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Chrysanthemum indicum L. ethanol extract reduces
high-fat diet-induced obesity in mice
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Abstract. The present study was undertaken to investigate the
mechanism behind the anti-obesity effect of the 50% ethanol
extract of Chrysanthemum indicum L. flowers (CIEE) in a
mouse model of high-fat diet (HFD)-induced obesity. Male
C57BL/6J mice (six mice in each group) were administered
CIEE (8,40 and 200 mg/kg) for 6 weeks while being fed with
a HFD. Garcinia cambogia (GC) was used as the positive
control and was administered in the same manner as CIEE.
Results demonstrated that oral administration of CIEE signifi-
cantly reduced body weight, epididymal white adipose tissue
(EWAT), liver weight and serum levels of total cholesterol and
triglyceride (P<0.05). In addition, CIEE reduced serum leptin
and increased adiponectin levels. CIEE significantly downreg-
ulated peroxisome proliferator-activated receptor y (PPARY),
CCAAT/enhancer-binding protein-a and fatty acid synthase
expression levels in EWAT, and upregulated the protein expres-
sion of PPARa in liver tissue of HFD-fed obese mice (P<0.05).
These results suggested that Chrysanthemum indicum L.
flowers may be a potentially effective therapeutic agent for
obesity and its associated complications.

Introduction
Obesity is a serious public health issue in the world related

with increase in morbidity, mortality and decrease lifespan (1).
It associated with metabolic disorders, such as, hypertension,
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type 2 diabetes, nonalcoholic fatty liver diseases, atheroscle-
rosis and cardiovascular diseases (2,3). Obesity is related to
an imbalance in intake of energy, lack of exercise (4) and the
excessive accumulation of adipose tissues (3). The development
of obesity is characterized by adipogenesis, differentiation of
preadipocytes to adipocytes and increased triglycerides depo-
sition (5,6). Adipogenesis is regulated by transcription factors,
such as, peroxisome proliferation-activated receptor-gamma
(PPAR-y) and CCAAT/enhancer-binding protein-a
(C/CBPa) (6). In addition, increased expressions of PPARy and
C/CBPa have been shown to induce adipogenesis by activating
adipocyte-specific proteins, like leptin, adiponectin (7,8). As
a result of these findings, several studies have targeted adipo-
genesis as a means of controlling obesity. Liver is responsible
for lipid synthesis and fatty acid oxidation, and thus, plays
an important role in lipid metabolism (9). Lipid synthesis in
liver is regulated by sterol regulatory element-binding proteins
(SREBP), which control several downstream genes, such as
acetyl-CoA carboxylase (ACC), stearoyl-CoA destaturase
(SCD) and fatty acid synthesis (FAS) (10,11).

Several anti-obesity drugs, like orlistat, topi-
ramate, sibutraine are commercially available,
however their intolerable side effects such as, insomnia,
anorexia, dry mouth and gastrointestinal indisposition (12)
have limited their uses. This has called scientists to search
for new, effective and more tolerated anti-obesity agents
from natural products (13).

Chrysanthemum indicum (CI) is herb that is widely used
in China and Korea to treat various immune-related disorders,
such as, the symptoms of hypertension and several infectious
diseases (13,14). Previous studies have reported CI possesses
various bioactivities such as, anti-oxidant, anti-nociceptive,
anti-bacterial, anti-viral and anti-inflammatory effects (14-17).
Recently, it was reported that an extract of CI has anti-oxidant
and anti-adipogenic effects in 3T3-L1 cells (18). However, to
our knowledge the inhibitory effect of CIEE in overweight
and obesity-related metabolic diseases have not been studied.
Therefore, the present study investigated the effect of ethanol
extract of Chrysanthemum indicum L. flowers (CIEE) on a
mouse model of obesity induced by high-fat diet (HFD) and
elucidated its underlying mechanism.
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Materials and methods

