DR. HOSAM MOKHTAR STRUCTURE AND PHYSIOLOGY OF THE KIDNEYS

Structure and physiology of the kidneys

* Macrostructure of the kidney

We have 2 kidneys (Right and left kidneys)

¢ Each kidney has outer region called the renal CORTEX
And an inner region called the MEDULLA.

¢ Cortex and medulla are called RENAL PARENCHYMA

¢ The renal columns are connective tissue extensions that radiate downward from the cortex
through the medulla to separate the Medullary Pyramids
The papillae represent the apices of the renal pyramids; they are bundles of collecting ducts
that transport urine made by nephrons to the calyces of the kidney for excretion.
The Renal sinus is a cavity within the kidney which is occupied by the renal pelvis , renal

calyces , vessels and FAT
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+ Simplified summary of kidney structure

CORTEX

It is the outer area of the kidney.

. . Interlobul :
It contains renal columns , which are - = Capsule (fibrous)

parts of cortical tissues extending from  Renal column s, Cortex

Renal sinus

the cortex in-between medullary St calvens

pyramids
Major calyces
Fat

Renal

. MEDULLA / NN pelvis
. . 3enal papilla of - .
It is the inner area that surrounds the pyramid —— Medullary

Medulla ' pyramid

renal sinus ‘
Ureter _;_

It gives the striated appearance to the

kidneys

Medullary mass into 8 - 18 medullary or renal pyramids
Base of each pyramid is in contact with the renal cortex and apex (also called Renal papillae)

projects into minor calyx.

I11.RENAL SINUS

Consists of the following structures

v" upper extended part called Renal pelvis
v" subdivisions of pelvis into 2 - 3 major
v" calyces and 8 minor calyces

v’ vessels

v' connective tissue and FAT
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> So Important Practical Tip Related To Kidney Structure
I O g el (Saall (4
Cortex & medulla & renal sinus in each Kidney in Ultrasound scan of the kidney
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Renal cortex is more hypo-echoic in comparison to the liver echogenicity
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Cortex & medullary pyramids
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Longitudinal View
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Renal Echogenicity less than liver
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NEPHROPATHY

GRADE | NEPHROPATHY

GRADE Il NEPHROPATHY

Cortex echogenicity = liver
echogenicity with preservation of other

parameters

Longitudinal View

Grade 1 Echogenicity

Renal Echogenicity eqgual to that of
liver

Cortical echogenicity is more than liver
echogenicity; medulla is relatively near to

cortical echogenicity

Longitudinal View

Grade 2 Echogenicity

Renal Echogenicity greater than liver
echogenicity
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co 1SN Jadl) e s jaliall ¥l LT <
SIS K IS G oS
Hyperechoic kidney with shrunken size

MHyperechowx kidmey
Shrunken kidney [ 5.57em )

Renal Failure
Kidneys completely lose
their function to filter blood

The kidney is composed of renal

Cortical nephron Juxtamedullary nephron

parenchyma + interstitial connective tissue | : - : 1

Although the parenchyma is divided into Bowmaris Glomerulus  pgta)

|
Laps9 | _ convoluted

. . . Proximal
Cortex and medulla The functioning unit 7 wbde  Convoluted

tubule

of the kidney is Nephron
There is about 1 million nephron in each
Kidney

Thick ascending—

Part of each nephron is located inside the limb of loop of Henle

cortex while the rest is located in the Descending limb—4

of loop of Henle

medulla

Thin ascending limb
of loop of Henle

\

Collecting tubule—

Inner medulla
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- Functional Unit Of The Kidney

- Nephron = Renal corpuscle + tubules
+ RENAL CORPUSCLE

= The renal corpuscle consists of the glomerulus and the Bowman's capsule.

= The glomerulus is a high pressured, fenestrated capillary with large holes (fenestrations)
between the endothelial cells.
The glomerular (Bowman's capsule) captures the filtrate created by the glomerulus and
directs this filtrate to the PCT.
The outermost part of glomerular capsule is a simple squamous epithelium.
It is arranged in uniquely shaped cells (podocytes) with finger-like arms (pedicels) that
cover the glomerular capillaries
A thin basement membrane lies between the glomerular endothelium and the podocytes.
The pedicels interdigitate to form filtration slits sl <ia%8 leaving small gaps that form a
sieve.(Sieve = olaax)
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= As blood passes through the glomerulus, 10 to 20 % of the plasma filters out of the
fenestrations 2 53, through the basement membrane and between these sieve-like fingers to
be captured by the glomerular capsule and funneled to the PCT
PCTo_sall cani¥) ) acill 4niifle DA s

% These Features Comprise The Filtration Membrane. o lill g
agall 3yl Cupll (A aeadioy A Gl Slea aS jidady £ guda sall
The filtration membrane prevents p@ ~ B € |

X

passage of blood cells, large proteins, =, e

and most negatively charged particles S Fisen s
but allows most other constituents

through. These substances cross readily

if they are less than 4 nm in size and

Glycocalyx

most pass freely up to 8 nm in size.

