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Previous studies ( 1-8) from this laboratory
have indicated that the hypercholesteremia and
hyperlipemia occurring in the experimental ne-
phrotic syndrome induced in rats by injection of
anti-rat kidney seruim are due primarily to some
intravascular "trapping" phenomenion whereby the
animal appears unable to remove either endog-
enously-produced or dietary-derived cholesterol
and lipid from the plasma with its customary
efficiency. However, since renal changes seem-
ingly initiate the total nephrotic syndrome, it seems
probable that this "trapping" of cholesterol and
lipid which occurs in the plasma in this syndrome
is related in some manner to such renal changes.
In the present study, an attempt was made to de-
termine the nature of this relationship. The ob-
servations herein reported suggest (a) that the
hypercholesteremia and the hyperlipemia observed
in the experimental nephrotic syndrome are initi-
ated and maintained by the external renal loss of
some plasma constituent, and (b) that this sub-
stance specifically is albumin.

I. The Relationship of Nlephrotic HVperlipenetia
and Hypercholesteremlia to Renal Dawnage and

External Renal Excretion

Methods
Drastic alteration in renal function was accomplished

in several series of experimental and control male rats
(Long-Evans strain) by 1) nephrectomy, 2) bilateral
ligation of renal pedicles, 3) bilateral ureteral ligation,
and 4) ureter-vena caval anastomosis.

1) Conttrol rats. Pooled rabbit anti-rat kidney serum
(AKS) was prepared as described by Heymann and
Lund (9). The hypercholesteremic effect of the AKS

1 Aided by Grants from the American Heart Associa-
tion, the San Francisco and Monterey County Heart
Associations and from the National Institute of Arthritis
and Metabolic Diseases, National Institutes of Health,
Public Health Service, A-46 (C4) and Grant H-119 from
the National Heart Institute, National Institutes of
Health, Public Health Service.

was established by injection of 1.0 ml. of it intravenously
into 25 intact rats (group 1) and into 16 sham-operated
(splenectomy) rats (group 2) that were bled 24 hours
later for determination of plasma total cholesterol (10)
and lipids (11). At the same time, 15 other normal con-
trol rats (group 3) that had been injected with 1.0 ml.
of ntormiial rabbit serum were bled in order to establish
normal plasma lipid levels.

2) Nephrectomiiy. The second series of 45 rats was
subjected to bilateral nephrectomy. Twenty-nine of these
rats (group 4) were given intravenously 1.0 ml. of po-
tent AKS immediately after the nephrectomy. The re-
maining 16 nephrectomized rats (group 5) served as
controls, receiving 1.0 ml. of normal rabbit serum.
Blood samples taken 24 hours later were analyzed for
total cholesterol and those of group 4 also for total lipids.
In addition, five other rats (group 6) that had been fed
a protein-electrolyte-free diet (12), enabling them readily
to survive for at least five days after nephrectomy, also
were given 1.0 ml. of AKS immediately after nephrec-
tomy.

3) Bilateral ligationi of the renlal pedicles. A third
series of rats (group 7) was subjected to bilateral ligation
of the renal pedicles by a method which obviated the
possible acute effects of anesthesia and laparotomy on
the animals' response to a hyperclholesteremic excitant.
This method consisted of the application of silk ligatures
applied loosely around both renal pedicles. The two ends
of the ligatures were exteriorized through incisions made
in the opposite lateral abdominal walls and secured to
the skin surfaces. The rats then were allowed to re-
cover for 48 hours postoperatively, at which time the ex-
teriorized ends of the ligatures were pulled taut, thus
completely interrupting the blood supply to the kidney.
At the completion of the experiment, all animals were
autopsied and data wvere used only from those animals
in which complete interruption of renal circulation was
observed to have occurred. Eleven rats were ligated
successfully in this fashion and immediately after were
injected intravenously with 1.0 ml. of AKS. Blood sam-
ples obtained 24 hours after ligation were analyzed for
total cholesterol and lipids.

