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Abstract
AIM
To explore the protective effects and mechanisms of 
naringenin (NRG) on hepatic injury induced by isoniazid 
(INH) and rifampicin (RIF).

METHODS
Male mice were randomly divided into four groups and 
treated for 14 d as follows: normal control group was 
administered intragastrically with normal saline solution 
alone; model group was administered intragastrically 
with INH (100 mg/kg) and RIF (100 mg/kg); low- 
and high-dosage NRG pretreatment groups were 
administered intragastrically with different doses of NRG 
(50 or 100 mg/kg) 2 h before INH and RIF challenge. 
Mice were killed 16 h after the last dose of drug 
treatment to determine activity of serum transaminases. 
Oxidative stress was evaluated by measuring hepatic 
glutathione (GSH) and superoxide dismutase (SOD) 
and malondialdehyde (MDA) levels. Histopathological 
changes in hepatic tissue were observed under the 
optical microscope. Hepatocyte apoptosis was measured 
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by TUNEL assay and caspase-3 activation. Expression of 
Bcl-2 and Bax in liver was determined by western blot.

RESULTS
Both low- and high-dosage NRG pretreatment obviously 
alleviated serum levels of alanine aminotransferase 
and aspartate aminotransferase, liver index, hepatic 
MDA content, and increased hepatic GSH content and 
SOD activity compared with the INH and RIF-treated 
group (44.71 ± 8.15 U/L, 38.22 ± 6.64 U/L vs  58.15 
± 10.54 U/L; 98.36 ± 14.78 U/L, 92.41 ± 13.59 U/L 
vs  133.05 ± 19.36 U/L; 5.34% ± 0.26%, 4.93% ± 
0.25% vs  5.71% ± 0.28%; 2.76 ± 0.67 nmol/mgprot, 
2.64 ± 0.64 nmol/mgprot vs  4.49 ± 1.12 nmol/mgprot; 
5.91 ± 1.31 mg/gprot, 6.42 ± 1.42 mg/gprot vs  3.11 
± 0.73 mg/gprot; 137.31 ± 24.62 U/mgprot, 148.83 
± 26.75 U/mgprot vs  102.34 ± 19.22 U/mgprot; all p 
< 0.01 or 0.05). Histopathological evaluation showed 
obvious necrosis and inflammatory cell infiltration in 
liver of mice administered INH and RIF; however, mice 
pretreated with NRG showed minor hepatic injury. In 
addition, INH and RIF resulted in hepatocyte apoptosis, 
and NRG pretreatment dramatically suppressed INH- 
and RIF-induced hepatocytes apoptosis. Furthermore, 
NRG-mediated anti-apoptotic effects seemed to be in 
connection with its regulation of Bax and Bcl-2 protein 
expression in hepatic tissue.

CONCLUSION
NRG might attenuate INH- and RIF-induced hepatic 
injury via  suppression of oxidative stress and hepatocyte 
apoptosis.

Key words: Naringenin; Isoniazid; Rifampicin; Oxidative 
stress; Apoptosis; Hepatic injury
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Core tip: Anti-tuberculosis drugs can cause drug-induced 
liver injury through a series of complex mechanisms. 
The main purposes of the study were to explore the 
effects of naringenin (NRG) on liver injury induced 
by isoniazid (INH) and rifampicin (RIF). Mice were 
administered intragastrically with NRG before INH and 
RIF challenge. The findings revealed that NRG protects 
against INH- and RIF-induced oxidative stress and 
hepatocyte apoptosis.

Wang C, Fan RQ, Zhang YX, Nie H, Li K. Naringenin protects 
against isoniazid- and rifampicin-induced apoptosis in hepatic 
injury. World J Gastroenterol 2016; 22(44): 9775-9783  Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v22/
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INTRODUCTION
Tuberculosis (TB) is a deadly communicable disease 

caused by mycobacteria, and it remains a serious 
global public health issue. In 2014, about 9.6 million 
people fell ill with TB and 1.5 million died from the 
disease[1]. The TB treatment recommended by the 
World Health Organization is a regimen of isoniazid 
(INH), rifampicin (RIF), pyrazinamide, and ethambutol 
for 2 mo in the initiation stage, followed by 4 mo of 
INH and RIF in the continuation stage. Unfortunately, 
the two most common anti-TB drugs, INH and RIF, can 
cause drug-induced hepatic injury through a series 
of complex mechanisms. Peroxidation of endogenous 
lipids has been shown to be the dominant factor 
in the hepatotoxic action of INH and RIF[2]. Anti-TB 
drug-mediated oxidative injury is usually ascribed to 
formation of highly reactive oxygen species, which act 
as stimulators of lipid peroxidation and damage the cell 
membrane[3]. Oxidative stress in the hepatocyte results 
in altered mitochondrial permeability and induces 
apoptosis[4]. Therefore, antioxidants could serve as 
possible drugs against INH- and RIF-induced hepatic 
toxic injury[5,6].

