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Abstract
Garlic is known for its beneficial effects in literature. Allicin which is a component of garlic extract is majorly responsible for it. Allicin is
a hydrophobic compound that is formed by alliin by the enzyme alliinase. Allicin is known to have antimicrobial activity like antifungal,
antiviral and antibacterial properties. Allicin is also known to have inhibitory effects on tumors. It also provides protection against
cardiovascular diseases. In this review, we have covered biosynthesis, production and the beneficial effects of allicin.

Introduction
Natural compounds present in the organic products can be potential source for new drugs (Newman et al., 2000). Aspirin is
an example of biological compound that has medicinal properties which been turned into a FDA approved drug (Jeffreys 2008).
Similarly, other compounds like caffeine, morphine and morphine are also known to have medicinal uses. Allicin is the active
biological compound in garlic that accounts for 70% of thiosulfinate in garlic (Kubec et al., 2000). It is formed by the catalytic action
of alliinase using alliin as a substrate (Granroth 1970; Stoll & Seebeck, 1949). Allicin is known to have antibacterial, antifungal and
antiviral properties. Allicin has been used in the treatment of soldiers during World War II. It is also known to have antioxidant
properties. Allicin is found to be effective against both Gram negative and Gram-positive bacteria. It is also effective against some
drug resistant bacteria Staphyloccus aureus (Cutler, 2004). Many sulphur containing compounds in garlic including allicin have
anti- cancerous properties. Garlic consumption is correlated with anti tumor properties like skin, uterus, colon and breasts. This
review covers the synthesis, benefits and mechanism of action of allicin against bacterial and fungi. It also includes the benefit of
allicin in cardiovascular system and immune system.

Biosynthesis of Allicin
Alliin ((+)-(S)-allyl-L-cysteine-sulfoxide) is converted into Allicin by alliinase enzyme only after garlic clove is crushed. It is so
because the alliinase enzyme and its substrate are found in different compartments. Alliinase first converts allicin into an intermediate
compound known as allyl sulfenic acid, ammonia and pyruvic acid as shown in figure. Allyl sulfenic acid is unstable and reactive and
therefore 2 molecules of allyl sulfenic acid together form allicin with the release of a water molecule as shown in (Fig. 1).

Synthesis of Allicin
Industrial production and isolation of allicin is tedious task because of the instability and volatile nature of allicin. For the
industrial production of allicin, diallyl disulphide is taken as a substate. Along with diallyl disulphide, hydrogen peroxide and
acetic acid are added. Here, acetic acid act as a catalyst to catalyse the reaction between diallyl disulphide and hydrogen peroxide.
Acetic acid reacts with peroxide and form peracetic acid. Peracetic acid reacts with diallyl disulphide to form allyl sulfenic acid and
allyl radicals. Allyl radicals reacts with peroxide to form allyl sulfenic acid. Two molecules of allyl sulfenic acid reacts to form allicin
(Villalon, 2001). Allicin can be synthesized using diallyl disulphide and chloroperbenzoic acid (Cellini, 1996).

Pharmacology of Allicin
Antibacterial properties of allicin
The antibacterial properties of garlic are due to allicin was first demonstrated by Cavallito and Bailey. Allicin also has antifungal
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Figure 1. Mechanism of formation of allicin
Table 1. Allicin sensitivity of various bacterial species.
Bacteria
Staphyloccocus aureus
Escherichia coli
Strptococcus pyogenes
Streptococcus hemolyticus
Proteus mirabilis
Pseudomonas aeruginosa
Acinetobacter baumanii
Klebsiella pneumoniae
Enterococcus faecium

LD50 Value of Allicin(ug/ml)
12
15
3
>100
15
15
15
8
>100

and antiviral properties. Allicin is found to be effective against many Gram positive and Gram-negative bacteria like Escherichia,
Clostridium, Bacillus, Staphylococcus, Streptococcus, Proteus. List of bacteria that are susceptible to allicin are listed in table 1.
Allicin is found to be effective against ulcer causing bacteria Helicobacter pylori (Cellini, 1996). It is also effective against some
enterotoxin producing bacteria like Staphylococcus (Gonzalez, 1194). Have demonstrated that allicin targets the DNA gyrase
enzyme in the bacteria and hence preventing the proliferation of the bacteria (Reiter, 2020).
Most of the bacteria have developed antibacterial resistance against several drugs. One of the reasons for the development of
this resistance is that bacteria form biofilm that is difficult to be penetrated by antibiotics. But allicin prevent the formation of
biofilm which makes it effective against antibiotic resistant bacteria. Bacteria like Mycobacteria tuberculosis which is known to
develop quick antibiotic resistance is found sensitive for allicin. Therefore, use of allicin in combination with already prescribed
drugs can be very useful.

