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Abstract

To investigate if andrographolide impairs cholestatic liver injury. All rats were randomly divided into six groups—(1)
control (n=6), (2) control +200 mg/kg andrographolide (n=6), (3) alpha-naphthylisothiocyanate (ANIT)-control (n=06),
(4) ANIT + 50 mg/kg andrographolide (n=6), (5) ANIT + 100 mg/kg andrographolide (n=6), and (6) ANIT + 200 mg/
kg andrographolide (n=6). We gavaged 50 mg/kg ANIT to mimic cholestatic liver injury in rats. Seven days after treat-
ment, all the rats were killed. Serum biochemistry and hepatic histopathological assays were performed to evaluate liver
injury. We observed that 200 mg/kg andrographolide significantly decreased the level of alanine transaminase, aspartate
aminotransferase, alkaline phosphatase, y-glutamyltranspeptidase, total bilirubin, and total bile acid in the blood. It also
markedly decreased hepatic interleukin-6 and tumor necrosis factor a. Furthermore, 200 mg/kg andrographolide significantly
decreased malondialdehyde but increased superoxide dismutase, glutathione, and erythrocyte glutathione peroxidase. Moreo-
ver, 200 mg/kg andrographolide effectively increased the accumulation of sirtuin 1 and nuclear erythroid 2-related factor-2.
It also attenuated the level of nuclear factor kappa-light-chain-enhancer of activated B and cyclooxygenase-2. These data
suggest that andrographolide may impair cholestatic liver injury via anti-inflammatory and anti-oxidative stress.
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Introduction

Lei Wang and Fei Cao contributed equally to this work.

Cholestatic liver injury is caused by the accumulation of
toxic bile acids in the liver [1-5]. Usually, cholestatic liver
injury can lead to liver fibrosis, cirrhosis, and failure [6].
Unfortunately, effective treatment for cholestatic liver injury
has not been established [7]. Thus, there is a need to develop
novel therapeutics to impair cholestatic liver injury.

It has been proved that inflammation is involved in chole-
static liver injury [8—10]. Li et al. reported that activation
nuclear factor kappa-light-chain-enhancer of activated B
(NF-kB) could promote the accumulation of several pro-
inflammatory cytokines, such as interleukin-6 (IL-6) and

P< Peng Gong
gongpengdalian@163.com

P4 Zhong-yu Wang
fishflowers @hotmail.com

Department of Anesthesiology, The First Affiliated Hospital
of Dalian Medical University, Zhongshan Road 222,
Dalian 116011, China

Department of Hepatobiliary Surgery, The First Affiliated
Hospital of Dalian Medical University, Zhongshan Road 222,
Dalian 116011, Liaoning, China

Department of Gynaecology and Obstetrics, The First

Affiliated Hospital of Dalian Medical University, Zhongshan
Road 222, Dalian 116011, China

Department of Gastrointestinal Endoscopy, The First
Affiliated Hospital of Dalian Medical University, Zhongshan
Road 222, Dalian 116011, China

Department of General Surgery, The Shenzhen University
General Hospital and Shenzhen University School

of Medicine, Xueyuan Road 1098, Shenzhen 518060,
Guangdong, China

@ Springer

tumor necrosis factor-o (TNF- a) [11]. In addition, cycloox-
ygenase-2 (COX-2) also plays an important role in chronic
liver inflammation. Lee et al. demonstrated that COX-2 acti-
vation resulted in the nuclear translocation of NF-xB [12].
Recently, some studies suggested that inhibition of IL-6,
TNF-a, and COX-2 could impair cholestatic liver injury [13,
14].
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Generally, oxidative stress can enhance cells to release
IL-6, TNF-a and reactive oxygen species (ROS) [15]. Rud-
raiah et al. suggested that activation of nuclear erythroid
2-related factor-2 (Nrf2), a master defense against hepa-
totoxicity, could counteract oxidative stress [16]. Addi-
tionally, it is reported that sirtuin 1 (SIRT1) could impair
liver injury by inhibiting inflammation and reducing the
level of NF-xB [17, 18]. This suggests that up-regulating
expression of SIRT1 may be a potential target for choles-
tatic liver injury.

