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Drynaria rhizome water extract alleviates
high-fat diet-induced obesity in mice
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Abstract. Drynaria rhizome is a herbal medicine used for
strengthening bones and treating bone diseases in East Asia.
Although obesity is considered to benefit bone formation, it
has been revealed that visceral fat accumulation can promote
osteoporosis. Given the complex relationship between bone
metabolism and obesity, bone-strengthening medicines should
be evaluated while considering the effects of obesity. The
present study investigated the effects of Drynaria rhizome
extract (DRE) on high-fatdiet (HFD)-induced obese mice. DRE
was supplemented with the HFD. Body weight, food intake, the
expression levels of lipogenesis transcription factors, including
sterol regulatory element binding protein (SREBP)-1, peroxi-
some proliferator-activated receptor (PPAR)-y and adenosine
monophosphate-activated protein kinase (AMPK)-a, and
AMPK activation were evaluated. Mice fed DRE and a HFD
exhibited reduced body weight without differences in food
intake compared with those in the HFD group. Furthermore,
DRE; upregulated AMPK-a of epididymal one; down-regu-
lated SREBP-1 and PPAR-vy, as determined using western
blotting and quantitative polymerase chain reaction, respec-
tively. Decreased lipid accumulation were observed in both
fat pad and liver of HFD-fed mice, which were suppressed by
DRE treatment. These results demonstrated the potential of
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DRE as a dietary natural product for strengthening bones and
managing obesity.

Introduction

Obesity is caused by an imbalance between energy intake
and expenditure, resulting in the accumulation of excessive
white adipose tissue (WAT) (1). The coronavirus disease
2019 pandemic led to a higher prevalence of obesity, due to
restricted outdoor physical activities (2) and unhealthy life-
style changes (3). Furthermore, obesity predisposes patients
with severe acute respiratory syndrome coronavirus-2 infec-
tion to severe outcomes (4). The association between obesity,
infection and various metabolic diseases including insulin
resistance or coronary heart disease is well known (5). Since
obesity is caused by immoderate lipid deposition and adipose
tissue expansion, inhibiting proliferation and hypertrophy of
adipocyte may solve obesity and other metabolic complica-
tions (6).

As one of the most complex organs in the human body,
adipose tissue consists of lipid-rich cells called adipocytes,
which interact with the entire body to maintain metabolic
homeostasis (7). Hypertrophy and hyperplasia of the adipose
tissue contribute to adipose tissue dysfunction (8). Pathological
changes in adipose tissue are reflected by abnormal adipokine
secretion, insulin resistance, or prolonged inflammation related
to obesity and its associated comorbidities (9). Therefore,
understanding the molecular mechanisms underlying adipo-
cyte differentiation, physiology, morphological changes
and related factors is necessary to determine the effects of
adipocytes. Specifically, adenosine monophosphate-activated
protein kinase (AMPK) is an energy sensor that negatively
regulates white adipogenesis in the body (10). The AMPK
pathway activation inhibits adipocyte proliferation by
regulating adipogenic transcription factors, such as sterol
regulatory element-binding protein (SREBP)-1 and peroxi-
some proliferator-activator (PPAR)-y (10). SREBP-1 is a
member of a transcription factor family that regulates lipid
homeostasis and metabolism, thereby controlling the synthesis
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of endogenous cholesterol, fatty acids, triacylglycerol and
phospholipids (11). PPARs are a group of proteins required
for fatty acid oxidation and energy metabolism (12). One of
the three subtypes of PPARs, PPAR-y, contributes to energy
balance, and lipid and glucose homeostasis regulation as a
nuclear receptor superfamily member (13).

