Physio. UGS

Physio10 Homeostasis

eCase Introduction: A 26-year-old woman increases her potassium intake from 80 to 160
mmol/day by eating more fruits and vegetables. After 2 weeks, her body adapts by increasing K*
excretion, with only a small rise in plasma K*. Sodium levels remain unaffected.

eDaily K* Balance: Normal intake ® 100 mEg/day. Input must equal output 3:=; the kidney
is the main regulator of K* output.
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K* Distribution in Body Compartments

e|ntracellular: Major cation; ~3920 mEqin 28 L (140 mEq/L).

eExtracellular: ~59 mEqin 14 L (4.2 mEq/L).

eClinical Importanceﬂ: Small dietary changes can dramatically affect extracellular K¥,
which must be kept within a narrow range to avoid serious consequences (e.g., arrhythmias).

Mechanisms Preventing K* Imbalance

eFirst Line of Defense: Rapid K* shift between intracellular and extracellular
compartments.

eSecond Line: Renal excretion adjusts more slowly, regulated by hormones.
Effects of K*Imbalance

. Hyperkalemia >5.0: Partial cell membrane depolarization, cardiac toxicity
(ventricular fibrillation, asystole). il <y 2Ush) axe
. Hypokalemia <3.5: Hyperpolarization, muscle weakness, fatigue, hypoventilation,

delayed ventricular repolarization.

Regulation of K*Shifts Between Compartments LOGL ULy
1. Insulin
Stimulates K* uptake into cells via Na*/K*-ATPase (especially after meals).
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2. Aldosterone

eStimulated by hyperkalemia.[ 1]

eIncreases K* secretion and Na* reabsorption in kidneys (principal and intercalated cells).
3. B-Adrenergic Receptors

eCatecholamines stimulate K™ uptake into cells.
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Factors Leading to K*Release from Cells LO&) o 43/ 3Y
eCell Lysis: Damage or hypotonic solutions cause K* to leak out.
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eHypertonic ECF: Water leaves cells, increasing intracellular K*, which diffuses out.
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eStrenuous Exercise: Can cause K* release; risk is higher if combined with dehydration or

B-blockers.
Gl e 1 5ha 3y 5 B-blockers alaaiul 5l Calia 48 ) 13) (81 (e 138 ccilial@¥) oL Kl Cidlias])

eDecreased Na*/K*-ATPase Activity: Seen in acidosis, leading to extracellular K*
accumulation.
Potassium Regulation: Internal and External

o Internal: Shifts between compartments (regulated by insulin, aldosterone, B-
adrenergic activity, acid-base status). g~

. External: Renal excretions X (filtration, reabsorption(mostly proximal tubule),
secretion).
Renal Handling of K*
1. Filtration

Depends on plasma K* and GFR; not a major regulatory point.
2. Reabsorption

eProximal Tubule: ~67% (not regulated~Ail aus),

eThick Ascending Loop: ~25-27% (not regulated).

eIntercalated Cells (Type AH): K*/H* ATPase (active in hypokalemia| L], insignificant in
hyperkalemia).
3. Secretion
Late Distal Tubule & Collecting Ducts (Principal Cells): Main regulatory siteu, controlled by
aldosterone.
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Control of K" Secretion in Cortical Collecting Tubule

eExtracellular K: Increases secretion.

eAldosterone: Increases secretion.

eSodium (volume) delivery: Increases secretion.

eAcid-Base Status: Acidosis decreases, alkalosis increases K* secretion.
Mechanisms of K*Secretion (Principal Cells)
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eBasolateral Na*/K*-ATPase: Maintains gradient. Jsdl g z s all 42dy

eLuminal Channels(apical slide): ENaC (Na* reabsorption), ROMK & BK (K" secretion).
Renal Outer Medullary Potassium Channel (ROMK)

Big Potassium Channel (BK)

Regulation Details
1. Effect of Extracellular K*

*Directly increases secretion by enhancing gradient & reducing backleak.
eIndirectly [1]increases secretion by stimulating aldosterone.

2. Aldosterone Feedback

High K* > Aldosterone release 2 Increased K* secretion » K* normalized > Aldosterone
drops.

Disruption (e.g., Addison’s disease) causes hyperkalemia.u

3. Tubular Flow Rate

High flow rate (e.g., with diuretics) increases K* secretion by washing out K" in the lumen,
maintaining the gradient.

4. Sodium Intake

High Na™ intake increases flow (increasing K* secretion),butY suppresses aldosterone

(decreasing K* secretion); net effect is usually balanced.ﬂ

Clinical Perspectives [

. Diuretics: Increase tubular flow, enhance K* secretion EI risk of hypokalemia.
. Acid-Base Disorders: Acidosis inhibits Na*/K*-ATPase, reduces K* secretionm (risk

of hyperkalemia). Alkalosis has the opposite effect.ﬂ
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Part 2

Factor Effect on K* Secretion/Excretion

T Extracellular K* 1 Secretion (direct & via aldosterone)

1T Aldosterone T Secretion

T Tubular Flow T Secretion

T Na® Intake Balanced (1 flow vs { aldosterone)
Acidosis 4 Secretion

Alkalosis T Secretion

Diuretics T Secretion (risk of hypokalemia)

K" homeostasis is tightly regulated by rapid cellular shifts and slower renal mechanisms.
Aldosterone is the key hormone for renal K* excretion.

Acid-base status, sodium intake, and flow rate all influence K* handling.

Disturbances can cause serious clinical consequences, especially cardiac arrhythmias.

Effects of Sodium Intake on Potassium Excretion
High Sodium Intake E
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eIncreases GFR: More sodium filtered, higher distal tubular flow.
*Reduces Proximal Na* Reabsorption: More fluid reaches distal tubule.
eIncreases Potassium Secretion: Due to higher distal flow.
eInhibits Aldosterone: Normally would decrease K* secretion.
Net Effect: The opposing effects (increased flow vs. decreased aldosterone) balance out, so

overall potassium excretion remains unchanged.ﬂ
Low Sodium Intake E
eIncreases Aldosterone: Stimulates K* secretion.
eDecreases GFR & Increases Proximal Reabsorption: Less distal flow, so K* secretion
decreases.
Net Effect: Again... opposing effects balance, so potassium excretion remains unchangedﬂ
Effects of Acid-Base Status on Potassium Secretion
Acidosis
eAcute Acidosis: Decreases K* secretion (inhibits Na*/K*-ATPase, reduces K*
permeability).
eChronic Acidosis: Increases K* secretionU (inhibits proximal Na* reabsorption,
increases distal flow).
Alkalosis
eIncreases Na*/K*-ATPase Activity: More K* enters cells, higher intracellular K*.
eIncreases K* Secretion and Excretion: Can lead to hypokalemia.
Causes of Potassium Imbalanceu
Hyperkalemia
*Renal Failure
eDecreased Distal Flow (heart failure, NSAIDSQ), severe volume depletion)
eDecreased Aldosterone (adrenal insufficiency, K'-sparing diureticsb)
eMetabolic Acidosis (mild effect)
eDiabetes (due to kidney disease, acidosis, insulin issues)
Hypokalemia
*VVery Low K* Intake
*Gl Loss (diarrhea)
eMetabolic Alkalosis
eExcess Insulin
eIncreased Distal Flow (salt-wasting nephropathies, osmotic/loop diuretics)
*Excess Aldosterone
Clinical Question: Most serious hypokalemia is caused by excessive aldosterone secretion plus
low sodium intake.

Calcium Regulation
Plasma Calcium

*Normal Level: ~2.4 mEq/L.

*50% lonized (active),40% protein-bound =3 .¢: mostly to albumin,10% complexed with
anions:phosphate or citrate.

Parathyroid Hormone (PTH) ¢alb o s0allS)) (aladil xie o 5) 8 3
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eKidneys: Increases distal Ca’* reabsorption, decreases urinary loss.

eBones: Stimulates bone resorption, releasing Ca**.

Gl Tract: Indirectly increases Ca’* absorption via vitamin D activation.
Calcium Reabsorption in Nephron

*Proximal Tubule: Mostly paracellular (with water); some transcellular (via Ca** ATPase,
Na*/Ca** exchanger).

*Thick Ascending Limb: Predominantly paracellular.

eDistal Tubule: Also reabsorbs Ca®*, regulated by PTH.
Integration of Renal Regulation of Body Fluids & Electrolytes :

eExcretion = Filtration - Reabsorption + Secretion

eSteady State: Fluid/electrolyte excretion matches intake.

eOsmolarity: Electrolyte osmolarity affects fluid volumes.

Effect of Decreased GFR on Sodium & Creatinine Handling
Sodium
*Reduced GFRA~S 4l 4l =léial: Decreases sodium excretion initially.
*Compensatory Decrease in Reabsorption: Sodium excretion returns to normal as
reabsorption adjusts.
Mechanisms:
+ Tubuloglomerular Feedback: Macula densa senses low NaCl, triggers GFR
increase.
% Glomerulotubular Balance: Reabsorption decreases in proportion to filtration,
stabilizing excretion. 3} J& czad yill J8 138 =l 5 ApeS ae lii paliaial) sale ) At Jay
a5 el () 58 e Ladlay Lae chpnsil sy aliala)

Creatinine

*Reduced GFR: Plasma creatinine rises adb 4aS) il (g2,

eExcretion Returns to Normal: Higher plasma creatinine increases filtered load, balancing
excretion with production.