4) Bilateral ureteral ligation. The fourth series of 37
rats was subj ected to bilateral ureteral ligation by ex-
actly the same method described above except that a loose
ligature was applied about the ureter of each kidney and
then tightened 48 hours later. Twenty-four of these rats
(group 8) were given intraveniously 1.0 ml. of AKS im-
mediately following ligation and the remaining 13 rats
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(group 9) served as controls, receiving 1.0 ml. of normal
rabbit serum. For additional control purposes, eight
rats (group 10) that had been placed four days previously
upon the uremia-retarding, protein and electrolyte-free
diet were similarly ligated and injected with 1.0 ml. of
AKS.

All rats were sacrificed 24 hours after injection of AKS,
at which time an antemortem laparotomy was performed
and examination made to ensure effective ureteral liga-
tion. In order to test the effect of the latter procedure
upon the renal circulation, three rats of each group as
well as five other normal rats were injected intravenously
with 1.0 ml. of 0.1 per cent trypan blue and their renal
pedicles clamped one minute later. The kidneys then
were removed, examined grossly for their content of dye
under the dissecting microscope and sections were em-
bedded in paraffin blocks but left unstained. In addi-
tion, sections of kidneys were obtained from five other
rats of each group for staining with hematoxylin and
eosin, Hotchkiss' periodic acid-Schiff's reaction and the
Rinehart and Abul-Haj's modified Hale stain, as de-
scribed by Weinreb, Soules, and Wissler (13). At the
time of sacrifice all rats were bled for determination of
total cholesterol and those of group 8 also for total
lipids.

5) Ureter-venza caval antastomtosis. The effect of pre-
venting external loss of urine was studied further by
devising an operation which although allowing glomerular
filtration, nevertheless prevented external urine loss by
its diversion into the inferior vena cava.

Under ether anesthesia, the abdomen of the rat was in-
cised, the right ureter was doubly ligated and severed
about 12 mm. from the renal pelvis. The proximal liga-
ture, attached to a straight needle, was introduced via
the right inferior lumbar vein into the inferior vena cava.
The wall of the inferior vena cava opposite and slightly
below the entrance of the lumbar vein was pierced with
the needle and the ligature thus was pulled through this
puncture until a small portion of its attached ureter also
was withdrawn from the lumen of the inferior vena
cava. The attachment of the ligature was then cut and
the now patent distal end of the ureter was retracted
back into the inferior vena cava to lie free to discharge
urine therein. Simple pressure successfully prevented all
bleeding from both the inferior lumbar vein and the vena
cava. After this was done a loose ligature was placed
around the pedicle of the left kidney and its ends brought
out and secured to the skin surface as described previ-
ously. Three days later, under light ether anesthesia,
the latter ligature was tightened to occlude completely
the vascular pedicle of the left kidney (confirmed by
subsequent autopsy).

Seven anuric rats (group 11) of this kind were ob-
tained and injected with 1.0 ml. of AKS immediately
after the ligation of the left renal pedicle. This last
procedure of course produced a rat having its one func-
tioning kidney emptying its urine into the venous circu-
lation. For control purposes, a loose ligature was placed
about only the left renal pedicle of three otherwise nor-
mal rats (group 12) and 72 hours later, the ligatures

were tightened and the rats then were injected with 1.0
ml. of AKS. Blood samples obtained 24 hours after the
injection of AKS were analyzed for total cholesterol.
Just before sacrifice, each animal was inj ected with trypan
blue and sections of the right kidneys of all rats were
obtained and stained, as described above.

Results
A. Control rats

As shown in Table I the injection of anti-kidney
serum into the control rats induced a rapid rise in
plasma cholesterol, an average of 154 mg. per 100
ml. being observed 24 hours later in the intact rats
(group 1) and 126 mg. per 100 ml. in the sham-
operated rats (group 2), in contrast to the aver-
age plasma cholesterol of 64 mg. per 100 ml. in the
control rats injected with normal rabbit serum
(group 3). A parallel rise of total lipids occurred
in the animals given anti-kidney serum.

B. Effect of removal of kidneys upon hypercho-
lesterenic effect of AKS

As Table I indicates, the removal of both kid-
neys prevented the hypercholesteremic effect of in-
jected AKS. Thus the degree of hypercholes-
teremia (82 mg. per 100 ml.) in the nephrecto-
mized rats injected with AKS (group 4) was es-
sentially the same as that in the control nephrec-
tomized rats given normal rabbit serum (group 5)
and considerably below that found in the intact
(group 1) or sham-operated control rats (group
2). The possible debility of these uremic rats
moreover was not responsible for their failure
to respond to the hypercholesteremic effect of
AKS since similar negative results were observed
in the nephrectomized rats maintained upon the
uremia-retarding diet (group 6).

