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Physiology of Labor

By the end of this lecture, students should be able to describe:

Define labor/labour (parturition).

Recognize the factors triggering the onset of labor.

Describe the hormonal changes that occur before and during labor.
Describe the phases of uterine activity during pregnancy and labor.

Describe the clinical stages of human labor.
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Definition of Parturition (Labor)

» Uterine contractions that lead to expulsion #|,=| of the fetus to extra uterine environment.

» Towards the end of pregnancy the uterus become progressively more excitable and develops strong rhythmic

contractions that lead to expulsion of the fetus.

Fetus

There is
interactions
between:

Interactions between fetus, mother,
and placental membranes will
induce labor.

Placental
membrane

Mother
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Normal Uterine Contraction

Does non pregnant uterus contract!?

»  Uterus is spontaneously active. (Other examples of spontaneously active organs: Ureter, stomach, intestine & blood vessels).

(The normal uterus always contracts, during or without pregnancy)

» Spontaneous depolarization is produced by: pacemaker cells (Telocytes), causing spontaneous action potential (the cell can
generate its own action potential independent on neurons) which is same of kajal cells that we talked about it during GNT block.

»  This depolarization will spread via Gap junctions (A protein called connexin 43)

(Gap junction not found during pregnancy (to prevent strong uterus contractions) but it will be overexpressed during labor)

P - e P P R R T S = -
i ¥ During menstruation there is release of prostaglandins which will cause vasoconstriction and pain. ; induced by pacemaker potential

. . Pacemaker smooth muscle cell - i

I v Uterus contracts as a whole unit. Unlike intestines, we can’t identify the location of the pacemaker | Action potential spread
- . to nonpacemaker cell

| cells of the uterus. I
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Nonpacemaker
smooth muscle cell
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The uterine contractions happens always but it is not strong enough to induce labor.

©2001 Brooks/Cole - Thomson Learming Gap junction




Factors That Trigger The Onset of Labor

>
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Exact trigger is unknown, But there is effects may lead to increase the contraction responsible for parturition.

These effects lead to increase in the
contractions responsible for parturition

Hormonal factor
(changes)

—  Estrogen

— Progesterone

—>  Oxytocin

— Prostaglandins

Mechanical factor
(changes)

Stretch of the uterine muscle  +——

Stretch or Irritation of the Cervix «—



Hormonal Changes

» Increased ratio of estrogens to progesterone. (both are coming from the placenta)

Function of Estrogen Function of Progesterone

Estrogen stimulate uterine contractility by: Progesterone inhibit uterine contractility by:

1. T GAP junctions with onset of labour. 1 GAP junctions. ok

2. T Oxytocin receptors. (oxytocin is a very essential component 1 Oxytocin receptor.

[N U
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of labor & without it the labor wont occur) ! Prostaglandins. (cause contraction so, we lower it down)|

NN N

3. T Prostaglandins. (it is not 2 hormone, synthesized inside the cells, T resting membrane Potential (-60mv). _
and in the uterus synthesized inside the myometrium) Lo

» From till term (birth):

|. Progesterone secretion remain constant or decreases slightly (gradually), because it decrease the contraction.
2. Estrogen secretion continuously increase because it increase the contraction.

3. The estrogen/progesterone ratio increases sufficiently toward the end of pregnancy to be at least partly responsible for the

increased contractility of the uterus.
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Cont.

Before labor

At labor
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Oxytocin (important)

Dramatic increase of oxytocin receptors >
will cause gradual transition from passive relaxed to

active excitatory muscle (Tresponsiveness).

v" Increase in Oxytocin secretion at labor by posterior

pituitary.

v Oxytocin increase uterine contractions by:
|. Directly on its receptors. (positive feedback)

2. Indirectly by stimulating prostaglandin production.

Prostaglandin

v" Central role in initiation & progression of human
labour.
v" Locally produced (intrauterine).
v Oxytocin and cytokines stimulate its production.
v" Prostaglandin stimulate uterine contractions by:
|. Direct effect:
e Through their own receptors.

