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Abstract
The present study investigated the total phenolic contents (TPC), in vitro antioxidant activity and ameliorative
effects of ethanolic extracts of leaf, bark, flower and fruit pulp of Cassia fistula L. against ethanol-induced
oxidative injury in the liver and kidney of wistar rats. Fourty-two male wistar rats received 0.5%
carboxymethyl cellulose (0.5 ml/day), 50% ethanol (0.5 ml/day), 50% ethanol (0.5 ml/day) plus ethanolic
extracts of C. fistula leaf, bark, flower and fruit pulp (100 mg/kg bw/day) and 50% ethanol (0.5 ml/day) plus
silymarin (50 mg/kg bw/day) with 6 animals per group for two weeks. In vitro studies revealed that bark
extract contained the highest TPC (43.10 ± 1.68 mg of gallic acid equivalent /g of extract). Bark extract also
showed strongest ABTS scavenging activity (IC50 = 90.94 µg/ml /ml), DPPH scavenging activity (IC50 = 177.55
µg /ml) and superoxide radical scavenging activity (IC50 = 241.03 µg/ml) as compared to other parts. C. fistula
extracts especially bark and leaf significantly improved the liver function enzymes (AST, ALT, and ALP),
decreased erythrocyte MDA levels and raised plasma SOD and CAT activities. The reduced microscopic
changes further confirmed the protective action of C. fistula extracts on liver and kidney tissues in rats.
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1. Introduction

For ages, plants and their parts have been used by human civilization
for the prevention and treatment of diseases.  Currently, more than
100 active compounds isolated from plants are in use. About one-
fourth of the drugs prescribed nowadays have plants as their origin.
WHO has put 252 drugs on the list of essential medicines and 11% of
these drugs have their origin from plants. In India, the majority of
the rural population (>75%) is dependent on the traditional system
of medicine (Sahoo et al., 2010).  In recent years, the use of different
types of medicinal plants has been increased by traditional medical
practitioners (Deka et al., 2021). The majority of the drugs currently
in use are synthetic drugs. However, they have drawbacks in the
form of side effects, toxicity, and high cost. Herbal medicines have
emerged as alternatives to synthetic drugs because of their fewer
side effects and low cost (Che et al., 2017). Ethanol toxicity mainly
affects the liver (Loguercio et al., 1996). Ethanol administration for
a prolonged time leads to the generation of excessive amounts of
reactive oxygen species, which eventually cause cell death and tissue
damage in the liver. The reactive oxygen species and acetaldehyde
formed from ethanol also produce a nephrotoxic effect by causing
lipid peroxidation of epithelial cells of renal tubules (Rodrigo et al.,
2015). The plants rich in antioxidants prevent the cell death and
tissue damage caused by chronic alcohol consumption.

Phytoconstituents of herbal origins were claimed and possess effective
alternative therapy for hepatoprotection (Nadeem et al., 2022).

Due to their worldwide medicinal use in traditional medicine, the Cassia
species have been investigated by Pharmacologists throughout the
world (Kumar et al., 2021). Cassia fistula (C. fistula) is an average-
sized tree. Its height may range up to 25 m and its girth may be up to
1.5-2.0 m. It has greenish-gray bark, compound leaves, and golden-
yellow color flowers. The plant is cultivated almost all over the world
and has been extensively used in all forms of traditional medicine.
Almost all the parts of C. fistula have medicinal use. The main
phytoconstituents in C. fistula are: rhein, triterpenes, kaempferol,
lupeol, -sitosterol, and hexacosanol. C. fistula is also a rich source of
soluble sugars, calcium, potassium, linoleic, oleic, stearic,  palmitic
acids, caprylic and myristic acids (Rahmani, 2015). Previous studies
conducted on C. fistula have demonstrated that different parts of
C. fistula are effective in the treatment of various disease conditions
their antimicrobial and hepatoprotective effects have also been reported
(Panda et al., 2011; Das, 2008). However, after going through literature,
we find that no comparative study has been conducted reporting the
hepatoprotective and nephroprotective effects of different parts of
the C. fistula. Keeping in view the medicinal properties and lack of
comparative studies, this study was planned to explore the protective
effects of different parts of C.  fistula against ethanol-induced injury in
the liver and kidney of wistar rats.

