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Abstract

Polyalthia longifolia (Sonn.) Thwaites is a traditional medicinal plant with diverse medicinal properties
including kidney protection. The present investigation was aimed to assess the phytochemical content, antioxidant
activity and evaluate nephroprotective activity of Polyalthia longifolia (PL) 70% ethanolic leaf extract against
cisplatin and gentamicin-induced toxicity on HEK293 cell line. Phytochemical analysis confirmed the presence of
flavonoids, reducing sugars, tannins, coumarin, saponins, alkaloids, and glycosides, as well as the abundant total
phenolic and total flavonoid content in the PL leaf extract. The extract exhibited significant free radical scavenging
activity (p<0.001) in ABTS (ICso 224 pg/mL), DPPH (ICso 150.1 pg/mL) and H202 (ICso 271.1 ug/mL) assays. In
vitro MTT assay validated remarkable cytoprotective activity (p<0.001) of PL leaf extract at three concentrations
(125 pg/mL, 250 pg/mL, 500 pg/mL) against cisplatin and gentamicin treated HEK293 cell line in dose dependent
manner with 70% cell viability (ICso 312.6 pg/mL) and 72% cell viability (ICso 307.3 ng/mL), respectively, at PL
dose 500 pg/mL. The cytotoxicity assay also confirmed no adverse effect of PL leaf extract on cell viability in the
HEK?293 and considered as nontoxic when compared with normal control group. The present study revealed that
Polyalthia longifolia leaf extract has remarkable antioxidant activity and nephroprotective properties against cisplatin
and gentamicin induced nephrotoxicity in in vitro model which might be due the presence of free radical scavenging
phytochemicals.
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Introduction on the kidneys. For a long time, traditional or
alternative systems of Indian medicine have relied
heavily on herbal medicine and plant products.
Polyalthia longifolia (Sonn.) Thwaites is well known
medicinal plant with many medicinal properties.
However, there is a dire need to validate the traditional
claim of medicinal plants by experimental study. In this
study, cisplatin and gentamicin were used as
nephrotoxic models to evaluate the protective effect of
Polyalthia longifolia leaves. Cisplatin is a known
antineoplastic chemotherapy agent and as a result of the
side effects, its induces nephrotoxicity. It cause
mitochondrial and nuclear DNA damage, oxidative
stress, inflammatory responses and activation of tumour
necrosis factor (TNF), resulting in cell death (4-7).
* Corresponding Author: Gentamicin is an aminoglycoside antibiotic which
Arvind Kumar Shakya causes renal damage by free radical generation,
inflammation, tubular necrosis, leukocyte infiltration
Biochemistry Discipline, School of Sciences, and glomerular filtration rate (GFR) reduction, on

Indira Gandhi National Open University, prolonged administration (8-11). It triggers a demand
New Delhi 110068, India. for alternative therapies that are beneficial, cost-

effective and non-toxic to human health. Medicinal

Today, kidney disease is one of the most common
health concerns in society. Chronic kidney disease
affects approximately 843 million people worldwide
(1). Nowadays, drug-induced nephrotoxicity (DIN) is a
common problem in people due to prolonged exposure
to synthetic drugs, alcohol, unhealthy foods, and
smoking. Around 20% of nephrotoxicity occurs
worldwide as a result of such causative factors. Acute
kidney injury (AKI), nephrolithiasis, and glomerular
and tubular damage are all common consequences of
DIN (3). Cisplatin and gentamicin, among other
synthetic drugs, have been reported to cause side effects
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plants are potential candidates, known to cure various
human ailments traditionally in Ayurveda and can be
scientifically validated into standardized herbal drugs
(12, 13).

Polyalthia longifolia (PL), also known as false
Ashoka, is a member of the family Annonaceae. The
word "Polyalthia" derives from Greek roots, with "poly"
meaning "many" and "althia" meaning "cure," implying
that this plant has been used to treat a wide range of
diseases (14). Herbal preparations of P. longifolia have
traditionally been used to treat ulcers, fever, diabetes,
cardiovascular diseases, urinary tract disorders and skin
diseases (14, 15). This plant is also known and validated
for its antimicrobial, anti-inflammatory, anti-ulcer, anti-
cancer, hypoglycemic and antipyretic activities (16-19).
Even with all of the attention this plant has garnered,
there have been insufficient reports on scientific
research to determine its nephroprotective potential and
medicinal properties. As a result, the purpose of this
research is to assess the phytochemical constituents,
antioxidant activity and in vitro nephroprotective effect
of Polyalthia longifolia (Sonn.) Thwaites against
cisplatin and gentamicin-induced toxicity in the
HEK293 cell line.

