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Abstract 

Shaped plants, which additionally contain onions, scallions, leeks, and chives. Garlic is utilized 

for its flavoring in cooking and is exclusive because of its sulfur content material. Garlic also 

incorporates arginine, oligosaccharides, flavonoids, and selenium all of which may be 

recommended to health  . Garlic has plenty of Benefits results because it is helping to control: 

Blood sugar, high LDL cholesterol, chemo-preventive effects, anti-fungal, antibacterial, anti-

parasites  . Garlic has numerous antitumor results including tumor cell enlargement inhibition, 

inhibit the advance of chemically prompted tumors, block covalent binding of cancer agents 

to DNA, make stronger degradation of cancer agents, have anti-oxidative and free radical 

scavenging houses, and control cell proliferation, apoptosis, and immune responses. 

 

Keywords: Organosulfur compounds, Diallyl trisulfide, Tumor suppressor gene, Programmed 

cell death. 

 

1. Introduction 

Tumor is a large problem going through our 

world, the incidence of tumor in 2030 is 

anticipated to increase to 22.2 million 

instances [1]. It accounts for 1.68 tumor 

cases within the United States throughout 

2017, which might result in the loss of life 

of 600,920 incident people [2]. Tumor does 

not differentiate between races and ages [3]. 

Medicinal drugs from herbal are favorable 

than other artificial due to their low-price, 

easy to find, and health-promoting 

characters. These health-promoting 

characters found in crops are because of 

phytochemicals which are the biologically 

essential chemical molecules that can be 

mainly all for modulation of quite a lot of 

metabolic pathways, like free radical 

scavenging, antimicrobial properties, and 

protecting sicknesses   [4  .]  Garlic was once 

discovered to be a very powerful function 

as a healthy-based daily diet. The medicinal 

uses of various herbs have been proven 

experimentally as lifesaving entities, 

associated with well-being claims owing to 

their wealthy phytochemicals profile [5]. 

Plants of the family Allium together with 

garlic and onions have long been identified 

to have medicinal houses [6]. Research 

have proven that Organosulfur compounds 

(OSC) [7] are the principal bioactive 

brokers answerable for the noticed 

beneficial effects. Diallyl trisulfide [8], a 

bioactive OSC present in garlic, is reported 

to modulate illness states akin to a tumor, 

infection, and metabolic syndrome [9]. 

Health-promoting facets of garlic are 

principally accepted to its sulfur-containing 

compounds allicin and S-allyl cysteine   [10 ]   
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Among organosulfur compounds, 

thiosulfinates, ajoenes, and allicin (diallyl 

thiosulphate) are the manager bioactive 

elements in garlic chargeable for curing 

various illnesses [11]. 

 

I. Garlic History:  

 

Recent research investigated new sources 

of chemotherapeutics that are healthy for 

human illnesses [12]. These agents' 

paintings in a way similar to the normal 

therapeutic compounds present in garlic, an 

element of the Allium sorts, were neatly 

recorded during the historical past [13]. 

Specifically, large-scale epidemiological 

research within the past few decades have 

suggested a correlation between garlic 

usage and a knock off the incidence of 

tumor [14].  

For a long time of years, man has used 

herbal, animals, vegetation, and microbial 

products either within the natural form or 

crude extracts to treat many illnesses [11]. 

Garlic is a type of crop that was seriously 

researched over hundreds of years and deal 

with infectious sicknesses [15]. Garlic is 

known in several names comparable to 

maidenhair tree, stinking rose, Allium 

sativum, rustic treacle, the nectar of the 

Gods poor guy’s treacle, and camphor of 

the deficient [16]. Garlic has been grown 

from Central Asia for over 6,000 years in 

the past however has distributed all over the 

place a long time ago. It is a relative of the 

red onion and leek, and other similar 

species having the aromatic sulfur-based 

substances, which contribute to the 

standard scent and taste, in addition to 

garlic’s really useful healing results [17].  

Garlic is a public meal for taste and spice 

and has been traditionally well-liked by 

strong folkloric awareness. The uptake of 

garlic as meals and remedies dates to 

ancient times. Garlic was applied as a 

cleaner for injuries all over World War II 

since penicillin and sulfa medicine was 

scarce. Many advisable experimental and 

clinical results of the consumption of garlic 

preparations, together with garlic extract, 

have been reported. Even these days the 

medicinal use of garlic is common and 

rising [18].  

