JUXTAGLOMERULAR APPARATUS (JGA)

Definition:

It Is a secretory structure present near the glomeruli at the region where
the initial portion of the distal convoluted tubule (DCT) comes in contact

with the glomerulus close to its afferent and efferent arterioles, actually

passing the\angle between them)
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Figure 14.5 BAPIR] The juxtaglomerular apparatus.




It is formed of the following cells:

1. Juxtaglomerular cells: venin) .

Juxtaglomerular (JG) cells are secretory cells located in the afferent arterioles.
Function:

JG cells act as intrarenal baroreceptors (they sense afferent arteriole pressure), which
enables them to efficiently monitor ABP and maintain normal GFR through the release
of renin, the initial enzyme in the renin-angiotensin-aldosterone system (RAAS).

2. Macula Densa cells:(Uac) )
A specialized group of epithelial cells in the\ initial part of DCT |that comes in close
contact with the afferent and efferent arterioles.

Functions: - ) UNLPL IV
o Are important in sensing tubular fluid flow and sodium delivery- to the distal
nephron. - o omseemes A Jous
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o Because of their proximity to the afferent arteriole, macula densa cells can regujate
renal blood flow (RBF) and glomerular filtration rate (GFR) /(Elutoregulation). 1

Function of JGA: Maintains the glomerular filtration rate (GFR) in response to blood

pressure (BP) changes in the afferentarterioies (autoreguiation of GFR and RBF).
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RENAL BLOOD FLOW (RBF) ), SIS 7S {v\\-,g .

Normally, RBF is about 1200 ml/minute. The flow is much greaier In the renal
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The renal fraction:
This is the portion of the cardiac output that passes through the kidneys.
Normally, it averages about 20 % of cardiac output @EGQO XlOO)/mn\gPing

from (12 % - 30%). Kdney ) Jt50 S Lom @adic CO

RENAL PLASMA FLOW (RFF) Lg\a//\ 707, é\,'\,/-y\,)\z,r,g ®

Renal plasma flow is the measure of the volume of plasma delivered to the
Kidney in a given time.
About 650 ml/minute.




Mechanism of urine formation

1)

2)

Urine is formed as a result of:
Glomerular filtration: Filtration of plasma from the glomerular capillaries into Bowman’s
space. o

Normally, glomerular capillary bed receives about_650 ml plasma/minute of Wh only about

1/5 (125 ml) is filtered into Bowman’s capsules while the remaining pass to the

perifubular capillaries.

e —

Glomerular filtrate is called primary urine and it contains all plasma constituents except
most plasma proteins (protein free-flaieh-which can’t be filtered.

Tubular reabsorption:

Transport of substances (mainly essential substances) from the lumens of the renal tubules to
blood in peritubular capillaries.
Normal values:

GFR= 125 ml/minute (180 L/day).
Tubular reabsorption: 124 ml/minute (99.2% of glomerular filtrate).
Urine volume: 1 ml/minute (= 1.44 L/day = 0.8% of glomerular filtrate).




3) Tubular secretion:

Process by which substances are transported into the lumens of the renal tubules from
the following sources:

 Blood of peritubular capillaries e.g. creatinine and K*.
 Tubular epithelial cells e.g. H* and NHs.

By these processes of reabsorption and secretion, the tubular fluid (= tubular urine) is
changed into actual urine.
Excretion = Filtration — reabsorption + secretion.
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capillary 3: Secretion

( 4. Excretion
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Figure 14.10 APIRI Diagrammatic representation of tubular

epithelium. The luminal membrane is also called the apical membrane.




Glomerular Filtration

= |tis the first step in urine formation.
= Filtration occurs from the glomerular capillaries to Bowman’s capsule through
the glomerular filtration barrier (glomerular membrane). T
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Mechanism and Forces mediating filtration

Glomerular filtration is a passive process (requiring no energy) that
Involves interaction between the following forces (Starling forces):

Filtering forces: 3 hilvation D\ ol \3' Do

1-The glomerular hydrostatic capillary pressure (GCP): It is about 60 mmHg.
It is the highest capillary pressure in the body. It is due to the fact that the diameter
of efferent arteriole is smaller than diameter of afferent arteriole.

2-The colloid osmotic pressure in Bowman’s capsule: Normally, it is too low to
be of any significance (zero) due to low protein concentration in the filtrate inside

Bowman’s capsule.

Opposing forces:

1- TherglomerulartcolloidTosmoticTpressurei(GOP): This is the force due to
plasma proteins. It normally averages about 32 mmHo. Trm—

2-Bowmanisycapsulegpressure; capsulamypressure (CP): this is the pressure of

fluid in Bowman’s capsule . It is normally about 18 mmHg.




v The net filtration pressure (NFP):
This is the driving force for glomerular filtration.

NFP =
Filtering forces — Opposing forces
=""(60+0) — (32+18)"="60-50 = 10 mmHg.

