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Many studies have confirmed the effectiveness of herbal medicines or complex formulations in clinical
therapy for metabolic diseases. This study investigated the effects of a HeShouWu decoction and its com-
plex formula on blood lipids and antioxidant activity in hamsters with a high-cholesterol intake-induced
hyperlipidemia model. The biological efficacy of HeShouWu and its complex formula were assessed by
measuring body weight (BW), and fecal metabolites, conducting a blood biochemical analysis, and exam-
ining liver sections. Triglycerides (TG), total cholesterol (TC) contents, and antioxidant activities in the
liver and kidneys were measured. The results showed no inhibited growth after 10 weeks of treatment.
However, significant decreases in blood and liver lipids (TC and TG) were detected in all treatment groups
(p < 0.05). Moreover, the antioxidant activities [glutathione peroxidase (GSH-Px), superoxide dismutase
(SOD), catalase (CAT), and total thiols] improved, and malondialdehyde (MDA) content decreased signif-
icantly, which significantly reduced intracellular oxidative stress (OS). However, no significantly
improved treatment effect was detected on fat accumulation in the liver sections. The added cholesterol
intake in this study was continued daily by diet and stimulation, suggesting that patients should strictly
consume a low-cholesterol diet in clinical therapy to minimize the load on the liver. This study demon-
strated that the HeShouWu complex reduced blood and liver TC and TG levels satisfactorily.
Improvements in the clinical use of the HeShouWu complex are expected to uncover safer, more effec-
tive, and economical Chinese herbal formulations for reducing blood lipids.
� 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The roots of Polygonum multiflorum, commonly known as
HeShouWu, have been applied in Chinese medicine based on
several centuries of continuous practice as clinical therapy for
diseases, such as hyperlipidemia, fatty liver, hyperglycemia, and
related disorders while achieving recognizable results (Gu
et al., 2020, Li et al., 2020, Lin et al., 2020, Chen et al., 2021,
Teka et al., 2021, Cai et al., 2023). Several studies have been
published on HeShouWu, and its primary bioactive components
are flavonoids, alkaloids, naphthalenes, anthraquinones (emodin,
physcion, and physcion 8-O-b-D-glucopyranoside), stilbene
[2,3,5,40-tetrahydroxy-stilbene-2-O-b-D-glucoside (TSG)], phos-
pholipids, polysaccharides, and polysaccharides (Gu et al., 2020,
Li et al., 2020, Lin et al., 2020, Adnan et al., 2021, He et al.,
2021, Hu et al., 2021, Teka et al., 2021, Cai et al., 2023).
HeShouWu reportedly reduces triglyceride (TG) and total choles-
terol (TC) levels in high-fat diet-induced hyperlipidemia while
showing promising outcomes in hyperlipidemia models (lack of
Apo E gene and Triton-induced) (Wang et al., 2014, Jung et al.,
2020, Li et al., 2020, Lin et al., 2020, Choi and Lee 2021, He
et al., 2021).

The role of inflammation in metabolic diseases has been
demonstrated. Lipid metabolic disorders increase the risk of dis-
eases, such as atherosclerosis (AS), metabolic dysfunction-
associated fatty liver disease [MAFLD, the former name was non-
alcoholic fatty liver disease (NAFLD)], and non-alcoholic steatohep-
atitis (NASH) (Cheng et al., 2019, Koperska et al., 2022, Wang et al.,
2022, Zhang et al., 2023). In addition, the inflammation may also
develop into cardiovascular disease (CVD) or chronic kidney dis-
ease (CKD) (Eslam et al., 2020, Koperska et al., 2022, Zhang et al.,
2023). These patients are accompanied by obesity, diabetes, or
metabolic comorbidities (diabetes or hypertension) (Lin et al.,
2020). The progression occurs with the accumulation of liver lipids,
insulin resistance, chronic hepatitis, liver fibrosis, and liver cirrho-
sis, ultimately leading to hepatocellular carcinoma and liver failure
(prevalent in patients who consume alcohol), which is the most
common chronic liver disease (Eslam et al., 2020, Lin et al., 2020,
Ye et al., 2020, Koperska et al., 2022). The ‘‘multiple-hit” theory
has been widely recognized as more metabolic evidence is con-
firmed, which involves oxidative stress (OS), mitochondrial dys-
function, inflammation, endoplasmic reticulum stress, gut
microbiota dysbiosis, innate immune disorder, and epigenetics,
apart from the causes mentioned above (Wang et al., 2014,
Eslam et al., 2020, He et al., 2021, Hu et al., 2021, Zhou et al.,
2021, Koperska et al., 2022, Zhu et al., 2022, Fang et al., 2023,
Koc et al., 2023).

However, the commonly prescribed drugs (such as simvas-
tatin, metformin, and thiazolidinediones) cause side effects.
Hence, it is necessary to develop safe and effective drugs to treat
MAFLD (Ji et al., 2019, Liu et al., 2019, Chen et al., 2021, Zahid
et al., 2021, Zhou et al., 2021, Koperska et al., 2022, Fang
et al., 2023). Several natural bioactive compounds have been
proposed to treat MAFLD (Cheng et al., 2019, Gao et al., 2020,
Jung et al., 2020, Wang et al., 2020). Their pharmacological
effects are protective of hepatic OS and reduce fat accumulation
in the liver (Xu et al., 2019, Koperska et al., 2022) while remov-
ing lipids from the blood (Nie et al., 2016, Singh and Sashidhara
2017, Cheng et al., 2019, Zahid et al., 2021, Fang et al., 2023).
Hence, we conducted a 10-week therapeutic trial of single and
complex formulations (which have been used clinically) of
HeShouWu in the diet-induced hypercholesterolemia (hyperlipi-
demia) hamster model. This study evaluated the effects of this
decoction on cholesterol and lipid levels in the hamsters, which
will help inform clinical use.
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2. Materials and methods

2.1. Materials

HeShouWu and its complex formula powder (including Polygo-
natum sibiricum Delar. ex Redoute, dried tangerine peel, turmeric,
kudzu root, hawthorn, cassia seeds, and malt) were purchased
from Ko-Da Pharmaceutical Co., Ltd. (Taoyuan City, Taiwan). All
chemical reagents were purchased directly from Sigma-Aldrich�/
Millipore� (Merck KGaA, Darmstadt, Germany) and prepared for
use without any further purification.
2.2. Experimental animals

Sixty male, 5-week-old Syrian hamsters were purchased from
the National Laboratory Animal Center (Taipei, Taiwan). This ani-
mal protocol was approved by the Animal Research Committee
of the University of Providence (code 20160607-A05). All operating
procedures followed the committee for the control and supervision
of animal experiments and the National Institutes of Health Guide
for the care and use of laboratory animals. Following a 3-day accli-
mation period, the animals were grouped (n = 10) for the 10-week
treatment. All animals were housed under specific pathogen-free
conditions, including a constant temperature of 23 �C ± 2 �C,
60––80% humidity, and a 12 h light: 12 h dark cycle (07:00––
19:00) (Chou et al., 2022). The diet and drinking water were sup-
plied ad libitum during the experiment with daily morning
changes. Hamster BW and the diet (collected as dropped feed to
be calculated as intake) were recorded daily. The feces were col-
lected immediately and stored sealed at �20 �C until analysis.
The following equations were used to calculate daily weight gain
(g/day) and feed efficiency.