In recent years, natural plant extracts have been 
extensively regarded as a rich resource for drug de
velopment. Naringenin (NRG) is a type of natural 
flavonoid compound, which widely exists in grapefruit, 
bitter orange and other plants. NRG has wide range of 
biological and pharmacological activities, such as anti-
inflammatory[7], anti-mutagenic[8], anti-atherogenic[9], 
anti-oxidant[10] and anti-cancer[11]. Related studies 
have shown that NRG attenuates liver injury induced 
by lead[12], acetaminophen[13], cholesterol overdose[14] 
and carbon tetrachloride (CCl4) intoxication[15]. It was 
suggested that NRG can exert hepatoprotective effects 
and may has therapeutic value for various liver diseases.

Therefore, this study was conducted to investigate 
the potent protective effects of NRG on INH- and 
RIF-induced hepatic injury in mice. In addition, we 
discussed the underlying mechanisms of its therapeutic 
action. 

MATERIALS AND METHODS
Reagents
NRG, INH and RIF were purchased from Sigma 
Aldrich (St. Louis, MO, United States). Kits to measure 
aspartate aminotransferase (AST), alanine amino
transferase (ALT), superoxide dismutase (SOD), 
glutathione (GSH), malondialdehyde (MDA) were 
purchased from Nanjing Jiancheng Institute of 
Bioengineering (Nanjing, China). TUNEL detection kit 
was purchased from Boster Biological Engineering 
Co., Ltd (Wuhan, China). Rabbit anti-mouse cleaved 
caspase-3 monoclonal antibody was purchased from 
Cell Signaling Technology (Danvers, MA, United 
States). Rabbit anti-mouse Bax, Bcl-2 and β-actin 
polyclonal antibodies were purchased from Santa Cruz 
Biotechnologies (Santa Cruz, CA, United States).
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Animals
Forty male specific pathogen-free BALB/c mice, 
weighing 20-22 g, were purchased from the Central 
Animal Facility of Wuhan University (Wuhan, China). 
All mice were housed in an environmentally controlled 
room (25 ± 2 ℃, 55% ± 5% humidity) with a 12 h 
light and dark cycle and had free access to laboratory 
standard food and water. All experiments received 
approval by the Yangtze University’s institutional 
laboratory animal care and use committee.

Drug administration
After an acclimatization period of 1 wk, animals were 
randomly divided into four equal groups, each consisting 
of 10 mice, and treated for 14 d as follows: normal 
control group was administered intragastrically with 
normal saline solution (NSS) alone; model group was 
administered intragastrically with INH (100 mg/kg) and 
RIF (100 mg/kg); low-dosage and high-dosage NRG 
pretreatment groups were administered intragastrically 
with different doses of NRG (50 or 100 mg/kg) 2 h 
before INH and RIF challenge. NRG was dissolved in 5% 
carboxyl methyl cellulose and then diluted with NSS to 
the required concentration for oral administration. Mice 
were killed 16 h after the last dose of drug treatment to 
collect serum and liver tissue samples.

Biochemical analysis
The liver index was calculated according to the formula: 
liver index (%) = mouse liver weight (g)/mouse weight 
(g) × 100%. The serum biochemical parameters, 
such as ALT and AST, were measured by absorbance 
photometry using commercial automated chemistry 
analyzers.

GSH level was assayed in the liver tissue according 
to the method of Griffith[16] and concentration was 
expressed as mg/g protein. SOD activity was assayed 
in the liver tissue through nitroblue tetrazolium 
coloration according to the manufacture’s protocols 
and was expressed as U/mg protein. Lipid peroxidation 
was assayed by measuring MDA in the liver tissue 
according to the method of Wills[17], and MDA content 
was expressed as nmol/mg protein.

