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ABSTRACT

Introduction: Cervical cancer remains one of the leading causes of cancer-related mortality among women
worldwide, necessitating the development of safer, scalable, and cost-effective therapeutic approaches. Natural
bioactive phytochemicals have emerged as promising candidates because of their diverse pharmacological activities
and favorable safety profiles.Methods: The present study comprehensively evaluated the in-vitro anticancer
potential of selected natural bioactive phytochemicals, including quercetin, sulforaphane, scopoletin, icariin, and
inulin (InUa). The compounds were isolated from medicinal plants using Soxhlet extraction, ultrasonic-assisted
extraction, and maceration techniques, followed by qualitative phytochemical characterization. Their biological
efficacy was investigated using multiple complementary in-vitro assays, including antimicrobial, DPPH free radical
scavenging (antioxidant), anti-germination, protein degradation, nitric oxide scavenging, EDTA metal-chelating,
and heat-induced hemolysis assays, with methotrexate serving as the reference standard.Results: The findings
demonstrated significant concentration-dependent biological activities for all tested phytochemicals. Quercetin
exhibited the highest antioxidant and protein degradation activities, whereas sulforaphane and scopoletin showed
remarkable antimicrobial efficacy. Icariin and InUa displayed notable nitric oxide scavenging and metal-chelating
capacities, indicating their ability to reduce oxidative stress and interfere with redox-dependent pathways associated
with cancer progression. Several phytochemicals exhibited biological activities comparable to or exceeding those
of methotrexate. Furthermore, the compounds inhibited microbial growth, enhanced free radical scavenging,
promoted protein destabilization, reduced nitric oxide generation, stabilized erythrocyte membranes, and
demonstrated strong cytoprotective properties.Conclusion: Collectively, these findings indicate that the investigated
phytochemicals exert multifunctional anticancer effects through antioxidant, anti-inflammatory, antimicrobial,
protein-modulating, membrane-stabilizing, and metal-chelating mechanisms. The study provides strong preliminary
evidence supporting these scalable and cost-effective plant-derived bioactive compounds as promising therapeutic
candidates for cervical cancer, warranting further validation through mechanistic studies, cervical cancer cell-line
investigations, and in-vivo preclinical models.
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1.Introduction

Cervical cancer is a major global health concern and remains one of the leading causes of cancer-related mortality
among women, particularly in low- and middle-income countries [1,2]. Persistent infection with high-risk human
papillomavirus (HPV), especially types 16 and 18, is the primary cause of cervical carcinogenesis through the
expression of E6 and E7 oncoproteins, which inactivate the tumor suppressor proteins p53 and retinoblastoma (pRb),
leading to uncontrolled cell proliferation, genomic instability, and malignant transformation [3—8]. Major risk factors
include early sexual activity, multiple sexual partners, smoking, immunosuppression, and poor genital hygiene [9—
12]. Current treatment strategies include surgery, radiotherapy, chemotherapy, and emerging targeted and
immunotherapeutic approaches [13—15]. Oxidative stress, chronic inflammation, and microbial co-infections further
contribute to disease progression [14—16]. Therefore, comprehensive biological evaluation of potential therapeutic
compounds is essential . Anti-microorganism, anti-oxidant , anti-germination , protein inhibition , nitric oxide
scavenging , EDTA chelating[17-18], and heat-induced hemolysis assays [19] collectively evaluate antimicrobial,
antioxidant, anti-inflammatory, membrane-stabilizing, and cytoprotective properties, providing valuable
preliminary evidence for developing novel therapeutic strategies against cervical cancer [20].

2.Materials & Methodology

2.1 Plant Collection and Identification

Leaves of Passiflora incarnata, Brassica oleracea var. sabellica, and roots of Epimedium sagittatum and Cichorium
intybus were obtained from certified vendors and authenticated by Dr. Vaibhavi Savaliya, R.K. University. Crude
extracts were prepared by Soxhlet, ultrasonic-assisted extraction, and maceration, yielding quercetin, sulforaphane,
scopoletin, inulin (InUA), and icariin.
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2.2. Preparation of Plant Extracts

Methanolic extracts of Berberis vulgaris, Cichorium intybus, and Epimedium sagittatum were prepared using
Soxhlet extraction, maceration, and ultrasonic-assisted extraction. Optimized solvent systems, extraction
temperatures, and durations were employed, followed by filtration and solvent evaporation to obtain concentrated
crude extracts for subsequent phytochemical and biological investigations.

2.3. Preliminary Phytochemical Screening

Preliminary qualitative phytochemical screening confirmed the presence of quercetin, sulforaphane, scopoletin,
inulin, and icariin in the selected plant extracts using standard colorimetric assays. Characteristic reactions verified
the major bioactive constituents, establishing reliable phytochemical characterization and supporting their
subsequent evaluation in cytotoxicity and biological activity studies[21-25].

2.4. : Several In-vitro Models:

2.4.1.Anti-microorganism Assay:

A) Formation & Growth of Bacterial

A representative sample containing the target bacterial strain was first collected under sterile conditions. Nutrient
broth was then prepared by dissolving the required quantity of nutrient broth powder, typically 8 g per liter, in
distilled water and mixing thoroughly until completely solubilized. The prepared medium was sterilized by
autoclaving at 121 °C for 15-20 minutes to ensure the elimination of contaminants. After cooling, a small volume
of the bacterial sample was aseptically transferred into the sterile broth using sterile pipettes. The inoculated broth
was subsequently incubated at an appropriate temperature range of 35—37 °C to promote bacterial growth. Following
incubation, the culture was examined for visible evidence of microbial proliferation, such as turbidity or cloudiness
in the medium[26-28].

