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研究報告書

呉春珍

近年、喫壊、高i血圧、高腫血症および糖尿病会ど心血管系疾患の主たる生検問子の発見によって、その

予防、治療に大き会進歩が遂げられてきた。これによって心血管系娯忠発症準を有意に低下させた聞も少

なくない。しかし、このように大きな成果が得られているにもかかわらず、心血管系疾患はいまだに米国

など多くの先進工業国において死因のトップになっている。日本人の食生活の欧米化によって、肥満、高

指血症など代謝異常が大幅に増加した。高指血症、特に高コレステロ…ル(CHO)車症と動旗硬イヒ説患の一

つである虚搬性心長居、との関連性については、広く研究され、高CHO鞄症がその発症や鶏議選管の全検

国子であることが報告されている。高捺患症は患管壁;こj主著するコレステロールを供給することにより、

また、怠管壌の性状、血球の笠質に影響をおよ認すことにより、動牒授先発症に関与している。また、 i

%の甑棄コレステロ…jレ穫の抵下は諒動毅親11::誌を2%抑制することが報告されており、高コレステロ…

Jレ血痕の治療は粥状動服硬fと症治壌にとっては不可大な治療と考えられる。

一方、血消ト 1)グリセライド (TG)債の上昇と心血管系疾患のリスク増大との問に相関関係があるこ

とが多くの研究から明らかにされており、高TG血痕は閉経後の女性の動脈硬化症の危険園子とされてい

る。高TG血疲では、高比重リポ蚕自(HDL)コレステロールの抵下を伴うことが多く、高レムナント血寵を

生じて甑管壌のコレステロール蓄績を促進し、また、血栓形成を助長することにより産管撃の鶏的反応を

引き起こして器動援硬北症を進農させると考えられる。車j毒CHOのみならず患清TGを廷下させること泣

心畿管系装窓、の予訪および、治壌において議繋な課題と考えられる。

古来より、主として東洋で使われてきた漢方方剤辻、合成薬品に比べて詑較的副作用が少なく、予防を

目的とする長期投号が可能であるという特撲がある。本研究室では、いくつかの漢方方剤が抗高脂凪組作

用、あるいは、抗動脹硬化作用を示すことを明らかにしてきた。循環器系娯患のように多くの悶子が機雑

に絡み合って発症する慢性疾患には、長期間使用可能な漢方方剤の様な薬剤が有用であると考えられる。

また、漢方方剤の抗高脂i血症作用、抗動脈硬化作用を検討することは、漢方方剤の作用機序を窮らかにし、

臨床上の高舟性を裏付けるというだけでなく、新たな抗高霧車i痕作用、拭動綾硬化作用の機j字が晃いださ

れる可能性があり、新規薬弗!の罷発にもつながる可能性を務めている。

黄警韓校五物議混在参は金援要警告の議隷準労悲2設定弁治に克られる処方で、これまでに末精神経系、鰭

環器系の異常によると考えられるスモン患者の手足のしびれ、冷え、さらに連動機龍鯖筈の改善に有効で

あることが臨床的に訴されてきた。しかし、これまでに、黄誓桂枝五物語を加紅参の作用機序に関する基礎

的な研究は殆どない。そこで、本研究では、本方剤の楯環器系疾患の改善効果を有する可能性を検討する

ために、抗高脂IUH主作用に焦点を絞り、ラットを用いた高コレステローjレ血椴モデル、高TG血症モデル

を作成して、本方郊jの政情と肝臓のTG、CHO、およびリン脂費(PL)低下作用、および、その作用接岸につ

いて検討したィ

2言葉代議異常がi宣接関子として重主張硬化悲の成立に重要な役載をj案じることは異論のないところである。

詣費代議異常のEやでも高CHO皇症法議援護先症の発建露子として重要視されており、また、高TG車産法

高CHO最i症に比べ農心性心長患の発症率と相関が高いことが報告されている。現i在、ヒトの詣賀代謝奥

堂を長i決する動物モデルi立会いと考えられているが、実験的高脂車産動物は勝紫代謝のしくみを知り、ヒ

トの高脂血痕の病態を解明する手段として重要である。本研究では、脂質代謝異常を高CHO血症、高TG

血症に絞り、血清CHOを増加させるコレステロ…ル食を用い、長期間負荷することにより作成した高脂

血症ラットモデルに対する本方剤の効果を調べた。

一方、 Yudkinらが疫学的調査からショ糖摂取最と議良性心疾患の発窪率との関に正の相関のあること

を報告して以来、ショ糖およびその携或成分であるフルクトースiこよる器禁1t謝異常が注目されるように

なった。そこで、今回、 12選謁グワセロール/フルクトース負祷iこよる高TGI集能ラットモデルを作成し、

