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In a previous study (1) heparin was found to
inhibit the rise of plasma lipids and cholesterol
occurring in rats with nephrosis experimentally
induced by injection of anti-rat kidney serum
(AKS). Such inhibition was marked when hep-
arin was administered prior to and immediately
after the injection of AKS, but of much lesser
degree when administered to the chronic nephrotic
rat with established hypoalbuminemia and hyper-
lipemia. A similar slight or absent anti-lipemic
response to heparin has been observed in some
human subjects with nephrosis (2). This sug-
gested to us that perhaps the inhibitory action of
heparin necessitated the presence of a larger con-
centration of plasma albumin than was present in
the chronic nephrotic rat.

Therefore a second study (3) was done in
which bovine serum albumin was infused into rats
during both the induction and chronic phases of
experimental nephrosis. This was found to be
far more effective than heparin in respectively
preventing and correcting the hyperlipemia other-
wise occurring in such rats. However, the infu-
sion of albumin was not found capable of com-
pletely normalizing the plasma lipids of the ne-
phrotic animal unless it concomitantly was
nephrectomized.

This suggested that the accumulation of lipids
in the plasma of the nephrotic rat is due not only
to a quantitative deficiency of plasma albumin (3)
but also to the excessive renal loss of some other
essential plasma constituent of the lipid-clearing
mechanism which might be escaping pan passu,
either separately or combined with the escaping
albumin. If this substance were heparin, or its
plasma equivalent, the combined administration of
heparin and albumin would be expected to be
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completely effective in normalizing the plasma
lipids of the nephrotic rat. This was found to
be true in the present study of such combined
treatment, the data also providing an in vivo dem-
onstration of the essential role of adequate plasma
albumin for both endogenous and heparin-acti-
vated processes of lipemia-clearing.

METHODSANDRESULTS

Adult, male rats (Long-Evans) were used in these
studies. Pooled rabbit anti-rat kidney serum (AKS)
was prepared as described by Heymann and Lund (4)
and assayed in preliminary studies by its ability to induce
hypoalbuminemia, hyperlipemia and hypercholesteremia
within 18 hours after its intravenous injection. Continu-
ous intravenous infusions were administered by a special
constant infusion apparatus designed to inject 0.25 ml.
per hour (6.0 ml. per 24 hours) through an exteriorized
polyethylene cannula placed in an inferior lumbar vein
during a preliminary operation accomplished under ether
anesthesia. The injected solutions were either freshly
prepared aqueous bovine serum albumin (30 per cent) or
sodium chloride (0.9 per cent), the latter being used
since it was previously found to induce a degree of
hemodilution in nephrotic rats comparable to that in-
duced by the albumin solution (3). In certain instances
5 mg. of sodium heparin was added to each 6-ml. aliquot
of infusion solution. Plasma total lipids, total choles-
terol, and albumin were determined by the methods pre-
viously described (3).

A. The effect of albumin-heparin infusion on
plasma lipids during the induction of the
nephrotic state.

Each of 50 rats was prepared for intravenous infusion
and injected with AKS (1 mL). During the ensuing
24 hours, nine rats (Group I) were continuously infused
with six ml. saline-heparin solution, as described above,
and nine rats (Group II) with albumin-heparin solution.
For control purposes 19 rats (Group III) were infused
with albumin solution and 13 rats (Group IV) with
saline solution, without added heparin. All rats were
bled for plasma total lipids, total cholesterol and albumin
at the end of the 24-hour infusion interval, and hemato-
crits were determined in those infused with saline (Group
IV) and albumin (Group III).
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TABLE I

The effect of continuous 24-hour infusion of albumin and heparin on plasma lipids of rats
concomitantly injected with antikidney serum

Average plasma concentrations*

Total cholesterol
Aver. Total lipids

No. of wt. Concentration Average increaset concentration Albumin
Group Infusion fluid rats (gm.) (mg./100 mi.) (mg./100 ml.) (mg./100 ml.) (gm./100 mI.)

Rats injected with antikidney serum
I Saline + Heparin 9 161 125 +63 318 1.1

Range: (94-162) (+32-100) (219-365) (0.9-1.7)
S.E. Mean: ±7.8 :4-7.7 41:15.6 410.12

II Bovine Albumin +
Heparin 9 160 65 +3 254 4.0

Range: (30-89) (+27-(-32)) (191-303) (2.5-5.3)
S.E. Mean: ±6.9 416.8 ±14.5 40.43

III Bovine Albumin 19 158 108 +46 297 3.9
Range: (81-131) (+19-69) (238-349) (3.1-5.1)
S.E. Mean: 49.3 412.9 ±7.3 -4-0.68

IV Saline 13 162 153 +91 413 1.2
Range: (117-187) (+55-125) (275-540) (0.5-1.5)
S.E. Mean: :416.3 ±6.3 ±15.4 4±0.10

Control rats injected with normal rabbit serum
V Saline 10 164 62 191 2.3

Range: (52-70) (142-228) (2.0-2.6)
S.E. Mean: 42.2 ±6.2 40.11

* At completion of continuous 24-hour infusion (6.0 ml. per rat).
t Increment in excess of 62 mg. per 100 ml. (Group V).

