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ABSTRACT: Cantharidin (CTD) is a compound of mylabris with
antitumor activity, and CTD can potentially cause toxicity, especially
hepatotoxicity. The classical Traditional Chinese Medicine prescription
Shuganning injection (SGNI) exerts notable anti-inflammatory and
hepatoprotective effects. However, the protective property and
mechanism of SGNI against CTD-induced liver injury (CTD-DILI)
have not yet been elucidated. To investigate the effective compounds,
potential targets, and molecular mechanism of SGNI against CTD-DILI,
network pharmacology combined with experiments were performed.
This study found that SGNI could act with 62 core therapeutic targets,
regulate multiple biological processes such as apoptosis, and oxidative
stress, and influence apoptotic and p53 signaling pathways to treat
CTD-DILI. Subsequently, HepaRG cell experiments demonstrated that
SGNI pretreatment significantly increased the levels of GSH-Px and
SOD, inhibiting the apoptosis induced by CTD. In vivo, according to H&E staining, SGNI can reduce the degeneration of
hepatocytes and cytoplasmic vacuolation in mice exposed to CTD. Western blot analysis results indicated that SGNI pretreatment
significantly suppressed the expressions of Caspase-3 and Bax while increasing the expression of Bcl-2. In conclusion, SGNI acted as
a protective agent against CTD-DILI by inhibiting apoptosis.

1. INTRODUCTION
Cantharidin (CTD), a major compound secreted by Mylabris
species,1 has effective antitumor activity and has been used to
treat a variety of cancers, such as liver, lung,2,3 and pancreatic
cancers.4,5 However, the hepatotoxicity of CTD limits its clinical
application.6 In a previous study, CTD inhibited endoplasmic
reticulum stress and induced autophagy and apoptosis in LO2
human hepatocytes.7 CTD can also induce liver injury by
activating inflammatory responses and oxidative stress.8,9 No
specific treatment currently exists for CTD-induced liver injury
(CTD-DILI), whereas Traditional Chinese Medicine (TCM)
has a strong potential in treating CTD hepatotoxicity due to its
multitarget and multi-pathway characteristics.

TCM has extensive experience and unique advantages in the
treatment of drug-induced liver injury. Shuganning injection
(SGNI), developed from Yinchenhao Decoction of classical
Chinese prescription, which has been commonly used in
Chinese clinical practice for the prevention and treatment of
hepatopathy for thousands of years.10 It was a traditional
Chinese material standardized clinical product prepared from
the extracts of Artemisia scoparia Waldst & Kitam. (YC),
Gardenia jasminoides J. Ellis (ZZ), Scutellaria baicalensis Ceorgi
(HQG), Isatis tinctoria L. (BLG), and Gardenia lucida Roxb.

(LZ) (the plant name has been checked with http://www.
theplantlist.org on October 10, 2022) as in Table 1.11,12 Several
clinical studies have reported that SGNI has a hepatoprotective
effect and can significantly improve liver function, warranting
clinical application.13 Clinical studies have demonstrated that
SGNI combined with tiopronin can treat drug-induced liver
disease, and animal experiments have demonstrated that SGNI
has significant preventive and therapeutic effects on cisplatin-
induced liver injury in mice.14−16 ZZ, HQG, and LZ in SGNI
were reported to protect the liver from acetaminophen (APAP)
through anti-inflammatory effects and oxidative stress inhib-
ition.17 However, its major effective compounds, potential
targets, and molecular mechanism remain unclear.

Network pharmacology can predict the bioactive compounds,
multiple targets, and potential pathways of TCM through
system biology, multivariate pharmacology, and molecular
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network analysis. Tang et al. identified 37 potential targets
related to AR in Mahuang Fuzi Xixin decoction through network
pharmacology and predicted that four were closely associated
with anti-inflammatory effects.18 In this study, network
pharmacology with vitro cell experimental verification was
applied to construct a reliable systematic network to predict and
verify the major effective compounds, potential targets, and
molecular mechanisms of SGNI for CTD-DILI. Moreover, an
experimental cell model of CTD-DILI was then established to
detect the role of SGNI in CTD-induced apoptosis.

2. RESULTS
2.1. Network Construction. 2.1.1. Components and

Targets of Herbs in the SGNI. From TCMSP, 308 active
SGNI compounds were found. Furthermore, active targets were
screened using TCMSP and Targetnet databases. After
integrating UniProt database entries and eliminating duplicates,
438 active targets were obtained (Figure 1A).

2.1.2. Overlapping Targets between SGNI and CTD-DILI.
After combining the filtering target results of GeneCards, CTD,
and Digsee databases and eliminating the duplicates, 93 CTD-
DILI targets were obtained (Figure 1B). The 93 CTD-DILI
targets and 438 active SGNI targets were intersected, thus
obtaining 62 SGNI-DILI core targets (Figure 1C).

