ls T eecrstory makermls
(1)* FT>FT secretions of enclome brium
* Uterine cavity Cuterine milk) I
@Before imp. the progeskrons ol secroted 1n the 2n

uterine endometrial secretions “uterine

mlf% bﬂc&use it ll/\cludfﬁ a lot OJD V\MJ_YJ'}I‘U”
After _@p coubstnces £or the em ]Qy)/g

* decidual cells/decidua : glycogen,
proteins, lipids & minerals

AN

Progesterone effect

Placental membrane conductivity

=

/‘mpfanmh‘zm

already prepare
the endomedrim

@ Cééemhgt ’ ( the cens «f end mefn
\Ojlram&e& a
the feTUS dle ci el yy IR
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G Placental septum To the mother

Functions of the placenta

Limiting layer

From the mother

Maternal
vessels

major function:

—> providing food& oxygen from the mother’s blood
into the fetus’s blood

_> diffusion of excretory products from the fetus back

L W N

- Intravillus
into the mother i) Amlion S Tiesheblast f’
Chori?\/?arginal {'LUOUmbiIica.I.arterief_s ‘ = )C(Ej'OIL
! ore e 2 ade
early months of pregnancy—> | placental e

permeabilitygc?cﬁfck placental membrane& |

surface area -
- =

Fetal capillaries

B :|Intervillous space

Chorionic epithelium

ater months ofgregnancy% T placental

7
nermeability=> thin placental membrane& T surface
area @ @

[+ Circulation of the placenta

2 umbilical arteries+ one umbilical vein
connected capillaries called chorionic

l—/—ll—l/l p\a@nm JLae @ @c,/ =2 ey )

—

2)+ Exchange between chorionic villi &
dHusian of gass o2 po- maternal sinuses of uterine artery

(;7 ] . _
_)-AQ/G Z?)Jf& < éiiﬁ;ﬂr}i\%ﬁg@)&lmﬁﬂxol\/mat Uberine A BY @)} Cps- substonce _J _6:9)_5{ 7 @

vy culation /SJ



Diffusion of gases through placenta

chi d 1 maternal bloao’[ - and 7’0'”5?0?}80/ to Pelal circulottion
\J&
- Diffusion of oxygen 550 by

- Oxygen is transported by/simple dlffusmnj
« Maternal PO2 50-60 mmHg low PO2 in the foetus capillary

» Fetal PO2 20-30 mmHg—= very low - /

* Mean pressure gradient 20 mmHg

Low oxygen transport!!!
Not the case ©

/ Why?

Reasons for enhanced oxygen transport
(15 fetal haemoglobin has a higher affinity for O2 (20- 50% more oxygen than
maternal haemoglobin
g 90% greater concentration of haemoglobin in the foetal blood> maternal blood
-Bohr effect: haemoglobin carry more O2 at low PCO2
(://COZ diffuses out from foetal blood - maternal blood - loss of CO2 makes
highly foetal blood|alkalinejone maternal bIooa@s acidic/ >this increases the capacity
luple of foetal blood to combine with oxygen & decrees the maternal capacity to
combine with oxygen - more oxygen is delivered to the foetus

Dr Iman Aolymat 8
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Diffusion of gases through placenta

nain waste Pmc/a Cé

 Diffusion of CO2

Pco2 fetal blood is 2-3 mmHg >maternal blood=Y simple diffusion of CO2

High solubility of CO2 20 times > as rapidly as oxygen—>enhance CO2 diffusion

70*710’) 7E€1Lu5 fo matTher



Diffusion of nutrients

Glucose
* Placenta stores glycogen
» by facilitated diffusion (carrier molecules)

« 20 to 30% lower glucose in the fetal blood than maternal blood

5 — = . o R 3y aud
_ e 2 b B gluast Wmeﬁzﬁc;; - EDTJ
Fatty acids ‘

« High solubility
. diffuse slowly Swnble diffusior

Proteins
« active transport

Minerals
» potassium, sodium and chloride = diffuse easily




Excretion of waste products

« CO2 - diffusion

* excretory products (urea, uric acid and creatinine )-> diffusion
« [Urea] is just slightly greater in fetal blood —>easily diffuse

