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Abstract

Background: To explore the hepatoprotective effect of Yigan mingmu oral
liquid (YGMM) on isoniazid-rifampicin induced liver injury in rats. Me-
thods: Total 38 SD rats were randomly divided into 6 groups including con-
trol group, model group, silymarin positive control group, and three YGMM
treatment groups. Model group was administered intragastrically with INH
(100 mg/kg) and RIF (100 mg/kg) for 14 days. Silymarin group and YGMM
treatment groups were administered intragastrically with silymarin (100
mg/kg) and different doses of YGMM (1, 2.5, 5 mg/kg) 2 hours before INH
and RIF administration from day 4 to day 14. Results: Rats were sacrificed 16
hours after the last day treatment to determine the activities of serum alanine
transaminase (ALT), aspartate transaminase (AST) and alkaline phosphatase
(ALP), as well as total bilirubin (TB) content. Oxidative stress was evaluated
by measuring total superoxide dismutase (T-SOD) and malondialdehyde
(MDA) levels. Histopathological changes in liver tissues were observed under
an optical microscope by using hematoxylin and eosin staining. The mice in
model groups showed significantly (p < 0.05) increased levels in AST, ALT,
ALP, TB and MDA compared to their control groups; and showed signifi-
cantly (p < 0.05) decreased level in T-SOD. These changes were significantly
(p < 0.05) reversed by the YGMM treatments in a dose-dependent manner.
Hepatic pathological changes were attenuated or even reversed by silymarin
or YGMM treatments. Conclusions: YGMM has a good hepatoprotective ac-
tivity on isoniazid-rifampicin induced liver injuries in rats.
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1. Background

Isoniazid (INH) and rifampicin (RIF) are the most common medications pre-
scribed for tuberculosis treatment, which are the first line drugs used for tuber-
culosis chemotherapy but also are the most common agents that induce liver
disease [1]. Combined medication of INH and RIF can greatly increase the inci-
dence of liver injury and disease severity; severe cases may lead to liver necrosis
and even liver failure [2] [3]. Metabolic site of INH and RIF is the liver, which
increases the possibility of liver injury. Liver damage caused by anti-tuberculosis
drugs belongs to a drug complication that commonly happened during the an-
ti-tuberculosis treatment [4], as well as an important factor affecting the efficacy
of anti-tuberculosis treatment and the prognosis of patients. So far, little is
known about the cellular and biochemical mechanisms of INH- or RIF-induced
hepatotoxicity, but oxidative stress is considered as one of the mechanisms un-
derlying INH + RIF-induced hepatic injury [5].

As the basis of the classic prescription Siwu Tang [6] and the “Gugen Tang”
created by Qing Dynasty Shiduo Chen, Yigan mingmu oral liquid (YGMM) was
extended by addition of wolfberry (Lycium barbarum or Lycium chinense) fruit
and cassia seed. The medicinal preparation contains 12 traditional Chinese me-
dicines (TCM). Rehmannia glutinosa is taken to enrich the blood, nourish Yin
and invigorate the kidney in its traditional use, and has been proved as an effec-
tive drug for treatment of diabetes [7] and benefit for cardiovascular system [8].
Angelica sinensis is mainly used for the treatment of women’s reproductive
problems, such as dysmenorrhea, amenorrhoea, menopause, among others [9].
Modern medical researches demonstrate that it has antioxidant, anti-tumor ac-
tivity, immunoregulatory activity, neuroprotective effect, etc. [10]. White peony
root, processed product from the root of Paeonia lactiflora Pall, is traditionally
used for alleviating pain, tonifying blood and regulating menstruation. An-
ti-depressant effect [11], anti-inflammatory and immunomodulatory effects [12]
of Paeonia lactiflora Pall have been reported recently. Polygonatum odoratum,
Ophiopogon japonicas, and wolfberry fruit have been used for centuries in Chi-
na as a nourish Q7and Yin, and invigorate the liver and kidney medicine. Poly-
gonatum odoratum has been proved having antioxidative effect [13]; Ophiopo-
gon japonicus has antithrombotic activities [14], anti-inflammatory activities
[15], antioxidant and immunoregulatory activity [16]. Multiple pharmacological
activities of wolfberry fruit have been reported, such as hepatotoxicity [17], hy-
poglycemic and hypolipidemic effects [18], antioxidant and anti-aging effects

