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Abstract
Baicalin (BA) is a kind of flavonoid that is isolated from Scutellaria baicalensis Georgi, which has been verified to have
hepatoprotective effects in some diseases. However, the role of BA in acute hepatic injury induced by arsenic trioxide
(ATO) remains unclear. The aim of this study was to investigate the protective action of BA on acute hepatic injury induced
by ATO and to probe its possible mechanism. Mice were pretreated with BA (50, 100 mg/kg) by gavage. After 7 h, ATO
(7.5 mg/kg) was injected intraperitoneally to induce liver injury. After 7 days of treatment, serum and hepatic specimens
were collected and assayed to evaluate the hepatoprotective effect of BA. Pathological sections and the liver function index
indicated that ATO caused significant liver injury. The fluorescence of reactive oxygen species and oxidative stress in-
dicators showed that ATO also increased oxidative stress. The inflammatory markers in ATO-induced mice also increased
significantly. Staining of the terminal deoxynucleotidyl transferase dUTP nick end labeling and apoptotic factor assay
showed that apoptosis increased. However, with BA pretreatment, these changes were significantly weakened. In addition,
BA treatment promoted the expression of proteins related to the JAK2/STAT3 signaling pathway. The results suggest that
BA can ameliorate acute ATO-induced hepatic injury in mice, which is related to the inhibition of oxidative stress, thereby
reducing inflammation and apoptosis. The mechanism of this protection is potentially related to the JAK2/STAT3 signaling
pathway.
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Introduction

Arsenic (As) is a hazardous metalloid that is found in soil,
air, and water, where it mainly occurs in the form of oxides
or sulfides.1 Studies have shown that As causes patho-
logical changes by enhancing oxidative stress.2 Among the
many As compounds, arsenic trioxide (ATO) has attracted
the most attention as a monotherapy or in combination with
all-trans-retinoic acid and anthracyclines for acute pro-
myelocytic leukemia (APL).3 However, the use of ATO is
often associated with serious side effects. Studies show that
exposure to ATO can cause a variety of toxic effects, such
as hepatotoxicity, neurotoxicity, nephrotoxicity, and car-
diotoxicity, which limit its clinical use.4

The liver is an important organ that participates in the
metabolism and excretion of various biochemical sub-
stances in the human body. It plays roles in deoxygenation,
storage of liver sugar, and secretion of synthesized proteins.
It is also the body’s largest detoxification organ, and many
chemotherapy drugs are metabolized by liver enzymes.5

Because of its anatomical location and metabolic proper-
ties, it is vulnerable to a variety of toxic substances.
Therefore, the liver is one of the main target organs of
ATO.6 After ATO enters the liver, reactive oxygen species
(ROS) is produced, which causes oxidative stress and leads
to liver damage.7 Two clinical trials on APL also report that
25–63% of patients who received ATO and all-trans-retinoic
acid therapy developed grade 3–4 hepatotoxicity.8,9

In recent years, people have paid more attention to
natural medicine, and one of our goals is to find out whether
there are good liver-protection drugs and ingredients from
traditional Chinese medicine. Scutellaria baicalensis
Georgi is one of the commonly used traditional Chinese
medicines, and its dried root is used for clearing heat and
dampness, purging fire and detoxification, hemostasis, and
fetal protection.10 Baicalin (BA) (5,6,7-trihydroxyflavone-
7-beta-D-glucuronic acid) (Figure 1) is one of the most
effective and abundant polyphenolics extracted from the
root.11,12 In a number of in vitro and in vivo studies, BA has
been proven to have a variety of pharmacological effects,
such as anti-oxidation, anti-inflammation, anti-microbial,
and anti-cancer effects.13 Many experiments have proven
that BA can play an excellent protective role in different
injuries caused by alcohol, iron overload, ischemia-
reperfusion, cholestasis, and other conditions.14-17 How-
ever, it is unclear whether BA also has a protective effect
against ATO-induced acute liver injury.

