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ABSTRACT: In this paper, extracts from male zooid of Antheraea pernyi (EMZAP) were investigated for their anti-
obesity activity in C57BL/6 male mice. Mice were randomly divided into 4 groups and fed on basal control group diet
(Control Group), high-fat diet (Model Group), high-fat diet containing high dose of EMZAP (High Group), and high-fat
diet containing low dose of EMZAP (Low Group), respectively. The levels of serum lipid, antioxidant capacity, body
weight, and adipose weight were measured. The levels of expression of genes involved in cholesterol metabolism were
also determined by Real-Time PCR. The results showed that EMZAP could reduce body weight and epididymal adipose
weight of mice on fed high-fat diet, and also decrease serum lipid levels in mice with induced obesity. Treatment
with EMZAP also produced significant amelioration of lipid accumulation and improved the antioxidant capacity in the
liver. EMZAP reduced the expression of HMG-CoA reductase (HMG-CoA-R) and increased the expression of cholesterol
7-alpha hydroxylase (CYP7A1) and LDL receptor (LDLR). But it has no obvious effect on the expression of LXRα.
According to the above results, EMZAP had good anti-obesity attributes and improvement in conditions arising out of
cholesterol accumulation.
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INTRODUCTION

With the development of modern society, high-fat
diets are becoming a popular dietary style. How-
ever, such incorrect components of diets may cause
many health problems including obesity. Obesity
is a major risk factor for dyslipidemia, type 2 di-
abetes, atherosclerosis, hypertension, cardiovascu-
lar diseases, and certain cancers in the developed
world [1, 2]. Generally, these diseases are caused
by a high level of cholesterol and triglycerides in the
body [3]. From the view of metabolism, obesity and
overweight status are caused by energy imbalance,
which means the body absorbs more energy than it
really needs [4]. The World Health Organization
(WHO) points out that about 300 million people
are obese (body mass index [BMI] > 30.0 kg/m2)
and 1 billion people are overweight (BMI of 25–
30 kg/m2) in the world [5]. The complications
arising out of obesity are a worldwide concern be-
cause of the high costs of treatment and productivity
losses.

About 75% of the body’s cholesterol is syn-
thesized and metabolized in the liver and small
intestine. The reverse cholesterol transport (RCT)

pathway mainly occurs in the liver [6]. HMG-CoA-
R is the main rate-limiting enzyme for cholesterol
synthesis. HMG-CoA-R is a precursor participat-
ing in the cholesterol synthesis in the cytosol and
the endoplasmic reticulum [7]. LDLR is mainly
responsible for transferring LDL-C from blood to the
liver. The process includes a multistep enzymatic
reactions [8]. CYP7A1 is the rate-limiting enzyme
in the bile acid biosynthetic pathway that converts
cholesterol into bile acids in the liver [9]. Liver X re-
ceptor (LXR), a member of the nuclear receptor su-
per family of ligand-activated transcription factors,
plays a central role in the regulation of cholesterol
absorption, efflux, transportation, excretion, and
many other processes related to lipid metabolism as
well as inflammation [10].

