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Abstract Tuberculosis (TB) is a challenging public
health issue, particularly in poor and developing coun-
tries. Rifampicin (RIF) is one of the most common first-
line anti-TB drugs but it is known for its adverse effects
on the hepato-renal system. The present study investigated
the efficacy of morin hydrate (MH) in protecting hepato-
renal damage inflicted by RIF in rats. RIF (50 mg/kg), and
a combination of RIF (50 mg/kg) and MH (50 mg/kg) were
administered orally for 4 weeks in rats. Silymarin (50 mg/
kg) was used as a positive control. Increased levels of sero-
logical parameters such as AST, ALT, ALP, LDH, GGT,
bilirubin, triglyceride, total cholesterol, urea, uric acid, cre-
atinine, TNF-a, IFN-y, IL-6 along with the decreased level
of IL-10, total protein and albumin were used as markers of
hepatic and renal injury. Oxidative damage in the tissues was
measured by the increase in lipid peroxidation and decline in
GSH, SOD and catalase activities. Histopathology of liver
slices was used to study hepatic architecture. Four-week RIF
treatment produced altered serological parameters with an
increase in pro-inflammatory cytokines in serum suggest-
ing hepatotoxicity and nephrotoxicity. The antioxidant status
of the liver and kidney (increased lipid peroxidation and
decline in GSH, SOD and catalase) was compromised. Cel-
lular damage and necrosis were observed in liver slices. MH
supplementation with RIF improved hepato-renal functions
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by restoring the serum and tissue markers towards normal
values. Histological observations authenticated the results.
MH supplementation also reduced the production of pro-
inflammatory cytokines. Thus, the results revealed that MH
provides protection against RIF-induced hepato-renal injury.
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Introduction

Tuberculosis (TB) is categorized as a pandemic by WHO,
infecting one-fourth of the world’s population [1]. Globally
it is the ninth leading cause of death from a single infec-
tious pathogen, surpassing HIV infection. It is a challenging
public health issue, particularly in poor and underdeveloped
nations. In the year 2020, WHO reported about 10 million
cases of TB infection and 1.5 million TB-related deaths
(including 214,000 HIV-positive). Global TB trends indi-
cate a reduction of ~2% cases per year, with a 9% decline in
cases between the years 2015-2019 [2].

The drugs isoniazid (INH), rifampicin (RIF), pyrazi-
namide (PYZ), and ethambutol (ETB) are the four pri-
mary anti-TB drugs. A standard treatment plan for adult
pulmonary TB infection involves two months of intake
of INH, RIF, ETB and PYZ, followed by four months of
INH and RIF [2]. RIF is now the first-line medicine for the
cure of TB, which is still a worldwide severe health issue.
The WHO recommends RIF for at least 6 months of TB
therapy. RIF binds the B-subunit of DNA-dependent RNA
polymerase (RNAP) nearby the RNA-DNA hybrid and
inhibits the bacterial RNAP f-subunit, therefore physically
inhibiting the elongation of the expanding RNA chain after
the addition of 2-3 nucleotides [3]. However, the exact
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mechanism of transcriptional interference mediated by RIF
that eventually results in cell death is unknown.

The liver plays a vital role in drug metabolism and
detoxification and hence it is prone to injury because
of xenobiotic load. Drug-induced liver injury (DILI) is
a severe clinical concern [4]. Similarly, the kidneys are
also notable targets of xenobiotics’ toxicity. The drug-
triggered renotoxicity is expressed by a diminishing urine
concentration, tubular proteinuria, mild glycosuria, slow
ammonium elimination, and a waning glomerular filtra-
tion rate [5]. Long-term usage of RIF may cause serious
side effects, including liver damage, yellow gangrene,
hepatomegaly, nephrotoxicity and cholestasis. RIF causes
hepatic impairment during the early administration phase,
but this symptom vanishes when its intake is discontinued.
Furthermore, RIF disturbs bilirubin excretion by produc-
ing transient hyperbilirubinemia. Since it causes hepatic
damage by cholestasis, it is also associated with typical
hepatic lesions arising from hepatocellular alterations
together with centrilobular necrosis [6].