Jama e Loy (5 )) sl il SN = Hla e 13 5 (filtered load) s Al 4l (e 3 La Ol 8 oy I (g gina gl )
GFR (=l s ) oanlall o] ginsal 3 a0yl S sk of 51 4aliy

Effect of Decreased Tubular Reabsorption on Sodium Balance
eInitial Effect: Increased sodium excretion, S gl ¢( sl 5 i G Sia) palaiel) sale ) (lais vic

eCompensatory Mechanism: Tubuloglomerular feedback reduces GFR, matching lower

rea bsorption.-> GFR-> Gsla¥) (e das Al o9 geall eS8 Laa
Result: Sodium excretion stabilizes at near-normal levels. 25> sall JA a2 )

v" Tubuloglomerular Feedback: Adjusts GFR in response to distal NaCl delivery.
v" Glomerulotubular Balance: Matches reabsorption to filtration rate.

v' Aldosterone and Flow Rate: Balance K* excretion.

v" PTH and Vitamin D: Regulate Ca’* homeostasis
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Physio11Acid-Base Balance

o Homeostasis: Balance between H* intake/production and removal is essential for
physiological stability.
o Multiple Systems: Acid-base regulation involves not just the kidneys, but also

chemical buffers and the lungs.

Mechanisms of Hydrogen lon Regulation
Three Main Defenses:

. Chemical Buffers: Immediate, temporary action (bicarbonate, proteins, ammonia,
phosphate).

o Respiratory System: Rapid (minutes), regulates CO, elimination.

o Kidneys: »Y\Slow (hours to days), most powerful, eliminates non-volatile

acids ©lis sl reabsorbs and generates HCO,".
v' [H+]is precisely regulated at 3-5 x 10*-8 moles/L (pH range 7.2 -7.4)ﬂ

Buffer Systems in the Body

] Bicarbonate: a%¥Main extracellular buffer]], regulated by lungs (CO,) and kidneys
(HCOy).

. Phosphate: Mainly intracellular and tubular buffer.

o Ammonia: Important in the renal tubules, especially during chronic acidosis. (=lail
eH+

o Proteins(limited): Major intracellular buffers ﬂ(hemoglobin in RBCs is especially

significant). (60-70% of bufferingisin the cells)

» Buffer Effectiveness: Depends on concentration and pKa proximity to physiological pH.
A buffer is most effective when its pKa is close to the target pH of the fluid. The
higher the concentration of its components, the better its buffering capacity. For
example, plasma has a pH of about 7.4, so the ideal buffer would have a pka near
that.
Although the HCO3- has a pka of 6.1 (not close to 7.4), itis still the most
important ECF buffer because its components (CO2 and HCQO3)) are tightly
regulated by the lungs and kidneys, making it highly effective.

The phosphate buffer system has a pK of 6.8, which is not far from the normal pH
of 7.4 in the body fluids, allows the system to operate near its maximum buffering
power. However, its concentration in the extracellular fuid is low, at only about
8% of the concentration of the bicarbonate buffer. Therefore, the total

buffering power of the phosphate system in the extracellular fluid is much less
than that of the bicarbonate buffering system.—> zua
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Importance of Buffer Systems

o Hydrogen lon Concentration: Normal plasma H* is extremely low(4 x 10*-8
mol/L) compared to daily acid production, highlighting the necessity of effective buffering and
elimination.

o Enzyme Activity: Small pH changes can significantly affect cellular and enzymatic
functions.
Bicarbonate Buffer System and Henderson-Hasselbalch Equation

pH = pKa + log ([HCOs7] / (0.03 x pCO2))

2 pH a3 (pCO,) SN 2l 6 daria s ((HCO,) lse Sl 58 55 T 55 dolaall 038
(solubility coefficient) LSl & CO, Sl ghisdll Jalas 2 0.03 o

o Key Equation: where is the solubility coefficient of CO..
o Clinical Relevance: Changes in pCO, or HCO," directly affect blood pH.
o Despite a pKa of 6.1 (not close to 7.4), the bicarbonate buffer is most effective due

to active regulation by lungs and kidneys.

Respiratory Regulation of Acid-Base Balance 4} 2

o Mechanism: Changes in ventilation adjust CO, (and thus H) levels.

. Increased ventilation > decreased CO,~> decreased H* (corrects
acidosis).

o Decreased ventilation > increased CO, > increased H* (corrects alkalosis).

o Correction Limit: Can correct 50-75% of acid-base disturbances but cannot remove

non-volatile acids<li »Slal, 5 i il

Renal Regulation of Acid-Base Balance 1 _ 2
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Role of Kidneys:

E2- Kidneys eliminate non-volatile

acids (H,SO,, H3PO,) (~ 80 mmol/day)
E2. Filtration of HCOj (~ 4320 mmol/day)
E3: Secretion of H* (~ 4400 mmol/day)
2- Reabsorption of HCOy (~ 4319 mmol/day)
9 * Production of new HCO;" (~ 80 mmol/day)

+ Excretion of HCO, (1 mmol/day)
o Eliminate non-volatile acids (~80 mmol/day).
. Filter, reabsorb, and generate HCO,".
. Secrete H* (~4400 mmol/day).
o Excrete HCO,~ (1 mmol/day under normal conditions).
o Reabsorption: Most filtered HCO," is reabsorbedﬂ; only a small fraction is excreted.
. Acidosis: Kidneys increase H* secretion, reabsorb/generate more HCO,".
. Alkalosis: Kidneys decrease H* secretiong=b<isl, excrete more HCO,".

Segmental Handling of HCO,™ and H* in the Nephron

. Proximal Tubule: Reabsorbs ~85% of filtered HCO,".
. Thick Ascending Limb: Reabsorbs ~10%.
. Distal Convoluted Tubule: Handles the remainder. &l

v Ruleu For each HCO, “reabsorbed, one H?is secreted.

Mechanisms of HCO,™ Reabsorption and H* Secretion

eNa®/H" Counter-Transport: Driven by Na*/K* ATPase, primarily in the proximal tubule and
thick ascending limb.
Source of H*: CO, diffuses into tubular cells, converted to H* and HCO,™ by carbonic anhydrase.
This mechanism, however, can establish a minimum pH of only about 6.7; as the Na+/H+
exchanger operates against a limited electrochemical gradient.

e HCOSreabsorption and H' secretion in intercalatea cells of late distal and collecting
tubules:
Type A intercalated cells contain hydrogen-ATPase and hydrogen- potassium-exchanger in the
luminal membrane, to secret H+, H+/K+ exchanger is active when there is hypokalemia , while
hydrogen-ATPase is always active

-The tubular fluid becomes highly acidic only in the collecting tubules and collecting ducts, where
the urine pH can drop to as low as 4.5. This is possible because H+- ATPase can pump against an
electrochemical gradient as great as 1000-fold.

-The other difference is that HCOS3- is reabsorbed by HCO3-/ Cl- exchanger
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-same concept here each 1xH+ secreted is coupled with 1x HCO3- reabsorption the titration
continues till all the filtered HCOS3 is reabsorbed.

Importance of Renal Tubular Buffers
Minimum urine pH =4.5 = 10 45

i.e. the maximal [H*] of urine is 0.03 mmol/L= 3 x 10 ** moles/L

Yet, the kidneys must excrete, under normal conditions, at least 60 mmol
non-volatile acids each day. To excrete this as free H* would require :

60 mmol

2000 L per day !!!
.03mmol/L

Buffering of secreted H-+by filtered phosphate (NaHPO4) and generation of "new"HCO3-
However, once all the HCO3- has been reabsorbed and is no longer available to combine with H+,
any excess H+ can combine with HPO4 = and other tubular buffers.

-After the H+ combines with HPO4= to form H2PO4-, it can be excreted as a sodium salt
(NaH2PO4), carrying with it the excess H+.

-Note that a new HCO3- is returned to the blood for each NaHPO4 that reacts with a secreted Ht.

Phosphate and Ammonium Buffering In Chronic Acidosis

Phosphate as a Tubular Fluid Buffer

There is a high concentration of phosphate in the tubular fluid; pK = 6.8 500

Phosphate pka T = tothe urine ph. Toweve Tiltred intin the Tow _— “I,(); ’ HS”L

g o' b6 ool hus, it e B capaciy J 400

Phosphate normally buffers about 30 mmol/day H* Acid

(about 100 mmol/day phosphate is filtered but 70 % is reabsorbed) Excretion 300 |
(mmoles/day)

™\ 200

Phosphate buffering capacity does not change much with acid-base
disturbance. (phosphate is not the major tubular buffer in chronic acidosis

((Because kidney can'tincrease phosphate Concentration in the ur )

NaHPO,- + H NaH,PO, | ] Nommal Acidosis for 4 Days

v' Kidneys: Most powerful and final regulator, especially for non-volatile acids.

v" Clinical Relevance: Understanding these mechanisms is crucial for diagnosing and
managing acid-base disorders.

v HCO3-and CO2, are regulated respectively, by the kidneys and lungs

Physio12 Acid-Base Physiology

*In the kidneys, filtered bicarbonate (HCO,") and secreted hydrogen ions (H*) interactin
the renal tubules-> H* combines with filtered HCO,~, allowing HCO," to be reabsorbed.

