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ABSTRACT

AIM: To evduatethe therapeutic effectsof Gamichunggantang (GCT) on hyperlipidemia through high cholesterol
diet model. GCT is an Oriental herbal medication, which has been used for the treatment of fatty liver, hyperlipi-
demia or acohalic liver disease in Dagjeon Universty Oriental Hospital, Koreasince1999. METHODS: Raswere
fed with high cholesterol diet for 4 weeks and GCT was administrated for 2 weeks from 2 weeks later in experi-
mental days. Thelevelsof serum tota cholesterol, HDL-cholesterol, and triglyceri de were andyzed every week.
Absolute and relativeliver weight to body, and histophathological changes weredetermined at last day. And, lipid
metabolism-relaed gene expressons(ACAT and DGAT) inliver tissie wereanalyzed by using RT-PCR. RESULTS:
In GCT group, TG levelswere reduced at 3 and 4 weeks after GCT administration (39.4 %, P<0.05 and 36.3 %,
P<0.01 respectively). Total cholesterol levelsa s were reduced at 3 weeks (20.5 %, P<0.05) and 4 weeks (35.86 %,
P<0.01) after GCT adminigtration, but HDL -cholesterol levels were increased sgnificantly (P<0.05) at 3 weeks
(14.7 %) and 4 weeks (25.5 %) compared with hyperlipi demia-induced group without GCT. Inthe GCT treated
group, liver weight waslower and lipid accumulation was decreased in higtologica finding. ACAT gene expresson
was suppressed compared with hyperlipidemia-induced group but not DGAT. CONCLUSION: GCT possesses
preventive or therapeutic effects ondiet-induced hyperlipidemiaby inhibiting theintestinal absorption and storage of
exogenous and endogenous cholesterol.

INTRODUCTION
two basi ¢ mechani sms-endogenous biosynthesi s and

absorption from the gastrointestina tract, much of the
research has been establishad in these pathwaysfor lipid
management®¥. The clinical complications of athero-
<clerosi s ocould be diminished and lifebe pra onged when
plasmalipid level waslowered by hypocholesterolemic
agents?. But many of promising agents devel gped have
serious side effects, especially on adrenal function®!.
% Corresponcence to Prof CHO Chong-K wan. Erom this, much of growi ng interest in orier.1tal metdi-
Phn 82-42-229-6891. Fax 82-42-229-6968. cine that may have lesstoxicity hasled to an increasing
E-mail orimedc@dju.ac.kr number of non-pharmacological therapies for lipid man-
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Coronary artery disease and brain str oke continue
to betheleading causes of degth inindustrialized nations.
The lowering of plasmacholegterol is beneficid for re-
ducing the risk of developing cardiovascular diseasd”.

Because cholesterol is availabl e to body through
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tiesfrom a lot of plant materials were confirmed till
now!”®, Gamichunggantang (GCT) has been used for
patients with fatty liver or hyperlipidemiain Dagjeon
Oriental Medidne Hospitd, Koreasince 1999. Weevdu-
ated itsclinical effectsfrom the patientssuffering from
these di seases. But the scientific basis of the effect on
hyperlipidemiahas nat been examined in laboratory yet.
Therefore, this present sudy is aimed to ducidate the
effects of GCT on hyperlipidemia by determi nation of
gene expressions related with lipid metabolism as well
as serumtriglyceride, total and HDL -cholesterol level,
and higtologi ca changes.

MATERIALSAND METHODS

Materials T he composition of Gamichunggan-
tang (GCT) waslisted in Tab 1. Total 162 g of GCT
were purchased from Dagjeon Oriental M edical Hospi-
ta asdried ones. Having been washed and dried again,
mixturewas added in 1.5 L of digtilled water and left
for 1 h at room temperature followed by boiling twice
for 1 heach time and lyophilization. The CGT extract
was 11.8 g as 7.3 % (w/w) of yield and this extract
was suspended in didtilled water to be given oraly to
rats once aday for 2 weeks. Only hyperlipidemiain-
duced group was oraly adminigtrated withdistilled wa
ter instead of CGT. Cholesterol, cholicacid, and olive
oil were purchased from Sigma Inc (ST Louis, USA).
DNA Tag polymerase was obtained from Bioneer
(Cheongwon, Korea), M-MLV reversetranscriptase was
obtained from Promega (Madison, USA). TRIzol re-
agent was obtained from Gibco (Maryland, USA). Rest

Tab 1. Prescription of Gamichunggantang (GCT).