Daily gainweight ðg=dayÞ ¼ Final BW� Initial BW =Days
Feed efficiency ¼ Daily gainweight =Food intake
2.3. Sample preparation

Based on the clinical experience of a recommended daily
HeShouWu dose of 12––15 g/60 kg BW/day, the dose was set at
14 g/60 kg BW/day for this study. Several studies have reported
that the usual Chinese Pharmacopoeia clinical dose is 6––12 g/kg
BW/day (Liu et al., 2019, Gu et al., 2020, Xue et al., 2020). The
dosage for hamsters was converted to 175 mg/day per 100 g BW.
Therefore, as defined in this study, 3% and 6% HeShouWu or its
complex formula powder were added to the animal diet in the
low- and high-dose groups. The positive control group was on a
regular diet, and the negative control group was on a diet with
an extra addition of 0.5% cholesterol, while the dietary details of
each group and the preparation process (twice/week) are shown
in Table 1.
2.4. Physicochemical and bioactive properties evaluation of
HeShouWu and its complex formula powder

2.4.1. Basic compositional analysis
The basic composition of HeShouWu and its complex formula

powder (including moisture, crude fat, crude protein, crude fiber,
and ash) were determined following an Association of Official Ana-
lytical Chemists (AOAC) procedure and the American Association
for Clinical Chemistry (AACC) protocols described by Huang et al.
(Huang et al., 2022).



Table 1
Composition of the daily diet for each group (serving size was 12.8 g per hamster).

Components (%) Group

Positive control Negative control Complex formula HeShouWu

Low dose High dose Low dose High dose

Corn starch (a-starch) 53.948 53.448 50.448 47.448 50.448 47.448
Sucrose 10.000
Casein 19.000
L-cystine 0.300
Cellulose 5.000
Soybean oil 7.000
TBHQ 0.002
Cholesterol – 0.500
Choline bitartrate# 0.250
Mineral mixture 3.500
Vitamin mixture 1.000
HeShouWu – 3.000 6.000
Complex formula – 3.000 6.000 –
Total diet weight 100.000
Drinking Water 200.000

#Choline bitartrate is a critical component that promotes the availability of cholesterol.
All power to prepare the dietary formulas was added to the mixing tank according to weight and mixed uniformly at a low speed for 15––20 min, followed by slowly adding
drinking water (with 10% sucrose) and oil (0.002% TBHQ) several times and mixing to form the dough. Next, the food was divided into pellets (approximately 12.8 g per
serving) and stored at �20 �C until use. Notably, the weight of the sample and 0.5% cholesterol were subtracted from the corn starch. In addition, TBHQ was used as an
antioxidant in the formulations to avoid oil oxidation during storage.
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2.4.2. In vitro antioxidant ability
HeShouWu and its complex formula powder were extracted

with water and 50% alcohol in two modes; regular extraction
(4 �C, 1 h) and simulated herbal medicinal decoction extraction
(90 �C for 40 min with shaking at 100 rpm). All extracts were fil-
tered and stored at �20 �C until use. All extracts were thawed
before analysis and then prepared at different concentrations
(0.2%, 0.5%, 0.8%, and 1%).
2.4.2.1. 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging
activity. DPPH free radical scavenging activity was determined fol-
lowing the protocol described by Li et al., (2020) and Wang et al.,
(2019) with minor modifications. In brief, the 100 lL sample was
mixed with 400 lL of Tris-HCI buffer solution (pH 7.4), followed
by a reaction with 250 lM DPPH reagent for 20 min in the dark.
The background was prepared in 900 lL of Tris-HCI buffer with
100 lL of sample solution, while the control (0.02% gallic acid)
was prepared from 400 lL of Tris-HCI buffer and 100 lL of 95%
ethanol. Absorbance was determined at 517 nm using a spec-
trophotometer (Model 7800 Jasco Global, Tokyo, Japan) (baseline
with 95% ethanol used for zeroing), and DPPH free radical scaveng-
ing activity was calculated using the following formula.

DPPH free radical scavenging ability %ð Þ
¼ 1� OD517sample

� � OD517background
�
=OD517control

� �� 100
2.4.2.2. Reducing power. Reducing power was measured using the
method described by Huang et al., (2011) and Liu et al., (2023) with
appropriate modifications. The reaction solution consisted of 0.2 M
sodium phosphate buffer solution (PBS, pH 6.6) and 1% potassium
ferricyanide mixture (150 lL each) with various concentrations of
the sample solution, followed by 20 min at 50 �C in a water bath
and 3 min cooling in an ice bath. Next, 600 lL of deionized water
and 150 lL of 10% trichloroacetic acid solution were added and
centrifuged (1000 � g, 5 min). The supernatant was reacted with
150 lL of 0.1% ferric chloride for 15 min, and absorbance was mea-
sured at 700 nm. The control group was 0.01% gallic acid. The level
of reducing power depended on the absorbance value.
3

2.4.2.3. Ferrous ion chelating ability. The ferrous ion chelating ability
of the samples was determined using the methods described by
Huang et al., (2011) with some modifications. The sample solution
(250 lL), 25 lL of 2 mM FeCl2, and 925 lL of PBS (pH 7.4) were
mixed. Then, 50 lL of 5 mM ferrozine was added, followed by a
10 min reaction at room temperature, after which the absorbance
of the mixture was measured at 562 nm. The control group was
0.08% gallic acid. The chelating capacity of the metal ions was cal-
culated based on the following equation.

Metal ion chelating ability %ð Þ ¼ 1� OD562sample=OD562control
� �

� 100
2.5. Evaluation of lipid metabolism in feces

2.5.1. Neutral steroid content
Neutral steroid content was quantified according to the method

described in Xiong et al., (2007), with appropriate modifications.
The dried sample (0.1 g) was extracted with 0.5 mL of petroleum
ether for 2 h, followed by centrifugation for 20 min (2000 � g,
4 �C). Then, 0.1 mL of the supernatant was volatilized by a nitrogen
gas stream under a hood until dry. A 1 mL aliquot of Libermann-
Burchard reagent (anhydride, sulfuric acid, and the acetic acid ratio
were 20:1:10, v/v/v) was added, followed by a colorimetric reaction
(showed light green color) for 20 min at room temperature (25 �C).
The absorption value was determined at 550 nm, and a standard
curve was prepared for the various cholesterol concentrations.
Neutral sterol content in the feces was calculated by interpolation.