(‘A)Q-Sov' g o

GFR is directly proportional to NFP.
Y PIop Y SR 45

v' The glomerular filtration rate (GFR) :

GFR: The volume of glomerular filtrate /minute in both kidneys.

Volume: 125 ml/minute.

Composition: Deproteinized plasma (plasma free of proteins; protein free fluid).
Measurement: This can be achieved by determination of inulin clearance or
creatinine clearance.

v The flltratlon coefﬁment (Kp):

= [0( ok Hliekinsfd)) —
This is the GFR/mmHg of net filtration pressure, and is normally about 125/10 =
12.5 ml/mmHg/minute.




Forces mediating filtration
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Filtration Fraction

v

Definition:

Filtration fraction (FF) is the fraction (in %) of renal arterial plasma filtered across the
glomerular membrane.

v
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It is the ratio of the GFR to the RPF. -(
~——  —— qryf Prem 10V
It can be calculated if the GFR and the RPF are known:

FE = GFR/RPF
= 125/650 X 100 = about 20 % (about 1/5 RPF)
Therefore, about 20% of the RPF enters the renal tubules, while the remaining 80%
leaves the glomerulus via the efferent arteriole and becomes the peritubular capiilary
circulation.
When GFR is 125 ml/minute, the volume filtered\ 180 L/day. Since, the normal
plasma volume is about/3 L, it is clear that plasma is filtered about 60 times daily.




Determinants of GFR

I) Renal blood flow (RBF):
The GFR is generally-directly proportional to the RBF.

the blood pressure within the glomerular capillaries,

1) Glomerular capillary pressure (GCP):
The GFR is directly proportional to the GCP which is affected by the following factors:

A. Afferent arteriolar diameter:
o VC decreases both RBF and GCP, so GFR is reduced.
o VD increases both RBF gnd GCP, so GFR is increased.

pe=———

B.‘ E fferenb arteriolar diameter:
= VD decreases GCP, so GFR is reduced.
» VCincreases GCP, so GFR is increased.

C ABP 2, (fh\ &0

Increased mean ABP (MAP) tends to raise glomerular capillary hydrostatic pressure and,

therefore, to increase GFR.W this effect is-buffered by autoregulatory mechanisms
that maintain a relatively c nt glomerular pressure-as-blood pressure fluctuates within
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a certain range.)
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Figure 14.9 E‘_’L@ Control of GFR by constriction or dilation of afferent arterioles (AA) or efferent arterioles (EA). (a) Constriction of
the afferent arteriole or (c) dilation of the efferent arteriole reduces Pgc, thus decreasing GFR. (b) Constriction of the efferent arteriole or
(d) dilation of the afferent arteriole increases P, thus increasing GFR.



I11) The glomerular colloid osmotic pressure (GOP):

The GFR is inversely proportional to GOP.
As blood passes from the afferent arteriole through the glomerular capillaries to the

efferent arterioles, the plasma protein tration increases.
Thus an increase in GOP (as in_dehydrati duces GFR. While, a decrease in
GOP (e.g. due to hypoproteinemia) increases the @ —_—

N~

I\VV) Bowman’s capsule pressure; capsular pressure (CP):

The GFR is inversely proportional to CP.
Thus an increase in the CP due tosstone in the ureter (obstructing outflow of

urinary tract) reduces GFR. \)f\f,) a7 (e
\ o= T




V) Size of the glomerular capillary bed (the filtration surface area):

The GFR is reduced if the glomerular surface area available for filtration is

decreased (directly proportional). . . _

This occurs due to either: L Sram¥ NS Jig eah o€

(a) A decrease in functioning kidney mass (i.e. number of nephrons) as in chronic

renal failure and after nephrectomy.

(b) Contraction of the mesangial cells (stellate cells that surround the glomerular

capillaries between the glomerular capiflary endothelium and basal lamina). Contraction

of these cells reduces the surface area of the capillaries, which causes a decrease in

GFR.

V1) The glomerular capillary permeability: QDL') 'Pb{5>

o The GFR is directly proportional to glomerular capillary permeability.

o Glomerular capillary permeability is altered in renal diseases (e.g. it is increased in
glomerulonephritis due to damage of capillary walls and reduction of their negative

charges). -
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Regulation of GFR (Renal Hemodynamics)

Control of renal hemodynamics occurs through the following mechanisms:

The renin-angiotensin-aldosterone system (RAAS):

v It is activated in response to low renal vascular flow (renal ischemia) which
stimulates renin secretion by the juxtaglomerular cells at the ends of the afferent
arterioles.

v This, in addition to the modulation of renin secretion by the macula densa, will
activate the RAAS.

v The renin will act on angiotensinogen to produce angiotensin | which is converted
to angiotensin Il by ACE and thus control GFR.