It has been suggested that enhancing anti-apoptosis and
proliferation of liver cells is the key to protecting the liver
through STAT3.18 This has provided an idea for us to explore
the mechanism of liver protection by BA. STATs are as
“signal transducers and activators of transcription” and play a
crucial role in signal transduction and transcriptional acti-
vation. STAT3 is a member of the STAT family of

transcription factors that play essential roles in inflammation,
tissue survival, and carcinogenesis, including promoting anti-
apoptosis, proliferation, and anti-stress effects.19

Effective activation of STAT3 is achieved under the
influence of specific cytokines that signal Janus-kinase
(JAK). The JAK family comprises non-transmembrane
tyrosine kinases that phosphorylate the binding of cyto-
kine receptors and a variety of SH2 region-specific sig-
naling molecules. JAK2/STAT3 signaling plays a vital role
in regulating different physiological functions at different
stages of embryonic and adult development. Therefore, this
pathway is one of the most important signaling pathways.20

However, it is not clear whether it is involved in the
protection by BA against ATO-induced acute liver injury.
Thus, relevant experiments were conducted in this study to
observe the protective effect of BA on ATO-induced acute
liver injury and to explore its potential mechanism.

Materials and methods

Experimental chemicals

Arsenic trioxide was supplied by Shanghai Yuanye Bio-
technology Co., Ltd. in China. Baicalin (purity >95%) was
offered by Aladdin Biochemical Technology Co., Ltd. in
China. Kits for detecting liver function markers and oxidative
stress factors were purchased from the Nanjing Jiancheng
Bioengineering Institute in China. The reagent for detecting
As deposition was provided by Hebei Bio-high Technology
Development CO., Ltd. in China. Unless otherwise specified,
all other chemical reagents were analytical grade and fur-
nished by Wuhan Servicebio Technology CO., Ltd. in China.

Experimental objects

Fifty healthy male Kunming mice (weight, 20 ± 2 g) were
provided by Henan Skbex Biotechnology Co., Ltd. in

Figure 1. Chemical structure of baicalin.
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China. The mice were reared in an environment of 23–25°C
and 40–60% relative humidity, and sufficient food and
water were supplied. The experimental process was re-
viewed and ratified by the Animal Experimental Ethics
Committee of Hebei University of Chinese Medicine (No.
DWLL2020072).

Experimental design

After a week of adaptation, all mice were divided into five
groups stochastically (10 mice in each group, the number of
mice was determined according to previous literatures21):

① CON group: all mice were treated with 0.9% normal
saline at the same time as other groups

② ATO group: intragastric administration of 0.9% normal
saline + intraperitoneal injection of 7.5mg/kg of ATO

③ L-BA group: 50 mg/kg of BA by gavage +7.5 mg/kg
of ATO by intraperitoneal injection

④ H-BA group: 100 mg/kg of BA by gavage +7.5 mg/
kg of ATO by intraperitoneal injection

⑤ BA group: 100 mg/kg of BA by gavage+0.9% normal
saline by intraperitoneal injection

According to a preliminary experiment, the animal model of
liver injury was successfully established by 7.5 mg/kg of
ATO. Based on the literature, we selected 50 and 100 mg/kg
of BA to perform the animal experiments.22,23 Arsenic tri-
oxide was injected intraperitoneally at 7 h after BA pre-
treatment. The entire course lasted for 7 days.

Sample preparations

On the seventh day after administration, the water and food
were removed, and the mice were fasted overnight. On the
eighth day, the mice were killed with sodium pentobarbital
(40 mg/kg) anesthesia. Blood was collected and put into
heparinized vials. The serum was centrifuged and stored at
�80°C for subsequent analysis. Some liver tissues were
immersed in 4% paraformaldehyde solution, and the rest
were frozen in liquid nitrogen at �196°C for analysis.

Histological evolution

To assess the histopathological manifestations, the livers were
harvested, fixed, and dehydrated with ethanol and embedded
in paraffin. The specimens were cut into 4-μm thick sections
and stained with standard hematoxylin-eosin (H&E) and
observed under a light microscope (Leica DM4000B).

Assessment of hepatic injury

According to the instructions of the commercial diagnostic
kits, we determined the activities of alanine aminotrans-
ferase (ALT), aspartate transaminase (AST), alkaline

phosphatase (ALP), and albumin (ALB) in serum. The
degree of liver injury was evaluated by comparing the
results of each treatment group.