 

Modern clinical research advised strong 

correlations between garlic intaking as a 

nutritional supplement or food and several 

health advantages. It is the most important 

plant, which has various helpful results. 

Different research has assured that the 

chemo-preventive process of garlic through 

the use of different garlic cloves 

arrangements together with recent garlic 

extract, aged garlic, garlic oil, and several 

other organosulfur substances take from 

garlic. Fresh and grounded garlic has been 

played to reduce malignancy growth [19]. 

For three thousand years Garlic has been 

used in medications and foodstuff as 

evidenced through historic writings from 

China, Egypt, Greece, and India [20]. 

Epidemiological studies have presented 

that the increase in nutritional intake of 

garlic may reduce the incidence of more 

than one type of tumor [21, 22]. Other 

beneficial results include anti-

atherosclerosis [23], blood lipids and sugar 

modulation [24], antifungal [25], 

antimicrobial [26], antithrombotic [27], 

cardiovascular disease treatment [28], 

stimulating immune system [29], 

bactericidal [30] and antibiotic [31] 

characters.  

 

II. Garlic classification: 

 

Allium sativum (garlic) is an element of the 

Liliaceae family, which also contain 

onions, chives, scallions, or leeks. Garlic 

contains a high amount of sulfur 

compounds, which give its characteristic 

taste, odor, and beneficial well-being 

results [32]. The most up-to-date 
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classification of garlic according to nuclear 

ribosomal DNA [33]. 

 
Table 1.Garlic classification 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. Garlic chemical composition: 

 

Funder and Blackwood say that 3 and 6 

gram of garlic clove contains about 1 g of 

carbohydrates, 0.2 g of protein, 0.05 g of 

fiber, 0.01 g of fat and vitamins A, B1, B2, 

B3, and C. Vitamin B1 (thiamin) is bound 

to allicin molecule and is known as 

allithiamine and is easily absorbed into the 

gut [34]. Garlic can decrease blood sugar 

levels [35]. Fulder and Blackwood [34] 

reported that garlic is abundant with 

adenosine, a nucleic acid that is a structure 

block of DNA and RNA. The main 

antiplatelet compound originated in garlic 

known to be adenosine [36]. 

Generally, garlic bulb rich in 65% water, 

28% carbohydrates (mainly fructose), 2.3% 

organosulfur compounds, 2% protein 

(mainly alliin), 1.5% fiber, and 1.2% free 

amino acids (main arginine) [37]. Garlic 

has about 33 sulfur compounds (alliin, 

allicin, ajoene, allyl propyl disulfide, diallyl 

trisulfide, S-allyl cysteine, vinyl dithiins, S-

allylmercaptocystein, and others), several 

enzymes (myrosinase, peroxidases, 

allinase, and others), minerals (germanium, 

selenium, tellurium, and other trace 

minerals) and 17 amino acids (arginine and 

others) [37].  

Sulfur compounds can be broadly assorted 

as oil-soluble and water-soluble substances. 

During the cycle of garlic aging, lipid-

soluble substances are naturally modified 

into more constant and bioavailable water-

soluble compounds. Oil-soluble substances 

include diallyl sulfide, diallyl trisulfide, and 

diallyl disulfide, allyl methyl trisulfide, 

dithiins, and ajoene. The most important 

primary sulfur compound appearing in the 

intact garlic bulbs is alliin (S-allyl cysteine 

sulfoxide). Biological action of garlic is 

related to its special organosulfur 

compounds [38].  

Alliin is a non-protein amino acid and has 

four stereoisomers but only one isomer is 

found in garlic. Dried out, powdered garlic 

has around 1% alliin (S-allyl cysteine 

sulfoxide). Corresponding to two studies of 

garlic clove preparations, allicin reduced to 

non-detectable quantities within 1–6 days 

[39].  

Allicin (diallyl thiosulphate) chemically 

known as 2-propene-1-sulfinothioc acid S-

2-propenyl ester; thio-2-propene-1-sulfinic 

acid S-allyl ester [40] and found out by 

[30] in 1944, responsible for garlic’s smell. 

