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Abstract: Triptolide, a purified diterpenoid from the herb Tripterygium wilfordii Hook.f., was widely
used to treat many diseases. However, the hepatotoxicity of triptolide limited its clinical use. Research
showed oxidative stress played an important role in triptolide-induced liver injury. To investigate the effect
of vitamin C, which was one of the most effective antioxidants, on triptolide-induced hepatotoxicity and
its potential mechanism in mice. In the present study, acute liver injury was induced by intraperitoneal
injection of triptolide and vitamin C was orally administered. The results showed treatment with vitamin C
prevented the triptolide-induced liver injury by reducing the levels of aspartate transaminase from 286.86
to 192.48 U/mL and alanine aminotransferase from 746.75 to 203.36 U/mL. Histopathological changes of
liver corresponded to the same trend. Furthermore, vitamin C also protected the liver against triptolide-
induced oxidative stress by inhibiting the generation of malondialdehyde (2.22 to 1.49 nmol/mgprot) and
hydrogen peroxide (14.74 to 7.19 mmol/gprot) and restoring the level of total superoxide dismutase (24.32
to 42.55 U/mgprot) and glutathione (7.69 to 13.03 pg/mgprot). These results indicated that vitamin C
could protect against triptolide-induced liver injury via reducing oxidative stress, and vitamin C may pose
a significant health protection in the clinical use of triptolide.

Key words: vitamin C, triptolide, liver, oxidative stress, mice.

INTRODUCTION

Tripterygium wilfordii Hook.f. (TWHF) was a
representative Traditional Chinese Medicine herb
(Tao and Lipsky 2000), which had been used in
treating autoimmune diseases for centuries, such
as nephritis, lupus erythematosus and rheumatoid
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arthritis (Lietal. 2011, Lin etal. 2007). Triptolide was
the major active compound in TWHF (Chen et al.
2018, Wang et al. 2016), which had been shown
to have a broad spectrum of biological profiles
including anti-inflammatory, immunosuppressive,
anti-fertility, anti-cancer activity, neurotrophic and
neuroprotective effects (Kong et al. 2018, Xu et
al. 2015, 2016, Zheng et al. 2013). However, the
widespread use of triptolide raised questions on the

safety of its use in clinical settings. More and more
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available datarevealed that triptolide exposure results
in injury of various organs, including the livers,
kidneys, testes, ovaries and hearts (Xi et al. 2017). It
affected cells and tissues in vitro and in vivo. These
severe adverse effects limited clinical applications
of triptolide. Among the toxicity of triptolide, high
incidence of hepatotoxicity was considered as a main
cause of triptolide-induced mortality (Jin et al. 2015,
Kong et al. 2015, Tan et al. 2018, Wang et al. 2018).
The liver was the primary target of reactivation and
biotransformation of the drug. Xu et al. showed
that liver injury was the main cause of triptolide-
induced death by acute and subacute toxicity studies
(Xu et al. 2013). Meanwhile, triptolide could impact
the expression of functional genes in injured liver
(Chen et al. 2007) in addition to triptolide-induced
cytotoxicity in human normal liver cells in vitro (Yao
et al. 2008). Thus, the prevention and elimination
of hepatotoxicity induced by triptolide received
increasing attention (Hou et al. 2018, Li et al. 2014).

Numerous amounts of research have suggested
that oxidative stress was a recognized mechanism
for triptolide-induced hepatotoxicity (Xu et al.
2013, Zhang et al. 2016). Triptolide exposure could
increase the generation of superoxide anion and
inhibit the activity of antioxidant enzymes, and
induce oxidative stress in the liver (Li et al. 2014,
Xi et al. 2017). For example, triptolide decreased
the hepatic glutathione (GSH) level in rats (Yang
et al. 2012). It caused a significant reduction in the
activities of superoxide dismutase (SOD), catalase
(CAT) and glutathione S-transferase (GST) in mice
(Li et al. 2014). Furthermore, recent research has
shown that triptolide reduced the levels of SOD
and GSH and increased the intracellular reactive
oxygen species in L-02 and HepG2 cells (Zhou
et al. 2017a). Therefore, therapeutic effort for
attenuating the oxidative stress could be beneficial
in triptolide-induced liver injury.

