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Abstract

Context: Drug-induced liver injury (DILI) is associated with altering expression of hepatobiliary
membrane transporters. Monoammonium glycyrrhizin (MAG) is commonly used for hepatic
protection and may have a correlation with the inhibition effect of multidrug resistance-
associated protein 2 (Mrp2).

Objective: This study evaluates the dynamic protective effect of MAG on rifampicin (RIF)- and
isoniazid (INH)-induced hepatotoxicity in rats.

Materials and methods: Male Wistar rats were randomly divided into four groups of 15 rats. Liver
injury was induced by co-treatment with RIF (60 mg/kg) and INH (60 mg/kg) by gavage
administration; MAG was orally pretreated at the doses of 45 or 90 mg/kg 3 h before RIF and
INH. Rats in each group were sacrificed at 7, 14, and 21 d time points after drug administration.
Results: Liver function, histopathological analysis, and oxidative stress factors were significantly
altered in each group. The expression of Mrp2 was significantly increased 230, 760, and 990%
at 7, 14, and 21 time points, respectively, in RIF- and INH-treated rats. Compared with the RIF
and INH groups, Mrp2 was reduced and Ntcp was significantly elevated by 180, 140, and 160%
in the MAG high-dose group at the three time points, respectively. The immunoreaction
intensity of Oatp1a4 was increased 170, 190, and 370% in the MAG low-dose group and 160,
290, and 420% in the MAG high-dose group at the three time points, respectively, compared
with the RIF and INH groups.

Discussion and conclusion: These results indicated that MAG has a protective effects against RIF-
and INH-induced hepatotoxicity. The underlying mechanism may have correlation with its
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effect on regulating the expression of hepatobiliary membrane transporters.

Introduction

Tuberculosis (TB) remains a major global health problem,
especially in developing countries. From the statistical data of
the Global Tuberculosis Report of 2014 issued by World
Health Organization (WHO), it is reported that an estimated 9
million people developed TB and about 64% of these
who developed TB were identified as newly diagnosed
cases in 2013. Rifampicin (RIF) and isoniazid (INH) are
two effective front line drugs for anti-TB chemotherapy,
which have been used for about 50 years. Although RIF and
INH hold an irreplaceable status in TB treatment, the
hepatotoxicity resulting from their long-term use remains a
critical problem in anti-TB therapy (Du et al., 2013; Tostmann
et al., 2008). Serum transaminase levels increased in 27% of
patients taking INH/RIF and in 19% of patients taking INH
alone. Currently, toxic metabolites of INH and oxidative
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stress are reported to play a crucial role in RIF- and INH-
induced hepatotoxicity, but the exact pathogenic mechanism
remains unclear.

In recent years, it is found that drug-induced liver injury
(DILI) may be correlated with the alteration of hepatobiliary
transporters which expresses at the two polar surface domains
of hepatocytes (Schuetz et al., 2014; Zhou et al., 2013). The
expression and/or function of hepatobiliary transporters can
be up-/down-regulated by drugs or metabolites (Aleksunes
et al., 2006; Corsini & Bortolini, 2013; Van Staden et al.,
2012). It is reported that RIF could inhibit bile salt export
pump (Bsep), organic anion transporting polypeptides
(Oatps), and sodium taurocholate cotransporting plypeptide
(Ntcp)-mediated Na*-independent uptake of taurocholate
in vitro, this may interfere with normal bile formation and
excretion in mammalian liver (Wolf et al., 2010). Recent
studies have shown that RIF- and INH-induced hepatic injury
occurs through the induction of oxidative stress, and hepatic
glutathione (GSH), the important marker of oxidative stress,
is known be transported from hepatocytes into bile mainly via
liver transporter Mrp2 (Paulusma et al., 1999). Based on the
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above findings, it is possible that RIF- and INH-induced liver
injury may have a correlation with altered expression or
function of certain membrane transporters. Therefore, it is
proposed the strategies that focus on regulating the expression
of certain transporters, i.e., Oatps, Ntcp, Mrp2, and Bsep,
might be useful in RIF- and INH-induced hepatotoxicity.