Allicin will not exist in garlic clove until it 

is smashed or cut; injury to the garlic bulb 

activates the enzyme alliinase [41], which 

metabolizes alliin to allicin [42]. Allicin 

can simply diffuse into the vesicles or into 

the cytoplasm of red blood cells. Lipid 

bilayers do not form an obstruction for 

allicin breakthrough and its circulation via 

the lipid bilayer and it does not form 

membrane aggregation, fusion, or leakage 

[43]. allicin can permeate very quickly into 

different parts of the cells and do its 

biological action. Thus, the need for allicin 

as a biological effectors’ compound is due 

not only to its high reactivity with different 

Liliopsida Class 

Liliidae Subclass 

Liliianae Superorder 

Amary-llidales Order 

Alliaceae Family 

Allioideae Subfamily 

Allieae Tribe 

Allium Genus 
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molecular weight thiols and its antioxidant 

activity [44] but also due to its availability 

caused by high membrane permeability. 

Because of its high reactivity, allicin was 

appeared to be metabolized in the liver [45].  

Unlike oily sulfur substances, water-

soluble compounds are odorless and have a 

more delicate and less special flavor [46]. 

These substances are also created during 

aqueous garlic extraction when the primary 

compound γ -glutamyl-S-allyl cysteine is 

turned into S-allyl cysteine and this reaction 

is catalyzed by γ -glutamyl transpeptidase 

(γ GT). S-allyl cysteine and its derivatives, 

S-methyl cysteine and S-allyl cysteine are 

substances of aqueous extracts of garlic and 

have biological activity both in vitro and in 

vivo [47].  

 

IV. Antitumor Activity of garlic 

compounds: 

 

1- Induction of apoptosis through 

Caspase activation 

 

In such condition’s garlic-derived 

substances especially sulfur compounds, 

saponins, and vitamins can evoke a tumor 

suppressor gene and prevent the 

transformation of proto-oncogenes directly 

into oncogenes. All this can be achieved 

because of genetic rearrangements of proto-

oncogenes and mutations. the 

transformation of proto-oncogenes into 

oncogenes needs mutation that would lead 

to the formation of qualitatively various 

gene products that may harm the normal 

physiological metabolism of a natural cell 

[48]. Moreover, garlic components 

modulate the amount of Bax, Bcl-2, Bcl-

xL, and Bcl-in a dose-dependent manner, 

and stimulate apoptosis in the MCF-7 

breast-tumor cell line via interfering with 

cell-cycle growth phases in a manner that 

elevates the sub-G(0) population and 

significantly halts DNA synthesis [48]. 

Garlic increase caspase action which stops 

or stalls mutation in the p53 gene (tumor 

suppressor gene) and thereby prevent the 

formation of lung, breast, and colon tumor. 

Garlic components work upon two paths of 

target cell apoptosis activated via CTLs and 

via Fas route in which ligation of trimeric 

Fas systems by CTL bore Fas ligands 

contribute to connecting the death domains 

of Fas with FADD. These substances 

regulate some reactions which could result 

in apoptosis of the target cell. Garlic 

substances may stimulate CTL functions 

and stimulate the caspase cascade that 

results in the apoptotic death of the cellular 

death by invoking mitochondrially 

mediated death route. DATS- promote 

apoptosis and decrease of Bcl-2, cyclin D1, 

and Akt protein levels, and increase of Bax, 

p53, Fas, and cyclin B protein levels in 

Capan-2 cells [49]. 

 

2- Induction of Apoptosis-related 

Proteins 

 

Few vital derivatives from garlic which 

includes ajoene, allicin, DADS, DAS, 

DATS, and SAMC, have been observed to 

stimulate apoptosis and cell cycle arrest in 

numerous cancer cell lines grown in 

culture. There are numerous more 

selections that distinctive natural products 

may select a different pathway to hold up 

apoptosis in cancer cells. Depending on the 

chosen agent and the concentrations used, 

apoptotic action can be recognized between 

8–72 h post-treatment. Also, garlic oil 

promotes programmed cell death, cell cycle 

arrest, and display pro-apoptosis effects in 

AsPC-1cells and human pancreatic 

carcinoma cells [50].  

