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Saponin from sea cucumber exhibited more
significant effects than ginsenoside on
ameliorating high fat diet-induced obesity in
C57BL/6 mice
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Obesity and its comorbidities are considered to be a severe public health problem. Many natural com-
pounds found in food have been proved to ameliorate the metabolic abnormalities induced by obesity.
The purpose of this study was to compare the effects of saponin from sea cucumber (SSC) and
ginsenoside (SG) on improving the lipid metabolism in C57BL/6 mice fed with a high fat diet. The mice
were randomly divided into six groups including a low fat diet group (LF), a high fat diet group (HF), and
four dietary intervention groups. The administration of SSC for 8 weeks exhibited a more significant reduc-
tion in HF induced fat mass, weight gain, lipid levels in the liver and serum, and serum glucose and insulin
levels than SG. Further research indicated that SSC ameliorated high fat diet-induced obesity in C57BL/6
mice mainly through inhibiting lipid synthesis and accelerating lipid B-oxidation and glycolysis in the liver.
These results suggested that saponin from sea cucumber might be applied as a food supplement and/or
functional ingredient to relieve metabolic disorders induced by obesity.
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Introduction

Obesity is becoming a major obstacle in the improvement of
human health, which may be due to high calorie diets and
low levels of physical activity. Obesity is often associated with
various diseases including non-alcoholic fatty liver disease,
type II diabetes, hypertension, stroke, arthritis, coronary heart
disease, and cancer." It has been reported that the prevalence
of obesity has doubled in more than 70 countries in the last
30 years and has been increasing in most countries.” There-
fore, it is necessary to control the development of obesity. A
certain number of drugs have been used to treat obesity, how-
ever, many of them have been found to incite various side ef-
fects. Recently, natural active ingredients have attracted re-
searchers' attention due to their low toxicity and side effects.
Ginseng, the root of Panax ginseng C. A. Meyer
(Araliaceae), has historically been used to treat various dis-
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eases in Asian countries for thousands of years as one of the
most popular herbal medicines. Ginsenoside (SG), the major
active constituent of ginseng, has been extensively reported
to ameliorate many metabolic diseases.® Lots of studies have
revealed that SG could significantly reduce the weight of high
fat diet induced obese animal models.” Sea cucumber is tra-
ditional seafood acting as an important medical material in
Asian countries, especially in China, Japan, and Korea. There
are many bioactive substances isolated from the sea cucum-
ber, including saponins, polysaccharides, cerebrosides and
collagen peptides. The saponin from sea cucumber (SSC) is
the most important secondary metabolite and bioactive com-
ponent, which exhibits various biological activities, such as
anti-tumor, anti-fungal, anti-angiogenesis, and immunomod-
ulatory effects.”® In addition, our previous study found that
SSC also had the biological activity of inhibiting dietary fat
absorption and improving certain metabolic parameters asso-
ciated with obesity.” Both SG and SSC belong to the
triterpene glycoside family, consisting of a hydrophobic agly-
con and one or several carbohydrate residues. Interestingly,
the activities of triterpene glycosides largely depend on the
specific features of the aglycon structure, as well as the bind-
ing site, monosaccharide composition, and carbohydrate resi-
due length.® However, few studies focused on the compara-
tive effects of SG and SSC in ameliorating high fat diet-
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induced obesity. It is necessary to determine the improve-
ments caused by SG and SSC on obesity and clarify the possi-
ble underlying mechanisms.

In this study, we compared the effects of SCC and SG on
ameliorating obesity-associated metabolic disorders in high-
fat diet fed obese male C57BL/6 mice. Further research was
performed by examining the key genes involved in the syn-
thesis and lipolysis of fatty acids.