Morin hydrate (MH; 2, 3, 4', 5, 7-pentahydroxyflavone),
a flavonoid, is a yellow-coloured compound found in many
herbs, red wine, and fruits [7, 8]. MH possesses antioxidant,
neuroprotective, anti-inflammatory, antihypertensive, and
anticancer activities [9]. It has been demonstrated to prevent
liver damage, renal toxicity, inflammation, and fibrosis in
various animal studies [10]. In this study, sub-acute toxicity
of RIF in rat liver and kidney was investigated biochemically
and histopathologically. Further, the effect of MH supple-
mentation on toxicity alleviation was also studied.

Materials and Methods
Experimental Animals

Healthy albino Wistar rats were maintained in the animal
house under standard conditions and fed with a standard diet,
and water was given ad libitum.

Experimental Design and Treatment Schedule

After one week of acclimatization, the rats were distributed
into six groups (n=>35). All the drugs/compounds (50 mg/kg)
were given orally every day for 28 days as follows:

Group-I: Normal control

Group-II: RIF

Group-III: RIF + Silymarin (SLM)

Group-1V: RIF+ MH

Group-V: SLM

Group-VI: MH
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Measurement of Body Weight and Relative Organ
Weight

Rat weight was monitored every day. The relative organ
mass was measured as given below:

Relative organ weight (%) =[Organ weight/body
weight] x 100.

Blood Sampling

Blood was drawn by heart puncture and serum was sepa-
rated, and stored at -80 °C for further analysis.

Biochemical Analysis

Assessment of Liver and Kidney Function Markers
in Serum

Alanine transaminase (ALT), aspartate transaminase
(AST), lactate dehydrogenase (LDH), alkaline phos-
phatase (ALP), gamma-glutamyl transferase (GGT), bili-
rubin, triglycerides, total cholesterol, total protein, albu-
min, urea, uric acid, and creatinine were assayed in serum
using Erba Diagnostics Kits. Absorbance was measured
with the help of UV-Visible spectrophotometer (Evolu-
tion-201, Thermo scientific).

Determination of Serum Inflammatory Marker

Serum levels of IFN-y, TNF-a, IL-6 and IL-10 were
determined by specific ELISA kits (Krishgen Biosystems,
India).

Preparation of Tissue Homogenate

Liver and kidney tissue homogenates (10%) were prepared.

The supernatant was used for the assessment of antioxi-
dant enzymes and other analytes [11].

Assessment of Enzymatic and Non-enzymatic
Parameters in Tissue Homogenate

Determination of Total Protein

The protein was measured by the method of Lowry et al.
[12].
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Table 2 Effect of morin hydrate treatment on serum hepatic function markers in RIF-treated rats

Groups AST (IU/L) ALT ALP LDH GGT (IU/L) Bilirubin (mg/dl)
(IU/L) (IU/L) (IU/L)

Group-I 53.52+7.98 51.13+£9.12 114.1+16.24 312.3+£32.19 4.54+0.37 0.79+0.13

(Control)

Group-II 161.3+7.75% 147.1+12.11%* 296.4+25.61* 718.7+43.56* 8.83+0.39* 2.44+0.19*

(RIF)

Group-III 67.40+9.52# 89.13+1031#  149.2+17.31# 417.7+38.55# 5.85+0.35# 1.40+0.144#

(SLM +RIF)

Group-1V (MH +RIF) 106.6+9.53# 92.74 +8.80# 172.7+£22.23# 470.0 +26.46# 6.38 +0.46# 1.57+0.13#

Group-V 60.23+£9.12 50.10+10.81 116.7+17.15 313.7+£34.65 4.69+0.55 0.94+0.20

(SLM)

Group-VI 55.99+9.01 44.80+9.03 144.9+19.82 337.3+36.46 4.63+0.39 0.88+0.10

(MH)

Each value is expressed in mean+SD (n=35). (*) represents a significant difference from the control (p <0.05). (#) represents a significant dif-
ference from group II (p <0.05). Silymarin (SLM) treated rats were considered as a positive control. Abbreviations: MH-morin hydrate; RIF-
rifampicin; AST-aspartate transaminase; ALT-alanine transaminase; ALP-alkaline phosphatase; GGT-gamma-glutamyltransferase; LDH-lactate

dehydrogenase

Estimation of Malondialdehyde (MDA)

Lipid peroxidation was measured by the method of Nie-
haus and Samuelsson [13].