Detection of ROS by fluorescence microscopy

The level of ROS in the liver was evaluated with a di-
hydroethidium (DHE) fluorescence probe. The liver tissues
were stained with DHE for 30 min at room temperature.
After a series of reactions, the resulting ethidine oxide
mixes into the DNA and produces red fluorescence. After
washing with fresh solution, the fluorescence intensity was
surveyed at an excitation wavelength of 535 nm and
emission wavelength of 610 nm.

Assay of oxidative and antioxidant indicators

A commercially available diagnostic kit for oxidative stress
was applied according to the instructions. The activities of
catalase (CAT), glutathione (GSH), malondialdehyde
(MDA), and superoxide dismutase (SOD) in serum were
assayed by a spectrophotometer.

Enzyme-linked immunosorbent assay

According to the instructions of the Enzyme-linked immu-
nosorbent assay (ELISA) kit, interleukin-1β (IL-1β),
interleukin-6 (IL-6), and tumor necrosis factor-α (TNF-α) in
liver tissue were detected as indicators of the inflammatory
response during liver injury.We added 100 μL of the properly
diluted sample to the coated reaction well, sealed the plate,
and incubated it at 37°C for 2 h. After washing five times, we
added 100 μL of the diluted biotinylated antibody working
solution to eachwell, sealed the plate, and incubated it at 37°C
for 1 h. Next, after washing five times, 100 μL of the diluted
enzyme conjugate working solution was added, followed by
incubation at 37°C for 30 min in the dark.

After washing again, 100 μL of TMB substrate solution
was added to each well. The plate was reacted at 37°C for
30 min in darkness until a noticeable color gradient ap-
peared in the standard well after dilution. Finally, 100 μL of
2 M sulfuric acid was added to terminate the reaction.
Within 10 min after the color change from blue to yellow
was observed, the OD value of each well was measured at
450 nm on a microplate analyzer with respect to by setting
the result of a blank control well, which was set as zero.

TUNEL detection of apoptotic cells

Liver apoptosis was quantified by the terminal deoxy-
nucleotidyl transferase dUTP nick end labeling (TUNEL)
assay.Adequate dewaxing and hydration aswell as appropriate
cell permeability treatment were carried out. Sections were
dried slightly, and freshly prepared 3,30 -diaminobenzidine
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chromogenic reagent was added to the indicated tissue.
Subsequently, hematoxylin was used to re-stain the slices.
Finally, the slices were observed by optical microscope
(magnification, ×400), dehydrated with alcohol hydrochloride,
and blocked by neutral gel. Cells that stained brown in the
nucleus indicate the occurrence of apoptosis.

Western blot analysis

Liver tissue was homogenized and total protein was
collected. The undenatured protein solution was measured
with a bicinchoninic acid protein concentration deter-
mination kit according to the instructions. Equal amounts
of denatured protein (30 μg) were separated on 10% SDS-
PAGE gel and then transferred onto a 0.45-μm PVDF
membrane. The transferred protein was incubated with the
primary antibodies (1:1000, dilution) and the secondary
antibodies (1:3000, dilution) in turn. Antibodies: anti-Bcl-2
associated X protein (BAX) (Servicebio, Wuhan; GB11690),
anti-B-cell lymphoma 2 (Bcl-2) (Cloud-clonal, Wuhan;
PAA778Mu01), anti-caspase-3 (Proteintech Group, Wuhan;
66,470-2-lg), anti-NF-κB (Servicebio, Wuhan; GB11142),
anti-JAK2 (Servicebio, Wuhan; GB11325), anti-p-JAK2
(BIOSS, Beijing; BS-2485R), anti-STAT3 (Servicebio,
Wuhan; GB11176), anti-p- STAT3 (Ruiying Biological,
Jiangsu; RLP0250), and anti-β-actin (Servicebio, Wuhan;
GB12001).

