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Abstract

Lipid lowering properties from three plant water extracts, Rosa rugosa, Crataegus pinnatifida and Polvgonum
cuspidatum, were tesled by supplementing a 1% high-cholesterol diet with them in rats. Plasma triglyceride levels
in Rosa rugose, Crataegus pinnatifide and Polygonum cuspidatun groups were significantly lower compared
to that of the contrel, by 29%, 24% and 47% respectively. Hepatic triglyceride levels in Resa rugosa and Cratagegus
pinnatifida groups were significantly lower compared to the control by 11% and 15% respectively. Hepatic HMG-CoA
reductase activity in Eesa rugosa group was significantly greater compared to the control by 406%. Hepatic ACAT
activity was significantly lower in Polygonum cuspidatum group compared to the control by 28%. By multiple
regression results, only plasma cholesterol was associated significantly (p<0.05) with liver HIMG-CoA reductase
activity. Plasma cholesterol explained 12% of the variance of the lver IMG-CoA reductase activity. In conclusion,
we have shown that hot water extracts {rom Hose rugose, Crataegus pinnaiifidg and Pelygonum cuspidatum
lowered plasma triglycerides in rats fed on a high—cholesterol diet. Data suggests that these extracis could potentially
prevent or treat hypertriglyceridemia induced by a high fat diet and fatty liver.
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INTRODUCTION

Aceording to 1995 Korean anmual yeport on the cause of
death statistic, the death rate from diseases of the circulatory
system (26.3%) was greater than that of neoplasm (21.3%4) (1)
With an increase of high—fat fast food (hamburger, pizza, fried
chickens etc.) and meat consumption, the prevalence of cir-
culatory system disease has been increasing every vear. As
a result, there Is an increased awareness for the need to lower
elevated plasma lipids in order to decrease the risk of develo-
ping coronary heart disease (CHID). Considering the increment
of high-fat food intake in modermn lifestyle, lipid lowering agents
can be used as tools for removing extra cholesterol and trigly
ceride from body, thus the health food market for lipid low
ering functional foods is expected to be greatly increased. In
Korea as well as western socleties, a variety of different dis-
eases associated with high blood cholestercl have become a
hot issue. To solve this problem, much effort to screen and
identify lipid lowering components and to develop bioactive
compeound as potential enzyme inhibitors has been made.

In the current study, we have investigated changes of plas-
ma and hepatic lipids, hydroxy-methyl-glutaryl CoA {HMG
Col) reductase activity and acyl-CoAicholesterol acyltrans
ferase (ACAT) activity by supplementation of Rosa rugosq,
Crataegus pinnatifida and Polygornum cuspidaium extracts in
high-cholestero]l fed rats.

"Corresponding author

MATERIALS AND METHODS

Preparations of plant exiracts

TRosa rugosa (dried root), Crataegus pinratifida (dried fruit)
and Polygonum cuspidatum (dried root) purchased in a Korean
herb shop were minced alter a washing and drying process
in the shade. These materials were extracted with boiled dis-
tilled water (3 kg/10 L Hx() In a pressure cocker twice. These
extracts were filtered and lyophilized before adding into the
animal diet.

Animals and diets

Seventy -one 3-week-old male Sprague-Dawley (Korean
chemical institutes Daejun, Korea) were obtained and indi-
vidually housed in stainiess steel cages in a temperature (221
1°C), humidity (50=5%) and Eght controlled room with a 12-
hr light-dark cycle. The animals were fed normal chow (Jeil -
jedang Suwon, Korea) for 3 weeks, then randomiy divided into
4 groups; one control group and three experimental groups,
Rosa rugosa, Cralgegus pinnatifida and Polvgonum cuspida-
tum group. Experimental diets containing 1% cholesterol plus
224 herb extracts, as shown in Table 1, were fed for 47 days.
The water and food were freely provided,

Food mtake was measured daily and hody weight was
measured weekly. Weight gain was represented as weight
increments for the experimental period. Food efficiency rate
was calculated by weight gain/mean food intake.
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(unit: % of diet)
Rosa Cratgegus Polygonum

Table 1. Composition of experimental diets

?22?31 rugosa pinnatifida cuspidatum
(n=10}  (n=10) (n=10)

