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This study evaluated the effect of Flacourtia indica fruit extract against isoprenaline (ISO) induced renal damage
in rats. This investigation showed that ISO administration in rats increased the level oxidative stress biomarkers
such as malondialdehyde (MDA), nitric oxide (NO), advanced protein oxidation product (APOP) in kidneys
followed by a decrease in antioxidant enzymes functions. Flacourtia indica fruit extract, which is rich in strong
antioxidants, also reduced the MDA, NO and APOP level in kidney of ISO administered rats. Inflammation and

necrosis was also visible in kidney section of ISO administered rats which was significantly prevented by atenolol
and Flacourtia indica fruit extract. Moreover, atenolol and Flacourtia indica fruit extract also modulated the genes
expressions related to inflammation and oxidative stress in kidneys. The beneficial effects could be attributed to
the presence of a number of phenolic antioxidants. This study suggests that Flacourtia indica fruit extract may
prevent kidney dysfunction in ISO administered rats, probably by preventing oxidative stress and inflammation.

1. Introduction

Chronic kidney disease (CKD) is a public health issue, which now
became the economic burden on health care sector of many countries of
the world. In 2015, Global Burden of Disease Study revealed that kidney
disease was responsible for 1.1 million deaths worldwide [1]. This sur-
vey also showed that CKD mortality has escalated by 31.7% during a
decade long study period ranging from 2005 to 2015 [1]. At the same
time, the economies of low-income and middle-income countries were
heavily affected by the cost of CKD management disproportionately due
to the rise of non-contagious diseases such as obesity and diabetes. The
consequence of CKD is death by cardiovascular complications or pro-
gression to end-stage renal failure due to poor management of risk
factors in Indian sub-continent [2,3]. CKD of unknown origin have been
reported among the populations in Sri Lanka and India [4], which was
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characterized by several symptoms such as tubular atrophy, interstitial
fibrosis and rapid progression without proteinuria [4-6]. On the basis of
risk factors and adverse side effects for kidney disease in different
geographical regions and countries, proper prevention measures should
be adopted.

Inflammation and oxidative stress are crucial factors in the devel-
opment of CKD [7]. The enzymatic sources of free radicals in CKD are
nicotinamide adenine dinucleotide phosphate (NADPH) oxidase,
xanthine oxidase, inducible nitric oxide synthase (iNOS), and the
mitochondrial electron transport chain [8]. Moreover, superoxide dis-
mutase (SOD), catalase, and glutathione peroxidase (GPx) have been
reported to be compromised in CKD [9,10]. The potential bio-markers of
oxidative stress at the advanced stages of renal dysfunctions in CKD
patients are the elevated plasma levels of F2-isoprostanes, malondial-
dehyde (MDA) and advanced oxidation protein products (AOPP) [8,11].
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The release of different types of inflammatory mediators such as
bioactive amines, cytokines, prostaglandins, interleukins, and inflam-
matory lipids are increased due to tissue damage, which may cause
recruitment of neutrophil in the inflamed kidney [12-14]. By the pro-
cess of auto-oxidation and lipid peroxidation, reactive oxygen species
are also produced by inflammatory mediators [12].

Isoprenaline causes kidney injury which acts as beta-adrenergic
agonist and is also known as synthetic catecholamine. In animal
model, it has been shown to act as a remarkable kidney damage initiator
[15]. Free radicals have been involved in the pathophysiology of kidney
damage by isoprenaline in the animal model [16]. Antioxidants showed
preventive effect in the oxidative stress and inflammation in CKD [15,
171. Flacourtia indica fruit extract has showed excellent antioxidant ca-
pacity due to the polyphenolic compounds [18]. Flacourtia indica Merr.
(Family: Flacourtiaceae), is an indigenous medicinal plant which is found
largely in tropical and temperate parts of Asia and Africa [19]. Flacourtia
indica is also an important Ayurvedic herb and its bark, leaves and root
are used as medicine to treat fever, diarrhoea and inflammations. The
root and ash also have been used as an alternative therapy for kidney
complaints. Recent evidences also suggest that Flacourtia indica is
beneficial in the treatment of various pathological conditions in exper-
imental animals. Flacourtia indica extract showed hepatoprotective [20],
anti-microbial [21] and anti-hyperlipidemic activities [22].