As we all know, vitamin C, also called
ascorbate, is one of the most effective antioxidants.
Because of its excellent water solubility, vitamin
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C could function both intracellularly and
extracellularly. Vitamin C could suppress oxidative
stress, and its side effects were extremely small.
Due to the effectiveness and safety, vitamin C was
widely used in the treatment of various diseases.
Vitamin C could prevent DNA mutation induced
by oxidative stress (Lutsenko et al. 2002), and
exert significant protection by reducing reactive
oxygen species and renal oxidative damage via its
antioxidant activity in maintaining hydroxylase
(Dennis and Witting 2017). Published data
indicates that the antioxidant effect of vitamin
C could protect tissue damage following tunica
albuginea incision with tunica vaginalis flap
coverage for testicular torsion (Moghimian et al.
2017), thus reminding us that vitamin C had the
potential protective action on triptolide-induced
hepatotoxicity. In the present study, the aim was
to investigate the preventive effect of antioxidant
vitamin C on triptolide-induced hepatotoxicity,
thus providing more information for the
elimination of the clinical toxicity of triptolide.

MATERIALS AND METHODS

MATERIALS

Vitamin C and triptolide were purchased from
Sigma Chemical Co., MO, USA. The reagent kit
for measurement of total superoxide dismutase
(T-SOD), malondialdehyde (MDA), hydrogen
peroxide (H,0,), alanine aminotransferase (ALT)
and aspartate transaminase (AST) were purchased
from Nanjing Jiancheng Institute of Biological
Engineering Inc. (Jiangsu, China). The reagent
kit for measurement of glutathione (GSH) was
purchased from Beijing Solarbio Science &
Technology Co., Ltd (Beijing, China).

ANIMALS AND DRUG TREATMENTS

All animal procedures were accorded to protocols
approved by the Animal Care Committee of the
Animal Center at the Chinese Academy of Sciences
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in Shanghai. Adult male, specific-pathogen free
(SPF) C57/BL6 mice (18-22 g) were purchased
from Beijing Vital River Laboratory Animal
Technology Co., Ltd. Animals were maintained
under standard laboratory conditions under artificial
12 hours light/12 hours dark cycle.

Animals were randomly divided into four
groups, control group (Control, n=6), triptolide
group (TP, n=6), vitamin C+triptolide group
(VCAHTP, n=6), and vitamin C group (VC, n=6). TP
and VC+TP groups were treated with the triptolide
at 1.0mg/kg (i.p.) (Li et al. 2014). Control and VC
groups received i.p. injection of vehicle control
(0.9% saline solution containing 1% DMSO).
The mice in the VC + TP and VC groups were
orally administered with vitamin C (250 mg/kg,
the dose relative to human: 27.47mg/kg) 12 and 4
hours before the injection of triptolide or vehicle
according to the reference (Jin et al. 2015). Control
and TP groups received the vehicle only.

Following injection of triptolide, at 24 hours
the eyeball blood was extracted from the mice
and they were then sacrificed (Li et al. 2014). The
liver was dissected out and collected for further
analysis. Liver samples from each mouse was
divided into two parts. One part was immersed in
4% paraformaldehyde fixed for hematoxylin-eosin
(HE) staining. The other part was homogenized on
ice. The concentration of the serum AST and ALT
was measured by the blood sample. The level of
H O,, T-SOD, GSH and MDA was determined by

272
the supernatant of liver homogenate.

HE STAINING

in 4%
paraformaldehyde at4°C for 24 hours. Then samples

Liver samples were immersed
received gradient dehydration and were embedded
in paraffin for tissue sections. Sections were cut
at Sum (Motic BA410, MOTIC CHINA GROUP

CO., LTD) and stained with hematoxylin-eosin
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according to the standard protocol. Morphologic

changes were examined using a light microscope.

MEASUREMENT OF AST AND ALT LEVELS

Assessment of liver function in treated mice
was measured with AST and ALT levels. Both
of the indexes were determined according to the
manufacturer’s instruction.

MEASUREMENT OF H,0, PRODUCTION

To determine the effect of vitamin C on oxidative stress
in liver injury induced by triptolide, the generation of
H,O, level was investigated by assay kit.

MEASUREMENT OF INTRACELLULAR MDA

The supernatant obtained was used for the following
determination of intracellular MDA according
to the manufacturer’s instructions. The date was
expressed as opposite OD values by determining
the absorbance at 532 nm.

