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Abstract

This study investigated the preventive effects of a 40% ethanol extract of Hsian-tsao (40EEHT) on obesity in high-fat
diet (HFD)-induced obese rats. Male Wistar rats were administered 0, 100, 200, or 500 mg/kg of 40EEHT, resulting in
reduced body weight, total body fat, and hepatic tissue weight after 8 weeks. 40EEHT also decreased adipocyte size,
improved lipid profiles, alleviated oxidative stress, and enhanced hepatic antioxidant enzyme activities. Additionally, it
regulated fatty acid metabolism by reducing lipogenesis and increasing lipolysis and b-oxidation, suggesting its po-
tential as an anti-obesity dietary supplement.
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1. Introduction

R ecently, obesity has been recognized as a
chronic positive energy balance due to

insufficient physical activity and excessive dietary
intake, leading to an impaired ability to store body
fat effectively [1]. The incidence of obesity continues
to rise worldwide, making it an increasingly critical
public health concern. Obesity is associated with
disorders such as fatty liver disease, dyslipidemia,
hypertension, cancer, and type II diabetes, all of
which contribute significantly to increased rates of
disability and mortality [2]. Excessive dietary fat and
reduced energy expenditure lead to fatty acid syn-
thesis in adipose and hepatic tissues [3,4], which
may further promote the development of metabolic
syndrome [5,6].
Dietary supplements, including bioactive in-

gredients and crude extracts derived from plants,
are commonly used to prevent and manage obesity

[7e9]. In folk medicine, Hsian-tsao (Mesona pro-
cumbens Hemsl.) has demonstrated potential in
ameliorating conditions such as heat shock, liver
injury, and metabolic syndrome [10e13]. Hsian-tsao
exhibits a diversity of beneficial activities, including
hypolipidemic, hypotensive, and hypoglycemic ef-
fects, as well as antibacterial, antioxidant, anti-in-
flammatory, and anti-mutagenic properties [14e18].
In recent studies, derivative compounds from the
methanol extract of Hsian-tsao have shown anti-
adipogenic effects by inhibiting fatty acid anabolism
in 3T3-L1 adipose cells [19]. Additionally, in RAW
264.7 cells, the crude polysaccharide and ethanol
extract of Hsian-tsao have exhibited strong inhibi-
tory effects on reactive oxygen species generation
and methylglyoxal-mediated glycation, and have
reversed cytokine levels related to wound healing in
3T3-L1 cells [20].
Oxidative stress is a metabolic by-product that can

significantly influence the progression of metabolic
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syndrome [21,22]. Phenolic acids exhibit high anti-
oxidant activity, which can notably ameliorate the
pathophysiology of obesity [23,24]. Moreover,
abundant phenolic acids, such as p-coumaric acid,
protocatechuic acid, vanillic acid, caffeic acid,
chlorogenic acid, and p-salicylic acid, have been
identified in Hsian-tsao [14,25]. Xu et al. (2020)
demonstrated that the intervention of 50 mg/kg/day
caffeic acid for 30 days significantly reversed body
weight, lipid accumulation, and gut microbiota al-
terations in HFD-fed rats [26]. Phenolic acids in
Mageu significantly reduced lipid droplet accumu-
lation and enhanced antioxidant capacity in 3T3-L1
cells [27]. Additionally, caffeic acid, chlorogenic acid,
apigenin, and naringenin found in the methanol
extract of Caralluma edulis exhibit strong antioxidant,
anti-obesity, anti-atherosclerotic, and antihyperten-
sive effects in obese Wistar albino rats [28].
According to our preliminary study, 40EEHT

exhibited the highest total polyphenol, total
phenolic acid, and TEAC levels in 3T3 adipocytes.
Subsequently, an in vivo investigation was con-
ducted using 40EEHT. This report aims to explore
the anti-obesity activities of the ethanol extract of
Hsian-tsao in obese rats. Additionally, we will
confirm whether the beneficial effects of the ethanol
extract of Hsian-tsao are due to its regulation of
molecular mechanisms involved in fatty acid syn-
thesis, lipolysis, fatty acid transport and storage, or
b-oxidation.

2. Methods

2.1. Preparation of ethanol extracts of Hsian-tsao

Hsian-tsao (Taoyuan No. 1) was provided from
the farmers’ association of Guanxi Town (Hsinchu,
Taiwan). 5 g Hsian-tsao dry powder was supple-
mented with 40% ethanol solutions at room tem-
perature for 24 h. The extract of Hsian-tsao was
concentrated and lyophilized for further use. The
weight of 40EEHT is 0.923 g, and the extraction yield
of 40EEHT is 18.25 ± 1.44%. The extraction yields
(%) ¼ (weights of 40EEHT/weights of Hsian-tsao
powder) � 100%.

2.2. Experimental animal design

In this study, five-week-old male Wistar rats
(BioLASCO Taiwan Corp., Ltd in Yilan, Taiwan)
were individually held in cages within the animal
facility at Chung Shan Medical University, under
controlled environments of humidity (55 ± 5%),
temperature (25 ± 1 �C), and a 12:12 h lightedark
cycle for seven days. The procedures employed in

all animal experiments were executed in accordance
with the guidelines established through the Na-
tional Institutes of Health (NIH). The investigation
was accepted by the Institutional Ethics Committee
of Chung Shan Medical University in Taichung,
Taiwan, and the IACUC protocol number is 1619.
High-fat diet (32% fat, w/w) was prepared from
AIN-93G diet (Hansen Trading Co., Ltd., New Tai-
pei City, Taiwan) with 7% soybean oil and 25% lard.
Six-week-old rats were distributed into five groups
(n ¼ 10): normal diet (ND), high-fat diet (HFD),
HFD þ 100 mg/kg of 40EEHT, HFD þ 200 mg/kg of
40EEHT, and HFD þ 500 mg/kg of 40EEHT,
respectively. We recorded body weight, water
intake, and feed intake once a day. Rats were
sacrificed with CO2 inhalation in an overnight fast-
ing condition after 8 weeks of intervention, and the
final body weight was measured, then we calculated
body weight change and the feeding efficiency.
Blood was collected from the abdominal aorta of
rats, and then serum was obtained after centrifu-
gation. Organs (kidney, spleen, liver, lung, and
heart) and tissue (mesenteric adipose, inguinal ad-
ipose, retroperitoneal adipose, epididymal adipose,
perirenal adipose) were directly removed and
weighed, and then they were treated using liquid
nitrogen.

