Bioactive Compounds in Health and Disease 2018; 1(2): 16-35 Page 16 of 35
Review Article Open Access

Anticancer effects of garlic and garlic-derived bioactive compounds
and its potential status as functional food

Jacky Zong and Danik M. Martirosyan
Functional Food Institute, Dallas, TX 75252, USA
Corresponding author: Jacky Zong, Functional Food Institute, Dallas, TX 75252, USA

Submission Date: March 21%, 2018, Acceptance Date: June 28", 2018, Publication Date: June
30", 2018

Citation: Zong J., Martirosyan D.M., Anticancer Effects of Garlic and Garlic-derived Bioactive
Compounds and its Potential Status as Functional Food. Bioactive Compounds in Health and
Disease 2018; 1(2): 16-35. DOI: https://doi.org/10.31989/bchd.v1i2.530

ABSTRACT

Background: Garlic or Allium savitum has long been used to treat various diseases, including
cancer. The anticancer effects of garlic are linked to several garlic-derived organosulfur
compounds, including allicin, ajoene, DAS, DADS, DATS, and SAMC. Animal and in vitro
studies have demonstrated that garlic bioactive compounds may prevent cancer through
mechanisms such as inducing cell cycle arrest, promoting apoptosis, and inhibiting angiogenesis
in different cancer cells. Observational studies, including case-control and cohort studies, have
been conducted to confirm the protective effect against colorectal, gastric, and other cancers
associated with garlic-derived bioactive compounds and raw garlic consumption. However, the
results of these studies are mixed. We analyzed cell and animal studies in addition to
epidemiological studies using the FDA’s evidence-based review system for health claims and
FFC’s proposed standard for evaluating and developing functional food. Through our analysis, we
concluded garlic is not a functional food due to the inconclusive data from observational studies
and insufficient evidence from randomized clinical trials.
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INTRODUCTION

The first use of garlic Garlic dates back to thousands of years ago. Ancient civilizations like the
Egyptians, Chinese, Greeks, Romans, and Indians used garlic as a food ingredient and medicine.
Garlic originated from Central Asia and used in many cultures as a performance-enhancing
medicine. For example, early Greek Olympic athletes were given garlic to improve their
performance. Similarly, soldier’s diets often included garlic. Both Greeks and Romans believed
garlic could provide extra strength and courage for their soldiers. Garlic was used for other medical
purposes as well. For example, an ancient text from India 2000 years ago described the use of



Bioactive Compounds in Health and Disease 2018; 1(2): 16-35 Page 17 of 35

garlic as a treatment for heart disease and arthritis. Several other historical documents from India
and China also mentioned using garlic to treat digestive issues and fatigue [1, 2].

The well-documented medicinal use of garlic throughout human civilization is one of the
major reasons for the widespread consumption of garlic today. In 2016, more than 26 million
metric tons of garlic were produced globally, with China accounting for 80% of the production
[2]. In the United States, garlic consumption steadily increased since the 1980s to about 2.6 pounds
per capita. The rise in demand for garlic is likely due to the increased public acceptance of garlic’s
flavor profile, reported potential health benefits of garlic, and use of garlic in dietary supplements
[3]. Research has focused on garlic as a potential food component for the prevention of diseases
like hypertension, atherosclerosis, and cancer. Garlic prevents the development of diseases through
mechanisms linked to different bioactive compounds isolated from garlic. These compounds, such
as allicin, ajoene, diallyl sulfide (DAS), diallyl disulfide (DADS), and diallyl trisulfide (DATS)
are not only responsible for the possible prevention of diseases but also for the distinct flavors and
odors of garlic.

Because of the health potential of these bioactive compounds, garlic is considered by many to
be a functional food. While there is no legal definition for the term “functional food,” the
Functional Food Center (FFC) defines functional foods as “natural or processed foods that contain
biologically-active compounds; which, in defined, effective non-toxic amounts, provide a
clinically proven and documented health benefit utilizing specific biomarkers, for the prevention,
management, or treatment of chronic disease or its symptoms”[4].

The objective of this review is to examine recent findings on garlic and its bioactive
compounds and cancer. First, we examined preliminary studies, such as animal and in vitro studies,
investigating the effects of various garlic-derived bioactive compounds on cellular pathways
associated with cancer. Next, we evaluated evidence from epidemiological studies on the
relationship between raw garlic consumption and cancer risks. With these findings, the FDA’s
evidence-based review system for health claims, and the FFC’s proposed standard for evaluating
and developing functional foods, we analyzed the efficacy of garlic on cancer prevention,
management, or treatment and the status of garlic as a functional food.