高TG畠症ラットに対する本方離の効果を謡べた。本訴究の結果は次のように繋約される。

1、抗i窃CHO劇症作用とその作用機序についての検討



6週齢雄性SOラットを 1%コレステロール含有飼料で、 12週間飼育することにより、高コレス

テロール血症ラットを作成した。黄香桂技五物湯加紅参はヒト常用量の2倍あるいは 10倍に相当

する量をラットの餌一日摂取量中に含有するよう調製して与えた。すでに、黄香桂枝五物湯加紅参

はラットの高脂血症モデルにおいて、抗高コレステロール血症と同時に、強力な抗高トリグリセリド血症

作用を見い出しており、血清T-CHO低下作用機序についてラット初代培養肝細胞を使用して検討した

ところ、 CHO合成の抑制が観察されたが、 HMG・CoAレダクターゼには活性低下は見られず、原因酵素の

同定はできなかった。一方、腸管からのコレステロール吸収抑制作用が観察され、高コレステロール食負

荷時には肝臓での内因性コレステロール合成は通常より低下することを考えると、本方剤の血清T-CHO低

下作用は腸管からのCHO吸収抑制が主因になると考えられる。さらに、今回コレステロールから胆汁酸

を合成する段階の律速酵素であるコレステロール 7〆ーヒドロキシラーゼの活性に対する本方剤の影響を

検討した、コレステロール 7〆ーヒドロキシラーゼの活性の増加作用が観察された。この結果から、血清

TーCHO低下作用は、コレステロールの胆汁酸としての排地促進が関与することが示唆された。

2、抗高TG血症作用とその作用機序についての検討

6週齢雄性SOラットに 15%グリセロール/15%フルクトース (GF)含有水を 12週間自由摂取させ

ることにより、高TG血症ラットを作成した。方剤投与群では、 GF含有水を与えながら黄者桂枝

五物湯加紅参をヒト常用量の5倍あるいは 10倍量を経口投与した。黄替桂枝五物湯加紅参ヒト常用

量の5倍量群とlOf音量群のいずれでも血清TG及びPLの増加が3ヶ月間の同時投与によって、有意に抑制さ

れることが認められた。血清TGおよびPL低下作用機序についてラットを用いて検討したところ、本方剤

は14C酢酸と3Hオレイン酸の肝臓TG画分中への放射活性の取り込みを抑制し、また、肝臓ミクロソーム

中のTG合成酵素のOGAT活性に対する抑制を示した。さらに、リポ蛋白のTG異化代謝に重要な役割を果

たしているHTGL，LPLの活性を増加させた。本実験に用いたフルクトース負荷による高TG血症の成因は、

肝におけるTG合成の克進と肝からのTG分泌尤進およびリポ蛋白リバーゼの活性低下に起因する血中TGの

う苅平抑制によると考えられている。また、グリセロール負荷による宵TG血症の発症機構は異論はあるが、

肝におけるTG合成克進あるいは、内因性TGの除去障害によると考えられている。すなわち、黄香桂枝五

物湯加紅参は、肝臓でのTG合成を抑制することが血清TG低下の一因になると考えられる。また、リポ蛋

白リパーゼ活性と肝性リバーゼ活性を増加させることにより、内因性TGの加水分解を促進することが、

血清TG低下のもうー aつ重要な原因になると考えられる。

黄香桂枝五物湯加紅参は黄脊桂枝五物湯と紅参から構成された処方であり、今回さらに、この二つの構

成成分との抗高TG血症作用を比較した。高TG血症モデルに対して、黄香桂枝五物湯加紅参、黄香桂枝五

物湯と紅参はともに血清TG低下作用が観察された、強さは黄香桂枝五物湯加紅参、紅参、黄香桂枝五物

湯の順でした。また、 HTGL，LPLの活性を増加させた、黄者桂枝五物湯加紅参は黄香桂枝五物湯、紅参単

独より強かった。

一方、コレステロール 7〆ーヒドロキシラーゼの発現組織はおもに肝臓であり、 LPLの発現組織は脂

肪組織、心臓、'骨格筋などに分布している。そこで、肝臓、脂肪幸田昌、心臓、ヒラメ筋から totalR

NAを抽出し、コレステロール 7〆ーヒドロキシラーゼおよびLPLのmRNAを測定した、黄香桂枝五物

湯加紅参の投与による mRNAレベルの変化は見られなかった。酵素活性の増加作用は転写後の調節によ

ると考えた。酵素活性の調節機序についてはさらに検討する必要があると考える。
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EVALUATION OF KAMPO-S臼OHO(No‘ 100 ) 
ANTICHOLESTEREMIC ACTION OF KAMPO MEDICINE 