2.3. Determination of serum parameters of rats

The contents of low-density lipoprotein-choles-
terol (LDL-C) (Cat No. 141319910930), total choles-
terol (TG) (Cat No. 157109910917), triglycerides (TC)
(Cat No. 113009910917), creatinine (Cat No. 11711
9910917), uric acid (Cat No. 130219910704), aspartate
aminotransferase (AST) (Cat No. 126019910917),
alanine aminotransferase (ALT) (Cat No. 12701
9910917), sodium (Cat No. 148089910921), chloride
(Cat No. 112219910921), calcium (Cat No. 11181
9910917), phosphate (Cat No. 152119910930), and
potassium (Cat No. 152219910921) in serum were
detected by commercial kits (Diasys Co Ltd., Holz-
heim, Germany). The levels of serum glucose were
detected with a glucose assay kit (Cat No. GL8038,
Teco Diagnostics, Randox Laboratories Co Ltd.,
Antrim, UK). The ketone body contents were esti-
mated by a standard commercial ketone body kit
(Cat No. ab272541, Abcam, Cambridge, UK).

2.4. Histological analysis of hepatic and adipose
tissues of rats

The tissue samples of rats were fixed overnight in
a 10% buffered formaldehyde solution at a pH of 7.4,
then sectioned at 5 mm. The tissue samples were
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conducted using a Hematoxylin and eosin (H&E)
staining protocol [29].

2.5. Determination of hepatic and fecal lipid
profiles of rats

We extracted the lipids in liver and feces as the
method of Tzang et al. (2009) [30], and total triglyc-
eride was estimated using a Triglyceride-GPO
liquid reagent set (TG reagent) (Cat No. T531-150,
Teco Diagnostics, Anaheim, CA, USA), and choles-
terol was measured using a cholesterol kit (Cat No.
CH200, Teco Diagnostics, Randox Laboratories Co
Ltd., Antrim, UK).

2.6. Determination of serum and hepatic antioxidant
capacities of rats

Analysis of the antioxidant capacity was per-
formed by the Trolox equivalent antioxidant ca-
pacity (TEAC) assay that was conducted by Arts
et al. (2004) [31]. ABTS free radical cations were
produced using the mixing of peroxidase (4.4 U/
mL), H2O2 (50 mmol/L), and ABTS (100 mmol/L).
0.25 mL a mixture of ABTS, H2O2, and peroxidase
was added to 0.25 mL of serum and combined with
1.5 mL ddH2O. OD734 was used to measure the
sample solution after mixing for 10 min. The TEAC
value (mmol/mL) was examined from the reduction
in the optical density values at 734 nm following the
addition of the reactant.

2.7. Determination of serum and hepatic
malondialdehyde (MDA) of rats

Determination of MDA was conducted according
to the methods of Bird and Draper (1984) [32]. To
determine MDA levels, 2.5 mL sample solution was
collected from rats well mixed with 5 mL 10% tri-
chloroacetic acid (TCA) reagent. Supernatant was
collected from the mixture solution after centrifuged
at 12,000�g for 10 min under 4 �C. Supernatant
interacted with 0.67% TBA-HCL solution (1:1),
incubated for 10 min at 95 �C. MDA levels (nmol/mL)
was determined through A 1,1,3,3-tetramethox-
ypropane-derived standard curve.

2.8. Determination of hepatic GSSG and GSH of
rats

Liver tissue was suspended in a PBS buffer (pH
7.0), centrifuged at 12,000�g for 10 min to separate
the components. We collected the supernatant for
further used. Quantitation of GSSG and GSH were
estimated using a glutathione assay kit (Cat No.

703002, Cayman Chemicals, USA). GSH and GSSG
levels (nmol/mg) were estimated at OD405.

2.9. Determination of serum and hepatic
antioxidant enzymes of rats

GSH peroxidase (GPx) activity was performed as
described in Lawerence and Burk (1976) [33]. A
20 mL hepatic homogenate solution was combined
with 180 mL 100 mM PBS buffer at a pH of 7.0, which
contained 1 U/mL GRd, 1 mM GSH, 0.2 mM
NADPH, 1 mM EDTA-2Na, and 1 mM NaN3 at
around 25 �C for 2 min. The absorbance alteration at
OD340 was detected for 1 min. The GPx activity was
quantified via the extinction coefficient of NADH
(6220 M�1cm�1) and, with the resulting value
expressed in (unit/min/mg). GSH reductase (GRd)
activity was quantified via Bellomo et al. (1987) [34].
A 20 mL hepatic homogenate solution was combined
with 180 mL 100 mM PBS buffer at a pH of 7.0 with
0.1 mM NADPH, 1 mM MgCl2$6H2O, and 5 mM
GSSG at around 25 �C for 2 min. The absorbance
alteration at OD340 was detected for 1 min. The
extinction coefficient of NADH was used to quantify
the GRd activity, and the resulting value expressed
in (unit/min/mg). The activity of catalase was
detected via the method of Shangari and O'Brien
(2006) [35]. 100 mL hepatic homogenate solution
combined with 900 mL of PBS buffer at a pH of 7.0,
containing 25 mM H2O2. The absorbance alteration
at OD340 was measured for 1 min. The catalase ac-
tivity (unit/min/mg) was measured with the extinc-
tion coefficient of H2O2 (39.5 M�1cm�1).

