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ABSTRACT

Background: Rifampin (RIF), which is among the first-line medications widely used to treat tuberculosis
(TB), has been reported to be correlated with some side effects, including hepatotoxicity. The present study
aimed to assess the hepatoprotective potential of taurine (Tau) as an antioxidant against Rifampin-induced
liver damage in rats.

Methods: Six groups of six male rats each (n=36) were included in the present study. Rats were treated
with RIF (100 mg/kg/day) or co-treated with Rif + Tau (100, 500, or 1000 mg/kg/day) for 14 days. A single
Tau treatment at a dose of 1000 mg/kg/day was administered in order to examine its hepatotoxic effects.
Liver function test was used to assess Alanine transaminase (ALT), Aspartate transaminase (AST), and
Lactate dehydrogenase (LDH) in blood serum samples of the examined rats. Bilirubin was estimated along
with liver levels of glutathione (GSH), reactive oxygen species (ROS), total antioxidant capacity (TAC),
and lipid peroxidation (LPO).

Results: Treatment with RIF significantly increased ROS and LPO in the liver, as well as ALT, AST, LDH,
and bilirubin in the serum. In addition, the hepatic levels of GSH and FRAP decreased in rats treated with
RIF. Nonetheless, different doses of Tua significantly ameliorated the RIF-induced oxidative stress and
impaired liver function.

Conclusion: As evidenced by the results of this study, Tua mitigated the liver toxicity induced by RIF via
inhibiting oxidative damage to the hepatic tissue in male rats.
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Introduction
Tuberculosis (TB) is a life-threatening bacterial
disorder and a major public health problem across the

has demonstrated that RIF is significantly associated
with unfavorable treatment outcomes when it is used at

globe. According to the World Health Organization
(WHO) report in 2021, more than 4000 people lose their
lives and 29000 cases of TB are diagnosed worldwide
each day [1]. Rifampin (RIF), isoniazid (INH),
ethambutol, and pyrazinamide are the first-line
medications prescribed in TB [2]. The standard treatment
for TB consists of a combination therapy using RIF, INH,
ethambutol, and pyrazinamide for the first two months.
Subsequently, pyrazinamide and ethambutol are
discontinued, and the medication therapy is followed by a
combination of INH and RIF for the next four months [3].

RIF, a brownish-red crystalline powder, was first
introduced as an effective agent for the treatment of TB in
1968 [4]. This medication can suppress RNA synthesis in
bacteria by binding to the B-subunit of DNA-dependent
RNA polymerase. Resistance against RIF is usually
caused by a mutation in this subunit [5]. Ample evidence
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the recommended dosage based on international
guidelines [6, 7]. The most frequent adverse effects of
RIF treatment are reported to be hepatotoxicity,
immune-allergic disorders, renal failure, and skin
reaction [7, 8]. Nonetheless, the main deterrent to
extensive utilization of RIF is its potential for
hepatotoxicity, which can be severe and even fatal if
used concurrently with other anti-TB drugs [9, 10].
The liver is the most important organ that regulates
the biochemical activities of the human body, playing
a major role in the metabolism of carbohydrates,
proteins, amino acids, and lipids. Therefore, liver
damage is associated with various metabolic
dysfunctions [11]. The RIF-induced hepatotoxicity is
mainly related to the accumulation of fat, cholestasis,
and stress on the cells’ endoplasmic reticulum [12]. It
has been observed that RIF-induced hepatotoxicity
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mainly manifests as increased levels of liver
transaminases, total bilirubin, bile acid, fat accumulation,
and LP, as well as decreased levels of liver GSH [12, 13,
14]. Furthermore, oxidative stress plays a pivotal role in
the development of RIF-induced hepatic damage [15, 16].

So far, multiple studies have been carried out to assess
the beneficial effects of various compounds, such as
natural medicinal ingredients, synthetic compounds, and
food supplements, against anti-TB drugs-induced
hepatotoxicity [12, 17, 18]. Moreover, the use of
antioxidant compounds is a successful tool to mitigate
hepatotoxicity induced by anti-TB drugs [16, 19].
Antioxidant compounds donate electrons to reactive
radicals and mitigate the adverse effects in cells [16]. As
a sulfur-containing molecule, Tua is among the most
plentiful free amino acids in the human body. It has been
involved in different physiological interactions in a wide
array of cell types and organs [20]. In addition, Tua has
been demonstrated to exert a direct impact on oxidative
stress mediated by pharmaceuticals and Environmental
pollutants [21]. Recently, there has been a boost in interest
among researchers to assess the protective effect of Tau
against anti-TB drug-induced oxidative stress [21, 22].
Nonetheless, the effects of Tua against RIF-induced
hepatotoxicity have not been investigated to date. In light
of the aforementioned issues, the present study sought to
evaluate the likely protective effects of Tua against RIF-
induced liver damage. Our focus was on the assessment of
alterations in the indices related to oxidative stress and
biochemical parameters.