2.1.3. PPI Network and Core Targets. Based on the 62 core
targets, a PPI network was established by importing the gene ID
of the core targets to the STRING. The color and size of the
nodes reflected their degree value, with larger and darker nodes
indicating a higher degree value. The network also indicated that
HSP90AA1, AKT1, MAPK1, CASP3, and JUN were the top five
targets with the highest degree. The results suggest that these
SGNI targets have a substantial effect on CTD-DILI (Figure
1D).

2.1.4. GO Functional Enrichment and KEGG Pathway
Analysis. The GO enrichment analysis of 62 core targets was
performed in the DAVID 6.8 database. The GO analysis
demonstrated that 209 biological processes (BP), 22 cell
components (CC), and 57 molecular functions (MF) were
found in the DAVID database (Figure 1E). BP mainly involves
the apoptotic process, cell proliferation, and gene expression,
whereas CC mainly involves a macromolecular complex,
nucleoplasm, and cytoplasm. MF mainly involves enzyme
binding, identical protein binding, and oxidoreductase activity.
The results indicated that the mechanisms of SGNI against

CTD-DILI were associated with the apoptotic process, oxidative
stress, cell proliferation, and cell cycle.

To predict the potential signaling pathways of SGNI
protection against DILI, we performed a KEGG enrichment
analysis on 62 core targets. A total of 66 pathways were observed
to be significantly associated with the input set of genes (P <
0.01), and the top 15 pathways were shown in bubble charts
(Figure 2A), including the apoptosis signaling pathway, the
AGE-RAGE signaling pathway in diabetic complications, the
estrogen signaling pathway, the p53 signaling pathway, the
sphingolipid signaling pathway, the IL-17 signaling pathway, the
steroid hormone biosynthesis, and the TNF signaling pathway.
Furthermore, to elucidate the interrelationships of targets and
the top 15 pathways, we constructed a Target-Pathway network
(T-P) containing 250 nodes and 125 edges (Figure 2B). The
essential genes were mainly distributed in the apoptosis
signaling pathway (Figure 2C), indicating that SGNI may
ameliorate CTD-related symptoms through the apoptosis
signaling pathway.
2.2. Effect of SGNI on Cell Viability of HepaRG Cells

Injured by CTD. The relative cell viability decreased after
treatment of CTD (0, 1.25, 2.5, 5, 10, and 20 μM) in a dose-
dependent manner with an IC50 value of 13.16 μM. At
concentrations of 5.86, 11.7, 23.44, and 46.88 mg/L, SGNI
did not damage the viability of HepaRG cells; however, 93.75
mg/L SGNI slightly decreased cell viability. Therefore, 5.86,
11.7, 23.44, and 46.88 mg/L SGNI were selected for subsequent
experiments (p < 0.01) (Table 2). By contrast, SGNI
pretreatment at varying concentrations of 11.7, 23.44, and
46.88 mg/L inhibited CTD-induced cell death compared with
the CTD group (p < 0.01) (Figure 3). The CTD-induced
cytotoxicity on HepaRG cells was significantly reversed through
SGNI treatment, suggesting that SGNI may protect against
CTD-DILI in HepaRG cells.
2.3. Effect of SGNI on the Levels of Liver Function

Enzyme of HepaRG Cells Injured by CTD. Compared with
the control group, the levels of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and lactate dehydrogenase
(LDH) significantly increased (p < 0.01), suggesting that CTD
caused cell injury. Meanwhile, high levels of ALT and AST
induced by CTD were markedly reversed by SGNI pretreatment
(5.86, 11.7, and 23.44 mg/L) in a dose-dependent manner (p <
0.01) (Figure 4). These results demonstrated that SGNI
treatment alleviated the CTD-DILI of HepaRG cells.
2.4. Effects of SGNI on Oxidative Stress Activity in the

Supernatant of HepaRG Cells Injured by CTD. The MDA
content in HepaRG cells was markedly increased in the CTD
group compared to that in the control group (p < 0.01). The
malondialdehyde (MDA) content in the 11.7 mg/L (4.24 ±
0.12 nmol/mg) or 23.44 mg/L (3.28 ± 0.16 nmol/mg) SGNI-
treated groups significantly decreased than those in the CTD
group (p < 0.01). The activities of glutathione peroxidase (GSH-
Px) (34.37 ± 2.69 μmol/g) and superoxide dismutase (SOD)
(30.5 ± 1.52 μmol/g) in the CTD groups were lower than those
in the control group (p < 0.01). Conversely, the activities of
GSH-Px and SOD in the SGNI-treated groups significantly
increased compared to those in the CTD group (Figure 5).
These results indicate that SGNI can improve CTD-DILI by
stimulating the production of antioxidant enzymes and
inhibiting peroxidation.
2.5. Nuclear Morphological Observation. Compared

with the control cells, the cells treated with CTD (10 μM) for 12
h exhibited an apoptotic morphology, characterized by cell

Table 1. Components of SGNI Injectiona

scientific name herbal name
Chinese

name family
amount
(g/L)

Artemisia scoparia
Waldst and Kitam.