Angiotensin Il:

o It is a vasoconstrictor, and in the kidneys, it acts directly on the renal arteries, and
to a greater extent at the afferent and efferent arterioles, increasing resistance.

o Angiotensin Il actually has greater effect on the efferent arteriole than afferent
arteriole. Thus, increasing or maintaining the glomerular capillary pressure in
the glomerulus and GFR.

o Angiotensin Il maintains the GFR even in the face of decreased overall RBF.
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Atrial natriuretic peptide (ANP):

O

Cells in the cardiac atria synthesize and secrete ANP in response to stretch; atrial
distension (at high blood volume).

ANP acts on several tubular segments to inhibit Na* reabsorption.

ANP also directly inhibits aldosterone secretion, which leads to an increase in Na*
excretion.

ANP causes natriuresis and diuresis, reducing ECF volume.

ANP also causes VD of renal afferent arteriole and VC of efferent arteriole
increasing glomerular capillary pressure, and thus, GFR. The enhanced flow
increases sodium and water excretion, reducing blood volume.
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Sympathetic nerves and catecholamines (NE and Epi):

v
v

They are stimulated in response to reductions in systemic blood pr
They cause vasoconstriction of the renal arteries and arterioleg (afferent >)
efferent), lowd JofP /6FR,
Mild stimUlation of sympathetic nerve activity produces almost no effect,
the intrarenal systems will counteract this effect, to ensure the kidney

vasculature remgins,dil?ted, preserving GFR. v gthsdC

in
During high’g';/mp the%lc nerve activity (severe hemorrhage), sympathetic
nerve activity overrides the intrarenal regulatory mechanisms and

reduces RBF and_GFR.
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Endothelial-Derived Nitric Oxide (NO): ~ %2

w‘w o 1)'0\__- 6 W6IC .ﬁl l’fﬂ* on
GAs ‘ ‘
NO is an autacoid that decreases the renal vascular resistance and increases GFR.

——

Intrarenal prostaglandins: (PGE, and PGl,)
o They are vasodilators, acting at the level of the arterioles and glomerular mesangial

cells.
o They cause dilation of afferent > efferent arterioles, thereby increasing RBF and
GFR. —

——
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AUTOREGULATION OF GFR & RBF

o This is an intrinsic mechanism in the kidney that keeps GFR and RBF

nearly constant despite changes in mean ABP (MAP) between 80 —
180 mmHg.

o Intrinsic systems include the myogenic and tubuloglomerular

feedback (TGE)mechanisms.— =

o These systems allow regulation of GFR over a wide range of systemic

Mp_te_ssm;e.




ul'if] . £ Mechanism of utoregulatio\n f GFR and RBF
Ligsd ALoreguten 1 FR s RO

l. When the mean ABP rises to 180 mmHg:

In this condition, constriction of afferent arterioles occurs, so both RBF and GFR
are kept relatively constant (or increase slightly) in spite of the increased MAP.
This is produced by either myogenic mechanism or tubuloglomerular feedback

mechanism.

1. Myogenic mechanism:

T Mean ABP — stretch afferent arterioles— entry of Ca?* from extracellular fluid
Into cells— vasoconstriction of the afferent arteriole — increasing vascular
resistance to prevent excessive increases in RBF and GFR.




2. Tubuloglomerular feedback mechanism:

(A feedback mechanism that links changes in sodium chloride concentration at the
macula densa with the control of renal arteriolar resistance)

o Rise of mean ABP increases glomerular filtration, so the rate of flow through the
ascending limb of LH and first part of DCT also increases.

o This initiates a signal from macula densa (probably as a result of the increase of
Na* and CI- concentrations) that produces VC of the afferent arterioles (which
may be mediated by adenosine or ATP).

o The afferent arteriole constricts, which reduces glomerular capillary pressure,
and thus decreases the pressure for filtration, reducing GFR and tubular flow.




1. When the mean ABP falls to 80 mmHg: UmysY iy \gfﬂv!he)md ool )
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In this condition, VC of efferent arterioles occurs. So, the GFR is kept relatively
constant (or decreases slightly) in spite of the decreased MAP.
Such arteriolar response is produced by a tubuloglomerular feedback mechanism
as follows:
The fall of MAP decreases glomerular filtration, so the rate of flow through the
ascending limb of LH and first part of DCT also decreases.

This initiates a signal from the macula densa (probably as a result of the decrease
of Na* and CI- concentrations).

Macula densa cells activate juxtaglomerular cells causing the release of renin
and this catalyzes formation of angiotensin 11, which specifically causes VC in the
efferent arterioles.
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Wil P plasmass owRenal Clearance

* The renal clearance of any substance iIs the volume of plasma
from which that substance is completely removed (“cleared”) by
the kidneys per unit time.