The PVDFmembrane protein was placed in an exposure
box and mixed ECL solution was added for full reaction.
After 2 min, the residual liquid was removed, and the film
was pressed. The pressed film was developed and fixed with
developing and fixing reagents. The exposure conditions were
adjusted according to different luminous intensities. The film
was then scanned and archived, Photoshop was used to de-
color the film, and the Alpha software processing system was
used to analyze the optical density of the target strip.

Determination of mRNA by real time PCR

Total RNAwas extracted from tissue samples using Trizol
(ambion, 15,596,018). Reverse transcription with RT kit
(CoWin Biosciences, CW2582 M) was performed. The
target gene primers and internal reference gene primers
were used for amplification at 60–95°C for the dissociation
curve analysis. The target genes were detected using real-
time PCR (BIO-RAD, CFX connectTM). Relative mRNA
levels were calculated by the 2�ΔΔCt method. Primer sequences:
caspase-3 forward AAGGAGCAGCTTTGTGTGTG, reverse
TTCAACAGGCCCATTTGTCC; Bcl-2 forward GCTACC-
GTCGTGACTTCGCA, reverse CATCCCAGCCTCCGT-
TATCC; BAX forward GCCTTTTTGCTACAGGGTTTCAT,
reverse TATTGCTGTCCAGTTCATCTCCA; actin forward
TGCCTTCGGGTTTGCATTTG, reverse AAGATCAC
CCCCAAGATGACAC.

Arsenic deposition in tissues

The samples were weighed and placed in the polytetra-
fluoroethylene digestion tube for pretreatment, added
0.5 mL hydrofluoric acid and 7 mL nitric acid mixed
solution, and placed it in the digestion tank for 8 h (180°C).
After complete dissolution and cooling, transfer to constant
volume for instrument test (Agilent 7700 ICP-OES).

Statistical analysis

The software SPSS 26.0 was used for statistical evaluation.
The results were expressed as the mean ± standard error of
the mean (SEM), and differences between groups were
measured by one-way analysis of variance or a student’s
t-test. We first conducted a normality test (Shapiro–Wilk
test) and homogeneity test for the variance of each graph.
When the data were not normally distributed, we used
Mann–Whitney and Kruskal Wallis tests. p < 0.05 indicates
that a difference is statistically significant.

Results

Effects of BA on hepatic histological changes

In the histological analysis of ATO-induced liver injury
(Figure 2), H&E staining of the central hepatic venous area
showed that the histological structure of mice in the CON
group was basically normal. The liver cells were arranged
radially in a single line in the center of the central vein to form
the hepatic plate. In the ATO group, the ATO-induced no-
ticeable pathological changes in the liver tissue. The nuclei
became larger. Edema and inflammatory cells increased.
Massive cells were stained deeply. However, in the groups
pretreated with BA, these phenomena were significantly
improved. The improvement of the H-BA group was more
obvious than that of the L-BA group. In the BA group, the
sections were normal.

Effects of BA on liver function

Several biochemical indexes in serum were selected to
evaluate the liver function of mice in different treatment
groups. Albumin and ALP were also measured to indicate
liver function in addition to the two most commonly used
indicators, ALT and AST. In the ATO group, the activities of
ALT (Figure 3(a)), AST (Figure 3(b)), and ALP (Figure 3(c))
in the sera of mice were significantly increased compared to
those in the CON group (p < 0.01). There was no apparent
change in the BA group treated with only 100 mg/kg BA.
However, in the groups treated with ATO and BA, the ac-
tivities of ALT, AST, and ALP were remarkably reduced
compared with the ATO group (p < 0.01).

Albumin reflects the protein anabolic function of he-
patocytes. The ALB content was markedly lessened in the
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Figure 2. Histopathological examination of the liver by hematoxylin-eosin staining (magnification ×400). Typical sections of the hepatic
central venous region in mice. Scale bar = 50 μm. Abbreviations: CON: control group; ATO: arsenic trioxide-treated group; L-BA:
low-dose baicalin group; H-BA: high-dose baicalin group; BA: baicalin alone group.