Partused Voucher Rdative
specimen A mount
number (9)

Generd name

Artemisiae capillaris Herba 01104 10
Trionyx sinensis Carapax 01939 8
Raphanus sativus var hortensis

for acanthiformis Semen 01785 8
Atractylodis macrocephalae Rhizoma 01127 6
Poria cocos 01747 6
Atractylodis jap onica Rhizoma 01129 6
Polyp orus umbellatus 01744 4
Amomum villosum Fructus 01057 4
Glycyrrhizae uralensis Radix 01449 2
Totd amount 54

reagents were purchased from Sigma Inc (St Louis,
USA).

Experimental animals Five-week old mae
Sprague-Dawley rats were purchased from commer-
cia animal breeder (Daehan BioLink, Korea). Therats
were housed in an environmentaly controlled room at
(22+2) °C, reative humidity at (55+10) % and 12 h
light/dark and fed with commercid pellets (Samyang
Feed Ltd, Korea) and tap water ad libitum.

After 1-week acclimation, eighteen rats were di-
vided into 3 groups of 6 animals each; naive group fed
with norma diet, induced group fed with high choles-
terol diet without GCT, and GCT group fed with high
choleserol diet with GCT. Thetwo groupswere fed
with home made cholesterol diet containing 1 %
cholegerol, 0.25% cholic acid, and 2.5 % oliveoil for
4 weeks ad libitum. Two weeks after giving high cho-
lesterol diet, theratsin GCT group were administrated
ordly with GCT (200 mg/kg), induced group were ad-
ministrated with digtilled water on the other hand. Ev-
ery week of theexperimental period, the animals were
fagted 4 h andblood was collected from the orbita vein
under ether aneshesa. On the last day, the animals
were faged 12 h and whole blood was col lected from
abdomind aorta, and organs were weighted and fixed
in phosphate buf fered formalin.

Serum biochemical analysis After letting the
bloods at room temperature for 1 h, serum was sepa-
rated by centrifugation at 1500xg for 15 min. The lev-
elsof serumtota cholesterd, HDL -cholesterol, andtrig-
lyceride were determined usng Olympus Optica Reply
(Olympus Ltd, Japan).

Histopathologic findings For the hissomorpho-
logica evaluation, aportion of liver tissuewasremoved
and fixed in 10 % phosphate buffered formain. Tis
sues were embedded with paraplast and sectioned 4
mm in thickness. Liver sections were stained with he-
matoxylin & eosinfor histopathol ogical examination.

DGAT and ACAT gene analysis with RT-PCR
Jugt after sacrificing rats at the lagt day, total RNA was
extracted from by the pieces of sx livers per group
with homogenization in TRIzol reagent (Gibco,
Maryland, USA) according to the manufacturer’ s
ingructions. Reversetranscription and cDNA-PCR pro-
cess were done according to general RT-PCR method.
PCR amplification wascarried out in thethermal cycler
using a protocol of initial denaturing step at 95 °C for
10 min; followed 35 cycles of 95°C for 1 min, 60 °C
for 40sand 72 °Cfor 40 s, and find cycleof 72°C for
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10 min. The PCR products were run on 1 % agarose
gel in 0.5X TBE buffer and measured as height value
by usngWindows ID main program (AAB, USA). Se-
guences of the deoxyribonucleotide for PCR are as
Tab 2.

Statistical analysis The resultsobtained were
expressed asmeantSD for the number of experiments.
Student’ s ¢-test wasused to make adatistical compari-
son between the groups. Results with P<0.05 were
consdered satigtically significant.

RESULTS

Change of body weight Every group showed
increased body weight throughout 4 weeks. But GCT
group waslower than naive or induced group, and there
was sgnificant difference (P<0.05) between GCT and
hyperlipidemi a-induced group &t the 4th week, espe-
cidly (Fig1).

Change of organ weight At the autopsy, GCT
and induced groupstogether show some hypertrophy
of liver being yellowish (Fig 2). Absolute and relative
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Fig1l. Changes in the mean body weight of rats fed with
high cholesterol diet. Naive, given commercial diet;
Induced, only given high cholesterol diet; GCT, 200 mg/kg
GCT with high cholesterol diet. rn=6. Mean+SD. "P< 0.05
vs hyp erlipid emia-ind uced group.

Tab 2. Oligonucleotide sequences of primers.
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Fig 2. Gross finding in liver of rats fed with high choles-
terol diet. Naive, given commercial diet; Induced, only
given high cholesteroldiet; GCT, 200 mg/kg GCT with high
cholesterol diet.

liver weight of hyperlipidemia-induced group increased
significantly (P<0.01) compared with naive group. On
the other hand, absolute and relative liver weights of
GCT group were significantly lower than those of in-
duced group (P<0.01, Fig 3).