Figure 1:Antimicrobial test ,A) Bacterial solution,B) Preparation of Samples,C)Kept in Incubator,D)UV
Analysis

B) DEGRADATION OF BACTERIA:

Nutrient broth was prepared in accordance with the manufacturer’s guidelines and sterilized appropriately. The
prepared medium was then aseptically inoculated with the selected bacterial strains using sterile techniques (FIG-
28A). Subsequently, anticancer drug samples were introduced into the inoculated broth at varying concentrations to
evaluate their dose-dependent antibacterial effects (FIG-28B). A standard antibiotic was included as a positive
control, while sterile uninoculated broth served as the negative control. The culture tubes were incubated at 37 °C
for a period exceeding 24 hours to allow sufficient bacterial growth (FIG-28C). After incubation, turbidity was
assessed using a UV spectrophotometer (FIG-28D), with the instrument set at an appropriate wavelength, typically
around 600 nm, to determine optical density (OD). The OD values of treated samples were compared with those of
the controls, and the percentage inhibition of bacterial growth was calculated using the formula: % Inhibition =
[(Control OD — Test Sample OD) / Control OD] x 100[29-32].

2.4.2 .Anti-oxidant Assay by using DPPH:

A 0.1 mM stock solution of DPPH was prepared by dissolving the required amount of DPPH powder in methanol.
The solution was protected from light by wrapping the container with aluminum foil and storing it in a refrigerator
(FIG-29A). The stock was then appropriately diluted with methanol to obtain a working concentration of 0.1 mM.
In Eppendorf tubes, equal volumes of the test sample and the prepared DPPH working solution were mixed
thoroughly (FIG-29B). The reaction mixture was allowed to stand at room temperature for approximately 15 minutes
to facilitate the reaction. Subsequently, the absorbance was measured at 517 nm using a spectrophotometer (FIG-
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29C). A reduction in absorbance indicated the free radical scavenging activity of the sample. The percentage
scavenging activity was calculated using the formula: % Scavenging = [(To — T) / To] x 100, where To represents
the absorbance of the control (DPPH solution without sample) and T denotes the absorbance of the test sample[33-
35].

Figure 2:Anti-oxidant assay, A)DPPH solution,B)"Sample preparation,C)UV analysis

2.4.3. Anti-germination Assay by using Chickpeas:

Chickpeas were first washed thoroughly and soaked in distilled water for approximately 8 hours to facilitate
hydration. The soaked seeds were then placed on moist filter paper or cotton pads in sterile Petri dishes to allow
germination. After sprout emergence, the seedlings were carefully transferred to fresh Petri dishes, and different
concentrations of the test samples were applied to evaluate their dose-dependent effects on growth (FIG-30A).
Distilled water was used as the negative control, while a known growth promoter or inhibitor served as the positive
control. The dishes were covered with lids or sealed with plastic wrap to prevent moisture loss and incubated at
room temperature for about 8 days. Sprout growth was monitored daily, and the length of the sprouts was measured
using a ruler or caliper. The average sprout length for each treatment and control group was calculated and compared.
The relative growth inhibition was determined using the formula: % Inhibition = [(Control Length — Test Sample
Length) / Control Length] x 100[36-40].

Figure 3:Anti germination test ,A) Chickpeas kept with different drugs, B) Formation of Sprouts in control
group.

2.4.4.PROTEIN DEGRADATION ASSAY

A)Purposes:

Protein degradation assays are essential in cancer drug discovery because they remove harmful proteins rather than
merely inhibiting them. This strategy enables targeting of “undruggable” proteins that traditional inhibitors cannot
block. These assays measure drug efficacy by determining how effectively a compound reduces specific protein
levels in cancer cells. They also evaluate cellular responses, including effects on survival and growth. Additionally,
they help optimize drug design by studying degradation kinetics and potency, while identifying off-target effects
that could cause toxicity.

B)Materials & Methods:

The protein inhibition assay utilized egg albumin, phytochemicals (quercetin, sulforaphane, scopoletin, icariin, and
inulin; 1, 3, and 5 mg/mL), and methotrexate (0.1 mg/mL) as the reference standard. Albumin was incubated with
individual treatments or combinations in PBS at 37°C for 30—60 minutes. Protein inhibition was determined by
measuring absorbance at 660 nm using a UV—Vis spectrophotometer, with buffer serving as the blank control[41-
43].
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Figure 4: Protein Degradation Assay, A) Preparation of Protein solution, B)Marketed protein container, C)
Preparation of samples for the test

2.4.5.NO SCAVENGING ASSAY :

A)Purposes:

Nitric oxide (NO) scavenging assays evaluate the antioxidant and therapeutic potential of bioactive compounds. By
neutralizing reactive nitrogen species, these compounds may reduce DNA damage, oxidative stress, and cancer
progression. Since excess NO contributes to chronic inflammation and tumor development, scavenging activity also
indicates anti-inflammatory potential. NO scavenging is associated with reduced cancer cell proliferation and
metastasis, making it a useful marker for cytotoxicity. These assays help screen natural compounds and clarify
mechanisms of action.