Materials and methods
Plant material collection

Healthy Polyalthia longifolia (Sonn.) Thwaites
specimen was collected in the month of September,
from a population growing at the Herbal Garden of the
Indira Gandhi National Open University, Maidan Garhi,
New Delhi, India, at latitudes and longitudes (28.5026"
and 77.1986", respectively). It was identified and
authenticated by Prof. Prem Lal Uniyal, Department of
Botany, University of Delhi and a voucher specimen
(accession number DUH14499) was submitted to the
herbarium unit. The leaves were washed using distilled
water and dried at room temperature (25-30°C) for 15
days. The dried PL leaves were ground into fine powder
and subjected to defatting and 70% ethanolic extract
preparation. All chemicals used in this experimental
study were of analytical grade.

Defatting and Preparation of 70% ethanolic extract

Polyalthia longifolia (PL) leaf powder was
defatted using petroleum ether at 1:3 (w/v) and 70%
ethanolic extract was prepared from the defatted residue
using absolute ethanol at 1:5 (w/v) (20). The extract
obtained was preserved in a vial and kept at 4 °C. The
formula used for the calculation of the percentage yield
of extract was: (Formula 1)

Percent Yield (%) = (W1/W2) x 100 where W is
the weight of the extract obtained and W> is the weight
of the leaves taken.

Phytochemical screening

Qualitative phytochemical screening was
performed to detect the presence of phytoconstituents
(i.e. flavonoids, reducing sugar, tannins, coumarin,
saponins, alkaloids, glycosides, anthocyanin and
steroids) using standard procedures as shown in Table 1

Q1).
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Determination of total phenol and total flavonoid
content

The Folin-Ciocalteu method was used to
determine the total phenolic content of PL 70%
ethanolic leaf extract (22). The total flavonoid content
of PL extract was estimated using the aluminium
chloride colorimetric method on standardization of the
Woisky and Salatino procedure (23). The test was
performed in triplicate for statistical analysis.

In vitro antioxidant activity
To evaluate the antioxidant activity of PL 70%
ethanolic leaf extract, 2,2'-azino-bis-3-
ethylbenzothiazoline-6-sulfonic acid (ABTS), 1,1-
diphenyl-2-picrylhydrazine (DPPH) and Hydrogen
peroxide (H20:) radical assays were performed at five
different concentrations (100, 200, 300, 400 and 500
png/mL respectively) (24-26). Ascorbic acid was used as
the standard (10-50 pg/mL). ICso values (Inhibitory
concentrations of a sample to scavenge 50% of free
radicals) were calculated using linear regression
analysis. All chemicals were purchased from Himedia
India.
Percent antioxidant activity was calculated using
this formula: (Formula 2)
Percent inhibition (%) = (Absorbance of control —
Absorbance of Sample)/ (Absorbance of control x
100)

Nephroprotective activity of PL extract

The nephroprotective activity of PL 70%
ethanolic leaf extract was evaluated using the MTT (3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) tetrazolium reduction assay. Human
Embryonic Kidney cell line (HEK293) was procured
from the National Centre for Cell Sciences (NCCS),
Pune, India and cultured in vitro (27). Silymarin,
Cisplatin and Gentamicin were sourced from Sigma
Aldrich (USA).

MTT assay was performed to assess the cytotoxic
effect of PL 70% ethanolic leaf extract at three
concentrations (125 pg/mL, 250 pg/mL and 500 pg/
mL) on HEK293 cell lines and compared with the
positive control Silymarin. The percent (%) cell
viability was calculated using the following formula:
(Formula 3)

Cell viability (%) = (Mean O.D. of Treated group/
Mean O.D. of Control group) x 100

Effect of PL extract on Cisplatin-induced toxicity
HEK?293 cells (1x105 cells/well) were seeded in a
96 well culture plate with eight groups (1-8) in
triplicate, and incubated for 24 hours in CO; incubator.
Group 1 (Normal control) was given DMEM medium,;
Groups 2-8 received Cisplatin at a concentration of 25
ul/well; Groups 3-5 were treated with PL extract (125
pg/mL, 250 pg/mL, and 500 pg/mL) and Groups 6-8
were given Silymarin (125 pg/mL, 250 pg/mL, and 500
pug/mL) respectively, as a conjoint treatment (28). After
24 hours of incubation, 10 pl MTT dye was added into
each well and incubated in dark for 4 hours, After
incubation, media was removed from each well and
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then 100 pl of DMSO was added to all wells including
control to dissolve the colored formazan crystals and
kept on a orbital shaker for 10 minutes and the
absorbance of each well plate was measured with Elisa
reader at 570 nm.