[19], and so on. Chrysanthemum flower and cassia seed are traditionally used
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for clearing liver and improving eyesight. The hepatoprotective effect of Chry-
santhemum flower has been proved by Jeong et al. [20]. Chrysanthemum flower
and cassia seed are demonstrated to have antimicrobial activity respectively by
scientific research [21] [22]. All the herbs mentioned above are the main consti-
tution of the YGMM, along with Ligusticum chuanxiong, Anemone altaica, Ci-
trus reticulate, and Bupleurum spp., which are the complementary constitution
of the YGMM, respectively used for promoting blood and Qi circulation; resus-
citation with aromatics; regulating Qi flow and strengthening spleen; and pro-
moting Qi flow and soothing liver in TCM.

The herbal medicine of YGMM was registered and approved by CFDA (Ap-
proval No. B20050056) for treating soreness and weakness of waist and knees;
dizziness; memory loss; and fatigue. We speculate that YGMM may have the ef-
fects to protect liver from injuries, as well as treating liver related diseases based
on the traditional usage of prescription ingredients. However, there is a lack of
data to elaborate its hepatoprotective activity. Therefore, our objectives in the
current study are to observe the effects of YGMM on biochemical parameters
and pathological changes of liver caused by combination of INH and RIF and to
investigate the ameliorating effect of YGMM on drug-induced liver injury and

expand its clinical application.

2. Materials and Methods
2.1. Chemicals

YGMM was provided by Guangxi Hebabiz Pharmaceutical Co., Ltd. (Lot No.
130418). RIF was purchased from Fourth Pharmaceutical Co., Ltd. of the Zhong
Lian Group (Wuhan, China; Lot No. 131002). INH was purchased from Shantou
Jinshi General Pharmaceutical Factory (Shantou, China; Lot No. 130502). Sily-
marin was purchased from MADAUS Gmbh, Germany (Lot No. B1102662).
Aspartate amino transferase (AST), alanine amino transferase (ALT), alka-
line phosphatase (ALP), total bilirubin (TB), superoxide dismutase (SOD)
and malondialdehyde (MDA) assay kits were purchased from the Institute
of Biological Engineering of Nanjing Jiancheng (Nanjing, China), lot num-
ber is 20140327, 20140327, 20140402, 20140329, 20140219, 20140216, re-
spectively.

2.2. Test Animals

A total of 38 Sprague-Dawley rats (male:females = 1:1; each animal weighing 200
g = 20 g) were used for hepatic damage studies. The animals were purchased
from the Laboratory Animal Center of Wuhan University (Wuhan, China). The
rats were grouped and housed under 12 h/12 h light-dark cycle with food and
water provided ad libitum at 25°C + 2°C and 30% to 60% relative humidity. The
experimental protocol was sanctioned by the Institutional Animal Care and Use
Committee (IACUC) at Center for Animal Experiment, Wuhan University
(Wuhan, China).
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2.3.INH + RIF-Induced Liver Injury

After an acclimatization period of 3 days, 38 rats were randomly divided into 6
groups. Each group contains 6 rats except model group contains 8 rats.

We used body surface area algorithm that was proposed by Shuyun Xu in
1982 [23] to calculate the doses of YGMM. The prescribed oral dose of YGMM
is 10 ml once, 3 times a day. We consider that a 60 kg person has a clinical dose
of 30 ml/60kg per day, which is converted into a 200 g rat dose.

