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Serum Ribonuclease Activity After Temporary Ligation of Renal Pedicles 
in Rats.” (24165) 
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(Introduced bj- L. c‘. Junqueira) 

Lnboratr;rj  .for C d l  Physiology, Depart i i i e r i t  o f  Hi.stology and Enzbryology Faculty of Medicine, 
I - n i r e r s i t y  o f  S .  P a d o ,  B r a d  

The previously described increase in serum 
ribonuclease ( R S a s c  ) activity after bilateral 
nephrectomy in several species( 1 ) suggested 
investigation of the behavior of this enzy- 
matic activity in renal failure( 2 )  which fol- 
lows temporary constriction of the renal 
ped icles. 

Tt will be shown that the above procedure 
performed on rats leads to increases in serum 
X S u s c  activity. reversible in surviving ani- 
mals, and markedly paralleling blood urea 
levels. 

Mutcriul und methods. 14dult IVistar rats 
of both sexes were used. Under brief ether 
anesthesia both renal pedicles were ligated 
with thick thread. Forty-five. 60 or 90 min- 
utes later the rats were reanesthetized and the 
ligatures taken off. S o  heparin(3) was used. 
as this substance inhibits serum R S a s c  activ- 
ity(4.5). -4fter removal of ligatures. the kid- 
neys returned to uniform pink color. Con- 
trols were handled similarly. but ligatures 
were not tied. Blood samples of approsi- 
mately .3 rnl were taken from tail tips after 
warming animals a t  37°C for 10 minutes. 
Nost animals were sampled immediately be- 
fore and at  end of constriction period, and a t  
intervals up to 3 to 4 weeks after start of ex- 
periment. R S u s e  activity was determined in 
4 pl duplicate samples of serum as previously 
described( 1.5). with the modification that 
5% (w/v) trichloroacetic acid was added to 
the acetone-HC1 precipitating mixture. The 
dialyzed substrate could be stored a t  -15°C 
for a t  least 6 months. Samples from each 
experiment were simultaneously assayed. Re- 
sults are expressed in optical density units. 
Urea was determined in duplicate 20 p1 serum 
samples by nesslerization after urease diges- 
tion (6) .  

Resul ts .  Mortalities in the 3 experimental 

groups. with 45, 60 and 90 min. constriction, 
were, 3,/14 (totals of 2 experiments), 8/14 
and 5,.’7. the one for the 60 min. group being 
significantly greater than Koletsky and Gus- 
tavson’s data (3 ). 

Behavior of blood urea levels. In  surviv- 
ing animals there was a rapid and reversible 
increase in serum urea, which agrees with the 
findings of other workers(3). In animals 
that did not survive, urea remained a t  high 
levels until death. The relatively small num- 
ber of animals studied did not disclose rela- 
tion between magnitude of urea rise and 
length of time the ligatures were applied. 
Table I shows results of one of the 45 
min. experiments. The vertical lines indicate 
95% confidence limits of the means. Analysis 
of variance of this experiment for 5 surviving+ 
rats revealed significant ( P < .O 1 ) effects of 
both “between rats” and “between times” 
factors. Comparisons between zero hour 
mean, and those of other time periods by the 
method of Scheffk( 7 ) ,  showed significantly 
( P <  .Oj) increased urea levels up to 6 days. 
The 18 and 30 days group did not differ sig- 
nificantly from the zero hour group. 

Behazrior of serum R N a s e  was similar 
to that of urea. No clear relationship 
was found between rise in enzyme activity 
and period of constriction on the one hand, 
or surviving-non-surviving condition on the 
other. In surviving animals enzymatic ac- 
tivity was reversibly increased, whereas in 
those which died, it remained a t  high levels. 
I t  should be noted that, in agreement with 
our previous experience: large variability was 
found in initial control values of different ani- 
mals. Thus. a 4-fold range of values was 
found. When initial levels were compared 
with those immediately following release of 
ligatures, RNase activity was a more sensi- 

*This work was supported by grants from Con- 
selho Nacional de Pesquisas and Rockefeller Fn. 

t Two dead animals and 2 surviving ones were ex- 
cluded from the analysis because of missing values. 
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TA4BLE I. Serum Ribonuclease Activity and Urea Levels in 9 Rats before and after a 45 Min. 
Ligation of Rcnal Pedicles. 