*Only a small amount of H* can be excreted directly due to urine pH limitations (cannot go
below 4.5)-> Excess H* binds to urinary buffers such as phosphate (NaHPO,”) or ammonia (NH,),
resulting in the generation of new HCO,~, which is added to the blood.

a1 Jals ) (TH) Ossoued) bl L8 S LA g sISH ) ) ol (e 235 ((HCO,) s Sl v/
b LA Jal ) 535C0, <-CO, o5l asl G 5H,0 sle (L3S s ccnli¥) GHCO,™ go JelivHt v/
Ll e Yay il s ySall (aliaial Bale) atid caall ) Jaxi AWIHCO,™ <- HF SHCO,™ ) sal 50 J3as

Production and Secretion of NH,” and HCO "
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¢|n the proximal tubule, glutamine (from amino acid metabolism) is metabolized to
produce ammonium (NH,") and bicarbonate (HCO,").

*NH," is secreted into the tubular lumen in exchange for sodium, and new HCO, is
transported into the interstitial fluid.

eAmmonia (NH,) can also act as a buffer in the tubular lumen by binding H*.

v’ This helps eliminate H* without excessively lowering urine pH, allowing continued acid
excretion even under acidic conditions.

Buffering of H*Secretion by Ammonia in the Collecting Tubules
*In the collecting tubules, NH, buffers H* in the lumen, forming NH,*, which is excreted.
*This process allows H* to be buffered and new HCO,™ to be added to the blood without
loss of HCO;".

Quantification of Renal Acid-Base Regulation

eTotal H* secretion is about 4320 mmol/day, matching the amount needed to reabsorb
filtered HCO,".

*Non-volatile acids<l ) sau 51l & (about 60 mEq/day) are excreted by titrating secreted H
with buffers like NaHPO,” and NH,".

eTitratable acid is measured by titrating urine with NaOH to pH 7.4, representing H*
combined with phosphate and organic buffers.

*NH,* excretion is calculated as urine flow rate x NH,* in urine.

@ 3gabal) LiTitratable Acid

Ay gme A 5e 5l (NaHPO,) cliv sill Jia (buffers) w leba ais Jsall (2 W18 a3 G (FH) o osouell sl 40aS o8
A gaal) pad e Jsal Jaa Las sl JaI O3l s A e 0585 e pdlan a TH JSE e ol Y i) oda s Al

4okl e\d&lu\.g(ﬂ:a dj.\l\ ‘;:\AJ‘)LA\ +NH43.\ASu\.u; 4
NH,* excretion = Urine flow rate x [NH,* concentration in urine]

Net H* Excretion and Addition of New HCO,~
*Net H" excretion equals the amount of new HCO,™ produced.
v Net H* excretion = titratable acid (NaHPO,™ + NH,") = HCO,™ excretion x> iL18 4.8,
Normally: 59 mmol/day net H* excretion (30 mmol/day titratable acid + 30 mmol/day NH,*
excretion — 1 mmol/day HCO,™ excretion).

Joall ) 3uaad) il g ,Sl) (e Al i il 5 e g *H 0 mmo] 59 Jobag e a2l KU iny v/
Lealal aly (Al TH (e dflall LpaSl) e gll (ués & (tnew HCO3) 8 il o S0 il Jy i vH a0 Y K v
A G Ja gl saaad) g Sl a8 =

Renal Compensation for Acid-Base Disturbances
*Acidosis: Kidneys increase H* excretion, HCO," reabsorption, and production of new

HCO,".
eAlkalosis: 52l Kidneys decrease H* excretion, reduce HCO,™ reabsorption, and increase

HCO;™ loss in urine.

Page 10



Renal Compensation During Acidosis

Increased addition of HCO5 to body by kidneys

(increased H* loss by kidneys)

Titratable acid =35 mmol/day (small increase) |

NH," excretion = 165 mmol/day (increased!!)

HCOj; excretion = () mmol /day (decreased)
Total 200 mmol/day

m This can increase to as high as 500 mmol/day

. In acidosis, especially chronic, NH,* production and excretion increase
substantially, leading to increased addition of new HCO,™ to the extracellular fluid.

z ok ) "NHa ) abisas b oo 810 H g AL s 138 ¢ S IS (5 5a¥1) N Ha D185 ) 83l 3y o 585 40

Renal Compensation During Alkalosis

at is too lo

Net loss of HCOy from body

reabsorption.

(i.e. decreased H™ loss by kidneys) ) increase HCO3
Titratable acid =0 mmol/day (decreased) o calculate iC
IH + excreti - RIS Addi ratable acid (NaHPO4-) +
M!4 Lxgrmqn 0 mmol/day (dt..uul,\td) N o > (60 mnal/dey) - HODS-
HCOj; excretion = 80 mmol /day (increased!!) excretion (1 mmol /day) = 59 mmol/day
Total 80 mmol/day

» The negative value indicates that H+ ions are
added to the blood

HCOj; excretion can increase

markedly in alkalosis

y lowering the pH

. In alkalosis, HCO,™ excretion increases because tubular H* secretion is reduced,
resulting in incomplete HCO,™ reabsorption and increased urinary loss of HCO,".

Acid-Base Equations and Classification
% The Henderson-Hasselbalch equation is used to relate pH, HCO,~, and pCO.,.
+ Acid-base disorders are classified as:
eAcidosis: pH < 7.4 (can be metabolic ¢ s J&48l) & or respiratory)
eAlkalosis: pH > 7.4 (can be metabolic s & 2 or respiratory)

¢ Compensation involves the body adjusting the other component of the acid-base
pairin the same direction as the disturbance.

SISV Gl ¢(respiratory) oS W s o saill (pCO2) il Jamy anall Gl ¢(metabolic)! ¥l G813 :J6a v
Jom sl "HCO; Jass

Renal Responses to Specific Disorders
*Respiratory Acidosis: Increased pCO, causes increased H* secretion and HCO,~
reabsorption; kidneys add new HCO," to offset pH drop.

pH o=lésil — adll & +H 3aly ) Ml Guditl) s Casy Sia) all & pCO2 gl ) sl

eMetabolic Acidosis: Decreased HCO,~ leads to increased H" in tubular fluid;
compensation includes increased ventilation (lowering pCO,) and increased renal excretion of H*
viaNH,* and NaHPO,".
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*Respiratory Alkalosis: Decreased pCO, leads to decreased H* secretion; excess filtered

HCO;™ is excreted, reducing plasma HCO,™ and helping restore pH.

*Metabolic Alkalosis: Increased HCO,™ in blood leads to increased filtration and excretion

of HCO;", with reduced H* secretion.

Clinical Calculation Examples

Example provided with patient urine data:
*Net acid excretion = titratable acid + NH," excretion - HCO;™ excretion.
e|n the example: (10 mmol + 15 mmol - 2 mmol) = 23 mmol/day.

(fuasaall yilia (imy gad) wuall ) Cabaaal S apaal il g ,Soll A€ Gy i g 5o IS Lgia canalis ) ddliall H 40S v/

*Net acid excretion equals net rate of bicarbonate addition to the body.

Fundamental Equations and Concepts
= Chemical Reactions:
CO, +H,0 © H,CO, © H* + HCO,™ auall ia seall apbaiil Lulud ph
= Henderson-Hasselbalch Equation:
v" pH = pK +log (HCO,7/ (0.03 x pCO,))
Key Parameters:
pH, pCO, (partial pressure of CO,), and HCO,™ (bicarbonate)

Compensation Mechanisms
Metabolic Acidosis:
v HCO;™ (primary)
eCompensation: v pCO, (via hyperventilation), * renal HCO,™ production
Respiratory Acidosis:
1t pCO, (primary)
*Compensation: * renal HCO,™ production
Metabolic Alkalosis:
e HCO;™ (primary)
eCompensation: ™ pCO, (via hypoventilation), * renal HCO,™ excretion
Respiratory Alkalosis:
oL pCO, (primary)
*Compensation: * renal HCO,™ excretion
Clinical Approach to Acid-Base Disorders
Stepwise Diagnosis:
1.Assess pH (acidosis or alkalosis)
2.Assess pCO, and HCO,™ (metabolic or respiratory origin)
3.Determine if compensation is present

Mixed Disorders I

eBoth metabolic and respiratory components can be present (e.g., mixed acidosis or

alkalosis)
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Example Cases

m Decrease Valve | Increase Value

pH 7.35-7.45 Acidosis Alkalosis
PaCO2 35-45 Alkalosis Acidosis
HCO3 22-26 Acidosis Alkalosis
PaO2 80-100 Hypoxemia 02 therapy

Sa02 95-100% (L1 G- R ——

v' Mixed Acidosis Example:
*pH=7.12, pCO,=50,HCO, =18
eDiagnosis: Mixed acidosis (metabolic + respiratory)

(i) palan ) "HCO, (akiad) ool (alas ) pCO, gl ) ipH (aliad) & laaloy cplide Lual o
v' Mixed Alkalosis Example:
*pH=7.60, pCO, =30, HCO,™ =29
eDiagnosis: Mixed alkalosis (metabolic + respiratory)

(Lfsyusﬁ.m\ A3 ) 7HC03 &m)\c (L;“‘S"S c)ﬁ) pCO, oaldss) :pH &mJ\ S obam odaladl S o

v' Case with Partial Compensation:
. pH=7.15 HCO,; =8, pCO, =24
o Diagnosis: Metabolic acidosis with partial respiratory compensationﬂ

Grob oo parsill Jla muall CHCO, (aldail s (DY) Galeall g8 ulud) ol imua s o
(partial compensation) JalS e (aysaill = Unidia Jl 2 ¥ pH ¢S pCO, | Jilly(hyperventilation)

Causes of Acid-Base Disorders‘?
Metabolic Acidosis:
*HCO,™ loss or H* gain (e.g., diarrhea, renal tubular acidosis, diabetes, aspirin poisoning)
Respiratory Acidosis: 4 L 4l Llle
*CO, retention (e.g., brain damage, pneumonia, emphysema)
Metabolic Alkalosis:
*HCO,™ gain or H" loss (e.g., vomiting, diuretics, aldosterone excess <increased base
intake (e.g. NaHCO03)
(Diuretics: except carbonic anhydrase Inhibitors, because they cause acidosis)ﬂ
Respiratory Alkalosis:
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*CO, loss (e.g., high altitude, anxiety, pain)

This is how Diuretics can

R =
l extracell. volume \

] angiotensin 11 K-+ depletion Metabolic acidosis v ¢ Norma
] aldosterone /
\ Metabolic alkalosis O I Norma
I tubular H* secretion
| HCO; reabsorption Metabolic acidosis with respiratory compensation |+ |+ ¢
+ T new HCO; Production :
Metabolic Alkalosis Metabolic alkalosis with respiratory compensation | & | + X

The Anion Gap
J(Metabolic Acidosis) g s auiil aaiud 5 e Bl o Al g dom sall i 0] G it (58 8

*Anion Gap = Na* = (Cl” + HCO,~ 4Ll
*Normal range: 8-16 mEq/Lﬂ

Clinical Use: Helps differentiate causes of metabolic acidosis:...