OGI-KElSHI-GOMOTSU剛 TOωKA-KOJIN(OKGK)
Chul)_Zhe旦翌払 M法otoInoue， Yukio Ogih訂 8

Department of Phannacognosy， Faculty of Phannaceutical Sciences， 

Nagoya City University 
3-1 Tanabe-dori， Mizuho-Ku， Nagoya 467， Japan 

くAIM>

Ogi-keislu-gomolslトto-Iくa-kojin(OKGK)lJis 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 10 examine the effect of OKGK on cholesterol metabolism in rats. 

<METHEDS> 

MaJe 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. ln order to clarify the mechanism of antihypercholest自己mic action， 

cholesterol absorption was studied using DuaJ isotope radio methed
21 
and cholesterol 

excretion was detemuned by measuring of eXCI悦 ionof intravenously injected 

'4C-cholesteroI into feces. Furthermore， Jiver I1Ucrosomal cholesterol 

7α 側 hydroxylaseactivity was measured. 

<RESULTS AND CONCLUSIONS> 

Effects of OKGK on choleslerol metabolism were examIned in experimentally 

induced rat hypercholesteremic model. The serum and Iiver total cholesterol (TC) 

were elevated significantly by feeding of a cholesterol-enrich diet.百lesupplement 

ofOIくGK at 1.259らindiet significantly inhibited the increase of serum TC and 

Iiver TC at 1.25%，0.25偽 indiets. These results suggest that OKGK is effective in 

the treatment of hypercholeste陀 miawhich is induced by exogenous cholesterol and 

fat enrich-diet. When the mechanism ofthe anticholesterel1Uc action of OKGK was 

investigated in detail， OKGK decreased cholesterol absorption in the alimentary tract 

and also increased the excretion of intravenously injected 14 C-cholesterol into feces. 

Furthermore， OKGK enhanced the activity of cholesterol 7u-hydroxylase in normal 

and hypercholesterefIUc rats， bl叫1氏i訟ha吋dno effect 0ωηt臼fMG-ε

These r柁-esultssugges討tt出ha瓜tt註出hea倒n波ticholest蛇er問珍Iηn百icaction of OKGK a訂remp剖1due to 

the inlubition of cholesterol a油bs拘or叩pt討10∞nan叶dincrease 0ぱfcholesterol exc詑 tionby 

stimulation of cholesterol 7α 働 hydroxylaseactivity . 

