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thrombin, a common pathway may be in- 
volved in the release reaction caused by all 
these stimuli. 

Summary. Phenylbutazone inhibits throm- 
bin-induced platelet aggregation and the re- 
lease of platelet constituents but this effect 
can only be demonstrated with low concen- 
trations of thrombin. The action of thrombin 
on fibrinogen is not affected by phenylbuta- 
zone. 
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Effects of Subtotal Nephrectomy on Renal Hypertension* (33491) 

JUNZO HIRANO AND GEORGES M. C. MASSON 
Research Division, Cleveland Clinic Foundation, Clevelund, Ohio 44106 

On the assumption that renal hypertension 
is due to relative renal ischemia and in- 
creased renin release, it has been suggested 
that reduction of renal mass-by restoring a 
proper balance between renal blood flow and 
renal mass and by reducing the number of 
cellular complexes responsible for renin 
formation-might reverse the course of hy- 
pertension (1, 2 ) .  Results have been incon- 
clusive, however (1-6). In some experiments, 
remission of hypertension was attributed to 
establishment of a secondary circulation ( 3 ) .  
On the other hand, in those in which hyper- 
tension persisted (4, 5 ) ,  it was not proven to 
be still dependent on renal mechanisms. The 
purpose of the present investigation was to 
study sequentially the effects of partial and 
total resection of clipped kidneys on blood 
pressure and to correlate the data obtained 
with renal renin. 

Methods. Female Sprague-Dawley rats 
weighing 155-165 g were made hypertensive 
by unilateral clipping of the renal artery with 
and without contralateral nephrectomy. In 

*This work was supported by USPHS Grant 
6835. 

experimental series 1, one kidney was clipped 
and the other was left untouched. After sta- 
bilization of pressure, hypertensive animals 
were evenly divided according to blood pres- 
sure levels into 3 groups. Part of the clipped 
kidney was surgically removed in group 1 
and excluded by a ligature in group 2. Ani- 
mals of group 3 were sham-operated. After 35 
days, all animals of group 2 and 6 of group 
1 were killed; clipped kidneys were resected 
in the remaining animals of group 1 and in 
those of group 3. The experiment was termi- 
nated on day 42. The number of surviving 
animals in each group was 14, 6, and 8, 
respectively. 

In experimental series 2, the contralateral 
kidney was removed at  the time of renal 
artery clipping. Hypertensive animals were 
also divided into 3 groups and treated as in 
the first series. Twenty-six days later, kid- 
neys were unclipped in all groups, but not 
removed, so as to avoid renoprival hyperten- 
sion. At the end of the experiment, on day. 49 
there were 6, 8, and 6 rats in each group, 
respectively. 

All operations were performed under ether 
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DAYS 
FIG. 1 .  Blood pressure changes in hypertensive 

rats: at first arrow the clipped kidney was partially 
resected in group 1,  ( 0 )  ; ligated in group 2 ,  ( x )  ; 
and subjected to a sham operation in group 3, ( 0 )  ; 
at second arrow the clipped kidney was excised in 
groups 1 and 3.  

anesthesia. A silver clip was used to constrict 
the renal artery. Renal mass was reduced by 
excising one or both poles during clamping of 
the renal pedicle. Bleeding was stopped by 
compression of the kidney with fingers. Ex- 
clusion of a portion of the kidney approx- 
imately equal to that removed surgically was 
done by a ligature with heavy thread. In  
sham-operated rats, clipped kidneys were de- 
capsulated while being temporarily ischemic. 
Blood pressure was measured from the tail by 
sphygmography. using an E and M recorder. 
Pieces of kidneys removed at  surgery and at 
autopsy were weighed and frozen for determi- 
nation of renin by direct assay in nephrecto- 
mized rats ( 7 ) .  