Previous report also suggests that ethanol extract of Flacourtia indica
prevented cardiac damage in doxorubicin-induced rats and re-
established tissues antioxidant functions [23]. Chemical investigation
revealed the isolation of pyrocatechol, homaloside D and poliothryso-
side compounds from Flacourtia indica which showed excellent antima-
larial activity [21]. The antioxidant compounds detected in Flacourtia
indica was mostly phenolic compounds such as ferulic acid, caffeic acid
and vanillic acid [24,25]. However, the preventive effect of antioxidants
present in Flacourtia indica fruits were not investigated in kidney
dysfunction. From this perspective, we evaluated the capability of Fla-
courtia indica fruit extract to prevent oxidative stress in kidney of ISO
administered rats. Moreover, this current investigation also evaluated
Flacourtia indica fruits extracts in restoring the antioxidant enzyme ac-
tivities in ISO administered rats.

2. Methods & materials
2.1. Plant materials

Flacourtia indica fruits were collected from the domestic mart of
Dhaka city, Bangladesh. The specimen identification was done at the
Mirpur National Herbarium and the voucher number has been filed up in
the Herbarium (DACB Accession Number-47415). The ripen fruits were
dried in the open air and coarse powder was made by using a grinding
mill. This powdered Flacourtia indica fruits were soaked in ethanol for 7
days and decanted the ethanol layer. Filtration of ethanolic Flacourtia
indica extract was performed with the help of a filter paper. The ethanol
of the extraction was vaporized at room temperature (27 °C) for several
days, and then the final reddish color crude extract was obtained. This
extract was used for the treatment in this study.

2.2. Animals and treatment

All the animals (twelve to fourteen weeks old, total 24 adult Long-
Evans male rats with average weight range from 200 to 220 g) were
collected and housed in the animal house unit of North South University
under the Department of Pharmaceutical Sciences. Isolated closet for
rats, day length of 12 h, controlled temperature (25 + 3 °C), standard
diet and supply of water had been strictly maintained throughout the
experiment, which comply with the in-house ethical committee standard
study procedure of the department and the university. The Ethical
Committee of North South University also approved of the study pro-
tocol. To obtain the desired pharmacological outcome, the rats were
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segmented over four different groups, where each group gets up to six
rats. Group I animals got normal diet along with water whereas group II,
III and IV get subcutaneous injection of isoprenaline (ISO) for 14 days
and the dose used was 50 mg per kg per day for two times a week. This
dose and administration protocol was used following the survival of rats
in our lab which was mentioned in previous experiments [15,16]. ISO
was dissolved in water for injection and administered in the subcu-
taneous layer using a syringe and needle. Animals of group III was fed
with Flacourtia indica (100 mg/kg/day) and group IV was treated with
atenolol (10 mg/kg/day). All animals undergo regular body weight
checking before final recording of body weight at day 14th. All animals
were sacrificed on day 14th, using high dose of pentobarbital (90
mg/kg) injection in the peritoneal region of rats. Blood sample was
collected from each rat. Large abdominal vein region was punctured by
18 gauge needle and collected the blood in citrate buffer (pH 4) con-
taining tubes and placed on an ice box. After sacrifice/euthanasia of the
rats, the organs (kidneys) have been collected to measure the wet organ
weights. Part of the kidneys was preserved in neutral buffered formalin
(pH 7.4) for histological analysis. Other part of the kidneys was pre-
served in freezer at -20 °C for other biochemical studies. To obtain
plasma from the collected blood, centrifugation at 8000g was performed
and the supernatant plasma was collected and stored at -20 °C temper-
ature for other biochemical assays.

2.3. Establishment of tissue sample for the evaluation of oxidative stress
markers

To evaluate the oxidative stress markers, tissue samples from the
kidney were first homogenized. For homogenization of the sample tis-
sues, phosphate buffer saline (disodium hydrogen phosphate, pH 7.4)
was used and centrifuged (12,000xg and at 4 °C) up to 30 min. After
centrifugation of tissue homogenates, supernatant was collected and
used for biochemical analysis and analysis of antioxidant enzymes ac-
tivities as narrate down below.

2.4. Assessment of lipid peroxidation

The presence of thiobarbituric acid reactive substances (TBARS) in
renal tissues was measured as a lipid peroxidation parameter according
to a method described earlier [26,27]. In short, tissue homogenate (0.1
mL) which are present in Tris-HCl buffer, pH 7.5, was mixed with 2 mL
of TBA-TCA-HCI reagent. The TBA-TCA-HCI reagent was composed of
equal volume of thiobarbituric acid (0.37% v/v), HCl (0.25 N), and
tri-chloroacetic acid (15% v/v). The TBA-TCA-HCI reagent and tissue
homogenate mixture was set in hot water bath for 15 min and then
cooled down to room temperature. The absorbance of the supernatant
solution was taken at 535 nm in a spectrometer together with a reference
blank.