Artemisiae
Scopariae
Herba

Yin Chen
(YC)

Compositae 4

Gardenia jasminoides
J. Ellis

Gardeniae
Fructus

Zhi Zi (ZZ) Rubiaceae 3

Scutellaria
baicalensis Ceorgi

Baicalin Huang
Qingan
(HQG)

Lamiaceae 22

Isatis tinctoria L. Isatidis Radix Ban Langen
(BLG)

Brassicaceae 5

Gardenia lucida
Roxb.

Gardenia Ling Zhi
(LZ)

Gardenia 3.5

a1000 mL Shuganning Injection (SGNI) is extracted from Yinchen (4
g), Zhizhi (3 g), Huang Qingan (22 g), Ban Langen (5 g), and
Lingzhi (3.5 g).

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c07981
ACS Omega 2024, 9, 13692−13703

13693

http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c07981?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


nuclei pyknosis and asymmetric chromatin condensation. When
HepaRG cells were cotreated with CTD (10 μM) and SGNI

(5.86, 11.7, and 23.44 mg/L), the fluorescence intensity
decreased gradually, and the number of apoptotic cells

Figure 1. Network analysis of SGNI target genes and CTD differentially expressed genes. (A) Mapping of the key targets of five groups of herbs in
SGNI. (B) Venn diagram of genes associated with hepatotoxicity. (C) Venn diagram of SGNI target genes and CTD-induced liver injury differentially
expressed genes. (D) Protein−protein interaction (PPI) network of the quercetin target genes. A bigger node size meant a higher value. With the
increasing degree value, the node color becomes darker. (E) GO enrichment analysis of SGNI targets in treating CTD. The horizontal axis of the BP,
CC, and MF columns represents the number of genes enriched in each item.
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decreased (p < 0.01) (Figure 6). These results indicated that
characteristic morphological changes accompanied the CTD-
induced apoptosis of HepaRG cells and that SGNI alleviated
CTD-induced cell apoptosis.
2.6. Protective Effects of SGNI against CTD-Induced

Apoptosis. We assessed the effect of SGNI in various
concentrations (5.86, 11.7, and 23.44 mg/L) on CTD (10
μM)-induced apoptosis. The rate of early cell apoptosis was
represented in the B4 region, whereas the rate of late cell

apoptosis was represented in the B2 region. After 12 h of
incubation with CTD (10 μM), the cell apoptosis rate
significantly increased relative to that of the control group.
With SGNI pretreatment for 12 h, the rate of cell apoptosis
decreased relative to the CTD stimulation group, and the cells
treated with 5.86, 11.7, and 23.44 mg/L of SGNI exhibited
significant protection effects (p < 0.01) (Figure 7). Flow
cytometry revealed that SGNI potently inhibited CTD-induced

Figure 2.KEGG enrichment analysis of the SGNI targets. (A) KEGG annotation of target genes. The number of genes enriched in each KEGG term is
shown as the circle size, and the p-value is shown as different colors. (B) KEGG relational regulatory network. This network shows the relationship
between the enriched 15 pathways and 33 genes, and the size of the graph shows the number of pathways or genes connected. (C) Important genes are
mainly distributed in the apoptosis signaling pathway. Arrows represent the activation effect; T-arrows represent the inhibition effect. The red nodes
are the intersection genes.
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apoptosis and had a potential antiapoptotic effect on HepaRG
cells.
2.7. Evaluation of mRNA Levels of Apoptosis Genes.

To further validate the apoptosis mechanism in HepaRG cells in
response to SGNI treatment, we examined the mRNA

expression of Bcl-2, Bax, and Caspase-3. The results
demonstrated that CTD enhanced the mRNA levels of Bax
and Caspase-3 but reduced the Bcl-2 expression in HepaRG cells
relative to the control groups (p < 0.01). Compared with CTD
(10 μM), the expression level of Bax and Caspase-3 in the SGNI
(23.44 mg/L) group decreased, whereas the Bcl-2 expression
level increased. These results suggested that SGNI could reduce
apoptosis in CTD-induced HepaRG cells with the down-
regulation of Bax and Caspase-3 mRNA and protein expression
levels and the up-regulation of Bcl-2 mRNA expression levels (p
< 0.01) (Figure 8).
2.8. Evaluation of Cellular Apoptosis Protein Ex-

