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Abstract—Oral administration of a calcium antagonist, nicardipine hydrochloride (simply designated as
nicardipine), in doses of 10-100 mg/kg tended to decrease total serum cholesterol and to increase high
density lipoprotein (HDL) cholesterol in the normal rat. These effects of nicardipine were much greater
than those of clofibrate, a standard cholesterol-lowering drug. Neither nicardipine nor clofibrate caused
significant alteration in serum triglyceride and phospholipid. In hypercholesterolemic rats, nicardipine
increased significantly HDL cholesterol with a reduction of total serum cholesterol, whereqs clot.ibrage
did not change HDL cholesterol. Separation of serum lipoproteins either by ultracentrifugation in
various densities of KBr-NaCl solution or by polyacrylamide gel electrophoresis demonstrated that
nicardipine increased preferentially HDL, (density: 1.063-1.125), with a reduction of the low.density
lipoprotein (LDL) (density: 1.006-1.063) level in hypercholesterolemic rats. Serum triglyceride and
liver phospholipid were increased slightly by nicardipine with no clear dose-dependency. Clofibrate also
increased serum triglyceride. In normal rats, neither nicardipine nor nicotinic acid inhibited sterol
biosynthesis from [1-“Clacetate in the liver, whereas clofibrate inhibited sterol production. Oral
administration of [4-*C]cholesterol to hypercholesterolemic rats indicated that nicardipine had no
inhibitory effect on the intestinal absorption of cholesterol.
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Several factors have been considered to produce
atherosclerosis. They are hypertension, high con-
centrations of serum lipids such as cholesterol and
triglyceride, a low level of high density lipopro-
tein (HDL), a high level of low density
lipoprotein (LDL), calcium accumulation in the
arterial smooth muscle cells, and enhanced platelet
aggregation. Clofibrate is one of the lipid-lowering
drugs and is frequently used in the clinic. The drugs
capable of preventing calcium deposition in the
arteries have been reported to act against experi-
mental atherosclerosis in the rabbit. These include
a calcium antagonist, nifedipine [1], and calcium
chelating agents such as ethylenediaminetetraacetic
acid [2] and diphosphonates [3-8]. However, there
has been no report as to whether or not these
calcium-related drugs alter serum lipoproteins such
as very low density lipoprotein (VLDL), LDL and
HDL.

The present paper describes the hypolipidemic and
HDL-elevating effects of nicardipine, which pro-
duces a relatively selective dilation of brain and
coronary arteries [9] by blocking calcium entry into
the arterial smooth muscles [10].

MATERIALS AND METHODS

Materials. Nicardipine was synthesized in our lab-
oratories [11]. Clofibrate and nicotinic acid were
obtained from the Kotobuki Pharmaceutical Co.
Ltd. (Nagoya, Japan) and the Iwai Chemical Co.
Ltd. (Tokyo, Japan) respectively. Sodium [1-14C)
acetate (2.8 mCi/mmole) and [4-1“C]cholesterol
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(60 mCi/mmole) were obtained from Amersham,
and OXISORB CO, and OXIPREP 2 were from
New England Nuclear.

Hypolipidemic activity. Male Sprague-Dawley
rats (JCL, Nippon Clea Co. Ltd., Tokyo, Japan)
weighing 100-130 g were fed commercial chow pel-
lets (CE-2, Nippon Clea Co. Ltd., Tokyo, Japan) or
a semipurified diet containing 10% coconut oil, 1.5%
cholesterol and 0.5% cholic acid {12]. Three days
after the start of feeding, the rats were allocated at
random by body weight to muitiple groups each
consisting of six to eight rats. On days 4-7, the drug,
suspended in 0.5% methylcellulose, was given orally
daily. The control group received a comparable vol-
ume of vehicle. Following the final dose, the rats
were fasted overnight (approximately 16 hr). Under
ethylether anesthesia, blood was taken from the
inferior vena cava. Serum was obtained by centrifu-
gation at 1600 g for 15 min and stored at 4° in plastic
tubes. HDL was prepared by the heparin-manganese
chloride precipitation method [13]. The livers were
removed, blotted, weighed, and frozen in plastic
bags until analyzed.

