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The gross enlargement of the remaining kidney which occurs after 
unilateral nephrectomy is called a compensatory hypertrophy? 
Compensatory hypertrophy of the kidney is a relative term and desig- 
nates the increase in size of a single kidney over that found when both 
kidneys are present. I t  is measured by the increase in the weight of 
the remaining kidney of an animal from which one kidney has been 
removed over and above the weight of one kidney of a control animal 
of the same age and sex maintained under the same conditions and 
subjected to an operation in which one kidney is exposed but not 
removed. 

By the expression "degree" of compensatory hypertrophy we mean 
the maximum amount of enlargement which follows unilateral nephrec- 
tomy. Our work was done on the albino rat and in this animal the 
remaining kidney has reached its maximum degree of compensatory 
hypertrophy 40 days after the removal of the other kidney and the 
degree of compensatory hypertrophy thereafter remains constant. 
All the measurements in this paper were made 40 days after operation. 
But it is essential that some proof that compensatory hypertrophy is 

*This investigation was aided by a grant from the Josiah Macy, Jr., 
Foundation. 

This enlargement of the remaining kidney is due at least in part to a true 
hypertrophy of the parenchymal cells of the kidney, but in using the expression 
compensatory hypertrophy there is no intention to prejudge the question as to 
the possibility of a hyperplasia of the parenchymal as well as of the vascular and 
supporting tissue cells. 
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complete in 40 days be given now because until that point has been 
established our conclusions as to the relation between age and com- 
pensatory hypertrophy cannot be accepted. Without it the possi- 
bility would remain that the decrease in the degree of compensatory 
hypertrophy with advancing age might be only apparent and due to 
a slowing of the rate of increase in the weight of the remaining kidney 
in the older rats and not to any lack of ability to attain in the end to 
as great a degree of increase as is observed in the younger animals. 
And the necessity of dealing first with this point is the more stringent 
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since Smith and Moise (1) have been led to a different conclusion. 
They find that compensatory hypertrophy is a process which con- 
tinues for at least 100 days after nephrectomy and their curve of the 
rate of compensatory hypertrophy never reaches any clear and definite 
maximum. However it happens that during the past 8 years we have 
collected for other purposes than those which concern this paper a 
large number of observations on the rate of compensatory hyper- 
trophy of the kidney in rats of both sexes and of all ages. The result 
has been an adequate demonstration that when 40 days have elapsed 
after the removal of a kidney the remaining kidney has reached its 
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maximum degree of enlargement. Our results fall into two groups 
in accordance with differences in diet, in the ages selected for study, 
in the place where the experiments were carried out, and in the strain 
of albino rat which was used. We have selected from these two groups 
all observations in which all ages and both males and females were 
equally represented and in this way have constructed two graphs 
which summarize the findings on over 2000 rats. The ordinates 
represent the percentage increase in the weight of the remaining kidney 
over the average weight for one kidney of the controls. The difference 

too, 

A 

• a o  8111 m O  4 0  

B A Y |  A r l r | l l  I I I N O V A I .  O r  O N |  K I O N | Y  

FIG. 2 

in the height of the two curves arises from the fact that in the first 
group (Fig. 1) the study was extended to rats of greater age than in the 
second group (Fig. 2). I t  should be noted also that  in other experi- 
ments, which could not be incorporated in these average curves because 
b o t h  sexes were not represented, observations have been continued td 
as long as 90 days after operation and that in these ilastances also the 
general result indicates that at all ages compensatory hypertrophy is 
complete in 40 days. 

Methods 

The general methods used have already been described (2). Male albino rats 
were divided into control and experimental groups and one kidney was exposed or 
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removed a t  5, 15, 30, 50, 60, 90, 180, 270, 540, and  720 days of age. I n  the groups 
in which operat ions were performed a t  5 and  15 days of age, i t  was necessary to 
clip the incisor tee th  of the mother  in order to prevent  her  from eat ing the young 
rats  after  the  operation. All o ther  groups received from the  first the casein-starch- 
lard diet described as the  experimental  male diet  (2). Each  ra t  was anesthet ized 
with e ther  40 days af ter  operation,  exsanguinated,  the  k idney str ipped of its 
capsule, and  cut with a razor into  two par ts  which were pressed between filter 

paper  before weighing. 

TABLE II 

o 

¢9 

day 

5 

15 
30 
60 
90 

180 
270 
360 
540 

g 

days 

45 
55 
7O 

100 
130 
220 
310 
400 
580 

Mg.  k idney  per  L 
Control  group averages  Nephrec tomy  group averages  100 sq. cm. 

body surface .=~ 

gin. gin. gin. sq. mg. 
cm. 

22 - -  89 82 214 387 
20 25 125 11£ 269 509 
25 42 179 17C 347 644 
24 130 235 225 419 759 
25 166 272 265 468 851 
24 290 366 361 575 990 
27 322 384 381 596 976 
22 318 372 367 581 1035 
23 407 437 407 620 ll0C 

~ 

-~ ~ . ~  

gin. gin. gin. sq. ] rag. 
cm. 

