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EVALUATION OF KAMPO-SHOHO ( No. 100)
ANTICHOLESTEREMIC ACTION OF KAMPO MEDICINE
OGI-KEISHI-GOMOTSU-TO-KA-KOJIN(OKGK)
1P-038 Chun Zhen Wu, Makoto Inoue, Yukio Ogihara
Department of Pharmacognosy, Faculty of Pharmaceutical Sciences,
Nagoya City University
3-1 Tanabe-dori, Mizuho-Ku, Nagoya 467, Japan

<AIM>

Ogi—keishi-gomolsu—to-ka-kojin(OKGK)” is a Kampo medicine that is composed
of six medicinal plants and has been used for improvement of the sensory disorder
of limbs derived from the malfunction of nervous system. In this study we
undertook to examine the effect of OKGK on cholesterol metabolism in rats.

<METHEDS>

Male SD rats were fed a cholesterol-enriched diet or supplemented with OKGK
for 12 weeks. Their serum and liver total cholesterol (TC) were measured every 2
weeks. In order to clarify the mechanism of antihypercholesteremic action,
cholesterol absorption was studied using Dual isotope radio methed” and cholesterol
excretion was determined by measuring of excretion of intravenously injected
“C-cholesterol into  feces. Furthermore, liver microsomal cholesterol
7o-hydroxylase activity was measured.

<RESULTS AND CONCLUSIONS>

Effects of OKGK on cholesterol metabolism were examined in experimentally
induced rat hypercholesteremic model. The serum and liver total cholesterol (TC)
were elevated significantly by feeding of a cholesterol-enrich diet. The supplement
of OKGK at 1.25% in diet significantly inhibited the increase of serum TC and
liver TC at 1.25%,0.25% in diets. These results suggest that OKGK is effective in
the treatment of hypercholesteremia which is induced by exogenous cholesterol and
fat enrich-diet. When the mechanism of the anticholesteremic action of OKGK was
investigated in detail, OKGK decreased cholesterol absorption in the alimentary tract
and also increased the excretion of intravenously injected '* C- cholesterol into feces.
Furthermore, OKGK enhanced the activity of cholesterol 7o-hydroxylase in normal
and hypercholesteremic rats, but had no effect on HMG-CoA reductase activity.
These results suggest that the anticholesteremic action of OKGK are in part due to
the inhibition of cholesterol absorption and increase of cholesterol excretion by
stimulation of cholesterol 7a-hydroxylase activity .

References
1) C. Z. Wu, M.Inoue and Y.Ogihara., Phytomed., in press (1997 )
2) Zilversmit, D.B.and Hughes, L.B., J.Lipid Res,15., 465-473 (1974 )
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Antihyperlipidemic action of a
Traditional Chinese Medicine (Kampo Medicine),
Ogi-Keishi-Gomotsu-To-Ka-Kojin

C. Z. WU, M. INOUE and Y. OGIHARA

Départment of Pharmacognosy, Faculty of Pharmaceutical Sciences, Nagoya City University, Japan

Summary

The antihyperlipidemic action of Ogi-Keishi-Gomotsu-To-Ka-Kojin {OKGK} was examined in
rats with experimentally-induced hyperlipidemia. Oral administration of OKGK at 0.69 or 1.38
g/kg/day significantly reduced the increase of serum triglycerides (TG) and phospholipids (PL).
OKGK given as a nutritional supplement {1.25%) in the diet significantly suppressed the increase
of serum TG and PL in rats with hypercholesterolemia induced by a cholesterol and fat-enriched
diet. These results suggest the effectiveness of OKGK in the treatment of hypertriglyceridemia in-
duced by both endogenous and exogenous TG. The mechanism by which OKGK shows antihy-
pertriglyceridemic action was investigated in detail. OKGK decreased ["*C] acetic acid incorpora-
tion into TG and PL but not fatty acids in primary cultured rat hepatocytes from rats treated with
oral OKGK for 1 week. OKGK also reduced [*H] oleic acid into TG and PL, suggesting OKGK
suppresses TG and PL syntheses in the liver. Furthermore, OKGK enhanced the activities of lipo-
protein lipase {LPL) and hepatic TG lipase (HTGL)} in postheparin plasma. These results suggest
OKGK inhibits triglyceride synthesis in the liver and stimulates the hydrolysis of TG in lipopro-

tein.

