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Abstract

Natural-derived chemicals, particularly secondary metabolites from plants, are gaining attention for their potential as innovative
and less harmful anticancer treatments, advancing cancer therapy and developing new medicinal herbs. The present study
aimed to investigate the antimitotic, antiproliferative, and anticancer activities of various extracts from the leaves, bark, and
fruits of Cleistanthus collinus using the Allium cepa root tip assay, yeast cell model, and 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay against Henrietta Lacks (HelLa) and Michigan Cancer Foundation-7 (MCF-7) cancer
cell lines. For the MTT assay, crude methanol extract was used, while methanol, ethyl acetate, chloroform, aqueous, and petro-
leum ether extracts were employed for the antimitotic and antiproliferative assays. In the antimitotic assay, the methanol bark
extract exhibited the highest activity, with a mitotic index of 15+0.57% at 500ug/mL, significantly reducing cell division compared
to the control (97+£1.23%). The methanol bark fraction showed the strongest activity in the antiproliferative assay, with only
26.41+0.57% viable cells at 500ug/mL. The extracts reduced cell viability and increased cytotoxicity in a dose-dependent man-
ner. The anticancer activities (half-maximal inhibitory concentration, IC50 values) ranged from 186.43+2.7ug/mL to
885.69+6.77ug/mL against the MCF-7 cell line and from 228.5+3.7ug/mL to 550.85+4.67ug/mL against the HelLa cell line, with
the highest activity observed for the crude methanol extract of bark against MCF-7 cells. These findings suggest that methanol
extracts of C. collinus could be a promising source of plant-based anticancer agents with antimitotic, antiproliferative, and anti-
oxidant activities.

Keywords: Chemotherapy, Cytotoxic activity, Henrietta Lacks (HeLa) cancer cell line, Michigan Cancer Foundation-7 (MCF-7)
cancer cell line, Secondary metabolites

INTRODUCTION Cancer is a multi-stage process marked by abnormal
cell growth that can invade and damage normal cells.
Factors such as cigarette smoking, chemical exposure,

dietary issues, and environmental influences contribute

The incidence of cancer-related deaths grew by 17%
between 2005 and 2015, highlighting the critical need

for more widespread research into the development of
innovative anticancer drugs in addition to existing ones
(Ohiagu et al., 2021). Cancer is the world's second
leading cause of death, accounting for around 9.6 mil-
lion deaths in 2018. Cancer is responsible for around
one out of every six deaths globally. Cancer kills
around 70% of persons in low- and middle-income
countries (Nelson et al., 2020). It is estimated that by
2030, there will be 26 million new cancer diagnoses
and 17 million cancer deaths (Solowey et al., 2014).

to cancer development. Traditional cancer treatments
often harm healthy tissue, and there are concerns
about tumors' resistance to current therapies. Conse-
quently, there is a pressing need for more effective
treatments. Plant extracts, rich in biologically active
compounds like alkaloids, flavonoids, phenolics, and
carotenoids, offer promising potential for cancer re-
search and treatment development (Babu et al., 2024).
Plant-based medicines for treating various ailments
have been used since ancient times, such as in Ayur-
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veda, Unani, and Siddha, and have been a component
of human civilization (Pandey et al., 2020).

The plant Cleistanthus collinus is indigenous to India
and Sri Lanka, is listed as endangered by the |IUCN,
and may be found in dry forests in southern and central
India (Kazi and Gude, 2022). According to the re-
searchers, Cleistanthin B, isolated from the poisonous
plant C. collinus (Roxb), displayed strong anticancer
properties in invitro studies. The anticancer activity of
the complete plant's alcoholic extract is tested in human
epidermoid carcinoma of the nasopharynx in culture,
Walker carcinoma sarcoma 256 in rats, and L-1210
lymphoid leukemia in mice. The extract showed signifi-
cant anticancer activity against human epidermoid na-
sopharyngeal carcinoma (Suman and Elangomathavan,
2013). In this study, the less investigated C. collinus
plant extracts are examined for antimitotic, antiprolifera-
tive, and anticancer activities in HeLa and MCF-7 cells
in an attempt to find a potential anticancer agent.

MATERIALS AND METHODS

Plant material collection and extraction of phyto-
chemicals

Cleistanthus collinus leaves, bark, and fruits were col-
lected from Gopavaramvillage (17°22'09.16" N;
81°47°48.42" E), Maredumilli forest zone of ASR Dis-
trict, Andhra Pradesh, India. The fresh leaves, fruits,
and bark were thoroughly washed, shade-dried, me-
chanically pulverized, and stored. The phytochemicals
were extracted using the soxhlet extraction method. 30
g of dry powder was extracted with 300 mL of solvents,
comprising petroleum ether, chloroform, ethyl acetate,
water, and methanol separately. The extracts were con-
centrated in a vacuum rotary evaporator at 60°C. The
crude extracts obtained after thorough drying were uti-
lized to evaluate potential antimitotic, antiproliferative,
and anticancer effects.