Rat dose = 0.5 ml/kg x 60 kg x 0.018/0.2kg = 2.7 ml/kg
(0.018 is a body surface area factor)

Therefore, we chose 2.5 ml/kg as our middle dose, then 5 ml/kg as high dose
and 1 ml/kg as low dose for rats.

The design of the animal work refers to Pal et al [24] and Dong et al. [25] and
slightly modified.

Group A (control group) received a daily dose of 0.3% CMC-Na (10 mL/kg
bodyweight, i.g.) for 14 d.

Group B (INH + RIF-induced liver injury model group) received a daily dose
of INH (100 mg/kg, i.g.) + RIF (100 mg/kg, i.g.) for 14 d.

Group C (positive control group) was treated with the standard drug silyma-
rin (100 mg/kg, i.g.) daily for 11 d. For the first 3 days, the group only received
INH (100 mg/kg, i.g.) + RIF (100 mg/kg, i.g.). From day 4 onward, the group
was intragastrically administered INH + RIF 2 h after the administration of si-
lymarin.

Groups D, E, and F (low-, medium-, and high-dose YGMM treatment groups)
were treated with three different doses of YGMM (1, 2.5, and 5 ml/kg, respec-
tively, i.g.) for 11 d. For the first 3 days, these groups only received INH (100
mg/kg, i.g.) + RIF (100 mg/kg, i.g.). From day 4 onward, these groups were
intragastrically treated with INH + RIF 2 h after the administration of different
doses of YGMM.

2.4. Liver Index and Kidney Index Determination

At the end of the experiments, the rats were starved overnight and sacrificed the
next day by cervical dislocation. The body weights of rats were recorded before
sacrificed and the weights of livers and kidneys were recorded immediately after
the rats were sacrificed. Liver index = liver weight/body weight x 100%; Kidney
index = kidney weight/body weight x 100%.

2.5. Biochemical Determinations in Serum

Blood samples were collected from the heart artery and allowed to coagulate.
The serum was isolated from blood by centrifuging at 3000 rpm for 10 min and
conserved at —20°C for subsequent analysis. The activities of AST, ALT, ALP
and the concentration of TB in the serum were determined in accordance with
the protocols provided by the manufacturers of the kits. The activities of AST,
ALT, and ALP were expressed in U per L, whereas the level of TB was expressed
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in mg per dL.

2.6. Measurement of Antioxidant Enzymes and MDA Levels
in Liver and Kidney

Liver and kidney samples were dissected and rinsed in ice-cold saline to remove
the blood. The liver and kidney homogenates (10%, w/v) were prepared in cold
50 mM potassium phosphate buffer (pH 7.4). The resulting suspension was cen-
trifuged at 5000 rpm for 10 min at 4°C. The total protein contents were deter-
mined by Bradford method. The protein concentration was calculated from the
calibration curve: C = 190.38 A — 12.40 (C: concentration of protein; A: absor-
bance at 595 nm; and R? = 0.9992). The activities of both SOD and CAT were es-
timated using commercially available kits. The results were expressed in U per
mg protein. The contents of GSH and MDA were expressed in mg per g protein
and nmol per mg protein, respectively, based on the protocol provided by the

manufacturers of the Kkits.

2.7. Histopathological Examination of Liver Tissue

A small piece of the liver tissue was cut from liver and immediately transferred
into 10% formalin to fix for 24 h and was embedded in paraffin wax. Then cut
the blocks into 5 pm-thick sections in a rotary microtome (RM2125, Leica, US).
The sections were stained with hematoxylin and eosin. Each slice was micro-
scopically (IX51, Olympus, Japan) examined to observe the distribution of his-
topathological changes.

2.8. Statistical Analysis

All data were presented as mean * S.E.M. Statistical analysis was performed us-
ing IBM SPSS 20.0 for Windows. One-way analysis of variance (ANOVA) fol-
lowed by LSD test was conducted for multiple comparisons. Statistical signific-

ance was determined at p < 0.05, p < 0.01, and p < 0.001 levels.