Drynaria rhizome is the dried root of Drynaria fortunei,
a herbaceous perennial plant (14), which has been used
to improve bone health by promoting trauma recovery
and treating bone fractures (15). As a medicinal herb,
the rhizome is classified among the ‘Yang-tonifying’ or
‘kidney-tonifying’ herbs specific for bone-related diseases,
including osteoporosis or bone fractures, that can regulate
bone formation or bone resorption (16-18). Compounds
of Drynaria rhizome, such as flavonoids, have exhibited
protective effects against osteoarthritis by enhancing bone
regeneration (19,20). Since numerous studies have reported
on the association between bone health and obesity, it is
necessary to investigate therapeutic candidates that can
regulate these (21-24). Since obesity may induce an increase
in bone density affected by higher mechanical loads or higher
17B-estradiol levels protecting bone (25,26), it seems to be
worth to investigate the effects of Drynaria rthizome which
is known for bone-related diseases. Previous studies have
demonstrated the promoting effects of Drynaria rhizome
and its flavonoids on osteoblast differentiation in MC3T3-E1
cells and ovariectomized Spragues-Dawley rats (27-29).
Given the increasing evidence of the close relationship
between weight loss and bone health (30,31), evaluating
the anti-obesity effects of existing reliable medicines for
bone disease is important. Therefore, the present study
investigated the effects of Drynaria rhizome extract (DRE)
supplemented with a high-fat diet (HFD) on HFD-induced
obese mice.

Materials and methods

Antibodies. The phosphorylated (p)-AMPK (cat. no. 2535)
and AMPK (cat. no. 2532) antibodies were obtained from Cell
Signaling Technology, Inc. PPAR-y (cat. no. sc-7273), SREBP1
(cat. no. sc-13551) and f-actin (cat. no. sc-81178) antibodies
were obtained from Santa Cruz Biotechnology, Inc.

Preparation of DRE. The root of the herb Drynaria fortunei
was purchased from Nanum Pharmaceutical Company
(cat. no. HA1800100101). The herb (400 g) was extracted in
4 1 hot water at 100°C for 4 h. The extract was freeze-dried
and the yield was calculated at 17.5%; [dried extract weight
(38.465 g)/dry starting material weight (219.8 g)] x100 (%).

HFD-induced obese mouse model and treatment. The present
study followed the methods of Park et al (32). DRE powder
was lyophilized, extracted with water at 100°C for 4 h and
purified using filter papers under a vacuum rotary evaporator
(EYELA-Tokyo Rikakikai Co., Ltd.); the residual powder
was stored at -20°C until needed. The powder was used to
generate a supplemented diet containing 10% DRE and 45%
HFD (Research Diets, Inc.); 20 g DRE powder was mixed with
180 of HFD. Male C57BL/6 N mice (specific-pathogen-free
grade; age, 8 weeks; weight, 20+2 g) were purchased from Dae

Han Bio Link Co., Ltd. The mice were adapted to modified
conditions for 1 week, and 30 healthy mice were then used in
the present study. The mice were randomly distributed into
the following three groups (n=10/group): Normal diet (CON),
45% HFD-induced (HFD), and 45% HFD-induced and 10%
DRE-administered (HFD + DRE) groups. The mice were
provided ad libitum access to food and water. Mice in the
HFD + DRE group were provided a HFD for 4 weeks leading
to HFD-induced obesity. Subsequently, the mice were fed a
HFD supplemented with 10% DRE from week 5. Mice in
the CON and HFD groups were fed normal diet and HFD,
respectively for 9 weeks. The mice were maintained under a
12/12 h light/dark cycle, at a constant temperature of 22+2°C
and relative humidity of 55+9%. Body weight and food intake
were measured weekly. For sacrifice, mice were placed in a
9 1 container; 100% of carbon dioxide was supplied to the
container at a volume displacement rate of 30% per min
(~3 1/min). The flow was continued until 1 min after breathing
or heartbeat stopped. Subsequently, cervical dislocation was
performed to ensure the animal was sacrificed. All procedures
were conducted following the National Institutes of Health
guidelines (33) and the present study was approved by the
Ethical Committee for Animal Care and the Use of Laboratory
Animals of Sangji University (approval no. 2019-11; Wonju,
South Korea). At the end of the 10-week period, liver and
adipose tissues were obtained, rinsed, weighed and stored
at -80°C until further analysis.