Antimitotic activity assay

The antimitotic potency of C. collinus plant extracts was
assessed using an Allium cepa root test using a slightly
modified approach (Sehgal et al., 2006). A. cepa bulbs
(40+15 g) were obtained from the Visakhapatnam local
market and grown in water at room temperature until
rooted. The bulbs with roots were immersed in dilutions
of various plant extracts (100, 200, 300, 400, and 500
mg/mL) and incubated for 24 hours. Water was used to
dilute the sample, and lapachol was used as the re-
search standard. After 24 hours, the root tips were sta-
bilized in a fixing solution, including acetic acid and al-
cohol (1:3). Acetocarmine was used to dye the squash
mixture. The morphology and number of cells were
evaluated under a microscope (40x). In all, 350-400
cells were counted, and cells in various stages of mito-

sis were recorded, including interphase (I) and pro-
phase (P), metaphase (M), anaphase (A), and telo-
phase (T). The mitotic index was calculated and com-
pared to the control group using the following formula:
Mitotic index=[P + M + A + T/ Total cells] X 100 Eq. 1

Antiproliferative activity

The antiproliferative activity was assessed using a
yeast cell model according to the approach of Saboo et
al. (2008).

Yeast inoculum preparation

The yeast was inoculated with sterilized potato dex-
trose broth and incubated at 37°C for 24 hours, yielding
seeded broth.

Determination of cell viability
A test tube combined 2.5 mL of potato dextrose broth
(PDB) with 1 mL of each extract dilution and 0.5 mL of
yeast inoculum. The control consisted of simply PDB
and yeast inoculum. Quercetin was the standard anti-
proliferative medication. All test tubes were incubated
for 24 hours at 37 degrees Celsius. After incubation,
each sample's cell suspension was combined with
0.1% methylene blue and viewed using a low-power
(10 x) microscope. The number of viable cells, those
that did not stain and seemed transparent with an oval
shape, and dead cells, that stained and appeared blue,
were counted in the Hemocytometer's 16 chambers,
and the average number of cells per mL was comput-
ed. The percentages of cell viability and cytotoxicity
were calculated using the formula below.
Cell viability (%) = Total viable cells/Total cells X 100
Eq. 2
Cytotoxicity (%) = No. of dead cells/ Total cells X 100
Eq.3

Anticancer activity

Cell culture, maintenance of cell lines, growth me-
dium, and treatment conditions

MCF-7 (Breast adenocarcinoma) and Hela (cervical
carcinoma) were collected from American Type Culture
Collection (ATCC), Bangalore, India. Cell lines were
maintained in Dulbecco’'s modified eagle medium
(DMEM) with FBS (10%), Foetal Calf Serum (FCS) (2—
10%), penicillin (100 units/ml) and streptomycin (100
pg/ml) at 37°C with 5% CO,. Cell culture was per-
formed using standard procedures in a laminar airflow
chamber (Weiskirchen et al., 2023).

MCEF-7 breast cancer cells were grown in minimal es-
sential medium (MEM) alpha and human cervical carci-
noma cells (HelLa). Cells were kept at 37°C in a 5%
CO, humidified incubator. Cells were passaged at 80%
confluency, with medium refreshed every 2-3 days
(Magsood et al., 2018).
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3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay

The cytotoxicity of C. collinus leaf, bark, and fruit meth-
anol solvent extracts on the MCF-7 and Hela cell lines
was assessed using the MTT test (Van et al., 2011).
The cells (10000 cells/well) were grown in 96-well
plates for 24 hours in DMEM media with 10% FBS and
1% antibiotic solution at 37°C with 5% CO,. Cells were
treated the next day with formulations at concentrations
ranging from 1-1000 pg/ml (made in an incomplete me-
dium). After 24 hours of incubation, MTT Solution
(250ug/ml) was added to the cell culture and incubated
for 2 hours. After the experiment, the culture superna-
tant was collected, and the cell layer matrix was dis-
solved in 100 pl of Dimethyl Sulfoxide (DMSO). The
results were read at 540 and 660 nm using an Elisa
plate reader (iMark, Biorad, USA).

