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Summary This study examined the effect of cellcultured Acanthopanax senticosus (A. senticosus)
extract on the antioxidative defense system, oxidative stress and cell membrane fluidity in the
liver of type 2 diabetes in the C57BL/6J mouse as an animal which is genetically prone to
develop insulin resistance and obesity/diabetes. CS7BL/6J mice were randomly divided,
control diet (N-C), high fat diet (DM-C), control diet plus A. senticosus extract (N-CASM), and
high fat diet plus A. senticosus extract (DM-CASM). The mice were orally administered an
A. senticosus extract (0.5 g/kg body weight) in the N-CASM and DM-CASM groups once a day
for 12 weeks, and distilled water in the N-C and DM-C groups. Cellcultured A. senticosus
extract was found to be excellent for strengthening the antioxidative defense system, reducing
the generation of reactive oxygen species (ROS) and damaging oxidative substances, and

maintaing membrane fluidity (MF) in the liver of type 2 diabetes mouse.
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Introduction

As a consequence of the increased prevalence of obesity,
type 2 diabetes mellitus (T2D) has become a global epidemic,
with more than 300 million individuals worldwide projected
to be afflicted with T2D by the year 2025 [/]. Previous
studies demonstrated that chronic consumption of a high-fat
diet induces obesity, insulin resistance, dyslipidemia, and
T2D in genetically C57BL/6J mice [2—4]. Reactive oxygen
species (ROS) and the oxidative damage that they cause are
thought to play a key role in the pathogenesis of diabetes and
its complications [5]. It has been proposed that hyper-
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glycemia contributes to the generation in various tissues of
free radicals that, in turn, can lead to multiple complications
and, at least in part, to the induction of insulin resistance
[6, 7]. It has been demonstrated that chronic exposure of
cells to high glucose increases intracellular ROS [§—/0], and
diminished superoxide dismutase (SOD), glutathione per-
oxidase (GSHpx), catalase (CAT) represent important
components of the antioxidant defense enzyme [//] has been
found in high-fat diet induced obesity mice.

Acanthopanax sentocisus (A. senticosus) is a common
Asian herb known as “Siberian Ginseng” or “Eleutherococcus
senticosus” that is used as an adaptogenic medicine [/2].
The major active components of 4. senticosus are eleuthero-
sides, chiisanosides, isofraxidin, acanthosides, daucosterine,
[-sitosterol, sesamine, and savinine [/3]. Crude 4. senticosus
extracts have been used as popular health supplements to
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treat stress-induced physiological changes [/4, /5] as well as
antioxidant [/6, /7] various allergic conditions [/§], inflam-
mation [/9], cancer [20] chronic bronchitis, hypertension,
ischemic heart disease, and gastric ulcers.

But, crude A. senticosus fertility is weaker than other
plants, for theses reasons, now under development through
cell cultivation method.

Therefore, in this study, it is intended to prove that
seedings of 4. senticosus Max. using cell cultivation method
has the anti-diabetes effect in the type II diabetes. The present
study observed the effect of cellcultured 4. senticosus Max.
on the antioxidative defense system, oxidative stress and
cell membrane fluidity (MF) in the liver of the C57BL6/]
mouse which is genetically prone to develop insulin
resistance and obesity/diabetes.

Materials and Methods

Materials

All chemicals were obtained from Sigma Chemical Co.
(St Louis, MO) unless otherwise indicated. The enzyme
assay kits used to determine blood glucose was purchased
from Asan Pharm (Asan Pharmaceutical Co., Republic of
Korea).

Preparation of Acanthopanax senticosus extract

Cultured A. senticosus cells with a torpedo shape were
supplied by Microplants Co., Ltd (Yusung, Korea). 4.
senticosus cell were allowed to grow in an MS medium (2%
sugar) without growth regulators in bio-reactors equipped
with an airlift. Culturing for a period of about 1015 days led
the matured somatic embryos to develop plantlets [2/]. The
A. senticosus cells were dried, ground to a fine powder, and
extracted with deionized water (thirty times volume) for 9 h
at 80°C. The resulting extracts were filtered, concentrated
under vacuum at 60°C to 70 Brix.