* Upregulation of myometrial gap junctions.

2. Indirect effect:

* Upregulation of oxytocin receptors.



Mechanical Factors

Stretch of the uterine muscle Stretch or Irritation of the Cervix
Stretch of the uterine muscle (smooth muscle) = Increases Stretch of the cervix = Increases contractility (Positive
contractility (by stretch receptors which is controlled by the feedback mechanism).

Ca+ ions in extracellular fluid).

Examples of mechanical stretch eliciting uterine contractions: Examples of mechanical changes stretching or irritating the

I. Fetal movements because it will stretch the uterus and lead to uterine cervix:

contractions. So, if a woman is pregnant with twins or more we |.  Membrane sweeping & rupture. physical stimulation of the
give her progesterone to stably her pregnancy and prevent early cervix (introducing one finger in the cervix and separating the
contractions. membrane will cause release of prostaglandin.

2. Multiple pregnancy (if a woman is pregnant with twins she 2. Fetal head. (the head of the baby stretches the cervix more
will usually deliver earlier). forcefully than usual or irritates it in other ways).

. The mechanism by which cervical irritation excites the body of the uterus is not known. It has been suggested that stretching or irritation of nerves
i in the cervix initiates reflexes to the body of the uterus, but the effect could also result simply from myogenic transmission of signals from the cervix
to the body of the uterus.



Onset of Labor

» During most of the months of pregnancy, the uterus undergoes periodic episodes of weak and slow rhythmical

uterine contractions called Braxton Hicks contractions (2" trimester).

» These contractions become progressively stronger toward the end of pregnancy; then they change suddenly,
within hours, to become exceptionally strong contractions that leading to start cervix stretching and later force

the baby through the birth canal, thereby causing parturition.
» Suddenly uterine contractions become very strong leading to: Cervical effacement and dilatation.

» A theory has been proposed to explain the onset of labor which is the positive feedback theory.
(Al ladlb uterine activityd! dije dwhs da AST Dl 150885 1) 2SI =%
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Cont. The positive feedback theory

1. Baby's head stretches cervix

2. Cervical stretch excites fundic contraction

3. Fundic contraction pushes baby down and stretches
cervix some more

4. Cycle repeats over and over again

Figure 83-9. Theory for the onset of intensely strong contractions
during labor.
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The positive feedback theory

1 » A theory has been proposed to explain the onset of labor.

. » The positive feedback theory suggests that:

. 1. Stretching of the cervix by the fetus’s head finally becomes great

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
! enough to cause the contraction of the entire body of the uterus. 1
| |
| |
| |
I'2. Stretching of the cervix will pushes the baby forward, which '
| |
I stretches the cervix more and initiates more positive feedback to
! . o I
: the uterine body. Thus, causes the pituitary gland to secrete :
| |
| |

oxytocin.



Cont.

- There is a theory that says: the hypothalamus of the fetus

Copyright & The MoGraw-Hill issi duati ordllphy

—
Hyp

' releases CRH which will act on the anterior pituitary and

1 secrete ACTH and stimulate the adrenal glands to secrete

Dehydroepian-

A iictore - Cortisol. This fetal cortisol will go to the placenta and stimulate

: the release of prostaglandins (E2 and F2 alpha) and will

Egteciol- 173 | potentiate the release of placental CRH which will again
Oxytocin |
: (positive feedback). at the same time in the mother there will be

/ KD‘HEAS =

'Pf, aglandins 1 stimulation to the hypothalamus to act on posterior pituitary for
‘Jn ased gap -
& ProstaglandE, ctions in - the release of oxytocin which will cause its actions. The placenta
Co tisol <Prostaglandm an yometrium :
\ Positive —& Placental CRH ']/ . will secrete Dehydroepiandrosterone which will be converted in
~feedback _
Labor I the placenta to estrogen, estrogen together with oxytocin and

|
|
|
|
|
|
|
|
|
|
Estriol \2 : stimulate the fetal adrenal cortex to release more cortisol
. Increased receptors| |
|
|
|
|
|
|
|
|
|

