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ABSTRACT

Tuberculosis is one of the deadly diseases, which can be well treated by antituberculosis drugs (ATDs) i.e.
isoniazid, rifampicin, pyrazinamide and ethambutol. These drugs also lead to severe hepatic and renal
injury. The present study was designed to investigate efficacy of naringenin against ATDs induced
hepato-renal injury. Rats were administered with ATDs for 8 weeks (3 day/week) followed by naringenin
at three different doses (10, 20 and 40 mg/kg) conjointly for 8 weeks (3 days/week) orally. Silymarin
(50 mg/kg) was used as positive control in the study. Hepatic and renal injury was measured by increased
level of serological parameters such as aspartate aminotransferase, alanine aminotransferase, alkaline
phosphatase, bilirubin, urea, uric acid and creatinine. The toxic effect of ATDs was also indicated by
significant increase in lipid peroxidation along with decline in GSH, catalase and superoxide dismutase
activity in liver and kidney tissues. Treatment with naringenin encountered ATDs induced injury as
evident by significant reversal of biochemical indices towards their respective control in a dose
dependent manner. Histopathological observations also supported biochemical findings. Assessment of
TNF-o. indicated therapeutic efficacy of naringenin at molecular level. Thus, results of this study clearly
showed that naringenin possess protective role against ATDs induced hepato-renal injury and to take
naringenin supplementation as food may be worthwhile to reduce ATDs induced hepato-renal injury.

© 2019 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

Globally, tuberculosis has been declared as second leading cause
of death from an infectious disease after the HIV.! A multi-therapy
of first-line anti tuberculosis drugs (ATDs) isoniazid, pyrazinamide,
rifampicin, and ethambutol is used for treatment of tuberculosis for
2 months followed by a combination of isoniazid/rifampicin for 8
months. Administration of isoniazid alone for 9 months causes 1.6%
of hepatic damage however that increases to 2.6% in combination
with rifampicin.” The ATDs cause various minor and major adverse
reactions in body including skin reactions, gastrointestinal disor-
der, neurological disorder, vertigo and the most fatal one is
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hepatotoxicity.>* The ATDs are metabolized in liver and produce
various toxic reactive metabolites such as hydrazine, which form
highly reactive oxygen species that act as stimulators of lipid per-
oxidation and disturbance in antioxidant defense system resulting
in cell death.” The ATDs not only cause aberrations in liver as it is
the main detoxifying site but also severely effect kidney because of
its close association with liver as an excretory organ. Thus, kidneys
get exposed to harmful effect of intermediate or finished toxic
metabolites and get injured in many cases.

The efficacy and safety of herbal and natural product have
turned the major pharmaceutical population towards medicinal
research.’ Naringenin is a plant bioflavonoid, mainly found in grape
fruits, tomatoes and citrus fruits and is considered to have benefi-
cial effects on human health.” Many studies have explored the role
of naringenin in improving health. Naringenin exerts various bio-
logical properties that includes anti-inflammatory, antioxidant,
immunomodulatory, hepatoprotective, nephroprotective and neu-
roprotective.® 1> Management of tuberculosis treatment without
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any side effect is still a big challenge to the medical community.
There is continuous search for alternative methods to lower the risk
of liver diseases induced by anti-tuberculosis drugs. It was hy-
pothesized that established lead compounds like naringenin may
play excellent role in management of liver injury during tubercu-
losis treatment. To validate this hypothesis, study was undertaken
to investigate whether treatment of naringenin mitigates anti-
tuberculosis drugs induced hepatorenal injury by studying
various markers of oxidative stress, enzymatic and non-enzymatic
antioxidant status, inflammatory pathway and optical observations.

2. Materials and methods
2.1. Animals and chemicals

The study was carried out on female albino rats of Wistar strain
(150 + 10 g body weight). Animals were kept under standard hus-
bandry conditions (25 + 2 °C temp, 60—70% relative humidity, 14 h
light and 10 h dark) and fed on standard pelleted diet and drinking
water ad libitum. Experiments were conducted in accordance with
the guidelines set by the Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA) India with the
approval of institutional animal ethics committee (994/Ere/Go/06/
CPCSEA). The antituberculosis drugs isoniazid, rifampicin, etham-
butol and pyrazinamide were generously obtained from the TB
department of Chhattisgarh Institute of Medical Sciences (CIMS),
Bilaspur (C.G.). Naringenin was purchased from Sigma-Aldrich
Company.