Estimation of the Activities of Antioxidant Enzymes
Superoxide dismutase (SOD) was measured by the method
of

Marklund and Marklund [14]. The catalase (CAT) was
measured by the method of Beers and Sizer [15].

Estimation of Reduced Glutathione (GSH)

GSH was determined by the method of Ellman et al. [16].

Histological Analysis of Liver and Kidney

The liver and kidney sections of rats were prepared and
stained with hematoxylin and eosin [17]. Tissue slices were
observed under a light microscope (40x).

Statistical Analysis

Experiments were done in triplicate. Results were expressed
as mean + SD. Graphs were plotted using GraphPad Prism
software version 5.01. P values (< 0.05) were considered
significant.

Results

Alteration in Body Weight and Relative Organ Weight

RIF-treated rats (Group II) lost 22.33% of their body weight
over the course of four weeks (Table 1). However, control

Table 1 Effect of administration of morin hydrate on the body weight and relative organ weight in rifampicin-treated rats for 28 days

Groups Bodyweight Change (%) Absolute liver Relative liver Absolute Kidney Relative
Weight (gm) Weight (%) Weight (gm) Kidney Weight
(%)

Group-I (Control) 20.00 +2.64 5.02+0.51 2.79+0.20 0.55+0.03 0.30+0.011
Group-II (RIF) —22.33+2.08* 7.69 +0.39% 4.82+0.36% 0.87 +0.036* 0.54 +0.036*
Group-III (SLM + RIF) —11.00+2.00* 5.54+0.57" 3.69+0.51% 0.59+0.06* 0.39+0.055"
Group-IV (MH +RIF) —12.00+2.00* 4.62+0.30" 2.99+0.21% 0.64+0.10* 0.40 +0.056"
Group-V (SLM) 19.00+5.29 5.56+0.22 2.49+0.049 0.68+0.15 0.36:+0.052
Group-VI (MH) 18.67+2.30 4.87+0.76 2.65+0.39 0.62+0.09 0.33+0.049

Each value is expressed in mean+SD (n=35). (*) represents a significant difference from the control (p <0.05). (#) represents a significant differ-
ence from group II (p <0.05). Silymarin (SLM) treated rats were considered as a positive control. MH morin hydrate; RIF rifampicin
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rats gained approximately 20% of their body weight. There
was significantly lesser weight loss in Group IV rats than in
Group II rats. The MH and RIF combination had a restora-
tive impact on body weight (10.33% recovery). Similar
results were obtained with RIF+ SLM treatment (11.33%).
Body weight and relative liver and kidney weight were
shown to have an inverse relationship. As compared to con-
trol rats, RIF treatment caused an increment in relative liver
weight (from 2.79% to 4.82%) and relative kidney weight
(from 0.30% to 0.54%) whereas MH/SLM treatment had a
recuperative effect on relative liver and kidney weight. Thus
MH/SLM co-treatment (Group III and IV) resulted in signif-
icant recovery (p <0.05) as compared to Group II rats. The
results of Group V and VI were comparable to Group I rats.

Serum Biochemical Analysis

The liver and kidney function indicators are employed to
diagnose and treat a wide range of illnesses. After 28 days
of RIF treatment, serum levels of ALT, AST, ALP, LDH,
GGT, and bilirubin, total cholesterol, triglyceride, creatinine,
urea, and uric acid rose significantly, whereas albumin and
total protein levels decreased (Table 2; Figs. 1, 2). How-
ever, on MH and SLM supplementation the levels of ALT,
AST, ALP, LDH, GGT, bilirubin, creatinine, urea, uric acid,
total cholesterol, and triglycerides significantly declined
with enhancement in total protein and albumin than in RIF-
treated rats (p <0.05). The rats treated with the SLM showed
significantly improved serum liver and kidney function

Fig. 1 Effect of morin hydrate
on serum total protein (A),
albumin (B), total cholesterol
(C), and triglycerides (D) in
rifampicin-induced toxicity in
albino Wistar rats. Each value is
expressed in mean+SD (n=35).
(*) represents a significant
difference from the control
(p<0.05). (#) represents a sig-
nificant difference from group

Total Protein (g/dl)

parameters (p <0.05). Thus, the effects of MH therapy were
equivalent to that of SLM treatment (Fig. 1).