- prostaglandins will lead to increase contractions of the uterus.



|. Baby moves deeper into
mother’s birth canal

\ 4

2. Pressoreceptors in cervix of
uterus excited

3. Afferent impulses to
hypothalamus

A

4. Hypothalamus sends efferent
impulses to posterior pituitary,
where oxytocin is stored

5. Posterior pituitary releases
oxytocin to blood; oxytocin
targets mother’s uterine muscle

6. Uterus responds by contracting
more vigorously

7. Positive feedback mechanism continues to cycle until interrupted by
birth of baby
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» Contractions start at the fundus and spread to the lower segment (Contractions starts from the fundus because it contains more
oxytocin receptors).

» The intensity of contractions is strong at the fundus but weak at the lower segment. (usually lower segment is more relaxed than upper)
» In early stages: one contraction every (dadd )l dipgi) ddlite Vg dadgo e OloldiVl 055 J oY1 ol )g9gis)
» As labor progresses: one contraction every (83Y gl Ialumiuel Ao 9 datgo OLoLAYI 0SS sl Jaxel yge)

»  Abdominal wall muscles contract (so they will ask the mother to PUSH when there is contraction and it will increases her intra-abdominal
pressure which will help in moving the baby towards the vagina)

(Once uterine contractions become strong during labor, pain signals originate both from the uterus and from the birth canal. These signals, in addition
to causing suffering, elicit neurogenic reflexes in the spinal cord to the abdominal muscles, causing intense contractions of these muscles.The
abdominal contractions add greatly to the force that causes expulsion of the baby)

»  Rhythmical contractions allow blood flow (uterine artery branches reaches the placenta through the myometrium, so if there is
continuous contractions, the blood will ceases and the baby will be blood-deprived).



Phases of Parturition (Uterine Activity)

Phase
Quiescent

\4

Phase
Activation

OBl Dl 248 £ Bygaa 00 2 Ishess Y

In the exam they will not write (phase 0 or one...)
they will write quiescence, activation, stimulation

and involution.

A\ 4

Phase
Stimulation

l

Labor

l

Phase
Involution

Inhihitarec
LENLRLL ARl g

* Progesterone

* Prostacyclin (PGI2)

* Relaxin (From the placenta)
* Nitric Oxide (NO)

* Parathyroid hormone-

related peptide

saimm s am e

Uterotrophins
* Estrogen
* Progesterone
* Prostaglandins
 CRH
* Gap junctions
* Receptors

* |on channels

Phase
Activation

Uterotonins

Prostaglandins

Oxytocin

. Phase
Stimulation

Labor

Involution

-~ .\ .
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Phase
Involution




Cont.

Phase 0: Quiescent K2
) Olobasl 3 log 7By (3550 0950 e JoVl Jasdl Hagis (29 dl>yall i § !

»  When the Quiescent stage occur? @ TV 354(0))&;; S".Maﬁbi‘la .fj,‘ou.f
| €550 055 4l el asluy M1 il

Occurs during early pregnancy. i ) CAMPUI 5,818505 .Y |

. Prostacyclindi jL,31 8Ly .Y

: : ; No i3l 8sly .Y

) , - ,

» What happen during this phase! | ALY 5 ol iy M PTHIP 33| €

I. Uterus is relaxed (quiescent).

2. Increase in cAMP level to cause relaxations of the uterus.

Increase in production of:
Prostacyclin (PGI2) cause uterine relaxation
Nitric oxide (NO) cause uterine relaxation
Parathyroid hormone related peptide (PTHrP) inhibits uterine contraction.
| ! 1 | | 1 | 1 | |

18 2 22| 23 2 1 £ 36 £

II Trimester I1I Trimester Birth
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Cont.

Phase |:Activation or Uterotrophins (This is the preparation phase)

PRz

T Forunl @5 BV oIl B (59 8,3V Jasell )90 0955 (Mg Ayl 02 (§ !
Occurs in third trimester. (4-6 months of pregnancy) Y, Mbiy;gfi o;\j eﬁﬁjwﬁyﬁ jsww flﬁi\ ,ai p?-j |
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» What happen during this phase? e e Bl oY oyl L)

» When the Activation stage occur?

