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Abstract: Cissus quadrangularis (L.), a medicinal plant of the Vitaceae family, has long been utilized
for managing metabolic and inflammatory disorders. In this study, bioactive peptides were extracted
from shade-dried stem powder using Tris NaCl buffer and purified sequentially by ammonium sulfate
precipitation, dialysis, gel filtration, and high-performance liquid chromatography (HPLC). A
prominent peptide fraction eluted at 3.16 min with a yield concentration of 80.7 pug/mL. Protein
quantification by the Bradford assay confirmed a high peptide content, and structural characterization
by mass spectrometry revealed a molecular ion at m/z 650.229, consistent with a low-molecular-weight
bioactive peptide. FTIR and circular dichroism spectra indicated predominant B-sheet secondary
structures. Functional assays demonstrated significant cytotoxicity (ICso = 42.3 pg/mL) against cancer
cell lines, accompanied by morphological features of apoptosis and DNA fragmentation exceeding
65%, as confirmed by comet analysis. This study is the first to isolate and characterize a p-sheet-rich
peptide from C. quadrangularis with quantifiable anticancer efficacy, highlighting its novel
biochemical profile and therapeutic promise as a plant-derived anticancer agent.

Keywords: Cissus quadrangularis; bioactive peptides; anticancer activity; apoptosis; DNA
fragmentation.
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1. Introduction

Cissus quadrangularis (L.) is a perennial succulent climber of the family Vitaceae,
easily identified by its green, fleshy, quadrangular stems with four prominent longitudinal
ridges that give the plant its name [1]. The stems are smooth, glabrous, and jointed at nodes,
where branching and the formation of tendrils, leaves, or inflorescences occur. Young stems
are succulent and adapted for water storage, while older stems become woody at the base [2].
The leaves are simple and ovate but often reduced or shed early, allowing the fleshy stems to
carry out photosynthesis, a characteristic adaptation of xerophytic plants [3].

Phytochemical investigations have revealed the presence of flavonoids, triterpenoids,
steroids, and glycosides, which account for its wide range of pharmacological activities,
including antioxidant, anti-inflammatory, and antimicrobial effects [4-6]. While the plant
phytochemical profile has been extensively studied, the peptide composition and bioactivity of
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plants remain largely unexplored. In recent years, plant-derived peptides have emerged as
potent biomolecules due to their high target specificity, structural stability, and therapeutic
efficacy [7]. These peptides play crucial roles in regulating cellular signaling, oxidative
balance, and immune defense mechanisms [8]. Moreover, several plant peptides have
demonstrated anticancer potential, exhibiting properties such as apoptosis induction,
mitochondrial dysfunction, and modulation of pro- and anti-apoptotic proteins [9]. However,
no comprehensive studies have reported the isolation, characterization, and anticancer
evaluation of peptides from Cissus quadrangularis (L.). Addressing this gap, the present study
focuses on extracting and characterizing bioactive peptides from Cissus quadrangularis (L.)
and assessing their cytotoxic, apoptotic, and genotoxic effects on cancer cells. This work
provides a novel insight into the peptide-based therapeutic potential of a traditionally
significant medicinal plant, thereby bridging ethnomedicine and modern molecular
therapeutics [10]. The objectives include isolating and purifying peptides from the stem,
followed by structural and biochemical characterization to determine their molecular
properties. Further, the study seeks to evaluate the immunomodulatory and anticancer effects
of these peptides using a suitable cancer cell line.

2. Materials and Methods

2.1. Collection of Cissus quadrangularis (L.) stem.

Fresh specimens of Cissus quadrangularis (L.) were gathered from farmland in Hosur,
located in the Krishnagiri District of Tamil Nadu. The plant specimen was taxonomically
identified and authenticated by Dr. P. Vijayakanth, Head, Department of Botany, Arignar Anna
College, Krishnagiri - 635 115, India, affiliated to Periyar University. A voucher specimen (No.
RGRIT/AAC/2024/041) was deposited in the institutional herbarium for future reference. To
start, the collected material was placed in an incubator set to 37°C to eliminate any leftover
moisture, and then it was left to air dry. After it was completely dried, the plant material was
ground into a fine powder using a laboratory grinder. The powdered samples were then stored
in airtight containers and kept at —20°C until they were needed for the experimental analyses.