™ /m

_ why iy imperbnfs-1
»" Renal clearance iIs one of {renal function tests that depends on

combined blood and urine analysis. A (S 02 Cx

1. Filtration
2. Reabsorption
3. Secretion

Glomerular 4. Excretion

Peritubular
capillaries

Renal
vein

Urinary excretion
Excretion = Filtration — Reabsorption + Secretion



The clearance equation incorporates the wurine and plasma
concentrations of the substance, and the urine flow rate and is usually
reported in ml/min.

Equation of clearance:
Clearance is calculated by using an equation that is determined as follows:

1. The amount of substance (x) cleared from the plasma/minute =the
amount of this substance excreted in urine/minute.

2. The amount of substance (x) cleared from plasma/minute=C _X P,
C, = volume of plasma cleared from substance (x) per minute = ml /min

P, = concentration of substance per mlin plasma = mg /ml

3. The amount of substance (x) excreted in urine/minute= V X U,, where
V is the volume of urine/minute (ml/minute).
U, is the concentration of substance/ml urine (mg/ml).




4. Since both amounts are equal, then

0
C XP =VXU, therefore s 5 'y/ ‘)’/‘““){J‘X‘{L’\
C \ (‘\‘)/mL = ?\NM‘)\S o)km\\}sjl) ’Z,W\L/m""l)_%)\ &
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This is the equation of clearance (C) and it shows that the clearance value of
any substance is obtained by finding its amount excreted in urine/minute
(VxU), then dividing this amount by the concentration of this substance/ml
plasma (P).

The clearance of various substances is not the same depending on the mode
of handling of each substances in the nephron (i.e. what happens to the
substance in the nephron).

Substances that are secreted in renal tubules have high clearance, while those

reabsorbed have low clearance. £/Secs sp ﬁlhd-q.q,uaus)!m ilr. Lﬁrub>6bowwx‘v\ *
yecokion W wein — meaning Vet o subestence ha “Mm g’*_

N.B. As the substance is freely filtrated so, its concentration in pIasma(PX) = |ts
concentration in glomerular filtrate (GF,).




When substance x passes through the renal tubule, the following
possibilities can occur before being excrefed in uriie:
1. The substance is freely filtered in glomeruli and is neither reabsorbed nor

secreted in the renal tubules, so; T
The amount filtered/minute = the amount excreted/ minute
GFR X GF, = VXU,
_VXUx
GFR= i

Since the substance is freely filtered
So, its concentration in plasma = its concentration in filtrate

P, = GF,
5 15
GFR=XUx= ¢

e.g. inulin

Th ee maj 1

nal processes: Urine
o == Glomerular filtration
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Unfortunately, there 1s no endogenous substance that exactly meets
these requirements (i.e., the substance is freely filtered, but neither
reabsorbed nor secreted), Inulin does meet these criteria.

Inulin Clearance:

S5z p a0 &»‘5@\'{;\:«9\\}\5@.&?‘0 (N5 gy = 5=

= Inulin is a polysaccharide. Its M.W is about 5200.

= Its mode of handling in the nephron is as follows:

o It i1s freely filtered In the glomeruli (i.e. its (concentration In

plasma= its concentration in glomerular filtrate). ‘c“ﬁ'ﬁﬂmﬁ?’“

o It Is neither reabsorbed nor secreted in the renal tubules, so the
amount filtered/minute=the amount excreted in urine/minute.

o Accordingly, the wvolume of plasma that is cleared from
inulin/minute (inulin clearance) is that volume filtered in the

glomeruli/minute i.e. the GFR.




For this reason, determination of Inulin clearance is often used for
measurement of GFR as follows:

1. The amount of inulin filtered/minute= GFR X GF

And since GFR=C,, and GF =P\ _ =

So, the filtered amount= C, X P

2. The amount of inulin excreted/minute=V X U,
Since 1 and 2 are equal

Ciny XP,y=V XU, and accordingly

C,y (GFR)= 222 = ghout 125 ml/minute.

P

IN

A Filtration only

Inulin | |

1. Infuse a substance into patient.
2. Achieve steady plasma conc.

3. Collect urine and blood.

4, Calculate Clearance.

Urine




= Significance of inulin clearance:

o It measures GFR.

o Itis used as a reference value:

Substances having lower clearance than that of inulin (e.g. urea) means that
they are reabsorbed in the renal tubules while those having higher clearances
(e g. creatlnlne) means they are secreted.

N/ ow((ﬁecror o0 )5 Veakysevbiion ”Ufﬂ anbinvs JAGN @5 L) O e— F{L mjﬁ,
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Pinuin =1 mg/ml

Amount filtered = Amount excreted

GFR X Pioyin = Uinuia X Y

llllll

GFR = 125 ml/min

—

R

Y

Upnuiin = 125 mg/ml
V = 1 mi/min



o Infusing inulin to determine clearance is not routinely used because
of the invasive nature of the procedure.

o Instead, the renal clearance of the endogenous substance creatinine
is used to approximate GFR.

