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Abstract

Background: Melanoma, which ranks as the deadliest among all skin cancers, is the third most common type of skin cancer. Given
the rapidly increasing incidence of this disease, there is a pressing need for new treatments. Allium species are known for their
robust antioxidant properties, sulfur content, and numerous phenolic compounds, which have garnered significant attention in
the realm of cancer research.
Objectives: The primary objective of this study was to investigate the potential anticancer properties of Allium jesdianum on
melanoma cells (A375) and normal human fibroblast cell lines (AGO-1522).
Methods: Initially, a hydroalcoholic extract of the plant was prepared, and the total phenolic and flavonoid content was assessed
using spectrophotometry. Subsequently, the study examined cell viability, cytotoxic activity, cytochrome c (CYT-C) release, reactive
oxygen species (ROS) formation, and lipid peroxidation.
Results: The hydroalcoholic extract of the plant contained 157.6 mg of phenolic compounds and 114.7 mg of flavonoids per gram of
dry extract. The plant extracts significantly improved melanoma cell apoptosis (P < 0.001), elevated malondialdehyde (MDA) levels
(P < 0.01), enhanced ROS production (P < 0.01), and increased CYT-C levels (P < 0.001). Nevertheless, an equivalent amount of the
extract had no significant impact on normal fibroblast cells, indicating its safety.
Conclusions: The hydroalcoholic extract of A. jesdianum exhibited notable cytotoxic effects on human melanoma cell lines.
Nevertheless, further research is warranted to explore the potential of A. jesdianum as a promising anti-cancer drug.
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1. Background

In recent decades, cancer incidence and mortality
rates have witnessed a rapid global increase. Malignant
melanoma, an aggressively deadly form of skin cancer,
ranks among the cancers with the highest mortality
rates (1). The number of diagnosed melanoma cases
has been doubling every 10 to 20 years due to both
population growth and aging. Several environmental
and genetic risk factors contribute to melanoma,
including ultraviolet (UV) exposure, environmental
and occupational hazards, immunosuppression, the
presence of atypical nevi, and genetic and epigenetic
factors (2, 3). Despite the availability of therapeutic
options, such as surgical resection, biochemotherapy,
photodynamic therapy, immunotherapy, radiation

therapy, cytotoxic chemotherapy, and gene therapy, the
response to treatment in advanced melanoma cases often
remains poor due to its metastatic nature (4). Moreover,
melanoma commonly exhibits resistance to conventional
treatments, such as drug therapy and chemo-radiation,
underscoring the need for the development of new,
cost-effective, and low-risk treatment approaches (5).

The Allium genus, a member of the Amaryllidaceae
family, encompasses more than 850 diverse species.
Among its most well-known members are garlic, onions,
shallots, chives, and leeks. These herbs, steeped in ancient
traditions, play a significant role in preventing and
treating various ailments, including diabetes, headaches,
hemorrhages, atherosclerosis, and inflammatory diseases
(6, 7). Owing to their rich composition of important
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compounds, such as polyphenols, saponins, and sulfur
compounds, Allium species have recently garnered
attention as promising agents for cancer prevention and
supportive therapy. The evidence from various studies
suggests that the phytochemicals present in Allium
plants hold the potential to prevent and inhibit cancer
progression. Additionally, combining Allium extracts with
chemotherapy has yielded promising clinical outcomes
while remaining cost-effective (8-10).

Allium jesdianum, an onion-like plant indigenous to
the western and southwestern highlands of Iran, is known
by local names, such as Bowser, Sarpa, or Bonsorkh, owing
to the reddish hue of its basal leaf parts. A. jesdianum has
been found to possess a range of medicinal properties,
including analgesic effects, prevention of platelet
aggregation, kidney stone formation inhibition, and
even anti-Alzheimer activity (11, 12). Various studies have
demonstrated the anticancer potential of A. jesdianum
against human colon cancer cells, cervical cancer cells,
myelogenous leukemia, and thyroid cancer cells (13-15).
Despite its widespread use in traditional medicine and
its known anticancer properties, there has been no
investigation into the effects of this native plant on
melanoma until now.

2. Objectives

The current study examined the anticancer properties
of the hydroalcoholic extract of A. jesdianum on
human malignant melanoma cells by evaluating cell
viability, cytotoxic activities, reactive oxygen species
(ROS) formation, lipid peroxidation, and the release of
cytochrome c (CYT-C).

