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Abstract

Spices have been widely used as food flavorings and folk medicines for thousands of years. In this review the
authors present the importance of garlic as a chemo-preventive agent. The organic molecules present in garlic are
mostly disulfides with alkene groups. It is believed that sulfur has enormous effects against anticancer activities of
garlic, but the role of the alkene has not been defined. The mechanism of action of the organic compounds present

in garlic against different types of cancers is discussed.
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Introduction

Nature has given us remarkable opportunity to fight against diseases.
Garlic has played an important dietary and medicinal agent throughout
the history of mankind [1]. Garlic, Allium sativum is a member of the
Alliaceae family has been widely recognized as a valuable spice and a
popular remedy for various ailments and physiological disorders [1].
Allium is the most crucial representative genus of the Alliaceae group
and comprises of 450 different species. These are randomly distributed
in the northern hemisphere [2]. These species are characterized by a
specific flavor and therefore, they are used for cooking so that human
likes the taste of the food [3]. Many scientists have investigated garlic
as a medicinally important spice. These studies have uncovered a
number of results. Because of the research conducted on garlic and
the components present in it, chemoprevention has attracted many
chemists and biologists. In this article, we describe in brief the chemistry,
structure, anticancer activity and mechanism of action of garlic as a
whole instead of focusing on the individual molecules or diseases. A
number of unsaturated sulfur compounds have been identified from
garlic. The sulfur-sulfur bond of these molecules has significant effects
on the anticancer properties of garlic.

Chemistry of Garlic

Garlic contains minimum 33 sulfur compounds, numerous
enzymes and minerals like, germanium, calcium, copper, iron,
potassium, magnesium, selenium and zinc; vitamins A, Bl and
C. It is also composed of 17 amino acids. Some of which are lysine,
histidine, arginine, aspartic acid threonine, glutamine, proline, glycine,
alanine, cysteine, valine, methionine, isoleucine, leucine, tryptophan
and phenylalanine [4]. It is remarkable that garlic has a much higher
amount of sulfur-containing molecules than any other Allium species
[4]. These sulfur compounds are responsible for garlic’s strong odor. It
is difficult to classify the nature of the odor. Many people like it while
many hate it. Importantly, the sulfur compounds present in garlic are
responsible for its numerous medicinal benefits [4]. One of the most
predominant medicinally active compounds in garlic is allicin (diallyl
thiosulfinate or diallyldisulfide). However, garlic is rich with alliin
(S-allylcysteine sulfoxide), which is the most abundant [5]. Allicin is
the strong antioxidant and scavenging compound present in garlic.
Other molecules have also effects. These include phenols and steroids,
which exert numerous pharmacological activities [2].

Numerous organic compounds can be isolated from garlic by stem
distillation. These contain DADS, DATS, allyl methyl trislfide, allyl

methyl disulfide, diallyl tetrasulfide, allyl methyl tetrasulfide, dimethyl
trisulfide, and diallyl sulphide [6]. The composition of these organic
components may change depending upon the production process and
extraction methods. The structure of some of the most abundant sulfur
compounds present in garlic is shown in Table 1 and Figure 1. Clearly,
the structures of these molecules are unique and no generalizations
are possible. For example, some of them are linear with 1-4 sulfur with
monoalkene or dialkene and alkane. A few cyclic sulfur compounds
with unsaturated linkages also exist. Some of the cyclic compounds
have definite stereochemistry. To our knowledge no paper has
described the most fascinating features of the alkene groups present in
garlic. Careful examination of the structures reveals that these alkenes
are not substituted. While much attention is paid to explain the diverse
properties of garlic, it seems the role of alkene in garlic is ignored. If
oxidation of the sulfur is involved in many of the biological processes
including in inhibiting diverse cancers, a similar oxidation of the alkene
group is also possible. Therefore, care must be taken when a scientist
performs experiments to explain the biochemical pathways of garlic in
cell and animal model.

