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Abstract—The administration of chlorcyclizine or phenobarbital 1educed the serum
concentration of cholesterol, triglycerides and phospholipids in the male and female
mouse, and chlorcyclizine was more potent than phenobarbital. The reductions caused
by chlorcyclizine administration in the mouse were not always associated with an
accumulation of cholesterol or triglycerides in liver. Chlorcyclizine had little or no
effect on the serum concentration of cholesterol and phospholipids in the rat, but the
serum concentration of triglycerides was reduced markedly. The reduction of serum
triglycerides in the chlorcyclizine-treated rat was not corrclated with either an increase
in liver weight or an increase in the concentration of triglycetides in liver.

CHLORCYCLIZINE and a number of other diarylalkylpiperazines have been reported to
lower significantly the serum concentration of cholesterol in the mouse.l~3 The
reduction in the concentration of serum cholesterol in the chlorcyclizine-treated
mouse was accompanied by an increase in liver weight and in the liver concentration
of cholesterol. It was suggested that the increase in the cholesterol content of liver
was the result of either a redistribution of cholesterol or an increase in cholesterol
biosynthesis.!: 2 This report describes the effect of chlorcyclizine, several chlorcyclizine
analogs and phenobarbital on the serum and liver concentration of cholestero! (CL)}
and triglycerides (TG) in the mouse. It also describes the effect of chlorcyclizine on the
same parameters in the rat.

METHODS
Mice of the CF-1 strain} and rats of the Long-Evans and Sprague-Dawley (CFE)
strain were fed Wayne Lab Blox meal§ ad lib. Each drug was mixed into the Lab Blox
meal mechanically and the drug-containing diet was fed to the animals for 9 days.
Each diet was fed to groups of twenty-five mice or 8-12 rats. The mice and rats were
fasted overnight on the ninth day and the animals were killed the next morning. At

* A preliminary report of these results was presented at the Third International Symposium on
Drugs Affecting Lipid Metabolism, Milan, Italy (September 1968).

+ The following abbreviations are used: CL, cholesterol; TG, triglyceride(s); PL, phospholipid(s),

t CF-1 mice and Sprague-Dawley rats were obtained from Carworth Farms, Inc., New York,
N. Y.; Long-Evans rats were obtained from Blue Spruce Farms, Altamont, N. Y.

§ Wayne Lab Blox meal mouse or rat diet in the unpelieted form was obtained from Allied Mills
Inc., Chicago, Ill.
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that time, the total body and liver weight was determined for each animal. Five pooled
serums were obtained from each group of twenty-five mice by pooling the blood of
five randomly selected mice for each serum sample. The serum of each rat was analyzed
separately. Each serum sample was analyzed for CL, TG and phospholipids (PL).
Ten per cent liver homogenates were prepared with saline using all glass homogenizers,
and the homogenates were analyzed for their content of CL and TG. A 0-5-ml portion
ot less of serum or liver homogenate was shaken mechanically for 10 min with enough
isopropanol to give a final volume of 10 ml. This extract was filtered and total CL
was determined in the filtrate using the Technicon Autoanalyzer procedure N-24a.
Phospholipids were removed from a portion of the same filtrate by the addition of
Zeolite or Florisil* and the TG content of the filtrate was determined by the procedure
of Kessler and Lederer.? Using this procedure, the same TG concentrations were
obtained when either Zeolite or Florisil was used to remove PL. The PL content of 0-1
ml serum was determined by the method of Zilversmit and Davis.> The data were
analyzed statistically using the analysis of variance method in conjunction with
Duncan’s®multiple range test.

