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ABSTRACT

Objective: To evaluate the cytotoxic and genotoxic effects of the cold aqueous extract of Glycyrrhiza glabra roots
on MCF-7 breast cancer cells and REF normal cells in vitro.

Study Design: Experimental study

Place and Duration of Study: This study was conducted at the Al-Nahrain University Biotechnology Research
Centre from 22" December 2024 to 20" March 2025,

Methods: Glycyrrhiza glabra extract was administered to MCF-7 breast cancer cells at different concentrations (70,
140, 210, 280, and 350 pg/ml) for 24, 48, and 72 hours. The embryonic fibroblast cells were treated 72 hours. Cell
viability, ICs, values, and deoxyribonucleic acid damage was assessed using the comet assay.

Results: This extracts reduced MCF-7 cell proliferation time- and dose-dependently at 350 pg/ml inhibition rates
was significantly (p<0.05): 77.778% (24 h), 79.349% (48 h), and 87.262% (72 h). The ICs, of embryonic fibroblast
cells was 5.59 mg/ml after 72 hours, demonstrating selective susceptibility. In the comet test, MCF-7 cells treated
with increasing extract concentrations demonstrated moderate and severe DNA damage after 72 hours.

Conclusion: Gglycyrrhiza glabra root cold agueous extract is dose and time-dependently cytotoxic and genotoxic to
MCEF-7 breast cancer cells but not normal fibroblast cells.
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INTRODUCTION

Medical plant bioactive substances are investigated
globally for therapeutic and pharmacological uses. To
cure cancer, plants help. Traditional medicine prevents
sickness using herbs. Modern medicine uses plants and
drugs. Principal herbal drug is plant secondary
metabolites, alkaloids, glycosides, chlorophyll,
carotenoids, protein, minerals, vitamins.! Plant extracts
treat diabetes, heart, and cancer, Glycyrrhiza glabra L.,
bushy perennial licorice with lateral blooms and semi-
creeping branches. Licorice grows 50-125cm?,
depending on blossom color. Fabaceae has licorice.
The bioactive components glycyrrhizin, 18-
glycyrrhetinic acid, and isoflavones have medicinal

Immunomodulatory,  anti-inflammatory,  antiviral,
antioxidant, and antidiabetic, this plant kills bacteria.
Cancer is uncontrolled cell development that tumors. A
tumor might be malignant or benign cancer may
spread.* DNA alterations that disrupt cell cycle may
cause cancer.®> Bone, brain, lungs, blood cells, etc. may
spread cancer. Tissue origin classification of malignant
cancers diseases may spread from blood or lymphatic
vessels, complicating therapy.®

METHODS

This experiment study was conduct at Al-Nahrain
University Biotechnology Research Centre from 22
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December 2024 to 20" March 2025. Glycyrrhiza glabra
roots were available in Baghdad. After washing off dust
and dirt, the roots were air-dried at room temperature
and crushed into powder. 30 g powder and 300 ml
distilled water were put to a clean flask. The mixture
rested 24 hours at room temp. The flask extracted
surface-active components best when power-swirled.
The extract was filtered through sterile gauze after 24
hours to separate liquid and solid residues. The filtered
extract was lyophilized at 4°C before use.

Cell Lines and Culture Conditions: Al-Nahrain
University's Biotechnology and Genetic Engineering
Research Center offered MCF-7 breast cancer cells and
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normal rat embryonic fibroblasts for investigation. The
cell lines were grown in DMEM with 10% FBS and 1%
penicillin-streptomycin, cells grown in a sterile CO,
incubator (5% CO,, 37°C).