B)Materials & Methods:

The nitric oxide scavenging assay evaluates the antioxidant potential of quercetin, sulforaphane, scopoletin, icariin,
and Inula extract, with methotrexate (0.1 mg/mL) as a reference standard. Sodium nitroprusside (10 mM) acts as the
nitric oxide donor, while Griess reagent (1% sulfanilamide and 0.1% NED in 2% phosphoric acid) detects nitrite
formation. Test compounds are prepared in DMSO or ethanol by using 1 mg/mL ,3 mg/mL,5 mg/mL and diluted
in PBS to concentrations of 10-50 pg/mL. For the reaction setup, 0.5 mL of SNP solution, 0.5 mL of each test
compound, and 0.5 mL of methotrexate are mixed in labeled tubes or wells. Controls include SNP alone, SNP with
methotrexate, SNP with individual compounds, and a PBS blank. Mixtures are incubated at 37°C for 1 hour in the
dark. After incubation, 0.5 mL of Griess reagent is added, followed by 10 minutes of room-temperature incubation
for color development. Absorbance is measured at 540 nm, and percentage inhibition is calculated using [(A_control
— A_sample)/A_control] x 100[44-48].

2.4.6. CHELATING AGENT TEST

A)Purpose: EDTA chelating assay evaluates the metal-binding capacity of phytochemicals, reducing reactive
oxygen species generation, oxidative stress, and metalloproteinase activity associated with cancer progression while
supporting chemotherapeutic efficacy.

B)Materials & Methods: EDTA, quercetin, sulforaphane, scopoletin, icariin, Inula extract (1, 3, and 5 mg/mL),
and methotrexate were tested using FeClo/CuSOa in PBS (pH 7.4). Samples were diluted to 10—50 pg/mL, and metal-
chelating activity was determined spectrophotometrically using a UV—-Vis spectrophotometer under controlled
conditions[49-52].

2.4.7.HEAT-INDUCED HEMOLYSIS ASSAY:

A)Purpose:

The heat-induced hemolysis assay evaluates membrane-stabilizing, anti-inflammatory, antioxidant, and
cytoprotective activities, indicating protection of normal cells from chemotherapy-induced membrane damage and
supporting dosage safety assessment.

B)Required Materials:

Fresh human RBC suspension, PBS, quercetin, sulforaphane, scopoletin, icariin, Inua (1, 3, and 5 mg/mL),
methotrexate (0.1 mg/mL), centrifuge, UV—Vis spectrophotometer, pipettes, and incubation bath.

C)Process:

RBCs were incubated with test compounds and methotrexate, centrifuged, and the supernatant absorbance was
measured at 300 nm. Increased hemoglobin release indicated greater hemolysis, while reduced hemolysis reflected
membrane stabilization[53-57].
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Figure S:HEAT INDUCED HEMOLYSIS ASSAY- A) COLLECTING BLOOD SAMPLES
,B)COLLECTED BLOOD SAMPLES IN EPENDROFF TUBE,C)CENTRIFUGATION OF
BLOOD,D)CENTRIFUGED BLOOD,E)REMOVAL OF SUPERNANT,F)

3.Result

3.1. Anti-microbial Assay :
A. Gram positive Bacteria:
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The EDTA chelatlng assay revealed a profound statlstlcal dlsparlty between treated groups and the Normal
(Untreated) baseline. The Normal group exhibited negligible chelating activity, whereas all phytochemicals
demonstrated significant metal-sequestering efficiency. Quercetin (Q), Sulforaphane (S), Scopoletin (SC), Icariin
(IC), and InUa (In) showed highly significant increases compared with the Normal group (p < 0.0001, ****) At 5
mg/mL, Quercetin (99.61%) and Scopoletin (99.23%) exceeded the standard methotrexate (98.68%). These findings
validate the tested phytochemicals as potent anticancer candidates capable of neutralizing the redox-active
environment essential for cancer cell survival and reducing oxidative stress.

B. Gram Negative Bacteria:
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The anti-microbial assay demonstrated a significant dose-dependent inhibition of Gram-negative bacterial growth
for all treatment groups compared with the untreated control (**** P < 0.0001). The untreated control showed
minimal inhibition (~9%), whereas SC exhibited the highest activity (98.43% at 5 mg/mL), followed by In (98.14%),
both exceeding the standard (97.09%). Quercetin also showed strong activity (97.87%), while S at 1 mg/mL
displayed the lowest inhibition (74.83%). These findings confirm significant anti-microbial efficacy of all tested
phytochemicals, with SC and In emerging as the most promising candidates.
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3. 2 Ant1-0x1dant assay:
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The DPPH antioxidant assay demonstrated a hlghly 51gn1ﬁcant increase in radlcal scavenging act1V1ty for all treated
groups compared with the negative control (**** P < 0.0001). The untreated control showed only 20.00%
inhibition, whereas Quercetin (98.84%), Scopoletin (95.18%), and InUa (93.86%) at 5 mg/mL outperformed the
clinical standard (93.74%). Sulforaphane and Icariin showed moderate activity, with Sulforaphane (1 mg/mL)
exhibiting the lowest inhibition (51.76%). These findings validate the phytochemicals as potent antioxidants capable
of reducing oxidative stress associated with tumor progression.
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3.3. Anti-germination Assay:
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The anti-germination assay demonstrated a highly significant increase in growth inhibition for all treated groups
compared with the untreated control (¥**** P < 0.0001). The control exhibited only 10.00% inhibition, whereas
Quercetin and Sulforaphane at 5 mg/mL achieved the highest anti-germination activity (97.36%), exceeding the
clinical standard (96.84%). Icariin matched the standard at 96.84%, while InUa and Scopoletin also showed strong
inhibitory activity. These findings validate the tested phytochemicals as potent inhibitors of rapid cellular
proliferation with promising anticancer potential.