2. Materials and Methods

2.1 Preparation of C. fistula extract

The parts of C. fistula used in the present study were its leaves,
flowers, bark, and fruits which were collected from different places
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in and around District Ludhiana (Punjab), India. The plant parts
were identified at CSIR-IHBT, Palampur (H.P) India (Voucher No.
PLP 15392). Different parts were then dried in shade and after
drying converted to powder form by using a grinder. Ethanolic extracts
were prepared by maceration technique and stored at 4oC (Abd
Hamid et al., 2017).

2.2 Experimental study

The present study was conducted on male wistar albino rats procured
from LUVAS, Hisar, Haryana, India. The animals were reared as per
the guidelines for the rearing of animals. An acclimatized period of
two weeks was given before starting the experiment. The study
protocol was approved by IAEC Vide No. IAEC/2018/1216-1250.
The rats were divided into groups (n = 6 per group) as follows:
Group 1: Control (vehicle control) group, receiving 0.5 ml/day of
0.5% carboxymethyl cellulose (CMC) by gavage; Group 2: Model
group, receiving 0.5 ml/day of 50% ethanol (3 g/kg bw) by gavage;
Groups 3-6: Treatment groups, receiving ethanolic extracts of C.

fistula leaves, bark, flowers and fruit pulp ( 100 mg/kg bw) in 0.5 ml/
day of 0.5% CMC plus 0.5 ml/day of 50% ethanol (3 g/kg bw) by
oral gavage. Group 7: Positive control group, receiving silymarin (50
mg/kg/day bw) in 0.5 ml/day of 0.5% CMC plus 0.5 ml/day of 50%
ethanol (3 g/kg bw) by oral gavage. Treatments continued daily for
14 days.

2.3 Total phenolic content (TPC)

Folin-ciocalteu reagent (FCR) based assay was used to determine the
total phenolic content in the extracts of C. fistula. In this method, to
50 l of plant extract, 950 l of distilled water was added and mixed.
After mixing, 500 l of FCR with distilled water (1:1) and 2.5 ml of
the 20% sodium carbonate solution were added. The mixture was
then kept for 40 min at room temperature and absorbance was
recorded at 725 nm with a spectrophotometer (Shimadzu UV-VIS
Spectrophotometer, Shimadzu, Japan).  The standard curve of gallic
acid was prepared for the determination of TPC (Gulcin et al., 2002)
(Figure 1).

Figure 1: Standard curve of gallic acid for estimation of total phenols.

2.4 Antioxidant activities

2.4.1 ABTS (2, 2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid) scavenging assay

ABTS radical scavenging activity was performed as per the standard
method (Re et al., 1999). A 2 mM ABTS solution was prepared in
distilled water. ABTS radical cations (ABTS•+) were produced by
mixing 50 ml of the ABTS stock solution with 200 l of 70 mM
potassium persulfate. To ensure complete oxidation of ABTS, the
mixture was held at room temperature in the dark for 16 to 20 h prior
to analysis. The resulting ABTS•+ solution was diluted with
phosphate buffer (about four fold) to give an absorbance reading of
0.5 ± 0.05 at 734 nm. The antioxidant activity of C. fistula extracts
and trolox as standard were evaluated in concentration ranging from
25 to 1000 µg/ml. Radical scavenging analysis was performed by
mixing 30 l of the sample solution into 3 ml of ABTS•+ solution
and reading the absorbance at 734 nm after 3 minutes. A control
solution of 30 l distilled water in 3.0 ml of ABTS•+ solution was
prepared and analyzed.

% ABTS•+ inhibition = [1 – (A734 nm test/ A734 nm control)] x 100

IC50 values were determined by a graph between the per cent of
inhibition against concentration.