Experimental section
Preparation of SG and SSC

SG was bought from Shaanxi ZhongXin Biotechnology Co.,
Ltd. (Xi'an, Shaanxi, China). The purity of SG was 80% and
the main ingredients were ginsenoside Rb1, ginsenoside Rb2,
ginsenoside Rc, ginsenoside Rd, ginsenoside Re, ginsenoside
Rf, ginsenoside Rgl, ginsenoside mRb1, ginsenoside mRb2,
ginsenoside mRc and ginsenoside GLC-Rc, as described by
Wang et al.’ SSC was isolated from Pearsonothuria graeffei
using the procedure from our previous study conducted in
the lab.'® Briefly, air-dried body walls of Pearsonothuria
graeffei were ground into powder and extracted three times
with 60% ethanol by refluxing at 70 °C. The filtrates were
combined and the ethanol removed under vacuum. After
evaporation, the samples were applied to an HP20 resin col-
umn and eluted with water, 80% methanol, and 100% metha-
nol in sequence. The fraction eluted with 80% ethanol was
collected and the solvent removed under vacuum. The purity
of SSC was 80.4%, and the main ingredients were echinoside
A and holothurin A according to our previous study.''

Animals and diets

Male C57BL/6 mice, four weeks old, 18-20 g, were purchased
from Vital River Laboratory Animal Center (Beijing, China).
They were housed in a room maintained with a 12 h light/
dark cycle, a constant temperature of 24 + 2 °C, and a relative
humidity of 65 + 15%. All the mice had free access to water
and diet for 5 days prior to the study. All aspects of the exper-
iment were approved by the Animal Ethics Committee of the
College of Food Science and Engineering of the Ocean Uni-
versity of China (Qingdao, Shandong, China) (approval no.:
SPXY2015012). All the animals were housed at the Laboratory
Animal Facility at the Ocean University of China. Animal care
was conducted throughout the entire experiment in accor-
dance with the Guide for the Care and Use of Laboratory Ani-
mals (8th edition, Institute of Laboratory Animal Resources
on Life Sciences, National Research Council, National Acad-
emy of Sciences, Washington DC). After the adaptation pe-
riod, the mice were randomly divided into six groups (eight
rats in each group) including the LF group fed with a low fat
diet; the HF group fed with a high fat diet; the 0.02% SSC
group fed with a high fat diet plus 0.02% SSC; the 0.08% SSC
group fed with a high fat diet plus 0.08% SSC; the 0.02% SG
group fed with a high fat diet plus 0.02% SG; and the 0.08%
SG group fed with a high fat diet plus 0.08% SG. The diets
for each experimental group used in the study were designed
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based on AIN-93G, and their compositions are shown in Ta-
ble S1. The body weights were recorded every 2 days, and
food intake was measured every day throughout the experi-
ment. The mice were sacrificed after overnight fasting on the
56th day of the experiment. Serum was separated from whole
blood by centrifugation at 7500 rpm for 10 min at 4 °C. The
liver, epididymal adipose tissue, perirenal adipose tissue,
subcutaneous adipose tissue, kidneys and heart were quickly
collected, weighed, frozen in liquid nitrogen, and stored at
-80 °C until analysis.

Oral glucose tolerance test

After 50 days of feeding, an oral glucose tolerance test (OGTT)
was performed after overnight fasting by orally administering
2 g per kg body weight of 0.2 g mL™" p-glucose. The glucose
concentration was measured with a OneTouch Basic glucose
monitor (LifeScan) as the baseline before glucose administra-
tion. After administering a standardized glucose dose to all
the animals, blood samples were collected from the tail vein at
0, 30 and 120 min to assay the blood glucose level, and the
areas under the curve of glucose were calculated.

Serum and liver lipid determination

The serum was decanted and stored at 4 °C after centrifuging
the blood sample at 1500g for 10 min. Hepatic lipids were
extracted with chloroform-methanol (2:1) according to the
method of Folch et al,'” and then dissolved using Triton
X-100. TG and TC concentrations in the serum and liver were
determined using enzymatic reagent kits from Biosino (Bei-
jing, China) according to the manufacturer's instructions.

Biochemical analyses of serum samples

The measurements of serum insulin and adiponectin were
performed using enzyme-linked immunosorbent assay (ELISA)
(Invitrogen). According to the following formula, the homeo-
static model assessment for insulin resistance (HOMA-IR) was
calculated from the insulin and glucose values:"> HOMA-IR =
fasting glucose (mmol L") x fasting insulin (mU L™)/22.5.