3.4. : Protein Inhibition:

Quercetin —
3mg/ml

|l s mnab i =
F 1gure 6: Protein degradation assay, A) Q 1mg/ml, B) Q 3mg/ml

he protein degradation assay demonstrated a marked reduction in absorbance for the Quercetin-treated sample
compared with the negative control. The untreated control exhibited a high, noisy absorbance signal (>3.0 Abs),
indicating intact target protein, whereas Quercetin produced a sharp decrease in absorbance to 0.190 Abs, reflecting
effective protein degradation. This significant reduction confirms disruption of protein structural integrity,
suggesting that Quercetin possesses promising anticancer potential through enhanced proteolytic activity.
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Figure 7:Protein degradation assay, A) Q5Smg/ml, B) Su 1 mg/ml
The UV—Vis absorption spectra of Quercetin (5 mg/mL) and Sulforaphane (1 mg/mL) exhibited strong absorbance
within the 200-500 nm region, indicating interactions between their bioactive functional groups and protein
moieties. Absorbance declined markedly beyond 500 nm, reaching 0.042 Abs for Quercetin and 0.290 Abs for
Sulforaphane. These spectral profiles suggest effective protein interaction and destabilization, supporting their role
in protein degradation assays. The findings validate both phytochemicals as promising anticancer candidates with
stable, reproducible, and therapeutically relevant spectral characteristics.
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Figure 8:Protein degradation assay, A)SU 3MG/ML, B) SU SMG/ML

The UV—Vis spectra of Sulforaphane (3 and 5 mg/mL) exhibited strong absorbance within the 200-500 nm region,
reflecting its reactive isothiocyanate group and conjugated molecular structure. Absorbance decreased markedly
beyond 500 nm, reaching 0.173 Abs (3 mg/mL) and 0.142 Abs (5 mg/mL) at 660 nm. These spectral characteristics
indicate interaction with protein residues, supporting protein degradation activity. The findings are consistent with
Sulforaphane’s anticancer potential and validate its suitability for protein degradation assays and therapeutic
evaluation in anticancer drug screening.

Icariin
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Figure 9:Figure 7:Protein degradation assay, A) IC 1IMG/ML, B) IC 3MG/ML

The UV-Vis spectra of Icariin (1 and 3 mg/mL) exhibited strong absorbance within the 200—400 nm region,
reflecting its flavonoid backbone and conjugated structure. Absorbance declined markedly beyond 400 nm, reaching
0.272 Abs (1 mg/mL) and 0.192 Abs (3 mg/mL) at 660 nm. These spectral characteristics indicate interaction with
protein residues, supporting protein degradation activity and validating Icariin’s potential as a promising anticancer
candidate for therapeutic evaluation.
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Figure 10:Protein degradation assay, A)IC SMG/ML, B) InUa 1IMG/ML

The UV-Vis spectra of Icariin (5 mg/mL) and InUa (1 mg/mL) exhibited strong absorbance between 200—400 nm
and 200-600 nm, respectively, reflecting their bioactive molecular structures. Absorbance declined at longer
wavelengths, reaching 0.107 Abs for Icariin and 0.345 Abs for InUa at 660 nm. These spectral profiles indicate
interaction with protein residues, supporting protein degradation activity. The findings validate both phytochemicals
as promising anticancer candidates with stable spectral characteristics suitable for therapeutic evaluation and drug

screening.
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Figure 11:Protein degradation assay, A)InUa 3MG/ML, B) InUa SMG/ML

The UV—Vis spectra of InUa (3 and 5 mg/mL) exhibited strong absorbance within the 200—400 nm region, reflecting
its active molecular framework. Absorbance decreased markedly beyond 400 nm, reaching 0.309 Abs (3 mg/mL)
and 0.301 Abs (5 mg/mL) at 660 nm. These spectral characteristics indicate interaction with protein residues,
supporting protein degradation activity and validating InUa’s potential as a promising anticancer candidate for
therapeutic evaluation.
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Figure 12:Protein degradation assay, A)MTX B)NEGATIVE CONTROL

The UV—Vis spectrum of methotrexate exhibited strong absorbance within the 200400 nm region, with a sharp
decline beyond 400 nm and minimal absorbance (0.039 Abs) at 660 nm, confirming its spectral specificity.
Compared with the negative control (>4.000 Abs), Quercetin treatment produced a dose-dependent reduction in
absorbance, reaching 0.190 Abs (3 mg/mL) and 0.042 Abs (5 mg/mL). These findings demonstrate effective protein
degradation and validate the assay for evaluating anticancer activity.
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The bar graph compares zoospore germination inhibition by different test compounds relative to the negative control.
Quercetin and methotrexate exhibited the highest inhibitory activity (, p < 0.0001). Sulforaphane showed highly
significant inhibition (¥, p < 0.001), followed by Scopoletin (, p < 0.01). Icariin demonstrated significant inhibition
(*, p < 0.05), whereas InUa showed no significant difference (ns). These findings identify Quercetin and

v
e ™

methotrexate as the most effective inhibitors of zoospore germination.