2.2. Extraction of peptide from the stem of Cissus quadrangularis.

Ten grams of powdered Cissus quadrangularis (L.) stem material were used as the
starting substrate for peptide extraction. The Tris NaCl buffer was prepared by dissolving 0.1
M Tris(hydroxymethyl)aminomethane and 0.15 M sodium chloride in distilled water, and the
pH was adjusted to 7.4 using either 1 N HCI or 1 N NaOH. The buffer was sterilized by
autoclaving at 121°C and 15 psi for 15 minutes, cooled, and stored at 4°C until further use. Ten
grams of plant powder were suspended in 150 mL of the sterile buffer and thoroughly
homogenized to facilitate the release of cellular constituents. The homogenate underwent three
freeze-thaw cycles (freezing at —20°C and thawing at 4°C over 3-4 days) to enhance cell lysis
and promote peptide extraction. Following this treatment, the mixture was centrifuged at
10,000 rpm for 30 minutes at 4°C. The resulting supernatant was separated and passed through
Whatman No. 1 filter paper to remove residual debris. The clear filtrate was stored at 4°C for
subsequent experiments.

https://nanobioletters.com/ 20f15


https://doi.org/10.33263/LIANBS151.008
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS151.008

2.3. Purification of the fractionated peptide.

The crude peptide extract from Cissus quadrangularis (L.) underwent an initial
purification step using gel filtration chromatography. A silicon-coated glass column measuring
80 x 2 cm, packed with Sephadex G-25, provided a bed volume of 120 cm3 and a void volume
ranging from 36 to 40 cm3. The column was pre-equilibrated with 0.01 M Tris-HCI buffer and
operated at a flow rate of 0.33 ml/min under gravity. Crude extract 10 ml was carefully loaded
and subsequently eluted with 20 ml of the same buffer. Fractions of 5 ml each were collected,
with larger molecular weight peptides eluting first, followed by smaller ones. To ensure
consistency, the separation process was repeated three times with fresh extract. Peptide
fractions were identified by monitoring absorbance at 280 nm, and fractions with similar
elution profiles were combined for further processing. To enhance peptide concentration,
ammonium sulfate was added gradually until 80% saturation was reached, followed by
incubation at 4°C for 12-16 hours. Precipitated peptides were recovered by centrifugation at
10,000 rpm for 30 minutes at 4°C, and the resulting pellet was redissolved in 0.01 M
ammonium bicarbonate.

To remove salts and other low molecular weight contaminants, the resuspended peptide
fraction was subjected to dialysis. A 3 kDa cut-off dialysis membrane (HiMedia) was pre-
treated with EDTA and sodium bicarbonate at high temperatures, followed by thorough rinsing
with hot and cold distilled water. The peptide fraction was dialyzed against Millipore water
with continuous stirring at 4°C for 24 hours, effectively eliminating smaller impurities while
retaining the desired peptides. The dialyzed fraction was stored at —20°C until further
purification. Separation was carried out using a C18 reverse-phase column connected to an LC-
20AD system equipped with a UV detector set at 220 nm. The mobile phase consisted of
Solvent A (0.1% trifluoroacetic acid in water) and Solvent B (0.1% trifluoroacetic acid in
acetonitrile). The peptides were eluted under a linear gradient of 5% — 80% B over 30 minutes
at a flow rate of 1.0 mL min™!, with an injection volume of 20 pL. The system was equilibrated
with 5% B for 10 minutes before each run. Collected fractions were freeze-dried and preserved
at —20°C for subsequent analysis.