MEASUREMENT OF TOTAL SOD ENZYME ACTIVITY

The level of total SOD (T-SOD) activity in liver was
measured using the T-SOD assay kit. The date was
expressed as opposite OD values by determining
the absorbance at 450 nm.

MEASUREMENT OF GSH LEVEL

GSH levels were measured in different treatment
groups by using the assay kit in accordance with
the instructions supplied by the manufacturer.
The date was expressed as opposite OD values by
determining the absorbance at 412 nm.

STATISTICAL ANALYSIS

All of the results were expressed as mean =£S.E.M
and analyzed by Origin 9.0 and SPSS 17.0.
Statistical analysis was performed using one-way
ANOVA followed by a Turkey’s multiple range test
and P<0.05 was considered significant.
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RESULTS

HE STAINING

To verify the potential protective effect of vitamin
C on triptolide-induced hepatotoxicity in vivo, we
established an animal model of acute liver injury
induced by triptolide. The degree of liver injury
was assessed by the histopathological sections
and the plasma AST and ALT. For HE staining,
pathology observation of liver tissue showed that
the Hepatic Lobules structure were clear, liver
cells cable were neat and orderly in the control
group and vitamin C group (Fig. 1a, d). However,
in the triptolide group liver tissue presented the
nuclear fragmentation and cytoplasm loosening in
hepatic cell, hepatic sinusoid was not distinct, and
vascular was congestion (Fig. 1b, f). The severity
of histopathological lesions was significantly
decreased in the vitamin C + triptolide-treated
group (Fig. lc, g), which indicated no significant
differences compared with the control group.

EFFECT OF VITAMIN C ON LIVER INJURY
INDUCED BY TRIPTOLIDE IN MICE

As shown in Fig. 2 in the triptolide group, triptolide
significantly increased AST and ALT level
(P<0.01), especially the level of ALT increased
nearly three-fold. Furthermore, vitamin C could
decrease triptolide-induced increase of serum AST
and ALT (P<0.01), which indicated that vitamin C
has a protective effect on triptolide-induced acute
liver injury.

MEASUREMENT OF H,0, GENERATION

Oxidative stress was responsible for cell damage
during the progression of hepatotoxicity. To
determine the effect of vitamin C on oxidative
stress in the liver injury induced by triptolide, H,O,
was measured using the test kit. As shown in Fig.
3a, after treatment with triptolide, the H,O, level
significantly increased (P<0.01). Furthermore, with
vitamin C, there was a significant fall as compared
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Figure 1 - The HE staining showed liver cellular morphology
of each group. n=6/group. The control group (i.p. injection
of vehicle control) images were shown in (a, e). TP group
(triptolide group orally administered with vehicle + i.p.
injection of triptolide) were shown in (b, f). VC+ TP group
(vitamin C + triptolide group, orally administered with vitamin
C+ i.p. injection of triptolide) were shown in (¢, g). VC group
(vitamin C group, orally administered with vitamin C+ i.p.
injection of vehicle control) were shown in (d, h). The white
arrow showed the nuclear fragmentation. The red arrow
showed cytoplasm loosening in hepatic cell. The black arrow
showed the congestion of vascular (f). Scale bar (a-d) =100
um. Scale bar (e-h) =20 um.

with the triptolide-treated (P<0.01) from 14.74 to
7.19 mmol/gprot. These data suggested that vitamin
C decreased H,O, generation in liver injury induced

by triptolide. There were no significant differences
in H O, level between control and VC groups.
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Figure 2 - AST and ALT levels were detected using blood
samples. The serum AST level in mice was shown in (a). The
serum ALT level in mice was shown in (b). Data were presented
as mean +S.E.M. n=6/group. **P<0.01 vs. Control group.
#P<0.01 vs. TP group. Control group (i.p. injection of vehicle
control); TP group (orally administered with vehicle + i.p.
injection of triptolide); VC+ TP group (vitamin C + triptolide
group, orally administered with vitamin C+ 1i.p. injection of
triptolide ); VC group (vitamin C group, orally administered
with vitamin C+ i.p. injection of vehicle control).

