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Introduction. Garlic (Allium sativum) is believed to
have been originated from Central Asia over 6,000 years
ago, but has spread to almost everywhere long time ago.
Garlic is the edible bulb of the lily family, Liliaceae. It is a
relative of the onion and leek, and other related species
containing the aromatic sulfur-based compounds, which
contribute to the characteristic odor and taste, as well as
garlic’s beneficial healing effects [1]. Garlic is a common
food for flavor and spice, and has been traditionally po-
pular with strong folkloric awareness. The use of garlic
as a food and medicine dates back to prehistoric time.

Garlic was used as an antiseptic for wounds during
World War II since penicillin and sulfa drugs were scarce
[2]. Garlic thus acquired a reputation in the folklore of
many cultures over the centuries as a formidable pro-
phylactic and therapeutic medicinal agent. Many fa-
vorable experimental and clinical effects of the con-
sumption of garlic preparations, including garlic extract,
have been reported. Even today the medicinal use of
garlic is widespread and growing.

Modern scientific research suggested strong cor-
relations between taking garlic as a food or dietary sup-
plement, and a variety of health benefits. It is a re-
markable plant, which has multiple beneficial effects. A
number of studies have demonstrated the chemopre-
ventive activity of garlic by using different garlic prepa-
rations including fresh garlic extract, aged garlic, garlic
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oil and a number of organosulfur compounds derived
from garlic. Fresh and grounded garlic has been shown
to inhibit cancer growth [3–6].

Among different chemical compounds found in gar-
lic, allicin (2-propenyl 2-propenethiosulfinate) has long
been recognized as the main antimicrobial agent of
crushed garlic (Allium sativum L.) cloves [7]. More re-
cent studies have provided strong evidence that allicin
is also essential to most of the hypolipidemic effects of
garlic, and much of the antithrombotic, antioxidant, and
anticancer effects of garlic also appear to be due to
allicin [8]. In this review, we will discuss particularly the
use of garlic in the prevention and treatment of cancer.

Important chemical compounds found in garlic.
Much beneficial health related biological effects of garlic
(Allium sativum) are attributed to its characteristic or-
ganosulfur compounds [9–12]. The best known and
most extensively studied is allicin (diallyl thiosulphate),
the principal active substance of fresh garlic extract,
which is responsible for garlic’s typical pungent smell.
Cavallito et al discovered allicin in 1944 [13]. Chemi-
cally, allicin is known as 2-propene-1-sulfinothioc acid
S-2-propenyl ester; thio-2-propene-1-sulfinic acid
S-allyl ester [14] (Fig. 1).

Allicin is produced according to scheme 1, during
the crushing of garlic cloves by the interaction between

CH2 = CHCH2S – SCH2CH – CH2

O     

=

Fig. 1. Chemical formula of allicin
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Table 1.  Chemical compounds found in garlic bulb (kCal 1,170–3,630 /kg) 
Chemical compound Amount (ppm) 

1,2-dimercaptocyclopentane 2.4 
1,2-epithiopropane 0.1–1.66 
1,3-dithiane 0.08–3 
1-Hexanol 0.23 
2,5-dimethyl-tetrahydrothiophene 0.6 
2-methyl-benzaldehyde 0.1 
2-propen-1-ol 0.1–21 
2-vinyl-4H-1,3-dithiin 2–29 
3,5-diethyl-1,2,4-t rithiolane 0.15–43 
3-methyl-2-cyclopenthene-1-thione 0.16–1.6 
3-vinyl-4H-1,2-dithiin 0.34–10.65 
4-methyl-5-vinylthiazole 0.75 
Alanine 1,320–3,1168 
Allicin 1,500–27,800 
Alliin 5,000–10,000 
Allyl-propyl-disulfide 36–216 
Aluminium 52 
Aniline 10 
Arginine 6,340–15,216 
Ascorbic acid 100–788 
ASH 10,000–395,000 
Aspart ic acid 4,890–11,736 
Beta-carotene 0.17 
Biotin 22 
Boron  3–6 
Caffeic acid 20 
Calcium 180–4,947 
Carbohydrates 274,000–851,000 
Chromium 2.5–15 
Cobalt  0.5–100 
Copper 4.8–9.7 
Cystine 650–1,560 
Diallyl-disulfide 16–613 
Diallyl-sulfide 2–99 
Diallyl-trisulf ide 10–1,061 
Dimethyl-difuran 5–30 
Dimethyl-disulfide  0.6–2.5 
Dimethyltrisulfide 0.8–19 
Fat 2,000–12,000 
Ferulic acid 27 
Fiber  7,000–39,000 
Glutamic acid 8,050–19,320 
Glycine  2,000–4,800 
Histidine  1,130–2,712 
Iron 15–129 
Isobutyl-isothiocyanate   0.14–25 