2.10. Determination of fatty acid metabolism
regulation of rats

The E.Z.N.A™ tissue RNA kit (Cat No. D5625-01,
Omega Bio-Tek, USA) was used to isolate total RNA
from the perirenal adipose tissue. The SYBR®
Green RT-PCR reagents kit was used to conduct
quantitative real-time PCR (Applied Biosystems,
USA). Relative gene level was executed via the
method in Livak and Schmittge (2001) [36]. Cycling
procedures were 15 min at 95 �C, followed by 94 �C
for 15 s, 51 �C for 30 s, and 72 �C for 30 s (40 cycles).
The primer pairs of genes in perirenal adipose tis-
sues were used (forward and reverse, respectively):
ACC, 50-gaatctcctggtgacaatgcttatt-30 and 50-ggtcttg
ctgagttgggttagct-3’; ACO, 50-catggccaagcccaacat-30

and 50-cgcccagtttgaaggaaatc-3’; Adiponectin, 50-catgg
ccaagcccaacat-30 and 50-cgcccagtttgaaggaaatc-3’;
AMPK, 50-acacctcagcgctcctgttc-30 and 50-ctgtgctg
gaatcgacact-3’; aP2, 50-cctttgtggggacctggaaa-30 and
50-tgaccggatgacgaccaagt-3’; ATGL, 50-tgtggcctcat

50 JOURNAL OF FOOD AND DRUG ANALYSIS 2024;33:48e60

O
R
IG

IN
A
L
A
R
T
IC

L
E



tcctcctac-30 and 50-agccctgtttgcacatctct-3’; b-actin, 50-
tacaatgagctgcgtgtgg-30 and 50-tggtggtgaagctgtagcc-
3’; CD36, 50-gatgacgtggcaaagaacag-30 and 50-tcctcgg
ggtcctgagttat-3’; CPT-1, 50-gctcgcacattacaaggacat-30

and 50-tggacaccacatagaggcag-3’; FAS, 50-cttgggtgc
cgattacaacc-30 and 50-gccctcccgtacactcactc-3’; FATP1,
50-gtgcgacagattggcgagtt-30 and 50-gcgtgaggatacggct
gttg-3’; HSL, 50-cccataagaccccattgcctg-30 and 50-ctgcc
tcagacacactcctg-3’; LPL, 50-cccagctttgtcatcgagaag-30

and 50-cctggcacagaagatgaccttt-3’; PGC-1a, 50-caatgag
cccgcgaacatat-30 and 50-caatccgtcttcatccaccg-3’; PGC-
1b, 50-ttgacagtggagctttgtgg-30 and 50-gggcttatatgg
aggtgtgg -3’; PPAR-a, 50-catcgagtgtcgaatatgtgg-30

and 50-gcagtactggcatttgttcc-3’; PPAR-g, 50- catgaccag
ggagttcctcaa-30 and 50- agcaaactcaaacttaggctccat -3’;
SCD-1, 50-ctgacctgaaagctgagaag-30 and 50-acaggctg
tgcaggaaagtt-3’; SIRT1, 50-gatctcccagatcctcaagcc-30

and 50-caccgaggaactacctgat-3’; SREBP-1c, 50-agccatgg
attgcacatttg-30 and 50-ggtacatctttacagcagtg-3’; TNF-a,
50-ggctccctctcatcagttcca-30 and 50-gcttggtggtttgctac
ga-3’; UCP-1, 50-acactgtggaaagggacgac-30 and 50-catc
tgccagtatgtggtgg-3’.

2.11. Statistical analysis of the results

Reported values are revealed as means ± SEM,
and the statistical analyses of the results were con-
ducted via the version 13.0 of statistical product and
service solutions (SPSS) (SPSS Inc. in Chicago, IL,
USA). All data were analyzed via PROC ANOVA
analysis. Duncan's multiple-range test was used to
determine the differences between groups, with a p-
value below 0.05 defined as statistically significant.

3. Results

3.1. Effect of 40EEHT on growth parameters in
HFD-fed rats

In Table 1, the study found that the initial body
weights showed no significant differences among

the groups. However, weight change and final body
weight were significantly increased after HFD
feeding, but these increases were markedly reversed
in the HFD þ 200 mg/kg and 500 mg/kg 40EEHT
groups. Feed intake was similar between the ND
and HFD groups but was markedly reduced in the
HFD þ 500 mg/kg 40EEHT group. HFD feeding
significantly enhanced feed efficiency compared to
the ND group, and no significant changes were
observed in the 40EEHT treatment groups. Addi-
tionally, energy intake and water intake were com-
parable among the groups.

3.2. Effect of 40EEHT on the weights of organs and
adipose tissues in HFD-fed rats

As the results listed in Table 2, the results of
kidney, spleen, lung, and heart weights exhibited
comparable among the groups. The liver weight of
HFD-fed rats was markedly greater than in ND-fed
rats (19.66 ± 0.67 vs. 13.73 ± 0.42 g). Additionally,
40EEHT dose-dependently and significantly
decreased liver weights in the HFD groups. Our
findings indicated that all adipose tissue weights
were elevated after HFD feeding. In the HFD þ
500 mg/kg 40EEHT group, markedly reduced
weights of mesenteric, retroperitoneal, and peri-
renal adipose tissues were observed. The weights of
inguinal and epididymal adipose tissues presented
no marked changes among the HFD groups after
40EEHT treatment.

3.3. Effect of 40EEHT on biochemical parameters in
serum of HFD-fed rats

As shown in Table 3, serum biochemical param-
eters indicated markedly elevated levels of tri-
glycerides, ketone bodies, and potassium, along
with decreased levels of uric acid and chloride in the
HFD group. However, triglyceride (TG), total
cholesterol (TC), alanine aminotransferase (ALT),

Table 1. Effect of 40EEHT on physiological parameters in high-fat diet-induced obese rats.