長eferences

1) C. Z. Wu， M.Inoue and Y.Ogihara.， Phytomed.， in press (1997 ) 

2) Zi1versmit， D.B.and Hughes， L.B.， J.Lipid Res，15.， 465・473(1974 ) 
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Antihyperliゃidemicaction of a 
Traditional Chinese Medicine (Kampo Medicine)， 
09トKeishi-Gomotsu由τ。四Ka四Kojin

C. Z. WU， M. INOUE and Y. OGIHARA 

Oepartment of Pharmacognosy， Faculty of Pharmaceutical Sciences， Nagoya City University，かpan

Summary 

The antihyperlipidemic action of Ogi-lくeishi-Gomotsu-To-Ka-Kojin(OKGK) was examined in 

rats with experimentally-induced hyperlipidemia. Oral adminis役立tionof OKGK at 0.69 or 1.38 

g/kglday significantly reduced the incre詰seof serum triglycerides (TG) andphospholipids (PL). 

OKGK given as a nutritiりロョ1supplement (1.25%) in the diet significanrly suppressed the increaきを

of serumτG語ndPL in rats with hypercholesterolemia induced by a cholesterol and fat-enrich吋

diet. These results suggest the effectiveness of OKGK in the treatmem of hypertriglyceridemia in-

duced by both endogεnous and exogenous TG. The mechanism by which OKGK shows antihy-

pertrigl yceridemic設ctionwas investigated in detaiL OKGK decreased [14C] acetic acid incorpora-
tion into TG設ndPL but not fatty acids in primary cultured rat hepatocytes from rats trξated with 

oral OKGK for 1 week. OKGK also reduced [3H] 01日icacid into TG and PL， suggesting OKGK 

suppresses TG and PL syntheses in the liver. Furthermore， OKGK enhanむedthe activities of lipか

protein lipase (LPL) and hepatic TG lipase (HγGL) in postheparin plasma. These results suggest 

OKGK inhibits triglycerid記事ynthesisin the liver and stimulates the hydrolysis of τG in lipoprか

tem. 

Key words: Kampo medicine; hypertriglyceridemia; lipoprotein lipase; hepatic triglycerid君 iト

pase. 

Introduction 

日ypercholesterolemiais directly linked to the initiation 

and progression of atheroscl君主osis.Consider設bleevidence 

Indicates that oxidatively modified low density Iipoprotein 
(LDL) induces macrophage-derived fo謹mcells， resulting in 
fatty str開 kformation， which i苦 anearly characteristic of 

atherosderosis. Furthermorε，手verylow dεnsity lipopro-

tein (βVLDL)， VLDL and chylomicron remnants are con-

Abbrevi語tionsOKGK -Ogi-Keishi-Gomotsu-To-K合 Kojin;LPL 
lipoprotein lipase; HTGL -hep設tictriglyceride lipase; TG -trig片側
ceride; PL -phospholipid; TC -total chol君主terol;FA -fatty acid; 
LOL一lowdensity !ipoprotein; VLOL -very low density lipopro-
tein; 10L叩 intermediatedensity lipoprotein; HOL -high density 
lipoprotein; 50 Spraguやひawley;PBS -phosphate-buffered sa-
line; BSA -bovine serロmalbumin; GF w立ter-15% glycerol語nd
15 % fructose-cont立iningwater 

sidered atherogenic. On the other hand， there is incre誼sing

evid窓口ceof the relationship between triglyceride-rich lipo-

protein and the progression of coronary heart disease.τhe 

Paris prospecti切 study(Fontbonne， 1989) and the Stock-
holm Heart study (Carlson and Rosenhamer， 19き8)also in句

dicated that hypertriglyceridemia is both a risk factor for 

coronary heart dis昔話sein pos村 nenopausalwomen. Furャ

thermore， hypertriglyceridemi証islinked to impaired fibrin-

olytic function (Hamsten et aL， 1985; Nilsson et al.， 1985)， 
Sロggestingthar it stimulates c10r formation inducing throm-
bus and arteriosclerosis. Hypertriglyceridemia is usually ac剛