» Increased Anion Gap: Due to unmeasured anions (e.g. diabetes mellitus( ketoacidosis),
lactic acidosis, salicylate poisoning(aspirin), methanol, starvation) -> (normal Cl-)u

» Normal Anion Gap (increased Cl, Hyperchloremic): Due to direct HCO," loss with

compensatory ™ Cl” (e.g., diarrhea, renal tubular acidosis, Addison’s disease, carbonic
anhydrase inhibitors)

Practice Cases: Anion Gap Calculation
Example 1:
*pH=7.25,HCO, =12, pCO, =28, Cl” =102, Na* =142
*Anion gap =142 - (102 - 12 )= 28 (high anion gap metabolic acidosis)
el ikely cause: Diabetes mellitus

Example 2:
epH =7.34,HCO,™ =15, pCO, =29, Cl" =118, Na* = 142
eAnion gap =142 - (118 -15) =9 (normal anion gap metabolic acidosis)
eLikely cause: Diarrhea
Table of Disorders

HCOy 0, Acid-Base
Disorder ?

7.34 15 Metabolic acidosis
7.48 35 a8 Metabolic alkalosis
7.34 31 =y

Respiratory acidosis
7.62 20 20 Respiratory alkalosis
7.09 15 =

osis: respiratory

48
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v/ Compensation occurs via the lungs (for metabolic) or kidneys (for respiratory).
v" Anion gap is crucial for diagnosing types of metabolic acidosis.
v Clinical cases require stepwise analysis: pH > pCO,/HCO,” » compensation > anion gap.

Physio13Female Reproductive System
Two main functions:
*Preparing the body for conception and pregnancy.
eSupporting the period of pregnancy.

Female Reproductive Organs

*Main components: Ovaries, fallopian tubes, uterus (fundus, body, cervix), vagina, external
genitalia, and mammary glands.

eMammary glands are part of the reproductive system.

Anatomy Recap
o Ovaries: Site of ova (egg) development.
. Fallopian tubes: Connect ovaries to uterus, have fimbriae to catch the ovum.
o Uterus: Site of implantation and fetal development.
. Vagina and external genitalia.

Relationship of Uterine Tubes to Ovaries and Uterus
*Ovum is expelled from the ovary into the abdominal cavity, picked up by the fallopian
tube, and transported to the uterus.
e Fertilization typically happens in the fallopian tube,Implantation occurs in the uterus.

Synchronization of Ovarian and Uterine Changes
eOvarian and uterine cycles run in parallel.
eQvaries prepare the ovum; uterus prepares for possible implantation.

Oogenesis (Egg Formation)

o Oogenesis: Generation of oocytes (eggs).

. Begins before birth, during embryonic development.

o Primordial germ cells migrate to the ovarian cortex, become oogonia, then
primordial follicles.

o Primordial follicle = immature ovum (primary oocyte) surrounded by granulosa
cells.

o At birth: 1-2 million primary oocytes as primordial follicles in ovaries.ﬂ

. Primary oocytes are arrested in prophase | of meiosis until puberty.

Follicle Development and Atresia

o No development during childhood due to lack of hormonal stimulation.

. At puberty, hormonal axis activates; primary oocytes resume development.

o By puberty, only about 300,000-400,000 oocytes remainﬂ (fromthe original 1-2
million).
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o Only 400-500 will mature and be ovulated during reproductive life; the rest
degenerate (atresia) [Jeica sd) (0 23 2uds ) gana,

Hormonal Regulation of Oogenesis

. Hypothalamus releases GnRH ‘“Gonadotropin-Releasing Hormone” < stimulates
anterior pituitary to release FSH and LH.

o FSH: Stimulates follicle maturation and granulosa cell estrogen production.
. LH: Stimulates theca cell androgen/progesterone production and triggers ovulation.
o Inhibin: Secreted by granulosa cells, inhibits FSH release.

v Granulosa Cells Secrete:
1. Estrogen:Stimulated by FSH (Follicle-Stimulating Hormone),Promotes growth of the uterine lining
and regulates the menstrual cycle.
2. Inhibin:Inhibits FSH secretion from the anterior pituitary (negative feedback).
3. Progesterone:Secreted after ovulation, when the follicle becomes the corpus luteum, Prepares and
maintains the uterine lining for possible implantation.
4. Aromatase Enzyme:Converts androgens (from theca cells) into estrogen.

Oocyte Maturation and Ovulation

o At puberty, primary oocyte completes first meiotic division @ secondary ococyte +
first polar body.

o Secondary oocyte is ovulated, arrested in metaphase Il.ﬂ
. Meiosis Il completes only after fertilization, producing a mature ovum and second
polar body.

puberty to menopause

Follicle Development
in Ovary

First polar body

Ovulation

Oogenesis
3 N Primordial germ col
sy,
ce
vanan
: %
Oogonwm (prmordal g

Primany
arrest

At birth
(110 2 million cocytes)

- —Tr R
Each month from
Ppuberty to menopause

Fertilization

N\

y oocyte
ed in prophase I)

Secondary cocyte

arrested n metaphase i)

s eovudatory
(dogy (mature) foficle

Follicle Structure and Ovulation

. Mature (pre-ovulatory) follicle contains granulosa cells, theca cells, and an antrum
filled with estrogen.

o Ovulation: Rupture of mature follicle, release of secondary oocyte.

. Post-ovulation: Ruptured follicle becomes corpus luteum (produces progesterone,

important for luteal phase and early pregnancy).

o At birth, each ovum is surrounded by granulosa cells (primordial follicle).
. Granulosa cells nourish the ovum and secrete oocyte maturation-inhibiting factor,
keeping itin meiotic arrest (prophase I).
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o Basement membrane and stromal cells (later become theca cells) surround the
follicle. |

Follicular Development in the Ovary

. Each month, FSH stimulates 6-12 primordial follicles to mature.

o Only one follicle fully matures and ovulates; others undergo atresia.
Ovarian cycle phases:

. Follicular (pre-ovulatory) phase: Follicle maturation.

o Ovulatory phase: Ovulation occurs.

. Luteal (post-ovulatory) phase: Corpus luteum functions.

Female Hormonal System

ePuberty: Activation of hypothalamic-pituitary-ovarian axis.
eMenarche: First menstrual cycle.Uages(ll—lS)

e Qvaries alternate ovulation each month, one month from the right ovary, the next from the
Lleft.

e Remainingfollicles degenerate at menopause due to hormonal inhibition.

e FSH and LH are secreted in a monthly cycle, while GnRH is secreted in pulses every 90
minutes.

Key Points

No new oocytes are formed after fetal development.

Oocyte maturation is hormone-dependent.

Only a small fraction of oocytes are ovulated; the rest undergo atresia.
Corpus luteum supports early pregnancy until placenta takes over hormone
production.

AN

pany Wil 5) ¢ stin s al) G sa0n 0% «(Corpus luteum) Jia¥) awall I adiall avall J3ads cdualy) an
Rasall 365 i SSeal anl e Badlase il g 531 Al Ll g 1 By pe (gl 535 (e
sl tia¥ avall lay g o ga el #lL dardiall Jas &l a2y (Placenta)

v' Granulosa cells provide nourishment and produce oocyte maturation inhibiting
factor during childhood.

g sl G i 7 uaill (e illiay il aias 98 0:(Oocyte Maturation Inhibiting Factor) & sil ¢ seai Jani Jale il
v' Ovarian and endometrial cycles are synchronized for optimal fertility.

Hormonal Fluctuations During the Cycle

o The cycle averages 28 days (can vary).
. Early in the cycle, FSH is higher than LH, stimulating follicle growth.
. As ovulation nears() °asd) LH rises.

Types of Follicles and Their Development
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o Primary follicle: Primary oocyte with several granulosa layers, zona pellucida 4kl
4alail)) and differentiating stromal cells (theca folliculi).

o Theca layers: Theca interna (steroid hormone secretion) and theca externa
(vascular capsule).
o Secondary follicle: Granulosa cells secrete follicular fluid (antrum forms); corona

radiata forms.

Hormonal Feedback and Dominant Follicle Selection

o Granulosa cells produce estrogen (stimulated by FSH).

o High FSH + high estrogen = positive feedbackﬂ, upregulating FSH and LH receptors
on granulosa cells.

o Only one follicle becomes dominant (most sensitive to FSH/LH and highest
estrogen output).