Growth parameters ND HFD þ 40% ethanol extract of Hsian-tsao (mg/kg rat)

0 100 200 500

Initial body weight (g) 219.70 ± 3.10a 224.90 ± 2.53a 221.18 ± 4.27a 218.72 ± 4.33a 215.33 ± 4.60a

Final body weight (g) 440.08 ± 9.43d 549.54 ± 12.73a 537.77 ± 12.68ab 507.36 ± 14.45bc 490.48 ± 10.45c

Weight change (g) 220.38 ± 8.20d 324.64 ± 12.45a 316.59 ± 9.84ab 288.64 ± 13.03bc 275.15 ± 9.78c

Feed intake (g/rat/day) 20.40 ± 0.30a 19.76 ± 0.37ab 19.56 ± 0.37ab 19.28 ± 0.51ab 19.00 ± 0.24b

Feed efficiency (%) 25.41 ± 0.74b 38.24 ± 1.28a 35.98 ± 1.33a 38.01 ± 1.13a 36.68 ± 0.98a

Energy intake (kcal/rat/day) 102.46 ± 1.47a 105.43 ± 2.12a 104.63 ± 1.95a 103.19 ± 2.73a 99.70 ± 1.31a

Water intake (mL/rat/day) 30.58 ± 2.02a 29.89 ± 2.07a 27.43 ± 1.10a 28.95 ± 3.02a 31.08 ± 1.22a

The reported values are the mean ± SEM (n ¼ 10). The mean values with different letters were significantly different ( p < 0.05). ND,
normal diet; HFD, high-fat diet. Weight change (g) ¼ final body weight (g) e initial body weight (g). Feed efficiency (%) ¼ [weight change
(g)/total food intake (g)] � 100%.
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and sodium levels were significantly decreased in
the HFD groups after treatment with 200 and
500 mg/kg 40EEHT. A significantly lower LDL-C
level was observed in the HFD þ 500 mg/kg 40EEHT
group. Uric acid levels were significantly increased
following the 40EEHT intervention, while creatinine
levels were markedly reduced in the HFD þ 200 mg/
kg 40EEHT group. In HFD-fed rats, 40EEHT treat-
ment demonstrated a dose-dependent reduction in
ketone body levels. A significant decline in potas-
sium levels was found in the HFD þ 100 mg/kg and
500 mg/kg 40EEHT groups. AST and chloride levels
remained comparable in the HFD groups after

40EEHT treatment, and glucose levels showed no
significant differences among the groups.

3.4. Effect of 40EEHT on the fecal and hepatic total
lipids in HFD-fed rats

Table 4 demonstrated significantly elevated levels
of hepatic cholesterol, triglycerides, and total lipids
in HFD-fed rats, which were markedly reduced
following treatment with 200 and 500 mg/kg
40EEHT. Additionally, fecal triglyceride, cholesterol,
and total lipid levels were significantly increased in
the HFD-fed rats. The excretion of cholesterol,

Table 3. Effect of 40EEHT on the serum biochemical parameters in high-fat diet-induced obese rats.

Serum biochemical parameters ND HFD þ 40% ethanol extract of Hsian-tsao (mg/kg rat)

0 100 200 500

Triglyceride (mg/dL) 61.30 ± 5.52c 115.50 ± 14.76a 96.40 ± 13.97ab 71.50 ± 7.36bc 65.60 ± 5.16c

Total cholesterol (mg/dL) 78.80 ± 3.97ab 93.50 ± 4.91a 82.70 ± 6.48a 64.70 ± 5.47b 63.50 ± 4.73b

LDL-cholesterol (mg/dL) 14.40 ± 1.49a 13.20 ± 1.68a 10.80 ± 1.09ab 10.70 ± 1.28ab 8.30 ± 1.18b

Glucose (mg/dL) 217.70 ± 4.11a 224.55 ± 4.86a 223.59 ± 11.51a 221.62 ± 11.58a 222.45 ± 9.53a

AST (U/L) 116.30 ± 12.47a 105.50 ± 7.94ab 89.20 ± 6.54b 86.20 ± 2.94b 83.30 ± 7.21b

ALT (U/L) 50.20 ± 9.75ab 55.80 ± 5.29a 44.10 ± 3.69ab 35.60 ± 2.75c 36.20 ± 3.15b

Uric acid (mg/dL) 6.27 ± 0.37a 4.33 ± 0.32b 5.43 ± 0.26a 5.46 ± 0.36a 5.89 ± 0.38a

Creatinine (mg/dL) 0.75 ± 0.03ab 0.78 ± 0.02a 0.78 ± 0.02a 0.70 ± 0.02b 0.72 ± 0.01ab

Ketone body (mmol/L) 5.85 ± 0.15d 10.99 ± 0.69a 8.65 ± 0.21b 7.60 ± 0.24c 4.35 ± 0.22e

Na (mmol/L) 151.50 ± 0.50a 151.30 ± 1.05a 152.10 ± 1.00a 147.00 ± 0.33b 147.60 ± 0.27b

K (mmol/L) 6.78 ± 0.27b 8.18 ± 0.75a 5.85 ± 0.24b 7.02 ± 0.34ab 6.82 ± 0.32b

Cl (mmol/L) 98.40 ± 0.67a 96.40 ± 0.53b 98.00 ± 0.47ab 97.60 ± 0.45ab 97.50 ± 0.52ab

The reported values are the mean ± SEM (n ¼ 10). The mean values with different letters were significantly different ( p < 0.05).

Table 4. Effect of 40EEHT on the total lipid, triglyceride, and cholesterol of liver and feces in high-fat diet-induced obese rats.