3.5.NO SCAVENGING ASSAY
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The UV—Vis spectra of Quercetin (1 and 3 mg/mL) exhibited characteristic flavonoid peaks within the 240—400 nm
region, with absorbance decreasing markedly beyond 400 nm to 0.132 Abs (1 mg/mL) and 0.114 Abs (3 mg/mL) at
540 nm. Reduced absorbance indicates effective nitric oxide radical scavenging, confirming Quercetin’s
concentration-dependent antioxidant activity. These findings support its potential to reduce oxidative and nitrosative

|
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stress, validating its relevance in anticancer drug screening.
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Figure 14:NO SCAVENGING ASSAY, A) Q SMG/ML, B)SU 1IMG/ML

The UV—Vis spectra of Quercetin (5 mg/mL) and Sulforaphane (1 mg/mL) exhibited strong absorbance in the UV
region, with reduced absorbance at 540 nm (0.084 and 0.327 Abs, respectively). Lower absorbance in the NO

scavenging assay indicates effective nitric oxide radical neutralization. Quercetin showed superior concentration-
dependent scavenging activity, while Sulforaphane also demonstrated significant antioxidant potential. These
findings support their roles in reducing oxidative and nitrosative stress and validate their relevance in anticancer

drug screening.
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Figure 15:NO SCAVENGING ASSAY, A) SU 3MG/ML, B)SU SMG/ML

Sulforaphane (3 mg/mL) exhibited strong UV—Vis absorption near 300 nm with reduced absorbance beyond 400
nm (0.151 at 540 nm). In the nitric oxide scavenging assay, decreased absorbance indicated effective radical
neutralization, demonstrating concentration-dependent antioxidant activity and supporting Sulforaphane’s potential
as a promising anticancer agent for therapeutic applications.
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Figure 16:NO SCAVENGING ASSAY, A) SC 1IMG/ML, B)SC 3MG/ML

Scopoletin (1 mg/mL) exhibited distinct UV—Vis absorption peaks near 340 and 450 nm, with an absorbance of
0.237 at 548 nm. Reduced absorbance in the nitric oxide scavenging assay indicated effective radical neutralization,
demonstrating antioxidant activity and supporting Scopoletin’s potential as a promising anticancer compound for

further investigation.
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Figure 17:NO SCAVENGING ASSAY, A) IC IMG/ML, B)IC 3MG/ML

Icariin (1 mg/mL) exhibited major UV—Vis absorption near 270 nm with a secondary peak at 540 nm (0.254
absorbance). Reduced absorbance in the nitric oxide scavenging assay indicated effective radical neutralization,
demonstrating antioxidant activity and supporting Icariin’s potential as a promising anticancer compound for further
therapeutic investigation.
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Figure 18:NO SCAVENGING ASSAY, A) IC SMG/ML, B)InUa 1IMG/ML

Icariin (5 mg/mL) exhibited distinct UV—Vis absorption peaks near 270 and 340 nm with an absorbance of 0.112 at
540 nm. Reduced absorbance in the nitric oxide scavenging assay confirmed concentration-dependent antioxidant

activity, supporting its ability to reduce oxidative stress and its potential for anticancer drug development
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Figure 19:NO SCAVENGING ASSAY, A) InUa 3MG/ML‘, B)InUa SMG/ML

InuA (3 mg/mL) exhibited characteristic UV—Vis absorption peaks with an absorbance of 0.125 at 540 nm. Reduced
absorbance in the nitric oxide scavenging assay indicated measurable radical neutralization, demonstrating

concentration-dependent antioxidant activity and supporting its modest yet promising potential for preliminary

anticancer drug screening and evaluation.
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Figure 20:NO SCAVENGING ASSAY, A) MTX, B) NEGATIVE CONTROL

Methotrexate exhibited characteristic UV—Vis absorption peaks near 260 and 370 nm, with an absorbance of 0.171
at 540 nm. Reduced absorbance in the nitric oxide scavenging assay confirmed potent radical neutralization,

demonstrating strong antioxidant activity and validating Methotrexate as a reliable positive standard for anticancer

drug screening.
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The bar graph demonstrates nitric oxide scavenging activity across experimental groups. The Normal/Negative
control showed the lowest activity, whereas Quercetin, Sulforaphane, Scopoletin, Icariin, InuA, and Methotrexate
exhibited significantly higher scavenging effects (***p < 0.001—****p < 0.0001). No significant differences
occurred among treatment groups, indicating comparable antioxidant and anticancer potential.