S-allylcysteine is an important restorative 

compound extracted from garlic derivative 

that suppresses proliferation and promotes 

apoptosis in human ovarian tumor cells in 

vitro [51], also used to enhance apoptosis in 

oral tumor and breast cancer cells via ROS-

mediated activation of JNK [52]. Allicin, 
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common garlic constituents, prevents cell 

development and promotes apoptosis in 

U87MG human glioblastoma cells through 

an ERK-dependent pathway [53]. It induces 

p53-mediated autophagy in HepG2 human 

liver tumor cells [54, 55] and stimulates 

apoptosis in EL-4 cells in vitro via 

activation of the appearance caspase-3 and 

-12 and increase the ratio of Bax/Bcl-2 [56]. 

Further, it stimulates apoptosis in gastric 

malignancy cells via activation of both 

extrinsic and intrinsic routes [57].  

Furthermore, Allicin stimulates autophagic 

cell death in human HCC HepG2 (p53 wild-

type) cells, it may additionally induce 

apoptotic cell death by caspase-dependent 

and caspase-independent routes by 

overproduction of reactive oxygen species 

(ROS) in human HCC Hep3B (p53 

(mutation)) cells. Moreover, Allicin 

treatment stimulates apoptotic cell death in 

p53 decrease HepG2 cells much like that of 

Hep 3B cells [54].  

Diallylpolysulfides increase cell arrest and 

apoptosis in cancer cells [58]. Allyl sulfides 

stop cell development of skin cancer cells 

through stimulation of DNA destruction 

mediated G2/M arrest and apoptosis [56]. 

Diallyl tetrasulfide stimulates mitotic arrest 

to apoptosis [59]. Also, it stimulates 

apoptosis in human primary colorectal 

cancer cells [60] and AGS gastric tumor 

cell line [61]. Diallyl trisulfide [49] and S-

alkenyl mercapto cysteine (CySSR) with 

sodium selenite promotes apoptosis in 

pancreatic cells [62]. In an equal way, di-

allyl disulfide plays a vital function in NF-

κB mediated transient G2-M phase arrest 

and apoptosis in human leukemic cell-lines 

[63].  

DATS- prompted apoptosis is associated 

with the production of pro-apoptotic Bax 

protein and p53 protein presence that 

became observed up-regulated and 

translocation to the nucleus in MCF-7 cells 

[64]. DATS modulate Bcl-2 family 

proteins, leading to improved apoptosis of 

T24 cells [56]. This is the possible 

mechanism by which allyl sulfides inhibit 

neoplastic cell development [65]. S-benzyl-

cysteine go between cell cycle arrest and 

apoptosis which including activation of 

mitochondrial-dependent caspase cascade 

via the p53 path in human SGC-7901 cells 

[66].  

 

3- Cell Cycle Checks-points: 

 

During the G1 stage, the cancer suppressor 

Rb binds and suppresses transcription 

factor E2F. More specifically, diallyl 

trisulfide- promote G2/M phase cell cycle 

arrest in DU145 cells is released with late 

nuclear translocation of cyclin-dependent 

kinase 1 [63, 67]  

DAS additionally promote G0/G1 cell 

cycle arrest [68] and apoptosis in HeLa 

cells via a caspase- and mitochondria and 

p53 pathways. It significantly prevents the 

development and promotes apoptosis of 

human cervical tumor HeLa cells in vitro 

[69].  

DAS- enhanced G0/G1 phase arrest is 

mediated through the elevated expression 

of p27, p21, and p53 with a simultaneous 

decrease in CDK6, CDK2, and CHK2 

expression. DAS exposed Ca Ski cells 

undergo apoptosis, with huge 

morphological modifications and DNA 

condensation. It causes changes in the ratio 

of Bax/Bcl-2, and increases mitochondrial 

disorders, which affects the launch of 

cytochrome c for the lead to apoptosis in Ca 

Ski cells. Because of these properties, DAS 

is considered as a chemotherapeutic factor 

for the drug of cervical tumor [70]. S-

Allylmercaptocysteine does cell cycle 

arrest at the G2/M and sub-G1 interphases 

[62]. 

 

4- Control of DNA Damage: 

 

Several extracellular factors like ionizing 

radiation, Ultraviolet light, environ-mental 
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chemicals, and alkylating agents lead 

to DNA harm in cells that 

subsequently result in carcinogenesis. 