Materials and Methods

Rifampin (RIF) and taurine (Tua) were obtained from
Sigma-Aldrich (St. Louis, MO, USA). 2, 4, 6-tripyridyl-
s-triazine (TPTZ), Thiobarbituric acid, Tris-Acetate
EDTA, Trichloroacetic acid (TCA),
2',7'-Dichlorofluorescein diacetate (DCFH-DA),
Potassium Chloride (KCl), Dinitrophenylhydrazine
(DNPH), sodium citrate, ferric chloride, were purchased
from Merck (Darmstadt, Germany). All other reagents
and solvents were prepared from reliable local suppliers.

A total of 36 male Wistar albino rats were purchased
from the animal house of the Pharmacy Faculty of
Lorestan University of Medical Sciences. The mean
weight of the rats before the intervention was 220+30
grams. The animals were held in standard laboratory
conditions (an environmental temperature of 21+3°C and
a 12:12 h light-dark cycle, along with 40+5% of relative
humidity). Rats were allowed to eat and drink (laboratory
chow) ad libitum. All experiments were performed
following the internationally accepted principles for the
care of laboratory animals and achieved the approval of
the Ethics Committee of Lorestan University of Medical
Sciences, Khorramabad, Iran (approval code:
IR.LUMS.REC.1400.153).

After the rats became acclimated to the laboratory
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environment, they were assigned to six groups of six
rats each (n=6 x 6). Group I (controls) received only
saline solution (0.5 ml/rat). Hepatic damage was
induced by the oral administration of 100 mg/kg/day
RIF for two consecutive weeks, using saline as the
solvent (Group II). Groups III, IV, and V were treated
respectively with Tua at 100, 500, and 1000 mg/kg/day
for the next 14 days, in addition to the 100 mg/kg/day
of RIF. Tua was also dissolved in saline and injected
peritoneally into animals approximately four hours
before RIF administration. Group V continued to
receive single Tua treatment at 1000 mg/kg/day for 21
days to investigate the possible liver damage.

Biochemical Studies: Liver function enzymes (AST
and ALT) are hepatocyte products found in large
amounts in the cells. When liver cells are damaged or
destroyed, AST and ALT are released into the
bloodstream [23]. At the end of the treatment period,
the animals were anesthetized with diethyl ether, and
the whole blood from each animal was taken via the
inferior vena cava using a sterile syringe. The blood
sample tubes were placed at normal room temperature
for 30 minutes until they clotted completely, and then
centrifuged for 15 minutes (5000 rpm) to remove the
supernatants. After the serum separation, the samples
were kept at -20 degrees Celsius until further analysis.
An  auto-analyzer device (RA1000 model,
manufactured by Technicon, America) was used for the
measurement of serum ALT, LDH, and AST
Spectrophotometrically. Appropriate commercial kits
were also obtained throughout the biochemical
examinations (Pars-Azmoon®; Tehran, Iran).

Reactive Oxygen Species (ROS) Assay: The ROS
formed in the rat’s liver was assessed via the
measurement of the fluorescent probe of 2, 7-
dichlorofluorescein diacetate (DCF-DA). In brief, 5
mL of the ice-cooled buffer of Tris—HCl (250 mM, pH
= 7.4, and temperature = 4°C) was used to homogenize
the liver tissue samples. Following that, 1 mL of Tris—
HCI buffer (40 mM) and 10 uM of DCF-D were used
to dissolve 100uL of the tissue homogenates. We
incubated the obtained mixture for 15 minutes at 37°C
in the dark. The fluorescence intensity of the samples
was finally measured by a fluorimeter at excitation and
emission wavelengths of 490 nm and 590 nm,
respectively [24].

Lipid Peroxidation (LPO) Assay: The levels of
thiobarbituric acid reactive substances were measured
for the assessment of LPO in damaged liver tissue [23].
In a nutshell, a total volume of 5 mL of cold potassium
chloride (1.15% w: v) was used to homogenize 500 mg
of liver tissue samples. Thereafter, 500 puL of the
obtained homogenate was dissolved in a mixture of 1
mL thiobarbituric acid (0.6%, w: v) and 3 mL
phosphoric acid (1% w: v). The samples were kept in
water at 100°C for 45 minutes and were then cooled
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down at room temperature. Finally, we added 2 mL of n-
butanol to each sample and centrifuged the contents at
10,000g for 10 minutes. The absorbances of supernatants
were then recorded at 532 nm (BioTek®, USA, EPOCH®
plate reader) [25].