Chinese herbal formulas, such as compound glycyrrhizin
tablets, Potenline®, have been used for hepatic protection, and
glycyrrhizin acid is frequently presented in these formulas
(Koga et al., 2007; Statti et al., 2004). Monoammonium
glycyrrhizin (MAG), the monoammonium salt of glycyrrhizin
acid (q.v.) (Statti et al., 2004), is characterized by anti-
inflammatory and antiviral activity, and commonly used for
the prevention and treatment of viral hepatitis (Fu et al., 2004).
Recently, Xu et al. (2012) revealed that glycyrrhizin has a
protective effect in liver injury, the underlying mechanism may
be correlated with its inhibitory effect on the function of Mrp2.
It is well known that MAG is the main component of
glycyrrhizin, whether MAG can induce alteration of hepato-
biliary membrane transporters and be responsible for the liver
protective activity of glycyrrhizin is of great interest.

In this study, we hypothesized that the expression of liver
transporters might be altered in RIF- and INH-induced
hepatotoxicity, while MAG may exert protective activity in
RIF- and INH-induced liver injury, and the mechanism may
be correlated with its effect on regulating hepatobiliary
transporter expression. Liver injury was induced by RIF and
INH administration, biochemical and pathological analyses
were carried out to evaluate the hepatotoxicity induced by
RIF and INH and the hepatoprotective effect of MAG in it.
Effect of MAG on the alterations of GSH and malondialde-
hyde (MDA) levels was also estimated. In addition, the
expression of Mrp2, Ntcp, and Oatplad was evaluated by
Western blot and immunohistochemstry techniques in order to
determine whether liver transporters were altered in RIF- and
INH-induced liver injury and whether MAG has regulatory
effect.

Materials and methods
Reagents

RIF and INH were purchased from Shanghai Tongyong
Pharmaceutical Co., Ltd (Shanghai, China). MAG (pur-
ity>90%, Mw=839.97) was provided by Xinjiang
TIANSHAN Pharmaceutical Co., Ltd (Xinjiang, China).
Rabbit polyclonal to ABCB11 (Iot number: ab112494),
mouse monoclonal [M2 III-6] to MRP2 (lot number:
ab3373), rabbit polyclonal to SLCI10Al (lot number:
ab85611), goat polyclonal secondary antibody to mouse
IgG-H&l (HRP) (lot number: ab6789), and goat polyclonal
secondary antibody to rabbit IgG-H&Il (HRP) (lot number:
ab6721) were obtained from Abcam (Hong Kong, China), and
rabbit anti-OATP1a4 affinity-purified polyclonal antibody (lot
number: JC1690755) was provided by Millipore (Billerica,
MA). Other chemicals and reagents were of analytical grade
and readily available from commercial sources.

Animals

Male Wistar rats (180-220g) were obtained from the
Laboratory Animal Center of Lanzhou University and
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maintained at 25°C for 12h alternating light-dark cycle
with free access to food and water. Rats were maintained in
laboratory conditions for 1 week to adapt to the environment
before experiments. All studies were carried out in accord-
ance with animal experimental protocols approved by the
Institutional Animal Experimentation Committee of Lanzhou
University.

Experimental design

Rats were randomly divided into four groups, i.e., control
group, RIF and INH group, MAG low-dose group, and MAG
high-dose group, each group had 15 rats. Rats in the RIF and
INH group received RIF (60 mg/kg) and INH (60 mg/kg) by
gavage administration once daily; rats in MAG groups were
pretreated with MAG at the doses of 45 or 90 mg/kg, RIF
(60mg/kg) and INH (60 mg/kg) were given 3h after MAG
administration; rats in the control group were treated with
saline. To evaluate the dynamic effect of drugs, rats in each
group were sacrificed on 7, 14, and 21d after drug
administration. At each time point, five rats were randomly
selected and anesthetized with ether, blood was collected by
abdominal aortic puncture, and serum was obtained for
biochemical analysis. The livers were harvested immediately,
a portion of liver was fixed in 10% formaldehyde for
histological analysis, the remaiders were frozen with liquid
nitrogen and stored at —80°C for GSH and MDA measure-
ments as well as western blot analysis.

Biochemistry parameters

Serum aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), total bilirubin (TBIL), direct bilirubin (DBIL),
indirect bilirubin (IBIL), and total bile acids (TBA) were
determined using kits (Thermo Fisher Scientific, Cincinnati,
OH) according to the protocols of the manufacturer. The
determination was performed using the standard clinical
method by Automatic Biochemistry Analyzer (OLYMPUS,
AU2700, Tokyo, Japan).