3.6.EDTA CHELATING AGENT TEST:
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Figure 21:EDTA CHELATING AGENT TEST, A) Q IMG/ML|[SI], B) Q 3MG/ML[SI]

Compound Q showed strong UV absorption with reduced absorbance at 300 nm (0.172 at 1 mg/mL; 0.138 at 3
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mg/mL). Lower absorbance in the EDTA metal-chelation assay indicates efficient Fe** binding, limiting Fenton-
mediated hydroxyl radical generation, reducing oxidative stress and DNA damage. Enhanced chelation at higher

concentration supports its potential anticancer antioxidant mechanism.
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Figure 22:EDTA CHELATING AGENT TEST , A) Q SMG/ML[SI], B) SU3MG/ML[HE]

The UV—Visible analysis showed that compound Q (5 mg/mL, SiHa) exhibited very low absorbance at 300 nm
(0.055), indicating strong metal-chelating activity, while compound Su (1 mg/mL, HeLa) showed moderate
absorbance (0.246), suggesting moderate chelation. By reducing metal-mediated reactive oxygen species generation,

both compounds may alleviate oxidative stress and contribute to anticancer activity
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Figure 23:EDTA CHELATING AGENT TEST , A) SU3MG/ML[HE], B) SU IMG/ML[HE]

Compound Su demonstrated concentration-dependent metal-chelating activity in HeLa cells. At 3 mg/mL, reduced
absorbance at 300 nm (0.195) indicated stronger transition metal ion binding than 1 mg/mL. At 5 mg/mL, minimal
absorbance (0.078) reflected enhanced chelation, potentially suppressing reactive oxygen species generation,

reducing oxidative stress, and supporting anticancer activity through redox modulation.
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Figure 24:EDTA CHELATING AGENT TEST , A) SC IMG/ML]

Compound Sc exhibited concentration-dependent metal-chelating activity in SiHa cells. At 1 mg/mL, absorbance at
300 nm was 0.369, while 5 mg/mL reduced it to 0.173, indicating enhanced transition metal ion sequestration.
Improved chelation may suppress reactive oxygen species generation, disrupt redox homeostasis, and contribute

anti-cancer activity.
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Figure 25:EDTA CHELATING AGENT TEST , A) SC SMG/ML|[SI], B) SC IMG/ML[HE]
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Compound Sc showed effective metal-chelating activity in both cervical cancer models. In SiHa cells (5 mg/mL),
absorbance decreased to 0.173 at 300 nm, indicating stronger chelation, whereas in HeLa cells (1 mg/mL),
absorbance was 0.415, reflecting moderate activity. Metal ion sequestration may reduce reactive oxygen species

generation and support anticancer effects
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Figure 26:EDTA CHELATING AGENT TEST , A) SC IMG/ML[HEI], B) SC 3MG/ML[HE]
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Compound Sc exhibited dose-dependent metal-chelating activity in HeLa cells. Absorbance decreased from 0.317
at 300 nm (3 mg/mL) to 0.201 (5 mg/mL), indicating enhanced transition metal ion sequestration at higher
concentration. Improved chelation may suppress reactive oxygen species generation, disrupt redox homeostasis, and
contribute to the compound’s potential anticancer efficacy.
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Figure 27:EDTA CHELATING AGENT TEST , A) IC IMG/ML[HE], B)IC 3MG/ML[HE]

Compound Ic exhibited concentration-dependent metal-chelating activity in HeLa cells. Absorbance at 300 nm
decreased from 0.207 (1 mg/mL) to 0.118 (3 mg/mL), indicating enhanced transition metal ion sequestration at
higher concentration. Improved chelation may suppress reactive oxygen species generation, disrupt redox
homeostasis, and contribute to the compound’s potential anticancer activity.
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Figure 28:EDTA CHELATING AGENT TEST , A)IC SMG/ML[HE], B)IC 1IMG/ML][SI]

Compound Ic demonstrated effective metal-chelating activity in cervical cancer models. In HeLa cells (5 mg/mL),
absorbance decreased to 0.067 at 300 nm, indicating maximum sequestration efficiency. In SiHa cells (1 mg/mL),
absorbance was 0.547, confirming chelation capability. Metal ion binding may reduce ROS generation, disrupt redox
pathways, and support anticancer potential.
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Figure 29:EDTA CHELATING AGENT TEST, A) IC 3MG/ML]SI], B) IC SMG/MLISI]
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Compound Ic showed concentration-dependent metal-chelating activity in SiHa cells. Absorbance at 300 nm
decreased from 0.502 (3 mg/mL) to 0.209 (5 mg/mL), indicating enhanced transition metal ion sequestration. This

improved chelation may limit redox cycling, reduce reactive oxygen species generation, disrupt metal-dependent
survival pathways, and support the compound’s potential anticancer efficacy.
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Figure 30:EDTA CHELATING AGENT TEST, A) InUa IMG/ML[HE], B) iNUa 3MG/ML[HEI]

Compound InUa demonstrated concentration-dependent metal-chelating activity in HeLa cells. Absorbance at 300
nm decreased from 0.514 (1 mg/mL) to 0.395 (3 mg/mL), indicating enhanced transition metal ion sequestration.