2.5. Evaluation of nitric oxide (NO)

For the quantification of dissolved nitric oxide (NO) in tissue ho-
mogenates, Griess-Illosvoy reagent based method was used. In this
experimental analysis, naphthyl ethylene diaminedihydrochloride
(0.1% w/v) was used in lieu of 1-napthylamine (5%) to increase the
solubility in aqueous system. This method is also described in details in
our previous articles [26,27]. Kidney homogenate (2 mL) was incubated
with Griess-Illosvoy reagent and phosphate buffered saline (0.5 mL) at
25 °C. The absorbance of the supernatant was taken at 540 nm against
the blank solution. NO level of tissue (nmol/g tissue) was calculated by
using a calibration curve [26,27].

2.6. Advanced protein oxidation products (APOP) evaluation

APOP concentration was also determined in kidney tissues followed
by a previously established protocol [26,27]. At first, plasma samples (2
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mL) were diluted in phosphate buffer saline at 1:5 ratios. Then, 0.1 mL of
potassium iodide (1.16 M) was added to each tube containing plasma
samples. Glacial acetic acid (0.2 mL) was added to stop the reaction
progress. The absorbance was recorded quickly at 340 nm against a
blank. The blank sample contains 2 mL of phosphate buffer saline, 0.1
mL of potassium iodide, and 0.2 mL of acetic acid. The final concen-
tration of APOP present in the tissue homogenates was calculated as
nmol-mL~! chloramine-T equivalents. A chloramine-T standard curve
was established using the concentration range 0-100 nmol/mL which
showed a linear relationship [26,27].

2.7. Superoxide dismutase (SOD), catalase (CAT) and myeloperoxidase
(MPO) activity assay

SOD activity in kidney tissue homogenates were determined fol-
lowed by previous published literatures [26,27]. The reaction mixture
(3 mL) consisted of aliquot of tissue homogenates, epinephrine (15 mM)
and PBS (pH 7.4). The absorbance change at 480 nm was recorded for 1
min at 15 s interval against a reference control. A 50% enzyme inhibi-
tion is defined as one unit of enzyme activity which was generated due to
the auto-oxidation of epinephrine present in the assay system.

Kidney tissue homogenates were also used to determine the catalase
activities followed by previously described protocol [26,27]. In brief,
tissue homogenates (0.1 mL) was combined with 2.5 mL of phosphate
buffer (50 mM, pH 5.0) and 0.4 mL of Hy05 (5.9 mM) solution. The
changes in absorbance value of the reaction mixture due to the decay of
H20, were recorded after 1 min at 240 nm in a UV-visible spectro-
photometer. The change of absorbance value 0.01 is considered as one
unit catalase activity per minute [26,27].

MPO activity assay in kidney homogenates was also determined
using another established protocol described earlier [26,27]. This pro-
tocol was developed based on the di-anisidine-H>02 based mixed re-
agents. In brief, plasma sample (10 pl) was mixed with potassium
phosphate buffer (50 mM, pH 6.0). Then, O-dianisidinedihydrochloride
(0.53 mM) and H205 (0.15 mM) were added to the tissue homogenates
mixture. The absorbance changes for 3 min were recorded at 460 nm.
MPO activity/mg protein was used as the unit expression of the protein
activity.

2.8. Reduced glutathione assay (GSH)

The glutathione (GSH) concentration in kidney tissue was estimated
followed by previous reports [26,27]. Kidney tissue homogenates (1.0
mL sample) was mixed with one mL of 4% sulfosalicylic acid. The
mixture was cooled to 4 °C and kept for 1 h incubation. This mixture was
then centrifuged (12000xg) for 20 min at 4 °C temperature in a
centrifuge machine. Aliquot (0.1 mL) from the supernatants were taken
to a different set of tubes. The aliquot samples were then combined with
2.7 mL phosphate buffer (0.1 M, pH 7.4) and 0.2 mL 5,5-dithiobis-2-ni-
trobenzoic acid (100 mM) to develop color. The absorbance of the so-
lution was measured immediately after the development of yellow color
at 412 nm on a Spectrophotometer (Smart SpecTM plus) and the unit
represented as ng/mg protein [26,27].

2.9. Creatinine and uric acid concentration assay

Creatinine and uric acid concentrations were measured by using
commercial kit following the manufacturer’s protocol. These kits were
collected from DCI Diagnostics (Budapest, Hungary).