Contents (mg/g) ND HFD þ 40% ethanol extract of Hsian-tsao (mg/kg rat)

0 100 200 500

Hepatic triglyceride 14.10 ± 0.80c 38.90 ± 1.71a 36.79 ± 1.54ab 32.15 ± 3.24b 32.73 ± 1.82b

Hepatic cholesterol 20.13 ± 0.41b 28.63 ± 2.63a 27.25 ± 1.13ab 25.31 ± 1.41b 25.27 ± 0.86b

Hepatic total lipid 42.30 ± 1.49c 82.31 ± 7.16a 71.79 ± 2.47ab 69.20 ± 3.84b 66.81 ± 2.46b

Fecal triglyceride 13.13 ± 1.03d 28.35 ± 1.28c 37.91 ± 5.34b 60.97 ± 1.10a 62.23 ± 2.09a

Fecal cholesterol 8.68 ± 0.28e 14.94 ± 1.03d 27.82 ± 3.40c 45.22 ± 0.98b 51.46 ± 2.28a

Fecal total lipid 71.93 ± 1.04d 136.66 ± 9.10c 176.05 ± 8.94b 184.03 ± 9.72a 186.34 ± 13.27a

The reported values are the mean ± SEM (n ¼ 10). The mean values with different letters were significantly different ( p < 0.05).

Table 2. Effect of 40EEHT on the weights of organs and adipose tissues in high-fat diet-induced obese rats.

Organs and tissues weights (g) ND HFD þ 40% ethanol extract of Hsian-tsao (mg/kg rat)

0 100 200 500

Kidney 3.27 ± 0.10a 3.48 ± 0.08a 3.42 ± 0.09a 3.42 ± 0.09a 3.34 ± 0.08a

Liver 13.73 ± 0.42d 19.66 ± 0.67a 17.67 ± 0.50b 16.13 ± 0.56c 14.44 ± 0.44d

Spleen 0.91 ± 0.04a 1.01 ± 0.04a 0.97 ± 0.04a 0.98 ± 0.05a 0.88 ± 0.05a

Lung 1.93 ± 0.09a 2.31 ± 0.18a 1.94 ± 0.03a 2.15 ± 0.08a 2.31 ± 0.16a

Heart 1.39 ± 0.03a 1.43 ± 0.04a 1.48 ± 0.03a 1.46 ± 0.03a 1.40 ± 0.03a

Mesenteric adipose tissue 18.43 ± 0.92c 29.21 ± 2.46a 25.61 ± 2.02ab 23.87 ± 2.13abc 22.51 ± 1.45bc

Retroperitoneal adipose tissue 20.52 ± 1.07bc 27.92 ± 2.75a 26.64 ± 2.60ab 23.90 ± 2.61abc 18.64 ± 2.34c

Inguinal adipose tissue 8.59 ± 1.28b 17.06 ± 2.15a 16.95 ± 2.81a 15.17 ± 1.33a 13.40 ± 1.43ab

Perirenal adipose tissue 24.39 ± 1.79c 40.89 ± 2.76a 37.31 ± 2.14ab 34.66 ± 3.39ab 31.49 ± 2.10bc

Epididymal adipose tissue 17.68 ± 1.10b 29.36 ± 1.68a 29.39 ± 1.75a 26.58 ± 2.11a 24.74 ± 1.14a

The reported values are the mean ± SEM (n ¼ 10). Mean values with different letters were significantly different ( p < 0.05).
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triglycerides, and total lipids in feces was found to
increase with higher doses of 40EEHT treatment.

3.5. Effect of 40EEHT on the histology of perirenal
adipose and hepatic tissues in HFD-fed rats

Compared to ND rats, fat deposition in hepatic
tissue and the enlarged size of perirenal adipocytes
were significantly increased in HFD-fed rats.
Reduced hepatic fat accumulation was observed
with increasing concentrations of 40EEHT (Fig. 1A
upper panel). Furthermore, treatment with 200 and
500 mg/kg 40EEHT significantly reduced perirenal
adipocyte hypertrophy in HFD-induced obese rats
(Fig. 1A lower panel and 1B).

3.6. Effects of 40EEHT on the serum and hepatic
antioxidant capacity in HFD-fed rats

Significantly increased MDA levels and decreased
TEAC levels were observed in both the liver and
serum after HFD feeding. The results showed no
significant difference in serum TEAC levels after
40EEHT treatment. However, serum MDA levels
were significantly reduced after treatment with
500 mg/kg 40EEHT. In the liver of HFD-fed rats,

TEAC levels were significantly elevated, and MDA
levels were markedly reduced following 40EEHT
treatment. The levels of GSSG, GSH, GRd, GST,
GPx, and catalase were markedly decreased after
HFD feeding. However, treatment with 100 and
500 mg/kg 40EEHT significantly increased GSH and
GSSG contents in the HFD rats. Additionally,
40EEHT treatment markedly induced GST and GPx
levels in obese rats. GRd and catalase levels in HFD-
fed rats did not show significant changes following
the 40EEHT intervention (Table 5).

3.7. Effects of 40EEHT on the lipid metabolism of
perirenal adipose tissue in HFD-fed rats

The results indicated that SIRT1 levels were mark-
edly elevated in a dose-dependent manner with
40EEHT treatment (Fig. 2A), and the expression levels
of ACC and FAS were significantly decreased
following 40EEHT treatment (Fig. 2B and 2C). FATP1
and CD36 levels were also markedly reduced by
40EEHT treatment in obese rats (Fig. 2D and 2E).
Moreover, 40EEHT significantly increased the levels
of AMPK, CPT-1, and ACO (Fig. 2F, G, and 2H). Addi-
tionally, 40EEHT induced ATGL and HSL levels in a
dose-dependent manner (Fig. 2I and 2J). Meanwhile,