Functional nephrectomy, achieved by bilateral
ligation of the renal vascular pedicles (group 7),
likewise prevented the usual hypercholesteremic
response to injection of AKS. The bilateral
nephrectomy or renal vascular pedicle ligation
similarly prevented the rise of total lipids in the
plasma which occurred in the control nephrotic
rats (groups 1 and 2).

C. Effect of prevention of external urine excre-
tion upon hypercholesteremic effect of AKS

1) Bilateral ureteral ligation. The injection of
AKS into rats in whom external renal excretion
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TABLE I

Plasma lipids in rats injected with rabbit anti-kidney serum following various procedures

Plasma concentrations
(24 hr. after injection of rabbit serum)

Aver.
No. of wt. Total lipids Total cholesterol

Series Group rats (gmi) (mg./100 ml.) (mg./100 ml.)

1) Control rats
1. Intact-injected-AKS* 25 184 373(309-476)t 154(103-246)46.6§
2. Sham-operated-injected-AKS 16 166 435(304-676) 126(96-171) ±+5.6
3. Intact-injected-NRSt 15 195 215(120-320) 64(48-73) +-1.3

2) Bilateral nephrectomy
4. Injected-AKS 29 209 180(133-250) 82(55-103)42.7§
5. Injected-NRS 16 185 90(72-115)±2.8
6. Injected-AKS (special diet) 5 160 92(80-131)42.8

3) Bilateral ligation of renal pedicles
7. Injected-AKS 11 175 247(132-298) 98(77-113)44.0

4) Bilateral ureteral ligation
8. Injected-AKS 24 166 280(193-365) 87(64-110)±2.4
9. Injected-NRS 13 178 98(71-114)43.6

10. Injected-AKS (special diet) 8 150 67(48-76)±1.2

5) Unilateral ureter-vena caval anastomosis
(left renal pedicle ligated)

11. Right ureter anastomosed: injected-AKS 7 236 88(78-107) +2.6
12. Control-right ureter intact: injected-AKS 3 220 144(113-196)+21.4

* AKS = Rabbit anti-rat kidney serum.
t NRS= Normal rabbit serum.
I Figures in parentheses refer to range of values.
§ Standard error of the meanl.

was completely abolished by bilateral ureteral liga-
tion (group 8) did not lead to a greater degree
of hypercholesteremia than that shown by the con-
trol rats, similarly operated, but injected with
normal rabbit serum (group 9). Again the slight
rise in cholesterol that was observed was that ex-
pected in the uremic animal (14) and again was
considerably below that observed in both the in-
tact (group 1) and sham-operated controls (group
2). Here again, as Table I indicates, even less of
a rise in plasma cholesterol was observed in the
ureter-ligated rats maintained on the special diet
(group 10), ensuring a relatively good condition
during the experimental interval.

The kidneys of the ureteral-ligated rats (groups
8, 9, 10) that were injected with trypan blue ex-
hibited both grossly and microscopically almost
as intense staining as that observed in the kidneys
of the five normal rats similarly injected. Al-
though this suggested that the integrity of the re-
nal circulation was preserved during the 24-hour
experimental interval, it seems likely that ligation
of the ureters did affect the intrarenal circulation
to some extent. On the other hand, it is unlikely
that the latter would in the present instance affect

the development of AKS-induced renal changes
since AKS-antibodies are deposited in the kidney
with great rapidity after their injection. That
such is the case was suggested by comparison of
the stained sections of the ureteral-ligated rats
with those of the control rats (group 12) also
injected with AKS 24 hours prior to study.
Although neither the experimental nor the con-
trol rats exhibited the marked glomerular capil-
lary basement membrane thickening and accu-
mulation of acid mucopolysaccharide between the
glomerular loops which are found at a later in-
terval after injection of AKS (9, 13), both the ex-
perimental and control rats exhibited character-
istic early glomerular changes which included a
neutrophilic infiltrate, some loss of the delicate
markings of the capillary tufts, and some accumu-
lation of iron-positive mucoid material between the
capillary loops. Both groups of rats also exhibited
typical tubular changes, especially of the proximal
convoluted tubules, including granularity, paleness
and decreased staining of the epithelium (9, 13).
Necrosis of glomeruli or of tubular cells was not
observed in any rats.