Effect of PL extract on Gentamicin-induced toxicity

Similar to the cisplatin treatment, HEK293 cell
lines were seeded and treated in the 96 Elisa well plate
in eight groups (1-8) for in vitro study of Gentamicin.
After 24 hours of incubation, all groups were treated in
the same pattern except Groups 2-8, which received
Gentamicin at a concentration of 30 ul/well. The
concentrations of PL extract and Silymarin used as a
conjoint treatment were same as in the previous
experiment (29). After 24 hours of incubation, the same
procedure was followed as of the cisplatin in vitro
study. The colour change in cell suspension (from
yellow to purple) was recorded by Elisa reader at 570
nm wavelength.

Statistical analysis

All experiments were performed in triplicate (n =
3) and calculated results were presented as mean £ SD.
InStat-Graph Pad software, (an open source statistical
software) was used for statistical analysis and data
presentation. Differences and correlations among the
groups were inferred using ANOVA. Probability (p)
value of <0.001 was considered statistically significant.

Results

Table 1: Phytochemicals present in Polyalthia
longifolia leaf extract

Tests performed Expected Results
result
Test for Flavonoid Decoloration Present
PL extract + IN NAOH + of yellow color
dil. HCI on adding acid
Test for Reducing sugar Formation of Present
Fehling solutions A and B Brick red
+ PL extract + Heat (60°C) @ precipitation
Test for Tannins Green black Present
PL extract + 5% FeCl3 coloration
Test for Coumarins Yellow color/ Present
PL extract + 10% NAOH orange
coloration
Test for Anthocyanins Pink red Absent
PL extract + dil. HoSO4 + coloration
Ammonia
Test for Saponins Formation of Present
PL extract was agitated ina  lcm layer of
graduated cylinder for 15 foam.
minutes.
Test for Steroids Red upper Absent
PL extract + Chloroform + layer with
Conc. H2SO4 green
fluorescent
acid layer
Test for Alkaloids Reddish brown = Present
PL extract + dil. HCI + colored
Wagner’s reagent. precipitation
Test for Glycosides Violet ring Present
PL extract + alcoholic a— formation

naphthol + Conc. H2SO4
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The yield of PL 70% ethanolic leaf extract
corresponding to the initial dry plant material was
14.62% as calculated using Formula 1. On qualitative
phytochemical analysis of the PL leaf extract, the
phytochemicals found present were flavonoids,
reducing sugar, tannins, coumarin, saponins, alkaloids,
and glycosides (Table 1). Anthocyanin and steroids
were found to be absent in the PL extract.

The total phenolic content in the leaf extract was
found to be 3263.5 + 0.55 mg of gallic acid equivalent
per gram of PL extract and the total flavonoid content
was estimated to be 1201.4 = 0.71 mg quercetin
equivalent per gram of PL extract (Table 2).

Table 2: Total phenolic and Total flavonoid content
of the Polyalthia longifolia leaf extract

Phenolic content Flavonoid content

Plant (Mg Gallic acid (mg Quercetin
Extract equivalents/ g of plant = equivalents/ g of plant
material) material)
PL extract 3263.5+0.55 1201.4 +£0.71

The radical scavenging activity of PL leaf extract
was shown in a concentration-dependent manner
(p<0.001) in Table 3. ABTS (2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid) is a standard
antioxidant activity assay used to determine the free
radical scavenging activity of plant extract. At the
highest concentration of 500 pg/mL, ABTS percent
inhibition was found to be 78%. The ICso value of
ABTS inhibition was found to be 224 + 1.49 ug/mL.
DPPH (2,2-diphenyl-1-picrylhydrazyl), which is a free
radical blue-colored dye that is used to determine the
free radical scavenging activity of plant extracts, is
another common antioxidant activity evaluation assay.
PL extract showed significant DPPH free radical
inhibition in a dose-dependent manner in comparison
with ascorbic acid (10-50 pug/mL) used as a standard,
with a maximum DPPH inhibition of 89% at 500 pg/mL
concentration. The ICso value was found to be 150.2 +
0.86 pg/mL. The H>O; scavenging activity of PL extract
was also found in a concentration dependent manner,
with the maximum inhibition by the PL extract found to
be 86% at 500 pg/mL and ICso of 271.1 + 0.95 pg/mL.