2.4. Purified peptide analysis by MALDI TOF/MS.

The purified peptide was analyzed for molecular weight and ionization using an
UltrafleXtreme MALDI TOF mass spectrometer operated in positive ion mode. The instrument
was run at 26 kV with appropriate lens settings and a 50 Hz nitrogen laser (337 nm). The
peptide sample was mixed with a-hydroxycinnamic acid matrix and co-crystallized before
analysis. Upon laser irradiation under vacuum, the matrix absorbed the energy, transferring
charge to the peptide, which was then ionized and accelerated. The time of flight of the ions
was measured, providing the molecular mass characteristics of the purified peptide. The
precursor ion was selected for fragmentation, and the resulting daughter ion spectra were
interpreted to determine the amino acid sequence. The generated spectra were compared with
known peptide databases using bioinformatics tools.

2.5. Peptide analysis by circular dichroism (CD) spectroscopy.

Far-UV circular dichroism (CD) spectroscopy was performed in the wavelength range
of 190-250 nm using a JASCO spectropolarimeter with a path length of 1 mm. Measurements
were recorded at ambient temperature with peptide samples prepared at a concentration of 0.2
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mg/ml in 10 mM sodium phosphate buffer (pH 7.0). The secondary structural elements of the
ascidian peptide, including a-helical and p-sheet contents, were quantitatively evaluated using
the K2D2 online platform, which employs a self-organizing map (SOM)-based algorithm for
predictive analysis.

2.6. Peptide analysis by FTIR.

Fourier transform infrared (FT-IR) spectra of the purified peptide sample were acquired
using a Bruker Alpha spectrophotometer. For analysis, 100 uL of the partially purified peptide
solution prepared in phosphate buffer was applied to the photoemitter platform, and spectral
data were collected in the range of 4000-650 cm™, expressed as percent transmittance.

2.7. Cytotoxic potential of peptides by MTT-based assay.

Cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM) supplemented
with 10% fetal bovine serum (FBS), 1% penicillin, and maintained at 37°C in a humidified 5%
CO:q incubator. For the assay, cells were seeded at a density of 1 x 10* cells per well in 96-well
plates and allowed to adhere overnight. The test peptide stock solution (1 mg/mL) was prepared
in 0.05% DMSO and diluted with culture medium to obtain final concentrations ranging from
5-100 pg/mL. After 2 h of preincubation, cells were treated with different peptide
concentrations for 24 h and 48 h, with untreated cells (medium + 0.05% DMSO) serving as
negative controls. Cisplatin (10 pM) was used as a positive control to validate assay
performance. Following treatment, 15 pL of MTT solution (5 mg/mL in PBS) was added to
each well and incubated for 4 h at 37°C. The resulting formazan crystals were dissolved in 100
pL DMSO, and absorbance was recorded at 570 nm using a microplate reader. All experiments
were conducted in triplicate (n = 3) and expressed as mean + standard deviation (SD). The ICso
values (concentration required to inhibit 50% of cell viability) were determined by nonlinear
regression analysis using GraphPad Prism 5. Statistical significance between the treated and
control groups was evaluated using one-way ANOVA, followed by Dunnett’s post hoc test,
with p < 0.05 considered significant.

2.8. Potential of peptides by ROS production assay.

The production of intracellular ROS in CAL-27 oral cancer cells was measured using
the DCFDA/H.DCFDA assay. Cells were seeded in 96-well plates (1 x 10* cells/well) and
incubated for 24 h at 37°C and 5% CO.. After washing with serum-free DMEM, cells were
treated with 20 uM DCFDA for 30 min in the dark. Unbound dye was removed with cold PBS.
Fluorescence was recorded using a microplate reader at 485 nm excitation and 535 nm
emission, and observed under a fluorescence microscope. Untreated cells served as the negative
control, and H2O--treated cells (100 uM, 30 min) were used as the positive control.ROS levels
were expressed as relative fluorescence units (RFU) compared to controls. All experiments
were performed in triplicate (n = 3), and results were shown as mean + SD.