3. Methods

3.1. Preparation of Plant Sample

The A. jesdianum collected in spring from the Bakhtiari
Mountains was coded (A-0138) by a relevant expert at
Ahvaz Jundishapur University of Medical Sciences, Ahvaz,
Iran. The dried plant extract was accumulated using the
maceration technique using 80:20 ethanol: water solvent
and kept in the refrigerator (13).

3.1.1. Total Phenolic Compounds

The total phenolic content of the hydroalcoholic
extract of A. jesdianum was measured according to the
Folin-Ciocalteu assay described previously (16).

3.1.2. Flavonoid Compounds

The total flavonoid content was determined using the
aluminum chloride assay, with catechin serving as the
standard for calculating the total flavonoid content in
the samples. The results were expressed as milligrams of
catechin equivalent per 100 g of the sample (mg CE/100
g sample). All the samples underwent triplicate analysis
(mg/g) (17).

3.2. Cell Culture

The human malignant melanoma cell line, A375, and
the normal human fibroblast cell line, AGO-1522, were
procured from the Iranian Biological Resource Center
(Tehran, Iran). In this study, AGO-1522 was utilized as a
control for comparative analysis (18).

3.3. Cytotoxicity

When investigating new anticancer agents, the first
parameter assessed is their antiproliferative effect. To
assess this effect, a colorimetric method employing 3-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide
(MTT) was employed after 24 hours. The cell viability of
A375 and AGO-1522 was measured following treatment with
A. jesdianum. The half maximal inhibitory concentration
(IC50) value, indicating the concentration at which 50%
of the cells cannot survive and cease to proliferate, was
determined using the probit regression model in the
PRISM program. Subsequently, the cytotoxic activity of
A. jesdianum extract was compared between A375 and
AGO-1522 using the MTT method (19).

3.4. Lipid Peroxidation

Thiobarbituric acid-reactive substances (TBARS),
by-products of lipid peroxidation, were assessed
spectrophotometrically (20).

3.5. Reactive Oxygen Species

The fluorometric technique was employed to
determine the accumulation of intracellular ROS. A
total of 2500 cells were cultured in 96-well plates and
incubated for 24 hours. Before incubation, the cells
were treated with an extract derived from A. jesdianum
for 24 hours. Subsequently, the cells were washed twice
with phosphate-buffered saline (PBS) and incubated at
37°C with diacetyldichlorofluorescein (DCFH-DA) at a
concentration of 10 µM for 30 minutes. The fluorescence
intensity of dichlorofluorescein (DCF) was measured at
an excitation wavelength of 485 nm and an emission
wavelength of 528 nm (21).
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3.6. Cytochrome c Release

An immunoassay kit from R & D Systems, Inc.
(Minneapolis, Minnesota, USA) was utilized for the
quantitative determination of CYT-C concentrations. By
using a spectrophotometer set to 450 nm, the optical
density of each well was determined (20).

3.7. Statistical Analysis

The assays were performed three times in replicates,
and the mean value was used for statistical analysis. The
results were expressed as mean ± standard deviation (SD).
To assess the statistical significance, a one-way analysis of
variance (ANOVA) test followed by the post hoc Tukey test
was applied. The significance level was set at P < 0.05.

4. Results

4.1. Extract Standardization

Based on the study, the hydroalcoholic extract of A.
jesdianum contained 157.6 mg/g of dry extract based on
gallic acid, and the amount of flavonoids was 114.7 mg/1
mg/g of dry extract based on quercetin.

4.2. Cytotoxicity

The A375 and AGO-1522 cell lines exhibited different
responses when exposed to the A. jesdianum extract in a
dose-dependent manner. The IC50 value, representing
the concentration causing 50% cell inhibition, was
determined by analyzing the graph depicting the
percentage of inhibition against various extract
concentrations. The IC50 values for A375 and AGO-1522
were 0.120 and 0.819 mg/mL, respectively. Consequently,
all the experiments were conducted at 0.1 mg/ml (Figure
1).

As shown in Figure 2, the A375 cell line treated with
the extract exhibited a significant decrease in cell viability
after 24 hours (P < 0.001). Conversely, no significant
decrease was observed in AGO-1522 at this dose and
duration.