Assessment of Antioxidant Enzyme in Tissue
Homogenate

The activities of both antioxidant enzymes SOD and CAT
in tissue homogenates of Group II rats decreased signifi-
cantly after four weeks of RIF administration, suggesting
toxicity (Table 3). As compared to control rats, activities
of SOD (32.37U/mg) and CAT (8.12U/mg) in RIF-treated
rat liver declined to 12.16U/mg and 4.22U/mg, respectively.
Similarly, in kidney tissue, activities of SOD and CAT also
declined from 27.23U/mg to 9.72U/mg and 6.79U/mg to
3.27U/mg, respectively. However, MH supplementation
with RIF showed significant restoration of the liver (SOD
23.59U/mg; CAT 6.07U/mg) and kidney enzymes (SOD
22.07U/mg; CAT 4.72U/mg) in tissue homogenate. SLM
supplementation also exhibited similar effect on enzyme
activities (Table 3).

Assessment of MDA and GSH in Tissue Homogenate

In comparison to the MDA levels in control rats (liver-
1.28 nM/mg, and kidney-1.31 nM/mg protein), RIF
treatment for four weeks impelled an approximate
upsurge in MDA in the liver and kidney tissues with
values of 7.03 nM/mg and 7.30 nM/mg protein, respec-
tively (Table 3). MH treatment promoted reduction in

57 B
4

Albumin (g/dl)

II (»p <0.05). Silymarin (SLM)
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positive control. Abbreviations:
MH-morin hydrate; RIF-
rifampicin
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Fig. 2 Effect of morin hydrate on serum creatinine (A), urea (B)
and uric acid (C) in rifampicin-induced toxicity in albino Wistar
rats. Each value is expressed in mean+SD (n=5). (*) represents a
significant difference from the control (p <0.05). (#) represents a sig-

MDA levels in liver and kidney tissues (4.80 nM/mg
and 5.18 nM/mg protein). However, a greater reduc-
tion in MDA was observed with SLM therapy in liver
and kidney tissues (3.76 nM/mg and 4.05 nM/mg pro-
tein, respectively). However, as compared to the amount
of GSH content in control rats (liver-71.60 nM/mg and
kidney-71.20 nM/mg protein), the GSH level in group II
was considerably lower (37.73 nM/mg and 37.02 nM/mg
protein). Furthermore, MH treatment led to an increase
in GSH in liver and kidney tissues (55.33 nM/mg and
54.88 nM/mg protein, respectively). Similarly, SLM
treatment also enhanced the GSH content in the liver
and kidney (63.68 nM/mg and 63.52 nM/mg protein,
respectively).

nificant difference from group II (p <0.05). Silymarin (SLM) treated
rats were considered as a positive control. Abbreviations: MH-morin
hydrate; RIF-rifampicin

Histopathological Changes in Liver

The control rat liver’s histo-pathological profile exhibited
a standard lobular architecture with a central vein, intact
hepatocytes with sinusoidal gaps and uniformly dispersed
cytoplasm (Fig. 3A). The RIF-treated group (Fig. 3B)
showed morphological changes and fibrosis, as shown by
tissue disruption, extensive fibrous septa development,
and fibre accumulation coupled with massive hepatocel-
lular degeneration, necrosis, inflammatory cell infiltration,
and cytoplasmic vacuolation [18]. Concurrent adminis-
tration of MH/SLM and RIF accounted for the reason-
able improvement (Fig. 3C, D) in hepatic architecture as
evidenced by a reduction in liver damage and associated
hepatic injuries by suppressing hepatocellular degenera-
tion and necrosis and thus significantly improving liver
structure and function. The histological improvement

Table 3 Effect of morin hydrate treatment on antioxidant markers in liver and kidney tissue homogenate of rifampicin-treated rats

Groups SOD (U/mg) Catalase (U/mg) MDA (nM/mg protein) GSH (nM/mg protein)