Control 45min. 12hr 1 day 2 days 4days 6 days 18days 30 days 

R 
u 
R 
U 
R u 
R 
T; 
R 
u 
R 
u 
R 
u 
R 
‘c’ 
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103 
41 
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73 
42 
41 
27 
43 
‘78 
62 
40 
66 
54 
46 
83 
46 

112 
50 

Det. lost 
50 
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70 

111 
100 
42 
54 

205 
64 

134 
66 
90 
51 

127 
71 

223 
62 

194 
108 
87 

120 
87 
76 
46 

100 
256 
100 
246 
158 

16 
66 

136 
112 
230 

83 

230 
83 

116 
133 
84 
58 

128 
124 
150 

38 
218” 

Det. lost 
99 
71 

225 
149 
247 
158 

275 307 
75 83 

184 223 
125 75 
139 152 
39 37 

155 109 
116 78 
312” 
129 

56 
43 

201 
39 
67 
41 
49 
46 

165 137 73 
18 50 43 

198 61 124 
124 53 51 
381 96 80 

91 De t los t  67 

8 
36 
4 i  
48 
52 
37 

0 
43 

16 
28 
li 
54 
73 
66 

r- 

11 
29 
34 
50 
84 
50 

0 
46 

23 
29 
55 
51 
60 
83 

R 71.0 132.1 144.2 166.3 226.1 155.0 92.8 39.0 36.2 
-t 10.4t & 20.7 2 30.1 2 21.2 2 30.5 e 27.8 & 20.2 f 11.7 2 11.4 

Ti 52.0 65.2 102.5 101.7 81.1 62.5 47.3 44.6 48.2 
& 3.9 1 4.9 -1- 9.03 115 .8  20.6 1 7 . 4  & 3.5 e 4.7 f 6.7 

R = Ribonuclease activity (optical density X 1000). U = Urea., mg %. 
* Indicates death of animal. t Mean 2 stand. error. 

tive indicator than urea of the exclusion of 
the kidneys. After 45 minutes of total is- 
chemia, analysis of 8 paired values by the t 
test revealed a significant increase of about 
85o/b in the R N a s e  activity, whereas a similar 
analysis of the urea levels showed a 27% in- 
crease, which was not significant a t  the 5% 
probability level. 

Results of the 45 minute constriction ex- 
periment are given in Table I. The large 
confidence limits of the means are due to the 
above reported large disparity between ini- 
tial serum enzyme activities of different ani- 
mals. Analysis of variance for 5 surviving 
animalst showed that the effects “between 
rats” and “between times” were significant 
(P<.Ol). Study of the contrasts between 
means of the zero hour group and those of 
the other time periods( 7 )  showed significantly 
increased R X a s e  activity levels up to 4 days; 
the others were not significant. 

Control animals. Fourteen control rats 
were studied for varying periods. In 11 of 
them serum R N a s e  and urea were either un- 
changed or decreased. In the 3 remaining 

animals erratic variations were observed. A 
sample of control rats is given in Table 11. 

Discussion. It is known that temporary 
constriction of artery or renal pedicles in the 
rat (8)  and rabbit (9) leads mainly to necrosis 
of the proximal convoluted tubules. Func- 
tional studies in the dog ( 10- 13), indicate that 
an immediate reduction in the glomerular fil- 
tration rate follows renal ischemia, accom- 
panied by a decrease in secretory ability of 
the tubules and in renal blood flow. In sur- 
viving animals these phenomena are either 
partially or completely reversible. It can be 
assumed that similar functional impairment 
would also be found in the rat. It should be 
noted that the behavior of blood urea is simi- 
lar in the rat(3),  rabbit(9) and the dog(l1, 
14). 

The rapid increase in serum R N a s e  activ- 
ity which follows exclusion of the kidneys( 1) 
could be explained by the assumption that 
plasma R N a s e  is efficiently filtered by kidney 
glomeruli, although alternative views could 
also be held. On the other hand, the clear- 
ance of the enzyme being only around 270 of 
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TABLE 11. Serum Ribonucle2se and Urea Levels in Control Animals. 

Control 24 lir 36 hr 48 hr 4 days 7 days 

7 3 43 53 42 
58 3 i  42 23 
8S fi:! .i 2 44 
40 29 2 $1 33 
82 18 3 4 31 
52 37 33 25 

244 111.3 1 oil 191 
27 30 41  36 

122.0 & 40.8* T i  & 3i. l  8 2  B 6 . I  ii 38.1 
39.3 & 43 33.3 t 2.1 31.2 2 4.2 30.L L- 2.1 

27 40 
42  42 

114 10.1 
21 25 
92 45 
32 50 

1G6 196 
39 37 

100 +- 28.7 96 36.2 
33.5 +- 2.3 38.5 3- 5.1 

R = Riboiiuclensc ;wtivit.y (optical t1cnsit.v x 1000). U z Grea, nig c/'o. 
JIcall 2 stand. error. 

endogenous creatinine clearance in the rat ( 1 .?. 
16) .  a high tubular reabsorption with inacti- 
vation should be further postulated( 17.18). 

That the increase in serum R S n s c  activit!. 
is not secondary to the uremic condition and 
that the kidney is involved in inactivation of 
the enzyme. is shown by unpublished observa- 
tions on dogs on which ureter venous anasto- 
mosis was performed bilaterally. In these ex- 
periments the increase in serum RSnsc, is 
much smaller than that of binephrectomized 
controls. while degree of uremia is similar i n  
both cases. 