Creatinine Clearance: oS3 (P 3Gt sz
v’ Creatinine is a by-product of muscle metabolism and is freely filtered

by the kidneys.

v’ It is not reabsorbed, but there is about 10% secretion into the renal
tubules from the peritubular capillaries, and thus, creatinine
clearance overestimates GFR by about 10% but is close enough to be
highly useful in most C'J&L‘Eﬁ! sEJatlogr}gaim
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2. If the substance is :
o Freely filtered (in glomeruli)
o Partially reabsorbed and not secreted in the renal tubules:

The amount excreted in urine/minute < the amount filtered/minute.

GFR > clearance of this substance.

e.g. urea.
Urea clearance is normally about 70 ml/minute.

B. Filtration., partial
roabsorption

[ —

Substance

—




3. If the substance Is:

v" Freely filtered in glomeruli
v Completely reabsorbed and not secreted in the renal tubules :

The amount of substance excreted in urine/minute =zero
So, the renal clearance of this substance = zero.
e.g. Glucose

C. Filtration, complete
reabsorption

Substance C

Urine



Glucose Transport and Tm_ e A Wersporde

Glucose reabsorption is an example of secondary active transport. e PE
For glucose transport, the rate-limiting step is the number of specific S(ransporters
(sodium-dependent glucose transporter (SGLT)-2) available in PCT. Vsl :

Glucose and Na* bind to the sodium-dependent glucose transporter (SGLT)-2 in the
apical membrane, and glucose is carried into the cell as Na+ moves down its
electrical and chemical gradient. The Na* is then pumped out of the cell into the
interstitium, and the glucose exits by facilitated diffusion via glucose transporter
(GLUT)-2 into the interstitial fluid.

T.here is a limit to the amounts of glucose thatmiéxlggx“gog&\ lgs*t&gs Eg.zw p‘ﬁr; ,}Jonit
time known as the transport maximum (Tm). This is because the biAding sites on

the membrane transport proteins become saturated when the concentration of

the transported substance increases to a certain level.
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The sodium-glucose carriers have a high transport maximum (Tm), and under normal
conditions, the filtered load of glucose is low enough that the transporters can carry all
of the glucose back into the blood, leaving none in the tubular fluid and urine. Thus, the
renal clearance of glucose is normally zero.

However, if the filtered load (FL) of glucose is high, there may be too much glucose
present in the tubular fluid and the carriers can become saturated.

The renal threshold for glucose: It is the plasma level at which glucose first appears in
the urine. It is the point where the first nephrons exceed their Tm, resulting in glucose
in the urine (glucosuria). It is about 200 mg/100 ml in arterial plasma.

When the plasma glucose concentration (and hence the filtered load of glucose) is under
the renal threshold, all of the glucose in tubular fluid will be reabsorbed.

However, when it exceeds the threshold, the transporters are saturated (Tm exceeded in
some nephrons) and glucose appears in the urine.

The/Tm/ is about 375 mg/min in men and 300 mg/min in women.
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concentration and the rate of glucose filtered (filtered load),
reabsorbed, or excreted. The dotred line shows the transport
um, which is the maximum rate at which glucose can be
reabsorbed. Notice thar as plasma glucose exceeds its threshold,
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(4) If the substance is

v' Freely filtered in glomeruli
v" Partially secreted and not reabsorbed in the renal tubules

then,
The amount excreted in urine/minute > amount filtered/minute.

The clearance of the substance > GFR.
e.g. Creatinine clearance (normally about 140 ml/minute).

D . Filtration. secretion

Substance D



(5) If the substance is
O Freely filtered in glomeruli a,u\y«,zba/y?w‘\os
d Completely secreted in the renal tubules and not reabsorbed.

o So that the renal venous blood is nearly free of the substance then,

O O O O

Consequently, all the_plasma that enters the kidney per unit time_is cleared of

this substance. >

Therefore, the clearance of this substance = RPF (ml/minute).

RPF can be measured by infusing bﬁ-%xrﬁinohippuric acid (PAH).

PAH is filtered by the glomeruli and secreted by the tubular cells,

When PAH is infused, 90% of the PAH in arterial blood is removed in a single
. . . g e L

circulation through the kidney. 3 2 ghulzniis a1 won ¥ Gl

So, the value obtained should be called the effective renal plasma flow (ERPF) to

indicate that the level in renal venous plasma was not measured.

Extraction ratio = Percentage of PAH removed from arterial plasma (90%).




o In humans, ERPF (= Clearance of PAH) averages about 585 ’!win.
\

So, 585 ml/minute represents 90 % of actual RPF. (
o Actual RPF= 585 X100/90= 650 ml/minute.

Significance of renal clearance:
= |t is one of renal function tests.
= Measurement of GFR by inulin clearance.

= Measurement of RPF b
= Estimation of(filtration fraction (FF).