companied by high VLDL and chylomicrons， due to high 
dietary fat， a high TG synthesis in the liver and impaired 

hepatic triglycεride lipase (HTGL) and Iipoprotein lipase 
(LPL)筑 tivities.HTGL and LPL詩recritical enzyme吉川 the
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regulation of lipoprotein and lilラidmetabolism. 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句 overexpre主主ionof HTGL in trans・

genic mice reduced cholesterol accumulation in the aort託

during a hyperlipidemic diet (Busch et al.， 1994) and that 

in transgenic rabbits decreased plasma cholesterol concen 

tr幻 ionand intermediate density Jipoprotein (IDL) (Fan et 

d叶 1994). These observations suggest that LPL and 

HTGL activities arむ implicatedin the protection against 

atherosclerosis. In this rεspect， improvement of hypertri-
glyceridemia in addition to hypercholesterolemia is re働

quired to prevent atheroscleτosis and arterio苦clerosis.5ev-

eral traditional Chinese medicines (Kampo medicines) ex-

hibit antihyperlipidemic action (Shen et al.， 1996). Ogi-

Keishi-Gomotsu-To吋Ka-lくのjin(OKGK) is a Kampo medi・

cine that is composed of six medicinal plants: Astragali 
radix， Cimwmomiむortex，Paeol1iae radix， Zillgiberis rhiz-
oma， Ziz)'phi fructus， Ginseng radix rubra設ndhas 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 circulatory system and investigated 

the effect of OKGK on hyperlipidemia. 

Materials and Methods 

Animals 

Male 5pragむかDawley(5D) rats weighing 170-190 g 

from Shizuoka Laboratory AnimaJ Center (Hamamatsu， 
j設pan)were maintained under controlJed !aboratory condi-

tlOns. 

Preparation of OKGK 

Crude drug composition of OKGK is described in Table 
1. Plant materials used in this stud)九ofwhich grades were 
conformed to japanese pharmacopoeial standards， was au剛

thenticated and provided by Tsumura Co. Ltd.， Tokyo， ja-
pan. Six crude drugs were設ddedto 700 ml of distilled wか

ter， boiled for 1 h using an electric heater and concentrated 
to 300 ml. This decoction was filtered設ndIyophilized to 
glveア.5g of powdered extract. The m設inconstituents are 
astraisofl語V設n，cinnamic aldehyde， paeoniflorin， gingerol 
and oleanolic acid. 

Hyperfipidemia rat model 

Ratちwererandomized into four groups. Group 1 was 

used as a normal group and group 2 recei¥でddrinking 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 wei思ht/dayfor 12 weeks with thεaid of a 

20 gauge feeding needle， respectively， while receiving simul“ 

tanously GF water. Diet， water and GF water were given ad 
libitum.す'0evaluate antihypercholesterolemic effects， rats 
were randomized into four groups. Group 1 w誼sfed設 noト

m呂Ichow diet (CE-2， Nippon Crea Ca.， Ltd.， Shizuoka， ja-
pan). Group 2 was fed a cholesteral a幻dfat-enriched d忙し

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 f幻引lricheddiet supplemented with 0.25% 

and 1.25% OKGK for 12 weeks， respectively. These diets 
and water were given ad libitum. 

Determinatiol! of serum lipids 

R乳tswere fasted for 16 h謹ndblood samples abtained by 
cardiac puncture every 2 weeks. 5erum w♀s prepared from 
samples centrifugated at 3000 rpm for 15 min. TG， total 
cholesterol (τC) and phospholipids (PL) in serum were de-
termined by the cholesterol oxi点semethod 

Hepatoζyte isolatiol1 and lipid 5)'叫んeSls

Hepatic parenεhymal cells were isolated from male 5D 

rats (300 g) by twoづtepcoJlagenase perfusion method (Se-

glen， 1972). Cell vi百bilitywas determined with 0.2，5% try-

pan blue初 dmore than 91.3 :!: 1.0 (n = 9) % were used in 

this study. Hep戸at拍〈ο)c匂yt包E日wer陀E草従ee吋dedinロ仁011弘agenト-co読t臼ξ吋d12み畑

m双1U1悩ti
mloぱf、双w託if/引il山Iliaね昌m詰ぜ'、sE m肘ediぬu凶11郎τ百I(句P日 7.4引)s叩uppleεmれle釘伺ntedwith 

10% fetal c臼al汀fs鈴eruむm，100 units/ml penicillin， 100 Ilg/m1 
streptomycin， 10-7M insulin and 1O-7M dexamethasone. 