Glomerular Capillary Lumen
Fenestrae

(80-100 nm)

M\M@@w\A\}A\}eﬂ\L".\UJSAJ::\AW‘:J.;,\SS\?\;A‘X\Q\S&L}U)SA]\J},\QGAWAJM\
)hyb8u4)ﬁ\4mﬁudsju‘))uﬂéad};)db

Why Negatively Charged Particles Can't Be Filtered Out?!
ﬂwﬂaﬂ\w\)ﬁwﬁ)ﬁ\ ;Lun:‘_,‘lc DJP)A\NLJ\M\ u.us.xd.u.'tg_\y“ Adlad) sl il P S RERTIT

o A Negatively charged particles have difficulty leaving the blood because the proteins
associated with the filtration membrane are negatively charged, so they tend to repel
negatively charged substances and allow positively charged substances to pass more

readily.

o There are also mesangial cells in the filtration membrane that can contract to help
regulate the rate of filtration of the glomerulus. The result is the creation of a filtrate that
does not contain cells or large proteins, and has a slight predominance of positively
charged substances.
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+ TUBULES

1. Proximal Convoluted Tubule (PCT)

Filtered fluid collected by Bowman’s capsule enters into the PCT.

Simple cuboidal cells form this tubule with prominent microvilli on the luminal surface,
forming a brush border.

These microvilli create a large surface area to maximize the absorption and secretion of

solutes in the filtrate (Na+, Cl—, glucose, etc.

2. Loop of Henle

The descending and ascending portions of the loop of Henle (sometimes referred to as the
nephron loop) are continuations of the same tubule.

They run adjacent and parallel to each other after having made a hairpin turn at the
deepest point of their descent.

The descending loop of Henle consists of an initial short, thick portion and long, thin
portion, whereas the ascending loop consists of an initial short, thin portion followed by a
long, thick portion.

Different portions of the loop have different permeabilities for solutes and water. The

ascending thick portion consists of simple cuboidal epithelium similar to the DCT.

3. Distal Convoluted Tubule (DCT)

The DCT, like the PCT, is formed by simple cuboidal epithelium, but it is shorter than
the PCT.

These cells are not as active as those in the PCT and there are fewer microvilli on the
apical surface.

However, these cells must also pump ions against their concentration gradient, so you

will find of large numbers of mitochondria, although fewer than in the PCT.
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4. Collecting Ducts

The collecting ducts are continuous with the nephron but not technically part of it.

In fact, each duct collects filtrate from several nephrons for final modification.
Collecting ducts merge as they descend deeper in the medulla to form about 30 terminal
ducts, which empty at a papilla. They are lined with simple cuboidal epithelium to

facilitate water transport.

5. Juxtaglomerular apparatus (JGA)

- Lying just outside Bowman’s
capsule and the glomerulus is the
Glomerulus
juxtaglomerular apparatus (JGA)
At the junction where the afferent

and efferent arterioles enter and

leave Bowman’s capsule, the wall
of the DCT at that point forms a
part of the JGA known as the
MACULA DENSA.

Efferent
arteriole

’
Juxtaglomerular
cells

Afferent
arteriole

The function of the JGA is to secrete Renin hormone.

Renin is a protein that initiates the production of Angiotensin II, which acts as a powerful
systemic vasoconstrictor and stimulates the release of the hormone aldosterone from the
adrenal cortex.

A second function of the macula densa cells is to regulate renin release from the

juxtaglomerular cells of the afferent arteriole.
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< Summary
Glomeuli + Bowman's capsule achieves the process of filtration
PCT achieves most reabsorption and secretion of the solutes
Loop of Henle achieves the concentration of Urine mainly

DCT achieves fine tunning in some solutes reabsorption and secretion
dgilgll) cllagadatl)

= Collecting tubules --> excretion of the urine into the papillae --> calyces --> renal pelvis -->

ureter --> urethra
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> Interlobular artery gives branch called AFFERENT ARTERIOLE L ).+ diailaaig
Nephrond! 43la Jaas i ea