* [Creatinine] higher in fetal blood = does not diffuse easily

%Jm} Circulation ) g (ij»ﬁ LQB

mather i (o fetal 1 3 ) go) o O gb

Clrcalalr or

Protective function of the placenta

— * Mainly after 3 months

—& + Impermeable to toxins and bacteria )
—z+ Premeable to antitoxins some immunoglobulins,| virusesjand drugs- malformation




Hormonal functions of the placenta

e Human chorionic gonadotropin

* Estrogen

Br Progesterone

) e Human chorionic somatomammotropin



2 UUQBV‘S‘

Hormonal functions of the placenta

_ Kk 107 -

_E‘ Ped - Human chorionic |5

> 120 gonadotropin - 24 S

E - Progesterone 22 &
2 100 - Estrogens 20 % - 300 E
- 18 <
® 80 16 £ o
. — s 14 @ E
D) i s () Ge 0 0
J 50 ML= ) s J fﬂ/‘_/ £ = _t1od -
& 404 3 Sts E 8
° ° ° @ 204 Sr-r4 8 Q.

human chorionic gonadotropin (hCG) s ya 12 8

O T T T T T T T T T 0 -0
0 4 3 12 16 20 24 28 32 36 40 =
Duration of pregnancy (weeks)
e G '
yCO p rOte I n © Elsevier. Guyton & Hall: Textbook of Medical Physiology 11e - www.studentconsult.com

* Similar structure and function as luteinizing hormone

e secreted by syncytial trophoblast cells

e detected in the blood 8-9 days after ovulation

* maximum secretion 10 -12 weeks of pregnancy

* decreases back to a lower level by 16-20 weeks for the remainder of

the pregnancy leve Sy (o Lo &
il The c,Y]_d /,)Q /Praﬁmn%.
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Hormonal functions of the placenta

human chorionic gonadotropin
Functions of human chorionic gonadotropin

J - o~
(J»%JJJ"/JJ’/LP@-%A

1) « Persistence of the corpus Iuteun'{:j
dupplication in CL size> secrete large quantities of progesterone and
estrogen -

(1-prevent menstruation to prevent sloughing of the implanted fetus
(2> Growing of the endometrium & storage of nutrients>
development of the decidual cells

hst corpus luteum is very essential for pregnancy
(VS

3 ww%f\after 12 week > placenta takes the role
involute slowly after the 13th to the 17th week of gestation

Dr Iman Aolymat 15



Hormonal functions of the placenta

human chorionic gonadotropin
Functions of human chorionic gonadotropin
"+ the womar Pregnank with a malk baby—y
 Stimulate the male fetal distance to produce testosterone
— Development of male fetal sexual organs N
—& Descend of the testicles to the scrotum

Dr Iman Aolymat

16



Hormonal functions of the placenta

Estrogen

* Secreted by the syncytial trophoblast
 Towards the end of pregnancy estrogen
production increases up to 30 times

E = Human chorfonic S androgenic steroid compounds

S 120 - gonadotropin - 24 S 7. :

= — Progesterone L 22 3 E;dehydroeplandrosterone

2 100 A — Est 20 2 | = - -

g ' e [ | s = 16-hydroxydehydroepiandrosterone S

- s 8 S

® 80 4 - 16 .:.; - \\lq.. I

> - (142 ba00 @ Ny S "“{%3

e 6011 5 - 12 5 S = 5 3 \¥, K

S © prLLe s ] i B s E ~

= S = - ~ = S >
= 100 D o -

o 2l 6 @ o > C @ x

S - 2 g 8 W ‘—~

T o= o & Lo

0 4 8 1'2 1'6 2'0 2'4 2'8 3'2 3'6 40 . | . I
Duration of pregnancy (weeks) estradiol, estrone, and estriol.