Casein 20 20 20 20
D,L-methicnine 0.3 0.3 0.3 0.3
Sucrose 49 47 47 47
Corn starch 15 15 15 15
Celhdose powder 5 5 5 5
Corn oil 5 5 5 5
Choline bitartrate 0.2 0.2 0.2 0.2
Mineral mixture” 35 35 15 45
Vitanin mixture” 1 1 1 1
Cholesteral 1 1 1 1
Freeze-dried extract”
Rosa rugosa 2
Cratoegus pinnatifida A
Polygonum cuspidatum 2

Total 100 100 100 100

VAIN-76 Mineral mixture
VE_)AIN—76 Vitamin mixture
Dried powder from plant extract with boiling water

Prior to sacrificing the animals, food was withheld from
their cages for about 15 hours. Each animal was anesthe-
tized by injection of Ketamin-HCL Blood was collected from
the inferior vena cava, centrifuged (4°C, 3000 rpm, 20 min),
plasma was divided into vials and kept frozen at -70°C. Liver,
heart and kidney were rinsed with phosphate buffered saline
solution, wiped with a paper towel, weighed and frozen at
-70°C. Two grams of liver tissue were taken separately for
meastirement of enzyme activity, Small portions of liver tissue
were separately fixed in 10% formalin solution for prepara-
tion of light microscopic observation.

Measurements of plasma lipids, hepatic lipids, and
plasma GOT and GPT activifies

Plasma total cholesterol levels were determined by & com—
mercial modification of the cholesterol oxidase method (2)
using kits from Asan pharm. Co. (Korea), The HDL fraction was
prepared by heparin-manganese precipitation method (3) and
HDL cholesterol levels were determined by the same enzy-
matic method. Plasma triglyceride levels were measired by
the Hipase-glyceral phosphate method (4) using commercial
kits (Asan pharm. Co., Korea).

Lipid extraction of liver tissues were carried out according
to Folch et al. (5) with a slight modification. Five hundred mg
of liver tissues from each rat was minced, extracted in 10 ml
of solvent mixture of chloroform : methanol (2: 1, v/v) for 48
hours at 4°C, filtered, and dried under nitrogen gas. One ml
of solvent mixture of chloroform : methanol (2 @ 1, v/v) was
then added and a 100 1 aliquot of the sclution was dried under
nitrogen gas, and dissolved in 2 il of ethanol. After appropriate
ditution, 0.2 ml of lipid solution was mixed with reagent mix-
ture, Hepatic total cholesterol and triglycerides were deter-
mined with the same enzymatic assay kit but slightly modified
as previocusly described (2,4). The levels of lipid were ex-

pressed as mg/g Hver tissue.

Plasma ghitamate-oxaloacetate transaminse (GOT) and
glutamate-pyruvate transaminse (GPT) levels were deter-
mined using commercial kits (Asan pharm. Co., Korea).

Preparation of liver microsomes

Microsomes were prepared according to Hulcher & Oleson
{6) and Shapiro et al. (7) with a slight modification. Two
grams of liver tissues were homogenized in 4 ml of ice-cold
buffer containing 0.1 M trethanclamine, 0.02M ethylenedi-
amine tetraacetic acid (EDTA} {pH 7.4), and 2mM dithio-
threitol. The homogenate was centrifuged at 10,000 rpm and
12,000 rpm consecutively to sediment nuclei, cell debris and
mitochondria. The supermnatant was centrifuged at 32,500 rptn
for B0 min at 4°C and the microsomal pellet obtained was
suspended in 1 ml buffer solution. Aliquots of this suspen-
sion were used for the assay of HMG-CoA reductase and
ACAT activity, and determination of protein. Protein was de-
termined by the method of Bradford (R).

Assay of hydroxy-methyl-glutaryl CoA (HMG-CoA)
reductase activily

The method of Shapiro et al. (7) was slightly modified. The
incubation mixture contained 50¢ nmole of NADPH, 50 nimole
of FMG-CoA, microsome, and reaction buffer. The incubation
was carried out at 37°C for more than 15 minutes. The reaction
was terminated by the addition of HC, and the mixture was
reincubated at 37°C for 15 minutes to insure the lactonization
of mevalonic acid. The mixture was then centrifuged to sed-
iment the denatured protein. An aliquot of the supernatant
(15i1) was used for thin laver chromatography (silica gel 60
FWass TLC plate), and benzene : acetone {1 1, v/v) was used
as a developing solvent, The area corresponding to mevalon-
olactone {Rf>0.6) was directly cut into the scintillation vial
and its radicactivity was determined by a scintillation counter
(Packard Tricarb 1600 TR, packard). HMG-CoA reductase
activity was expressed as pmoles of mevalonate formed per
min per mg of microsomal protein.