Antifungal properties of allicin
Garlic is known to be effective against the fungal infections. The main component of the extract that prevent the fungal growth
was found to be allicin (Lawson, 1996). Allicin has been shown to be effective against Candida, Trichophyton and Cryptococcus
species. It is effective against Candida at minimum IC (inhibitory concentration) of 7 microgram/mL.

Antiviral property of allicin
Allicin is found to have antiviral property as well. It is found effective against some viruses like Influenza B, Herpes simplex
virus type 1 and type 2, Human Rhinovirus type 2, Vaccinia virus and vascular stomatitis virus (Tsai, 1985). The mechanism by
which allicin inhibits viruses is not yet explored.

Health benefits of Allicin Anticancer
Properties of Allicin
Allicin has been demonstrated to have antitumor effects. In a study is was shown that a tumor explant treated with allicin did
not show proliferative properties when grafted onto mice in comparison to untreated control (DiPaolo & Christopher, 1960). Allicin
is found paly precautious role again liver cancer, colorectal cancer and stomach cancer. Anti-cancerous property of allicin is due to
its ability to induce apoptosis by altering the redox potential in the cell. Therefore, it induces apoptosis in both caspase dependent
and independent manner (Oommen, 2004; Park, 2005). Allicin has been demonstrated to prevent stomach cancer by arresting
cells in G2/M phase and by apoptosis induction by ER stress and mitochondrial damage (Luo, 2016). Allicin also has inhibitory
effects against liver cancer. Yun- Lin Chu etal have demonstrated that allicin induces p53 mediated autophagy in hepatic cells and
hence preventing the proliferation of liver cancer (Chu, 2012; Chu et al., 2013). Allicin sensitises hepatic carcinoma cells by ROS
mediated mitochondrial pathway and enhances cytotoxic activity of 5- flurouracil against these hepatic carcinogenic cells (Zou et
al., 2016). Allicin has also been demonstrated effective against treatment of glioma tumor. Treatment of Hepatic cells with allicin
increases caspases activity and the expression of Fas/FasL. Hence, indicating that allicin inhibit hepatic cancer cells by inducing
apoptosis of these cells (Li et al., 2018).
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Benefits of Allicin in Cardiovascular Diseases
Cardiovascular disease is a chronic disease related to heart that is a major reason of mortality in world. Allicin has been found to
provide protection against cardiovascular diseases. Allicin induces vasodilation and increases angiogenesis, platelet aggregation,
hence preventing cardiovascular diseases. Allicin bring about the dilation of vessels by Nitric oxide (Ku, 2002). Since, allicin is
hydrophobic in nature so it can easily permeabilize through the lipid bilayer and carry out its effects required for protection
against cardiovascular diseases. Allicin has been shown to be effective against hyperlipidaemia which is a condition where the
amount of low-density lipids exceeds the healthy limits (Ghorai et al., 2000; Gonen et al., 2005). Allicin is also known to prevent
cardiac hypertrophy where the cardiac cells increase in size (Sun & David 2005; Liu et al., 2010). Allicin inhibits angiogenesis
(increase in the number of blood vessels) which is a key factor that play role in tumorigenesis (Sela et al., 2008). Allicin has shown
to have antithrombic activity. Therefore, it prevents blood coagulation and hence, arthrosclerosis. Allicin act as an antioxidant and
prevent the reactive oxygen species and hence protect against the cardiovascular diseases.

Conclusion
Allicin is one of the components of garlic extract that is formed from alliin by alliinase enzyme. Allicin is known to have
antibacterial, antifungal and antiviral properties. It is also shown to be protective against cardiovascular diseases. There are many
benefits of allicin that have been reported in literature. It will be beneficial to find out the mechanism of action of allicin against
bacteria, viruses and other pathogen. Its antitumor property is worth exploring and it can a potential drug that can be used in
cancer treatment. It can be concluded that allicin has many benefits that can explored to develop potential health product.