Animals and diet

Four-week old male C57BL/6J mice were purchased from
Jackson Laboratories (Bar Harbor, ME). The animals were
maintained on a chow diet (Jeil-jedang, Suwon, Korea) for 1
week, and then randomly divided into 4 groups, control diet
(N-C), high fat diet (DM-C), control diet plus A. senticosus
extract (N-CASM), and high fat diet plus A. senticosus
extract (DM-CASM). The animals were randomly put into
groups (n = 10) so that the average weight in each group was
comparable. The mice were allowed free access to the diets
and water. The mice were orally administered 4. senticosus
extract (0.5 g’lkg body weight) in the N-CASM and DM-
CASM groups once a day for 12 weeks, and distilled water
in the N-C and DM-C groups. Research Diets (New
Brunswick, NJ) manufactured the diets. The animals were
housed in a temperature controlled environment with a 12 h

light/dark cycle. The food consumption and body weight
were measured daily and weekly, respectively.

Sample collection and preparation

All mice were fasted for 12 h prior to sacrificial. Animals
were anesthetized using pentothal sodium (40 mg/kg body
weight). Their livers were removed immediately, washed in
ice-cold saline, and weighted. The removed liver was cut
into small pieces and homogenized with a glass Teflon
homogenizer in ice-cold 0.1 M potassium phosphate buffer
(pH 7.5) equivalent to four times the liver weight. This
homogenate was used for the determination of thiobarbituric
acid reactive substances (TBARS) contents. The homo-
genate was centrifuged at 600 g for 10 min, and the resulting
supernatant was recentrifuged at 10,000 g for 20 min, in both
cases at 4°C. The resulting precipitate, the mitochondrial
fraction, was suspended in the above buffer and used as
the source of SOD, CAT, superoxide radical, hydrogen
peroxide, and carbonyl value and the supernatant was further
centrifuged at 105,000 g for 60 min, at 4°C. The supernatant
obtained at this point, the cytosolic fraction, was used as the
source of the enzymes GSHpx, and hydrogen peroxide and
to yield the microsomal fraction used as the source of
superoxide radical and carbonyl value. Protein in the liver
tissues was determined using the method of Lowry et al. [22].

Activities of defense enzymes

The SOD activity was spectrophotometrically measured
using a modified version of the method developed by
Marklund and Marklund [23]. Briefly, SOD was detected on
the basis of its ability to inhibit superoxide mediated reduc-
tion. One unit was determined as the amount of enzyme that
inhibited the oxidation of pyrogallol by 50%. The activity
was expressed as unit/mg protein/min. The GSHpx activity
was measured by the method of Lawrence and Burk [24].
The reaction mixture contained 1 mM glutathione reductase
in a 0.1 M Tris-HCI (pH 7.2) buffer. The reaction was
initiated by adding 2.5 mM H20: and the absorbance was
measured at 340 nm for 1 min. A molar extinction coefficient
of 6.22 mM! cm™!, was used to determine the activity. The
activity was expressed as nmol NADPH/mg protein/min. The
CAT activity was measured using Aebi’s method [25] a slight
modification wherein the hydrogen peroxide decomposition
yielding water and oxygen was measured. The mitochondria
pellet was dissolved in 1.0 ml of the same homogenization
buffer. Ten microliters of the mitochondria solution was
added to a cuvette containing 2.89 ml of a 50 mmol/l
potassium phosphate buffer (pH 7.4), then the reaction was
initiated by adding 0.1 ml of 30 mmol/1 H20: to make a final
volume of 3.0 ml at 25°C. The decomposition rate of H20»
was measured at 240 nm for 5 min using a spectrophoto-
meter. A molar extinction coefficient of 0.041 mM™! cm™,
was used to determine the CAT activity. The activity was
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defined as the nmol H202 decreased/mg protein/min.