4.3. Lipid Peroxidation

The addition of A. jesdianum extract to the A375
cell line substantially increased malondialdehyde (MDA)
formation compared to the AGO-1522 cell line (P < 0.001)
(Figure 3).

4.4. Reactive Oxygen Species

Figure 4 depicts a significant increase in the
production of ROS in cancer cell lines when A. jesdianum
was administered at a concentration of 0.1 mg/ml (P <

0.001). Conversely, no substantial rise in ROS formation
was observed in normal fibroblast cells.

4.5. Determination of Cytochrome c Release

The administration of the A. jesdianum extract to the
A375 cell line resulted in the release of CYT-C, indicating
a decline in mitochondrial membrane potential and
disruption of mitochondrial outer membrane integrity.
However, no remarkable release of CYT-C was observed in
the AGO-1522 cell line (Figure 5).

5. Discussion

Recent evidence suggests that Allium plants can
reduce the risk of cancer by inhibiting carcinogen
activation, promoting detoxification, and exhibiting
antitumor properties and culinary uses in the region (22,
23). A specific species known as A. jesdianum, native to
Iran’s Zagros Mountains, is utilized for both medicinal
and culinary purposes in the region (24). The MTT study
revealed that A. jesdianum had a cytotoxic impact on
the melanoma cell line, leading to increased TBARS
and ROS formation. Additionally, the release of CYT-C,
indicating mitochondrial membrane potential collapse
and depolarization, was observed in malignant melanoma
cells.

The present study explored the potential anti-cancer
effects of the total hydroalcoholic extract derived from
A. jesdianum on melanoma cells. Extracts can contain
multiple ingredients that target various pathways
involved in cell death, such as apoptosis and cell cycle
arrest, making them advantageous for treating complex
diseases, such as cancer. For instance, several plant
bioactive compounds, including polyphenols, flavonoids,
and alkaloids, exhibit anti-carcinogenic properties (25,
26). Furthermore, considering the endangered status of
A. jesdianum, utilizing a hydroalcoholic extract is a more
economical option as it requires less plant material for
extraction (27).

The present study provided novel findings indicating
that the extract obtained from A. jesdianum possesses the
ability to suppress the proliferation of human malignant
melanoma cells. To achieve this, the present study
examined the in vitro cytotoxic effects of the A. jesdianum
extract against the A375 and AGO-1522 cell lines. The
current study outcomes demonstrated a concentration-
and time-dependent decrease in cell viability following
treatment with the hydroalcoholic extract of A. jesdianum.
Based on the findings of the present study, the IC50 of A.
jesdianum extract for the tested cell lines was determined
to be 0.1 mg/mL, exhibiting a significant suppressive effect
on cell growth.

The results of the present study align with previous in
vitro studies, indicating that steroidal glycosides from A.
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Figure 1. Determination of half maximal inhibitory concentration (IC50) values of Allium jesdianum extract on normal fibroblast cell line (AGO-1522) (A375) (A) and human
melanoma cell lines (B) during 24 hours. Cytotoxicity was measured using MTT dye. The IC50 value indicates the concentration at which 50% of the cells are unable to survive
and cease to proliferate.
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Figure 2. Cytotoxicity effect of Allium jesdianum extract on human melanoma cell lines (A375) and normal fibroblast cell line (Control) Using MTT Dye. Values are indicated as
mean ± standard deviation (SD) (n = 3). *** P < 0.001, a significant difference compared to control cells
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Figure 3. Lipid peroxidation activity of Allium jesdianum extract in human melanoma cell lines (A375) and normal fibroblast cell line (Control). Thiobarbituric acid-reactive
substances (TBARS) formation was measured spectrophotometrically and expressed as µM concentrations. Values are indicated as mean ± standard deviation (SD) (n= 3). ***
P < 0.001, a significant difference compared to control cells

jesdianum bulbs exhibit cytostatic and cytotoxic activities
against various malignant tumor cells (28). Furthermore,
the results of the current study showed that the AGO-1522
cell line was not affected by A. jesdianum, suggesting the
potential specificity of the extract toward cancer cells
without harming healthy cells, such as fibroblasts. This
significant finding suggests the safe potential usage of A.
jesdianum extract in patients with malignant melanoma.
Future studies should explore the anticancer effects
of various fractions derived from this plant extract on
melanoma, aiming to identify specific constituents within
the extract that could serve as promising candidates for
the development of a novel anticancer drug.

