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It has been previously shown that intraar- 
terial infusion of angiotensin I1 (AII) poten- 
tiates the renal and mesenteric vascular re- 
sponse to adrenergic stimuli (1, 2). The cuta- 
neous vascular response to sympathetic nerve 
stimulation was potentiated to a greater de- 
gree than the response to exogenous norepi- 
nephrine (NE) (3). The exact mechanism by 
which this potentiation occurs remains to be 
clarified. Previous reports have suggested that 
A11 facilitates NE release from adrenergic 
nerve terminals (4), enhances NE biosyn- 
thesis (5), and inhibits neuronal uptake of 
NE (6). Malik and Nasjletti (7) have impli- 
cated A11 receptors in this process by dem- 
onstrating that prior treatment with the an- 
giotensin I1 antagonist, I -sarcosine-8-isoleu- 
cine angiotensin I1 (AIIA), abolished the po- 
tentiation by AII of mesenteric vascular re- 
sponses to adrenergic stimuli. 

Although the potentiation by exogenous 
A11 of renal vascular responses to adrenergic 
stimuli has been clearly demonstrated, the 
physiological role of this phenomenon is still 
in question. One purpose of this study was to 
determine if endogenous circulating levels of 
AII, present in the anesthetized dog, poten- 
tiate the renal vascular response to exogenous 
NE or renal nerve stimulation (RNS). It was 
reasoned that if endogenous circulating levels 
of A11 do potentiate renal vascular responses 
to adrenergic stimuli then the magnitude of 
such responses should be decreased by renal 
blockade to circulating AII. 

Prostaglandins (PG) have also been impli- 
cated as agents which modify the responses 
to adrenergic stimuli in various vascular beds 
(8- 10). The responses, however, are species 
dependent and differences have been noted 
between the rat and rabbit renal vasculature 
(7). Prostaglandins, when infused into the 
renal artery, are capable of selectively mod- 
ulating responses to adrenergic stimuli (1 1- 
13). In the dog (1 l), rabbit (12), and cat (13) 

kidney, intrarenal infusion of PGEz abolished 
the renal vasoconstrictor response to RNS 
but had little effect on the renal vasoconstric- 
tor response to exogenous NE. 

Indomethacin and meclofenemate, inhibi- 
tors of PG synthesis, have been utilized to 
assess the role of endogenous PG in this 
process. In the isolated-perfused rabbit heart 
indomethacin augmented NE release after 
sympathetic nerve stimulation ( 14). Zimmer- 
man and colleagues (8) reported that, in the 
perfused dog paw, indomethacin potentiated 
the cutaneous vascular response to both NE 
and nerve stimulation. Chapnick and col- 
leagues (15) demonstrated that, in the cat 
kidney, indomethacin enhanced the renal 
vascular response to exogenous NE but not 
RNS whereas meclofenemate had no effect 
on the renal vascular response to either ex- 
ogenous NE or RNS. 

The second purpose of this study was to 
evaluate the role of endogenous PG in mod- 
ifying the vascular responses to RNS and 
exogenous NE in the canine renal vascular 
bed. 

In anesthetized dogs systemic indometha- 
cin administration increases mean arterial 
pressure (MAP), reduces renal blood flow 
(RBF), and increases renal vascular resist- 
ance (RVR) (16). A study of Mimran and 
colleagues (17) in the rat implicated the 
renin-angiotensin system in this process. Bi- 
lateral nephrectomy abolished the rise in 
MAP normally seen with indomethacin treat- 
ment and in normal rats systemic administra- 
tion of AIIA prevented the indomethacin- 
induced increase in MAP and decreases in 
RBF. 

The third purpose of this study was to 
examine the possible involvement of the 
renin-angiotensin and adrenergic nervous 
systems in the renal vasoconstrictor response 
to systemic administration of indomethacin 
and meclofenemate in the dog. 
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Materials and methods. All studies were 
performed on female mongrel dogs, 15-20 kg 
in weight, fed a standard kennel ration. On 
the day prior to the study all dogs were 
deprived of food but water was permitted ad 
libitum. On the day of the study the animal 
was anesthetized with i.v. sodium pentobar- 
bital30 mg/kg, and supplemental doses were 
added throughout the experiment to maintain 
anesthesia. The animal was intubated with an 
endotracheal tube and mechanically venti- 
lated to maintain arterial pH between 7.35 
and 7.45. 