Anticancer Activities

It has been demonstrated that garlic has anticancer activities [7].
Although garlic is specifically used on a regular basis by human as part
of their diet, many even do not know the health benefits that this spice
can offer. In China stomach cancer is very common among human and
mortality rate is very high [7-9]. This is attributed to a high concentration
of nitrate. It is believed that garlic may inhibit nitrate reduction using by
bacteria as a mediator. This process lowers nitrite concentration in the
digestive system and reduces stomach cancer development. You et al.
[10] have demonstrated that smoking tobacco products, taking excess
salty foods and moldy foods may cause stomach cancer. This risk of
stomach cancer can be reduced with increasing uptake of garlic [11].
Galeone et al. [12] have conducted studies that show the importance
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Figure 1: Structures of (a) Diallyl sulfide (b) Diallyl disulfide (c) Diallyl
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Table 1: Structure of predominant Organo-sulfur compounds in the commercially available garlic products.
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of allium’s vegetables in the reduction of stomach cancer. From case
studies, it is found that garlic should be used frequently. Clearly, garlic is
helpful in developing numerous cancers and curing cancers. Abdullah
et al. [13] in a study have showed that natural killer-cells of raw garlic
and aged group have destroyed 139% and 159% cancer cells. Relatively
aged garlic is proved better as this extract is an excellent chemo-
preventive medium for colorectal cancer. This extracts have stopped
angiogenesis through a number of biochemical pathways. Of them, a
suppression of endothelial cell mortality, proliferation of cells and tube
formation is the crucial [14]. The anticancer properties of garlic are due
to the presence of organic molecules in it. For example, Tadi et al. have
reported that ajoene and dially sulfide cause AFB1 metabolism and
DNA binding by inhibiting enzymes. [15]

Garlic and Non Metal

Garlic is one of the best natural sources of germanium and selenium.
These two metals has the ability to prevent and cure cancer [16,17].
However, this is not conclusively proved if selenium itself or molecules
derived from it was actually the chemo-preventive agent, although a
negative relationship between selenium intake and the incidence of
certain cancers are observed. Methyl selenocysteine is proved to be an
excellent selenium molecule in reduction of tumor growth [18].

Mechanism of Action of Garlic

Like many other spices, the mechanism of action of garlic or
garlic containing organic molecules against cancer is not understood.
Therefore many authors have proposed different mechanisms in
order to explain the behavior of garlic against tumor. Wargovich &
Goldberg [19] have investigated the sulfide and disulfide molecules
of garlic on organic carcinogens. Two important compounds, DMH
(1,2-dimethyhydrazine) and NMBA (N-nitroso methyl benzylamine)
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are metabolized in the liver to carcinogenic intermediates, a pathway
causes by their binding to the nucleus of the cell. It is important to
note and verified by the fact that prior administration of diallyl sulfide
can prevent nuclear damage induced by DMH and NMBA. These
experiments dictate that diallyl sulfide stops the conversion of producing
carcinogens and thus initiation of carcinogenesis can be prevented.
Chung et al [20] have demonstrated that garlic lowered endogenous
formation of carcinogens N-nitrosodimethylamine (NDMA) in human.
This is supported by the fact observed by Singh et al. [21]. This group
has demonstrated that garlic has induced a 35-60% reduction in DNA
damage induced by NDMA in animal. Diallyl disulfide has further role
in the chemoprevention process of garlic. The enzyme, Glutathione-
s-transferase (GST) conjugates electrophilic reagents and helps in the
detoxification of numerous carcinogens. It is known that molecules that
increase GST activity can inhibit carcinogen-induced neoplasia [22,23].
Interestingly oral uptakes of methyl trisulfide and diallyl disulfide are
shown to stimulate glutathione-S-transferase activity periodically
[24,25]. These studies suggest that an increase of glutathione-S-
transferase activity in the human body by organosulphur compounds
present in garlic is necessary as a protection against carcinogenesis.

It is known that oxygen radicals play a crucial intermediate in
promoting and propagation of tumor. However, numerous anti-
oxidants, scavengers, and enzymes like glutathine peroxidase inhibitors
of cyclooxygenase and lipooxygenase are found to have effects on the
oxidative stress and consequently on the formation of unstable species
responsible for tumor promotion. Perchellet et al. [26] have showed
garlic oil altered glutathione peroxidase activity, and altered the
intracellular ratio of reduced form to oxidized form of glutathione.