RESULTS

Antimitotic activity screening

Cleistanthus collinus antimitotic screening results indi-
cated that distilled water, used as a control, had a mi-
totic index of 97%, with cells actively dividing at various
stages of mitosis. Plant extract C. collinus leaf, bark,
and fruit extracts (methanol, ethyl acetate, chloroform,
aqueous, and petroleum ether) concentrations from
100ug/mL to 500ug/mL, caused a dose-dependent de-
crease in mitotic indices compared to the control (P
<0.05) (Fig. 1). At the highest concentration of 500ug/

mL, the methanol bark fraction had the highest antimi-
totic activity against Allium cepa root tip cells, with a
mitotic index of just 15+0.57%. Petroleum ether fruit
extract had the lowest mitotic activity (84+0.57%), fol-
lowed by petroleum ether bark fractions (81+£0.57%). At
a concentration of 100ug/mL, the methanol leaf fraction
showed the highest antimitotic effectiveness
(78+1.23%), whereas the petroleum ether fruit and leaf
extracts had the lowest activity (94+1.23%). The data
show that the antimitotic potentiality ranking order at
500 pg/mL concentration is bark methanol extract
(CBM) > fruit methanol extract (CFM) > leaf methanol
extract (CLM) > bark chloroform extract (CBC) > fruit
chloroform extract (CFC) > leaf chloroform extract
(CLC) > bark ethyl acetate extract (CBE) > leaf ethyl
acetate extract (CLE) > fruit ethyl acetate extract (CFE)
> leaf petroleum ether extract (CLP) > bark acetone
extract (CBA) > leaf acetone extract (CLA) = fruit ace-
tone extract (CFA) > bark petroleum ether extract
(CBP) > fruit petroleum ether extract (CFP) (Tables 1
to 5). These findings suggest that the methanol fraction
might be a viable alternative for separating plant-based
anticancer medicines. The mitotic index results were
analyzed using a one-way ANOVA, and Tukey's range
test revealed that all extract dosages significantly re-
duced the mitotic index when compared to the negative
control.

Antiproliferative activity analysis
All extracts (methanol, ethyl acetate, chloroform, aque-

Table 1. Antimitotic activity of methanol extracts of Cleistanthus collinus leaf, bark, and fruit extracts

Plant Concentration No. of Dividing cells of Allium cepa No. of. o o
part (ug/mL) root tips non-Dividing Mitotic index (%)
P M A T Total cells
100 71 4 1 2 78 22 78+1.23°
200 65 3 - 3 71 29 71+0.57°
(LC?EI]:/I) 300 41 2 1 2 46 54 46£1.52"
400 32 2 1 1 36 64 36+0.57¢
500 15 - - - 15 85 29+0.57¢
100 75 4 2 - 81 19 81+2.23°
Bark 200 69 2 1 1 73 27 73+1.52°
( é‘éM) 300 50 1 2 2 55 45 55+0.57°
400 38 2 - 2 42 58 42+0.75
500 26 1 2 - 29 71 15+0.57°
100 78 3 1 2 84 16 84+2.12°
it 200 64 2 2 1 69 31 69+0.57¢
( Cr)LII:IM) 300 40 - 3 1 44 56 44+0.75'
400 33 2 - 2 37 63 37+0.57¢
500 19 - - - 19 81 19+0.57¢
Control 86 6 2 3 97 3 97 +1.23°

P: prophase, M: metaphase, A: anaphase, T: telophase. Total number of cells = 100. At P < 0.05, values with different alphabets (a-g)
are statistically distinct from one another; CLM: Leaf methanol extract, CBM: Bark methanol extract, CFM: Fruit methanol extract.
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Table 2. Antimitotic activity of ethyl acetate extracts of Cleistanthus collinus leaf, bark, and fruit extracts

No. of Dividing cells of Allium cepa

z::t g:;r;rt:‘el-r;tratlon root tips I';i‘:;i::ngo::‘ells Mitotic index (%)
P M A T Total

100 86 3 - 2 91 9 91+1.5°
200 79 2 1 3 85 15 85+0.75°

'('gffE) 300 75 . 2 - 77 23 7741.25°
400 73 1 - - 74 26 74+0.57°
500 70 - - - 70 30 70+1.25°
100 86 2 - 2 90 10 90+1.5°
200 80 1 - 1 82 18 82+0.57°

'(BSQ(E) 300 72 1 1 1 75 25 75+0.57°
400 71 - - - 71 29 71+1.25°
500 69 - - - 69 31 69+0.57¢
100 90 1 - 1 92 6 92122

, 200 90 - - 1 91 9 9112

Fruit b

(CFE) 300 83 1 2 - 86 14 8610.075
400 78 - 1 - 79 21 7941
500 71 1 - 2 74 26 74+0.57°

Control 86 5 2 2 95 5 97 +1.23°

P: prophase, M: metaphase, A: anaphase, T: telophase. Total number of cells = 100. At P < 0.05, values with different alphabets (a-g)
are statistically distinct from one another. CLE: Leaf Ethyl acetate extract, CBE: Bark Ethyl acetate extract, CFE: Fruit Ethyl acetate

extract

Table 3. Antimitotic activity of chloroform extracts of Cleistanthus collinus leaf, bark, and fruit extracts

