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In angiotensin II (Ang II)-dependent hypertension, Ang II activates angiotensin II type 1 receptors (AT1R) on renal

vascular smooth muscle cells, leading to renal vasoconstriction with eventual glomerular and tubular injury and

interstitial inflammation. While afferent arteriolar vasoconstriction is initiated by the increased intrarenal levels of

Ang II activating AT1R, the progressive increases in arterial pressure stimulate the paracrine secretion of

adenosine triphosphate (ATP), leading to the purinergic P2X receptor (P2XR)-mediated constriction of afferent

arterioles. 
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1. Introduction

Angiotensin II (Ang II), the principal product of the renin angiotensin system, exerts a powerful role in the

pathogenesis of hypertension and renal injury via the activation of angiotensin II type 1 receptors (AT1R), which

are widely distributed in all regions of the kidneys . Angiotensin II receptor blockers (ARBs) are recommended

in the treatment of hypertension because they reduce blood pressure and the associated renal inflammation,

fibrosis, and renal injury . However, the pluripotent actions of Ang II involve interactions with many other

vasoactive systems .

Extracellular nucleotides, particularly ATP, exert physiological and pathological actions via P2 purinergic receptors

(P2XR and P2YR), which strongly influence renal vascular resistance, renal autoregulation, and tubular transport

function . However, the sustained overexpression and activation of purinergic receptors induces renal

vasoconstriction and leads to the eventual development of glomerular and tubulointerstitial injury . The

participation of purinergic P2XR in the development and maintenance of hypertension-associated renal injury has

progressively gained recognition . In Ang II-dependent hypertension, P2X7R-mediated deleterious effects

include the suppression of autoregulation and pressure natriuresis and the reduced oxygenation of the medulla .

Indeed, the P2X1R stimulation of afferent arteriolar vasoconstriction causes the reduction of glomerular blood flow

and pressure . Interestingly, in Ang II-dependent hypertension, the administration of P2X1R and P2X7R

inhibitors restore the afferent arteriolar resistances back to normal values without reducing the blood pressure,

which is maintained by the elevated systemic Ang II levels . An important issue related to the influence of AT1

receptors under conditions of elevated intrarenal Ang II levels is the interaction between P2XR and AT1R in

regulating afferent arteriolar resistance.
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2. Regulation of Renal Afferent Arterioles in Ang II-
Dependent Hypertension

The renal afferent arteriole is unique in terms of its responses to two major feedback mechanisms responsible for

renal autoregulation, namely the myogenic mechanism and tubuloglomerular feedback mechanism (TGF). The

segments near the glomerulus are regulated mainly by the TGF . The diameters and luminal pressure in the

segments closest to their origin have greater wall tension. Increases in renal perfusion pressure lead to rapid

myogenic-mediated vessel wall contraction, which increases preglomerular resistance. Collectively, the myogenic

and TGF mechanisms protect against glomerular barotrauma in acute as well as sustained hypertension .

Although renal autoregulation is impaired in hypertension , renal microvascular responses are able to protect

the glomerular vasculature resetting and elevating the vascular tone of renal afferent arterioles via interactions

between AT1R and P2XR .

In angiotensin II-dependent hypertension, Ang II activates AT1R throughout the body to increase systemic vascular

resistance, leading to elevation of blood pressure. In particular, renal afferent arteriolar responsiveness to Ang II is

enhanced in this stage , and the increase in renal afferent arteriolar resistance contributes to an initial

adaptation of renal function. Renal AT1R activation is of cardinal importance in the development of Ang II-

dependent hypertension and when AT1R are selectively deleted from the kidneys, the extrarenal AT1R are not

sufficient to induce hypertension . Although total kidney AT1R mRNA levels and receptor protein were not

significantly increased after 2 weeks of Ang II infusion, they were sufficient to cause hypertension .