Andrographolide is the major bioactive component of
Andrographis paniculata [19, 20] (Fig. 1). Several stud-
ies demonstrated that andrographolide could attenuate
diseases via several functions, such as anti-inflammatory
and anti-oxidative activities [21-24]. Previous studies
reported that andrographolide inhibited inflammation by
attenuating the accumulation of COX-2, IL-6, and TNF-«
[25, 26]. In addition, andrographolide could activate Nrf2
to inhibit the accumulation of NF-kB [27]. This suggests
andrographolide is a promising medicine to treat inflam-
matory-related disease. Thus, the aim of this study was
to evaluate the benefit of andrographolide in cholestatic
liver injury.

Materials and methods
Chemicals

Andrographolide (purity >99%) was obtained from Dalian
Meilun Biotechnology Co., Ltd (Meilun, code MB6935,
China). Alpha-naphthylisothiocyanate (ANIT) was pur-
chased from Shanghai Aladdin Biochemical Technology
Co., Ltd (Aladdin, code N137779, China). Carboxym-
ethylcellulose sodium (CMC-Na) was purchased from
Sinopharm Chemical Reagent Co., Ltd (Sinopharm, code
30036328, China).

Fig. 1 a Traditional Chinese medicine: andrographis; b the major
active ingredient of andrographolide

Animals

Male Sprague-Dawley (SD) rats weighing 200+20 g were
obtained from the laboratory animal center of Dalian Medi-
cal University. These rats were kept in a standard environ-
ment with a 12-h light: dark cycle and a relative temperature
(25 °C=+2 °C). Each rat was allowed free access to food and
water. Animal experiments were performed according to the
National Institutes of Health Guidelines, which were approved
by the Animal Experimentation Ethics Committee of Dalian
Medical University (Approved No. SCXK-2008-0002).

The animals were divided into six groups—(1) con-
trol (n=6), (2) control +200 mg/kg andrographolide
(n=06), (3) alpha-naphthylisothiocyanate (ANIT)-control
(n=6), (4) ANIT + 50 mg/kg andrographolide (n=6),
(5) ANIT + 100 mg/kg andrographolide (n=6), (6)
ANIT + 200 mg/kg andrographolide (n=6). We gavaged
50 mg/kg ANIT to mimic cholestatic liver injury in rats on
day 4 after treatment. Seven days after treatment, all the
animals were killed. The blood samples were immediately
separated by centrifugation at 4 °C for 10 min to obtain
serum samples. All samples were stored at —20 °C until
use. The right lobe of the liver was obtained for histologi-
cal studies and other liver tissues were stored at — 80°C.

Serum biochemical analysis

The serum levels of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase
(ALP), y-glutamyl transferase (y-GGT), total bilirubin
(TBIL), and total bile acid (TBA) were assayed using the
commercial kits from Nanjing Jiancheng Bioengineering
Institute (Jiancheng, China; ALT, code C009-2; AST, code
C010-2; ALP, code A 059-2; y-GGT code C017-2; TBIL,
code C019-1; TBA, code E003-2).

Histomorphology

Liver tissue was excised and fixed in 4% paraformaldehyde
overnight at 4 °C and embedded in paraffin after dehy-
dration in an ethyl alcohol series. The paraffin-embedded
sections, 45 pm per specimen, were prepared and stained
with hematoxylin—eosin (HE staining). Each sample was
identified by microscope (Leica, code DM4000B, Ger-
many) and evaluated with 200 X magnification.

Determination of hepatic IL-6 and TNF-a, MDA, SOD,
GSH, GSH-PX

To evaluate the level of IL-6 and TNF-a, MDA, SOD,
GSH, GSH-PX in the liver, 0.1 g liver tissue was
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completely homogenized and centrifuged at 4 °C for
20 min. The supernatant was collected carefully and the
optical density was measured under a specific wavelength
by a Microplate Reader (Perkin Elmer, USA). The follow-
ing kits, purchased from Nanjing Jiancheng Bioengineer-
ing Institute, were used to measure distinct parameters—
IL-6 (code HOO7, 450 nm), TNF-a (code H052, 450 nm),
MDA, (code A003-1, 550 nm), SOD (code A001-1,
550 nm), GSH (code A006-1, 420 nm), and GSH-PX (code
A005, 420 nm).

Quantitative real-time polymerase chain reaction
(RT-PCR)

RNA was isolated from the frozen liver samples (0.05 g) of
each rat with the help of Trizol reagent protocols (TaKaRa,
code 9108, China). Messenger RNA (mRNA) optical density
was measured at 260 nm by a spectrophotometer. RNA (2 pg)
was then reverse-transcribed into cDNA by PrimeScript®
Buffer 2 reagent (TaKaRa, code RR047A, China). QPCR
was performed using the RT Primer Mix kit (TaKaRa, code
RR420A, China). The primers used are shown in Table 1.
S1RT1 mRNA and Nrf2 mRNA expression were calculated
using the AACt method. Beta-actin (f-actin) was normalized
as an endogenous reference control.