MEASUREMENT OF MDA PRODUCTION

MDAwasusedasaconvenientindex for determining
the extent of lipid peroxidation reactions. The lipid
compositions of cells underwent peroxidation
during the process of oxidative stress. The results
revealed that treatment by triptolide could increase
the MDA level in liver (P<0.05), which was shown
in Fig. 3b. Then, the level of MDA was significantly
decreased (from 2.22 to 1.49 nmol/mgprot) in the
vitamin C + triptolide treated group (P<0.05).
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Figure 3 - H,0, level and MDA level were measured in liver
lysate. The H,O, level was shown in (a). The MDA level
was shown in (b). Data were presented as mean +S.E.M.
n=6/group. **P<0.01 vs. Control group. “P<0.01 vs. TP
group. Control group (i.p. injection of vehicle control); TP
group (orally administered with vehicle + i.p. injection of
triptolide); VC+ TP group (vitamin C + triptolide group, orally
administered with vitamin C+ 1i.p. injection of triptolide ); VC
group (vitamin C group, orally administered with vitamin C+
1.p. injection of vehicle control).

There were no significant differences in MDA level
between control and VC groups.

MEASUREMENT OF T-SOD ENZYME ACTIVITY

As is well known, SOD could catalyze the free
radical speciesinto H,O. AsshowninFig. 4a, T-SOD
activity decreased with treatment of triptolide
(P<0.05). However, co-treatment with vitamin C
enhanced T-SOD level to normal levels (P<0.05).
These data suggest that triptolide decreased T-SOD
activity in liver, and vitamin C could block it. There
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were no significant differences in T-SOD activity
between control and VC groups.

MEASUREMENT OF GSH LEVEL

As main index of antioxidant activitie in vivo, the
value of GSH can effectively reflect the degree of
cell injury in organisms. The results showed that
the GSH level determined after 24h exposure to
triptolide was 7.69 pg/mg prot. And incubation
with vitamin C was markedly increased the level
of GSH (P<0.05). There were no significant
differences in GSH level between control and VC
groups (Fig. 4b).

Taken together, treatment with vitamin C
alone did not affect the levels of AST, ALT, H,0,,

MDA, T-SOD and GSH. These results indicated
that vitamin C was safe to the animals.

DISCUSSION

Recently, triptolide had been used widely in
clinic, and the incidence of hepatotoxicity was
also increasing, which had attracted more and
more attention in the world (Wang et al. 2018,
Yu et al. 2016, Zhou et al. 2017a). The toxicity of
triptolide was usually manifested in acute hepatic
necrosis. Triptolide often induced liver damage
with hepatomegaly, and increased the level of
AST and ALT (Li et al. 2014). In this experiment,
histological findings confirmed that there were
more necrotic hepatocytes in the triptolide treated
only group compared with the control group (Fig.
1). Meanwhile, ALT and AST serum activity
in triptolide-treated mice were significantly
increased (Fig. 2). These were consistent with the
available data, and also confirmed that the acute
hepatotoxicity model was established successfully.

At present, the mechanism of hepatotoxicity
induced by triptolide is complex (Chen et al.
2018, Xi et al. 2017). The liver is a major site for
the transformation of exogenous peroxides into
the body. A variety of free radicals are produced
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in liver cells after the oxidation-reduction, and
these free radicals could cause oxidative stress
damage in the liver (Zhou et al. 2017b). Oxidative
stress has been recognized as an important factor
that contributes to drug-induced toxicity (Yang
et al. 2012). Previous studies have reported that
the hepatotoxicity induced by triptolide is related
to the oxidative stress pathway (Jin et al. 2015).
Inside, H,O, is closely associated with oxidative
stress. GSH is an endogenous antioxidant, which
prevents damage to the cellular components by
ROS and peroxides. SOD, as one of enzymatic
scavengers of free radicals, could limit oxidative
injury. It is crucial to maintain the balance between
ROS and antioxidant enzymes, which serves as a
major mechanism in preventing damage elicited by
oxidative stress. A decrease in SOD and GSH could
correspond with an increase in cell death, and lipid
peroxidation products were generally considered
to reflect the cell injury (Deres et al. 2005, Xu et
al. 2012). The final concentrations of H O, and
SOD in liver are dependent on the balance between
the rate of H,O, generation and its degradation
(oxidant-antioxidant balance). The oxidant arm
of this balance is formed mainly by H,O, and
MDA, and the antioxidant arm is formed by SOD
and GSH. But the scavenging capacity of T-SOD
or GSH is limited, disturbance of the oxidant-
antioxidant balance may affect finally cell function.
As our results show, the generation of H,O, and
MDA were increased and the T-SOD activity and
GSH level decreased significantly in the triptolide-
treated mice than in control group (Figs. 3 and 4).
The data confirmed that triptolide induced liver cell
damage by oxidative stress.

