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Abstract

Acanthopanax senticosus was grown by a novel, proprietary method, of culturing isolated cells in a bioreactor.
An extract from the cells was evaluated for its effect on lipid metabolism in rats fed a high fat diet. Male
Sprague-Dawley rats (n=6) were fed either an AIN-76 diet (control, NDCon), control diet plus Acanthopanax
senticosus extract (ND+Ex), a modified AIN-76 diet supplemented with 20% beef tallow (high fat, HFCon), or
a high fat diet plus Acanthopanax senticosus extract (HF + Ex), for Sweeks. Body weight gain was significantly
higher in the HFCon group than the NDCon group. Feed consumption was significantly lower, but energy intake
higher, in the groups fed high fat diets compared with the groups fed control diets. Serum HDL-cholesterol
concentrations were significantly increased but serum LDL-cholesterol concentrations were decreased in the
groups fed the Acanthopanax senticosus extract. Abdominal fat accumulation and serum leptin levels were sig-
nificantly higher in the HFCon group than the other groups. Carnitine palmitoyltransferase-I (CPT-I) mRNA
levels were increased in the groups fed Acanthopanx senticosus extract. These results suggest that supple-
mentation of cell cultured Acanthopanax senticosus extract regulates CPT-I mRNA levels in liver and has an

effect on the normalization of lipids in rats fed a high fat diet.
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INTRODUCTION

The etiology of obesity is associated with both genetic
susceptibility (1) and environmental/life style factors (2).
Obesity is a chronic disease which represents a major
health problem in the Unitied States and is emerging as
a major health problem in many other developed and de-
veloping countries (3). In the US, an estimated 33% of
adults are obese (4), and an estimated 300,000 premature
deaths annually (5) are attributed to obesity and physical
inactivity. In addition to premature death, obese individ-
uals have increased risks for coronary heart disease, hyper-
tension, diabetes, arthritis, respiratory problems and certain
types of cancer (6).

Acanthopanax senticosus is a frequently used, traditional
oriental medicinal herb that has been traditionally used as
a tonic, anti-rheumatic and prophylactic for chronic bron-
chitis, hypertention, anti-stress, ischemic heart disease, and
gastric ulcer (7,8). A liquid extract from Acanthopanax sen-
ticosus toots inhibited the productive replication of the
RNA viruses: human rhinovirus (HRV), respiratory syn-
cytial virus (RSV), and influenza A virus in cultures of
infected cells (9). In a recent study, it was reported that
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a methylene chloride extract of Acanthopanax senticosus
exhibited a 97% inhibition of mouse leukemia L1210 cell
replication, and thrombin activity by 82% (10). It was also
able to decrease experimental hyperglycemia induced by
injection of adrenaline, glucose and alloxan, without af-
fecting the levels of blood sugar in mice (11). Hyperli-
pemia patients treated with a mixture containing wild Ac-
anthopanax senticosus increased HDL cholesterol concen-
trations compared with an untreated control group (12).
Unfortunately, wild Acanthopanax senticosus is expen-
sive, and the cultivated plants require many years to de-
velop sufficient concentrations of the active components.
As a result there have been many attempts to develop
methods for cultivating fully developed plants more quick-
ly (13-15). However, few studies have investigated the ef-
ficacy of cultured Acanthopanax senticosus cells. In this
study we evaluated the effectiveness of Acanthopanax sen-
ticosus cells grown by a novel method proprietary method
on lipid metabolism in animals fed a high fat diet.
One potential method for developing large amounts of
active herb is to culture isolated cells in bioreactors rather
than growing plants from seeds. If successful, this tech-
nique could make possible the production of functional
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botanicals in days rather than years. This study evaluated
the effect of an extract from cultured Acanthopanax sen-
ticosus cells on scrum lipid and leptin levels, abdominal
tat deposition, and hepatic CPT-I mRNA levels of mice
fed a high fat diet, and assessed its possible protective
effects against high fat diet-induced obesity.

MATERIALS AND METHODS

Materials

Cultured Acanthopanax senticosus cells with a torpedo
shape were supplied by Microplants Co., Ltd (Yusung,
Korea). The Acanthopanax senticosus cells were dried,
ground to a fine powder, and extracted with deionized wa-
ter, thirty times volume, for 9 hours at 80'C. The resulting
extracts were filtered, concentrated under vacuum at 60°C
and stored at 4°C until used.