Key words: Kampo medicine; hypertriglyceridemia; lipoprotein lipase; hepatic triglyceride li-

pase.

Introduction

Hypercholesterolemia is directly linked to the initiation
and progression of atherosclerosis. Considerable evidence
indicates that oxidatively modified low density lipoprotein
(LDL) induces macrophage-derived foam cells, resuliing in
fatty streak formation, which is an early characteristic of
atherosclerosis. Furthermore, B-very low density lipopro-
tein (B-VLDL), VLDL and chylomicron remnants are con-

Abbreviations OKGK - Ogi-Keishi-Gomotsu-To-Ka-Kojin; LPL ~
tipoprotein lipase; HTGL - hepatic triglyceride lipase; TG — trigly-
ceride; PL ~ phospholipid; TC - total cholesterol; FA ~ fatty acid;
LDL - low density tipoprotein; VLDL - very low density lipopro-
teing IDL - intermediate density lipoprotein; HDL ~ high density
lipoprotein; SD ~ Sprague-Dawley; PBS — phosphate-buffered sa-
line; BSA - bovine serum albumin; GF water ~ 15% glycerol and
15% fructose-containing water

sidered atherogenic. On the other hand, there is increasing
evidence of the relationship between triglyceride-rich lipo-
protein and the progression of coronary heart disease. The
Paris prospective study (Fontbonne, 1989) and the Stock-
holm Heart study (Carlson and Rosenhamer, 1988) also in-
dicated that hypertriglyceridemia is both a risk factor for
coronary heart disease in post-mencpausal women. Fur-
thermore, hypertriglyceridemia is linked to impaired fibrin-
olytic function (Hamsten et al., 1985; Nilsson et al., 1985),
suggesting that it stimulates clot formation inducing throm-
bus and arteriosclerosis. Hypertriglyceridemia is usually ac-
companied by high VLDL and chylomicrons, due to high
dietary fat, a high TG synthesis in the liver and impaired
hepatic triglyceride lipase (HTGL} and lipoprotein lipase
(LPL) activities. HTGL and LPL are critical enzymes in the

v
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regulation of lipoprotein and lipid metabolism. Recent
studies using transgenic mice indicated that overexpression
of LPL stimulates hydrolysis of TG in lipoprotein, resulting
in the reduction of serum TG (Liu et al., 1994).

On the other hand, overexpression of HTGL in trans-
genic mice reduced cholesterol accumulation in the aorta
during a hyperlipidemic diet {Busch et al., 1994) and that
in transgenic rabbits decreased plasma cholesterol concen-
tration and intermediate density lipoprotein (IDL) (Fan et
al., 1994). These observations suggest that LPL and
HTGL activities are implicated in the protection against
atherosclerosis. In this respect, improvement of hypertri-
glyceridemia in addition to hypercholesterolemia is re-
quired to prevent atherosclerosis and arteriosclerosis. Sev-
eral traditional Chinese medicines (Kampo medicines) ex-
hibit antihyperlipidemic action {Shen et al.,, 1996). Ogi-
Keishi-Gomotsu-To-Ka-Kojin {OKGK) is a Kampo medi-
cine that is composed of six medicinal plants: Astragali
radix, Cinnamomi cortex, Paconiae radix, Zingiberis rhiz-
oma, Zizyphi fructus, Ginseng radix rubra and has been
used for improvement of the sensory disorder of the
limbs. However, its pharmacological and biochemical ef-
fects have not yet been investigated. We therefore focused
on the effects on the circularory system and investigated
the effect of OKGK on hyperlipidemia.