Fig. 1. Effect of 40EEHT on liver and perirenal adipocytes in obese rats induced by the high-fat diet. (A) Liver and perirenal adipose tissues were
stained with hematoxylin and eosin (H&E). Original magnification: 200� . (B) Percentage (%) is expressed as normal diet (ND) at 100%. The
reported values are the mean ± SEM (n ¼ 3). The mean values with different letters were significantly different ( p < 0.05).
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Fig. 2. Effect of the 40% ethanol extract of Hsian-tsao on the gene expressions of fatty acid metabolism in the perirenal adipose tissue of
obese rats induced by a high-fat diet. The reported values are the mean ± SEM (n ¼ 3). The mean values with different letters were significantly
different ( p < 0.05). The values of SIRT1, ACC, FAS, FATP1, CD36, AMPK, CPT-1, ACO, ATGL, HSL, adiponectin, and TNF-a mRNA were
normalized to the value of b-actin. SIRT1, sirtuin 1; ACC, acetyl-CoA carboxylase; FAS, fatty acid synthase; FATP1, fatty acid transport protein 1;
CD36, differentiation 36; AMPK, AMP-activated protein kinase; CPT-1, carnitine palmitoyltransferase 1; ACO, acyl-CoA oxidase; ATGL, adipose
triacylglycerol lipase; HSL, hormone sensitive lipase; TNF-a, tumor necrosis factor-a.

Table 5. Effect of 40EEHT on lipid metabolism in high-fat diet-induced obese rats.

Oxidative stress and antioxidant enzymes ND HFD þ 40% ethanol extract of Hsian-tsao (mg/kg rat)

0 100 200 500

Serum TEAC (mmol/mL serum) 20.76 ± 1.06a 14.65 ± 2.11b 15.91 ± 0.63b 15.02 ± 1.06b 14.33 ± 0.25b

Serum MDA (nmol/mL serum) 1.37 ± 0.17b 2.05 ± 0.20a 2.02 ± 0.10a 1.99 ± 0.20a 1.16 ± 0.13b

Hepatic TEAC (mmol/mg protein) 0.18 ± 0.01a 0.05 ± 0.01c 0.09 ± 0.01b 0.10 ± 0.02b 0.10 ± 0.02b

Hepatic MDA (nmol/mg protein) 0.10 ± 0.00b 0.12 ± 0.01a 0.05 ± 0.00d 0.08 ± 0.01c 0.10 ± 0.01bc

Hepatic GSSG (nmol/mg protein) 13.17 ± 0.46a 9.67 ± 0.38b 7.66 ± 0.22cd 8.94 ± 0.84bc 6.61 ± 0.58d

Hepatic GSH (nmol/mg protein) 32.19 ± 1.03a 23.78 ± 0.94b 19.14 ± 0.62c 22.95 ± 2.06b 17.06 ± 1.48c

Hepatic GST (nmol/min/mg protein) 0.14 ± 0.00b 0.13 ± 0.00c 0.15 ± 0.00b 0.16 ± 0.00a 0.14 ± 0.00b

Hepatic GRd (nmol/min/mg protein) 21.22 ± 1.03a 15.21 ± 0.56b 15.46 ± 0.36b 17.41 ± 1.29b 17.54 ± 0.89b

Hepatic GPx (nmol/min/mg protein) 5.88 ± 1.57b 2.25 ± 0.35c 5.68 ± 0.70b 9.63 ± 1.14a 8.54 ± 0.46ab

Hepatic catalase (unit/min/mg protein) 6.48 ± 0.32a 4.71 ± 0.20bc 4.02 ± 0.11c 4.85 ± 0.37b 4.87 ± 0.22b

The reported values are the mean ± SEM (n ¼ 10). The mean values with different letters were significantly different ( p < 0.05). Trolox
equivalent antioxidant capacity, TEAC; Malondialdehyde, MDA; Glutathione, GSH; Glutathione disulfide, GSSG; Glutathione S-
transferase, GST; Glutathione reductase, GRd; Glutathione peroxidase, GPx.
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HFD-inhibited adiponectin levels (Fig. 2K) were
significantly elevated with an increased dose of
40EEHT, and TNF-a levels (Fig. 2L) were markedly
reduced in the HFD þ 500 mg/kg 40EEHT group.

3.8. Effect of 40EEHT on lipid metabolism of
hepatic tissue in HFD-fed rats

In liver tissue, SIRT1 levels weremarkedly elevated
in theHFDþ 500mg/kg 40EEHT group (Fig. 3A). FAS
levels were significantly decreased in the HFD þ
200 mg/kg and 500 mg/kg 40EEHT groups (Fig. 3B),
while ACC levels were significantly reduced after

40EEHT treatment (Fig. 3C) ( p < 0.05). FATP1 levels
were markedly reduced in the HFD þ 500 mg/kg
40EEHTgroup (Fig. 3D), and LPL levels were reduced
after 40EEHT treatment (Fig. 3E). In the HFD þ
500 mg/kg 40EEHT group, a significantly increased
AMPK level was observed (Fig. 3F) ( p< 0.05), 40EEHT
significantly increased hepatic CPT-1 and ACO levels
in theHFD-fed groups (Fig. 3G andH).Moreover, the
hepatic ATGL level (Fig. 3I) showed a marked in-
crease in the HFD þ 200 mg/kg and 500 mg/kg
40EEHT groups, and 40EEHT dose-dependently
increased HSL levels in HFD-induced rats (Fig. 3J)
( p < 0.05).

