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ABSTRACT

The global prevalence of liver diseases remains persistently high, prompting the biopharmaceutical industry 
to actively focus on developing effective hepatoprotective agents or health supplements. Past research has 
indicated that traditional Chinese herbal medicine possesses hepatoprotective properties. This study primarily 
focuses on the development of a traditional Chinese herbal medicine drink with hepatoprotective functions, 
supported by scientific experiments to validate the efficacy of the product. This study investigates the 
antioxidant and hepatoprotective effects of Chinese herbal drinks, which include Imperata cylindrica, Orange 
peel, Polygonati Rhizoma, Kudzu root, Myristica fragrans, Japanese raisin tree (Hovenia dulcis Thunb.), and 
Fructus mume. The results showed Chinese herbal drinks can increase superoxide dismutase (SOD), catalase 
(CAT), and decrease glutamyl pyrubic transaminase (GPT), ROS expression compared to H2O2 group in vitro. 
Chinese herbal drinks can prevent CCL4-induced acute liver injury in animal model. Chinese herbal drinks, 
with their demonstrated hepatoprotective effects, can indeed be considered as a traditional Chinese medicine 
for liver protection.
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Introduction
As one of the most vital organs in the human body, the liver plays 

various physiological roles, including metabolism, excretion, synthe-
sis, and storage [1]. Acute liver injury refers to a rapid decline in liv-
er function within a short period. It can be caused by various factors 
such as drug toxicity, viral infections, and alcohol abuse [2]. Oxidation 
is the process wherein molecules lose electrons, generating reactive 
oxygen species (ROS) with high reactivity that can damage cell struc-
tures and functions [3]. During acute liver injury, oxidative reactions 
are often accelerated, increasing intracellular oxidative stress [4]. The 

antioxidant defense system includes a series of enzymes and mole-
cules that neutralize and scavenge reactive oxygen species and main-
tain the oxidative balance within cells [5]. In addition, oxidative stress 
may also activate inflammatory responses and aggravate the degree 
of liver damage [6]. Therefore, understanding the interrelationship 
between acute liver injury and oxidation is essential for developing 
preventive and therapeutic strategies. Some studies have shown that 
the extent of acute liver injury can be reduced by enhancing the activ-
ity of the antioxidant defense system [7]. Certain herbal extracts have 
shown potential effects in mitigating acute liver injury.
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The homology of medicine and food refers to some Chinese herb-
al medicines with medicinal value closely related to their edible in-
gredients. Many foods considered medicinal value are also rich in 
antioxidants, such as vitamin C, E, polyphenols, flavonoids, etc [8]. 
These ingredients help neutralize free radicals, slow down the dam-
age to the liver caused by oxidative stress, and play a liver-protective 
antioxidant role [9]. Some Chinese herbal medicines are used in tra-
ditional Chinese medicine to remove toxins from the body, regulate 
liver function, promote liver cell repair and regeneration, and also 
help strengthen the immune system, reduce chronic inflammation, 
and play a liver-protective role [10]. Chinese herbal medicines such 
as Imperata cylindrica, Orange peel, Polygonati Rhizoma, Kudzu root, 
Myristica fragrans, Japanese raisin tree (Hovenia dulcis Thunb.), Fruc-
tus mume, are rich in natural antioxidants, such as polyphenols, flavo-
noids, vitamins, which can neutralize and eliminate antioxidants in 
the body. Imperata cylindrica [11], Orange peel [12], Polygonati Rhi-
zoma [13], Kudzu root [14] can reduce oxidative damage. Myristica 
fragrans are thought to have anti-inflammatory and soothing effects 
on liver discomfort [15]. 

Fructus mume and Japanese raisin tree have a protective effect on 
the liver and can promote the repair and regeneration of liver cells 
[16]. Imperata cylindrica and orange peel help eliminate harmful sub-
stances from the body and are helpful for the liver’s detoxification 
function [17]. Kudzu root is considered to have the effect of regulating 
blood lipids, helping to reduce the accumulation of fat in the liver. It 
may have specific benefits for fatty liver disease [14]. This study ex-
plores whether Chinese herbal drinks (including Imperata cylindrica, 
Orange peel, Polygonati Rhizoma, Kudzu root, Myristica fragrans, Jap-
anese raisin tree (Hovenia dulcis Thunb.), Fructus mume can improve 
liver injury. First, using H2O2-induced oxidative stress in HepG2 cells, 
Chinese herbal drinks were added, and antioxidant capacity was 
analyzed. Second, using carbon tetrachloride (CCL4) to induce liver 
injury in animal models, and using different doses of Chinese herbal 
drinks to treat liver injury.