Vitamin C is acommon drug in clinical practice.
As an important antioxidant, it directly participated
in the process of oxidation-reduction reactions
and hydroxylation reactions in the body (Hadzi-
Petrushev et al. 2017). Vitamin C is purported
to eliminate free-radicals, improve immunity.
Increasing amounts of evidence show that it is
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Figure 4 - The total SOD enzyme activity and liver GSH level
were measured in liver lysate. The total SOD enzyme activity
was shown in (a). The liver GSH level was shown in (b).
Data were presented as mean +S.E.M. n=6/group. *P<0.05 vs.
Control group. **P<0.01 vs. Control group. *P<0.05 vs. TP
group. “P<0.01 vs. TP group. Control group (i.p. injection of
vehicle control); TP group (orally administered with vehicle +
i.p. injection of triptolide); VC+ TP group (vitamin C + triptolide
group, orally administered with vitamin C+ 1i.p. injection of
triptolide ); VC group (vitamin C group, orally administered with
vitamin C+ i.p. injection of vehicle control).

possible to use vitamin C to treat various diseases,
such as paracetamol-induced renal damage (Hadzi-
Petrushev et al. 2017), diabetes mellitus (Aguirre-
Arias et al. 2017), human tongue carcinoma
(Ohwada et al. 2017), kidney dysfunction (Dennis
and Witting 2017), hepatic injury (Heidari et al.
2016, Zhong et al. 2017) and so on. However, there
remains a lack of information regarding the effect
of vitamin C on the acute hepatotoxicity induced
by triptolide. Our results show that vitamin C
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proved to be beneficial in restoring the liver
function markers to normal. Compared with the
triptolide group, the pathological change and the
level of AST and ALT were significantly decreased
in the vitamin C group + triptolide (Figs. 1 and 2),
which indicates that the liver injury induced by
triptolide could be inhibited by vitamin C. It was
observed that the venous congestion of the liver
had been alleviated in the vitamin C intervention
group, the reason might be associated with anti-
inflammatory effects by reducing the release of
inflammatory mediators and vascular permeability
(Chen et al. 2009, Ellulu et al. 2015), or lowering
endothelial dysfunction (Barabutis et al. 2017,
Wannamethee et al. 2006). The exact mechanism
still needs more investigations.

As previously mentioned, the pathological
basis of acute liver injury induced by triptolide was
oxidative stress, and the study of oxidative stress had
become a potential target for the treatment of acute
liver injury. The generation of H,O, and MDA could
reflect the severity of oxidative stress in vivo (Zou
et al. 2017). SOD, as the first antioxidant line of
body defense, could eliminate the superoxide anion
radical (O, ) and reflecte the anti-oxidative ability
to protect cells from damage. GSH with glutathione
peroxidase (GPx) metabolizes hydrogen peroxide and
organic hydroperoxodes to hinder the peroxidation
chain reaction and protect protein thiol groups from
non-enzymatic oxidation (Szaroma et al. 2014). In
this experiment, since vitamin C treatment decreased
the excess H,0, and MDA in liver cells induced by
triptolide treatment in mice (Fig. 3), it was possible that
vitamin C scavenging of oxidative stress might have
occurred via the endogenous anti-oxidative system,
such as induction of SOD and GSH (Miyamoto et al.
2006). Vitamin C, a natural antioxidant, tends to act
as a radical scavenger. And it may have some ability
to reduce superoxide radical anion that can then be
protonated to yield H,O,, this activity is less kinetically
favourable than dismutation with SOD and GSH.
Although it is unclear that how vitamin C upregulates
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SOD specifically, increased SOD expression would
certainly eliminate superfluous oxygen free radical
and protect against oxidative stress damage (Bresciani
et al. 2015), then GSH level could be preserved via
scavenging superoxide effectively (Fig. 4). In other
words, vitamin C protected the liver which was treated
with triptolide by increasing the SOD antioxidant
potential, and inhibited lipid peroxidation and H,O,.
The observed effects of vitamin C offered support for
its potential use as protective treatment in the toxicity
induced by triptolide.