. Dominant follicle’s estrogen and FSH suppress FSH, causing other follicles to

degenerate (atresia)-> .o s i) (e dpeS el g

Lo i e 5 (Atresia) Sluoal) Bl s ) 535 Lee J(B2Y Ll daa) ) 4,333) FSH dady Mall (s sy 138

Vesicular (Graafian) Follicle and Final Maturation

. Early growth to antral stage is mainly FSH-driven.

o Estrogen and FSH promote more FSH and LH receptors, accelerating growth » jex
4=l

. LH and estrogen stimulate thecal cell proliferation and secretion. < s el) =)
4 5 i)
Ovulation

o About 8-12 follicles start to develop each cycle; one matures and ovulates on day
14.

o FSH is high early in the cycle, stimulating follicle maturation.

o Dominant follicle matures, produces high estrogen, and signals readiness for
ovulation.

. LH surges>s gl )l (up to 10x baseline) occurs ~24 hours before ovulation,
triggered by positive feedback from high estrogen.

o LH surge is essential for ovulation; FSH rises slightly.
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o LH causes granulosa/theca cells to switch to progesterone production, prepping for
ovulation and luteal phase.

Mechanism of Ovulation
LH surge triggers:

. Enzyme release from theca externa lall CalaaY

o New blood vessel growth into follicular wall

. Follicle swelling and stigma degeneration 3«

. Follicle rupture and ovum release-> < sllé claaj Lghasilil & Lall &, Ul iy gl (3l

Steroid Hormone Synthesis

o LH stimulates granulosa/theca cells to produce steroid hormones from cholesterol
(estrogen, progesterone, androgens).

° FSH stimulates granulosa cells to convert progesterone/androgens to estrogen (via
aromatase).

o Early follicular phase: high FSH > high estrogen.

o As ovulation approaches, LH rises, estrogen peaks, and progesterone production

begins. -> luteal phase

Progesterone 8
Estradiol

i

Ovulation

LH

v" Female reproductive hormonal control begins at puberty with GnRH, FSH, and LH.

v" Follicular development is a competitive process; only one follicle ovulates per
cycle.

v" Hormonal feedback (positive and negative) regulates follicle selection, maturation,
and ovulation.

v" LH surge is essential for ovulation and transition to the luteal phase.
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High levels of ! Moderate levels of Low levels of

estrogens (without | estrogens inhibit propesterne.
progesterona) | sacrstion of GnRH, and estiogens
stimulate release FSH, and LH promote secretio

of GnRH, LK, and of GnRH, FSH,
FSH 1 Inhibin inhibits and LH

secretion of FSH Anterior
| andLH > pltuitary

|

— :
o e | B iean | [KeEmbras Al propsearns s
et Bl B o, |
Physio14
The Luteal Phase and Corpus Luteum
o After ovulation, the remaining follicle in the ovary transforms into the corpus
luteum, characterized by swelling, fat accumulation, and a yellow appearance.
o The corpus luteum is essential for progesterone production during the second
(luteal) phase of the ovarian cycle.
o It remains functional for about two weeks, awaiting potential fertilization of the

secondary oocyte. If fertilization occurs, progesterone maintains the pregnancy(dwdisll zWl); if not,
the corpus luteum degenerates into the corpus albicans (a white scar in the ovary).

. LH from the anterior pituitary maintains corpus luteum function; without
fertilization, LH levels fall, leading to corpus luteum involution.

Hormonal Regulation and Feedback Mechanisms

eEstradiolis a primary form of estrogen.u

*The cycle length varies, but the post-ovulatory (luteal) phase is consistently 14 days.
Ovulation day can be estimated as: Cycle length - 14.

*FSH is responsible for follicle maturation in the first part of the cycle; an LH surge triggers
ovulation.

eAfter ovulation, both FSH and LH levels decrease.

s Feedback mechanisms:
*High estrogen, low progesterone: positive feedback (early cycle).

Sl sl e (3.;»41.;.:3\ aall 5 algwl) Caad) &LA.‘J\ s 13 (addia o g i g yall (ST (G ya 0 6S) s g sia) e(:‘.aa\..\y‘ daﬂ) Gaal
e 0S8 LH 8345 WL 5 GnRH

*High estrogen, high progesterone: negative feedback (luteal phase). ¢e JS ¢S, (bl aay) G
3180 sl ¢ Laall 3 L) Gy 138 ¢( L) anall (4a) (o pa () 5 it 5 30l 5 O s JWYIGNRH dass Ml g — FSH s LH g gl sdagiiill ¢
follicles .deall dlaxindl da 8 an ) oy s aaa

eLow or moderate levels: feedback effects vary.

Gonadotropic Hormones and Ovarian Changes
. Ovarian changes during the sexual cycle depend entirely on FSH and LH.
o In childhood, low gonadotropin levels keep ovaries inactive.
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o At puberty (age 9-12), increased FSH and LH initiate the first menstrual cycle
(menarche, typically age 11-15).

o GnRH from the hypothalamus is released in pulses every 90 minutes, regulating
FSH and LH secretion.

° FSH promotes growth of 6-12 primary follicles each month; estrogen is secreted
during follicle growth.

. Two days before ovulation(48 hour), an LH surge triggers ovulation and initial
progesterone secretion.

. Estrogen and progesterone from the corpus luteum provide negative feedback on
FSH and LH.

o Inhibin from lutein cells further inhibits FSH.

. Low FSH and LH levels cause corpus luteum involutionasay sl Clad) diaay ol 13),

Monthly Endometrial Cycle and Menstruation
The endometrium (uterine lining) undergoes three phases:

1. Menstruation

2. Proliferative phase

3. Secretory phase

. The first day of bleeding marks the start of the menstrual cycle.

o Menstruation occurs if no fertilization happens: the corpus luteum involutes,
estrogen and progesterone levels fall, leading to endometrial necrosis and sloughing.

. Menstrual flow contains blood (50-150 mL), tissue fluid, mucus, and epithelial

cells. Large numbers of leukocytes are released, reducing infection risk.

. Normally, menstrual blood does not clot due to fibrinolysinU; heavy bleeding may
occasionally result in clotting.

Factors Affecting Menstruation
. Duration and amount of bleeding vary due to genetics, environment, diet, family
history, blood flow/pressure, and diseases.

Proliferative Phase (Estrogen Phase)

. Estrogen induces rapid proliferation of stromal and epithelial cells in the
endometrium.

. The endometrial surface is re-epithelialized within 4-7 days after menstruation
starts.

o Endometrial thickness increases to 3-5 mm by ovulation.

. After menstruation, only a thin stromal layer and deep glandular epithelial cells

remain; original thickness is 1-2 mm. dxais day s JuEinY pasty

Secretory Phase (Progestational Phase)

o Progesterone causes marked swelling and secretory development of the
endometrium, increasing gland tortuosity and nutrient storage.
o Uterine “milk” (secretions) nourishes the early embryo before implantation.
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o At the peak of this phase (about 1 week after ovulation), endometrial thickness
reaches 5-6 mm.

. If fertilization does not occur, the corpus luteum degenerates, hormone levels drop,
and the endometrium is shed.

Functions of Ovarian Sex Hormones
Estrogens (mainly estradiol):

o Promote proliferation and growth of secondary sexual characteristics (breasts,
hips, external genitalia).

. Transform female sex organs from child to adult form.

. Change vaginal epithelium to a stratified type, increasing resistance to trauma and
infection.

. Cause endometrial proliferation Jesll lalaxiul,

o In the breast: stimulate stromal tissue growth, ductal system development, and fat
deposition (but not milk production).

o On the skeleton: inhibit osteoclastic activity, stimulate bone growth, and cause

early epiphyseal closure (growth cessationg shll 2 Jshll (8 5). After menopause, decreased
estrogen leads to osteoporosis.

o Slightly increase protein deposition, metabolic rate, and fat deposition in
subcutaneous tissues.

Progestins (mainly progesterone):
e Prepare the uterus for pregnancy and the breasts for lactation.-> by stimulating development
of milk-producing glands (though actual milk production requires prolactin after birth).
* Promote secretory changes and increased thickness in the endometrium.
e Enhance glandular development and nutrient storage for potential embryo nourishment.

Physio15the male reproductive system
Anatomy of the Male Genital System

o Gonads (Testes): Site of sperm production.

o Ductal System: Includes epididymis, vas deferens, and urethra for sperm
transport.

o Accessory Glands: Seminal vesicles, prostate, and bulbourethral glands secrete

fluids supporting sperm.
Testis Structure

o Contains lobules filled with seminiferous tubules (sperm production site).
Seminiferous tubules house:

o Sertoli cells (support spermatogenesis)

o Spermatogenic cells (spermatogonia > spermatozoa)

. Leydig cells (outside tubules) produce testosterone.

Male Sex Hormones
o Testosterone: Main male sex hormone, produced by Leydig cells.
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Other hormones: Dihydrotestosterone, estrogens (formed from testosterone by

Sertoli cells).ﬂ
Hormonal Regulation

eHypothalamus: Releases GNRH” Gonadotropin-releasing”(pulsatile, every 1-3 hours).

eAnterior Pituitary: Releases LH”Luteinizing Hormone™ (stimulates Leydig cells for testosterone)
and FSH”Follicle-Stimulating Hormone”(stimulates Sertoli cells for spermatogenesis).