Determination of ROS

Superoxide radical content were determined by the Azzi
method et al. [26]. The reaction mixture contained 50 mM
phosphate buffer (pH 7.5), 90 mM succinate, 150 mM KCI,
30 nM KCN, 0.3 mM cytochrome C and mitochondria or
microsome added in that sequence. The mixture was shaken
vigorously and the absorbance of the mixture was recorded
at 550 nm. After incubated at 37°C. for 2 min the absorption
was measured again at 550 nm. The liver cytosolic and
mitocondrial hydrogen peroxide levels were measured by
Wolff’s method [27]. Fox 1 (Ferrus Oxidation with Xylenol
orange) reagent was prepared as the following mixture with
100 uM xylenol orange, 250 uM ammonium ferrus sulfate,
100 mM sorbitol, and 25 mM H2SOs. Fifty microliters of the
test sample was added to 950 pL. Fox 1 reagent, vortexed,
and incubated at room temperature for a minimum of 30 min
at which color development is virtually complete. The
absorbance was read at 560 nm and the standard was linear
in the 0-5 uM H20: concentration range. The unit was
expressed as micromoles of H202 per mg cytosolic or
mitochondrial protein.

Measurement of oxidative damage and age

As a marker of lipid peroxidation, the TBARS concentra-
tions were measured in liver homogenates using method of
Park et al [28]. Briefly, 500 ul of a 10%(w/v) tissue
homogenate solution was mixed with 2.5 ml of 10% TCA,
vortexed, and incubated for 10 min at room temperature.
The mixture was centrifuged at 3000 rpm x g for 15 min and
the pellet was mixed with 2.5 ml of 0.05 M H2SOs, vortexed
and recentrifuged at 3000 rpm x g for 15 min. The pellet
was heated at 95°C for 30 min after the addition of 2.5 ml of
0.05 M H2SOs and 3 ml of TBA. After cooling the reaction,
3 ml of butanol:pyridine (15:1) solution was added and
vortexed. The mixture was centrifuged at 3000 rpm x g for
10 min and the resulting coloured layer was measured at 530
nm using malondialdehyde (MDA) made by the hydrolysis
of 1,1,3,3-tetramethoxypropane (TMP) as standard. The
content of lipofuscin in the liver tissue was measured in
compliance with the Fletcher method et al. [29].

Measurement of MF

The quantitative measurement of MF employed the
fluorescence polarization technique described by Yu et al.
[30] with TMA-DPH (1,4-(trimethyl-ammoniumphenyl)-6-
phenyl 1-1,3,5-hexatriene) sensing as a fluorescence probe.
Membrane preparations (50 pg protein) were suspended in
50 mM Tris-HCI buffer (pH 7.4), mixed with TMA-DPH
prepared from a stock solution of 5mM TMA-DPH
solubilized in tetrahydrofurans, and incubated at 37°C for
30 min. Fluorescence polarization was determined using
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a Perkin Elmer LS-50 fluorescence spectrophotometer
equipped with rotating polarizing filters with samples
exposed to a wide range of temperatures (15-40°C).
Samples were excited at 360 nm, and emission intensity was
read at 435 nm. Calculation of the values for polarization (P)
and fluorescence anisotropy (r) of the samples were done by
the Yu et al. [30].

Statistical analysis

Data from individual experiments are expressed as the
mean * standard deviation. All statistical analysis was
performed using SAS software (SAS Institute, Cary, NC).
The data were analyzed by two-way analysis of variance
(ANOVA) (diet x A. senticosus extract). Pairwise statistical
significance was established using a post hoc Student’s ¢ test.
When significant differences were indicated found, mean
values were compared by Tukey’s test and repeated-
measures ANOVA. Statistical significance is defined as
p<0.05.

Results

Body weight, food intake, food efficiency ratio, liver weight
and blood glucose level

The high fat diet group gained more weight and faster
than the control diet group (Table 1). Although, food intake
of the groups were not significantly different, the body
weights of the mice fed high fat diets were significantly
higher than those of the mice fed control diets. 4. senticosus
extract administration showed no effects on weight in the
control diet group; however, in the high fat diet group, the
DM-CASM group gained significantly less weight than the
DM-C group. The food efficiency ratio (FER) (Table 1) was
significantly higher in the high fat diet group than in the
control group. A. senticosus extract administration signifi-
cantly decreased the FER, in both control and high fat diet
groups. Weight of hepatic, was significantly increased in the
DM-C group than that of N group, but DM-CASM group
was significantly decreased compared with HF group. The
blood glucose level in the DM-C group was 124% higher
than in the N-C group. However, the level of in the DM-
CASM group was 18% lower than in the DM-C group
(Table 1).