Fractionation of lipoproteins by ultracentrifuga-
tion. Combined serum from four rats was subjected
to ultracentrifugation at 105,000g in a Hitachi
80p-7 ultracentrifuge at 15° in order to separate
various lipoproteins [14]. The density of the serum
was increased by the addition of KBr—NaCl solution
(density:1.346) according to the equation of Havel
et al.[14]. Following ultracentrifugation for 16 hr,
fractions with densities below 1.006 and between
1.006 and 1.063 were obtained in the top layer.
Ultracentrifugation in the densities of 1.063-1.125
and 1.125-1.21 for 48 hr gave HDL; and HDL,,
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respectively. The lipoproteins thus obtained were
washed twice with KBr—NaCl solution of a corre-
sponding density, suspended in 0.15M NaCl-
0.001 M EDTA solution, and then dialyzed against
the same buffer at 4° for 24 hr. The dialyzed sus-
pensions were stored at 4° until analyzed.

Incorporation of [1-**Clacetate into sterols. Male
Sprague-Dawley rats weighing 90-110 g were fed
commercial chow pellets. Suspensions of drugs in
0.5% methylcellulose were given daily to the rats for
5 days by oral administration. The rats in the control
group were given comparable volumes of vehicle.
The rats were fasted overnight before the last
administration of the drugs. Immediately after the
last dosing, the rats were given intraperitoneally
[1-1*C]acetate, 20 uCi/rat, and 60 min later blood was
obtained from the inferior vena cava under ethyl-
ether anesthesia. The liver was quickly removed,
blotted, and weighed. Aliquots of serum and liver
were placed in test tubes and saponified, and the
digitonin-precipitable sterols were isolated as
described by Kuroda and Endo [15]. The radio-
activity was determined in 10 ml of Bray’s scintillator
with a liquid scintillation counter (Packard, model
3390).

Distribution of radioactivity after oral admin-
istration of [4-'*C]cholesterol. Male Sprague-Dawley
rats weighing 90-110g were fed the semipurified
diet for 7 days as already described. On days 4-7,
suspensions of drugs in 0.5% methylcellulose were
given orally to the rats. Rats in the control group
received comparable volumes of vehicle. A sus-
pension of 2 uCi/rat of [4-1*C]cholesterol plus 2 mg/
rat of carrier cholesterol in 0.5 ml of 0.5% Tween 80
was given orally together with nicardipine to the rats
which 24 hr later were anesthetized with ethylether.
Blood was obtained from the inferior vena cava.
Various tissues were removed, blotted, weighed, and
frozen in plastic bags until analyzed. Aliquots of
whole blood, serum, HDL fraction, tissues, and
urine samples were combusted in oxygen, and the
resulting 1“CO, was absorbed in OXISORB CO, by
a sample oxidizer (Packard, model Tri-Carb 306).
The radioactivity was determined in a scintillation
solution of OXIPREP 2 with a liquid scintillation
counter (Packard, model 3390).

Analysis. Total serum cholesterol was measured
enzymatically with an autoanalyzer (model 703A,
Hitachi, Japan), using a reagent set (Boehringer
Mannheim Co. Ltd., Western Germany). Serum and
liver triglycerides were measured by the method of
Fletcher [16] and phospholipids by the method of
Zilversmit and Davis [17]. Lipids in the liver were
extracted with chloroform-methanol by the method
of Folch et al. [18]. Total liver cholesterol was
measured by the method of Zak [19].

Serum lipoprotein was analyzed by disc
polyacryamide gel electrophoresis (Quick-Disc Elec-
trophoresis for lipoproteins, Ames Co. Ltd.) at 3 mA
per tube for 30 min.

Statistical analysis of the results was performed
using Student’s -test.