Catheters were inserted into the right fem- 
oral artery, inferior vena cava via right fem- 
oral vein, and left jugular vein to permit 
sampling of arterial blood, arterial blood 
pressure measurements, and intravenous in- 
fusion of fluids. The left kidney was exposed 
via a left subcostal incision, cleared of peri- 
renal tissue, and supported in a Lucite cup 
ring. The renal nerves were dissected free and 
platinum electrodes were placed on the tran- 
sected distal portion. Small catheters were 
placed in the left and right ureters. An exter- 
nal flow probe was placed on the left renal 
artery and led to an electromagnetic flow 
meter (Carolina); this system was calibrated 
in situ and in vivo at the end of each experi- 
ment. For one series of experiments an ad- 
ditional external flow probe was placed on 
the right renal artery. A 25-gauge curved 
needle attached to polyethylene tubing was 
placed in the left renal artery against the 
direction of flow. The tubing was connected 
to an infusion pump and 0.9% NaCl was 
infused at 0.5 ml/min. This procedure did 
not affect the signal output from the external 
flow probe. 

At the conclusion of surgery a priming dose 
of inulin was given followed by its constant 
infusion in 0.9% NaCl at 1 .O ml/min to main- 
tain a plasma concentration of 0.02 mg/ml. 
At least 60 min were allowed for equilibration 
following surgery. 

Plasma and urine samples were analyzed 
for inulin by the anthrone method (18). The 
clearance of inulin was taken to be glomeru- 
lar filtration rate (GFR). MAP was measured 
with a pressure transducer. RBF and MAP 
were recorded on a direct writing recorder. 
RVR (mm Hg/ml/min) was calculated by 
dividing MAP by RBF. 

In one group of studies, left kidney A11 
receptor blockade was achieved by the intra- 
renal arterial infusion of 1 -sarcosine-8-isoleu- 
cine angiotensin I1 (AIIA) at 0.2 pg/kg/min. 
After 20 min of AIIA infusion, the efficacy 
of blockage was verified by the failure to note 
changes in RBF after intrarenal arterial doses 
of A11 (1-5 pg) which prior to the infusion of 
AIIA reduced RBF by 30-50%. As in pre- 
vious studies employing this AIIA (19), intra- 
renal arterial infusion of AIIA alone did not 
affect RBF (251 f 29 vs 249 f 25 ml/min, N 
= 8, see Fig. 1) nor did it abolish the systemic 
pressor response to intravenous administra- 
tion of 10 pg A11 (+ 35 f 6 vs + 37 f 5 mm 
Hg, N = 8) or the contralateral renal vaso- 
constrictor response to intrarenal arterial ad- 
ministration of A11 (-92 & 12 vs -96 f 13 
ml/min, N = 8). 

In separate groups of studies indomethacin 
or meclofenemate were used to inhibit PG 
synthesis. Indomethacin (2 mg/kg), dissolved 
by the method of Davis and Horton (20) and 
meclofenemate (2 mg/kg), dissolved in 0.9% 
NaC1, were infused intravenously over a 10- 
min period. Following infusion, a 20-min 
equilibration period preceded all tests. Stud- 
ies by Kaloyanides and colleagues (2 l),  Dunn 
and colleagues (22), and Zambraski and 
Dunn (23) indicate that these doses of indo- 
methacin or meclofenemate reduce renal 
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FIG. 1 .  Renal blood flow (RBF) responses to graded 
renal nerve stimulation (RNS) and doses of exogenous 
norepinephrine (NE) before and after intrarenal angio- 
tensin I1 blockade (left panel) and systemic administra- 
tion of indomethacin (middle panel) and meclofenemate 
(right panel). 
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PGEz secretion and excretion. In addition, 
the ability of indomethacin and meclofene- 
mate to block the renal vasodilator response 
to arachidonic acid (dissolved in 0.1 A4 so- 
dium carbonate in 10% ethanol) was taken as 
an indication of reduction of enzymatic con- 
version of arachidonic acid to vasodilator 
prostaglandins (24). 