Many potential treatments are getting used 

to focusing on cancer-causing agents via a 

sequence of alternatives including plant-

derived pharmaceutical agents. Massive 

quantities of those natural treatments arise 

from garlic and are getting used to treat 

tumor individuals especially for the 

prevention of tumor cell development and 

growth.  

DNA lesion led to an impaired cellular 

response because of hyper-sensitivity 

generated from carcinogenic agents. If this 

DNA harm stays defective for a long time 

it causes mutations that result in altered 

protein activity and generate impaired 

cellular responses. Regular cells react to 

DNA harm by stalling progress via the cell 

cycle at a checkpoint till the damage has 

been repaired or triggering apoptosis if the 

harm stays un-reparable. All this is initiated 

with the aid of  ATM protein briefly which 

senses DNA harm and relays the signal to 

the p53 protein that's synthesized under the 

regulation of p53 gene that is called the 

guardian of the genome [71].  

Garlic shows potentially useful outcomes 

in tumor development and ameliorates 

chemotherapy prompted toxicities [72]. 

However, endogenous mechanisms lead to 

DNA harm like spontaneous chemical 

hydrolysis, intracellular interaction with 

reactive oxygen groups, and mistakes in 

replication and recombination can be 

restored through identifying correct and 

suitable biomolecules from garlic in form 

of a formulation. Further, a chemical 

carcinogen caused modifications like 

depurination, deamination, and reactive 

oxygen species which including superoxide 

anion formation managed through 

especially permeable oxygen-bearing 

molecules from garlic. Diallyl sulfide 

(DAS), one of the important active 

substances of garlic, leads to growth 

suppression of tumor cells in vitro and 

promotes immune responses in vivo [69].  

Moreover, garlic-based drugs or 

unpurified extracts from green garlic cloves 

to promote apoptosis via the formation of 

reactive oxygen species in Hep3B cells 

[73]. Those additionally target DNA restore 

mechanisms and do recovery of a chain of 

metabolic and signaling pathways. [74]. 

The drug might also goal effectively on the 

right timing of cellular activities that 

may prevent cell cycle or delay it. Thus, the 

passage of anticarcinogenic impact via a 

checkpoint from one cell cycle phase can 

even require a coordinated set of proteins 

that monitor cell development and DNA 

integrity.  

The usage of herbal products /molecules in 

a state of deficiency of transcription and 

translation of cell cycle proteins may 

promote DNA synthesis and protein 

translation. Garlic, one of these substances 

that can prevent out of control cell division 

or propagation of harmed DNA and keep 

cells from genomic instability that offers 

rise tumorigenesis.  

Diallyl trisulfide does transcriptional 

repression and supression of nuclear 

translocation of the androgen receptor in 

human prostate tumor cells [75]. It 

additionally inhibits estrogen receptor- α 

activity in human breast tumor cells [76]. 

Thus garlic-based natural drugs have 

proven potential useful effects on tumor 

development and may ameliorate 

chemotherapy-promoted toxicities.  

SAllylmercaptocysteine SAMC from garlic 

elevates p53, Bax, and Bad ratio which 

suggests that apoptosis happens through the 

mitochondrial pathway [62].  

DADS induces apoptosis within the MCF-

7 breast-tumor cell line thru interfering with 

cell-cycle growth phases in a manner that 

raises the sub-G(0) population and 

substantially halts DNA synthesis [77]. It 

additionally induces phosphatidylserine 

translocation from the internal to the 
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external of the plasma membrane and turns 

on caspase-3 [77]. It also modulates the 

cellular levels of Bax, Bcl-2, Bcl-xL, and 

Bcl-w in a dose- based manner and display 

the involvement of Bcl-2 member proteins 

in apoptosis [77].  

Diallyl trisulfide (DATS) stimulates 

apoptosis and prevents the development of 

many tumor cell lines. Especially it 

stimulates apoptotic cell death in human 

primary colorectal tumor cells via a 

mitochondrial-dependent caspase cascade 

signaling pathway via a significant 

reduction of the anti-apoptotic Bcl-2 that 

leads to increasing of the ratio of Bax/Bcl-

2 and the activity of caspase-3, -8, and -9 

[61, 78]. It additionally elevates within 

the ranges of cytochrome c and caspase-3 

and caspase-9 activity [61].  