2.4.2 DPPH (2, 2-diphenyl-1-picrylhydrazyl) scavenging activity

DPPH radical scavenging activity was performed by a standard
method (Hsu et al., 2006). A 100 M solution of DPPH in methanol
was prepared. The free radical scavenging action of C. fistula extracts
was seen in concentration ranges from 25 to 1000 g/ml. BHT
(Butylated hydroxytoluene) was taken as standard antioxidant. 0.5
ml sample solution was added to 2.0 ml of DPPH in a 20 ml test
tube. A control solution was prepared by adding 0.5 ml of methanol
to 2 ml DPPH solution. Samples were vertexed for 10 to 15 s and
held at room temperature in the dark for 30 min. The absorbance of
the sample and control solutions was determined at 517 nm.

2.4.3 Superoxide anion radical scavenging activity

This activity was determined by a standardized method (Gulcin et
al., 2004). Superoxide anion radicals were generated in PMS-NADH
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(phenazinemethosulfate-nicotinamide adenine dinucleo-tide) system
by oxidation of NADH and assayed by the reduction of NBT (Nitro
blue tetrazolium). In this test, superoxide anion radicals were
generated in 2.5 ml of Tris-HCl buffer (16 mM, pH 8.0) containing
0.5 ml of NBT (300 M) solution, 0.5 ml of NADH (468 M) solution
and 1 ml of plant extract sample in concentration ranging from 25 to
1000 g/ml. The reaction was started by adding 0.5 ml of PMS (60
M) solution to the mixture. The reaction mixture was incubated at
room temperature for 5 min and the absorbance was read at 560 nm.
The per cent radical scavenging activity and IC50 were calculated
similarly to ABTS scavenging activity.

2.5 Biochemical analysis

On the 15th day after completion of the experimental trial, the animals
were sacrificed. Blood and tissue samples were collected. Blood
samples were used for the estimation of liver enzymes; aspartate
transaminases (AST), alanine transaminases (ALT), and alkaline
phosphatase (ALP) using standard diagnostic kits (Erba Diagnostics
Manheim, Germany).

2.6 Estimation of lipid peroxidation (LPO), superoxide
dismutase (SOD) and catalase (CAT) activities

The spectrophotometric method was used to measure LPO, SOD,
and CAT activities. LPO was measured by the method of Stocks and
Dormandy, (1971). To 2 ml of 33 % packed erythrocyte, 1 ml of  40
mM H2O2 was added, and then 0.1 ml sodium azide were added in the
test tube and the mixture was incubated at 37oC for 1 h. After
incubation, the total volume was made up to 4 ml with PBS in each
tube and 2 ml of ice chilled TCA was added to stop the reaction. The
tubes were centrifuged at 3000 rpm for 15 min. Now, 4 ml of
supernatant was collected and sediment was discarded. To 4 ml of
supernatant, 1 ml of 1 per cent TBA was added and it was kept in
boiling water bath for 10 min. Blank was made by adding the reagents
except the packed erythrocytes which were substituted with equal
volume of distilled water. Finally, the optical density was measured
at 535 nm against blank, after cooling the contents to room
temperature.  Superoxide dismutase was analyzed by the  standard
method (Marklund and Marklund, 1974). To a cuvette, 1.5 ml of
100 mM Tris-HCl buffer, 0.5 ml of 6 mM EDTA and 1 ml of 0.6 mM
pyrogallol solution were added. The rate of auto-oxidation of
pyrogallol was measured by the increase in absorbance at 420 nm in
a spectrophotometer every min, after a lag of 30 s up to 4 min. For
the test, 20 l of erythrocyte lysate was added to inhibit the auto-
oxidation of pyrogallol to about 50%. A unit of enzyme activity is
defined as the amount of enzyme causing 50% inhibition of the auto-
oxidation of pyrogallol observed in blank. The values were expressed
as units/mg Hb. Catalase levels were analyzed by the standard method
(Aebi, 1983). To 2 ml of phosphate buffer in quartz cuvette, 20 µl of
erythrocyte lysate was added and mixed well. The reaction was
started by the addition of 1 ml of 30 mM H2O2 and the decrease in
absorbance was recorded at every 10 sec interval for 1 min at 240 nm
in a U.V. spectrophotometer. The results were expressed as µmol
H2O2 decomposed per min per mg Hb using 36 as molar extinction
coefficient of H2O2.