Results. Expt .  1. Renal manipulations per- 
formed at  zero time on hypertensive animals 
caused an initial fall in pressure of about 20 
mm Hg (Fig. 1) .  Arterial pressure later fluc- 
tuated and then rose above original hyperten- 
sive levels in animals subjected to subtotal 
nephrectomy (group 1 )  and in those which 
were sham-operated (group 3) but continued 
to decline to normotensive levels in rats with 

ligated kidneys (group 2 ) .  Subsequent ex- 
cision of clipped kidneys in groups 1 and 3 
caused a sharp fall in pressure, with complete 
remission of hypertension in most of the 
animals; only one rat remained severely hy- 
pertensive. I n  one representative animal, the 
following ranges of pressure were observed: 
190-200 mm Hg prior to subtotal nephrecto- 
my, 200-225 mm Hg after left subtotal 
nephrectomy, and 100-140 mm Hg after left 
total nephrectomy. Thus, renal ligation 
caused remission of hypertension while surgi- 
cal reduction of the mass of the clipped kid- 
ney had no significant effect. These results 
are supported by heart weights. In  the 6 
animals of group 1 killed 35 days after left 
subtotal nephrectomy, heart weights (ex- 
pressed as percentage of body weight) aver- 
aged 453 * 33 mg. This value is significant- 
ly greater (p<O.OOl) than 314 * 18 mg 
in animals of group 2 which became normo- 
tensive. After removal of the clipped kidney, 
heart weights decreased averaging 348 t 39 
mg in group 1 and 342 + 37 mg in sham- 
operated group 3 ;  only the former value is 
significantly above normal (p<0.05). 

The amount of renal tissue removed by 
surgery averaged 304 _t 68 mg in group 1, 
thus representing approximately 4470 of the 
total mass, since weight of the clipped kidney 
in sham-operated group 3 averaged 683 * 
217 mg. Clipped kidneys in these 2 groups 
were relatively free of adherences and could 
be easily dissected out. By contrast, kidneys 
of group 2 which had been ligated, were 
imbedded in fibrous tissue; they were uni- 
formly atrophic with fibrosis at  the site of the 
ligature. On day 35, clipped kidneys averag- 
ed 369 t 60 mg in group 1 and 290 t 182 
mg in group 2, while contralateral kidneys 
averaged, respectively, 1580 t 320 mg and 
1320 t 190 mg It is to be noted that 
although weights of clipped kidneys were 
similar in group 1 and 2, only animals of 
group 2 were normotensive. Seven days after 
removal of the clipped kidney contralateral 
kidneys averaged 1402 k 187 mg in group 1 
and 1395 2 172 in group 3. These results 
indicate that after unilateral clipping, the 
contralateral kidney undergoes considerable 
hypertrophy so that subsequent partial or 
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TABLE I. Renal Reiiiii aiid Arterial Pressuru a t  
Time of Partial Surgical Nephrectomy (A) and 35 

Days Later (B). 

Reiiin content 
of clipped 
kidneys Blood pressure 

(units/g) (mm Hg) 
Differ- Differ- 

A B ence A B elice 

112 114 +2 
55 57 +2  
50 54 +4 
18 25 4-7 
36 45 + 9  
35 44 + 9  
49 62 +13 
50 100 +50 
47 135 +88 
33 18 -15 
80 62 -18 
49 22 -27 
94 39 -55 

112 27 -85 

200 180 -20 
180 230 4-50 
190 155 -35 
200 220 +20 
200 215 +15 
195 230 4-35 
205 220 +15 
185 230 +45 
200 200 0 
205 230 +25 
190 190 0 
230 200 -30 
200 190 -10 
215 220 +5 

total removal of the clipped kidney has little 
effect. 

Renin content in pieces surgically removed 
from clipped kidneys averaged 64 2 33 
Goldblatt units/gm; 35 days later it averaged 
46 t 25 units in the remaining part. The 
difference is not statistically significant 
(p>O.OS) . Renal renin in the contralateral 
kidney averaged 2.7 t 0.9 units on day 35 
and 3.9 t 3.2 units 7 days after removal of 
the clipped kidney. In animals of group 2 
which became normotensive, renal renin in 
the whole clipped kidney, including the li- 
gated part, averaged 19.6 t_ 9.8, and in the 
contralateral kidney 2.8 t 1.9 units. 