Materials and reagents. TRIzol reagent and SuperScript 111
kit were obtained from Invitrogen (Thermo Fisher Scientific,
Inc., Waltham, MA, USA). The protein assay kit (RIPA buffer)
was from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA,
USA). The primary antibodies, mouse anti-(PPARYy (sc-7273),
CEBPua (sc-166258), -actin (sc-47778) and rabbit anti-PPARa
(sc-9000) were purchased from Santa Cruz Biotechnology,
Inc., and rabbit anti-FAS (C20G5) from Cell signaling
Technology, Inc. (Danvers, MA, USA). Primary antibodies
at 1:1,000 and secondary antibodies at 1:5,000 dilutions were
used. For rabbit primary antibodies: Goat-anti-rabbit IgG
HRP (sc-2030; Santa Cruz Biotechnology, Inc.) and for mouse
primary antibodies: Goat-anti-mouse IgG HRP (sc-2030;
Santa Cruz Biotechnology, Inc.) were used.

Preparation of the ethanol extract of CI (CIEE). CI was
obtained from Gungangbogam (Jechon, Korea). The dried and
powdered fruit of CI (500 g) were extracted with 50% ethanol
for 2 h using mantle-reflux at 80°C. After filtration, CIEE was
obtained, as a powder, by removing solvent on a rotary vacuum
evaporator (N-000; Eyela, Tokyo, Japan) (19). The amount of
CIEE obtained using this procedure was 83.5 g (16.7%) with
respect to the starting material. CIEE was stored at 4°C for
further use.

Animal treatment. Male C57BL/6 mice (5 weeks old) were
purchased from Samtako Bio Korea (Samtako Bio Korea, Osan,
South Korea). The experimental procedures were conducted
using a protocol approved by the Institutional Animal Care
Committee of Chonbuk National University. Mice were housed
at 22+2°C and 50+5% RH and provided a normal diet. After
one week of acclimation, mice were divided into six groups
containing six mice in each group (n=6), as follows. i) ND,
mice fed with normal diet; ii) HFD, mice fed with high-fat diet;
iii) HFD+CIEE (8), mice fed with HFD and treated with CIEE
(8 mg/kg); iv) HFD+CIEE (40), mice fed with HFD plus CIEE
(40 mg/kg) treatment; v) HFD+CIEE (200), mice fed with HFD
plus CIEE (200 mg/kg) treatment; and vi) HFD+GC, mice fed
with HFD plus GC treatment. Garcinia cambogia (GC) at dose
of 200 mg/kg was used as a positive control and was adminis-
tered in its powdered form via oral gavage (p.o). The treatment
of CIEE (8, 40 or 200 mg/kg) or GC was administered once a
day for 6 weeks (p.o). Body weight and food consumption were
measured weekly.

Determination of abdominal fat volume by micro-computed
tomography (micro-CT). Mice were starved for 6 h prior to sacri-
fice and anesthetized by intraperitoneal injection of ketamine
(75 mg/kg) and rompun (xylazine) (15 mg/kg) (20). To measure
the sign of consciousness, we used a physical stimulus method,
toes were pinched with atraumatic forceps and the reflex was
observed. Images were acquired using a Skyscan-1076 micro-CT
scanner (Skyscan, Aartselaar, Belgium). CT was performed
using a pixel size of 35 ym, a source voltage of 50 kVp, and
a source current of 200 yA. The X-ray detector contained a
12-bit, water-cooled CCD (charge-coupled device) camera with
4,000 x 2,300 resolutions and scintillator. The images were
acquired with 0.6 degree. The exposure time was 0.46 sec and a
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1 mm aluminum energy filter was used. Abdominal fat volume
was measured using an Olympus SP-500 UZ camera (Olympus
America, Inc., Center Valley, PA, USA). Following micro-CT,
under anesthesia, mice were euthanized through intracardiac
puncture. Blood was collected (0.8-0.9 ml) via cardiac puncture
followed by removal of organs such as liver, kidney and spleen.
Following exsanguination, the death was confirmed by incising
the heart and making sure about no respiratory movement of
mice for at least 3 min.