In addition, garlic oil is found to stop lipooxigenase production, and
thus arachidonic acid metabolism is disturbed [27]. Li et al. [28] have
demonstrated the effects of aged garlic extract (AGE) and two of its
enzymes, s-allylcysteine (SAC) and s-allyl mercaptocysteine (SAMC)
against human breast cancer cell lines MCF-7 and MCF-7-s. An anti-
proliferative response to SAC and SAMC is observed. Moreover, an
alteration in glutathione concentration without any changes in the
glutathione metabolizing enzymes is observed. Interestingly, Xiao et
al. [29] have showed that SAMC exhibits anti proliferative activity by
binding to tubulin and therefore, it disrupts the microtubule assembly.
This entire process has arrested cells in mitosis route, inhibited JNKI,
caspase-3 route and finally to cell death. Xu et al. [30] have focused
into the understanding of the antitumor action of ajoene, present in
garlic. Ajoene-induced blood cancer cells HL60 are arrested in G(2)/M
phase in cell cycle analysis and finally produces apoptosis. Oommen
et al. [31] have showed that allicin stopped the growth of cancer cells
in animal and humam model. It is demonstrated that allicin helped to
form apoptotic bodies and nuclear condensation process and a DNA
ladder in tumor cells. Allicin goes beyond further to activate all caspase
enzymes and cleave of poly (ADP-ribose) polymerase. Xiao et al. [32]
have showed that diallyl trisulfide present in garlic helps programmed
cell death in human prostate cancer cell through activation of protein
Bax and Bak. Chu et al. [33] have investigated the effect of S-allylcysteine
and S-allylmercaptocysteine on the inhibition of prostate tumor cell
invasion via restoration of E-cadherin expression. Kodera et al. [34]
have demonstrated the effects of allixin (phytoalexin, present in galic)
as a promising inhibitor of phospholipid metabolism. Patya et al. [35]
have demonstrated that immune-stimulatory and anticancer properties
of allicin. Interestingly, immune stimulatory properties of allicin
are explained by redox-sensitive signaling process for example as an
activation of p2 (ras). Druesne et al. [36] have demonstrated that diallyl
disulfide (DADS) found in garlic inhibits colon cancer cells. Agarwal et

al. [37] have showed that treatment of rats with garlic oil protects free
radical injury and cancer in kidneys. It is obvious that organosulphur
compounds present in garlic exert anticancer inhibitory properties
through a direct reaction and inhibition of tumor cell metabolism,
inhibition of carcinogenesis; and reaction with specific enzymes.

Conclusion

Garlic is an important spice that has numerous medicinal
properties. The organic components present in garlic has sulfur and
alkene bond in most of the examples. Remarkably, these organic
molecules have excellent activities to inhibit the reduction of various
types of tumor growth. A number of mechanisms have been advanced
to explain the anticancer properties of garlic. The mechanism of action
of garlic depends in the types of tumor. Nevertheless, further work is
necessary to define the mechanism more precisely because a particular
mechanism is proposed assuming the role of a single molecule present
in garlic. However, none of the researchers have concluded any doubt
about the anticancer properties of garlic. Therefore, studies on garlic as
a chemo-preventative spice would continue to grow in the future.

Acknowledgments
BKB is grateful to the Community Health System of South Texas.
References

1. Block E (1985) The chemistry of garlic and onions. Scientific American 252:
114-119.

2. Lonzotti V (2006) The analysis of onion and garlic. J Chromatography 112: 3-22

3. Tada M, Hiroe Y, Kiyohara S, Suzuki S (1988) Nematicidal and Antimicrobial
Constituents from Allium grayi Regel and Allium fistulosum L var. J Agric Biol
Chem 52: 2381-2385.

4. Tadi PP, Lau BHS, Teel RW, Herrmann CE (1991) Binding of Aflatoxin B1 to
DNA inhibited by ajoene and diallyl sulfide. Anticancer Res 11: 2037-2042.

5. Lawson LD (1998) Garlic: A review of its medicinal effects and indicated active
compounds. In: Phytomedicines of Europe. Washington: American Chemical
Society 176-209.

6. Iciek M, Kwiecien I, Wiodek L (2009) Biological properties of garlic and garlic-
derived organosulfur compounds. Environ Mol Mutagen 50: 247-265.