pression Levels. Consistent with prior studies, Western blot
analysis demonstrated that the protein expressions of Bax and
Caspase-3 increased, whereas Bcl-2 expression decreased in
CTD-stimulated HepaRG cells relative to that in the control
cells. Furthermore, SGNI remarkably inhibited CTD-induced
Bax and Caspase-3 overexpression, whereas it enhanced Bcl-2
expression in a dose-dependent manner at 12 h (Figure 9).
These collective data suggest that SGNI may have an
antiapoptotic effect on CTD-stimulated HepaRG cells by
suppressing Caspase-3 expression and increasing Bcl-2/Bax
expression.
2.9. SGNI Pretreatment Exerted a Hepatoprotective

Effect in CTD-Induced Mice. The mice and liver were
weighed, and the liver weight/body weight ratio (mg/g) was
calculated. The liver weight/body weight ratio of the CTD
group mice was significantly increased compared with the
control group, and the liver weight/body weight ratio of the
SGNI pretreatment group was significantly decreased compared
with the CTD group (Figure 10A). As displayed in Figure 10B−
D, mice treated with CTD for 7 consecutive days manifested
severe liver damage, which was demonstrated by a significant
elevation of ALT, AST, and LDH levels in comparison to the
control. SGNI pretreatment significantly reduced the serum
ALT, AST, and LDH levels, respectively, compared to the CTD-
induced liver injury mice (p < 0.05).

In order to further analyze the effects of SGNI, we performed
hematoxylin and eosin (H&E) staining to examine the histology
of the livers. H&E staining revealed that the liver of mice in the
control group (Figure 11A,B) had normal hepatic ultrastructure
and no steatosis. By contrast, the liver of mice in the CTD group
(Figure 11C,D) had disorganized cords, deformed and com-
pressed hepatocytes, and cytoplasmic accumulation of lipid
droplets with varied size, number, and shape. However, these
histological changes were dramatically lightened by SGNI
pretreatment (Figure 11E,F), most of the hepatocytes had a
normal ultrastructure, intact cell membranes, and less lipid
droplet accumulation.

Table 2. Effects of CTD and SGNI on HepaRG Cell Viability

CTD (μM) cell viability (%) SGNI (mg/L) cell viability (%)

0 100.00 ± 0.00 0 100.00 ± 0.00
1.25 94.72 ± 3.03 5.86 98.47 ± 3.07
2.5 88.77 ± 3.46* 11.7 96.95 ± 5.77
5 75.62 ± 3.99** 23.44 92.88 ± 1.45
10 66.49 ± 0.48** 46.88 93.17 ± 1.36
20 31.75 ± 4.86** 93.75 85.94 ± 2.16*

Figure 3. Protective Effect of SGNI on CTD-DILI in HepaRG cells.
Data are expressed as mean ± SD (n = 3). ▲▲p < 0.01 compared with
control, **p < 0.01 compared with CTD.

Figure 4. Effect of SGNI on the activities of AST, ALT and LDH in
CTD-induced. Data are expressed as mean ± SD (n = 3). ▲▲p < 0.01
compared with control, *p < 0.05, **p < 0.01 compared with CTD.

Figure 5. Effect of SGNI on oxidative stress in the HepaRG cells of CTD-induced. Data are expressed as mean ± SD (n = 3). ▲p < 0.05, ▲▲p < 0.01
compared with control, and * p < 0.05, **p < 0.01 compared with CTD.
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Figure 6.Morphological changes of the HepaRG cell nucleus were detected by Hoechst 33342. Data are expressed as mean ± SD (n = 3). ▲▲p < 0.01
compared with control, **p < 0.01 compared with CTD.

Figure 7. Antiapoptotic effects of SGNI on CTD-induced HepaRG cells. Data are expressed as mean ± SD (n = 3). ▲▲p < 0.01 compared with
control, **p < 0.01 compared with CTD.
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2.10. SGNI Pretreatment Suppressed Hepatic Apop-
tosis in CTD-Induced Mice. To understand the potential
mechanisms of SGNI, Key proteins implicated in hepatic
apoptosis were detected (Figure 12). CTD-induced mice
showed increased expression of caspase-3 and Bax, whereas

Bcl-2 expression decreased in the liver compared with control (p
< 0.05). Compared with the CTD group, the expression levels of

Figure 8. Effects of SGNI on the mRNA expression of Bax, Bcl-2, and Caspase-3 in CTD-induced HepaRG cells. Data are expressed as mean ± SD (n =
3). ▲▲p < 0.01 compared with control, **p < 0.01 compared with CTD.