2.5.2. Total bile acid content
The total bile acid content of the feces was determined follow-

ing the standard operating procedures provided by the manufac-
turer of the bile acids (total) assay kit (Randox Laboratories Ltd.,
Antrim, UK).

2.6. Blood biochemical analysis

The blood biochemical analysis was performed as described by
Chou et al., (2022). The blood was collected and centrifuged
(10 min, 4 �C, 12,000 � g) in a microfuge (22R, Beckman Coulter
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Inc., Brea, CA, USA) immediately after the hamsters were killed. The
plasma biochemical parameters, including TG, TC, high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein choles-
terol (LDL-C), glutamate oxalate transaminase (GOT), and gluta-
mate pyruvate transaminase (GPT), were analyzed using the
Synchroh LX-20 system (Beckman-Coulter).

2.7. Blood, liver, and kidney samples

The hamsters were anesthetized with an intraperitoneal injec-
tion of sodium pentobarbital before death; blood was collected
from the heart, and the liver and kidneys were excised and rinsed
clean with physiological saline (0.9% NaCl solution). Finally, the
appearance of the organs was recorded with a digital camera,
and the organs were weighed. The largest piece of the liver was
cut off, and sampling was performed in the middle, while the other
parts were sealed and stored at �20 �C until further analysis.

2.8. Liver pathology

The pathological sections were prepared according to the proto-
col described in Brasil et al., (2022) and Dai et al., (2023) with
minor modifications. In brief, the liver tissues were fixed in 10%
formalin for 24 h. The tissues were dehydrated in absolute alcohol
(70%, 80%, 90%, 95%) and cleared in xylene. The fixed tissues were
embedded in paraffin, cut into 4 lm thick sections, stained with
hematoxylin and eosin (H&E), and photographed with an Olympus
fluorescence microscope (U-LH100HG, Olympus Co., Tokyo, Japan).
The fatty liver was scored as 0 for no fat observed; 1 for < 5% of
liver tissue surface replaced by fat; 2 for 5––25%; 3 for 25––50%
of fat; and 4 for > 50%.

2.9. Liver TG and TC contents

2.9.1. Preparation of the liver extracts
The liver extracts were prepared according to the protocol

described by Reiter et al., (2022) with minor modifications. A
0.5 g portion of liver tissue was added to a 20-fold Folch solution
(chloroform and methanol ratio of 2:1, v/v), homogenized for
5 min with a homogenizer (PRO250�, Thomas Scientific., Swedes-
boro, NJ, USA), filtered, weighed, and quantified with Folch solution
to 10 mL.

2.9.2. TG and TC content
The extract (0.3 mL; section 2.9.1) was weighed and concen-

trated under a stream of nitrogen, then 0.3 mL of 2% Triton X-
100 was added; 10 lL was mixed with 1 mL of Libermann-
Burchard Reagen at room temperature for 10 min, and the absor-
bance value was measured at 500 nm. The standard curve was pre-
pared with cholesterol and triglyceride standards, and liver TG and
TC contents were calculated by interpolation.

2.10. In vivo antioxidant activity and biochemical analysis of the
organs

2.10.1. Preparation of the tissue homogenate
The animal tissue homogenates were prepared according to the

protocol of Li et al., (2020) and Simpson (2010), with minor mod-
ifications. A tissue homogenized stock of the liver (0.3 g) and whole
kidney was prepared, respectively, by adding 0.5 mL of 50 mM PBS
(pH 7.4) followed by homogenization (1,400 rpm, 30 sec) in an ice
bath. A 40 lL aliquot of each stock was added to 56 lL of PBS and
96 lL of 2% Triton X-100, mixed, and centrifuged at 10,000 � g for
5 min at 4 �C; the supernatant was used for analysis. This sample
preparation procedure was repeated for each assay below.
4

2.10.2. GSH-Px activity
GSH-Px activity was measured using a procedure slightly mod-

ified from Kong et al. (Kong et al., 2018). The sample (50 lL) was
added to 450 lL of 0.25 M potassium phosphate buffer (pH 7.4)
(diluted 10-fold). Next, 100 lL of the diluted sample was mixed
with 200 lL of GSH reductase (GSSH-R, 5 U/mL), 50 lL of 40 mM
GSH, and 620 lL of potassium phosphate buffer solution in that
order. Then, 10 lL of 20 mM NADPH (freshly prepared) was added
followed by 20 lL of 15 mM cumene hydroperoxide. Absorbance
was measured immediately at 340 nm (absorbance values were
read every 15 sec at 25 �C to determine the change within
1 min). GSH-Px activity (U) was defined as the number of micro-
moles per min of NADPH oxidation (e340 = 6.1 cm2/lmole).

2.10.3. SOD activity
SOD activity was determined as described by Li (2012) and

Senthilkumar et al., (2021) with modifications. A 10 lL aliquot of
sample was mixed with 3 mL of Tris-HCl buffer (50 mM, pH 8.2),
and 15 lL of pyrogallol (50 mM) was added and shaken three
times. The absorbance of the solution was measured at 325 nm
(every 15 sec to determine the change of absorbance in 1 min).
The control group used 10 lL of deionized water.

2.10.4. CAT activity
CAT activity was determined following the protocol described

by Aebi (1984), with modifications. The sample (10 lL) was diluted
1,000-fold with 50 mM PBS (pH 7.0), and then 2 mL was mixed
with 1 mL of 30 mM H2O2 solution. The absorbance was measured
at 240 nm (every 15 sec to determine the absorbance change in
1 min). CAT activity (U) was defined as the number of millimoles
of H2O2 consumed per min. (e240 = 40 cm2/lmole).

2.10.5. Total protein content
Protein content was determined following the manufacturer’s

protocol (Thermo Fisher Scientific Inc., Waltham, MA, USA). The
sample (10 lL) was diluted 50-fold with 50 mM PBS (pH 7.0),
and 500 lL was added to 1 mL of the PierceTM BCA protein assay
solution, mixed uniformly, and placed in a 37 �C water bath for
30 min. The absorbance was determined at 562 nm after cooling
in an ice bath. A standard curve was prepared with bovine serum
albumin, and the protein content of the sample was calculated
by interpolation.

2.10.6. MDA content
MDA content was measured following the method described

by Senthilkumar et al., (2021), with some modifications. A
200 lL aliquot of the sample (serum or tissue homogenate) was
homogenized with 75 lL of 0.2% BHT solution and 500 lL of
0.6% TBA solution for 1 min, followed by a 90 �C water bath for
45 min, an ice bath for 15 min, and centrifugation (1,000 � g,
4 �C) for 15 min. Next, 700 lL of the supernatant was added to
700 lL of n-butanol, homogenized for 1 min, and then cen-
trifuged (3,000 � g, 4 �C) for 15 min. Finally, 600 lL of the super-
natant was used to determine the absorbance at 532 nm. A
standard curve was prepared using TEP (1, 1, 3, 3-tetra ethoxy
propane), and the MDA content of the sample was calculated by
interpolation.