Histopathology examination

The liver tissue was fixed in 10% formaldehyde for 24-48 h
and embedded in paraffin. Liver sections (5 pum in thickness)
were stained with hematoxylin and eosin. The light micros-
copy digital images were acquired with a scanscope digital
slide scanner. A researcher blinded to treatment counted five
random fields at a 200 magnification for each section.
Histological assessments were graded using the histological
activity index (HAI) according to the criteria of Knodell
et al. (1981).

Measurement of GSH and MDA levels

The level of GSH was measured by the colorimetric
microplate assay kit (Beyotime Institute of Biotechnology,
Beijing, China), the extent of lipid peroxidation in the livers
was assessed by measuring the thiobarbituric acid-reactive
substances with a lipid peroxidation MDA assay kit
(Beyotime Institute of Biotechnology, Beijing, China).
According to the protocols of the manufacturer, both GSH
and MDA levels were measured in the liver tissue



DOI: 10.3109/13880209.2015.1070878

homogenate and calculated in pmol/mg liver. Briefly, 40 pL
metaphosphoric acid were added into 10 pL liver homogen-
ates and then centrifuged at 10000 g for 10 min at 4 °C. The
supernatant was used for GSH and MDA assay (Chen et al.,
2012; Zhu et al., 2008).

Western blot analysis

Liver tissue was homogenized in RIPA buffer (S0 mM Tris-
HCI, pH 8.0, 150 mM NaCl, 1 mM EDTA, 1.0% Nonidet P-
40, 0.1% sodium dodecyl sulfate (SDS), 0.5% sodium
deoxycholate, and PMSF) and centrifuged at 14000g for
10min at 4°C, the supernatants were harvested. After
determination of protein content, the samples were denatured
at 100°C for 5min. Protein samples were separated by 8%
SDS-PAGE gel and transferred to PVDF membrane (Bio-Rad,
Hercules, CA). Non-specific binding sites were blocked
with 5% non-fat milk for 1h at room temperature, and then
the membranes were incubated overnight at 4 °C with rabbit
anti-MRP2 (1:1500, Abcam, Shatin, Hong Kong), rabbit anti-
SLC10A1 (1:3000, Abcam, Shatin, Hong Kong). The mem-
brane was then incubated with secondary antibodies for 1 h at
room temperature. The immunoreaction was detected with an
ECL western blotting kit (GE Healthcare, Amersham, UK).
Bands were visualized on X-ray film (Kodak, Shanghai,
China) and captured by a scanner. The scanned digital images
were quantified with ImageJ 1.37c software (NIH, Bethesda,
MD). In order to adjust for any variations in loading, all
detected protein bands were normalized to B-actin levels.

Immunohistochemistry

The sections (5 pm thick) were deparaffinized and rehydrated
for immunohistochemistry, the DAB method was performed
as described (Morimoto et al., 2003). Primary antibody
Oatplad (1:100, Calbiochem, National Harbor, MD) was
incubated overnight at 4°C, followed by the labeled
streptavidin biotin. The primary antibody was omitted on
one section of each reaction as a negative control. All the
sections were counterstained with hematoxylin for nuclei
labeling. The immunoreaction products were observed under
a light LEICA microscope equipped with a LEIKA color
digital camera system (LEIKA, San Francisco, CA), images
were captured with 40x and analyzed using Image] 1.37c
software (NIH, Bethesda, MD) by an investigator blinded to
the sample groups.

Statistical analysis

Data are presented as mean + standard derivation (SD).
Differences between two groups were analyzed by Student’s
t-test (St). When multiple groups were compared, data were
analyzed by analysis of variance followed by the Student—
Newman—Keuls (SNK) test. p<0.05 was considered to be
statistically significant.

Results

MAG reversed RIF- and INH-induced alteration in liver
function

As shown in Figure 1, the levels of serum ALT, AST, TBIL,
and TBA were markedly elevated at 14 and 21 d time points
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after RIF and INH administration when compared with that of
the control, suggesting the occurrence of liver injury induced
by RIF and INH. Low- and high-dose MAG treatment
significantly reduced the AST, ALT, TBIL, and TBA levels at
14 and 21 d time points when compared with that of the RIF
and INH group, suggesting the protective effect of MAG on
RIF- and INH-induced liver injury. The level of DBIL in the
RIF and INH group was significantly elevated at 21d time
point when compared with that of the control group, while
MAG administration significantly and dose dependently
reversed the elevated DBIL level at this time point. No
significant differences were found in the IBIL level among the
control group, the RIF and INH group, as well as low- and
high-dose MAG-treated groups.