RNA purification and quantitative real time PCR

The messenger RNA (mRNA) levels of related genes were
measured by real time-polymerase chain reaction (RT-PCR).
For analysis of gene expression, total RNA was extracted from
100 mg of frozen liver samples with a Trizol reagent
(Invitrogen, USA). One ng of total RNA was used for ¢cDNA
synthesis using a random primer (TOYOBO, Japan). The con-
centration of cDNA was analyzed by real-time detection PCR
(ABI Prism 7500 Sequence Detection System, USA) using a
Sybr Green I Master Mix (TOYOBO, Japan). The gene expres-
sion was determined by relative quantification using the stan-
dard curve method. The final melting curve guaranteed the
authenticity of the target product. The expression signal of
the housekeeping gene B-actin served as the internal control
for normalization, and the relative mRNA expression in the
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HF group was set to 100. The primer sequences used for real-
time PCR are shown in Table S2.

Statistical analyses

All the values in the tables and figures are expressed as mean
+ standard error. All statistical analyses were performed by
one-way analysis of variance with Tukey's post hoc test using
the SPSS software. P < 0.05 was considered statistically sig-
nificant. The graphs were made using the Prism 5 software
(Graph-Pad Software, Inc., San Diego, CA, USA). Different let-
ters indicate significant differences between each group.

Results and discussion

Effects of SSC and SG on food intake, caloric intake and body
weight

During the 8 week study period, the total food intake of all
mice fed with a high fat diet was similar, which was less than
that of mice fed with a low fat diet (Table 1). Interestingly,
the body weight gain of mice in the HF group was signifi-
cantly higher than that in the LF group, indicating a success-
ful obesity model (Table 1). Both SSC and SG could effectively
inhibit the high fat diet induced weight gain, in which SSC
was superior to SG. In particular, 0.08% SSC could decrease
the high fat diet induced weight gain by 56.4%, while the in-
hibition rate of 0.08% SG was only 37.9%.

Effects of SSC and SG on adipose tissues and visceral weight

A high fat diet could significantly increase the weight of adi-
pose tissues including perirenal, epididymal, subcutaneous
and total fat compared with a low fat diet, which further veri-
fied the successful obesity model (Fig. 1). When mice were
fed with high fat diets containing SSC and SG, a significant
reduction was observed in the weight of the adipose tissues
and total fat in a concentration-dependent manner, in which
the effect of SSC was better than that of SG. Notably, the im-
provement caused by 0.08% SSC was close to or even better
than that of the LF group (Fig. 1).

The organ index refers to the ratio of the organ weight to
the body weight of the experimental animal. Results indi-
cated that the organ index of the liver, heart and kidneys was
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decreased in the HF group compared with that in LF mice,
which might be attributed to the increase of body weight
(Table 1). Importantly, both SSC and SG could improve the
organ index to different degrees, suggesting that the reduc-
tion of body weight might be attributed to the decrease of fat
accumulation rather than the internal organs, which was con-
sistent with previous studies.**

Effects of SSC and SG on plasma lipid levels

It has been confirmed that obesity is associated with
dyslipidemia characterized by increasing the serum total cho-
lesterol (TC) and triglyceride (TG) concentrations. Compared
to the LF group, the HF diet increased the serum TC and TG
levels by 33.5% and 49.4%, respectively (Fig. 2A and B). Nota-
bly, both SSC and SG exhibited lower serum lipid levels in
the HF group, in which 0.08% SSC exhibited excellent im-
provement in serum TC and TG. Interestingly, SSC decreased
the serum lipid levels in a dose-dependent manner, while SG
did not.

There is a close connection between the severity of coro-
nary artery atherosclerosis and increased plasma concentra-
tions of TC and TG as well as the plasma TC/HDL-C ratio."
Administration of a HF diet for 8 weeks significantly in-
creased the HDL-C concentration in serum compared with LF
mice. However, SSC and SG treatments did not change the se-
rum HDL-C levels (Fig. 2C). Moreover, the TC/HDL-C ratios
of the LF group, HF group, 0.02% SSC group, 0.08% SSC
group, 0.02% SG group and 0.08% SG group were calculated
to be 1.24 + 0.05, 1.50 + 0.06, 1.25 + 0.09, 1.17 + 0.06, 1.29 +
0.03 and 1.14 * 0.03, respectively. HF mice exhibited a higher
TC/HDL-C ratio (increase by 17.3%) in comparison with LF
mice, indicating that the mice fed with a HF diet were more
susceptible to atherosclerosis. Interestingly, both SSC and SG
had lower TC/HDL-C ratios than HF mice, which suggested
that they could suppress atherosclerosis.

