Review Article
Received on 22.06.2016, Accepted on 08.07.2016

Indian Journal of Dental Education
Volume 9 Number 4, October - December 2016
DOI: https://dx.doi.org/10.21088/ijde.0974.6099.9416.4

Garlic: A Boon for Oral Diseases
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Abstract

The garlic also known as Allium sativum. Garlic and onions are originally native to central Asia and are
among the oldest cultivated plants in the world Garlic has attracted particular attention of modern medicine
because of widespread belief about its effects in maintaining good health. It is part of a monocot genus of
flowering plants frequently referred to onion genus. The genus includes approximately 500 species [4] including
edible onions (A. cepa), garlics (A. sativum), shallots (A. ascalonicum), chives (A. schoenoprasum), and leeks
(A. porrum). Chemically garlic contains many active therapeutic components which are widely studies.Garlic
has anticariogenic, anti-oxident, antibacterial, antifungal properties and many more. This review presents the
scope and therapeutic application of garlic in oral diseases and dentistry.
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Historical Perspective

The garlic has been used throughout the world as
a medicine since last thousands of years. The use of
garlic as remedy has been described in Sanskrit
literature. The Latin name of garlic is allyl. Theodor
Wertheim, a German chemist (1844), have distilled a
pungent substance from garlic and named it allyl.
Louis Pasteur(1848) in Paris showed that allyl could
inhibit the growth of bacteria. The Babylonians,
Egyptians, Phoenicians, Vikings, Chinese, Greeks,
Romans and Hindus have used garlic for different
therapeutic purposes. Garlic was used as a remedy
for intestinal disorders, flatulence, worms, respiratory
infections, skin diseases, wounds, aging and other
diseases [1].

Some of the earliest references for therapeutic
application of garlic were found in Avesta, a
collection of Zoroastrian holy writings that was
probably compiled during the sixth century [1].
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During the earliest Olympics in Greece, garlic was
fed to the athletes for increasing stamina [2]. The
Indian and Ancient Chinese medicine recommended
garlic to aid in respiration and digestion.Garlic is
also used to treat leprosy and parasitic infections [3].
Al Qanoon Fil Tib (The Canon of Medicine) written
by Avicenna in 1988 recommended garlic as a useful
therapeutic compound in treatment of arthritis,
toothache, chronic cough, constipation, parasitic
infestation, snake and insect bites, gynecologic
diseases as well as in infectious diseases. Garlic has
attracted particular attention of modern medicine
because of widespread belief about its effects in
maintaining good health. Allium is the Latin word
for garlic. It is part of a monocot genus of flowering
plants frequently referred to onion genus. The genus
includes approximately 500 species [4] including
edible onions (A. cepa), garlics (A. sativum), shallots
(A. ascalonicum), chives (A. schoenoprasum), and
leeks (A. porrum). Garlic and onions are originally
native to central Asia and are among the oldest
cultivated plants in the world [4]. Garlic’s edible bulbs
are an important culinary spice and constituent of
traditional Chinese medicine. The allium has been
valued in many cultures for their pungent flavours
and culinary uses and for their health benefits for
over 4000 years [5,6]. Ancient medical texts from
Egypt, Greece, Rome, China, and India cite therapeutic
applications for Allium vegetables [5]. An Egyptian
medical papyrus,The Codex Ebers (~1550 B.C.) lists
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22 preparations in which garlic was added.
Hippocrates advocated garlic as a laxative and a
diuretic and Aristophanes and Galenal suggested
garlic for the treatment of uterine tumors [6].