No. of dividing cells of Allium cepa

PLartnt :301;::‘eLr;tratlon root tips g::"i::nnc,:;"s Mitotic index (%)
P Hg P M A T Total 9
100 82 2 - 2 86 14 86+1.5°
200 80 - 1 - 81 19 81+0.75°
Leaf c
300 72 - - 2 74 26 74+1
(CLC) .
400 65 1 - - 66 34 66+0.57
500 52 - - - 52 48 59+0.57°
100 83 3 1 1 88 12 88+1°
200 73 1 - 2 76 24 76+0.57°
Bark d
300 67 - 1 1 69 31 69+1.25
(CBC) )
400 60 - - 1 61 39 61+1.25
500 59 - - - 59 41 52+0.57°
100 84 2 1 3 90 10 90+1.5°
Eruit 200 80 - 1 - 81 19 81+2°
rut 300 711 1 1 74 26 7440.75°
(CFC) d
400 62 - 2 - 64 36 64+1
500 57 1 - - 58 42 58+0.57°
Control 86 5 2 2 95 5 97 +1.23°

P: prophase, M: metaphase, A: anaphase, T: telophase. Total number of cells = 100. At P < 0.05, values with different
alphabets (a-g) are statistically distinct from one another. CLC: Leaf chloroform extract, CBC: Bark chloroform extract,

CFC: Fruit chloroform extract.

ous, and petroleum ether) derived from C. collinus leaf,
bark, and fruit samples were evaluated for antiprolifera-
tive activity against yeast cells. Tables 6-10 exhibit the
experimental results. Distilled water (control) has
92.40+2.36% yeast cell viability, whereas Quercetin
(1mg/mL) had 61.06+1.23%.The percentages of active-
ly proliferating cells and dead cells vary amongst C.

collinus extracts. As plant extract concentrations grew
from 100pg/mL to 500pg/mL, the number of dividing
cells decreased, resulting in a dose-dependent reduc-
tion in mitotic indices compared to the control (P <0.05)
(Fig. 2).

Methanol extracts had the highest antiproliferative ef-
fects. The methanol bark extract showed the highest
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Fig. 1. Photographs showing antimitotic work. A) Control, B) Interphase in A. cepa root tip cells treated with fruit metha-
nol extract (600ug/mL), C) Prophase in A. cepa root tip cells treated with leaf methanol extract(300ug/mL), D & E) Meta-
phase in A. cepa root tip cells treated with fruit ethyl acetate extract (200ug/mL), F & G) Anaphase in A. cepa root tip
cells treated with bark acetone extract (200ug/mL) and H) Telophase in A. cepa root tip cells treated with leaf chloroform

extract(100ug/mL).

activity at 500ug/mL, reducing yeast cell viability to
26.41+£0.57%. The leaf extract reduced cell viability
from 85.50% to 31.16%, and the bark extract from
86.25% to 26.41%. The fruit extract showed a decrease
from 88.53% to 31.14%. Ethyl acetate extracts also
showed significant antiproliferative effects. Leaf extract
viability dropped from 83.50% to 54.32%, bark extract
from 85.11% to 42.94%, and fruit extract from 86.55%
to 58.43% with increasing concentrations.

Chloroform extracts exhibited considerable antiprolifer-
ative activity. Leaf extract viability decreased from
83.96% to 35.06%, bark extract from 85.76% to

32.03%, and fruit extract from 91.64% to 32.12%.
Aqueous extracts demonstrated noteworthy antiprolifer-
ative potential. Leaf extract viability decreased from
86.98% to 50.27%, bark extract from 88.38% to
35.16%, and fruit extract from 90.54% to 54.34%. Pe-
troleum ether extracts showed the lowest antiprolifera-
tive activities. Leaf extract viability dropped from
83.33% to 52.07%, bark extract from 85.98% to
41.26%, and fruit extract from 91.44% to 69.59%. Sta-
tistical tests (ANOVA and Tukey's range test) indicated
a substantial decrease in yeast cell viability at all ex-
tract dosages compared to the negative control. This
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Table 4. Antimitotic activity of aqueous extracts of Cleistanthus collinus leaf, bark, and fruit extracts

No. of Dividing cells of Allium cepa

:'aar:“ gj‘;’;;el_';"am" root tips g;:,'igifn';:e"s Mitotic index (%)
P M A T  Total
100 89 ; 2 1 93 7 96+2°
200 90 1 ; ; 91 9 91+1.25°
(Lgfz) 300 82 2 . 86 14 86+0.57°
400 81 - - - 81 19 81+1.5°
500 79 - - - 79 21 79+1°
100 90 1 2 3 9 4 93+1°
200 90 ; 1 1 92 8 92+0.57°
Bark b
(CBA) 300 87 1 1 - 89 11 801"
400 81 - - 2 83 17 83+0.75
500 81 - - - 81 19 77+0.57°
100 92 ; 1 ; 92 3 93+1.23°
. 200 90 ; ; 1 91 9 91+1°
Fruit b
(CFA) 300 84 1 - 1 86 14 86:0.57
400 79 - - - 79 21 81+0.57
500 76 1 ; ; 77 23 79+1°
Control 86 5 2 2 95 5 97 +1.23°

