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Previously we reported (1) the production
of a chronic hypercholesterolemic state in the
rat by bilateral electrolytic injury of the
hypothalamus, involving the ventral medial
nucleus, the fornices and the medial portion
oi the lateral hypothalamic nucleus. The hy-
percholesterolemia induced was found to be
greatly intensified by the inclusion of excess
cholesterol in the animal’s diet.

Following the discovery of this type of
neurogenic hypercholesterolemia, we have
been attempting to discern the intermediary
mechanism(s) by which this brain lesion ele-
vates the blood cholesterol. In this connection,
the studies of Gutstein and his associates
(2-4) were of interest to us because they
were able to induce an acute, transitory ele-
vation of the blood cholesterol of the rat fed
fat, by stimulating an area in the lateral
hypothalamic nucleus. They attributed the
observed rise in blood cholesterol to hiliary
obstruction caused by constriction of the
sphincter of Oddi resulting from the hypo-
thalamic stimulation.

Although our procedure is quite different
from that of Gutstein ef al. (2-4), we thought
it necessary to study our experimental rats
to determine whether their ckronic hyper-
cholesterolemia was in any way due to ob-
struction to the free passage of bile. Our
studies showed quite conclusively that biliary
obstruction did not play a part in the
genesis of this type of neurogenic hyper-
cholesterolemia.

Methods. To determine whether interfer-
ence in biliary flow was responsible for the
hypercholesterolemia following induction of

1 Supported by grants from the National Heart
and Lung Institute, National Institutes of Health,
HE-00119; The Tarrant County Heart Association
and the Burroughs Wellcome Fund.

our specific hypothalamic injury, we per-
formed the following series of studies.

In the first study, the hypothalamic lesion
was induced as previously described (1) in
10 of 20 young adult male rats (Long Evans
strain, weighing an av of 300 g). The animals
were group pair fed a low cholesterol diet
containing 43 mg of digitonin-precipitable
Liebermann-Burchard positive sterols of veg-
etable origin/100 g of diet. The plasma
cholesterol concentration was determined
weekly for 3 weeks according to the method
of Martinek (5) and then the animals were
killed. The respective diameters of the com-
mon bile ducts of the rats with the hy-
pothalamic lesion were inspected and com-
pared with those of the control animals. Fi-
nally, liver sections were obtained, fixed,
embedded in Epon plastic, sectioned (1 p
thickness) and stained with toluidine blue.
These sections then were studied microscopi-
cally to determine the state of the bile canali-
culi.

In the second study, the hypothalamic
lesion was induced in 6 of 13 rats. All rats
subsequently were group pair fed the above
described low cholesterol diet. Four weeks
later, the common bile duct of all rats was
cannulated; and the bile was collected for 24
hr in the 5 surviving lesioned and the 7
control animals. The volume of bile and its
cholesterol content were measured.

In the third study, 15 of 33 rats were
operated and 2 small incisions were made in
their common bile duct approximately 3 mm
apart. One end of a small segment of polye-
thylene tubing (o.d. — 0.038 in.; id. =
0.023 in.) was introduced into the distal in-
cision and passed along the lumen of the bile
duct through the sphincter of Oddi to enter
and lie freely in the duodenum. The other
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end of the tubing was introduced into the
proximal incision and passed up the common
bile duct toward the liver.

Sutures then were placed about those por-
tions of the common bile duct enclosing the
polyethylene tubing. This preparation thus
allowed the free passage of bile into the duo-
denum unhindered by any possible constric-
tion of the sphincter of Oddi or of the bile
duct itself. Following this operation, all rats
were group pair fed a diet containing whole
egg, milk and cottonseed oil (cholesterol con-
centration: 273 mg/100 ml) for 4 weeks.
The rats were bled every 2 weeks for deter-
mination of their plasma cholesterol concen-
tration. At the end of the fourth week, 7 of
the 13 surviving rats bearing the tubing were
given the hypothalamic lesion. A similar hy-
pothalamic lesion was induced in 8 of the 18
previously unoperated rats. Blood samples
were obtained 1 and 2 weeks after the hy-
pothalamic lesion had been produced. The
first sample was analyzed only for its plasma
cholesterol concentration; the second sample
was analyzed also for bilirubin concentration.
After the second blood sample had been
obtained, all rats received bromsulfalein (5
mg/100 g of body wt) by iv injection.
Blood samples were obtained 5 min after this
injection and analyzed for their bromsul-
falein content according to the method of
Henry et al. (6).

In the fourth study, 15 of 28 rats were
operated and a single ligature was placed
about the common bile duct. At autopsy all
ligated ducts were seen to be extremely di-
lated proximal to this ligation. Nine of these
15 duct-ligated rats also received the specific
hypothalamic lesion. A similar hypothalamic
lesion was induced in 5 of the 13 rats which
were not subjected to bile duct ligation. All
rats were group pair fed 30 ml/day of a
liquid cholesterol-free diet consisting of egg
white powder, sucrose, vegetable oil, NaCl,
and H20. Blood samples were obtained 3, 5,
and 7 days after operation and analyzed for
cholesterol.