RESULTS

Hypolipidemic activity in normal and hypercholes-
terolemic rats. Table 1 shows hypolipidemic activity
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of nicardipine in normal rat serum. Ten mg/kg of
nicardipine significantly decreased total serum chol-
esterol by about 20%: a similar decrease occurred
after the higher doses but was statistically insig-
nificant. Clofibrate, a positive control drug,
decreased total serum cholesterol apparently in a
dose-dependent manner, but a significant decrease
occurred only at 200 mg/kg. After fractionation of
serum cholesterol by the heparin-manganese
chloride precipitation method, it was found that
HDL cholesterol tended to increase with doses of
nicardipine of 30 and 100 mg/kg, whereas clofibrate
appeared to decrease HDL cholesterol; however,
these changes were insignificant. From these data we
calculated an anti-atherogenic index (the ratio of
HDL-C to total minus HDL cholesterol x100), with
an increased number implying a decrease in the
risk of atherogenesis. The index was increased by
nicardipine in a dose-dependent manner, whereas
clofibrate showed no alteration of the index in the
dose range tested. Neither drug altered serum
triglyceride. Serum phospholipid was decreased
significantly by clofibrate at 200 mg/kg, but not by
nicardipine at any dose.

Table 2 shows the effects of nicardipine and
clofibrate on liver weight and lipids such as total
cholesterol, triglyceride and phospholipid in normal
rats. Neither nicardipine nor clofibrate affected the
body weight in the dose range tested (data not
shown). However, the maximum amount of
nicardipine significantly increased the liver weight.
There were no substantial changes in the lipids at
100 mg/kg of nicardipine except for triglyceride
which was increased about 3-fold. On the other hand,
clofibrate reduced triglyceride in a dose-dependent
manner.

The hypercholesterolemic diet brought about a
marked increase in total serum cholesterol concom-
itantly with a considerable decrease in HDL, as seen
from a comparison of the control values in Tables
1 and 3. Oral administration of nicardipine and clo-
fibrate at 100 mg/kg prevented the increase in total
serum cholesterol. Following fractionation of serum
lipoproteins by the heparin-manganese chloride pre-
cipitation method, it was found that nicardipine
remarkably increased HDL cholesterol in a dose-
dependent manner, whereas clofibrate had no such
effect. The anti-atherogenic indexes were increased
about 7.6 and 3.0 times by 100 mg/kg of nicardipine
and clofibrate respectively. Serum triglyceride and
phospholipid were also determined in the hyper-
cholesterolemic rats. Nicardipine increased serum
triglyceride by about 1.5- to 2-fold but with no clear
dose-dependency. Clofibrate also increased slightly
serum triglyceride apparently in a dose-dependent
fashion, but a significant increase was obtained only
at 200 mg/kg. Phospholipid was virtually unaltered
by either drug.

Table 4 shows the effects of nicardipine and clo-
fibrate on liver lipids in the hypercholesterolemic
rats. Neither nicardipine nor clofibrate affected the
body weight in the dose ranges tested (data not
shown) but these may have been a significant (P <
0.05) increase in the liver weight at the maximum
dose. There was no significant change in total cho-
lesterol or triglyceride by either drug. However,
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Table 1. Effects of nicardipine and clofibrate on serum lipid levels in normal rats*

Serum lipid
Dose TC HDL-C Anti-atherogenic TG PL

Group (mg/kg/day) (mg/dl) (mg/d1) indext (%) (mg/dl) (mg/dl)
Control 50.0+3.3 31.5%£33 170 120=x2.1 1284 6.7
Nicardipine 10 39.4 £ 2.0% 29614 302 15528 108.1 + 5.4
30 41.3+47 37227 907 16929 126.6 £5.3

100 40.8+5.9 39.8+43 3980 18.4+2.1 1324177
Clofibrate 50 427+23 26.5+2.5 164 13.8+2.5 123.6 £ 8.0
100 39.7+2.7 30.3x3.1 322 11.1 +0.9 124.7 + 4.8

200 36.5 £ 4.4% 22.8+2.7 166 122+2.1 101.4 = 4.08

* Drugs were administered orally to the normal rats for 4 days, and serum lipids were analyzed as described in Materials
and Methods. Values are the mean = S.E. (N = 6-8). Abbreviations: TC, total cholesterol; HDL-C, HDL-cholesterol;
TG, triglyceride; and PL, phospholipid.

