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Escherichia coli. 2-Thiouracil did not inhibit 
the utilization of uracil and produced only 
partial inhibition (25%) of the utilization of 

Dihydro-L-orotic acid, DL-ureidosuccinic 
acid, and L-aspartic acid were tested for 
ability to reverse 2-thiouracil inhibition. 
Only DL-ureidosuccinic acid clearly re- 
versed this inhibition. An increase in 
2-thiouracil concentration did not decrease 
the ability of DL-ureidosuccinic acid to re- 
verse growth inhibition, indicating that 2-thio- 
uracil doles not inhibit L-ureidosuccinic acid 
utilization, but inhibits its formation or the 
formation of precursors. L-ureidosuccinic acid 
precursors are necessary for protein synthesis ; 
thus aspartate transcarbamylase which ca- 
talyzes the formation of L-ureidosuccinic acid 
is considered to be the specific site of inhi- 
bition. 

orotic acid. = !  
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Renal Compensation During Mild Water Diuresis and its 
Inhibition by Vagotomy.* (32183) 

JOSEPH H. PERLMUTT 
Department of Physiology, University of Nor th  Carolina School of Medicine, Chapel Hill 

Vagal afferent nerve fibers are implicated 
in the reflex renal regulation of fluid volume, 
possibly by controlling the rate of secretion 
of antidiuretic hormone (ADH) ( 1 ) .  The 
inhibition of water diuresis (2) and increased 
blood antidiuretic activity (3)  promoted by 
vagotomy support this concept. However, the 
increased water and salt excretion resulting 
from rapid expansion of extracellular fluid 
volume is nolt completely abolished (43) and 
mannitol diuresis is unaffected( 6)  by vagal 
section. If, indeed, ADH is released after 
vagotomy, this procedure would not be ex- 
pected to inhibit a diuresis accompanied by 
significant natriuresis, since the hormone's 
activity on water reabsorption is inversely 
related to the magnitude of solute excretion 
( 7 ) .  If fluid volume could be expanded in 
a manner which enhances only free-water 
excretion, then procedures which increase 
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circulating ADH should conceivably inhibit 
the renal compensation. Functional exclusion 
of one kidney during mild water diuresis has 
been found to satisfy this condition. The 
characteristics of the renal response to this 
procedure and the effects of vagotomy there- 
on are presented here. 

Methods. Mongrel dogs of both sexes 
(13.6-19.5 kg; mean body weight t SE: 15.9 
t 0.51 kg),  deprived of food for 18 hours, 
were anesthetized with pentobarbital sodium 
(310 mg/kg, with supplementation as needed). 
After a priming intravenous injection of 
creatinine and para-aminohippurate (PAH) , 
warm 5 %  glucose, containing these sub- 
stances, was infused continuously by pump 
a t  the rate of 2.5 ml/min. The ureters, ex- 
posed through a low mid-ventral incision, 
were cannulated with polyethylene tu'bing. A 
loose cupper clamp( 8) was placed around the 
left renal artery, exposed retroperitoneally 
with minimal clearing of overlying tissue; 
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2.0r Urine Flow 

Minutes 0 
FIG. 1. Urine flow, frfee-water clearance ( C H ~ O ) ,  osmolal clearance (C,,) , glomerular filtration 

rate (GFR) ,  effective renal plasma flow (RPF) ,  and osmolal urine-to-plasma ratio (0s U/P> for 
the right kidney duiing mild water diuresis. Each value is the mean 2 S.E. of the mean for 
5 dogs. 

FIG. 2. Function (of right kidney before (MC: mean of averaged control values) and dur- 
ing $occlusion of left renal artery (L.R.A.). Two 15-min clearance periods were averaged to 
obtain the value f a  each 30-min interval. Abbreviations and compilation of data for 5 dogs 
in a state olf mild watelr diuresis as in Fig. 1. 

this type of clamp permitted subsequent oc- 
clusion of the artery without disturbing the 
wound. A femoral artery was cannulated 
in some animals for determining mean blood 
pressure with a mercury manometer, and 
an indwelling needle was inserted into an 
external jugular vein for obtaining blood 
samples at  30-minute intervals during sub- 
sequent clearance studies. In  some animals, 
short segments of the cervical vagosympa- 
thetic trunks were exposed and subsequently 
sectioned as previously described (9).  

