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The rate of rise of blood urea nitrogen 
(BUN) in acute renal failure in man is ex- 
tremely variable. ‘This has been attributed to 
varyingly increased rates of urea production 
in the presence of tissue catabolism due to 
infection, trauma, or operative intervention. 
Some degree of metabolic acidosis is an al- 
most invariable accompaniment of acute ren- 
al failure and the effects of the acidosis on 
the rate of rise in BUN have not received 
attention. This communication reports a 
study of acute renal failure in the rat, in 
which i t  was possible to demonstrate that 
correction of acidosis per se significantly di- 
minished the rate of rise of the blood urea 
nitrogen. 

Materials and Methods.  Male Sprague- 
Dawley rats, weighing 180 to 280 g, were 
fasted but allowed free access to water for 16 
hr prior to surgery. They were then anesthe- 
sized with pentobarbital (5 mg/100 g ip) 
and subjected to either bilateral ureteral liga- 
tion or sham operation. Bilateral ureteral li- 
gation was carried out through separate dor- 
sal incisions. Sham operation consisted of mo- 
bilization and preparation of both kidneys for 
ureteral ligation. During the 48-hr postoper- 
ative period food and water were withheld 
and each rat was kept in an individual meta- 
bolic cage in a room a t  constant temperature. 
One group (9 animals) of the ureter-ligated 
animals received no further treatment, a sec- 
ond group (6 animals) was given 0.75 mEq 
of NaHCQ3 in 5 ml of water ip a t  20 and 40 
hr after surgery and a third group ( 6  ani- 
mals) was given 0.75 mEq of NaCl in 5 ml 
of water, also a t  20 and 40 hr after surgery. 
At 48 hr postoperatively all rats were again 
anesthesized with pentobarbital (5  mg/100 g 

ip) and blood was obtained from the aorta 
in a heparinized syringe for determination of 
arterial pH by the micro Astrup apparatus 
(Radiometer, Copenhagen) and for BUN by 
the method of Crocker (1). PH units were 
converted into hydrogen ion concentration 
(nEq/liter) before the data were analyzed 
statistically by analysis of variance ( 2 ) .  

Results.  The mean ( t S E M )  48-hr BUN 
levels and the concentration of hydrogen ion 
for the four groups are shown in Table I. The 
values for the untreated ureter-ligated group 
and the group injected with NaCl are virtu- 
ally identical. I n  contrast, the group in which 
arterial pH was corrected by NaHC03 to 
levels not different from those of the sham 
operated controls had a significantly lower 
( f < O . O O l )  BUN level. 

Microscopic examination of the ligated 
kidneys and culture of the renal pelvic urine 
showed no evidence od pyelonephritis. 

D~SGUSS~OJZ.  These experiments show that, 
in this animal model of acute renal failure, 
correction of the accompanying metabolic ac- 
idosis to the level seen in sham-operated con- 
trols significantly slows the rate of rise of the 
BUN. Because of the method of “correc- 
tion” of the acidosis, using two injections of 
sodium bicarbonate over the 48-hr experi- 
mental period, control of acidosis was a t  
best episodic; a more smooth and continuous 
correction of acidosis might lead to an even 
greater diminution in the rate of progression 
of azotemia. However, a previous investiga- 
tion in the bilaterally nephrectomized rat ( 3 )  
failed to show any significant effect of intra- 
peritoneal sodium bicarbonate administration 
( 3  injections of 1 ml of 7.57% solution) on 
BUN levels 24 hr after operation, although 
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TABLE I. Mcaii (-+ SEM) Artmid BUN and Ht Coiicciitration 48 lir After Bilateral Ureteral 
Ligation. 

Group Treatment 
BUN“ (H’) Mean 

(mg/100 ml) (nEq/liter) arterial p H  

1. Sham operation None 32 2.6 55 & 3.1 7.26 

2. Bilateral ligation None 299 & 17 92 k 8.0 7.04 

3. 0.75 mEq NaHCO, X 2 233 8.3 48 & 2.2 7.32 

4. 0.75mEqNaCl X 2 303 & 18 91 * 11 7.04 

tl  I t  

tt It 

a Group 3 is significantly different from groups 2 and 4 ( p  < 0.001). 
’ Group 3 is significantly different from groups 2 and 4 ( p  < 0.005) ; group 3 is not signifi- 

cantly different from group 1. 

the degree of hyperkalemia was diminished. 
There is evidence in normal man (4)  that 

25% of synthesized urea is broken down in 
the gut. Thus, if such a mechanism also ex- 
ists in the rat, any diminution in the rate of 
rise of BUN in the absence of renal excretion 
of urea could be due to either diminished 
urea production or to increased extrarenal 
degradation of urea. The results of the 
present experiments do not permit distinction 
between either of these possible mechanisms 
to account for the effect of correction of 
acidosis on diminishing the rate of BUN rise, 
although the former explanation seems in- 
trinsically more likely to be correct. Urea 
production rates are doubled, compared to 
nonuremic controls, in the rat liver 48 hr 
after bilateral ureteral ligation ( 5 )  ; the BUN 
level in these rats was virtually identical 
(295 mg/100 ml) with that obtained in the 
present experiments in the untreated or 
saline-treated rats. Metabolic acidosis, of a 
severity similar to that seen in the uremic 
rats of the present experiments, has been 
shown in the dog (6)  to increase cellular 
catabolism and to impair the effectiveness of 
insulin, a hormone which has a direct effect 
of increasing protein synthesis ( 7 ) .  Thus, 
there are established mechanisms by which 
correction of acidosis in renal failure could 
reduce the rate of protein catabolism and 
hence the rate of rise in BUN. 

Metabolic acidosis enhances renal glucone- 
ogenesis (8), and thus could lead to en- 
hanced urea production. In normal rats, met- 
abolic acidosis (mean arterial pH 7 .13) ,  pro- 
duced by ingestion of ammonium chloride, 
did not produce any elevation of BUN as 
compared to appropriate controls, but studies 

of urea production rates were not performed 
(9) .  Since the rate of rise of BUN in the 
bilaterally nephrectomized rat is very similar 
to that seen after bilateral ureteral ligation 
( 3 ) ,  renal gluconeogenesis can only make, a t  
most, a slight contribution to urea production 
rates, and it seems unlikely that sodium 
bicarbonate exerts its effect on the rate of 
BUN rise via a reduction of renal gluconeo- 
genesis. 

Whatsoever the mechanism, the effect of 
acidosis on the rate of progression of azotem- 
ia in acute renal failure merits further study. 
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