In this study, both SSC and SG could inhibit the weight
gain of mice and reduce the blood lipid concentration with-
out affecting the food intake, indicating that they could im-
prove the lipid metabolism, thereby reducing the occurrence
of cardiovascular diseases. Moreover, SSC exhibited better ef-
fects than SG in a dose dependent manner.

Table 1 Effects of SSC and SG on body weight gain and visceral weight in mice

Experimental groups

Parameters LF HF 0.02% SSC 0.08% SSC 0.02% SG 0.08% SG
Food intake (g d ™) 4.18 £ 0.03 3.37 + 0.06* 3.28 £ 0.04 3.18 + 0.03 3.21 £ 0.05 3.22 +0.03
Initial body weight (g) 19.40 + 0.48 18.93 + 0.93 19.06 + 0.50 19.54 + 0.44 19.97 + 0.35 19.58 + 0.31
Final body weight (g) 27.70 £ 0.87 34.64 + 0.68%** 29.16 + 1.11° 26.39 + 0.53°¢ 32.08 + 0.70™P 28.93 + 1.18°
Body weight gain (g) 8.30 + 0.50 15.70 + 0.90*** 10.10 + 0.76° 6.85 + 0.47¢ 12.10 + 0.42%P 9.75 + 0.35°
Liver (g per 100 g BW) 3.63 + 0.05 3.22 +0.08% 3.34 + 0.12% 3.45 + 0.13% 3.21 + 0.08% 3.23 + 0.07%
Heart (g per 100 g BW) 1.17 £ 0.04 1.13 + 0.07° 1.21 + 0.03% 1.31 £ 0.04" 1.24 + 0.03% 1.31 £ 0.04*
Kidneys (g per 100 g BW) 0.51 + 0.01 0.41 + 0.02° 0.43 + 0.02° 0.47 + 0.01% 0.41 + 0.02% 0.45 + 0.01?

Male C57BL/6 mice were fed with each diet for 56 days. Values are presented as mean + SEM (standard error of the mean, n = 8). *P < 0.05 and
**P < 0.01 are considered statistically significant compared with the LF group. Different letters indicate significant difference among groups

fed with a high-fat diet (P < 0.05). BW, body weight.

This journal is © The Royal Society of Chemistry 2018
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Fig. 1 Effects of SSC and SG on perirenal fat (A and B), epididymis fat (C and D), subcutaneous fat (E and F) and total fat (G and H). Values are
presented as mean * SEM (standard error of the mean, n = 8). **P < 0.01 are considered statistically significant compared with the LF group.
Different letters indicate significant difference among groups fed with a high-fat diet (P < 0.05). BW, body weight.
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Fig. 2 Effects of SSC and SG on plasma and hepatic lipid levels. A: serum TC, B: serum TG, C: serum HDL-C, D: hepatic TC, E: hepatic TG. Values
are presented as mean + SEM (standard error of the mean, n = 8). *P < 0.05 and **P < 0.01 are considered statistically significant compared with
the LF group. Different letters indicate significant difference among groups fed with a high-fat diet (P < 0.05).

Effects of SSC and SG on hepatic lipid levels

The liver is one of the most vital organs in energy metabo-
lism. Most plasma apolipoproteins, endogenous lipids and li-
poproteins are synthesized in the liver. However, a high in-
take level of fat would break the homeostasis of lipid and
lipoprotein metabolism,'* which may induce non-alcoholic
fatty liver disease and other metabolic diseases. Thus, we
compared the hepatic lipid levels of all the groups.

The hepatic TC and TG contents of the HF group were
20% and 66% higher than those of LF mice, respectively
(Fig. 2D and E), suggesting that the model was built success-
fully. Administration of SSC caused a remarkable reduction
in TC and TG accumulation, which was better than SG. Nota-
bly, the inhibition rates of 0.08% SSC on hepatic TC and TG
contents were 31% and 68.2%, respectively (Fig. 2D and E).
Leal-Diaz et al.'® also showed that mice fed with a HF diet
had severe hepatic fat accumulation, which could be de-
creased by saponins extracted from Agave salmiana in a dose-
dependent manner.