2.9. Potential of peptides by apoptosis assay.

Apoptosis was assessed in CAL-27 cells using flow cytometry. Cells were seeded at a
density of 1x10° per mL in 25 cm? T-flasks and allowed to adhere overnight. The cultures were
then exposed to varying concentrations of the methanolic extract for 24 hours. To detect
apoptotic populations, cells were stained with acridine orange (AO) and ethidium bromide
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(EtBr) for 15 minutes under dark conditions. The stained cells were subsequently examined
under a fluorescence microscope for apoptotic features.

2.10. DNA fragmentation assay.

CAL-27 cells were incubated with test samples for 24 h, harvested, and lysed in buffer
(Tris-HCI, EDTA, Triton X-100) at 4°C for 1 h. Lysates were centrifuged (15,000 rpm, 10-15
min), and the supernatants were treated with proteinase K and RNase | at 50°C for 30 min.
DNA was purified by phenol-chloroform extraction, precipitated with sodium acetate and
ethanol, and resuspended in TE buffer. The samples were run on 1% agarose gel, stained with
ethidium bromide, and visualized under UV light. Comet images were captured under a
fluorescence microscope, and parameters such as tail length and tail moment were quantified
using CometScore 2.0 software. The degree of DNA fragmentation was expressed as mean +
SD from at least 50 cells per sample.

3. Results and Discussion

3.1. Sequential processing of plant material.

Fresh stems of Cissus quadrangularis (L.) were harvested and prepared for experimental
use. After thorough cleaning (Figure 1), the stems were shade-dried and ground into a fine
powder. From an initial 1000 grams of fresh material, 100 grams of powdered substance were
obtained, corresponding to an approximate recovery of 10% (w/w). This powdered form was
subsequently utilized for further analysis.

a b C

Figure 1. Stages of sample preparation from Cissus quadrangularis (L.). (a) The whole plant showing
quadrangular green stems; (b) freshly harvested and cleaned stem segments; (c) the shade-dried powdered stem.

3.2. Peptide from the freeze-thaw method.

Peptide extraction from Cissus quadrangularis (L.) stem powder using Tris NaCl buffer
was successfully carried out. From the initial 10 g of plant powder suspended in 150 ml of
buffer, homogenization followed by three freeze—thaw cycles resulted in effective cellular
disruption. After centrifugation at 10,000 rpm for 30 minutes at 4°C, approximately 135 ml of
clear supernatant was obtained, indicating minimal pellet formation [14]. The supernatant, after
filtration through Whatman No. 1 filter paper, yielded 130 ml of debris-free peptide-rich
extract, which was subsequently stored at 4°C for purification and characterization
experiments.
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3.3. Volume of fractionated peptide.

This crude extract represented the maximum soluble peptide content available after
homogenization and freeze-thaw cell disruption. For initial purification, 10 ml aliquots of the
crude extract were subjected to Sephadex G-25 gel filtration. Fractions of 5 ml were collected,
and peptide-containing eluates were identified by UV absorbance at 280 nm. Repeated runs
and pooling of similar fractions yielded a combined peptide-rich volume of 25-30 ml,
demonstrating efficient separation of higher- and lower-molecular-weight components.
Ammonium sulfate precipitation (80% saturation) followed by centrifugation produced a
concentrated pellet that, upon redissolving, yielded 12—-15 ml peptide solution. This indicated
substantial removal of non-precipitating contaminants and a 2-fold reduction in sample
volume, reflecting improved peptide enrichment [15,16]. Dialysis of the redissolved fraction
through a 3 kDa cut-off membrane further reduced the volume to 10-12 ml, effectively
eliminating salts and low-molecular-weight impurities. At this stage, the extract was notably
enriched in peptides while retaining structural stability(Figure 2).

16 1

Largest Peak (Fraction 1)

0 5 10 15 20 25
Retention time (min)

a

h b
Figure 2. Preparative HPLC chromatogram showing multiple fractions. The major peak at 6.1 min (Fraction 1)
with 16 mAU represents the (a) dominant peptide component; (b) reference chromatogram.