Figure 3. Effects of BA on ATO-induced changes in hepatic biomarkers. (a) ALT, (b) AST, (c) ALP, (d) ALB levels in serum of mice. The
results are rendered by the mean ± SEM (n = 5). ##p < 0.01 compared with the CON group, *p < 0.05 and **p < 0.01 compared with
the ATO group. Abbreviations: CON: control group; ATO: arsenic trioxide-treated group; L-BA: low-dose baicalin group; H-BA: high-
dose baicalin group; BA: baicalin alone group. ALT: alanine aminotransferase; AST: aspartate transaminase; ALP: alkaline phosphatase;
ALB: albumin; SEM: standard error of the mean.
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ATO group (p < 0.01) in comparison with the CON group
(Figure 3(d)), while there was no significant change in the
BA group. Compared with the ATO group, the ALB
content was increased in the two groups treated with
different doses of BA (p < 0.05 or p < 0.01).

Influences of BA on ROS production

Dihydroethylsulfur is used as a probe to detect ROS
generated by living cells. The amount of ROS is indicated
by the detected red fluorescence. As shown in Figure 4, the
detection results of the ATO group showed a large amount
of red fluorescence, meaning that a large amount of ROS
was produced. However, only a spot of ROS was produced
in the CON and BA groups. Compared with the ATO
group, the red fluorescence intensity of the groups pre-
treated with BA was lower, indicating a decrease of ROS.

Effects of BA on antioxidant indexes

The contents of CAT, GSH, MDA, and SOD in serum were
determined to evaluate the antioxidant effect of BA. As
shown in Figure 5, the ATO group showed an obvious
decrease in the levels of CAT (Figure 5(a)), SOD (Figure
5(b)), and GSH (Figure 5(d)) in the serum compared with
those in the CON group. In contrast, the levels of the lipid
peroxidation marker MDA increased significantly (Figure
5(c)) (p < 0.01). In the other two groups treated with ATO
and BA, the contents of CAT, GSH, and SOD were all
increased compared with the ATO group (p < 0.05 or p <
0.01), while the content of MDAwas decreased (p < 0.05 or

p < 0.01). There was no obvious difference in the contents
of these indexes between the CON group and the BA
group.

Effects of BA on inflammatory cytokines levels

The levels of inflammatory cytokines are shown in Figure
6. Between the CON and BA groups, there was no visible
difference in hepatic IL-1β, IL-6, TNF-α, and NF-κB
levels. The expression levels of both in the ATO group were
distinctly higher than those in the CON group (p < 0.01).
However, the overexpression of IL-1β, IL-6, TNF-α, and
NF-κB was significantly reduced in liver tissues pretreated
with 50 or 100 mg/kg of BA (p < 0.05 or p < 0.01).

Influences of BA on apoptosis

Apoptotic cells were detected using TUNEL staining, as
shown in Figure 7. A small number of TUNEL-positive
cells were observed in liver tissues of the CON and BA
group, which showed normal apoptosis. However, a
large area of brown was observed in the liver tissues of
the ATO group, especially near the veins, which directly
reflected an increase of apoptosis induced by ATO.
Compared with the ATO group, the number of TUNEL-
positive cells was markedly decreased in the BA-
pretreated group.

Combined with mRNA determination (Figure 8) and
protein expression levels (Figure 9), the detection results
showed that compared with the CON group, there was no
distinct difference in liver indexes of mice that only

Figure 4. Production of ROS evaluated by detecting the fluorescence intensity of DHE-stained liver sections (magnification ×400). Scale
bar = 50 μm. Abbreviations: CON: control group; ATO: arsenic trioxide-treated group; L-BA: low-dose baicalin group; H-BA: high-
dose baicalin group; BA: baicalin alone group; DHE: dihydroethidium.
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received 100 mg/kg of BA. The expression of Bcl-2 gene
showed a remarkable decrease in the ATO group. However,
the expressions of BAX and caspase-3 gene were ob-
servably increased (p < 0.01). After pre-supplementation at
50 or 100 mg/kg, BA revitalized Bcl-2 and abated the BAX
and caspase-3 of the ATO-induced mice (p < 0.05 or p <
0.01).