Animal and diets

Twenty-four male Sprague-Dawley rats weighing about
130~ 160 g were purchased from Daechan Biolink Inc.
(Daejon, Korea). They were housed individually in stain-
less steel cages with a randomized complete block design,
at a temperature of 23+ 1°C, humidity of 53 2%, and a
light controlled room with a 12-hr light-dark cycle. The
animals were fed normal chow (Jeil-jedang, Suwon, Korea)
for 1 week, then randomly divided into 4 groups: control
diet (NDCon), high fat diet (HFCon), control diet plus
Acanthopanax senticosus extract (ND+Ex), and high fat
diet plus Acanthopanax senticosus extract (HF + Ex). The
compositions of the experimental diets are shown in Table
1. The rats were allowed free access to the diets and water.
The rats were orally administered Acanthopanax sentico-
sus extract (0.5 g/kg body weight) once a day for 5 weeks
in the Acanthopanax senticosus-treated groups, and dis-
tilled water of the same volume in Acanthopanax senti-
cosus-non-treated groups.

Table 1. Composition of experimental diets"’

High-fat diet

Normal diet

Ingredient 3
o NDCon ND+Ex HFCon HF+Ex

Casein 20.0 20.0 20.0 20.0
Sucrose 50.0 50.0 50.0 50.0
Starch 15.0 15.0 - -
Corn oil 5.0 5.0 - -
Beef tallow - - 20.0 20.0
Cellulose 5.0 5.0 5.0 5.0
Mineral mixture 3.5 3.5 3.5 3.5
Vitamin mixture 1.0 1.0 1.0 1.0
Choline bitartrate 0.2 0.2 0.2 0.2
DL-methionine 0.3 0.3 0.3 0.3
Total 100.0 100.0 100.0 100.0

"All components are in units of g/100 g diet.

“In +Ex groups, Acanthopanax senticosus extract (0.5 g/kg
body weight) was administered for 5 weeks, as described in
Materials and Methods.

Before the rats were sacrificed, the diet was removed
from the cages for 12 h. Blood samples were collected
from each rat and incubated on ice water for 1 h. Serum
was separated from the blood by centrifugation at 1,100
X g for 15 min at 4°C and kept at 80°C until analysis.
The liver and abdominal fat were removed, rinsed with
a phosphate buffered saline solution, wiped with a paper
towel, weighed, quickly frozen in liquid nitrogen, and
stored at -80°C until assayed.

Analysis of lipids and leptin

Triglyceride concentrations in serum were determined
by the lipase-glycerol phosphate method (16) using a com-
mercial kit (Asan Pharm. Co., Seoul, Korea). Serum total
cholesterol was determined using a commercial kit from
Asan Pharm. Co (Seoul, Korea), based on the cholesterol
oxidase method (17). HDL-cholesterol was analyzed enzy-
matically using a commercial kit (Asan Pharm. Co., Seoul,
Korea). The HDL-cholesterol fractions were prepared by
the dextran sulfate-Mg"" method (18). LDL-cholesterol con-
centrations were calculated by the Friedwald method (19).
Serum leptin levels were assayed by '“’I-labeled leptin RIA
using a commercial kit (Linco Research, USA). Radio-
activity of the samples was determined in a Gamma Scin-
tillation counter.

CPT-1 mRNA levels

Total RNA from fresh rat livers was isolated with a com-
mercial total RNA isolation kit (Sigma, St. Louis, USA)
using the guanidine thiocyanate/silica-based system. Total
RNA were loaded on 1.2% agarose-formaldehyde gel, elec-
trophoresed and transferred to a nylon membrane (Ambion,
Austin, USA). The CPT-I DNA fragment obtained form
the CPT-1 cDNA, and cDNAs were labeled with biotin
using the non-isotopic Psoralen-biotin labeling kit (Amb-
ion, Austin, USA). Hybridization of the probe to the mem-
brane-bound mRNA was petformed at 42°C for 22 hrs.
The membrane was washed to remove the non-specifically
bound probe and incubated in the blocking, conjugation,
blocking and CDP-star solution of the BrightStartTM
BioDetect™ kit (Ambion, Austin, USA). The membrane
was then exposed to X-ray film (Fuji, Tokyo, Japan) for
90 min, at room temperature.

Statistical analysis

Data from individual experiments are expressed as the
mean T standard deviation. All statistical analyses were per-
formed on SAS version 7 (SAS Institute, Cary, NC, USA).
Significant differences between mean values were deter-
mined by Duncan’s multiple range test (20); p<0.05 was
judged to be statistically significant.