RESULTS

Effect of chlorcyclizine and phenobarbital on the serum concentration of cholesterol,
triglycerides and phospholipids in the mouse. Chlorcyclizine and phenobarbital caused a
significant reduction in the serum concentration of CL, TG and PL in the male mouse
(Table 1). Serum CL was reduced 48, 45 and 30 per cent, respectively, when 0-08, 0-04
or 0:01 per cent chlorcyclizine was fed in the diet, while 0-05 per cent phenobarbital
in the diet reduced serum CL by 19 per cent. The concentration of TG in the serum

TABLE |. EFFECT OF CHLORCYCLIZINE AND PHENOBARBITAL ON THE SERUM AND LIVER
CONCENTRATION OF CHOLESTEROL (CL), TRIGLYCERIDES (TG) AND PHOSPHOLIPIDS (PL)
IN THE MALE MOUSE*

Serum concentration Liver concentration

Body Liver (mg/100 ml = S. E.) (mg/g - S. E)
Addition wt. wt. —
to diet (g “S.E)(g =S.E) CL TG PL CL TG
None 22 04 1:0-+002 I55-+3 117 + 6 320--11 84--04 22 ¢ 3
Chlorcyclizine
(0-08%) 19 - 0-41 1-5 - 0-05F 80 + 57 46 -+ 10t 158 -- 16F 87406 19 3
Chlorcyclizine
(0-:049,) 20 + 0:31 1-3 -+ 0-03t 86 + 67 52 -- 57 180 - 15F 92 -05 326
Chlorcyclizine
(0-01 %) 21 403 1-24+0037 109+ 6% 764+ 61 227 - 9% 74 04 266
Phenobarbital
(0:05%) 20 + 0:4% 1-1 + 0-03 126 + 71 85 -+ 131 243 - 3% 7-1--04 17 -5

* Groups of twenty-five mice were fed chlorcyclizine HC1 or phenobarbital for 9 days. The mice
were killed on the tenth day after an overnight fast. Five serum samples from each group were analyzed
for CL, TG and PL. Each serum sample was obtained by pooling the blood of five mice. Ten livers
were selected randomly from each group for the analysis of CL and TG. The results were compared
statistically using the analysis of variance in conjunction with Duncan’s® multiple range test.

P < 001

I P < 005.

* Zeolite was obtained from W. A, Taylor Company, Baltimore, Md. ; Florisil was obtained from
Fisher Scientific Company.
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was reduced 61, 55 and 35 per cent, respectively, with 0-08, 0-04 and 0-0l per cent
chlorcyclizine in the diet, while 0-05 per cent phenobarbital in the diet caused a 27 per
cent reduction in serum TG. Serum PL was reduced 50, 44 and 29 per cent, respect-
ively, when 0-08, 0-04 and 0-01 per cent chlorcyclizine was fed in the diet, while 0-05
per cent phenobarbital in the diet reduced serum PL by 24 per cent. The liver con-
centration of CL and TG was not affected by the administration of chlorcyclizine or
phenobarbital. A 10 per cent reduction in body weight occurred in mice fed 0-08 and
0-04 per cent chlorcyclizine, but no change in body weight occurred in mice fed 0-01
per cent chlorcyclizine. A 9 per cent decrease in body weight occurred in mice fed
0-05 per cent phenobarbital in the diet. Liver weight increased approximately 50, 30
and 20 per cent in mice that were fed 0-08, 0-04 and 0-01 per cent chlorcyclizine in the
diet.

The effect of chlorcyclizine and phenobarbital on the serum concentration of CL,
TG and PL in the female mouse is shown in Table 2. The administration of 0-025 per

TABLE 2. EFFECT OF CHLORCYCLIZINE AND PHENOBARBITAL ON THE SERUM AND LIVER
CONCENTRATION OF CHOLESTEROL (CL), TRIGLYCERIDES (TG) AND PHOSPHOLIPIDS (PL)
IN THE FEMALE MOUSE*

Serum concentration Liver concentration

Body Liver (mg/100 ml =~ S. E.) (mg/g £ S.E)
Addition wt. wt.
to diet (g +S.E)(g+8S.E) CL TG PL CL TG
None 16 -+ 0-1 0-8 -- 0-01 134 +-4 49 -4 26448 46-+01 25+4
Chlorcyclizine
(0-025%) 16 - 0-1 1-0 + 0-02F 77 4+ 13 11 149 L 8f 6-3 027 41 -5
Phenobarbital
0-05%) 16 +01 1-0--005f 1107 28--2f 200+6F 58 +-02f 395
Phenobarbital
(0-019%) 16 +0-1 094002 119 +3 42 =3 S-1--02 50- 8f