2.10. RT-PCR for oxidative stress and inflammation regulatory genes

Total RNA was extracted from renal tissues, using RNA purification
Kit, obtained from Thermo-Fisher Scientific (Massachusetts, USA). After
quantification of RNA by NanoDrop 2000 (Bio-Rad, California, USA), 1
pm of the RNA from each sample was used to prepare cDNA according to
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the manufacturer’s instruction using RevertAid First Strand cDNA Syn-
thesis Kit (Thermo-Fisher Scientific, USA). The primers of target genes
were designed using Primer 3 online software (Table-1). The transcript
levels of several factors and enzymes were analyzed by quantitative RT-
PCR using Maxima SYBR Green qPCR master mix (Thermo-Scientific,
USA). The PCR was performed by a CFX96 C1000 Touch Real Time PCR
Detection System (Bio-Rad, California, USA) according to the protocol
described previously [26]. The data analysis was done by CFX Manag-
er™ Software (Bio-Rad, California, USA) by considering the transcript
level of p-actin as the standard for the normalization of the mRNA level
of different genes.

2.11. Histopathological study

Neutral buffered formalin was used to fix the kidney tissues and kept
as such for several days. The fixed tissues were then processed with
series of alcohol and xylene treatment and embedded in paraffin block.
They were then sliced at 5 pm thickness by a microtome and tissue
sections were placed on glass slides. For the visualization of the structure
of kidney sections and inflammatory cell infiltration, they were then
stained with hematoxylin/eosin followed by established routine proto-
col. For the determination of fibrosis in kidneys, Sirius red staining was
also performed. The tissue sections were undergone a series of alcohol
and xylene treatment and were dipped in a mixture of Sirius red stain
and aqueous picric acid solution for 45 min. Stained sections were
scrutinized and pictures were taken below the light microscope (Zeiss) at
40X magnifications. At least five different snaps were taken from each
section studied.

2.12. Statistical analysis

The data were presented as Mean + standard error of mean (SEM) to
articulate the result outcome. The results were also checked statistically
by using the One-way ANOVA accompanied by Tukey post hoc test. All
analyses were conducted using Graph Pad Prism Software (Version 6).
Statistical significance was considered at p < 0.05 in all cases, unless
otherwise stated.

Table 1
The forward and reverse sequence of the primer applied in this experiment.
Name of gene Type Sequence
Nrf-2 Forward 5’-CCC AGCACA TCC AGACAGAC-3’
Reverse 5-TATCCAGGGCAAGCGACT C-3’

Heme oxigenase-1 (HO-1) Forward 5'-TGCTCGCATGAACACTCTG-3'
Reverse 5-TCCTCTGTCAGCAGTGCCT-3'
Heme oxigenase-2 (HO-2) Forward 5-CACCACTGCACTTTACTTCA-3'
Reverse 5'-AGTGCTGGGGAGTTTTAGTG-3'
MnSOD Forward  5-GCTCTAATCACGACCCACT-3'
Reverse 5-CATTCTCCCAGTTGATTACATTC-3
Catalase Forward  5-ATTGCCGTCCGATTCTCC-3'
Reverse 5'-CCAGTTACCATCTTCAGTGTAG-3'
Glutathione peroxidase Forward  5-GGGCAAAGAAGATTCCAGGTT-3'
(GPx) Reverse 5'-GGACGGCTTCATCTTCAGTGA-3'
1L-1 Forward  5-ATGCCTCGTGCTGTCTGACC-3'
Reverse 5'-CCATCTTTAGGAAGACACGGGTT-3'
1L-6 Forward  5-AGCGATGATGCACTGTCAGA-3
Reverse 5'-GGTTTGCCGAGTAGACCTCA-3'
TNF-a Forward 5'-ATGTGGAACTGGCAGAGGAG-3'
Reverse 5-CCACGAGCAGGAATGAGAAGAG-3'
TGF-f Forward  5-AAGAAGTCACCCGCGTGCTA-3'
Reverse 5'-TGTGTGATGTCTTTGGTTTTGTC-3'
iNOS Forward 5'-TGGTCCAACCTGCAGGTCTTC-3'
Reverse 5-CAGTAATGGCCGACCTGATGTTG-3’
NF-xB Forward  5-TGTGAAGAAGCGAGACCTGGAG-3'
Reverse 5'-GGCACGGTTATCAAAAATCGGATG-
3
B-Actin Forward  5-GCGAGAAGATGACCCAGATC-3'
Reverse 5'-GGATAGCACAGCCTGGATAG-3'
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3. Results

3.1. Effect of Flacourtia indica fruit extract on body weight and kidney
wet weight in ISO administered rats

The body weights and kidney wet weights were presented in Table 2.
ISO administration decreased the final body weights in rats. Moreover,
Flacourtia indica fruit extract prevented the decline of body weights in
ISO administered rats. ISO administration also increased kidney wet
weight significantly (p < 0.05) which was further prevented by Fla-
courtia indica fruit extract and atenolol treatment (Table 2).