After incubation for 4 h at 37 oC in an atmosphere of 95% 

事irand 5% CO2， hormone-containing medium was re-
moved from the wells. The cells were washed twice with 

pho事phat号制bufferedsaline (PB5) and then incubated with 

τable 1. Crude drug compositionof OKGK 

Plant name 

Astragalus membranaceus Bunge 
(Lamiaceae) 

Cumam0111um cassia Blume 
(Lauraceae) 

Paeol1ia lactiflora Pallas 
(Paeioniaceae) 

Zil1giber officillale Rosco吃

(Zingiber語ceae)
ZiZ)'fJhus ;u;lIba Miller. ¥.語仁 inermisRehder 

(Rhamnaceae) 
Pal1α丈 gInsengC宅九五Aeyer
(Araliaceae) 

Pan註sed Compo伽

Roor 

sltlon 
(g) 

8 

Bark 4 

Root 4 

Rhizome 4 

Fruit ヰ

Root 3 
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hormone free medillm c(渋ねining[2~14q acetic acid (0.5μ 

Ci/well) and [!HJ oleic a仁川 (0.5μ 仁i/well)for 4 h. Afrer the 

im:lIbatioκcεIIs were thorollghly w立shedtwice with PB5 

3れdthe cellular lipids were extracted 2 times with 2 ml of 

hexane/isopropanolリ:2，v/v). Fatty acid (FA)， TG， and PL 
weτεsep乱r立tedby thin layer chrom立togr立phylIsing hex~ 

ane/diethyl ether/acetiむ設立id(50:20: [ v/v) as a solvent 

system‘ Radioactivity in regiolls corresponding to Iipid 
standards was measlIred by liqllid scintillation spectrome-

try.針。teinwas determined according to the method of 

Lowry (Lowry， et al， 1951) lIsing bovin君事erumalbllmin 

(B5A) 立5 a standard 語れddata were normalized to the 

立mountof celllllar protein. 

Assa'ヲofpostheparin plasma hepatiζlipasε(HTGL) and 
lipoprotein lipase (LP L) 

5D rats were treated with OKGK at a dose of 1.38 g/kg 
for 2 weeks and blood samples were obtained atヲ札m.
Rats were injected i.v. with 20 units of heparin/100 g of 
body weight and 5 ml of blood w司sdrawn from vein cava 
inferior 10 min later. Plasma samples were stored immedi-
ately at -80 oC. Hepatic lipas記 (EC3.1.1.3) acrivity was as嶋

ね yedas foltows. The assay mixture coηsisted of 1.33 mM 
['H) trioleylglycerol (106 dpm/~mol) ， 0.1 mM Iysophos渦

phatidylcholine司 0.2M Tris-HCI buffer (pH 9.0)， O.4'y" 
B51¥， 0.5 M N江CIand postheparin plasma in a total volume 

of200μL Thぞreactionwas starred by the addition of plas勾

ma. After inむub立tionat 30 'c for 10 min with sh立king，the 
reaction was terminated with 3.25 ml of methanol/chloro“ 

form/hepta ne ( !. 41: 1ユ5:1v/v)， followed by 1.05 ml of 0.1 
M borate buffer (pH 10.5) (Nilssoれぞ:hleand Ekman， 

197η. The assay mixture was shaken vigorously with a 

vortex mixer and the released fatty acid recovered in the 

upper phase. 0れぞれ1Iof the upper phasεwas taken out to 

むのuntthe radioacrivity by scimillation speむtrometry.