+ Ratio of HDL-C to TC minus HDL-C x 100.

i Significantly different from control, P < 0.05.

§ Significantly different from control, P < 0.01.

Table 2. Effects of nicardipine and clofibrate on lipid levels in normal rat liver*

Liver lipid

Dose Liver weight TC TG PL

Group (mg/kg/day) (% body wt) (mg/g wet wt) (mg/g wet wt) (mg/g wet wt)
Control 4.10+=0.10 4.24 = 0.11 2.06 = 0.18 19.1x0.7
Nicardipine 10 4.16 = 0.06 3.95+0.12 1.68 £0.23 19.7 £ 0.6
30 4.42 +0.12 4.06 £ 0.12 2.54+0.34 19.3x1.3
100 5.13 £ 0.14% 4.18 £0.26 6.37 = 0.94+ 22.1+1.1
Clofibrate 50 4.17+0.13 3.71+0.10 1.85+0.22 18904
100 4.15+0.08 3.91+0.10 1.29 + 0.12+ 19.8 0.7
200 4.24x0.10 3.75 £0.10% 1.03 = 0.101 20.9 0.8

* Drugs were administered orally to the normal rats for 4 days, and liver lipids were analyzed as described in Materials
and Methods. Values are the mean = S.E. (N = 6-8). Abbreviations used are the same as described in Table 1.

+ Significantly different from control, P < 0.01.

i Significantly different from control, P < 0.05.

Table 3. Effects of nicardipine and clofibrate on serum lipid levels in hypercholesterolemic rats*

Serum lipid

Dose TC HDL-C Anti-atherogenic TG PL
Group (mg/kg/day) (mg/dI) (mg/dl) index (%) (mg/d1) (mg/dl)
Control 4552 £ 54.7 148+1.0 33 21.8x2.4 213.5+155
Nicardipine 10 3264 +52.0 27.0 £ 1.8+ 9.0 35.5+x4.41 210.7 £ 16.6
30 448.6 + 52.8 28.0 £ 0.5+ 6.7 449 + 6.2 271.3+17.8
100 246.0 £24.6t  47.0 = 1.8t 25.0 39.8 £2.7% 2113+ 6.6
Clofibrate 50 412.0 £ 77.8 13.8x1.0 3.6 28,622 207.7 +26.3
100 231.0x54.2¢ 21.0x25 10.0 31.2+46 153.0 £ 19.34%
200 317.4 = 64.4 19.3+2.8 6.5 34.8 347 190.7 =154

* Drugs were administered orally to the hypercholesterolemic rats for 4 days, and serum lipids were analyzed as
described in Materials and Methods. Values are the mean + S.E. (N = 6-8). Abbreviations used are the same as described
in Table 1.

t Significantly different from control, P < 0.01.

} Significantly different from control, P < 0.05.



2202

I. OHATA et al.

Table 4. Effects of nicardipine and clofibrate on liver weight and lipid levels in hypercholesterolemic rats*

Liver lipid
Dose Liver weight TC TG PL
Group (mg/kg/day) (% body wt) (mg/g wet wt) (mg/g wet wt) (mg/g wet wt)
Control 5.08 +0.16 27.1x1.2 11.9+3.0 340 1.6
Nicardipine 10 5.11 =0.22 27.8+ 1.8 92+12 442 = 1.3%
30 5.25+0.22 27.6 2.0 2.7+2.1 44.7 = 2.6%
100 6.02 + 0.167 259=*1.5 8.0=x1.1 442 = 2.0%
Clofibrate 50 5.20 £ 0.18 259=1.3 7.0x0.9 37.0=x1.5
100 5.21=0.18 27.1x1.2 69=*1.5 36.0x 2.0
200 5.67 = 0.25% 24826 7107 37.2+29