Control plasma concentrations were established by
bleeding 10 other normal rats (Group V) 24 hours after
injection of 1.0 ml. of normal rabbit serum and infusion
of saline.

In Table I it can be seen that the injection of AKS
induced in 24 hours in the control rats (Group IV) a
fall of plasma albumin to an average of 1.2 gm. per
100 ml., with an associated average increase of plasma
lipids to 413 mg. per 100 ml. and of plasma cholesterol to
153 mg. per 100 ml. The rats infused with heparin (Group
I) exhibited a comparable fall of plasma albumin (average:
1.1 gm. per 100 ml.), but a significantly lesser rise of
plasma lipids (average: 318 mg. per 100 ml.) and of
cholesterol (average: 125 mg. per 100 ml.). Since the
infusion of heparin did not affect the fall of plasma
albumin in these rats, there is no evidence that the
observed lipemia-inhibitory effects were due to any effect
of heparin on the immune mechanism by which AKS
induced nephrosis, as may possibly occur under certain
experimental circumstances (1, 5).

The infusion of albumin (Group III) prevented the
fall of plasma albumin (average: 3.9 gm. per 100 ml.)
and, as observed previously (3), even more effectively
inhibited the rise of plasma lipids (average: 297 mg. per
100 ml.) and of cholesterol (108 mg. per 100 ml.) other-
wise induced by AKS inj ection. However, only the
combined infusion of heparin and albumin (Group II)
proved completely effective in inhibiting the AKS-
induced rise of plasma lipids (average: 254 mg. per 100

ml.) and cholesterol (average: 65 mg. per 100 ml.).
These rats exhibited an average plasma albumin of 4.0
mg. per 100 ml., similar to those infused only with albu-
min (Group III). Moreover, the observed results could
not be ascribed to any significant difference of induced
hemodilution since the average hematocrit was 44 (Range:
41 to 48) in the rats infused with saline (Group IV),
and 40 (Range: 38 to 41) in the albumin-infused rats
(Group III).

B. The effect of albumin-heparin infusion on the
plasma lipids of chronic nephrotic rats

The previous experiment indicated that heparin only
incompletely inhibited the rise of plasma lipids during
the induction of the nephrotic state, and even less effec-
tively inhibited the rise of plasma cholesterol. Simi-
larly, as observed previously (3), albumin infusion was
not completely effective in inhibiting the rise of plasma
lipid and cholesterol unless it was combined with heparin.
In view of the apparent need of both substances in pre-
venting the occurrence of AKS-induced hyperlipemia and
hypercholesteremia, it appeared of importance to us to
determine whether the combination of heparin and albu-
min also was necessary to correct an already established
hyperlipemia and hypercholesteremia in chronic nephrotic
rats.

Each of a series of 46 rats was injected with one ml.
AKS. Four days later the rats were divided into four
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TABLE II

The effect of continuous 24-hour infusion of albumin and heparin on plasma lipids of chronic
nephrotic rats four days after injection of antikidney serum

Average plasma concentrations

Post-infusion
Pre-infusion

Total cholesterol
Aver. Total

No. of wt. cholesterol Concentration Average change Total lipids Albumin
Group Infusion fluid* rats (gm.) (mg./100 ml.) (mg./100 ml.) (mg./100 ml.) (mg./100 ml.) (gm./100 mI.)

I Saline + Heparin 9 186 206 217 +11 429 1.1
Range: (163-226) (157-290) (+60-(-52)) (262-568) (0.8-1.4)
S.E. Mean: 11.0 ±10.4 41=11.1 ±20.6 :410.30

II a) Bovine Albumin +
Heparin 8 180 224 66 -158 243 3.2

Range: (168-283) (55-82) (-98-(-223)) (186-302) (2.0-4.7)
S.E. Mean: ±14.3 43.2 414.9 ±9.6 ±0.16

b) Bovine Albumin +
Heparin 4 170 279 348 +69 581 1.0
Range: (181-423) (195-501) (+8-221) (415-954) (0.7-1.2)

III Bovine Albumin 11 160 223 116 -107 331 3.0
Range: (167-278) (54-218) (-27-(-203)) (240-510) (2.3-4.4)
S.E. Mean: ±11.6 ±15.0 414.4 ±26.6 40.20

IV Saline 14 159 221 220 -1 550 1.1
Range: (142-281) (135-287) (+48-(-44)) (415-662) (0.6-1.4)
S.E. Mean: 415.5 ±16.9 +8.6 ±17.7 ±-0.16

* Six ml. per 24 hours.

groups and prepared for intravenous infusion. During
the ensuing 24 hours nine of the rats (Group I) were
continuously infused with saline-heparin and 12 others
(Group II) with albumin-heparin solution. The remain-
ing rats served as controls, 11 (Group III) being infused
only with albumin and 14 (Group IV) only with saline.

