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Glomerular Filtration, Renal Blood Flow, and
Their Control

urine formation start with filtration of large amount of fluid through capillary to bowman
capsule

Importance of Glomerular Filtration: Remove waste products and the Waste products are
poorly reabsorbed by the tubules so get rid in the urine

plasma volume= 3 L, GFR is about 180 L/day — entire plasma can be filtered and processed
about 60 times/day. This high GFR allows the kidneys to precisely and rapidly control the
volume and composition of the body fluids.
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* Glomerular filtrate composition is about the same concentration in plasma, except for large
proteins , blood cells, Ca & FA because bound to protein so decrease in filtrate
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Glomerular capillary filtration barrier

The glomeruli capillary filtration barrier contain tree layer: the endothelium of capillary, the
basement membrane and the epithelial layer called podocyte

Fenestrated endothelium

-endothelium are richly negative charge that prevent the filtration of protein
- pores exclude blood cells and large plasma proteins (-ve charges)
Basement membrane

contain collagen and Proteoglycan gel

large amount of water and small solute can filter and prevent filtration of plasma protein
because of negative charge association with proteoglycan

Podocytes not continuous foot like processes (-ve charges) the foot process separate by
Slit diaphragm pores through which glomeruli filtration pass and have also negative charge
give more restriction to filtration of plasma protein

Filterability of Solutes Across Glomerular Barrier depend on:

» Molecular size (inverse relationship): if the increase size, the rate of filtration to these
solute is less

* Electrical charge (-ve charged large molecules are filtered less easily than +ve charged
molecules of equal molecular size due to electrostatic repulsion, any defect—
proteinuria/albuminuria

Albumin have the ability to pass the glomerular membrane because there size less than pore
but because the negative charge and the electrostatic repulsion not filter

In the certain kidney disease ,the negative charges in basement membrane are lost so some
low protein molecule like albumin is filter — proteinuria/albuminuria

* Shape (rigid or deformable)
Filterability of Solutes Across Glomerular Barrier

Filterability of 1.0 means= substance is filtered as freely as water; [plasma] =[Bowman’s
capsule]

Filterability of 0.75 =substance is filtered only 75% as rapidly as water

Table 27-1 Filterability of Substances by

Glomerular Capillaries Based on Molecular Weight
Substance Molecular Weight Filterability
Water 18 1.0
Sodium 23 1.0
Glucose 180 1.0
Inulin 5500 1.0
Myoglobin 17,000
Albumin
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Determinants of Glomerular Filtration Rate
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These value Very high compared to other body capillaries Kf (0.01) so rapid rate of fluid
filtration
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Changes in Kf probably do not provide a primary mechanism for normal day to-day
regulation of GFR so the regulation of GFR depend on mainly on hydrostatic pressure in
glomeruli capillary

but some disease cause lower Kf by reducing number of glomeruli capillary so reduce
surface area or increase thickness of the glomeruli capillary membrane so reduce
premeability

Like: -chronic hypertension, obesity/diabetes mellitus which increase the thickness of the
glomeruli capillary membrane so reduce premeability

-glomerulonephritis which decease surface area

20%=0.2 &) Lsa 5 filtrationted e S renal plasma flowcs aesill oa filtration fractiond): s slas
FF=GFR\Renal plasma Flow=125\625=0.2: 4:5¥) dalxall (e lalises sla Lua

hydrostatic pressure in bowman capsuled) s Al A Jalgadl g Sad WA L

Increase the hydrostatic pressure in bowman capsule reduce GFR but decrease the
hydrostatic pressure in bowman capsule increase GFR

Normally hydrostatic pressure in bowman capsule changes as a function of GFR, not a
physiological regulator of GFR

But it is change in pathological state such as Tubular Obstruction like in kidney stones,
tubular necrosis or Urinary tract obstruction like in Prostate hypertrophy/cancer

Which lead to increase the hydrostatic pressure in bowman capsule so lead to decrease HFR

In some state reduce the pressure of the hydrostatic pressure in bowman capsule like

hydronephrosis (dilation of the renal pelvic)
|
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capillary colloid osmotic pressured! e i A Jal 52l Lua