* Drugs were administered orally to the hypercholesterolemic rats for 4 days, and liver lipids were analyzed as
described in Materials and Methods. Values are the mean = S.E. (N = 6-8). Abbreviations used are the same as

described in Table 1.
+ Significantly different from control, P < 0.01.
1 Significantly different from control, P < 0.05.

phospholipid was significantly, but dose-indepen-
dently, increased by nicardipine.

To see which lipoprotein levels were altered by
the drugs in the hypercholesterolemic rats, the serum
was fractionated into VLDL, LDL, HDL, and
HDL; by ultracentrifugation in KBr-NaCl solution
of different densities. As shown in Table 5, the
hypercholesterolemic diet increased about 10-fold
both total serum cholesterol and LDL and 100-fold
VLDL cholesterol, whereas both HDL, and HDL;

cholesterol were decreased considerably. Nicardipine
markedly reduced VLDL and particularly LDL with
about 2-fold increases in HDL; and 3-fold in HDL;
in the hypercholesterolemic rats. On the other hand,
clofibrate not only failed to increase both HDL, and
HDL;, but rather reduced HDL;; VLDL and LDL
were reduced to 50-70% of the control in the
hypercholesterolemic rats.

Serum lipoproteins in the nicardipine-treated
normal and hypercholesterolemic rats were also

Table 5. Effects of nicardipine and clofibrate on cholesterol of serum lipoproteins in hypercholesterolemic rats*

Lipoproteins (mg/dl)

Dose Serum

Group (mg/kg/day) (mg/dl) VLDL LDL HDL, HDL,
Normal diet

Control 51.0 2.3 134 26.4 2.8
Hypercholesterolemic

diet

Control 531.0 280.8 133.3 12.0 0.8
Nicardipine 100 265.0 177.0 32.6 27.8 24
Clofibrate 200 266.0 147.8 95.4 11.1 0.6

* Drugs were administered orally to the hypercholesterolemic rats for 4 days, and lipoproteins were analyzed
as described in Materials and Methods. Values are the average of two samples, each of which was the combined
serum of four rats. The recovery of total cholesterol after fractionation ranged from 85 to 95% in the normal

and hypercholesterolemic rats.

Table 6. Incorporation of [1-“Clacetate into digitonin-precipitable sterols in serum and liver of normal rats*

Radioactivity (dpm)

Serum Liver
Dose
Group (mg/kg/day) (ml) (Sp. act.¥) (g wet wt) (Sp. act.¥)
Control 250 £ 113 494 + 228 8,405 = 1.364 2,198 = 386
Nicardipine 30 251 = 41 519 £ 112 13,019 = 3.728 3,419 = 958
100 119 £ 19 313+ 54 13,672 = 4,107 3,070 £ 959
Clofibrate 200 41 =11 86 = 23 1,095 + 2921 384 x 73z
Nicotinic acid 200 140 = 35 304 = 81 8,605 = 1.776 2,368 * 458

* Values are the mean + S.E. (N = 6-8).

+ Specific activity: dpm of digitonin-precipitable sterols per milligram of cholesterol.

i Significantly different from control, P < 0.01.
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Normal rat Hypercholesterolemic rat
Control Nicardipine Control Nicardipine
100mg/kg 100mg/kg

a—_ —-—— e - Front

Fig. 1. Polyacrylamide gel electrophoresis of serum after administration of nicardipine. Serum was

obtained from nicardipine-treated rats which were fed a normal or hypercholesterolemic diet; 20-ul

aliquots were applied to the gel. Key: (A) normal diet (control); (B) normal diet (nicardipine,