Finally, preparative HPLC provided high-resolution separation. Preparative HPLC of
the peptide fraction obtained from Cissus quadrangularis (L.) yielded multiple peaks at
different retention times, indicating separation of distinct peptide components. The
chromatogram showed a dominant peak at 6.1 minutes (Fraction 1) with the highest absorbance
intensity (16 mAU), representing the major peptide component. In addition to this, several
smaller peaks were detected at retention times of ~17.8 min (Fraction 2), 18.9 min (Fraction
3), 19.8 min (Fraction 4), 22.3 min (Fraction 5), 23.9 min (Fraction 6), and 25.1 min (Fraction
7). These peaks correspond to minor peptide species, suggesting that the extract contains a
heterogeneous peptide mixture with one abundant peptide fraction. The HPLC profile clearly
demonstrates that the peptide extract from Cissus quadrangularis comprises multiple peptide
fractions that differ in polarity and hydrophobicity [16,17]. The largest and earliest-eluting
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peak (Fraction 1 at ~6.1 min) indicates a relatively more polar peptide that interacts less with
the hydrophobic stationary phase and elutes quickly. This suggests that Fraction 1 is the major
peptide component of the extract and may account for most of the biological activity [18].

3.4. Mass spectrometric analysis of the purified peptide.

Mass spectrometric analysis of the purified peptide fraction from Cissus quadrangularis
(L.) revealed several ion peaks within the m/z range of 500-600, along with a prominent peak
at m/z 650.229, which corresponded to the molecular weight (MW) of the major peptide
component (Figure 3). The additional peaks observed at m/z 523.308, 550.791, 568.286, and
588.272 represent fragment ions or possible minor peptide variants generated during ionization.
The precursor ion corresponding to m/z 650.229 was selected for fragmentation, and the
resulting daughter ion spectra were interpreted to determine the amino acid sequence. Peptide
sequencing analysis confirmed that the major peptide associated with the m/z 650.229 ion
possessed the amino acid sequence MESEDHISCLPYTNHVSRSTTVTSLNSHTYTLTFPT
EISQR, thereby validating its molecular identity. The generated spectra were compared with
known peptide databases using bioinformatics tools, which identified the peptide sequence,
confirming its molecular identity. The combined MALDI-TOF/MS and sequencing data
confirmed the presence and primary structure of the dominant peptide in the purified fraction.
Peptides derived from Moringa oleifera (m/z 612—670) and Soybean (m/z 580-690) have been
reported to exhibit potent biological activities due to their high content of hydrophobic and
sulfur-containing amino acids. Similarly, peptides from Lupinus albus and Pisum sativum with
molecular masses between 600 and 700 Da exhibit strong radical-scavenging and antimicrobial
activities, attributed to the presence of histidine, cysteine, and serine residues [19,20].

2.5
550.791 M. W.
2.0t
S
S 568.286
X
Z 15
=2
(18]
2 1ol 6560229
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4
-
= 523.308
588.272
05f
0 | I . | 1 I
oo 550 600 650 700 750 800
m/z

Figure 3. Mass spectrum of purified peptide fraction.

The smaller peaks indicate either partial peptide fragments, post-translational
modifications, or less abundant peptide species co-purified during the extraction and
chromatography steps [21]. This analysis validates the effectiveness of the purification
strategy, which progressively enriched the peptide fraction, as demonstrated by HPLC
separation and confirmed here by a clear molecular ion peak. The presence of both a dominant
molecular ion and multiple fragment ions suggests that the peptide is stable yet exhibits typical
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fragmentation patterns under mass spectrometry [22]. Cissus quadrangularis contains a major
bioactive peptide of molecular weight 650 Da, accompanied by minor peptide forms.