Data in Table I show absence of relation- 
ship between renin concentration and levels 
of arterial pressure at  the time of, and 35 
days after, surgical reduction of the renal 
mass: rats with the same severity of hyper- 
tension had either low or high renal renin. A 
lack of relationship is also noted between 
changes in pressure and in renal renin follow- 
ing reduction of the renal mass. 

Expt. 2. In hypertensive rats with a lone 
clipped kidney, surgical reduction of the ren- 
al mass (group 1) caused a slight and transi- 

tory fall in pressure followed by a return to 
preoperative levels (Fig. 2).  The same chan- 
ges occurred in the sham-operated group 3. 
In  animals of group 2, ligation of the kidney 
had insignificant effects on blood pressure. 
By contrast, removal of the clip caused in 
these 3 groups a sharp fall amounting to 
about 60 mm Hg, followed by stabilization at  
lower but still slightly hypertensive levels. 
When rats were killed 23 days later, heart 
weights in the 3 groups were within the nor- 
mal range, averaging, respectively, 323 & 60, 
294 t 2 1 ,  and 300 -+ 32 mg/100 g of body 
weight. Thus, these results demonstrate that 
surgical reduction of the renal mass and liga- 
tion of the kidney did not reverse the course 
of hypertension at  a time when its mainte- 
nance was still mainly dependent on the kid- 
ney. 

Amounts of kidney removed surgically av- 
eraged 324 t 76 mg. Final kidney weights in 
the 3 groups were similar, averaging 1410 t 
233 mg in group 1, 1358 t 216 mg, includ- 
ing 22.9 mg for the part excluded by the 
ligature in group 2, and 1432 t 83 mg in 
group 3. The ligated kidneys again showed 
many adhesions, but, unlike the first experi- 
mental series, were not atrophic. 

Renin content in group 1 averaged 10.1 t 
5.4 units a t  the time of subtotal nephrecto- 
my and 6.8 t_ 2.4 units 23 days after re- 
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FIG. 2 .  Blood pressure changes in hypertensive 
rats following at first arrow partial nephrectomy in 
gmup 1, ( ) ; renal ligation in group 2 ,  (x) ; and 
sham operation in group 3, ( 0 ) ;  and at second 
arrow removal of the clip in the 3 groups. 
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moval of the clip. These are not significantly 
different from 10.8 t 7.4 obtained in control 
group 3. In group 2, renin content averaged 
6.4 t 6.8 units in the part distal to the 
ligature and 4.2 t 1.3 units in the remaining 
portion; variability in the distal part likely 
reflects differences in amounts of degenerated 
tissue. 

Discussion. These experiments demonstrate 
that reduction of the mass of a clipped kid- 
ney does not significantly interfere with the 
course of hypertension. Whenever there was a 
fall in pressure it was transient and also 
occurred in sham-operated rats. Although the 
same results have been reported in dogs ( S ) ,  
and rats ( 4 ) ,  we further demonstrated that 
a t  the time of partial nephrectomy, the hy- 
pertension was still reversible and dependent 
on renal mechanisms. Our findings contrad- 
ict, however, the results of others, particular- 
ly Schlegel and Okamoto (2) ,  who showed 
that reduction of the mass of the clamped 
kidney causes a sustained fall in pressure and 
suggested this procedure as a possible cure 
of hypertension. Their conclusions were 
based on studies on 5 dogs. Hypertension was 
not severe, as evidenced by pressure gradi- 
ents in the renal artery and heights of the 
pressure. Since partial nephrectomy was per- 
formed from 2 to 6 weeks after clamping, 
hypertension was still labile. Such animals 
are sometimes known to become normoten- 
sive for no apparent reason. In the experi- 
ments of Donohue, who claimed to have 
confirmed in rats the results of Schlegel and 
Okamoto ( 6 ) ,  blood pressure levels ranged 
between 107 and 130 mrn Hg 1 month after 
clipping. I t  is doubtful whether such animals 
can be considered hypertensive. 