2) Ureter-vena caval anastomosis. Similar
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cholesterol and lipid results were obtained in the
uninephrectomized rats whose remaining ureters
emptied their contents back into the venous circu-
lation (group 11). Thus, despite the fact that
blood was circulating in the kidney and the glo-
meruli were functioning (see below), their hyper-
cholesteremic response to AKS was the expected
one from uremia alone (Compare with groups 5
and 9) and far below that observed in the control
rats (group 12) which excreted urine in the usual
fashion.

Similar to the findings in the kidneys of the
ureteral-ligated rats, the kidneys of the rats with
the ureter-vena caval anastomosis exhibited al-
most as intense staining with trypan blue as that
observed in the kidneys of the control rats. Again
early glomerular changes, similar to those de-
scribed above, were observed in both groups (Fig-
ure 1). The tubular changes which included the
presence of considerable amounts of excreted pro-
tein material in most of the tubules, appeared to
be comparable in both the experimental and con-
trol groups, as shown in Figure 2. The finding
of "proteinuria" demonstrates the altered glo-
merular function induced by AKS in both groups
of rats.

II. The Role of Plasma Albumin Deficiency in
Nephrotic Hyperlipemia and Hyper-

cholesteremia

The previous studies suggested that the ex-
ternal loss of some plasma substance(s) via the
urine of the rat, following injection of AKS, was

the sine qua non for the development of the hyper-
cholesteremia and hyperlipemia of the experimental
nephrotic syndrome. Since albumin is one of the
plasma substances known to be excreted in great
quantity in this syndrome, studies were pursued to

determine if the external loss of this substance
was responsible for the development of this hy-
perlipemia and hypercholesteremia.

METHODSAND RESULTS

A. The effect of anti-kidney serum>z injection on

plasma protein concentrations

Methods. Twelve male, Long-Evans rats (weight:
150 to 172 gm.) were bled from the tail one week prior
to injection of 1 ml. of potent AKS and all rats again

were bled 24 hours following this injection. Each sample
of blood plasma was analyzed for total cholesterol and
total lipids, and for total protein and albumin concentra-
tions (15). In addition, urine was collected from 5 of
the rats during a 24-hour interval prior to and again
following injection of AKS, and analyzed for total pro-
tein content (16).

Results. The results are shown in Table II in
which it can be seen that injection of AKS in-
duced marked renal loss of protein sufficient to
lower markedly plasma total protein and albumin
concentrations within a 24-hour interval following
injection of the immune serum. A concomitant
rapid rise of total lipids and cholesterol was
observed.

FIG. 1. (MODIFIED HALE STAIN X 400.) GLOMERULI
OF RAT WITH URETER-VENA CAVAL ANASTOMOSIs 24
HoURS AFTER INJECTION OF AKS, SHOWINGENLARGED
GLOMERULI AND INCREASE OF IRON-POSITIVE MATERIAL
BETWEENTHE GLOMERULARLoops
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TABLE II

Plasma protein and lipid changes induced by
injection of anti-kidney serum *

Prior 24 hours
to AKS after AKS

injection injection

Average plasma concenitrations
Total cholesterol 48 153

(mg./100 ml.) (39-63)t (103-243)

TFotal lipids 183 407
(mg./100 ml.) (135-227) (230-625)

Total protein 5.9 3.7
(gm./100 ml.) (5.4-6.3) (3.4-4.8)

Total albumin 2.34 0.86
(gm.,/100 ml.) (2.03-2.63) (0.43-1.44)

Average urine content
Total protein 21$ 359T

(mg./24 hr.) (16-30) (135-585)

* Twelve rats.
t Range of values.
I Five rats only.
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B. The effect of albumnin infufsion on plasmia pro-
teins and lipids of rats injected with anti-
kidneyi serumiii

