THE EFFECT OF HIGH PROTEIN DIETS ON THE REMAIN-
ING KIDNEY OF RATS

By HENRY JACKSON, ]Jz., axo OLIVE J. MOORE

(From the Thorndike Memorial Laboratory, Boston City Hospital, and the Medical Service
of the Collis P. Huntington Memorial Hospital, Harvard University, Boston)

(Received for publication December 27, 1927)

In recent years much interest has attached to the réle of high protein
diets in the production of renal lesions. Newburgh (1) found varying
degrees of tubular injury in rabbits fed egg white, casein or soy bean,
but he describes no glomerular lesions. Squiers and Newburgh (2)
- found albumin and casts and red cells in the urine of hypertensive
patients after feeding high protein diets. Newburgh and Clarkson
(3) described dilatation of the tubules and some slight scarring of the
glomeruli in rabbits after feeding 37 per cent lean beef for 6 to 12
months. In 1923 Polvogt (4) found degeneration of the tubules and
some glomerular damage in rats on diets containing 31 to 41 per cent
protein. Evans (5) produced both glomerular and tubular damage
in rats with high protein diets but the diet was deficient in both vi-
tamins and salts. Osborne and Mendel (5) describe tubular and glo-
merular lesions in high protein rats but the lesions were very slight
except for a few animals over 400 days old, and furthermore similar
lesions were found in animals of the same age on low protein stock
diets. They do not claim to have produced nephritis.

On the other hand, Osborne (7), Drummond (8), Reeder (9), Miller
(10), Jackson (11), Addis (12), and Kennedy (13) have all failed to
produce significant renal lesions by feeding large amounts of protein
to intact animals over a considerable period of time.

Moise and Smith (18) report their findings on 200 rats, from which
one kidney was removed prior to their being put on high protein diet.
The animals were 120 days old at the start of the experiment. The
diet contained 85 per cent casein and was otherwise adequate for
growth. The experimental period lasted from 3 to 150 days. They
report that after 90 days all the animals showed significant changes
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in both the glomeruli and the tubules. There was proliferation of the
Bowman’s capsule, serum in the capsular spaces, adhesions between
the capsule and the tuft, and occasionally hyaline casts in the often
dilated and degenerated tubules. They found further that the rats
on normal diets excreted from 18 to 35 mgm. albumin in the urine a
day, while those on high protein diets excreted from 30 to 63 mgm. a
day. They suggest that much of the previous difference of opinions
between various authors could be explained on the variable age of the
animals used, as they find that the younger animals are more resistant
to the toxic action of dietary protein than older ones.

‘In this paper we wish briefly to report the findings in a series of
white rats kept on a diet containing 76 per cent casein for periods of
from 2 to 17 months after the removal of one kidney. The series is
admittedly small. Eighteen rats from 2 to 8 months old had one
kidney removed and were then placed on adequate diets containing
76 per cent casein and described in a previous paper (11). Two rats
as controls were placed after nephrectomy on standard diets contain-
ing 18 per cent casein. At intervals the various rats were placed in
individual metabolism cages and their urine examined for albumin
and casts. The animals’ weight was periodically recorded. At the
end of the experimental period they were killed, the organs were
fixed in Zenker’s solution and stained with eosin methylene blue.
Blood was collected at the termination of the experiment and the non-
protein nitrogen determined. Eleven of the rats were on a high
protein diet for a year or more, yet the degree of renal damage could
not be entirely satisfactorily correlated with either the age of the rat
or the duration of the experiment. Rats 1, 2, 3 and 4 showed by far
the most serious lesions. In all of these were found marked dilatation
of the tubules throughout the kidney substance with flattening of the
lining epithelium, moderate to severe fibrosis of practically all of the
glomeruli with hyaline changes and occasionally vacuolization within
the tuft, and scattered areas of tubular damage with subsequent
cellular regeneration. In a few places hyaline deposits were found in
the tubular epithelium. The glomeruli were often adherent to the
capsule. Casts were present in great numbers. The glomeruli were
often nearly devoid of blood cells. Pigment was found frequently
in the tubules and occasionally in the interstitial tissue. Round cell
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infiltration was common. On the other hand, rat 8 was on the diét
longest (17 months) yet showed very few renal lesions. '
The non-protein nitrogen of the blood in'the 18 rats on high protein
varied from 40 to 160 mgm. per 100 ml. In but 2, however, was it
above 55 mgm.—a figure often equalled and sometimes surpassed in
animals with intact kidneys on a 76 per cent casein diet (11). Rats

TABLE 1
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1 6 20 14 | 337 | 337 | 1.4 2.8| 591 55[ Marked renal damage
2 7 20 13 [ 370 | 347 | 1.6{ 2.9| 370[ 49| Marked renal damage
3 7 20 13 | 396 | 290 | 1.6( 4.3| 450 160| Marked renal damage
4 6 16 10 | 232 | 210 | 0.8 2.6{ 155| 80| Marked renal damage
5 6 14 8 | 253|247 | 0.8 1.9] 33| 50| Very slight changes
6 8 23 15 | 379 | 370 | 1.8} 3.2| 40| 54 -
7 6 14 8 | 342 | 349 | 0.9 2.2| 42| 51