*Negative Feedbacku: Testosterone inhibits GnRH, LH, and FSH. Sertoli cells produce inhibin to
further inhibit FSH. U sa el il gia () 58 Ao Lalaall

Testosterone: Life Span and Function
Testosterone Levels Over Life

1.
activation).
2.

2R

Testosterone **In general, testosterone is responsible for the

Fetal Life: High due to placental hCG; crucial for male differentiation (SRY gene

Early Neonatal: Needed for testicular descent. sxuhll OSall a ) il
Childhood: No testosterone production. dcaiiic 45l i

Puberty: Testosterone surges for secondary sexual characteristics.
Adulthood: Peak levels. s siw el

Old Age: Declinesbut never reaches zero.

NOTES

distinguishing characteristics of the masculine body.

o o] o] i Jou

** During fetal life, the testes are stimulated by

3 | chorionic gonadotropin from the placenta to

§ |produce moderate quantities of testosterone

§ |throughout the entire period of fetal development
? |and for 10 or more weeks after birth

f |** No testosterone is produced during childhood.

z ** About the ages of 10 to 13 years, testosterone
production increases rapidly under the stimulus

of anterior pituitary gonadotropic hormones at the
onset of puberty and lasts throughout most of the
remainder of life

= Plasma testosterone
ng/ml)

w— Sperm production
. (% of maximal)

** Dwindling rapidly beyond age 50 to become 20
to 50 percent of the peak value by age 80.

Functions During Fetal Development

SRY gene triggers testes formation and testosterone secretion.
Testosterone leads to penis and scrotum development, testicular descent.

Adult Primary & Secondary Sexual Characteristics

1.
2.
Growth

® NO O AW

Genital growth: Penis, scrotum, testis enlarge.
Body hair: Pubic, facial, and other body hair increases. Bellow the eyebrow ->

Baldnessgl<ll: Linked to genetics and androgenslﬂ.Above the eyebrow
Voice: Larynx enlarges, voice deepens.

Skin: Thickens, acne may develop.

Muscle: Protein synthesis and muscle mass increase.

Bone: Bone matrix and calcium retention increase.

Metabolism: Basal metabolic rate rises- (~15%).
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9. Red Blood Cells: Count increases (15-20%).
10. Electrolyte/Water Balance: Sodium reabsorption increases in kidneys.

» Spermatogenesis

. Before Puberty: Primordial germ cells migrate to testes, become dormant
spermatogonia. 33 LA

. At Puberty: Spermatogenesis begins, continues throughout life.
Type A spermatogonia: Stem cells (self-renew).
Type B spermatogonia: Enter meiosis, become primary spermatocytes.
Primary spermatocytes: Undergo meiosis | > secondary spermatocytes.
Secondary spermatocytes: Undergo meiosis Il » 4 spermatids (2 X, 2Y).
Spermatids: Mature into spermatozoa via spermiogenesis (no division, just
maturation).
Duration: ~74 days from spermatogonium to mature spermatozoa.

O O O O O

Spermiogenesis

o Head: Contains condensed nucleus, acrosome (with enzymes for ovum
penetration). e
- On the outside of the anterior two-thirds of the head is a thick cap called the acrosome thatis
formed mainly from the Golgi apparatus.
-The acrosome contains several enzymes similar to those found in lysosomes of the typical cell,
including hyaluronidase (which can digest proteoglycan filaments of tissues) and powerful
proteolytic enzymes proteases (which can digest proteins). These enzymes play important roles in
allowing the sperm to enter the ovum and fertilize it.

. Body: Packed with mitochondria for energy.

o Tail: Propels sperm.

Sperm Transport and Fertilization

Sperm travel through male and female reproductive tracts to reach the ampulla of the fallopian
tube for fertilization.

Hormonal Control of Spermatogenesis

1. Testosterone: Essential for germ cell growth/division.

2. LH: Stimulates Leydig cells to produce testosterone.

3. FSH: Acts on Sertoli cells for spermatid maturation.

4. Estrogens: Produced by Sertoli cells (from testosterone); important for libido and
sperm maturation.

5. Growth Hormone: Supports early spermatogonial division; deficiency leads to
infertility.

v’ rate of spermatogenesis is constant and cannot be accelerated by hormones such
as gonadotropins(LH,FSH) or androgens(testo.).

Effect of Temperature on Spermatogenesis
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o Testicular Temperature: Spermatogenesis is highly sensitive to temperature. The
testes are located in the scrotum to maintain a temperature about 2°C below core body
temperature, which is essential for sperm production.

. Descent of Testes: Testes must descend into the scrotum during fetal life; failure
(cryptorchidism) may require surgery if not corrected naturally.

o Scrotal Reflexes: On cold days, the scrotum contracts to pull the testes closer to
the body, maintaining the temperature difference; the scrotum acts as a controlled cooling
mechanism.

. Sperm Lifespan: Sperm can live weeks in male ducts, but only 24-48 hours after
ejaculation at body temperature; can be preserved for years when frozen 2eaill aghis oy,

Maturation of Sperm in the Epididymis

o Immature Sperm: Sperm formed in seminiferous tubules are non-motile.

o Epididymal Maturation: Over 18-24 hours in the epididymis, sperm acquire motility
but remain inactive due to inhibitory proteins until ejaculation.

» Semen Composition

Sources:

. Vas deferens fluid and sperm (~10%)

. Seminal vesicle fluid (~60%): Rich in fructose, citric acid, prostaglandins, and
fibrinogen.

o Prostate gland fluid (~30%): Milky, contains calcium, citrate, phosphate, clotting
enzyme, profibrinolysin; slightly alkaline.

o Bulbourethral glands: Small amounts of mucus.

. Prostaglandins: Aid fertilization by making cervical mucus more receptive and

stimulating uterine contractions to move sperm toward the ovaries.

v' Alkalinity: Prostatic fluid neutralizes acidic seminal(6-6.5) and vaginal fluids(3.5-4.0),
optimizing sperm motility (semen pH ~7.5).

Accessory Sex Glands and Semen Environment
o Sperm Motility: Sperm need tails and mitochondria for movement and require a
supportive, alkaline environment.

eSeminal Vesicles: Produce slightly acidic, nutrient-rich fluid (fructose, citric acid).
*Prostate Gland: Produces alkaline secretion to protect sperm.
*Bulbourethral Glands: Secrete mucoid fluid.

v" pH Importance: Acidic environments in male urethra and female tract inactivate sperm;
alkaline semen is essential for activity.

v' Prostaglandins: Stimulate vas deferens contractions and backward peristalsis in female
reproductive tract, aiding sperm movement toward the ovum.

Differences Between Oogenesis and Spermatogenesis
Timing:
o Oogenesis: Begins before birthﬂ, all mitotic proliferation occurs in fetal life.
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o Spermatogenesis: Begins at puberty, continues throughout lifeﬂ.
Meiotic Divisions:

. Oogenesis: One mature ovum + polar bodies per primary oocyte.
J Spermatogenesis: Four mature spermatozoa per primary spermatocyte.
Completion:
o Oogenesis: Second meiotic division only upon fertilizationﬂ.
o Spermatogenesis: Spermatids undergo further differentiation (spermiogenesis).
Cytoplasm:
. Oogenesis: Uneven, most goes to ovum. (il acal
. Spermatogenesis: Even, little cytoplasm in sperm.
FEATURE . OOGENESIS (FEMALE) . SPERMATOGENESIS (MALE)

Begins before birth — oogonia form during |Begins at puberty — spermatogonia start

[Timing of Onset fetal life dividing after puberty

Primary oocyte completes meiosis | at
First Meiotic Division puberty, forming a secondary oocyte + first
polar body

Primary spermatocyte completes meiosis |,
forming two secondary spermatocytes

Occurs only if fertilization happens; results [Secondary spermatocytes complete meiosis

ISecond Meiotic Division k &
in an ovum + second polar body Il to form four spermatids

One ovum (functional) + polar bodies (non-

INumber of Gamet: Cell A
lumber metes per Cel functional)

Four spermatozoa (all functional)

Even — equal division among four

IC I Distributi - 5 %
ytoplasm Distribution Uneven — most cytoplasm goes to the ovum spermatids, but they have little cytoplasm

Ovum is already mature after meiosis and iSpermatids undergo spermiogenesis to

Post-meiotic Maturation St oay
fertilization become mature spermatozoa

Male Sexual Act
*Reflex Mechanisms: Integrated in sacral and lumbar spinal cord; initiated by psychic or
physical stimulation (usually both).

Penile Erection — Parasympathetic Role

*Nerve Pathway: Parasympathetic impulses from sacral region via pelvic nerves.

eNeurotransmitters: Release acetylcholine and nitric oxide (NO), activating guanylyl
cyclase, increasing cGMP.

eEffect: cGMP relaxes penile arteries and smooth muscle, increasing blood flow and
causing erection (corpora cavernosa and corpus spongiosum fill with blood).

*Result: Penis becomes hard and elongated (erection).

Emission and Ejaculation — Sympathetic Role

o Emission3/> Sympathetic impulses (T12-L2) cause contraction of vas deferens,
ampulla, prostate, and seminal vesicles, expelling sperm and fluids into the internal urethra.
o Ejaculation _3: Filling of urethra with semen triggers sensory signals, causing

rhythmic contractions that expel semen (ejaculation).
*Orgasm and Resolution: Emission and ejaculation together constitute orgasm; after,
sexual excitement rapidly ceases (resolution phase).