Western blotting

Rat liver samples (0.02 g) were homogenized in ice-cold lysis
buffer. The samples were centrifuged at 4 °C for 10 min and
the supernatant was subsequently collected. The concentration
of the protein was evaluated using the BCA protein assay kit
(Beyutime Biotech, code P0010, China). Liver proteins were
separated in 10% SDS-PAGE gel and then transferred onto a
nitrocellulose membrane. Western blot assay was performed
using the rabbit anti-NF-xB antibody (Abcam, code ab16502,
UK, diluted 1:1,000), anti-COX2 antibody (Abcam, code
ab15191, UK, diluted 1:1,000), anti-SIRT1 antibody (Abcam,
code ab110304, UK, diluted 1:1,000), anti-Nrf2 antibody
(Abcam, code ab31163, UK, diluted 1:1,000) and the mouse
anti-B-actin antibody (Beyutime Biotech, code AF0003, China,
diluted 1:1,000), and then incubated overnight at 4 °C. On
the second day, the membranes were washed with TBST fol-
lowed by incubation in secondary antibody for 1 h at room
temperature. Subsequently, the membranes were visualized
using the Bio-Rad ChemiDoc XRS* imaging system (USA).

The quantification analyses of Western blot were analyzed
with the Image J software program (NIH).

Statistical analysis

The Graphpad Prism software program, version 5.0, was
used for statistical analysis and figure drawing. All data were
expressed as mean + standard deviation (SD). The significance
of differences among groups was calculated by one-way analy-
sis of ANOVA. A P value <0.05 was considered to be statisti-
cally significant.

Result
Andrographolide impairs cholestatic liver injury

Compared with the control group, 200 mg/kg andrographolide
could not significantly alter the level of ALT, AST, ALP,
v-GGT, TBIL and TBA in healthy rats; however, ANIT signifi-
cantly increased the above-mentioned parameters (*P <0.05,
Fig. 2). Interestingly, in the andrographolide (100 mg/kg,
200 mg/kg) treatment group, the level of ALT, AST, ALP,
¥-GGT, TBIL, and TBA was significantly (*P <0.05, Fig. 2)
decreased when compared with the rats in the ANIT-control
group. However, 50 mg/kg andrographolide failed to show
significant differences in ALT, ALP, TBIL, and TBA when
compared to rats in the ANIT-control group.

The histological examination for necrosis and inflam-
mation are shown in Fig. 3. The control group presented a
normal cellular structure with central veins, hepatocytes and
hepatic plates (Fig. 3a). Consistent with serum biochemi-
cal analysis, 200 mg/kg andrographolide alone also failed
to alter the histomorphology, when compared to the con-
trol group (Fig. 3b). However, the ANIT-control group and
50 mg/kg andrographolide treatment group exhibited acute
severe inflammatory cellular infiltration and hepatic necrosis
(Fig. 3c, d). Compared with the ANIT-control group, 100 mg/
kg andrographolide treatment moderately reduced the severity
of hepatic damage (Fig. 3e) and 200 mg/kg andrographolide
treatment markedly reduced the severity of inflammatory and
hepatic damage (Fig. 3f).

Andrographolide inhibits inflammation

As depicted in Fig. 4a, b, 200 mg/kg andrographolide
alone failed to change the level of IL-6 and TNF-a, when

Table 1 The primer sequences
used for real-time PCR assay

Gene

Forward primer (5'-3")

Reverse primer (5'-3")