3.2. Effect of Flacourtia indica fruit extract on oxidative stress parameters
in kidney of ISO administered rats

Lipid peroxidation is a crucial parameter for measuring oxidative
stress in tissues. This section of the present study demonstrated that the
biosynthesis of malondialdehyde, the byproduct of lipid peroxidation,
was increased significantly (P < 0.05) in the kidney of ISO administered
rats compared to the control rats (Fig. 1A). Flacourtia indica fruit extract
treatment was able to reduce the ISO-induced production of malon-
dialdehyde significantly (P < 0.05) (Fig. 1A). Atenolol treatment also
decreased the malondialdehyde level in kidney of ISO administered rats
(Fig. 1A).

Additionally, nitric oxide concentration was also increased signifi-
cantly in the kidney of ISO administered rats (P < 0.05) compared to the
control rats (Fig. 1B). Flacourtia indica fruit extract and atenolol treat-
ment significantly suppressed the elevated nitric oxide production
compared to the ISO administered rats (Fig. 1B).

ISO-induced oxidative stress also caused protein oxidation and
increased the level of advanced protein oxidation product markedly (P
< 0.05) compared to the control rats (Fig. 1C). Flacourtia indica fruit
extract and atenolol treatment also reduced the APOP level in ISO
administered rats (Fig. 1C).

3.3. Effect of Flacourtia indica fruit extract on antioxidant enzyme
activity parameters in kidney of ISO administered rats

Subcutaneous administration of ISO diminished the antioxidant
enzyme activities in kidney tissue. In this investigation, we observed
significant (P < 0.05) reduction of catalase and SOD activities in the
kidney due to subcutaneous administration of ISO. Flacourtia indica fruit
extract treatment restored the catalase and SOD activities in the kidneys
of rats received subcutaneous injection of ISO (Fig. 2A and B). Treatment
with atenolol to ISO administered rats also showed increased catalase
and SOD activities in the kidneys (Fig. 2A and B).

Moreover, reduced glutathione (GSH) level was also decreased in
kidney of ISO administered rats significantly (P < 0.05) which was
restored by Flacourtia indica fruit extract treatment (Fig. 2C). Atenolol
treatment also restored the glutathione (GSH) level in ISO administered

Table 2
Effect of Flacourtia indica fruits extracts on body weight and kidney wet weight of
ISO administered rats.

Parameters Control 1SO ISO + ISO +
F. indica Atenolol
Initial body weight (g) 201.33 + 205.5 + 212.16 + 205.16 +
3.08 3.25 3.04 3.52
Final body weight (g) 237.66 + 218.33 + 242.5 + 243.16 +
2.20 1.28 5.25 2.40
Kidneys wet weight (g/ 0.57 + 0.66 + 0.49 + 0.53 +
100 g of body weight 0.01* 0.03# 0.02%* 0.01%*

Values are presented as mean + SEM, N = 6. One way ANOVA followed by
Tukey test was performed to detect the statistical significance. Statistical sig-
nificance was considered at P < 0.05 in all cases. Control vs ISO, * vs #; ISO vs
ISO + FI or ISO + ATL, # vs **; ** denoted P < 0.01 and * denotes as p < 0.05.
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rats significantly (P < 0.05) (Fig. 2C).

On the contrary, significant increment of myeloperoxidase (MPO)
activity was observed in the renal tissue of ISO administered rats
(Fig. 2). Flacourtia indica fruit extract and atenolol treatment signifi-
cantly diminished the ISO-induced augmentation of MPO activity
(Fig. 2D).

3.4. Effect of Flacourtia indica fruits extract on uric acid and creatinine
level in plasma of ISO administered rats

ISO administration induces kidney dysfunction which can be
confirmed by the increased plasma concentration of kidney dysfunction
biomarkers such as uric acid and creatinine. In this study, both uric acid
and creatinine concentrations were increased in ISO administered rats
significantly (P < 0.05) compared to the control rats (Fig. 3). Oral
administration of Flacourtia indica fruit extract decreased the uric acid
and creatinine level in the blood of ISO administered rats. The beneficial
effect of Flacourtia indica fruit extract in lowering the uric acid and
creatinine concentrations are comparable to the atenolol also (Fig. 3).

