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The occurrence of hypercholesteremia in the
nephrotic state is a long recognized phenomenon
(1), but its mechanism remains to be determined.
Apparently the hypercholesteremia cannot be as-
cribed to a primary "lipoid degeneration" of the
kidney (2).

Recently, studies from this laboratory (3-6)
have indicated that there is a marked derangement
of cholate metabolism in certain clinical and ex-
perimental states of hypercholesteremia. It there-
fore was considered of interest to investigate the
metabolism of this particular steroid in both
clinical and experimental nephrosis.

I. The Cholate: Cholesterol Relationship in Clini-
cal Nephrosis

(1) Methods

Samples of blood serum were obtained from 18 pa-
tients suffering from nephrosis for periods of time vary-
ing from one to 24 months. There were 12 males and 6
females, varying in age from 3 to 65 years. "Lipoid"
nephrosis was believed present in 11 instances, the
nephrotic stage of chronic glomerulonephritis in six pa-
tients, and Kimmelstiel-Wilson syndrome with nephrosis
in one case. Serum cholesterol and cholate concentra-
tions were determined in each instance, according to
technics previously described.8 (7, 8).

(2) Results

The cholate content of the serum invariably was
elevated if the patients also were hypercholestere-
mic (see Table I). Thus, the serum cholesterol
concentrations of 15 nephrotic patients with hy-
percholesteremia varied from 450 to 1060 mg. per

lAided by grants from the American Heart Associa-
tion, Monterey, California, Heart Association, and the
United States Public Health Service.

2 Presented in part at the May, 1952, meeting of the
American Society for Clinical Investigation, Atlantic
City, N. J.

3 A small percentage of the result obtained by this
technic may represent noncholate chromogen substances.

100 cc., and their serum cholates from 10.0 to
44.0 mg. per 100 cc. These values were in marked
contrast to those obtained from 25 normal human
subjects in whom the serum cholesterol ranged
from 110 to 280 mg. per 100 cc., and the serum
cholate from 1.7 to 7.2 mg. per 100 cc.
On the other hand, the serum cholate concen-

trations were found to be normal (1.0, 6.4, 5.0 mg.
per 100 cc.) in three nephrotic patients with nor-
mal serum cholesterol levels (110, 250, 200 mg.
per 100 cc., respectively). This finding of "hyper-
cholatemia" in nephrotic patients only when they
also exhibited hypercholesteremia prompted the
following experimental investigations:

II. The Cholate: Cholesterol Relationship in Ex-
perimental Nephrosis

A. The plasma cholesterol and cholate concen-
trations in rats with experimental nephrosis

The studies of Heymann and Lund (9) have
shown that the chronic disease produced in rats
by the injection of rabbit anti-rat kidney serum
closely simulates the nephrotic state as it is ob-
served in human subjects. This method, therefore,

TABLE I

The average serum cholesterol and chokate concentration
in nephrotic patients

Average Average
plasma plasma

No. of cholesterol cholate
Type of patient patients (mg. 100 cc.) (mg./100 cc.)

Normal control 25 228 5.3
Range: (110-280) (1.7-7.2)
S.E. Mean: 48.7 10.26

Nephrotic 15 695 19.2
(hypercholesteremic)
Range: (4501060) (10.0-44.0)
S.E. Mean: -45.0 42.8

Ne(phrotic 3 180 4.4
ormocholesteremic)
Range: (110-250) (1.0-6.4)
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was utilized to study cholate metabolism in experi-
mental nephrosis.

( 1 ) Methods

Rabbit anti-rat kidney serum, prepared and sent to us

by Dr. A. I. Knowlton (10), was injected intravenously
into immature (4 to 8 weeks old) male rats (Long-Evans
strain). One-third cubic centimeter of this serum was
injected into each of 30 rats on each of two successive
days. Renal disease, as indicated by the onset of marked
albuminuria and hyperlipemia (9), developed within one
week in all but two rats.
Plasma cholesterol and cholate concentrations were de-

termined in 22 rats prior to, and one week following,
the injections of anti-rat kidney serum. Similar analyses
were obtained in a group of 10 normal control animals.

(2) Results

Both hypercholesteremia and hypercholatemia
consistently were found (see Table II). The aver-

age plasma cholesterol of the 22 nephrotic rats
rose from 71 mg. per 100 cc. (prior to the injec-
tion of immune serum) to 460 mg. per 100 cc., one

week after the injections of anti-rat kidney serum.

The average plasma cholate concentration of the
same rats rose from 5.9 to 23.1 mg. per 100 cc.

B. The rate of disappearance of cholate from
the blood of nephrotic rats following its in-
travenous injection

(1) Methods

In order to test the ability of the nephrotic rats to
eliminate cholate from their blood, the following experi-
ment was performed. Twenty-five milligrams of sodium
cholate were injected intravenously into 11 of the above,
nephrotic rats and into 10 control animals. Nephrotic
rats were selected whose plasma cholate levels were only
moderately elevated at the time of the injection. In each
instance samples of blood plasma were obtained at four
different times; prior to, and immediately and one and
two hours after the injection of sodium cholate.