2.10.7. Total thiol content
Total thiol content was determined as described by Aitken and

Learmonth (2009) with minor modifications. After diluting the
sample 1,000-fold, 25 lL was added to 750 lL of PBS (pH 7.4)
and 50 lL of 5, 50-dithiolbis (2-nitro-benzoic acid) (DTNB) was
reacted for 3 min. Absorbance was determined at 412 nm. Finally,
total thiol content of the sample was calculated using the
formula:
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Total thiol ðlmol=g tissueÞ ¼ OD412Sample=14150� 1� 33� 103

� 1000

Where 14,150 means that the extinction coefficient of DTNB is
14150 M�1cm�1, and 1,000 is the dilution ratio.

2.11. Statistical analysis

Statistical analysis was performed using SAS statistical software
(version 9.1, SAS Institute, Cary, NC, USA). The results are
expressed as mean ± SEM. All data were analyzed by one-way anal-
ysis of variance and Duncan’s new multiple-range test to detect
differences between the groups. A p-value of < 0.05 was considered
significant.
3. Results and discussion

3.1. Basic composition and bioactivity of the Chinese herb samples

The basic composition of HeShouWu and its complex formula
were analyzed as moisture, crude fat, crude protein, crude fiber,
Table 2
The basic composition of HeShouWu (Polygonum mulitiflorum) and its complex
formula.

Basic composition (%) Complex formula HeShouWu

Moisture 7.71 ± 0.06b 12.25 ± 0.02a

Crude fat 2.02 ± 0.12b 7.14 ± 0.13a

Crude protein 4.73 ± 0.09a 1.42 ± 0.02b

Crude fiber 72.56 ± 0.85a 61.16 ± 0.38b

Ash 4.40 ± 0.06a 4.32 ± 0.07a

Means with different letters in the same column are significantly different
(p < 0.05).
All data are expressed as the dried base.

Table 3
Effect of different extracts on antioxidant capacity (DPPH free radical scavenging ability, red
and its complex formula.

Antioxidation ability Group Conc. (%)

DPPH free radical scavenging ability (%) Complex formula 0.2
0.5
0.8
1.0

HeShouWu 0.2
0.5
0.8
1.0

Reducing power Complex formula 0.2
0.5
0.8
1.0

HeShouWu 0.2
0.5
0.8
1.0

Ferrous ion chelating ability (%) Complex formula 0.2
0.5
0.8
1.0

HeShouWu 0.2
0.5
0.8
1.0

Conc.: Concentration.
Means with different letters in the same column are significantly different (p < 0.05).
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and ash contents. The results showed that there were significant
differences (p < 0.05) between the two formulations in terms of
moisture, crude fat, crude protein, and crude fiber (Table 2). Chi-
nese herbs are traditionally consumed by decoction or extracted
in hot water or alcohol (Liu et al., 2019, Choi and Lee 2021). There-
fore, in this study, two extraction modes were used, and different
concentrations of the extracts were used to evaluate the antioxi-
dant capacity of the Chinese herbs. DPPH radical scavenging activ-
ity was dose-dependent among the groups, in which the complex
group had significantly higher DPPH radical scavenging activity
than the HeShouWu group (p < 0.05) (Table 3). Moreover, the DPPH
radical scavenging activities of the complex groups extracted with
cold water, cold alcohol, and hot alcohol were significantly higher
than that of the hot water extract (p < 0.05) (Table 3). This result
suggests that the extract may contain other components (such as
emodin, rhein, chrysophanol, resveratrol, and aloe-emodin)
besides total phenolic compounds, which provide hydrogen ions
to promote the DPPH radical scavenging effect (Xue et al., 2020).
Notably, viable keto-enol conversion with facilitated production
of hydrogen ions for free radical scavenging effects is present in
these quinone compounds (Paul et al., 2020). The results for reduc-
ing power were also dose-dependent, with significant differences
among all groups (p < 0.05), and the complex formula had signifi-
cantly higher reducing power than HeShouWu (p < 0.05) (Table 3).
We hypothesized that the combination of the alcoholic decoction
did not facilitate an increase in reducing power. Moreover, ferrous
ion chelating ability was also dose-dependent among the groups,
particularly in the case of hot water and hot alcohol extracts, and
the ferrous ion chelating ability of the complex formula was signif-
icantly higher than that of HeShouWu (p < 0.05) (Table 3). How-
ever, the cold and hot extracts had similar DPPH radical
scavenging ability and reducing power. Thus, the traditional decoc-
tion with hot water continues to be used for preparing samples in
animal studies, which also meets the practical requirements for
clinical application (Chen et al., 2021, Choi and Lee 2021).
ucing power, and ferrous ion chelating ability) of HeShouWu (Polygonum mulitiflorum)

Cold Hot Cold Hot

Water Alcohol

33.5 ± 0.3a 29.3 ± 0.1b 25.2 ± 0.3d 25.8 ± 0.0c

65.2 ± 0.6a 58.8 ± 0.2b 51.4 ± 0.7c 58.6 ± 1.2b

81.6 ± 0.1a 71.3 ± 0.0c 70.5 ± 0.7d 76.1 ± 0.3b

82.8 ± 0.2b 79.9 ± 0.2c 83.5 ± 0.0a 83.6 ± 0.2a

16.5 ± 0.2c 17.2 ± 0.4b 18.2 ± 0.7a 15.6 ± 0.4d

42.0 ± 0.2a 32.4 ± 0.0c 37.2 ± 0.0b 30.3 ± 0.4d

52.7 ± 0.7b 40.0 ± 0.4d 61.7 ± 1.3a 46.2 ± 1.3c

60.7 ± 0.2b 47.9 ± 0.1d 73.5 ± 0.0a 59.7 ± 0.3c

0.55 ± 0.01a 0.50 ± 0.00a 0.41 ± 0.02b 0.48 ± 0.03a

1.11 ± 0.02a 1.05 ± 0.04ab 0.76 ± 0.02c 0.99 ± 0.01b

1.61 ± 0.01a 1.32 ± 0.14b 0.99 ± 0.01c 1.57 ± 0.02a

2.52 ± 0.04a 1.75 ± 0.10c 1.39 ± 0.02d 1.97 ± 0.01b

0.40 ± 0.00a 0.34 ± 0.00b 0.34 ± 0.00b 0.32 ± 0.00b

0.80 ± 0.02a 0.67 ± 0.02b 0.70 ± 0.00b 0.60 ± 0.00c

1.05 ± 0.01a 0.83 ± 0.02c 0.96 ± 0.01b 0.84 ± 0.01c

1.43 ± 0.07a 1.07 ± 0.09bc 1.19 ± 0.02b 0.98 ± 0.02c

26.8 ± 0.9a 25.9 ± 1.9a 7.6 ± 1.9c 19.6 ± 3.0b

42.5 ± 2.6b 48.5 ± 3.0a 21.1 ± 2.5d 36.5 ± 2.8c

59.5 ± 3.1b 64.0 ± 1.5a 30.0 ± 3.2c 58.5 ± 2.5b

65.9 ± 5.1a 71.6 ± 0.4a 40.3 ± 2.7b 66.5 ± 1.1a

7.4 ± 0.9d 22.4 ± 1.1a 10.0 ± 1.2c 19.3 ± 0.6b

32.4 ± 1.8c 37.7 ± 0.8b 20.5 ± 0.6d 40.0 ± 0.6a

53.9 ± 4.1c 61.3 ± 1.9b 31.9 ± 0.1d 65.8 ± 2.1a

52.7 ± 8.2c 70.5 ± 1.3b 41.5 ± 0.5d 76.6 ± 4.8a



P.-H. Huang, Y.-T. Cheng, Y.-J. Chan et al. Arabian Journal of Chemistry 16 (2023) 105280
3.2. Evaluation of growth performance in the experimental animals