Pure preparations from male zooid of Anther-
aea pernyi have long been used as a traditional
Chinese medicine to treat many illnesses and pro-
mote longevity. The functions of these preparations
are well documented in Compendium of Materia
Medica. The functions are as follows: invigorating
essential Qi, strengthening the vagina, no tiring
during sexual intercourse, and arresting essence. It
is believed that preparations from male zooid of
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Antheraea pernyi can aid the liver and invigorate
the kidney, consolidate essence, check bleeding, and
promote muscle growth [11]. The male zooid of
Antheraea pernyi contains many active substances,
such as the brain hormone, prothymosin, hormone
of Antheraea pernyi, and diuretics, all of which
can adjust metabolism and restore immune func-
tions [12]. Previous studies demonstrated that
a concentrated liquor of male zooid of Antheraea
pernyi could improve immune function, promote
recognition, and cause lethal effects toward tumor
cells. The liquor possessed a unique property for ad-
junctive therapy against tumors [13]. Moreover, the
administration of the concentrated liquor of male
zooid of Antheraea pernyi was suggested to help
improve the immune function of the radiated tumor-
bearing rats and reverse radiation-induced immune
inhibition by promoting the proliferation of T helper
cells and inducing their transdifferentiation from
Th2 to Th1 [14]. There has been a lack of functional
evaluation research on male zooid of Antheraea
pernyi in China and worldwide. Therefore, we have
developed new extracts of male zooid of Antheraea
pernyi (EMZAP) and studied their curing properties
and health care functions. EMZAP produced from
newly emerged and unmated tussah moths were
clear and transparent, free of turbidity, and excel-
lent in appearance and flavor [15]. Our previous
studies showed that these EMZAP could reduce
the glutamate-pyruvate transaminase level in serum
and reduce the degree of denaturation and necrosis
of liver cells in mice when livers were injured by
carbon tetrachloride. Thus, it was proved to have
obvious protective effects on liver injury [16].

In this paper, we investigated the improvement
of anti-obesity effects and cholesterol accumulation
of EMZAP in high-fat-diet-induced mice. The body
weight and liver weight were observed; and serum
lipid analysis, biochemical analysis, and histopatho-
logical analysis were performed. In order to explore
the effect of EMZAP on cholesterol accumulation,
we studied the expression of genes related to choles-
terol metabolism in the liver. All of these results are
expected to provide a theoretical basis for the high-
value utilization of tussah moths.

MATERIALS AND METHODS

Materials and animals

The fresh male zooid of Antheraea pernyi, which
had been just hatched, was obtained from our own
silkworm production base. The serum lipid and
antioxidant capacity analysis kits were purchased

from the Nanjing Jiancheng Bioengineering Insti-
tute. Trizol Total RNA Isolation Kit was purchased
from Sangon Biotech (Shanghai) Co., Ltd.

A total of 40 male C57BL/6J mice, 6 weeks old
with an average weight of 19 g each were purchased
from Jinfeng Experimental Animal Co., Ltd. (SCXK
2014 0006) and housed under a 12:12 h light-dark
cycle at 22±2 °C and 40–60% humidity. All mice
were maintained under pathogen-free conditions,
provided ad libitum access to food and water, and
treated humanely throughout the experimental pe-
riod in strict accordance with the Shandong Institute
of Sericulture guidelines for the care and use of
laboratory animals.

Preparation of EMZAP

The fresh male zooid devoid of the wings were
soaked in 95% alcohol for 7 days. After crushing
and squeezing, the mixture was stored in the lab-
oratory at constant temperature and humidity for
5–6 days. And then the mixture was centrifuged
at 4200 rpm for 12 min. The supernatant was the
raw dilute extracts of moths. The samples were con-
centrated under low temperature (liquid tempera-
ture 38 °C–42 °C) and negative pressure (−0.10 MPa
to −0.08 MPa) to obtain porridge-like extracts of
moths. After concentration, the samples were im-
mediately centrifuged at 4000 rpm for 8 min and
the precipitates and fat were removed. Then, 95%
ethanol was added to the supernatant and kept it
at −18 °C for approximately 6 h. After that, the
mixture was centrifuged at −5 °C, 5000 rpm for
15 min [15]. The supernatant was the final EMZAP,
to be used in the experimental animals after most of
the alcohol evaporated. The final concentration was
0.8 g/ml. The specific process was shown in Fig. S1.