Figure 9. Expressions of apoptosis-related proteins were detected by Western blot assays. Data are expressed as mean ± SD (n = 3). ▲p < 0.05, ▲▲p <
0.01 compared with control, *p < 0.05, **p < 0.01 compared with CTD.

Figure 10. Liver weight/body mass and biochemical changes in control
(0.5% sodium carboxymethyl cellulose solution, 1.0 mL/kg), CTD (1.0
mg/kg), and SGNI high-dose (SGNI 4.8 mL/kg+CTD 1.0 mg/kg).
(A) Liver weight/body mass, (B) ALT, (C) AST, and (D) LDH. Figure 11. Histopathological changes in the mice liver: (A, B) control

group; (C, D) CTD group; (E, F) SGNI+CTD group. HC: hepatocyte
cords, HS: hepatic sinusoids, CV: central vein. Yellow arrow:
hepatocyte steatosis and vacuole.
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caspase-3 were significantly decreased in the SGNI+CTD group,
while the expression level of Bcl-2 was significantly increased (p
< 0.05).

3. DISCUSSION
Modern toxicological studies have demonstrated that CTD can
lead to severe liver injury when abused or overdosed, which has
become the major cause of acute liver failure.19,20 SGNI, a
traditional Chinese patent medicine, has been approved by the
China Food and Drug Administration (CFDA) since 2002. The
medicine can treat various conditions, including clinical
hepatitis, liver function impairments, fatty liver, and cholangitis.
Therefore, SGNI has the potential to treat DILI. An
experimental model and network pharmacology approaches
were used in this study to predict and validate SGNI’s
therapeutic effect. According to network pharmacological
analysis, SGNI was associated with liver injury, wherein cell
apoptosis, oxidative stress, and inflammation were crucial to
treating CTD-DILI with SGNI. Experimental results indicate
that SGNI induces cell growth and inhibits cell apoptosis in vivo
and that SGNI regulates the target genes of Bax, Caspase-3, and
Bcl-2.

In this study, a total of 308 compounds and 438 target genes
were obtained through network pharmacology. C-T network
analysis identified five major ingredients: quercetin, hexacosane,
hentriacontan, nonacosane, and docosanoate. Studies demon-
strated that quercetin, the major active compound of SGNI, can
delay the progression of DILI by suppressing cellular
inflammatory response, regulating cell apoptosis, inhibiting
oxidative stress, and inhibiting harmful immune responses of
DILI, including cytokine-mediated proliferation, migration, and
invasion.21 These active ingredients are the primary material
foundations of SGNI in CTD-DILI treatment. The Venn
diagram revealed 62 core genes that were potential SGNI
therapeutic targets against DILI.

To further understand the function of these genes, we
conducted PPI analysis and functional enrichment analysis.
After PPI topological screening with degrees, betweenness, and
closeness, we discovered that hub genes, such as HSP90AA1,
AKT1, MAPK1, CASP3, and JUN, may play a crucial role in the
biological pathway of the SGNI treatment process. In order to
determine the potential pathways of SGNI on DILI, functional

enrichment analyses, including KEGG and GO analyses, were
conducted. A total of 66 pathways were identified, with
apoptosis, AGE-RAGE, estrogen, p53, and sphingolipid signal-
ing pathways comprising the top five enrichment pathways. The
apoptosis pathway can promote metabolism, cell proliferation,
cell survival, growth, and the cell cycle by stimulating
extracellular signals. Furthermore, SGNI may decrease the
protein levels of Bax and Caspase-3. These results suggest that
apoptosis-related pathways are crucial in SGNI’s effect on DILI.

In the present study, the protective effect and action
mechanism of SGNI against CTD-DILI were explored in
HepaRG cells. As a result, SGNI treatment (5.86, 11.7, 23.44,
46.88 mg/L) exhibited hepatoprotective activities in response to
10 μM CTD exposure in a dose-dependent manner in HepaRG
cells. AST and ALT are the most sensitive indicators of liver
injury, reflecting the severity of liver cell damage, and are
important indicators for evaluating hepatocyte necrosis.22−28