I. Promote a switch from quiescent to active uterus.

2. Increase excitability & responsiveness to stimulators by:

- Increase expression of gap junctions. e e e |
I' v No actual contractions during this phase, only preparation for the

Increase G protein-coupled receptors & ion channels: contractions.

|

I

. v There is increase proteins in the uterine tissue which are responsible
» Oxytocin receptors. ; for the receptors of the prostaglandins and oxytocin for preparation

| of contractions in the next phase.Also there is increase in

I Cyclooxygenase-2 (COX-2) which cause release of prostaglandins and

i there is a high level of calcium.

> Increase prostaglandin F (PGF) receptors



Phase 2: Stimulation or Uterotonins o I 7
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» When the Stimulation stage occur? 2 "SI B33l e 5o )3 e S clalfag gl |
| 1531 8oL oy (p Bl 0de

Occurs in last gestational weeks. ; Cytokines .\ |

Prostaglandins .Y

What happen during this phase!? S, Oxytocn T4

v

Increase in synthesis of uterotonins: (uterotonins= anything that stimulates uterine contractions)

Prostaglandins [r=r= == T T '_ . _' ..... -

. The most important chemicals in labor !

. Oxytocin --------------------------- -

- Cytokines

! v (37-38-39-40) are the normal delivery weeks. ;
» Includes 2 stages: I |
. v Less than 37 pre-term. :
I Stage | : v" 37 to 40 full term and surfactant is present. :
: v If a women come with preterm labor they will give her baby an injection :
2. Stage 2 . for lung maturation) :



Phase 3: uterine involution S o
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» When the uterine involution stage occur? .l wy lag prostaglandindl s oxytocin i 33l i 8 5be 3 gll wis |
_ é 1§98 3 M e bog dogiinall 7,35 5> o]l |

Occurs in after delivery (After delivery & it lasts 40 days) 844l oda thrombind ewd! 31,38 dss a3 (3509 S98 sl 3950 bo (59 |

(R B3Y o)l ilusY das il ol sl 59 diapadal @yl azmy pgn €401 slgill g |

e e e e e e e e e e e e e e e e i, |

v

What happen during this phase?

I, Pulsatile release of oxytocin for ejection of milk and for intermittent contractions of the uterus to return back

to its normal size.
2. Delivery of the placenta.
3. Involution of the uterus.

4. Lactation helps in complete involution. (because lactation stimulates oxytocin release)

I v They give every single women oxytocin injection to prevent post-
: partum bleeding.



Clinical Stages of Labor

Stage
Dilation

\4

Stage
Expulsion

A\ 4

Stage
Placental stage

v

New Baby ©




1 »  Cervix during the pregnancy is very thick, a few days before delivery 1
! the cervix will start to become thinner '
1 |
i » Effaced: loss of cervical length. :
1 |
i » The mother may lose her mucus plug 3-4 days before labor. :
1 |
, » How a mother knows she is going to deliver? I
| Before labor contraction she will see a plug getting out from her vagina, 1
I this is the mucus plug and then the labor will happen in a week or so.. '

Mucus plug .not effaced)ly Effaced)! o Gyl IskasY D801 =& |

Cervix

Vagina b 4 WL dakie) s saladl s ccervindl dakie (3 (mucus plug) dxble 8l Lgsd not effaced)! |
| 2950 o el (el ey 1,85 |
_Not effaced Effaced o el s ;

Z9x3b T Jakall (ulyg gy Ll ds dalaially Adolseall 8oLl (sda Lgudle effaced)! Lai -

Balall (5 29,3 camd 131 ool s 53051 By b (g 63l (S Lol e doga dodls
BRI W g gl CByas Lgio !



Stage |: Dilation

Placenta

Umbilical
cord

Uterus

» What will happen during this stage?

