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Lipid Components of Bile from Choline Deficient Rats.* (30147)
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Choline deficiency produces a prompt and
marked decrease in blood lipids of the rat
(1,2) and fatty degeneration of the liver
in this and in most of the other species
examined. These observations support the
conclusion that the mobilization of liver lipid
is impaired in choline deficiency.

Bile contains lipids derived from the liver.
It was the purpose of this work to ascertain
whether the lipids in bile decreased during
choline deficiency as the blood lipids do or
whether the bile might serve, in this deficiency
state, as an excretory route for the lipids
accumulating in the liver.

A partial examination of bile from choline
deficient rats has been reported by Colwell
(3). His analyses of 6 days’ collections of
bile revealed a mild decrease in concentra-
tions of total lipid and cholesterol. During
the collection period, food intake decreased
and infection may have occurred. In the
present study, the time of bile collection has
been restricted to the 24 hours immediately
after bile duct cannulation to minimize the
effects of the variable factors of food con-
sumption and infection.

Materials and methods. Male, Holtzmant
rats (95-110 g) were divided into 2 groups.
The control group was fed ad lid pulverized
Purina laboratory chow?! for 3-10 days and
the experimental group was fed ed lib for
5-7 days the choline-free, 18% casein, 21%
fat diet previously described(4). The control
rats gained weight steadily. The experimen-
tal animals gained weight initially, then their
body weights either became constant or de-
creased.

* This investigation was supported in part by
USPHS Research Grant AM-05235 from Inst. of
Arthritis and Metab. Dis.

t Holtzman Co., Madison, Wis.

{ Ralston Purina Co., St. Louis, Mo. Purina
laboratory chow contains not less than 23.0% pro-
tein, not less than 4.5% fat, not more than 6.0%
fiber and not more than 9.0% ash. It is supple-
mented with choline chloride, vit. A, D and E, vit.
B and trace minerals,

The rats were anesthetized with Pentobar-
bital U.S.P. and their bile ducts cannulated
with beveled polyethylene tubing under asep-
tic conditions as described by Bocklage et al
(5). The operated animals were placed in
restraining cages and provided with diet,
water and 5% sodium bicarbonate solution
(5). Bile was collected for 18-24 hours im-
mediately after the operation and the bile
samples were frozen and stored. The animals
survived the operation from 2-7 days and
had variable losses of body weight.

Portions of the bile samples were extracted
with propanol(6) and total esters were deter-
mined in these extracts by the method of
Rapport and Alonzo(7). Total cholesterol
and phospholipids were extracted by treat-
ment of the remainder of the bile samples
with chloroform and methanol(8); bile acid
conjugates were left in the aqueous methanol
fractions. Cholesterol and its esters were
determined by the procedure of Rosenthal
and Jud(9); lipid phosphorus in the chloro-
form extracts was determined by the method
of -Bartlett(10); bile acid conjugates were
determined as cholic acid(11).

Results and discussion. The control and
choline deficient rats produced the same vol-
ume of bile (Table I). However, the concen-
trations of total esters, bile acid conjugates,
total cholesterol and lipid phosphorus were
significantly less in the bile from choline
deficient rats. The decrease in concentration
of total cholesterol was entirely accounted for
by the absence of cholesterol esters; the con-
centrations of free cholesterol were identical
in the bile from normal and choline deficient
rats.

Our results indicate that free and esterified
cholesterol occur in normal bile in the same
ratio as reported for serum(2) and that essen-
tially only free cholesterol occurs in bile from
choline deficient rats. The report by Colwell
(3) indicated that about 10% of the choles-
terol in normal bile is esterified and that
esterification of cholesterol in bile was not
affected by choline deficiency. This differ-
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TABLE I. Analyses of Bile from Normal and Choline Deficient Rats.*
Volume Conjugated Total Free Lipid
produced  Total esters bile acids (mg cholesterol  cholesterol  phosphorus
Rats (ml) (mg olive 0il)  cholic acid) (mg) (mg) (mg)
Control 7.3 + 1.0t 223+ 1.8 142 1.3 1.89 =+ .06 49 + .04 752 + .079
(12)4 (11) (10) (9 9 (10)
Choline de- 7.2 + .8 11.6 = 1.1§ 6.8 + 1.2§ 59+ .07 .55+ .14 .222 =+ .020§
ficient (12) (12) 12) (10) 11) 12)

* All quantities are expressed in the units indicated per 100 g body wt per 24 hr.

t Average =+ standard error of mean.

{ Number of samples analyzed is given in parentheses.

§ Student’s ‘“t’’ test; P <.01.

ence may be explained by the prolonged
period of bile collection used in his study,
since the liver lipids of the normal rats in-
creased during this period to a level resem-
bling that in choline deficient rats. Also, some
of the cholesterol esters may have been hydro-
lyzed by the hydrochloric acid used during
the isolation of the bile lipids(3).

Since the normal ratio of free to esterified
cholesterol occurs in the serum of choline
deficient rats(2), the present findings that
choline deficient rats excrete no esterified
cholesterol in their bile but excrete the same
amount of free cholesterol as normal rats
provide an explanation for the observation
by Best et al(12) that the amounts of glycer-
ides and cholesterol esters increased in paral-
lel in the livers of choline deficient rats.

Summary. The results obtained by the
analyses of bile, collected from normal and
choline deficient male rats during the first
24 hours after cannulation of the bile duct,
indicate that the volume of bile produced is
not changed but the concentrations of lipid
components are generally decreased. Esteri-
fied cholesterol was absent and free choles-
terol was in the same concentration as normal

in the deficient bile. These findings may ex-
plain the previously observed accumulation
of cholesterol esters in the livers of choline
deficient rats.
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