Bowman's capsule ««=! Cup Like s> = 0355« Nephron J! <

Tubules s Was 488 il 4355 e
oo Yo Al Jaansea Cup J) Jalx Tuft Of Capillaries Jex Jaxw Afferent arteriole J) <
efferent arteriole Gk e e m (SLl 5 e pall e
» Afferent + efferent consists Glomerular tuft of capillaries inside the cup
» Afferent arteriole is thicker than

efferent arteriole, So this creates

: : . THINNER
increased intraglomerular VESSEL

pressure force inside the
glomerular apparatus
» Intraglomerular pressure
O atin o il Alee LY aga
glomerular capillaries J

glomerular capsule J' s

e s 4de i glka renal corpuscle J)
RV o nb
8 2% 0 ga (e 5 lan aall
leaul 42y blood capillaries J)
Endothelial Cells
Aol (58 ) eliic 4l gy &3 J oY) lailall o2
Glomerular basement membrane
(et M 53 (e (g2 Lagha g
Fenestrations
Fenestrations in the endothelium crossing the GBM then crossing the epitheliul cell called
Podocytes
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¢ 41 PODOCYTES J) ¢ si2d b e
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Foot processes
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Slit diaphragm
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Glomerular Filtration Barrier

Barrier = fenestrated endothelium then Glomerular basement membrane then epithelial part
(slit diaphragm or holes in between Podocyte foot processes
dae A o Js0 Gesanls G A )
Glomerular apparatus
o Opaxa b pmia M oag
Glomerular diseases (GN)
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63 (e Slala a2 2SI Glomerular Pathology J) of oS ixe <
RBC's & proteins
So the Hallmark of Glomerulopathy

= Presence of RBCS (Dysmorphic RBC'S) And Or Protein in the Urine

ce Al a5 o 50l alaa ) cld Gl Sl dlasiad o dipe o jilil) 5 S8 ks <
ain A iy Lae dadans o (Gl 5 ) o 4alls il Jesy GBM JV Y
3L Sl ) syl A e 5l dwas (235 ) )3« plasma proteins J owss
G ala jall 8 dau) o2 Jilud) 5 ¢ gaaiy LIS Lo 300 de 8 amla ) solutes JV 8L ]
FILTRATE

Glomerular filtration barrier Jalall (saz b 2y Bl Luda <
nephron Ji ¢ 4still als jall 5l 4plil) adasdd) ) yiey (i Bowman's space (& aesis
tubules J La

¢ g Ada yall B LBl 4 (e oS0 00 fiiltrate J) o U Jilud) s 5L b

+ Composition Of The Filtrate

- Water (H20)
Electrolytes) Na, Cl, K, Ca, Mg, P)
Nutrients
Glucose
Amino acids
Waste products
e Urea (BUN)
e Creatinine
e Uric acid
e Ammonia (small amount)
¢4 A tubules J) (e stiaa bk
Jo 4 o aall b Lay (50 il Sl JS e i (e AS)
aalall e 20y Ll iy agall o sia Ll ilaidl)
alec HlS e 02§ g gall 52K (liic

Process of Reabsorption Process of Secretion Process of Excretion
TUBULESJ e & )siia 535
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J s filtrate Jl 4de g ¢ 2 sl o

PROXIMAL CONVOLUTED TUBULE
oo 405l Jaatny o3 jlaall g Cayailal ga g jlaa Led Ilas o yiea el Ll L sae Tubules J) 8 sac Ll
Interstitial Tissued! s 5 L Jasall ynaill
allaa Y Siua tubules J) o) sl o JshY) cadlial dagm
DCT J'5 PCT Jls) Cortex J) Jals adi ¢l jal
Collecting Tubules J's Loop Of Henle J! -2 s Medulla J 2 & ¢ )
PCTJ 4wl

Jalall ;e microvilli W s cuboidal cells JS&I 4Sa LA 4ilasa L
Brush border (e 45 &l Audy shass Janty
Reabsorption JI 4xlaal slad) daliw ealy ) 43208 03
Nutrients J\s Electrolytes J) ahaal pabiaial Jiasm ¢ 3o €I 8 PCT AUl
70 % of Na & Cl

70 % water

PCT

70% NACL <
95 - 100 % glucose >95% GLUCOSE <

_ _ 70% WATER <
- 100 % amin I
95 - 100 % amino acids $95% AMINO ACIDS <

s (aleS La oo adlall LY avall 4aga LY 48U J 5l (e 50 s Nutrients J) el 1
aina¥) (alaa¥ly 5 S dlall (5 54k hall Tubules J)
J Reabsorption Jexin PCT JI Lk
85 - 90 % of HCO3
PCTJ Jlas 4 channels Gk e a3l reabsorption J 2 gebaial) sale ) dilee
445 clalsd secretion Jaxis PCT J)
Secretion process is the opposite of the process of reabsorption

waste products sions J)_8Y 4 g Gllee clalsa ot jlaall ashauell LAY e
) ) Lee (il Caags Cay gaiill JAla
o Organic acids & bases o Hydrogen ion H+

o Oxalate, metabolites of hormones o Drugs & Toxins
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Whas 4allla transporters <Sbua sa eadaw Je PCT J o) Gl e o
lele (3lhaw X (Lie channel J) o8 JMA o multiple solutes s 2
CO-TRANSPORTERS
» Co- transporters has 2 types
1) Symporters ( Co-transporters that move > 2 solutes in the same direction )
E.g. Sodium glucose linked transporters (co-transporters) SGLT
ade Jaidlhy I a5
SGLT2 inhibitors
oyl
OS5
Na/amino Symporters
2) Anti-porters which transport > 2 molecules in opposite directions
Na/H anti-porter
+ Summary of the Functions of PCT

The proximal convoluted tubule is the main site of solute and water absorption.

