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Abstract: Garlic (Allium sativum), a member of the family Liliaceae, contains an abundance of chemical
compounds that have been shown to possess beneficial effects to protect against several diseases, including
cancer. Evidence supports the protective effects of garlic in stomach, colorectal, breast cancer in humans. The
exact mechanisms of the cancer-preventive effects are not clear, although several hypotheses have been
proposed. Qil-soluble compounds derived from garlic, such as diallyl disulfide (DADS), are more effective than
water-soluble compounds in suppressing breast cancer. MTT assay and flow cytometry were used for the
evaluation of the effect of allicin on gene expression. The reverse transcription polymerase chain reaction (RT-
PCR) and western blot analysis were respectively used for the analysis of ZNF703 gene expression. The results
revealed that exposure of the gene to allicin at a concentration of 40 uM significantly promoted the cell viability.
Treatment of the cells with 10, 20, 30, 40, and 50 ug/mL of allicin enhanced the cell viability by 2.5.47 + 0.86,
5.43 + 0.66, 10.74 £ 1.48, 35.89 + 3.78, and 32.21 + 2.92%, respectively after 36 h compared to control cells.
Allicin exposure caused a marked decrease in the percentage of cells in GO/G1 phase with a subsequent increase
in the S phase population.
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1. Introduction

The name “Allium sativum” is derived from the Celtic word “all”’, meaning burning or stinging, and the
Latin “sativum” meaning planted or cultivated . The English word, garlic, is derived from the Anglo-Saxon “gar-
leac” or spear plant, referring to its flowering stalk. Allicin is a strong antibiotic has a long traditional medicinal
importance and was used to treat a range of diseases. The major compound present in the extract of garlic is the
allicin which on rearrangement forms ajoene. It is reported that the organo-sulfur compounds like S-allylcysteine
present in the garlic exhibit inhibitory effect on the Gene Expression in GCC Lines [1].

The zinc finger protein 703 (also known as ZPO1, ZEPPO1) gene is located on chromosome arm 8pl12. The
ZNF703 protein belongs to the NET (Noc/Nlz, Elbow, and Tlp-1) family, which plays an important role in the
embryonic development of zebrafish [2] and Drosophila [3]. It has been shown that ZNF703 gene amplification
stimulates migration and proliferation while reducing cell to cell adhesion [4]-[6] and is speculated to be
associated with poorer outcomes [5]-[8] in breast cancer. Two studies from China also discovered that ZNF703
acts as an oncogene that accelerates malignant progression in gastric cancer [9] and is associated with worse
prognosis in colorectal cancer patients. [10].

Guanylate cyclase 2C, also known as guanylyl cyclase C (GC-C), intestinal guanylate cyclase, guanylate
cyclase-C receptor, or the heat-stable enterotoxin receptor (h\STAR) is an enzyme that in humans is encoded by
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the GUCY2C gene. [11], [12] Guanylyl cyclase is an enzyme found in the luminal aspect of intestinal epithelium
and dopamine neurons in the brain. [13] The receptor has an extracellular ligand-binding domain, a single
transmembrane region, a region with sequence similar to that of protein kinases, and a C-terminal guanylate
cyclase domain. Tyrosine kinase activity mediates the GC-C signaling pathway within the cell.

Garlic has historically been used to treat earaches, leprosy, deafness, severe diarrhea, constipation and
parasitic infections, and to lower fever, fight infections and relieve stomach aches. Garlic and its extracts have
been used to treat infections for thousands of years [14] and it has long been revered for its medicinal properties
as evidenced by ancient writings from Egypt, Greece, China and India extolling its merits. Garlic is thought to
have diaphoretic, expectorant, antispasmodic, antiseptic, bacteriostatic, antiviral, antihelminthic and hypotensive
effects; it is commonly used to treat chronic bronchitis, recurrent upper respiratory tract infections and
influenza .[15] It has been used for medicinal purpose for more than 3000 years, and has bactericidal , [16]
antibiotic, [17] and fungicidal [18] properties. Epidemiologic and preclinical studies suggested that garlic may
influence the risk of heart disease and cancer [19] and also as an anticancer dietary component are reported by
Fleischauer and Arab. [20] The most compelling evidence that garlic and related sulfur constituents can suppress
cancer risk and alter the biological behaviour of tumors. Experimentally, garlic and its associated sulfur
components are reported to suppress tumor incidence in breast, colon, skin, uterine, esophagus and lung cancers.
[21] A recent meta-analysis also showed that a high intake of garlic may be associated with decreased risks for
breast cancer. Garlic has historically been used to treat earaches, leprosy, deafness, severe diarrhea, constipation
and parasitic infections, and to lower fever, fight infections and relieve stomach aches.

