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The Cause of Persisting Hypercholesteremia in Rabbit after Cessation

of Cholesterol Feeding.*
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Our comparative study of cholesterol me-
tabolism of the rabbit and rat undertaken(1),
suggested that hypercholesteremia developed
more readily in the rabbit than in the rat,
when both species ingested excess cholesterol
because of several observed metabolic differ-
ences. First, the rabbit was observed to ab-
sorb a larger fraction of its ingested cholesterol
than the rat. Secondly, the liver of the rab-
bit appeared far less capable of removing ex-
cess cholesterol from blood than the liver of
the rat. This difference in rate of hepatic
withdrawal of cholesterol from plasma did not
appear, however, to be due to any peculiarity
in rabbit plasma but apparently to some com-
parative defect in the liver itself. For various
reasons(1,2,3), we believed that this defect
resided in the hepatic reticulo-endothelial
system. Another peculiarity of the rabbit fed
excess cholesterol is persistent hypercholes-
teremia long after cessation of cholesterol
feeding. The reason for this lag in return of
plasma cholesterol to a normal level has not
been determined despite its possible impor-
tance. as Zilversmit(4) has recently pointed
out. It was therefore thought advisable to
investigate this phenomenon. The results of
our study suggest that the lag is due to pro-
longed and slow discharge into plasma of the
cholesterol previously accumulated in tissues
during the cholesterol feeding period.

Methods. A. Injection of rabbit hyper-
cholesteremic serum. To determine and com-
pare rate of disappearance of injected rabbit
hypercholesteremic serum with that of rat
hypercholesteremic serum, 8 normal, young
male rabbits (avg wt: 1211 g) were given 10
ml of pooled rabbit hypercholesteremic serum
(avg cholesterol: 802 mg/100 ml) obtained
from rabbits made hypercholesteremic by in-
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gestion of excess dietary cholesterol. This
serum was turbid and on microscopic examina-
tion abounded in chylomicra. An additional
10 rabbits (avg wt: 1226 g) were given 10
ml of pooled rat hypercholesteremic serum
(avg cholesterol: 750 mg/100 ml) obtained
from rats made hypercholesteremic by experi-
mental elevation of plasma bile acid(5). Rat
serum was translucent and completely devoid
of chylomicra. A sample of blood was ob-
tained from each rabbit of both series before,
immediately, 12 and 24 hours after injection.
These samples were analyzed for total choles-
terol (6).

B. Acute reduction of plasma cholesterol of
hypercholesteremic rabbits. Fifteen male rab-
bits (avg wt: 1890 g) were given a diet con-
taining 2% cholesterol and 3% cotton seed
oil for 3 months, then they were bled and
again given their usual ration of Purina rab-
bit chow. After 40 days upon the latter diet,
these rabbits were anesthetized with ether,
and an inlying plastic catheter was inserted
into the right external jugular vein of 9 rab-
bits(7). One week later, each rabbit was
given vie catheter, approximately 20 mg of
heparin and then several minutes later, 40 to
50 cc whole blood was removed by syringe and
immediately replaced with 40 to 50 cc of
whole blood from a normocholesteremic rab-
bit. This procedure was repeated 4 or 5
times, always employing a new normo-
cholesteremic rabbit for each exchange, to de-
crease progressively the plasma cholesterol
content of the hypercholesteremic rabbit.
Blood samples were obtained from hyper-
cholesteremic rabbits before and immediately,
24, 48, 72, and 120 hours after these blood
exchanges, and their cholesterol concentration
determined. Estimation of the hematocrit in
several animals determined before and im-
mediately after the exchange transfusion, re-
vealed that no significant change had oc-
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TABLE I. Rate of Disappearance of Rabbit and Rat Hypercholesteremic Serum in the Rabbit.

Plasma cholesterol (mg/100 ml)

No. of Immed. 12 hr 24 hr
rabbits Avg wt Before inj.  after inj. afterinj.  after inj.
A. Rabbits given rabbit hypercholesteremic serum
8 1211 68 162 106 106

Range 855-1815 14-97 143-201 68-180 73-155
S.E. mean 3.5 5.1 4.9 3.7
B. Rabbits given rat hiypercholesteremic serum
11 1226 59 149 115 107
Range 840-1482 30-95 130-182 83-137 66-157
S.E. mean 2.4 4.8 3.6 31

curred. The remaining 6 hypercholesteremic
rabbits employed as controls, were bled at the
same intervals, except for intervals immedi-
ately and 120 hours after exchange procedure,
A similar exchange was done on 4 normo-
cholesteremic rabbits, their removed blood
(40-50 ml) being replaced with hypercholes-
teremic blood obtained from hypercholester-
emic rabbits plasmapheresed above. Here
again the initially withdrawn blood of at least
2 hypercholesteremic rabbits was given in the
first 2 blood replacements effected in the nor-
mocholesteremic rabbit. The blood with-
drawn from the normocholesteremic rabbits in
each exchange was discarded. Blood samples
were obtained at similar times as described
above.

Results. As Table I illustrates, excess
cholesterol contained in serum of the hyper-
cholesteremic rabbit appeared to disappear as
rapidly after its injection into the normal rab-
bit as did the rat hypercholesteremic serum.
However as previously pointed out(1), the
plasma of either series was not completely
cleared of excess cholesterol even at 24 hour
period.