* The experimental procedure is given in Table | and in Methods. The statistical method is
described in Table 1.
P < 0-01.

cent chlorcyclizine in the diet resulted in a significant reduction in serum CL (42 %),
TG (739%) and PL (439%;). With 0-05 per cent phenobarbital in the diet, there was a
smaller but significant reduction in the serum concentration of CL (18 %), TG (42%)
and PL (24 %,). The concentration of CL and TG was not reduced significantly in the
serum of mice fed 0-01 per cent phenobarbital in the diet. The liver concentration of
CL increased 37 per cent in female mice fed 0-025 per cent chlorcyclizine and 26 per
cent in female mice fed 0-05 per cent phenobarbital. The mean TG concentration in the
liver was also increased in mice fed chlorcyclizine or phenobarbital. The body weight
of female mice described in Table 2 was not affected by drug administration. Liver
weight increased 25 per cent in mice fed 0-025 per cent chlorcyclizine or 0-05 per cent
phenobarbital.

Effect of chlorcyclizine on the serum concentration of cholesterol, triglycerides and
phospholipids in the rat. The effect of various doses of chlorcyclizine on the serum
concentration of CL, TG and PL in the male rat of the Long—Evans strain is shown in
Table 3. The serum concentration of cholesterol was reduced only 11-14 per cent in
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TABLE 3. EFFECT OF CHLORCYCLIZINE ON THE SERUM AND LIVER CONCENTRATION OF
CHOLESTEROL (CL), TRIGLYCERIDES (TG) AND PHOSPHOLIPIDS (PL) IN THE LONG-EVANS

MALE RAT*

Chlor- Serum concentration Liver concentration
cyclizine Body Liver (mg/100 ml 4- S. E.) (mg/g 4- S.E)
in diet wt. wt.
(%) (¢ +S.E) (g £ S.E) CL TG PL CL TG

0 189 +5 65402 7142 56 -+ 4 144 + 7 76 +£01 27 +01
0-08 163 + 41 7-8 4 0-2% 61 -+ 3t 19 4 1+ 123 + 8% 9-4 4 031 54 - 08t
0-04 185 +-4 82 £ 0-2% 63 £ 2t 30 + 1Y 135 +°5 8-8 + 04t 4+1 +0-2%
0-01 191 -5 68 +03 71 +1 40 + 2t 154 +5 75+01 27401

* Groups of twelve rats were fed drug for 9 days. The rats were killed on the tenth day after an
overnight fast and the serum and liver of each rat were analyzed. The statistical method is described in
Table 1.

t P < 0-01.
1P < 005

rats fed 0-08 or 0-04 per cent chlorcyclizine in the diet for 9 days, and no effect was
observed in rats fed 0-01 per cent chlorcyclizine. A reduction in the serum concentra-
tion of PL occurred only in rats fed 0-08 per cent chlorcyclizine. Unlike the results
obtained in the mouse, the concentration of CL and PL in rat serum was not always
reduced when chlorcyclizine was administered. In a second experiment, neither the
serum concentration of CL or PL was reduced as a result of feeding 0-08, 0-04 or 0-01
per cent chlorcyclizine in the diet for 9 days. Interestingly, the serum concentration of
TG was reduced markedly with all doses of chlorcyclizine. The liver concentration of
TG was unchanged in rats given 0-01 per cent chlorcyclizine in the diet, but increased
significantly in rats fed 0-08 or 0-04 per cent chlorcyclizine. It is of particular interest
that the reduction in serum TG caused by feeding 0-01 per cent chlorcyclizine was not
associated with an increase in the liver concentration of TG or with a significant
increase in liver weight. The liver concentration of CL increased consistently in rats
given 0-08 per cent chlorcyclizine in the diet, while this increase was less consistent in
rats fed 0-04 per cent chlorcyclizine.

Chlorcyclizine was fed to adult male rats of the Sprague-Dawley strain (Table 4).