Effects of BA on the expression of JAK2/STAT3
signal pathway

Some critical proteins in the JAK2/STAT3 signaling
pathway were examined to investigate whether the
mechanisms of action of BA are related to this pathway.
The results (Figure 10) showed that compared with the
CON group, the expression of p-JAK2 and p-STAT3 in-
creased in the ATO group (p < 0.01), while there was no
significant change in the BA group. Compared with the
ATO group, the expressions of both proteins were sig-
nificantly enhanced in the two groups pretreated with BA
(p < 0.01).

Effect of BA on ATO accumulation in liver

The total As deposition in the liver of mice in the ATO
group was significantly higher than that of the CON group
(Figure 11). However, BA pre-administration improved As
metabolism, and significantly attenuated As retention in the
liver (p < 0.05 or p < 0.01).

Discussion

At present, the medical application of As has been widely
recognized.24 However, the toxicity of As and its compounds
to the liver deserves our attention. As an important flavonoid
in the rhizome of Scutellaria baicalensisGeorgi, a number of
experiments have shown that BA has significant anti-
inflammatory and anti-oxidative stress effects in a variety
of liver diseases. Thus, it is well-founded to deduce that BA
has a phylactic effect against ATO-induced acute liver injury.
Thereupon, the aim of the present study was to confirm the
ameliorating effect of BA on ATO-induced liver injury in
mice and the potential mechanism of the effect (Figure 12).

Figure 5. Effects of BA on ATO-induced changes in oxidative stress index. (a) CAT, (b) GSH, (c) MDA, (d) SOD levels in sera of mice.
The results are rendered by the mean ± SEM (n = 5). ##p < 0.01 compared with the CON group, *p < 0.05 and **p < 0.01 compared
with the ATO group. Abbreviations: CON: control group; ATO: arsenic trioxide-treated group; L-BA: low-dose baicalin group; H-BA:
high-dose baicalin group; BA: baicalin alone group; CAT: catalase; GSH: glutathione; MDA: malondialdehyde; SOD: superoxide dismutase;
SEM: standard error of the mean.
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Alanine aminotransferase and AST are generally con-
sidered representative indicators of liver injury because
they typically enter the bloodstream after the structural
integrity of liver cells is compromised.25 In addition, ALP
also enters the bloodstream through the lymphatic passages
and sinuses. Albumin is synthesized by liver parenchymal
cells, and its level reflects the protein synthesis function of
liver cells.26 The results showed that the serum indexes

were abnormal. Combined with the observation of path-
ological sections, ATO-induced serious liver injury.

Nithyananthan et al. showed that the toxicity of ATO to
a normal liver causes not only massive histological changes
but also severe oxidative stress.27 Therefore, we examined
ROS fluorescence and four serum indicators associated
with oxidative stress, including three antioxidant enzymes
and an oxidative intermediate. The results in this study

Figure 6. Effects of BA on ATO-induced changes in inflammatory factors analyzed by ELISA. Expression levels of (a) IL-6 and (b) TNF-α,
and (c) IL-1β in liver tissue of mice. (d) Expression level of NF-κB in liver tissues assessed by Western-blot analysis and content of
protein bands. The results are rendered by the mean ± SEM (n = 3). ##p < 0.01 compared with the CON group, *p < 0.05 and **p < 0.01
compared with the ATO group. Abbreviations: CON: control group; ATO: arsenic trioxide-treated group; L-BA: low-dose baicalin
group; H-BA: high-dose baicalin group; BA: baicalin alone group; ELISA: Enzyme-linked immunosorbent assay; IL-1β: interleukin-1β; IL-
6: interleukin-6; TNF-α: tumor necrosis factor-α; SEM: standard error of the mean.

Figure 7. Apoptosis of mice liver cells analyzed by TUNEL staining. Brown color indicates hepatocyte apoptosis (magnification ×400).
Scale bar = 50 μm. Abbreviations: CON: control group; ATO: arsenic trioxide-treated group; L-BA: low-dose baicalin group; H-BA:
high-dose baicalin group; BA: baicalin alone group.
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were consistent with previous studies, indicating that ATO
could cause severe oxidative stress in hepatocytes by
producing excessive ROS production.