Histopathology
Small pieces of liver were fixed in 10% neutral buffered 
formalin and then embedded into paraffin. Paraffin-
embedded sections at 6 µm and stained with hemato
xylin and eosin, and then analyzed under the optical 
microscope for histopathological evaluation.

TUNEL staining
The sections were stained for detection of apoptosis in 
live cells using a commercially available TUNEL kit and 
following the manufacturer’s instructions. The ratios of 
apoptosis were analyzed under the optical microscope 
by counting TUNEL positive cells in six randomly 
selected areas.

Immunohistochemistry
The sections were dewaxed in xylene and rehydrated 
in descending graded alcohols, followed by incubation 
in 3% hydrogen peroxide for 15 min to neutralize 
endogenous peroxidase activity, and then microwave 
antigen retrieval for 15 min in citric acid buffer. 
Nonspecific binding was blocked with 10% normal goat 
serum. Subsequently, the sections were incubated 
overnight with a rabbit anti-mouse cleaved caspase-3 
monoclonal antibody at 4 ℃, and then the goat anti-
rabbit secondary antibody (Zhongshan Golden Bridge 
Biotechnology Company, China) was incubated at 
room temperature for 30 min. Finally, the sections 
were treated with diaminobenzidine working solution, 
and then counterstained with hematoxylin and covered 
with cover slips. 

Western blotting
Proteins were extracted from liver tissue using the 
Bullet Blender homogenizer (Next Advance Inc., Averill 
Park, NY, United States) in RIPA lysis buffer (Beyotime, 
Shanghai, China), according to the manufacturer’s 
protocols. Equal amounts of proteins were subjected 
to electrophoresis on 10% SDS-polyacrylamide gel 
electrophoresis, and then the separated protein 
bands were transferred onto polyvinylidene difluoride 
membranes (Hybond, Escondido, CA, United States). 
Next, the membranes were incubated respectively 
with rabbit anti-mouse β-actin, Bax or Bcl-2 polyclonal 
antibodies overnight at 4 ℃. After incubation with the 
goat anti-rabbit secondary antibody, proteins were 
detected by enhanced chemiluminescence detection kit 
(Pierce, Rockford, IL, United States). The densitometric 
analysis of the protein bands was carried out with 
Image J software.

Statistical analysis
All data were expressed as mean ± SEM. Statistical 
differences were analyzed by Student’s t test or one-
way ANOVA. The analysis was conducted using SPSS 
17.0 software. P values below 0.05 were considered 
statistically significant.

RESULTS
NRG pretreatment alleviates INH- and RIF-induced liver 
injury
To investigate the protective effects of NRG against 
INH and RIF, levels of serum transaminases were 
analyzed. As shown in Figure 1A, administration of 
INH and RIF led to a significant increase in serum ALT 
and AST levels, whereas NRG pretreatment obviously 
alleviated INH- and RIF-induced elevation of ALT and 
AST (44.71 ± 8.15 U/L, 38.22 ± 6.64 U/L vs 58.15 
± 10.54 U/L; 98.36 ± 14.78 U/L, 92.41 ± 13.59 
U/L vs 133.05 ± 19.36 U/L; all p < 0.01). Next, as 
shown in Figure 1B, administration of INH and RIF 
led to a significant increase in the liver index, while 
NRG pretreatment obviously attenuated INH- and 
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and RIF-induced oxidative stress, levels of GSH, SOD 
and MDA in the liver tissue were evaluated. As shown 
in Figure 2A and B, hepatic GSH content and SOD 
activity were markedly decreased after administration 
of INH and RIF; however, NRG pretreatment obviously 
increased INH- and RIF-induced reduction of GSH and 
SOD (5.91 ± 1.31 mg/gprot, 6.42 ± 1.42 mg/gprot 
vs 3.11 ± 0.73 mg/gprot; 137.31 ± 24.62 U/mgprot, 
148.83 ± 26.75 U/mgprot vs 102.34 ± 19.22 U/
mgprot; all p < 0.01). In contrast, as shown in Figure 
2C, hepatic MDA content, a marker of lipoperoxide, 
was significantly increased after administration of INH 
and RIF, but NRG pretreatment obviously attenuated 

RIF-induced elevation of the liver index in a dose-
dependent manner (5.34% ± 0.26%, 4.93% ± 0.25% 
vs 5.71% ± 0.28%, p < 0.01 or 0.05). Furthermore, 
HE staining was performed to observe the protective 
effects of NRG against INH and RIF. As shown in Figure 
1C-F, histopathological evaluation showed obvious 
necrosis and inflammatory cell infiltration in liver of 
mice administered with INH and RIF. Conversely, mice 
pretreated with NRG showed minor hepatic injury. 