Physio16
Entry of the Ovum into the Fallopian Tube
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o Ovulation releases the secondary oocyte into the abdominal cavity, which is quickly
swept into the fimbriated end of a fallopian tube by cilia activated by estrogen.

o A slow fluid current and ciliary motion guide the ovum toward the uterus, with a 98%
success rate.
Fertilization of the Ovum

. Fertilization typically occurs at the ampulla of the fallopian tube.

o Sperm transport is aided by uterine and tubal contractions (stimulated by
prostaglandins in seminal fluid and oxytocin released during female orgasm).

. The sperm must penetrate the corona radiata and zona pellucida of the oocyte

Capacitation of Spermatozoa

o Sperm leaving the epididymis are not immediately capable of fertilization due to
inhibitory factors from male genital ducts.

In the female tract, sperm undergo “capacitation” (1-10 hours), involving:

. Removal of inhibitory factors.
. Loss of excess cholesterol, weakening the acrosome membrane.
. Increased permeability to calcium ions, enhancing flagellar movement and

enabling acrosome enzyme release.

Acrosome Reaction and Penetration

. The acrosome contains hyaluronidase (breaks down hyaluronic acid) and
proteolytic enzymes (digest proteins), allowing sperm to penetrate the granulosa cells and zona
pellucida.

. The sperm binds to receptor proteins on the zona pellucida, releases enzymes, and
creates a pathway to the oocyte.

. The sperm and oocyte membranes fuse, combining their genetic material to form a

zygote with 23 paired chromosomes.ﬂ
Prevention of Polyspermy

. After the first sperm enters, calcium influx triggers cortical granule release, which
modifies the zona pellucida to prevent further sperm entry.

Transport of the Fertilized Ovum

o The zygote remains in the fallopian tube for 3-5 days, nourished by tubal secretions,
and undergoes several cell divisions to form a blastocyst (~100 cells).
o Progesterone relaxes the isthmus of the tube, and ciliary action moves the

blastocyst toward the uterus.

Implantation of the Blastocyst

o The blastocyst stays in the uterine cavity for 1-3 days before implanting (5-7 days
after ovulation).

o Itinitially receives nutrition from “uterine milk” (endometrial secretions).

. Trophoblast cells on the blastocyst surface secrete proteolytic enzymes to digest
and invade the endometrium, facilitating implantation.

Placental Development
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o Trophoblast and adjacent cells proliferate to form the placenta and pregnancy
membranes == sie¥!) Sl & Alaall fpiall oy ),

o Blood capillaries grow within trophoblastic cords; maternal blood sinuses develop
around them, forming placental villi cisll s ¥ G ol sall Jalshy e,
o By 21 days post-fertilization, fetal heart pumps blood into these capillaries.
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Placental Circulation

. Fetal blood flows through two umbilical arteries into villous capillaries, then returns
via a single umbilical vein.
o Maternal blood from uterine arteries fills sinuses surrounding the villi and returns

via uterine veins.
Early Nutrition of the Embryo

o For the first week after implantation, the embryo relies on the decidua (endometrial
cells) for nutrition.
o The placenta begins providing nutrients after about 16 days post-fertilization, as its

permeability and surface area increase with development.

Functions of the Placenta
eRespiration: Oxygen diffuses from maternal to fetal blood.
eNutrition: Glucose and other nutrients are transferred (facilitated diffusion).
eExcretion: Waste products are removed from fetal blood.
eEndocrine: Secretes hormones essential for pregnancy.
eProtection: Acts as a partial barrier to some pathogens and substances.

Placenta

Placental septum
Stratum spongiosum

Maternal
vessels

Villus Z
——

Villus

Oxygen Diffusion and Fetal Hemoglobin
¢ .Maternal blood PO, in placental sinuses: ~50 mm Hg; fetal blood after oxygenation: ~30

mm Hg (20 mm Hg gradient).

dapiiall e Gpinll a3 () Y1 a3 (e GV Ja S G 138 5 805 ale 20 5» (Gradient) Oxiasil) (o A
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o Fetal hemoglobin has a higher affinity for oxygen (left-shifted dissociation curve)
and higher concentration (about 50% more than maternal hemoglobin).

Fetal
80 etal
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Matemal
404
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204

Po, (mm Hg)

o The Bohr effect enhances oxygen transfer as fetal blood clears CO, into maternal
blood, increasing its oxygen affinity.

L)) 330 ) ) o5 nind) a2 & CO, URlisil Y1 a3 ) (CO,) 058 a6 (e palilly Giad) a0 sy ol Ja) Jals oL
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Hormonal Factors in Pregnancy

The placenta produces large amounts of:

o Human Chorionic Gonadotropin (hCG): Synthesized by trophoblasts, detectable
8-9 days after ovulation, peaks at 10-12 weeks, then declines. Maintains the corpus luteum,
which secretes estrogen and progesterone, and stimulates fetal testes to produce testosterone
183 gpiall OIS s,

12-10 g e (3 435,53 ) oy Jaal) LR Gl s 5 byl (e oL 98 2y Jsal) Sl w2l b 4] Sy
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o Estrogens: Produced by syncytial trophoblasts from DHEA”Dehydroepiandrosterone
“(from fetal/maternal adrenals). Promote uterine, breast, and genital enlargement and relax
pelvic ligaments for labor.

o Progesterone: Initially from the corpus luteum, later mainly from the placentaﬂ.
Essential for decidual cell development (nutrition), decreases uterine contractility < e aclud
Jsall) increases secretions for embryo nutrition, and prepares breasts for lactation _ s J 43Lza¥u
O,

Maternal blood Placenta Fetal biood Fetal adrenal cortex
Cl — G Cl Ct
DHEA DHEA Dehydroepiandrosterone

(DHEA)

mLﬂ

KEY
-3 Pathway for placental synthesis of progesterone
- Pathway for placental synthesis of estrogen

Physio17

Page 29



Response of the Mother’s Body to Pregnancy

Weight Gain

. Average gain: 10-15 kg, mostly in last two trimesters.

o Components: fetus (~3.5 kg), amniotic fluid, placenta, uterine/breast enlargement,
increased blood/extracellular fluid, fat accumulation.

o Extra fluid is excreted after birth.
Increased Appetite

o Due to fetal nutrient demand and hormonal changes.

o Without dietary control, weight gain can be excessive.

Metabolism During Pregnancy
. Basal metabolic rate increases by ~15% in latter half.
o Higher energy needed for muscle activity; mother may feel overheated.

Endocrine Changes

o Pituitary Gland: Enlarges by 50%; increased ACTH” Adrenocorticotropic Hormone”,
TSH “Thyroid-Stimulating Hormone”, prolactin. FSH/LH suppressed by placental hormones.

o Adrenal Glands: Increased glucocorticoid and aldosterone secretion.
o Thyroid Gland: Enlarged; more T4 produced.
o Parathyroid Glands: Enlarge to enhance calcium absorption for fetal bone

development, even more so during lactation.

Nutrition During Pregnancy

o Mother often does not absorb enough protein, calcium, phosphates, iron in late
pregnancy.

. Body stores these nutrients in advance.

o Key supplements: iron (prevents anemia), vitamin D (for calcium absorption), folic

acid, vitamin K (for baby’s clotting factors).

Maternal Circulation and Cardiac Output

o Blood flow through placenta increases.
o Maternal cardiac output rises 30-40% by week 27.
o Cardiac output drops slightly in last 8 weeks, despite high uterine blood flow.

Blood Volume

. Increases by ~30% before term due to aldosterone/estrogen and kidney fluid
retention.

. Bone marrow produces more red blood cells.

o Extra blood provides safety during delivery (only ~350 ml lost at birth).

Respiratory Changes
o Oxygen use increases by ~20%.

Page 30



o Increased minute ventilation and respiratory rate due to higher metabolic rate and

progesterone effeots.ﬂ
o Minute Ventilation = Respiratory Rate x Tidal Volume

MV 5305 Juily(Tidal Volume) 2l udill aas 8834 55 (Respiratory Rate) ceafill &l je axe (8300 ) st cJeall A
(%50-30 (o) s )

Renal Function

o Increased urination from higher fluid intake and excretory load.
. Enhanced reabsorption of sodium, chloride, water.
. Renal blood flow and filtration rate increase due to relaxin.

Labor:
Uterine Excitability Near Term
Uterus becomes more excitable due to hormonal and mechanical changes, leading to labor
(parturition).
Hormonal Factors Increasing Uterine Contractility

o Estrogen/Progesterone Ratio: Estrogen rises relative to progesterone, increasing
uterine contractility and gap junctions in muscle <baabas¥) sulss y &l LEY) JEsl Jew,

(1warAInbs jo1penss 1y y2/Bw) susbons3

ton
(4 p2Buw) sucsayseboid

g

Muman chorlonic gonadotropin (IW/mL)
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Duration of pregnancy (weeks after last menstruation)

. Oxytocin: More receptors, higher secretion during labor; positive feedback from
cervical stretch. ]

o Fetal Hormones: Fetal pituitary (oxytocin), adrenal (cortisol), and prostaglandins
from membranes all stimulate contractions.
Mechanical Factors

. Uterine Stretch: Increases contractility.

o Cervical Stretch/Irritation: Induces labor via reflexes and myogenic signals.

Luac J2d 250 Tyl can 1) Gl (SlSie 0305 Gy Jarall 138 an ) i e Jaaally cpinll Gl ) Tan 0¥ 5l Gl ) vie
Ol L) adadic(baldy) b — dulag) deal ) L35 ) G s Y (e 23 18 dgual) Clac V) YA (e (reflexes)
laliy) Jed (myogenic signals) 413 dliac

v" Twins or multiples: Born earlier due to increased stretch.
Positive Feedback in Labor
Cervical stretching triggers stronger uterine contractions, which further stretch the cervix,

increasing oxytocin| T | release and contractility until birth.