2. Material and Method

Allicin was isolated from the extract of Allium sativum (garlic, lasun) using traditional column
chromatography. The stalk solution of allicin was prepared in dimethyl sulphoxide and stored at -20°C prior to
use. MTT assay and flow cytometry were used for the evaluation of the effect of allicin on gene expression. The
reverse transcription polymerase chain reaction (RT-PCR) and western blot analysis were respectively used for
the analysis of ZNF703 gene expression.

3. Results

The results from RT-PCR and western blot analysis revealed a marked enhancement in ZNF703 expression
in the GCC line on treatment with allicin for 36 h (P < 0.05). The expression levels of the gene corresponding
was also increased (P < 0.05).

4. Discussion

Several pieces of evidences suggested that Allicin possess anticancer properties as shown by their ability to
suppress tumor proliferation in vivo and in vitro. [22] It was shown that concentration and duration of the
exposure to allyl sulfides increased the antiproliferative effects. In our study the amount of Allicin formed from
A. hirtifolium was 3.4+0.1mgg " and the theoretical amount of Allicin formed from garlic is reported as
3.5mgg* [23].

This antineoplastic effect was greater for lipid-soluble than for water-soluble allyl sulfides. [24] Diallyl
disulfide suppresses the growth of human colon tumor cell xenografts in athymic nude mice. [25].

Allium sativum (garlic) and other onions. This species is a native plant in Iran that its antiproliferative effects
have received little attention. [26] In the present study we assessed the antiproliferative effect of Allicin extract
on ZNF703 , and GCC cell lines by MTT method and the DNA fragmentation analysis. This investigation
clearly showed a cell growth inhibition on cancer cell lines at concentrations about 44 pg ml™ of Allicin extract.
The effect of Allicin on these cells started from 24 h and became more prominent in 48 and 72 h. Therefore,
maximum morphologic changes and antiproliferative effect appeared after 72 h. In MTT assay, the statistical
analysis indicated that Allicin extract significantly inhibited the proliferation of ZNF703 cells. Interestingly the
Allicin extract affected the tumor cells much strong.
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The results showed that Allicin could inhibit proliferation of tumor cell lines in a dose-dependent manner.

The inhibitory effect on tumor cell lines was 25 times stronger than that in normal cells. Therefore, our results
provided important insights into the use of Allicin as an additive to food or as a drug without any side effects.

The present study was the first report to provide evidence of Allicin activity on tumor cell lines. Further

investigations were needed to elucidate subcellular mechanisms involved in the suppression of growth in tumor
cell lines.

5.

6.

Conclusion

The results of this study showed that allicin enhances ZNF703 gene expression in GCC line.

Acknowledgment

We appreciate all who helped us to exert the present study. This paper reports a part of results selected from

research work carried out by S Ganjipour supervised by Dr. Kh Fallah Mehrabadi and consulted by Dr. T. Naji
at Advanced Sciences & Technology, Pharmaceutical Sciences Branch, Islamic Azad University, Tehran-Iran

(IAUPS).
7. References

[1] Thomson M, Ali M. Garlic (Allium sativum): a review of its potential use as an anti-cancer agent. Current Cancer
Drug Targets. 2003;3:67-81.
http://dx.doi.org/10.2174/1568009033333736

[2] Brown J. D., Dutta S., Bharti K., et al. Expression profiling during ocular development identifies 2 NIz genes with a
critical role in optic fissure closure. Proceedings of the National Academy of Sciences of the United States of
America. 2009;106(5):1462—-1467.
http://dx.doi.org/10.1073/pnas.0812017106

[3] Dorfman R., Glazer L., Weihe U., Wernet M. F., Shilo B.-Z. Elbow and Noc define a family of zinc finger proteins
controlling morphogenesis of specific tracheal branches. Development. 2002;129(15):3585-3596.