Mlethods. Each of a series of 40 rats was subjected
to abdominal laparotomy under ether anesthesia during-
which an inferior lumbar vein was caninulated with a

polyethyleine cannula which was exteriorized through a

stab wound. Following closure of the incision the rats
were individually caged in restraining units and the in-
travenous cannulae were connected to a special infusion
apparatus designed to inject 0.3 ml. of solution per hour
conitiniuously during a 24-hour interval. Each rat then
was inj ected with one ml. of potent AKS. During the
ensuing 24-hour interval 24 of the rats were each coIn-
tinuously injected with a 20 per cent aqueous solution of
bovine serum albumin and the remaining 16 control ani-
mals were similarly infused, but with 0.45 per cent so-

dium chloride solution. The latter was used in the
control rats because its retention in nephrotic plasma
would probably induce some degree of hemodilution ap-

proximating that induced by infusion of albumin. Ap-
proximately 7.0 ml. of fluid thus was injected into each
rat over the 24-hour period. All rats then were bled for
determination of total lipids, total cholesterol and total
protein and albumin. Hematocrit determinations also
were made in 12 rats of each group in order to evaluate
any difference in hemodilutioil.

In order to prevent the renal loss of the infused albu-
min solution, another group of rats was nephrectomized
prior to the infusion. Thus a group of 10 rats was in-

TOMOSIS24 HOURSAFTER AKS INJECTION, SHOWINGPRO-
TEIN IN RENAL TUBULES, GLOMERULARCHANGESAND
GRANUTARITY, SWVEI.ING ANDPALE STAINING OF TUBULES
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TABLE III

Effect of albumin infusion on plasma proteins and lipids of intact and nephrectomized rats injected with anti-kidney serum

Average plasma concentrations

Pre-
nephrectomy Following 24-hour infusion

Aver. Total Total Total Total
Infusion No. of wt. cholesterol cholesterol lipids protein Albumin

fluid rats (gm.) (mg./100 ml.) (mg./ZOO mi.) (mg./ZOO ml.) (gm./ZOO ml.) (gm./ZOO ml.)

I. Rats injected with AKS prior to infusion
1. Rats with intact kidneys

Albumin 24 148 101 282 6.79 4.67
(46-145)* (150-349) (4.82-7.98) (3.13-8.20)

Saline 16 150 169 366 4.78 1.85
(87-277) (233-427) (4.08-5.68) (0.90-2.80)

2. Nephrectomized rats
Albumin 5 164 85 49 202 7.37

(65-115) (44-63) (113-352) (6.86-8.66)
Saline 5 172 72 107 263 2.11

(53-91) (97-121) (198-292) (1.93-2.27)

II. Normal control rats
None 12 160 48 183 5.90 2.34

(39-63) (135-227) (5.40-6.30) (2.03-2.63)

* Range of values.

jected with the AKS and subjected to bilateral nephrec- of albumin for 24 hours following injection of
tomy 16 hours later. During the ensuing 24-hour post- AKS prevented the usual fall of plasma total pro-
operative interval 5 of the rats were infused with the al- teins and albumin in this group of rats, and their
bumin solution and 5 with saline, as described above.
All rats were bled for determination of total cholesterol rise of plasma total lipids and cholesterol was of
at the time of nephrectomy and again for total lipids; considerably lesser magnitude in comparison to
total cholesterol and albumin following the infusion the control animals and entirely prevented in a
interval. number of these rats. No outward evidence of

Results. The results are shown in Table III. t w a
The plasma concentrations obtained from 12 nor-

toict wa .paeti ihrgopo as

The observed differences were not found due to
mal rats (from Table II) also are included for significantly different states of hemodilution since
purposes of comparison. The control rats that the average hematocrit in 12 rats infused with al-
were infused with saline for 24 hours following bumin solution was 42 (Range: 35 to 50) while in
injection of AKS exhibited a fall of total protein the control rats infused with saline the average
and albumin and a rise of total lipids and choles- hematocrit was 50 (Range: 44 to 56).
terol in their plasma similar to that observed in At the time of nephrectomy, performed 16 hours
the untreated nephrotic rats (see Table II). In after injection of the AKS, only a moderate rise
contrast, as also shown in Table III, the infusion of the average plasma cholesterol had occurred.