Animal experimental design

After acclimatizing for 5 days, the mice were ran-
domly divided into 4 groups (of 10 each) and fed
on basal control group diet (Control Group), high-
fat diet (Model Group), high-fat diet containing high
dose of EMZAP (High Group), and high-fat diet
containing low dose of EMZAP (Low Group), re-
spectively. The Control Group was fed with normal
animal food. The other groups were fed with high-
fat animal food. Mice were weighed and admin-
istered these diets daily via stomach gavage for 8
weeks until sacrifice. The Control Group and the
Model Group were given normal saline by gavage
once a day. The High and the Low Groups were
given EMZAP by gavage 0.1 ml/10 g body weight
and 0.05 ml/10 g body weight, respectively. After 8
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weeks, these mice were fasted 12 h before sampling
blood and tissues for analyses. The blood samples
were obtained by removing the eyeballs. Blood was
allowed to sit for 1 h to obtain the serum and then
centrifuged at 4000 rpm for 5 min. The liver and
epididymal adipose tissues were isolated after the
mice were sacrificed. A part of the tissues was
frozen in liquid nitrogen and stored at −80 °C until
subsequent analyses and the other part was soaked
in 10% formaldehyde solution for histopathological
analysis.

Serum lipid analysis

Total-cholesterol (TC) and triglyceride (TG), HDL-
cholesterol (HDL-C), and LDL-cholesterol (LDL-C)
in the serum were measured with commercial kits.

Antioxidant capacity in liver

Each sample used for the measurement of liver
enzyme activities was prepared by homogenizing
the liver in a 0.9% NaCl buffer. The supernatant
of the homogenate was obtained by centrifuging at
5000 rpm for 10 min at 4 °C. The protein content
of liver tissue homogenate was measured with total
protein quantitative kit (BCA colorimetry). The
levels of T-AOC (Total antioxidant capacity), SOD
(Superoxide Dismutase), MDA (Malondialdehyde),
and GSH-Px (Glutathione peroxidase) in the super-
natant were measured with commercial kits. The
units of T-AOC, SOD and GSH-Px were U/mg pro-
tein. The unit of MDA was nmol/mg protein.

Histopathological analysis

For the histopathological examination, the liver and
epididymal adipose tissues from each group were
collected and fixed in 10% buffered formaldehyde
solution for 48 h and embedded into paraffin. Then,
the fixed tissues were sectioned and stained with
hematoxylin and eosin (H&E) for histopathological
evaluation.

Real-time PCR analysis

Approximately 100 mg of liver tissues were col-
lected. Total RNA was extracted by using a
Trizol Total RNA Isolation Kit, according to the
manufacturer’s instructions. Reverse transcrip-
tion was carried out using RevertAid Premium Re-
verse Transcriptase (Thermo Scientific™ EP0733).
The reaction was performed at 25 °C for 10 min,
50 °C for 30 min, and then 85 °C for 5 min.
Synthesized cDNA was used for PCR with spe-
cific primers at optimized cycles. Primers were
designed with the assistance of Sangon Biotech

(Shanghai) Co., Ltd. as follows: GAPDH (For-
ward: 5′GGTTGTCTCCTGCGACTTCA 3′, Reverse:
5′TGGTCCAGGGTTTCTTACTCC 3′); HMG-CoA-R
(Forward: 5′AGCGGAGCAGGCTAAGGTT 3′, Re-
verse: 5′TTGAGGTCACGACGGGAGA 3′); LDLR
(Forward: 5′TCAGTCCCAGGCAGCGTAT 3′, Re-
verse: 5′CTTGATCTTGGCGGGTGTT 3′); LXRα
(Forward: 5′CCTCAATGCCTGATGTTTCTC 3′, Re-
verse: 5′CTGACTCCAACCCTATCCCTAA 3′); and
CYP7A1 (Forward: 5′GGGGATTGCTGTGGTAGTGA
3′, Reverse: 5′TGACAGGGAGTTTGTGATGAAG 3′).

Real-time PCR was conducted in an ABI Stepone
Plus Real time PCR system (Applied Biosystems,
USA) and SG Fast qPCR Master Mix (Sangon Biotech
(Shanghai) Co., Ltd.). The reaction was performed
at 95 °C for 3 min, followed by 40 cycles of 95 °C
for 3 s and 60 °C for 30 s. At the end, the relative
expression level of target gene was determined as
2−∆∆CT

Statistical analysis

All of the quantification of the flow data was based
on at least three analyses from at least three mice.
All the data were presented as mean±SD. Statistical
significance was determined by a one-way ANOVA
for multiple comparisons using Origin 8.5 software.
p < 0.05 was considered statistically significant.