2.7 Histopathological investigation

A systematic necropsy examination was conducted (Luna, 1968).
Microphotography was performed using an Olympus Microscope
(BX-40, Japan).

2.8 Histopathological lesion score

The intensity of microscopic changes in the tissues was scored as
mild (1), moderate (2), and severe (3). The total of individual lesion
scores (vascular, degenerative, necrotic, and inflammatory lesions)
was calculated as the sum of the products of each lesion score of a
particular type of lesion with the number of rats showing that
particular lesion and severity. The mean was determined by dividing
the total score by the total number of rats in that group. The total
lesion score for the liver and kidneys of each rat was determined by
the total of intensity score of each alteration.

2.9 Statistical analysis

IBM SPSS version 20.0. software was used for statistical analysis
The Kruskal-Wallis non-parametric test was employed for the
analysis of microscopic lesions in the liver and kidney tissues using
Graph Pad InStat software (San Diego, USA).

3. Results

3.1 Total phenolic content (TPC) and percent recovery of
C. fistula extracts

The total phenolic content of the ethanolic extract of C.fistula  bark
was found to be the highest (43.1 ± 1.68) mg of GAE/gm of extract,
followed, by leaf, flower, and fruit pulp. The per cent recovery was
highest in bark (4.2%) followed by leaf, fruit pulp, and flower
(Table 1).

Table 1: Total phenolic content (TPC) (Mean ± SE) in leaves,
bark, flowers and fruit pulp of C. fistula extracts (n=3)
measured as gallic acid equivalent (mg of GAE/g of
extract) and per cent recovery of extracts.

Extract TPC (mg of GAE/g % Recovery
of extract)

Leaf (Ethanolic) 11.12 ± 0.22 3.7

Bark (Ethanolic) 43.10 ± 1.68 4.2

Flower (Ethanolic) 09.09 ± 0.31 2.0

Fruit pulp (Ethanolic) 02.53 ± 0.28 2.4

3.2 ABTS scavenging activity

On comparing IC50 values of C. fistula leaves, bark, flower, fruit
pulp extracts and standard antioxidant trolox (water-soluble vitamin
E analog) the ABTS scavenging activity in decreasing order was bark
(90.94 µg/ml) > leaf (152.81 µg/ml ) > trolox (195.43 µg/ml ) >
flower (206.95 µg/ml ) > fruit pulp (396.23 µg/ml). ABTS scavenging
activity of C. fistula bark and leaves was found better than the
standard antioxidant trolox.

3.3 DPPH radical scavenging activity

On comparing IC50 values of C. fistula leaves, bark, flower, fruit
pulp ethanolic extracts, and standard antioxidant BHT, the DPPH
scavenging activity in decreasing order was bark (177.55 µg/ml) >
leaf (236.99 µg/ml) > BHT (289.02 µg/ml) > flower (378.87 µg/ml )
> fruit pulp (674.55 µg/ml). The free radical scavenging activity of
extracts of C. fistula bark and leaf was found better than the standard
antioxidant BHT.
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3.4 Superoxide radical scavenging assay

The order of superoxide radical scavenging assay and standard
antioxidant in decreasing order was ascorbic acid (90.37 µg/ml) >
bark (241.03 µg/ml) > leaf (692.99 µg/ml) > flower (733.2µg/ml) >
fruit pulp (858.27 µg/ml).

3.5 Effects of C. fistula extract on biochemical parameters in
ethanol-treated rats

The level of liver enzymes AST, ALT, and ALP was found significantly
(p<0.05) increased in ethanol treated group as compared to the normal
group. The enzymes significantly (p<0.05) decreased in all the

C. fistula extracts treated groups. The maximum decrease in levels of
these enzymes was observed in the C.fistula bark-treated group
(Figure 2).

