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Allicin is one of the main ingredients in garlic (Allium sativum L.). It is a bioactive sulfur compound maintained in various
plant sections in a precursor state.
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| 1. Introduction

Cancer, the second-leading cause of death worldwide, is one of the biggest public health problems, resulting in the annual
mortality of 10 million people [, Because of the detrimental effects that cancer and its treatment have on financial
resources and the healthcare system, greater focus must be paid to creating novel preventative and therapeutic
approaches that are both affordable and efficacious [&. Natural products are a viable source for the development of new,
effective anticancer medications because of their low toxicity, diversity of chemical structures, and capacity to target many
cancers 1. One of these compounds is allicin which is a potent bioactive in garlic 1. Its antitumor potential is reported in a
variety of tumor types . Furthermore, antibacterial (&, cholesterol-lowering I, anti-inflammatory &, and antiviral activities
of allicin are also described . Several studies have stated that the majority of the lipid-lowering, antioxidant, anti-
atherosclerotic, and anticancer effects of whole garlic, as seen in animals and humans, are submitted to allicin, or their
spontaneous transformation compounds (allyl polysulfides), or their common metabolite (allyl methyl sulfide, AMS) [L9I[LL].
Interestingly, an increasing amount of research indicates that allicin may target several cancer hallmarks, which are the
basic biological functions and characteristics that contribute to the occurrence and progression of cancer 2. The cancer
hallmarks include sustained proliferative signaling, evasion of growth suppressors, resistance to cell death, replicative
immortality, induction of angiogenesis, activation of invasion and metastasis, reprogramming of energy metabolism, and
evasion of immune destruction 21, It has been reported that allicin inhibits cancer cell proliferation, induces cell apoptosis,
and enhances the accumulation of reactive oxygen species 1415118l Figure 1 shows a summary of cancer hallmarks that
can be potentially targeted by allicin.
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Figure 1. Summary of the potential cancer hallmark targets for allicin.

| 2. Allicin
2.1. Allicin Chemical Structure and Formation

Garlic (Allium sativum L.) contains many well-known organosulfur compounds, including allicin or diallyl thiosulfinate
(Figure 2). Garlic does not naturally contain allicin; it can only be formed when the cloves are sliced or crushed &,
Freshly crushed garlic has a distinct odor due to this volatile molecule (allicin), which is weakly miscible in water 28, When
the garlic clove is chopped or cleaved, it activates the allinase enzyme. Following that, this enzyme transforms the amino



acid alliin (L-(+)-S-Allyl cysteine sulfoxide) into allyl sulfenic acid (2-propene-sulfenic acid), which is unstable and highly
reactive at room temperature. Then, two allyl sulfenic acid molecules spontaneously condense to generate allicin 12,
Diallyl sulfide (DAS), diallyl disulfide (DADS), diallyl trisulfide, allyl methyl trisulfide, dithiins, and ajone vinyldithiines are
some of the metabolites of allicin (22,
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Figure 2. Allicin chemical structure [S-(Prop-2-en-1-yl) prop-2-ene-1-sulfinothioate].
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2.2. Allicin Bioavailability

Clinical trial data on garlic’'s anticancer properties are inconsistent due to variations in the bioavailability of sulfur-
containing components between raw garlic and supplement formulations containing allicin as the main pharmacological
agent 1. Studies revealed that garlic extract possesses growth-inhibitory features that are attributed to its water-soluble
component, allicin [, It is produced by an enzyme alliinase, which reacts to an allin precursor when garlic is cut or
chewed 122, Fortunately, the half-life of allicin has been proven to be less than a minute, which indicates that it is digested
quickly 28! due to its quick penetration into several cell compartments. Allicin is highly unstable and thus has strong
membrane permeability and significant antioxidant activity L7, It can be stabilized by monoclonal antibody conjugation
and liposome encapsulation; this may also help in reducing its unpleasant aroma. Besides the above-mentioned
pharmacological properties, allicin also exhibits high gastrointestinal absorption and good blood-brain barrier permeability
(24125]  Several methods are considered to enhance the bioavailability and anticancer effects of allicin, such as
nanoformulations. For instance, a study suggested the use of cyclodextrin-based nanoparticles to improve the cellular
delivery of allicin. This approach significantly enhanced the efficacy of allicin in cancer treatment [28. Recently,
researchers utilized this method and encapsulated the compound in solid lipid nanoparticles (SLNs) coated with chitosan-
conjugated folic acid and administered it. The results revealed that these nanoparticles have the maximized potential to
trigger apoptosis and prevent free radicals in cancer cells by stimulating the intrinsic apoptosis pathways 24. Remarkably,
another study prepared allicin nanoformulations using gelatin nanoparticles (GNPs) surface-conjugated to glycyrrhetinic
acid. The application of these particles resulted in increased allicin cytotoxicity towards liver cancer cells (HepG2),
suggesting them a successful liver cancer therapy [28. In addition, an allicin-loaded folic acid and polyethylene glycol
(PEG)-modified chitosan/lecithin formulation was also developed to enhance the anti-colon cancer effects of allicin. Their
application notably increased allicin toxicity by upsurging caspase 3 and 9 expression and activation of intrinsic apoptotic
cascade in treated cancer cells. Additionally, it also confirmed allicin’s anti-angiogenic effects 22, Concludingly, combining
allicin with several nano-carriers may not only increase its cellular delivery and bioavailability but also have therapeutic
implications.

2.3. Allicin Toxicity

A randomized controlled trial has shown that high doses of allicin in susceptible individuals can result in a range of side
effects such as insomnia, vomiting, heartburn, dizziness, diarrhea, tachycardia, sweating, offensive body odor, and
flatulence B9, Chemically, allicin is a lipid soluble so it can cross the cell membrane and enter the cells easily to oxidize
cellular thiols and result in structural protein changes . A meta-analysis including eight studies of garlic plants showed
that the increased intake of allium vegetables was associated with an increased risk of colon disease in women and using
garlic supplements can increase the chances of colorectal cancer (CRC) 24,

2.4. Biological Functions

Allicin and its secondary metabolites have many important biological functions, such as anticancer effects. It not only
protects against tumors but also alleviates the adverse effects of anticancer treatment and enhances the
chemotherapeutic response 2. Allicin has an antioxidant, anti-inflammatory, antihypertensive, and cardiovascular
protective role in our bodies 22, As an antioxidant phytochemical, it scavenges reactive oxygen species (ROS) and
protects cells from oxidative DNA damage 23, Alongside this, allicin exhibits telomerase activity inhibition in both dose-
and time-dependent manners in gastric cancer cells. Thus, it can serve as a potent anticancer agent 24. Moving forward,



several studies have indicated that it potentially affects cancer cell growth, proliferation, and metastasis and encourages

apoptosis (programmed cell death) 424l Allicin also has an antipathogenic effect against bacteria, viruses, fungi, and

parasites. On the other hand, it can increase the gut's normal flora (beneficial bacteria) 4!,
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