This activity may suppress redox cycling, reduce reactive oxygen species generation, regulate metal homeostasis,
and contribute to the compound’s potential anticancer effects.
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Figure 31:EDTA CHELATING AGENT TEST , A) InuA SMG/ML[HEI], B)InUa 1MG/ML[SI]

Compound InUa exhibited effective metal-chelating activity in cervical cancer models. In HeLa cells (5 mg/mL),
absorbance decreased to 0.314 at 300 nm, indicating maximum sequestration efficiency. In SiHa cells (1 mg/mL),

absorbance was 0.578, confirming chelation capability. Metal binding may regulate homeostasis, reduce ROS
generation, and support anticancer potential.
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Figure 32:EDTA CHELATING AGENT TEST , A) InUa 3MG/MLISI], B)Inua SMG/ML[SI]

Compound InUa (3 mg/mL) showed effective metal-chelating activity in SiHa cells, with absorbance of 0.395 at
300 nm. Its ion-sequestering ability may disrupt redox pathways, reduce oxidative stress, and support anticancer
potential.
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Figure 33:EDTA CHELATING AGENT TEST , AAMETHOTREXATE([SI], B) METHOTREXATE[HE]

Compound InUa (5 mg/mL) showed maximum metal sequestration in SiHa cells, with absorbance of 0.314 at 300
nm, indicating strong chelation and redox modulation. Methotrexate (MTX) in HeLa cells showed 0.083 absorbance,
serving as a benchmark. Compound Ic¢ (0.067) demonstrated superior activity, followed by Sc and InUa.
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Figure 34:EDTA CHELATING AGENT TEST, A) Q IMG/ML[HE], B) Q 3MG/ML[HEI]

Compound Q exhibited strong concentration-dependent metal-chelating activity in HeLa cells. Absorbance at 300
nm decreased from 0.145 (1 mg/mL) to 0.097 (3 mg/mL), approaching the Methotrexate benchmark (0.083). This
enhanced transition metal sequestration may suppress redox pathways, reduce oxidative stress, and support
compound Q as a promising anticancer candidate.
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Figure 35:EDTA CHELATING AGENT TEST, Q SMG/ML[HE]
Compound Q (5 mg/mL) showed maximum metal-chelating efficiency in HeLa cells, with absorbance of 0.082 at

300 nm, comparable to Methotrexate (0.083). This indicates strong ion sequestration, redox modulation, and
potential anticancer activity.
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Figure 36:EDTA CHELATING AGENT TEST , A) NEGATIVE CONTROL[HE], B) NEGATIVE
CONTROL|[SI]

Negative Control (HE) showed maximum absorbance (3.500 at 300 nm) in both HeLa and SiHa models, representing
the untreated baseline with active transition metals and oxidative stress. This saturated profile provides a reference
for evaluating chelation efficiency. Significant reductions by compounds, such as Compound Q, indicate effective
metal sequestration and redox modulation.
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EDTA-like chelating agents demonstrated significant metal-sequestering activity in both HeLa and SiHa cervical
cancer models compared with Normal untreated groups. All tested compounds, including Quercetin, Sulforaphane,
Scopoletin, Icariin, and InUa, showed highly significant enhancement in chelation capacity (p <0.0001; ****). InUa
exhibited comparable efficiency with the standard in HeLa, whereas Quercetin showed the highest SiHa activity,
closely approaching the standard. These findings confirm their potential role in regulating redox balance.

3.7. Heat Induced Haemolysis Assay:
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Figure 37:HEAT INDUCED ASSAY , A) Q IMG/ML[HE], B) Q 3MG/ML
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Quercetin showed strong UV absorption with a plateau of 4.000 Abs between 200230 nm. Absorbance at 300 nm
decreased from 0.096 (1 mg/mL) to 0.055 (3 mg/mL), indicating concentration-dependent optical changes. These
concentrations demonstrated strong membrane-protective activity, achieving 79.62% and 87.24% inhibition in heat-
induced hemolysis assays, supporting its therapeutic potential.

Figure 38:HEAT INDUCED ASSAY , A) Q SMG/ML, B) SU 1IMG/ML

Quercetin (5 mg/mL) showed a saturated UV profile (4.000 Abs, 200—215 nm) with minimal absorbance at 300 nm
(0.013), indicating concentration-dependent optical variation and highest hemolysis protection (98.84%).
Sulforaphane (1 mg/mL) displayed far-UV saturation with absorbance of 0.288 at 300 nm and moderate hemolysis
inhibition (51.76%), confirming biological activity.

Figure 39: HEAT INDUCED ASSAY , A) SU3IMG/ML, B) SU SMG/ML

Sulforaphane exhibited concentration-dependent UV-Vis changes with far-UV saturation at 4.000 Abs (200-210
nm). Absorbance at 300 nm decreased from 0.288 (1 mg/mL) to 0.172 (3 mg/mL) and 0.118 (5 mg/mL). These
concentrations showed enhanced membrane protection, achieving 88.81% and 88.98% hemolysis inhibition,
supporting its anticancer potential.

Figure 40:HEAT INDUCED ASSAY , A) SC 1IMG/ML, B) SC 3MG/ML
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Scopoletin demonstrated concentration-dependent UV-Vis changes and strong membrane stabilization activity.
Absorbance at 300 nm decreased from 0.400 (1 mg/mL) to 0.246 (3 mg/mL), indicating enhanced optical response.
It protected RBC membranes against thermal damage, achieving 76.02% inhibition at lower concentration and peak
efficacy of 95.18%, exceeding the standard (93.74%).