Food efficiency ratio. After sacrifice, body weight gain was
divided with food intake. And the value was expressed as
percentage).

Weight of eWAT tissues. Relative epididymal white adipose
tissues were calculated epididymal WAT weight divided to
body weight.

Western blot analysis. Segments of liver or epididymal
WAT (eWAT) were suspended in PRO-PREP™ protein
extraction solution (Intron Biotechnology, Inc.) and
incubated for 20 min at 4°C. Cell debris was removed via
microcentrifugation (20,784 x g, 4°C for 30 min) followed
by quick freezing of the supernatant. Protein concentration
was determined using the Bio-Rad protein assay reagent
(Bio-Rad Laboratories, Inc.) according to the manufacturer's
instructions. Cellular proteins (30 ug) from homogenized
adipose tissue were separated by 10-12% SDS-PAGE and
electro-blotted onto a polyvinylidene fluoride membrane.
The membrane was then incubated for 1 h with blocking
solution (5% skim milk) at room temperature, followed
by overnight incubation with primary antibodies (1:1,000)
at 4°C. Blots were washed three times with 0.1% Tween
20/Tris-buffered saline (T/TBS) and were then incubated
with horseradish peroxidase-conjugated secondary anti-
bodies [Peroxidase AffiniPure Rabbit Anti-Mouse IgG
(H+L); cat. no. 315-035-003; Peroxidase AffiniPure Goat
Anti-Rabbit IgG (H+L); cat. no. 111-035-003; both from
Jackson ImmunoResearch Laboratories Inc. 1:2,500 dilu-
tion] for 2 h at room temperature. Blots were again washed
three times with T/TBS, and then developed via enhanced
chemiluminescence (GE Healthcare). Densitometric analysis
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was performed using ImageJ ver 1.53a software (National
Institutes of Health).

Reverse-transcription quantitative polymerase chain reaction
(RT-qPCR) analysis. Total RNA was extracted from the liver
tissue and eWAT using the EASY BLUE RNA extraction kit
(INtRON Biotechnology), according to the manufacturer's
instructions. The RNA was then reverse transcribed into
c¢DNA using an Maxime RT PreMix (Random primer, iNtRON
Biochnology) according to the manufacturer's protocol. It was
conducted using a GeneAmp PCR System 9700 (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The synthesized
cDNA was 200 bp in size. A StepOnePlus Real-Time PCR
System (Applied Biosystems; Thermo Fisher Scientific, Inc.)
was used for amplification with Power-SYBR Green PCR
Master Mix (Applied Biosystems). The qPCR thermocycling
conditions were as follows: Preheating at 92°C for 2 min,
followed by 50 cycles at 92°C for 30 sec, 60°C for 30 sec and
68°C for 30 sec. The expression data were calculated from the
quantification cycle (Cq) value using the 22244 method (34).
GAPDH was used for normalization. The primer sequences
used for RT-qPCR are listed in a previous study (35), as
follows: AMPKa, forward (F) 5-AGAGGGCCGCAATAA
AAGAT-3 reverse (R) 5“-TGTTGTACAGGCAGCTGAGG-3
SREBPI1, F 5~ ATCGCAAACAAGCTGACCTG-3, R 5-AGA
TCCAGGTTTGAGGTGGG-3" PPARY, F 5'-ATCGAGTGC
CGAGTCTGTGG-3"; R 5'-GCAAGGCACTTCTGAAAC
CG-3'; GAPDH, F 5-GACGGCCGCATCTTCTTGT-3' and R
5'-CACACCGACCTTCACCATTTT-3.

Biochemical analysis. Briefly, 1.0-1.2 ml total blood was
collected from each mouse using cardiac puncture following
sacrifice. The collected blood was immediately centrifuged
(1,000 x g for 30 min at 4°C) to obtain plasma. The plasma
levels of triglycerides (TG) and total cholesterol (TC) were
measured using commercial kits (AM157S-K for TG and AM
202-K for TC) (Asan Pharmaceutical, Co., Ltd.).

