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ABSTRACT

Mussaenda frondosa Linn. of the family Rubiaceae
is a medicinal plant traditionally valued for its
diverse pharmacological properties. Investigating its
biocompatibility and cellular effects sis a crucial
step in evaluating its therapeutic potential. This
study aimed to evaluate the in vitro nephroprotective
and cell viability profile of an ethanolic extract of
Mussaenda frondosa leaves against the human
embryonic kidney (HEK293) cell line, utilising the
standard antibiotic gentamicin as a comparative
control. Cell viability was quantified using the
colourimetric 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrasolium bromide assay (MTT assay).
Cells were treated with a concentration gradient of
the extract (3.1 to 50 pg/ml) and gentamicin for a
specified incubation period, after which the optical
density (OD) was measured to calculate percentage
viability. The results demonstrated that the ethanolic
extract possessed significant, dose-dependent
activity and biocompatibility against the HEK293
cell line.

KEY WORDS: Mussaenda frondosa, MTT
assay,HEK293 cell line.

I. INTRODUCTION

Nephrotoxicity is defined as a rapid decline
in kidney function due to the toxic effects of
medications and chemicals. There are various forms,
and some drugs may affect renal function in
multiple ways.Aminoglycosides cause
nephrotoxicity, particularly affecting proximal
tubule epithelial cells due to selective endocytosis
and aminoglycoside accumulation.!!]

Nephrotoxicity is the most severe adverse
effect of gentamicin, which accounts for 10% - 20%
of all acute renal failure cases.[?! Patient’s serum
creatinine levels rise within 2-44 days of drug

exposure and earlier with subsequent re-exposure to
the same drug.P!

Gentamicin induces nephrotoxicity by
stimulating mitochondrial ROS production, which
degrades essential cellular components like proteins,
lipids, and nucleic acids, leading to cell death.
Additionally, it initiates a distinct inflammatory
response that drives vascular and mesangial
contraction in both human and animal subjects. 4]

Traditional medicine is highly endorsed by
the World Health Organisation (WHO) for national
health programs due to its low cost, safety, and
cultural familiarity. According to WHO data,
roughly 75% of the world's population still
considers herbal treatments and traditional therapies
to manage their health.”!

The plant Mussaenda frondosa Linn belongs
to the family Rubiaceae, known commonly as white
lady in English and Vellila in Malayalam.
Traditionally,leaves of this plant have been used to
treat jaundice, asthma, hyperacidity, fever, ulcers,
leprosy, swellings, and as a diuretic. Studies have
reported that the leaf extract possesses
antimicrobial(®], hepatoprotectivel’, anti-
inflammatory!®, diuretic®, wound-healing,'%and
hypolipidemic activities!''l,as well as activity
against fever, asthma, and cough. Phytochemical
analysis has shown the presence of flavonoids,
steroids, carbohydrates, phenol, tannin, and
glycosides. Twenty chemical constituents have been
identified from the ethanolic extract of the whole
plant of  Mussaenda  frondosa by  Gas
Chromatography-Mass  spectrometry  (GC-MS)
analysis!'?. The presence of various bioactive
compounds justifies the use of the whole plant for
various ailments by traditional practitioners.

Thus, this study aims to evaluate the in vitro
nephroprotective and cell viability profile of an
ethanolic extract of Mussaenda frondosa leaves
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against the HEK293cell line, utilising the standard
antibiotic gentamicin as a comparative control.

PLANT DESCRIPTION
Kingdom Plantae

Phylum Tracheophyta
Class Magnoliopsida
Order Gentenianales
Family Rubiaceae
Genus Mussaenda

Species Frondosa

Botanical name Mussaenda frondosa L.

Tablel: Botanical classification of Mussaenda
frondosa

II. MATERIALS AND METHODS
1. Plant Material and Authentication

Fresh leaves of Mussaenda frondosa(L.)Leaves
were collected from Thazhechovva, Kannur,
Kerala, India andauthenticated by Dr Krishnaraj
MYV, Assistant Professor, Department of Botany,
Baselius College, Kottayam (Autonomous)

2. Preparation of PlantExtract

65 grams of Mussaenda frondosaleaves
were pulverized and dried. The powdered
material was subjected to Soxhlet extraction
using 95% ethanol as the solvent. The
extraction was carried out continuously for 72
hours. After extraction, the solvent was
removed under reduced pressure at 40°C using
a rotary evaporator to obtain the crude ethanolic
extract. The crude extract was then defatted
with petroleum ether to remove nonpolar lipids,
pigments, and waxes.The concentrated extract
was stored at 4°C until further analysis.