- Cervix becomes dilated. (the most important event)
Cervix

- Full dilation is

- Uterine contractions begin and increase.

- Cervix softens and effaces (thins). softening is important to dilate.
@ Dilation of the cervix

- The amnion ruptures “breaking the water”. so she must deliver within 24 hours even if there no contractions, doctor may have

to break it himself, once it is ruptures it will induce strong contractions.

- Longest stage at

i P
LVl 7l Jakall pely U3 LSy ¢ uS ) aioging Jie T 2l Jadall el JWb «dg il oo Jadall uly ains U1 dudolseall Balall my3e3 83V gl de 9o LABI i ¢ LS Lo (55
i B lall dla W b (55 oxytocind! duz JWb §leal) doyasll |



Cont.

Stage : Expulsion (the hardest and most painful stage)

» What will happen during this stage? (the most important stage)
Infant passes through the cervix and vagina because cervix is fully dilated.

Can last as long as , but typically is in the first birth and

in subsequent births.

- Normal delivery is head first (vertex position).

- Breech presentation i ks-fir

el

(o)l 5 el izl s dmyall 0k (3
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Breech Presentation

Vertex Presentation




Cont.

Stage 3: Placental stage

Uterus

Placenta
(detaching)

» What will happen during this stage?

- Delivery of the placenta.

Umbilical
Usually accomplished within after birth of infant.

After birth, placental attached fetal membranes.
(3 Delivery of the placenta

All placental fragments should be removed to avoid postpartum bleeding if we don't give the mother oxytocin and

prostaglandins to deliver the placenta.

- When the baby is finally outside he/she will be still attaches to the placenta by the umbilical cord and breath through it, so

once you cut the cord the baby will start breathing through the lungs.
QL@gc&yﬁ)UWCJCyLo;?L@mumj)cf)”bbb;L;»L@detogwyw|ﬁg\ﬁbw@\g\\bsjgﬂag cdaxieall 7335 71y dads 1 0y Jalall zg s da |
i i sy b JUWL dewiall JS 7,35 Olie oxytocin & prostaglandin 8sYg)l Jd a1 gglany 138 |



Normal Pregnancy vs Labor

Normal Pregnancy
(start from fertilization to the 38™ week)

Uterus Uterine is relatively quiescence
(there is a very weak contractions in these weeks)

Cervix Closed cervix

Fetus Immature fetus

» 25

Labor

Coordinated uterine activity

Progressive cervical dilation

(Progressive = gradual not continue so, it takes time)

Maturation of the fetus



Summary
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Define labor
(parturition).

Uterine contractions that lead to expulsion Imp.
of the fetus to extrauterine environment points

- Telocytes (pacemaker cells)—> Spontaneous depolarization
- Gap junctions— spread depolarization

factors triggering
the onset of

1. Exact trigger is unknown
2. Hormonal changes

labor: 3. Mechanical changes
Hormonal Estrogen: Progesterone: Oxytocin: Prostaglandins:
changes - Its secretion - Its secretion remain - lts secretion Increase at - Locally produced
continuously increase constant labor (+its receptor) - Oxytocin and cytokines
- stimulate uterine - inhibit uterine - stimulate uterine stimulate its production
contractility contractility contractions: - stimulate uterine
- A GAP junctions - ¥ GAP junctions 1\Directly (own receptors) contractions by:
- A Oxytocin receptors. - ¥ Oxytocin receptor 2\Indirectly (I prostaglandin 1\Directly (own receptors + T
- A Prostaglandins - V¥prostaglandins. production) myometrial gap junctions)
- A resting mem. 2\Indirectly (T oxytocin
Potential receptors
Mechanical Stretch of the uterine muscle Stretch of the cervix
changes - Increases contractility = Fetal movements + Multiple - Increases contractility (reflex) = Membrane sweeping + Fetal
pregnancy head ((Positive feedback mechanism))
Imp. points - Contractions start at ? fundus and spreds to the lower segment

- The intensity of contractions is strong at ? fundus but weak at the lower segment
- Inearly stages 1 contraction/ 30 min . As labor progress 1 contraction/ 1-3 min