60-70% of glomerular ultrafiltrate is reabsorbed in it.
Sodium gradient drives most of the reabsorption
Basolateral Na+/K+ ATPase activity maintains this gradient
Sodium co-transporters mediate the following
- Glucose reabsorption
- Organic anion reabsorption
- H+ excretion, and therefore bicarbonate reabsorption
- Phosphate reabsorption
- Ammonia elimination
¢ Water diffuses passively along with sodium
Thus, proximal tubule fluid remains isosomolar with glomerular filtrate
¢ The proximal straight tubule is the main site of active organic ion excretion

Mediated by the organic anion transport protein family




DR. HOSAM MOKHTAR STRUCTURE AND PHYSIOLOGY OF THE KIDNEYS

1128 glal) 4y} 2 gt Juaa ol s
dansl L (el (a ye Ll Juany Dlad 8
Renal Tubular Acidosis Type 2
iaada g PCT J) 26d% 408 63
Failure of PCT to reabsorb bicarb (HCO3)
Initial insult is T HCO3 excretion so initially urine PH become > 6.5
Then HCO3 serum level drops, impaired absorption is still sufficient to acidify urine to < 5.5
Na HCO3 loss & mild hypo K
Laada Walaa (g 5Su
- Defect in glucose reabsorption (glucosuria without DM)
- Aminoaciduria
- Phosphaturia leading to osteomalacia
The last 3 complications make the so called FANCONI SYNDROME

khkkhkkhkkhhkkhkkhkhhkkhhkkhhkkihkhhkhhhhkhhhkhhkkihkihkihhihkikkikx

J s filtrate J) 4le s ¢ 32 U o

LOOP OF HENLE
Uiadin o sl e a a5y
Descending part ! PCT J L U loop of Henle JI ¢ Js¥) ¢ 32l
Ascending part 4ew sclall s il ¢ all Ll
¢ s3 Loop of Henle J) 4a g 4 5 58 b b
T sall 38 55 adabsy
¢ sl
I led G g Galac Led i
Reabsorption of water which makes the filtrate at such stage more concentrated S
J A il 03
Descending part
H20J! 3 5 jlas add o3 ¢ 3all

Permeable to water
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acliall ¢ 3all Wl
Ascending part
WATER . s
WATER Ao 49 annd
WATER 2y Passage of Na & Cl from the lumen across
WATER r=>WATER

the wall to the medulla

SALTY loop of Henle  Jl o5 (e s3na el (iny
. AREA

medulla J'
; J uans JUll
ASCENDING
[ LIMB Medullary interstitium is salty
N Jh 2 ha eag
=
ACL Osmolality inside it
= NACL

‘ Lk o2 ascending J) e 5l
,’m WATER f H20J! d&s e

Impermeable to water
led Jass Loop of Henle J) (A (Meas o

Countercurrent multiplier system

This is responsible for maintaing an osmotic medullary gradient in the outer medullary tissue

Medullary Osmotic Gradient J 4 (& s o3 b
¢ Medulla J Jaly Al Solutes J) 385 J) 38 52 g
This gradient ensures the vasopressin-driven reabsorption of water

From the luminal fluid in the collecting duct

< Loop of Henle J1 4l il s 438 S5 @

] : 0 :

B vt | Locooimso Reabsorption of 25 % of calcium Ca
| CALCIM - Reabsorption of 20% of potassium K
—>POTASIUM 20%

= MAGNESIUM - Reabsorption of 60 % of Magnesium Mg
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¢ 53 Aaalsy) cila glaal) cady (e WIS 38) € 53 mechanism J) <iss 49 b Ui Ua Jiiged) il
calay)
¢4l o Sian Gl s o g s) (A Jeania 5 40) B 1 gie i) gl 2 4] ol alaill (f gl Glic o
J B Jannieag
Chronic tubulo-interstitial nephritis
(RR U ke 0y
Loop of Henle J ba seas 5 L 5% Tubules J) 4dda 5 4803
J e Jisia daala €I Ul
Concentration of Urine