RESULTS

Body weight and epididymal adipose tissue
weight

After feeding for 0–35 days, there was little differ-
ence in body weight gain between the Control Group
and the Model Group. Body weight gains of the
High Group and the Low Group were significantly
lower than those of the Model Group. But when
fed for 35–56 days, there was little difference in the
body weight gain between the Control Group, the
High Group, and the Low Group. The body weight
gain of the Model Group was higher than those
of the other three groups (Fig. 1a). The resulting
epididymal adipose tissue weights and body weights
are shown in Fig. 1b. The epididymal adipose tissue
weights of the three high-fat diet groups were higher
than the Control Group. The epididymal adipose
tissue weights of the Low Group and the High Group
were significantly lower than those of the Model
Group (p < 0.01).

Serum lipid levels

As shown in Fig. 2a, the plasma TC concentrations
in the Low Group and the High Group were signifi-
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Fig. 1 Effects of dietary EMZAP on (a) body weight and
(b) epididymal adipose tissue. Each value is mean±SEM,
n = 10 for each group; * p < 0.05 and **p < 0.01 vs.
Model Group.

cantly lower than that of the Model Group (p< 0.05
and p < 0.01). The plasma TG concentration in the
Low Group was slightly reduced compared with the
Model Group, but the difference was not significant
(p > 0.05); while the High Group showed a signif-
icant decrease compared to the Model Group (p <
0.05). The plasma HDL-C concentrations in the Low
Group and the High Group were significantly lower
than in the Model Group (p < 0.05 and p < 0.01).
The plasma LDL-C concentrations in the Low Group
and the High Group were significantly lower than
in the Model Group (p < 0.05). In addition, the
plasma levels of TC, TG, HDL-C, and LDL-C were
lower in the High Group than in the Low Group.

Antioxidant capacity of organisms in liver

The effects of EMZAP treatment on antioxidant ca-
pacity of organisms in the liver are shown in Fig. 2b.
T-AOC levels in the High Group and the Low Group
were increased compared with that in the Model
Group (p < 0.05 and p > 0.05). The T-AOC level in
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Fig. 2 Effects of EMZAP on (a) serum and (b) the
antioxidant capacity of organisms in the liver. Each value
is mean±SEM, n = 10 for each group; *p < 0.05 and
**p < 0.01 vs. Model Group; # p < 0.05 and ## p < 0.01
vs. Control Group.

the High Group had little increase compared with
the Model Group (p > 0.05). The SOD level was
significantly lower in the Model Group compared to
the Control Group (p < 0.05). The SOD levels in
the High Group and the Low Group were increased
compared with that in the Model Group (p > 0.05);
and they were a little decreased compared with the
Control Group (p > 0.05). The GSH-PX level was
significantly lower in the Model Group compared to
the Control Group (p< 0.01). The GSH-PX levels in
the High Group and the Low Group were increased
compared with that in the Model Group (p < 0.01
and p > 0.05). The GSH-PX level in the High
Group had little increase compared with the Model
Group (p > 0.05). The MDA level was significantly
increased in the Model Group compared to the
Control Group (p < 0.05). The MDA levels in the
High Group and the Low Group were significantly
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Fig. 3 Histological analyses of mouse liver and epididymal
adipose tissues of each group. Samples were stained
with ematoxylin and eosin, and were photographed at
400×magnification. (A) Control Group, (B) Model
Group, (C) High Group, and (D) Low Group.

lower compared with the Model Group (p < 0.05
and p < 0.05) and the Control Group (p > 0.05).