2.2. Study design

Animals were divided into seven groups of six animals in each.
Group I served as control and served with vehicle only. Group Il was
administered with naringenin per se at the dose of 40 mg/kg orally.
Group IIl to VII were administered orally with pyrazinamide,
ethambutol, isoniazid and rifampicin at the doses of 210, 170, 85
and 65 mg/kg respectively for 8 weeks (3 alternative days in a
week) and group Il served as experimental control. Animals of
groups IV, V and VI were given naringenin at the doses of 10, 20 and
40 mg/kg, p.o., respectively for 8 weeks (3 alternative days in a
week considering every next day of ATD exposure). Group VII was
treated with silymarin at dose of 50 mg/kg, p.o., same as naringenin
as positive control. All the animals were euthanized after 24 h of the
last treatment. Just before euthanasia of animals, blood was drawn
from retro orbital venous sinus. Collected blood sample were
centrifuged at 3000 rpm for 10 min to obtain serum and stored
at —20°C until analyzed. Various serological and biochemical pa-
rameters were assessed. Liver and kidney sample were fixed in
Bouin's fixative for histopathology.

2.3. Assessment of hepatorenal markers in serum

The serum was used for determination of aspartate amino-
transferase (AST), alanine aminotransferase (ALT), alkaline phos-
phatase (ALP), urea, uric acid, and creatinine using diagnostic kits
according to the manufacturer's instructions (Erba diagnostics,
Germany).

2.4. Assessment of oxidative stress markers and antioxidant status

Liver and kidney samples were processed to determine lipid
peroxidation (LPO) which were estimated by measuring thio-
barbituric acid reactive species (TBARS)'* and reduced glutathione
(GSH) was measured by its reaction with 5-5'-dithiobis 2-
nitrobenzoic acid (DTNB) to give a yellow colored product.””

Superoxide dismutase (SOD) was assayed by assessing inhibition
of rate of adrenochrome formation,'® catalase (CAT) was examined
by assessing decomposition of hydrogen peroxide/min.!”

2.5. Histopathological observations

Tissue samples of liver and kidney were quickly excised and
fixed in Bouin's fixative, dehydrated in graded series of alcohol,
embedded in paraffin wax, sections were cut into 5 um thickness,
stained with hematoxylin and eosin (H&E) and observed under
light microscope.

2.6. Assessment of tumor necrosis factor-alpha in serum

Serum tumor necrosis factor-o (TNF-a.) was assessed using ELISA
kits (Ray Biotech, INC, Norcross, GA 30092 USA) and the results
were expressed as pg/ml. All the procedures of kit were performed
following manufacturer's instruction manual.

2.7. Statistical analysis

Data were expressed as mean + SE of six animals used in each
group. The differences between mean values were calculated by
one-way analysis of variance (ANOVA) which was considered sig-
nificant at p < 0.05 level followed by student's t-test.

3. Results
3.1. Serum biochemical parameters

Exposure to ATDs for 8 weeks significantly elevated (p <0.01)
level of ALT, AST, ALP, urea, uric acid and creatinine as compared
with control group (Table 1). Treatment of naringenin at three
different doses (10, 20 and 40 mg/kg) restored serological variables
towards control in a dose dependent manner. Doses of 20 and
40 mg/kg of naringenin were significantly (p <0.01) effective in
restoring all the serological variables towards control. Efficacy of
naringenin was well compared with silymarin positive control
group and results clearly showed similar therapeutic potential of
naringenin and silymarin.