GARLIC-DERIVED BIOACTIVE COMPOUNDS

Garlic or Allium sativum is a rich source of bioactive compounds, particularly organosulfur
compounds. Garlic-derived organosulfur compounds are categorized into two major classes: L-
cysteine sulfoxides and y-glutamyl-L-cysteine peptides. S-allyl-L cysteine sulfoxide, which is
commonly known as alliin, is the major constituent of L-cysteine sulfoxides found in whole garlic.
When fresh garlic cloves are chopped, crushed, or chewed, an enzyme called allinase is released.
Allinase converts the naturally-occurring alliin to allicin, a thiosulfinate responsible for the
distinctive aroma of garlic. Allicin can also be broken down to form various other organosulfur
compounds. These compounds include allyl sulfides like diallyl sulfide (DAS), diallyl disulfide
(DADS), diallyl trisulfide (DATS), ajoene, S-allymercaptogultathione (SAMG), S-
allymercaptocysteine (SAMC), and many other second metabolites derived from allicin (Figure
1). y-glutamyl-L-cysteine peptides are a group of hydrophilic peptides found in garlic. y-glutamyl-
S-allyl-L-cysteine, like alliin, is found in whole garlic and is an example of a y-glutamy|-L-cysteine
peptide. Other major y-glutamyl-L-cysteine peptides found in garlic and garlic products include
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S-allyl-L-cysteine  (SAC), trans-5-1-propenyl-L-cysteine, S-methyl-L-cysteine, and S-
allylmercaptocysteine.

Many of these organosulfur derivatives have been shown to exhibit properties beneficial to
human health, including anticancer properties. Accordingly, we will discuss studies examining the
molecular mechanism of various garlic-derived bioactive compounds on cancer through various
cellular pathways.

Figure 1. Chemical structures of major bioactive compounds found in garlic and garlic products
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Induction of Cell Cycle Arrest

Many in vivo and in vitro studies have observed cell cycle arrest, primarily in the G2/M phase, as
a mechanism induced by organosulfur compounds like allicin, DADS, DATS, ajoene, and SAMC
in different cancer cell lines by affecting various components of the cellular pathway [5]. DADS,
DATS have shown to reduce the expression of Cdc25C, a protein phosphatase responsible for the
dephosphorylation of threonine-14 and tyrosine-15 on the cyclin-dependent kinase
1(Cdk1)/cyclinB complex [6, 7, 8, 9]. The protein complex is an important maturation promoting
factor (MPF) for the initiation of cell mitosis. Without the dephosphorylation of threonine-14 and
tyrosine-15, the Cdkl/cyclinB complex cannot phosphorylate other target proteins that are
necessary to begin mitosis. MPF is also an important molecule during the process of mitosis. For
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example, the progression from metaphase and anaphase during mitosis requires MPF-induced
activation of a ubiquitin ligase called the anaphase-promoting complex (APC).

APC contains various subunits, including Cdc27, Cdc20, and Cdh1. APC is activated when
its subunits are dephosphorylated. Once it is activated, APC then ubiquitinates a protein called
securin. Securin is naturally present in cells binding to another protein called separase. When
securin is ubiquitinated by APC, separase is released from the protein complex and targets Sccl.
Sccl is a component of the protein complex cohesin, a protein ring that connects sister chromatids
during the metaphase. The degradation of cohesin by separase is necessary for the separation of
sister chromatids during the anaphase of mitosis. Degradation of other crucial molecular structures
during mitosis can also lead to cell cycle arrest. Z-ajoene has been found to induce mitotic arrest
in HL60 cells by disassembling microtubules. Microtubules play an important role as the major
component of the mitotic spindles which pull apart sister chromatids during the anaphase and
metaphase of mitosis [10].