7. Wang TG, You WC, Handerson BE, Blot WJ (1985) A case control study of
cancer in Shandong Province. Natl Cancer Inst Monogr 69: 9-10.

8. Lau BHS, Tadi PP, Tosk JM (1990) Allium sativum (garlic) and cancer
prevention. Nutr Res 10:937-948.

9. Mei X, Wang MC, Xu HX, Pan XP, Gao CY, et al. (1982) Garlic and gastric
cancer- the effect of garlic on nitrite and nitrate in gastric juice. Acta Nutrimenta
Sinica 4: 53-58.

10. You WC, Blot WJ, Chang YS, Ershow A, An Q, et al. (1989) Allium vegetables
and reduced risk of stomach cancer. J Natl Cancer Inst 81: 162-164.

11. You WC, Blot WJ, Chang YS, Ershow AG, Yang ZT, et al. (1988) Diet and high
risk of stomach cancer in Shandong, China. Cancer Res 48: 3518-3523.

12. Galeone C, Pellucchi C, Levi F, Negri E (2006) Onion and garlic use and human
cancer. Am J Clin Nutr 84: 1027-1032.

13. Abdullah TH, Kandil O, Elakdi A, Carter J (1988) Garlic revisited: therapeutic for
the major diseases of our times. J Natl Med Assoc 80: 439-445.

14. Matsuura N, Miyamae Y, Yamane K, Nagao Y, Hamada Y, et al. (2006) Aged
garlic extract inhibits angiogenesis and proliferation of colorectal carcinoma
cells. J Nutr 136: 842S-8468S.

15. Tadi PP, Robert MS, Teel W, Lau BHS (1990) Anticandidal and anticarcinogenic
potential of garlic. Int Clin Nutr Rev 10: 423-429.

16. Bolton S, Null G, Troetel WM (1982) The medical uses of garlic- fact and fiction.
American Pharmacy 22: 40-43.

Immunol Curr Res, an open access journal

Volume 2 + Issue 1+ 1000107


https://doi.org/10.1038/scientificamerican0385-114
https://doi.org/10.1038/scientificamerican0385-114
https://doi.org/10.1016/j.chroma.2005.12.016
https://www.jstage.jst.go.jp/article/bbb1961/52/9/52_9_2383/_pdf
https://www.jstage.jst.go.jp/article/bbb1961/52/9/52_9_2383/_pdf
https://www.jstage.jst.go.jp/article/bbb1961/52/9/52_9_2383/_pdf
http://works.bepress.com/robert-teel/22/
http://works.bepress.com/robert-teel/22/
https://doi.org/10.1021/bk-1998-0691.ch014
https://doi.org/10.1021/bk-1998-0691.ch014
https://doi.org/10.1021/bk-1998-0691.ch014
https://doi.org/10.1002/em.20474
https://doi.org/10.1002/em.20474
https://doi.org/10.1016/S0271-5317(05)80057-0
https://doi.org/10.1016/S0271-5317(05)80057-0
http://en.cnki.com.cn/Article_en/CJFDTOTAL-YYXX198201009.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-YYXX198201009.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-YYXX198201009.htm
https://doi.org/10.1093/jnci/81.2.162
https://doi.org/10.1093/jnci/81.2.162
http://cancerres.aacrjournals.org/content/canres/48/12/3518.full.pdf
http://cancerres.aacrjournals.org/content/canres/48/12/3518.full.pdf
https://doi.org/10.1093/ajcn/84.5.1027
https://doi.org/10.1093/ajcn/84.5.1027
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2625738/pdf/jnma00911-0085.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2625738/pdf/jnma00911-0085.pdf
https://doi.org/10.1093/jn/136.3.842S
https://doi.org/10.1093/jn/136.3.842S
https://doi.org/10.1093/jn/136.3.842S
https://www.cabdirect.org/cabdirect/abstract/19911430979
https://www.cabdirect.org/cabdirect/abstract/19911430979
https://doi.org/10.1016/S0160-3450(16)31735-4
https://doi.org/10.1016/S0160-3450(16)31735-4

Citation: Borah P, Banik BK (2018) Kitchen to Clinic: Garlic as a Cancer Fighting Spice. Immunol Curr Res 2: 107.

Page 4 of 4

20.