Chemical compound Amount (ppm) 
Isoleucine  2,170–5,208 
Leucine 3,050–7,392 
Lysine 2,730–6,552 
Magnesium 240–1,210 
Manganese 5.4–15.3 
Methyl-allyl-disulf ide 6–104 
Methyl-allyl-sulfide 0.5–4.6 
Methyl-allyl-tridulfide  6–279 
Methyl-propyl-disulfide 0.03–0.66 
Niacin 4–17 
Nickel 1.5—1.7 
Nicotinic acid 4.8 
P-coumaric acid 58 
Phenylalanine 1,830–4,392 
Phosphorus 880–5,220 
Potassium 3,730–13,669 
Proline  1,000–2,400 
Propene 0.01–6 
Propenethiol  1–41 
Protein 35,000–179,000 
Protodegalactot igonin 10 
Protoeruboside-B 100 
Quercetin 200 
Riboflavin 0.5–3 
S-(2-carboxy-propyl)-glutathione 92.5 
S-allo-mercapto-cysteine 2 
S-allyl-cysteine 10 
Sat ivoside-B-1  30 
Scordine  250 
Scordinine-A  39,000 
Scorodinine-A-1 67–30,000 
Scorodinine-A-2 250–8,000 
Scorodinine-B 800 
Scorodinine-A-3 333 
Serine 1,900–4,560 
Sodium 158–559 
Thiamin 2–8 
Threonine 1,570–3,768 
Tin 6 
Trans-1-propenyl-methyl-disulf ide 0.9 
Trans-ajoene 268 
Tryptophan 660–1,584 
Tyrosine 810–1,944 
Valine 2,910–6,984 
Water 585,000–678,000 
Zinc 15.3 

the non-protein amino acid alliin and the enzyme alli-
inase [15] (Fig. 2). Because allicin is so unstable, once
it is generated it readily decomposes under uncontrol-
lable chemical reactions to produce diallyl sulfide (DAS),
diallyl disulfide (DADS), diallyl trisulfide, allyl methyl
trisulfide, dithiins, and ajoene. Thus cooking, aging,
crushing and otherwise processing garlic causes alli-
cin to be decomposed into other compounds.

According to two studies of garlic preparations, allicin
decreased to non-detectable amounts within one to six
days [16, 17]. Allicin can easily diffuse into the internal
volume of vesicles or into the cytoplasm of red blood cells.
Lipid bilayers do not constitute a barrier for allicin pene-
tration and its diffusion through the lipid bilayer and it does
not cause membrane leakage, fusion or aggregation [18].
These findings raise the possibility that in biological sys-
tems allicin can penetrate very rapidly into different com-
partments of the cells and exert its biological effects. Thus,
the significance of allicin as a biological effector molecule

is due not only to its high reactivity with low and high mo-
lecular weight thiols and its prominent antioxidant activity
[19–21], but also to its accessibility resulting from high
membrane permeability. Due to its high reactivity, allicin
was shown to be completely metabolized in the liver [22,
23]. If allicin could even make it to the blood (to be deliv-
ered throughout the body), studies have shown that it
changes into other compounds within five minutes and in
the process may oxidize the blood cells causing them to
lose their ability to carry oxygen [24, 25]. Allicin also de-
creases ocular pressure [26–29]. In addition to this, allicin
affects the processing of DNA and RNA synthesis [30].
Different chemical compounds found in different parts of
garlic are shown in Tables 1–3.

Garlic bulb contains approximately 65% water, 28%
carbohydrates (mainly fructans), 2.3% organosulfur
compounds, 2% protein (mainly alliinase), 1.2% free
amino acids (mainly arginine), and 1.5% fiber [31].