& 1 medullary osmotic gradient

0 S e e s cunas 03 Gy el Jull
o5 seall (aliaial sale ) 4d) JWAY 505 & g0 gem LS 4 I3 Jsall 02V cc g o0S i o
Jranaa Ul
Great loss of Na in urine
dansl 025 Jsall e la Lo 3o S CilaeS 2L 1

Salt losing nephropathy
Jl i JlaS 0a (sl
Collecting tubules are insensitive to ADH
daany (Sae il
Nephrogenic DM + polyuria

Al Tod O e Jaidin Mo ) gefia o) 53 b
Loop diuretics
E.g. Furosemide (frusemide)

1 4l Qo o3 .. 43 e LIS 1) (S 530
1) inhibits Na - k - Cl co-transporters
e easage A a5
Ascending part

2) It inhibits water reabsorption ---> diuretic effect
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$ Abalg
Tubulesd! casai 435 )5 (il yal (& 502l Cila Dl
L@.A.m\ ?«‘M ah\j
Bartter's syndrome
e O sSmea
Gene mutation affects the Na - K - 2Cl pump
In the ascending part of Loop of Henle
Na reabsorptiond! Jiw s

duasng
Stimulation of RAS system --> 1K & 1 H excretion

Ghany g
Metabolic alkalosis

Hypokalemia + low or normal BP
L5 S M 5 (el 03

Lasix like disease
(R 9

Na wasting disorder

Salt Losing Tubulopathy or Channalopathy

Ba rtter Synd rome Low water and Sodium absorption

Autosomal recessive. Low volume or low BP

Defect in Na K 2 Cl pump in thick ascending '
loop of Henle. (+) RAAS

M H+ Excretion

M K+ Excretion

]
— Inner ear hair cells Hypokalaemia

' SNHL Hypercalciuria / Hypocalcaemia
2C
H20

|

| » » Metabolic Alkalosis
2+ Na

0« X

. DOC: Indomethacin.
(thick ascending loop of Henle)
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J s filtrate J) 4le saxp ¢ 32 &G o

DISTAL CONVOLUTED TUBULES & COLLECTING TUBULES
e s filtrate J) L 2a
«« ascending part of Loop of Henle J!
DCTJ <y sail Ja s
sV od e Dall dpdils gl algall audi o Y adlasll Cum e s @

1) Early DCT is similar to ascending part of Loop of Henle _-=a¥! ¢l

2) Late DCT is similar to cortical part of collecting tubule 2 & U

3) Medullary part of collecting tubule _a=¥' &5l
4) Collecting tubules

LATE DeT

— SCORTICAL COLLECLTING
DucT

——— MEDULLARY
COLLELTING DU
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1)EARLY DCT

Crmalad ciala e 4l g sa Ll
1. Na & Cl absorption

2. Ca absorption
1)Na ABSORPTION

psnsall 50 %10 - 5 O dadd 4l g5 La
Loop of Henle J ¢e 4dliaa Ua o 50080l
4l e Lumen J om b a8 DCTJ WA o) (n) saiia Uil e 5 )
Peritubular capillary (blood) 4sU 4l (5
o le A asalil
Cell and blood (capillary)
Basolateral membrane 4eul 2
Lpansl 4l byl 50 4dle
Na - K - ATPase transporters

PERITURVUIAR
CAP ILLARY CELL - BARLY DT

S SE——

ALY 1 3 K J 5 a2ll Na ot sl Ll iy a5 La 5 55 a8 llan € (SLal B odgmsa (535 @
DCTJ) Jlaad didasall aplall o g 2 03 sacall 58 55 iy (il 5 ¢¢ LSl
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¢ AL A e Ji i) s g2 aguagall 3859 @
filtrate J (e s sisall lumen J) (2 p 52 eall 38 55 45 Haa : 4l )
el 503 eliall e i) G gradient JuS il o8 sl oz oxi deasa il
Apical membrane
DCT Cell J' dals ) sum glie filtrate J) s lumen J Ge Ja a saa seall 2 5Y o L assiill
) DA G g3
Leansl 5 pany ae (V) sl 5 chloride J) e 48 jide <l 50 (e 400

Na- Cl co-transporters
Gllia \S 13 Las) sl s o

2 molecules crossing in the same direction
The transporter is called Symporter
400 4aali (e o g goa AlSe A 4l e A (Al p pageall 035 0
(g =i ie gpical membrane J) ¢ 4dadl Jala Jie a0 gall ae Jas U Chloride JV oS @