MAG reversed RIF- and INH-induced histopathology
changes in liver

As shown in Figure 2(A), the control group showed a normal
histological architecture, while histopathological feature of
inflammation and necrosis was found in RIF- and INH-treated
rats. Histological sections in high-dose MAG-treated rats
showed patterns similar to those of the control group after
21d treatment, that is, with normal architecture and without
acidophilic, pyknosis, steatosis, inflammation, or necrosis. As
shown in Figure 2(B), results from histopathological evalu-
ation showed that HAI scores in the RIF and INH group was
significantly and time dependently higher at 7, 14, and 21d
time point when compared with that of the control, indicating
the liver damage caused by RIF and INH administration.
The HAI scores in low- and high-dose MAG-treated rats
were significantly and dose dependently decreased at each
time point.

Effect of MAG on GSH and MDA levels in liver

As shown in Figure 3, compared with the control group, RIF
and INH treatment significantly increased the hepatic MDA
level at 14 and 21d time points, while the GSH level was
gradually decreased at 7, 14, and 21 d time points, suggesting
the liver damage caused by the administration of RIF and
INH. MAG treatment groups elevated the hepatic GSH level
at 7, 14, and 21 d time points and markedly reduced the MDA
level at 14 and 21 d time points in RIF- and INH-treated rats,
suggesting the protective effect of MAG in RIF- and INH-
induced liver injuries.

Effect of MAG on transporter Mrp2 and Ntcp
expression

As shown in Figure 4, compared with the control group, the
expression of sinusoidal efflux transporter Mrp2 was signifi-
cantly increased by 230, 760, and 990%, respectively, at 7, 14,
and 21 d time points in RIF- and INH-treated rats. Conversely,
compared with RIF- and INH-treated rats, Mrp2 expression in
rats treated with low-dose MAG was reduced 87, 54, and 55%
at7, 14, and 21 d time points, respectively (Figure 4B); while in
rats treated with high-dose MAG was decreased by 61, 29, and
32% at 7, 14, and 21 d time points, respectively (Figure 4B).
Compared with the control group, the expression of Ntcp
in the RIF- and INH-treated group was reduced to 66% at 7d
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Figure 1. Effect of MAG on serum AST, ALT, TBIL, DBIL, IBIL, and TBA activities in control, RIF + INH, MAG low-dose, and MAG high-dose
groups. RIF + INH group: co-administered with RIF (60 mg/kg) and INH (60 mg/kg). MAG low-dose group: co-administered with MAG at 45 mg/kg
and RIF/INH at 60/60 mg/kg. MAG high-dose group: co-administered with MAG at 90 mg/kg and RIF/INH at 60/60 mg/kg. Data are shown as
mean + SD. Each group at each time point contained at least five rats. Ap<0.05 versus the control group; AAp<0.01 versus the control group;
*p<0.05 versus the RIF+INH group; **p <0.01 versus the RIF +INH group.

time point, and then increased by 140 and 170% at 14 and
21d time points, respectively (Figure 4B). Compared with
RIF- and INH-treated rats, the expression of Ntcp was
significantly elevated by 180, 140, and 160% in the MAG
high-dose group at 7, 14, and 21-d time points, respectively
(Figure 4B); while in the MAG low-dose group, the Ntcp
expression was significantly increased by 140% at 21d time
point, no significant differences were found at 7 and 1d time
points.

Effect of MAG on expression of Oatp1a4

As shown in Figure 5, the immunoreaction of Oatpla4 was
strongly evident in hepatic sinusoid and mainly localized
around central vein of liver tissue. Compared with the control
group, the immunoreaction of Oatpla4 was decreased by 56,

78, and 45% in the RIF- and INH-treated group at 7, 14, and
21d time points, respectively; the alterations in each time
point showed significant differences except 14d time point,
which may come from the adaptive change of body to liver
injury caused by RIF and INH (Figure 5B). MAG treatment
significantly increased Oatpla4 staining intensity when
compared with that in RIF- and INH-treated rats, the
Oatplad4 immunoreaction intensity was increased by 170,
190, and 370% in the MAG low-dose group and 160, 290, and
420% in the MAG high-dose group at 7, 14, and 21d time
points, respectively.