In order to obviate the effect of initial removal of any
significant amount of blood, the rats were bled only for
plasma total cholesterol preoperatively. On completion
of the 24-hour infusion all rats again were bled for deter-
mination of plasma total lipids, cholesterol and albumin.

The results are shown in Table II. The rats infused
with saline containing heparin (Group I) exhibited an
average plasma albumin of 1.1 gm. per 100 ml. at the
end of the infusion interval. During this interval no
significant change occurred in their average plasma cho-
lesterol, which rose an average of 31 mg. per 100 ml. in
six of the rats and fell an average of 30 mg. per 100 ml.
in the remaining three rats. The respective saline-infused
controls (Group IV) exhibited a comparable average
plasma albumin of 1.1 gm. per 100 ml. and, as in the
above rats, the infusion of saline failed to alter the aver-
age plasma cholesterol, which rose an average of 29 mg.
per 100 ml. in six and fell an average of 19 mg. per 100
ml. in eight of these rats. However, the average plasma
total lipids of these two groups of rats was 429 mg. per
100 ml. and 550 mg. per 100 ml., respectively, indicating
a moderate heparin-induced lowering of total plasma
lipids. The combined infusion of heparin and albumin
increased the plasma albumin content of only eight of
the 12 rats so treated (Group II a), to an average of

3.2 gm. per 100 ml. This was associated with a marked
lowering of the plasma lipids of these eight rats to an
average of 243 mg. per 100 ml., with an associated
marked fall of their plasma cholesterols to normal levels
averaging 66 mg. per 100 ml. That this response could
not be ascribed only to the anti-lipemic effect of the albu-
min infusion per se (3) was shown by comparison with
the respective control rats infused only with albumin
(Group III) and which exhibited a comparable rise of
plasma albumin (average: 3.0 gm. per 100 ml.) during
the experimental interval, but a lesser fall of plasma
lipids to an average of 331 mg. per 100 ml., and of cho-
lesterol to an average of 116 mg. per 100 ml. The essen-
tial nature of adequate albumin for heparin-induced
lipemia-clearing was particularly well shown by the find-
ings in the remaining four of the 12 rats similarly in-
fused with combined albumin-heparin (Group II b) but
in which there failed to develop a rise of plasma albumin
(average: 1.0 gmn. per 100 ml.) which exceeded those of
the saline-infused controls. Thus, despite the infusion of
heparin, these rats exhibited plasma lipid levels averaging
581 mg. per 100 ml., comparable to those of the saline-
infused controls (Group IV), and a further rise of their
plasma cholesterols from an average of 279 mg. per 100
ml. to an average of 348 mg. per 100 ml. occurred during
the 24-hour experimental interval.

DISCUSSION

Albumin has been shown (6-10) clearly to pro-
vide the vehicle for the transport of the fatty acids
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released during the hydrolysis of triglyceride sub-
strates, and a relative deficiency of albumin has
been shown (6-8) in vsitro to block such lipolysis.
Since the hydrolysis of plasma triglycerides ap-
pears, moreover, to be a prerequisite for clearance
of lipid from the plasma (11, 12), the retention of
excess lipid in the plasma would be expected in
certain states characterized by the rapid loss and
sustained depletion of plasma albumin. Consonant
with this is our earlier finding (13) that the
nephrotic state in rats is characterized by an

isolated accumulation of excess lipid which is con-

fined to their plasma. The essential role of albu-
min for the maintenance of endogenous processes

of lipolysis and lipid-clearing from the plasma was

confirmed in zivo by our recent demonstration (3)
of the causal relationship between hypoalbumine-
mia and hyperlipemia in the experimentally neph-
rotic rat. The albumin deficiency blocks lipolysis
and consequently also the egress of lipid from the
plasma was also confirmed in the present studies
in which the infusion of albumin again was shown
to induce the rapid clearance of excess lipid from
the plasma of nephrotic rats exhibiting hypoal-
buminemia and hyperlipemia.