Ferric Reducing Antioxidant Power (FRAP) Assay:
The total antioxidant capacity (TAC) of each liver tissue
sample was assessed by the FRAP assay. This method is
based on the ability of serum to regenerate Fe* to Fe'? in
the presence of the substance, tripyridyltriazine (TPTZ).
The regeneration rate of each sample was measured by
increasing the concentration of Fe"2-TPTZ complex at 593
nm on a spectrophotometer. In brief, 25 mL of acetate
buffer (300 mM) was mixed with 2.5 mL of 2, 4, 6-
tripyridyl-s-triazine (TPTZ, 10 mM in hypo-chloric acid),
and ferric chloride (2.5 mL, 20 mM) to prepare the fresh
FRAP reagent. Following that, we added liver
homogenates (100 puL, 10% w:v) to the FRAP reagent
(900 pL) and incubated the mixture at 37°C in the dark for
5 minutes. On a final note, samples were centrifuged at
10,000g (4°C) for 15 minutes, and the supernatant
absorbance was read at 595 nm for each sample.

Liver Glutathione (GSH) Levels: Each liver tissue
sample (200 mg) was homogenized in EDTA buffer
(0.02M) at a ratio of 1:10 w/v. Thereafter, the homogenate
(5 mL) was mixed with deionized water (4 mL) and CA
50% (1 mL) and centrifuged at 3000 g for 15 minutes.
Finally, each supernatant (2 mL) was mixed well with
DTNB 0.01 M (0.1 mL) and Tris buffer 0.4 M (4 mL).
After agitation at 25°C for 10 minutes, the absorbance was
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read at 734 nm, and total GSH content was calculated
based on the slope of the standard curve.

Statistical Analyses: In the current study, the
findings were expressed as means+standard
deviations (SD). We also used the statistical test of
one-way analysis of variance (ANOVA) followed by
Dunnett’s t-test to normalize the derived values. All
statistical analyses were performed using GraphPad
InStat-3 software. Between-group differences with a
probability level was considered significant at
P<0.05.

Results

Effect of Tua on Biochemical Parameters: 24
hours after receiving the last drug dose, the rats were
anaesthetized with diethyl ether, and whole blood was
collected from them. Administering 100 mg/kg RIF
significantly elevated the serum levels of ALT, AST,
LDH, and bilirubin compared to those in the controls
(Figure 1). However, there were no significant
differences between the 1000 mg/kg Tua group and the
controls in terms of the mentioned serum parameters.
As displayed in Figure 1, receiving Tua at all doses
(100, 500, and 1000 mg/kg) four hours before RIF
administration could significantly suppress the
elevation of ALT, AST, and LDH levels in serum.
Nonetheless, the serum levels of bilirubin were
significantly decreased only in the rats receiving Tau at
1000 mg/kg (Figure 1D).
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Figure 1. Various effects of exposure to taurine (Tau) for two weeks on hepatotoxicity induced by rifampin (RIF) in adult male rats. Values are expressed as
mean + SD (n=6). **P < 0.01, **+P < 0.001 compared to the control group. # P<0.05; ## P<0.01, ### P<0.001 compared to the RIF group
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Effect of Tua on Oxidative Stress Markers: As
illustrated in Figure 2A, liver GSH levels in animals
exposed to RIF were significantly decreased in
comparison to the control group (P<0.001). Furthermore,
the treatment of RIF-exposed rats with Tua at 500mg/kg
or 1000 mg/kg significantly increased the GSH level
compared to those rats that received RIF alone.
Nonetheless, the GSH level in the rats that were given RIF
plus Tua (100 mg/kg) was not significantly different from
those that were treated with RIF alone. The levels of ROS
and LPO were significantly higher (P<0.001) in the rats
that were treated with RIF compared to those in the
control group (Figure 2, panels B and C). The treatment
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Figure 2. Various effects of exposure to taurine (Tau) for two weeks on hepatotoxicity induced by rifampin (RIF) in adult male rats. Values are expressed as

of RIF-exposed rats with Tua at a dose of 100, 500, or
1000 milligrams per kilogram of body weight
significantly decreased the ROS and LPO levels
compared to those that received RIF alone. However,
there were no significant between-group differences in
terms of ROS and LPO levels comparing the Tua group
(1000 mg/kg) and the normal control group. In
addition, this study pointed out that TAC significantly
decreased as a result of RIF administration. On the
contrary, significant improvements were observed in
the antioxidant capacity of the rats that were treated
with RIF after they were given Tua at 500 or 1000
mg/kg (Figure 2D).