The group average daily intake results were not significantly
different, albeit with slight differences (Table 4). In particular, the
food intake of the high-dose HeShouWu group was significantly
higher than that of the control (p < 0.05). However, this indicated
that the diets supplemented cholesterol and HeShouWu did not
disturb the daily feeding of the hamsters. Moreover, taking into
account the results of final body weight, daily gain weight, and
feed efficiency together, the following might be hypothesized
while the HeShouWu complex may have the potential benefits
for BW loss. In contrast, HeShouWu may have an appetite-
suppressing ability.

The BWs of the low-dose and high-dose HeShouWu groups
were significantly different (p < 0.05) compared with the other
groups (Table 4). However, the final BW was not significantly dif-
ferent. The low-dose and high-dose HeShouWu groups revealed
significantly lower daily weight gain than the other groups
(p < 0.05) (Table 4). The same results were obtained regarding feed
efficiency (p < 0.05) (Table 4). These results suggest that the low-
and high-doses of HeShouWu may have inhibited the metabolism
of hamsters, which agreed with the findings of Choi and Lee (2021).
In contrast, no significant difference was observed between the
added cholesterol and the HeShouWu complex groups compared
with the positive control group, indicating that the growth and
Table 4
Evaluation of growth performance, lipid content in feces and serum, transaminase activit
capacity in vivo (organs and serum) of hamsters fed with HeShouWu (Polygonum mulitiflo

Items Group*

Control C

Positive Negative D

L

Growth and diet
Intake (g/day) 10.15 ± 0.63b 10.43 ± 0.43b 1
Initial weight (g) 72.90 ± 4.99b 72.97 ± 3.58b 7
Final weight (g) 116.10 ± 9.70a 111.88 ± 10.57a 1
Daily gain weight (g/day) 0.59 ± 0.10a 0.58 ± 0.09a 0
Feed efficiency 0.058 ± 0.009a 0.055 ± 0.008a 0
Feces lipids
Sterol in feces (mg/g feces) 3.65 ± 0.04c 21.14 ± 1.53b 2
Total bile acid in feces (lg/g feces) 200.70 ± 18.10c 440.40 ± 17.60b 4
Serum lipids (mg/dL)
Triglycerides (TG) 53.43 ± 11.00b 82.88 ± 27.43a 5
Total cholesterol (TC) 76.40 ± 11.53d 238.13 ± 17.86a 1
High-density lipoprotein cholesterol

(HDL-C)
31.60 ± 4.85c 75.02 ± 9.39ab 7

Low-density lipoprotein cholesterol
(LDL-C)

51.07 ± 9.72d 156.23 ± 11.43a 1

HDL-C/LDL-C ratio 0.75 ± 0.06a 0.53 ± 0.12b 0
Serum transaminase activity (U/dL)
Glutamate oxalate transaminase

(GOT)
15.47 ± 0.86c 50.46 ± 4.92b 5

Glutamate pyruvate transaminase
(GPT)

16.66 ± 0.71c 33.64 ± 3.42ab 2

Liver lipids
Wet weight (g) per 100 g body

weight
2.80 ± 0.10b 5.50 ± 0.30a 5

Fatty liver score 0.00 ± 0.00b 3.20 ± 0.40a 3
Triglycerides (TG) (mg/dL) 1.50 ± 0.20e 39.50 ± 2.40a 2
Total cholesterol (TC) (mg/dL) 11.60 ± 1.00c 29.30 ± 7.70a 1
Antioxidant activity of organs and serum (lmol/g tissue)
Malondialdehyde (MDA) Liver 0.050 ± 0.001c 0.085 ± 0.002a 0

Kidney 0.46 ± 0.01bc 0.61 ± 0.03a 0
Serum 0.010 ± 0.001b 0.014 ± 0.001a 0

Total thiol Liver 1.26 ± 0.01e 2.51 ± 0.07c 2
Kidney 3.76 ± 0.06e 5.57 ± 0.14c 6

*n = 10.
Means with different letters in the same row are significantly different (p < 0.05).
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metabolism of hamsters were unaffected. Moreover, a 70% ethanol
extract of HeShouWu fractions (emodin, chrysophanol, emodin-8-
O-b-D-glucopyranoside, (cis)-emodin-emodin dianthrones, and
(trans)-emodin-emodin dianthrones) were hepatotoxic and inhib-
ited growth of zebrafish (Danio rerio). Notably, it has been con-
firmed in a genetic knockout (CYP3A4 or UGT1A1) liver and liver
stem cell model that TSG, the primary active substance in
HeShouWu, is not hepatocytotoxic (Hu et al., 2021). Taken
together, these findings suggest that the hepatotoxicity of
HeShouWu should be regulated during cultivation, preparation,
and formulation (dosage and time) (Liu et al., 2019, Chen et al.,
2021, Choi and Lee 2021, Hu et al., 2021, Teka et al., 2021, Zahid
et al., 2021, Wang et al., 2022). Simultaneously, the patient’s
uniqueness (healthy constitution and disease profile) should also
be considered (Xue et al., 2020, Teka et al., 2021). In addition, about
40% of patients with MAFLD are not obese (Ye et al., 2020).
Although obesity is a crucial determinant of MAFLD, as shown by
epidemiological data, it should not be the primary marker for
screening (Koperska et al., 2022).