Another significant finding of this study was
the notable induction of ROS formation in human
melanoma cell lines when treated with A. jesdianum
extract at a concentration of 0.1 mg/ml (P < 0.001).
Importantly, normal fibroblast cells did not exhibit a
significant increase in ROS formation. This finding holds
particular relevance as conventional treatments, such
as chemotherapy and radiation therapy, which elevate
intracellular ROS levels in target cancer cells, can also affect
surrounding normal cells, leading to deoxyribonucleic
acid (DNA) damage and other biomolecular disruptions
(29, 30).

The study also observed that treating the human
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Figure 4. Effect of Allium jesdianum extract on the formation of reactive oxygen species using human melanoma cell lines (A375) and normal fibroblast cell line (Control).
Reactive oxygen species were determined spectrofluorometrically by the measurement of highly fluorescent dichlorofluorescein (DCF). Values are indicated as mean ±
standard deviation (SD) (n = 3). *** P < 0.001, a significant difference compared to control cells

melanoma cell line with A. jesdianum led to an increase
in the production of MDA, a biomarker associated
with oxidative stress and cell damage. Additionally,
the treatment resulted in the release of CYT-C, which
is associated with mitochondrial membrane potential
collapse, depolarization, and apoptosis in malignant
melanoma cells. The aforementioned findings suggest
that the therapeutic mechanism of action of the A.
jesdianum compound in cancer cells might involve MDA
production and CYT-C release. This finding aligns with
the findings of previous research on the Allium genus,
as demonstrated by a study on garlic extract-induced
cytotoxicity and apoptosis in the HL-60 model (human
leukemia cells). This involved phosphatidylserine
externalization, apoptosis activation, DNA fragmentation,

and peroxidation (31).

Phytochemical analysis of various members of the
Allium genus has revealed that these plants contain a wide
array of secondary metabolites with pharmacological
properties. These compounds, including S-allyl mercapto
cysteine, quercetin, flavonoids, and ajoene, have
demonstrated potential anticancer effects. To date, 16
species of Allium have been studied for their ability to
inhibit cancer growth through diverse mechanisms, such
as cell cycle arrest, inhibition of signaling pathways,
induction of apoptosis, and antioxidant activity (32).

Polyphenol compounds, specifically flavonoids, have
demonstrated promising therapeutic potential in various
types of cancer (33). Previous studies have reported the
anticancer activity of the A. jesdianum extract against
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Figure 5. Effect of Allium jesdianum extract on the cytochrome c release using human melanoma cell line (A375) and normal fibroblast cell line (Control). Cytochrome c
released was assayed spectrophotometrically (450 nm) by the enzyme-linked immunosorbent assay (ELISA) kit. Values are indicated as mean ± standard deviation (SD) (n =
3). *** P < 0.001, a significant difference compared to control cells

human colon, cervical, myelogenous leukemia, and
thyroid cancer cells by inducing oxidative stress and
activating necroptosis signaling pathways (13-15). In the
current study, the hydro-alcoholic extract of A. jesdianum
was observed to contain 157.6 mg of phenols (gallic
acid equivalent) and 114.7 mg of flavonoids (quercetin
equivalent) per gram of dry extract. Furthermore, the
extract induced apoptosis in malignant melanoma cells
by triggering the release of CYT-C, which is related to
the collapse of mitochondrial membrane potential and
depolarization of the mitochondrial membrane. The
aforementioned findings suggest that the observed effects
might be attributed to the presence of these bioactive
compounds that promote apoptosis (34).

5.1. Conclusions

The present study demonstrates that A. jesdianum
exhibits cytotoxic effects on human malignant melanoma
cells, potentially through the induction of oxidative
stress and cancer cell apoptosis. These effects could be
attributed to the presence of natural phytochemicals, such
as organosulfur and flavonoids, in A. jesdianum extract,
making it a promising candidate for cancer treatment.
It is recommended to identify and isolate plant-derived
anticancer agents in future studies and investigate the
effect of these substances on other melanoma-derived cell
lines and in vivo.