Table 3: Antioxidant activity of Polyalthia longifolia
70% ethanolic leaf extract

Treatment .% ABTS .% DPPH .% .H.z.Oz
inhibition inhibition inhibition
PL extract ( pg/mL)
100 34.67+0.35 4444+£1.06 19.31+1.63
200 53.03+1.78 5532+1.01 39.08+0.46
300 56.11 £1.13 66.94+190 56.20+ 1.68
400 67.67+1.38 78.29+1.35 7424+0.53
500 7775+ 1.62  88.99+0.02 85.88+0.47
ICso value ( pg/mL) 224+1.49 150.18+£0.86 271.1 £0.95

Ascorbic acid ( pg/mL) (Used as standard)

10 5243+0.22 66.23+£0.74 35.72+0.42
20 78.84+0.58 69.68+£0.08 51.83+0.21
30 82.96+£0.60 72.13+0.30 57.07+0.35
40 91.60+0.29 74.46+0.94 68.40=+0.16
50 98.01+£1.98 79.80+0.61 83.36+0.55
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Values are expressed as Mean + Standard
Deviation. ICso values are the results of linear
regression of % scavenging activities with PL extract at
50% inhibition.

In vitro studies are extensively used as the
primary level of screening before moving further to the
in vivo methods of analysis to evaluate the potential
therapeutic activities, like nephroprotection, of various
medicinal plants. PL extract was found to have no toxic
effect on the cell population for all three concentrations,
and the results were similar to those of the normal cell
group and the silymarin treated cell group with the
MTT assay (Figure 1). According to the results, cell
viability was found to be 99% at the highest
concentration, i.e., 500 pg/mL of PL extract.

The protective effect of PL extract was analyzed
against cisplatin-induced in vitro toxicity at three
different concentrations (125, 250 and 500 pg/mL) on
the HEK293 cell line (Figure 2). In comparison with the
normal control group (Group 1), HEK293 cell lines
exposed to cisplatin toxicity show a drop of 80% in cell
viability (Group 2). Cell line groups treated with PL
extract showed a significant increase in cell viability in
a dose-dependent manner against cisplatin-induced
toxicity (Groups 3-5). Cell viability was recorded to be
70% at the highest concentration of PL extract (Group
5). These results were compared to the cell viability
effect of Silymarin, used as positive control, which
showed 88% cell viability at 500 pg/mL. The ICso value
of PL extract against cisplatin was found to be 312.6 +
0.45 pg/mL with (p<0.001) significance.

Figure 1: Cytotoxic effect of PL 70% ethanolic leaf
extract on HEK293 cell line

Cytotoxicity Assay
100
£ 80+
2
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Figure 2: Protective effect of PL 70% ethanolic leaf
extract on Cisplatin treated HEK293 cell line; # =

p<0.001 vs control, *= p<0.001 vs Cisplatin
MTT assay
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The cytoprotective effect of PL extract against
gentamicin-treated HEK293 cells is shown in (Figure
3). Gentamicin toxicity in the HEK293 cell lines
decreased the cell viability rate to a low of 19%, which
was subsequently improved by the PL extract
administration at three doses (125-500 pg/mL). The
maximum percent cytoprotective effect was found to be
72% at 500 pg/mL of PL extract (p<0.001) against
gentamicin induced cell damage. The results were
compared with the positive control silymarin, which
showed 90% cell viability at 500 ng/mL. The 1Cso value
of PL extract against gentamicin was found to be 307.3
+0.92 pg/mL.