Cytotoxicity Assay (MTT Assay): MTT was used to
investigate Glycyrrhiza glabra root cold aqueous extract
cytotoxicity. The first MTT experiment tested MCF-7
cells with cold aqueous extract at various
concentrations (70, 140, 210, 280, 350 pg/ml) for 24
hours, 48 hours, and 72 hours. For 72 hours, REF cells
received the same cold aqueous extract. MCF-7 and
REF-exposed cells received MTT after 4, 24, 48, and
72 h. An ELISA reader measured 620 nm absorbance
after dissolving formazan crystals in 0.04 ml DMSO.
Genotoxicity Assay (Comet Assay): The extract was
administered to MCF-7 cells for 72 hours and tested for
genotoxicity using the alkaline comet assay. Cells were
prepared and stained with Green SYBR dye as normal.
Image analysis program estimated genotoxicity from
comet tail DNA after staining (a greater ratio indicates
more genetic damage). The data was entered and
analyzed through SPSS-25.

RESULTS

Cold aqueous Glycyrrhiza glabra root extract was
evaluated for cytotoxicity on normal REF. The table
demonstrates extract concentration lowered cell
viability. Cytotoxicity was concentration-dependent
with an IC5, of 5.59 mg/ml. Cytotoxicity was shown by
REF cell density decrease, rounding, and detachment

after 72 hours with the cold aqueous G. glabra extract
(Table 1). These morphological changes were more
obvious at increasing dosages, but untreated control
cells did not change (Figs. 1-2)

After 24 hours, the cold aqueous extract showed
considerable cytotoxicity (p<0.05) compared to the
control group (Table 2). Cancer cell proliferation
decreased by 4.483% at 70 pg/ml. After 24 hours,
cytotoxic activity peaked at 77.778% at 350 pg/ml as
concentration increased. After 48 hours, inhibition
increased at all levels, with 70 pg/ml reaching 5.881%
and 350 pg/ml reaching 79.349%. The percentage
inhibition increased significantly after 72 hours,
reaching 13.887% at 70 pg/ml and 87.262% at 350

pg/mi.
Table No.1: The impact of cold aqueous extract of

Glycyrrhiza glabra root at different concentrations on the
viability of normal cells (REF) after 72 hours of exposures

Concentrations (mg/ml) MeanzSD
1 92.12+1.72
2 79.04+5.66
4 52.31+6.25
6 39.81+3.82
8 30.56+1.40
10 15.94+2.87
12 12.50+1.29

Table No.2: The effect of Cold Aqueous Extract of Glycyrrhiza glabra roots on MCF-7 Cells at different

concentrations after 24, 48, and 72hrs

Time/Conc. (ug/ml) IR (%) 24 hrs IR (%) 48 hrs IR (%) 72 hrs LSD
E.b E,b F,a

Oug/mi 3.520+1.678 4.773+1.694 6.656+1.046 1.293615
E b E b E,a

70pg/ml 4.483+2.566 5.881+1.624 13.887+3.010 2.125452
D,b D, b D, a

140ug/m 24,5055 220 26.518+5.330 38.551+5.080 4.482866
C.b C,b C,a

210pg/ml 35.809+6.500 37.979+6.640 49.930+5.860 5.455869
B,b B, b B, a

280pg/ml 60.630+3.480 62.254+3.930 73.520+2.150 2.818712
Ab A b A a

350ug/ml 77.778+2.794 79.349+3.010 87.262+2.980 2.520545

P-value 0.00012 0.00046 0.00068

LSD 3.416072 3.479814 3.145972

Table No.3: The impact of cold aqueous extracts of Glycyrrhiza glabra roots on DNA damage and the Comet
assay in MCF-7 breast cancer cells at various concentrations

Parameter/Conc. (ug/ml)

No Damage

Low Damage

Medium Damage

High Damage

Opg/ml A 42.563+1.756 AB: 42.218+1.707 D: 7.045+0.428 D: 8.174+0.755
70pg/ml B: 39.123+4.030 A:42.439+3.482 C: 8.867+0.393 D: 9.571+0.516
140ug/ml BC: 37.468+2.130 C: 38.981+1.823 B:11.471+1.751 C:12.080+1.636
210pg/ml CD: 35.762+3.176 BC: 39.820+1.885 B:12.133+1.373 C: 12.285+1.406
280pg/ml CD: 34.859+1.229 D: 35.335+0.999 A: 14.684+0.757 B:15.122+0.921
350pg/mi D: 32.981+0.879 D: 34.413+1.060 A: 15.649+0.818 A:16.957+1.094
P-value 0.0014 0.0007 0.00033 0.00056