TABLE IV

Effect of albumin infusion on plasma lipids and proteins of rats with previously
established nephrotic hypercholesteremia

Average plasma concentrations

Prior to
infusion Following 24-hour infusion

Aver. Total Total Total
Infusion No. of wt. cholesterol cholesterol albumin

fluid rats (gm.) (mg./ZOO ml.) (mg./ZOO ml.) (gm./ZOO ml.)

Albumin 8 152 239 159 3.38
(124-325)* (54-286) (2.27-4.35)

Saline 6 148 220 226 1.37
(117-325) (135-336) (1.05-2.77)

* Range of values.
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TABLE V

Changes in plasma lipids and albumin following completion of albunmin infutsion in rats injected with AKS

Average plasma concentrations

Following infusion

Prior to Immediately
infusion after infusion 24 hours after infusion terminated

Avxer. Total Total Total Total Total
Type of No. of wt. cholesterol* cholesterol cholesterol lipids albumin
infusion rats (gmi.) (mg./100 ml.) (mg./100 ml.) (mg.,'100 ml.) (mg./100 nil.) (gin.,/100 ml.)

Albumin 5 172 97 90 194 823 1.58
(41-133)t (51-120) (79-279) (194-1,360) (1.03-2.29)

Saline 5 168 99 167 221 920 1.00
(44-188) (87-277) (109-336) (375-1,970) (0.74-1.57)

* Sixteen hours after AKIS inijection.
t Range of values.

Removal of the kidneys prevented further renal
loss of albumin and, as shown in Table III, al-
bumin infusion into the nephrectomized rats previ-
ously injected with AKS was associated with a
fall of their plasma cholesterol to normal levels.
The concentration of plasma lipids and cholesterol
in the saline-injected group was also of lesser mag-
nitude than in the saline-treated control rats with
intact kidneys, the further slight rise of cholesterol
following nephrectomy in these rats being ascribed
to the effect of nephrectomy per se on the blood
lipids (see Table I).

C. The effect of albumin administration on plasma
albumin and lipids of rats with previouisly es-
tablished nephrosis

Methods. Fourteen rats were each injected w ith one
ml. of potent AKS and one week later all rats were bled
for determination of total cholesterol. Each rat was sub-
jected to cannulation of the lumbar vein as described
above. During the ensuing 24-hour interval eight rats
were infused with 7.0 ml. of 20 per cent solution of bo-
vine albumin and the remaining six control animals were
each injected with 7.0 ml. of 0.45 per cent saline solu-
tion. At the end of the 24-hour infusion interval all
rats were bled for determination of total cholesterol and
albumin concentrations.

Results. In Table IV it can be seen that the
control nephrotic rats, following the infusion of
saline solution, exhibited no significant change in
their plasma cholesterol levels. However, as ob-
served in the previous experiment, the infusion of
albumin again considerably raised the plasma al-
bumin levels above those of the controls. These
rats, as might now be expected, exhibited a fall in
their plasma cholesterol levels, in contrast to the
control rats.

D. The effect of stopping the infusion of albumin
on the plasma lipids and cholesterol of rats
injected with anti-kidney serumii

Methods. Ten rats were each injected with 1.0 ml. of
potent AKS and bled for determination of total cho-
lesterol 16 hours later. As described above, each rat
then was subjected to cannulation of a lumbar vein and in
the ensuing 24-hour interval, 5 of the rats were continu-
ously infused with 7.0 ml. of the serum bovine solution
(20 per cent) and 5 of the rats, serving as controls, were
infused wvith 0.45 per cent saline solution. All animals
then were bled for determination of total cholesterol.
The infusion then w-as discontinued and 24 hours later
both the experimental and control rats were bled for
determination of total lipids, total cholesterol and albumin.

Results. The results of the analyses are showvn
in Table V in which it can be seen that 16 hours
after injection of AKS only a moderate hypercho-
lesteremia had developed in both the experimental
and control rats. The average plasma cholesterol
of the control rats receiving the saline infusion
however, continued to rise progressively not only
during the infusion interval but 24 hours after
the latter's discontinuance, at which time marked
hyperlipemia and hypoalbuminemia also were ob-
served. In contrast, continuous infusion of the
albumin solution into the experimental rats pre-
vented further rise of the plasma cholesterol during
the period of infusion. However, 24 hours after
the infusion had been discontinued, their plasma
cholesterol and lipids rose to levels comparable to
those observed in the control rats. At this time
too, the plasma albumin content of both groups
of rats was approximately the same. By comll-
parison with the data in Tables III and IV it can
be seen that there was a rapid disappearance of
the infused albumin (17, 18). This suggests of
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course that, with the discontinuance of the albumin
infusion, the experimental rats lost their artificially
maintained elevated plasma albumin levels and in
so doing, again became markedly hypercholestere-
mic and hyperlipemic.