Histopathological changes in liver and
epididymal adipose tissues

The liver plays a central role in controlling the
homeostasis of the whole body, including lipid and
carbohydrate metabolism. As shown in Fig. 3, there
was extensive hepatocyte vacuolation in animals
in the Model Group, which were fed with a high-
fat diet, indicating fat accumulation in the tissue.
However, EMZAP treatment efficiently ameliorated
lipid accumulation in hepatocytes. Moreover, his-
tological analysis of the epididymal adipose tissue,
shown in Fig. 3, confirmed that the adipocyte size
was markedly bigger in the Model Group than in
the other groups. After 8 weeks of supplementation,
the two dosages of EMZAP significantly attenuated
adipocyte sizes to different degrees. Histological
analyses of both liver and epididymal adipose tis-
sues confirmed the improvement of EMZAP in high-
fat-diet induced obesity models.

Gene expression in liver

According to the above results, EMZAP exert anti-
obesity effects and cause improvement of choles-
terol accumulation. Therefore, we proceeded to
examine fat metabolism genes in the liver. As
shown in Fig. 4, the expression of HMG-CoA-R was
significantly decreased in the Low Group and the
High Group when compared with the Model Group
(p > 0.05 and p < 0.01). Furthermore, in the Low
Group and the High Group, EMZAP decreased the
expression of HMG-CoA-R compared with the Con-
trol Group (p > 0.05). In addition, the expression
of CYP7A1 was significantly increased in the Low
Group and the High Group as compared with the
Model Group (p < 0.05) and the Control Group
(p > 0.05). In the Model Group, the high-fat diet
evidently reduced the expression of LDLR in liver
tissues in comparison with the Control Group (p <
0.01). Also, in the Low Group and the High Group,
EMZAP increased the expression of LDLR when
compared with the Model Group (p > 0.05 and
p < 0.05). Moreover, the expression of LXRα was
significantly decreased in the Model Group when
compared with the Control Group (p < 0.05). As
well, the expression of LXRα showed no significant
differences in the Low Group and the High Group
when compared with the Model Group.

DISCUSSION

The male zooid of Antheraea pernyi is an animal-
derived medicine in China. According to the Dic-
tionary of Traditional Chinese Medicine, the major
components of the male zooid are proteins, with
more than 20 kinds of free amino acids, and cy-
tochrome c [17].

In modern society, obesity and overweight sta-
tus affect people of all ages and irrespective of the
social class. Being treated as a “global epidemic”,
this calls for awareness and implementation of
health policies to help promote healthy lifestyle and
recognize the dangers of obesity [18]. Lyu et al [19]
used mice as animal models to investigate the
acute toxicity and mutagenicity of tussah male moth
powder. The results indicated that tussah male
moth powder had no acute toxicity, mutagenicity,
or teratogenicity in mice. That study provided an
experimental basis for toxicology studies and safety
evaluations of medicine and food developed from
male tussah moths. Jiang et al [20] reported that
male China oak silkworm liquid played a significant
role in the prevention of alcohol-induced liver fibro-
sis in mice; low-doses seemed to work more effec-
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 Fig. 4 Effects of EMZAP on gene expression in the liver. Each value is mean±SEM, n = 10 for each group; *p < 0.05
and **p < 0.01 vs. Model Group; # p < 0.05 and ## p < 0.01 vs. Control Group.

tively than high doses. In this paper, we found that
EMZAP were able to alleviate high-fat-diet-induced
obesity and reduce cholesterol accumulation. As
shown in Fig. 1, the body weight of the Model Group
was higher than that in the other three groups,
which received EMZAP by gavage. In addition, the
epididymal adipose tissue weights of the Low Group
and the High Group were significantly lower than
those of the Model Group (p < 0.01). The visual
estimation of tissue entities under the microscope
was the most direct and still the most investigative
method used to determine the cellularity of a given
tissue [21]. According to our histological analysis,
the adipocyte sizes of the Low Group and the High
Group were markedly smaller than that of the Model
Group (Fig. 3). Our results showed that EMZAP can
reduce fat accumulation in mice fed on high-fat diet.