Materials and Methods
Animals

Male Sprague-Dawley (SD) rats weighing 170-190 ¢
from Shizuoka Laboratery Animal Center (Hamamatsu,
Japan) were maintained under controlled laboratory condi-
tions.

Preparation of OKGK

Crude drug composition of OKGK is described in Table
1. Plant materials used in this study, of which grades were
conformed to Japanese pharmacopoeial standards, was au-
thenticated and provided by Tsumura Co. Ltd., Tokyo, Ja-
pan. Six crude drugs were added to 700 ml of distilled wa-
ter, boiled for 1 h using an electric heater and concentrated
to 300 ml. This decoction was filtered and lyophilized to
give 7.5 g of powdered extract. The main constituents are
astraisoflavan, cinnamic aldehyde, paeoniflorin, gingerol
and oleanolic acid.

Hyperlipidemia rat model

Rats were randomized into four groups. Group 1 was
used as a normal group and group 2 received drinking wa-
ter containing 15% glycerol and 15% fructose (GF water).
Groups 3 and 4 received a single oral administration of
OKGK suspended in distilled water at doses of 0.69 and

1.38 g/kg body weight/day for 12 weeks with the aid of a
20 gauge feeding needle, respectively, while receiving simul-
tanously GF water. Diet, water and GF water were given ad
libitim. To evaluate antihypercholesterolemic effects, rats
were randomized into four groups. Group 1 was fed a nor-
mal chow diet (CE-2, Nippon Crea Co., Ltd., Shizuoka, Ja-
pan). Group 2 was fed a cholesterol and fat-enriched diet,
which was CE-2 fortified with 1% cholesterol, 0.2% chol-
ic acid and 2.5% olive oil. Groups 3 and 4 received a cho-
lesterol and far-enriched diet supplemented with 0.23%
and 1.25% OKGK for 12 weeks, respectively. These diets

and water were given ad libitum.

Determination of serwm lipids

Rats were fasted for 16 h and blood samples obtained by
cardiac puncture every 2 weeks. Serum was prepared from
samples centrifugated at 3000 rpm for 15 min. TG, total
cholesterol (TC) and phospholipids (PL) in serum were de-
termined by the cholesterol oxidase method.

Hepatocyte isolation and lipid synthesis

Hepatic parenchymal cells were isolated from male SD
rats {300 g} by two-step collagenase perfusion method (Se-
glen, 1972). Cell viability was determined with 0.25% try-
pan blue and more than 91.3 + 1.0 (n = 9) % were used in
this study. Hepatocytes were seeded in collagen-coated 12-
multi-well culture dish at a density of 10° cells/em? with 0.8
ml of William’s E medium (pH 7.4) supplemented with
10% feral calf serum, 100 units/mi penicillin, 100 pg/ml
streptomycin, 107M insulin and 10-7M dexamethasone.
After incubation for 4 h at 37 °Cin an atmosphere of 95%
air and 5% CO,, hormone-containing medium was re-
moved from the wells. The cells were washed twice with
phosphate-buffered saline (PBS} and then incubated with

Table 1. Crude drug composition of OKGK

Plant name Part used  Compo-
sition
(g}
Astragalus membranacens Bunge Root 8
{Lamiaceae)
Cinnamomunt cassia Blume Bark 4
{Lauraceae)
Paeonia lactiflora Pallas Root 4
{Paeioniaceae}
Zingiber officinale Roscoe Rhizome 4
{Zingiberaceae)
Zizyphus jujuba Miller. var. inernsis Rehder  Fruit 4
{(Rhamnaceae)
Panax ginseng C. A. Mever Root 3
{Araliaceae)
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hormone free medium containing [2-*C} acetic acid (0.5 u
Citwell} and [1H] oleic acid (0.5 Ci/well) for 4 h. After the
incubation, cells were thoroughly washed twice with PBS
and the cellular lipids were extracted 2 times with 2 ml of
hexanefisopropanol {3:2, v/v). Fatty acid (FA), TG, and PL
were separated by thin layer chromatography using hex-
anefdiethyl ether/acetic acid {50:20:1 v/v) as a solvent
system. Radioactivity in regions corresponding to lipid
standards was measured by liquid scintillation spectrome-
try. Protein was determined according to the method of
Lowry {Lowry, et al, 1951} using bovine serum albumin
(BSA) as a standard and data were normalized to the
amount of cellular protein.