Antitumor activities of garlic. The search for com-
pounds that prevent cancer has intensified with the mount-
ing evidence that many types of cancer are caused or
triggered by factors relating to lifestyle and environment.
It is well known that garlic can strengthen the immune

Alliinase
Alliin —————> allicin + pyruvate

H2O

Fig. 2. Synthesis of allicin from alliin
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system, which is vitally important for fighting cancer. It
has been shown that the garlic extracts significantly modu-
late lymphocyte proliferation, triggered by potent T-cell
mitogen, depending on the type and dilutions of extracts
[32]. Garlic extracts also stimulate proliferation of lym-
phocytes by increasing IL-2 and IL-4 production [33].
Recent findings support a growing body of evidence that
garlic works as an anti-carcinogen in both prevention and
treatment, and that garlic and related foods play an im-
portant dietary role in the cancer process.

Epidemiologic and laboratory studies suggest that
allium vegetables and garlic constituents have antitu-
mor effects [34]. Garlic contains several potentially im-
portant agents that possess antitumor and anticarcino-
genic properties [35]. Several compounds are involved
in garlic’s possible anticancer effects. Garlic contains allyl
sulfur and other compounds that slow or prevent the
growth of tumor cells. Allyl sulfur compounds, which oc-
cur naturally in garlic and onions, make cells vulnerable
to the stress created by products of cell division. Be-
cause cancer cells divide very quickly, they generate
more stressors than most normal cells. Thus, cancer cells
are damaged by the presence of allyl sulfur compounds
to a much greater extent than normal cells.

The recorded use of garlic in the treatment of tumors
dates all the way back to 1550 BC when ancient Egyp-
tians administered it orally and topically; the modern era,
however, begins in the 1950s when Weisberger and
Pensky [36] demonstrated in vitro and in vivo that thio-
sulfinate extracts of garlic inhibited the growth of malig-
nant cells and prevented growth of sarcoma 180 ascites
tumor. Since that time, garlic has been demonstrated in
epidemiologic studies to be associated with a reduced
risk of stomach cancer [37] and, in animal models, to
have antitumor activity in sarcoma, mammary carcino-
ma, hepatoma, colon cancer, and squamous cell carci-
noma of the skin and esophagus [38]. These effects
appear to be mediated by various mechanisms.

Prevention of malignant transformation after the ad-
ministration of chemical carcinogens may result from in-

hibition of the activation of procarcinogens by garlic’s ef-
fect on cytochrome P450 enzymes [39], antioxidant ac-
tivity, or detoxification by binding to sulfur compounds in
garlic [40]. Direct inhibition of cancer cell growth in tissue
culture has been documented in sarcoma as well as gas-
tric, colon, bladder and prostate carcinoma cell lines [41–
43]. The mechanism of direct tumor cell inhibition has not
yet been determined. Perhaps the most important action
of garlic in the inhibition of cancer and, the topic of this
review, is potentiation of the immune system.

Allicin, present in the garlic bulb, is associated with
anticancer effect of garlic. Allicin inhibited proliferation
of human mammary (MCF-7), endometrial, and colon
(HT-29) cancer cells [44].  Siegers et al [45] also sug-
gested that antiproliferative effects of garlic may be due
to allicin. Some organosulfur compounds derived from
garlic, including S-allylcysteine, have been found to
retard the growth of chemically induced and transplant-
able tumors in several animal models [46]. Organosul-
fur compounds in garlic have anticarcinogenic actions
in experimental models, as well as cardioprotective ef-
fects [47]. Organosulfur compounds modulate the ac-
tivity of several metabolizing enzymes that activate (cy-
tochrome P450s) or detoxify (glutathione S-transferas-
es) carcinogens and inhibit the formation of DNA
adducts in several target tissues. Antiproliferative ac-
tivity has been described in several tumor cell lines,
which is possibly mediated by induction of apoptosis
and alterations of the cell cycle.