DATS have been demonstrated to promote the inactivation of APC by phosphorylation of
APC subunits in LNCaP cells and HCT-116 cells [11]. DADS have also been shown to induce
G2/M phase cell cycle arrest by increase in reactive oxygen species (ROS) production. ROS causes
DNA damage which leads to cell cycle arrest to repair damaged DNA. DNA damage stimulates
p53 protein which is known as a tumor suppressor and is a regulator for another protein called p21.
The p21 protein acts as an inhibitor for Cdk, similar to that found in the Cdk1/cyclinB complex.
Several studies have demonstrated an increase in ROS production and p53 protein expression after
treating cancer cells with DADS [12, 13]. One study also observed SAMC inducing GO/G1 phase
cell cycle arrest by upregulation of p53 and p21 in breast cancer cells in a time and dose-dependent
manner [14]. Similarly, allicin increased p53 and p21 and promoted G2/M phase arrest in
esophageal and gastric cancer cells. [15, 16]. Another mechanism associated with DNA damage
can lead to G2 cell cycle arrest. DNA damage caused by ROS can prevent cells from initiating
mitosis due to the G2 cell cycle checkpoint. This mechanism is mediated by protein kinase Chk1,
which deactivates Cdc25 through phosphorylation in the presence of unreplicated or damaged
DNA. Inactivation of Cdc25 prevents the activation of MPF, leading to G2 cell cycle arrest. Studies
have demonstrated the importance of Chk1 in DATS-induced cell cycle arrest in prostate and colon
cancer cells [9, 11, 17].

Promotion of Apoptosis
Inhibition of apoptosis or programmed cell death is an essential mechanism that enables cancer
cells to grow uncontrollably in the body. Consequently, promotion of apoptosis in cancer cell has
been a major focus in cancer research. Various garlic-derived bioactive compounds have shown
promising results in inducing apoptosis in cancer cells, such as DAS, DADS, DATS, ajoene, and
SAMC. There are two major pathways in apoptosis: intrinsic and extrinsic. Extrinsic pathways
begin with signals received from outside of the cells. In many cases, this pathway is initiated by
Fas ligands (FasL) found on the surface of T lymphocytes. The targeted cells have a corresponding
surface receptor for FasL, known as Fas receptors (FasR).

Another similar ligand-receptor system is the TNF-o/TNFR1 model. The binding of the ligand
to the receptor in both of these models lead to the binding of adaptor protein FADD and TRADD,
respectively. The adaptor proteins are responsible for activating caspase-8 and subsequently
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caspase-3, protease enzymes that break down cellular structure during apoptosis. Organosulfur
compounds such as allicin have been shown to induce apoptosis through the extrinsic pathway by
upregulation of caspase-3 and 8 and TNF and Fas cell surface receptor activities [18, 19, 20].
Diallyl disulfide and diallyl trisulfide have also caused cancer cell death by increasing expression
of Fas receptors [21, 22, 23].

The intrinsic pathway of apoptosis begins within the cell, in the mitochondrial membrane.
Two important sets of proteins are involved: anti-apoptotic and pro-apoptotic protein. Naturally,
Anti-apoptotic proteins, including Bcl-2 and Bcl-XL, bind to pro-apoptotic proteins, such as BAX
and BAK, to prevent apoptosis from occurring. In cases where DNA damage or lack of survival
signals occur, anti-apoptotic proteins are blocked from binding to pro-apoptotic proteins. Proteins
such as BAX and BAK puncture holes in the mitochondrial membranes, allowing cytochrome C
to enter the cytoplasm. In the cytoplasm, cytochrome C then binds the Apaf-1 proteins to form a
complex that activates various caspases to begin degradation of cell structure. Many garlic-derived
organosulfur compounds exhibit pro-apoptotic activity by affecting the intrinsic pathway.

As mentioned before, generation of ROS by DADS and other garlic bioactive compounds lead
to DNA damage. The presence of DNA damage is a condition that often begins the pro-apoptotic
process by preventing anti-apoptotic proteins from binding to pro-apoptotic proteins. The direct
inhibition of the the expression of anti-apoptotic proteins is another mechanism to promote cancer
cell apoptosis, as demonstrated by various studies on the effect of ajoene on apoptosis in leukemia
cells [24, 25]. Similarly, induction of apoptosis by reduced expression of pro-apoptotic proteins
such as Bcl-2 and Bcl-XL, reduced Bcl-2/Bax interaction, elevated caspase-3, -8, and -9 activity,
increased cytochrome C release, and increased Apaf-1 protein levels have been demonstrated with
DATS [26, 27, 28, 29, 30, 31, 32], DADS [33, 34], DAS [32,35, 36, 37], allicin [19, 38, 39, 40,
41], and SAMC [42].