Oxidative stress can activate other reactions related to
immunosuppression in vivo. ROS are the general toxic
mediators by which inflammatory cells kill their targets,

and the formation of ROS in response to cytokine-induced
stress signals in parenchymal cells also further mobilizes
the cellular defense system.28 When the liver is chal-
lenged by stimuli, inflammation usually occurs to protect
it from injury. Hepatic inflammation acts as a critical
driver of liver pathology when it persists or is out of

Figure 8. mRNA level of (a) caspase-3, (b) Bcl-2, and (c) BAX in liver tissues assessed by real time PCR. The results are rendered by the
mean ± SEM (n = 3). ##p < 0.01 compared with the CON group, *p < 0.05 and **p < 0.01 compared with the ATO group.
Abbreviations: CON: control group; ATO: arsenic trioxide-treated group; L-BA: low-dose baicalin group; H-BA: high-dose baicalin
group; BA: baicalin alone group; SEM: standard error of the mean.

Figure 9. (a) Expression level of apoptotic factors in liver tissues assessed byWestern-blot analysis and content of (b) caspase-3, (c) Bcl-
2, and (d) BAX protein bands. The results are rendered by the mean ± SEM (n = 3). ##p < 0.01 compared with the CON group, *p <
0.05 and **p < 0.01 compared with the ATO group. Abbreviations: CON: control group; ATO: arsenic trioxide-treated group; L-BA:
low-dose baicalin group; H-BA: high-dose baicalin group; BA: baicalin alone group; SEM: standard error of the mean.
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control.29 Studies have shown that inflammatory response
clusters include IL-1β, IL-6, TNF- α, and NF-κB, which
are closely related to oxidative stress clusters.30 As an
initiator of excessive inflammation, TNF-α plays a major
role in the inflammatory response.31 Tumor necrosis
factor-α and IL-1β activate signaling cascades that lead to
the activation of NF-κB transcription factor, which reg-
ulate the transcription of downstream pro-inflammatory
cytokine genes in the nucleus. In the initial stage of in-
flammation, IL-6 enters the liver through the bloodstream
after it is synthesized in a localized lesion, which is

rapidly followed by the induction of large amounts of
acute-phase proteins.32 Therefore, we measured them,
and the results showed that the expression of these in-
flammatory factors increased significantly under the ac-
tion of ATO.

Oxidative stress is also an important factor in inducing
programmed cell death. Mitochondria are the main source
of ROS, and it also produces ATP.33 Mitochondrial
dysfunction can cause energy consumption and endog-
enous ROS production, while ROS overload makes mi-
tochondrial damage more serious. Most apoptotic signals
come from mitochondria, which are accused of being the
central executioner of cell death.34 Both the BAX and Bcl-
2 genes are the key genes in the regulation of apoptosis. In
addition, caspase-3 is an “effector” protease in the cas-
cade of apoptosis.35,36 Therefore, the expression levels of
the above three genes were determined in this experiment.
The results showed that the expression of Bcl-2 was
significantly decreased, and the levels of BAX and
caspase-3 were increased in the ATO group, which
confirmed that ATO induced the apoptosis of liver cells.
Apoptosis is the direct cause of tissue injury, including
tissue dysfunction and structural disorder.

Pretreatment with BA remarkably improved the oxi-
dative stress response induced by ATO, significantly re-
duced the accumulation of As in the liver, reduced the
production of peroxidation products, and enhanced the
antioxidant capacity, thereby reducing inflammation and
improving cell apoptosis. Besides, the results showed that
BA decreased the ATO deposition in the liver. After 7 days
of pretreatment, the high dose BA reduced the percentage
of As deposition by more than 55% compared with the
ATO group. Reducing As deposits is a key to the treatment
of As poisoning diseases.