\Ye wish to suggest that the above reported 
increase in serum R S a s c  activity after renal 
ischemia is mainly due to reduction in glome- 
rular filtration rate. It cannot be escludetl. 
however. that either production. or release of 
enzyme to the blood, or both. may be in- 
creased by our experimental procedure. or that 
backflow through the damaged tubules con- 
tributes towards elevation of serum enzyme 
activity. Sothing is known. however. oi 
homogeneity and physical characteristics oi 
serum RSosr .  Fending these and other ph>-si- 
ological data. interpretation of our findings 
must be speculative. The above presented 
hypothesis has the only merit that i t  may be 
experimentally tested. 

Our findings of the parallelism between be- 
havior of serum urea and R S o s c  activity in 
the rat suggested that this enzyme could be 
profitably studied in several experimental and 
clinical conditions. Enzyme assays performed 
on plasma from normal and uremic human 

subjects have yielded similar results7 to be re- 
ported later. 

Smzmary. A study was performed of urea 
and serum ribonuclease activity after ligation 
of renal pedicles in rats for periods of 45, 60 
or 90 minutes. Both urea and ribonuclease 
activity increased reversibly in surviving ani- 
mals and remained elevated until death in the 
others. The significance of the findings is 
discussed, and it is suggested that the de- 
crease in glomerular filtration rate could ex- 
plain the behavior of serum ribonuclease. 

The authors are indebted to E. S. Berqu6 for ad- 
vice on statistical technics used. 
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Effect of Different Intrinsic Factor Preparations on Co6O Vit. B12 Uptake 
in Rat Liver Slices. (24166) 
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Miller and Hunter (1) reported that radio- 
active Vit. B12 is absorbed by rat liver slice, 
and that this absorption is increased markedly 
by addition of intrinsic factor rich extracts of 
hog stomach. This work has been confirmed 
(2 ,3  ) . That this increase in binding is related 
to intrinsic factor present in the concentrate 
is suggested by the fact that it is abolished by 
boiling of intrinsic factor concentrate ( 1) and 
that proteins without known intrinsic factor 
activity fail to produce this increased binding. 
These proteins include gelatin, lysozyme, crys- 
talline pepsin and pink protein ( 1 ) . Addition 
of human gastric juice failed to enhance Co- 
balt-60 labeled Vit. BIZ uptake by rat liver 
slice. Since this was similar to the results ob- 
tained with human gastric juice in gastrecto- 
mized rats, it seemed advisable to extend these 
observations to rat gastric juice, dog gastric 
juice, hog intrinsic factor concentrates and 
hog gastric juice to test the effect these in- 
trinsic factor preparations have on liver slice 
technic. 

Technic. Seventy-five to 100 mg slices were 
prepared from chilled rat livers and incu- 
bated for 30 min. at 37' in Warburg vessels 
containing Hastings' buffer (4 )  1 5 mpg radio- 
active Vit. BI2 and measured amounts of gas- 
tric juice. Prior to incubation the system 
was flushed 5 min. with 5% COs and 95% 0 2  

mixture. After incubation, the slices were 
washed in fresh buffer. We found that the 
number of washes or length of time used in 
washing does not cause a change in radioac- 

tivity absorbed. The slices were transferred 
to glass test tubes and assayed in scintillation 
well type counter. The counts were corrected 
for background and expressed as specific ac- 
tivity (counts/min./lOO mg) . Various 
amounts of rat, dog, human and hog gastric 
juice were incubated with the liver slices. Rat 
gastric juice was obtained by placing a liga- 
ture over pylorus of rat stomach. Eight hours 
later the gastric juice was collected. Gastric 
juice was collected from dogs with Heidenhain 
pouches which had been stimulated by raw 
meat. Human gastric juice was obtained 
from fasting patients by gastric tube after in- 
sulin stimulation. Hog gastric juice was ob- 
tained by expressing gastric juice from surface 
of freshly slaughtered hog stomach. The1 
hog intrinsic factor concentrate was fur- 
nished us.* In patients with pernicious ane- 
mia, this intrinsic factor concentrate is active 
at  a dosage of 2-3 mg. The binding ability of 
various gastric juice fractions as tested by the 
method of Gregory and Holdsworth( 5)  , viz. 
0.61 pg of Vit. BIZ containing 0.01 pc of Co'" 
were added to 5 mg of gastric juice. This mix- 
ture was dialyzed against tap water for 48 
hours and the contents of dialysis tubing 
counted in scintillation well counter. These 
gastric juices were tested in a patient with 
pernicious anemia to prove that each had in- 
trinsic factor activity. Twenty-five mg of 
-~ 

* W. L. Williams, American Cyanamid Co., Pearl 
River, N. Y. 