TABLE 4. EFFECT OF CHLORCYCLIZINE ON THE SERUM AND LIVER CONCENTRATION OF
CHOLESTEROL (CL), TRIGLYCERIDES (TG) AND PHOSPHOLIPIDS (PL) IN THE SPRAGUE-
DAWLEY MALE RAT*

Chlor- Serum concentration Liver concentration
cyclizine Body Liver (mg/100 ml -~ S. E) (mg/g = S.E)
in diet wt. wt.
(%) (g +S.E) (g +S.E) CL TG PL CL TG

0 154 +6 53402 81 +3 77+9 189+ 4 28401 5:6 4- 07
0-08 153 -2 75402} 80 -+ 5 29 + 7t 159 - 8t 35-£02f 127 £ 1-77
0-04 147 - 62 4+ 0-2% 80 +4 43 £ 7t 159 — 10’r 2:7 - 01 79 4 0-6
0-01 1555 55403 78 -4 46 457 172 - § 25201 58--10

* The experimental procedure is given in Table 3 and in Methods. Eight or nine rats were used in
each group. The statistical method is described in Table 1.
+ P < 001
TP < 005
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The serum concentration of CL was not affected by chlorcyclizine administration,
while the concentration of PL in serum was slightly reduced in rats fed 0-08 and 0-04
per cent chlorcyclizine in the diet. The concentration of serum TG was reduced
markedly with all doses of chlorcyclizine and the reduction in serum TG in rats fed
0-01 per cent chlorcyclizine was not associated with either a significant increase in
liver weight or a significant increase in the liver concentration of CL or TG. A signi-
ficant increase in the liver concentration of CL and TG occurred only in rats fed 0-08
per cent chlorcyclizine. There was no reduction in the serum concentration of CL in
rats fed 0-08 per cent chlorcyclizine, although liver weight and the concentration of
CL in the liver increased significantly.

Reduction of the serum concentration of cholesterol and triglycerides in the mouse by
analogs of chlorcyclizine. Several chlorcyclizine analogs were compared with chlor-
cyclizine for their effect on the serum and liver concentration of CL and TG in the
female mouse (Table 5). Each drug was fed in the diet to twenty-five mice for 9 days

TABLE 5. COMPARISON OF THE EFFECT OF CHLORCYCLIZINE AND SEVERAL CHLORCYCLIZINE
ANALOGS ON THE SERUM AND LIVER CONCENTRATION OF CHOLESTEROL (CL) AND
TRIGLYCERIDES (TG) IN THE FEMALE MOUSE*

Serum concentration Liver concentration
Body Liver (mg/100 m! + S. E.) (mg/g £ S. E.)
Addition wt. wt.
to diet (g -S.E) (g+8S.E) CL TG CL TG
None 193 + 02 095+ 0-02 139~ 8 101 - 8 59 =01 40 £ 19
Chlorcyclizine 184 403 1-05 + 003+ 116 -12% 67 10t 71 +03Ft 30--13
Norchlorcyclizine 196 -02 1-05 + 0-02% 93 19t 47 - 4t 65402 53 + 11
N-ethyl-N1-benz-
hydrylpiperazine 183 £-0-2 0-92 -1 0-03 119+ 6% 55+ 61 62+02 60 - 4

p-(NL-methylpipera-
zine)benzophenone 18:4 - 0-3 0-93 -+ 0:02 145+ 6 96 - 9 59 L 01 23 - 4
2-(Nl-methylpipera-
zino)benzophenone 187 +0-3 097 - 0-03 145 - 3 85 - 8 57202 18+ 5
N,N1-dibenzoyl-
3

piperazine 181 £ 04 0-90 - 0-03 157 + 84 - 5 5702 23~ 5
N-methyl-N1-

(9-fluorenyl)

piperazine 19-5 - 04 091 - 0-02 130+ 6 86 + 3 62+ 01 46 4. 10

* Chlorcyclizine and its analogs were administered as the hydrochloride salts. The experimental
procedure is given in Table 1 and in Methods. The statistical method is described in Table 1.

TP < 0-01.