Wu et al. demonstrated that Aesculus hippocastanum decreased
the levels of ALT and AST in mice with concanavalin A-induced
liver injury.29 In our experiment, AST, ALT, and LDH
expression levels increased in a concentration-dependent
manner after CTD treatment and later decreased by SGNI,
demonstrating that SGNI had a significant reparative effect on
CTD-DILI. Furthermore, the oxidative damage index was
detected in the present study. Oxidative stress, involved in the
pathogenesis and progression of various liver diseases, can cause
liver damage through the increased production of reactive
oxygen species in response to stimulation by internal or external
stimulations.30,31 GSH-Px and SOD are antioxidant enzymes
that catalyze the decomposition of hydrogen peroxide.32 The
antioxidant power of GSH-Px allows it to scavenge peroxides
from living cells while protecting their membranes from the toxic
effects of peroxides.33 Free radical scavenging may be reflected
in SOD activity.34,35 MDA, an important end product of lipid
peroxidation, is also a biomarker of oxidative stress.36,37 In this
study, the activities of GSH-Px and SOD in HepaRG cells
decreased, whereas MDA levels increased after CTD treatment,
indicating that CTD could lead to oxidative stress. These
aforementioned effects were reversed with SGNI. According to
these results, CTD induced oxidative stress in liver cells and
SGNI reduced oxidative stress to protect liver cells against
injury.

Figure 12. Expressions of apoptosis-related proteins were detected by Western blot assays. Data are expressed as mean ± SEM (n = 3). ▲p < 0.05,
▲▲p < 0.01 compared with control, *p < 0.05, **p < 0.01 compared with CTD.
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Multiple types of liver injury are associated with apoptosis. It
is possible to reduce the incidence and mortality associated with
liver failure by preventing hepatocyte apoptosis at the right
moment.38 Some studies indicated that Bcl-2 can inhibit cell
apoptosis through an antioxidant way.39,40 Overexpression of
Bax can antagonize the protective effect of Bcl-2 and cause cell
death by promoting cell apoptosis. To explore whether
apoptosis plays a role in this study, we initially analyzed the
morphology and apoptosis rates in HepaRG cells. The results
demonstrated that the apoptosis rate was significantly higher in
the CTD-induced cells than in the control group. However, the
number of apoptotic cells decreased with the SGNI pretreat-
ment, suggesting that SGNI has a protective effect against CTD-
induced cell apoptosis. Our results validated the network
analysis in which SGNI was found to inhibit the development of
CTD-DILI by reducing cell apoptosis. A total of 3 core targets
(apoptosis-related Bax, Bcl-2, and Caspase-3 genes) were
selected for further validation. Caspase-3 is a crucial protein in
the most distal effector apoptosis pathway.41 Bcl-2 is an inhibitor
gene of cell apoptosis, whereas Bax inhibits Bcl-2 and promotes
cell apoptosis.42 The qRT-PCR and Western blot results showed
that SGNI could inhibit Caspase-3 and Bax expressions while
decreasing the level of CTD-induced Bcl-2 protein expression,
suggesting that SGNI could improve the apoptosis of CTD-
induced HepaRG cells.

Given the above, we proposed a possible mechanism of SGNI
against CTD-DILI (Figure 13). SGNI administration relieved

CTD-DILI by regulating the alterations of the apoptosis and
oxidative stress reactions. In spite of this, our findings provide
important preliminary information on SGNI’s role in DILI
treatment and suggest that SGNI may be a promising candidate
for CTD-DILI treatment.

4. MATERIALS AND METHODS
4.1. Materials and Reagents. The human hepatocyte cell

line HepaRG was obtained from the Shanghai Guandao
Bioengineering Co., Ltd. (Shanghai, China). CTD (>98%
purity; product batch number: 1507100; Shanghai Aladdin
Biochemical Technology Co., Ltd., China). SGNI (Country
Medicine Accurate Character Number: Z20025660, product
batch number: 20170718) was obtained from Guizhou Ruihe
Pharmaceutical Co., Ltd. (Guizhou, China) as in Figure 14A. In

accordance with the National Drug Surveillance Administrative
Bureau standard, the quality control standard for SGNI is that
the amount of geniposide (molecular formula: C17H24O10)
should not be lower than 0.35 mg; the amount of baicalin
(molecular formula: C21H18O11) should not be lower than 18
mg when determined by HPLC. HPLC chromatogram of SGNI
was performed on an Agilent ZORBAX SB-C18 (4.6 × 150 mm
5 μm). There was 0.1% phosphoric acid in water and 0.1% in
acetonitrile in the mobile phases A and B. The following linear
gradient was used: 0−5 min, 15%B; 5−10 min, 15−18%B; 10−
15 min, 18−25%B; 15−25 min, 25%B; 25−26 min, 25−13%B;
26−30 min, 13%B. The flow rate was set to 0.8 mL/min, and the
injection volume was 10 μL. The detection wavelength of
baicalin and geniposide was 276 and 238 nm. HPLC
chromatogram of SGNI injection is shown in Figure 14.
4.2. Active Compounds and Corresponding Target