Experimental reduction of cholesterol in
plasma of hypercholesteremic rabbit was ob-
served (Fig. 1) to be followed within the next
few days by a gradual return to much higher
plasma cholesterol values, despite the fact
that the animal had been and continued to be
upon an almost completely cholesterol free
diet.

On the other hand, the 4 initially normo-
cholesteremic rabbits made acutely hyper-
cholesteremic by exchange procedure quickly
returned to the same level observed in rabbits

that had received rat hypercholesteremic se-
rum.

The 6 control hypercholesteremic rabbits
continued to lose some of their cholesterol
during the experimental period as would be
expected.

Discussion. In previous study of choles-
terol metabolism of the rabbit(1) it was ob-
served that the cholesterol present in serum
of hypercholesteremic rabbit disappeared after
its injection into the rat just as rapidly as the
cholesterol of rat hypercholesteremic serum.
Similarly in the present experiments, the rab-
bit also exhibited no greater delay in ridding
itself of cholesterol present in rabbit hyper-
cholesteremic serum than that in rat hyper-
cholesteremic serum. Thus the profound dif-
ference in lipoprotein spectrum of these 2
tvpes of sera(8,9) did not appear to influence
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FIG. 1. Effects of acute changes in plasma choles-

terol both in hypercholesteremic and normocholes-
teremic rabbits.
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ability of either species to rid themselves of
excess cholesterol contained therein. The
conclusion therefore appears inescapable that
delay in return to normal of cholesterol of the
rabbit previously fed excess cholesterol can-
not be due to some intrinsic lipoprotein phe-
nomenon in rabbit hypercholesteremic serum
which then allows such serum to retain excess
cholesterol therein.

The return of plasma cholesterol of hyper-
cholesteremic rabbits to a markedly higher
level after its acute reduction by exchange
transfusion, of course indicated that such rab-
bits are receiving cholesterol in their plasma
from some tissue(s) either containing an ex-
cess of this sterol or else synthesizing and dis-
charging it, at a rate in excess of its rate of
hepatic removal and destruction(1). Since
the rate of synthesis of cholesterol is not ele-
vated in the cholesterol fed, hypercholester-
emic rabbit(1,10), and since an excess of
cholesterol remains in various tissues, particu-
larly the liver and aorta(11,12) of rabbits pre-
viously fed cholesterol, it would appear that
cholesterol rebound after exchange transfu-
sion was due to escape of such tissue excess
cholesterol into plasma. Such an escape
might continue until some new balance or
equilibrium had been established between cho-
lesterol present in tissue and that in plasma
perfusing such tissue. It was of interest that
normocholesteremic rabbits when made hy-
percholesteremic by exchange transfusion with
hypercholesteremic serum quickly returned
almost to their normocholesteremic status,
again demonstrating that this type of hyper-
cholesteremic plasma itself possessed no more
intrinsic cholesterol, retaining property than
that of rat hypercholesteremic serum.

Summary. 1. Normal rabbits were able to
rid their plasma of excess cholesterol just as
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rapidly after such cholesterol was adminis-
tered in the form of rabbit hypercholesteremic
serum, as when administered in the form of
rat hypercholesteremic serum. 2. Hypercho-
lesteremic rabbits whose plasma level of
cholesterol was reduced by exchange transfu-
sions exhibited a return to higher levels in
succeeding days. 3. Normocholesteremic rab-
bits whose level of cholesterol was elevated by
exchange transfusions quickly reverted to
their previous normocholesteremic status. 4.
These facts suggest that the chronic discharge
of previously stored tissue cholesterol is re-
sponsible for the long persistent hypercholes-
teremia in the rabbit after cessation of choles-
terol feeding.

1. Friedman, M., Byers, S. O., Am. J. Physiol.,
1954, v179, 201.

2. Friedman, M., Byers, S. O., Rosenman, R. H,,
ibid., 1954, v177, 77.

3. Friedman, M., Byers, S. O., Circulation, 1954,
v10, 491,

4, Zilversmit, D. B., Am. J. Med., 1957, v23, 120.

5. Byers, S. O., Friedman, M., Fed. Proc., 1951, v10,
22,

6. Zak, B., Dickerman, R. C., White, E. G., Bur-
nett, H., Cherney, P. J.,, Am. J. Clin. Path., 1954,
v24, 1307.

7. Friedman, M., Byers, S. O., Rosenman, R. H,,
Proc. Soc. Exp. BioL. AND MED., 1957, v95, 586.

8. Byers, S. 0., Friedman, M., Biggs, M. W., Gun-
ning, B., J. Exp. Med., 1953, v97, 511.

9. Graham, D. M., Lyon, T. P., Gofman, J. W,
Jones, H. B, Yankley, A., Simonton, J., White, S.,
Circulation, 1951, v4, 666.

10. Hellman, L., Rosenfeld, R. S., Wang, C., Loev-
inger, R., Adlersberg, D., ibid., 1955, v12, 505.

11. Duff, G. L, McMillan, G. C., Adm. J. Med,,
1951, v11, 92,

12. Merrill, J. H., Lemley-Stone, J., Circ. Res.,
1957, v5, 617.

Received March 24, 1958. P.SE.BM., 1958, v98.