3. Results and Discussion

3.1. Liver Index and Kidney Index Determination

Figure 1 shows the liver index and kidney index of the rats after 14 days’ treat-
ment. From the changes in liver index (Figure 1(A)), we can see that the liver
index of rats in the INH + RIF model group decreased significantly (p < 0.05)
compared to the control group. The silymarin group and three YGMM treat-
ment groups (YGMMs) had no significant effect on increasing liver index com-
pared to the model group, but there is a trend showing that liver index can be
slightly increased by silymarin and low-dose YGMM treatment compared to the
model group. The same observation that INH + RIF co-administration induces
the decrease of relative liver weight was reported by Pal et al [24]. From the
changes in kidney index (Figure 1(B)), we can see that the kidney index of rats

in the INH + RIF model group increased significantly (p < 0.05) compared with
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A Liver Index

B Kidney Index

Control  INH+RIF Silymarin YGMM-1 YGMM-2.5 YGMM-5 Control ~ INH+RIF  Silymarin  YGMM-1 YGMM-2.5 YGMM-5

Figure 1. Effects of YGMM on the (A) liver index and (B) kidney index of INH + RIF-treated rats receiving YGMM or silymarin
supplementation. *p < 0.05 indicate significant differences between model group and control group; there are no significant dif-
ferences between silymarin or YGMMs and model group.

the control group.

The silymarin group and YGMMs had no significant effect on decreasing
kidney index compared to model group. With YGMM dose increased, the kid-
ney index gradually decreased, which can be considered that YGMM has an ef-
fect on reversing kidney index to control level in a dose-dependent manner.
There is no report on that INH and RIF co-administration can induce the in-
crease of relative kidney weight. This is the first paper to report that INH and
RIF co-administration has the effect on inducing kidney hypertrophy statistical-

ly.
3.2. Biochemical Determinations in Serum

The co-administration of INH and RIF for 14 d induced liver injury, as indicated
by a marked increase of serum ALT, AST, ALP, and TB levels (Figures 2(A)-(D)).
The corresponding indicators of the rats treated with silymarin and YGMM
were lower than that in the INH + RIF-intoxicated groups.

YGMM pretreatment at 5 ml/kg significantly (p < 0.05, p < 0.001, p < 0.05, p<
0.01, respectively) prevented the elevation of these marker enzymes, and these
effects was almost comparable with those observed for corresponding silyma-
rin-treated groups. As we know, there are many common animal model of acute
liver injury, such as modeling with carbon tetrachloride, modeling with alcohol,
and modeling with some immune agents. After the introduction of INH in 1969,
the problem of INH-induced hepatitis remained. Previous studies postulated
that the hepatotoxicity of INH was initiated by cytochrome P450-mediated me-
tabolism of INH to acetylhydrazine and hydrazine [26]. RIF is a powerful induc-
er of mixed function oxidase in man and rats and contributes to the hepatotox-
icity of INH by enhancing the production of toxic metabolites [27]. The combi-
nation of INH and RIF as antitubercular drugs has a long history stated that
INH and RIF administered in combination resulted in more severe effects than
when INH was administered alone [28]. Moreover, elevated transaminase levels

were observed in clinical cases administered with INH and RIF [29].
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A ALT B 4. - AST

Control  INH+RIF  Silymarin  YGMM-1 YGMM-2.5 YGMM-5 Control INH+RIF Silymarin  YGMM-1 YGMM-2.5 YGMM-5

C 250 ALP D 07 r #H B
Hit#H

200 |

= 150

U/L

100

50

Control ~ INHARIF Silymarin  YGMM-1 YGMM-2.5 YGMM-5 Control  INH+RIF Silymarin  YGMM-1 YGMM-2.5 YGMM-5

Figure 2. Effects of YGMM on the (A) ALT, (B) AST, (C) ALP activities, and (D) the level of TB in the serum of INH +
RIF-treated rats receiving YGMM or silymarin supplementation. *p < 0.05, #p < 0.01, and **p < 0.001 indicate significant differ-
ences between model group and control group; *p < 0.05, **p < 0.01, and ***p < 0.001 indicate significant differences between
silymarin or YGMM:s and model group.