Abdominal Muscle Contractions

Strong uterine contractions cause pain, triggering abdominal muscle reflexes that aid in expelling
the baby.

Stages of Labor

Page 31



1 First Stage: Onset of labor to full cervical dilation~10cm.
2. Second Stage: Full dilation to birth of baby.
3 Third Stage: Birth of baby to delivery of placenta.
4. Fourth Stage: Delivery of placenta to stabilization (~6 hours postpartum).
v Intermittent contractions 4«¢« are crucial to prevent fetal hypoxia.
Ol Caaay 38 (a8 5 D b patuse bl ClS gleclial V) G GuansSY) e Jgaall uiallis i el v/

Separation and Delivery of the Placenta

o Placenta separates, opening sinuses and causing bleeding (~350 ml).

o Uterine contraction and vasoconstrictor prostaglandins minimize blood loss.
Labor Pain

. Early: Uterine muscle hypoxias__Siall cilialaiV) caw,

o Second stage: Stretching/tearing of cervix, perineum, vaginal canal.
Lactation:
Breast Development

o Begins at puberty (estrogen-driven).

o During pregnancy: Estrogen, growth hormone, prolactin, glucocorticoids, insulin
stimulate ductal and stromal growth.

. Progesterone: Needed for lobule-alveolar development and secretory function.ﬂ
Prolactin and Milk Production

. Prolactin rises 10-20x during pregnancy, but milk secretion is inhibited by
estrogen/progesterone.

. Colostrum (pre-milk secretion) produced around delivery; transitions to milk in 1-7
days post-birth.

. Milk production requires background secretion of growth hormone, cortisol,

parathyroid hormone, and insulin.
Prolactin After Birth

. Basal prolactin returns to normal after a few weeks.
o Suckling triggers surges in prolactin, maintaining milk production.
. Without nursing, milk production ceases in ~1 week.

Al i gy i g3 1 elall U ) el e Jalag Lea ¢p8SY 5l (e 330a dady 38a3 (Suckling) deball Alee

Suppression of Ovarian Cycles
. Nursing delays return of ovulation/menstruation. 3 5l o3 Jeall aial dumla Al 5 &
. Suckling inhibits GnRH, suppressing FSH and LH.

Milk Ejection (“Let-Down”) Reflex

o Suckling sends sensory impulses to hypothalamus, promoting oxytocin release.
o Oxytocin causes myoepithelial cells to contract, expressing milk into ducts.
o Milk flows 30 seconds to 1 minute after suckling begins.
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Physio18Abnormalities in the Reproductive System

Abnormal Spermatogenesis and Male Fertility

Sterility sl

eCauses: Destruction of seminiferous tubular epithelium by diseases (e.g., bilateral
orchitis from mumps), congenital degeneration, excessive testicular temperature s R
bl &l L5 %, x-ray exposu reﬂ.

v' Excessive temperature of testes (usually temporary).

eLeydig cells often continue testosterone production even if germinal epithelium is
destroyed.

Cryptorchidism

eDefinition: Failure of testes to descend into the scrotum at birth.
A testis that remains in the abdominal cavity throughout life is incapable of forming sperm.

. Consequences: Undescended testes cannot form sperm; tubular epithelium
degenerates LAY (53553 ) yall Eus,

J Causes: Insufficient fetal testosteroneiiisll 3 yall 3,

. Treatment: Surgical correction.

» Effect of Sperm Count on Fertility

e Normal ejaculate: ~3.5 ml, Each 1 ml of semen usually contains around 120 million sperm.
e Thenormalrange is 35 million to 200 million sperm/mlL.

o Infertility likely if sperm count <20 million/ml.

¢ Anormalejaculation (3.5 ml x 120 million sperm/ml) contains an average of around 400

million sperm.l

Jdlan a5 oS caiadl Wil Jiny W sas g 20l (alassl v
Effect of Sperm Morphology and Motility on Fertility

Infertility can occur with normal sperm count ﬂif many sperm are abnormally shaped (e.g., two
heads, abnormal tails) or nonmotile.

Factor Impact on Fertility

Low sperm count (<20 T Risk of infertility
millionfmL)

Abnormal sperm shape 4 Fertilization ability

Paor motility 4 Sperm reach the egg

Cryptorchidism Damaged sperm-
producing cells
Abnormalities of Male Sexual Function
Prostate Gland and Its Abnormalities
o Growth at puberty, stationary until age 50(20-50 yrs), then involutes. J saalls fasi
o Benign prostatic hypertrophy (BPH) can cause urinary obstruction.
. Prostate cancer: 2-3% of male deaths, growth stimulated by testosterone, slowed

by estrogen therapy or removal of testes.
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Hypogonadism in the Male
eCongenital/Testicular Failure in Fetus: No male characteristics develop; female organs

form.

*Prepubertal Loss (Eunuchism): Infantile sex organs, weak muscles, childlike voice, no
male hair pattern, increased height due to delayed epiphyseal closure.
v" no loss of hair on the head
v" no masculine hair distribution on the face

ePostpubertal Castration: Regression of sexual organs but not to a childlike state, loss of
masculine features, decreased sexual desire, loss of the thick masculine bones, loss of
masculine hair production
v primarily because the semen-forming organs degenerate and there has been a loss of the
testosterone-driven psychic desire(not lost).

Testicular Tumors and Hypergonadism

el eydig Cell Tumors: Excessive testosteronem. (100* of testosterone) rapid growth, early
epiphyseal closure in children.-> <8

eGerminal Epithelium Tumors (Teratomas): Contain various tissues, may secrete hCG or
estrogen. Ll 4l Gl jel

v" more common than interstitial Leydig cell tumorsﬂ

Erectile Dysfunction (Impotence)
eCauses: Neurological problems, such as trauma to the parasympathetic
nerves from prostate surgery, low testosterone, drugs (nicotine, alcohol, antidepressants),
vascular disease (hypertension, diabetes, atherosclerosis).
v" In men older than 40 years
eTreatment: PDE-5 inhibitors(phosphodiesterase-5 )(sildenafil (Viagra), vardenafil (Levitra),
tadalafil (Cialis)) enhance cyclic GMP, promoting vasodilation and erection.

Abnormalities of Ovarian Secretion
Hypogonadism-Reduced Ovarian Secretion
eCongenital or Prepubertal Failure: Female eunuchism, no secondary sexual

characteristics, infantile organs, prolonged bone growth.u
ePostpubertal Ovarian Loss: Regression of sexual organs, atrophy of breasts, thinning of
pubic hair, similar changes after menopause.

Female Sterility
eCauses: Abnormal genital function or ova development.

*Most common: Failure to ovulateﬂ (due to low gonadotropins or abnormal ovaries).

Anovulatory Cycles
o Often occur at puberty or before menopause due to insufficient LH surgeﬂ.
o No corpus luteum or progesterone, cycle shortened.
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Ovulation Detection 4aby! & goa aiS

eUrine pregnanediol (progesterone metabolite) or body temperature charting
(progesterone raises temperature by ~0.5°F at ovulation).

eAbsence of progesterone effects indicates anovulatory cycles.

Culeied a2 0.5 ) sne @i g anaall 5 a da 3 Gl s, (05 ntien sall CMEIL 3L5) Pregnanediol ssbe 3sa sl Jsall Jalas
Al 505,50 ) D 3Ll e38 dsa g ade (g i gl il o Al 2y

e Treatment of Anovulation: Human chorionic gonadotropin (hCG) can induce ovulation but
may cause multiple birthsaa=is Jas if overstimulated.

Polycystic Ovarian Syndrome (PCOS) bl (i 4 3Mie
small sacs of fluid develop along the outer edge of the ovary. These are called cysts. The small
fluid-filled cysts contain immature eggs. These are called follicles. The follicles fail to regularly
release eggs.

eHormonal disorder with multiple ovarian cysts, irregular periods, excess androgens
(hirsutism 1) ,=3), and insulin resistance.

eSymptoms: Irregular cycles, hirsutism, polycystic ovaries.

eTreatment: Lifestyle changes, hormonal therapy(combination pills and progestins pills),
metformin(to improve insulin sensitivity) .

Pregnancy Complications:
Preeclampsia Jesll (s Sl Caaill sale
*Pregnancy-induced hypertension, proteinuria, edema (excess salt and water retention),
weight gain, arterial spasm.
eCauses: Possible hormonal excess (placental or adrenal), autoimmunity, or insufficient
placental blood supply
leading to endothelial dysfunction and increased inflammatory cytokines (TNF-a and IL-6)
v' the acute symptoms usually disappear within a few days after birth of the baby.
*Pathology: Failure of spiral artery remodelingﬂ, reduced placental blood flow, maternal
hypertension 4 s¥) 3uxi cuws , and organ dysfunction.

PREECLAMPSIA

Myometrium

Decidua

Eclampsia
eSevere form of preeclampsia with widespread vascular spasm, seizures, coma, renal and

liver dysfunction, extreme hypertension, high mortalitv[l.
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e Treatment: Vasodilators and immediate delivery reduce mortality. J=l s e gall Ji8 52V 4l
3 1l Hlas Julad)
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By: Ayah Freihat
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	• Estrogens: Produced by syncytial trophoblasts from DHEA”Dehydroepiandrosterone “(from fetal/maternal adrenals). Promote uterine, breast, and genital enlargement and relax pelvic ligaments for labor.