Chemical Composition of Garlic

The chemistry of garlic is quite complex. It’s
clinical and pharmacological properties have been
extensively studied. Whole garlic cloves are intact
bulbs that contain an odorless, sulfur-containing
amino acid derivative. The primary sulfur-containing
constituents in whole intact garlic is glutamyl 7
cysteines and S allyl cysteine sulfoxides including
alliin. When the bulb is crushed or cut, alliin is altered
by the enzyme, alliinase and is converted into allicin.
Allicin is an oily, yellow liquid that gives garlic its
characteristic odor. Typical volatiles in crushed garlic
and garlic essential oil include diallyl sulfide (DAS),
diallyl disulfide (DADS), diallyl trisulfide, methyl allyl
disulfide, methyl allyl trisulfide, 2- vinyl-1,3-dithiin,
3-vinyl-1,2-dithiin and ajoene [6,7]. When crushed,
Allium sativum yields allicin, a powerful antibiotic
and antifungal compound. It also contains the sulfur
containing compounds alliin, ajoene, diallylsulfide,
dithiin, S-allylcysteine, enzymes, vitamin B, proteins,
minerals, saponins, flavonoids and maillard reaction
products which are non-sulfur containing
compounds. Phytoalexin is also called allixin has
anti-oxidative effects, antimicrobial effects, anti-tumor
promoting effects, inhibition of aflatoxin B2 DNA
binding and neurotrophic effects [8-10]. Sulfur- and
non-sulfur-containing chemical constituents have
been isolated from Bulbus Allii Cepae.The sulphur
compounds are the most characteristic. The organic
sulphur compounds of Bulbus Allii Cepae including
the thiosulfinates, thiosulfonates, cepaenes, S-oxides,
dioxides, monosulfides, disulfides, trisulfides and
zwiebelanes occur only as degradation products of
the naturally occurring cysteine sulfoxides [11]. Fresh
garlic contains water, carbohydrates, proteins, fiber,
fat as well as essential amino acids, vitamins and
minerals. When garlic is cut, chopped or crushed, the
clove’s membrane is disrupted and S-allylcysteine
sulfoxide is transformed enzymatically into allicin
by alliinase [11]. Allicin is responsible for the typical
odor of garlic but it is unstable and converts readily
into mono, di and trisulfides and other compounds
such as ajoene.

Allicin is an organo sulfur compound obtained
from garlic, a species in the family Alliaceae. Allicin
features the thiosulfinate functional group, R-S(O)-
S-R. The compound is not present in garlic unless
tissue damage occurs and is formed by the action of
the enzyme alliinase on alliin. Allicin begins to break

down quickly expecially if heated. Conversely its
breakdown can be slowed by refrigeration [12]. It was
first isolated and studied in the laboratory by Chester
J. Cavallito in 1944 [13]. This compound exhibits
antibacterial and anti-fungal properties [13].