Jundishapur J Nat Pharm Prod. 2024; 19(1):e139022. 7



Shirani M et al.

Acknowledgments

This study was supported by Tarbiat Modares
University and Iran University of Medical Sciences,
Tehran, Iran.

Footnotes

Authors’ Contribution: Study concept and design: K.
SH. and BS. Y.; Analysis and interpretation of the data: K.
SH. and BS. Y; Drafting of the manuscript: M. SH. and E.
A.; Literature review and data collection: K. SH., E. A., and
M. SH.; Critical revision of the manuscript for important
intellectual content: K. SH.; Statistical analysis: BS. Y.

Conflict of Interests: The authors declare that they have
no conflict of interest.

Ethical Approval: All experiments carried out were
approved by the Ethics Committee of Tarbiat Modares
University (IR.MODARES.REC.1400.051).

Funding/Support: This study received no specific grant
from any funding agency in the public, commercial, or
not-for-profit sectors.

References

1. Davey MG, Miller N, McInerney NM. A review of epidemiology and
cancer biology of malignant melanoma. Cureus. 2021;13(5). e15087.
[PubMed ID: 34155457]. [PubMed Central ID: PMC8210625]. https://doi.
org/10.7759/cureus.15087.

2. Caini S, Masala G, Saieva C, Kvaskoff M, Savoye I, Sacerdote C, et
al. Coffee, tea and melanoma risk: Findings from the european
prospective investigation into cancer and nutrition. Int J Cancer.
2017;140(10):2246–55. [PubMed ID: 28218395]. [PubMed Central ID:
PMC6198927]. https://doi.org/10.1002/ijc.30659.

3. Chen T, Fallah M, Forsti A, Kharazmi E, Sundquist K, Hemminki
K. Risk of next melanoma in patients with familial and
sporadic melanoma by number of previous melanomas.
JAMA Dermatol. 2015;151(6):607–15. [PubMed ID: 25671687].
https://doi.org/10.1001/jamadermatol.2014.4777.

4. Domingues B, Lopes JM, Soares P, Populo H. Melanoma treatment
in review. Immunotargets Ther. 2018;7:35–49. [PubMed ID: 29922629].
[PubMed Central ID: PMC5995433]. https://doi.org/10.2147/ITT.
S134842.

5. Guy Jr GP, Thomas CC, Thompson T, Watson M, Massetti GM,
Richardson LC. Vital signs: Melanoma incidence and mortality trends
and projections—united States, 1982–2030. Morbidity And Mortality
Weekly Report. 2015;64(21):591.

6. Al-Snafi AE. Pharmacological effects of Allium species grown in
Iraq. An overview. International J Pharmaceutical health care Res.
2013;1(4):132–47.

7. Hanen N, Fattouch S, Ammar E, Neffati M. Allium Species, Ancient
Health Food for the Future? Scientific, Health and Social Aspects of the
Food Industry. 2012. https://doi.org/10.5772/30924.

8. Forma A, Chilimoniuk Z, Januszewski J, Sitarz R. The potential
application of allium extracts in the treatment of gastrointestinal
cancers. Gastroenterology Insights. 2021;12(2):136–46. https://doi.org/10.
3390/gastroent12020012.

9. Asemani Y, Zamani N, Bayat M, Amirghofran Z. Allium
vegetables for possible future of cancer treatment. Phytother Res.
2019;33(12):3019–39. [PubMed ID: 31464060]. https://doi.org/10.1002/
ptr.6490.

10. Nicastro HL, Ross SA, Milner JA. Garlic and onions: their cancer
prevention properties. Cancer Prev Res (Phila). 2015;8(3):181–9.
[PubMed ID: 25586902]. [PubMed Central ID: PMC4366009].
https://doi.org/10.1158/1940-6207.CAPR-14-0172.

11. Khaksarian M, Gholami E, Alipour M, Sabooteh T, Asadi-Samani M.
Investigation of the effects of the essence and extract of Allium
jesdianum on the activity of COX-1 and COX-2 enzymes. International J
Advanced Biotechnology Res (IJBR). 2017;8(2):1095–101.

12. Kamranfar F, Jaktaji RP, Shirani K, Jamshidi A, Samiei F, Arjmand A, et
al. Protective effect of a standardized Allium jesdianum extract in an
Alzheimer’s disease induced rat model. Neurosci Lett. 2023;815:137491.
[PubMed ID: 37734531]. https://doi.org/10.1016/j.neulet.2023.137491.