P: prophase, M: metaphase, A: anaphase, T: telophase. Total number of cells = 100. At P < 0.05, values with different alphabets (a-g)
are statistically distinct from one another. CLA: Leaf aqueous extract, CBA: Bark aqueous extract, CFA: Fruit aqueous extract

Table 5. Antimitotic activity of petroleum ether extracts of Cleistanthus collinus leaf, bark, and fruit extracts

No. of Dividing cells of Allium cepa root

Plant Concentration tips N?.lo.f non- Mitotic index (%)
part (Mg/mL) Dividing cells
P M A T Total
100 90 2 1 1 94 5 94+1.232
200 87 - 1 1 89 11 89+1.23°
Leaf b
oLP 300 85 1 - - 86 14 86+0.57
(CLP) 400 77 - 1 1 79 21 79+1°
500 75 1 - - 76 24 76+0.57°
100 90 3 2 1 95 5 95+2°
200 89 - 1 1 91 9 91+1.52
Bark b
(CBP) 300 88 1 - - 89 11 89+0.57
400 83 - - 83 17 8340.57°
500 79 1 1 - 81 19 81+0.57°
100 90 - 3 1 94 2 94+1.232
Fruit 200 90 1 - - 91 9 91+0.75°
( é”F'P) 300 85 2 - 1 88 12 88+0.57°
400 85 - - 1 86 14 86+1°
500 84 - - - 84 16 84+0.57°
Control 86 5 2 2 95 5 97 +1.232

P: prophase, M: metaphase, A: anaphase, T: telophase. Total number of cells = 100. At P < 0.05, values with different alphabets (a-g)
are statistically distinct from one another. CLP: Leaf petroleum ether extract, CBP: Bark petroleum ether extract, CFP: Fruit petroleum

ether extract

study highlights the varied antiproliferative properties of
C. collinus extracts, establishing a framework for further
investigation in cancer research.

Anticancer activity human breast (MCF-7) cell line

The cell viability of C. collinus leaf, bark, and fruit meth-
anol solvent extracts tested for cytotoxicity on the hu-
man breast (MCF-7) cell line at different concentrations
(0, 1, 10, 50, 100, 250, 500, and 1000-pg/mL) exhibited

dose-dependent effects on cell viability and cytotoxicity
in cancer cell lines (Figures 3-4). The leaf extract
showed variable cell viability, decreasing from 95.3% at
1 pg/mL to 34.3% at 1000 pg/mL, with corresponding
increases in cytotoxicity from 4.7% to 65.8%. The bark
extract demonstrated a stronger cytotoxic effect, with
cell viability dropping from 81.1% at 1 pg/mL to 22.1%
at 1000 pg/mL, and cytotoxicity rising from 18.9% to
77.9%. The fruit extract displayed the least potency at
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Table 6. Antiproliferative activity of methanol extracts of C. collinus leaf, bark, and fruit extracts

Plant Concentration  Average no. of Average no. of No. Of. - Yeast cell viability
. non-dividing yeast

part (ng/mL) total yeast cells live yeast cells cells (%)
100 400 342 58 85.50+1.52°
200 383 238 145 62.14+0.57°

Leaf 300 358 184 174 51.40+1.23°
400 391 148 243 37.85+0.57°
500 398 124 274 31.16+0.57°
100 371 320 51 86.25+2.23%
200 378 225 153 59.52+1.52°

Bark 300 392 194 198 49.49+0.57°
400 366 125 241 34.15+0.75°
500 390 103 287 26.41+0.57°
100 375 332 43 88.53+2.12%
200 406 237 169 58.37+0.57°

Fruit 300 377 184 193 48.81+0.75°
400 370 142 228 38.38+0.57°
500 350 109 241 31.1410.57°

Controls

Distilled water 382 353 29 92.40+2.36%

Quercetin (1 mg/mL) 375 229 280 61.06+1.23°

* Mean values with different letters (a—e) are significantly different (p<0.05) based on Tukey’s honestly significant difference comparisons

Table 7. Antiproliferative activity of ethyl acetate extracts of C. collinus leaf, bark, and fruit extracts

Plant Concentration Average no. of Average no. of No. Of_ . L
non-dividing yeast Yeast cell viability (%)
part (ng/mL) total yeast cells live yeast cells cells
100 394 329 65 83.50+1.23°
200 441 316 125 71.66+0.57°
Leaf 300 449 295 154 65.70+1.25°
400 451 264 187 58.54+0.57°
500 440 239 201 54.32+0.75°
100 403 343 60 85.11+2.12°2
200 463 318 145 68.68+1.34°
Bark 300 461 274 187 59.44+0.75°
400 478 232 246 48.54+0.57°
500 510 219 291 42.94+1.52°
100 357 309 48 86.55+2. 322
200 372 287 85 77.15£0.57°
Fruit 300 355 261 94 73.5240.75"
400 369 244 125 66.12+0.75°
500 344 201 143 58.43+0.57°
Controls
Distilled water 382 353 29 92.40+2.367
Quercetin (1 mg/mL) 375 229 280 61.06+1.23°