In another group of studies, renal a-adre- 
nergic receptor blockage was produced by the 
intrarenal arterial infusion of phenoxybenz- 
amine, 0.2 pg/kg/min. Adequacy of renal a- 
adrenergic receptor blockade was evaluated 
via renal intrarterial injections of phenyleph- 
rine 10-40 p g  which produced 50-75% reduc- 
tions in RBF in the absence of phenoxybenz- 
amine. Previous studies (25, 26) have dem- 
onstrated that this dose of phenoxybenza- 
mine infused into the renal artery does not 
result in systemic a-adrenergic receptor 
blockade. 

Direct electrical stimulation of the renal 
nerves was performed using a Grass S9 stim- 
ulator at 10-20 V, and 1.0 msec. The fre- 
quency of renal nerve stimulation was varied 
in each animal to achieve approximately 10, 
20, and 50% decreases in RBF. Each stimu- 
lation period lasted approximately 2 min, at 
which time RBF had decreased and remained 
constant. The different intensities of stimu- 
lation were performed in random order and 
a time interval sufficient for complete recov- 
ery, 5- to 10-min duration, was allowed be- 
tween successive stimulations. 

Norepinephrine was administered as nor- 
epinephrine bitartrate, dose in terms of base, 
in a constant volume into the renal artery 
infusion line. The different doses of norepi- 
nephrine were administered in random order 
and a time interval sufficient for complete 
recovery, 5- to 10-min duration, was allowed 
between successive doses. 

Renal nerve stimulation and norepineph- 
rine administration were done in the same 
animal before and after intrarenal angioten- 
sin I1 blockade ( N  = 8 dogs), systemic ad- 
ministration of indomethacin ( N  = 12 dogs), 
and meclofenemate ( N  = 5 dogs). 

The data in the text and figures are ex- 
pressed as the mean & standard error. A 
Student's t test (27) was used for statistical 
analysis of paired data within each group. 

Results. The results of the studies concern- 

ing the effect of renal A11 blockade and in- 
hibition of prostaglandin synthesis on renal 
vascular responses to RNS and exogenous 
NE are shown in Fig. 1. Renal A11 blockade 
did not significantly change baseline MAP or 
RBF nor did it alter the renal vascular re- 
sponses to RNS or exogenous NE. 

The results of the studies concerning the 
ability of indomethacin and meclofenemate 
to block the renal vasodilator response to 
arachidonic acid are shown in Table I. The 
intrarenal arterial administration of arachi- 
donic acid produced dose-related increases in 
RBF. The administration of indomethacin 
and meclofenemate produced changes in 
basal MAP and RBF; indomethacin in- 
creased MAP from 142 & 4 to 152 & 5 mm 
Hg and decreased RBF from 201 & 8 to 146 
k 23 ml/min and meclofenemate increased 
MAP from 121 & 10 to 131 & 9 mmHg and 
decreased RBF from 179 & 29 to 144 & 27 
ml/min. The renal vasodilator responses to 
arachidonic acid were decreased by an aver- 
age of 50% by both indomethacin and meclo- 
fenemate, similar to the findings of Feigen 
and colleagues (9). 

The results of the studies concerning the 
effect of inhibition of prostaglandin synthesis 
on renal vascular responses to RNS and ex- 
ogenous NE are shown in Fig. 1. Indometh- 
acin administration increased baseline MAP 
by 9% (P < 0.01) and decreased baseline RBF 
by 36% (P < 0.001). Meclofenemate admin- 
istration increased baseline MAP by 13% (P 
c 0.05) and decreased baseline RBF by 34% 
(P < 0.025). Neither indomethacin nor me- 
clofenemate altered the renal vascular re- 
sponse to RNS. Indomethacin significantly 
increased the renal vasoconstrictor responses 