Histopathological observations Asshown inFig
4, macrovascuolar cytoplasmic alterations of hepato-
cytes were detected around the periporta area of both
induced and GCT groups. But these dterationswere
more severe in induced group than GCT group, which

Gene Primer Sequence Product si zelbp

b-Actin Sense 5-GTG GGG CGCCCCAGG CACCA -3 539
Antisense 5-CTCCTT AATGTCACGCACGATTTC-3

DGAT Sense 5-GAA TAT CCC CGT GCA CAA GT-3 255
Antisense 5-CAC AGCTGCATT GCCATA GT-3

ACAT Sense 5-CCT CCC GGT TCA TTC TGA TA-3 370

Antisense

5-ACA CCT GGCAAG ATGGAGTT-3
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Fig 3. Absolute and relative organ weight of rats fed with
high cholesterol diet. Naive, given commercial diet;
Induced, only given high cholesterol diet; GCT, 200 mg/kg
GCT with high cholesterol diet. #=6. Mean+SD. "P<0.05,
‘P<0.01 vs hyperlipid emia-ind uced group.

showed microvascuolar one. There were many
apoptotic cel lyssesin induced group especialy.
Serum biochemical analysis Serum triglyceride
levelswere highest in induced group and lowest in GCT
group especidly at the 3rd week and the 4th week
(39.4 %, P<0.05 and 36.3 %, P<0.01, respectively)
(Fig 5). Totd cholegterol levels wereincreased accord-
ing to the period of high cholegterol diet administration
in induced group, but the levels werereduced at 3 week
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Fig 5. Serum triglyceride levels of rats fed with high cho-
lesterol diet. Naive, given commercial diet; Induced, only
given high choles terol diet; GCT, 200 mg/kg GCT with high
cholesterol diet. n=6. Mean+SD. "P< 0.05, ‘P< 0.01 vs
hyp erlipidemia-induced group.

(20.5 %, P<0.05) and 4 wesk (35.86 %, P<0.01) after
adminigration of GCT (Fig 6). On thecontrary, HDL -
cholegterol levels wereincreased significantly (P<0.05)
a 3 weeks (14.7 %) and 4 weeks (25.5 %) in GCT
group (Fig 7).

Gene expression of DGAT and ACAT ACAT
gene expression was decreased by 21.3 % in GCT
group compared with hyperlipidemia-induced group (Fig
8). DGAT gene expresson wasincreasad in both groups
given high cholesterol diet and in GCT group morein-
creased than in only given high cholesterol diet group.

DISCUSSION

Although our major metabolic energy isoriginated
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Fig 4. Histopathological findings in liver of rats fed with high cholesterol diet. Naive, given commercial diet; Induced, only
given high cholesterol diet; GCT, 200 mg/kg GCT with high cholesterol diet. H&E stain, x200.
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Fig 6. Serum cholesterol levels of rats fed with high choles-
terol diet. Naive, given commercial diet; Induced, only given
high cholesterol diet; GCT, 200 mg/kg GCT with high cho-
lesterol diet. n=6. Mean+SD. "P<0.05, ‘P<0.01 vs hyper-
lipidemia-induced group.
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Fig 7. Serum high density lipoprotein (HDL) levels of rats
fed with high cholesterol diet. Naive, given commercial
diet; Induced, only given high cholesterol diet; GCT, 200
mg/kg GCT with high cholesterol diet. n=6. Mean+SD. "P
< 0.05 vs hyp erlipid emia-ind uced group.
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Fig 8. DGAT, ACAT gene expression in liver of rats fed
with high cholesterol diet. Naive, given commercial diet;
Induced, only given high cholesterol diet; GCT, 200 mg/kg
GCT with high cholesterol diet. Relative gene expression
of DGAT and A CAT was expressed as the ratio of DGAT/
ACAT gene expression to b -actin gene expression.

from oxidation of fatty acid, excessive consumption of
fatty acid might come to hyperlipidemia causing com-
plication of vascular diseasg’®. Recently, vascular dis-
ease demands a dreadful toll and, recent mass research
has showed that coronary eventsin patientswith symp-
tomatic vascular dissase could be reduced with choles-

terol lowering agents™. Because chemical therapeu-
tics have serious organ toxi city including adrenocorti-
cal degenerdion, herbal remediesinmany countriesover
theworld have become potential candidatesfor the same
purpose with | ess toxicity!.