NRG pretreatment reduces INH- and RIF-induced 
oxidative stress
To investigate the protective effects of NRG against INH- 

Wang C et al . Naringenin and hepatocyte apoptosis

Figure 1  Naringenin pretreatment protects mice from isoniazid- and rifampicin-induced liver injury. A: Levels of serum transaminases were analyzed; B: Liver 
indexes were measured. All data are expressed as means ± SEM for ten samples per group. bP < 0.01 vs control group, cP < 0.05 vs INH and RIF group, dP < 0.01 
vs INH and RIF group; C: Liver section from mice treated with NSS; D: Liver section from mice treated with INH and RIF; E and F: Liver sections from mice pretreated 
with NRG (50 or 100 mg/kg) before INH and RIF challenge. Liver sections were stained with hematoxylin and eosin (original magnification: × 400). NRG: Naringenin; 
INH: Isoniazid; RIF: Rifampicin.
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INH- and RIF-induced elevation of MDA (2.76 ± 0.67 
nmol/mgprot, 2.64 ± 0.64 nmol/mgprot vs 4.49 ± 1.12 
nmol/mgprot, p < 0.01). 

NRG pretreatment prevents INH- and RIF-induced 
apoptosis in hepatocytes
To further investigate the potential mechanisms by 
which NRG alleviates INH- and RIF-induced liver injury, 
TUNEL staining was used to estimate the apoptotic 
changes in hepatocytes. As shown in Figure 3, the 
number of TUNEL positive cells in liver was obviously 
increased after INH and RIF administration, while NRG 
pretreatment dramatically suppressed INH- and RIF-
induced hepatocyte apoptosis. In agreement with 
TUNEL assay, as shown in Figure 4, caspase-3 activity 
was obviously increased after administration of INH 
and RIF, and NRG pretreatment markedly prevented 
caspase-3 activity induced by INH and RIF. In addi
tion, expression of the pro-apoptotic protein Bax and 
the anti-apoptotic protein Bcl-2 were measured to 
investigate the effects of NRG against INH and RIF. 
As shown in Figure 5, the Bax expression level was 
significantly increased and the Bcl-2 expression level 
was significantly decreased in mice treated with INH 
and RIF. Conversely, NRG pretreatment down-regulated 
Bax expression and up-regulated Bcl-2 expression 
compared with INH- and RIF-treated mice (1.25 ± 0.09, 
0.99 ± 0.07 vs 2.16 ± 0.15; 1.23 ± 0.08, 1.35 ± 0.08 
vs 0.85 ± 0.06; all p < 0.01). 

DISCUSSION
Anti-TB drugs are considered as potentially hepatotoxic 
and can induce hepatic injury. The co-administration 
of INH and RIF generates metabolic and morphological 
changes in hepatic tissue because of the fact that the 
liver is the primary detoxifying organ for the anti-TB 
drugs[2]. In this study, the liver injury mouse model 
was developed successfully via intragastric infusion of 
INH and RIF for 14 d; results show that serum tran
saminases levels of INH- and RIF-treated mice are 
significantly increased as compared to those in normal 
control mice.

NRG is considered to have beneficial effects on 
human health and has been vigorously researched as 
a potential candidate to protect against various liver 
diseases[18,19]. Previous studies have shown that NRG 
could protect against CCl4-induced chemical liver injury 
by reducing the oxidative stress reaction[15]. NRG also 
was shown to attenuate cholesterol-induced hepatitis in 
rats through inhibition of the NF-κB signaling pathway[14]. 
In addition, NRG had been shown to inhibit the hepatitis 
C virus by silencing its infection pathway[20]. 