—

syncytial trophoblast
© Elsevier. Guyton & Hall: Textbook of Medical Physiology 11e - www.studentconsult.com
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Functions of estrogens

(s Enlargement of uterus (myometrium)

Or Enlargement of breast and growth of duct system of the
breast

©» Enlargement of female external genital organs

e Relax pelvic ligaments and symphysis pupis of pelvic bone
—allowing better accommodation for expanding fetus and
easy passage through birth canal



Functions of estrogens

e Increase cholesterol uptake by placenta to augment the
synthesis of progesterone

¥ Increase formation of oxytocin receptors

—_—

(s Both estrogen and progesterone inhabits the action of
prolactin on mammary gland, thus no milk synthesis during
pregnancy

(i fetal development during pregnancy—2> by affecting the rate of
cell reproduction in the early embryo



Hormonal functions of the placenta

Progesterone

 Towards the end of pregnhancy, progesterone production increases
tremendously

E —— Human chorionic <

S 120 - gonadotropin L 24 g

- - Progesterone -22 & _

§. 100 - — Estrogens - 20 % - 300 £
L 18 = <

o S

% 80- 16 & >

- w £

> Pt e Lono s

- 604 § r12 g S

2 S =[1°% -

g 40 - C>) r8 é g

= 1 L a

eEu 20 = 4 §,

e | - 2 =

* 0 o 8 Llo

0 4 8 12 16 20 24 28 32 36 40
Duration of pregnancy (weeks)

© Elsevier. Guyton & Hall: Textbook of Medical Physiology 11e - www.studentconsult.com
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Hormonal functions of the placenta

Progesterone
Functions of progesterone

1- development of decidual cells = nutrition of early embryo
2- decreases contractility of the uterus by inhibiting synthesis of

PG and by decreasing uterus sensitivity to oxytocin - prevent
abortion

Dr Iman Aolymat 21



Hormonal functions of the placenta

Progesterone
Functions of progesterone

(5/%57&/ ﬁ(ﬁLMS) . . .
3- development of the conceptus before implantation—> increase

the secretions of mother FT and uterus > nutrient

4- Affects cleavage of early embryo

5- Development of alveolar pouches of mammary glands and
increase their capacity to secrete milk

6- Stimulates respiratory centers tin mother to increase ventilation



Human chorionic somatomammotropin (HCS)

* Secretion is directly proportional to the weight of placenta
* Can be detected 5 weeks after gestation

Functions

@ ¢ Has a similar action to growth hormone and increases
protein synthesis

2l « development of breasts & causes lactation (similar
function to prolactin) = also called human placental
lactogen (HPL)



Human chorionic somatomammotropin (HCS)

&)e antagonize insulin action on carbohydrates increasing
maternal blood glucose levels = more glucose available
to the fetus

e Stimulates maternal lipolysis=> Source of energy for
mother



Other hormonal factors in pregnancy

1- increased pituitary secretion

« anterior pituitary enlarge by 50%

* increased corticotropin, thyrotropin & prolactin
» decrease LH and FSH (inhibited by E & P)

2- Increase corticosteroid secretions
 moderate increase Iin glucocorticoids ->mobilize amino acids from

mother's tissue — used for synthesis of tissues in the fetus
Tm;nfrﬂ1o@v)f"w§ fold increase in aldosterone—> with estrogen = fluid retention by
excessive sodium absorption - pregnancy induced hypertension

3- Increased insulin



Other hormonal factors in pregnancy

4- increased thyroid gland secretion
* 50% increase in thyroLid gland size
* Increase thyroxinér?’i;r 'stimulated by hCG & human chorionic thyrotropin

(secreted by placenta)

5-increased parathyroid gland secretion

« parathyroid gland increase in size

* increase calcium absorption from the mother's bone— used by fetus for
bone ossification

6-secretion of relaxin by the ovaries and placenta

» stimulated by hCG

» with estrogen —>relaxation of pelvic ligaments

» softening of the cervix at the time of delivery

 vasodilator — increase blood flow increase venous return and cardiac
output

Dr Iman Aolymat 26
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Response of the mother's body to pregnancy

» mainly due to higher levels of hormones of pregnancy

ENLARGMENT OF SEXUAL ORGANS
» Uterus
» Qvaries

» Vagina -2 introitus opens more widely
» Breast

APPEARANCE

» Edema

» Acne

» Pigmentation

» Masculine or acromegalic features



extra fluid — excreted in the urine during few
days after birth-> due to loss of fluid-

Response of the mother's body to pregnhancy retaining hormone from the placenta
| Int?l['sigtlal ‘ Extracellular