3.3. Neutral sterol and total bile acid content in feces

The development of steatosis partly depends on consuming a
high-fat diet, while cholesterol and TG levels rise and activate OS
(Drescher et al., 2019). Moreover, cholesterol in the blood of mam-
y (GOT and GTP), liver (weight, sections status, and lipids contents), and antioxidant
rum) and its complex formula, positive and negative control groups.

omplex formula HeShouWu

ose

ow High Low High

0.16 ± 0.55b 10.61 ± 0.56ab 10.63 ± 0.46ab 10.94 ± 0.24a

5.62 ± 4.76b 76.67 ± 3.80ab 81.07 ± 7.33a 80.71 ± 5.22a

12.35 ± 7.80a 112.25 ± 5.70a 115.21 ± 8.24a 114.18 ± 6.44a

.54 ± 0.07ab 0.55 ± 0.06ab 0.49 ± 0.05b 0.49 ± 0.05b

.053 ± 0.007a 0.052 ± 0.006ab 0.046 ± 0.005b 0.045 ± 0.005b

4.62 ± 1.67a 21.79 ± 1.14b 22.05 ± 1.06b 23.84 ± 1.23a

51.50 ± 30.80ab 485.40 ± 40.50a 435.70 ± 32.70b 429.00 ± 38.70b

7.08 ± 6.89b 54.34 ± 7.26b 54.34 ± 7.26b 68.36 ± 6.66b

95.65 ± 23.78b 195.21 ± 18.48b 171.90 ± 15.43c 209.96 ± 33.03b

3.92 ± 7.46ab 78.33 ± 7.70a 67.53 ± 6.52b 81.33 ± 10.78a

34.58 ± 16.80b 122.30 ± 19.44bc 114.13 ± 8.13c 133.51 ± 30.13b

.59 ± 0.16b 0.62 ± 0.08b 0.59 ± 0.08b 0.63 ± 0.10b

0.61 ± 5.99b 65.53 ± 4.05a 54.26 ± 4.36b 62.83 ± 6.26a

8.16 ± 6.31b 36.57 ± 1.10a 14.76 ± 0.95c 32.45 ± 1.79ab

.50 ± 0.20a 5.30 ± 0.50a 5.30 ± 0.20a 5.50 ± 0.20a

.30 ± 0.50a 3.50 ± 0.50a 3.20 ± 0.40a 3.30 ± 0.50a

2.30 ± 7.60b 19.80 ± 2.60bc 16.70 ± 2.60 cd 13.60 ± 2.70d

7.70 ± 2.90b 15.50 ± 1.60b 16.90 ± 1.20b 18.10 ± 1.90b

.019 ± 0.003f 0.028 ± 0.001d 0.070 ± 0.001b 0.023 ± 0.003e

.44 ± 0.02c 0.43 ± 0.01c 0.48 ± 0.02b 0.48 ± 0.01b

.010 ± 0.001b 0.005 ± 0.001d 0.006 ± 0.001dc 0.006 ± 0.001c

.07 ± 0.02d 2.07 ± 0.03d 3.04 ± 0.02a 2.72 ± 0.06b

.09 ± 0.07a 5.81 ± 0.03b 5.42 ± 0.04d 5.91 ± 0.07b
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mals is derived from biosynthesis in the liver and peripheral tis-
sues or absorption of cholesterol by the intestines (Akbulut et al.,
2022). Both ways are critical for maintaining hepatic cholesterol
stores and the homeostatic balance of cholesterol metabolism.
Cholesterol clears 1%- 2% of the bile salts in fecal microaggregates.
However, about 98% of the bile re-enters the liver via the classic
enterohepatic circulation of bile acids and is absorbed by the
ileum.

Fecal-neutral sterols were the highest in the low-dose complex
group (24.62 mg/g feces), followed by the high-dose HeShouWu
group (23.84 mg/g feces), which were significantly different from
the positive and negative control groups (p < 0.05) (Table 4). These
results suggest that low-dose complex and high-dose HeShouWu
promoted cholesterol metabolism with a higher level of neutral
sterols in the feces. However, the low-dose HeShouWu and high-
dose complex groups were not significantly different from the neg-
ative control group. A significant increase in fecal-neutral sterols
was associated with excess dietary cholesterol intake.

The highest total bile acid content in feces was detected in the
high-dose complex group (485.4 lL/mg), compared with the other
groups (p < 0.05) (Table 4). Total bile acid content in feces of the
low-dose complex group (451.5 lL/mg) was slightly higher than
the negative control group (440.4 lL/mg) (Table 4). These results
suggest that high dietary cholesterol intake supplemented with
the HeShouWu complex significantly contributed to the metabo-
lism of total bile acids (Xue et al., 2020). Notably, the homeostatic
balance of cholesterol metabolism (synthesis, absorption, and
clearance) in the body affects the cholesterol level in the blood.

3.4. Blood biochemical analysis

3.4.1. Serum lipids
Cholesterol in the blood is typically transported to the liver via

HDL-C for absorption, storage, and metabolism, contributing to
lower cholesterol levels in the blood and potentially reducing the
risk of AS (Ji et al., 2019, Liu et al., 2019, Jung et al., 2020,
Akbulut et al., 2022). The negative control group had significantly
higher levels of all indicators (p < 0.05) than the treated groups
(Table 4). In particular, there was a 2.4-fold gap (p < 0.05) in the
blood TC levels between the positive (53.43 mg/dL) and negative
(82.88 mg/dL) control groups, which was attributed to the high-
cholesterol diet, which contributed to increase HDL-C and LDL-C
levels. However, the blood TG of the four groups treated with
HeShouWu and its complex was significantly different from the
negative control group (238.13 mg/dL) (p < 0.05). Only the low-
dose HeShouWu (171.90 mg/dL), low-dose (195.65 mg/dL), and
high-dose (195.21 mg/dL) complex groups had significantly differ-
ent TC levels from the negative control group (238.13 mg/dL)
(p < 0.05), suggesting that low-dose HeShouWu and its complex
effectively reduced blood TG and TC (Table 4). In addition, no sig-
nificant difference in the HDL-C level was observed among the four
groups supplemented with HeShouWu or its complex (67.53––81.
33 mg/dL) compared to the negative control group (75.02 mg/dL).
In contrast, LDL-C levels were significantly different among these
groups (p < 0.05). In particular, the low-dose HeShouWu
(114.13 mg/dL) and high-dose HeShouWu complex (122.3 mg/
dL) groups lowered LDL-C levels (Table 4). Wang et al., (2014)
reported that TSG from HeShouWu and its extract inhibits choles-
terol synthase and increases the expression of the LDL receptor to
catabolize serum cholesterol (LDL receptor pathway). Moreover,
liver LDL receptors affect the rate of LDL synthesis and very low-
density lipoprotein (VLDL) metabolism. The indicator that affects
AS is the HDL-C/LDL-C ratio; a high value indicates that HDL-C is
higher and LDL is lower, which also means that blood TC is more
vulnerable to transport to the liver, thereby facilitating a reduced
risk of AS (Ji et al., 2019, Zahid et al., 2021, Wang et al., 2022). In
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contrast, a low HDL-C/LDL-C ratio means that LDL is higher (and
HDL is lower), and the risk of AS increases. However, in this study,
the HDL-C/LDL-C ratio of the four therapy groups was slightly
higher than that in the negative control group (0.53 ± 0.12;
p > 0.05)). Nevertheless, the HDL-C/LDL-C ratio of the high-dose
HeShouWu (0.63 ± 0.10) and high-dose complex (0.62 ± 0.08)
groups remained high and closer to the value of the positive con-
trol group (0.75 ± 0.06) (p < 0.05) (Table 4). Hence, HeShouWu
and its complex slightly mitigated the risk of AS (Jung et al.,
2020, Li et al., 2020, Xue et al., 2020).