Collection. First, SGNI’s chemical components were queried
using TCMSP (http://tcmspw.com/tcmsp.php). Second, drug-
likeness ≥0.18 and oral bioavailability ≥30% were set as
screening thresholds for active compounds. Third, the genes of
targets associated with “CTD” and “DILI” disease names were
collected through GeneCards (https://www.genecards.org/),
CTD disease database (http://ctdbase.org/), and Digsee
database (http://geneSearch/). All of the network-predicted
targets of SGNI liver protection were introduced into the
STRING (http://string-db.org) database to conduct a PPI
analysis. The hub genes were filtered by the mean degree value
for the analysis. Hub genes were analyzed using DAVID 6.8
high-throughput functional annotation bioinformatics to
perform functional annotation and enrichment analyses, which
were then recognized with GO terms and KEGG pathways by a
combined score, respectively. SGNI target-linked pathways were
selected and visualized using the “Target-Pathway”network.
4.3. In Vitro Experiment Validation. 4.3.1. Cell Culture

and Cell Viability Assay. HepaRG cells were cultured in an
incubator containing 5% CO2, 100 U/mL penicillin, and 100
μg/mL streptomycin in RPMI 1640 medium. After the cells
adhered completely and reached a confluence of 85%, the cells
were seeded in 96-well plates at a density of 1 × 104 cells/well
and treated with various concentrations of CTD (1.25, 2.5, 5, 10,
and 20 μM) or SGNI (5.86, 11.7, 23.44, 46.88, and 93.75 mg/L)
for 12 h at 37 °C. Subsequently, CCK-8 was added to the cells
and incubated at 37 °C for 2 h. To determine the concentrations
of CTD damage and SGNI nondamage, the OD of each well was
measured at 450 nm.

To determine the protective effect of SGNI, we tested the
viability of HepaRG cells with the CCK-8. The cells were treated
with SGNI (5.86, 11.7, and 23.44 mg/L) for 12 h and then
exposed to a CTD (10 μM) solution for another 12 h. After
treating cells with 10 μL of an enhanced CCK-8 kit for 2 h, the
absorbance value for each well was measured at 450 nm.

4.3.2. Effects of Liver Function and Oxidative Stress
Enzyme Levels. HepaRG cells (4.0 × 105 cells/well) were
seeded in 6-well plates for 24 h. The cells were pretreated with
SGNI (5.86, 11.7, and 23.44 mg/L) for 12 h and then exposed to
CTD (10 μM) for another 12 h. The cell precipitates were
harvested to detect ALT, AST, LDH, SOD, GSH-Px, and MDA
following the instructions of the commercial kits from Nanjing
Jiancheng Bioengineering Institute (Nanjing, China).

4.3.3. Apoptosis Detected by FCS and Hoechst 33342
Staining. The cells were seeded in six-well culture plates at a
density of 4 × 105 cells/well, cultured with SGNI (5.86, 11.7,
and 23.44 mg/L) for 12 h, and then exposed to CTD (10 μM)

Figure 13. Proposed mechanisms of the protective effect of SGNI.
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for another 12 h. After trypsinization, the cells were rinsed with
PBS and resuspended in 400 μL of binding buffer. At room
temperature, the cells were stained in darkness for 15 min with
annexin V-FITC and PI. Within 1 h, the samples were analyzed
by flow cytometry (Beckman Coulter, USA), and the data were
analyzed using ModFit (Verity Software House, USA). Under a
fluorescence microscope (Olympus Corporation, Japan), the
cells were incubated with Hoechst 33342 dye to assess
morphological apoptosis, and the data were analyzed using
ImageJ (National Institutes of Health, USA).

4.3.4. Quantitative Real-Time PCR. Total RNA was
extracted from HepaRG cells using the TRIzol reagent (cat.
no. 15596-026; Thermo Fisher Scientific, Inc.) and reverse
transcribed to cDNA with a Transcriptor First Strand cDNA
Synthesis kit in accordance with the manufacturer’s instructions.
Subsequently, Light Cycler 480 SYBR Green Master Mix was
used for qPCR analysis in accordance with the manufacturer’s
instructions. The data were analyzed by using the 2−ΔΔCq

method. The primer sequences are given in Table 3.
4.3.5. Western Blot Analysis. The cells were lysed with RIPA

lysis buffer (R0010; Solarbio), and protein concentrations were
then evaluated by using the BCA protein assay kit (A045-4;

Nanjing Jiancheng Bioengineering Institute). Furthermore, 10
μg of proteins (HepaRG cells) or 25 μg of proteins (mice liver
tissue) were separated by 12% SDS-PAGE and transferred onto
PVDF membranes. In the subsequent step, the membranes were
blocked with 5% fat-free dry milk for 1 h at room temperature.
The blots were incubated with Caspase-3 (cat. nos. 66470;
1:2000), Bcl-2 (cat. nos. 68103; 1:5000) and Bax (cat. nos.
60267; 1:10000) (all from Proteintech, China) antibodies
overnight at 4 °C. At room temperature, the membranes were
incubated for 1 h with goat antirabbit IgG secondary antibodies
conjugated to horseradish peroxidase (CST, 1:3000). The
relative expression of each target protein was measured using β-
actin as an endogenous reference.
4.4. In Vivo Experiments Validation. 4.4.1. Animals and