As blood passes from the efferent arteriole through the glomeruli capillary to efferent
arterioles ,the plasma protein concentration increase about 20% because the net filtration of
fluid into bowman capsule and plasma protein not filter so the concentration of plasma
protein increase

So the normal colloid osmotic pressure enter capillary is 28 mmHg then increase to
36mmHg when reach efferent arteriole

So there two factor influence on glomeruli capillary colloid osmotic pressure :
1-artrial plasma colloid osmotic pressure
2- the filter fraction of plasma that filter by glomeruli capillary

Increasing the arterial plasma colloid osmotic pressure lead to rise in glomeruli capillary
colloid osmotic pressure lead to decrease GFR

Also increase the filtration fraction lead to increase protein concentration and rise colloid
osmotic pressure

Filtration fraction depend on GFR if increase GFR increase filtration fraction

And depend on renal plasma blood flow if decrease renal plasma blood flow but the GFR is
constant the filtration fraction increase so high increase in colloid osmotic pressure

500d <l Ll L 3 6 Lua 625mI\min 3 LSs renal plasma flowd) Lua o8 Y0 lalia p5 Ll 4
23 7)) aetn daill 125 8 A GFRJ) (Ao Liladls

With increase renal blood flow, lower fraction of the plasma fraction of plasma filter so
slower rise of colloid osmotic pressure
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Ihe factor influence on glomeruli hydrostatic capillary pressure

1 PG — 1 GFR

Changes in PG serve as the means for physiological regulation of GFR
Factors affecting Glomerular Capillary

hydrostatic Pressure (PG) :

1-increase in Arterial pressure lead to increase GRF but this buffered by autoregulation
(constant PG)

2- increase Afferent arteriolar resistance lead to reduce capillary hydrostatic pressure and
decrease GFR and decrease renal plasma flow so filtration fraction is constant but if
dilatation increase both hydrostatic and GFR and increase plasma flow but also filtration

fraction is constant

3- increase Efferent arteriolar resistance lead to rise glomeruli hydrostatic pressure and GFR
increase slightly and decrease plasma blood flow so filtration fraction is increase so
glomeruli colloid osmotic pressure increase

But if the constriction of efferent arteriole is more sever ,the rise in the colloid osmotic
pressure is increase more than hydrostatic pressure because plasma protein concentration
increase rapidly so the net filtration rate decrease so the GFR decrease

T RE —1 FF & G — nG >PG — net |GFR

Glomerular
1509 filtration - 2000

Table 27-2 Factors That Can Decrease the
Glomerular Filtration Rate

Physical Physiological/Pathophysiological
Determinants* Causes

Re”ﬁé&'“" K- LGFR Renal disease, diabetes mellitus,

; é :-3 ; hypertension
Efferent arteriolar resistance TPs - LGFR Urinary tract obstruction (e.g., kidney
(X normal) stones)

1
©
o
=)
Renal blood flow
(ml/min)

Glomerular filtration
rate (ml/min)

Tns - LGFR | Renal blood flow, increased plasma
proteins

LA = 1P | Arterial pressure (has only a small
effect because of autoregulation)

IRe = 1Pg | Angiotensin Il (drugs that block
angiotensin Il formation)

(mli/min)

Renal blood
Glomerular flow

filtration
rate
1] T

0 1

Renal blood flow

Glomerular filtration
rate (ml/min)
3

TRa -&lPG T Sympathetic activity, vasoconstrictor

3 hormones (e.g., norepinephrine,
Afferent arteriolar resistance endothelin)
(X normal)
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Renal blood flow
* High blood flow (1100 ml/min ~22% of cardiac output)

* High blood flow to the kidney exceed needed for high rates of GFR that necessary for
regulation of body fluid volume and solute concentration

» Oxygen and nutrients delivered to kidneys normally greatly exceeds their metabolic needs

* A large fraction of renal oxygen consumption is related to higher rate active Na
reabsorption

so if renal blood flow reduce and less GFR are reduce Na filter so less Na reabsorb and less
O2 consumption