3.4.2. Serum GOT/GTP
GOT and GPT are important enzymes that participate in synthe-

sizing amino acids and are significant indicators of liver function,
generally at concentrations<40 U/L. However, inflammation or cell
damage, such as acute/chronic viral hepatitis, alcoholic liver dis-
ease, fatty liver, drug-induced hepatitis, hepatocellular carcinoma,
cirrhosis, or intra- and extra-hepatic cholestasis, all contribute to
increasing the serum levels of GOT and GPT (Jung et al., 2020,
Zhang et al., 2023). Specifically, increases in GOT and GPT indicate
liver inflammation (Wang et al., 2020). The increases in GOT are
more pronounced than those of GPT in cases of AS, myocardial
infarction, or alcoholic hepatitis.

In this study, all groups were significantly different from the
control group (p < 0.05) (Table 4); GOT was higher than GPT, sug-
gesting that a high intake of cholesterol caused signs of liver
inflammation. However, the high-dose HeShouWu (62.83 U/dL)
and the complex (65.53 U/dL) groups exhibited significantly higher
GOT levels than the other groups (p < 0.05) (Table 4). Unfortu-
nately, this result suggests that other substances promoted inflam-
mation in the high-dose group. However, the phenomenon of such
increasing is not well understood, and metabolomics’ impact
requires further investigation. This was not observed in the low-
dose HeShouWu (54.26 U/dL) or complex (50.61 U/dL) groups,
which had a similar GOT level as that in the negative control group
(50.46 U/dL) (p < 0.05) (Table 4). The bioactive components of
HeShouWu have been reported to remove O2

–, OH–, and H2O2 rad-
icals, which leads to lower levels of GPT and GOT (Xue et al.,
2020). Notably, the GPT results were similar in the high-dose
HeShouWu group (32.45 U/dL) and the complex (36.57 U/dL) com-
pared to the negative control group (33.64 U/dL) (p < 0.05)
(Table 4), and previous findings were consistent with those
reported here.

3.5. Evaluation of liver pathology

AS, NASH and MAFLD are characterized by fat deposits in liver
cells, leading to a fatty liver, which subsequently develops into
chronic inflammation (Drescher et al., 2019, Li et al., 2020). Pro-
longed inflammation leads to fibrosis and cirrhosis, associated with
obesity and metabolic diseases (hyperlipidemia and type II dia-
betes) (Nie et al., 2016, Eslam et al., 2020, Lin et al., 2020). The pur-
ple spots on the H&E-stained liver pathological sections are cell
nuclei, the pink dots are red blood cells, and the pink areas are hep-
atocytes (Fig. 1). The pathological sections clearly showed a signif-
icant difference between the positive control group and the
treatment groups, and a significant difference in the scores was
observed (p < 0.05) (Table 4). In particular, the negative control
group accumulated significantly more fatty particles among hepa-
tocytes, resulting in a score of 3.2 ± 0.4. No significant difference in
liver fat accumulation or score (3.2–3.3) was detected in the four
therapy groups compared with the negative control group, sug-
gesting that HeShouWu and its complex did not improve fat accu-
mulation in the MAFLD liver. However, Gu et al., (2020) reported
that HeShouWu alleviates hepatocyte steatosis, particularly at a
high dose (1.62 g/kg BW). The discrepancy was attributed to differ-



Fig. 1. Histopathological section of hamsters fed with HeShouWu (Polygonum mulitiflorum) and its complex formula, positive and negative control groups hamsters’ liver
(Magnification ratio 400 � ).
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ences in the animal species, diet composition, sample preparation
(decoction), and the location of origin, which led to variations in
results and available active components (Jung et al., 2020, Chen
et al., 2021, Choi and Lee 2021).
3.6. Weight, and liver TC and TG contents

Liver weight was significantly different (p < 0.05) between the
positive control group (2.8 g/100 g BW) and the others (Table 4).
The negative control group (5.5 g/100 g BW) did not differ from
the four treatment groups (5.3––5.5 g/100 g BW).

Liver TC and TG contents were significantly different (p < 0.05)
between the four treatment groups and the negative control group
(Table 4), indicating that HeShouWu and its complex reduced liver
TC and TG contents (Xu et al., 2019, Jung et al., 2020). In particular,
the high dose of HeShouWu reduced TC (13.6 mg/dL) the most,
while the high dose of the HeShouWu complex reduced TG
(15.5 mg/dL) the most. Gu et al., (2020) reported lower serum
LDL-C and a higher HDL-C after HeShouWu treatment, which
reduced the accumulation of TG in the liver and was similar to
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the results in this study. Moreover, TG and TC were significantly
higher in the negative control group, confirming that the MAFLD
model with a cholesterol-supplemented diet caused the accumula-
tion of TC and TG in the livers of the hamsters. Taken together,
these results suggest that HeShouWu and its complex prevented
increases in TC and TG in high-cholesterol diet-fed hamsters
(Xue et al., 2020).
3.7. In vivo antioxidant activities

All cells contain the non-enzymatic antioxidant GSH protected
from OS by its oxidized form glutathione disulfide (GSSG), which
maintains cellular redox homeostasis by acting as a cofactor for
several detoxifying enzymes (GPx and GST) (Valko et al., 2006,
Barakat et al., 2022). The high and low doses of the HeShouWu
complex resulted in significantly exhibiting higher liver GSH-Px
activity than in the other groups (p < 0.05) (Fig. 2A1). This result
indicates that the HeShouWu complex enhanced GSH- Px activity
in the liver. GSH-Px activity was higher in the kidney in response
to the high and low doses of HeShouWu, with significant differ-



Fig. 2. Evaluation of antioxidant [glutathione peroxidase (GSH-Px), superoxide dismutase (SOD), catalase (CAT)] activities in the liver and kidney of hamsters fed with
HeShouWu (Polygonum mulitiflorum) and its complex formula, positive and negative control groups. n = 10. Means with different letters are significantly different (p < 0.05).
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ences compared to the other groups (p < 0.05) (Fig. 2A2). Notably,
GSH-Px activity was higher in the negative control group than the
positive control group, suggesting a self-repair response in the liver
and kidney after inflammation, namely, producing more GSH-Px
for antioxidation. However, Hu et al., (2021) reported that emodin,
an active substance in HeShouWu, may affect cytochrome P450
metabolism, GSH metabolism, and steroid hormone biosynthesis,
thereby causing hepatotoxicity. Teka et al., (2021) also reported
similar findings. In particular, the emodin-GSH and the emodin-
cysteine combinations result in abnormal lipid metabolism, amino
acid metabolism, and bile metabolite excretion. Therefore, we
hypothesized that the kidney was subjected to the metabolic com-
petition described above, resulting in low GSH-Px activity in the
HeShouWu groups.