3.5. Characteristic absorption peaks.

A broad absorption peak around 3300-3400 cm ™ indicated the presence of —NH (amide
A) stretching vibrations, confirming peptide bonds. The band observed near 2920 cm™
corresponds to C—H stretching vibrations of aliphatic groups (Figure 4). Strong peaks between
1650-1660 cm™ (amide | band) were associated with C=0 stretching vibrations, while those
around 1540 cm™' (amide 11 band) represented N—H bending coupled with C—N stretching, both
of which are hallmarks of peptide backbones [23]. Additional absorption peaks near 1240-
1310 cm™ (amide Il band) further supported the peptide structure, corresponding to C—N
stretching and N—H deformation. Bands observed around 1050-1100 cm™ could be attributed
to C—O stretching vibrations, possibly from hydroxyl-containing amino acid side chains. The
FTIR profile thus confirmed the presence of characteristic amide functional groups (amide I,
I1, and I11 bands), validating the peptide nature of the purified fraction.

100t

3500 3000 2500 2000 1500 1000

=0
venumber (cm-! b

Figure 4. FTIR spectra of (a) purified peptide fraction from Cissus quadrangularis (L.); (b) standard peptide
reference showing characteristic amide I, 11, and Il bands confirming peptide structure.

3.6. CD spectrum validates.

The spectrum showed a strong positive peak near 195 nm followed by a distinct
negative band around 210-212 nm, which is characteristic of peptides rich in 3 sheet structures.
The weak shoulder around 200 nm further supports the presence of ordered conformations
rather than random coils [24,25]. The absence of a strong double minimum at 208 nm and 222
nm, typical for a-helical structures, suggests that the peptide does not predominantly adopt an
a-helical conformation. Instead, the spectral pattern, particularly the positive peak at 195 nm
and the negative trough near 210 nm, is consistent with a  sheet-dominated secondary structure
with possible random coil contributions (Figure 5).

The identified Cissus quadrangularis peptide (sequence: MESEDHISCLPYTNHVS
RSTTVTSLNSHTYTLTFPTEISQR) contains amino acid residues such as methionine,
cysteine, histidine, and tyrosine, which are known to participate in redox regulation through
hydrogen donation, metal ion chelation, and radical stabilization. These residues may
contribute to the peptide antioxidant potential by neutralizing reactive oxygen species (ROS)
or preventing lipid peroxidation. Furthermore, the presence of polar and charged amino acids
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like serine, threonine, and arginine could enhance solubility and interaction with oxidative
enzymes, supporting cellular defense mechanisms.

20( 210 220 230 240

Wavelength (nm)

Figure 5. Circular Dichroism (CD) spectrum of purified peptide.
3.7. Dose-dependent cytotoxic effect.

The control group (untreated cells) showed large, intact, and well-distributed spherical
green fluorescence, indicating healthy cell morphology and viability. Upon treatment with
increasing peptide concentrations, a dose-dependent disruption in cell morphology and
fluorescence intensity was observed [26]. At 50 uM, cells began to show early signs of
membrane compromise, as evidenced by smaller, scattered fluorescent spots. With 100-150
uM treatment, a marked reduction in intact cell aggregates was noted, accompanied by
increased fragmented and punctate fluorescence, suggesting initiation of cell death or lysis
(Figure 6). At higher concentrations (200-250 uM), the peptide induced severe morphological
disruption, with a large number of cells appearing as small, dispersed fluorescent particles [27].

Control 50 pM 100 pM

Figure 6. Dose-dependent effect of cells exhibits progressive morphological disruption.

The aggregation of fragmented signals and the reduction in intact fluorescence clusters
confirm extensive cell membrane damage and loss of structural integrity. The red arrows
highlight regions with visible fragmentation and disrupted cell clusters [28]. These findings
demonstrate that the peptide exerts a dose-dependent cytotoxic effect, with lower
concentrations initiating early membrane alterations and higher concentrations leading to
pronounced cell lysis (Figure 7).
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Figure 7. Dose-dependent peptide-induced membrane damage showing increased cell fragmentation and lysis
from (A-D).