The lipemia-clearing induced by heparin admin-
istration in nephrotic human subjects has been
found to be of limited magnitude and occasionally
even absent (2). A similar limited anti-lipemic
response to heparin was observed previously by
us (1) in chronic nephrotic rats. In the present
studies it was shown that this limited ability of
heparin to clear excess lipids from the nephrotic
rat's plasma is due to the sustained deficiency of
albumin in such plasma, confirming in vitro dem-
onstrations (6-10) of the essentiality of adequate
albumin for heparin-activated processes of lipolysis
and lipemia-clearing. It was also shown that the
rate of clearance of excess lipid from the nephrotic
rat's plasma during the infusion of albumin was

considerably augmented by the concomitant ad-
ministration of heparin. This is consonant with
the belief (14-19) that heparin-induced, lipemia-
clearing is simply an acceleration of the normally
occurring lipolytic processes. The observed re-

sponse to heparin-albumin infusion also indicated
the ability of the nephrotic rat to form potent

lipemia-clearing factor and failed to confirm the
presence in nephrotic rat's plasma of some "clear-

ing-factor inhibitor," as has been suggested by
others (20).

It is likely that the clearance of excess choles-
terol from the nephrotic rat's plasma, following
administration of albumin and/or heparin, is sec-
ondary to the effects of these substances on the
hydrolysis of triglycerides (10), since in turn, the
accumulation of excess cholesterol in nephrotic
plasma is probably secondary to the hypertri-
glyceridemia induced by the albumin deficiency
(3). Thus, in the normal rat (21), progressive
hypercholesteremia occurs when a sustained rise
of plasma triglycerides is induced by the latter's
continuous intravenous infusion. Since a pro-
gressive rise of plasma cholesterol also occurs in
normal rats that are continuously infused with
phospholipids (22), the hypercholesteremia in
nephrotic plasma may, in part, be secondary to
the hyperphospholipemia which also occurs in the
nephrotic state. It is likely (21, 23-25) that the
increment of excess cholesterol and phospholipid
in nephrotic plasma, as in other hyperlipemic
states, is "dissolved" in the excess insoluble tri-
glycerides present in such plasma. The clearing
of excess cholesterol from the plasma of the neph-
rotic rats infused with albumin or albumin-heparin
would thus appear to be secondary to the dissolu-
tion of triglycerides known to be accomplished by
such treatment (10, 24, 25).

In the present studies, as observed previously
(3), the infusion of albumin was not found capa-
ble either of completely preventing the rise of
plasma lipids and cholesterol induced by injection
of antikidney serum, or of completely correcting
the hyperlipemia and hypercholesteremia of
chronic nephrotic rats. However, since the com-
bined administration of heparin and albumin was
found completely effective in this regard, it is
likely that this partial failure on the part of
albumin administration was not due to the use
of "prepared" bovine serum albumin, rather than
more physiological rat serum albumin, or to the
presence of some clearing-factor inhibitor in the
nephrotic rat's plasma (20). On the other hand,
when the chronic nephrotic rat was nephrecto-
mized, and then infused with albumin (3), as
complete a normalization of the plasma lipids
occurred as was observed presently in intact neph-
rotic rats infused concomitantly with albumin and
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heparin. This suggests that a causal factor in the
occurrence of nephrotic hyperlipemia, other than
the quantitative deficiency of plasma albumin (3),
may be the renal loss of "clearing-factor" or some
co-factor, occurring alone or in combination with
escaping albumin. An additional factor would
appear to be the short intravascular existence of
any given albumin molecule. Thus, in certain of
the treated chronic nephrotic rats, the renal loss
of infused albumin occurred so rapidly (3, 26) as
to preclude any rise of plasma albumin, and in this
instance no lipemia-clearing was induced by the
injected albumin or by the concurrently adminis-
tered heparin.

SUMMARY

The effect of administration of heparin and
albumin, alone or in combination, upon the plasma
lipids of nephrotic rats was studied during both
the induction and chronic phases of experimental
nephrosis induced by antikidney serum injection.
It was found that heparin administration induced
only a minimal lipemia-clearing response in se-
verely hypoalbuminemic rats, unless albumin was
simultaneously administered. The concurrent ad-
ministration of heparin markedly augmented the
ability of infused albumin to correct the hyper-
lipemia and hypercholesteremia of the nephrotic
rat. It was suggested that an additional causal
factor underlying nephrotic hyperlipemia, other
than deficiency of plasma albumin, may be the
renal loss in such rats of "clearing-factor" or
some co-factor essential to lipolytic processes.

The data provide an in vivo confirmation of the
essential role of albumin for endogenous and
heparin-activated lipemia-clearing and are con-
sonant with the belief that heparin effects lipemia-
clearing by accelerating normally occurring lipo-
lytic processes.
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