Assay of postheparin plasma hepatic lipase (HTGL) and
Lipoprotein lipase (LPL)

SD rats were treated with OKGK at a dose of 1.38 g/kg
for 2 weeks and blood samples were obtained at 9 a.m.
Rats were injected i.v. with 20 units of heparin/100 g of
body weight and 5 ml of blood was drawn from vein cava
inferior 10 min later. Plasma samples were stored immedi-
ately at —80 °C. Hepatic lipase {EC 3.1.1.3) activity was as-
sayed as follows. The assay mixture consisted of 1.33 mM
*H] trioleylglycerol {10° dpm/umol}, 0.1 mM lysophos-

phatidylcholine, 0.2 M Tris-HCl buffer {pH 9.0), 0.4%
BSA, 0.5 M NaCl and postheparin plasma in a total volume
of 200 ul. The reaction was started by the addition of plas-
ma. After incubation at 30 °C for 10 min with shaking, the
reaction was terminated with 3.25 ml of methanol/chloro-
form/heptane {1.41:1.25:1 v/v}, followed by 1.05 ml of 0.1
M borate buffer {(pH 10.5) (Nilsson-Ehle and Ekman,
1977). The assay mixture was shaken vigorously with a
vortex mixer and the released fatty acid recovered in the
upper phase. One ml of the upper phase was taken out to
count the radioactivity by scintillation spectrometry.

Lipoprotein lipase {(EC 3.1.1.34) in postheparin plasma
was assaved as described in the measurement of HTGL ac-
tivity, except that NaCl was not added in assay mixture and
that all assays were carried out at 37 °C. Activity was ex-
pressed as a unit which represents nmol of free fatty acids
released per hour per ml of plasma.

Chemicals

[2-1*C) Acetic acid, sodium salt {3.1 mCi/mmol), {9,10-
3H] oleic acid {9.2 C¥/mmol), [9,10-*H] triolein (28.0 Ci/-
mmol) were purchased from Dupont NEN Research prod-
ucts, Boston, MA. 1,2-dioleyl-sn-glycerol was obtained
from Sigma chemical Co, St Louis MO.

Table 2. Effect of OKGK on incorporation of {#C] acetic acid into lipids of rat primary cultured hepatocytes.

Normal OKGK Inhibitien
{dpm/mg protein) (dpm/mg protein) Yo Means of three experiments

exp. 1 50406 =« 426 30559 = 602%% 39.4

TG exp. 2 62 554 £ 2727 43460 = 11687+ 31.5 37.8+33
exp. 3 79 647 + 489 45791 = 1677%* 42.5
exp. 1 76 673 = 2844 65255« 1127 14.9

PL exp. 2 111 369 = 1139 73532 =£2302%* 34.0 298 7.7
exp. 3 159760+ 507 94 973 = 8816* 40.6
exp. 1 426 36 414 = 35 2.8

FA exp. 2 490 = 41 471+ 44 3.9 25209
exp.3 6486 = 194 6434 = 356 0,9

Values represent mean = S.E. of 4 wells. *p<0.05,** p < 0.01 vs. normal group.

Table 3. Effect of OKGK on incorporation of [*H] oleic acid into lipids of rat primary cultured hepatocytes.