(2) Results

The intravenous injection of cholate induced
a considerable and comparable rise of plasma
cholate in both the nephrotic and the control ani-
mals (see Table III). The excess cholate largely
disappeared from the plasma of the control group

of rats within one hour after its administration. It
was eliminated entirely at the end of two hours.
However, considerable elevation of plasma cholate
was found in the nephrotic rats at the end of one
hour and this persisted even two hours after the
cholate injection. Thus, there appeared to be a

delay in the disappearance of the injected cholate
from the plasma of the nephrotic rats.

C. The effect of cholate administration upon the
plasma cholesterol of nephrotic rats

(1) Methods

Heymann and Lund (9) observed that the initial hy-
percholesteremia which developed in nephrotic rats soon
decreased to somewhat lower although still elevated levels.
This finding prompted the following experiment: One
hundred milligrams of cholate were fed daily by gastric
intubation to 11 of 17 nephrotic rats (one week after the
injection of immune serum). The same amount of cho-
late was given to 11 of 19 control animals. The plasma
cholesterol was determined in each instance prior to the
feeding of cholate and again five days later. Similar de-
terminations were obtained in the remaining nephrotic and
control rats that did not receive cholate feedings. All
rats were fed the stock laboratory ration.

(2) Results

The elevated plasma cholesterol levels of the 11
nephrotic rats to which cholate was fed, were main-
tained; their average plasma cholesterol rose from
495 mg. per 100 cc. to 508 mg. per 100 cc. (see
Table IV). On the other hand, the average plasma
cholesterol of the six nephrotic rats not receiving

TABLE II

Average plasma cholesterol and cholate concentration of nephrotic rats

Average plasma concentration (mg.f100 cc.)
Average Before injection of After injection of immune

No. of weight immune serum serum (1 week)
Type of rat rats gm. Cholesterol Cholate Cholesterol Cholate

Nephrotic 22 126 71 5.9 460 23.1
Range: (63-81) (3.1-7.7) (190-800) (8.2-42.0)

Control 10 163 73 6.8 58.2 5.3
Range: (63-89) (5.1-9.2) (42.0-75.0) (1.5-10.5)
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TABLE III

Rate of disappearance of injected cholate from plasma of nephrotic rats

Average Plasma cholate concentration. mg./100 cc.

No. of weight Before After injection*
Type of rat rats gm. injection Immediately One hour Two hours

Nephrotic 11 208 11.0 56.6 19.0 16.4
Range: (138-260) (7.4-20.0) (40.0-70.0) (10.0-31.0) (8.5-23.7)
S.E. Mean: 41.6 d2.6 41.9 41.8

Control 10 249 5.7 58.0 8.4 5.6
Range: (235-267) (4.4-6.2) (47.0-79.0) (4.5-14.0) (3.5-7.8)
S.E. Mean: i0.17 -3.4 10.56 40.35

* 25 mg. sodium cholate injected intravenously.

cholate feedings fell from 417 mg. per 100 cc. to
211 mg. per 100 cc. The cholate feedings also in-
duced an elevation of plasma cholesterol in the
normal animals, their average concentration ris-
ing from 73 mg. per 100 cc. to 99 mg. per 100 cc.

DISCUSSION

The studies described above have shown that
an excess of cholate is present in the blood plasma
of nephrotic human subjects, as well as in the
plasma of rats with experimentally induced ne-
phrosis, whenever hypercholesteremia also is
present. This excess of cholate may well be re-
sponsible for the reduced surface tension of
nephrotic blood, a phenomenon first described
by Clausen (11) and later confirmed by Leiter
(12).

TABLE IV

Effect of cholate administration upon plasma cholesterol
of nephrotic rats

of age Plasma cholesterol
rats weight mg./IOO cc

Type of rat gam. Beginning After 5 days

I. Normal
A. Withoutcholate 8 110 68 64

Range: (54-72) (50-70)
S.E. Mean: b1.94 i2.25

B. With cholate* 11 97 73 99
Range: (57-92) (61-142)
S.E. Mean: L1.98 I8.83

II. Nephrotic
A. Withoutcholate 6 124 417 211

Range: (234-800) (146-260)
S.E. Mean: =80.5 416.6

B. With cholate* 11 140 495 508
Range: (266-678) (214-661)
S.E. Mean: 440.10 468.90

* 100 mg. sodium cholate fed daily.

Other studies from this laboratory (4) have
shown that hypercholatemia is almost invariably
present in various clinical states of hypercholestere-
mia. This fact in itself might be only of incidental
interest were it not for the observation (3) that
when hypercholatemia is induced experimentally
in the rat, a state of hypercholesteremia immedi-
ately develops. In view of these findings, the pos-
sible relationship between the excess cholate and
cholesterol in the blood of the nephrotic animal
may have considerable importance. This is dis-
cussed more extensively in a forthcoming study
(13).

SUMMARY

An excess accumulation of bile acid (hyper-
cholatemia) was found in the blood of human sub-
jects with nephrosis and in the blood of rats in
which experimental nephrosis had been induced
by injection of anti-rat kidney serum, whenever
hypercholesteremia also was present. The ne-
phrotic rat also was found to exhibit a diminished
ability to rid his blood of excess injected cholate.
Finally, the feeding of cholate to nephrotic rats
appeared to prevent the decrease of plasma cho-
lesterol, which usually occurred, following its ini-
tial maximal rise.
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