T olr (00 = 122 X160
—¢t =

—



Urine Concentrating Mechanismes:
The Countercurrent Multiplier System

; OLSbo (/Y

Renal Countercurrent Mechanism ;,l?lw lj 0N

NNl T \/ el
Countercurrent system

o It is a system in which the inflow of a current runs parallel, opposite (counter)
and close to its outflow for some distance.
o 90, LH (and vasa recta) acts as countercurrent system.

Renal countercurrent mechanism: ~ ALY
o Itis the mechanism by which urine is concentrated in the Kidney. , -
o It depends on the production and maintenance of a state of hyperosmolarity

(hypertonicity) in the renal_medullary interstitium (MI) by the action of the

structures that pass in the renal medulla which are:  sutey ;5 L}a g8 1ap ol
Conlerdvaded et U"':‘L-")Z,/
1. LH of juxtamedullary nephrons (countercurrent multiplier system). (F
2. . Vasa Recta (countercurrent exchanger system). @m‘/\fm@)
3.  Medullary collecting ducts (MCDs).




1. LH of juxtamedullary nephrons:
@mokf' -

These constitute a countercurrent multiplier system that operates actively to

construct an osmotic stratification in the renal medulla (i.e. a progressively

Increasing hyperosmolarity in the renal medulla).

So that the osmolarity of the MI gradually increases from 300 mOsm/L in the

renal cortex to 1200-1400 mOsm/L at the renal papillae.

2. Vasa Recta (VR):
no\' V{OA\AC\W\c\'n
: WOF pantimnge <)
These constitute a countercurrent exchanger system that operates passively

to maintain the hyperosmolarity of the MI.

3. Medullary collecting ducts (MCDs).




Countercurrent multiplier system

_ _ YWCKR Raxx : : :
This system consists of LH of juxtamedullary nephrons which dip deeply in renal

medulla, and is concerned with production of graded hyperosmolarity in Ml by the
following mechanism:

Steps involved in causing hyperosmotic renal medullary interstitium:

Step (1): First assume that the LH is filled with fluid with a concentration of 300mOsm/L,
the same as that leaving PCT.

Step (2): There is a carrier in thick ascending LH (TALH) which actively transported
one Na*, one K*, and 2 CI- (Na*- K* -2CI~ Transporters) from the tubular lumen into
the cells. Active transport of these solutes raises the interstitial concentration.

Tubular lL Renal tubule cell JJ Interstitial
_JJ fluid

Loop diuretics

trans (Ao Hans port- :;:;::;";.?MJ

= Bumetanide




Step (3): Osmosis of water out of the descending limb of LH raising osmolarity inside
it gradually to about 1200 mOsm/L. S e

el 3555 = wim 0ad¥l eg> sl J] Y] ds
1200 N ood sl wos¥l U1y Bl 5855 Lo s

Step (4): Additional flow of fluid in LH from PCT, which causes the hyperosmotic
fluid previously formed in the descending limb to flow into the ascending limb.

———

Na k2!
Step (5): Active transport in the ascending limb) repeated Jover and over with the| net,
effect of adding more and more solutes to the medu Interstitium in excess of water.

B o ) e e 385 &y 3lss
(Collecting ducts)

Countercurrent Multiplier System

in the Loop of Henle
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Figure 28-3; Guyton and Hall




The ascending limbs of LH:
Are the segments responsible for creating graded hyperosmolality in MI.

v" The distal thick part (TALH):

o Itisimpermeable to water.

o Both Na* and Cl- are actively transported from the tubular lumen into the MI. This
produces hyperosmolarity in the Ml and at the same time, the tubular fluid becomes
more hypotonic (hypoosmotic) with an osmolality about 100 mOsm/L when delivered
to the DCTs.

o The transport mechanism depends on a carrier that transports one Na*, one K* &
2 CI- from the tubular lumen into the cells.

v' The initial thin part:

o Itis impermeable to water but highly permeable to Na* and CI-.

o Na* and CI diffuse passwely (simple diffusion) down their concentration gradients
into M1 4/ 2 ama) 280,10 adhs 7, Iisolodt ) joweS

Therefore, the tonicity of tubular fluid progresswely decreases as it moves up while

hyperosmolarity is developed in M.




The descending limbs of LH:

o Receive isotonic (iso-osmotic) fluid from the PCTs.
o Their walls are:

Highly permeable to water.

Impermeable to reabsorption of solutes (namely Na* and CI-).

Accordingly water passively diffuses outward down an osmotic gradient into the Ml
(which is hypertonic by the countercurrent multiplier effect of the ascending limb).
As a result, the tubular fluid becomes hypertonic, and its hypertonicity increases
gradually as it flows downwards reaching 1200 (up to 1400) mOsm/L at the tips
of the renal pyramids. 07720\ g\ 3eS

The reabsorbed water in the LH is about 15% of the filtered water in the
glomeruli, and it is also an obligatory reabsorption as that occurring in the

PCTs. (o Bty b i)




Causes of renal M1 hyperosmolality:

1. The thick ascending limb of LH (TALH):
o Impermeable to water. 7_
o "Active reabsorption of Na*, K*, and CI- (by common carrier proteln tha&
a{t(
transports one Na*, one K* & 2 CI- ) with passive reabsorption of +ve ions. mnapm
o There is a backleak of K* out of the cells into the lumen, creating_a lumen-positive
trans-epithelial potential difference (compared with interstitial fluid). This allows

paracellular movement of cations (Ca?*, Mg?*, Na*, K*) out of the tubular lumen.