Assay of Acyl-CoA:cholesterol acyltransferase
(ACAT) activity

ACAT activity in liver tissue was determined by the method
of Gillies et al. (9) with a slight modification. Cholestercl solu-
tion was dissolved in Triton WR-1339, Cholesterol (6 mg) was
dissolved in 6 ml acetone, added to 600 mg of Triton WR-1339,
and dried under nitrogen gas. This cholesterol mixture was
dissolved in 20 ml of distilled water. The resultant cholesterol
solution was prepared in a final concentration of 300 ug/ml.
Oleovl-CoA used as a substrate was diluted to be 200 1g/ml,
divided into several vials, and stored at -70°C.

Twenty 1l of cholesterol solution was added to the mixture
of 20l of 1 M K-phosphate (pH 7.4}, 101l of 0.6 mM B3A,
10 1l microsome, and 120 Wl of distilled water and mixed well.
The enzyme reaction was initated by the addition of 20 ul (5.62
nmole) of [“Cloleoyl-CoA (specitic activity; 15,000 cpm/nmole)



346 Hee-Ja Lee and Myung-5Sook Chol

to the above mixture in a final volume of 200Ul After a 30
minute incubation period at 37°C, the reaction was stopped by
the addition of 500 Hl of isopropanol : heptane (4 1, v/v) solu-
tion, 3004 of heptane, and 200 ¢l of 0.1 M K-phosphate (pi
7.4). Then the phases were separated after few minutes, and
an aliquot of the upper phase (200 Ul of the supernant) was ob
tained and counted hy scintilation counting technique (Packard
Tricarb 1600 TR, packard). Corrections were made by multi-
plving 2 times the calculated value, ACAT activity was ex
pressed as pmoles of chalesteryl olecate formed per min per
mg ol microsomal protein,

Assay of plasma lipid peroxides

Plasma lipid peroxides were determined by high perfor
mance lauid chromatography (HPLC) (10). Plasma was cen-
trifuged after mixing with methanol. Five hundred i of su-
pernatants was obtained, 0.7 mi of 1246 phosphoric acid solution,
0.3 ml of thiobarbituric acid (TBA) solubion were added nte
each tube, and vortex-mixed. The tubes were tightly capped
and placed in boiling water bath (100°C) for 1 hour, then in
a cold bath until HPLC analyses were performed. Preformed
adduct was measured at 532 nm. The levels of lipid peroxides
as malondialdehyde (MDA) from the calibration cirve was de-
termined. TEP (1,1,3,3- tetrasthoxypropane) reagent was used
as a standard. HPLC system used in this study was HP 1050
series with a auto injector, the celumn was RICis column
(Merck Co. 5 um 30 cm), the mobile phase was 50 mM KHoPCx
2 10095 acetonitrile (60 1 40, v/v) solution, the flow rate of the
mobile phase was 06 ml/min, attenuation was 16, and the de-
tector was a UV visible detector.

Morphologies of liver tissues

For microscopic view of liver tissues, liver sections were
stored in 1094 formalin solution, exchanged with fresh sclution
daily until staining. Specimens (4 um thickness) stained with
hematoxylin-eosin were observed under 200 times magnifica—
tion through a light microscope.

Statistical analysis

Data are presented as mean® 5.D. The differences in the
mean values were evaluated by analysis of variance {one-way
ANOVA), and followed by Duncan’ multiple range test. The
significant relationships between variables were calculated
by Pearson’s correlation analysis, partial correlation analysis,
and multiple linear regression analysis (stepwise method).
Statistical evaluation of the data were performed with SPSS
statistical package program. Differences associated with p<
0.05 were considered significant.

RESULTS

Food intake, weight gain and food efficiency

Ag shown in Table 2, the differences of daily food intake,
body weight and weight gain between control and experimen -
tal groups were not statistically significant. Food efficiency of
Rosa rugosa group was significantly lower compared to control

(Table 2).

Organ weights

The differences of liver and heart weight among groups
were not statistically significant. Kidney weight in Crotae
gus pinnatifide group was significantly lower compared to
control, These resulis were the same when expressed 25 organ
welghts/body weights (Table 3).