Effects of SSC and SG on the OGTT and serum glucose and
insulin levels

It has been previously demonstrated'’ that HF diet-fed mice
could develop glucose intolerance and insulin resistance
compared with LF diet-fed mice due to the alterations in in-
sulin signaling and the increase of the systemic inflammatory

This journal is © The Royal Society of Chemistry 2018

response. Hyperinsulinemia has been shown to be associated
with adverse changes in the levels of cardiovascular risk fac-
tors including lipids, lipoproteins, and blood pressure.'®
Thus, the plasma glucose concentration was measured after
oral glucose administration, and the serum glucose and insu-
lin levels were measured after overnight fasting to estimate
the insulin resistance and impaired insulin secretion.

During the OGTT, the peak of the serum glucose level
appeared at 0.5 h after oral administration of glucose (2 g per
kg BW) in all groups, which was consistent with a previous
study.™ Interestingly, the peak level of HF mice (18.1 + 1.0
mmol L™") was about 1.3-fold higher than that of LF mice
(14.0 + 0.9 mmol L), and dietary 0.08% SSC (12.8 + 0.8
mmol L") could significantly decrease the high fat diet in-
duced high concentration of plasma glucose at 0.5 h after
oral glucose administration (Fig. 3A). Moreover, the blood
glucose levels of LF mice and HF mice at 2 h were 7.0 and
8.7 mmol L', respectively, and the levels in other groups
were similar to that of the LF group except for 0.08% SG (8.0
+ 0.7 mmol L™"). There was a significant increase in the area
under the curve (AUC) value of mice fed with a HF diet in
comparison with that of the LF group, and 0.08% SSC treat-
ment could decrease the AUC value (Fig. 3B). As shown in
Fig. 4, the HF diet significantly increased the serum insulin
level, glucose concentration and HOMA-IR value, implying
the development of insulin resistance. After supplementation
with SSC and SG for 56 days, the insulin resistance induced
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Fig. 3 Glucose tolerance test (A) and area under the curve (B) of C57BL/6 mice fed with experimental diets. An oral glucose tolerance test (2 g
kg™) was performed for 50 days. *P < 0.05 is considered statistically significant compared with the LF group. Different letters indicate significant

difference among groups fed with a high-fat diet (P < 0.05).

by the HF diet was relieved at different degrees. Obesity is of-
ten associated with type 2 diabetes characterized by insulin
resistance and impaired glucose tolerance. After being fed
with the high fat diet for 8 weeks, impaired glucose tolerance
was observed in obese mice, accompanied by an increase in
serum insulin levels. Dietary SSC could effectively improve
impaired glucose tolerance and insulin resistance, which was
superior to SG.

Effects of SSC and SG on adiponectin levels in serum

Adiponectin is exclusively expressed and secreted from adipose
tissue. Plasma adiponectin levels have also been reported to
be reduced in obese humans, and are correlated closely with
obesity, insulin resistance, or cardiovascular diseases.'>® It
was found that adiponectin could regulate the glucose and
lipid metabolism by increasing insulin sensitivity and fatty
acid B-oxidation,* thus, it has recently been expected to be a
novel target for the treatment of diabetes and the metabolic
syndrome. Moreover, the relative adiponectin level is usually
used to evaluate the ability of white adipose tissue to secrete

adiponectin, which was calculated by adjusting the serum
adiponectin level with the total white adipose tissue weight.
The adiponectin level and relative adiponectin level in serum
were determined using ELISA Kkits in our study.