[4] Slorach E. M., Chou J., Werb Z. Zeppol is a novel metastasis promoter that represses E-cadherin expression and
regulates p120-catenin isoform expression and localization. Genes and Development. 2011;25(5):471-484.
http://dx.doi.org/10.1101/gad.1998111

[5] Holland D. G., Burleigh A., Git A., et al. ZNF703 is a common Luminal B breast cancer oncogene that differentially
regulates luminal and basal progenitors in human mammary epithelium. EMBO Molecular Medicine. 2011;3(3):167—
180.
http://dx.doi.org/10.1002/emmm.201100122

[6] Sircoulomb F., Nicolas N., Ferrari A., et al. ZNF703 gene amplification at 8p12 specifies luminal B breast cancer. The
EMBO Molecular Medicine. 2011;3(3):153-166.
http://dx.doi.org/10.1002/emmm.201100121

[71  Reynisdottir I., Arason A., Einarsdottir B. O., et al. High expression of ZNF703 independent of amplification indicates
worse prognosis in patients with luminal B breast cancer. Cancer Medicine. 2013;2(4):437-446.
http://dx.doi.org/10.1002/cam4.88

[8] Zhang X., Mu X., Huang O., et al. Luminal breast cancer cell lines overexpressing ZNF703 are resistant to tamoxifen
through activation of Akt/mTOR signaling. PLoS ONE. 2013;8(8)
http://dx.doi.org/10.1371/journal.pone.0072053

[91 Yang G., Ma F., Zhong M., et al. ZNF703 acts as an oncogene that promotes progression in gastric cancer. Oncology
Reports. 2014;31(4):1877-1882. doi: 10.3892/0r.2014.2997.
http://dx.doi.org/10.3892/0r.2014.2997

[10] MaF., BiL., Yang G., et al. ZNF703 promotes tumor cell proliferation and invasion and predicts poor prognosis in

patients with colorectal cancer. Oncology Reports. 2014;32(3):1071-1077
http://dx.doi.org/10.3892/0r.2014.3313

https://doi.org/10.17758/URUAE.AE0916405 3


http://dx.doi.org/10.2174/1568009033333736
http://dx.doi.org/10.2174/1568009033333736
http://dx.doi.org/10.2174/1568009033333736
http://dx.doi.org/10.1073/pnas.0812017106
http://dx.doi.org/10.1073/pnas.0812017106
http://dx.doi.org/10.1073/pnas.0812017106
http://dx.doi.org/10.1073/pnas.0812017106
http://dx.doi.org/10.1101/gad.1998111
http://dx.doi.org/10.1101/gad.1998111
http://dx.doi.org/10.1101/gad.1998111
http://dx.doi.org/10.1002/emmm.201100122
http://dx.doi.org/10.1002/emmm.201100122
http://dx.doi.org/10.1002/emmm.201100122
http://dx.doi.org/10.1002/emmm.201100122
http://dx.doi.org/10.1002/emmm.201100121
http://dx.doi.org/10.1002/emmm.201100121
http://dx.doi.org/10.1002/emmm.201100121
http://dx.doi.org/10.1002/cam4.88
http://dx.doi.org/10.1002/cam4.88
http://dx.doi.org/10.1002/cam4.88
http://dx.doi.org/10.1371/journal.pone.0072053
http://dx.doi.org/10.1371/journal.pone.0072053
http://dx.doi.org/10.1371/journal.pone.0072053
http://dx.doi.org/10.3892/or.2014.2997
http://dx.doi.org/10.3892/or.2014.2997
http://dx.doi.org/10.3892/or.2014.2997
http://dx.doi.org/10.3892/or.2014.3313
http://dx.doi.org/10.3892/or.2014.3313
http://dx.doi.org/10.3892/or.2014.3313

[11]
[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

"Entrez Gene: guanylate cyclase 2C (heat stable enterotoxin receptor)".