Inhibition of Angiogenesis

Angiogenesis is the natural process of new blood vessel formation in the body. However, it is also
a crucial mechanism for the growth of cancer cells. To sustain continual growth, cancer cells
promote angiogenesis to obtain the necessary nutrients from nearby blood vessels. It is also a
preliminary step for metastasis or the spreading of cancer cells from an initial site to a secondary
site. Cancer cells initiate angiogenesis by releasing pro-angiogenic molecules such as vascular
endothelial growth factor (VEGF). Surface receptors on the endothelial cells of the nearby
capillary, known as the vascular endothelial growth factor receptor 2 (VEGFR2), respond to pro-
angiogenic factors by releasing proteolytic enzymes including matrix metalloproteinase (MMP).
MMP and other proteolytic enzymes are responsible for breaking down the basement membrane
and extracellular matrix that would otherwise block the new blood vessel from reaching the tumor
cells from the nearby capillary. Continual release of VEGF from the tumor cells stimulates the
migration of the endothelial cells towards the tumor site and eventually achieve tumor
vascularization. Garlic-derived bioactive compounds have shown to target components involved
in angiogenesis to inhibit tumor growth. Treatment with allicin has shown to reduce concentration
and mRNA expression of VEGF [43, 44, 45, 46] and MMP [47, 48], as well as activation of
VEGFR2 [49]. Downregulation of MMP and VEGF concentration and expression were also
exhibited by DAS [50], DADS [50, 51], DATS [50, 52, 53,5 4], and alliin [55].
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Human Clinical Studies

While many studies on garlic-derived bioactive have been conducted using cell culture and animal
models, few human clinical trials can be found. One of these studies by Li et al. [56] examined the
effect of 200 mg/d of synthetic DATS and 100 ug of selenium every other day one month per year
for a total of three years on the risk for gastric cancer among the Chinese population. The double-
blind intervention study selected 2526 treatment and 2507 control subjects aged 35-74 years old
with either a medical history of stomach disorder, family history of tumor, or smoking and/or
alcohol consumption. A five-year follow-up was conducted after the intervention. The results
indicated that the relative risk for the entire intervention group was 0.67 (95% CI: 0.43-1.03) and
0.48 (95% CI:0.21-1.06) for malignant tumors and gastric cancer, respectively.

Furthermore, the relative risk for malignant tumor 0.51 (95% CI: 0.30-0.85) and gastric
cancer 0.36 (95% CI: 0.14-0.92) in men indicated that supplementation of DATS may exhibit
preventative effects against gastric cancer. Another intervention study following the same
methodology as the previous study included 2639 treatment and 2664 control subjects selected
from the rural area of China in Qixin County where gastric cancer is prevalent. Results from the
five-year follow-up revealed that the relative risk for malignant tumor (0.49, 95% CI: 0.26-0.88)
and gastric cancer (0.30, 95% ClI: 0.12-0.76) in men were statistically significant [57].

However, it remains unclear whether DATS supplementation is solely responsible for the
decreased risk of gastric cancer in these studies, as selenium has long been identified as a potential
anticancer agent [58]. Moreover, a total of only three months of DATS administration is not
adequate to confirm a correlation between DATS supplementation and reduced risk of gastric
cancer. As a result, further clinical studies must be conducted before drawing conclusions on the
anticancer effect of DATS and other allyl sulfides.

WHOLE GARLIC CONSUMPTION AND CANCER

Due to the promising results of the anticancer effects of garlic-derived bioactive compounds
demonstrated on various cancer cell lines, epidemiological studies have been conducted to validate
similar effects on cancer can be found in human beings after consumption of whole garlic over
time. The majority of the epidemiological studies investigating the correlation between garlic
consumption and risk of cancer so far were observational studies, such as cohort studies and case-
control studies. Colorectal and gastric cancer are the predominant cancers examined by the
selected epidemiological studies. However, garlic’s effect on several other cancers such as breast,
prostate, and lung cancer have also been reviewed.