SIRT1

Beta-actin

GCCTCACATGCAAGCTCTAGTGAC
Nrf2 GTGAAGGCGCTATTTGGCG
GGAGATTACTGCCCTGGCTCCTA

TTCGAGGATCTGTGCCAATCATAA
GGTCCATAGTGACGGTCAGGT
GACTCATCGTACTCCTGCTTGCTG

@ Springer



Journal of Natural Medicines (2019) 73:388-396 391

A  800- *
= 600-
a #
= 400 .
< 200
0 AN AN
.éo <§{9 ,éo (§(.°.’ ‘§{9 Q\s{Q ,éo\ Q{‘Q ,éo\ ?{.Q QQ QQ
& & & & &L & F & & & OO
o Vo9 N o O
R AR
vehicle ANIT vehicle ANIT
¢ 1000- * D 4.
*
~ 800+ 230- 4
2 600 T = 2 #
#
% 4001 Q
< Q #
200- > 10+
0- 0-
*0\ Q{Q &0 Q{Q Q(Q Y(Q ‘O\ ?{9 ‘O\ Q{.Q ?’«9 ?‘«9
NP IR SO P IS RGPS PC PO JPS
< QQ < ‘DQ QQ QQ < QQ (9 ‘)Q QQ QQ
oY O o o o7 0 o o
ST ST
vehicle ANIT vehicle ANIT
E 150- F 400-
%100- T %300‘ i
£ # £ #
= # 3 200 y
= 50- <
@ @ 100-
0- 0-
S O .S © ©© S O S O ©©
FF &S OO FaT &S o0
C & &S S &S
F Lot & ot
& TS & TS
vehicle ANIT vehicle ANIT

Fig.2 Effects of andrographolide on serum biochemistry in ANIT- notransferase (AST); ¢ alkaline phosphatase (ALP); d y-glutamyl
induced cholestasis rats. Alpha-naphthylisothiocyanate (ANIT)- transferase (y-GGT); e total bilirubin (TBIL); f total bile acid (TBA).
induced liver injury rats were treated with 50 mg/kg, 100 mg/kg, and Data are expressed as the mean+SD (n=6 in each group). *P <0.05
200 mg/kg andrographolide. The following liver function parameters compared with the normal group; *P <0.05 compared with the ANIT-
were assayed—a alanine aminotransferase (ALT); b aspartate ami- control group
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Fig. 3 Effects of andrographolide on histological changes in ANIT-
induced cholestasis rats. a Control, b control+andrographolide
200 mg/kg, ¢ ANIT-control, d ANIT +andrographolide 50 mg/kg,

compared to rats in the control group. However, compared to
the control group, ANIT significantly increased the level of
IL-6 and TNF-a (*P <0.01, Fig. 4a, b). Interestingly, 50 mg/
kg, 100 mg/kg and 200 mg/kg andrographolide could sig-
nificantly (*P <0.05, Fig. 4) inhibit ANIT-induced IL-6 and
TNF-a, when compared to the ANIT-control group.

In addition, we investigated the expression of NF-xB and
COX-2 in the liver (Fig. 4c, d). Andrographolide (200 mg/
kg) failed to change the expression of NF-kB and COX-2
in healthy rats; however, ANIT significantly increased the
accumulation of these two parameters (*P <0.05, Fig. 4c,
d). Interestingly, 50 mg/kg, 100 mg/kg, or 200 mg/kg andro-
grapholide significantly attenuated the level of NF-xB and
COX-2 in ANIT-treated rats (*P <0.05, Fig. 4c, d).

Andrographolide inhibits oxidative stress

As shown in Fig. 5, compared to the control group, rats in
the ANIT group showed a significant increase in the level
of MDA and a significant decrease in hepatic SOD, GSH,
and GSH-PX level (*P <0.05). However, 100 mg/kg and
200 mg/kg andrographolide significantly impaired the
ANIT-induced MDA and increased the level of SOD, GSH,
and GSH-PX, when compared to the ANIT-control group
(*P <0.05). Unfortunately, 50 mg/kg andrographolide only
modestly enhanced the accumulation of SOD, GSH and
GSH-PX.

@ Springer

e ANIT +andrographolide 100 mg/kg, f ANIT + andrographolide
200 mg/kg (HE stained x200)

Andrographolide induces the accumulation of SIRT1
and Nrf2

We evaluated the hepatic SIRT1 and Nrf2 mRNA levels in
the rats. The data demonstrated that SIRT1 and Nrf2 mRNAs
were significantly (*P <0.05) decreased in the ANIT-control
group when compared to the control group (Fig. 6a, b). In
addition, 200 mg/kg andrographolide alone failed to change
the expression of SIRT1 and Nrf2 mRNAs. However, 50 mg/
kg, 100 mg/kg, or 200 mg/kg andrographolide could sig-
nificantly (*P <0.05) increase the level of SIRT1 and Nrf2
mRNAs in the ANIT-treated rats, when compared to the
ANIT-control group (Fig. 6a, b).