Fig. 3. Effect of the 40% ethanol extract of Hsian-tsao on the gene expressions of fatty acid metabolism in the liver of obese rats. The reported
values are the mean ± SEM (n ¼ 3). The mean values with different letters were significantly different ( p < 0.05). The values of SIRT1, ACC, FAS,
FATP1, LPL, AMPK, CPT-1, ACO, ATGL, and HSL mRNA were normalized to the value of b-actin. SIRT1, sirtuin 1; ACC, acetyl-CoA carboxylase;
FAS, fatty acid synthase; FATP1, fatty acid transport protein 1; LPL, lipoprotein lipase; AMPK, AMP-activated protein kinase; CPT-1, carnitine
palmitoyltransferase 1; ACO, acyl-CoA oxidase; ATGL, adipose triacylglycerol lipase; HSL, hormone sensitive lipase.
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4. Discussion

Excessive dietary fat is a core factor contributing
to obesity-related syndromes, including arterio-
sclerosis, hypertension, hyperlipidemia, respiratory
complications, type 2 diabetes, osteoarthritis, and
cancer [37]. HFD-induced animal obesity models are
commonly used to elucidate the progression of
metabolic syndromes, which may help in devel-
oping effective strategies for prevention and
improvement [1,38,39]. Numerous studies have
shown that high-fat diets induce obesity in mice and
rats [40,41], and such diets alter energy metabolism
and induce lipid accumulation [42,43]. In our study,
after 8 weeks of feeding with a high-fat diet (32% fat/
g diet) and 40EEHT, we found that 40EEHT mark-
edly reduced body weight gain in rats without
affecting feed intake, water intake, energy intake, or
feed efficiency (Table 1). In HFD-fed rats, the extract
of Clinacanthus nutans, which contains phenolic
acids with strong antioxidant capacities, signifi-
cantly decreased body weight gain induced by HFD
[44]. Similarly, Irfan et al. (2022) indicated that
elevated body weight and obesity-related metabolic
syndrome were significantly reversed by treatment
with Moringa oleifera leaf extracts for 30 days [45].
The liver is a fundamental metabolic organ in the

body, and a high-calorie diet is associated with a
high incidence of hepatic diseases, including
cirrhosis, liver cancer, and nonalcoholic fatty liver
disease [46e48]. Adipose tissue plays a critical role
in fat storage, cytokine secretion, and energy ho-
meostasis, and a long-term high-fat diet leads to
increased adipose tissue weight in rats [49,50]. In
our study, 40EEHT significantly reduced the
increased weights of the liver and total body fat
induced by HFD feeding (Table 2). Morphological
analysis of perirenal adipose and hepatic tissues in
obese rats revealed lipid droplet accumulation in
the liver and enlarged perirenal adipocytes, which
were reversed by 40EEHT treatment (Fig. 1). Lee
et al. (2014) reported that Codonopsis lanceolata ex-
tracts significantly reduced body fat mass and
weight gain in HFD-fed mice [51]. Similarly, Amor
et al. (2019) demonstrated that body weight gain and
subcutaneous fat weight were markedly decreased
by aging black garlic extract in obese rats [52]. Pre-
vious animal and clinical studies have indicated that
treatments with phytochemicals such as curcumin,
rutin, epigallocatechin gallate, gallic acid, and o-
coumaric acid improve HFD-induced dyslipidemia
[53e56]. Our findings indicate that 40EEHT mark-
edly reduced the levels of triglycerides (TG), total
cholesterol (TC), LDL-C, ALT, ketone bodies, so-
dium ions, and potassium ions in serum (Table 3).

Noh and Yoon (2022) also demonstrated that the
ethanol extract of mulberry ameliorates dyslipide-
mia and hepatic steatosis by decreasing hepatic
triglycerides, serum LDL-C, cholesterol, and the
TC/HDL-C ratio [57].
In vivo studies have revealed that the progression

of obesity is correlated with reduced antioxidant
activities and increased oxidative stress in blood,
tissues, and organs [23,58,59]. Reactive oxygen spe-
cies (ROS) play a crucial role in the pathogenesis of
hyperlipidemia [60]. ROS are primarily generated
via lipid accumulation and b-oxidation in fatty liver
[61]. Antioxidant enzyme systems, such as GST,
GPx, and GRd, can neutralize ROS, reduce oxidative
stress, and eliminate free radicals [62]. Furthermore,
obesity is characterized by fatty acid peroxidation,
with malondialdehyde (MDA) serving as a primary
biomarker of fatty acid oxidation [58,63,64]. In the
antioxidant activity analysis, 40EEHT significantly
ameliorated MDA levels in serum, as well as MDA,
TEAC, GPx, and GST levels in the liver of HFD-fed
rats (Table 5). The water extract of Clerodendron
glandulosum Coleb, rich in phenolic compounds, has
been shown to increase the excretion of tri-
glycerides, cholesterol, bile acids, and total lipids in
rat feces [65]. A recent study demonstrated that
flavonoids from Lycium barbarum leaves can reverse
body weight gain, improve serum and hepatic lipid
profiles, reduce oxidative stress, increase fecal lipid
excretion, and alleviate glucose tolerance [66]. In our
previous study, black garlic reduced body weight,
liver weight, epididymal fat, peritoneal fat, hepatic
lipid profiles, and serum triglycerides. Additionally,
black garlic elevated hepatic GRd, GPx, GSH, and
TEAC levels while reducing GSSG, thereby sup-
pressing oxidative stress in HFD-fed SD rats [67].
Our results suggest that the HFD group supple-
mented with 40EEHT exhibited markedly increased
fecal lipid profiles (cholesterol, triglycerides, and
total lipids), which were reversed by 40EEHT
treatment (Table 4). A high-fat diet induces malab-
sorption and metabolic alterations in the gut, lead-
ing to elevated excretion of lipids, triglycerides, and
cholesterol in feces [68]. These alterations, such as
intestinal saturation, altered gut microbiota, and
lipase inhibition, contribute to incomplete absorp-
tion of high levels of dietary fat, resulting in excess
fat being excreted in the feces [69e71]. Previous
studies have shown that the anti-obesity effects of
Platycodi radix water extract and peanut shell
ethanol extract might suppress pancreatic lipase
activity, leading to delayed lipid absorption in the
intestine and increased lipid excretion in feces
[72,73]. Another report indicated that the C.
glandulosum Coleb extract, containing phenolic
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compounds, promotes the excretion of fecal bile
acids, triglycerides, cholesterol, and total lipids in
high-fat diet-fed rats [74]. Yeh et al. (2009) found
that caffeic acid markedly inhibited cholesterol ab-
sorption and elevated fecal cholesterol excretion in
rats [75]. Ginger extract, rich in phenolic com-
pounds, significantly reduced hepatic lipid profiles
and increased fecal lipid profiles through miR-21/
132 suppression and AMPK signaling activation
[76]. Yu et al. (2021) demonstrated that berberine
down-regulated CD36 and SCD1 in the gut, leading
to stimulated fat excretion in feces [77]. Similarly, in
our investigation, 40EEHT triggered AMPK activa-
tion and CD36 inhibition.
The regulation of lipid metabolism in hepatic and