- Abdominal wall muscles contract
- Rhythmical contractions why ? allows blood flow

- Braxton Hicks is Periodic episodes of weak and slow rhythmical uterine contractions in 2nd trimester




Summary

Phase O - T cAMP

uterus is relaxed - T production of: _
(quiescent) 1\Prostacyclin (PGI2) cause uterine relaxation

Pregnancy 2\Nitric oxide (NO) cause uterine relaxation

3\ PTHrP inhibits uterine contraction

Phase 1 - in third trimester

uterine Activation - T expression of :
1\gap junctions
2\ G protein-coupled receptors (Oxytocin receptors +
PGF receptors)

Phase 2 - inlast 2-3 gestational weeks stage 1 - Cervix becomes dilated and effaces
uterine - “Psynthesis of uterotonins (Cytokines + (Dilation) - Full dilation is 10 cm
Stimulation Prostaglandins + Oxytocin)

- The amnion ruptures (“breaking the water”)
- Longest stage at 6-12 hours

stage 2 - Infant passes through the cervix and vagina
(Expulsion) - 50 min in first birth \ 20 min in subsequent
births

- Normal delivery is head first (vertex position)
- Breech presentation is buttocks-first

Phase 3 - in 4-5 weeks after delivery stage 3 - Delivery of the placenta
uterine involution -  Pulsatile release of oxytocin Placental stage - within 15 min after birth of infant
(Delivery of - Lactation helps in complete involusion

- All placental fragments should be removed to

placenta) avoid postpartum bleeding

» 27



MCQ's

|. During pregnancy, witch of the following is incorrect?
A. Closed cervix.

B. Immature fetus.

C. Maturation of the fetus.

D. Uterine is relatively quiescence.

2.Which of the following is responsible for the increased contractility of

the uterus?

A.  Cytokines.

B.  Nitric oxide.

C. The increased ratio of progesterone/estrogen.

D. The increased ratio of estrogen/progesterone.

3. which one of the following is the action of progesterone during labor?

A. Increase resting membrane potential
B.  Increase gap junction
C. Decrease prostaglandins

D. Increase oxytocin receptors

» 28

4.Which of the following will inhibit the contractility of uterus?

A

B.

C.

D.

Through their own receptors
Upregulation of myometrial gap junction
Upregulation of oxytocin receptors

all of the above

5.Which of the following does NOT happen towards the end of

pregnancy?

A.  Braxton Hicks contractions
B.  Strong uterine contractions
c.  Cervical stretching

D. Release of Oxytocin

6. which one of the following phases occurs in the third trimester?

A

B.

phase 0
phase |
phase 2
phase 3

d4=9 V=9 DO=¢ O=¢ d=C D=l



MCQ’s

7. which of the following is not considered an inhibitor?
A.  prostaglandins

B. relaxin

C. nitric oxide

D. Estrogen

8. which of the following is the longest stage of labor?
A.  Dilation
B.  Expulsion

C. Placental
9. the amnion ruptures during expulsion stage

A True

B. False

> 29 g=6 V=8 d=L 9=9



Thank you for checking our work!

0 Sas et iy sl apny Y Al of olas il 5 Jasl edmas g o chase qusd Jas!

(.9" a ” OJLQ Please check our editing file to

know if there are any additions,

changes or corrections.
01,SI1 30,8l elac Sadl jalls

2017-2018 Dr. Hana Alzamil's Lecture & Notes.
2017-2018 Dr. Mohammed AlOtaibi's Lecture & Notes.
Guyton & Hall of Medical Physiology 13 Edition.
Linda S. Costanzo 5™ Edition.

c}w‘ SVjEs CuSd) Bole First Aid For The USMLE Step One.
Khan Academy.
sRazl o8 Tl >

‘ Helpful physiology bocks.

Cgall WYITIIRY.*

Give us your feedback ©

P30 pud s IS e el 4l aarl 39 00,8 cungd Log i3 Lag claa> Lo clics gined (31 gl
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