In addition, we evaluated hepatic SIRT1 and Nrf2 in the
protein level. Consistent with the mRNA level, ANIT sig-
nificantly (*P <0.05) decreased the expression of SIRT1 and
Nrf2 when compared to the control group. However, 50 mg/
kg, 100 mg/kg, or 200 mg/kg andrographolide could sig-
nificantly (*P <0.05) increase the level of SIRT1 and Nrf2
protein in the ANIT-treated rats.

Discussion

Cholestasis is a common symptom of liver injuries, which
can lead to acute liver toxicity, fibrosis, liver failure and even
death [28]. Unfortunately, there is no standard pharmaco-
logical therapy for patients with cholestatic liver injury [19].
The present study demonstrated that andrographolide could
impair ANIT-induced cholestatic liver injury. In addition,
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Fig.4 Effects of andrographolide on serum interleukin-6 (IL-6),
tumor necrosis factor a (TNF-a) and hepatic nuclear factor kappa-
light-chain-enhancer of activated B (NF-kB) and cyclooxygenase-2
(COX-2) in ANIT-induced cholestasis rats. a Effect of andro-
grapholide on serum IL-6; b effect of andrographolide on serum

we found andrographolide could impair inflammation and
oxidative stress.

Andrographolide, isolated from Andrographis paniculata,
exhibits several activities, such as anti-bacteria, anti-inflam-
mation, and immune suppression [19, 20, 29-31]. Thus, we
speculated that andrographolide could impair cholestatic
liver injury. We evaluated liver injury biomarkers (ALT,
AST, ALP, y-GGT, TBIL and TBA) in andrographolide-
treated rats. We observed that 200 mg/kg andrographolide
could significantly attenuate cholestatic liver injury in the
ANIT-induced rat model. In addition, the benefit was proved
by the histopathological image.

Inflammatory reaction has been shown to play a promi-
nent role in cholestatic liver injury [12]. In the present
study, we found ANIT could increase the level of several
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inflammatory markers, such as IL-6 and TNF-a. How-
ever, andrographolide significantly decreased the level of
ANIT-induced IL-6 and TNF-a. In addition, several studies
reported that TNF-a and IL-6 could activate NF-kB, which
causes inflammation [32]. In the present study, we observed
that andrographolide could decrease the level of NF-kB in
ANIT-induced liver injury rats. Interestingly, we also found
that andrographolide reduced the accumulation of COX-2,
another pro-inflammatory factor that increases the nuclear
translocation of NF-xB [12]. Thus, andrographolide may
have inhibited the expression of NF-kB via reducing IL-6,
TNF-«, and COX-2.

It is generally accepted that oxidative stress is involved
in liver injury [33]. Yan et al. reported that the hepatic level
of MDA was increased in ANIT-induced cholestatic liver
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injury [7]. In addition, several studies demonstrated that
SOD, GSH, and GSH-PX have an anti-oxidant effect in all
living cells [7, 30, 33, 34]. Consistent with these studies,
we found ANIT significantly enhanced the accumulation of
MDA but decreased the levels of SOD, GSH and GSH-PX.
Interestingly, andrographolide could significantly attenuate
the level of MDA and promoted SOD, GSH, and GSH-PX
in ANIT-treated rats. These results suggest that andro-
grapholide may impair cholestatic liver injury by attenuat-
ing oxidative stress.

It has been proved that SIRT1 and Nrf2 are two core
players in liver physiology and a therapeutic target against
hepatic inflammation [16—18]. It is reported that SIRT1
could attenuate oxidative stress to inhibit inflammation [1,
35]. Nrf2, a transcription factor, can inhibit the expression of
many anti-oxidative stress genes, such as HO-1 and MSP23

@ Springer
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rats. a MDA, b SOD, ¢ GSH and d GSH-Px. All data are expressed
as mean + SD (n=06 in each group). *P <0.05 compared with the nor-
mal group; *P <0.05 compared with the ANIT-control group

[36]. In addition, several studies demonstrated that SIRT1
attenuated oxidative stress-induced injury by increased
Nrf2 expression [1, 37]. Therefore, we evaluated the level
of SIRT1 and Nrf2 in the present study. We observed that
andrographolide could induce the accumulation of hepatic
SIRT1 and Nrf2. Thus we speculated that andrographolide
impaired oxidative stress-induced liver injury via up-regu-
lating SIRT1 and Nrf2.

Conclusion

In conclusion, the present study found that andro-
grapholide can attenuate inflammation and oxidative
stress to impair cholestatic liver injury. In addition, andro-
grapholide induces the accumulation of SIRT1 and Nrf2,
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two core inhibition regulators of inflammation and chole-
static liver injury.
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