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If both kidneys are removed from one 
partner of a parabiotic pair of rats, the 
urinary bladder of the operated animal 
atrophies while that of the intact partner 
hypertrophies ( 1 ) . The present investigation 
has been undertaken to find out if this 
hypertrophy results from voidings of in- 
creased frequency or increased volume. It 
would appear to be a little of both. 

Materials and Methods. Sprague-Dawley 
rats (Charles River CD@) were parabiosed 
as littermates weighing less than 100 g. They 
were joined together from shoulder to hip 
with confluent peritoneal cavities. The ani- 
mals were allowed to reach maturity, and 
during the course of their first year both kid- 
neys were removed from the right partner 
via dorsolateral incisions. At this time, both 
animals were approximately the same size, 
but the nephrectomized partner tended to 
lose weight thereafter. 

The pattern of micturition was monitored 
in these animals before and after nephrec- 
tomy to determine how the frequency 
and volume of urination were affected by 
the operation. Animals were placed in 
metabolism cages, and their urine was car- 
ried through plastic tubes to a fraction col- 
lector equipped with 60 centrifuge tubes per 
revolution. At 15-min intervals, the fraction 
collector shifted a new collecting tube into 
position. In  this way, the apparatus could be 
allowed to run for up to 15 hr without 
attention. Urine was collected in the above 
manner from parabiotic rats for periods of 
1 wk at  a time. The urine tubes were replaced 
twice a day, and the amounts of urine 
weighed and recorded for each voiding. Urine 
was collected for 1 wk from each parabiotic 
pair prior to nephrectomy and, thereafter, 
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for the lst,  Sth, loth, and 15th weeks. A 
total of 2 7  pairs of rats were analyzed in 
this way, but owing to the premature demise 
of some animals the data reflect diminishing 
returns to 17 pairs by the 5th week, 9 by the 
10th week, and 7 by the 15th week. 

Results have been expressed in terms of 
frequency of urinations, amount of urine per 
voiding, and total urine produced. The lat- 
ter two items were corrected for changes in 
body weights during the course of the experi- 
ment, and all data have been calculated on 
a percentage basis of the original preoperative 
figures. Prior to nephrectomy, when both 
partners of a parabiotic pair were urinating 
into the same tube, it has been necessary to 
correct the results to take into account 
occasional simultaneous urinations in a given 
15-min interval. Thus, the number of tubes 
with urine in them per 24-hr period was 
recalculated according to the formula N = 
n + ( n 2 / 9 6 ) ,  where N is the actual number 
of urinations, n is the observed number, and 
96 is the number of 15-mh intervals in a 
24-hr period. I t  was not necessary to make 
this correction postoperatively, since only the 
intact partner would be urinating at  that 
time. 

Animals were sacrificed at  the end of the 
15th postoperative week. Those that died 
prematurely were autopsied whenever pos- 
sible. Rats were cut apart, and their body 
weights measured separately. The wet weights 
of both kidneys of the intact partner and 
of the bladders of both partners were deter- 
mined. 

Results. The total amount of urine pro- 
duced per week by each parabiotic pair is 
plotted in Fig. 1. These data are expressed 
as percentages of one-half the combined pre- 
operative output, that is, in relation to the 
amount of urine assumed to have been pro- 
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FIG. 11. Urine outpuft by parabiotic rats at succes- 
sivc intervals after nephrectomy of one partner. 
Calculations based on percentages of one-half pre- 
operative quantities of urine produced. Broken line 
connects mean values. 

duced by the intact rat even before the kid- 
neys were removed from his partner. Al- 
though the intact rat did not immediately 
double his output of urine, he did produce 
80% more urine during the first week than 
he excreted preoperatively . Ultimately, more 
than twice the amount of urine originally 
produced was excreted by these rats. This 
was made possible by a combination of in- 
creased frequencies of voiding and greater 
quantities of urine per urination. 

The frequency of voidings, graphically 
presented in Fig. 2,  increased immediately 
in the intact rat after bilateral nephrectomy 
of its partner. The mean number of urinations 
per day rose an average of 30% during the 
first postoperative week ( p  < 0.01) and did 
not change significantly thereafter. Thus, al- 
though the intact animal voided more fre- 
quently after his partner had been nephrecto- 
mized, he did not double the frequency of 
voidings and, therefore, did not entirely com- 
pensate for his partner's deficiency in this 
way. 

Figure 3 shows the amount of urine pro- 
duced each time the bladder was emptied. 
These data indicate that this also increased 
an average of 30% during the first week after 
operation, but this difference was not statis- 

tically significant ( p  > 0.05). Unlike the 
frequency of voidings, however, the quantity 
of urine per voiding continued to rise to about 
twice the original volume by the 5th week 
( p  < O.Ol), where it remained for the rest 
of the experiment. This reflects an increased 
capacity of the bladders in the intact rats 
as hypertrophy took place. 