Colorectal Cancer

Colorectal cancer refers to tumors located in the colon or rectum. Colorectal cancer has been a
primary focus of many cohort and case-control studies investigating the effects of garlic
consumption on cancer. However, results from the studies have been mixed. A case-control study
conducted by Levi et al. [59] examined the relationship between food groups and colorectal cancer
risk. The five-year study included 223 colorectal cancer patients and 491 controls. The results from
the study indicated a statistically significant inverse relationship between garlic consumption and
risk of colorectal cancer. The odds ratio was 0.32 (95% CI: 0.18-0.57) when comparing the highest
tertile of intake to the lowest tertile of intake.
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Table 1. Epidemiological studies on garlic consumption and colorectal cancer risk.

Study Country Level of  Subjects Serving Hazard Main Findings
evidence Risk/Relativ
e Risk/Odds
Ratio (95%
Cl)
Levi et al. Switzerland Case- 223 cases Highest OR Statistically significant
1999[59] control 491controls tertile of 0.32(0.18- inverse relationship
intake 0.57) between garlic
consumption and risk of
cancer
Giovannucci USA Cohort 205 cases >2 RR Strong, non-statistically
etal. study 47,949 servings/w  0.77(0.51- significant inverse
1994[60] controls eek 1.16) association between
garlic intake and risk of
cancer
Le USA Case- 1192 cases  Highest OR Strong, non-statistically
Marchand et control 1192 quartile of  Men 0.7(0.5- significant inverse
al 1997[61] controls intake 1.1) association between
Women garlic intake and risk of
0.7(0.5-1.2)  cancer
Galeone et Italy Case- 2280 cases  High OR Non-statistically
al. 2006[62] control 4765 tertile of 0.74(0.63- significant inverse
controls intake 0.86) association between
garlic consumption and
risk of cancer
Mengetal. USA Cohort 1029 men >1 HR 1.00 No association between
2013[63] study 1339 serving/da  (0.71-1.42) garlic intake and risk of
women y HR 1.21 colorectal cancer
(0.94-1.57)
Annema et Australia Case- 325 cases Highest OR No statistically
al. 2011[64] Control 384 quartile 0.86(0.68- significant correlation
Study controls (0.28+ 1.09) was found between
servings/d) garlic consumption and
cancer
McCullough USA Cohort 42,824 men >1 HR 1.04 Garlic consumption
etal. study 56,876 clove/day  (0.99-1.08) associated with non-
2012[65] women HR 0.95 significant increased

(0.91-1.00)

risk in men.
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Other studies have also shown strong but non-statistically significant, inverse associations
between garlic consumption and colorectal cancer risk [60, 61, 62]. Several recent studies have
not discovered any effects of garlic intake on colorectal cancer. Meng et al. [63] conducted follow-
ups of up to 24 years with 76,208 women from the Nurses’ Health Study and 45,592 men from the
Health Professionals Follow-up Study. After the follow-ups, 1029 men and 1339 women were
diagnosed with colorectal cancer.

After adjusting for age, body mass index, smoking before age 30, history of colorectal cancer,
history of endoscopy, regular aspirin use, physical activity, postmenopausal hormone use,
consumption of processed meat, alcohol consumption, calcium intake, total folate intake, total
vitamin D intake, and total energy intake, the hazard ratio associated with garlic intake for men
and women were 1.00 (95% ClI: 0.71-1.42) and 1.21 (95% CI: 0.94-1.57). The hazard ratios were
calculated by comparing intake of >1 serving/day and <1 serving/month. A case-control conducted
in Australia also reported a similar outcome, with an adjusted odds ratio of 0.86 (95% CI: 0.68-
1.09) when comparing the highest quartile to the lowest quartile of garlic intake [64]. There has
also been one cohort study that reported an increase risk of colorectal cancer associated with garlic
intake. The Cancer Prevention Study Il Nutrition Cohort collected information regarding garlic
consumption from 42,824 men and 56,876 women. Following 7 years of follow-up, 1,130 cases,
579 men, and 551 women with colorectal cancer were identified. A non-statistically significant
higher risk of colorectal cancer was associated with each additional serving of garlic per week in
men (HR=1.04, 95% CI: 0.99-1.08) [65].