TABLE I. EFFECT OF INDOMETHACIN AND 
MECLOFENEMATE ON RENAL VASODILATOR RESPONSES 

TO ARACHIDONIC ACID" 
Indometh- Meclo- 

Control acin fenemate 
Dose ARBF ARBF ARBF 
(mg) N (ml/min) (ml/min) (ml/min) 

0.1 4 10 f 3 6 + 1  
0.3 4 25 f 5 7 + 1  
1.0 4 39 f 6 1 5 + 4  
0.1 4 8 -+ 1 4 + 2  

1.0 4 50 f 8 23 f 4 
0.3 4 16 f 2 8 + 1  

Data are mean f SE; N = number of animals. 
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to the 1- and 2-pg doses of exogenous NE (P 
< 0.025) but did not influence the response 
to the 3-pg dose of exogenous NE. Meclo- 
fenemate did not alter the renal vascular 
responses to RNS or exogenous NE. 

The results of studies concerning the mech- 
anism of the renal vasoconstrictor response 
following indomethacin and meclofenemate 
administration are shown in Figs. 2-4. In Fig. 
2, the renal vascular response to systemic 
indomethacin is monitored bilaterally; block- 
ade to circulating A11 was produced in the 
left kidney while the right kidney of the same 
dog served as an untouched internal control. 
Similar decreases in RBF and GFR were 
observed in both left and right kidneys. Fig- 
ure 3 illustrates data from similarly designed 
experiments with meclofenemate; again, the 
alterations in RBF and GFR were similar in 
the two kidneys. These data indicate that the 
renal vasoconstriction observed after systemic 
indomethacin or meclofenemate administra- 
tion is not mediated by circulating AII. In 
Fig. 4, both A11 and a-adrenergic receptor 
blockade were produced in the left kidney. 
Systemic indomet hacin administration pro- 
duced an increase in MAP from 129 f 3 to 
140 f 4 mm Hg, a decrease in RBF from 218 
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FIG. 2. Effect of left kidney angiotensin I1 blockade 
(AIIA) on the renal vasoconstrictor response to systemic 
indomethacin, N = 7. 
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FIG. 3. Effect of left kidney angiotensin I1 blockade 
(AIIA) on renal vasoconstrictor response to systemic 
meclofenemate. N = 4. 
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FIG. 4. Effect of combined renal a-adrenergic recep- 
tor blockade with phenoxybenzamine (POB) and renal 
angiotensin 11 blockade (AIIA) on the renal vasoconstric- 
tor response to systemic indomethacin, N = 7. 

f 33 to 170 f 26 ml/min, and an increase in 
RVR from 0.712 f 0.157 to 1.120 f 0.376 
mm Hg/ml/min (all P < 0.01). These re- 
sponses are similar to those previously ob- 
served in our laboratory (28) when indometh- 
acin was administered alone and to those 
observed in the current studies (Fig. 2, right 
kidney) when indomethacin was adminis- 
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tered alone. Identical results were obtained in 
two similarly prepared dogs given meclofene- 
mate, i.e., a renal vasoconstrictor response of 
magnitude similar to that observed when me- 
clofenemate was administered alone (Fig. 3, 
right kidney). These data indicate that the 
renal vasoconstriction observed after systemic 
indomethacin or meclofenemate administra- 
tion is not mediated by circulating catechol- 
amines. 

Discussion. The interactions between ad- 
renergic stimuli and various vasoactive sub- 
stances are complex. It has been well docu- 
mented that renal nerve stimulation or exog- 
enous NE causes the renal release of renin 
(29) and PG (30). A11 administration also 
affects NE synthesis, release, and reuptake 
(4-6). A11 also stimulates the renal release of 
PG (31). 

Previous reports using exogenous A11 in- 
fusions into the kidney have demonstrated 
potentiation of the renal vascular response to 
adrenergic stimuli (1). However, there are no 
studies dealing with the question of whether 
the levels of endogenous circulating A11 alter 
the renal vascular response to adrenergic 
stimuli. We found that renal blockade to 
endogenous circulating A11 did not alter the 
renal vascular responses to exogenous NE or 
RNS. These data suggest that even though 
exogenously administered A11 can potentiate 
the renal vascular responses to exogenous NE 
or RNS, the levels of endogenous circulating 
A11 are without effect in this regard. 