LSD 2.643509 2.153496 1.122144 1.205672
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Figure No. 1: Glycyrrhiza gl ueous extract treatment alters normal cell morphology (REF). REF
cells treated with extract for 72 hours, 40X magnification. Control (untreated REF cells)
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Figure No. 3: A cold aqueous extract of Glycyrrhiza Fi . ;

. A, gure No. 4: A cold aqueous extract of Glycyrrhiza
glabra roots and its effects on the viability of MCF-7 glabra roots and its effects on the viability of MCF-7
breast cancer cells, after 24 hours of exposure to different breast cancer cells, after 48 hours of exposure to different

concentrations concentrations
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Figure No. 5: A cold aqueous extract of Glycyrrhiza glabra
roots and its effects on the viability of MCF-7 breast cancer
cells, after 72 hours of exposure to different concentrations

Figure No. 6: Morphological alterations in MCF-7 breast cancer cells treated with the aqueous extract of Glycyrrhiza
glabra for different exposure periods
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Figure No. 7: DNA damage levels in MCF=7 cells,
evaluated using the Comet assay

After 24 hours, cancer cell viability ranged from
22.22% at 350 pg/ml to 95.52% at 70 pg/ml. Time
reduced same-concentration cell survival. At 48 hours,
viability was 20.65% at 350 pg/ml and 94.12% at 70
pg/ml. Cancer cell viability decreased to 12.74 percent
at 350ug/ml after 72 hours. Figures 3—7 show the decay
system’'s Cimabue oty cell cutoff from start to viability.

Table 3 showed the cold aqueous extract of Glycyrrhiza
glabra roots substantially affected the comet test on
MCF-7 breast cancer cells at low, medium, and high
damage levels. At low damage levels, the comet rate
was highest at 70 pg/ml (39.123) and decreased to
32.981 at 350 pg/ml (p<0.005) after 72 hours. At
medium and severe damage levels, the maximum comet
rate was from 350 pg/ml concentration, while the
lowest comet rate was from 70 pg/ml concentration.
The medium damage value was 15.649 at 350 pg/ml,
compared to 8.867 at 70 pg/ml while the high damage
value was 16.957 at 350 ug/ml, compared to 9.571 at
70 pg/ml, during the same exposure duration and
significance level.

DISCUSSION

Aqueous Glycyrrhiza glabra root extract very cytotoxic
in embryonic fibroblast normal cells (ICs, = ~5.59
mg/ml). Low extract doses injure normal cells less. The
extract concentration decreased cell viability from
92.12% at 1 mg/ml to 12.50% at 12 mg/ml. Toxin dose-
dependent extraction 72-hour in vitro cytotoxic. Assess
cell viability early and late after exposure. Ganguly and
Breen’ reported no oxidative damage or cellular
signaling pathways from short dosages. Medical or
environmental impacts of the extract may be best
examined after 72 hours.

Some bioactive plant compounds may damage normal
cells.” A significant indicator of toxicity and therapeutic
safety is the 1Cs, value. Glycyrrhizin and liquiritigenin
in the extract do this. Wang asserts Xuhui® reported that
oxidative stress and ROS production may destroy these
compounds at large concentrations. Yang and Zhang®
demonstrated that magnesium isoglycyrrhizinate
reduces ROS in  normal  fibroblasts via
p38MAPK/Akt/Nox4 signaling and suggest these
medicines may affect cell oxidative balance. According
to Muhamad Plengsuriyakarn'®, certain phytochemicals
attack cancer cells without affecting normal cells.

Purity, extract chemical composition, and exposure
time effect selectivity. High therapeutic extract
concentrations restrict cell viability. Pérez-Soto et al*!
validates the cell growth and antioxidants may be
compromised by overdosing.