Plasma lipid levels

Plasma triglvceride levels in Fosa rugosa, Crataegus pin-
natifida and Polvgonum cuspidatum groups were significan-
tly lower compared to control, by 2994, 24%4 and 47%, re-
spectively. Plasma total chelesterol levels were not different
among groups. HDL cholesterol level in Polvgonum cus—
pidatum group (1650 mg/dl) was significantly lower compared
to control (24.79 mg/d}) (Table 4).

Hepatic lipid Icvels
Hepatic triglveeride levels in Rosa rugosa and Cratoegus

Table 2. Daily food intake, body weight, weight gain and food
efficiency vatio in rats fed high—cholestero! diet with plant extract
for 47 days

Control Rosa C_ratae‘gus Polygonum
(a=11) rugosa pinnatifida cuspidatum
o ' (n=10}  {n=10) (n=10)
Daily food intake 24267 24567 2375 2449

{g/day) 055" +015 w121 +0.18
Body weigh ARIAT 46620 47640 46890

(g) T9757  T2A0R h2306 H1884
Weight gain 459 431 453 442

{g/day) 046 104D 056 +035
Food efficiency 1933 17670 19027 1805"

(%) 184 L1665 +151 +1.42
TFood efficiency ratio = weight gain/food intake

YMean 18D
Values in a row not sharing a common superscript ietters are
_significantly different by Duncan’s multiple range test at p<0.05.
ot significant

Table 3. Organ weight in rats fed high-cholesterol diet with plant
extract for 47 days

Rosa  Crateegus  Polygonum

Control rugose  pinnabifide  cuspidatum
Liver 1936 1816 1871 18.24
{g) 318" +1.74 +2.03 £1.47
Liver/wt 3.99M 3.89 302 386
(%) £051 +0.31 +0.34 +0.20
Heart 1.38% 131 132 1.32
() =0.11 +0.13 +0.13 = 0.07
Heart/wt 0.20°% 0.28 0.28 0.28
%) +0.02 F0.03 £0.02 +0.61
Kidney 337" 320° 301" 342
() £0.20 +0.29 035 +0.31
Kidney/wt 0,70 011" 0.63° 073"
(%) +005 0 006 +0.06 +0.05
wit! weight
"Mean = S

Values in a row not sharing a common superscript letters are
_ significantly ‘different by Duncan's multiple range test at p<0.05.
“Not significant
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Table 4. Plasma lipid levels in rats fed high-cholesterol diet with
plant extract for 47 days :

Rosa Crataegus FPolvgonum

Cantrol rugosa pinnatifide cuspidatum

Triglyceride 9575 6820 737 51.11°

(rg/dl) iss.agf’ £2079  +FOR11 =991
Total cholestere] 8064 6204 80,55 73.06

(mg/dl) L3662 3017 #3029 47599
HDL-cholesterol  2479° 217 2361 16.50°

(mg/dl) £715  +888 *+779 4568
"Mean+SD

Values in a row not sharing a common superscript lelters are
V‘significantly different by Duncan’s multiple range test at p<0.05.
"Not significant

pinnarifide groups were significantly lower compared to con-
trol by 1126, 15%, respectively. Hepatic cholesterol levels in
three experimental groups were not significantly different
compared to that of control (Table 5).

Hepatic enzyme activities

Hepatic HMG-CoA reductase activities were greater in
Fosa rugosa group {976.39 pmole/min/mg) compared to con-
trol (192.86 pmole/min/mg) by 406% (Table 6). Hepatic ACAT
activity was significantly lower in Polygonum cuspidatum
group (777.09 pmole/min/mg} compared to controi (1078.14

Table 5. Hepatic lipid levels in rats fed high-cholesterol diet with
plant extract for 47 days

Rosa Crataegus  Polvgonum

Control rugost  pinnalifida  cuspidatum

Triglyceride  107.44" 95.28" 90.98° ar.oz®
{mg/g tissue) 14027  £862 1094 1317
Cholesterol 20,73 21.43* 19.24° 1g.7%"
(mg/o tissue) 292 +194 127 +0.80
YMean=SD

Values in a row not sharing a commen superscript letters are
significantly different by Duncan’s multiple range test at p<0.05.

pole/min/mg) by 28% (Table 6),

Plasma GOT and GPT activities
Plasma GOT and GPT levels were not significantly dif-
ferent among the groups {Table 7).