Material and Methods
Cell Culture

Cell culture Human hepatoblastoma cell line HepG2 was cultured 
in Dulbecco’s modified Eagle medium (DMEM; Sigma-Aldrich; Merck 
KGaA, Darmstadt, Germany) containing 10% fetal bovine serum (Sig-
ma-Aldrich; Merck KGaA), 100 U/ml penicillin and 100 µg/ml strep-
tomycin and placed in a cell culture chamber at 37°C and under a hu-
midified atmosphere with 5% CO2. After the cells adhered and were 
grown to 80% confluence, the culture medium was removed, washed 
with the appropriate amount of PBS, and digested with 0.25% tryp-
sin (Sigma-Aldrich; Merck KGaA). Cells in the logarithmic phase of 
growth were selected for the following experiments.

Supplement Formulation

Chinese herbal drinks (Commercially name: BaoRenTang Raisin 

Tree Hydrosol) included Imperata cylindrica, Orange peel, Polygonati 
Rhizoma, Kudzu root, Myristica fragrans, Japanese raisin tree, Fructus 
mume, citric acid, water.

Quantification of Gene Expressions by Real-Time PCR

0.25% Chinese herbal drinks treated HepG2 cells for 24h, then 
cells were harvested, and total RNA was isolated from cells using an 
RNA purification kit (Geneaid, Taiwan). DNA-free total RNA was re-
versely transcribed to cDNA using a SuperScript™ Reverse Transcrip-
tase kit (Invitrogen, Life Technologies Co., CA, USA). Quantitative re-
al-time PCR was conducted using an ABI StepOnePlus™ Real-Time PCR 
System (Thermo Fisher Scientific, Inc., CA, USA) and the SYBR Green 
Master Mix (KAPA Biosystems, MA, USA) for transcript measurements. 
The gene-specific primers used in this study, human SOD1, forward 
5’-ACTGGTGGTCCATGAAAAAGC-3’ and reverse 5’-AACGACTTCCAG-
CGTTTCCT-3’ human catalase, forward 5’-GCTCTTCTGGACAAGTA-
CAATGCTG-3’ and reverse 5’-TTACACGGATGAACGCTAAGCTTC-3’. The 
GAPDH gene was used as a normalization control. 

Determination of Glutamate Pyruvate Transaminase 

The GPT levels were determined using GPT enzyme-linked immu-
nosorbent assay (ELISA) kits (Asan Pharmaceutical, Seoul, Korea) in 
accordance with the manufacturer’s instructions.

Measurement of Intracellular ROS

The assay is based on the use of an established non-fluorescent 
(H2DCFDA)/fluorescent (DCF) system that measures ROS activity 
within the cell. HepG2 cells were seeded into 24-well plates (4 × 104 
cells/well) and allowed to attach overnight. Cells were incubated in a 
serum-free medium in the presence of various concentrations of CF 
extract (100–250 μg/mL) after UVB radiation or CML treatment. The 
cells were washed with PBS, and the ROS detection reagent DCFDA 
was added to each well for 30 min. Images were captured using a flu-
orescence microscope (Leica DM IL LED, Leica Microsystems, Wetzlar, 
Germany), and the fluorescence (excitation/emission: 488 nm/520 
nm) were measured using a microplate reader (Synergy HTX, BioTek 
Instruments, Winooski, VT, USA)