Cold water Glycyrrhiza glabra root extract inhibits
MCF-7 breast cancer cells. High extract concentration
and exposure time increased inhibition. Extract
bioactives may collectively inhibit cancer cell survival.
Husain et al*? reported that early exposure to lower
dosages showed little inhibition (24 h), whereas 350
pg/ml showed considerable inhibition, indicating that
dosage concentration considerably affects cytotoxicity.
This validates Sohel et al'® conclusion that active
ingredient concentration boost plant extracts' early
impacts.

Wang et al** found Glycyrrhiza glabra root extract
suppresses MCF-7 breast cancer cells concentration-
dependently. Ahmad et al'® also found that MTT and
ELISA doses and exposure times Killed cells. Cytotoxic
inhibition ratios rose considerably across all dosages
after 48 hours, demonstrating that bioactive chemicals
are cumulative and cellular growth pathway regulation
persists. Plant extracts may slow cell development,
claim Jain et al.*® Flavonoids and terpenes may alter
gene expression and cause apoptosis, according to Tuli
etal.l’

After 72 hours, cell death and cytotoxic inhibition
peaked, allowing the extract to concentrate and activate
complicated cancer cell-killing signaling pathways.
Nizam et al® found that Glycyrrhiza glabra extract
inhibited MCF-7 cell growth and promoted apoptosis
via the PI3K/Akt and MAPK pathways. Its cytotoxicity
and effect on cancer cells may make it an anticancer
drug, especially in combination.

Cold aqueous glycyrrhiza glabra root extract damaged
MCF-7 breast cancer cells' DNA at various dosages in
the comet test. High DNA damage levels reached 70
ug/ml, whereas moderate damage was 350 pg/ml.*° Too
many active chemicals in the extract may protect or
reduce cell responsiveness at higher doses. Hormesis
occurs when a little amount of chemical boosts
biodefenses yet poisons, cytotoxicizes, or inhibits
function. Hormetic cellular toxicity is well-known. Al-
Nageb et al® used plant extract to preserve and destroy
cell DNA. Like cytotoxicology's hormesis.

Rising extract concentration significantly correlates
with medium-level DNA damage, from 8.867% at 70
pg/ml to 15.649% at 350 pg/ml. Bioactive chemicals
in the extract damaged MCF-7 breast cancer cells' DNA
dose-dependently, indicating genotoxicity.
Glycyrrhizin and liquiritigenin enhance intracellular
ROS, DNA damage, and oxidative stress, according to
Sharifi-Rad et al®, these components may induce
apoptosis and double-strand DNA breaking. Zhang et
al? found that isoliquiritigenin, another licorice
component, may increase ROS-mediated DNA damage
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in cancer cells and inhibit autophagy, which cleans
damaged organelles and proteins and maintains
homeostas Study's Comet test confirms this.

Significant DNA damage increased cell damage from
9.571% at 70 pg/ml to 16.957% at 350 pg/ml. Its high
genotoxicity hinders DNA repair. DNA damage may
damage cell cycle checkpoints, causing apoptosis or
preventing it to maintain genomic integrity. Lagunas-
Rangel and Bermidez-Cruz?® discovered natural
chemicals that may hinder cancer cell DNA repair,
causing genetic damage or enhancing antitumor effects.
The data validate this study's Comet assay.

No harm percentages reduced from 42.563% in the
control group to 32.981% at 40% extract. In
prescriptive pharmacology and toxicology, the dose-
dependent genotoxic theory states that higher dosages
injure cells more aligns with Vrbovac-Maduni¢ et al.?*
A statistical study found substantial damage levels at
different doses (P<0.005), supporting these conclusions.
Cordelli et al® found that the comet assay, a sensitive
DNA damage detection instrument, strongly suggests
that the extract affects MCF-7 breast cancer cells'
genetic material.

CONCLUSION

In a dose- and time-dependent study, Glycyrrhiza
glabra root cold aqueous extract inhibited normal
fibroblast proliferation and killed MCF-7 breast cancer
cells. A comet experiment reveals cold water
Glycyrrhiza glabra root extract destroys breast cancer
DNA. The study studies Glycyrrhiza glabra root
anticancer properties. In vivo and molecular research is
required to understand Glycyrrhizin's breast cancer
treatment properties.
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