Antioxidative defense enzyme activities

Table 2 shows the activity of SOD, an antioxidant enzyme
that reduces superoxide radicals to H20>, which in turn is
excreted as H20 based on the activity of GSHpx and CAT,
thereby protecting the body from oxygen toxicity. DM-C
group had a decreased than the N-C group, whereas, DM-
CASM significantly increased than the DM-C group. The
GSHpx activity decreased considerably in the DM-C group
compared to the N-C group, whereas, the DM-CASM group
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Table 1.  Effects of the Cellcultured Acanthopanax Senticosus extract on body weight gains, food intake, food efficiency ratio and blood
glucose in C57BL/6J mice
Normal Diabetic ANOVA'!

N-C N-CASM DM-C DM-CASM D A DxA
Initial body weight (g) 19.52+7.13 19.08 +6.91 19.77 £ 9.27 20.23 + 8.61 NS NS NS
Weight gain (g/12 weeks) 5.82 £0.78° 5.04 £0.36¢ 16.69 +4.272 12.49 + 3.45° 0.0001 0.0185 NS
Food intake (g/12 weeks) 198.24 £ 0.06 223.44 £0.27 199.08 £ 0.17 194.04 £ 0.07 NS NS NS
FER? 0.029 £ 0.007¢ 0.023 + 0.0024¢ 0.086 + 0.0065* 0.065 £ 0.0019° 0.0001 0.0001 0.0062
Liver weight (g) 0.85+0.08° 0.88 +£0.14° 1.54+0.472 0.97+0.11° 0.0001 0.0163 NS
Blood glucose (mg/dl) 95.98 + 7.36¢ 93.49 +9.92¢ 215.56 £ 16.72¢ 176.92 +26.39° 0.0001 0.0007 1

The values represent the mean + SD of 10 mice per group. Different superscripts in the same row indicate significant differences (p<0.05)

among groups by Tukey’s test.

'The degree of significance resulting from the two-way ANOVA is shown with effects of diet (D), administration A. senticosus (A), and
the interaction of diet and administration of A. senticosus (D x A) being expressed as the numerical value or as not significant (NS) when

p<0.05.

2Food efficiency ratio (FER) was calculated as weight gain weight gain (g/12 weeks)/food intake (g/12 weeks).

Table 2.  Effects of the Cellcultured Acanthopanax Senticosus extract on SOD, GSHpx, and CAT activity in the liver of
type 2 diabetes mouse
SOD GSHpx CAT
(unit/mg protein/min)  (nmol NADPH/mg protein/min)  (nmol/mg protein/min)

| N-C 0.48 £0.022 170.05 £4.27° 69.00 £ 5.30°

Norma N-CASM 0.49 +0.03¢ 179.97 +2.20¢ 75.05 +3.89
bt DM-C 0.40 £0.01° 150.80 + 5.65° 49.90 + 5.48°
Diabetic pyi.casm 0.45 +0.03° 168.74 + 1.04¢ 67.90 + 5.48

The values represent the mean £ SD of 10 mice per group. Values with different superscript letters are significantly different

at p<0.05 as shown by Tukey’s test.

was 12% higher than the DM-C group, which remained at
the normal level. The CAT activity was 28% lower in the
DM-C group, compared to the N-C group, whereas, the
DM-CASM group remained at the normal level.

Changes in ROS contents

The liver mitochondria and microsome fraction super-
oxide radical content (Fig. 1) in the DM-C group were 35%
and 49% higher than in the N-C group, respectively.
However, the activity in the DM-CASM group were 14%
and 25% lower than in the DM-C group, respectively. No
significant difference was found in the H20: content (Fig. 2)
in the mitochondria fraction between the experimental
groups. But in the case of the cytosol fraction, DM-C group
was 19% higher than in the N-C group, whereas, the content
in the DM-CASM group was 13% lower than in the DM-C
group, which remained at the normal level.

Observation of oxidative damage
The result of TBARS contents as an index oxidative
damage was shown in (Table 3). The TBARS concentration

in DM-C group was 49% higher than in the N-C group.
However, the concentration in the DM-CASM group was
17% lower than in the DM-C group. The lipofuscin contents
(Table 3) in the DM-C group was 38% higher than in the N-
C group, whereas, in the DM-CASM group was 14% lower
in the DM-C group.