DISCUSSION

Previously it was found that the hyperlipemia
and hypercholesteremia of the nephrotic rat are
of endogenous origin (2) and cannot be ascribed
to any increased intestinal absorption (3) or de-
creased intestinal excretion (5). Moreover it was
shown that the hepatic synthesis of cholesterol, the
major source of the plasma cholesterol (19) is
not increased in the nephrotic rat (4). Further-
more, it was found that the rise of lipids and cho-
lesterol in the nephrotic rat is an isolated accumu-
lation confined to the plasma, apparently con-
sequent to a failure in the usual transfer and
egress of cholesterol and other lipids from the
plasma into the liver (6). In other words the iso-
lated rise of plasma lipids appears due to a "trap-
ping" phenomenon in the plasma (8), an effect
which is probably augmented by the rise of cholate
which also occurs in the nephrotic state (1).
There is an associated endogenous chylomicro-
nemia (7).

The presently reported experiments indicate
that this "trapping" phenomenon is intimately re-
lated to and indeed initiated by a primary renal
derangement. This is understandable because ap-
parently the total experimental nephrotic syndrome
stems from some initial reaction between renal
tissue and the anti-kidney serum. The failure of
nephrotic hypercholesteremia and hyperlipemia to
appear in the absence of renal tissue was demon-
strated previously by Heymann and Hackel (20).
The present observations confirm their finding that
viable renal tissue must be present for the initial
renal reaction leading to the development of ne-
phrotic hypercholesteremia and hyperlipemia in
the experimental animal. The data further indi-
cate, however, that the rise of plasma lipids will
not occur, despite the demonstrated occurrence of
the AKS-induced renal damage, unless an ex-
ternal loss of some plasma constituent occurs in
the urine, either as a result of or in association
with this renal damage. This was shown by the
finding that if the external loss of urine by the

kidney was prevented by ureteral ligation or
ureter-vena caval anastomosis, the development of
nephrotic hypercholesteremia and hyperlipemia
was prevented despite the occurrence of the typi-
cal lesions both in the glomerulus and tubules.

These observations therefore indicate that the
rise of plasma lipids is initiated by the external
renal loss of some plasma constituent via the urine.
The present observations further suggest that this
particular substance lost in the urine is plasma
albumin, because when sufficient albumin was
given to AKS-injected rats to overcome the
plasma deficit otherwise resulting from its rapid
renal loss (17), hyperlipemia and hypercholes-
teremia either were prevented or markedly in-
hibited during the induction stage as well as ameli-
orated in the previously established nephrotic state.
Furthermore, the subsequent rapid disappearance
of the infused albumin from the circulation (17,
18) of some of these rats was associated with a
concomitant rapid rise of serum lipids and choles-
terol of similar magnitude to that of the control
nephrotic rats.

The induced rise of plasma albumin to normal
or greater levels was not associated with a fall of
the plasma lipids and cholesterol entirely to nor-
mal concentrations in all rats. This may be due
to the fact that bovine serum albumin, because of
its ready availability, was used in these studies in-
stead of concentrated rat serum albumin, and the
physico-chemical state of such albumin is some-

what altered during the procedures used in its
preparation and purification. Moreover, the
egress of excess lipid from the circulation is a

gradual process even in the normal animal (21),
and a similar situation would obtain in the ne-

phrotic rat despite alleviation of the metabolic
block which otherwise prevents the usual egress
of cholesterol and other lipids from the plasma in
such rats.