Results showed that the HF diet exhibited a remarkable
decrease in the adiponectin concentration and relative
adiponectin level in comparison with mice fed with the low
fat diet. Importantly, SSC could significantly increase the
levels of adiponectin and relative adiponectin in serum in a
dose-dependent manner, while SG had no effect on the
adiponectin level compared with the HF group (Table 2),
which was consistent with a previous study. Nagao et al. also
proved that conjugated linoleic acid could enhance the
plasma adiponectin level and alleviate hyperinsulinemia and
hypertension in Zucker diabetic fatty rats.>*

Effects of SSC and SG on the expression of hepatic genes
involved in lipid metabolism

The above results showed that consumption of SSC exhibited
better effects on improving glucose tolerance, lipid metabolism
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Fig. 4 Effects of SSC and SG on serum insulin (A), glucose (B) and HOMA-IR (C) in mice fed with each diet for 56 days. P < 0.05 and **P < 0.01
are considered statistically significant compared with the LF group. Different letters indicate significant difference among groups fed with a high-
fat diet (P < 0.05). HOMA-IR (homeostatic model assessment for insulin resistance) = fasting glucose (mmol L™) x fasting insulin (mU L™)/22.5.
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Table 2 Effects of SSC and SG on adiponectin levels in mice (n = 8)
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Groups Serum adiponectin (ug L") Relative adiponectin (pg per L per g WAT)*
LF 14.47 £ 0.56 3.47 +0.14

HF 12.65 + 0.44° 1.52 + 0.06%*¢

0.02% SSC 15.50 + 1.30%P 2.91 + 0.32°

0.08% SSC 16.61 + 0.87° 5.72 + 0.36%

0.02% SG 12.79 £ 1.27° 1.56 + 0.19¢

0.08% SG 13.10 + 0.86>P 1.85 + 0.14¢

Male C57BL/6 mice were fed with each diet for 56 days. Values are presented as mean + SEM (standard error of the mean, n = 8). Relative
adiponectin = serum adiponectin (ng mL ')/total white adipose tissue weight (g). *P < 0.05 and **P < 0.01 are considered statistically
significant compared with the LF group. Different letters indicate significant difference among groups fed with a high-fat diet (P < 0.05).

and serum adiponectin levels than SG. It is necessary to illus-
trate the possible underlying mechanism involved by measur-
ing gene expression. Therefore, we selected the high doses of
SSC and SG (0.08%) to perform further experiments to ex-
plore gene expression related to the lipid and glucose
metabolism.

One of the functions of adiponectin receptor-1 (AdipoR1)
is to sensitize and increase the magnitude of insulin signal-
ing on target cells, promoting energy homeostasis and glu-
cose uptake.”® Sirtuin 1 (SIRT1), an NAD'-dependent protein
deacetylase, is an important regulator of energy homeostasis
in response to nutrient availability.>* It has been reported
that the expression of SIRT1 was stimulated by adiponectin,
and the impaired adiponectin-SIRT1-AMPK signaling path-
way contributed to the development of the alcoholic fatty
liver disease.>® The main lipogenic enzymes including fatty
acid synthase (FAS) and stearoyl-CoA desaturase-1 (SCD-1) are
mediated by sterol regulatory element-binding protein-1c
(SREBP-1c), which is a member of the basic helix-loop-helix/
leucine zipper family of transcription factors.”® It was
reported that the expressions of SREBP-1¢, SCD-1, and FAS
were suppressed by SIRT1 activator treatment at both mRNA
and protein levels.>”*® Previous studies have also demon-
strated that SIRT1 overexpression increased the level of per-
oxisome proliferator activated receptor (PPAR)-o*° and its
coactivator peroxisome proliferator-activated receptor-y co-
activator 1o (PGC-1a),*° resulting in the stimulation of he-
patic fatty acid oxidation.>”*' In the present study, the HF
group showed a significantly decreasing trend in AdipoR1
mRNA expression in comparison with the LF group, and SSC
rather than SG could obviously up-regulate the mRNA expres-
sion of AdipoR1 (Fig. 5A). Though the SIRT1 mRNA expres-
sion level was decreased slightly in the HF group compared
with the LF group, SSC rather than SG could effectively in-
crease its expression level (Fig. 5B). We found that adminis-
tration of a high-fat diet for eight weeks markedly increased
the mRNA expression of hepatic SREBP-1c and its target
lipogenic genes FAS and SCD-1 (Fig. 5C-E). Meanwhile, SSC
and SG prevented the high-fat diet induced stimulation of
SREBP-1c together with its downstream genes, in which SSC
was superior to SG. Moreover, SSC also exhibited better
effects on promoting the PPAR-a and PGC-la. expressions
than SG (Fig. 5F and G). Those changes resulted in a low rate