3.5. Effect of Flacourtia indica fruits extract on gene expression of
oxidative stress-related enzymes in the kidney of ISO administered rats

The nuclear factor erythroid 2-related factor-2 (Nrf-2), is a multi-
functional transcription factor, plays an important role to regulate the
expression of anti-inflammatory and anti-oxidant enzymes. In this
investigation, we observed that mRNA expression of Nrf-2 in the
isoproterenol (ISO) treated rats were markedly (P < 0.05) lowered in
comparison to the control rats. Two major isoforms of hemoxygenase
(HO-1 and HO-2) are functionally coupled with Nrf-2. Consequently, the
transcript levels of HO-1 and HO-2 were significantly (P < 0.05) down-
regulated in ISO-treated rats compared to the control rats (Fig. 4).
Similarly, the expression of antioxidant enzymes like catalase, super-
oxide dismutase (SOD), and glutathione perxoxidase (GPx) were also
significantly down-regulated in ISO-treated rats. The ISO-mediated
suppression of Nrf-2, HO-1 and HO-2 are up-regulated significantly (P
< 0.05) due to the treatment with atenolol and Flacourtia indica fruit
extract. Similarly, treatment with atenolol and Flacourtia indica extract
up regulated the genes expression of catalase, superoxide dismutase
(SOD), and glutathione perxoxidase (GPx) in ISO administered rats
(Fig. 4).

3.6. Effect of Flacourtia indica fruit extract on gene expression of
inflammation and fibrosis-related proteins in kidney of ISO-induced rats

To explore the effectiveness of Flacourtia indica fruit extract to sup-
press ISO-induced inflammation and fibrosis, we also measured the gene
expression of inducible nitric oxide synthase (iNOS), inflammatory cy-
tokines including interleukin-1 (IL-1), interleukin-6, (IL-6), tumor ne-
crosis factor-alpha (TNF-a), transforming growth factor beta-1(TGF-p1),
and NF-xB (nuclear factor kappa-light-chain-enhancer of activated B
cells). We observed that the transcript levels of iNOS, IL-1, IL-6, TNF-a,
TGF-p1, and NF-kB were significantly (P < 0.05) increased in the renal
tissue due to ISO administration (Fig. 5). Treatment with Flacourtia
indica fruit extract significantly (P < 0.05) subdued the mRNA levels of
these enzymes, cytokines and transcription factors. This ameliorating
action of Flacourtia indica fruit extract is also comparable to the atenolol
treatment which also lowered the inflammatory cytokines expression in
kidneys of ISO administered rats (Fig. 5).

3.7. Effect of Flacourtia indica fruit extract on histological assessments in
kidney of ISO administered rats

Hematoxylin and eosin staining showed normal glomerulus and tu-
bules structure in kidney sections of control rats (Fig. 6A). ISO admin-
istration showed parenchymal cells alteration, congestion in glomerulus
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Fig. 1. Effect of Flacourtia indica fruits extracts on oxidative stress parameters in kidney of ISO administered rats. Values are presented as mean + SEM, N = 6. One
way ANOVA followed by Tukey test was performed to detect the statistical significance. Statistical significance was considered at P < 0.05 in all cases. ** denoted P

< 0.01 and * denotes as p < 0.05.
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Fig. 2. Effect of Flacourtia indica fruits extracts on antioxidant enzyme activities in kidney of ISO administered rats. Values are presented as mean + SEM, N = 6. One
way ANOVA followed by Tukey test was performed to detect the statistical significance. Statistical significance was considered at P < 0.05 in all cases. ** denoted P

< 0.01 and * denotes as p < 0.05.
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Fig. 3. Effect of Flacourtia indica fruits extracts on uric acid and creatinine in kidney of ISO administered rats. Values are presented as mean + SEM, N = 6. One way
ANOVA followed by Tukey test was performed to detect the statistical significance. Statistical significance was considered at P < 0.05 in all cases. ** denoted P <
0.01 and * denotes as p < 0.05.
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Fig. 4. Effect of Flacourtia indica fruits extracts on antioxidant gene expression in kidney of ISO administered rats. Values are presented as mean + SD, N = 6. One
way ANOVA followed by Tukey test was performed to detect the statistical significance. Statistical significance was considered at P < 0.05 in all cases. **denoted P <
0.01 and * denotes as p < 0.05.

and tubular hypertrophy in kidney sections (Fig. 6 B). Flacourtia indica in kidneys of control rats (Fig. 6E). Increased collagen deposition and
fruit extract and atenolol prevented the structural abnormalities seen in fibrosis were observed in kidney sections of ISO administered rats (Fig. 6
ISO administered rats (Fig. 6C and D). F). Flacourtia indica fruit extract and atenolol treatment prevented the