Various observers (22-31) have failed to find
a close inverse correlation between lowered plasma
protein and elevated lipid content in both clinical
and experimental nephrosis. However, deter-
minations of total protein, rather than of the al-
bumin fraction, generally were done and since
globulins rise in nephrotic plasma (32), conclu-
sions based upon such determinations may not be
valid. Indeed, when the correlation between ele-
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vated plasma lipids and lowered albumin rather
than total protein has been studied, a much closer
inverse relationship has been found in nephrotic
patients (33, 34). A rise of plasma albumin, when
induced by ACTHin nephrotic patients, is associ-
ated with a fall of plasma cholesterol regardless of
the pattern of diuresis (35), and during clinical
remissions. in nephrotic patients it has been ob-
served that shifts of plasma cholesterol and albu-
min occur together, both reaching normal levels
nearly simultaneously (34). Moreover, no sig-
nificant hyperlipemia and hypercholesteremia are
observed as a consequence of the renal damage oc-
curring in glomerular nephritis (25, 26) or in the
many diverse states in which the nephrotic state
may occur (35) unless there is excessive urine
protein loss (26, 36, 37). In other words, the
commondenominator for "nephrotic" lipemia does
not appear to be the renal lesion per se but the
external renal loss of plasma albumin sufficient to
induce hypoalbuminemia. This is consonant with
the finding that a similar in"verse plasma lipid-pro-
tein relationship has been observed clinically and
experimentally in such other non-nephritic con-
ditions in which plasma albumin is lowered as re-
peated blood loss in animals (38-40) and man
(41), in patients with severe proteinuria due to
constrictive pericarditis and renal thrombosis
(37), in rats treated with DCA (42) or con-
comitantly with renin and adrenocortical steroids
(42), in dogs fed low protein diets (43), and in
animals made proteinuric by a nephrotoxin such
as uranium (44).

Although the present data suggest that hypoal-
buminemia initiates and maintains the processes
both of hyperlipemia and hypercholesteremia, the
sequential mechanism remains unclear. How-
ever, albumin is an essential component of lipemia-
clearing processes (45) and the hydrolysis of
plasma fats is markedly inhibited by the absence
of adequate plasma albumin with available binding
sites for fatty acids (45). The accumulation of
plasma lipids may result from an inadequate sup-
ply of albumin for transport of these lipid break-
down products (46) from the plasma into the
tissues and may in turn be responsible for the hy-
percholesteremia. In support of this last hypothe-
sis is the recent finding in this laboratory (47)
that an experimentally induced hyperlipemia
quickly produces a hypercholesteremia. It thus

is quite possible that the hypercholesteremia ob-
served in the nephrotic state does not represent
an initial or intrinsic error in cholesterol metabo-
lism but a passively induced phenomenon second-
ary to the "heaping up" of lipids in the plasma
consequent to the deficiency of plasma albumin.
It is of considerable interest that Albrink, Man,
and Peters (48) recently proposed the possibility
of such a mechanism following their discovery of
the preferential solubility of cholesterol in the
neutral fat of plasma. It is also of interest that
some years ago Addis (49), in considering the
mechanism of nephrotic lipemia, hypothesized that,
"In some such manner we can . . . see the milky
plasma as the result of an absence of plasma pro-
tein molecules that have . . . transport function.
Then the fatty acid molecules . . . would be left
free in the water of the plasma and they would
coalesce into the little fat globules that make the
creamy emulsion we see." . . . "The lipemia may
be a result of the decrease or absence of certain
protein elements between whose layers fatty acid
molecules usually lie recessed. Wemay suppose
these proteins carry the fat in molecular dispersion
and obviate their coalescence into droplets. Li-
pemia may thus be a manifestation of an inade-
quate transport system analogous to a traffic jam
on the road...

SUMMARY

The prevention of external loss of urine in rats,
either by ureteral ligation or by ureteral-vena
caval anastomosis invariably prevented the hyper-
cholesteremia and hyperlipemia otherwise ob-
served following injection of rabbit anti-rat kid-
ney serum. This suggests that the cholesterol
and lipid abnormality observed in experimentally
induced nephrosis is secondary to the external
loss of one or more plasma substance.

Prevention or correction of the plasma albumin
deficiency in the nephrotic rat was observed to
inhibit markedly the hypercholesteremia and hy-
perlipemia otherwise occurring in association with
the decreased plasma albumin induced by injection
of anti-kidney serum.

It is suggested that the hyperlipemia and hyper-
cholesteremia occurring in experimentally induced
nephrosis result from the deficiency of circulating
plasma albumin occurring in this disorder.
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