perirenal adipose tissues of HFD-fed obese rats was
explored to elucidate the efficiency of the anti-
obesity properties of 40EEHT in vivo (Figs. 2 and 3).
A crucial function of SIRT1 is to regulate the
expression of genes involved in energy metabolism,
including those related to fatty acid synthesis (FAS
and ACC ) [78e80]. Our results showed that different
doses of 40EEHT treatment significantly enhanced
SIRT1 levels and inhibited lipogenesis in HFD-
induced rats (Figs. 2 and 3). Vanillic acid, caffeic
acid, p-coumaric acid, and chlorogenic acid were
identified in the 80% methanol extract of Sasa bor-
ealis bamboo stem, which significantly inhibited he-
patic FAS, ACC, SREBP-1c, and PPAR-g in HFD-fed
obese rats [81]. BinMowyna et al. (2022) demon-
strated that resveratrol enhanced hepatic PPARa
levels and suppressed liver SREBP1 and SREBP2
levels by inhibiting miR-34a and inducing SIRT1,
which significantly improved insulin sensitivity and
fatty liver disease in HFD-induced rats [82].
aP2, FATP1, CD36, and LPL play critical roles in

lipid transport and metabolism [83]. LPL releases
triglycerides from lipoproteins in VLDL and chylo-
microns, directing them into the liver for metabolism
or storage in adipose tissue [84]. Additionally, aP2,
FATP1, and CD36 enhance fatty acid uptake,
contributing to obesity [85,86]. Our findings suggest
that 40EEHT significantly reduces the expression of
genes associated with lipid transport and storage in
the hepatic and perirenal adipose tissues of rats
(Figs. 2 and 3). In a recent investigation, the methanol
extract of Hsian-tsao was found to significantly
reduce fat accumulation by inhibiting the PPARg
and C/EBPa signaling pathway in 3T3-L1 adipocytes
[19].
AMPK is an essential regulator of fatty acid

metabolism in vivo, controlling ACC and FAS in fatty
acid synthesis, as well as b-oxidation processes
involving ACO and CPT-1 [87e90]. According to our

findings, 40EEHT markedly induced b-oxidation in
the liver and perirenal fat of HFD-fed rats (Figs. 2
and 3). Guo et al. (2016) demonstrated that phenolic
compounds from the Chenpi n-butane extract
significantly increased AMPK levels in the perirenal
adipose tissue of HFD-fed C57BL/6J obese mice [91].
Furthermore, berbamine significantly reversed
weight gain and lipid accumulation in the liver by
reducing FAS and SCD1 levels and inhibiting ACC
levels through the SIRT1/LKB1/AMPK axis in
NAFLD rats [92]. Miao sour soup markedly reduced
FAS, ACC, and SREBP-1c levels through the regu-
lation of AMPK activation, while alleviating fat
accumulation in obese rats [93].
ATGL and HSL play vital roles in lipolysis [94].

Our results show that 40EEHT significantly
enhanced lipolysis in the perirenal fat and liver of
HFD-induced rats (Figs. 2 and 3). Choi et al. (2016)
indicated that green coffee bean extracts, which
contain caffeic acid and chlorogenic acid, markedly
induced the levels of CPT-1, PPAR-a, HSL, and ATGL
while suppressing the levels of SREBP-1c and PPAR-
g in perirenal adipose tissue. Additionally, in he-
patic tissue, these extracts elevated AMPK, PPAR-a,
and CPT-1 levels and reduced FAS, SREBP-1c, and
PPAR-g levels in HFD-induced mice [95]. Wu et al.
(2021) demonstrated that lipid accumulation and
body weight gain were reversed by lemon-fer-
mented products, which inhibited C/EBPa, PPARg,
and SREBP-1c levels and induced HSL and ATGL
levels via the AMPK pathway in epididymal adipose
and hepatic tissues in HCD-induced rats [96].
Adipose tissue plays a vital role in the endocrine

system by producing hormones such as adiponectin
and TNF-a. Obesity increases the concentration of
TNF-a, which is correlated with chronic inflamma-
tion and insulin resistance [97]. Conversely, adipo-
nectin has anti-inflammatory effects and improves
metabolic syndrome [98,99]. Our findings suggest
that 40EEHT significantly decreased TNF-a levels
and increased adiponectin levels. Alam et al. (2016)
indicated that caffeic acid, chlorogenic acid, and p-
coumaric acid promote the secretion of adiponectin
and reduce TNF-a levels in adipose tissue, thereby
improving obesity and related complications [100].
Sant’Ana et al. (2022) suggested that macauba pulp
oil increased adiponectin and inhibited TNF-a, NF-
kB, SREBP-1c, and PPAR-g in adipose tissue while
reducing the expression of hepatic CPT-1a and
SREBP-1c, leading to the prevention of adipogenesis
in obese C57BL/6 mice [101].
In conclusion, 40EEHT reduces body weight gain,

total body fat, serum lipid profiles, and hepatic lipid
profiles by modulating fatty acid metabolism in
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hepatic and adipose tissues. Our report suggests
that the ethanol extract of Hsian-tsao has beneficial
effects in suppressing HFD-induced obesity in rats.
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