Animal Model 

The procedures for this study were approved by PEKING UNI-
VERSITY BESCHOLOR. All animal experiments in this study were con-
ducted by the ARRIVE guidelines for reporting experiments involving 
animals. All methods were carried out by relevant guidelines and reg-
ulations. The sixty Kunming mice (male n=30, female n=30), weighing 
18-22 g, were purchased from the SPF(Beijing)BIOTECHNOLOGY Co., 
Ltd. All mice were housed under the controlled temperature (22–23 
°C) and on a 12 h light and 12 h dark cycle with food and water ad 
libitum. All animals were adapted to their new housing conditions 
for one week before the experiments. The mice were randomly di-
vided into 6 groups (n = 10 in each group) as follows: control group, 
CCL4-treated model group, Bicyclol-treated group (200mg/kg), high 
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(6g/kg), medium (3g/kg), and low (1.5g/kg) dose of Chinese herbal 
drinks co-treated group. The control group and CCL4-treated model 
group were administered corresponding volumes of distilled water. 
After the 6th day of administration, except for the control group, the 
mice in the other groups were intraperitoneally injected with 0.12% 
CCL4 corn oil solution at 0.1mL/10g, and the control group was given 
saline. Administration was carried out 15h later, and blood was col-
lected from the orbit 1h later, centrifuged at 3000 rpm for 15 minutes, 
and the supernatant was taken to measure the serum ALT and AST.

Statistical Analysis

Data are expressed as mean ± standard deviation. Homogeneity 
of variance uses F-test, and comparison between groups uses t-test or 
ANOVA, as p < 0.05 was considered statistical significance

Results 
Chinese Herbal Drinks Have Antioxidant Capabilities

First, explore whether Chinese herbal drinks have antioxidant ca-
pabilities, using H2O2-induced oxidative stress in HepG2 cells for 6h, 
then 0.25% Chinese herbal drinks to treat cells for 24h. The results 
showed that Chinese herbal drinks can significantly increase superox-
ide dismutase (SOD) by 1.1 times and catalase (CAT) by 2 times, and 
significantly decrease ROS expression compared to H2O2 group (Fig-
ures 1A & 1B). The glutamyl pyrubic transaminase (GPT), also known 
as, alanine aminotransferase (ALT), is a vital test item for health ex-
amination and an indicator of liver damage. Chinese herbal drinks can 
significantly decrease GPT compared to H2O2 group (Figure 1C). The 
above results showed that Chinese herbal drinks can increase antiox-
idant gene expression and reduce GPT.

Figure 1: Chinese herbal drinks have antioxidant capabilities. Using H2O2-induced oxidative stress in HepG2 cells for 6h, then 0.25% Chinese 
herbal drinks to treat cells for 24h, and then examined (A) Superoxide dismutase (SOD), catalase (CAT) by real-time quantitative polymerase, (B) 
ROS level, (C) Glutamyl pyrubic transaminase (GPT). Significantly different from the H2O2 group : *, p < 0.05; **, p < 0.01; ***, p < 0.001.
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Chinese Herbal Drinks Prevent CCL4-Induced Acute Liver 
Injury in Mice

Table 1 showed that serum ALT/AST was significantly increased 
in the CCL4-treated model group compared with the control group. 
Serum ALT/AST was significantly decreased in the Bicyclol-treated 
group compared with the CCL4-treated model group. Serum ALT/AST 
was significantly decreased in the high (6g/kg), medium (3g/kg), and 
low (1.5g/kg) doses of Chinese herbal drinks groups compared to the 
CCL4-treated model group. The above results showed that Chinese 
herbal drinks can prevent CCL4-induced acute liver injury.

Table 1: Evaluation of Chinese herbal drinks as indicators of liver  
injury.

Group AST(U/L) ALT(U/L)

Control group 46.31±4.08 34.78±3.05

CCL4-treated model group 391.96±13.92** 539.28±29.81**

Bicyclol-treated group 68.88±3.30## 45.32±7.07##

High dose of Chinese herbal 
drinks 105.53±3.28## 56.30±10.64##

Medium dose of Chinese herbal 
drinks 123.79±2.50## 143.23±16.68##

Low dose of Chinese herbal drinks 327.35±29.12## 203.19±15.90##

Note: ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

Compared with control group, *P<0.05, **P<0.01. 
Compared with CCL4-treated model group, #P<0.05, ##P<0.01.