Light microscopic observations of liver tissues
As shown in Fig. 1, intracellular lipid accumulations and
histopathological changes in hepatic tissue were observed

Table 6. Hepatic HMG-CoA reductase and ACAT activities in
rats fed high-cholesterel diet with plant extract for 47 days

fosa  Crataegus Polygonum

Control rugrose pinnatifida cuspidatum
HMG-CoA 15285°  97639° 26044 455197
reductase activities 12631 £70056 £270.01 +£459.00
(pmole/min/mg
protein}
ACAT activities  1078.14% 1138.16"  1065.46° 777.00"
(pmole/min/mg 178237 +14374 18580  £311.90
protein)
Yean ST

Values in a row not sharing a common supersecript letters are
significantly different by Duncan’s multiple range test at p<0.05.

Table 7. Plasma GOT and GPT levels in rats fed high-cholesteroi
diet with plant extract for 47 days

Rosa Crataegus  Polvgonum
Control rugosa pinnatifida cuspidatum
GOT 098° 2969 42700 48567
U/ £1000"  £9.26 961 *17.77
GPT 1619 1151 16.36 1957
(I +865 £7.92 +754 +11.52

UMean+SD

Values In a row not sharing a common superscript letters are
) significantly different by Duncan’s multiple range test at p<0.05.
"Not significant

Fig. 1. Comparison of iver tissue morphology among various dietary groups. 10 Control, 2: Rosa rugose, 3 Crataegus pinnatifida, 4@ Polygonum

cuspidatum
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in all groups by using Hght microscope. Intracellular lipid
depositions were observed less in the Crataegus pinnatifida
and Polygonum cuspidatum groups than those of control.

Lipid pereoxide levels
Lipid peroxide levels were not different among the groups
{Table 8).

Relationships between variables

Multiple regression results for assoclations among various
variables are given In Table 9. When the results of all animals
were pooled together, highly significant correlations were ob-
tained between body weight and plasma triglycerides {r=0.39,
p<0.001) and total cholesterol (r=0.36, p<0.05). Flasma trigly-
cerides correlated significantly with fotal cholestercl (= 050,
p<0.001 ), but the correlation was slightly lower after adjusting
for body weight (r=0.35, p<0.05). HDL cholesterol correlated
significantly with plasma triglycerides (r=0.64, p<0.001) and
total cholesterol (r=0.49, p<0.001). But the correlations tended
to be somewhat lower when adjusted for body weight (r=0.58,

Table 8. Plasma Hpid peroxide levels in rats fed high' cholesterol
diet with plant extract for 47 days

Control Rosa Crataegus  Polvgonum
e rigosa pinngtifida cuspidatum
Lipid peroxide 141 105 140 1.37
{umal/L) 046" O =043 033
"Mean+5D

Mot significantly different by Duncan's multiple range test at p<0.05

Hee-Ja Lee and Myung -Sovk Choi

Table 9. Multiple linear regression models for HMG-CoA re-
ductase activity

Independent B SEB Beta SigT R
vanable
Total cholesterol -58025 28386 -0.3428 0.047 0.12

Constant 882.6905 230.1014

p<0.001, r=0.35, p<0.05). Liver cholesterol correlated signifi-
canily with plasma triglycerides (r=0.31, p<0.05), but this
mteraction was not statistically significant when adjusted for
body weight. Hepatic HMG-CoA reductase activity correlated
significantly with plasma total cholesterol (r=-0.37, p<0.05).
This was still consistent when adjusted for body weight
{r=-0.36, p<0.05). Plasma lipid peroxide correlated negatively
with hepatic cholesterol (r=-0.31, p<0.05). But this interaction
was not statistically significant when adjusted for body
weight {Table 10).