3. Phytochemical screening of the plant

The ethanolic leaf extract was subjected to
preliminary phytochemical screening. Tests for
alkaloids (Mayer’s and Dragendorff’s),
flavonoids (Shinoda and alkaline reagent),
phenolics/tannins  (ferric ~ chloride  and
leadacetate), saponins (frothing), glycosides
(Keller-Kiliani), and terpenoids/steroids
(Salkowski andLiebermann-Burchard) were
performed. The testwas performed,and the
presence or absence ofcompounds was recorded
as described in standard protocols

4. Determination of in-vitro nephroprotective
Activityby MTT Assay.

HEK 293 (Human embryonic kidney) cell line was
initially procured from National Centre for Cell
Sciences (NCCS), Pune, India and maintained in
Dulbecco’s modified Eagles medium, DMEM
(Sigma Aldrich, USA).

The cell line was cultured in 25 cm? tissue culture
flask with DMEM supplemented with 10% FBS, L-
glutamine, sodium bicarbonate (Merck, Germany)
and antibiotic solution containing: Penicillin
(100U/ml),  Streptomycin  (100pg/ml), and
Amphotericin B (2.5ug/ml). Cultured cell lines were
kept at 37°C in a humidified 5% CO, incubator
(NBS Eppendorf, Germany).

The viability of cells was evaluated by direct
observation of cells by Inverted phase contrast
microscope and followed by MTT assay method.

Cells seeding in 96 well plate:

Two days old confluent monolayer of cells were
trypsinized and the cells were suspended in 10%
growth medium, 100ul cell suspension (5x10°
cells/well) was seeded in 96 well tissue culture plate
and incubated at 37°C in a humidified 5% CO>
incubator.

Preparation of compound stock:

Img of sample was weighed and dissolved in 1mL
DMEM using a cyclomixer. The sample solution
was filtered through 0.22 um Millipore syringe filter
to ensure the sterility. Gentamicin (uM) was added
to induce toxicity.

Cytotoxicity Evaluation:

After attaining sufficient growth, Gentamicin (uM)
was added to induce toxicity and incubated for one
hour. After incubation, the freshly prepared
compounds were added at concentrations of 50
pg/ml, 25 pg/ml, 12.5 pg/ml, 6.25 pg/ml, and 3.1
pg/ml of DMEM. Each concentration was added in
triplicate to the respective wells and incubated at
37°C in a humidified 5% CO2 incubator for 24
hours. Untreated control cells and Gentamicin
aloneinduced wells were also maintained.
Cytotoxicity Assay by Direct Microscopic
Observation:

The entire plate was observed after 24 hours of
treatment in an inverted phase contrast tissue culture
microscope (Olympus CKX41 with Optika Pro5
CCD camera), and microscopic observations were
recorded as images. Any detectable changes in the
morphology of the cells, such as rounding or
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shrinking of cells, granulation and vacuolization in
the cytoplasm of the cells were considered as
indicators of cytotoxicity.

Cytotoxicity Assay by MTT Method:

15mg of MTT (Sigma, M-5655) was reconstituted in
3 ml PBS until completely dissolved and sterilized
by filter sterilization.

After 24 hours of incubation period, the
sample content in wells were removed and 30ul of
reconstituted MTT solution was added to all test and
cell control wells, the plate was gently shaken well,

% of viability =

III. RESULTS AND DISCUSSION

1. Phytochemical screening of the plant

The hydro-alcoholic leaf extract of Mussaenda
frondosa(L.) was subjected to preliminary
phytochemical screening. The extract tested
positive for carbohydrates, phenols, alkaloids,
reducing  sugar, flavonoids, glycosides,
saponins, terpenoids andtannins. Other tested
phytochemicals, such as proteins,fixed oils and
fats, were absent. The results are summarised
inTable 1.

Table 2. Preliminary Phytochemical Screening of
Mussaenda frondosa leaf extract

then incubated at 37°C in a humidified 5% CO;
incubator for 4 hours. After the incubation period,
the supernatant was removed, and 100 pl of MTT
Solubilization Solution (Dimethyl Sulphoxide:
DMSO, Sigma Aldrich, USA) was added, and the
wells were mixed gently by pipetting up and down
to solubilize the formazan crystals. The absorbance
values were measured by using a microplate reader
at a wavelength of 540 nm.[*)

The percentage of growth inhibition was

calculated using the formula:

Mean OD Samples x 100
Mean OD of control group

Saponins Present
Terpenoids Present
Phytosterol Present
Phenol Present
Tannins Present
Fixed oils and fat Absent

2. Invitro MTT Assay
The cytoprotective potential of the
Mussaenda frondosaleaf extract against
gentamicin-induced toxicity in HEK293
cells was evaluated using the MTT assay.
The plant extract demonstrated dose-
dependent cell-protective activity,
significantly restoring cell viability from