I t  is worth noting the reactions of the 
kidneys in intact rats to bilateral nephrectomy 
of their parabiotic partners. As expected, 
compensatory hypertrophy was found to 
have occurred when the animals were 
autopsied 16 wk after operation. The kidneys 
originally removed from the one partner had 
a mean relative weight of 0.319%. At the 
end of the experiment, the relative weights 
of the kidneys of the intact partners aver- 
aged 0.364%, an increase of 14.11 % over a 
period of 15 wk. This value, however, was 
56% less than that of single rats deprived of 
one kidney, in which the remaining organ 
hypertrophied 3 2.18 "/o above normal. 

Discussion. When faced with the task of 
excreting for two, a rat parabiosed to a ne- 
phrectomized partner first increases the fre- 
quency of micturition. This reaction is an im- 
mediate one and persists without significant 
change thereafter. The quantity of urine pro- 
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FIG. 2 .  Frequency of urinations following neph- 
rectomy of one partner of a parabiotic pair, based 
on percentages of one-hialf preoperative rates. Mean 
values at postoperative intervals are connected by 
broken line. 
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FIG. 3.  Increasing capacity of urinary bladders is 
represented by amounts of urine excreted at  each 
voiding, shown here in relation to original levels 
before operation. 

duced per voiding ~ l s o  increases, but a t  a 
more gradual rate. Slightly elevated during 
the first postoperative week, the capacity of 
the bladder plateaus at  twice its original lev- 
el from the 5th week onward. These two pa- 
rameters, the increases in frequency and 
quantity of urination, combine to yield an 
eventual output of urine that is more than 
double that which would otherwise be ex- 
creted by intact parabiotic rats. This over- 
compensation may be attributed to the fact 
that the frequency of micturition increases, 
as i t  must, prior to a rise in the amount of 
urine produced per urination. Eventually, the 
capacity of the bladder becomes great enough 
to handle the excretory needs of both rats, 
but once this has been achieved the fre- 
quency of urinations fails to decline to pre- 
operative levels. 

The original purpose of this investigation 
was to find out if the hypertrophy that 
occurs in the bladder of an intact rat para- 
biosed to a nephrectomized partner is caused 
by more frequent voidings or by increased 
quantities of urine produced per urination. 
Both of these processes seem to be involved. 
The increased frequency of micturition, be- 
ing a physiological adaptation, is the more 
prompt form of compensation. The growth 
response takes longer, yet there is reason 
to believe that it may begin just as soon, 

even though more time is required for its 
effects to become statistically valid. 

These results do not reveal whether i t  is 
the heightened hydrostatic pressure stretch- 
ing the bladder, or the more frequent con- 
tractions emptying it, which accounts for 
the observed hypertrophy. Since contractions 
are triggered by stretching, it is difficult to 
distinguish between these two effects. How- 
ever, experiments have shown that artificial 
distension will stimulate growth of the bladder 
(2, 3) and ureter (4, 5). Moreover, para- 
sympathectomized bladders which become 
excessively distended because they cannot 
empty themselves by active contraction tend 
to undergo muscular hypertrophy (6-1 1 ) . 
This evidence would suggest that stretching 
alone can indeed promote hypertrophy, but 
it does not prove that contraction of the 
bladder musculature could not also cause the 
same effect. 

Finally, one wonders why the degree of 
compensatory renal hypertrophy observed in 
intact rats parabiosed to bilaterally neph- 
rectomized partners should be so much less 
than in single animals following unilateral 
nephrectomy. In  the present experiments, the 
kidneys enlarged only 44% as much as if 
one kidney had been removed from each 
partner instead of both from one animal. 
Clearly, two parabiosed rats subsisting on the 
kidneys of one of them are not physiologically 
equivalent to a single rat with a solitary 
kidney, even though the ratios of kidney 
mass to body weight may be the same. 

It has long been known (12) that the 
coeloms of parabiosed rats must be joined if 
they are to survive resection of both kidneys 
from one partner. Under these conditions, the 
kidneys in the intact rat become enlarged 
(13-15). On the other hand, if one kidney is 
excised from one parabiotic partner, com- 
pensatory renal hypertrophy is more marked 
in the operated rat that in the unoperated 
one (15-17), and if the animals are not 
joined coelomically no hypertrophy occurs 
a t  all in the intact partner (16). 

It can only be concluded that the in- 
equities between the three kidneys remaining 
in a parabiotic pair may be more profound 
than hitherto suspected. The two kidneys of 
the intact partner may assume the lesser 
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burden of hypertrophy not simply because 
the remaining kidney of the unilaterally 
nephrectomized rat compensates first and 
most, but because the parabiotic union itself 
may not communicate efficiently whatever 
message it is that promotes compensatory 
renal hypertrophy. 

Summary. When both kidneys are removed 
from one partner of parabiosed rats, the un- 
used bladder atrophies while that of the in- 
tact partner hypertrophies. This hypertrophy 
is brought about by a prompt and sustained 
increase of 30% in the frequency of micturi- 
tion, together with a more gradual rise in 
the quantity of urine excreted at  each void- 
ing. The capacity of such bladders levels 
off a t  approximately double preoperative 
values by the fifth week, while the heightened 
frequency of urinations remains elevated. 
The two remaining kidneys of the intact rat 
undergo hypertrophy in compensation for 
the renal losses of its partner, but the de- 
gree of enlargement is less than half that 
observed in single rats deprived of one 
kidney. 
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