In the end, DATS support the apoptosis and 

stop the tumor cell growth in a 

concentration- and time-dependent manner 

[78]. DATS also spend chemo-preventive 

potential via ER stress and the 

mitochondrial passage in BCC cells [79]. 

DAS, DATS, and DADS obstructed COX-

2 and NF-κB for causing the suppression of 

cell growth [80]. 

Further, allicin additionally prevents the 

cell growth of U87MG human glioma cells 

in a dose- and time-dependent manner. 

Allicin-induced prevention of cell viability 

as a result of apoptosis of cells. The system 

of apoptosis had been to include the 

mitochondrial passage of Bcl-2/Bax and 

antioxidant enzyme systems [53]. 

Also, both diallyl tri- and tetrasulfide are 

indicated as strong inducers of a prior 

mitotic arrest and later apoptosis [59]. 

Diallyl tetrasulfide works independently of 

reactive oxygen species and tubulin 

represents one of its principal cellular 

objectives. Tubulin depolymerization 

blocks the creation of ordinary spindle 

microtubules, thereby cause a G2/M arrest. 

Moreover, c-jun N-terminal kinase, which 

stimulates early in reply to diallyl 

tetrasulfide treatment, intermediate 

multisite phosphorylation, and following 

proteolysis of the anti-apoptotic protein B-

cell lymphoma 2 [59].  

Similarly, both SFN Sulforaphane (SFN) 

and NaHS activate p38 mitogen-activated 

protein kinases (MAPK) and c-Jun N-

terminal kinase (JNK) [81]. Thus, pre-

treatment of PC-3 cells with 

methemoglobin lowering SFN-stimulated 

MAPK action. Suppression of each JNK 

and p38 MAPK reversed H(2)S- or SFN- 

decreased growth of PC-3 cells. H(2)S go 

between the inhibitory effect of SFN on the 

growth of PC-3 cells. Consequently, H(2)S- 

liberating diet or drug is 

probably useful inside the remedy of 

prostate tumor [81]. Further, phytoalexins 

display unique objectives in tumor cells 

that consist of signal transduction 

pathways, cell cycle checkpoints, nuclear 

receptors, intrinsic and extrinsic apoptotic 

paths, matrix metalloproteinase and cell 

invasion, transcription factors, and the 

phase II detoxification path. 

Thiacremonone inhibits cancer 

development accompanied by the decrease 

of glutathione peroxidase activity, but it 

shows an elevate in the aspect of cleaved 

caspase 3, -8, -9, Bax, p21 and p53) [82].  

Garlic extract increases cytotoxic and 

apoptotic activity in HL-60 cells that are 

mediated using oxidative stress [83], 

phosphatidylserine externalization, 

nucleosomal DNA fragmentation and the 

formation of MDA and caspase-3 

activation, a by-product of a biomarker of 

lipid peroxidation and oxidative stress[83].  

 

V. Role of Linoleic acid and 

conjugated linoleic acid found in 

garlic: 

 

1-Linoleic acid (LA):  

 

Even though all the ω -6s can directly 

immediately eat up the daily food, LA, the 
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precursor of ω -6s, is more abundant in 

plant seeds and oils, and as a result, is taken 

into consideration to be the principal 

dietary supply of all ω-6s. Research 

evidence indicates that LA can be 

concerned in both pro and anti-tumor 

activities.  

As an example, LA stimulates cell 

proliferation within the human breast tumor 

cell line BT-474 and the human lung tumor 

cell line A549 in vitro and promotes colon 

and prostate tumorigenesis and tumor 

growth in animal models [84, 85]. 

Alternatively, an excessive dose of LA 

decreases the proliferation of the colon 

tumor cell line Caco-2 [86], while an 

excessive intake of LA also shows a 

protecting impact on tumor improvement 

[87].  

 

2-Conjugated linoleic acids (CLAs):  

 

Conjugated linoleic acids (CLAs) are a 

sequence of isomers of LA (mainly cis-9, 

trans-11 and trans-10, cis-12) with 

conjugated double bonds in their structures. 

Although chemically not associated to the 

ω-6 family, CLAs can be produced from 

the endogenous biohydrogenation of LA 

via gastrointestinal tract bacteria [88, 89]. 

CLAs were extensively studied and proven 

to have anti-tumor effects in several tumor 

sorts both in vitro and in vivo.  

