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W Physiology lecture no.1+2

Components of the UGS:

>

/\W

a- Kidneys: filter blood through 3 processes (filtration, reabsorption, secretion) to form urine.
b- Ureters: transport urine to urinary bladder through contractile activity of their walls.

c- A urinary bladder: hollow and muscular, stores urine.
d- A urethra: a passageway by which urine exits.
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1. Eliminate waste products, like
nitrogenous substances
(creatinine, urea) ® filtration &
secretion.

2. Maintain electrolyte balance
(K+Na+Cl-) ® reabsorption &
secretion.

3. Conserve valuable nutrients,
like amino acids & *
reabsorption.

6. Regulate RBC production.

4. Regulate blood pH by
regulating H+ & HCO3- levels &
working hand-in-hand with
lungs.
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7. Production and secretion of
hormones:
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5. Regulate blood pressure by
controlling ECF volume.
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RBC formation

Calcitriol: the active form of
vitamin D.

Renin: vasoconstrictor, regulates

BP and balance Na+/K+.

Prostaglandins and kinins:
vasodilators, increase renal
filtration.
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EXTRA: A sweet analogy, cuz why not? ()

Imagine the kidney as a beautifully layered birthday cake * . Now, when we slice this cake into triangular pieces*,
each of these slices represents what we call a renal lobe each of which contains a distinct structure called a renal
pyramid, lying right inside like a hidden treat @ .

And between slices, there are small vessels, called interlobar arteries running between each lobe, bringing in the
‘ingredients’ the kidney needs to function.",

Is there anything a sweet treat can’t fix? No. Moving on...

Nephron: the functional unit of the kidney, extends from cortex to medulla.
*Each kidney is made up of 1 million nephrons

*Each nephron is made up of: 4
A- Renal corpuscle — “vaseular part’ Areuae artres
@ 1- Bowman’s capsule. : balleon -lke, sumnding fhe  glomends 3
Interlob i
@ 2- Glomerulus : a &b of capilinies with eshonsie anastomonis . angyan hoes
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B- Renal tubules — “tubular part’ Renal artery.
1- Proximal convulated tubule (PCT) ‘
2- Loop of Henle (LH): has descending (thick & thin)  genaivein

and ascending (thin & tthk) limbs 2. Segmental arteries
3- Distal convulated tubule (DCT)
4- Collecting duct (CD)
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-Longer loop of Henle, which extends deep in Arcuate Arclate Loop of

. artery  vein Peritubular Henle
the medulla, may reach the papilla capillaries
-Unique blood supply; as the peritubular (fo”ecﬁng
capillaries surround the loop, of E‘S eina it
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structure called Vasa Recta (="straight vessels) . renal < papi ||M\% b
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ave imporkant for Concenirating  urine.
E/Renal Tubules and Collecting Ducts

* Proximal Convoluted Tubule (PCT): Simple cuboidal
epithelial cells with brush borders.

* Loop of Henle(LH): Simple Squamous (thin),
Cuboidal(Thick).

* Distal Convoluted Tubule (DCT): simple cuboidal.

* Last part of DCT and Collecting Duct (CD): Simple
cuboidal consisting of:

1. Principal Cells: contains receptors for ADH and
Aldosterone.

2. Intercalated Cells : Blood PH regulation
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* Damage to the kidneys is irreversible; as nephrons don’t undergo repair. So, after the age
of 40, the number of nephrons decreases by 10% every 10 years.

But other parts of the kidney compensate for such loss.

* After nephrectomy, a person can live just fine with one normal kidney.
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* 1/4 of cardiac output goes to renal artery. Which divides
into: segemental, interlobar, then arcuate arteries.

* Arcuate arteries bring blood to nephrons through
afferent arterioles, which then bring blood to a capillary
bed called glomerulus, then it coalesces into efferent
arterioles, then another capillary bed called peritubular

capillaries.
(Notice the presence of 2 capillary beds)

4 - Filtration: Blood enters the glomerulus through afferent

arteriole

2 - Reabsorption: Blood moves from tubular part back to

vascular part (peritubular capillaries)

3 - Secretion: Movement of some substances from
peritubular capillaries to tubular part; to be eliminated.
Y - Excretion: What's left in the tubule will be excreted

through urine
w important  4able
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1. Filtration
2. Reabsorption
Glomerular 3. Secretion
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Bowman's
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h i but not selecti

Filtration No energy required (passive)

pass, in normal conditions.

- Filtered fluid is identical in composition to
plasma, except for proteins, as they can't

Composes 20% of renal plasma flow

Peritubular

Highly variable and selective (due to the

of special porters) towards
most electrolytes (Na+, K+, Cl-) and
nutritional substances (glucose); as they're
almost completely reabsorped.

Reabsorption

While toxic substances like urea are poorly reabsoped

capillaries

Renal

Secretion Active process Highly selective

Facilitates rapid excretion of waste
products like H+ or of drugs and toxins

@ vein

Urinary excretion
Excretion = Filtration — Reabsorption + Secretion



Glomerular or Bowman's capsule:
* Quter (parietal): simple squamous epith.

mod; fed swmooth muscle cdls R I h * Inner (Visceral): Podocytes that wrap the
of Ho wdl of  affeedt o ma cor usc glomerular capillaries

Flevent  arkevoles, which are
procimate. fo  macula  densa

Juxtaglomerular
< Gell

Parietal layer of glomerular
(Bowman's) capsule: simple
squamous epithelium

Afferent
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of visceral layer of
glomerular (Bowman'’s) capsule

Endothelium of Pedicel

glomerulus

JP. Hration mcmbr‘ane.