8 8 23 17 | 347 | 427 | 1.0| 3.3| 44{ 46| Very slight damage
9 6 10 4 | 257|257 (0.9 1.8 6| 49| No casts
10 6 11 5 [227]229]|0.7(1.6] 6| 47| No casts
11 4 17 13 | 259|319 (0.7] 1.8 46| 44
12 5 19 14 [ 240 | 241 |1 0.9 1.8 94] 43
13 4 17 13 | 170 | 190 | 0.7| 1.5 38| 51
14 3 16 13 | 252 | 245 | 0.9| 1.8| 150| 49| No apparent damage _
15 2 13 11 | 130 {231 |0.9{ 1.7 8| 40
16 3 | 15 | 12 [169 | 242 | 0.8] 2.8 124] 50
17 3 16 13 | 140 | 230 | 1.3| 3.0] 42| 46
18 6 8 2 | 255|240 | 1.1] 1.2{ 6{ 40| No casts
19* 6 23 17 | 242 1 319 | 0.9] 1.8 16{ 33| No casts
20* 6 23 17 | 255|280 | 1.0 1.8 16| 36| No casts

* Rats on standard diet of 18 per cent casein.

5,7,8,9, 14 and 16 showed very few if any renal changes. Rats 6,
10,11, 12,13, 15, 17 and 18 showed lesions similar to those in rats 1, 2,
3 and 4, but of very much less extent. In fact, the glomerular lesions
in these former rats might well be missed on casual observation whereas
the picture in numbers 1, 2, 3 and 4 was that of an advanced chronic
glomerular nephritis. In none of the animals did we find the exten-
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sion of the renal epithelium into the capsular space mentioned by
Moise and Smith.

Though apparently healthy, a few of the rats lost weight. The
majority showed increased urinary albumin, in one case as high as 591
mgm, aday. Four rats showed no increase of urinary protein over the
normal and of these three were on the experimental diet over 120 days.
Nearly all animals showed casts. The average hypertrophy of the
remaining kidney in the high protein group was 136 per cent. The
average hypertrophy in the two standard diet rats was 100 per cent.
As has been indicated, the extent of renal injury apparent at autopsy
differed markedly from animal to animal. In some, the tubular
damage was considerable while the glomerular damage was insig-
nificant or wanting. In others, the lesion was mainly glomerular.
In some, no lesion could be demonstrated other than an occasional
dilatation of the tubules. It would seem that the tubular damage
was the first to be produced and that the glomerular damage was a
natural sequel or a later event. We can offer no more satisfactory
explanation of these variations than age together with a varying
individual susceptibility of the animals, and it is noteworthy that
rats 1 to 4 inclusive came from a different stock from the rest of the
animals. In general, however, we agree with Moise and Smith that
age is an important factor.

The glomeruli seem to increase in size slightly above the normal but
it would appear that the glomeruli also increase in size with partial
nephrectomy and normal diet. The glomeruli of rats on high protein
diets averaged 0.084 mm. at the onset and 0.117 at the end of the
experiment, an increase of 36.5 per cent. The glomeruli of rats on
normal diets averaged 0.084 mm. at the onset and 0.109 mm. at the
end of the experiment, an increase of 24.0 per cent.

That renal lesions have been produced is certain. The relation
of the production of these lesions by such violently abnormal diets to
the problem of human nephritis is quite another question. Severe
nephritis was undoubtedly produced in four animals. In the remain-
ing 14 the lesions were relatively insignificant yet these rats all
excreted through their remaining kidney on the average 1.2 gram of
nitrogen a day for about a third of their lifetime. For a healthy man
of 70 kgm. with two kidneys to duplicate this experiment he would
have to ingest approximately 44 pounds of meat a day for 20 years.
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Winter (14) reports an analysis of 237 cases of solitary kidney in
man. Compensatory hypertrophy was almost always present. Of
the 237 cases 171 were sound or merely enlarged. 21 had nephritis.
Anders (15) found 16 cases of nephritis in 61 cases of single kidney.
Manson (16) reports 3 cases of single kidney and in all 3 cases the
remaining kidney was normal. Lyons (17) reports 2 cases with
the remaining kidney normal. At the Boston City Hospital there
have been 12 cases of congenital absence or congenital atrophy of one
kidney. In 8 of these the remaining kidney was normal. In the
remaining 4 there was some evidence of chronic nephritis, though in
no case was the process the cause of death.

It would seem that nephritis is rather more liable to develop in
single human kidneys than when both are present, and from the
present work and that of Moise and Smith it would seem wise to
avoid a large excess of dietary protein when one kidney is absent or
markedly diseased.

CONCLUSIONS

Our experience with a small series of rats from which one kidney
had been removed confirms the results of Moise and Smith in that a
high dietary protein has produced at least some and often very severe
damage to the remaining kidney.

We would agree with Moise and Smith that older animals are more
liable to this damage but we feel that individual susceptibility is a
very real factor in determining the degree of damage.
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F1c. 1. Rat 2. SHOWING DIrATATION OF TUBULES AND RoUND CELL

X 100

INFILTRATION.
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Fi1c. 2. Rat 1. Rounp CELL INFILTRATION AND FIBROSIS OF GLOMERULI
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F16. 3. RaT 2. HYALINE DEPOSIT IN SCARRED GLOMERULUS. X 320
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Fi16. 4. Rat 10. SCARRING OF GLOMERULUS WITH PROLIFERATIVE CAPSULAR
CHANGES. X 400
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F1c. 5. RaT 6. VACUOLIZATION SEEN IN MANY GLOMERULI. X 450