3.6 Effect of C. fistula extract on serum LPO, CAT, and SOD
levels in ethanol-treated rats

The levels of serum SOD and CAT significantly (p<0.01) decreased
in ethanol-treated rats. However, leaf and bark extract of C.fistula
significantly increased SOD and CAT levels. LPO levels increased
significantly (p<0.01) in the group of ethanol treated rats which
decreased significantly (p<0.01) in C.fistula leaf and bark extract
treated rats (Figure 3).

Figure 2: Serum activity of AST, ALT and ALP levels after treatment with C. fistula extracts (mean ± SE).

Figure 3: Serum levels of LPO (nmolMDA/ml), SOD (U/ml) and CAT (uM/min/ml)  (mean ± SE); LPO: lipid peroxidation; SOD:
superoxide dismutase; CAT: catalase.



543

3.7 Histopathological findings

The total mean lesion score for histopathological changes comprising
vascular changes, degenerative changes, necrotic changes, and cellular

infiltration in the liver and kidneys was found to be significantly
(p<0.05) lower in C. fistula bark extract-treated group animals, and
the values were presented in Tables 2,3 and illustrated in
Figures  4, 5.

Table 2 : Mean lesion scores (mean ± SE) and mean total lesion scores (mean ± SE) of the liver tissues in rats (n=6)

Group Dose                            *Microscopic lesion score **Total  lesion score

(mg/kgbw) Vascular Degenerative Necrotic C el lu lar
changes changes changes infiltration

Control - 0.33 ± 0.21a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.33 ± 0.21a

Ethanol (50%) 3000 2.33 ± 0.33c 2.00 ± .37c 1.50 ± 0.22b 1.50 ± 0.22b 7.33 ± 1.09c

Ethanol (50%) +

Leaves of C. fistula 100 2.00 ± 0.37bc 1.00 ± 0.00bc 0.67 ± 0.21a 0.83 ± 0.17a 4.50 ± 0.22bc

Ethanol (50%) +

Bark of C. fistula 100 1.00 ± 0.00ab 0.83 ± 0.17a 0.67 ± 0.21a 1.00 ± 0.00b 3.50 ± 0.34ab

Ethanol (50%) +

Flower of C. fistula 100 1.67 ± 0.21abc 1.00 ± 0.00bc 0.50 ± 0.22a 0.83 ± 0.17a 4.00 ± 0.26ac

Ethanol (50%) +

Fruit pulp of C. fistula 100 1.33 ± 0.21abc 1.00 ± 0.00bc 0.50 ± 0.22a 0.83 ± 0.17a 3.67 ± 0.21ab

Ethanol (50%) +

Silymarin 5 0 1.00 ± 0.37ab 0.83 ± 0.17a 0.67 ± 0.21  a 0.67 ± 0.21a 3.17 ± 0.65ab

Means bearing superscripts a, b, c differ significantly (p<0.05) in a
column.*Mean  microscopic lesion scores were obtained for each
group by dividing the sum of the products of intensity scores (Mild=1;
Moderate=2; Severe=3) and the number of rats showing that

particular intensity by number of total rats at that interval.**Mean
total lesion scores were obtained for each group by dividing the sum
of the total lesion scores (vascular changes, degenerative changes,
necrotic changes and cellular infiltration) by the total number of rats
of the corresponding group.