100 mg/kg); (C) hypercholesterolemic diet (controlé/;kand (D) hypercholesterolemic diet (nicardipine,
100 mg/kg).

analyzed by polyacrylamide gel electrophoresis, as hypercholesterolemic rats, nicardipine caused a con-
shown in Fig. 1. In the normal rats, oral admin- siderable increase in a-lipoproteins with a remarked
istration of nicardipine at 100 mg/kg for 4 consecutive  decrease in S-lipoproteins at 100 mg/kg.

days decreased markedly S-lipoprotein without a Incorporation of [1-*Clacetate into sterols. To see
clear alteration of the a-lipoprotein level. In the if nicardipine inhibits sterol biosynthesis as one of

Table 7. Tissue distribution of radioactivity 24 hr after oral administration of [4-%C]cholesterol in
hypercholesterolemic rats*

Radioactivity (dpm x 10%)

Nicardipine Clofibrate
Control (10 mg/kg) 50 mg/kg) (200 mg/kg)
Whole blood (ml) 43552 50.1+9.0 41955 31430
Liver 727.4 £109.9 893.1 + 87.5 976.5 = 232.1 1064.6 + 112.4
Heart 50=x0.5 58+1.5 5504 50=x1.2
Lung 17.3x18 17.0+ 1.5 18.8x1.5 174+1.9
Kidney 12012 11.6+1.4 14414 9.3+09
Adrenal 4.8+0.8 45+04 6.4+0.8 4.4+05
Spleen 9.1+1.38 93=x1.1 112+1.4 95%12
Thymus 1.1+0.1 1403 1.0+0.1 0.9=0.1
Testis 23%05 2804 2907 25+03
Aorta (g)t 11.8+0.7 10.0x 1.6 10.1x0.6 9.0x15
Muscle (g)+ 26=x0.5 27+09 2.8+0.5 23x0.2
Adipose tissue (g)t 89+1.8 71+15 88+18 88x1.5
Small intestine (g)+ 23.8+5.8 45.7 6.1 37.1+4.7 37.2+13.5
Content in digestive
organs 1100.5 = 145.5 1420.7 + 211.7 1122.7 £297.8 921.7 £ 131.8
Urine 54x04 52%03 5103 82x19

* Values are the mean = S.E. (N =3).
+ Disintegrations per minute per gram of tissue.
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the possible mechanisms for lowering total serum
cholesterol in the normal rats, the effects on the
incorporation of [1-"*Clacetate into sterols were
investigated (Table 6). After the intraperitoneal
injection of [1-1*CJacetate, the serum levels of radio-
active sterols were not altered significantly by either

_ . nicardipine or nicotinic acid which is known to be a

pei e g o hypolipidemic drug with no inhibition of cholesterol

R i H f; biosynthesis, whereas clofibrate  apparently

glmne e decreased the sterol radioactivity. In the liver, both

Ll ¥e nicardipine and nicotinic acid revealed no inhibition
p . .

5 of sterol biosynthesis from [1-'*Clacetate. whereas
= = clofibrate inhibited very strongly the sterol produc-
S ~ oo tion, in agreement with the report by Avoy et al.
@ ~ 1S vg A 20]

