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Role of the Kidney in Pathogenesis of Primary Hypertension
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BLOOD PRESSURE = CARDIACOUTPUT X PERIPHERAL RESISTANCE
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Fig. 1. Some of the factors involved in the control of blood pressure that affect the basic
equation: Blood pressure= cardiac output X peripheral resistance.
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Fig. 2. Derived renal function curve for the kidneys in
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Fig. 5. Relationship between decreased filtration surface area (FSA) and mean
arterial pressurve. Decreased FSA, due to decreased nephron number
and/or FSA per glomerulus, leads lo renal sodium retention, and
thereby to increased mean arterial pressure. Systemic hypertension in
turn promotes glomerular hypertension and eventual sclerosis further
decreasing the functioning filtration surface area.

tion surface area?] &47} glojd UYEE o 429
WA 5eo] Zeomg Hehg AgAlyle AHE 23}
] o] =3l glomerular hypertension® systemic
hypertensiong ©|§ 24A|Zlck et ol A
ol A A 1ho) 7} F7hitol uhet n¥sHE: d o 754
o] mrory filtration surface area’} -2 Al-Z ne-
phrong] 47} A4belzle n@gte] sh54lol Bt F
#8191 o+ (Fig. 5).

Nephron Heterogeneity
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Table 1.- Hypothesis : There is Nephron Heterogeneity
in Essential Hypertension?

1. There are ischemic nephrons with impaired sodi-
um excretion intermingled with adapting hyper-
filtering hypernatriuretic nephrons,

2. Renin secretion is high from ischemic nephrons
and very low from hyperfiltering nephrons,
3. The inappropriate circulating renin-angiotensin le-
vel impairs sodium excretion because :
a. In the adapting hypernatriuretic nephrons :
i. It increases tubular sodium reabsorption,
ii. 1t enhances tubuloglomerular feedback-
mediated afferent constriction,
b. As the circulating renin level is diluted by non-
participation of adapting nephrons it becomes

inadequate to support efferent tone in hypo-
perfused nephrons,

4. A loss of nephron number with age and from ische-
mia further impairs sodium excretion.

Renin-Angiotensin System

2l nEgdeld dadEdEE el Aol
w2 Aol rr} yhe A4%g bl angioten-
sin It} @3 aldosterone o] FAsFo|c), olst
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Na Transport
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Fig. 6. Schematic vepresenlation of the remin-angiotensin system showing

major regulators of renin release, the biochemical cascade leading to
All and the major effects of AIl
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Fig. 7. Sequence of events to explain a postulated inherited defect in
the ability of the kidneys to excrete sodium, the observed rise in
the concentration of a circulating sodium-transport inhibitor,
the salt intake, and the rise in peripheral resistance in essential
hypertension. JG, juxtaglomerular; vein comp, venous compli-
ance (From de Wardener HE, MacGregor GA: Lancet 1:450,
1982)

EFFECTS

Table 2. Renal Responses to Graded Renal Nerve Stimulation

Renal nerve

stimulation RSR UNaV GFR RBF
frequency (Hz)

0.25 No effect on basal RSR ; 0 0 0
augments RSR mediated by
nonneural stimuli

0.50 Increased without changing 0 0 0
Una V, GFR, or RBF

1.0 Increased with decrease in i 0 0
Una V without changing
GFR or RBF

2.50 Increased with decrease in ’ 1 } ' i

UNaV, GFR, and RBF

RSR, renin secretion rate ; UNaV, urinary sodium excretlon ; GFR, glomerular fiitration'rate ; RBF, renal blood
flow.
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Filtered Na* Table 3. Animal Models of Experimental Hypertension
l L/—J in Which Complete Renal Denervation Delays

or Prevents Development of Hypertension

Spontaneously hypertensive rat (SHR)
Stroke-prone SHR

New Zealand SHR

Goldblatt one-kidney, one clip (rat)
Goldblatt two- kidney, one clip (rat)
Aortic coarctation (dog)

Aortic nerve transection (rat)
DOCA—NaCl rat

Grollman renal wrap (rat)
= B0 Low sodium, one kidney (rat)
o
2 60 Angiotensin Il (rat)
o
-
< a0
X
2 20{ { Renal Kallikrein
0 T v
Na* 0 50 100 150
K* 150 100 . 50 0 | Renin | Renal Kinins
mMm
Fig. 8. Cellular mechanism of Na* reabsorption in 1 | {
kidney tubular cells. As filtered Na* flows 1ECFV | Renal PGl,, PGE,

along the nephron, it can enter tubular cells

through apical transporters (channels, exchan- T‘__J lﬁ
gers or cotransporters) down itselectrochemical

gradient (1). This gradient is primarily gener- | Salt excretion t Renal vascular
ated by the basolateral Na-K.-ATPase (2) which resistance
extrudes 3 Na* ions out of the cell in exchange L‘ ]

with 2 K* tions. Functioning of Na-K-

ATPase requives large amounts of ATP pro- Essential Hypertension

vided by the cellular metabolism (3). Transcel-
tular Na* reabsorption can generate a driving
Joce for Na* movements along the paracellular
route (4), when it is permeable. B. Activity of

Fig. 9. Hypothetical mechanism Ulinking documented
abnormalities of the remal kallikrein-kinin
system, remal prostaglandins, and remin in

purified renal No-K-ATPase as a function of low-renin essential hypertension.
Na*, K* and ATP. In the principal curve,
ATPase activity was measured in presence of Esled Re)nd ol AR 8457} 4

3 mM ATP and variable concentrations of
Na* and K*, with the sum of their concentra-
tions being 150 mM. In the inset curve, stimu-
lation of Na-K-ATPase by low concentrations Vasodepressor Compounds
of Na* was evaluated at various ATP concen-

trations.

$5)0] glgo] 952 SIek(Table 3),

Ee A ndqke] Aulg-o)A urinary kallikrein w§ A4

o] 7+4%o] 9l urinary kallikreinz ®ts}t jabA

¢] mesangiumell th3k %380 2 glomerular capillary 7} glor] o]2idt #x5 Kallikreine & 223k 7¢t
coefficiente] W 3toll e} G&& e Ao H4H  ZAEF ¥Urh prostaglandin® el 2 stel e
S 53 stresst HEFAAE Wol Sl AU steleke ol4E ¥ 4 gloiA 4ol A PGL PGLS
Ao BAES} Z}slo] 1 @YL oy oJ2] AHE  ha}arEal 6-keto-PGF,9] siAd o] 7x5lo] e}, =3t
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Atrial natriuretic peptidet Y EFu| Ao} E1
#AZRLE sl Leld nE ol Ao AY & 5
£& ¥o| wAzte] QFmAE oby BAH gfov]
.9bol] endothelin®} endothelium-derived-relaxing
factore) 45777} Le) 4 nAke] Aol ofw @ o

g FEAE B Soh(Fig 9).
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