This journal is © The Royal Society of Chemistry 2018

of lipid synthesis and quick fatty acid oxidation, thereby
leading to the decreased accumulation and output of TC and
TG in the liver. Yen et al>* explored the effects of pre-
germinated brown rice on the high-fat diet-induced meta-
bolic syndrome in C57BL/6] mice. They found that the HF
group gained more weight and have higher blood glucose
and lipid levels, higher liver levels of TC and TG, lower adi-
pose adiponectin and PPAR-a levels, and higher liver SREBP-
1c, SCD-1, and FAS levels. Treatment of pre-germinated
brown rice effectively decreased the high-fat diet-induced
body weight by reducing the SREBP-1, FAS and SCD-1 levels
and increasing the PPAR-a and adiponectin levels in mice
with the metabolic syndrome, which was consistent with our
results. The liver is a metabolic workhorse that performs a
diverse array of biochemical functions, which is necessary for
whole-body metabolic homeostasis. In particular, dietary fat
is digested and stored in the liver, and then processed into
very-low-density lipoproteins (VLDL) by combining with apoli-
poprotein B-100. VLDL are complex lipoprotein particles and
secreted into the systemic circulation, which provides an im-
portant mechanism for converting water-insoluble TG into a
water-soluble form that can be exported from the liver and
delivered to peripheral tissues.>® SSC could suppress the re-
lease of TC and TG from the liver to extrahepatic tissues via
inhibiting lipid synthesis and accelerating fatty acid
B-oxidation, thereby limiting the growth of adipose tissue
and the increase of body weight.

The liver plays a vital role in maintaining glucose and
lipid homeostasis. The major factor causing hyperglycemia in
diabetics is the failure of insulin to increase hepatic glucose
utilization and suppress hepatic endogenous glucose produc-
tion.>* Glucokinase (GCK), mainly in hepatocytes and pancre-
atic B-cells, is the key enzyme responsible for the regulation
of glucose utilization, which catalyzes glucose phosphoryla-
tion in the first step of glycolysis.*® Li et al. found that the
mRNA level of GCK was increased 3-fold in the liver of SIRT1-
injected mice.*® Our results indicated that the HF group
showed a remarkable decrease in hepatic GCK mRNA expres-
sion. Notably, supplementation with SSC significantly in-
creased the mRNA expression level, indicating that SSC could
effectively regulate the activity of enzymes involved in hepatic
glucose homeostasis, leading to the reduction of the blood
glucose level and promotion of hepatic insulin sensitivity
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Fig. 5 Effects of SSC and SG on the expression of hepatic genes including AdipoR1 (A), SIRT1 (B), SREBP-1c (C), FAS (D), SCD-1 (E), PGC-1a. (F),
PPAR-a (G), and GCK (H) involved in the lipid and glucose metabolism. *P < 0.05 and **P < 0.01 are considered statistically significant compared
with the LF group. Different letters indicate significant difference among groups fed with a high-fat diet (P < 0.05).

(Fig. 5H). Jung et al.’” found that supplementation with per-
simmon leaves could significantly decrease the fasting blood
glucose level and HOMA-IR index in db/db mice, accompa-
nied by an increased transcriptional level of GCK in the liver,
which was consistent with our present study.

Conclusion

In this study, we firstly demonstrated that dietary saponin
from sea cucumber exhibited better effects on decreasing adi-

732 | Med. Chem. Commun., 2018, 9, 725-734

pose tissue weight, blood glucose, and lipids in the serum
and liver than ginsenoside. Further research showed that sa-
ponin from sea cucumber improved the lipid and glucose
metabolism mainly by promoting the release of adiponectin,
thereby influencing SIRT1 signaling and its downstream
genes SREBP-1c, FAS, SCD-1, PGC-10, PPAR-a. and GCK to in-
hibit lipid synthesis and accelerate fatty acid B-oxidation as
well as the glycolysis pathway (Fig. 6). All these findings dem-
onstrate that SSC is superior to SG in improving certain
metabolic parameters associated with obesity, and provide

This journal is © The Royal Society of Chemistry 2018
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mechanism.

the valuable references for the development of a dietary sup-
plement containing sea cucumber saponin.
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