Only plasma cholestergl was associated significantly (p<
0.05) with liver HMG-CoA reductase activity, Plasma cho-
lesterol explained 1226 of the variance of liver HMG-CoA. re-
ductase activity. The regression equation was: HMG-CoA re-
ductase activity=-5.9025% plasma cholestercl +892.6905 (p<
0.05),

DISCUSSION

We have investigated lipid lowering properties of some Ko-
rean herhs, Three tested materials, Rose rugosq, Crataegus

Tahle (0. Unadjusted and adjusted correlation coefficients between plasma lipids, hepatic lipids, hepatic enzyme activities and lipid peroxide level

- .. e Ties . } Lipid
Plasma lipids Hepatic lipids Hepatic enzymes peroxide
o . Total e Total . HMG-CoA Lipid-
Variable TG Chol HDIL~Chol TG Chol ACAT reductase peroxide
Weight 59 3B 27 08 20 -.04 =03 15
Plasma lipids
TG 1
(1}
Totai Chol 507 1
(357 (1)
HIDL-Chol B4 49™ 1
{587 (.357) N
Hepatic lipids
TG 25 -01 27 1
(.25} {09 (.23} n
Chol 31 =03 14 25
{33 (.11} (.23) (.28)
Hepatic enzyme activities
ACAT 19 m 24 -12 .16 1
(.29) (.04} (.28} (.14} (.21) (1
BHMG-CoA -.16 =37 =30 -.03 24 =14 1
reductase {-.18) (-.367) (~.30) (-.04) (21 {~.15) (1
Lipid 08 10 036 02 -31 04 -05 1
peroxide (-.10) (—.29) (-.13} (-03) (-23} 07 (.00 (0

Weight: body weight
{ ) Partial correlations, adjusted for body weight
p<005 <001 <0001
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pirngtifida and Polygonum cuspidatum, are regarded to pos-
sess lipid lowering properties (11). Since Korean have tra-
ditionally enjoyed herbal teas, which are hot water extract, we
have investigated the efficacy of three plant extracts on lipid
profiles of plasma and liver, lipid peroxide levels, HMG-CoA
reductase and ACAT activities in vive. It is confirmed that
the extracts in this study significantly lowered plasma trigly—
cerides by 24~47%, and hepatic triglycerides by 11~15% in
high cholesterol-fed rats. Hepatic ACAT activity in addition
to plasma and liver triglveerides was lower only in Polvgonum
cuspidatum group compared to control,

It is now well established that inbibitors of HMG-CoA
reductase, the rate limiting enzyme in cholesterol biosynthe~
sis, lower plasma triglycendes but not plasma cholesterel in
normal, chow-fed rats by inhibiting hepatic triglyceride se—
cretion (12-18). This is a different situation in other species
such as rabhits (19), miniature pigs (20) and guinea pigs (21},
in which there is no change in plasma triglveerides and low-
ering of cholesterol represents the major drug action. The pres—
ent findings are consistent with other reports that show that
the rat is resistant to hypercholesterolemia when fed a high
cholestercl diet (17,18).

We also identified that a very good correlation exists
between hepatic HMG-CoA reductase and plasma total cho-
lesterol in these animal models. Multiple regression analysis
results for associations of liver HMG-CoA reductase activity
and variabies have shown that plasma cholesterol expiained
12% of the variance of liver HMG-CoA reductase activity.
These results suggest that hepatic HMG-CoA reductase is
associated with total plasma cholesterol as well as triglyceride
under this experimental condition.

ACAT catalyzes the esterification of cholestero} {22},

ACAT activity has been identified in a variety of tissues such’

as intestine, liver and artery wall, which are the major organs
involved in cholesterol metabolism and atherosclerosis {18,
23-27). Thus accumulation of esterified cholesterol is a major
metabolic change in atherosclerotic lesions (28-30). Therefore
inhibition of ACAT would be expected to decrease plasma
cholestercl concentrations through the suppression of infes-
tinal cholestero! absorption and hepatic VI.DL secretion, thus
delaying or preventing atherosclerosis. Since hot water ex-
traction of Polygonum cuspidatum is apparently great in in-
hibition of ACAT, the extract can be expected to contribute
to mhibition of cholesterc] esterification in tissue.

Increased lipid peroxidation has been found to be associated
with many well known pathologies including diabetes (31), ath-
erosclerosis (32}, cancer (33} and Parkinson's disease (34). But
differences in lipid peroxidation levels were not observed in
our study.

In conclusion, our study demonstrated that hot water ex-
tracts of Fosa rugosa, Crataegus pinnatifida and Folvgonum
cuspidatum lowered plasma triglyceride Jevels in rats fed a
high cholesterol diet. These data suggest that these plant

extracts may be potent agents in preventing or treating diet
induced-hypertriglyceridemia and fatty liver disease. But fur—
ther studies are necessary to elucidate the mechanisms by
which these extracts decrease plasma triglyceride as well
as hepatic trigiyceride concentrations.
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