~3) Al basolateral membrane J ¢ allay g 4slll aalill = A5 (sonm

¢ daglnall 258 4y

PERITURULAR e el sa Gllia of Lesaila
CAPILLAR Cew : EARLY DLT

LS d J e Jiid llaa

200 € ) Sodium chloride Co-

AP

P At transporter

(Symporter)
J s Y

Thiazide diuretic

2 Mas aga el a0y
400 Alala g haraall ~Sle

» Thiazide diuretics are drugs that cause both natriuresis (removal of sodium in the urine) and
diuresis. Thiazide diuretics work by blocking sodium and chloride (Na/Cl) channels in the

distal convoluted tubule of the nephron and inhibit the reabsorption of sodium and water.
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¢ Laalitucia da glaa U 4

DCT  dV e o0 e sl capan 5ol Jl 5 G e cllia ()
paaiilly
Na - CI cotransporter

m\j
Gitleman Syndrome

Thiazide diureticsd! il asiy o il o2

. THE SKELETON KEY @
Gitelman Syndrome y ¥ M ¥

s Biallelicinactivating mutations in SLC12A3 Hypokaiemia

Metabolic
alkalosis

which encodes for the thiazide sensitive Sodium 1 K*and Tl
Chloride Cotransporter (NCC) A secretion
T Nacl

. deliveryto
Distal Convoluted Tubule distal — Y

nephron

{

Volume

Contraction T Renin

p__________R.—

1T ca*
reabsorption

Ca™ Hypermagnesuria
Mg* - - - —»
3 Na* 1 mg+
‘ reabsorption

Tubular lumen | Basolateral Hypomagnesemia

Hypocalciuria

N.B:

¢ Bartter's syndrome
--> lasix like
Mutation in Na K 2 Cl pump on ascending loop of Henle
¢ Gitleman's syndrome
--> Thiazide like
Mutation in Na - Cl co-transporter (Symporter)
«« Mg absportion J' ¢ % 10 - 5 e 453 Early DCT J o JSAL ol (e <
PCTJ (e ¢ 325 loop of Henle J 8 bada eyl
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2)Ca REABSORPTION
Na absorption J! 4gbiia 48y jlay Jiasyy Lk o

Na- K ATPase pump on basolateral membrane (between cell and blood)

+

Na - Ca anti-porter
DCT Cell  J) Jaly o saudlSH (5 sinsa (sl ) (535 Lea o) ) Ca g s @
Gradient Jex 5
DCT Cell J' Jals J filtrate J) e s lumen J (e sera s 48Ul 4alil) (6 Jay o sl jlanid 0

(Calcium uniporter) ks sas ol gz 5

Ca uniporters
e Jsmall O 5o el Cliia Lgle (50
Calcium homeostasis
PTHJ 525 Y

pll (3 sanllSl) (5 ghse 28 51 9 Ca reabsorption J) 2w eas

PERITURVLAR
CAPILLARY Cew : EARLY DCT

2N
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2)LATE DCT
Collecting Tubules J e (a5 late DCT JV J3aw «« Early DCT J) o« filtrate Jl z s e a o
J Lk
Late DCT & early part of Collecting Tubules
Adals gl i gl Ly 5
Secretion sl Reabsorption 4lasy electrolytes d) (re e ¢ 3 Gile bal le s jaikaglls o
LA e (s ginall plasdl A e Gl g2 820k (e

JIland 45 Kl LAy Lia
Late DCT & cortical part of collecting tubules
LA (e (e 58
A. Principle Cells
B. Intercalated Cells
e Principle cells are responsible for part of Na & potassium handling
While

e Intercalated cells are responsible for Acid base regulation

LaTE Det g, Cortreatr CD

PrINC IPAL
LeLLs

N
® -
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¢ PRINCIPLE CELLS J 4 hdalt Juaa A
sl sale) 03S AV (1

3-5%of Na
+

K extrusion (secretion in the filtrate)

Early DCTJ (& Jeann € AL 4gnd o aala

Basolateral membrane between peritubular capillary and

Principle cell has Na - K ATPase pump

psmali sl J 633 Qe blood J z s308 a g3 geall

Jara 03 (UL 5 4dall ) gm0 58S i JlB 2 g0 gl 2 5 A
Gradient
Apical Membrane 4xUll 4l e J Al filtrate J 2 A o 00 seall s 03 g
Principle Cell J's lumen JV &
Lol bl g3 33k oo JAa 2 503 puall (& Lia g

Epithelial Na channels (ENa channels)

PERITURVLAR TUBULAR
CAP ILLARY cew: PRinctPAL CoL LUMEN.