Liver SOD activity was maximum in the low-dose HeShouWu
group, and was significantly higher than the others (p < 0.05)
(Fig. 2B1). However, higher activity was detected in the negative
control group than in the positive control group, related to the
self-repairing stress response in liver cells during inflammation.
Similar results were found for kidney SOD activity, where the
low-dose HeShouWu group had significantly higher SOD activity
(p < 0.05) (Fig. 2B2). The positive control group exhibited signifi-
cantly higher activity than the negative control group and the
low-dose HeShouWu complex group (p < 0.05). However, emodin,
a bioactive substance in HeShouWu, enhanced SOD activity while
inhibiting MDA production and gene (GRP78 and CHOP) expres-
sion, thereby reducing hepatocyte steatosis (Cai et al., 2023).
Therefore, this result suggests that the bioactive components of
HeShouWu reacted in the liver to produce higher SOD activity than
in the kidney.

Liver and kidney CAT activities were significantly higher in the
positive control group than in all other groups (p < 0.05) (Fig. 2C1
and C2). The lowest CAT activity was observed in the low-dose
HeShouWu complex group, suggesting that HeShouWu and its
complex may have an inhibitory effect on CAT activity. TSG is a
bioactive component in HeShouWu that modulates gene (PPAR-a
and CYP2E1) expression and increases the activities of CAT, SOD,
and GSH, thereby reducing lipid peroxidation and OS in the liver
(Xue et al., 2020).

Lipid peroxidation is a recognized mechanism of OS in animals
caused by producing reactive oxygen species (ROS), which causes
tissue damage (Valko et al., 2006, Aljutaily 2022). Liver MDA con-
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tent was significantly higher in the negative control group than in
the other groups (p < 0.05) (Table 4), indicating that the high-
cholesterol diet increased the liver MDA content in the hamsters.
However, the treatments of HeShouWu and its complex signifi-
cantly reduced MDA content (p < 0.05), which was satisfactory in
both complex groups and high doses of HeShouWu. In addition,
the high and low-dose HeShouWu complex groups revealed the
lowest kidney MDA contents compared to the other groups
(p < 0.05) (Table 4), while serum MDA content exhibited good per-
formance in both HeShouWu groups (p < 0.05) (Table 4). These
results show that MDA content (liver, kidney, and plasma)
decreased significantly in the hamsters, and the antioxidant mark-
ers increased significantly in response to treatment with
HeShouWu and its complex (Samadi-Noshahr et al., 2021). Hu
et al., (2021) reported significant dose-dependent increases in hep-
atocyte ROS levels in hepatic stem cells (L02 and HepaRG) treated
with a HeShouWu extract. However, this extract was cytotoxic at
the maximum dose (2.5 mg/mL). Interestingly, MDA content in
the treatment groups was lower than that in the positive control
group with the stable OS, while HeShouWu and its complex might
have multiplicative effects on autologous OS in the liver and
serum. Thus, antioxidant (such as SOD, CAT, or GSH-Px) activities
were activated by natural substances and autologous redox home-
ostasis, which protects the organism against OS (Valko et al., 2007,
Akbulut et al., 2022, Aljutaily 2022, Barakat et al., 2022).

Thiols as biological mercaptans (R-SH, also called biothiols) sig-
nificantly coordinate antioxidant defense networks (Sen and
Packer 2000, Erel and Neselioglu 2014, Abdulsamed et al., 2021).
They provide cellular (internal and external) antioxidant defense
in the form of low molecular weight disulfides, such as homocys-
teine, cystine glycine, cystine, and GSSG (Rossi et al., 2009,
Abdulsamed et al., 2021). Total thiols are powerful antioxidant
agents that act as electron acceptors to oxidatively reduce unstable
free radicals, maintain protein structure, and protect cells against
OS-induced damage (Abdulsamed et al., 2021, Garavaglia et al.,
2022). Therefore, changes in cellular thiol content have been used
for regular clinical diagnosis and monitoring of various diseases
involving OS and metabolic disorders (Erel and Neselioglu 2014,
Chou et al., 2022). Total thiol contents in the liver and kidney were
the highest in the low-dose HeShouWu group (liver) and the low-
dose HeShouWu complex group (kidney), which both were signif-
icantly different than the others (p < 0.05) (Table 4). Yazdi et al.,
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(2019) reported that total liver thiols are significantly lower in dia-
betic rats than in a control group, while total liver thiols increased
significantly in all treatment groups compared with the diabetic
group, which agreed with the present study. Samadi-Noshahr
et al., (2021) also reported significantly higher total liver thiol con-
tents in diabetic rats treated with fennel seed extract, trans-
anethole (both at 400 mg/kg), or metformin (300 mg/kg), albeit a
similar trend was observed in this study.

However, no dose-dependent relationship was observed in the
increase of total liver thiol content in the HeShouWu treatment
groups. Minimally invasive methods have been used to determine
the levels of antioxidant enzymes or OS end-products (such as total
thiols and native thiols) in the liver to assess the extent of OS
(Akbulut et al., 2022). In addition, the accumulation of antioxidants
in different areas of the same liver varies, while the thiol content of
a tumor differs considerably compared to distant tissues (Koc et al.,
2023). Moreover, Zinellu et al., (2010) reported that high plasma
levels of thiols (LDL-S-homocysteine and glutamyl-cysteine) might
be critical markers of excess cardiovascular disease risk in patients
with CKD, which agreed with the findings of this study. However,
several studies have reported decreased levels of total thiols in
patients with moderate to severe CKD or in those on peritoneal
dialysis as measured by the Ellman DTNB method (Himmelfarb
et al., 2000, Prakash et al., 2004, Pieniazek et al., 2018, Garavaglia
et al., 2022). HeShouWu and its complex alleviated plasma hyper-
lipidemia caused by excess cholesterol intake. However, the effect
on the fatty liver was insignificant. A more intensive evaluation
may be possible after a long examination period (>24 weeks) or
a maximum dose (3-folds) (Liu et al., 2019) in the future.

4. Conclusions

In this study, He Shou Wu and its complexes reduced serum
lipid levels in an animal model of hyperlipidemia induced by
excess cholesterol intake with satisfactory effects. Despite slightly
suppressing appetite (feed efficiency decreased to 0.045––0.053),
the BW of the mice was not affected. However, HeShouWu and
its complex facilitated the metabolism of cholesterol in the form
of bile acids (451.5––484.4 lg/g feces) and reduced serum and
liver lipids (TG and TC levels). Interestingly, the antioxidant poten-
tial of HeShouWu and its complex reduced the OS of cells and
rebalanced redox homeostasis, despite the fat accumulation find-
ings on the liver pathological sections. The study has demonstrated
significant wellness-promoting benefits of HeShouWu and its
complex.
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