Onions mainly contain S-propenylcysteine
sulfoxide [11] but also other sulfoxides, including S-
propylcysteine sulfoxide and S-methylcysteine
sulfoxide [14]. S-Propenylcysteine sulfoxide,
positional isomer of alliin, is called lacrimatory
precursor, because it is transformed by alliinase into
the lacrimatory factor propanethial S-oxide. The
lacrimatory factor is highly reactive and hydrolyzes
to propionaldehyde, sulfuric acid and hydrogen
sulphide. It is also the precursor of several sulfur
derivatives. Organosulfur compounds present in
Allium vegetables which are either lipid or water
soluble are considered responsible for the beneficial
effects of these herbs. Garlic derivatives generally have
a thioallyl moiety whereas onion extracts contain a
thiopropyl group with somewhat different chemical
properties. Further transformation of organo sulfur
compounds can occur after interaction with free
sulfhydryl groups including those present in cysteine,
glutathione or proteins [15,16]. Incubation of cystein
with allyldisulfide or diallylsulfide groups produces
S-allylmercaptocysteine and allylmercaptane
respectively [17]. S-Allylmercaptocysteine is further
transformed to allylmercaptane following incubation
with fresh blood. One study [18] in the isolated,
perfused rat liver showed that allicin is first
metabolized to diallyldisulfide which is further
reduced to allylmercaptane. Another study identified
allylmercaptane and allylmethylsulfide as
metabolites of diallyldisulfide and diallylsulfidein
primary rat hepatocytes [19]. Urine from healthy
individuals consuming garlic or onions contains N-
acetyl-S-allylcysteine and N-acetyl-S-(2-
carboxylpropyl)-cysteine [20-22]. Allylmercaptane
and diallyldisulfide have been found in human
breath after ingestion of garlic [23,24]. Allium
Vegetables contain similar quantities of many
nutrients, particularly macronutrients though garlic
is a richer source of many minerals, including
selenium. Onions, because they are consumed in
larger quantities than other Allium vegetables are a
more significant dietary source of carbohydrates, fiber,
potassium, iron, and vitamin C [25]. Allium
vegetables contain a variety of bioactive compounds
including flavonoids, oligosaccharides, arginine, and
selenium [26] however much of Allium’s health
benefits and the majority of studies on them focus on
their sulfur-containing components [26,27]. In fact,
sulfur comprises approximately 1% of the dry weight
of garlic [28] and up to 0.5% of the dry weight of onions
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[29]. Sulfur-containing compounds in garlic are
largely derived from the precursors y-glutamyl-S-
alk(en)yl-L-cysteines and S-alk(en)yl-L-cysteine
sulfoxides [30]. Alliin S-allylcysteine sulfoxide is the
major ASCO found in garlic [30]. Upon damage or
crushing of the vegetable bulbs, the enzyme alliinase
is released from the vacuoles of cells and catalyzes
the cleavage of ASCOs to sulfenic acid intermediates
[31]. The intermediates are highly reactive and
rapidly produce thiosulfinate compounds via
condensation reactions. The major garlic thiosulfinate
produced is allicin. Allicin and its oil-soluble
metabolites are largely responsible for garlic’s odor.
Allicin is unstable and breaks down further to ajoene,
vinyldithiins and sulfides including diallyl sulfide
(DAS), diallyl disulfide (DADS) and diallyl trisulfide
(DATS)[27,32-34]. In onions, cleavage of isoalliin and
other precursor compounds and the subsequent
condensation of the sulfenic acid intermediates
results in the formation of lachrymatory factor
(thiopropanal S-oxide) and in thiosulfonates, bis-
sulfines, sulfides including DAS, DADS, and DATS;
zweiebelanes, and cepaenes, all of which contribute
to the flavor of onions [27, 30,35].

Uses in Oral Diseases

Oesophageal Cancer

Chen et al found that consumption of raw garlic at
least one time per week was associated with reported
incidence of 0.2% of esophageal cancer in Taiwanese
men. The Italian and Swiss case-control study also
reported that consumption of >7 portions of garlic
per week was protective against esophageal cancer
and that increasing garlic intake was protective [36].
The WCRF/AICR report reviewed one cohort and
eight case-control studies that assessed the effect of
garlic, onions or Allium vegetables collectively on risk
of esophageal cancer [37]. Only one of the case-control
studies showed a statistically significant decrease in
risk. Substantial evidence indicates that garlic extracts
can inhibit a range of Gram-negative and Gram-
positive bacteria and serve as antifungal agents [38].
Various sulfur compounds including allicin, DAS,
DADS, and ajoene derivatives may contribute to
garlic’s antimicrobial properties [39]. Garlic’s
inhibitory effect against the bacteria Helicobacter
pylori is of note as H. pylori colonization of the gastric
mucosa is linked with gastritis and a greater
propensity to develop gastric cancer. Cellini et al [40]
demonstrated that aqueous garlic extracts (2-5 mg/
ml) inhibited H. pylori proliferation. Both DAS and
DADS elicited a dose dependent depression in H.

pylori proliferation in culture [41]. Raw garlic extracts
and three commercially available garlic tablets varied
in their efficacy against H. Pylori as indicated by
minimum inhibitory concentrations in the range
between 10 to 17.5 ng dry weight/ml [42]. The ability
of garlic to reduce H. pylori infection in humans is
inconclusive. While an epidemiological study
suggested an association between increased garlic
consumption and reduced H. pylori infection [43].
Two clinical studies that tested different garlic
preparations in H. pylori infected subjects did not
show efficacy [44,45]. Neither of these interventions
resulted in the elimination of the organism, change
in the severity of gastritis or a significant change in
symptom scores. Both studies were not randomized
and had small sample sizes suggesting that a well-
designed clinical trial is still needed to determine the
efficacy of garlic consumption in reducing H. pylori
infection and symptoms.