—
E] pi,{'m Lo

¢ Early DCT J) ¢ A GBEAY) 4yl Jlag)
Mineralocorticoid (Aldosterone) J! s a4l e Jaida ) of g8 CadEaY)
Aldosterone action: Na reabsorption (Na retention) + k secretion in urine

Na retention --> salt retention --> water retention --> regulation of BP
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¢ 4 ga) Adde Jatdig 0a lSall JA
Leaka o)

Mineralocorticoid antagonists or K sparing diuretics
Tl )
Spironolactone & Epelerone

Ian dage ada Ua clis 1938 00
¢« larall s K J) s Na Jl abaiw 4l cils N ALDOSTERONE J) <
RAS system J) adass Ja) ey (LS g6d

RAAS = Renin - angiotensin - aldosterone system
LIS Ll (g yma g8 g0S Ji8 4t LialSH) Uis) oa g
Jradilly 03X J aalia 14 1ol gldostetone J) gl ) Led by dna je CYla lia <
aeadle |y 38 1 hypokalemic Hypertensiond! ¢ sa s 4
1. Primary aldosteronism
2. Secondary aldosteronism
¢ Primary aldosteronism
At OIS slaadle

Hyperplasia --> Aldosterone antagonist

Jer A 4l Jlesl
¢ Secondary 1 aldosterone
J ) 2l sl e perfusion of the kidney J) dlés (i e sl 4aY)

Liver failure & heart failure

» Decreased perfusion of the kidney ---> Renin release from the kidney
--> Activation of RAAS --> Na & water retention
S AN XX lie
v' Liver failure :
LL edema, ascites * pleural effusion
e sl i a5 aaY) Jaladl ) 48lzaWU o0 Lans
v’ Heart failure:

LL edema, pulmonary edema + effusion * ascites
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» In Liver Failure & Ascites
The main and first line diuretic of choice is Aldosterone antagonist (spironolactone)
Na & retention J (s 42 jiall 4dlall juSa M 5o (L
» Also, In Heart Failure
Spironolactone has a major role in the management of heart failure and decreasing mortality
({ Na & H20 retention) --> | apoptosis & | myocardial fibrosis due as a result of decreasing

volume overload

¢ La 4 Epithelial Na channels (ENa channels) J) s Jaids 4 99 Sl
Na channels blockers
In Late DCT is special type of diuretics like
Amiloride & triamterene

Jz3le & aaiiudy 52

Liddle's syndrome
o3 ¢ 3l e Jaadny W diuretics J) g) sl JS adasale b

Late DCT & early cortical collecting tubules are of K sparing diuretics
1) Aldosterone antagonists
(spironolactone)
2) ENa blockers (Amiloride)

Aldosterone antagonists Na* channel blockers
* Spironolactone * Amiloride
* Eplerenone * Triamterene

Fig 2 - Principal cell of the late DCT and CD.
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Late DCT & cortical Collecting tubules J 2 LAY (e (SUll & il Wl <
lean) LA
INTERCALATED CELLS
Type A (Alpha) & type B (beta)

LaTE Det g, CorTreat CD

¥

PRINC 1 PAL
(FANKS

Nt
Q -

Beta (B) L s alpha (A) WA (e 53504
Joe Ol e
Regulation of acid base balance (metabolic buffers)
ABG ile i 53 2D Lia i LS
The kidneys are responsible for metabolic compensation
Alia Lasks
Acid + (H+) & Base - (HCO3-)
¢ b glena adali ol o) 51 LOATY ) slea g0 b
Aol Cmia (iaes 58 glie H20 JI (8 CO2 JI glisd 2 e deasat 02
Carbonic acid
Al 2 38 G2 sk e 4l al 03
Carbonic anhydrase
A dsaiy Qe
H™ (acid)
&
HCO3 - (base)
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Cagld JS s dy) qub e
» Alpha (A) Intercalated cell is responsible for
- HCO3 reabsorption
- H secretion
el aua aall (o s ) cilaidl (63 4l
Excess base & low acid --> PH will be high (metabolic alkalosis)
LA e A g il S5 o iaiall iy
» B (beta) Intercalated cells
oSl Jary
H+ reabsorption & HCO3 secretion
49 lall 5 cdpumanll g Jalatie pall By (e

PH will be maintained between 7.35 - 7.45

Type A: HCO3- reabsorption & H + secretion

Type B cells: H+ reabsorption and HCO3- reabsorption

e Type A intercalated cells utilise hydrogen-ATPase and H+/K+-ATPase transporters to

secrete H+ into the lumen, whilst reabsorbing HCO3-.

PeRITURULAR -
BULAR
CAP ILLARY couL :(B) : K-INTERCALATED CBLL ) mgN.

HuE ¢ Heoy” H*
@ . :llo_’

eapeovie
ANHYDRACE

—=kt Coy +H,0

/
Co,”
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e Conversely, type B intercalated cells have H+ and HCO3- channels on opposite sides of the
cell. The net effect in type B cells is secretion of HCO3- and reabsorption of H+, important

in the body’s response to alkalosis.