It was noteworthy that although vitamin C
inhibited the production of oxidative stress induced
by triptolide, the antagonistic effect partially
renovated the acute hepatic injury induced by
triptolide, all of which suggested that the oxidative
damage caused by triptolide might not be the only
reason for the hepatotoxicity, there would be other
mechanisms leading to the injury, which remain to
be further explored.

CONCLUSIONS

In summary, this report demonstrates that vitamin
C is able to prevent triptolide-induced liver injury
in mice, which could be better for the clinical
service, and provide the basis for further research
on the safe clinical treatment of triptolide.

ACKNOWLEDGMENTS

This work was partly supported by grant from the
National Natural Science Foundation of China (No.
81603404 and No. 81673732).

AUTHOR CONTRIBUTIONS

Conceived and designed the experiments: PJX.
Performed the experiments: PJX, YYL, RS and
ZHY. Analyzed the data: PJX and ZCY. Contributed
reagents/materials/analysis tools: PJX and LY.
Wrote the paper: PJX.

An Acad Bras Cienc (2019) 91(2)

EFFECT OF VC ON TP-INDUCED HEPATOTOXICITY

REFERENCES

AGUIRRE-ARIAS MV, VELARDE V AND MORENO RD.
2017. Effects of ascorbic acid on spermatogenesis and
sperm parameters in diabetic rats. Cell Tissue Res 370:
305-317.

BARABUTIS N, KHANGOORA V, MARIK PE AND
CATRAVAS JD. 2017. Hydrocortisone and Ascorbic Acid
Synergistically Prevent and Repair Lipopolysaccharide-
Induced Pulmonary Endothelial Barrier Dysfunction.
Chest 152: 954-962.

BRESCIANI G, DA CRUZ IBAND GONZALEZ-GALLEGO
J. 2015. Manganese superoxide dismutase and oxidative
stress modulation. Adv Clin Chem 68: 87-130.

CHEN Q, JONES D, STONE P, CHING LM AND
CHAMLEY L. 2009. Vitamin C enhances phagocytosis of
necrotic trophoblasts by endothelial cells and protects the
phagocytosing endothelial cells from activation. Placenta
30: 163-168.

CHEN SR, DATY, ZHAO J, LIN L, WANG Y AND WANG Y.
2018. A Mechanistic Overview of Triptolide and Celastrol,
Natural Products from Tripterygium wilfordii Hook F.
Front Pharmacol 9: 104.

CHEN'Y, ZHANG XM, HAN FM, DU P AND XIA QS. 2007.
Gene expression profile analyses of mice livers injured by
Leigongteng. World J Gastroenterol 13: 3619-3624.

DENNIS JM AND WITTING PK. 2017. Protective Role for
Antioxidants in Acute Kidney Disease. Nutrients 9.

DERES P ET AL. 2005. Prevention of doxorubicin-induced
acute cardiotoxicity by an experimental antioxidant
compound. J Cardiovasc Pharmacol 45: 36-43.

ELLULU MS, RAHMAT A, PATIMAH I, KHAZA’AT H AND
ABED Y. 2015. Effect of vitamin C on inflammation and
metabolic markers in hypertensive and/or diabetic obese
adults: a randomized controlled trial. Drug Des Devel Ther
9:3405-3412.

HADZI-PETRUSHEV N, MITROV D, KOSTOVSKI V AND
MLADENOV M. 2017. The impact of vitamin C on the
relationship among inflammation, lipid peroxidation and
platelet activation during analgesic nephropathy in rats. J
Basic Clin Physiol Pharmacol 28: 473-481.

HEIDARI R, ESMAILIE N, AZARPIRA N, NAJIBI A AND
NIKNAHAD H. 2016. Effect of Thiol-reducing Agents
and Antioxidants on Sulfasalazine-induced Hepatic Injury
in Normotermic Recirculating Isolated Perfused Rat Liver.
Toxicol Res 32: 133-140.

HOU Z ET AL. 2018. Mechanisms of Triptolide-Induced
Hepatotoxicity and Protective Effect of Combined Use
of Isoliquiritigenin: Possible Roles of Nrf2 and Hepatic
Transporters. Front Pharmacol 9: 226.