Since in every experiment each group of

/ rats was restricted in its diet to the quantity
of food freely consumed by those eating
least, all rats consumed their entire rations
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each day and weight gains of experimental
and control groups were comparable in every
case.

Results. Both the biliary system and the
hepatic parenchymal cells of the 10 rats
killed 3 weeks after induction of the hy-
pothalamic lesion appeared identical to their
tissue counterparts in the control rats; this
despite the chronic hypercholesterolemia (av
plasma cholesterol during the 3 weeks, 116
mg/100) of rats bearing hypothalamic
lesions compared to the normocholesterolemia
(av plasma cholesterol, 56 mg/100 ml) ob-
served in the control rats. Thus the common
bile ducts of the operated rats appeared, on
gross inspection, to be undilated. Similarly,
on microscopic examination, no evidence of
dilation of bile canaliculi or dystrophy of
hepatic parenchymal cells could be discerned.

Similarly the average bile flow (16.5
ml/24 hr) in rats, 4 weeks after hypothalam-
ic injury, was essentially the same as that
(15.9 ml/24 hr) observed in the control rats.
However the average cholesterol concentra-
tion of the bile (12.0 mg/100 ml) of the
experimental rats was significantly less
($<0.05) than that (16.3 mg/100 m!l) found
in the bile of the control rats.

As Table I reports, the insertion of the
polyethylene tubing into the bile duct, to
forestall any possible biliary obstruction in
the lesioned rats by possible constriction of
the sphincter of Oddi did not prevent the
occurrence of the hypercholesterolemia usual-
ly observed after induction of the hypotha-
lamic lesion. Table I also illustrates that
there was no excess retention of bilirubin in
the plasma of the rats with lesions (whether
or not provided with the polyethylene
“shunt” prior to induction of the hypotha-
lamic lesion) nor was there any retardation
in the hepatic uptake of bromsulfalein.

Figure 1 shows clearly that the hypotha-
lamic injury evokes its own specific hyper-
cholesterolemic response even in rats subject-
ed to total biliary obstruction. Thus the aver-
age plasma cholesterol concentration of these
bile duct-ligated rats bearing hypothalamic
lesions (3 days after both surgical procedures),
was 228 mg/100 ml, a value significantly
(p<<.01) greater than that (163 mg/100 ml)
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found in rats subjected to bile duct ligation
alone. As Fig. 1 further illustrates, this
difference persisted during the total 7-day
postoperative period.

Discussion. The present results indicate
decisively that the chronic hypercholesterole-
mia we consistently observed after making a
bilateral hypothalamic injury involving the
ventral medial nuclei, the fornices, and the
medial portion of the lateral hypothalamus
(1) cannot be due to any interference in the
flow of bile coming after the induction of the
brain lesion. The final experiment in which
induction of the hypothalamic lesion was ob-
served to effect an additional rise in the
plasma cholesterol of rats also subjected to
total biliary obstruction, clearly points to
some additional meghanism (following the
brain lesion) other than inhibition of bile
flow, which is responsible for the path-
ogenesis of the hypercholesterolemia ob-
served.
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These results, however, do not negate the
validity of the conclusions reached by Gut-
stein and his associates (3, 4) concerning the
role of hiliary obstruction in the path-
ogenesis of the transient hypercholesterole-
mia they observed in their experimental rats.
Undoubtedly their preparation is one that is
entirely different from ours. Thus they uni-
laterally and acutely stimulated an area in
the lateral hypothalamus whereas we bilater-
ally induced a chronic lesion in the specific
hypothalamic areas described above. Second-
ly, they observed only a modest, transient
rise in both the plasma cholesterol and trigly-
ceride; whereas our experimental animals ex-
hibited a marked, chronic rise of plasma
cholesterol but not of triglyceride (1).

Summary. The possible role of the biliary
system in the pathogenesis of hypercholes-
terolemia observed in rats following bilateral
hypothalamic injury involving the ventral
medial nuclei, the fornices, and the medial
portions of the lateral hypothalamus was in-
vestigated. The hypercholesterolemia was
found not to be mediated by any abnormality
in the flow of bile.

1. Friedman, M., Byers, S. O., and Elek, S. R,
Proc. Soc. Exp. Biol. Med. 131, 759 (1969).

2. Gutstein, W. H., Schneck, D. J., and Appleton,
H., Metabolism 17, 535 (1968).

3. Gutstein, W. H., Schneck, D. J., and Appleton,
H., Fed. Proc.,, Fed. Amer. Soc. Exp. Biol. 28, 681
(1969).

4. Gutstein, W. H., Schneck, D. J., and Appleton,
H., Metabolism 18, 300 (1969).

5. Martinek, R. G., Clin. Chem. 11, 495 (1965).

6. Henry, R. J., Chiamori, N., and Ware, A. G,
Tech. Bull. Regist. Med. Technol. 29, 117 (1959).

Received April 30, 1971. P.SEBM, 1971, Vol. 138.