Observation of MF

Since the cell membrane requires good fluidity to maintain
homeostasis and metabolism in the body, fluidity is an
effective index of adult disease. The cell membrane fluidity
in the mitochondria and microsome fractions (Fig. 3) of the
liver were 26% and 24% lower in the DM-C group, respec-
tively, compared to the N-C group. However, both fractions
of the liver were 17% and 14% higher in the DM-CASM
group, respectively, compared to the DM-C group.

Discussion

The current study examined the effects of cellcultured
A. senticosus extract on the antioxidative defense system,

J. Clin. Biochem. Nutr.
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Fig. 1.  Effects of the Cellcultured Acanthopanax Senticosus extract on mitochondria (A) and microsome (B) superoxide radicals in the
liver of type 2 diabetes mouse. The values represent the mean = SD of 10 mice per group. Values with different superscript
letters are significantly different at p<0.05 as shown by Tukey’s test.
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Fig. 2.  Effects of the Cellcultured Acanthopanax Senticosus extract on mitochondria (A) and cytosol (B) hydrogen peroxixe (H20:) in
the liver of type 2 diabetes mouse. The values represent the mean = SD of 10 mice per group. Values with different superscript
letters are significantly different at p<0.05 as shown by Tukey’s test.

Table 3.  Effects of the Cellcultured Acanthopanax Senticosus extract on TBARS and lipofuscin
in the liver of type 2 diabetes mouse

TBARS Lipofuscin
(MDA nmol/mg protein) (ng/mg protein)
N-C 11.80 + 0.82°¢ 11.80 + 0.82¢
Normal N-CASM 10.97 +1.61¢ 10.97 + 1.61¢
o DM-C 17.62 + 1.54° 17.62 + 1.54
Diabetic by casm 14.72 £0.79° 14.72 £0.79"

The values represent the mean + SD of 10 mice per group. Values with different superscript
letters are significantly different at p<0.05 as shown by Tukey’s test.
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Effects of the Cellcultured Acanthopanax Senticosus extract on mitochondria (A) and microsome (B) membrane fluidity in the

liver of type 2 diabetes mouse. The values represent the mean = SD of 10 mice per group. Values with different superscript
letters are significantly different at p<0.05 as shown by Tukey’s test.

oxidative stress and cell membrane fluidity in the liver of the
C57BL6/J mouse as an animal whose auto obesity/diabetes
was caused by a high fat diet. These results support previous
studies in which a high fat diet increased body weight
[31, 32]. There were no significant difference found among
the experimental groups, the high fat diet led to significantly
higher weight gain compared with the control diet, which
resulted in higher FER. Thus mice fed a high fat diet showed
amore rapid growth than the mice fed control diet. However,
the higher FER exhibited by the A. senticosus extract
administration, respectively, in control diet and high fat diet
group whereas there was no significant effect on body
weight in the control diet group. These results suggest that
cellcultured A. senticosus extract can suppress the increase
of weight gain induced by a high fat diet. Also, it was
observed that A. senticosus extract decreased blood glucose
in DM-CASM group. As reported previoudly by Park ef al.
[33], A. senticosus stem bark ethanol extract-treated mice
showed marked decreases in plasma glucose level relative
to the obese control mice. Oxidative stress means the
production stress means the production of highly reactive
oxygen radicals that are toxic to the cells, particularly to the
cell membrane in which these radicals interact with the
lipid bilayer and produce lipid peroxides [34]. Endogenous
antioxidant enzymes (e.g., SOD, GSHpx and CAT) are
responsible for the detoxication of deleterious oxygen
radicals [35, 36]. From the current results of observing
the activities of the antioxidative defense system in the
liver, the SOD activity in the DM-C group was significantly
decreased than that of N-C group, but the DM-CASM group
was significantly increased than that of DM-C group. The
reason for the decrease in the DM-C group, was suggested
that the induction of oxidative stress by high fat diet.
Therefore, it is possible that the hydrogen peroxide generated
from superoxide radical directly reduces the levels of SOD
[37]. GSHpx and CAT activities decreased considerably in
the DM-C group compared to the N-C group, respectively.