Liver Kidney Liver Kidney Liver Kidney Liver Kidney
Group-I 3237+155 2723+1.71 8.12+046 6.79+035 1.28+0.09 1.31+023 71.60+3.14 71.20+1.71
(Control)
Group-II 1216 £1.32*  9.72+0.76% 4.22+0.22*% 327+0.31* 7.03+£0.19* 7.30+£0.43* 37.73+1.38* 37.02+1.23*
(RIF)
Group-III 28.01+1.33% 25.09+0.45% 6.69+0.37% 585+0.37" 3.76+0.16* 4.05+036" 63.68+1.95 63.52+1.26%
(SLM +RIF)
Group-IV (MH+RIF) 23.59+2.09% 22.07+0.71* 6.07+0.42% 472+032% 480+0.32" 5.18+025" 5533+156" 54.88+1.16"
Group-V 32724152 29.77+145 8.06+047 6.75+£024 1.68+0.14 1.53+021 6827+245 67.29+1.39
(SLM)
Group-VI 30.65+£1.74 2586+1.02 7.40+038 5.84+0.27 1.68+0.11 1.38+0.18 64.58+3.07 63.35+1.61
(MH)

Each value is expressed in mean+SD (n=35). (*) represents a significant difference from the control (p <0.05). (#) represents a significant dif-
ference from group II (p <0.05). Silymarin (SLM) treated rats were considered as a positive control. Abbreviations: MH-Morin hydrate; RIF-
rifampicin; SOD-superoxide dismutase; MDA-malondialdehyde; GSH-reduced glutathione
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H&E staining of liver sections CV = Central vein, Arrow = Sinusoidal tube and * - Hexagonal

lobule.

Fig. 3 Histological changes in liver sections after oral adminis-
tration of MH in RIF-treated rats. A Control; B RIF-treated rats; C

RIF+SLM treated rats; D RIF+MH treated rats; E SLM treated

Fig. 4 Effect of morin hydrate
on serum inflammatory mark-
ers IFN-y (A), TNF-a (B),

IL-6 (C), and IL-10 (D) in
RIF-induced toxicity in albino
Wistar rats. Each value is
expressed in mean+SD (n=35).
(*) represents a significant
difference from the control
(p<0.05). (#) represents a sig-
nificant difference from group
II (p <0.05). Silymarin (SLM)
treated rats were considered as a
positive control. Abbreviations:
MH-morin hydrate; RIF-
rifampicin; IFN-y-interferon
gamma; TNF-a-tumor necrosis
factor-a; IL-interleukin
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observed in the liver tissue on the combined treatment of
RIF and MH corroborates with the biochemical findings.

Serum Inflammatory Marker

Serum levels of TNF-a, IFN-y and IL-6 increased signifi-
cantly with a reduction in IL-10 in rats treated with RIF
(Fig. 4). MH treatment with RIF reversed the alterations
observed in group II rats. The effect of MH on the restora-
tion of inflammatory markers was comparable to that of
the standard hepato- renal protective drug SLM which was
used as a positive control.

Discussion

Hepatic and renal damage is a major concern during TB
therapy. Anti-tuberculosis drugs (ATDs) undergo bio-trans-
formation in the liver and kidney producing more harmful
products such as free radicals. These free radicals cause oxi-
dative stress which in turn inflicts cell damage and finally
culminates in necrosis, or cell death. Oxidative damage has
been implicated to be a major mechanism of hepatotoxicity
triggered by ATDs [19].

RIF and INH are two of the most important first-line
drugs used to treat TB. However, both drugs can cause
DILI [20]. RIF inhibits RNAP, a potent inducer of numer-
ous metabolizing enzymes. When RIF is used along with
INH, it can increase the metabolism of INH, leading to an
augmented buildup of byproducts that can cause liver injury
and/or immune reactions [21]. Moreover, RIF can activate
the pregnane X receptor (PXR) that regulates the expres-
sion of genes involved in drug metabolism. PXR activa-
tion can lead to increased production of toxic metabolites,
which can further damage the liver [22]. The liver damage
caused by existing ATDs is a serious problem that requires
urgent attention. New and effective medications are needed
to reverse this damage and improve the lives of people with
TB [23].