Table  3: Mean lesion scores (mean ± SE) and mean total lesion scores (mean ± SE) of the kidney tissue in rats(n = 6)

Group Dose                            *Microscopic lesion score **Total  lesion score

(mg/kgbw) Vascular Degenerative Necrotic C el lu lar
changes changes changes infiltration

Control - 0.17 ± 0.17a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.17 ± 0.17a

Ethanol (50%) 3000 2.00 ± 0.26b 1.83 ± 0.31b 1.50 ± 0.22b 1.33 ± 0.21c 6.67 ± 0.88c

Ethanol (50%) +
Leaves of C. fistula 100 1.33 ± 0.21a 1.17 ± 0.31b 0.67 ± 0.21a 1.00 ± 0.26ac 4.17 ± 0.54bc

Ethanol (50%) +
Bark of C. fistula 100 1.00 ± 0.00a 0.83 ± 0.17a 0.50 ± 0.22a 0.33 ± 0.21ab 2.67 ± 0.49ab

Ethanol (50%) +
Flower of C. fistula 100 1.00 ± 0.37a 1.00 ± 0.00a 0.67 ± 0.21a 0.50 ± 0.22ac 3.17 ± 0.70ac

Ethanol (50%) +
Fruit pulp of C. fistula 100 1.50 ± 0.22a 0.83 ± 0.17a 0.50 ± 0.22a 0.50 ± 0.22ac 3.33 ± 0.33ac

Ethanol (50%) +

Silymarin 5 0 1.33 ± 0.21a 1.17 ± 0.31b 0.67 ± 0.21a 1.00 ± 0.26ac 4.17 ± 0.54bc

Means bearing superscripts a, b, c differ significantly (p<0.05) in a column. Data are means ± S.E (n=6).*Mean lesion scores were obtained
for each group by dividing the sum of the products of intensity scores (Mild=1; Moderate=2; Severe=3) and the number of rats showing that
particular intensity by number of total rats at that interval.**Mean total lesion scores were obtained for each group by dividing the sum of
the total lesion scores (vascular changes, degenerative changes, necrotic changes and cellular infiltration) by the total number of rats of the
corresponding group.
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Figures 4a-g: Histopathological results of liver in rats. A: The control group showing normal structures of sinuso ids, portal area
(P), centrilobular area (C) and well-arranged hepatocytes. B1: Ethanol treated group showing congested portal
vein (pv) in the portal region (P) and sinusoids. B2:Degenerated hepatocytes with increased eosinophilic cytoplasmic
granularity and cytoplasmic vacuolations and the presence of pyknotic nuclei in most of the hepatocytes around
the central vein (cv). C: Leaf treated group showing engorged and dilated sinusoids and degeneration of hepatocytes
in the centrilobular region. D: Bark treated group showing degeneration of hepatocytes in the centrilobular
region. E: Flower treated group showing hepatocytic degeneration with infiltration of inflammatory cells mainly
lymphocytes (encircled). F: Fruit pulp treated group showing infiltration of lymphocytes (encircled) around the
portal region. G: Silymarin treated group showing hepatocytic degeneration with increased cytoplasmic granularity.
{A, B2, C, D, E, F, G, H&E 200x} {B1 H&E 40x}.

Figures 5a-g: Histopathological results of kidney in rats. A: The control group showing normal glomeruli (G) and tubules (T) in
the cortex. B1: Ethanol treated group showing severely degenerated tubular epithelium and the presence of
pyknotic nuclei in the renal tubules. B2: kidney showing degenerated tubular (T) epithelium with increased
eosinophilic cytoplasmic granularity and the nuclear changes including pyknosis (arrow) and karyomegaly
(encircled). C: Leaf treated group showing degenerative changes in the tubular (T) epithelium. D: Bark treated
group showing degeneration of tubular (T) epithelium. E: Flower treated group showing dilatation of renal tubules
and degenerated tubular epithelium. F: Fruit pulp treated group showing degenerated tubular (T) epithelium. G:
Silymarin treated group showing degenerated tublular (T) epithelium with increased eosinophilic cytoplasmic
granularity {A, B1, C, D, E, F, G, H&E 200x} {B2 H&E 400x}.