The primary antimicrobial effect of garlic may
reflect chemical reactions with selected thiol groups
of enzymes and/or a change in the overall redox state
of the organism. Specifically the antimicrobial action
of allicin and its breakdown products has been
suggested to be due to its rapid interaction with SH-
containing molecules including amino acids and
cellular proteins within microbial organisms [46].
Changes in thiol status have been suggested as one
possible mechanism by which garlic and related
sulfur compounds might also suppress tumor
proliferation.

Anticariogenic

In one study done in Bapuji dental college and
hospital, Davangere, Karnataka, India, it was
concluded that garlic mouth wash is significantly
active against streptococcus mutans and lactobacilli
and found that garlic significantly reduced bacterial
count on 14th day even after discontinuation of
mouthwash on 7th day [47]. In an in vitro study [48]
inhibitory activity of garlic extracts on multidrug -
resistant (MDR) strains of Streptococcus mutans
isolated from human carious teeth was assessed all
isolates MDR and non MDR of S mutans were
sensitive to garlic extracts with the MIC ranging from
4 -32pgml [7]. Garlic cloves can be used as a remedy
for fungal infections such as oral thrush [49].

Antibacterial and Antifungal

Allium sativum, commonly known as garlic, is one
of suggested alternatives to antibiotics with
antibacterial effects against a wide range of bacteria
including Escherichia, Lactobacilli, Helicobacter
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pylori, Pseudomonas aeruginosa, Klebsiella
pneumonia and Mycobacterium tuberculosis [50-55].
Streptococcus mutans are responsive to garlic extract
with the minimum inhibition concentration ranging
from 4 to 32 pg/ml [56]. Garlic extract was sensitive
particularly to P.gingivlais, P.Intermedia, A.
actinomycetemcomitans, F. Nucleatum and had
lower minimum inhibitory concentration (MICs) and
minimum bactericidal concentration (MBCs) than the
other gram negative organisms tested. Trypsin like
activity and total protease activity are almost
completely inhibited by garlic extract, apparently
through allicin’s affinity for thiol groups [57]. Bakri
IM et al confirmed the antifungal activity of garlic 12
against C. albicans described by Ghannoum MA.
Ledezma [58] et al demonstrated that ajoene, an active
compound in garlic may play a role as a topical fungal
agent.

Aphthous Ulcer

The major component of garlic is allicin, which
could effectively decrease inflammatory factors
secretion, reduce the migration of neutrophils, inhibit
bacterium and virus, antagonize oxidation and
regulate immunity. By these bioactivities of anti-
inflammation, anti-microbial activity, anti-oxidation
and immunomodulation, the allicin may be an
effective therapeutic candidate to control the pain,
promote ulcer healing and prevent the recurrence of
RAU [59].

Herpes Simplex Virus Infection

Fresh garlic extracts in which allicin is known to
be the main active component have been shown to
have in vitro and in vivo antiviral activity. The viruses
that are sensitive to garlic extracts are the human
cytomegaloviruses and herpes simplex virus typel
[60].

Anti Oxidant Properties

Abundant research has established garlic and its
organosulfur compounds to be strong antioxidants.
Garlic protection against oxidant induced damage
can be Credited to major compounds in garlic extract
like Sallycysteine (SAC) and S-allylmercapto-L-
cysteine, by displaying radical scavenging activity
and modulating cellular antioxidant enzyme activity
[61].