The body'ssupply of lipid energy comesfrom the
diet in the samall intestine or through endogenous fatty
acid synthess, primarily in the liver. Dietary fatty ac-
ids are esterified to form triglyceride (TG)™*? and
cholegerol, which is sored by fat cells inlipid droplets™.
Cholegterol, included in steroid lineage, ismainly syn-
thesized in liver by internaizinglipoprotein and concen-
trated primarily in brain and spinal cord™®!. Upon
demand, intracdlular triglyceride and cholesterol are
hydrolyzed by the action of hormone sensitivelipase to
release free fatty acidsinthe forms of lipoprotein par-
ticle and oxidized to generate energy, which is mainly
controlled by liver. Lipoproteins, known to transport
cholesterol andtriglycerol, solubilizeshydrophobiclipid
and have searching signalsto find target cells. These
are asfollows. chylomicron, very low density lipopro-
tein (VLDL), intermediatedensity lipoprotan (IDL), low
dengty lipoprotein (LDL), and high densty lipoprotein
(HDL)™® Related with complication of atheroscle-
rotic vascular disease in hyperchol esterol emia, the cru-
cia gep isthe oxidation of LDL, mainly composed of
endogenous cholesterol ester, in the arterid wal. On
the contrary, HDL may be protective by reversing cho-
lesteral transport, inhibiting the oxidation of LDL, and
by neutralizing the arterogenic effectsof oxidized LDL.
But in hypertriglyceridemic condition produced by sev-
era pathologies, mature HDL levels are reduced, from
which hyperglycemia can be aso consdered as a vas-
cular risk factor. In addition, many of enzymesare
related to the absorption and storage of metabolic fatty
acid. Diacylglycerol acyltransferase (DGAT) ¥ caa
lyzesthe find acylation of TG pathway, which isunique
to TG synthes's. Acyl-CoA cholesterol acyltransferase
(ACAT)™¥ | responsible for the esterification of
cholesteral, isthe primary enzyme in theintestinal mu-
cosal cholegterol absorption and synthesizes the cho-
lesterol esters both to flow into very low-dendty lipo-
proteins (VLDL) and to store in fatty cells. Because
the inhibitors of these enzymes can lower plasma cho-
lesterol and triglyceride levels by inhibiting absorption
and storage of metabolic fatty acid, subsequently re-
duced VLDL production in liver could directly block
atheriosclerotic leson formation reducing the possibil-
ity of vascular attacks.
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GCT was composed with nine herbal plants
which have been well known asclinica and experi-
mental effects on many kind of problemsof liver, which
play main role to control quantity and quality of blood
in orienta medical theory. Inthe lag study, GCT
showed liver protective effects in rats administered
acohol®. Artemisiae capillaries, amain gradient of
GCT, hasaliver protective effect through inhibition of
TGF-b induced apoptosis®!. In Korea, many oriental
medicinesto protect and treat liver diseases contain
Artemisiae capillaries and they aso showed postive
effectson liver®®. Polyporus umbellatus and Poria
cocos were studi ed about effects on hepatitis®*®, The
present sudies demondrate that GCT can reduce the
rise in plasma chol esterol and TG levels induced by a
high cholesterol diet and also reversed pre-established
hyperchol esterolemia and hypertriglycemia. Even be-
ing decreasing of total cholesterol level, HDL-choles
terol was increased in GCT group, which showsthe
decrease of other lipoprotein fractionsincluding LDL
and I DL (not shown). In the analysisof absolute and
rel ative liver weight, GCT sgnificantly inhibited the
weight gaininduced by high cholesterol diet compared
with induced group. We could suggest that GCT blocks
the accumulation of fatty acid in the hepatocyte, then,
lipid droplet and apoptotic changes in the GCT group
were less serious compared with induced group in the
histol ogical observations. In the serum biochemica
anadyss, TG and total cholesterol levels were lower in
GCT group than induced group, on the contrary, HDL -
cholegterol levelswere higher in GCT group compared
with control group. It isobvioudy vauablein clinica
purposeto reducetotal cholesterol but to incresse HDL -
cholegerol by GCT. In the gene expression related
with TG and cholesterol metabolism, GCT suppressed
ACAT gene expression but not DGAT. By abovereallts,
GCT might have some effects to inhibit cholesterol ab-
sorption and synthesis related with ACAT, and that
GCT’ seffect on reducing triglyceride resulted from not
DGAT but other mechanism.

From this sudy, we can sugges that GCT ex-
tracts possess hypolipi demic effects by lowering se-
rum tatal cholegerol and TG levels, but enhancing HDL
levels. The possble mechanism of GCT effects on
ther apeutics or prevention for hyperlipidemia may be
relatedto lowering ACAT gene expression, and decreas
ing intestina absorption, synthes s or storage of exog-
enous and endogenous cholesterol. Then Gamichung-
gantang (GCT) could be used for pati ents with hyper-

lipi demia and need to be developed for more specific
ther apeuti cs.
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