Histological analysis. Liver and abdominal fat tissues were
fixed with 10% neutral buffered formalin, embedded in
paraffin wax, and cut serially into 10 gm-thick sections.
Sections were stained with hematoxylin and eosin (H&E) and
histological alterations were observed under a microscope and
photographed (magnification, x100; Olympus CX21; Olympus
America, Inc.) (21).

Serum lipid profile. Serum samples were analyzed for levels
of total cholesterol (TC), triglyceride (TG), and high-density
lipoprotein cholesterol (HDLc) using a commercially available
kit (Asian Pharmaceutical, Hwaseong-Si, Korea).

Enzyme-linked immunosorbent assay (ELISA). Serum leptin
and adiponectin levels were measured by leptin mouse
ELISA kit (Enzo Life Sciences, Inc., Farmingdale, NY, USA)
and adiponectin mouse ELISA kit (R&D Systems, Inc.,
Minneapolis, MN, USA), respectively, according to the manu-
facturer's instructions.

Western blot analysis. Epididymal white adipose tissue
(EWAT) and liver tissues were lysed in ice-cold RIPA
buffer for 40 min and centrifuged (12,000 x g) for 20 min
at 4°C (22,23). Tissue lysates were run on sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and transferred to
polyvinylidene difluoride (PVDF) membranes (Amersham;
GE Healthcare, Chicago, IL, USA), which were then blocked
with 5% skimmed milk in tris-buffered saline containing
0.1% Tween-20 (TBST) for 1 h at room temperature.
Membranes were probed with primary antibodies at 4°C
overnight, washed with TBST for 4 times, incubated with
horseradish peroxidase-conjugated secondary antibody for
45 min at RT, and rewashed with TBST 3 times. Proteins were
visualized using an enhanced chemiluminescence detection
kit (EMD Millipore, Billerica, MA, USA).

Ultra pressure ligid chromatography (UPLC). UPLC was
performed using ACQUITY UPLC® BEH CI8 equipped
with (2.1x50 mm, 1.7 ym) column and a photodiode array
detector (Waters Corp., Milford, MA, USA) (19). The elution
was performed at flow rate of 0.15 ml/min, using distilled
water (DW) containing 0.1% formic acid (solvent A) and
ACN containing 0.1% formic acid ( solvent B) in gradient
mode (B 5% from O to 1 min, B 5 to 95% from 1 to 16 min,
B 95 to 100% from 16 to 18 min, and B 100% from 18 to
26 min; flow rate was 0.15 ml/min, detection by UV at 330 nm,
and temperature at 25°C.

Statistical analysis. Results are expressed as means + standard
error of mean (SEM) and analyzed using Graph Pad Prism
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Table I. Effect of CIEE on body weight gain, food intake and efficiency (%) in HFD fed mice.

CIEE (mg/kg)
Groups ND HFD 40 200 GC (mg/kg) 200
Initial body weight (g) 21.68+1.10 22.32+1.16 21.14+0.86 22.07+1.30 21.96+1.07 21.43+0.97
Final body weight (g) 26.97+1.75 36.73+3.89" 32.33+2.48 31.47+1.84° 30.11£2.08° 28.55+1.61°
Gain weight (g) 5.29+1.65 14.41+3.64° 11.20+2.29 9.40+1.68° 8.15+1.93° 7.10£0.53°
Food intake 2.67+0.33 2.14+0.27 2.12+0.21 2.08+0.19 2.05+0.24 1.98+0.22
Food efficiency (%) 447 16.03 12.57 10.76 946 8.53

Results are means = SEM (n=6). *P<0.05 vs. ND group, "P<0.05 vs. HFD group. ND, normal diet group; HFD, high-fat diet group; CIEE,

ethanol extract of Chrysanthemum indicum L.; GC, Garcinia cambogia.

software (version 5.0; GraphPad Software, Inc., La Jolla, CA,
USA). One-way analysis of variance (ANOVA) was used to
measure the significant difference followed by Tukey's post
hoc test for comparison of mean. P<0.05 was considered to
indicate a statistically significant difference.