4. Discussion

Phenols have good antioxidant activity. These are responsible for
neutralizing the oxidative stress caused in the body due to the
generation of free radicals (Falak et al., 2023). In our study, percent
recovery was found to be highest in bark (4.2%), followed by leaf,

fruit pulp, and flower.  Total phenolic content in decreasing order
among different parts of C. fistula are bark followed by leaf, flower,
and fruit pulp. Our results are in consonance with an earlier study
conducted by Siddhuraju and Becker (2003), who found similar
results. Tzekiat and Chiang (2013), also found higher contents of
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total phenol, tannin, and antioxidant activity in C. fistula bark extracts
as compared to other parts. In our study, a substantial concentration
of phenols was detected in C. fistula bark extract. The higher the
phenolic content greater the antioxidant activity of plants.The
ethanolic extract of C.  fistula bark possesses a good ability to scavenge
the ABTS radicals. At the highest concentration of  1 mg/ml, the
ethanolic bark extract of C. fistula showed 84.2% ABTS+ radical
Scavenging, which is at par with standard trolox showing 87%
inhibition. The phenolic compounds because of their high mol. wt.
have more ability to scavenge the free radicals (Hagerman et al.,
1998). The high antioxidant activity of C. fistula bark extract might
be due to its high mol. wt. phenolic compounds. DPPH radical
scavenging activity of plant extracts is observed as a color change of
DPPH solution from purple to yellow which may be due to donation
of hydrogen ions (Kumar et al., 2008). In the present study, all the
C. fistula plant parts used showed DPPH scavenging activity. However,
there is a difference in the scavenging activity of different plant parts
which may be due to the different concentrations of polyphenols
and flavonoids. In the present study, DPPH scavenging activity was
found to be dose-dependent which may be due to the difference in
concentration of hydrogen ions. More is the concentration of
hydrogen ions lighter the solution will be (Silva et al., 2005; Villano
et al., 2007). Superoxide anion radicals are mainly released by
monocytes, macrophages, eosinophils, and neutrophils (Kumar et
al., 2008). These radicals were generated in the PMS-NADH
(phenazinemethosulfate-nicotinamide adenine dinucleotide) system
by oxidation of NADH and assayed by the reduction of NBT (Nitro
blue tetrazolium) (Oktay et al., 2003). In our study, the IC50 value of
ascorbic acid was found less than C. fistula extracts suggesting that
ascorbic acid is a better scavenger of superoxide radicals than C.
fistula. Among the extracts, the bark extract of C. fistula has better
scavenging activity. Better superoxide radical scavenging activity
might be due to higher polyphenolic content in C. fistula bark extract.

Hepatic dysfunctions are commonly screened by liver function tests.
Liver function tests are determined by the level of liver enzymes in
the circulation. The more severe the liver damage more will be the
enzymes released into the circulation (Mahar et al., 2022). In the
current study, oral administration of ethanol (50%) @ 3 g/kg b.wt.
for two weeks significantly (p<0.01) raised AST, ALT, and ALP
enzymes. Treatment with extracts of C. fistula significantly (p<0.01)
decreased these liver enzymes. Standard drug silymarin @ 50 mg/kg
also significantly (p<0.01) decreased the level of these enzymes.
The maximum decrease in levels of these enzymes was observed in
bark treated group. However, the decrease was less than in the
silymarin-treated group. Our results are in agreement with an earlier
study on C. fistula  in which the elevated level of plasma enzymes
by CCl4 was reduced by the aqueous extract of leaves and bark
(Pradeep et al., 2005). Previous studies with CCl4, thioacetamide,
and diethyl nitrosamine (DEN) reported liver damage accompanied
by a rise in levels of liver enzymes (AST, ALT, bilirubin, and alkaline
phosphatase) and an increase in oxidative stress marker LPO and fall
in the activities of SOD, CAT, and glutathione reductase levels. C.
fistula leaves ethanolic extract @ 500 mg/kgb.w for 7 days and n-
heptane extract @ 400 mg/kg restored normalcy by reducing the
elevated level of liver enzymes, LPO levels and increasing levels of
catalase and glutathione reductase (Bhakta et al.,1999; Pradeep et
al., 2007; Pradeep et al., 2010; Kaur et al., 2019). In the liver of the
ethanol-treated group, the sections of the liver showed moderate to