RESULTS

Body weight gain and food intake
Feed consumption was significantly lower in the groups



42 Youn-Soo Cha et al.

fed high fat diets compared with the groups fed control 3.5

diets (Table 2). The group fed the HF + Ex group con- 3t a
sumed significantly less feed than the other groups, there N I

was no difference between the two groups fed control diets § 2510 b b

in feed consumption. However, energy intake was in- 2 2t

creased in groups fed high fat diets, the highest energy ‘; 15l

intake was in the HFCon group (Table 2). Body weight 8

gain was significantly higher in the high fat diet group g 1

(HFCon) compared with the other three groups. However, 05 |

the Acanthopanax senticosus extract prevented the in- . ‘ % . .

creased weight gain from the high fat diet (Table 2). Feed
efficiency ratio was significantly lower in the ND+ Ex
group than in the HF +Ex group (Table 2).

NDCon ND+Ex HFCon HF+EXx

Fig. 1. Effects of the Acanthopanax senticosus extract on ab-
dominal fat rate. The error bars show the standard deviation of
the mean for 6 rats. Letters above the bars are indicate signifi-

Lipid levels cantly differences (p<0.05) by Tukey’s test.

Serum HDL cholesterol was significantly increased in
the ND + Ex group compared with the NDCon group (Ta- Hepatic CPT-I mRNA levels

ble 3), conversely, serum LDL cholesterol concentrations In liver. CPT-1 mRNA levels. which are associated with
were decreased in the ND-+Ex group compared with the fatty acid B-oxidation, were highest in the ND + Ex group

NDCon group (Table 3). In groups fed high fat diets, the  |,est in the NDCon group, and intermediate in the
extract supplement also increased HDL cholesterol while HFCon and HF+Ex groups (Fig. 3).

lowering LDL (Table 3).

Abdominal fat deposition and serum leptin levels DISCUSSION
Abdominal fat deposits and serum leptin levels were . ] ]
the same in all groups except the HDCon group, in which High fat diets are known to lead to increased body

they were both significantly higher than in the other groups weight (21). High fat diets result in increases ir? energy
(Fig. | and Fig. 2). intake and efficiency of energy storage (22). In this study,

Table 2. Effects of Acanthopanax senticosus administration andfor a high fat diet on feed consumption and body weight gain in
rats

Normal diet High-fat diet ANOVA"
NDCon ND + Ex HFCon HF + Ex D A DxA
Feed consumption (g) 19.2940.43"Y  19.96+1.29° 18.1320.25" 16141063 00001 0.0423 0.001
Energy intake (kcal/d) 74.26+ 1.66° 76.85+4.99° 94274 131°  83.93%325" 00001 00405 0.0001
Initial body weight (g) 190.86+3.62  190.56=425  184.70+5.64  186.441+4.20 NS NS NS
Weight gain (g) 119.19+9.45"  12231+1020° 139.89+392° 12049+ 13.0b1* NS NS NS
Feed efficiency ratio” 1.65+0.16" 1.7240.17 149+0.15®  143%£0.17° 00066 NS NS

"The degree of significance resulting from the 2-way ANOVA are shown with effects of diet (D), administration of Acanthopanax
senticosus extract (ASEx), and the interaction of diet and administration of ASEx (DxA) being expressed as the numerical value
or as not significant (NS) when p<0.05.

YAll values are means= SD (n=6).

“Values with different superscripts are significantly different (p<0.05).

“Feed efficiency ratio was calculated as weight gain (day)/dietary intake (day).

Table 3. Effects of Acanthopanax senticosus extract on serum lipid concentrations (mg/dL)
Normal diet High-fat diet ANOVA"
NDCon ND +Ex HFCon HF+Ex D A DxA
HDL-cholesterol ~ 40.13+5.75"  53.11+8.36" 30.20£7.08° 4296+7.03" 00138 00017 NS
LDL-cholesterol 32.44+7.26° 21.72+9.12° 46.40%11.90° 24.83+3.37° NS 0.0015 NS

"The degree of significance resulting from the 2-way ANOVA are shown with effects of diet (D), administration of Acanthopanax
senticosus extract (ASEXx), and the interaction of diet and administration of ASEx (DxA) being expressed as the numerical value
or as not significant (NS) when p<0.05.

JAll values are means*SD (n=6).