Plant-derived herbal medications are increasingly being
used to treat a diversity of clinical ailments including oxi-
dative stress [24, 25]. MH, a plant flavonol, possesses anti-
hyperglycemic, anti-inflammatory, anti-diabetic, and hepato-
protective activities [26, 27]. Its antioxidant activity plays
a vital role in avoiding organ injury caused by free radi-
cals and thus plays a critical role in cytoprotection against
harmful effects of several toxicants [28]. The current work
endorses that MH provides protection against RIF-induced
hepato- and renotoxicity in rats.

This study found that rats who regularly ingested RIF
alone (group II) experienced a significant decrease in body
weight with an increase in relative liver weight suggesting its

toxic effect (Table 1). RIF intoxication caused an imbalance
in hepatic function, as evidenced by significant elevations
in serum enzymes. Several reports corroborated these find-
ings [1, 19]. The observed effects are likely due to hepatic
injury, as these enzymes are released after cellular damage
[1]. Liver histology further substantiated hepatic damage by
portraying RBC degeneration in the portal triad and cyto-
plasmic clearance in disease-control group II rats (Fig. 3).
However, rats co-treated with MH showed restorative effects
on biochemical and morphological features suggesting the
hepatoprotective action of MH (Table 2).

An abnormal increase in bilirubin levels can indicate
liver disease or dysfunction. Prolonged RIF intake in rats
resulted in significant elevation in serum bilirubin level
which may be a consequence of liver damage/obstruc-
tion of the bile salt exporter pump by RIF. Suppression
of protein synthesis has been linked to the dissociation of
ribosomal subunits, an important component in fatty liver
disease that can contribute to liver injury [18, 25]. In RIF-
intoxicated rats, altered liver function was also signified by
a notable diminution in total protein and albumin. Further-
more, supplementation of MH/SLM with RIF resulted in
decreased serum bilirubin levels and increased total pro-
tein and albumin levels. During the experimental period,
regular intake of MH or SLM alone (Group III/IV) did
not produce toxicity. These biochemical findings further
suggested that MH offers protection against hepatocellular
injury caused by RIF. The histopathological analysis vali-
dates the biochemical outcomes, as MH and SLM at the
studied doses diminished RIF-induced hepatotoxicity. MH
had healing effects on cells with a reduction in inflamma-
tory cells, diminished necrosis, and improved hepatocyte
regeneration (Fig. 3).

Higher levels of serum kidney function markers viz.,
creatinine, BUN, and uric acid along with relative kidney
weight in RIF-treated rats indicated kidney dysfunction with
reduced clearance of these substances. It may be because
of acute kidney injury caused by the generation of immune
aggregates by anti-RIF antibodies [29]. Reactive oxygen
species (ROS) and oxidative stress have also been linked
to drug-induced kidney damage [30, 31]. The study showed
that MH supplementation significantly lowered serum cre-
atinine, urea, and uric acid levels and was thus effective in
preventing renotoxicity by RIF (Fig. 2; Table 1). The restora-
tive effect of MH on kidney function might be attributed
to increased glomerular filtration and appropriate tubular
reabsorption, thereby reducing metabolite load in blood.

A minor surge in serum levels of total cholesterol and
triglycerides was observed in RIF-treated rats, which is sug-
gestive of an altered lipid profile and disturbances in lipid
metabolism [32, 33]. Previous studies have shown that treat-
ment with RIF induces the buildup of total cholesterol and
triglycerides in the liver due to the inhibition of bile acid
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secretion [34]. MH treatment for a period of four weeks
significantly improved the lipid profile. The exact mecha-
nism by which MH reduces total cholesterol and triglyc-
eride levels is unclear, but it is likely due to the alteration
of cholesterol metabolism by the liver or lipoprotein lipase
activity [35].

The use of RIF can cause hepato-renal injury, as evi-
denced by modifications in the cellular antioxidant defence
system. RIF is known to induce the CYP450 system, leading
to increased RIF metabolism and the production of more
toxic metabolites [19]. These toxic metabolites produced
by RIF can induce oxidative stress in hepatocytes, leading
to hepatocellular injury. This can lead to an accumulation
of ROS, depletion of glutathione stores, and hepatocel-
lular injury [36]. MH has been proven to defend against
CCl,-induced chemical liver damage by decreasing the oxi-
dative stress response in previous investigations [10, 37].