* Mean values with different letters (a—d) are significantly different (p<0.05) based on Tukey’s honestly significant difference comparisons

lower doses, with cell viability decreasing from 98.2%
at 1 uyg/mL to 48.3% at 1000 pg/mL, and cytotoxicity
increasing from 1.8% to 51.7%.Comparing the extracts,
the bark extract showed the highest cytotoxicity at low-
er concentrations, indicating its potent effect on reduc-
ing MCF-7 cell viability. The fruit extract was less effec-
tive at lower doses but still demonstrated significant
cytotoxic effects at higher concentrations. The leaf ex-
tract exhibited intermediate cytotoxicity. These findings
suggest that the methanolic extracts of C. collinus, par-
ticularly the bark, have strong potential as anticancer

agents. Doxorubicin, used as a positive control, signifi-
cantly reduced cell viability to less than 23% in Hela
cells and 37% in MCF-7 cells, highlighting the potent
cytotoxic effects of these plant extracts in comparison.

The cytotoxic activity of methanol extracts from C. colli-
nus leaves, bark, and fruit was evaluated against the
MCF-7 breast cancer cell line, with cytotoxicity ex-
pressed as ICsy values, representing the concentration
required to reduce cell viability by half (Table 11). The
bark extract exhibited the highest cytotoxicity with an
ICs0 of 186.43+2.7 pg/mL, indicating its potent effect
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Table 8: Antiproliferative activity of chloroform extracts of C. collinus leaf, bark, and fruit extracts

Plant Concentration Average no. of Average no. of No. Of. - Yeast cell viability
. non-dividing yeast

part (ng/mL) total yeast cells live yeast cells cells (%)
100 374 314 60 83.96+2.32°
200 386 294 92 76.16£0. 57°

Leaf 300 394 210 184 53.30+1.25°
400 374 164 210 43.85+0.57°
500 405 142 263 35.06+0.57°
100 344 295 49 85.76+2.122
200 392 264 128 67.35+1.32°

Bark 300 365 218 147 59.73+0.47°
400 381 163 218 42.78%0.75°
500 434 139 295 32.03+0.35°
100 383 351 32 91.64+1.52°%
200 387 284 103 73.39+0.75°

Fruit 300 375 218 157 58.13+0.45°
400 361 146 215 40.44+0.57°
500 386 124 262 32.12+0.67°

Controls

Distilled water 382 353 29 92.40+2.36%

Quercetin (1 mg/mL) 375 229 280 61.06+1.23°

* Mean values with different letters (a—e) are significantly different (p<0.05) based on Tukey’s honestly significant difference comparisons

Table 9: Antiproliferative activity of aqueous extracts of C. collinus leaf, bark, and fruit extracts

Plant Concentration Average no. of Average no. of No. Of. - Yeast cell viability
. non-dividing yeast

part (ng/mL) total yeast cells live yeast cells cells (%)
100 361 314 47 86.98+1.34%
200 370 286 84 77.30+0.65°

Leaf 300 367 251 116 68.39+1.23°
400 367 214 153 58.31+0.52°
500 376 189 187 50.27+0.75°
100 370 327 43 88.38+2.12°7
200 383 315 68 82.25+1.25°

Bark 300 368 273 95 74.1820.75°
400 384 231 153 60.16+0.68°
500 380 133 247 35.16+0.48°
100 370 335 35 90.5442.32°
200 377 314 63 83.29+1.21°

Fruit 300 381 285 96 74.80+1.12°
400 379 254 125 67.02+0.75°
500 368 200 168 54.3420.57°

Controls

Distilled water 382 353 29 92.40+2.36°

Quercetin (1 mg/mL) 375 229 280 61.06+1.23°

* Mean values with different letters (a—e) are significantly different (p<0.05) based on Tukey’s honestly significant difference comparisons

against MCF-7 cells. In comparison, the leaf extract
had an I1C5, of 531.52+4.96 ug/mL, suggesting moder-
ate cytotoxicity, while the fruit extract showed the least
cytotoxicity with an ICsy of 885.69+6.77 ug/mL. These
findings highlight the potential therapeutic value of
compounds in the bark extract for targeting breast can-
cer cells, as it demonstrated the most significant cyto-
toxic impact among the extracts tested.