Sirius red staining also showed normal baseline collagen deposition fibrosis and collagen deposition in kidney sections of ISO administered
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Fig. 5. Effect of Flacourtia indica fruits extracts on inflammation marker related genes expression in kidney of ISO administered rats. Values are presented as mean +
SD, N = 6. One way ANOVA followed by Tukey test was performed to detect the statistical significance. Statistical significance was considered at P < 0.05 in all cases.
**denoted P < 0.01 and * denotes as p < 0.05.
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Fig. 6. Effect of Flacourtia indica fruit extract on histological assessments in kidney of ISO administered rats. Upper panel showed Hematoxylin and eosin staining and
lower panel showed Sirius red staining. A, E-control; B, F- ISO; C, G- ISO + Flacourtia indica and D, H- ISO + Atenolol. (For interpretation of the references to color in
this figure legend, the reader is referred to the Web version of this article.)

rats (Fig. 6G and H).

4. Discussion

In this investigation, Flacourtia indica fruit extract has exhibited
preventive effect against oxidative mischief and protect the kidney
function by lowering the lipid peroxidation, nitric oxide formation and

restoring the antioxidants enzymes function. Moreover, Flacourtia indica
fruit extract treatment modulated the gene expression for antioxidant
enzymes and lowering the expression of inflammation related genes in

kidneys of ISO administered rats.

Oxidative stress is considered as the major mediators for tissue injury
in ISO administered animals [28,29]. Oxidation of catecholamine also
leads to the production of superoxide anions and causes protein
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oxidation, lipid oxidation, and DNA damage [28]. Previous studies also
reported that stimulation of p2-AR signaling in human embryonic kid-
ney (HEK) cell is responsible for the activation of NADPH oxidase
mediated biosynthesis of reactive oxygen species (ROS) [30]. Malon-
dialdehyde is one of the obnoxious products of reactive oxygen species
which is produced in exaggerated challenges due to the administration
of synthetic p-adrenergic receptor agonist isoprenaline in higher dose.
Thus, blocking of f-adrenergic receptor would be beneficial in pre-
venting the oxidative stress. Previous reports suggest that beta blockers
may scavenge free radicles [31] and prevents kidney dysfunction in
2K1C rats [32]. In this investigation, isoprenaline treated rodents
showed increased malondialdehyde level in the tissues which was
decreased to near normal level in rats treated with Flacourtia indica fruit
extract and atenolol. Flacourtia indica extract showed antioxidant ac-
tivities in several experimental models [18,24]. HPLC-DAD analysis of
the Flacourtia indica fruit extract also determined the presence of quer-
cetin and gallic acid with several other phenolic antioxidants. Previous
studies suggested that quercetin scavenges free radicles in experimental
animals and prevented the lipid peroxidation in kidneys [33,34]. Similar
protective effect was also observed for gallic acid treatment in lead
induced toxicities [35]. A recent investigation also showed that quer-
cetin and atenolol combination therapy mitigated oxidative stress in the
heart of ISO administered rats [36]. Considering this fact, we may as-
sume that antioxidant compounds present in Flacourtia indica fruit
extract may be responsible for the prevention of ROS mediated malon-
dialdehyde formation and provides an additive effect [18,24].

ROS mediated kidney dysfunction is also evidenced by the rise of uric
acid and creatinine level in plasma of ISO administered rats [37]. In this
study, ISO administration increased the uric acid and creatinine level in
plasma which was ameliorated by Flacourtia indica fruit extract treat-
ment. The kidney dysfunction was also developed due to the production
of free radicles in the tissues. Nitric oxide is a prominent oxidative stress
marker [37]. In general, nitric oxide will be changed over time into
peroxynitrite which is more reactive than superoxide and can convey
irreversible cellular damage [38]. In this study, ISO administration
increased nitric oxide level in kidney tissues which is co-related to the
up-regulation of iNOS expression in kidney [39,40]. iNOS is the form of
nitric oxide synthase, regulates the inflammatory state and lead to the
dysfunction of the kidney [38,41]. In this study, Flacourtia indica fruit
extract treatment prevented the rise of nitric oxide level and normalized
the iNOS expression in kidney of ISO administered rats. This NO scav-
enging effect of Flacourtia indica fruit extract is comparable to the
atenolol treatment in ISO administered rats. Earlier reports suggest that
beta blockers may scavenge nitrosative stress [31] and protect kidney
structure and function by modulating the NOS expression in kidneys of
2K1C rats [32]. Moreover, impelled protein oxidation products (APOP)
are other inauspicious oxidative stress parameters. ISO administration
also pushed protein oxidation product formation in kidney. The devel-
opment of such oxidative stress was also contributed by the lowering of
tissue antioxidant activities. The free radical scavenging systems such as
catalase, superoxide dismutase and reduced glutathione serves to the
recovery of oxidative stress. In this investigation, tissue antioxidant
enzymes activities were diminished significantly in ISO administered
rats; and these results are correlated with the previous reports [15,29].
Previous report also suggests the notion that, quercetin and gallic acid
may augment the catalase, superoxide dismutase activities and restored
reduced glutathione level in injured heart in rats [42]. Treatment with
Flacourtia indica also showed basic augmentation and restoration of
catalase and SOD activities and restored the reduced glutathione level in
kidneys of ISO administered rats. Furthermore, Flacourtia indica fruit
extract prevented the advanced protein oxidation product formation in
ISO administered rats.