Gastric Cancer

Many epidemiological studies reported positive outcomes related to garlic consumption and gastric
cancer risk. Two case-control studies have demonstrated that high consumption of garlic was
associated with significant decrease in risk of gastric cancer. The first study by Pourfarzi et al. [66]
included 217 cases and 394 controls from an Iranian population. The study reported subjects who
consumed garlic more than 3 times per week were at a significantly lower risk of gastric cancer
when compared to those who only infrequently or never consumed garlic (OR= 0.35, 95% CI:
0.13-0.95). Another case-control study carried out in Korea by Kim et al. [67] also observed a
statistically significant decrease in gastric cancer risk associated with garlic intake, as the odds
ratio when comparing the highest tertile to lowest tertile of intake was 0.53 (95% CI: 0.27-1.02).
Additionally, many studies conducted in different populations have reported non-statistically
significant inverse relationship between high consumption of garlic intake and risk of gastric
cancer [68, 69, 70, 71].
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Table 2. Epidemiological studies on garlic consumption and gastric cancer risk

Study Country Level of Subjects Serving Hazard Main Findings
evidence Risk/Relative
Risk/Odds Ratio
(95% CI)
Pourfarziet Iran Case- 217 cases >3 OR 0.35(0.13-0.95)  High consumption of
al. 2009[66] control 394 times/wk garlic significantly
controls reduces risk of

stomach cancer

Kim et al. Korea Case- 136 cases Highest OR 0.53(0.27-1.02)  Increased intake of
2002[67] control 136 tertile garlic is associated
controls with significant
decrease in gastric
cancer risk.
Takezaki et  China Case- 187 cases Everyday OR0.66 (0.37-1.17)  Non-statistically
al 2001[68] control 333 significant inverse
controls association between

high consumption of
garlic and risk of

cancer

Gao et al. China Case- 153 cases >1 OR 0.31(0.22-0.44) High consumption of

1999[69] control 234 time/wk garlic may be
controls associated with

reduced risk of
stomach cancer

Zickute et Lithuania Case- 79 cases  >1k/d OR 0.50 (0.23-1.08)  High consumption of
al. 2005[70] control 1137 garlic may reduce risk
controls of stomach cancer
Yassibas et  Turkey Case- 106 cases >1 OR 0.795(0.162- Non-statistically
al. 2012[71] control 106 time/day  3.899) significant inverse
controls relationship between
high garlic

consumption and risk
of gastric cancer
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Table 3. Epidemiological studies on garlic consumption and breast, prostate, and lung cancer risk.

Hazard
Level of . Type of . Risk/Relative L
Study Country evidence Subjects cancer Serving Risk/Odds Main Findings
Ratio (95% CI)
Statistically significant
Challier Case- 345 cases Weekly OR 0.3 (0.17- inverse assoc_latlon
etal. France control 345 controls Breast frequency 0.52) between garlic
1998[72] >16 ' consumption and breast
cancer risk.
Statistically significant
Pourzan Case- 56 cases >0.9 OR0.41 (0.20-  MVerse association
detal. Iran control 58 controls Breast Ida 0.83) between high garlic
2016[73] g/day ' consumption and cancer
risk.
Non-statistically
Levi et Switze Case- 107 cases Intermedi significant inverse
al. rland control 318 controls Breast ate tertile  OR 0.7 (0.4-1.1) association between garlic
1993[74] of intake consumption and risk of
cancer
Two or more servings of
Key et > garllc_ per Wgek were
al UK Case- 328 cases Prostate  servings/ OR 0.64 (0.39- assc_>0|_ated with o
1997[75] control 328 controls K 1.09) statistically non-significant
wee 36% reduction in risk of
prostate cancer
Non-statistically
Kirsh et 1338 cases >1 RR significant inverse
al. uUs Cohort 29,361 Prostate time/wk 0.88(0.76,1.03) association between garlic
2007[76] controls ' o consumption and risk of
cancer
Non-statistically
Hsing et i _ significant reduced risk of
al. China cC:rffrol i?i Ezietiols Prostate  >2.14 g/d (())51(;'47 (0.31 cancer is associated with
2002[77] ' high consumption of garlic
in men
Raw garlic consumption of
22 times per week is
Jinetal. China Case- 1424 cases Lun 22times ORO0.56 (0.44- inversely associated with
2013[78] control 4543 controls g per week  0.72) lung cancer with a
monotonic dose-response
relationship.
<o
Mvneni (j \tl:lr:eeks OR 0.56 (0.39-  Raw garlic consumption is
ot )z;I China Case- 399 cases Lun P 0.81) associated with a dose-
2016[79] control 466 controls g >0t OR 0.50 (0.34-  dependent reduced risk of
= lImes 0.74) lung cancer