3.2. Oxidative stress markers and antioxidant status

ATDs exposure for 8 weeks significantly (p <0.01) increased
hepatic and renal LPO (Fig. 1A and B). It was observed that 10 mg/kg
dose of naringenin was not effective for hepatic LPO but it signifi-
cantly (p < 0.05) effective for renal LPO. However, 20 and 40 mg/kg
doses of naringenin significantly (p <0.01) reduced lipid peroxi-
dation towards control. Level of GSH (Fig. 1C and D) was found
significantly (p < 0.01) decreased in liver and kidney after 8 weeks
exposure to ATDs as compared to control group. All the three doses
of naringenin significantly (p <0.01) reversed hepatorenal GSH
towards control. SOD was found significantly (p < 0.01) decreased
in liver and kidney after 8 weeks of exposure to ATDs (Fig. 1E and F).
The naringenin therapy at 10 mg/kg dose could not reverse SOD
activity in significant manner; however, 20 and 40 mg/kg dose
significantly reversed (p < 0.01) hepatorenal SOD towards control.
Administration of ATDs for 8 weeks significantly (p < 0.01) lowers
the CAT activity in liver and kidney (Fig. 1G and H). Doses of nar-
ingenin at 20 and 40 mg/kg significantly (p <0.01) reversed hep-
atorenal CAT activity towards control. Pharmacological action of
naringenin was equally effective as positive control silymarin and
showed no adverse effect in oxidative stress and antioxidant
activity.
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Table 1
Therapeutic effect of naringenin against antituberculosis drugs induced alterations in liver and kidney function tests toxicity.
AST ALT ALP Urea Uric acid Creatinine
(IU/L) (IU/L) (IU/L) (mg/dl) (mg/dl) (mg/dI)
Control 722+38 29.7+25 292.0+259 156+14 1.86+0.1 0.72+0.1
Nar per se 744 +4.0 293+24 304.0+23.3 15.7+15 1.95+0.1 0.74+0.1
ATD 116 +6.1? 71.8 £4.9% 558.0 +35.8% 323+26% 4.46 +0.3% 1.81+0.2¢
ATD + Nar10 90.5 + 4.9** 38.5 + 3.1 520.0+45.3 203 + 1.9* 3.18 + 0.3** 091 +0.1**
ATD + Nar20 81.9 + 5.5** 325+ 1.9" 445.0 + 35.1* 18.62 + 1.8** 273 + 0.1 0.88 + 0.1**
ATD + Nar40 76.1 + 4.2** 31.2 £ 2.1** 368.0 + 25.6** 17.1 + 1.6** 2.62 + 0.2** 0.82 + 0.1**
ATD + Sily50 78.5 + 5.1** 37.1 +2.9% 363.0 + 29.1** 195 + 1.1** 1.85 + 0.1** 0.87 + 0.1**
ANOVA 11.5¢ 30.1° 12.3¢ 12.7° 27.7° 28.5¢

Data are mean + S.E of n = 6; @ Significant at 5% for ANOVA.

®ATD vs Control at P < 0.01,ATD + Therapy vs ATD at P < 0.05, **ATD + Therapy vs ATD at P < 0.01.
ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; ALP, Alkaline phosphatase; ATD, Antituberculosis drugs; Nar per se, Naringenin per se, Nar10, Naringenin
10 mg/kg; Nar20, Naringenin 20 mg/kg; Nar40, Naringenin 40 mg/kg; Sily50, Silymarin 50 mg/kg.

3.3. Histopathological observations

Histopathological profile of liver and kidney of control, ATDs and
therapy groups are shown in Fig. 2 (A-L) and Fig. 3 (A-L) respec-
tively. Normal cellular architecture with well differentiated hepa-
tocytes, central veins and sinusoidal space were observed in control
group of liver (Fig. 2A and B). Disturbed hepatic cord arrangement
with prominent congestion in the central vein, vacuolation in
cytoplasm, degenerated nuclei were observed in ATD intoxicated
group (Fig. 2C and D). Treatment of naringenin at 10 and 20 mg/kg
showed slight recovery in liver tissues (Fig. 2E—H). Naringenin
treatment at 40 mg/kg showed maximum restoration in terms of
less inflammatory cells, well distinguished hepatocytes with
prominent nuclei and hepatocytes arranged in cord like fashion
(Fig. 2I and J). The control group of kidney showed normal features
of renal tubules and Bowman's capsules (Fig. 3A and B). Exposure to
ATD caused damage in renal tubules and glomerulus (Fig. 3C and
D). Naringenin treatment at 10 and 20 mg/kg dose, showed slight
recovery pattern (Fig. 3E—H). Most of the tubules were observed
with wider lumen and glomerulus appeared to be normal in most
of the areas after treatment of naringenin at 40 mg/kg of dose
(Fig. 31 and J).

Above mentioned observations drawn a conclusion that 40 mg/
kg dose maximally retrieved ATD induced damage. Thus, group of
40 mg/kg dose of naringenin was further carried forward for spe-
cific parameters such as TNF-a.