Histological analysis. The liver tissue and eWAT from mice in
each group were fixed in 10% buffered formalin for 5-10 min
for eWAT as well as 20-30 min for liver at 37°C, embedded
in paraffin and cut into 8-xm sections. Sections were stained
for 6 h at 60-70°C with hematoxylin and eosin (H&E) for
histological examination of lipid droplets. Adipocyte cell size
was determined by measuring 10 randomly selected adipo-
cytes per area of respective tissue and images were acquired
using an Olympus SZX10 light stereomicroscope (Olympus
Corporation).

Statistical analysis. Data are presented as the mean + standard
deviation of triplicate experiments. The experimental data
were analyzed using one-way analysis of variance followed
by Dunnett's post hoc test (GraphPad PRISM 5; Dotmatics).
P<0.05 was considered to indicate a statistically significant
difference.

Results

DRE reduces the body weight and serum biochemical
parameters of HFD-fed obese mice. Changes in body
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weight were tracked weekly for 10 weeks. The body weight
of the HFD group was significantly increased after 4 weeks
compared with that in the CON group (Fig. 1A). DRE was
administered via the diet as 10% DRE supplemented in the
HFD. The body weight of mice in the HFD + DRE group was
lower than that in the HFD group. DRE induced a significant
change in body weight at 6 weeks caused by adaptation of
mice to the new diet. After 10 weeks, the body weight of mice
in the HFD group was significantly increased (35.50+2.76 g)
compared with that in the CON group (28.85+0.97 g). In addi-
tion, the HFD + DRE group exhibited reduced body weight
(31.85+1.95 g) compared with that in the HFD group. Mice
were allowed ad libitum access to the diet, and food intake
was evaluated, showing no differences between the groups
(Fig. 1B). To calculate the food efficiency ratio, the equation
used to determine the protein efficiency ratio (PER; %) was
adapted as follows: Body weight gain (g)/food intake (g)
x100 (36). Instead of evaluating the protein quality in food,
the present study aimed to assess total food efficiency, which
was significantly increased in the HFD group compared to the
CON group as well as significantly decreased in the HFD +
DRE group comparing to the HFD group (Fig. 1C). At the
end of the experiment, after 10 weeks, anatomical examination
confirmed the reduced body fat mass in the HFD + DRE group
compared with that in the HFD group (Fig. 1D). In addition,
after 9 weeks, the levels of serum biochemical markers, TG
and TC, were significantly reduced in the HFD + DRE group
compared with those in the HFD group and were significantly
increased in the HFD group compared with those in the CON
group (Fig. 1E and F).

DRE suppresses lipid accumulation in eWAT in HFD-fed
obese model mice. Adipose tissue grows via two processes,
hypertrophy and hyperplasia (37). In the present study,
eWAT exhibited marked changes in size (Fig. 2A) and
weight (Fig. 2B). The average weight of eWAT in the HFD
group (1.90+0.32 g) was significantly increased compared
with that in the CON group (0.70+0.09 g). This increase was
suppressed by DRE (1.17+0.32 g) in the HFD + DRE group.
This tendency was verified by determining relative eWAT
weight (tissue weight/body weight) (Fig. 2C). To determine
the effects of DRE on adipose tissue growth and lipid accu-
mulation, H&E staining was performed on eWAT (Fig. 2D).
As shown in Fig. 2D and E, the HFD group exhibited an
increase in adipocyte size (113.22+4.57 ym) compared with
that in the CON group (63.86+6.30 ym); however, mice in the
HFD + DRE group exhibited decreased adipocyte diameter
(81.93+3.61 um) compared with that in the HFD group.