The studies by Kaloyanides and colleagues 
in the isolated perfused dog kidney (22), by 
Dunn and colleagues in the intact kidney of 
anesthetized dogs (23), and by Zambraski 
and Dunn in the intact kidney of unanesthe- 
tized dogs (24) indicate that indomethacin 
and meclofenemate diminish renal secretion 
of PGE2. In addition, our studies demon- 
strated that both indomethacin and meclo- 
fenemate markedly reduced the renal vaso- 
dilator response to arachidonic acid, a pre- 
cursor of prostaglandins. This was taken to 
indicate a reduction in enzymatic conversion 
of arachidonic acid to vasodilator prostaglan- 
din by indomethacin and meclofenemate, as 
was founded by Feigen and colleagues (25). 

The interactions between PG and adrener- 
gic stimuli in the renal vascular bed are spe- 
cies dependent. In the isolated perfused rab- 

bit kidney, exogenous PG administration de- 
creased the renal vascular response to RNS 
whereas, in the isolated perfused rat kidney, 
the response was increased; the renal vascular 
response to exogenous NE was unaffected in 
both species (7). Using indomethacin Zim- 
merman and colleagues (8) examined the role 
of endogenous PG in the control of vascular 
responses in the perfused dog paw. It was 
found that indomethacin potentiated the cu- 
taneous vascular responses to both nerve 
stimulation and exogenous NE. In the dog 
(1 I), rabbit (12), and cat (13) kidney, intra- 
renal infusion of PGE2 abolished the renal 
vasoconstrictor response to RNS but had lit- 
tle effect on the renal vasoconstrictor re- 
sponse to exogenous NE. Additional studies 
in the feline kidney by Chapnick and col- 
leagues (1 5) demonstrated that indomethacin 
enhanced the renal vascular response to ex- 
ogenous NE but not RNS whereas meclo- 
fenemate had no effect on the renal vascular 
response to either exogenous NE or RNS. In 
conscious dogs, Swain and colleagues (33) 
observed that the increase in RVP produced 
by intravenous methoxamine, an a-adrener- 
gic agonist, was increased by prior treatment 
with indomethacin. Our findings that renal 
vascular responses to exogenous NE were 
increased by indomethacin (Fig. 1) in anes- 
thetized dogs are in agreement with the re- 
sults of Swain and colleagues in the dog (32) 
and Chapnick and colleagues in the cat (15). 
Our findings that indomethacin did not affect 
renal vascular responses to RNS and meclo- 
fenemate did not affect renal vascular re- 
sponses to RNS or exogenous NE are in 
agreement with similar observations by 
Chapnick and colleagues in the cat kidney 
(15). It is not clear why indomethacin but not 
meclofenemate potentiated the renal vascular 
responses to exogenous NE but it may be that 
the indomethacin effect is related to an action 
of the drug separate from its action to inhibit 
prostaglandin synthesis. These data suggest 
that endogenous prostaglandins do not serve 
to modulate the effects of the sympathetic 
nervous system on the canine renal vascular 
bed. 

Mimran and colleagues (17) implicated the 
renin-angiotensin system as the mediator of 
the increase in MAP, decrease in RBF, and 
increase in RVR observed in the rat following 
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indomethacin administration. Bilaterally 
nephrectomized rats did not demonstrate an 
increase in MAP when given indomethacin. 
Systemic administration of AIIA attenuated 
the increase in MAP and prevented the de- 
crease in RBF. Satoh and Zimmerman (33) 
administered indomethacin or meclofene- 
mate into the renal artery of anesthetized 
dogs and did not observe an increase in MAP 
or renal vasoconstriction unless the renal ar- 
tery was partially occluded. The renal vaso- 
constriction seen under these circumstances 
was abolished by renal blockade to angioten- 
sin 11. Our studies differ from these previous 
studies in that the prostaglandin synthesis 
inhibitors were administered systemically to 
anesthetized dogs. This intervention regularly 
produced an increase in MAP and a decrease 
in RBF, an observation previously made by 
us (28) as well as others (16, 34) in the anes- 
thetized dog. The failure of Satoh and Zim- 
merman (33) to observe an increase in MAP 
or renal vasoconstriction in anesthetized dogs 
may relate to the administration of the pros- 
taglandin synthesis inhibitors into the renal 
artery rather than systemically. Alternatively, 
they suggested that a background level (i.e., 
above the basal state) of circulating angioten- 
sin I1 produced by the renal artery occlusion 
may be necessary for an increase in MAP and 
a decrease in RBF to occur after intrarenal 
administration of prostaglandin synthesis in- 
hibitors. Our studies indicate that the renal 
vasoconstrictor response to systemic admin- 
istration of prostaglandin synthesis inhibitors 
in anesthetized dogs is not mediated by the 
intrarenal action of the prevailing circulating 
levels of angiotensin 11. 