JIN J, SUN X, ZHAO Z, WANG W, QIU Y, FU X, HUANG
M AND HUANG Z. 2015. Activation of the farnesoid

e20181257 8|10



PENGJUAN XU et al.

X receptor attenuates triptolide-induced liver toxicity.
Phytomedicine 22: 894-901.

KONG J, WANG L, REN L, YAN Y, CHENG Y, HUANG Z
AND SHEN F. 2018. Triptolide induces mitochondria-
mediated apoptosis of Burkitt’s lymphoma cell via
deacetylation of GSK-3beta by increased SIRT3
expression. Toxicol Appl Pharmacol 342: 1-13.

KONG LL, ZHUANG XM, YANG HY, YUAN M, XU LAND
LI H. 2015. Inhibition of P-glycoprotein Gene Expression
and Function Enhances Triptolide-induced Hepatotoxicity
in Mice. Sci Rep 5: 11747.

LIJ, LUY, XIAO C, LU C, NIU X, HE X, ZHAO H, TAN
Y AND LU A. 2011. Comparison of toxic reaction of
Tripterygium wilfordii multiglycoside in normal and
adjuvant arthritic rats. J Ethnopharmacol 135: 270-277.

LIJ, SHEN F, GUAN C, WANG W, SUN X, FU X, HUANG
M, JIN J AND HUANG Z. 2014. Activation of Nrf2
protects against triptolide-induced hepatotoxicity. PLoS
ONE 9: ¢100685.

LINN, LIU C, XIAO C, JIA H, IMADA K, WU H AND ITO
A. 2007. Triptolide, a diterpenoid triepoxide, suppresses
inflammation and cartilage destruction in collagen-induced
arthritis mice. Biochem Pharmacol 73: 136-146.

LUTSENKO EA, CARCAMO JM AND GOLDE DW. 2002.
Vitamin C prevents DNA mutation induced by oxidative
stress. J Biol Chem 277: 16895-16899.

MIYAMOTO H, DOITA M, NISHIDA K, YAMAMOTO T,
SUMI M AND KUROSAKA M. 2006. Effects of cyclic
mechanical stress on the production of inflammatory
agents by nucleus pulposus and anulus fibrosus derived
cells in vitro. Spine 31: 4-9.

MOGHIMIAN M, SOLTANI M, ABTAHI H AND
SHOKOOHI M. 2017. Effect of vitamin C on tissue
damage and oxidative stress following tunica vaginalis
flap coverage after testicular torsion. J Pediatr Surg 52(10):
1651-1655.

OHWADA R, OZEKI Y AND SAITOH Y. 2017. High-
dose ascorbic acid induces carcinostatic effects through
hydrogen peroxide and superoxide anion radical
generation-induced cell death and growth arrest in human
tongue carcinoma cells. Free Radic Res 51: 684-692.

SZAROMA W, DZIUBEK K AND KAPUSTAE. 2014. Effect
of N-methyl-D-aspartic acid on activity of superoxide
dismutase, catalase, glutathione peroxidase and reduced
glutathione level in selected organs of the mouse. Acta
Physiol Hung 101: 377-387.

TAN QY, HU Q, ZHU SN, JIALL, XIAO J, SU HZ, HUANG
SY, ZHANG J AND JIN J. 2018. Licorice root extract and
magnesium isoglycyrrhizinate protect against triptolide-
induced hepatotoxicity via up-regulation of the Nrf2
pathway. Drug Deliv 25: 1213-1223.

TAO X AND LIPSKY PE. 2000. The Chinese anti-
inflammatory and immunosuppressive herbal remedy

An Acad Bras Cienc (2019) 91(2)

EFFECT OF VC ON TP-INDUCED HEPATOTOXICITY

Tripterygium wilfordii Hook F. Rheum Dis Clin North Am
26: 29-50.

WANG HL, JIANG Q, FENG XH, ZHANG HD, GE L, LUO
CG, GONG X AND LI B. 2016. Tripterygium wilfordii
Hook F versus conventional synthetic disease-modifying
anti-rheumatic drugs as monotherapy for rheumatoid
arthritis: a systematic review and network meta-analysis.
BMC Complement Altern Med 16: 215.