Urine was collected separately from each 
kidney. When water diuresis was established, 
an animal was considered suitable if urine 
flow was reasonably stable during three 15- 
minute control periods, and the urine was 
hypoosmotic to plasma (during control phase, 
mean _t SE for osmolal U/P ratio was 0.48 
zt 0.03). 

Three types of experiments were performed 
in groups of 5 dogs each. Group 1: Spontane- 
ous variations in renal function were deter- 
mined over a 4-hour interval by using con- 
secutive 30-minute clearance periods. Both 
kidneys and vagus nerves were intact. Group 
2: At the end of the last control period, 
the left renal artery was occluded for 2% 
hours, and the response of the right kidney 
was assessed by consecutive 15-minute clear- 
ance periods; the renal artery was then de- 
occluded, and the study was continued for 
several additional periods. About 2 minutes 
prior to clamping the renal artery, the ori- 
ginal inf ision fluid was changed to one con- 

taining one-half the concentration of creati- 
nine and PAH in order to prevent a rise 
in their plasma concentration. Group 3: At 
the end of the last control period, bilateral 
vagotomy was performed. Fifteen minutes 
later, the left renal artery was occluded, and 
the experiment was conducted in the same 
manner as for the preceding group. 

Urine and plasma samples were analyzed 
for creatinine( lo ) ,  PAH( 11), osmolality 
(Fiske osmometer), and Na and K (flame 
photometry). Exogenous creatinine and PAH 
clearances were used as estimates of glomer- 
ular filtration rate (GFR) and effective renal 
plasma flow (RPF)  , respectively. Osmolal 
clearance (C,,) and free-water clearance 
( C H ~ O )  were calculated in the conventional 
manner( 12). 

Results. Group 1. Function of right kid- 
ney during mild water diuresis. Data for 
this group served as a basis for assessing 
the overall effects of exclusion of one kidney 
on the function of the contralateral kidney. 
Mean data for right kidney function during 
4 hours, an interval encompassing the period 
of time in which subsequent experiments were 
performed, are presented in Fig. 1. Some 
fluctuations occurred in urine flow, free-water 
clearance, and osmolal U/P ratio, but differ- 
ences between all means for the first half- 
hour and each subsequent interval are not sta- 
tistically significant (P >O. l  to > 0.9). Os- 
molal U/P ratio values of less than unity 
and positive values for C H ~ O  persisted during 
the 4-hour interval. GFR, RPF, C,,, and K 
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FIG. 3. Effect of vagotomy (V) on the response 
of the right kidney to occlusion of the left renal 
artery. Abbreviations and compilation of data for 
5 dogs in a state of mild water diuresis as in Fig. 
1 and 2. 

excretion remained practically unchanged, 
while Na  excretion increased insignificantly 
by 21 & 14 ,uEq/min (P>0.3). 

Group 2. Response of right kidney to  oc- 
clusion of left renal artery. Mean data for 
the group before and during occlusion of 
the left renal artery for 2% hours are plotted 
in Fig. 2. Urine flow and free-water clear- 
ance gradually increased and attained values 
during the last hour significantly higher than 
the mean control values (P<O.Ol). The net 
increase in urine flow was due primarily to 
the net increase in free-water clearance, and 
this was reflected in a falling tendency in 
osmolal UJP ratio. Compared to Group 1, 
the mean net increasees in urine flow and 
free-water clearance during the last hour are 
highly significant (for last period: P<O.OOl)  . 
C,,, Na and K excretion increased slightly 
(net increase for last period: 0.25 ml/min, 
13 t 6 and 13 t 3 pEq/min, respectively), 
but compared to Group 1, these changes are 
not statistically significant. GRF and RPF 
during occlusion remained practically un- 
changed, and mean arterial blood pressure 
was not appreciably affected during occlusion. 