Figure 41:HEAT INDUCED ASSAY , A) SC SMG/ML, B) IC IMG/ML
Scopoletin (5 mg/mL) showed maximum membrane protection, with absorbance decreasing to 0.195 at 300 nm and
achieving 95.18% hemolysis inhibition, surpassing the standard (93.74%). Icariin (1 mg/mL) exhibited absorbance
0f 0.457 at 300 nm and 58.21% inhibition, indicating moderate membrane stabilization that may improve with higher
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Figure 42:HEAT INDUCED ASSAY , A) IC 3MG/ML, B) IC 5SMG/ML

Icariin exhibited concentration-dependent membrane stabilization in the hemolysis assay. Absorbance at 300 nm
decreased from 0.457 (1 mg/mL) to 0.368 (3 mg/mL) and 0.207 (5 mg/mL), corresponding to increased RBC
protection. Hemolysis inhibition improved from 58.21% to 75.45% and 88.64%, approaching standard efficacy
while remaining below Quercetin activity.

Figure 43:HEAT INDUCED ASSAY , A) INU 1IMG/ML, B) INU 3MG/ML

The UV-Vis spectrum for InUa at 1 mg/ml provides the optical baseline for this experimental group in the heat-
induced hemolysis assay. The graph displays a rapid exponential decline from the far-UV region, transitioning into
a broad, low-intensity absorption peak centered near 275 nm. At the standard 300.00 nm reference point, the sample
recorded an absorbance of 0.314 Abs.. Biologically, this concentration achieved a 66.14% inhibition of red blood
cell lysis. The UV-Vis spectrum for InUa at 3 mg/ml illustrates a notable optical and biological shift from the lower
1 mg/ml dose. The graph shows a sharp exponential decline from the far-UV region, transitioning into a flattened
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absorption curve across the 240-300 nm range. At the 300.00 nm reference point, the sample recorded an absorbance
0f 0.173 Abs., a significant decrease from the 0.314 Abs. seen at 1 mg/ml. Biologically, this concentration achieved
an 86.13% inhibition of red blood cell lysis. This jump from 66.14% confirms that InUa’s membrane-stabilizing
potency is highly concentration-dependent, providing robust protection against thermal stress .
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Figure 44:HEAT INDUCED ASSAY , A) INU SMG/ML, B)STANDARD

The UV-Vis spectrophotometry analysis for InUa at 5 mg/ml represents the peak concentration tested in the heat-
induced hemolysis assay. The graph shows a shallow exponential decline from the far-UV region, transitioning into
a stabilized baseline with a subtle absorption shoulder centered near 275 nm. At the 300.00 nm reference point, the
sample recorded an absorbance of 0.210 Abs.. Biologically, this dose achieved a maximum stabilization rate of
91.13% inhibition of red blood cell lysis. This high efficacy successfully crosses the 90% threshold, indicating that
InUa at 5 mg/ml is a potent protector against thermal stress. The UV-Vis spectrum for the Standard group represents
the primary reference for maximum stabilization in the heat-induced hemolysis assay. Unlike the drug candidates,
the Standard graph lacks a saturation plateau, showing a consistent and highly stable baseline across the entire 200
nm to 300 nm range. At the 300.00 nm reference point, the sample recorded a remarkably low absorbance of 0.083
Abs., which is the lowest value across all tested groups. Biologically, this reflects a high membrane-stabilizing

efficacy of 93.74% inhibition.
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Figure 45:HEAT INDUCED ASSAY , FOR NORMAL GROUP

The UV-Vis spectrum for the Normal (Negative/Untreated) group establishes the baseline for maximum cellular
damage in the heat-induced hemolysis assay. The graph shows a steep exponential decline from the far-UV region,
transitioning into a prominent absorption peak centered near 285 nm. This peak represents the high concentration
of hemoglobin and cellular debris released during uncontrolled thermal lysis. At the 300.00 nm reference point, the
sample recorded a high absorbance of 0.674 Abs., the highest value among all primary groups. Biologically, this
untreated group represents 0.00% inhibition, serving as the negative control against which the membrane-stabilizing
efficacy of all drug candidates is measured.
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Conclusions

In this research work we evaluated the anti cancer activity of Quercetin, Sulforaphane, Scopoletine, Icariin, and
InuA & these all exhibited significant anticancer potential through cytotoxic, antimicrobial, antioxidant, anti-mitotic,
and anti-germination activities. Quercetin showed the highest overall efficacy, while Scopoletine excelled against
gram-negative bacteria and InuA displayed strong antioxidant activity, supporting their promising pharmaceutical
and anticancer applications.

List of abbreviations:

Abbreviations & Full Forms

UAE - Ultrasonic-Assisted Extraction; UV — Ultraviolet Spectroscopy; HPLC — High-Performance Liquid
Chromatography; TLC — Thin Layer Chromatography; NaOH — Sodium Hydroxide; HCI — Hydrochloric Acid;
H2SO4 — Sulfuric Acid; CHsOH — Methanol; EtOH — Ethanol; LIB — Libermann's Test; LB — Libermann—Burchard
Test; KI — Potassium lodide; FeCls — Ferric Chloride; mg/mL — Milligrams per Milliliter; gm — Grams; mL —
Milliliters; Fig. — Figure; INU — Inulin; SULPH — Sulforaphane; QUER — Quercetin; AC — Allium cepa; MTX —
Methotrexate; DPPH — 2,2-Diphenyl-1-picrylhydrazyl; uL — Microliter; OD — Optical Density.
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