Results

Effect of CIEE on body weight, food consumption and effi-
ciency in HFD-fed mice. To investigate the anti-obesity effect
of CIEE, mice were fed HFD with or without CIEE (8, 40 and
200 mg/kg, oral gavage daily) or GC (200 mg/kg, oral gavage
daily). No significant difference in dietary intake was
observed between the HFD-fed control and the CIEE treated
groups. HFD induced weight gain as compared to mice fed the
normal diet, whereas CIEE administration significantly and
dose-dependently decreased weight gain (Table I).

Effect of CIEE on fat deposition (mass of abdominal WAT,
weight of EWAT, and liver tissue) in HF D-fed mice. To assess
the effect of CIEE on adipose tissue accumulation, body and
abdominal fat weight gains were measured in the study. CIEE
dose-dependently diminished orbital fat volume (%) as deter-
mined by micro-CT as compared with the HFD-fed group
as shown in Fig. 1A. CIEE also significantly reduced EWAT
weight in HFD-fed obese mice to a level below than in GC fed
controls (Fig. 1B). Also, CIEE induced significant reductions
in liver tissue weight (Fig. 1C; P<0.05).

Effect of CIEE on histological observations in HF D-fed mice.
Histological analysis of EWAT and liver tissue were performed
by using H&E staining. Results showed enlarged size of EWAT
in the HFD group whereas; CIEE groups reduced the size of
EWAT (Fig. 2A). Also, data revealed that CIEE significantly
reduced vacuolization and lipid droplet numbers in liver tissue
(Fig. 2B; P<0.05).

Effect of CIEE on the lipid profiles of HF D-fed mice. HFD-fed
mice had higher serum levels HFD-fed mice had higher serum
levels of TC, low-density lipoprotein cholesterol (LDLc) and
TG, and lower levels of HDLc than mice in the normal group
(P<0.05). CIEE significantly inhibited TC, LDLc and TG
increases, but dose-dependently increased vs. HFD-fed mice

(Table II). Furthermore, CIEE dose-dependently inhibited
leptin levels (Fig. 3A) and increased adiponectin levels as
compared with HFD-fed mice (Fig. 3B).

Effect of CIEE on transcription factors of adipogenesis and
FAS. Western blotting was used to determine whether the
observed increases of EWAT and liver weight in obese mice
were accompanied by changes in the expressions of regulator
transcription factors, PPARa/y and C/EBPa. HFD-fed mice
showed a significant increase in PPARy and C/EBPa protein
expression in EWAT. CIEE significantly and dose-dependently
inhibited HFD-induced PPARYy and C/EBPa. in EWAT (Fig. 4)
(P<0.05). Furthermore, CIEE dose dependently enhanced the
protein expression of PPARa but decreased C/EBPa in liver
tissue vs. HFD-fed mice (Fig. SA-C).

PPARa/y regulates FAS protein during adipogenesis, and
thus we examined the effect of CIEE on FAS protein level in
both EWAT and liver tissues by western blotting. Our results
revealed HFD-fed mice had elevated FAS protein levels
and that CIEE significantly and dose-dependently inhib-
ited this increase in EWAT (Fig. 4A and D) and liver tissue
(Fig. 5A and D).

Chemical components of CIEE by UPLC. UPLC showed
that quercitrin was the main component of CIEE (Fig. 6).
However, other peaks observed were unidentified and further
experiments are necessary to illustrate the other components
of CIEE.