Discussion

RIF and INH are two important anti-TB medicines, but their
hepatotoxicity remains a difficult problem in anti-TB therapy,
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Figure 2. Histopathology changes of control, RIF+INH, MAG low-
dose, and MAG high-dose groups after treated for 7, 14, and 21d.
(A) Photomicrography of liver sections; (B) statistical analysis of HAI
(histological activity index) scores. @ acidophilic and pyknosis @
inflammation and necrosis ® fatty degeneration. Images of all groups
were taken at X200 magnification. Data are shown as mean + SD. Each
group at each time point contained five rats. Ap <0.05 versus the control
group; AAp<0.01 versus the control group; *p<0.05 versus the
RIF +INH group; **p <0.01 versus the RIF +INH group.

and the exact pathogenic mechanism about RIF- and INH-
induced hepatotoxicity remains unclear. In this present work,
we first demonstrated that the expression of transporter Mrp2,
Ntcp, and Oatplad was altered in the liver of RIF- and INH-
treated rats, and this alteration was consistent with RIF- and
INH-induced liver injuries in a time-dependent manner. We
also found that RIF- and INH-induced liver injuries and
transporter alteration can be partly reversed by MAG
pretreatment, and the potential underlying mechanism may
be related to the regulatory effect on oxidative stress.
Results from the present work show that liver function,
histopathological features, and oxidative stress factors were
significantly altered in RIF- and INH-treated rats, and the
alteration was presented in a time-dependent manner, sug-
gesting that the severity of liver injury induced by RIF and
INH had close correlation with long-term drug usages (Pal
et al., 2006). Coincided with our findings, the hepatotoxicity
induced by RIF and INH administration was also observed
and reported by other investigators (Jatav et al., 2014;
Santhosh et al., 2006, 2007). Our results also showed that

Effect of MAG on RIF and INH-induced hepatotoxicity — 935

(A) low dose high dose
Control  RIF+INH _ MAG MAG

NICD e i ———

Practn —————
(B) Mrp2
209 =3 Control
&3 RIF+INH
1541 E MAG Low Dose
3 MAG High Dose

Relative Protein
Expression

104 an
**k
E**
B2 ), |I’ 325 =1
14 day
Ntcp
413 Control
&R RIF+INH
£ _ 31 E3 MAGLow Dose £ %
<= £ ) -+
c.L MAG High Dose g2
o % *
o O 2 2
£s
[\
= i
g r
" 0 [l —-— w = e -" =
7 day 14 day 21 day

Figure 3. Effect of MAG on GSH and MDA levels in control,
RIF+INH, MAG low-dose, and MAG high-dose treated groups.
RIF+INH group: co-administered with RIF (60mg/kg) and INH
(60 mg/kg). MAG low-dose group: co-administered with MAG
(45mg/kg) and RIF/INH at 60/60 mg/kg. MAG high-dose group:
co-administered with MAG (90 mg/kg) and RIF/INH at 60/60 mg/kg.
Data are shown as mean + SD. Each group at each time point contained
five rats. Ap<0.05 versus the control group; AAp<0.01 versus the
control group; *p <0.05 versus the RIF 4+ INH group; **p <0.01 versus
the RIF +INH group.

MAG treatment reversed the RIF- and INH-induced liver
injuries, and the effect of high-dose MAG-treated group was
superior to that of the low-dose-treated group, suggesting
the protective effect of MAG on RIF- and INH-induced liver
injuries.

It is reported that the enhanced lipid peroxidation plays an
important role in the development of RIF- and INH-induced
hepatotoxicity (Dong et al., 2014; Saad et al., 2010). In this
study, a significant increase in the level of MDA together with
a significant decrease in GSH activity was found in RIF- and
INH-treated rats, suggesting that oxidative stress indeed was
involved in the pathogenesis of RIF- and INH-induced liver
injuries. Moreover, our results showed that MAG treatment
significantly decreased the MDA level and markedly
increased the GSH level. These results indicated that the
protective effect of MAG on RIF- and INH-induced hepato-
toxicity might be associated with its strong anti-oxidative
effect. Recently, it was reported that the alteration of
hepatobiliary transporters may be responsible for drug-
induced liver injury, and RIF has been discovered to inhibit
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Figure 4. Western blot analysis of Mrp2 and Ntcp from the rats of the
control, RIF+INH, MAG low-dose, and MAG high-dose groups.
(A) The representative western immunoblots of Mrp2 and Ntcp at
21-d time point; (B) the statistical analysis of mean relative protein
expression (normalized to control rats). Each group at each time point
contained at least five rats. Ap<0.05 versus the control group;
AAp <0.01 versus the control group; *p<0.05 versus the RIF+INH
group; *¥*p <0.01 versus the RIF +INH group.