Anticancer activity against Human cervical (HelLa)
cancer cell line

The methanolic extracts of C. collinus (leaves, bark,
and fruit) exhibited dose-dependent cytotoxicity against
the HelLa cervical cancer cell line (Figures 5 and 6). For
the leaf extract, cell viability significantly decreases
while cytotoxicity rises with increasing concentrations.
At 1 pg/mL, viability is reduced by 58.3%, and at 10ug/
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Table 10. Antiproliferative activity of petroleum ether extracts of C. collinus leaf, bark, and fruit extracts

Plant  Concentration Average no. of Average no. of No. Of. - Yeast cell viability
. non-dividing yeast

part (ng/mL) total yeast cells live yeast cells cells (%)
100 390 325 65 83.33+1.32°
200 396 309 87 78.03+0.57°

Leaf 300 400 285 115 71.25+1.52°
400 399 253 146 63.41+0.75°
500 386 201 185 52.07+0.57°
100 378 325 53 85.98+2.327
200 392 303 89 77.30+1.52°

Bark 300 399 284 115 71.18%0.75°
400 380 243 137 63.95+0.57°
500 378 156 222 41.26+0.48°
100 374 342 32 91.4442 45%
200 375 326 49 86.93+1.21°

Fruit 300 377 301 76 79.84+0.75°
400 393 296 97 75.32+0.57°
500 374 264 110 69.59+0.45°

Control

Distilled water 382 353 29 92.40+2.36%

Quercetin (1 mg/mL) 375 229 280 61.06+1.23°

* Mean values with different letters (a—d) are significantly different (p<0.05) based on Tukey’s honestly significant difference comparisons

A) All cells are in living condition in control

C) Live and dead yeast cells when treated with bark
methanol extract

B) All cells are in dead condition in standard

- "N
P -
1 -
¢ " & ¢
v ¥
o9y (™
& ol
* 4N «
6 «\

€o

D) Live and dead yeast cells when treated with fruit
methanol extract

Fig. 2. Microscopic images of Yeast cells in antiproliferative activity screening of various extracts

mL, cytotoxicity reaches 48%. Higher doses, such as
50 and 100 pg/mL, show balanced harmful impacts,
with viabilities dropping to 46% and corresponding in-
creases in cytotoxicity. At 1000 pg/mL, viability plum-
mets to 26.4%, with cytotoxicity peaking at 73.6%, indi-
cating a strong cytotoxic effect at high doses.

Similarly, the methanolic bark extract shows substantial
cytotoxicity, decreasing cell viability from 67.1% at 1

pg/mL to 21.3% at 1000 pg/mL, while cytotoxicity in-
creases from 32.9% to 78.7%. The fruit extract follows
a comparable pattern but starts with higher cell viability
at lower doses, with 90.8% viability at 1 pg/mL. At 1000
pg/mL, the viability reduces to 32.3%, and cytotoxicity
peaks at 67.7%. The results show a dose-dependent
association between the concentration of fruit methanol
extract and Hela cell viability. As the concentration of
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Fig. 3. Methanol extract’s cell viability and cytotoxicity percentage on breast cancer cell line MCF-7. A) Leaf methanol
extract, B) Bark methanol extract, and C) Fruit methanol extract

the extract increases, cell viability declines and cytotox-
icity increases. These findings highlight the strong cyto-
toxic potential of the bark extract, followed by the leaf
and fruit extracts, at greater doses against HelLa cells,
suggesting their promise as anticancer agents.

The cytotoxic activity of different methanol extracts of
C. collinus leaves, bark, and fruit was tested against
the Hela cervical cancer cell line, using ICsy values to
determine the concentration required to inhibit 50% of
cell viability (Table 12). Among the extracts, the bark
methanol extract exhibited the greatest cytotoxic activi-
ty with an 1Csq value of 228.5+3.7 ug/mL. The leaf ex-
tract had a higher 1Csy value of 255.3+4.66 ug/mL, indi-
cating moderate cytotoxicity, while the fruit extract
showed the least cytotoxic action with the highest 1Cs
value of 550.85+4.67 ug/mL. These findings suggest

that the methanol extract from the bark of C. collinus
has the most significant cytotoxic impact on HelLa cervi-
cal cancer cells, followed by the leaf and fruit extracts.
The potent cytotoxicity of the bark extract indicates po-
tential therapeutic advantages for targeting cervical
cancer cells.

DISCUSSION

The present study demonstrates the significant antimi-
totic, antiproliferative, and anticancer potential of C col-
linus extracts, particularly from the bark, against MCF-7
and Hela cell lines. The methanol extract exhibited the
highest cytotoxicity, with 1Csy values of 186.43 + 2.7 ug/
mL for MCF-7 and 228.5 + 3.7 ug/mL for HelLa cells
(Tables 11 and 12), indicating its strong anticancer effi-
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Table 11. Linear equations and ICs, Values of cytotoxicity of methanol extracts of Cleistanthus collinus on breast cancer

cell line MCF-7

Plant species tize:‘;iq;ation R2values ;ﬁ;o/\::lll-t;esa
Bark extract y =-0.0547x + 64.79 R2=0.4839 186.43+2.7
Leaf extract y =-0.0537x + 78.543 R2=0.6126 531.52+4.96
Fruit extract y =-0.0462x + 90.919 R2=0.87 885.69 +6.77

@Means of three determinations + SD (Standard deviation)