After deocclusion of the left renal artery, 
there was a slight resumption of urine flow 
(about 0.3 ml/min) from the left kidney 
during an additional 45 minutes in 4 of the 
5 animals. In these cases, urine flow from 
the right kidney declined to near control 
levels. In the animal in which there was no 
flow from the left kidney, the compensation 
continued. The subsidence of compensation 
was possibly due to the small dissipation of 
fluid volume rather than “wash-out” of a 
vasoactive substance, since renal hemody- 

namics and systemic blood pressure remained 
unchanged. 

Group 3. Response of right kidney to  
vagotomy and occlusion of left renal artery. 
At the end of the last control period, bi- 
lateral vagotomy was performed, and the 
left renal artery was occluded for 2% hours. 
Mean data for the group are presented in 
Fig. 3. During renal arterial occlusion in 
these vagotomized animals, diuresis was not 
enhanced, but rather, prolonged antidiuresis 
ensued; the decline in urine flow was due 
solely to the decline in free-water clearance. 
Differences between the mean control values 
and all subsequent values for urine flow and 
free-water clearance are statistically signifi- 
cant (P<0.02 to <O.OOl). Differences in 
net changes in these parameters between this 
group and Group 2 for all intervals during 
left renal arterial occlusion are highly sig- 
nificant (P<O.Ol to <O.OOl).  During all 
intervals after vagotomy, osmolal U/P ratio 
exceeded 1 .O, the values being significantly 
higher than the mean control value of 0.47 
(P<O.Ol to <O.OOl). Net changes in C,, 
and Na and K excretion rates were essentially 
the same as those for Group 2 during the 
last 90  minutes of occlusion. Slight increases 
in Na and K excretion during two periods 
following vagotomy probably resulted from 
the evanescent rise in blood pressure. GFR 
and RPF did not change significantly. 

After deocclusion of the left renal artery, 
only a few drops of urine were excreted by 
the left kidney during a 45-minute interval. 
Urine flow from the right kidney changed 
very little from the values during occlusion. 
This, of course, would be expected if vagot- 
omy induces prolonged release of ADH( 2,3). 

Discussion. Mild water diuresis was main- 
tained for several hours in anesthetized dogs. 
During such diuresis, functional exclusion of 
one kidney, by occluding its renal artery, in- 
duced significant increases in urine flow from 
the contralateral kidney primarily as a con- 
sequence of enhanced free-water clearance, 
Electrolyte excretion, GFR, and RPF were 
not significantly altered. The characteristics 
of the compensatory response to this pro- 
cedure apparently depend upon the com- 
position of the hydrating fluid; during iso- 
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tonic saline diuresis, the enhanced diuresis 
is accompanied by increased electrolyte excre- 
tion( 13). A significant decline in renal plas- 
ma flow and a slight decline in urine flow 
for the left kidney during occlusion of the 
right renal artery have been reported( 14) ; 
if no precautions were taken to prevent a 
rise in plasma PAH concentration during 
occlusion, the plasma PAH may have in- 
creased sufficiently to cause self-depression 
of its clearance, and/or the clamping tech- 
nique may have been excessively traumatic. 

Positive fluid balance (cumulative differ- 
ence between infused fluid and urinary vol- 
umes) a t  the end of control periods was 
practically the same for the group with (3.3 
t 0.1% of body weight) and without (3.1 
t 0.8%) renal arterial occlusion; 90 minutes 
later, when significant compensation began, 
positive fluid balance increased by 0.5 I+ 
0.1% of body weight in the former group, 
and decreased by 0.3 t 0.2% in the latter 
group (P<0.02), The compensation induced 
by renal arterial occlusion probably resulted 
from a gradual additional increase in fluid 
volume by an amount equivalent to the pre- 
existing urine flow from the clamped kidney. 
An abrupt increase in blood volume is an 
unlikely explanation, since the onset of sig- 
nificant compensation was considerably de- 
layed, and compensation resulted from clamp- 
ing a ureter (3 dogs), in which case renal 
blood flow is not interrupted( 15). The renal 
compensation promoted by this type of fluid 
volume expansion suggests decreasing activity 
of ADH, consonant with the report that ad- 
ministration of dextran to dogs with con- 
tracted extracellular fluid volume results in 
decreased blood antidiuretic titer ( 16). How- 
ever, bioassay of blood cannot distinguish 
among the possibilities of decreased hor- 
mone release, dilution of the circulating hor- 
mone, or increased degradation. An indirect 
implication that decreased antidiuretic ac- 
tivity could have been present was provided 
by the following experiment. Continuous in- 
fusion of vasopressin (Pitressin, 8 mU/kg,/ 
hr) for 2 5 4  hours during renal arterial oc- 
clusion prevented the compensation; urine 
flow declined, free-water clearance became 
negative, and osmolal urine-to-plasma ratio 