3.3. Levels of Antioxidant Enzyme and MDA in Liver and Kidney

The INH + RIF-induced liver injury group exhibited significant (p < 0.05) re-
duction in liver SOD (Figure 3(A)) and CAT (Figure 3(B)) activities, produced
a significant consumption of liver GSH (Figure 3(C)) content, and showed a
remarkable promotion of liver MDA (Figure 3(D)) content compared with the
control group. The hepatoprotective effect of YGMM at the highest dose signifi-
cantly (p < 0.05) elevated the reduction in SOD, CAT, and GSH concentrations
and reduced the increase in MDA level compared to the model group. The
highest dose YGMM showed the competitive effect on reversing the SOD, CAT,
and GSH levels and better effect on decreasing MDA level compared to silyma-
rin’s treatment.

The INH + RIF administrated group exhibited significant (p < 0.05) reduction
in kidney SOD (Figure 4(A)) and CAT (Figure 4(B)) activities, produced a sig-
nificant consumption of kidney GSH (Figure 4(C)) content, and showed a re-
markable promotion of kidney MDA (Figure 4(D)). An unexpected protective
effect was observed in kidney tissues. The highest dose of YGMM significantly (p <
0.05) maintained the normal levels of CAT, GSH, and MDA (Figures 4(B)-(D)),
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Figure 3. The (A) T-SOD, (B) CAT, (C) GSH activities, and (D) the levels of MDA in the liver of INH + RIF-treated rats receiving
YGMM or silymarin supplementation. *p < 0.05 and **p < 0.001 indicate significant differences between model group and control
group; *p < 0.05, **p < 0.01, and ***p < 0.001 indicate significant differences between silymarin or YGMMs and model group.
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Figure 4. The (A) T-SOD, (B) CAT, (C) GSH activities, and (D) the levels of MDA in the kidney of INH + RIF-treated rats re-
ceiving YGMM or silymarin supplementation. “p < 0.05 indicate significant differences between model group and control group;
*p < 0.05 and **p < 0.01 indicate significant differences between silymarin or YGMM:s and model group.
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whereas SOD activity was maintained at near normalcy when the animals were
treated with 2.5 ml/kg YGMM (Figure 4(A)). Overall, YGMM exhibited a strong
effect on restoring antioxidant capacity of kidney against the detrimental effect
caused by INH + RIF combination in a dose-dependent manner.

To prevent the damage caused by oxygen-free radicals, tissues develop an an-
tioxidant defense system, which includes non-enzymatic antioxidants (e.g., glu-
tathione, uric acid, bilirubin, and vitamins C and E) and enzymatic antioxidants,
such as SOD, CAT, and glutathione peroxidase. SOD, CAT, and glutathione pe-
roxidase have important physiological functions. The activities of these com-
pounds are easily reduced by lipid peroxide or ROS [30]. SOD converts O, into
H,0,, and CAT metabolizes H,0, to H,Oand O,. GSH acts as an antioxidant in
conjunction with various enzymatic processes that reduce hydrogen peroxide
and hydroperoxide by oxidizing GSH to glutathione disulfide and other mixed
disulfides [31]. The non-enzymatic lipid peroxidation of living organisms is a
natural, continually occurring process. However, the levels of non-enzymatic li-
pid peroxidation can dramatically increase under oxidative stress conditions
when ROS and radical production increase [32]. Previous studies focused on the
toxic effects of lipid-derived carbonyl compounds. For example, compounds
such as 4-hydroxy-2(E)-nonenal and MDA have been found to trigger apoptosis,
cause mutations, and act as respiratory toxins when exogenously administered to
animal cells [33].