Since we observed that indomethacin en- 
hanced the renal vascular response to exoge- 
nous NE, the possibility remained that the 
renal vasoconstriction observed after indo- 
methacin could be mediated by the removal 
of endogenous PG inhibition of circulating 
NE. However, addition of renal a-adrenergic 
receptor blockade to renal AII blockade did 
not alter the characteristic renal vasoconstric- 
tion observed after indomethacin. Since me- 
clofenemate did not alter the renal vascular 
response to exogenous NE, it was anticipated 
that addition of renal a-adrenergic receptor 
blockade to renal A11 blockade would not 
alter the characteristic renal vasoconstriction 

observed after meclofenemate; such was the 
case. It is evident, however, that the anesthe- 
tized operated dog has higher levels of renal 
prostaglandin secretion than are observed in 
the unanesthetized conscious dog (35). Sev- 
eral studies have demonstrated that indo- 
methacin or meclofenemate administration to 
unanesthetized conscious dogs does not result 
in renal vasoconstriction independent of 
changes in either renal venous prostaglandin 
concentrations (35) or in renal PGE2 secretion 
or excretion (24). 

In the anesthetized operated dog, not only 
are renal prostaglandin secretion rates ele- 
vated (35) but circulating levels of angioten- 
sin I1 (36), as well as sympathetic nervous 
system activity, is increased. The possibility 
existed that the renal vasoconstrictor response 
to the systemic administration of indometh- 
acin or meclofenemate to anesthetized oper- 
ated dogs was due to the unopposed renal 
vasoconstrictor action of elevated levels of 
circulating angiotensin I1 or catecholamines. 
Our studies indicate that this is not the case 
and suggest that the renal vasoconstriction is 
related to the removal of endogenous pros- 
taglandin renal vasodilator activity. 

It should be emphasized that these obser- 
vations pertain to the experimental circum- 
stances of the anesthetized unstressed animal. 
In the anesthetized animal subjected to hem- 
orrhage, it is clear that the resultant renal 
vasoconstriction, mediated by both angioten- 
sin I1 and the renal sympathetic nerves, is 
significantly enhanced by the administration 
of prostaglandin synthesis inhibitors (36). 

Summary. In the anesthetized dog, neither 
renal angiotensin I1 blockade nor systemic 
administration of meclofenemate altered the 
renal vascular response to renal nerve stim- 
ulation or exogenous norepinephrine. Sys- 
temic administration of indomethacin en- 
hanced the renal vascular response to exoge- 
nous norepinephrine but not to renal nerve 
stimulation. Renal blockade to angiotensin 
11, alone or combined with renal a-adrenergic 
receptor blockade produced by phenoxy- 
benzamine did not affect the renal vasocon- 
strictor response to systemically administered 
indomethacin or meclofenemate. These data 
demonstrate that neither endogenous circu- 
lating angiotensin I1 nor prostaglandins sig- 
nificantly alter the effects of the sympathetic 
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nervous system on the canine renal vascular 
bed. The renal vasoconstriction associated 
with systemic indomethacin or medofene- 
mate administration is not due to unopposed 
angiotensin I1 or a-adrenergic agonist vaso- 
constrictor action but rather to the with- 
drawal of endogenous prostaglandin vasodi- 
lator activity. 
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