Mann EA, Swenson ES, Copeland NG, Gilbert DJ, Jenkins NA, Taguchi T, Testa JR, Giannella RA (June 1996).
"Localization of the guanylyl cyclase C gene to mouse chromosome 6 and human chromosome 12p12". Genomics. 34
(2): 265-7.

http://dx.doi.org/10.1006/gen0.1996.0284

Intestinal Protein May Have Role in ADHD, Other Neurological Disorders. ScienceDaily (Aug. 11, 2011) [1]

Hahn, G., 1996. Garlic: The Science and Therapeutic Application of Allium sativum L. and Related Species (second
ed.). In: Koch, H.P., Lawson, L.D. (Eds.), Baltimore Williams and Wilkins, pp. 1-24.

Newall C.A., Anderson L.A., Phillipson J.D. Pharmaceutical Press; London: 1996. Herbal medicines: a guide for
health-care professionals, vol. ix. p. 296.

Cavallito C.J., Bailey J.H. Allicin, the antibacterial principle of Allium sativum. Isolation, physical properties and
antibacterial action. J. Am. Chem. Soc. 1944;66:1950-1951.

http://dx.doi.org/10.1021/ja01239a049

Chemical investigations on alliin, the specific principle of garlic.STOLL A, SEEBECK E Adv Enzymol Relat Subj
Biochem. 1951; 11():377-400.

The fungicidal and fungistatic effects of an aqueous garlic extract on medically important yeast-like fungi.Moore GS,
Atkins RD Mycologia. 1977 Mar-Apr; 69(2):341-8.

http://dx.doi.org/10.2307/3758659

Milner, 1996, 1999; Orekhov and Grunwald, 1997

Garlic and cancer: a critical review of the epidemiologic literature.Fleischauer AT, Arab L J Nutr. 2001 Mar;
131(3s):1032S-40S.

Amagase, H., Milner, J.A., 1993. Impact of various sources of garlic and their constituents on 7,12-
dimethylbenz[a]anthracene binding to mammary cell DNA. Carcinogenesis 14, 1627-1631.

http://dx.doi.org/10.1093/carcin/14.8.1627

Ahmed N, Laverick L, Sammons J, Zhang H, Maslin DJ (2001) Ajoene, a garlic-derived natural compound, enhances
chemotherapy-induced apoptosis in human myeloid leukaemia CD34-positive resistant cells. Anticancer Res
21(5):3519-3523.

Lawson LD, Hughes BG (1992) Characterization of the formation of allicin and other thiosulfinates from garlic.
Planta Med 58:345-350.

http://dx.doi.org/10.1055/5-2006-961482

Rabinkov A, Miron T, Konstantinovski L, Wilchek M, Mirelman D, Weiner L (1998) The mode of action of allicin:
trapping of radicals and interaction with thiol containing proteins. Biochim Biophys Acta 1379(2):233-244.

http://dx.doi.org/10.1016/S0304-4165(97)00104-9

Miron T, Mironchik M, Mirlman D, Wilchek M, Rabinkov A (2003) Inhibition of tumor growth by a novel approach:
in situ allicin generation using targeted alliinase delivery. Mol Cancer Ther 2(12):1295-1301.

Taran M, Rezaeian M, lzaddoost M (2006) In vitro antitrichomonas activity of Allium hirtifolium (persian shallot) in
comparison with Metronidazole Iranian. J Public Health 35(1):92-94.

https://doi.org/10.17758/URUAE.AE0916405 4


http://dx.doi.org/10.1006/geno.1996.0284
http://dx.doi.org/10.1006/geno.1996.0284
http://dx.doi.org/10.1006/geno.1996.0284
http://dx.doi.org/10.1006/geno.1996.0284
http://dx.doi.org/10.1021/ja01239a049
http://dx.doi.org/10.1021/ja01239a049
http://dx.doi.org/10.1021/ja01239a049
http://dx.doi.org/10.2307/3758659
http://dx.doi.org/10.2307/3758659
http://dx.doi.org/10.2307/3758659
http://dx.doi.org/10.1093/carcin/14.8.1627
http://dx.doi.org/10.1093/carcin/14.8.1627
http://dx.doi.org/10.1093/carcin/14.8.1627
http://dx.doi.org/10.1055/s-2006-961482
http://dx.doi.org/10.1055/s-2006-961482
http://dx.doi.org/10.1055/s-2006-961482
http://dx.doi.org/10.1016/S0304-4165(97)00104-9
http://dx.doi.org/10.1016/S0304-4165(97)00104-9
http://dx.doi.org/10.1016/S0304-4165(97)00104-9