per week
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Other Cancers

Garlic intake has also been shown to protect against other cancers besides colorectal and gastric
cancer. Two case-control studies [72, 73] performed in France and Iran both found a statistically
significant inverse association between garlic intake and breast cancer risk, while another case-
control study carried out in Switzerland observed a non-statistically significant reduction in breast
cancer risk [74]. Likewise, case-control and cohort studies examining the relationship between
garlic intake and prostate cancer reported promising results, suggesting positive effects of garlic
consumption for prostate cancer [75, 76, 77]. Two recent studies conducted in China evaluating
lung cancer risk and garlic intake also revealed reduced risk of cancer after consumption of whole
garlic. The promising results from the observational studies will likely lead to many more
epidemiological studies confirming the positive effect of garlic intake on various cancers.

EVALUATING SCIENTIFIC EVIDENCE: FDA’S EVIDENCE-BASED REVIEW
SYSTEM

In the United States, the term functional food has not yet been defined by any legislation.
Accordingly, the potential health benefits of functional foods are currently being communicated
through nutrient and health claims, which are also applied to conventional foods and dietary
supplements. Health claims are labeling claims which characterize a relationship between a food
or food component and a disease or health-related condition. There are two types of health claims:
authorized health claims and qualified health claims. Authorized health claims are approved health
claims that achieved significant scientific agreement among qualified experts during the FDA
scientific review of the claim. The FDA has established standards for evaluating significant
scientific agreement of a health claim in order to provide confidence in the relationship described
by the claim. Claims that are supported by scientific studies but do not meet the significant
scientific agreement standard are called qualified health claims.

The significant scientific agreement standards established by FDA emphasize two major
points when reviewing the scientific validity of a health claim: the totality of the publicly available
evidence related to the food/disease relationship described in the claim and significant scientific
agreement among qualified experts. The initial step for evaluating the totality of publicly available
evidence requires collecting data from various types of studies. These studies include animal and
in vitro studies, followed by epidemiological studies. Both observational and interventional studies
are examined as part of the review process. Observational studies, such as cohort and case-control
studies, serve as preliminary studies aimed to identify any association between a food and disease.
However, due to the design of such studies, observational studies do not assign a defined dosage
or nutrient intake level for the observed population. As a result, data from observational studies
are not sufficient to support a causal relationship between a food and a disease. On the other hand,
interventional studies, including randomized clinical trials, are designed to provide randomly
assigned subjects with or without a treatment dosage of the food substance. Therefore, these
studies provide stronger evidence for a food/disease causal relationship. Furthermore, the
measurements reported in the studies is another component considered when reviewing data.
Factors such as biomarkers, assessment method of dietary intake, and effects of other confounding
factors are also considered when reviewing scientific data. After identifying studies to review,
each individual study is examined closely. Aspects of the studies that are assessed include presence
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of bias or confounders, population studied, statistical methods, study intervention and outcome.
After evaluating each selected study, the FDA determines whether the totality of the evidence
supports the proposed health claim by determining the strength of the food/disease relationship.
Strong significant evidence supporting the relationship should outweigh other evidence suggesting
otherwise. The other half of the review process involves reaching a significant scientific agreement
among qualified experts [80].

The sophisticated reviewing process of health claims used by FDA can be useful to evaluate
the relationships between a functional food and a disease, such as that of garlic and cancer. For
garlic, it has been shown that cell and animal model studies have confirmed the anticancer activity
of bioactive compounds derived from garlic. Limited human clinical trials supplementing garlic-
derived organosulfur compounds along with selenium have also shown promising results on
reducing cancer incidence. Additionally, many observational studies investigating the effect of
garlic intake on cancer risks have reported a positive outcome, indicating an inverse relationship
between high garlic consumption and cancer risk. However, other studies observed no correlation
and even an increase in cancer risk associated with garlic intake.

Moreover, the lack of randomized clinical trials where subjects are prescribed defined
amounts of garlic, undermines findings suggesting there is a positive effect of garlic on cancer.
Due to the absence of high quality, randomized clinical trials using defined amounts of garlic-
derived bioactive compounds or raw garlic, it is difficult to conclude that the anticancer effects
reported from cell and animal model studies and epidemiological studies are clinically proven.
Accordingly, based on FDA’s significant scientific agreement standards for reviewing health
claims, it is difficult to establish a causal relationship between garlic and cancer. The conclusion
is supported by Kim and Kwon (2008) [81], who conducted an analysis on the relationship between
garlic intake and cancer risk using FDA’s review system for health claims. Selected studies
published between 1955 to 2007 were evaluated for scientific evidence. The analysis concluded
that no strong evidence supported the relationship between garlic intake and risk of gastric, lung,
and breast cancer. Furthermore, limited evidence was found for colon and prostate cancer.