Figure 3: Protective effect of PL 70% ethanolic leaf
extract on Gentamicin treated HEK293 cell; # =
p<0.001 vs control, *= p<0.001 vs Gentamicin
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Discussion

Polyalthia longifolia is a popular medicinal plant
with elaborate mention and therapeutic usage in Indian
Ayurveda (13). It has a variety of medicinal properties,
including antimicrobial, anticancer, hepatoprotective,
and hypoglycemic properties, according to previous
research (14). The nephroprotective activity of this plant
is also mentioned in traditional medicinal literature;
however, there is very little knowledge and scientific
evidence to validate the same. In this study of PL 70%
ethanolic leaf extract, qualitative phytochemical
screening, total phenolic and flavonoid content, along
with antioxidant activity, were analyzed. In vitro
nephroprotective activity was evaluated using HEK293
cell line culture by MTT assay against cisplatin and
gentamicin toxicity so to predict the suitability of
Polyalthia longifolia as nephroprotective agent to
investigate further in in vivo models (30). In vitro
studies are extensively used as the primary level of
screening before moving toward the in vivo methods of
analysis to evaluate the potential therapeutic activities,
like nephroprotection, of various medicinal plants.
Cisplatin is a popular antineoplastic drug used as
chemotherapy for treating different types of cancer but
is also criticized for its nephrotoxic side -effects;
similarly, Gentamicin is an aminoglycoside prescribed
to treat broad spectrum bacterial infections with a
limitation of serious kidney damage as a side effect of
its administration. Previous experimental studies have
demonstrated a prominent relationship between
oxidative stress and nephrotoxicity in different models
(31). Cisplatin and gentamicin are known to cause
nephrotoxicity as a consequence of oxidative stress.
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Cisplatin damages the kidney tissues by producing free
radicals, causing altered arginine metabolism and
increased calcium independent nitric oxide synthase
activity (32, 33). Gentamicin triggers oxidative stress
coupled with phospholipases activation and disrupts the
lysosomal membrane (32-34). Polyalthia longifolia
extract demonstrated remarkable antioxidant activity in
three different assays (DPPH, ABTS, H»0,) with total
phenolic and flavonoid content revealed the presence of
phytochemicals such as alkaloids, phenols, and
flavonoids, with other important phytoconstituents. The
phytochemicals as antioxidants might have showed
positive modulations in enzyme system activities and
reduce cellular damage caused by toxicant-induced
oxidative stress (35, 36).

In vitro cell viability assessment is done using the
colorimetric MTT assay. The working principle of this
assay is based on the conversion of yellow tetrazolium
salt into blue formazan crystals by the mitochondrial
succinate dehydrogenase enzyme (37). The MTT results
showed that the rate of cell viability was reduced
(19-20%) in the Cisplatin and Gentamicin treated
groups, which increased considerably on treating with
PL extract at three concentrations (125 pg/mL, 250 pg/
mL, 500 pg/mL). The antioxidant activity of PL extract
might possibly be co-related to the improvement of cell
viability rate in cell line groups against drug induced
toxicity (38, 39). PL extract showed no toxicity or
negligible cell population decline in HEK293 cell lines
indicating no adverse effect on cultured cell lines.

At 500 pg/mL, the PL extract demonstrated
maximum cellular protection with 70% and 72% cell
viability against cisplatin and gentamicin-induced
toxicity in the HEK293 cell line, respectively. This
protective efficacy of PL can be linked with the
remarkable free radical scavenging property of PL
extract that prevents cellular damage associated with the
cisplatin and gentamicin in the in vitro model. The
antioxidant activity of PL extracts was determined to be
(78%—-89%) percent inhibition of DPPH, ABTS, and
H>20: assays in a dose-dependent manner.

The antioxidant and nephroprotective activities of
PL extracts might be due to the presence of flavonoids
and phenolic compounds that are widely studied and
known for having free radical scavenging properties.
Polyalthia longifolia has also been reported in the past
for its antioxidant activity and quantitative
phytochemical evaluation in various studies to back our
findings (14, 16, 17, 40). The presence of phenols and
flavonoids may also have contributed to the scavenging
of DPPH, ABTS and H»>O» radicals.

Conclusion

The results of the present study reveal that PL
extract has promising antioxidant activity and protective
effect against Cisplatin and Gentamicin induced toxicity
in the HEK293 cell line in vitro model. The presence of
various phytochemicals in significant concentrations,
along with free radical scavenging properties, possibly
accounts for its antioxidant and nephroprotective
activity. Further in vivo studies are required to validate
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the in vitro nephroprotective effects of Polyalthia
longifolia (Sonn.) Thwaites.
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