Allium vegetables and organosulfur compounds are
thus possible cancer-preventive agent [48]. Overall, a
host of studies provides compelling evidence that gar-
lic and its organic allyl sulfur components are effective
inhibitors of the cancer process. These studies reveal
that the benefits of garlic are not limited to a specific
species, to a particular tissue, or to a specific carcino-
gen. Several mechanisms are likely to account for this
protection. Notable among these is a depression in ni-
trosamine formation and a reduction in carcinogen bio-
activation [49].

Conclusion. Dietary factors play a key role in the
development of various human diseases, including
cancer. Epidemiological studies have shown that diets
rich in fruits, herbs and spices are associated with a
low risk of cancer. A diet rich in fruit and vegetables is
believed to protect against the onset of certain cancers
and atherosclerosis. Plant extracts contain a variety of
natural products that are helpful for promoting health
status. One such plant that has attracted much atten-
tion over the last 10 years is garlic (Allium sativum).
Commercial and noncommercial preparations of this
plant are increasingly used as ‘health supplements’ and
include garlic powder, garlic oil, water and ethanol ex-
tracts of raw garlic and an aged garlic extract (AGE).
Garlic (Allium sativum ) is among the oldest of all culti-
vated plants. It has been used for medicinal purposes
for more than 3000 years, and has bactericidal. [50],
antibiotic [51], and fungicidal [52] properties. There is
substantial evidence of the tumor-inhibitory effects of
garlic, based on work in various experimental systems

Table 2.  Chemical compounds found in garlic counterparts 
Amount (ppm) Compound 

Leaf (440–
3,240 kcal/kg) 

Shoot (760–
3,410 kcal/kg) 

Flower (390–
3,366 kcal/kg) 

Ascorbic acid 390–2,868 420–1,883 440–3,793 
ASH 10,000–74,000 7,000–31,000 6,000–52,000 
Calcium 580–4,265 120–538 250–2,155 
Carbohydrates 95,000–699,000 201,000–901,000 94,000–810,000 
Fat 5,000–37,000 3,000–13,000 2,000–17,000 
Fiber 18,000–132,000 17,000–76,000 8,000–69,000 
Iron 6–44 17–76 9–78 
Niacin 6–44 5–22  4–34 
Phosphorus 460–3,382 520–2,332 460–3,966 
Potassium 3,260–23,971 2,730–12,242  
Protein 26,000–191,000 12,000–54,000 14,000–121,000 
Riboflavin 1.4–10.3 0.6–2.7 0.6–5.2 
Sodium 40–294   
Thiamin 1.1–8.1 1.4–6.3 1.1–9.5 
Water 864,000 777,000 884,000 

Table 3. Chemical compounds found in garlic root 
Compound Amount (ppm) 

Desgalactotigonin 400 
Gitonin 300 
Sativoside-R-1 500 
Sativoside-R-2 300 
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[53, 54]. Although garlic is best known for its ability to
stave off heart disease, scientists have also been exa-
mining its role in cancer.

A number of studies have demonstrated the chemo-
preventive activity of garlic by using different garlic prepa-
rations including fresh garlic extract, aged garlic, garlic
oil and a number of organosulfur compounds derived
from garlic. There is evidence that onions and garlic pro-
tect against cancer in humans. It has been suggested
that this effect is due to the organosulfur compounds in
these vegetables and that these substances act through
induction of phase II detoxification enzymes. It is possi-
ble that diallyl disulfide and diallyl trisulfide is important
in the anticancer action of garlic [55]. Administration of
garlic (250 mg/kg, p.o., three times a week) in male Wistar
rats, effectively suppressed 4-nitroquinoline 1-oxide
(4NQO) induced tongue carcinogenesis as revealed by
the absence of carcinomas in the initiation phase and
their reduced incidence in the post-initiation phase [56].
The benefits provided by garlic must be viewed as part
of the entire diet, since several dietary constituents can
influence the degree of protection. More than one com-
pound is responsible for the anticancer properties as-
sociated with garlic [57]. In summary, the epidemiolo-
gical, clinical, and laboratory data have proved that gar-
lic contains many biologically and pharmacologically
important compounds, which are beneficial to human
health in prevention and treatment of cancer. Numerous
studies are in progress all over the world to develop ef-
fective and odorless garlic preparations, as well as to
isolate the active principles that may be therapeutically
useful.
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