Lipid Peroxidation
(nmol of TBARS/mg protein)

Total antioxidant capacity
(% of control)

mean+SD (n=6). ***P<0.001 compared to the control group; # P<0.05, ## P<0.01 compared to the RIF group

Discussion

Drug-induced liver injury is a general concept that
refers to all classes of medications that can cause liver
dysfunction [26]. Liver injury is considered a serious
concern in the treatment of TB with a variety of drugs.
Isoniazid, pyrazinamide, and rifampin are among the most
widely used first-line anti-TB drugs, whose hepatotoxic
effects are well documented [16, 27, 28]. Based on the
findings of this study, the administration of RIF to rats for
two consecutive weeks led to significant liver damage.
The liver damage was manifested by considerable
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elevation in blood levels of AST, ALT, LDH, bilirubin,
and oxidative stress markers. In agreement with the
current research, previous studies have reported that
RIF causes hyperbilirubinemia, increases serum
aminotransferases, and leads to pathological changes in
liver tissue, including hepatocyte necrosis and
cholestasis [12, 14, 29, 30].

In general, liver injury happens in approximately
1%-2% of patients receiving RIF as monotherapy
against TB [27]. Nevertheless, not all mechanisms
involved in RIF-induced liver injury are elucidated.
Based on previous studies, ROS production and
oxidative stress are among the important mechanisms
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in liver injury induced by RIF [14, 16]. The current study
revealed that RIF could increase the ROS generation in
the liver. In particular, ROS leads to LPO in cell
membranes, cellular antioxidant depletion, inhibition of
the antioxidant defense system, and cross-linking
reactions among cellular components [16, 18]. The
elevation of ROS production in this study was evident by
the increased level of malondialdehyde, which was an
indicator of LPO in liver tissue. It is suggested that RIF
can induce ROS production through the cytochrome P450
(CYP450) system in the liver. Furthermore, RIF has been
shown to induce numerous CYPs, including CYPIA,
CYP2A, CYP2B, CYP2C, and CYP3A [31, 32]. It has
also been found that CYPs contribute to liver oxidative
damage via ROS generation [33, 34].

Moreover, diminished liver GSH has been proposed as
another mechanism involved in hepatic injury caused by
exposure to RIF and INH [17, 35, 36]. In this study, the
RIF treatment led to a marked decrease in GSH level in
the liver tissue of the rats. GSH serves as a potent
intracellular antioxidant that protects important cellular
components from damage caused by free radicals[23, 37].
In response to ROS accumulation, a cellular defensive
mechanism begins to exhibit through enzymatic
antioxidant defense systems, such as glutathione
peroxidase (GPxs), catalase, and superoxide dismutase
[38]. The enzyme GPxs uses GSH as a source of reducing
equivalents to convert H>O, and lipid hydroperoxides to
water and their corresponding alcohols, respectively [39].
As suggested by the obtained results, the reduction of
GSH levels could diminish the activity of GPxs, and
consequently reinforce RIF to increase oxidative stress
levels in liver tissue.

In addition, it was revealed that the co-administration of
Tua and RIF led to a considerable protection against the
RIF-induced liver damage. The administration of Tua
inhibited LPO and prevented GSH depletion in RIF-exposed
rats. Consistent with the current research, previous studies
have demonstrated that Tua could decrease the levels of
ALT, AST, ROS, and LPO, and induce GSH restoration in
animals exposed to pharmaceutical and environmental
chemicals [21]. For instance, previous animal experiments
have reported a hepatoprotective effect for Tua against
hepatic damage induced by acetaminophen [40],
methimazole [41], cyclosporine A [42], and Phenytoin [43].
Furthermore, a review of earlier literature revealed that Tua
acts as a protective agent against liver injury, induced by
heavy metals [44, 45], ethanol [46], and carbon tetrachloride
[47]. Tt is demonstrated that Tua acts as an antioxidant and
inhibits LPO in many tissues via scavenging oxygen-free
radicals. Moreover, previous investigations have pinpointed
that Tua can serve as a membrane stabilizer and
subsequently prevents the aberrant membrane permeability
due to oxidative damage [48]. Finally, Tua has other
physiological functions in the body, including
osmoregulation and bile flow control in the liver tissue [49].
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Conclusions

As evidenced by the findings of this study, Tua has a
protective effect against RIF-induced hepatic damage
in rats. This protective effect is mediated by improving
antioxidant defenses against oxidative  stress.
Nonetheless, more investigations are warranted for a
comprehensive understanding of other mechanisms
through which Tua plays a role against RIF-induced
liver injury.
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