The JAK2/STAT3 signaling pathway plays an important
role in regulating apoptosis, proliferation, differentiation,
and the inflammatory response.37-39 The liver is a very

Figure 10. Effects of BA on JAK2/STAT3 signaling pathway in ATO-induced mice. (a) Western blot analysis was used to assess the
hepatic protein expression levels of JAK2, p-JAK2, STAT3, and p-STAT3. (b) The relative expression level of p-JAK2. (c) The relative
expression level of p-STAT3. The results are rendered by the mean ± SEM (n = 3). ##p < 0.01 compared with the CON group, *p < 0.05
and **p < 0.01 compared with the ATO group. Abbreviations: CON: control group; ATO: arsenic trioxide-treated group; L-BA: low-
dose baicalin group; H-BA: high-dose baicalin group; BA: baicalin alone group; SEM: standard error of the mean.

Figure 11. Effect of BA on ATO accumulation in liver. Arsenic
deposition in the liver tissues of mice was determined using
hydride generation-atomic fluorescence spectrometry. The
analytical peaks obtained were quantified in terms of peak area by
standard calibration. The results are rendered by the mean ±
SEM (n = 3). ##p < 0.01 compared with the CON group, *p <
0.05 and **p < 0.01 compared with the ATO group.
Abbreviations: CON: control group; ATO: arsenic trioxide-
treated group; L-BA: low-dose baicalin group; H-BA: high-dose
baicalin group; BA: baicalin alone group; SEM: standard error of
the mean.
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special organ that has evolved a powerful regenerative
capacity to maintain homeostasis. Therefore, it is worth
studying whether this pathway is involved in the protective
effect of BA on the liver. The results showed that the
expression of proteins related to the pathway was increased
in the ATO group in comparison with the CON group. After
pretreatment with BA, the expression of the associated
proteins was significantly higher than that in the ATO
group. This change indicates that the JAK2/STAT3 sig-
naling pathway is involved in the protective effect of BA on
ATO-induced acute liver injury.

Studies indicate that the expression of STAT3 gene
could to a certain extent inhibit the NF-κB signaling
pathway and reduce the inflammatory responses. In ad-
dition, inflammatory factors that activate the JAK/STAT
pathway, such as the IL-6 and TNF-α, can inhibit the
expression of the cytokine signaling pathway (SOCS)
protein and pro-apoptotic factor BAX, as well as stimulate
the expression of anti-apoptotic factor Bcl-2.40,41 This also
proves that BA can play a role in reducing inflammation
and apoptosis by activating the JAK2/STAT3 signaling
pathway. However, down-regulation of the pathway has
also been shown to have a protective effect on the liver,
such as in the stage of liver fibrosis or liver cancer.42-44

These factors require contemplation, but they can explain

that the JAK2/STAT3 signal pathway must be involved in
BA’s effects against ATO-induced liver injury.

Combined with the powerful repair function of the liver,
we hypothesized that the expression of the JAK2/STAT3
signaling pathway increases during acute injury. Pre-
treatment with BA can temporarily enhance this effect
when induced by ATO.45 As disease develops and reaches
different stages, the direction of the regulation of each
pathway might change.46,47 When the liver is stimulated by
acute toxins, it suddenly becomes disorganized. The liver
tries to maintain homeostasis and reduce damage, and the
inflammatory response is a self-protection mechanism for
the liver. At this time, the JAK2/STAT3 signaling pathway
is dominated by inflammatory factor activation. If the
inflammation persists for too long, it can lead to fibrosis.48

To avoid an excessive inflammatory reaction and ab-
normal proliferation of hepatocytes, the protective effect of
BA on the liver may be involve down-regulation of the
expression of the JAK2/STAT3 signaling pathway.49-51

This suggests that BA may achieve a protective effect
on the liver through bidirectional regulation of the JAK2/
STAT3 signaling pathway. Nevertheless, the mutual co-
operation between multiple pathways in an organism is
very complex, so it is necessary to study the actual situation
in different animal models.

Figure 12. The mechanism of protection by BA against ATO-induced hepatotoxicity. ATO: arsenic trioxide-treated group; BA: baicalin
alone group.
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Conclusion

In summary, this study has proven that BA achieves
protective effects on ATO-induced acute liver injury by
improving oxidative stress, reducing inflammation, and cell
apoptosis. Furthermore, the results preliminarily proved that
the JAK2/STAT3 signaling pathway is involved in the
protective effect. Nevertheless, the specific regulatory mech-
anism requires further study.
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