In this study, for the first time, we explored the 
effects of NRG on INH- and RIF-induced liver injury and 
the possible underlying mechanisms in mice. We found 
that NRG pretreatment significantly attenuated INH- 
and RIF-induced elevation of the liver index, and serum 
ALT and AST. Furthermore, NRG pretreatment obviously 
attenuated INH- and RIF-induced pathologic injury. 
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Figure 2  Naringenin pretreatment protects against isoniazid- and rifampicin-induced oxidative stress in liver. A: GSH levels were measured; B: SOD levels 
were measured; C: MDA levels were measured. All data are expressed as mean ± SEM for ten samples per group. bP < 0.01 vs control group, dP < 0.01 vs INH and 
RIF group. NRG: Naringenin; INH: Isoniazid; RIF: Rifampicin; GSH: Glutathione; SOD: Superoxide dismutase; MDA: Malondialdehyde.
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These results indicate hepatoprotective effects of NRG 
against anti-TB drug-induced hepatic injury. 

Earlier studies showed that INH- and RIF-induced 
liver injury were linked to the occurrence of oxidative 
stress[21,22]. In this study, we observed that hepatic GSH 
content and SOD activity were markedly decreased 
after INH and RIF administration. Conversely, hepatic 
MDA level, a marker of lipoperoxide, was found to be 
significantly increased after INH and RIF administration. 
These results suggest that oxidative stress might play a 
partial role in INH- and RIF-induced hepatic injury. 

NRG has exhibited antioxidant activity against 
oxidative stress damage. Recent studies showed that 
NRG could attenuate oxidative stress by decreasing 
the lipid peroxide level in lead-treated liver and 
kidney[12]. Additionally, NRG was shown to inhibit lipid 
peroxidation and thus to protect against the damaging 

effects of free radicals in acetaminophen-induced acute 
liver injury[13]. Moreover, NRG was shown to help to 
increase hepatic GSH and SOD levels and to decrease 
MDA content, lipid peroxidation and DNA damage in 
cholesterol-induced hepatic inflammation[14]. 

In the current study, we observed that NRG pre
treatment obviously increased INH- and RIF-induced 
reduction of GSH and SOD. In contrast, NRG pre
treatment obviously attenuated INH- and RIF-induced 
elevation of MDA. The results of the present study are 
in accordance with previous reports showing that NRG 
exerts significant hepatoprotective effects via inhibition 
of oxidative stress.

In this study, we also observed that the percentage 
of TUNEL positive cells in liver was markedly increased 
after INH and RIF administration. In agreement with 
findings from the TUNEL assay, caspase-3 activity was 

Figure 3  Naringenin pretreatment protects against isoniazid- and rifampicin-induced hepatocytes apoptosis. A-D: Apoptosis was detected with TUNEL 
staining of liver sections from mice treated with NSS (A), INH and RIF (B), or pretreated with NRG (50 or 100 mg/kg) before INH and RIF challenge (C and D). The 
number of TUNEL positive cells (arrow) was counted in six randomly selected areas from each tissue section at magnification × 400; E: All data are expressed as 
mean ± SEM for six samples per group. bP < 0.01 vs control group, dP < 0.01 vs INH and RIF group. NRG: Naringenin; INH: Isoniazid; RIF: Rifampicin.
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found to be markedly elevated in mice treated with INH 
and RIF. To further explore the molecular mechanisms 
of INH- and RIF-induced apoptosis of hepatocytes, 
the hepatic Bax and Bcl-2 protein expression were 
examined. Unsurprisingly, the pro-apoptotic protein Bax 
expression level was significantly increased and anti-
apoptotic protein Bcl-2 expression level was significantly 
decreased after INH and RIF challenge. These data 
imply that hepatocytes apoptosis might play a partial 
role in INH- and RIF-induced hepatic injury. 

Inhibiting the activation of apoptosis could help 
prevent liver injury. Earlier studies have suggested 
that NRG induces apoptosis of human cancer cells, 
whereas it shows no toxic effect on normal cells at a 
similar dose[23]. Moreover, recent studies showed that 
NRG protected human keratinocytes against UVB-

induced apoptosis to decrease skin aging and cancer 
through its anti-apoptotic and anti-lipid peroxidation 
effects[24]. Additionally, NRG inhibited the activation 
of the caspase-3 and -9 to prevent hepatocytes from 
undergoing CCl4-induced apoptosis[25]. 

In the present study, we found that NRG pretreat
ment dramatically suppressed INH- and RIF-induced 
hepatocyte apoptosis. Moreover, NRG pretreatment 
markedly prevented caspase-3 activity induced by INH 
and RIF. These results suggest that NRG could protect 
against INH- and RIF-induced hepatic injury and the 
mechanism could be related to the anti-apoptotic 
effect. However, the underlying mechanisms of NRG-
mediated anti-apoptotic effect are not well understood. 