2 2= aT « [20]. .
2 = Hona . Distribution of radioactivity after oral admin-
) £l ne o istration of [4-*C]cholesterol. Table 7 shows the
=1 ain 3o effects of nicardipine and clofibrate on the tissue
< - - = - distribution of orally administered [4-'*C]cholesterol
© in the hypercholesterolemic rats. Most of the tissues,
S including liver which is a major cholesterol pool,
= exhibited no significant decrease in the total radio-
e ey = ur .. . . .
2 3 z 2 sl activity by either drug, suggesting that neither drug
R E < inhibited the intestinal absorption of cholesterol.
g | = HoHH 4 . bsorption o7
X[ [ & 22 2 However, the specific radioactivities in the serum,
s|ElS|T|T7 oo HDL fraction and liver were increased significantly
S |T |58 by nicardipine at a dose of 50 mgkg (Table 8).
— o y p . . g P .
| 2|s Clofibrate also increased the specific activity in the
2| 2 i p 3
Sz S HDL fraction.
< T e =
< | © |z a=z A
A = 215 337 5 DISCUSSION
B Tl o n
: S e e Present experiments demonstrate that a calcium
g 1t experme’
E antagonist, nicardipine, decreased total serum chol-
e esterol and LDL with a trend to an increase in HDL
b . . .
2 cholesterol in normal rats. Since LDL is one of the
44 . - . . . .
= e w2 o risk factors for atherosclerosis, nicardipine which
S glS 838 o reduced the LDL level may be anti-atherogenic. In
g h N g A . view of the general acceptance of the anti-atherogen-
= @,Q‘ S e w S icity of HDL, it is of importance to note that a
o [3] - .
5 = marked decrease in HDL by a hypercholesterolemic
3] E = diet was prevented considerably by nicardipine in a
> 2 e p Lo y by p .
= 3 S dose-dependent fashion in the hypercholesterolemic
g wn 3 rats, suggesting again the anti-atherogenic property
& 2oz Eu of nicardipine. There was a great difference between
= R ¢ B 2 nicardipine and clofibrate, a standard hypolipidemic,
é el IR SEFVV in elevating HDL. The latter compound had no
= @ As 2| PEEMA ability to increase HDL. Thus, with regard to HDL
= =893 elevation, nicardipine is superior to clofibrate. Very
- —_ Pl p p . o7
Z 551 2 E § recently, Nakao et al. [21] reported that nicardipine
2 = LI 8 ‘é’ o at 10™°M inhibits strongly in vitro migration of
2 s s o2 5E arterial smooth muscle cells, supporting the view
y3 2285 | smooth muscle pporting
w g cg g | HE ;‘: & that nicardipine is anti-atherogenic. Although the
° A N g %% §5 inhibition of the cell migration by nicardipiue can be
5 E ERod 8 attributed to its calcium-antagonistic property, it is
F~ EREE not known whether the ability to elevate HDL. and
= . . ’ .
2 F 8T to lower LDL is specific to the whole or partial
® :%‘i o 5 § structure of nicardipine or common to all calcium
£ 8= TEE antagonists.
218 % =5 § é“%.{%ﬂ_go There have been several reports that some calcium
elg 8 BIl%- ol antagonists repress atherosclerosis in animal models,
ol z © presumably due to prevention of calcium deposit in

the arterial smooth muscles {1,22]. All these data
are consistent with the assumption that nicardipine
prevents atherogenesis or improves atherosclerosis.
In fact, our preliminary experiments demonstrate
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that chronic administration of nicardipine appears to
prevent atherogenesis in hypercholesterolemic rab-
bits. Although nicardipine increased liver trigiycer-
ide at higher doses in the normal rats, it is very
unlikely that the increase in liver triglyceride resulted
in the decrease in total serum cholesterol by the
inhibition of lipid movement from the liver to blood.
There are two things to account for. First, nicardipine
in the doses that reduced total serum cholesterol did
not alter the level of liver triglyceride in the normal
rat. Second, nicardipine appeared to decrease rather
than increase liver triglyceride in the hyperchol-
esterolemic rat. The mechanism for the increase in
liver triglyceride by high doses of nicardipine in the
normal rat is yet to be studied.

To elucidate the mechanism of the decrease in
total serum cholesterol and the increase in HDL
cholesterol, we have taken two approaches in the
present experiments. One was to observe the in vivo
effects of nicardipine on the biosynthesis of sterol
from [1-'*Clacetate and the other was the tissue
distribution of orally administered [4-1*C]choles-
terol. In either case, nicardipine had no effect under
the conditions in which the positive control drugs
exert their actions [22-24]. Thus, the results clearly
rule out the possibility that the decrease in total
serum cholesterol by nicardipine in the rats resulted
from the inhibition of either sterol biosynthesis or
intestinal absorption of cholesterol. It has been
reported that clofibrate, which inhibits sterol
biosynthesis, reduces plasma cholesterol levels with-
out decreasing total body cholesterol stores under
the conditions in which cholesterol is supplied con-
tinuously, as in the hypercholesterolemic rats [25].
It may be possible that nicardipine potentiates the
transport of cholesterol in the form of HDL from
the blood to liver, thereby lowering total serum
cholesterol.