13. Alidadi H, Shirani M, Samimi A, Ashtari A, Salimi A, Khorsandi
L. Anti-cancer Activity of Allium jesdianum Extract Loaded on
Microemulsions on Colon Cancer Cells Through Suppression of
Autophagy and Activation of Necroptosis Process. Jentashapir J Cell
Molecular Biol. 2022;13(1). https://doi.org/10.5812/jjcmb-129206.

14. Zarabi S, Ahmadi S, Rostami R. [Anticancer activity evaluation of
methanolic extract of allium jesdianum and nectaroscordeum coelzi
against HeLa and K562 cell lines]. Yafte. 2017;19(1). Persian.

15. Naseri R, Shams NJ, Gholami NR, Rashidi I, Jalili C. Anti-cancer
and apoptosis induction effects of allium jesdianum hydroalcoholic
extract on thyroid cancer cell lines (b-cpap and THR. C1-PI 33). World
Cancer Res J. 2021;8.

16. Shiehzadeh F, Vakili P, Shirani K. [Evaluation of immune responses
induced by hydroalcoholic extract of Allium ampeloprasum. L subsp
iranicum in mice: Allium iranicum as a powerful immune system
booster]. Iran J Pharmaceutical Sci. 2022;18(3):176–82. Persian.

17. Ayele DT, Akele ML, Melese AT. Analysis of total phenolic
contents, flavonoids, antioxidant and antibacterial activities of
Croton macrostachyus root extracts. BMC Chem. 2022;16(1):30.
[PubMed ID: 35550631]. [PubMed Central ID: PMC9102241].
https://doi.org/10.1186/s13065-022-00822-0.

18. Yousefsani BS, Bahrami B, Qobadi A, Aghazadeh E, Shirani K,
Pourahmad J. [The Selective Cytotoxicity of The Hydroalcoholic
Extract of Santalum Album Linn Wood on A375 and SK-MEL-3 Human
Malignant Melanoma Cells: Cytotoxicity Effect of White Sandal Wood
Extract]. Iran J Pharmaceutical Sci. 2022. Persian.

19. Lewandowski L, Bednarz-Misa I, Kucharska AZ, Kubiak A, Kasprzyk
P, Sozanski T, et al. Cornelian cherry (cornus mas l.) extracts exert
cytotoxicity in two selected melanoma cell lines-a factorial analysis
of time-dependent alterations in values obtained with SRB and
MTT Assays. Molecules. 2022;27(13). [PubMed ID: 35807436]. [PubMed
Central ID: PMC9268180]. https://doi.org/10.3390/molecules27134193.

20. Tabeshpour J, Shakiban D, Qobadi A, Aghazadeh E, Yousefsani
BS. Cytotoxic effects of ethanolic extract of polypodium vulgare
on human malignant melanoma Cell Line. Asian Pac J Cancer
Prev. 2023;24(1):275–81. [PubMed ID: 36708577]. [PubMed Central ID:
PMC10152838]. https://doi.org/10.31557/APJCP.2023.24.1.275.

21. Aminifard T, Mehri S, Rahbardar MG, Rajabian F, Hosseinzadeh
H. Trans-sodium crocetinate suppresses apoptotic and oxidative
response following myoglobin-induced cytotoxicity in HEK-2 cells.
Research Square. 2023. https://doi.org/10.21203/rs.3.rs-3140940/v1.

22. Timite G, Mitaine-Offer AC, Miyamoto T, Tanaka C, Mirjolet
JF, Duchamp O, et al. Structure and cytotoxicity of steroidal
glycosides from Allium schoenoprasum. Phytochemistry. 2013;88:61–6.
[PubMed ID: 23357597]. https://doi.org/10.1016/j.phytochem.2012.12.
001.

23. Han MH, Lee WS, Jung JH, Jeong JH, Park C, Kim HJ, et al. Polyphenols
isolated from Allium cepa L. induces apoptosis by suppressing IAP-1
through inhibiting PI3K/Akt signaling pathways in human leukemic
cells. Food Chem Toxicol. 2013;62:382–9. [PubMed ID: 24021570]. https:
//doi.org/10.1016/j.fct.2013.08.085.