transporter Oatps- and Ntcp-mediated uptake of taurocholate
in vitro (Vavricka et al., 2002). In this study, we found that the
expression of Mrp2 was elevated time dependently after RIF
and INH treatment, this finding was consistent with previous
report, in which the up-regulation of Mrp2 expression has be
considered to have correlation with RIF-mediated pregnane X
receptor (PXR) activation (Tirona et al., 2003, 2004). It is
well known that GSH is transported from hepatocytes into
bile mainly through Mrp2 (Paulusma et al., 1999; Saad et al.,
2010), which may explain why the level of GSH was
decreased in RIF- and INH-treated rats. Moreover, our results
showed that MAG treatment significantly and dose depend-
ently reversed the elevated expression of Mrp2 in RIF- and
INH-treated rats in a time-dependent manner, which may
resulted in reduction of GSH transportation from hepatocytes
into bile, and thus the GSH level was elevated in liver tissue.
It is possible that the elevated GSH level in MAG-treated rats
may exert antioxidative activity and thus play a protective role
in RIF- and INH-induced hepatotoxicity.

Bilirubin is an endogenous molecule that is a byproduct of
heme catabolism produced predominantly from red blood
cells. It has been reported that transporter Oatpla4 transports
unconjugated or conjugated bilirubin from blood to hepato-
cytes (Reichel et al., 1999), while Mrp2 is responsible for
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Figure 5. Immunohistochemical images and statistical results of
Oatpla4 in liver tissue from rats of the control, RIF + INH, MAG low-
dose, and MAG high-dose groups. The data were presented as
representative pictures (A) and as mean relative Oatpla4 protein
expression + SD (B). Each group at each time point contained at least
15 immunohistochemistry images. Ap <0.05 versus the control group;
AAp <0.01 versus the control group; *p<0.05 versus the RIF+INH
group; **p <0.01 versus the RIF 4+ INH group.

bilirubin glucuronides excretion from the hepatocytes into the
bile (Wolf et al., 2010). In this present study, reduced Oatpla4
and elevated Mrp2 expression have been found in RIF- and
INH-treated rats, this alteration is consistent with the increase
of serum bilirubin and unconjugated bilirubin level, suggest-
ing that Oatpla4 and Mrp2 both play an important role in
keeping the homeostasis of bilirubin. As we expected, MAG
treatment markedly reversed RIF- and INH-induced alteration
in Oatpla4 and Mrp2 expression, both contributed to
converting the elevated bilirubin level to a normal level.
Nowadays, rats hepatobiliary transporter Ntcp and Mrp2
have been viewed as two major possible mechanisms by
which bile acids (BAs) are transported (Gonzalez, 2012;
Ridlon et al., 2006). Our results showed that serum TBA was
significantly increased after treatment of RIF and INH for 14
and 21 d, this alteration was consistent with elevated Ntcp and
Mrp2 protein expression. It is possible that, in RIF- and INH-
treated rats, the increased expression of Ntcp leads to more
conjugated BAs uptake to hepatocytes and the elevated Mrp2
leads to the bile efflux to bile duct, which resulted in the
increased re-absorption of BAs in the intestinal, thus serum
TBA was finally elevated. MAG treatment dose dependently
down-regulated transporter Ntcp and Mrp2 protein expression
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in RIF- and INH-treated rats, which may contribute to its
effect on reversing the elevated TBA level in RIF and INH
induced liver injury, and thus maintain the homeostasis of
BAs.

Conclusion

This study comprehensively characterized the notable alter-
ations in hepatobiliary transporters Mrp2, Ntcp, and Oatpla4
expressions, in the protective effect of MAG on RIF- and
INH-induced hepatotoxicity for the first time. This study
indicated that the protective effects of MAG on RIF- and
INH-induced liver injuries have close correlation with its
effect on regulating the expression of hepatobiliary membrane
transporters. The coordinated reduction of efflux transporter
expression (e.g., Mrp2) together with a corresponding
increase of uptake carriers expression (e.g., Oatpla4) suggest
a protective mechanism of MAG for maintaining bilirubin and
BAs homeostasis in RIF- and INH-induced hepatotoxicity. A
better understanding on the altered expression of Ntcp
(decreased at 7d time point and increased at 14 and 21d
time points, respectively) in the RIF and INH group is
necessary to address the functional contribution of transport
mechanisms to the changed hepatic of xenobiotics during
injury as well as conferring resistance to subsequent toxicant
exposure.
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