Podocyte of visceral
layer of glomerular
. (Bowman'’s) capsule

Dlbord  Pluid  From
slomomlus should

Filtration slit
Pedicel

puﬁuls of  Bowmans

ass !
p #\reujk podacyhes, wrap around
glomerular capillasies.
o Fenestration (pore) of glomerular
endothelial cell: prevents filtration of
lm_'m"lf'v blood cells but allows all components
capillaries of blood plasma to pass through 0
J, e Basal lamina of glomerulus:

prevents filtration of larger proteins

. - Slit membrane between pedicels:
Bovoman's prevents filtration of medium-sized proteins

aapsule
L Details of filtration membrane
capsular Space Proximal tubule

* There a are 3 main barriers between the blood in glomerulus Coptlarviccps

and the lumen of bowman's capsule : Bowars space— A arorols
Bowman's capsule Efferent arteriole
A

1. Fenestrated endothelial cells: negatively charged and the Sit pores

fenestrations are limited in size.

2. Basal lamina: composed of negatively charged
proteoglycans.

3. Podocytes and their pedicels: negatively charged and the
pedicels make small slits that are only selective for small
molecules.

Epithelium

Basement
membrane

} Endothelium

B Fenestrations

All these 3 layers prevent the filtration of plasma proteins
because proteins are usually large and negatively charged.



Y an important  concept

* From the kidneys urine flows down the ureters to the bladder

propelled by peristaltic contraction of smooth muscle. The
bladder is a balloon-like bag of smooth muscle = detrussor
muscl

e, contraction of it empties bladder during micturition.

* Voluntary and involuntary muscle contractions.

* Bladder can hold 700-800 ml ( differes between males and
females)

* Volumes exceeding (200-400)stretch bladder walls and initiate

micturation reflex:

* Spinal reflex (micturition center in the spinal cord)
* Parasympathetic impulses from the spinal cord causes bladder to
contract and the Internal urethral sphincter to relax. (in normal

ni

conditions, there is a tonic contraction).
* Internal sphincter (smooth muscle) opens.

* Simultaneously mict. Cinhibits the external sphincter (skeletal muscle)
and then it relaxes. ( This part can be controlled voluntary)

Micturition

(a) Bladder at rest

Bladder
(smooth muscle)

Internal
sphincter—
(smooth muscie)

passively contracted

External sphincter
(skeletal muscle)
stays contracted

() Micturition

°
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M‘S no d’uc'ose

normall

- a bapm‘dc{- op muscle excersize

— ho absorplion
— execrebion might be > 18 due

+o Jurdher  gecrebion.

—mm

Stretch receptors fire.

Parasympathetic neurons fire.
Motor neurons stop firing.
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nephrons nephrons nephrons

L/day Water 180

Na+

mmol/day

Glucose
in urine, unless pt is diabelic €&— am/day

Creatinine

gm/day

25,560 25,410 150
180 180 0
18 0 1.8
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Urine

C Filtration, complete
reabsorption

(ike 5‘ucasa Y, amino acids.

Substance \
C

Urine

B Filtration, partial
reabsorption

Substance

B

(ike H.0 'y Na*.

4
Urine

D Filtration, secretion
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Urine



* Na+ is important for maintaining Sodium

homeostasis of fluids; as any increase 500 rete?tm
indicates: 2 Intake | /7 \
- increase of osmolarity in ECF £ 5% 200- ™ /\ 3
- increase in blood volume ES3 | Bxcretion [ _gogium
£ %E 100+ 1 )< loss
* When Na+ intake increases 10 times, - 1 e
the kidney will inhibit its reabsorption process @ 0-
(which in turn, enhances secretion) by hormonal co 15
regulation. But this process is relatively slow, SE-
lags behind J retention happens. 882 1o
* When we get back to normal Na+ diet, E E =

the reabsorption levels will start to increase flr—T—T—T—T—T——T—T—7
4 2 0 2 4 6 8 10 12 14
gradually (slowly)&d loss of excess Na+. Time (days)

* Factors that affect filterability:

- Size -Charge 1.0 highest  RHerability_
K S W Y
b-gie.v- v —Iz +z¢ . 0.8 - +w./r
lower Rlherabibhy  Wgher Rlerabibly |0 higher = Polycationic dextran
Cdue to o
vepulsion ) S 06-
2 Neutral
!...I"................................................................ ﬁ dextran
¢ Dextrans are polysaccharides of which charge and size 2 0.4+
¢ can be easily manipulated; hence we used them in this ~ : %
¢ experiment where we measure their filterability in : o 0.2 -
¢ comparison to water’s. : ’
&/ 0 T T T

18 22 26 30 34 38 42
Effective molecular radius (A)

Qf Clinical Application

*  What Would happen if Filtration went wrong?
* Edema

* Some kidney diseases result in a damage of the
glomerular Capillaries leading to an increase in
their permeability to large proteins .

* Hence, Bowman’s capsule colloid pressure will
increase significantly leading to drawing more
water from plasma to the capsule (i.e more

filtered fluid).

* Proteins will be lost in the urine causing
deficiency in the blood colloid pressure which
worsens the situation, blood volume decreases

and interstitial fluids increases causing edema.
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