8 Jundishapur J Nat Pharm Prod. 2024; 19(1):e139022.

https://ethics.research.ac.ir/ProposalCertificateEn.php?id=198051
http://www.ncbi.nlm.nih.gov/pubmed/34155457
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8210625
https://doi.org/10.7759/cureus.15087
https://doi.org/10.7759/cureus.15087
http://www.ncbi.nlm.nih.gov/pubmed/28218395
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6198927
https://doi.org/10.1002/ijc.30659
http://www.ncbi.nlm.nih.gov/pubmed/25671687
https://doi.org/10.1001/jamadermatol.2014.4777
http://www.ncbi.nlm.nih.gov/pubmed/29922629
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5995433
https://doi.org/10.2147/ITT.S134842
https://doi.org/10.2147/ITT.S134842
https://doi.org/10.5772/30924
https://doi.org/10.3390/gastroent12020012
https://doi.org/10.3390/gastroent12020012
http://www.ncbi.nlm.nih.gov/pubmed/31464060
https://doi.org/10.1002/ptr.6490
https://doi.org/10.1002/ptr.6490
http://www.ncbi.nlm.nih.gov/pubmed/25586902
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4366009
https://doi.org/10.1158/1940-6207.CAPR-14-0172
http://www.ncbi.nlm.nih.gov/pubmed/37734531
https://doi.org/10.1016/j.neulet.2023.137491
https://doi.org/10.5812/jjcmb-129206
http://www.ncbi.nlm.nih.gov/pubmed/35550631
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9102241
https://doi.org/10.1186/s13065-022-00822-0
http://www.ncbi.nlm.nih.gov/pubmed/35807436
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9268180
https://doi.org/10.3390/molecules27134193
http://www.ncbi.nlm.nih.gov/pubmed/36708577
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10152838
https://doi.org/10.31557/APJCP.2023.24.1.275
https://doi.org/10.21203/rs.3.rs-3140940/v1
http://www.ncbi.nlm.nih.gov/pubmed/23357597
https://doi.org/10.1016/j.phytochem.2012.12.001
https://doi.org/10.1016/j.phytochem.2012.12.001
http://www.ncbi.nlm.nih.gov/pubmed/24021570
https://doi.org/10.1016/j.fct.2013.08.085
https://doi.org/10.1016/j.fct.2013.08.085


Shirani M et al.

24. Yazdanian E, Golkar P, Vahabi MR, Taghizadeh M. Elicitation effects
on some secondary metabolites and antioxidant activity in callus
cultures of allium jesdianum Boiss. & buhse.: Methyl jasmonate
and putrescine. Appl Biochem Biotechnol. 2022;194(2):601–19.
[PubMed ID: 34410612]. https://doi.org/10.1007/s12010-021-03643-4.

25. Scaria B, Sood S, Raad C, Khanafer J, Jayachandiran R, Pupulin A,
et al. Natural health products (NHP’s) and natural compounds as
therapeutic agents for the treatment of cancer; mechanisms of
anti-cancer activity of natural compounds and overall trends. Int
J Mol Sci. 2020;21(22). [PubMed ID: 33187200]. [PubMed Central ID:
PMC7697102]. https://doi.org/10.3390/ijms21228480.

26. Esmeeta A, Adhikary S, Dharshnaa V, Swarnamughi P, Ummul
Maqsummiya Z, Banerjee A, et al. Plant-derived bioactive
compounds in colon cancer treatment: An updated review.
Biomed Pharmacother. 2022;153:113384. [PubMed ID: 35820317].
https://doi.org/10.1016/j.biopha.2022.113384.

27. Zare M, Rabiei M, Mohammadi S. Rabiei M, Mohammadi S. The
effect of plant growth regulators, basal medium and light on
micropropagation of Allium jesdianum Boiss. Buhse. 2023. https://doi.
org/10.21203/rs.3.rs-2863395/v1.

28. Mimaki Y, Kuroda M, Fukasawa T, Sashida Y. Steroidal glycosides
from the bulbs of Allium jesdianum. J Nat Prod. 1999;62(1):194–7.
[PubMed ID: 9917320]. https://doi.org/10.1021/np980346b.