3.4. TNF-«

There was significant (p <0.01) elevation in TNF-o after
administration of ATDs for 8 weeks (Fig. 4A). Dose of naringenin at
40 mg/kg significantly (p < 0.01) restored molecular deviation to-
wards control that was well compared with silymarin treated
positive control.

4. Discussion

Hepatic and renal injury has been severe concern during
treatment of tuberculosis. Administration of isoniazid, pyr-
azinamide, rifampicin and ethambutol causes aberrations and
dysfunction in liver and kidney as these drugs are bio transformed
in liver, whereas kidney are involved in excretion of metabolic
waste and active metabolites of these drugs. Thus, these organs are
affected when substance is metabolized and generates more toxic
products like free radicals which leads to induction of oxidative
stress, inhibition of antioxidant defense system, inflammation of
cells give rise to condition like necrosis.'® Involvement of oxidative
stress in hepatotoxicity caused by combination of isoniazid and

rifampicin has already been established. Previous researchers re-
ported the role of oxidative stress in mechanism of isoniazid and
rifampicin-induced hepatic inflammation.'® Thus, main focus of the
present study was to explore a novel and effective therapeutic
agent to reverse antituberculosis drug-induced hepato-renal injury.
Naringenin is a flavonoid that has attracted attention in the last few
decades due to its ability to curb oxidative stress under various
pathological conditions. Silymarin was used as positive control in
respect to naringenin as it has been used for centuries for treatment
of different diseases including liver and kidney disorders.”® This
study was conducted to investigate protective effects of naringenin
against antituberculosis drugs induced hepato-renal injury in rats
considering serological variables, oxidative stress, antioxidant sta-
tus, cytokine profiling and histopathology of liver and kidney.

An important class of enzymes that is amino transferases such
as ALT and AST are well-known diagnostic indicators of hepatic
injury and also link to carbohydrate and amino acid metabolism.?’
The ALP is a reliable marker of liver function. It is found histo-
chemically in microvilli of bile canaliculi and on sinusoidal surface
of hepatocytes.”> These enzymes are released into bloodstream
during liver injury. Significant elevation in AST, ALT and ALP was
occurred after administration of ATD due to cellular impairment.
Elevated levels of ALT and AST lead to hamper in various biological
metabolisms and ALP cause disruption in bile flow.>> The same
findings have also been reported previously.”**> Serum levels of
urea, uric acid and creatinine were used as renal prognostic factor.
Uric acid is a potent scavenger of peroxynitrite so, hyperuricemia
condition increased production of endogenous reactive oxygen
species.”® Creatinine level in serum has been used to predict
glomerular filtration rate. Renal function test indicated significantly
increased level of urea, uric acid and creatinine in ATD adminis-
tered groups as compared to control group, which indicated
increased conversion of ammonia to urea, increased production of
free radicals and low glomerular filtration rate due to dystrophic
changes in kidney. These findings corroborated other studies.?’*
Treatment with different doses of naringenin effectively protected
liver and kidney in dose dependent manner from ATD induced
injury as indicated by significant restoration of serum ALT, AST, ALP,
urea, uric acid and creatinine. These results were in accordance
with previous findings in which naringenin has been reported to
protect cadmium-induced hepatotoxicity!' and nephrotoxicity'?
through its antioxidant capacity.