Phytochemical Result 52.00% at 3.1 pg/mL to 77.73% at 50
Group pg/mL compared to the gentamicin-treated
Alkaloids Present group (49.19%). This indicates the extract
Carbohydrates Present has significant protective ability against
Reducing sugar Present gentamicin-mediated cellular damage. The
Proteins Present dose-response relationship is illustrated
Flavonoids Present below.
Glycosides Present
Sample oD oD oD Average | Percentage | Standard | Standard
Concentration | value value value oD Viability deviation | error
(ng/mL) 1 11 111
Control 0.7958 | 0.8125 | 0.8044 0.8042 100.00 0 0
Gentamicin 0.3871 | 0.4042 | 0.3956 0.3956 49.20 0.55248 0.31898
Sample Code — Mussaenda frondosa
3.1 0.4151 | 04213 | 0.4182 0.4182 52.00 015486 0.08941
6.25 0.4525 | 0.4406 | 0.4471 0.4467 55.55 1.31684 0.76028
12.5 0.5041 | 0.4982 | 0.4973 0.4999 62.16 1.05571 0.60952
25 0.5526 | 0.5469 | 0.5528 0.5508 68.49 1.08307 0.62531
50 0.6228 | 0.6317 | 0.6208 0.6251 77.73 0.54293 0.31346

Table 3. Effect of Mussaenda frondosa extract on the viability of HEK293 cells determined by MTT assay. All
experiments were performed in triplicates (n=3) and data are expressed as Mean+=SEM. Statistical analysis was
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performed using one-way Analysis of Variance (ANOVA) followed by Dunnett's multiple comparisons test
(**xp<0.0001, **p<0.001 compared to the gentamicin group).
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Figure 1:(a) Cytotoxicity of GT against HEK-293 cells;(b) cytoprotectivity of EEMF against HEK-293 cells.
Along Y axis Percentage viability, Along X axis varied concentration of Mussaenda frondosa.

Figure 2:Evaluation of the effect of extract of M.frondosa on gentamicin-induced toxicity in HEK293 cell lines.
a) control, b) gentamicin, c) gentamicin + extract 3.1 pg, d) gentamicin + extract 6.25 pg, ) gentamicin + extract
12.5 pg, f) gentamicin + extract 25 pg, g) gentamicin + extract 50 pug

IV.  DISCUSSION

The ethanolic extract of Mussaenda
frondosa (L.) was first evaluated for its
phytochemical composition. Preliminary

phytochemical screening revealed the presence of
multiple  bioactive constituents,which  include
carbohydrates, phenols, alkaloids, reducing sugar,
flavonoids, glycosides, saponins, terpenoids and
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tannins. The diversity of these phytochemicals
indicates the potential for multiple biological
activities, as many of these compounds are known to
contribute to antioxidant, anti-inflammatory, and
nephroprotective effects. The result of this present
study shows that the leaf extract of Mussaenda
frondosa possess significant cytoprotective potential
against gentamicin induced nephrotoxicity in
HEK293 cells which suggest its potential activity as
nephroprotective agent.

In this study, exposure of HEK293 cells to
gentamicin resulted in a decline in cell viability
confirming  severe  cellular damage  and
mitochondrial dysfunction. However, pretreatment
or co-treatment with the Mussaenda frondosa leaf
extract successfully countered this cytotoxic effect.
The extract exhibited a clear dose-dependent
cytoprotective activity thus restoring cell viability.

The presence of multiple bioactive
compounds along with its antioxidant and ant-
inflammatory property suggest a potential relevance
in mitigating oxidative stress and renal oedema,
which is a key factor in gentamicin induced
nephrotoxicity. Five different concentrations of the
drug extract solutions were used to study the
nephroprotective action after inducing toxicity by
gentamicin antibiotic and the results are tabulated as
percentage of viability

V. CONCLUSION

The present study evaluated the ethanolic
leaf extract of Mussaenda frondosa (L.) for its
phytochemical composition and in-vitro
nephroprotective potential. Preliminary
phytochemical screening revealed the presence of
multiple bioactive constituents which includes
carbohydrates, phenols, alkaloids, reducing sugar,
flavonoids, glycosides, saponins, terpenoids and
tannins.

The nephroprotective activity of the
ethanolic extract of Mussaenda frondosa against
gentamicin-induced toxicity in Human embryonic
kidney cells has been evaluated, demonstrating the
plant extract's pharmacological action for kidney
protection and confirming its safety and value. The
measured data is found to be precise, accurate and
linear over the concentration of range tested. The
positive results obtained for the crude extract could
be due to the presence of phytochemical
constituents, and a follow up study in animal model
must be conducted for validating the activity.
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