The liver plays a major role in lipid metabolism,
including lipid degradation to bile acids and elim-
ination to bile. Most of the cholesterol that de-
posits in tissues must be transported to the liver

by a process referred to as RCT [22]. HDL has
been identified as taking a central role in the RCT
pathway, although plasma levels of HDL-C are not
necessary for RCT function. Low HDL-C levels, co-
existing with elevated triglycerides and small-dense
LDL particles, are characteristic of dyslipidemia in
patients [23]. In our research, the plasma levels
of TC, TG, HDL-C, and LDL-C were lower in the
EMZAP-treated Groups than in the Model Group.
In addition, the histological analysis of liver tissues
showed that EMZAP treatment efficiently reduced
lipid accumulation in hepatocytes. The antioxidant
capacity of organisms is closely related to health,
and it has two parts: enzymatic reactions and
non-enzymatic reactions. The enzymatic reactions
include those of SOD, CAT, GSH-PX, and others.
Their function is to decompose free radicals and
remove catalytic metal ions. MDA is one of the
important products of membrane lipid peroxidation,
so its level is an indicator of peroxidation in an
organism. Oxidative stress is the impairment of
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oxidant/antioxidant equilibrium causing molecular
and cellular tissue damages [24]. EMZAP also
enhanced the antioxidant capacity of liver in mice
fed on high-fat diet. There was not much difference
in the liver weights of mice in different groups (data
not shown). However, histological analysis showed
that EMZAP significantly reduced the accumulation
of epididymal adipose tissue in the liver.

We examined the mRNA levels of the key regu-
latory genes in RCT (HMG-CoA-R, CYP7A1, LDLR,
and LXRα) of mice. Previous studies had shown
that a decreased expression of HMG-CoA-R is bene-
ficial for suppressing the synthesis of hepatic choles-
terol [25]. Our research also got the same re-
sults; the expression of HMG-CoA-R in the High
Group was significantly decreased compared with
the Model Group (p < 0.01). The expressions of
CYP7A1and LDLR in the EMZAP-treated groups (the
Low Group and the High Group) was increased com-
pared with the Model Group. The increased expres-
sions of these two genes were capable of reducing
the cholesterol content in the plasma [26, 27]. The
increased expression of LXRα has been shown to
improve hyperlipidemia and prevent atherosclero-
sis [28]. However, in our paper, only the expression
of LXRα in the High Group was slightly higher than
that in the Model Group (p> 0.05), which indicated
that EMZAP treatment had no obvious effect on the
expression of LXRα.

CONCLUSION

In this paper, EMZAP were proved to be able to
reduce body weight and serum lipid. The results of
genes expression in the liver showed that EMZAP
could improve the cholesterol accumulation. The
histological results showed that EMZAP could im-
prove the pathological changes of liver. In conclu-
sion, EMZAP had good anti-obesity attributes and
improvement in conditions arising out of cholesterol
accumulation. All of these results are expected
to provide a theoretical basis for the high-value
utilization of tussah moths.

Appendix A. Supplementary data

Supplementary data associated with this arti-
cle can be found at http://dx.doi.org/10.2306/
scienceasia1513-1874.2021.021.
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Appendix A. Supplementary data

 

Fresh male 

tussah moth 

(20 Kg) 

Soaked in 95% 

alcohol for 7 days 

Crushing, squeezing, and 

placement in a constant 

temperature and humidity 

laboratory for 5-6 days 

Porridge like 

extracts of 

moth 

EMZAP 

(5 kg) 

Raw dilute 

extracts of 

moths 

 

Concentrate in vacuum 
distillation unit. 
Liquid temperature: 38℃–
42℃ 
Pressure:＜- 0.08 Mpa 

Immediate 

centrifugation at 

4000 r/min for 8 min 

Addition of 95% ethanol 

to the supernatant and 

freezing at -18°C for 6 h 

Centrifuged at -5°C, 

5000 r/min for 15 min 

Centrifuged 

at 4200 r/min 

for 12 min 

Fig. S1 Production process of EMZAP.
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