Normal OKGK Inhibition
{dpm/mg protein) (dpm/mg protein) Y% Means of three experiments
exp. 1 526682« 3168 353173 = 4576%* 32.9
TG exp. 2 655 964 = 10 308 508 470 = 3106*™ 22.5 31.7 =42
exp. 3 1240423 = 35 587 785 724 = 1315+ 36.7
exp. 1 344 244 £ 10 645 245465 = 4912** 28.7
PL exp. 2 373956« 9385 282421 » 3650** 25.5 254 =19
exp. 3 466 980 = 7 590 364 175 = 21867 221

Values represent mean = S.E. of 4 wells, *p < 0.05, "% p < 0.01 vs. normal group.
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Fig. 1. Effect of OKGK on serum {A) TG and (B} PL in hypertriglyceridemic rats. Sprague Dawley rats were fed a normal chow while giv-
ing GF water for 12 weeks. Serum TG and PL were determined every two weeks. O: normal, @: control (GF water}, O: GF water and
0.69 g/kg of OKGK, M: GF water and 1.38 g/kg of OKGK. Values represent mean = S.E. of 5 rats. * p < 0.05, ** p <0.01 vs. control

group,
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Fig. 2. Effect of OKGK on serum (A} TG, {B) PL and {C) TC in hypercholesterolemic rats. Sprague Dawley rats were fed a cholesterol
and fat-enriched diet for 12 weeks, Serum trighwceride, phospholipid and total cholesterol were determined every two weeks. O: normal,
®: control (rats fed a cholesterol-fat enriched diet), [J: rats fed a control diet supplimented with 0.25% of OKGK, M: rats fed a control
diet supplimented with 1.25% of OKGK. Values represent mean = S.E. of 7 rats. * p < 0.05, ** p < 0.01 vs. control group.

Statistical analysis

Results were represented as mean = S.E. with the num-
bers of animals or experiments in parentheses. Statistical
significance was determined by the Student’s t-test. P values
< 0.05 were considered significant.

Results and Discussion

Antibypertriglyeeridemic action of OKGK in bypertrigly-
ceridemia rat model. As shown in Fig. 1, intake of GF wa-
ter markedly raised the serum TG levels 2~3 fold over nor-

mal level during the period of experiment. Serum PL also
increased by 30-40 mg/dl concomitantly. OKGK at the
doses of 0.69 and 1.38 g/kg, which corresponded to 5 and
10 times of human daily dose, significantly lowered TG and
PL levels relative to those in control group. Both doses of
OKGK did not change body weight compared with normal
or control group. TG accumulation in liver was not ob-
served in this model. Glycerol and fructose are known to
augment the production of endogenous TG and OKGK re-
duced serum TG level in this model, thus suggesting that
OKGK would inhibit TG synthesis or stimulate its degrada-
tion.
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Antibypertriglyceridemic action of OKGK in hypercho-
lesterolemia rat model. We next studied the antihypertrigly-
ceridemic action of OKGK on hypercholesterolemic rats. In
this rat model, serum TC increased about 3 fold, serum TG
did 1.5-2 fold and serum PL did about 1.5 fold over nor-
mal level. OKGK showed a powerful lowering effect on ser-
um TG and PL at a higher dose, whereas such a potent ef-
fect was not seen at a lower dose (Fig. 2). No difference in
body weight among each group was observed for the entire
period. On the other hand, although this model was usual-
ly used as a hypercholesterolemia model, the effect of
OKGK was not potent and serum cholesterol was slightly
reduced at a high dose of OKGK after 8 weeks of starting
the administration. Since the increased serum TG in this
model was mainly derived from dietary fat, OKGK would
presumably suppress the absorption of TG at alimentary
tract by inhibiting the degradation of TG by lipase or the
resynthesis of TG in epithelial cells besides the suppression
of TG synthesis in liver and the stimulation of TG degrada-
tion.

Effect of OKGK on lipid synthesis by hepatocytes.