To look for further mechanism of protective effect of Flacourtia indica
fruit extract in kidneys, we checked the expression of Nrf-2 mediated
pathways. Nrf-2 is the key epigenetic regulator in the management of
oxidative stress in tissues which will regulate several antioxidant
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enzymes, for example SOD, GSH-Px, and catalase [43,44]. Loss of Nrf-2
showed the increased renal vascular permeability and attracts
pro-inflammatory mediators in ischemia-reperfusion condition [45]. In
this study, ISO administration lowered the Nrf-2 expression in kidneys.
Nrf-2 translocation also regulates the induction of HO-1 [46]. Previous
report also suggests that increased HO-1 expression showed cytopro-
tective role in cisplatin, rapamycin induced nephrotoxicity, and in
ischemia and glycerol induced nephritis [47,48]. This study also showed
that HO-1 and HO-2 expression were also down regulated in kidney of
ISO administered rats. Flacourtia indica fruit extract treatment
augmented Nrf-2 mediated action and up-regulated HO-1 and HO-2
expression in kidneys of ISO administered rats. These findings are also
supported by previous reports suggest that natural antioxidants may
restore the Nrf-2 mediated action and prevents diabetic nephropathy
[49].

Oxidative stress mediated tissue damage in kidney also triggers the
inflammation and fibrosis [37]. This investigation revealed that ISO
administration increased the inflammatory genes expression such as
IL-1, IL-6, TNF-a and iNOS in kidney tissues. ISO administration also
showed increased MPO activity in kidney suggests the neutrophil infil-
tration [50,51]. Flacourtia indica fruit extract and atenolol treatment
prevented the rise of MPO activity in ISO administered rats. Moreover,
Flacourtia indica fruit extract treatment prevented the inflammation by
down regulating NF-xB expression in kidney tissue. NF-xB transcription
factor is expressed highly due to ISO administration which also leads to
the generation of other inflammatory factors [52]. This current study
followed this notion that inflammatory genes expression such as IL-1,
IL-6, and TNF-a were increased in ISO administered kidneys due to
NF-kB activation. However, currently no report was found to compare
the results, that Flacourtia indica fruit extract treatment lowered the
inflammatory genes expression in kidneys. Histological staining also
suggested the increased collagen deposition in kidney of ISO adminis-
tered rats. Atenolol and Flacourtia indica fruit extract treatment in ISO
administered rats prevented the fibrosis in kidney. This result could be a
direct effect of reduced inflammatory genes expression and TGF-p down
regulation in kidney by the Flacourtia indica fruit extract treatment.
Oxidative stress and inflammatory cytokines are the key regulators for
TGF-f activation and fibrosis in kidneys [53,54]. Earlier report revealed
that Flacourtia indica fruit extract possesses potent antioxidants such as
ferulic acid and caffeic acid [24]. It has been suggested that ferulic acid
and caffeic acid derivatives showed antifibrotic activity in kidney by
obstructing TGF-p mediated pathways [55,56]. However, our analysis
revealed that gallic acid and quercetin are the predominant type of
phenolic antioxidants present in the extract. Both these two compounds
are strong antioxidants and showed anti-inflammatory activities.
Quercetin treatment is also linked to the inhibition of fibrosis in kidneys
probably by alleviating the TGF-p mediated signaling pathways [57].

In conclusion, Flacourtia indica fruit extract showed beneficial effect
in ISO administered kidney dysfunction in rats. The mechanisms of the
beneficial effect of Flacourtia indica fruit extract are presented in the
schematic diagram at Figure- 7. The prevention of lipid peroxidation and
oxidative stress in kidney is augmented by restoration of antioxidants
function. Further investigation is warranted to establish the benefit of
antioxidants from Flacourtia indica fruits in a clinical setup.
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