Lipid peroxidation is the crucial index of oxidative stress. The
process involves free radical chain reaction mechanism resulting in
cell damage, as free radicals steal electrons from lipids in cell
membranes. Elevated level of lipid peroxides in the liver and kidney
reflected the cellular damage. Although ATD itself does not
generate free radicals directly but generates free radicals via
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Fig. 1. (A—H).Efficacy of naringenin on ATDs induced hepatorenal oxidative stress and antioxidant status. Values are mean + SE of n =6 in each group. p value ATD vs control at
¥ <0.05; ®ATD vs Control at p < 0.01, p value treatment vs ATD at *< 0.05, **< 0.01 for Student's t-test. © Significant ANOVA at p < 0.05, Lipid peroxidation (hepatic = 58.6%
renal = 89.8%), Reduced Glutathione (hepatic = 7.61%, renal = 4.71?), Superoxide dismutase (hepatic = 10.8%, renal = 3.93®), Catalase (hepatic = 9.35, renal = 4.41%). Nar per se,
Naringenin per se; ATD, Antituberculosis drugs; Nar10, Naringenin 10 mg/kg; Nar20, Naringenin 20 mg/kg; Nar40, Naringenin 40 mg/kg; Sily 50 mg/kg, Silymarin 50 mg/kg.
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Fig. 2. (A—L). Photo micrographs of liver; (A:100X and B:400X) of control group; (C:100X and D: 400X) of ATD administered group for 8 weeks; (E:100X and F:400X) of
ATDs + 10 mg/kg dose of naringenin; (G:100X and H:400X) of ATDs + 20 mg/kg dose of naringenin; (1:100X and ]:400X): ATDs + 40 mg/kg dose of naringenin; (K:100X and L:400X)
of ATDs + 50 mg/kg dose of silymarin. H, Hepatocytes; CV, Central vein; PT, Portal triad.
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Fig. 2. (continued).
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Fig. 3. (A—L). Photo micrographs of Kidney; (A:100X and B:400X) of control group; (C:100X and D: 400X) of ATD administered group for 8 weeks; (E:100X and F:400X) of
ATDs + 10 mg/kg dose of naringenin; (G:100X and H:400X) of ATDs + 20 mg/kg dose of naringenin; (I:100X and ]:400X): ATDs + 40 mg/kg dose of naringenin; (K:100X and L:400X)
of ATDs + 50 mg/kg dose of silymarin. G, Glomerulus.
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Fig. 4. Efficacy of naringenin on ATD induced alterations in serum TNF-o, level. Values are mean + SE of n = 6 in each group. p value ATD vs control at ¢ < 0.05; ®ATD vs Control at
p < 0.01, p value treatment vs ATD at *< 0.05, **< 0.01 for Student's t-test. ® Significant ANOVA at P < 0.05, TNF-0, (18.7%). ATD, Antituberculosis drugs; Nar40, Naringenin 40 mg/kg;

Sily 50 mg/kg, Silymarin 50 mg/kg.

metabolic pathway by producing reactive metabolites such as hy-
drazine and diacetylhydrazine; both of these metabolites lead to
formation of free radicals and cause severe cellular injury.>® Nar-
ingenin could prevent formation of free radicals by reducing pro-
duction of reactive metabolites and exerted protective and
antioxidant effects as reported in previous findings.>%*! It may
quench free radicals due to its contain 4-hydroxyl group in B-ring
that possess electron donating properties and inhibits lipid per-
oxidation.>> The GSH is a sulfhydryl peptide which plays essential
role in cellular defense against toxicity. Exposure to ATD caused
decline in GSH level which might increase the susceptibility of the
liver and kidney to free radical damage.?! SOD is a metalloprotein
that catalyze breakdown of superoxide anion into oxygen and
hydrogen peroxide, whereas CAT is a hemeprotein which catalyze
conversion of hydrogen peroxide to water and oxygen protects cell
from oxidative damage by H,0, and OH. Lower level of SOD and
CAT indicated impairment of antioxidant defense system due to
administration of ATD.>>*% Naringenin restored antioxidant en-
zymes by scavenging free radical due to presence of its hydroxyl
group and reduced hepato-renal damage. These observations were
similar to other reports.>>

The extent of hepatic and renal damage was also corroborated
by histopathological evaluation. ATD induced hepato-renal injury
comprising of centrilobular necrosis, cell augmentation, cellular
degeneration, degenerated nuclei, damage in renal tubules,
glomerulus and heavy lymphocytic infiltration in agreement with
previous findings.>® Naringenin showed healing effects on cells or
lessened inflammatory cells, absence of necrosis, regeneration of
hepatocytes and wider lumen and glomerulus.

Pro-inflammatory cytokines such as TNF-o production was
increased due to oxidative stress, depletion of antioxidant system
and injury.’” In the present study, ATD administration to rats for
eight weeks caused an increase in the level of TNF-o compared with
control group. Administration of naringenin reduced production of
inflammatory cytokines and chemokines>® suggesting its anti-
inflammatory effect and a subsequent recovery towards
normalization.

5. Conclusion

Present findings demonstrated that naringenin at 20 and 40 mg/
kg dose potentially effective in reversing all the serological, tissue,

biochemical and histological indices in the liver and kidney. It can
be suggested that naringenin may be useful to lessen or cure
hepato-renal injury caused during ATD treatment regimen. How-
ever, further study on many other aspects of pharmacological ac-
tion of naringenin needs to be performed.
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