29. Hazra B, Ghosh S, Kumar A, Pandey BN. The prospective role of
plant products in radiotherapy of cancer: A current overview. Front

Pharmacol. 2011;2:94. [PubMed ID: 22291649]. [PubMed Central ID:
PMC3253585]. https://doi.org/10.3389/fphar.2011.00094.

30. Vallejo MJ, Salazar L, Grijalva M. Oxidative stress modulation and
ros-mediated toxicity in cancer: A review on in vitro models for
plant-derived compounds. Oxid Med Cell Longev. 2017;2017:4586068.
[PubMed ID: 29204247]. [PubMed Central ID: PMC5674509]. https://
doi.org/10.1155/2017/4586068.

31. Yedjou CG, Tchounwou PB. In vitro assessment of oxidative stress
and apoptotic mechanisms of garlic extract in the treatment of
acute promyelocytic leukemia. J Cancer Sci Ther. 2012;2012(Suppl 3):6.
[PubMed ID: 23847719]. [PubMed Central ID: PMC3705777]. https://doi.
org/10.4172/1948-5956.S3-006.

32. Najeebullah S, Shinwari ZK, Jan SA, Khan I, Ali M. Ethno medicinal
and phytochemical properties of genus allium: A review of recent
advances. Pakistan Journal of Botany. 2021;53(1). https://doi.org/10.
30848/pjb2021-1(34).

33. Kopustinskiene DM, Jakstas V, Savickas A, Bernatoniene
J. Flavonoids as Anticancer Agents. Nutrients. 2020;12(2).
[PubMed ID: 32059369]. [PubMed Central ID: PMC7071196].
https://doi.org/10.3390/nu12020457.

34. Chimento A, De Luca A, D’Amico M, De Amicis F, Pezzi V. The
involvement of natural polyphenols in molecular mechanisms
inducing apoptosis in tumor cells: A promising adjuvant in cancer
therapy. Int J Mol Sci. 2023;24(2). [PubMed ID: 36675194]. [PubMed
Central ID: PMC9863215]. https://doi.org/10.3390/ijms24021680.

Jundishapur J Nat Pharm Prod. 2024; 19(1):e139022. 9

http://www.ncbi.nlm.nih.gov/pubmed/34410612
https://doi.org/10.1007/s12010-021-03643-4
http://www.ncbi.nlm.nih.gov/pubmed/33187200
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7697102
https://doi.org/10.3390/ijms21228480
http://www.ncbi.nlm.nih.gov/pubmed/35820317
https://doi.org/10.1016/j.biopha.2022.113384
https://doi.org/10.21203/rs.3.rs-2863395/v1
https://doi.org/10.21203/rs.3.rs-2863395/v1
http://www.ncbi.nlm.nih.gov/pubmed/9917320
https://doi.org/10.1021/np980346b
http://www.ncbi.nlm.nih.gov/pubmed/22291649
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3253585
https://doi.org/10.3389/fphar.2011.00094
http://www.ncbi.nlm.nih.gov/pubmed/29204247
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5674509
https://doi.org/10.1155/2017/4586068
https://doi.org/10.1155/2017/4586068
http://www.ncbi.nlm.nih.gov/pubmed/23847719
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3705777
https://doi.org/10.4172/1948-5956.S3-006
https://doi.org/10.4172/1948-5956.S3-006
https://doi.org/10.30848/pjb2021-1(34)
https://doi.org/10.30848/pjb2021-1(34)
http://www.ncbi.nlm.nih.gov/pubmed/32059369
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7071196
https://doi.org/10.3390/nu12020457
http://www.ncbi.nlm.nih.gov/pubmed/36675194
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9863215
https://doi.org/10.3390/ijms24021680

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Preparation of Plant Sample
	3.1.1. Total Phenolic Compounds
	3.1.2. Flavonoid Compounds

	3.2. Cell Culture
	3.3. Cytotoxicity
	3.4. Lipid Peroxidation
	3.5. Reactive Oxygen Species
	3.6. Cytochrome c Release
	3.7. Statistical Analysis

	4. Results
	4.1. Extract Standardization
	4.2. Cytotoxicity
	Figure 1
	Figure 2

	4.3. Lipid Peroxidation
	Figure 3

	4.4. Reactive Oxygen Species
	Figure 4

	4.5. Determination of Cytochrome c Release
	Figure 5


	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