References
Block E. (1986). "The chemistry of alkyl thiosulfinate esters. 9. Antithrombotic organosulfur compounds from garlic: structural, mechanistic, and
synthetic studies." J Am Chem Soc 108: 7045-7055.
Cellini L. (1996) "Inhibition of Helicobacter pylori by garlic extract (Allium sativum)." FEMS Immunol Med Microbiol 13: 273-277.
Chu Y. L. (2012). "Allicin induces p53-mediated autophagy in Hep G2human liver cancer cells." J Agric Food Chem 60: 8363-8371.
Chu Y. L., et al. (2013). "Allicin induces anti-human liver cancer cells through the p53 gene modulating apoptosis and autophagy." J Agric food Chem
61: 9839-9848.Google Scholar Cross Ref
Cutler R. R. & Wilson P. (2004). "Antibacterial activity of a new, stable, aqueous extract of allicin against methicillin-resistant Staphylococcusaureus."
Br J Biomed Sci 61: 71-74.
DiPaolo J. A. & Christopher C. (1960). "The effect of allicin fromgarlic on tumor growth." Cancer research 20: 431-434.
Ghorai M., et al. (2000). "A comparative study on hypocholesterolaemic effect of allicin, whole germinated seeds of bengal gram and guggulipid of
gum gugglu." Phytother Res 14: 200-202.
Gonen A., et al. (2005). "The antiatherogenic effect of allicin: possible modeof action." Pathobiology 72: 325-334.
Gonzalez F. E. (1194). "Staphylococcal growth and enterotoxins (A—D) and thermonuclease synthesis in the presence of dehydrated garlic."
J Appl Bacteriol 77: 549-552.
Granroth, B.(1970). "Biosynthesis and decomposition of cysteine derivativesin onion and other AIlium species." 154.
Jeffreys D. (2008). Aspirin: the remarkable story of a wonder drug. Bloomsbury Publ Google Scholar Cross Ref
Ku D. D., et al. (2002). "Garlic and its active metabolite allicin produce endothelium-and nitric oxide-dependent relaxation in rat pulmonary arteries."
Clin. Exp Pharmacol Physiol 29: 84-91.
Kubec R., Marketa S., Jan V. (2000). "Distribution of S- alk (en) ylcysteine sulfoxides in some Allium species. Identification of a new flavor precursor:
S-ethylcysteine sulfoxide (ethiin)." J Agric Food Chem 48: 428-433.
Lawson, L. D. (1996). "The composition and chemistry of garlic cloves and processed garlic." Garlic: The Science and Therapeutic Applications of
Allium sativum L. and Related Species 37-109.
Li C. et al. (2018). "Allicin induces apoptosis through activation of both intrinsic and extrinsic pathways in glioma cells." Mol Med Rep 17:5976-5981.
Liu C. et al. (2010). "Allicin protects against cardiac hypertrophy and fibrosisvia attenuating reactive oxygen species-dependent signaling
pathways." J Nutr Biochem 21: 1238-1250.
Luo R. (2016.) "The mechanism in gastric cancer chemoprevention byallicin." Anti-Cancer Agents in Medicinal Chemistry (Formerly Current Medicinal
Chemistry-Anti-Cancer Agents) 16: 802-809.
Newman D. J., Gordon M. C., Kenneth M. S. (2000). "The influence of natural products upon drug discovery." Nat Prod Rep 17: 215-234.
Okada, Y. (2005). "Antiodidant activity of thiosulfinates derived fromgarlic." Redox Report 10: 96-102.Google Scholar Cross Ref
Oommen S. (2004). "Allicin (from garlic) induces caspase-mediated apoptosis in cancer cells." Eur J Pharmacol 485: 97-103.
Park S.Y. (2005). "Caspase-independent cell death by allicin in human epithelial carcinoma cells: involvement of PKA." Cancer Lette 224: 123-132.
Reiter J. (2020). "Allicin, a natural antimicrobial defence substance fromgarlic, inhibits DNA gyrase activity in bacteria." Int J Med Microbiol 310:
151359.
Sela U., et al. (2008)."Allicin inhibits blood vessel growth and downregulates Akt phosphorylation and actin polymerization." Nutr Cancer 60:412-420.
Stoll A. & Seebeck E. (1949). "Über die Spezifität und die Synthese mehrerer dem Alliin verwandter Verbindungen. 3. Mitteilung über Allium‐
Substanzen." Helv Chim Acta 32: 866-876.

168 | Sharma et al.

Sun X. & David D. K. (2005). "Allicin in garlic protects against coronaryendothelial dysfunction and right heart hypertrophy in pulmonary hypertensive
rats." American Journal of Physiology-Heart and Circulatory Physiology 291: 2431-2438.
Tsai Ye. (1985). "Antiviral properties of garlic: in vitro effects on influenza B, herpes simplex and coxsackie viruses." Planta Medica 51.05 (1985):
460-461.
Villalon C.G. (2001). "Synthesis of allicin and purification by solid- phase extraction." Anal Biochem 290: 376-378.
Zou X., et al. (2016). "Allicin sensitizes hepatocellular cancer cells to anti- tumor activity of 5-fluorouracil through ROS-mediated mitochondrial
pathway." J Pharmacol Sci 131: 233-240.