Values with different superscripts are significantly different (p<0.05).
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Fig. 2. Effects of the Acanthopanax senticosus extract on serum
leptin levels. The error bars show the standard deviation of the
mean for 6 rats. Letters above the bars are indicate significant
differences (p<0.05) by Tukey’s test.
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Fig. 3. Hepatic CPT-I mRNA levels. Total RNA was separated
by 1.2% agarose gel electrophoresis and transferred to a Nylon
membrane. Hybridization and visualization were conducted as
gescribed in Materials and Methods. A, Northern blot of mRNA;
B, ethidium bromide stain of RNAs; NDCon, normal diet control
HFCon, high fat diet control; ND + Ex, Normal diet plus Acan-
thopanax senticosus extract; HF + Ex, high fat diet plus Acantho-
panax senticosus extract. The expression level in each animal
was quantified by densitometer. Value with superscript above
t1e bar is significantly different (p <0.05, n=6).

body weight was increased by high fat diet in the HFCon
group, but remained normal in the HF + Ex group. There-
tore, we demonstrated that cell cultured Acanthopanax

senticosus extract reduces the effect of high fat diets in
increasing body fat stores in rats.

There is a substantial body of evidence that high serum
LDL cholesterol levels are a reliable indicator of abnormal
lipoprotein metabolism and are positively correlated with
the risks for both coronary heart disease and atheroscle-
rosis (23,24).

In a study of the effect of wild Acanthopanax senticosus
on lipid profiles, the water extracts administered orally for
5 consecutive days significantly reduced serum total chol-
esterol and triglyceride concentrations in rats fed a lipid
rich diet (15% cholesterol, 1% sodium cholate and 84%
corn oil). HDL-cholesterol, however, was increased sig-
nificantly (25). In this study we demonstrated that serum
HDL-cholesterol levels are also significantly increased by
Acanthopanax senticosus extract from isolated cell cul-
tures, suggesting that the cultured cells of Acanthopanax
senticosus also have sufficient concentrations of the active
component for regulation lipid metabolism, and provides
evidence that cultured cells of Acanthopanax senticosus
arc a viable altermative to wild or cultivated plants.

Ainslie et al. (26) reported that feeding rats a high fat
diet for 4 weeks resulted in reduced leptin secretion in
adipose tissue. Adiposity located centrally in the abdom-
inal region is distinctly associated with hyperlipidemia,
compared with generalized distributions of body fat, and
is also associated with lipoprotein abnormalities charac-
terized by elevated VLLDL and LDL concentrations. An in-
crease in abdominal fat is a precursor to increased lipol-
ysis, elevated free fatty acid flux, and in part promotes
aberrations in insulin actions. The results of the impaired
insulin action include changes in glucose/insulin homeo-
stasis and lipoprotein metabolism, leading to metabolic
disorders such as glucose intolerance, and increased risk
for coronary heart disease (27). In this study that abdom-
inal fat accumulation was decreased in the HF 4+ Ex group
compared with HFCon group, suggesting that cell cultured
Acanthopanax senticosus extract can decrease the risk for
coronary heart disease.

In a different study, hepatic CPT-I mRNA expression
was increased by exercise and high fat diet (28), sugges-
ting that control of CPT-I gene expression is a key feature
in the regulation of fatty acid oxidation during exercise
(28,29). Fat feeding, fasting, induced diabetes or treatment
of rats with peroxisomal/mitochondrial proliferating agents,
all enhance the capacity for hepatic fatty acid oxidation,
and increase the mRNA and activity levels of CPT-I (30,
31). Under these conditions, the expression of CPT-I is
required to obtain energy from fatty acids, the primary en-
ergy substrate.

In this study, cell cultured Acanthopanax senticosus ex-
tract significantly increased CPT-I expression at the tran-
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scription level in rats fed a normal diet but not rats fed
a high fat diet, although the high fat diet did marginally
increase CPT-1 expression with or without the extract. It
is reasonable to assume that increased availability of fatty
acid substrate from the high fat diets induced the increased
hepatic CPT-1 mRNA expression that was seen in this
study. It is interesting that both high fat diet and ad-
ministration of cell cultured Acanthopanax senticosus ex-
tract increased hepatic CPT-1 expression, but there was
not a cumulative effect when the two were combined.
Rather, a high fat diet appeared to partially reduce the
effect of the extract on CPT-1 expression; it is possible
that a higher dose of the extract could restore CPT-1 ex-
pression to the same level as the extract combined with
a normal diet.

In conclusion, we have demonstrated that cell cultured
Acanthopanax senticosus extract has beneficial effects, and
high fat diet negative effects, on abdominal fat accumu-
lation, and on serum HDL-cholesterol and LDL cholesterol
concentrations. Accordingly, this research demonstrates that
culturing isolated cells is a viable method for producing
Acnathopanax senticosus with active components; and sug-
gests that this novel technology may be useful for prod-
ucing large quantities of functional ingredients rapidly and
inexpensively.
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