Discussion
This study found that Chinese herbal drinks, including Impera-

ta cylindrica, Orange peel, Polygonati Rhizoma, Kudzu root, Myristica 
fragrans, Japanese raisin tree, and Fructus mume, can increase anti-
oxidant capacity in vitro and improve liver injury in vivo. Traditional 
Chinese herbs are typically composed of a combination of multiple 
compounds rather than a single chemical entity. This comprehensive 
effect allows Chinese herbs to impact the liver in various ways, in-
cluding antioxidative, anti-inflammatory, and detoxifying effects, con-
tributing to maintaining normal liver function [18]. Chinese herbs are 
generally considered safe and suitable for long-term use [19]. In com-
parison to certain Western medications that may entail side effects, 
Chinese herbs are often perceived as gentler on the body. Imperata 
cylindrica, belonging to the Gramineae family, is extensively distribut-
ed in southwestern Asia and is specifically indigenous to tropical and 
subtropical zones [20]. 

In traditional Chinese medicine, the dried rhizomes of Imperata 
cylindrica, known as “Bai mao gen,” have been widely utilized [20]. 
Research indicates that Imperata cylindrica exhibits notable hydroxyl 
radical scavenging activity, with an IC50 of 0.0948 mg/mL, surpassing 
the efficacy of ascorbic acid (IC50: 0.1096 mg/mL) based on Fenton 
and potassium ferricyanide reduction methods [21]. Furthermore, 

studies have demonstrated that Imperata cylindrica extract enhances 
superoxide dismutase (SOD) activity in liver and brain tissues, inhib-
its hydroxyl free radicals, and reduces malondialdehyde levels [20]. 
Bioactive compounds such as protocatechuic acid, syringic acid, and 
catenarin contribute to its free radical scavenging properties. Orange 
peel, a primary byproduct in orange juice production, contains flavo-
noids associated with antioxidant activity [22]. Hesperidin and nar-
ingin glycosides play a vital role in the purported antioxidant effects 
of citrus peel extracts [23]. Rat studies indicate that hesperidin sup-
plementation increases SOD, glutathione–S–transferase (GST), and 
glutathione (GSH) levels, offering protection against CCl4-induced 
liver injury [24]. 

Polygonati rhizoma (Huangjing) is a dual-purpose material in tra-
ditional Chinese medicine, containing various bioactive substances 
such as purine nucleosides, carbohydrates, bioflavonoids, alkaloids, 
saponins, lignins, amino acids, peptides, anthraquinones, cardiac 
glycosides, vitamins, and acids [25]. Polysaccharides in Polygona-
ti Rhizoma contribute to its sweet taste and demonstrate metabolic 
regulation, immunomodulation, anti-aging, anti-inflammatory, and 
liver-protective effects [13]. Kudzu root (Gegen) from Pueraria lobata 
exhibits antioxidant and anti-inflammatory effects attributed to ac-
tive ingredients like puerarin, baicalin, berberine, and glycyrrhizin 
[26]. Myristica fragrans Houtt (nutmeg) exhibits anti-inflammatory, 
antioxidant, and antimicrobial effects, regulating gut microbes and 
metabolites to attenuate non-alcoholic fatty liver disease in mice [27]. 
Hovenia dulcis, a traditional folk medicine, demonstrates antioxidant, 
immunostimulatory, anti-diabetic, and hepatic protective effects [28]. 
Fructus mume derived from Prunus mume Sieb. Et Zucc contains var-
ious components, including organic acids, exhibiting antioxidant and 
antibacterial properties [29]. The combined formula of Imperata cy-
lindrica, Orange peel, Polygonati Rhizoma, Kudzu root, Myristica fra-
grans, Hovenia dulcis, and Fructus mume shows promising potential 
in preventing CCl4-induced acute liver injury. However, the specific 
mechanisms of this herbal combination require further research for 
clarification. 

Limitations of this study include the fact that CCL4-induced tox-
icity depends on Cyp-induced CCL3 free radical formation. However, 
whether Chinese herbal drinks can regulate CCL3 requires more re-
search to confirm. There is also a lack of genetic changes in cells treat-
ed with Chinese herbal drinks alone. The future applications of tradi-
tional Chinese herbal medicine in improving and safeguarding liver 
health may focus on clinical use and molecular mechanism research. 
Through further clinical trials, the actual effects of Chinese herbal 
medicine on human liver health, including the impact of supplements 
or formulations on liver function, enzyme levels, and tissue integrity, 
can be substantiated. Simultaneously, an in-depth exploration of the 
molecular mechanisms underlying the actions of Chinese herbal med-
icine can unveil its therapeutic mechanisms, providing concrete in-
sights into potential targets and facilitating the development of more 
effective herbal treatment strategies.
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