Acknowledgements—The authors are deeply indebted to
Dr. K. Takahashi for his valuable advice and to Mr. T.
Kondo for his excellent technical assistance.

BP 33:14-D

2205
REFERENCES

1. P. D. Henry and K. 1. Bentley, J. clin. Invest. 68, 1366
(1981).

2. A. Wartman, T. L. Lampe, D. S. McCann and A. J.
Boyle, J. Atheroscler. Res. 7, 331 (1967).

3. 1. Y. Rosenblum, L. Flora and R. Eisenstein, Ather-
osclerosis 22, 411 (1975).

4. D. M. Kramsch and C. T. Chan, Fedn Proc. 34, 235
(1975).

5. W. D. Wagner, T. B. Clarkson and J. Foster, Athero-
sclerosis 27, 419 (1977).

6. M. Potokar and M. Schmidt-Dunker, Atherosclerosis
30, 313 (1978).

7. D. M. Kramsch and C. T. Chan, Circulation Res. 42,
562 (1978).

8. W. Colombo and B. Kirkpatrick, Atherosclerosis 32,
111 (1979).

9. T. Takenaka, S. Usuda, T. Nomura, H. Maeno and
T. Sado, Arzneimittel-Forsch. 26, 2172 (1976).

10. M. Terai, T. Takenaka and H. Maeno, Biochem.
Pharmac. 30, 375 (1981).

11. M. Iwanami, T. Shibanuma, M. Fujimoto, R. Kawali,
K. Tamazawa, T. Takenaka, K. Takahashi and M.
Murakami, Chem. pharm. Bull., Tokyo 27,1426(1979).

12. P. E. Schurr, J. R. Schultz and C. E. Day, Adv. exp.
Med. Biol. 67, 215 (1976).

13. T. T. Ishikawa, J. B. Brazier, P. M. Steiner, L. E.
Stewart, P. S. Gartside and C. J. Glueck, Lipids 11,
628 (1976).

14. R. J. Havel, H. A. Eder and J. H. Bragdon, J. clin.
Invest. 34, 1345 (1955).

15. M. Kuroda and A. Endo, Biochim. biophys. Acta 486,
70 (1977).

16. M. J. Fletcher, Clinica chim. Acta 22, 393 (1968).

17. D. B. Zilversmit and A. K. Davis, J. Lab. clin. Med.
35, 155 (1950).

18. J. Folch, M. Lees and G. H. Sloane-Stanley, J. biol.
Chem. 226, 497 (1957).

19. B. Zak, Am. J. clin. Path. 27, 583 (1957).

20. D. R. Avoy, E. A. Swyryd and R. G. Gould, J. Lipid
Res. 6, 369 (1965).

21. J. Nakao, H. Ito, T. Ooyama, W-C. Chang and S.
Murota, Atherosclerosis 46, 309 (1983).

22.J. L. Rouleau, W. W. Parmley, J. Stevens,
J.Wikman-Coffelt, R. Sievers, R. Mahley and R. J.
Havel, Am. J. Cardiol. 49, 889 (1982).

23. L. W. White, J. Pharmac. exp. Ther. 178, 361 (1971).

24, D. M. Capuzzi, R. D. Lackman, J. Alexander, C. M.
Intenzo and M. A. Reed, Biochim. biophys. Acta 409,
144 (1975).

25. G. Datri, P. Gomarasca, E. Galimberti, C. R. Sirtori
and D. Kirtchevsky, Atherosclerosis 37, 475 (1980).