OKGK (1.38 g/kg/day) reduced the incorporation of
[2-1*C] acetic acid into TG and PL by 37.8 and 29.8%, re-
spectively, while no inhibitory effect was observed in FA
synthesis (Table 2). Furthermore, the incorporation of [*H]
oleic acid into TG and PL in OKGK-treated group was sig-
nificantly suppressed by 31.7 and 25.4%, respectively (Ta-
ble 3). In this experiment, [2-1*C] acetic acid was incorpo-
rated into TG and PL via glycerol-3-phosphate or fatty ac-
id and [*H] oleic acid was directly incorporated into them
following the conversation to [*H] oleoyl-CoA. Actually,
the incorporation of [2-**C] acetic acid or [*H] oleic acid
into TG and PL in isolated rat primary cultured hepatocy-
tes prepared from OKGK-treated rats was suppressed at
the same degree. Furthermore, fatty acid and cholesteryl es-
ter syntheses were not affected by OKGK treatment (data
not shown). These results indicated that OKGK treatment
seemed likely to modify the common pathway for TG and
PL syntheses without the effect on glycerol-3-phosphate
and fatty acid syntheses, although the precise mechanism of
their suppression was.not obvious at present.

Effect of OKGK on HTGL and LPL activities.

OKGK suppressed the increasing of serum TG level in
both hypertriglyceridemic and hypercholesterolemic rats,
suggesting a possibility that it stimulates TG degradation
by LPL or HTGL. In fact, HTGL activity in OKGK-treated
rats was found to be significantly higher than that in nor-
mal rats and LPL activity was also higher in OKGK-treated
rats than in normal rats (Fig. 3). LPL and HTGL are known
to contribute the regulation of lipoprotein metabolism. LPL
is an enzyme responsible for hydrolysis of the triglyceride-
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Fig. 3. Effect of OKGK on Hepatic triglyceride lipase and Lipopro-
tein lipase activities. Postheparin plasma was prepared from nor-
mal rats and rats treated with 1.38 g/kg of OKGK for 2 weeks as
described in Materials and methods. To normal rats, water were
given instead of OKGK. Open column: normal, closed column:
OKGK. Values represent mean = S.E. of § rats. ** p <0.01 vs.
control group.

rich core of circulating chylomicrons and VLDL (Nilsson-
Ehle et al., 1980) and HTGL mediates the conversion of
IDL to LDL (Demant et al., 1988) and of HDIL, to HDL;
{(Mowri et al., 1992). Disruption of LPL gene in mice ele-
vates serum TG (Coleman et al., 1995). In contrast, trans-
genic mice that overexpressed HTGL gene did not appear
to influence lipoprotein metabolism when fed with a nor-
mal chow and further HTGL deficient mice do not develop
marked hypertriglyceridemia or accumulation of B-VLDL,
although they increase plasma cholesterol and phospholip-
ids attributable to increased HDL levels (Homanics et al.,
1995). These observations reveal that LPL is intimately im-
plicated in the metabolism of TG-rich lipoprotein such as
VLDL and chylomicrons and has suggested that the antitri-
glyceridemic action shown by OKGK is likely to depend on
the enhanced LPL activity. LPL is secreted by parenchymal
cells of various extrahepatic tissues, mainly from muscles,
macrophages and adipose tissue and HTGL is exclusively
synthesized in the liver (Jansen et al., 1979; Jansen et al.,
1978). In short, there are possibilities that OKGK exerts-irs

‘effect on various tissues to stimulate LPL and HTGL syn-

thesis and that it modulates both enzyme activities al-
though their posttranslational regulation could not be clar-
ified. So far some plant ingredients such as saikosaponin,
glycyrrhizin, ginsenoside were reported to show antihyper-
lipidemic action and among them are flavonoids, plant phe-
nol, ginsenoside and B-sitosterol which were contained in
Astragali radix, Cinnamomi cortex, Paeoniae radix and
Ginseng radix rubra of OKGK. Howevey, it remains to be
clarified whether these well known ingredients are able to
explain the action of OKGK. Finally, we conclude that
OKGK is effective for the treatment of hypertriglyceride-
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mia which is induced by endogenous and exogenous TG
and that its antihypertriglyceridemic action is in part due to
the inhibition of TG synthesis in liver and the enhanced
HTGL and LPL activities.
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