IP< 005

at a concentration of 0-01 per cent. A significant reduction in the serum concentration
of CL and TG occurred with the administration of chlorcyclizine, norchlorcyclizine
and N-ethyl-N’'-benzhydrylpiperazine. The serum concentration of CL and TG was
not reduced by the administration of several chlorcyclizine analogs which did not
contain the benzhydryl portion of the molecule. These compounds included p-(N'-
methylpiperazine) benzophenone, 2-(N’-methylpiperazino) benzophenone, N,N'-di-
benzoylpiperazine and N-methyl-N’'-(9-fluorenyl) piperazine. Liver weight increased
10-15 per cent in mice fed chlorcyclizine or norchlorcyclizine, but not in mice fed
N-ethyl-N'-benzhydryl piperazine. Body weight was not affected by drug administra-
tion. A 20 per cent increase in liver CL occurred in mice given chlorcyclizine, but no
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change in the concentration of liver cholesterol occurred after the administration of
norchlorcyclizine or N-ethyl-N’-benzhydrylpiperazine. The reduction in serum TG
which occurred after the administration of chlorcyclizine, norchlorcyclizine and
N-ethyl-N’-benzhydrylpiperazine was not accompanied by an increase in the concen-
tration of TG in the liver.

DISCUSSION

Chlorcyclizine has been reported to lower serum CL in the male mouse and rat.!
Our results in the male and female mouse show that in addition to lowering serum CL,
chlorcyclizine lowers the serum concentration of TG and PL. Phenobarbital also
lowers significantly the serum concentration of CL, TG and PL in the male and female
mouse, but this drug is less potent than chlorcyclizine. The CL and TG content of
liver increased in female mice fed either chlorcyclizine or phenobarbital, but this
effect was not found in male mice. Two analogs of chlorcyclizine (norchlorcyclizine
and N-ethyl-N’-benzhydrylpiperazine) also caused a significant reduction in the serum
concentration of CL and TG of the female mouse without causing an accumulation of
these substances in liver. The results indicate that the lowering of serum CL and TG in
the mouse by chlorcyclizine and its analogs is probably not related to an accumulation
of these substances in liver. :

Administration of chlorcyclizine in the diet of either the Long-Evans or Sprague-
Dawley male rat caused only a small reduction in the serum concentration of CL or
PL, but serum TG were reduced significantly. Others have reported that phenobarbital
has no effect on the serum concentration of cholesterol in the rat.” An accumulation of
CL and TG occurred in the liver of the male rat fed either 0-08 or 0-04 per cent chlor-
cyclizine in the diet, and liver weight increased significantly. There was no increase in
the liver concentration of CL or TG when 0-01 per cent chlorcyclizine was fed in the
diet, but a significant reduction of serum TG occurred. No increase in liver weight
was observed in these animals. The results indicate that the chlorcyclizine-induced
reduction of serum TG in the rat can occur in the absence of either an accumulation of
TG in liver or an increase in liver weight.

Chronic administration of chlorcyclizine or phenobarbital increases the levels of
enzymes in the endoplasmic reticulum of liver cells which metabolize drugs, steroid
hormones and other normal body constituents,® whereas a single injection of chlor-
cyclizine into rats inhibits microsomal hydroxylation reactions for several hours.?
It has been shown that the chronic administration of phenobarbital to the rat stimu-
lates the formation of the enzyme system in liver microsomes that is required for the
7a-hydroxylation of cholesterol, an early step in the conversion of cholesterol to bile
acids.1® The reduction in the serum concentration of CL in the chlorcyclizine- or
phenobarbital-treated mouse may be related to the induction of enzymes in the endo-
plasmic reticulum concerned with the metabolism of CL or the inhibition of micro-
somal enzymes involved in the synthesis of cholesterol. The ability of chlorcyclizine
and phenobarbital to alter the activities of enzymes in the endoplasmic reticulum of
liver cells is of particular interest, since this is the site of formation and secretion of
serum lipoprotein. The alpha- and beta-lipoproteins of mouse serum were separated
by paper electrophoresis, stained and quantitated with a densitometer. The results
indicate that both alpha- and beta-lipoproteins were reduced markedly in chlorcycli-
zine-treated mice.
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