Weight gain S
(i ntravZI::t:rI: fluid)

.—~

greatest growth during last e
trimester, weight doubles in
the last 2 months
5 2.5 kg
blood & ECF

5 13kg
uterus
2 .
amniotic fluid, placenta & Fetal membranes
11- 25 kg
mostly during the last two trimesters ® ©)
3 136 kg

fat accumulation 71 kg

Breasts




Response of the mother's body to pregnancy

itis \/€Y>/ imJDortamJL becanse ELhe /Qalay needa/a[‘

OF V)Mfm'i’idﬂ < s Earnces eSFecPaHy n fhe farfy (ger,‘oo)
C’P ]D/@\zjnang

Nutrition during preghancy_ [f>7

. Increased desire for food due b increase o Lhe hormanee of the PIeg nandy.. @

* mother— less absorptiod/n of protein, calcium, phosphate, and iron—> supply to pem‘ao(
the fetus K g

. febus M Loy, Circalgfont S-5t02 & =4 OV Gry0) entsis

* Nutritional and dietary needs change (need more iron, calcium, phosphates, vit

D, vit K > itk I S C!O]Lb‘@ fickor yofbf
*_vitamin K—> to prevent hemorrhage (brain hemorrhage)

* |ron deficiency-> hypochromic anaemia . rom b
(Phyél‘(?]ogj‘ca[ W\BMJ‘OIJ C(‘}Feme /(JM Cﬂﬁ ,_,\_D‘ g@_j,:b P}/‘O mpl

hem orrhage ) _

\/GVY /‘M/Dorfaﬂi )-Dc»/ c/o Ebfy %&éorm d{‘f/fvﬁ’wﬁ

i for Qj’“{‘/‘ﬂﬁ £ o
[y ’

i
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metabolism during pregnancy

%ME@ » Increased thyroxine, adrenocortical hormones, and sex hormones
> mcreased basal metabolic rate 15% —/second half of pregnancy
> ex ra %%%j — more muscle activity — more energy
» Increased insulin secretion

» Increased insulin resistance {more glucose availablej

»

letal/ &'rwlab'ﬂ“/f H S 5’f~/



Changes in maternal circulation
L@J&Mg 77 dC’b'\/er/v e rage S o
, T , ].
e a5 ) il ol PP blecciny
b By lmis 0L Byl 5 o (Y Cedudion et R
WUJ O 4 8 12 16 20 24 28 32 36 40 44

)s puteibional  crn—d WP Duration of pregnancy (weeks)
proctuct” oy Plmel o W o

» Increased blood flow th?ough the placenta =2 625 ml/min

gg Increased maternal cardiac output — 30-40% (by 27th wk)
“The last8)wks=> cardiac output falls just above normal level

» Maternal blood volume is increased by 30% — mostly during the second half of
pregnancy->

(131 aldosterone & E >fluid retention (1\o"; Hoo veu b corphion)

(2JIncreased bone marrow activity _ = s rac a5

1-2 L extra blood— %4 lost through bleeding during delivery (5P0J§ngﬂ/8ﬁ3!’;;m -

» Edema due to increase in.venous pressure in lower limbs—> compression of the

inferior vena cava by theluterus and the pressure of the fetal on/ the common iliac

)

(liters)

ood volume

m 4

_Parturition

veins & ?fcrease plasma protein concentration @)
. due o obabvuction of VensUs refurn
(1) enlargment of the wukerus
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Changes in maternal circulation y
preference 11 for ponprednote

— D

Heart rate and stroke volume increase
to maintain cardiac output and arterial

pre_sziure W;“i systemic vascular * Systemic arterial pressure declines
resisiance 1als. . .
slightly during pregnancy
ok ' “ fall is greater for diastolic)than for
Cardiac systolic pressures (P77 /0o <t)
output
¢ mean arterial pressure increase to pre-

o))
o

40 s B b3 L2 &y g3
— WL @fg:z:;ee pregnancy levels by about 36 weeks.
£ 4l o T i Heart
prepnant . «» Systemic vascular resistance decreases
O - == -7 arterial due to release of NO and ednotheline
pressure_ B |
=l : T dﬂ;s Ul S pslis
Systemic P J ) ;
) v
s vascular v 2ou R )