2. The medullary collecting duct (MCD): v, =)

ADH increases permeability to water — water reabsorption "(facultative‘)water
reabsorption)—1 concentration of urea in the tubular fluid— diffuses to medullary

(kon W wyine \&7
Interstitium (urea recycling). ¢« \f\\u?m lfwosmo\«"b'

3. Transport of additional Na* and CI- into the medullary interstitium from the thin
ascending limb of the LH. —




Countercurrent exchanger system of the vasa recta

Fortunately, the medullary blood flow has 2 characteristics:

1. It is very sluggish representing 1-2% of the total RBF. So, removal of solutes is
minimized.

2. The vasa recta function as a countercurrent exchanger that prevents wash out of
solutes from the medulla. HOW?

» Fluid flows through along U tubule, with its arms lying very close to each other so
that fluid and solutes can exchange readily between the 2 arms (countercurrent
exchanger).

= Thus, as the blood flows down the descending limb, NaCl and urea diffuse into
the blood from the highly concentrated interstitium while water diffuses
outward into the interstitium. Both effects cause the blood osmotic
concentration to raise progressively higher to a maximum of 1200 mOsm/L at
the tips of vasa recta.




As the blood flows back up the ascending limb, all the NaCl and urea
diffuses back out the blood into the interstitium while water diffuses
back into blood.

Therefore, by the time the blood leaves the medulla with osmolarity
slightly greater than that of the blood that had initially enter the vasa
recta. As a result, blood flowing through the vasa recta carries only
minute amounts of medullary interstitial solutes away from the medulla.

A Sim 285 G s

U C oo (o
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Countercurrent exchange in the vasa recta. Plasma flowing down
the descending limb of the vasa recta becomes more hyperos-
motic because of diffusion of water out of the blood and diffusion
of solutes from the renal interstitial fluid into the blood. In the
ascending limb of the vasa recta, solutes diffuse back into the
interstitial fluid and water diffuses back into the vasa recta. Large
amounts of solutes would be lost from the renal medulla without
the U shape of the vasa recta capillaries. (Numerical values are
in milliosmoles per liter.)
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In this way, solutes are trapped in the MI while excess water is removed
from it, and both effects help maintenance of M1 hyperosmolarity.

The excess water comes from 2 sources:

Water that diffuses from the descending limbs of both VR and LH.
Water that is reabsorbed from the MCDs.

The countercurrent exchanger function of VR is helped by:

They are highly permeable to both solutes and water.

Blood flow is very sluggish (about 2% of total RBF).

Thus, the main function of VR is to maintain the renal MiI
hyperosmolarity.




Role of ADH in the Mechanism of Urine
Concentration and Dilution

b, TS D)

v’ Either a small increase in plasma osmolarity (~1%) or a significant decrease (a
greater than 10% loss) in plasma volume (from, for example, hemorrhage or
severe dehydration) will elicit release of antidiuretic hormone (ADH) from the
posterior pituitary gland. oy

v" ADH binds to V2 receptors on principal cells of the renal collecting ducts.

v );I'h,%@QJH increases apical water channels, orfaquaporin@(in the principal cells,

%ﬁjﬁ;@); In the presence of high concentrations of ADH, Water reabsorption occurs
from the cortical collecting duct ( about 10 %) until the fluid in this segment
becomes iso-osmotic to the interstitial fluid and peritubular plasma of the cortex—
that is, until it is once again at 300 mOsm/L.

v The iso-osmotic tubular fluid then enters and flows through the medullary collecting
ducts.

v In the presence of high plasma concentrations of ADH, (about 4.7 %) of water
diffuses out of the medullary collecting ducts into the medullary interstitial fluid as a
result of the high osmolarity that the loop countercurrent multiplier system and urea
trapping establish there. Thus, leading to a total water reabsorption of about
99.7% and a urine volume about 0.5 liter (obligatory urine volume) daily with
an osmolarity of about 1400 mOsm/L (hypertonic urine).




v' By this means, the final urine is hyperosmotic. By retaining as much water as
possible, the kidneys minimize the rate at which dehydration occurs during water
deprivation.

v At the normal rate of ADH secretion, about 10 % of water is reabsorbed in the
CCD and 4.2 % is reabsorbed in the MCDs, leading to a total water
reabsorption of about 99.2% and a urine volume about 1.5 liters daily with an
osmolarity about 400 mOsm/L.