However, the DM-CASM groups remained the same as that
in the N-C group. An increase in GSHpx and CAT activities
indicates that 4. senticosus extract helps in the restoration of
vital molecules such as NAD, cytochrome, and glutathione.
The inactivity of the antioxidant enzymes GSHpx and CAT
in the diabetes groups was attributed to peroxidative damage
to the tissues caused by being fed a high fat diet, while
the administration of A. senticosus extract contributed to
maintaining the optimum condition of the cell membrane
organelles, essential for enzyme activity, by protecting them
from peroxidation. This result confirms that A. senticosus
acts as an excellent antioxidant even for the liver, which
plays an important role in glucose metabolism, and it is a
major site of insulin clearance [38]. The phenolic compounds
in A. senticosus, such as isofraxidin and eleutherosides B
and E from the stem bark [39]; eleutheroside E2 and
isomaltol 3-O-o-D-glucopyranoside from the roots [40];
chiisanoside, chiisano-genin, and hyperin from the leaves
[41]; as well as protocatechuic acid, syringin, chorogenic
acid, caffeic acid, liriodendrin, and isofraxidin in ethanol
extract of whole A. senticosus [42], have a protective effect
against oxidative damage. In addition, Lee ef al. reported
that there were no changes in GOT and GPT levels after 6
months treatment with A. senticosus [12]. From this data
suggested that A. senticosus supplementation has no side
effects.

ROS was generated as free radicals in the body, such as
superoxide anion, hydroxyl radical, and hydrogen peroxide,
which are known to induce many adult diseases and promote
the aging process. For example, Laura’s report [43] stated
that ROS induce Alzheimer’s disease. Recent evidence
showed that increased flux of free fatty acid (FFA), glucose,
or hexosamine could raise mitochondrial ROS production,
leading to increased intracellular oxidative stress [44, 45].
Among the free radicals which are known to induce aging
or adult diseases, the superoxide radical content in the
mitochondria and microsome fractions of the liver was
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found to be considerably higher in the DM-C group
compared to the N-C group, which coincides with a previous
report of increased ROS in diabetes [46]. However, in the
both fractions, the activity in the DM-CASM group was
significantly decreased compared to the DM-C group,
respectively. In the case of cytosol fraction, showed that the
hydrogen peroxide concentration was increased in DM-C
group compared to the N-C group, but the DM-CASM group
was significantly decreased compared to the DM-C group.

Because type 2 diabetes is a chronic disease, prevention of
oxidative stress needs to be achieved not only periodically
but as long as the hyperglycemia persists. Lipid peroxidation
is recognized as the most important substance which
damaged by various toxicity compounds and drugs or patho-
physiological phenomenon by disease. This is caused by the
augmentation of oxidative stress and the decrease of an
antioxidative defense system in vivo. The contents of
TBARS in DM-C group was significantly higher than in the
N-C group. However, the concentration of the DM-CASM
group was significantly lower than that of the DM-C group.
The observed effect of A. senticosus extract on lipofuscin
that is consumptiveness aging pigment produced by free
radicals that estimate the degree of aging and leads to
diseases in adult people by toxicity function in the cell and
promotes aging. The lipofuscin contents in the DM-C group
was higher than in the N-C group whereas, in the DM-
CASM group was significantly lower than in the DM-C
group. In the current study, when the fluidity in the cell
membrane of the liver was observed, mitochondria and
microsome fractions both showed a decrease in the DM-C
group compared to the N-C groups. It would appear that
the cell membranes connected by double bonds of poly-
unsaturated fatty acid in the diabetes-induced groups lost
fluidity due to the generation of ROS, such as superoxide
radical and hydrogen peroxide, whereas the activity of
antioxidant enzyme increased with the administration of
A. senticosus extract, resulting in significantly increased cell
membrane fluidity in the DM-CASM group compared to the
DM-C group.

In conclusion, A. senticosus extract strengthened the
antioxidative defense system with an increased activity of
antioxidant enzymes, such as SOD, GSHpx and CAT, in the
liver of the type 2 obesity/diabetes exeperimental mice.
Accordingly, A. senticosus extract was found to reduce the
accumulation of ROS, such as superoxide radical and
H202, which decrease the generation of oxidative damage
substances, such as TBARS and lipofuscin, increase the
membrane fluidity lowered by oxidative damage.
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