Lipoprotein lipase (EC 3.1.1.34) in postheparin plasma 

was ass立yedas described in the measurement of HTGL a心

tivity喝 exζeptthat NaCI wおれot呂ddedin assay mixture and 

that all assays were carried out at 37 oc. Activity was ex-

pressed as a unit which represents nmol of free fatty acids 

released per hour per ml of plasma. 

Chemicals 

[2_14C) Acetic acid， sodium salt (3.1 mCi/mmol)， [9，10-
3H] oleic acid (9.2 Ci/mmol)， (9，10.3H] triolein (28.0 Ci/-
mmo]) were purchased from Dllpont NEN Research prod吋

ucts， Bos切れ， MA“ l ，l-dioleyl也事n~glycerol wぉ obtained 

from Sigm議むhemicalCo， 5t LOllis MO. 

す立ble2. Effect of OKGK on incorpor立tionof [14C] aceric acid into lipids of rat prIm語ry仁ulturedhepatocytes. 

Normal OKGK Inhibition 

(dpm/mg protein) (dpm/mg protein) % Means of three experiments 

exp. 1 5040岳会 426 30559怠 602務 舎 3ヲA
TG exp. 2 62554会 2727 43460念 1168発 争 31.5 37.8ま 3.3

exp. 3 79647全 48ヲ 45791会 1677会令 42.5 
exp.1 ア6673;;:2844 65255;;: 112会 14.9 

PL exp‘2 111 369念 1139 73532;;: 2302*ゆ 34.0 2ヲ.8;;:7.7 
exp. 3 15ヲ760;;: 507 94ヲ73士事816符 40.6 
exp. 1 426会 36 414 ;;: 35 2.8 

FA exp.2 4ヲO念 41 471金 44 3.9 2.5企 O.ヲ
exp.3 6486全 194 6434念 356 0，ヲ

Values represent mean全 S.E.of 4 wells. 待 p< 0.05，か持 p<。‘01vs‘烈~)rmal group. 

Table 3.巨ffectof OKGK on incorporation of [3H] oleic acid into lipids of rat prim証rycultured hep設tocytes.

Normal OKGK Inhibition 

(dpm/mg protein) (dpmlm事protein) % Me立nsof three experi口lents

exp. 1 526682土 3168 353173念 4576吟浄 32.ヲ
TG exp.2 655964全 10308 508470さ 3106婚か 22.5 31.7全 4ユ

exp. 3 1240423念 35587 785724;;: 1315診絡 36降ア
exp.l 344244念 10645 245465全 4912" 28.7 

PL exp.2 373 956会 9385 282421念 3650浄得 25.5 25.4 ;;: 1.ヲ

ξxp. 3 466 980怠 75ヲ0 364 175念 2186守毒 22.1 

Values represent mean念 S.E.of 4 wells. 守 p< 0.05，発券 p< 0.01 ys. normal group. 
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Fig. 1. Effect of OKGK on serum (A) TG and (ち)I'L in hypertriglyceridemic rats. Sprague Da wley rats were fed語normalchow while givω 
ing GF water for 12 weeks. Serum TG and I'L were determined every two weeks. 0: normal，・:control (GF water)，ロ:GF water and 
0.69 g/kg of OKGK、聞:GF water and 1.38 s!永gof OKGK. Values represent me器包念 S.E.of 5 rats.券 p< 0.05，持母 P<0.01 vs. control 
group. 
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Fi原.2. Effect of OKGK on serum (A)すG，(日)I'L and (C) TC in hypercholesterolemic rats. Sprague Dawley rat主werefed a cholesterol 
and faトenricheddiet for 12 weeks. Serum triglyceride， phospholipid and total cholesterol were determined every two weeks. 0: norma!， 
・:control (rats fed a cholesterolイ語tenriched diet)，ロ:rats fed草 controldiet叩 pplimentedwith 0.25% of OKGK，・:rats fed a control 
diet引.Ipplimentedwith 1.25% of OKGK. Values represent mean念 S.E.of 7 rats.砂 p< 0.05， 経 毒 p< 0.01 vs. control group. 
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mal level during the period of experiment. Serum PL al50 
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 w品snot ob-

served in this model. Glycerol and fructose are known to 

augment the productiol1 of endogenous TG and OKGK re-

duced serum TG level in this model， thus suggesting that 
OKGK would inhibit TG synthesis or stimulate its degradaω 

tlOn. 