2

=

22.

2

w

24,

25.

26.

27.

.Lawson LD (1993) Bioactive organosulfur compound of garlic and garlic

products: role in reducing blood lipids. Human medicinal agents from plants,
Washington: American Chemical Society 534: 306-330.

. Whanger PD (2004) Selenium and its relationship to cancer: an update dagger.

Br J Nutr 91: 11-28.

.Wargovich MJ, Goldberg MT (1985) Diallylsulfide: a naturally occurring

thioether that inhibits carcinigeninduced nuclear damage to colon epithelial
cells in vivo. Mutation Research Letters 143:127-129.

Chung MJ, Lee SH, Sung NJ (2002) Inhibitory effect of whole strawberries,
garlic juice or kale juice on endogenous formation of N-nitrosodimethylamine in
humans. Cancer Lett 182: 1-10

. Singh V, Belloir C, Siess MH, Le Bon AM (2006) Inhibition of carcinogen-

induced DNA damage in rat liver and colon by garlic powders with varying alliin
content. Nutr Cancer 55: 178-184.

Wattenberg LW (1983) Inhibition of neoplasia by minor dietary constituents.
Cancer Res 43: 2448-2453.

.Sparnins VL, Barany G, Wattenberg LW (1988) Effects of organosulfur

compounds from garlic and onion on benzo[a]pyrene-induced neoplasia and
glutathione S-transferase activity in the mouse. Carcinogenesis 9: 131-134.

Sparnins VL, Mott AW, Watenberg AW (1986) Effects of allylmethyl trisulfide on
glutathione s-transferase activity and PB-induced neoplasia in the mouse. Nutr
Cancer 8: 211-215.

Sumiyoshi H, Wargovich MA (1989) Garlic (Allium sativum): a review of its
relationship to cancer. Asia Pac J Pharmacol 4: 133-140.

Perchellet JP, Perchellet EM, Abney NL, Zirnstein JA, Belman S (1986) Effects
of garlic and onion oils on glutathione peroxidase activity, the ratio of reduced/
oxidized glutathione and ornithine decarboxylase induction in isolated mouse
epidermal cells treated with tumor promotors. Cancer Biochem Biophys 8: 299-
312.

Block E, lyer R, Grisoni S, Saha C, Belman S, et al. (1988) Lypooxygenase
inhibitors from the essential oil of garlic: Markovnikov addition of the allyldithio
radical to olefins. J Am Chem Soc 110: 7813-7827.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Li G, Qiao CH, Lin RI, Pinto J, Osborne MP, et al. (1995) Anti-proliferative
effects of garlic constituents in cultured human breast cancer cells. Oncol Rep
2:787-791.

Xiao D, Pinto JT, Soh JW, Deguchi A, Gundersen GG, et al. (2003) Induction of
apoptosis by the garlic derived compound S-allylmercaptocysteine (SAMC) is
associated with microtubule depolymerization and c-Jun NH(2)-terminal kinase
1 activation. Cancer Res 15:6825-6237.

Xu B, Monsarrat B, Gairin JE, Girbal-Neuhauser E (2004) Effect of ajoene, a
natural antitumor small molecule, on human 20S proteasome activity in vitro
and in human leukemic HL60 cells. Fundam Clin Pharmacol 18: 171-180.

Oommen S, Anto RJ, Srinivas G, Karungaran D (2004) Allicin (from garlic)
induces caspase-mediated apoptosis in cancer cells. Eur J Pharmacol 485:
97-103.

Xiao D, Lew KL, Kim YA, Zeng Y, Hahm ER, et al. (2006) Diallyl trisulfide
suppresses growth of PC-3 human prostate cancer xenograft in vivo in
association with Bax and Bak induction. Clin Cancer Res 12: 6836-6843.

Chu Q, Ling MT, Feng H, Cheung HW, Tsao SW, et al. (2006) A novel anticancer
effect of garlic derivatives: inhibition of cancer cell invasion through restoration
of E-cadherin expression. Carcinogenesis 27: 2180-2189.

Kodera Y, Matsuura H, Yoshida S, Sumida T, Itakura Y, et al. (1989) Allixin, a
stress compound from garlic. Chem Pharmacoll Bull 37:1656-1658.