DRE downregulates the expression of adipogenic markers
in the eWAT of HFD-induced obese mice. Western blotting
was conducted to clarify the effect of DRE on the expres-
sion levels of adipogenic transcription factors in eWAT. The
HFD + DRE group exhibited restored protein expression of
p-AMPK-o compared with that in the HFD group, which
was significantly decreased compared with the CON group
(Fig. 3A and B). Given the regulatory effect of DRE on
p-AMPK-a (Fig. 3A and B), the protein expression levels of
adipogenic transcription factors, SREBP-1 and PPAR-vy, were
determined. The increased protein expression levels induced by
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Figure 1. Effects of DRE on body weight and food intake in HFD-induced obese mice. (A) Mouse body weight was measured weekly for 10 weeks and (B) food
intake was calculated as g/mouse/day. (C) Food efficiency ratio was calculated. (D) Images of mouse bodies and the abdominal cavity. Serum biochemical
parameters (E) total cholesterol and (F) triglyceride were examined. Data are presented as the mean + standard deviation. “P<0.05, #P<0.01 and **P<0.001 vs.
CON group; “P<0.05 and "“P<0.001 vs. HFD group. CON, control; DRE, Drynaria rhizome extract; HFD, high-fat diet.
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Figure 2. Effect of DRE on eWAT expansion in HFD-induced obese mice. (A) Representative eWAT images, (B) average tissue weight and (C) relative tissue
weight after 10 weeks of the experiment. Representative images of eWAT stained with (D) hematoxylin and eosin, and (E) average adipocyte diameter in the
tissue. Data are presented as the mean + standard deviation. “"P<0.001 vs. control group; “P<0.01 and ““P<0.001 vs. HFD group. BW, body weight; DRE,
Drynaria rhizome extract; eWAT, epididymal white adipose tissue; HFD, high-fat diet.

HFD were mitigated by DRE dietary treatment (Fig. 3C-E). To
assess the mRNA expression levels of these factors, RT-qPCR
analysis was performed. The mRNA expression levels were
consistent with the protein expression levels. DRE upregulated
AMPK activation, and a downregulatory effect on SREBP-1
or PPAR-y expression (Fig. 3F).

DRE ameliorates lipid accumulation in the liver of HF D-fed
obese model mice. Excessive fat accumulation in the liver
leads to fatty liver diseases, such as nonalcoholic fatty liver
disease (38). Therefore, the present study observed the size and
color of liver tissue and compared its weight between groups.
Bigger liver tissue of HFD group compared to CON group
was presented and brighter liver tissue of HFD + DRE group
comparing to CON or HFD group was shown (Fig. 4A), there
was no statistically significant difference in liver weight among
the three groups (Fig. 4B). However, histological examination
with H&E confirmed that HFD-induced lipid accumulation

was alleviated by DRE, resulting in smaller and less frequent
lipid droplets, as indicated with black arrows (Fig. 4C).

DRE suppresses adipogenic marker expression in the liver
in HFD-induced obese mice. The present study assessed the
mRNA and protein expression levels of adipogenesis factors
via RT-qPCR and western blot analysis, respectively. Unlike
the changes in AMPK activation observed in eWAT and
protein expression of liver, the difference in the mRNA expres-
sion levels of AMPK among the groups was not significant
(Fig. 5A, B and F). Also, DRE treatment didn't significantly
recover the protein expression of AMPK phosphorylation
comparing to HFD group whereas apparently decreased phos-
phorylated AMPK expression in HFD group. However, the
adipogenic transcription factor SREBP-1, and its direct target
PPAR-y, were markedly induced by HFD and suppressed by
DRE dietary treatment (Fig. SC-F). In Fig. 5B, D, and E, the
relative density of protein expression was presented.
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Figure 3. Effect of DRE on the expression levels of adipogenic transcription factors in the eWAT of HFD-induced obese mice. (A) Representative western
blot and (B) semi-quantification of p-AMPK-o protein expression levels in eWAT. P-AMPK expression was normalized to AMPK using ImageJ v1.50i.
(C) Representative western blot, and semi-quantification of (D) SREBP-1 and (E) PPAR-y protein expression levels in eWAT. Expression was normalized to
B-actin using ImageJ v1.50i. (F) AMPK-a, SREBP-1 and PPAR-y mRNA expression levels were detected in eWAT using reverse transcription-quantitative
polymerase chain reaction. Relative mRNA expression levels were normalized to GAPDH. Data are presented as the mean + standard deviation. #P<0.01 and
"P<0.001 vs. CON group; ‘P<0.05, “P<0.01 and ““P<0.001 vs. HFD group. AMPK-a, adenosine monophosphate-activated protein kinase-a; CON, control;
DRE, Drynaria rhizome extract; eWAT, epididymal white adipose tissue; HFD, high-fat diet; p-, phosphorylated; PPAR-y, peroxisome proliferator-activated