Discussion

Obesity is a serious risk factor for hypertension, cardiovas-
cular disease, type-2 diabetes, and cancers (2-6). Though
anti-obesity drugs, like orlistat and sibutramine, are
commercially available, their adverse effects are abundant,
such as, diarrhea, stomach pain, irregular menstruation,
steatorrhea and hypertension (24,25). Therefore, the identi-
fication of effective natural products with lesser side effects
is a topic of considerable research (26). Several studies
have described the anti-inflammatory and anti-antioxidant
effects of CI. However, the effect of CIEE on HFD-induced
obesity has not been previously studied. In the present study,
we investigated whether CIEE could inhibit obesity in
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Figure 1. Effect of CIEE on fat deposition in HFD fed mice. (A) Percentages of abdominal fat deposition determined by micro-CT analysis, (B) EWAT weight
and (C) liver weight. Results are means = SEM (n=6). *P<0.05 vs. ND group, ®P<0.05 vs. HFD group. ND, normal diet group; HFD, high-fat diet group; CIEE,
ethanol extract of Chrysanthemum indicum L.; GC, Garcinia cambogia: CT, computed tomography; EWAT; epididymal white adipose tissue;
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Figure 2. Effect of CIEE on histopathological examination of EWAT and liver
tissues in experimental groups. Photograph showing haematoxylin and eosin
staining for (A) EWAT and (B) liver tissue of HFD-fed mice. Representative
images of a, treatment naive control (ND); b, HFD control; ¢, HFD+GC;
d, HFD+CIEE (8 mg/kg); e, HFD+CIEE (40 mg/kg) and f, HFD+CIEE
(200 mg/kg); ND, normal diet group; HFD, high-fat diet group; CIEE,
ethanol extract of Chrysanthemum indicum L.; GC, Garcinia cambogia;
EWAT; epididymal white adipose tissue.

HFD-induced obese C57BL/6 mice and explored its under-
lying mechanisms.
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Figure 3. Effect of CIEE on serum adipokines levels in HFD fed mice.
ELISA was used to measure serum (A) leptin levels and (B) adiponectin
levels. Results are means = SEM (n=6). “P<0.05 vs. ND group, "P<0.05
vs. HFD group. ND, normal diet group; HFD, high-fat diet group; CIEE,
ethanol extract of Chrysanthemum indicum L.; GC, Garcinia cambogia.
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Table II. Effect of CIEE on serum lipid profiles in HFD fed mice.

EXPERIMENTAL AND THERAPEUTIC MEDICINE 15: 5070-5076, 2018

CIEE (mg/kg)
Groups ND HFD 8 40 200 GC (mg/kg) 200
Total cholesterol (TC, mg/dl) 1255+19.6  233.1+13.4*  212.1+14.5" 183.4+20.9" 160.8+12.5" 190.7+38.9°
Triglyceride (TG, mg/dl) 85.7+8.9 142.7+6.5* 1337113 124.4+18.1 109.1+31.4° 106.3+9 4°
LDL-cholesterol (LDLc, mg/dl)  54.56£11.7 126.4+29.7* 111.1x1.6 89.8+15.7 55.1+16.3° 86.9+43.2
HDL-cholesterol (HDLc, mg/dl) ~ 53.7+11.1 78.1+16.7*  T74.3+143 68.7£18.7 87.8+£12.4° 82.6x12.4

Results are means = SEM (n=6). *P<0.05 vs. ND group, "P<0.05 vs. HFD group. ND, normal diet group; HFD, high-fat diet group; CIEE,

ethanol extract of Chrysanthemum indicum L.; GC, Garcinia cambogia.
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Figure 4. Effect of CIEE on protein expressions of PPARy, C/EBPa and FAS in EWAT of HFD fed mice. Protein levels of regulator transcription factors
of adipogenesis and FAS in EWAT were assessed by western blot. (A) Immunoblot analysis and bar diagram of the relative band intensities of (B) PPARy
(C) C/EBPa. (D) FAS in EWAT of HFD-fed obese mice. Results are means = SEM (n=6). *P<0.05 vs. ND group, °P<0.05 vs. HFD group. ND, normal diet
group; HFD, high-fat diet group; CIEE, ethanol extract of Chrysanthemum indicum L.; GC, Garcinia cambogia; EWAT; epididymal white adipose tissue;
PPAR, proliferator-activated receptor; C/EBPa, CCA AT/enhancer-binding protein-a; FAS, fatty acid synthesis.