—a->— = Facilitated diffusion
- = Active transport
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Figurc 14.18 APIR] Simplified depicrion of the generartion 2 Lo >
of an interstitial fluid osmolarity gradient by the renal _— Tight junction Basolateral
countercurrent mulriplier system and its role in the formation of Luminal \
s s 7 % s membrane
hyperosmoric urine in the presence of vasopressin. Notice that the membrane \
hyperosmortic medulla depends on NaCl reabsorprion and urea \

trapping (described in Figure 14.20).
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In contrast, when plasma ADH concentration is low, both the cortical and

medullary collecting ducts are relatively impermeable to water.

This occurs in cases of hydration and after drinking large amounts of water.

It is produced secondary to decreased secretion of ADH (as a result of both

hypervolemia and blood hypotonicity).

As a result, a large volume of hypo-osmotic (dilute) urine is excreted, thereby

eliminating an excess of water in the body. When the excess fluid is excreted, the

plasma osmolarity will increase. Q25 95

In severe cases of diabetes insipidus, the osmolarity of the tubular fluid in the

CCDs decreases to about 90 mOsm/L and is further decreased in the MCDs, leading

to excretion of a large volume of dilute (hypo-osmotic) urine with an osmolality

less than 80 mOsm/L (about 50 mOsmiL). (( hwe the o1 Dl n’) pateriof guloity
Jng )

In cases of complete absence of ADH, the urine osmolarity becomes about 30

mOsm/L, and its volume about 23.3 liters/day.

P ) 3.8 Jadl ame ADH JI >

mOsm/L 1400 agaf 34 0.5 Sle
mOsm/L 400 aoe/3d 1.5 b
mOsm/L 90-50 aos/3d 15 itia

mOsm/L 30 asaf3: 233 lalas _ole



a. Proximal tubule
b. Loop of Henle
¢. Distal tubule

d. Collecting duct

=
. A [
&WJ
¢. Bowman capsule

Answer: a. Proximal tubule

b. Decreased GFR and normal glucose level j c.P't:" 3
e. Normal glucose with increased renal threshold

a. Increased GFR and increased blood glucose level P
c. Increased plasma protein level

d. Hypoglycemia and low GFR

Answer: a. Increased GFR and increased blood glucose
level

a. Freely filtered o
b. Stored in kidney -
¢. Not protein bound

d. Neither reabsorbed nor secreted

e. Metabolized by kidney

Answer: ¢, Metabolized by kidney

a. Normally, all glucose present in glomerular filtrate is
partially reabsorbed during its passage in PCT.

b. Glucose reabsorption in PCT is a primary active
transport mechanism not dependent on sodium transport.
¢. Glucose and other sugars like galactose, mannose and
fructose show competition on the same carrier.

d. Higher the plasma glucose level, the more its amount
reabsorbed.

€. The kidney not the liver is the main site of glucose
homeostasis.

Answer: d. Higher the plasma glucose level, the more its
amannt reahenrhed

r:'Z 1. Increase in GFR occurs with which of the
following conditions?

a. Increased sympathetic stimulation . r\
b. Decreased renal blood flow A"’f”a
c. Hypoproteinemia
d. Ureteric obstruction
e. Severe hemorrhage to get rid of waste products
Ans: C

-

r_22A Factor affecting GFR are? Select one:

a. Changes 1n renal blood flow

b. Changes in glomerular capillary hydrostatic pressure
c. Ureteric obstruction

d. Combined effects of Changes in renal blood flow,
Changes in glomerular capillary hydrostatic pressure and

Ureteric obstruction. o
Ac}—:& JK

e. Changes in respiratory rate.

Ans: D
\
~
23. When GFR fall, the Na excretion well? Select one:
a. Fall
b. Increase - :l
c. Fall followed by increase 4‘1—9“:‘” J
d. No charge
e. Increase followed by sharp decrease
Ans: C
- -
Answer: B
20. Which of the following statements regarding Bc 's capsule pr (CP)is ct?
A) It is about 18 mmHg and results from plasma proteins.
B) Itis about 32 mmHg and results from fluid in Bowman's capsule.
C) Itis about 18 mmHg and results from fluid accumulation in Bowman's capsule.
D) It is about 10 mmHg and results from filtration of proteins.
E) It is about 32 mmHg and results from hydrostatic pressure in capillaries.
Answer: C
.BLOOD FLOW (RBF) |

a) 0.8-1.2 Umin
b) 1.2-1.3 L/min

c) 1.5-2 L/min
d) 2 - 2.5 L/min

e)5 -6 L/min

Answer: b

ly, RBF is about 1200 ml/minute

i.\. “ =30

Ll bassk

a) Low pressure capillary bed.

b) Drain into efferent arteriole. &
c) Highly permeable with wide fenestrae. A‘-‘—b_&ﬁj J [
d) Provide wide surface area for filtration.

e) Engulfed with Bowman's capsule.

Answer: a