PERITURVLAR B ULAG
CAP ILLARY cew (®) - BINTERCALATED CoW LymeN.

‘(—@Dﬁ . _ iuw;
Zm " H:—loljh% -

eapeoNie
Avayorase |

—=CL CO, +H,0 =

/
Co,”

a3y Hhall G 3askh oo 5 S sy g Liayd PCT J) LA Jala 23 HCO3 J) z Uil 4plee <[4k sale
— CO2 + HCO3 --> H2CO3 --> (H+) + (HCO3-) by effect of carbonic anhydrase enzyme
PCTJ 2 Reabsorption ¥ s H secretion (s (S
Jsall & ads 3 sNH3 Wi sa¥) 5l PO4 i sill elay el salail i Jlumen OV GV H I s s am 2 4ka ala

acidosis «uesd lumen J dals ) Al o e g ) p2e lasal

€15k el ks
e Gl e Gl i s AS) a0 4duha 5
Reabsorption of HCO3 & H secretion
So, Loss of bicarb (low HCO3) + retention of H
Net result --> Metabolic Acidosis
» In conjunction with failure of K secretion
Metabolic acidosis with hyperkalemia
PH |
Kidneys: HCO3 |
PaCO2 | compensatory CO2 wash by lungs
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3) COLLECTING TUBULES
J e oy adasa A (60
Filtrate
b o shad JAT 5 Lea 3 G G Clidaal) JS 2ay aie by ala ) A
WATER REABSORPTION
Water reabsorption occurs under the influence of ADH
ADH is produced in the hypothalamus, and stored in the posterior pituitary gland until it
Is released. This hormone acts on kidney tubules to increase the number of aquaporin 2
channels (water channels) in the apical membrane of collecting duct tubular cells.

ADH is also known as Vasopressin

PERITURV LAR TBULAR
CAP ILLARY cew: LATE DCT ¢ ¢D LWMEN. _ADH

&Q}’an_l
¢ FH,0

I

DiLuTe]
CONCENT
—RATE

URING

- Synthetic form of it is called Desmopressin DDAVP (like minirin )
ADH binds to V2 receptors on the tubule cells
Hil
Increasing production of cyclic AMP
Hil
Vesicles containing the aquaporin 2 channels deposit their contents into the apical membrane of
the tubular cells (the basolateral membrane always contains aquaporin 3 and 4 channels, so is

always permeable).
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N.B:

Increasing the number of channels increases the permeability of the cell, resulting in the ability

to reabsorb more water from the filtrate and create smaller volumes of more concentrated urine
' ADH J Gsab ddarg Al 4
0e s G 5an Al aplal
Water conservation throughout stimulation of H2O reabsorption in the collecting tubules
eliminationd! ¢« H20 J) e aikilaa b
i Lilay oS Gliie o 48 anlall splutes J) 33k (s Jsadl S 538305 () s OSaY) i
Plasma osmolality: Sum of effective osmoles in plasma ranges from) 275 — 295)
(135 — 145) b range 8 (L3Sl (4 o 38 5 ) a5 gucall (5 sasa o Ladlayy (S
But urine osmolality varies according to consumption of water
aa ad ADH J) 1) o
dansl e Janyy
Syndrome of Inappropriate ADH secretion (SIADH)
> 1 ADH
--> Excessive water retention
--> | Na concentration RUNDRINIL
--> | effective Na
As an important osmole & solute
---> Low plasma osmolality

_ _ SERUM URINE
---> Excessive retention

. Hyponatremia & High asmaolality & High

lali
form the tubules LG
--> Urine more concentrated

-->1 Na & urine osmolality ABSENCE OF
Adrenal
insufficiency,
Hypothyroidism,
Diuretics, etc
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B ADH J) ¢ (usad) Juaa 51 Ll

) a s ez 02
DIABETES INSIPIDUS

Jossill 3,30 SN Sl
4ansl £ 5035 Jlad Jalh o 318l ()5 ed) G Ll <

Cranial or central DI
N OSIs sale o) ) (s el 4 AUl ¢ ill s <

Tubules --» Insensitive To Its Action --> Nephrogenic DI «
If ADH is low or impaired in action
---> Failure of Water conservation & reabsorption

--> Excessive Water loss of kidneys

l

Polyuria + low urine osmolality (dilute urine)

l

Reduction of water volume from the plasma
May lead to 7 Na concentration (hypernatremia)
SIADH J) sSe
cAalila Al gale
» There are 3 types of receptors for ADH: V1A V1B,V 2
e V 1A receptors mediate vasoconstriction.
e V 1B receptors are unique to anterior pituitary and mediate increased ACTH secretion

e 'V 2 receptors are located in the principle cells in the collecting ducts in the kidneys

acting on aquaporin 2 channels