receptor-y; SREBP-1, sterol regulatory element binding protein-1.

Discussion

In drug development, interest in drug repurposing has
increased, with the aim of uncovering novel therapeutic
indications of proven drugs (39). Drynaria rhizome has been
used for bone health and blood revitalization, and is mainly
prescribed for bone formation or fractures due to its warm
(nature) and bitter taste (40-43). The compounds of Drynaria
rhizome have been suggested to treat osteoporosis (44). In
addition, it is known that Drynaria rhizome has no obvious
toxic side effects (41). Drynaria rhizome contains various
bioactive compounds with the capacity for alleviating obesity,
such as (-)-epicatechin or narigin (45,46). Recent studies have
focused on the complex relationship between bone health and
obesity, including the effect of adipokines on bone cells and

bone metabolism in type 2 diabetes (22,26,47). Therefore, the
present study evaluated the effects of the root of D. fortunei
on obesity.

A HFD is the primary promotor of obesity by inducing an
imbalance in energy expenditure and intake (48). Therefore,
the HFD-induced obesity mouse model is a well-established
in vivo experimental model for research on obesity (49). The
present study used a 45% HFD-induced obese C57BL/6
mouse model. To mimic the influence of food and minimize
stress in mice, the experimental preparation (DRE) was
mixed with the HFD at a concentration of 10%. The dosage
and method of DRE administration were selected according
to the recommendations of previous studies (35,50,51). Body
weight was measured weekly and obesity was revealed to be
significantly induced after 5 weeks. Differential weight loss by
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Figure 4. Effect of DRE on the changes in liver tissue in HFD-induced obese mice. (A) Representative images of liver tissue and (B) average liver tissue weight.
(C) Images of hematoxylin and eosin-stained liver tissue. Black arrows indicate lipid droplets. DRE, Drynaria rhizome extract; HFD, high-fat diet.

DRE after 8 weeks of the administration. Despite similar food
intake across the groups, obesity was significantly alleviated
in the DRE-supplemented group. Nutritional factors affected
by DRE were determined by modified PER, which represents
the weight gain of a subject divided by the intake of dietary
protein during the experimental period (52). Furthermore,
it seems to be valuable to determine the effects of DRE on
the efficiency of food digestion and absorption to evaluation
intestinal capacity for further study. The increased body fat
mass was determined based on the appearance of eWAT in the
abdominal cavity.

As the abnormal expansion and accumulation of eWAT are
considered characteristics of obesity, the present study investi-
gated the histological and molecular changes in eWAT (53). A
HFD induced a significant increase in the weight and size of
eWAT, which indicated adipocyte expansion and hyperplasia.
These morphological changes were histologically confirmed
under a microscope via H&E staining indicating lipid accu-
mulation (54,55). Additionally, DRE alleviated the increase in
adipocyte diameter induced by HFD. Furthermore the protein
and mRNA expression levels of lipogenesis-related markers,
AMPK, SREBP-1 and PPAR-y, were altered by DRE dietary
supplementation. AMPK is a protein kinase involved in
metabolism, which regulates adipogenic transcription factors,
including SREBP-1 and PPAR-y (56), and suppresses insulin
resistance (57). Furthermore, it has been reported that total
flavonoids of Drynaria rhizome exhibit efficacy in treating
osteoarthritis via the AMPK/NF-kB pathway (58). In the
present study, DRE upregulated p-AMPK expression under
HFD-induced obesity conditions. AMPK and its downstream
proteins maintain energy homeostasis in adipose tissues (59).
The effects of DRE on the molecular level of AMPK-a,
SREBP-1, or PPAR-y were assessed using western blotting and