Augmented lipid peroxidation in RIF-treated rats is
shown by elevated MDA in liver and kidney tissues, sug-
gestive of the abundance of ROS [38]. In addition, dimin-
ished activity/level of SOD, CAT, and GSH in liver and
kidney tissues substantiates augmented oxidative stress in
RIF-treated rats signifying compromised redox homeostasis.
SOD and CAT are two enzymes that work together to guard
cells against damage caused by ROS by converting them
into less harmful molecules. The unregulated generation of
superoxide anion has the ability to inactivate SOD, which
then inactivates CAT [39, 40]. GSH protects liver and kidney
tissues from oxidative insult. The supplementation of MH
with RIF improved the tissues’ antioxidant status by restor-
ing the levels of antioxidant markers (Table 3). SLM also
produced similar results. MH is thought to have inhibited the
generation of free radicals, which led to the observed effect
in hepato-renal tissue. In the present study, MH administra-
tion with RIF was found to somewhat decrease the genera-
tion of superoxide anion, as evidenced by the observed ele-
vation in the SOD and CAT activity in the liver and kidney
tissues of rats. This suggests that MH can protect the injury
to hepatic and renal tissue from oxidative stress by prevent-
ing the inactivation of these important antioxidant enzymes
and sustaining GSH levels.

Several inflammatory cytokines have been shown to
enhance the degree of liver tissue damage in DILI [41].
In the current study, pro-inflammatory cytokines (TNF-a,
INF-y and, IL-6) were found to be higher in RIF-treated
rats with lower levels of anti-inflammatory cytokine IL-10,
indicating that inflammatory liver damage is involved in
ATD-induced hepatotoxicity. In humans, a transitory rise in
pro-inflammatory cytokines and a drop in IL-10 have been
found to generate an inflammatory milieu (Fig. 4) [42]. Fur-
ther, pro-inflammatory cytokines are well-known mediators
of the acute phase response, activating signalling pathways
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viz., JAK/STAT, Ras/MAPK, and PI3K and triggering tran-
scriptional activation of acute-phase plasma proteins [43,
44]. MH supplementation in rats decreased the production of
inflammatory cytokines and chemokines suggesting an anti-
inflammatory action with a return to normalcy. Thus, MH
supplementation with RIF is thought to be advantageous for
protecting the liver and kidney functions against oxidative
damage and inflammation.

Conclusion

RIF is a commonly used anti-tubercular drug (ATD) and its
combination with other ATDs is prescribed for long-term
treatment of TB. Prolonged intake of RIF evokes harmful
effects on the liver and kidney, leading to hepatotoxicity and
nephrotoxicity. RIF-induced hepatotoxicity is associated
with the induction of metabolizing enzymes, affecting drug
metabolism and generating toxic metabolites. The current
study emphasized the positive outcome of MH supplementa-
tion on the hepato-renal system during RIF-induced toxicity
in rats. RIF treatment adversely affected the liver and kidney
function markers with increased pro-inflammatory cytokines
in serum. The antioxidant status of organs was compromised
and aberrations in hepatic sections were visible. The results
inferred that oxidative stress resulting from ROS production
during RIF metabolism was responsible for cellular damage
and necrosis of liver and kidney tissues. MH supplementa-
tion improved the liver and kidney functions as evidenced by
the restoration of serum biochemical markers towards nor-
mal values along with the reduction in organ tissue damage
consistent with histological improvements. MH also restored
the antioxidant status of the liver and kidney as revealed by
the reduction in lipid peroxidation and increment in SOD,
CAT and GSH activities in tissue homogenate. Further, MH
supplementation also reduced the production of pro-inflam-
matory cytokines indicating an anti-inflammatory effect.
Overall, MH supplementation showed promise in protect-
ing against RIF-induced hepato-renal toxicity by mitigating
oxidative stress and reducing inflammation. Further research
is needed to understand the underlying mechanisms of MH’s
protective effects and to explore its possible application in
clinical settings.
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