Nishiyama et al.  demonstrated that renal interstitial fluid Ang II levels were increased in Ang II-infused rats. Ang

II levels in Ang II-infused rats were higher in renal cortical endosomes than in control rats via an AT1 receptor-

mediated mechanism . Li et al.  demonstrated that in AT1a receptor-deficient mice, AT1 receptor-mediated

increases in Ang II in the kidney were prevented. These studies indicate that AT1Rs contribute to the augmentation

of intrarenal Ang II and provide the basis for sustained maintenance of hypertension. Chronic Ang II infusion elicits

sustained renal afferent arteriolar vasoconstriction, as supported by the augmentation of intrarenal Ang II , and

the restoration of normal blood pressures through the vasodilator responses to AT1R blockade . These findings

confirm that the AT1Rs are not desensitized during chronic Ang II infusion for two weeks and play an important role

in Ang II-dependent hypertension.

Under physiological conditions, the increases in renal perfusion pressure result in the augmentation of renal

interstitial fluid ATP levels. A study using microdialysis to collect renal interstitial fluid showed that ATP was

increased in response to elevation in renal perfusion pressure within the autoregulatory range in anesthetized dogs

. Furthermore, a study using biosensors for assessment of ATP in the renal cortex in response to changes in

renal perfusion pressure in anesthetized Sprague Dawley rats showed that increases in renal perfusion pressure

are associated with elevated interstitial concentrations of ATP . The mechanisms involved are shear stress-

dependent ATP release from endothelial cells of the renal microvasculature and ATP from macula densa cells

during tubuloglomerular feedback responses, which collectively augment Ca  influx into vascular smooth muscle

via the P2X receptor .
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Under normotensive conditions, P2X1 receptors are expressed on the renal afferent arterioles but not in efferent

arterioles . In contrast, P2X7R activity is very low under physiological conditions . Interstitial ATP activates

P2X1R and elicits afferent arteriolar vasoconstriction in response to increases in RPP . Moreover, renal

autoregulation is impaired in P2X1R knockout mice . In the juxtamedullary nephron preparation, superfusion

with ATP at normal pressures resulted in afferent vasoconstriction, which was abolished completely by a P2X1R

inhibitor; however, there was no significant effect of P2X7R inhibition . The results confirmed that the activation

of P2X1R constricts renal afferent arterioles at normotensive pressures, whereas P2X7R expression is very low in

normal rats. In contrast, both are overexpressed in Ang II-dependent hypertension , which indicates that both

P2X1 and P2X7 receptors contribute to the renal adaptation to chronic Ang II infusion .

Collectively, two major mechanisms, Ang II via AT1R and ATP through P2X1R and P2X7R, (Figure 1) play critical

roles in Ang II-dependent hypertension maintaining the elevated renal afferent arterial resistance. As described

previously, treatment with AT1 receptor blockers reduced renal vascular resistance and decreased blood pressure

back to normal levels indicating that AT1R activity is dominant and that the contribution of interstitial ATP

associated with the reductions in arterial pressure is minimal. If the actions of the two systems were additive, the

kidney’s vasculature would be under excessive vasoconstriction, which does not occur. One possible explanation

that solves the conundrum is that P2XR and AT1R share intracellular signaling mechanisms to regulate renal

vasoconstriction in Ang II-dependent hypertension. Two questions need to be answered to understand the

mechanisms responsible for this regulation: (1) How do these two systems that regulate renal afferent arterioles

interact via their respective receptors to share intracellular signaling mechanisms? and (2) Which system is

dominant in regulating the renal afferent arterioles in sustained Ang II-dependent hypertension? Understanding

how these mechanisms interact to reset myogenic tone and elevate renal vascular resistance could facilitate the

design of therapeutic interventions that prevent the progression of renal injury in hypertension.
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Figure 1. Actions of chronic angiotensin II (Ang II) infusion on systemic and kidney vasculature. Renal afferent

arterioles are regulated via the direct effect of Ang II through AT1R and, secondarily, by P2X1 and P2X7 receptors

due to a rise in ATP interstitial fluid concentrations caused by the increases in renal perfusion pressure (RPP). The

increasing arrows represent the elevation of those factors.
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