A recent study has shown that NRG prevents high 
glucose-induced mitochondria-mediated apoptosis 

Figure 4  Effect of naringenin on isoniazid- and rifampicin-induced caspase-3 activation. A-D: Caspase-3 activity was measured with immunohistochemical 
staining of liver sections from mice treated with NSS (A), INH and RIF (B), or pretreated with NRG (50 or 100 mg/kg) before INH and RIF challenge (C and D). The 
number of cleaved caspase-3-positive cells (arrow) was counted in six randomly selected areas from each tissue section at magnification × 400; E: All data are 
expressed as mean ± SEM for six samples per group. bP < 0.01 vs control group, dP < 0.01 vs INH and RIF group. NRG: Naringenin; INH: Isoniazid; RIF: Rifampicin.
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involving apoptosis inducing factor, endonuclease-G and 
caspases. While preventing mitochondrial depolarization, 
NRG causes a decline in the release of apoptogenic 
factors like cytochrome c and endonuclease-G from 
mitochondria, and an increase in expression of anti-
apoptogenic factors like Bcl-2[26]. In the present study, 
we found that NRG pretreatment down-regulated 
Bax expression and up-regulated Bcl-2 expression, 
compared with levels found in the INH- and RIF-
treated mice. These results indicate that the protective 
effect of NRG against INH- and RIF-induced hepatocyte 
apoptosis involves regulation of the Bax and Bcl-2 
balance.

In conclusion, the findings of the present study 
indicate that NRG alleviates INH- and RIF-induced 
hepatic injury in mice. The protective effect of NRG 
could be related with suppression of oxidative stress. 
Moreover, the beneficial effect is associated with its 
anti-apoptotic effect. 

COMMENTS
Background
Isoniazid (INH) and rifampicin (RIF) are the two first-line anti-tuberculosis 
drugs and are known to be potentially hepatotoxic, with potential for causing 
drug-induced liver injury. INH is considered to be initiated by cytochrome 
P450-mediated metabolism of INH to acetylhydrazine and hydrazine, which 
is hepatotoxic. RIF, which is usually co-administered with INH, is toxic to 
hepatocytes. Therefore, new and safe preventive measures against INH- and 

RIF-induced liver injury are urgently needed. 

Research frontiers
Previous studies have shown that naringenin (NRG) has wide range of 
biological and pharmacological activities, such as anti-inflammatory, anti-oxidant 
and anti-cancer. Related studies have shown that NRG attenuates liver injury 
induced by lead, acetaminophen, cholesterol overdose and carbon tetrachloride 
(CCl4) intoxication. It was suggested that NRG exerts hepatoprotective effects 
and may have therapeutic value in various liver diseases. 

Innovations and breakthroughs
This study is the first to explore the effects of NRG on INH- and RIF-induced 
liver injury and the possible mechanisms in mice. The results indicate that 
NRG protects against INH- and RIF-induced oxidative stress and hepatocyte 
apoptosis.

Terminology
Caspase-3 is a member of the cysteine-aspartic acid protease family. It is 
activated in the apoptotic cell, both by extrinsic (death ligand) and intrinsic 
(mitochondrial) pathways. It plays an important role in the execution-phase of 
cell apoptosis.

Applications
NRG widely exists in grapefruit, bitter orange and other plants. It can be 
processed and purified using modern separation technology and has a broad 
application prospect.

Peer review
The data show significant protective effect of NRG against anti-tuberculosis 
drug-induced liver injury through suppression of apoptosis, which is 
demonstrated by serum transaminases, liver histology, immunohistochemistry 
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Figure 5  Effect of naringenin on Bax and Bcl-2 expression of isoniazid- and rifampicin-induced liver injury. The protein expression of Bax and Bcl-2 was 
determined by western blotting. Data are expressed as mean ± SEM for six samples per group. bP < 0.01 vs control group, dP < 0.01 vs INH and RIF group. NRG: 
Naringenin; INH: Isoniazid; RIF: Rifampicin.

 COMMENTS

Wang C et al . Naringenin and hepatocyte apoptosis



9783 November 28, 2016|Volume 22|Issue 44|WJG|www.wjgnet.com

and western blotting. Since liver injury induced by INH and RIF is a serious 
problem for the treatment of tuberculosis (TB), the data are important and may 
provide a novel clue for management of TB.
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