severely engorged and dilatation of blood vessels and sinusoids. The
Kupffer cell activity was consistently increased. The degenerative
changes such as increased eosinophilic cytoplasmic granularity and
cytoplasmic vacuolations in the hepatocytes were the common
findings. Occasional, fat vacuoles were seen in the centrilobular
hepatocytes. Nuclear changes such as the frequent presence of
pyknotic nuclei, karyomegaly, karyorrhexis, or dissolution of nuclei
and/or apoptotic hepatocytes were also noted especially in the
hepatocytes of the centrilobular region. Variable infiltration of
inflammatory cells including lymphocytes along with a few
neutrophils also noted inside the parenchyma (Figures 4 b1-b2).
Treatment with C. fistula extracts of leaf, bark, flower, fruit pulp,
and silymarin restored the normal architecture of ethanol-intoxicated
damaged liver (Figures 4c-g). The mean lesion score for vascular
changes in the liver significantly (p<0.05) declined in C. fistula (bark
and pulp extracts) treated group animals. The mean lesion score for
degenerative changes in the hepatocytes was significantly (p<0.05)
decreased in C. fistula (bark, flower, and pulp extracts) treated group
animals. The mean lesion score for necrotic changes was significantly
(p<0.05) decreased in C. fistula (leaf, bark, flower, and pulp extracts)
treated group animals. The mean lesion score for cellular infiltration
in the liver was significantly (p<0.05) reduced in C. fistula (bark and
flower extracts) treated group animals.

In the kidneys of the ethanol-treated group, the sections of kidneys
showed moderate to severely engorged and dilatation of blood
vasculature in the cortex and medullary region. The glomerular tufts
were engorged in the renal cortex. The moderate to severely
degenerated renal tubular epithelium revealed increased eosinophilic
cytoplasmic granularity and cytoplasmic vacuolations. The hyaline/
epithelial casts were also seen inside the tubular lumen. The nuclear
changes such as pyknosis, karyomegaly, and fragmented or
dissolution of nuclei were also seen in the renal epithelium (Figures
5b1-b2). Treatment with C. fistula extracts of leaf, bark, flower, fruit
pulp, and silymarin restored the normal architecture of ethanol-
intoxicated damaged kidneys (Figures 5c-g). The mean lesion score
for vascular changes in kidneys significantly (p<0.05) decreased in
C. fistula (leaf, bark, flower, and pulp extracts) treated group animals.
The mean lesion score for degenerative changes in kidneys was
significantly (p<0.05) decreased in C. fistula (bark, flower, and pulp
extracts) treated group animals. The mean lesion score for necrotic
changes in kidney tissues was significantly (p<0.05) decreased in C.
fistula (leaf, bark, flower, and pulp extracts) treated group animals.
The mean lesion score for cellular infiltration in kidneys was
significantly (p<0.05) decreased in C. fistula (bark) treated rats.

The hepatoprotection of C. fistula leaves/fruit/bark extracts
promisingly improved histo-architecture of the liver by reducing the
microscopic lesions in several studies suggesting its primary
hepatoprotective nature in experimental animals (Bhakta et al., 2001;
Jehangir et al., 2010, Kalantri et al., 2011; Patwardhan et al., 2009).
In one of the earlier studies, histologic examination of kidney of mice
revealed that hydro-alcoholic C. fistula fruit extract @ dose range
from 200 to 800 mg/kg b.w followed by 460 mg/kg bromobenzene
significantly restored bromobenzene-induced toxicity (Kalantri et
al., 2011). In this study, histological examination revealed that the
ethanolic extract of C. fistula bark significantly restored the
nephrotoxic effect of ethanol.
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5. Conclusion

In our study, it was found that the ethanolic extract of all C. fistula
plant parts has good antioxidant activity and protective effects in
the liver and kidney against ethanol.  Among the different parts bark
and leaves of C. fistula showed the best results. The protective
effects on the liver and kidney might be due to the antioxidant
properties. However, the compounds producing these effects are
still to be identified and tested before their clinical usage.
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