Jrenal blood flow& GFR —less Na is filtered —less Na is reabsorbed —less O2 consumed
3.0+

2.5

2.0

Oxygen consumption
(ml/min/100 gm kidney weight)

Basal oxygen consumption

1 1 1 1
5 10 15 20
Sodium reabsorption
(mEg/min per 100 g kidney weight)

Determinants of Renal Blood Flow (RBF)

1-difference between renal artery pressure and renal vein pressure

renal artery P=systemic arterial pressure main arterial pressure=100mmHg
renal vein P=3-4 mmHg

2-total renal vascular resistance(R) =sum of all resistances in kidney vasculature (arteries,
arterioles, capillaries &veins)

RBF = DP/R
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Most of renal vascular resistance resides in:
1-interlobular arteries

2-afferent arterioles

3-efferent arterioles

Control resistance of these vessel by sympathetic , various hormonal and local renal control
mechanism

1 resistance of any of vascular segments of kidneys — | RBF and vice versa if renal artery &
renal vein pressures remain constant.

Autoregulation

Intrinsic ability of kidneys to regulate its own blood flow to maintain GFR
Autoregulation — constant RBF & GFR over P changes 80-170 mmHg
Two mechanisms involved in renal autoregulation:

1. Myogenic response

2. Tubuloglomerular feedback

-myogenic response:

Is the ability of blood vessel to resist stretching during increase arterial pressure to elp to
maintain constant RBF and GFR

On when increase pressure smooth muscle of blood of afferent arteriole stretch and these
smooth muscle have stretch sensitive Ca channel

So when stretch these channel open and allow Ca enter from extracellular to to muscle cause
them to contract this help prevent excessive increase RBF and GFR

owman's capsyle
Smooth muscle Aﬁerent arteriole mergrafﬁtrﬁeﬁ
(w/ VSMC) = lomerulus
Fﬁa’&?mw

o ARBF =4 Hydrostatic pressure against the
walls of the afferent arteriole.

e Stretch receptors in VYSMC initiate VASOCONSTRICTION.
1flow of Ca from ECF into cells

€D \RBF=|P = |GFR




-Tubuloglomerular feedback

The kidney has feedback mechanism that link in change in NaCl concentration at the macula
densa with control of renal arteriolar

The macula densa sense change in volume deliver to distal tubule so if decrease GFR ,the
flow rate in tubule is slow so increase reabsorption of NaCl so reduce NaCl at the macula
densa and these decrease concentration decrease initiate signal from macula densa which
cause :

-decrease resistance of afferent arterioles by produce prostaglandin E2 and bradykinin so
increase hydrostatic pressure in glomeruli capillary and help return GFR

-and by increase release renin from the juxtaglomerular cell and the renin release and act on
angiotensinogen and convert it to angiotensin | and then from the ACE in the lung convert to
angiotensin 11

And angiotensin Il constrict the efferent arteriole so increase hydrostatic pressure in
glomeruli capillary so help to return normal GFR

And when increase GFR , the NaCl that reach macula densa is increase

So macula desa release adenosine which constrict the afferent arteriole and so decrease
hydrostatic pressure and return GFR to normal

Factors increasing the sensitivity of tubuloglomerular feedback:
I. Adenosine

ii. Thromboxane

iii. Prostaglandin E2

Factors decreasing the sensitivity of tubuloglomerular feedback:
I. Atrial natriuretic peptide

Il. Prostaglandin 12

Ii. Cyclic AMP (cAMP)

iv. Nitrous oxide
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Tubuloglomerular feedback

Increase in GFR Decrease in GFR Decrease in GFR Increase in GFR

l F'S l F'S
Increase in NaCl concentration Decrease NaCl concentration
in renal tubule in renal tubule

l

Macula densa Tubuloglomerular Macula densa Tubuloglomerular
l feedback l feedback

Adenosine prostaglandin (PGE2), bradykinin & renin

l |

Constriction of afferent arteriole ( Dilatation of afferent arteriole
l Constriction of efferent arteriole