The mechanism of INH + RIF-induced hepatotoxicity remains unknown. Sa-
rich et al [34] have reported that both acetylhydrazine and hydrazine exist dur-
ing active INH-induced hepatotoxicity in rabbits, thereby indicating that hydra-
zine is most likely involved in the mechanism of hepatic necrosis. Shih et al [35]
observed that RIF increases INH toxicity, which was consistent with the results
obtained from human studies. Oxidative stress may be one of the mechanisms
by which INH + RIF causes liver damage. Chowdhury et al [36] detected pro-
nounced oxidative stress in the mitochondria of INH + RIF-treated mice liver
cells. Such oxidative stress induced the increase in non-protein and protein thiol
oxidation. Santhosh et al [37] proved that INH + RIF-induced alterations in
protein metabolism and hepatic antioxidant defense system were normalized by
chitosan co-administration, thereby indicating the possible cytoprotective role of
chitosan. N-acetylcysteine was confirmed to resist oxidative hepatic injury caused
by INH + RIF [38]. If oxidative stress was the main mechanism underlying INH
+ RIF toxicity, we are for the first time to confirm that YGMM can reduce oxid-
ative stress caused by INH + RIF. These protection effects of YGMM for liver
and kidney we observed may be attributed, at least partly, to the strong antioxi-
dant activity of YGMM.

3.4. Histopathological Examination of Liver Tissue

For the histopathological observations of the liver sections of INH + RIF-induced

liver injury rats, Group A (Figure 5(A)) showed normal lobular architecture and
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Figure 5. Effects of YGMM on the liver histological structure of rats with INH + RIF-induced liver injury (hematoxylin-eosin
staining, 200x). The treatments were as follows: (A) Control; (B) INH (100 mg/kg) + RIF (100 mg/kg); (C) INH + RIF + silymarin
(100 mg/kg); (D) INH + RIF + YGMM (1 ml/kg); (E) INH + RIF + YGMM (2.5 ml/kg); and (F) INH + RIF + YGMM (5 ml/kg).
The yellow arrow indicates the disordered lobular structure, the green arrow indicates patchy sinusoidal congestion, and the black

arrow indicates mononuclear inflammatory cells infiltration, scale bar: 50 pum.

liver plates. No significant sinusoidal dilation was observed. Expansion and fibrosis
of periportal and interface inflammation were not observed. Liver cells showed no
significant necrosis, regeneration, and degeneration. Dense and compactness
nuclear was observed. In group B (model group; Figure 5(B)), lobular structure
was observed as slightly disordered (yellow arrow). Patchy sinusoidal congestion
(green arrow) and mononuclear inflammatory cell infiltration (black arrow) were
observed in the portal area. Liver cells of groups C, D, E, and F showed the above-
mentioned characteristics, but some improvements were evident compared with
the model group. Among the groups, groups C and F showed the best treatment
effects. From Figures 5(D)-(F), we can see that nuclear restore dense and com-
pactness gradually, which can be considered that the effects of YGMM on re-
versing INH+RIF inducing liver injury were demonstrated in a dose-dependent

manner.

4. Conclusion

In this paper, YGMM was evaluated for hepatoprotective activity against
INH/RIF-induced liver injuries in rats. YGMM exhibited strong hepatoprotec-
tive activity, thereby confirming the traditional use of YGMM as an herbal pre-
scription. The maximum protection against hepatic damage was achieved with
the highest tested dose of YGMM (5 ml/kg). The possible YGMM mechanisms
of action could include its ability to protect the liver against cellular oxidative

damage and to maintain the intracellular level of antioxidant enzymes. Thus,
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YGMM can be used as a potential hepatoprotective agent or health care product
for those people who are under risk of liver injuries while accepting INH and

RIF treatment against tuberculosis.
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