C) 65.8 % cells are dead when treated with leaf
methanol extract (1000ug/mL)

Bl o ey

B) 17 % cells are dead when treated with fruit
methanol extract (100pg/mL)

=~

(X - d"

-~ oS vl -
| LS - =

D) 77.9% cells are dead when treated with bark
methanol extract (1000pug/mL)

Fig. 4. Microscopic images of MTT assay of MCF-7 cells treated with C. collinus methanol extracts

cacy. Recent studies highlight the anticancer potential
of C. collinus, primarily due to the presence of bioac-
tive compounds such as cleistanthin A and B, which
have been reported to induce apoptosis through DNA
intercalation and topoisomerase inhibition
(Jearawuttanakul et al., 2020; Sagar & Raveendran,
2022). Additionally, diterpenoids and flavonoids, com-
monly found in Euphorbiaceae, have been associated
with cytotoxic effects against various cancer cell lines
(Amtaghri et al., 2022). These compounds are likely
contributors to the observed biological activity in the
present study.

The dose-dependent cytotoxicity observed in MCF-7
and Hela cells (Figures 4-6) indicates a broad-
spectrum anticancer potential of C.. collinus extracts,
with the bark extract exhibiting particularly potent ef-
fects. These findings align with previous studies

demonstrating the cytotoxic efficacy of C. collinus ex-
tracts against nasopharyngeal epidermoid carcinoma
and their selective toxicity towards proliferating cells
(Priyadharsini et al., 2024). Furthermore, silver nano-
particles synthesized from C. collinus leaf extracts have
been reported to enhance cytotoxic activity against os-
teosarcoma and lung cancer cells, reinforcing the ther-
apeutic significance of this plant in cancer treatment
(Kanipandian & Ramesh, 2024; Yugal et al., 2018).
These results collectively highlight the potential of C.
collinus as a promising candidate for further anticancer
investigations, particularly in the context of targeted
cancer therapies.

Furthermore, the antimitotic effects observed in the
Allium cepa assay (Tables 1-5) support previous find-
ings that phenolic-rich plant extracts interfere with mi-
crotubule formation, a characteristic seen in various
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Table 12. Linear equations and 1Csy Values of cytotoxicity of methanol extracts of Cleistanthuscollinuson cervical cancer
cell line HelLa

Li ti a
Plant species Inear equation R2values ICsovalues
Y=mx+C (ng/mL)
Bark extract y =-0.0481x + 60.991 R2=0.472 228.5+3.7
Leaf extract y =-0.0416x + 60.796 R2=0.4301 255.33+4.66
Fruit extract y =-0.0494x + 77.212 R?=0.649 550.85+4.67
@Means of three determinations + SD (Standard deviation)
Cytotoxicity of C. collinus leaf against Hela
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Fig. 5. Methanol extract’s cell viability and cytotoxicity percentage on breast cancer cell line HeLa. A) Leaf methanol
extract, B) Bark methanol extract, and C) Fruit methanol extract
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A) All Hela cells are in living condition in control

C) 37.7 % cells are dead when treated with fruit
methanol extract (100pg/mL)

B) 50.9 % cells are dead when treated with leaf
methanol extract (50 pg/mL)

by

D) 78.7% cells are dead when treated with bark
methanol extract (1000pug/mL)

Fig. 6. Microscopic images of MTT assay of HelLa cells treated with C. collinus methanol extracts

flavonoid-containing Euphorbiaceae species (Magozwi
et al., 2021). The antiproliferative effects observed in
the yeast cell model (Tables 6-10) further reinforce the
cytotoxic potential of C. collinus. The bark methanol
extract showed the highest inhibition of yeast cell viabil-
ity (26.41 £ 0.57% at 500ug/mL). Despite the growing
interest in the pharmacological potential of Cleistanthus
species, there remains a significant gap in studies eval-
uating their antimitotic and antiproliferative effects, par-
ticularly using the Allium cepa assay and yeast cell
model. To the best of our knowledge, this study is the
first to report the antimitotic and antiproliferative activi-
ties of C. collinus, providing new insights into its poten-
tial cytotoxic properties. While specific studies on the
antiproliferative activities of Cleistanthus species in
yeast models remain limited, research on related gene-
ra within Euphorbiaceae has demonstrated similar cyto-
toxic trends (Amtaghri et al., 2022).

Conclusion

Different extracts of Cleistanthus collinus, including
methanol and ethyl acetate, exhibited varying levels of
antimitotic and antiproliferative activities, with methanol
extracts showing the strongest effects. The methanol
bark extract was particularly potent, displaying signifi-
cant cytotoxicity against MCF-7 and HelLa cancer cell
lines, as indicated by lower ICs, values than leaf and

fruit extracts. These findings highlight the potential of C.
collinus bark as a source of biologically active com-
pounds with anticancer properties, suggesting further
research into in vivo studies and animal models to vali-
date its therapeutic potential.
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