Reductions in body weight and fat deposition can prevent
obesity (27), and increased fat cell numbers and/or sizes are
characteristic of obesity (28). In the present study, food intakes
were similar in the study groups, but efficiency percentage
(body weight gain per unit of food consumption) was reduced
by CIEE treatment in HFD-fed mice. Furthermore, CIEE
significantly decreased body weight gains, EWAT and liver
weights, volumes and lipid accumulation in EWAT and liver
tissues in HFD-fed mice, and reduced HFD-induced increases
in serum lipid profiles, that is, TC, LDLc and TG, but increased

serum levels of HDLc. These improved lipid profiles induced
by CIEE may have been associated reduced fatty liver and
hyperlipidemia in HFD-fed mice. Furthermore, these find-
ings concur with those of a previous study, which showed
Triticumaestivum sprouts had an anti-obesity effect in
HFD-fed mice (19).

The adipokines, leptin and adiponectin secreted by adipose
tissue and regulate lipid metabolism. Leptin plays an impor-
tant role in weight control by suppressing food intake and
increasing energy expenditure (29), and adiponectin is involved
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Figure 5. Effect of CIEE on protein expressions of PPARa, C/EBPa and FAS in liver tissue of HFD fed mice. Protein levels of regulator transcription factors
of adipogenesis and FAS in liver tissues were assessed by western blot. (A) Immunoblot analysis and bar diagram of the relative band intensities of (B) PPARa
(C) C/EBPua. (D) FAS in liver tissue of HFD-fed obese mice. Results are means + SEM (n=6). *P<0.05 vs. ND group, °P<0.05 vs. HFD group. ND, normal
diet group; HFD, high-fat diet group; CIEE, ethanol extract of Chrysanthemum indicum L.; GC, Garcinia cambogia, PPAR, proliferator-activated receptor;

C/EBPa, CCAAT/enhancer-binding protein-a; FAS, fatty acid synthesis.
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Figure 6. UPLC profile of CIEE. Chromatogram for the analysis of
compounds isolated from CIEE. UPLC, Ultra pressure liqid chromatog-
raphy; CIEE, ethanol extract of Chrysanthemum indicum L.

in fatty acid oxidation and glucose regulation in liver (30,31).
We found CIEE significantly reduced serum leptin levels and
increased adiponectin levels in HFD-induced obese mice.
Similarly, a previous study reported Poncritus trifoliate leaf
extracts had an anti-obesity effect in HFD-fed mice (32).
PPARa/y is ligand-activated transcription factor, which
plays role in glucose and protein metabolism and regulates
preadipocytes proliferation and differentiation (33). C/EBPs
are proteins involved in adipogenesis, and C/EBPa and PPARY
control the biosynthesis of fatty acids, such as acetyl CoA
carboxylase and FAS, are key regulators of lipogenesis (34).

Also, PPARs regulates lipid metabolism, lipid synthesis, and
fatty acid oxidation in liver tissue. In the present study, CIEE
significantly down-regulated PPARy and C/EBPa in EWAT
but up-regulated PPARa in liver in HFD fed mice. Moreover,
FAS induction by HFD was significantly reduced by CIEE
on both EWAT and liver tissues. In line with our results was
previously reported anti-obesity effect of germinated brown
rice extract through down-regulation of PPARy and C/EBPa
in HFD fed obese mice (35).

Chemical analysis by UPLC in our study showed the
detection of quercitrin in CIEE. Recent study reported
that quercitrin containing extract of Chrysobalanusicoco
leaves inhibited fat accumulation in HFD-fed mice (36).
Also, quercitrin isolated from Rhododendron oldhamii
leaf extract improves fatty liver syndrome via increase of lipid
oxidation and decrease of lipogenesis (37). Thus, quercitrin
may be one of the compounds that contribute to the anti-obesity
effect of CIEE. The present study demonstrates for the first time
CIEE treatment effectively inhibits adipogenesis, and contains
anti-adipogenic molecules that down-regulate transcription
factors for adipogenesis, such as C/EBPa and PPARa/y. These
results suggest CIEE possesses anti-obesity effects is a prom-
ising agent for the treatment of obesity and obesity-associated
metabolic syndrome.
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