resistanee\

. : . ' 0 /7/5 // J 0 Eﬁy/z/“ (ﬁ,ﬁ(
10 20 30 40 W‘f@
Weeks of gestation

Percent change over nonpregnant values
N
o

o

J dA)J i/a/(/a//}/ 7~ Jv;‘/o/d’a’f J’;’J
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Changes in maternal plasm volume and Hematocrit during

pregnancy D U |2) dAa5
N2 hematocrit A AN i bloodl volume)
Hécxj UOLLVHQ JJQ’) @[U\‘]j J_SJ E b b)®0/ 22 ) bjne mayys Jd L? Kp_gM/ (Y

ce/lc

The inability of red blood cell production
to keep pace with increasing plasma

volume causes hematocrit to fall during

Cmub‘onaz € a[[ecf

pregnancy.
?’MS)' 0 /0(9)0&[ Plasma
volume

cAnemio 5 » 40

=3
Chemaiachtéj %% .

S
dup Lo =9

82 ©

L 2

Hematocrit

N
O

Tolasma volum 5 a1
&L VJEMZLQCV E Weeks of gestation
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Respiration J70 i cdo Tip Gage

pperuntlahn 2o et O I el
moke ce_)aé}lf@ oR (072 > mai'emml )
* Increased alveolar ventilation - due to progesterone cirealati on
LSy | more GlKo lpsis

* Increased tidal volume (40%) - causes dec in maternal plasma J

CO2 -- slight alkalosis So the affinity
- 4 the materna) blood

WBO}/ Oz O!@C}/eaeea(
CMJ Lhe a#;m?:y o Yhe
fetal Llood $£or 02

wil) Tncreace
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Maternal kidney function

W due to T Flwid retentior g) enlargement 4

[—S U ferus com;’DV:je‘

: : the Yladder o

» Increased urine formation [ more 11 Lost trimesker ) BL;W&;}/ > iﬂ e

_ _ _ blodder
»Increased tubular reabsorption = sodium, chloride and water by

50% ohe Lo aldodevone and £

» Increased renal blood flow and GFR by 50% —> renal vasodilation

(e

» Causes of renal vasodilation

(1INO

@ Relaxin



Morning sickness

 70% of pregnancies |
* Onset 4-8 wks gestation =
* improvement before 14-16 wks

. —

e Mechanisms: </~ &N et

o > OL Slew

» U Relaxation of smooth muscle of stomach
*(2) ? Inc hCG

* Higher frequency off/emale fetus)-- 56%




Pre-eclampsia

* |diopathic multisystem disorder specific to human pregnancy

* Characterized by:

1 1} maternal hypertension
| 2F proteinuria
[ 3lgeneralized edema

* Disease of the placenta

* Failure of trophoblast invasion of spiral arteries=> Supply of both nutrients and
oxygen to the placentd is disturbed |

. | ~ 4
. Decreased RBF & GFR > o= =2 et zosh 5

vososdr |la bior

'E_eading cause of maternal and perinatal mortalit@




Pre-eclampsia

BP normalizes following delivery—> faster with Caesarean section and D/C

cause: unknown; thought to be:
limited blood supply to uterine arteries—=> causing ischemia and endothelial

damage with release of: T
(1} cytokine

A-tumor necrosis factor-a

B- interleukin-6 s Gl Ol

[ 24Placental factors that impede angiogenesis —=
A-soluble fms-related tyrosine kinase1(s-Flt1)

B- soluble endoglin

;6C/h@/mm\ A P\QCQY\ L_Q



Eclampsia 't " ror 1’

fatal severe preeclampsia with :
e Seizure
2)« Coma
'2)» Decreased kidney output

(2] » Liver malfunction
» Extreme hypertension




Parturition/ labor /delivery

OLC/k
oo wlaked @”Wﬂ%Jb
I [—5 Vv\gclf\a}/)}‘ém
> Strong[rhythm@uterine contraction o _ i ochon on bhe
Udeya
» Stages of labor more Lgammbm
stage1: labor — * bhe wnbragbion I