increased above 1.0. If there were a gradual 
decrease in ADH activity during renal arte- 
rial occlusion, plasma osmolality did not 
appear to be a contributing factor; plasma 
osmolality declined from a mean value of 
296 t 1 before infusion of the hydrating 
fluid to 276 t 1 mOs/kg Ha0 during the 
control periods (P<O.O01) and did not de- 
cline further during occlusion. Therefore, a 
volume-related factor is implicated. 

Under the present condition of hydration, 
vagotomy prevented the compensatory diure- 
sis induced by renal arterial occlusion and 
promoted antidiuresis. Urine flow declined 
below control values, and the decline was 
due solely to the reduction in free-water 
clearance which attained negative values. 
Positive fluid balance in this group amounted 
to 3.0 t 0.4% of body weight at the end of 
control periods and increased by 1.1 t 0.1% 
90 minutes later, a value significantly higher 
than that for the same interval for the group 
with intact vagus nerves subjected to the 
same procedure ( P  < 0.0 1 ) . Plasma osmolal- 
ity decreased from a mean control value of 
281 t 1 to 275 t 1 mOs/kg H20 
(P<O.OOl) during the same time interval, 
and reflects increased retention of hypo- 
osmotic fluid. Thus, in the presence of fluid 
volume expansion and declining plasma osmo- 
lality, vagotomy prevented compensatory di- 
uresis and induced antidiuresis, unaccompa- 
nied by declines in GFR, R P F  or osmolal 
clearance. Several lines of evidence suggest 
that the renal response to vagotomy during 
water diuresis was possibly due to the ab- 
sence of vagal impulses inhibitory to ADH 
release rather than to injury action poten- 
tials o,r painful stimuli: a. blockade of intact 
vagus nerves by prolonged application of 
xylocaine induced antidiuresis (2 ) ; b. elec- 
trical stimulation of the central end of a 
cut vagus nerve usually promoted a small 
increase in urine flow (unpublished observa- 
tions); and c. the depression of urine flow 
induced by mechanical compression of a 
fem'olral nerve was accompanied by colncom- 
itant declines in GFR, RPF, and COs(17) 
in contrast to insignificant changes in these 
parameters after vagotomy(2, Fig. 3 ) .  In 
view of a previous demonstration that the 
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sub-cardiac vagi are unessential for the anti- 
diuretic response to cervical vagotomy during 
water diuresis( 2 ) ,  the present results support 
the hypothesis that vagal afferents originating 
in thoracic receptors serve as one of the 
mechanisms for the control of ADH release 

Thus, when fluid volume was expanded 
in a manner which primarily promoted en- 
hanced free-water excretion, vagotomy abol- 
ished the renal response. Presumably, extra- 
thoracic receptors were not significantly acti- 
vated. I t  has been repeatedly demonstrated 
that vagotomy and/or carotid sinus denerva- 
tion do not completely abolish the diuretic 
and natriuretic response to rapid expansion 
of extracellular fluid volume ( 5,18,19) ; in 
this situation other receptors appear to be 
involved (20). I t  is possible that expansion 
of total body water to a greater degree than 
achieved in the present investigation may 
result in activation of intra- and extra- 
thoracic receptors; conceivably, interruption 
of vagal pathways alone would then incom- 
pletely prevent renal compensation. 

Summary. Occlusion of a renal artery in 
anesthetized dogs during mild water diuresis 
promoted enhancement of the diuresis from 
the contralateral kidney. The compensation 
was primarily due to increased free-water 
clearance and was not accompanied by any 
significant changes in glomerular filtration 
rate, effective renal plasma flow, or electro- 
lyte excretion. After vagotomy, a compensa- 
tory renal response did not occur, and free- 
water clearance declined to negative values. 

(1). 
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