14 - -  84 79206 617 
21 26 125 145 271 798 
2(, 42 173 164 340 903 
25 126 206 198 385 944 
25 169 272 265 467 1118 
24 281 346 341 554 1249 
27 324 361 356 569 1239 
19 325 365 36C 573 1255 
23 389 398 39E 606 1270 

i 

Z 

181 299 
188 296 
185 266 
182 245 
181 239 
172 225 
1 ~  218 
178 219 
171 210 

per cent 

118 65.2 
108 57.5 
81 43.7 
63 34.6 
58 32.0 
53 30.9 
54 32.9 
41 23.1 
39 22.8 

RESULTS 

Table I gives the results. The kidney weight is expressed in 
miligrams per i00 sq. cm. of body size, since it has been shown that 
under uniform conditions this value is approximately constant at all 
ages (3). In calculating the body surface the formula of Carman and 
Mitchell (4) was used although more recent investigations (5) suggest 
that the constant should be smaller. However the magnitude of the 
constant has no effect on our relative figures. The kidney weights 
tabulated for the control groups are the average of the weights of both 
kidneys. The degree of compensatory hypertrophy is expressed as 
the percentage increase in weight of the single kidney over the average 
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weight of both kidneys of the control. In Table II  the average results 
for eaeh age are given. This table and the graphic representation of 
the individual observations given in Fig. 3, show how the degree of 
compensatory hypertrophy decreases, rapidly from 5 to 60 days of 
age, but thereafter very slowly as age advances. 

DISCUSSION 

Young rats eat a greater amount of food in relation to their size 
than older rats. With a constant diet such as was given to all but 

TABLE I I I  

Age at 
opera- 
tlon 

days 

3O 
6 0  

9O 
180 
270 
36O 
540 

Control group Nephrectomized group 

Intake 
per sq. dra. 

per day 
, I 

Calcu- 
lated 

*Food fro- due to 
i~em protein 
! i intake 
i 

gm. gm.  mg.  

3.41 0.611 33 
2 .410 .43]  23 
2 . 4 1 0 . 4 3  23 
2.07 0.37 20 
1 .590.29[  16 
2.11 0 .38  21 
1.61 0 .29  16 

*Kidney weight 
per sq. din. 

Cot o 
ob- r ~ d  

for 
erved proteil 

intak~ 

rag. mg. 

185 152 
182 159 
181 158 
172 152 
164 148 
178 157 
171 155 

Int  
per sc 

per 

Ice 
dm. 
ay 

*Kidney weight 
per sq. din. 

Degree of com- 
l~hnsatory renal 

ypertrophy 

AS ob- 
served 

Calcu- 
Pro- lated 

*Foot rein due to 
protein 
intake 

gm. gm. mg. 

3.3C D.60 66 
2.43 0.44 46 
2.5CD.45 50 
2.11 D.38 42 
1.7(3 D.31 34 
2.1~ D.39 42 
1.71 D.31 34 

Cot- [ 
~e~d 

oh- for I 
~rved pro~in [ 

retake 

mg. mg. 

266 200 
245 199 
239 189 
225 183 
218 ' 1 8 4  
219 177 
210 176 

~ercem 

43.8  
34 .6  
32.0 
30.8  
32.9 
23.0 
22.8 

Cor- 
rected 

for 
protein 
intake 

Set cen~ 

31.5 
26.9 
19.6 
20 .4  
24.3 
12.7 
13.5 

* One-half the weight of the two kidneys. 
** Average of last 10 days of experiment. 

the first two groups young rats get proportionally more protein than 
the older rats. A definite relation has been shown to exist between 
the amount of protein eaten and the weight of kidney (6). Assuming 
that the protein-kidney weight formula is applicable to a single kidney 
it is possible from our food intake data to calculate what would have 
been the weight of the remaining kidney as well as of the average of 
the control kidney if the protein intake had been constant at all ages. 
The results of these calculations are given in Table III .  They show 
that the essential features of the relationship are retained in spite of 
such corrections and that the decrease in compensatory hypertrophy 
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as age advances cannot be ascribed to the concomitant changes in 
protein consumption. 

The concentration of water in body tissues decreases with age. 
Lowrey (7) has determined the water concentration in the kidneys of 
rats of varying age, and from his data a curve has been constructed 
which in Fig. 4 has been superimposed on a curve of compensatory 
hypertrophy derived from our data in Table I. 

xau l~  
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I t  is interesting that there should be such a close correspondence 
between the degree of compensatory hypertrophy and the water 
concentration of the kidney at the time of nephrectomy. The agree- 
ment favors the view that the changes we observe are a special in- 
stance of the general decrease in growth capacity in the body as it 
grows old and that the design of any experiments made in the at tempt 
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to elucidate the mechanism underlying these changes should be based 
on the general results of the s tudy of senescence. 

CONCLUSION 

Compensatory hypertrophy of the kidney in albino rats becomes 
less as age advances. There is a rapid decrease from 5 days to 60 days 
of age and then a slow diminution throughout adult life. 
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