. . . . It fundus |
contractions - dilatation of the cervix and opening of

vaginal canal
uterine— (stimulates more contractions positive feedback) | 1 sabys neadstrtones cenix

2. Cervical stretch excites fundic contraction

cervical— head stretching— more uterine contractions 3. Fundic contracton pushes baby down and stetches

Cervix some more -
4. Cycle repeats over and over again

stage 2: baby delivery
stage 3: placental detachment

Dr Iman Aolymat 15




Parturition/ labor /delivery

Maternal

Oxytocin
PG
Catecholamines
Cortisol

Relaxin

/

Hormonal factors

Fetal

Oxytocin

Cortisol

PG

Placental

Estrogen

Progesterone

PG



Hormonal factors

(1Eap

T T E C@WGVO{ ond a[L pre@namcg)

Sudden || P at end of pregnancy
P inhibits prostaglandin E2 —= iohiloil

confrol

T E/P ratio—
+ contraction
+ synthesis and sensitivity of oxytocin

‘\an_

\+PG

receptors

a I
2- Oxytocin
+ uterine contraction
+ PG from decidua
/

N
K i ] \\
3- Relaxin (= maitly

secreted by placenta & mammary
glands

Softening cervix

Relaxation of symphysis pubis
ligaments

Dilatation of the cervix

+foxytocin receptors_
thibitory action of progesterone

S

~

Eﬂ\ lon MC/Z:J‘ C/V\j)



Hormonal factors

Mechanical factors

~

a I
4- PGE2
from the decidua— + Calcium
concentration

\ )

a I
5-Catecholamines
adrenaline and noradrenaline
+ uterine contraction

\ /

4 I
6- cortisol

()+ uterine contraction

(2) stress tolerance

\ )

\

~

stretch of uterine muscles
>

stretch of the cervix

] Coﬂé”ﬁfé/’()‘ e

)




Jactation

Estrogen effect on the breast:
(1~ growth of ductal system

2- + stroma
3- fat deposition

Progesterone effect on the breast
growth of lobule-alveolar system

E & P = inhibit prolactin

Stages of breast development

1- puberty
A-growth of mammary glands
B-fat deposition

2- during pregnhancy
(Ashigh estrogen

(Bicomplete development of glandular
tissue




lactation srolachin = [~ Ol ko)
= enﬁl’*’uaj/ . 5“6\)
Prolactin omeorrher ¢ " cyCle o
R - . - . J ) -, };
: secreted by anterior pituitary gland unovelofory € cycte I Golg

% + from the 5th week of pregnancy ) L
“*increases 10-20 times by delivery &A Nl ap) WJ' “Wj;g]”ﬂ
“sdecreases after 7 to 9 months |

Human chorionic somatomammotropin— lactogenic effect

First few days (1-7)— @olostrum](very small amount)— Protein and lactose
almost no fat

Up to 1.5 L of milk/day- higher in twins,\fhigh energy consumptio@

Milk formation requires increase in growth hormone, cortisol, parathyroid
hormone and insulin-> to increase amino acids, fatty acids, glucose and
calcium




‘QU“P‘O res>s (’D\’()lQO‘J'\‘V'

. Do

lactation
suckling— hypothalamus— prolactin " Neural input
milk ejection from alveoli to ducts is caused | or="serseciction e
by oxytocin \ Piasma dopamine o —————
Prolactin secretion is inhibited by the (n hypothatamo-—pituitary
hypothalamus ->prolactin inhibitory Factor
Dopamine inhibits prolactin secretion e

Prolactin inhibits LH and FSH— inhibits
menstruation for several months

T Plasma prolactin

Breasts

Enlargement of parathyroid gland to supply " Mk synthesis ik eyection

needed calcium and phosphate+bone
decalcification
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Jactation

50% higher

Calcium & other minerals

Table 83-1 Composition of Milk

Constituent Human Milk (%)
Water 88.5
Fat 3.3
Lactose 6.8
Casein 0.9
Lactalbumin and 0.4
other proteins
Ash 0.2

milk provides nutrients, antibodies & WBCs

Dr Iman Aolymat

Cow'’s Milk (%)

87.0
3.5
4.8

2.7
0.7

0.7

2-3 higher
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