Statistical anal)'sis 

Iミξsultswere represented謹smean士 S.E.with the numω 

hers of animals or experiments in parentheses， Statistic語i

significance ¥問5determined by the Student‘5 t-test. P values 
< 0.05 were considered significan仁

Antihytertri雲行ceγidemicactio符 ofOKGK in hypertrigly-

εeridemia rat 11lodel. As shown in Fig. 1， Intake of GF wか

ter markedly raised the serum TG levels 2-3 fold over nor-

Results and Discussion 
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Fig. 3. Effecr of OKGK on Heparic rriglyceride lipase and Lipopro-
rein lipase activities. Postheparin plasma was prepared from nor-
mal ra【sand rats treated with 1.38 g!kg of OKGK for 2 weeks as 
described in Materials and methods. To normal rats， water were 
given insread of OKGK. Open column: normal， closed column: 
OKGK. Values represent mean土 S.E.of 5 rats. ** p < 0.01 vs 
control group. 

Antihypertriglyceridemic action of OKGK in hypercho 

lestero/emia rat mode/. We next studied the antihypertrigly-

ceridemic action of OKGK on hypercholesterolemic rats. 1n 

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-

mallevel. OKGK showed a powerfullowering effect on ser-

llm TG and PL at a higher dose， whereas such a potent ef-

kじtwas 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-
Iy llsed as a hypercholesterolemia model， the effect of 
OKGK was not potent and serum cholesterol was slightly 

redllced at a high dose of OKGK after 8 weeks of starting 

the administration. 5ince 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 stimlllation of TG degrada-

tlon. 

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 HDL2 to HDL3 

(Mowri et al.， 1992). Disruption of LPL gene in mice ele-

vates serum TG (Coleman et al.， 1995). 1n contrast， trans-
genic mice that overexpressed HTGL gene did not appear 

to inflllence lipoprotein metabolism when fed with a nor-

mal chow and further HTGL deficient mice do not develop 

marked hypertriglyceridemia or accumulation of s-VLDL， 
althollgh 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品ndhas suggested that the antitri-

glyceridemic action shown by OKGK is likely to depend on 

the enhanced LPL activity. LPL is secreted by parenohymal 

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). 1n short， th~re are possibilities that OKGK exerts年s

effect on vario山 tissuesto stimulate LPL and HTGL syn-

thesis and that it modulates both enzyme activities al 

though their posttranslational regulation could not be clar-

ified. 50 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 s-sitosterol which were contained in 

Astraga/i radix， Cinnamomi cortex， Paeoniae radix and 
Ginseng radix rubra of OKGK. However， 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-

Effect of OKGK on lipid synthesis by hepatocytes. 

OKGK (1.38 g/kg/day) reduced the incOrporation of 

[2_14C] 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 [3Hj 
oleic acid into TG and PL in OKGK-treated group was sig-

nificantly suppressed by 31.7 and 25.4%， respectively (Ta 

ble 3). 1n this experiment， [2_14C] acetic acid was incorpo-
rated into TG and PL via glycerol:3-phosphate or fatty ac-

id and [3H] oleic acid was directly incorporated into them 

following the conversation to [3Hj oleoyl-CoA. Actually， 
the incorporation of [2_14C] acetic acid or [3Hj 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 activ出es.

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. 1n 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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mia which is inducεd by endogenou主andexogenous TG 

and chat its anrihypertriglyceridemic action is in part dlle to 

rhe inhibition of TG synthesis in liver and the enhanced 

HTGL and LPL activities. 
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