WANG XZ, XUE RF, ZHANG SY, ZHENG YT, ZHANG LY
AND JIANG ZZ. 2018. Activation of natural killer T cells
contributes to triptolide-induced liver injury in mice. Acta
Pharmacol Sin 39(12): 1847-1854.

WANNAMETHEE SG, LOWE GD, RUMLEY A,
BRUCKDORFER KR AND WHINCUP PH. 2006.
Associations of vitamin C status, fruit and vegetable
intakes, and markers of inflammation and hemostasis. Am
J Clin Nutr 83: 567-574.

XIC,PENG S, WU Z,ZHOU Q AND ZHOU J. 2017. Toxicity
of triptolide and the molecular mechanisms involved.
Biomed Pharmacother 90: 531-541.

XUL, QIUY, XU H, AO W, LAM W AND YANG X. 2013.
Acute and subacute toxicity studies on triptolide and
triptolide-loaded polymeric micelles following intravenous
administration in rodents. Food Chem Toxicol 57: 371-
379.

XU P, LI Z, WANG H, ZHANG X AND YANG Z. 2015.
Triptolide Inhibited Cytotoxicity of Differentiated PC12
Cells Induced by Amyloid-Beta(2)(5)(-)(3)(5) via the
Autophagy Pathway. PLoS ONE 10: e0142719.

XU P, WANG H, LI Z AND YANG Z. 2016. Triptolide
attenuated injury via inhibiting oxidative stress in
Amyloid-Beta25-35-treated differentiated PC12 cells. Life
Sci 145: 19-26.

XU P, XU J, LIU SAND YANG Z. 2012. Nano copper induced
apoptosis in podocytes via increasing oxidative stress. J
Hazard Mater 241/242: 279-286.

YANG F, REN L, ZHUO L, ANANDA S AND LIU L.
2012. Involvement of oxidative stress in the mechanism
of triptolide-induced acute nephrotoxicity in rats. Exp
Toxicol Pathol 64: 905-911.

YAO J ET AL. 2008. Involvement of mitochondrial pathway
in triptolide-induced cytotoxicity in human normal liver
L-02 cells. Biol Pharm Bull 31: 592-597.

YU SJ, JIANG R, MAZZU YZ, WEI CB, SUN ZL, ZHANG
YZ,ZHOU LD AND ZHANG QH. 2016. Epigallocatechin-
3-gallate Prevents Triptolide-Induced Hepatic Injury by
Restoring the Th17/Treg Balance in Mice. Am J Chin Med
44:1221-1236.

ZHANG L, WANG T, LI Q, HUANG J, XU H, LI J, WANG
Y AND LIANG Q. 2016. Fabrication of novel vesicles of
triptolide for antirheumatoid activity with reduced toxicity
in vitro and in vivo. Int ] Nanomedicine 11: 2663-2673.

€20181257 9|10



PENGJUAN XU et al.

ZHENG Y, ZHANG WJ AND WANG XM. 2013. Triptolide
with potential medicinal value for diseases of the central
nervous system. CNS Neurosci Ther 19: 76-82.

ZHONG X, ZENG M, BIAN H, ZHONG C AND XIAO F.
2017. An evaluation of the protective role of vitamin C
in reactive oxygen species-induced hepatotoxicity due to
hexavalent chromium in vitro and in vivo. J Occup Med
Toxicol 12: 15.

ZHOU LL, ZHOU C, LIANG XW, FENG Z, LIU ZP, WANG
HL AND ZHOU XP. 2017a. Self-protection against

An Acad Bras Cienc (2019) 91(2)

EFFECT OF VC ON TP-INDUCED HEPATOTOXICITY

triptolide-induced toxicity in human hepatic cells via Nrf2-
ARE-NQOI1 pathway. Chin J Integr Med 23: 929-936.

ZHOU M ET AL. 2017b. Discovery and structure-activity
relationship of auriculatone: A potent hepatoprotective
agent against acetaminophen-induced liver injury. Bioorg
Med Chem Lett 27: 3636-3642.

ZOU Y, XIONG JB, MA K, WANG AZ AND QIAN KJ. 2017.
Rac2 deficiency attenuates CCl4-induced liver injury
through suppressing inflammation and oxidative stress.
Biomed Pharmacother 94: 140-149.

€20181257 10|10