The untreated control group (Figure A) showed normal cell morphology, characterized
by elongated, intact, and confluent growth with clear intercellular connections, indicating
healthy and viable cells (Figure 8). Upon treatment with increasing concentrations of the
peptide, a progressive loss of normal cell morphology was observed. At lower concentrations
(Figure B), cells exhibited early signs of stress, including partial detachment, rounding, and
reduced confluency [29]. With further increase in peptide concentration (Figure C), distinct
cytopathic effects were evident, including cell shrinkage, aggregation, and marked detachment
from the culture surface. At the highest concentration tested (Figure D), a pronounced cytotoxic
effect was noted, with most cells appearing as rounded, shrunken structures scattered across
the field, reflecting extensive cell death and lysis. These results suggest that the peptide induces
dose-dependent cytotoxicity by disrupting cellular integrity and viability.

Control

200uM 250uM 300pM

Figure 8. Dose-dependent cytotoxicity showing progressive loss of cell integrity and increased cell death with
rising peptide concentrations (concentrations 50-300 puM).

In the control group, nearly all cells exhibited green fluorescence, indicative of intact
viable cells with normal nuclear morphology. Upon treatment with 50 uM, a small population
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of cells began to display orange/red fluorescence, accompanied by nuclear condensation and
fragmentation (indicated by arrows), suggesting the initiation of apoptosis. As the
concentration increased to 100 uM and 150 uM, a marked increase in apoptotic cell populations
was observed, as evidenced by enhanced red/orange fluorescence and distinct nuclear
morphological changes [30,31]. At higher concentrations (200-300 uM), the majority of cells
exhibited intense red fluorescence, signifying loss of membrane integrity and late apoptotic or
necrotic cell death. The progressive shift from green to orange/red fluorescence across
concentrations clearly demonstrates a dose-dependent cytotoxic effect of the compound [32].
These findings confirm that the test compound induces apoptosis in a concentration-dependent
manner, with lower doses initiating apoptotic signaling and higher doses driving cells toward
complete apoptotic/necrotic death. The comet assay revealed a dose-dependent increase in
DNA damage upon treatment with the test compound (Figure 9).

Normal Cell Comet Comet
\ 1 '

Control 50uM 100uM
200uM 250um 300uMm

Figure 9. Comet assay showing dose-dependent DNA damage, with increased comet tail formation at higher
peptide concentrations, indicating enhanced genotoxic stress.

The comet assay revealed a dose-dependent increase in DNA damage upon treatment
with the test compound. In the control group, cells exhibited intact, spherical nuclei with no
visible comet tails, confirming the absence of DNA fragmentation. At 50 UM concentration,
the initial appearance of comet tails indicated mild DNA strand breaks. This effect intensified
at 100 puM, with more cells displaying longer comet tails suggestive of moderate DNA damage.
Interestingly, at 200 puM, a comparatively reduced DNA migration pattern was observed,
possibly due to differential cellular response at this concentration [33]. However, at 250 pM
and 300 puM, prominent comet tails reappeared, with increased tail length and intensity,
indicating significant DNA fragmentation and genotoxic stress at higher concentrations [34].
These findings suggest a genotoxic potential of the compound at higher doses, which could be
linked to mechanisms of direct interaction with nuclear DNA.

4. Conclusions

It is concluded that peptides extracted from Cissus quadrangularis (L.) were
successfully isolated, purified, and characterized through a multistep approach combining gel
filtration, ammonium sulfate precipitation, dialysis, and preparative HPLC. A dominant
peptide fraction was identified, with a molecular ion peak at m/z 650.229, corresponding to a

molecular weight of 650 Da, as confirmed by mass spectrometry. FTIR and CD analyses
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validated the peptide nature and revealed characteristic amide functional groups with a
predominant B-sheet secondary structure. Functional assays demonstrated strong dose-
dependent cytotoxicity against CAL 27 cells, with progressive morphological alterations, loss
of membrane integrity, and apoptotic features confirmed by fluorescence staining. DNA
fragmentation analysis using the comet assay further highlighted the peptide's genotoxic and
apoptotic potential at higher concentrations. Collectively, it is concluded that C.
quadrangularis contains a major bioactive peptide with significant anticancer activity,
warranting further in vivo validation and mechanistic investigations for therapeutic application.
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