EVALUATING SCIENTIFIC EVIDENCE: FFC’S STANDARDS FOR FUNCTIONAL
FOOD PRODUCTS

The FFC has developed the following steps for creating functional food products:

1. Examine the link between a particular food and health benefits.

2. Run invitro and in vivo studies with non-living and animal specimens, respectively. Find
the bioactive compound responsible for the health benefit.

3. Establish a daily value and possible mechanism of bioactive compound.

4. Run human studies. This involves administering human-appropriate dosages of Food
Bioactive Compounds and testing for adverse side effects.

5. Develop appropriate food vehicles for our bioactive compounds.

6. Obtain a special label for functional foods (with the information of daily usage amounts
and length of usage).

7. Make approved health claims (FDA’s Health Claims).
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8. Market to the public and educate them about the health benefits of functional food.
9. Run studies on populations to test for long-term effects and overall product effectiveness.
Measure public attitudes toward functional food.

Sufficient data from animal and in vitro studies have identified several garlic bioactive
compounds such as allicin, ajoene, DAS, DADS, DATS, and SAMC that are connected to the
anticancer effects of garlic. Different mechanisms by which the garlic-derived bioactive
compounds may prevent, manage, or treat cancer have been proposed and investigated in both
animal and cell culture model studies. These mechanisms include induction of cell cycle arrest,
promotion of apoptosis, and inhibition of angiogenesis.

Many epidemiological studies, primarily case-control and cohort studies, were conducted to
verify the anticancer effects of garlic in human subjects. However, there were not as many large
and randomized clinical trials demonstrating the efficacy of garlic in preventing, managing, or
treating various types of cancers. Few clinical trials using garlic-derived bioactive compounds
have been conducted but additional studies need to be repeated to confirm the results.

Clinical trials are also essential for determining an intake level that ensures the desired health
effect is achieved. The identified intake level should include a defined daily dosage and number
of days needed to consume at such dosage to achieve the desired effect. The currently available
case-control and cohort studies did not identify a recommended daily dosage or usage period for
garlic to prevent, manage, or treat cancer. Furthermore, the toxicity level and potential adverse
effects must also be evaluated by the epidemiological studies. There were no reports of toxicity or
adverse side effects associated with dietary garlic consumption reported in any of the studies
analyzed.

Based on FFC’s definition for functional foods, bioactive compounds are the backbone of the
Functional Food products. Consequently, it is important to identify exactly which bioactive
compounds are responsible for the observed health benefits. The next step towards identifying
garlic as a functional food is determining the exact amount of bioactive compounds which in
defined, effective, and non-toxic amounts provide a clinically proven and documented health
benefit. This must be done by utilizing specific biomarkers. As a result, conducting randomized,
controlled, and double-blind clinical studies are a necessary and subsequent step to confirm the
anticancer effect of garlic and garlic-derived bioactive compounds and to officially consider garlic
as a functional food.

CONCLUSION
Garlic-derived organosulfur compounds, including alliin, allicin, ajoene, DAS, DADS, DATS, and
SAMC found in garlic and garlic products have been shown to exhibit anticancer effects in animal
and in vitro studies. Through multiple cellular pathways, garlic bioactive compounds were able to
induce cell cycle arrest and apoptosis inhibit angiogenesis in different cancer cell lines. Results
from observational studies investigating the relationship between dietary garlic consumption and
colorectal, gastric, prostate, breast, and lung cancer were inconclusive.

Both the FDA’s evidence-based review system for health claim and FFC’s proposed standards
for evaluating functional food have highlighted the need for future large randomized clinical
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studies and other epidemiological studies to draw stronger conclusions on the efficacy of garlic on
cancer prevention.

Specifically, the FFC recommend defining the appropriate dosages and length of treatment
for garlic or garlic-derived bioactive compounds to ensure the desired health effects are achieved.
They should be determined through clinical and epidemiological studies. However, before
additional studies are reported and reviewed, garlic cannot be yet considered a functional food.
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