2 4
Decrease in glomerular blood flow Increase in glomerular blood flow

Stimuli for renin secretion Plasma Actions

1. Low blood pressure

2. Low ECF volume :

3. Sympathetic stimulation ESICESh Sl FOCH . Regulates GFR

4. Low plasma sodium - Increases blood pressure

- Increases water intake

—APE Renin - Increases ADH secretion
¢ J . Increases CRH and ACTH
3 = l secretion

Angiotensin |

Juxtag|or‘nerular
apparatus l [

ACE

Angiotensin |1
Angiotensinases ———»
= 1. Increase aldosterone
Angiotensin Il ———» secretion
[} 2. Cause vasoconstriction

Angiotensin IV ———-

Other Factors That Influence GFR

* Fever, pyrogens: increase GFR

* Glucorticoids: increase GFR

» Aging: decreases GFR 10%/decade after 40 yrs

* Hyperglycemia: increases GFR (diabetes mellitus)

* Dietary protein: high protein increases GFR ,low protein decreases GFR

High protein diet lead to increase amino acid in the blood which is filter by kidney and
reabsorb in the proximal tubule and because the amino acid and Na is absorb together by co-
transport so increase amino acid reabsorb also stimulate Na reabsorb so decrease deliver Na
to macula densa

So the macula densa decrease afferent arteriole resistance so increase RPF and GFR an dthis
increase GFR maintain allow more Na excretion to maintain at normal level and also protein
metabolism produce urea so increase GFR to rid waste product

At the similar mechanism to glucose which need Na to reabsorb
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(macula densa feedback)

t GFR

Control of GFR and RBF by:
* Neurohormonal

* Local (autacoids, Intrinsic)

-Neurohormonal regulation of GFR and RBF

the afferent and efferent arteriole are richly innervated by sympathetic nerve fiber so strong
activation of sympathetic lead to constrict the renal arterioles and decrease RBF and GFR

also stimulate renin release and increase Na+ reabsorb
In healthy person, sympathetic have little influence on RBF.

* Sympathetic is important in acute disturbances (e.g. defense reaction, brain ischemia, or
severe haemorrhage)

Strong Sympathetic stimulation

?.

=
REF / GRF(§; 1\\*;)

Renmn
Na+ / Volume

Vasoconstriction
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Hormonal regulation of GFR and RBF

Norepinephrine, epinephrine constrict afferent and efferent arterioles that cause decrease
RBF and GFR but have little effect except in sever condition such as hemorrhage

Endthelin is release from damage vascular endothelial cell is cause vasoconstriction in renal
blood vessel ,it is increase in some vascular injury such as toxemia of pregnancy, chronic
uremia, renal failure which lead to renal vasoconstrictor and decrease GFR

Angiotensin I1:

» Powerful Constrict Efferent arterioles so rise hydrostatic pressure and GFR but reduce RBF
so prevents | PG & GFR

* Physiological conditions

«and because decrease flow through peritubular capillary lead tot Na and water reabsorption
« angiotensin Il increase in low Na diet, volume depletion & | arterial P

* NO & PG Counteract the angiotensin II mediated vasoconstriction in afferent A

So afferent arteriole is protected from angiotensin Il mediated vasoconstriction by release
NO and prostaglandin

Endothelial derivative nitric oxide :
Vasodilator so increase RBF and GFR
* Help in Na & H2O excretion

So if administration drug inhibit NO lead to increase vascular resistance and lead decrease
GFR so lead to hypertension

Prostaglandin:
Vasodilator so increase RBF and GFR include PGE2 and PGI2 and bradikinin
« important only when there are other disturbances that are already tending to lower GFR

* Inhibited by NSAIDs so decrease GFR

Table 27-4 Hormones and Autacoids That

Influence GFR
Hormone or Autacoid Effect on GFR
Norepinephrine 1
Epinephrine l
Endothelin d

AN giotensin 1 & (prevents 1)

B
<E

ndothelial-derived nitric oxide > T

:__F’_roitagla indins > t

slad) (5) o U gaalan pandlil) 44
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