Schlegel and Okamoto ( 2 )  have inter- 
preted their results by suggesting that hyper- 
tension results from an imbalance between 
renal blood flow and renal mass and that this 
imbalance is corrected by partial nephrecto- 
my. I t  may be that this situation had been 
realized in their experiments. The kidney 
contralateral to the clamped kidney was re- 
moved a t  the same time as clamping. We 
know that compensatory hypertrophy can 
take place in spite of a clamp (8) : even in 
the absence of a decrease in renal blood flow 

( 9 ) ,  a relative ischemia may have occurred. 
They did not demonstrate, however, that i t  
played a pathogenic role. Indeed, most of the 
evidence is against this interpretation. First, 
it is generally agreed that ischemia per se is 
not a determining factor in hypertension. 
Second, hypertension can develop when clam- 
ping is delayed until the hypertrophy due to 
contralateral nephrectomy is almost com- 
pleted ( 5 ) ;  renograms and clearances are 
unaffected by clamping or partial nephrecto- 
my (5). Third, as demonstrated here in rats, 
the size of the clipped kidney is decreased, 
and not increased, when the contralateral 
kidney is not removed; in a similar situation 
in dogs, renal blood flow remains generally 
normal (9).  

Subtotal removal of the renal cortex has 
been suggested as a means of reducing the 
number of juxtaglomerular apparatus respon- 
sible for the formation of renin, hence to 
cause remission of hypertension (1) .  In  
many instances animals had renal insufficien- 
cy (4 ) ,  so that whenever pressure remained 
elevated, the participation of renoprival fac- 
tors could not be excluded. I t  has been gener- 
ally observed that hormonal deficiencies can 
be obtained only by almost complete removal 
of an endocrine gland; such a drastic 
procedure on the kidney would be fatal. Al- 
though the source of renin was reduced by up 
to % by partial nephrectomy, the amounts 
left in the remaining part were still consider- 
able and probably sufficient to maintain hy- 
pertension (9). I n  the absence of relationship 
between renin content and pressure, it is not 
known what constitutes the minimal amount 
of renin compatible with hypertension. On 
the other hand, increased amounts of renin 
can be associated with normal pressure. 
Weights of, and renin concentration in, 
clipped kidneys were the same following a 
renal ligature or partial nephrectomy, but 
hypertension was remitted in the former situ- 
ation and persisted in the latter. 

Although attempts to reduce renal mass by 
necrosis were unsuccessful, we found that 
renal ligation caused remission of hyperten- 
sion in rats with one clipped kidney and one 
contralateral untouched kidney. The clipped 
kidney was atrophic and enclosed in a tight 
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capsule. It is very likely that the ligature 
exerted a compression, not only locally but 
on the whole kidney, through a tightening of 
the unruptured renal capsule. Local tissue 
reaction may have also contributed to this 
effect. This sustained compression resulted in 
gradual atrophy of the clipped kidney, re- 
mission of hypertension, and compensatory 
hypertrophy of the contralateral kidney. The 
situation is similar to the one resulting from 
a loose ligature placed on the aorta between 
the origins of the two renal arteries in very 
young rats; during growth, the left kidney 
gradually atrophies without hypertension 
(10). On the other hand, when the con- 
tralateral kidney is removed, stimuli for com- 
pensatory hypertrophy are strong enough to 
overcome this atrophy. In an endocrine kid- 
ney, excretory function is restored by con- 
tralateral nephrectomy (8). 

Summary. Surgical reduction of the mass 
of a clipped kidney does not alter the course 
of hypertension, whether a contralateral un- 
touched kidney is present or not, while subse- 
quent removal of the clip or excision of the 
kidney usually causes remission of hyperten- 
sion. These observations do not support the 

view that hypertension is due to an imbal- 
ance between flow and mass, which can be 
corrected by reduction of renal mass. Con- 
striction of the clipped kidney by a ligature 
causes a gradual renal atrophy and remission 
of hypertension only when the contralateral 
kidney is present. There is no relationship 
between renal renin and pressure levels. 
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