For example, in vitro research confirmed 

that CLA isomers ought to inhibit cell 

development in diverse tumor cell lines 

contain breast tumor cell line MCF-7 [90, 

91], colon tumor cell lines HT-29, DLD-1, 

and Caco-2 [92, 93], the prostate tumor cell 

lines PC-3 [91, 94, 95] and the gastric 

tumor cell line SGC-7901[96].  

 

3- γ -Linolenic acid:  

 

Evidence indicates that GLA is also related 

to anti-tumor activities both in vitro and in 

vivo. As an example, GLA decrease cell 

development of cell lines GOTO, NKP, 

SK-N-DZ,and NCG, the rat 

carcinosarcoma cell line LLC-WRC256 

,and a rat C6 glioma cell line in vitro [97, 

98]. A nutritional complement of GLA 

additionally decreased cancer development 

in an implanted WRC256 rat model [99].  

Extra interestingly, GLA- stimulate 

cytotoxicity was proven to exhibit 

excessive selectivity towards tumor cells 

without significant impact on regular cell 

growth. For example, the 

sequence of research recommended that 3–

7 days of incubation with GLA could 

selectively stimulate cell death in numerous 

human tumor cell lines, which including the 

human breast tumor cell ZR-75–1, the lung 

tumor cell A549, and the prostatic tumor 

cell PC-3, without affecting regular cell 

development [100, 101].  

GLA was proven to inhibit the growth of 

malignant rat astrocytoma cell line 36B10 

without affecting normal astrocytes. GLA 

additionally improved the radiation 

sensitivity of astrocytoma cells, but not 

regular astrocytes [102]. In the in vivo C6 

glioma rat model, the infusion of GLA was 

proven to enhance the frequency of cell 

apoptosis and regression in cancers, 

without influencing regular neural tissue 

and vasculature [97]. Consequently, GLA 

appears to be a promising tumor therapeutic 

agent with perfect characteristics, although 

the reason for the excessive selectivity in 

GLA- promoted antitumor effect still stays 

to be investigate. 

VI. Mechanisms of the anti-Tumor 

effects by stimulate cell apoptosis 

and change cellular fatty acid 

composition by Omega-6 fatty 

acids(ω-6s): 

The ω-6s had been proven to exert their 

anti-tumor proliferation effects via 

affecting gene and protein spreading, 

thereby disrupting cell cycle development 
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and inducing apoptosis. As an instance, in 

rat carcinosarcoma cells (LLC-WRC256), 

GLA caused cytochrome c launch related to 

modifications in mitochondrial metabolism 

and improved caspase 3 activity, thereby at 

the end leading to cell apoptosis [98]. 

Exogenous GLA remedy was also 

mentioned to stimulate apoptosis in human 

and rat glioma cell lines in vitro, while 

within the in vivo C6 glioma rat model, 

infusion of GLA elevated the frequency of 

cell apoptosis, cell death, and regression in 

tumors [97]. Remedy with CLAs, the 

derivatives of LA, lead to a G1 arrest in the 

HT-29 and DU-145 cell lines through 

increase the protein expression of the cell 

cycle inhibitor p21 and reducing the 

expression of cyclins A and D [94, 103]. 

CLAs have been additionally proven to 

induce  cell apoptosis in numerous tumor 

cell lines, like Caco-2, HT-29, dRLH-84, 

SGC-7901, and PC-3, probably through 

elevate  the expression and activity of pro-

apoptotic proteins (e.g. caspase 3, caspase 

9, and Fas) while reducing the expression 

of pro-growth and antiapoptotic proteins 

(e.g. ErbB3, phosphorylated Akt, BCL-2, c-

myc, and Ki-67) [92, 94]. 

Recommendation, However, further 

investigations are required to determine 

whether it is safe to give high-dose of garlic 

fractions or their components to breast and 

liver tumor patients as some of the garlic 

components, such as S-methyl cysteine 

(SMC), induced cardiomyocyte toxicity in 

rats when given in a large dose [104].   

• Recommendation 

However, further investigations are 

required to determine whether it is safe to 

give high-dose of garlic fractions or their 

components to breast and liver tumor 

patients as some of the garlic components, 

such as S-methyl cysteine (SMC), induced 

cardiomyocyte toxicity in rats when given 

in a large dose [104]. 
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