Patya M, Zahalka MA, Vanichkin A, Rabinkov A, Miron T, et al. (2004) Allicin
stimulates lymphocytes and elicites an antitumor effect: a possible role of
p21ras. Int J Immunol 16:275-281.

Druesne PN, Pagniez A, Thomas M, Cherbuy C, Duee PH, et al. (2006) Diallyl
disulfide increases CDKN1A promoter-associated histone acetylation in human
colon tumor cell lines. J Agric Food Chem 54:7503-7507.

Agarwal MK, Igbal M, Athar M (2007) Garlic oil ameliorates ferric nitrilotriacetate
(Fe-NTA)-induced damage and tumor promotion: implications for cancer
prevention. Food Chem Toxicol 45:1634-1640.

Immunol Curr Res, an open access journal

Volume 2 + Issue 1+ 1000107


https://doi.org/10.1021/bk-1993-0534.ch021
https://doi.org/10.1021/bk-1993-0534.ch021
https://doi.org/10.1021/bk-1993-0534.ch021
https://doi.org/10.1079/BJN20031015
https://doi.org/10.1079/BJN20031015
https://doi.org/10.1016/S0165-7992(85)80022-1
https://doi.org/10.1016/S0165-7992(85)80022-1
https://doi.org/10.1016/S0165-7992(85)80022-1
https://doi.org/10.1016/S0304-3835(02)00076-9
https://doi.org/10.1016/S0304-3835(02)00076-9
https://doi.org/10.1016/S0304-3835(02)00076-9
https://doi.org/10.1207/s15327914nc5502_9
https://doi.org/10.1207/s15327914nc5502_9
https://doi.org/10.1207/s15327914nc5502_9
http://cancerres.aacrjournals.org/content/canres/52/7_Supplement/2085s.full.pdf
http://cancerres.aacrjournals.org/content/canres/52/7_Supplement/2085s.full.pdf
https://doi.org/10.1080/01635588609513895
https://doi.org/10.1080/01635588609513895
https://doi.org/10.1080/01635588609513895
https://doi.org/10.1021/ja00231a037
https://doi.org/10.1021/ja00231a037
https://doi.org/10.1021/ja00231a037
https://doi.org/10.3892/or.2.5.787
https://doi.org/10.3892/or.2.5.787
https://doi.org/10.3892/or.2.5.787
http://cancerres.aacrjournals.org/content/63/20/6825.long
http://cancerres.aacrjournals.org/content/63/20/6825.long
http://cancerres.aacrjournals.org/content/63/20/6825.long
http://cancerres.aacrjournals.org/content/63/20/6825.long
https://doi.org/10.1111/j.1472-8206.2004.00219.x
https://doi.org/10.1111/j.1472-8206.2004.00219.x
https://doi.org/10.1111/j.1472-8206.2004.00219.x
https://doi.org/10.1016/j.ejphar.2003.11.059
https://doi.org/10.1016/j.ejphar.2003.11.059
https://doi.org/10.1016/j.ejphar.2003.11.059
https://doi.org/10.1158/1078-0432.CCR-06-1273
https://doi.org/10.1158/1078-0432.CCR-06-1273
https://doi.org/10.1158/1078-0432.CCR-06-1273
https://doi.org/10.1093/carcin/bgl054
https://doi.org/10.1093/carcin/bgl054
https://doi.org/10.1093/carcin/bgl054
https://doi.org/10.1248/cpb.37.1656
https://doi.org/10.1248/cpb.37.1656
https://doi.org/10.1093/intimm/dxh038
https://doi.org/10.1093/intimm/dxh038
https://doi.org/10.1093/intimm/dxh038
https://doi.org/10.1021/jf061369w
https://doi.org/10.1021/jf061369w
https://doi.org/10.1021/jf061369w
https://doi.org/10.1016/j.fct.2007.02.029
https://doi.org/10.1016/j.fct.2007.02.029
https://doi.org/10.1016/j.fct.2007.02.029

	Title
	Abstract
	Keywords
	Introduction
	Chemistry of Garlic
	Anticancer Activities
	Garlic and Non Metal
	Mechanism of Action of Garlic
	Conclusion
	Acknowledgments
	Figure 1
	Table 1
	References