Experimental Groups. All Sprague−Dawley mice were males
aged 6 weeks, weighed 18 ± 2 g, and were obtained from the
Center for Experimental Animal Research (Zunyi Medical
University, China). In addition to normal diet and water ad
libitum, all mice were housed under 12 h light-dark conditions.
After 1 week of acclimatization, all mice were randomly divided
into three groups (n = 8): control (0.5% sodium carboxymethyl
cellulose solution, 1.0 mL/kg/day), CTD (1.0 mg/kg/day) and
SGNI groups (SGNI 4.8 mL/kg/day+CTD 1.0 mg/kg/day).
Clinical intravenous infusion of 20 mL/day for adults (60 kg)
and dose for mice (4.8 mL/kg) (equivalent dose ratio table
converted by body surface area between humans and animals).
Before clinical use, 48% of the liquid was diluted with glucose
and sodium chloride injection for use.

CTD were administered by gavage, whereas SGNI was
intraperitoneal injected. The mice were treated with SGNI for
10 consecutive days, and CTD was administered every day for 7
days (Figure 15). The animal experiments were approved by the
Institutional Committee on Animal Care and Use of Zunyi
Medical University (SYXK 2014-003). Zunyi Medical College’s

Figure 14. HPLC chromatogram of SGNI injection. (A) Physical picture of SGNI injection. (B) Geniposide standard. (C) Baicalin standard. (D, E)
SGNI test samples (a: geniposide, b: baicalin). (F) The content determination of SGNI injection.

Table 3. Primer Sequence

GeneID primer sequence (5′−3′) length

bax F:CCCGAGAGGTCTTTTTCCGAG 21
R:CCAGCCCATGATGGTTCTGAT 21

bcl-2 F:GGTGGGGTCATGTGTGTGG 19
R:CGGTTCAGGTACTCAGTCATCC 22

caspase-3 F:GAAATTGTGGAATTGATGCGTGA 23
R:CTACAACGATCCCCTCTGAAAAA 23

β-actin F:AGCGAGCATCCCCCAAAGTT 20
R:GGGCACGAAGGCTCATCATT 20
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Institutional Animal Care and Use Committee guidelines and
the National Institutes of Health Guide for the Care and Use of
Laboratory Animals were followed when caring for animals and
conducting experiments.

4.4.2. Measurement of Serum ALT, AST, and LDH Levels.
On the 10th day of the experiment, the mice were sacrificed by
cervical dislocation. At the conclusion of the treatment period,
blood was collected from the orbital sinus and then centrifuged
at 3000 rpm and 4 °C for 10 min to acquire the serum. The
serum biochemical indices of liver function, including ALT,
AST, and LDH were detected using an automatic blood
biochemical analyzer (Beckman Coulter, Inc., Brea, CA, USA).

4.4.3. Histological Assessment. The livers of mice were
resected and fixed in 4% paraformaldehyde, then embedded in
paraffin. H&E staining was done after tissue sections had been
fixed and cut into 4 cm slices. Using a light microscope equipped
with a microscope camera, photomicrographs were taken
(Olympus, Tokyo, Japan).
4.5. Statistical Analysis. All cellular data were expressed as

mean ± SD, and animal data were expressed as mean + SEM.
The data were statistically analyzed by SPSS 18.0 software.
Statistical analysis was performed using a one-way analysis of
variance with Tukey’s multiple comparisons test for multiple
comparisons. p < 0.05 indicated that the differences were
statistically significant, and p < 0.01 indicated that the
differences were statistically significant.

5. CONCLUSIONS
In this work, first, the possible therapeutic mechanism of SGNI
on CTD-DILI was predicted by a network pharmacological
approach. Second, the exact therapeutic effect of SGNI was
elucidated through cell and mouse models of CTD-DILI.
Finally, the mechanism of SGNI on CTD-induced apoptosis was
proved by detecting the expression of bcl-2, bax, and caspase-3.
The above experimental results showed that SGNI could protect
the liver by preventing the CTD-induced apoptosis of
hepatocytes. In conclusion, our results confirm the preventative
effects of SGNI against CTD-induced hepatotoxicity by
combining network pharmacological analysis and in vivo and
in vitro experiment validation, making an effective paradigm for
the secondary development of traditional compound formula-
tions.
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