RT-qPCR. DRE treatment induced up-regulated protein and
mRNA expression of AMPK-a comparing to the ones in HFD
group. Also, SREBP-1 and PPAR-yYR were showed suppressed
protein and mRNA expression by DRE treatment comparing
to the ones in HFD group.

The effects of DRE were also notable on liver tissue. Even
though the differences in weight and AMPK phosphorylation
in the liver were not significant among the groups, the activa-
tion and expression of adipogenic transcription factors were
suppressed in the DRE-supplemented group compared with
that in the HFD group. Since AMPK is considered to improve
lipid metabolic disorders by inhibiting SREBP activity, the
present study expected to observe a recovery effect of DRE
on the decreased p-AMPK expression in the eWAT from
HFD-induced obese mice (60). However, the mRNA expres-
sion of AMPK exhibited no significant changes among the
groups in the liver, unlike those detected in eWAT. This may
be due to the involvement of other molecular biomarkers,
or differences among the tissues, liver and eWAT, such as
CCA AT/enhancer-binding protein or other subunits of AMPK,
including AMPK-3 or AMPK-y (61,62). To identify the exact
signaling pathways in the future, it is necessary to perform
in vitro studies on the effects of DRE on preadipocytes, their
differentiation and other adipogenic transcription factors. In
addition, it is necessary to investigate the association between
the molecular mechanisms and different tissues for further
study such as fatty liver diseases (61).

In conclusion, despite limited data on the mechanism, the
present study demonstrated through an in vivo model that DRE
exerts its effects on HFD-induced obesity by downregulating
related transcription factors (Fig. 6), providing insight into the
potential role of herbal medicines in alleviating both obesity
and improving bone health.
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Figure 5. Effect of DRE on adipogenesis in the liver in HFD-induced obese mice. (A) Representative western blot and (B) semi-quantification of p-AMPK-a
protein expression levels in liver tissue. P-AMPK expression was normalized to AMPK using ImageJ v1.50i. (C) Representative western blot, and semi-quan-
tification of (D) SREBP-1 and (E) PPAR-y protein expression levels in liver tissue. Expression was normalized to $-actin using ImageJ v1.50i. (F) AMPK-a,
SREBP-1 and PPAR-y mRNA expression levels in the liver were determined using reverse transcription-quantitative polymerase chain reaction. Relative
mRNA expression levels were normalized to GAPDH. Data are presented as the mean + standard deviation. #*P<0.001 vs. CON group; "P<0.05 and “"P<0.001
vs. HFD group. AMPK-a, adenosine monophosphate-activated protein kinase-a; CON, control; DRE, Drynaria rhizome extract; eWAT, epididymal white
adipose tissue; HFD, high-fat diet; p-, phosphorylated; PPAR-y, peroxisome proliferator-activated receptor-y; SREBP-1, sterol regulatory element binding
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Figure 6. Mechanism underlying DRE activity in HFD-induced obese model
mice. DRE dietary administration reduced the expression of the adipogenic
transcription factors SREBP-1 and PPAR-y in the liver and eWAT by regu-
lating the AMPK pathway. AMPK-a, adenosine monophosphate-activated
protein kinase-a; DRE, Drynaria rhizome extract; eWAT, epididymal white
adipose tissue; HFD, high-fat diet; p-, phosphorylated; PPAR-y, peroxi-
some proliferator-activated receptor-y; SREBP-1, sterol regulatory element
binding protein-1.
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