Oral Cancer

The chemoprotective effect of garlic oil on 7, 12-

dimethylbenzanthracene (DMBA) induced
carcinogenesis in sub-maxillary salivary glands of
male wistar rats was studied. There is evidence from
the study that betacarotene can indeed function as a
non-conventional antioxidant at low oxygen
pressures and thus render protection against cancer
by preventing lipid peroxidation in vivo [62]. Ina 7,
12-dimethylbenz[a]anthracene (DMBA)-induced
hamster buccal pouch carcinogenesis model, water
extracts of fresh garlic induced apoptosis of malignant
cells and completely prevented the onset of oral
carcinoma [63]. Inhibition of nitrosamines and
heterocyclic amines — Nitrosamines and heterocyclic
amines (HCA) are potential dietary carcinogens
which are not normally present in foods but may arise
during preservation or cooking [64]. Evidence points
to the ability of allyl sulfur compounds to suppress
the spontaneous and bacterial mediated formation of
nitrosamines [65], although not all allyl sulfur
compounds prevent nitrosamine formation equally.
SAC and its analog S-propyl cysteine, but not DADS,
dipropyl disulfide, or DAS, retarded nitrosamine
formation, suggesting a critical role for a cysteine
residue in inhibition [66]. Further, water extracts of
garlic, deodorized garlic powder, and onion, but not
leeks, decreased nitrosamine formation [66]. The
reduction in nitrosamine formation may be a result of
increased formation of nitrosothiols, as sulfur
compounds might reduce nitrite availability for
nitrosamine formation [67]. In humans, ingesting 5 g
of garlic per day completely blocked the enhanced
urinary excretion of nitrosoproline, an indicator for
the synthesis of potentially carcinogenic
nitrosamines, that occurred as a result of ingesting
supplemental nitrate and proline [68]. More recent
evidence suggests that as little as 1 g of garlic may be
sufficient to suppress nitrosoproline formation [69].

Warts

In a preliminary trial, topical application of garlic
cloves was used successfully to treat warts in a group
of children. A clove was cut in half each night and
the flat edge of the clove was rubbed onto each of the
warts, carefully cleaning the surrounding areas, so
as not to spread any garlic juice. The areas were
covered overnight with Band-Aids or waterproof tape
and were washed in the morning. In all cases, the
warts cleared completely after an average of 9 weeks
after an average of nine weeks [70,71].

Anti protozoal Properties

Several studies have shown that the extract was
effective against a host of protozoa including Candida
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albicans [72], Scedosporium prolificans [73], tinea
pedis [74], Opalina ranarum, Balantidium entozoon,
Entamoeba histolytica, Trypanosomes, Leishmania,
Leptomonas, and Crithidia [75]. Due to the occurrence
of unpleasant side effects and increasing resistance
to the synthetic pharmaceuticals, garlic was
recommended for the treatment of giardiasis.
Inhibitory activity of garlic on giardia was noted with
crude extract at 25 pg/mlL and the lethal dosage was
established as approximately 50 pg/mL. Encouraged
by these results, a clinical trial was carried out on
patients that had giardiasis [76]. Garlic was
established as an antigiardial, removing the
symptoms from all patients within 24 h and
completely removing any indication of giardiasis from
the stool within 72 h at a dosage of 1 mg/mL twice
daily aqueous extract or 0.6 mg/mL commercially
prepared garlic capsules.

Adverse Effects of Garlic

Case reports have highlighted the possibility that
garlic use may cause allergic reactions (allergic
contact dermatitis, generalized urticaria, angiedema,
pemphigus, anaphylaxis and photoallergy),
alteration of platelet function and coagulation {with
a possible risk of bleeding) and burns (when fresh
garlic is applied on the skin, particularly under
occlusive dressings). It causes Heartburn and
flatulence.Because of garlic’s anti-clotting properties,
people taking anticoagulant drugs should check
with their doctor before taking garlic. Those
scheduled for surgery should inform their surgeon
if they are taking garlic supplements [77]. Garlic
should not be taken during pregnancy since it has
abortifacient properties. It should also be avoided
during lactation as it has been shown to enter breast
milk, altering the odour of the milk and affecting the
suckling behaviour of the infant [78]. Garlic is known
for causing halitosis as well as causing sweat to
have a pungent ‘garlicky” smell which is caused by
Allyl methyl sulfide (AMS). AMS is a gas which is
absorbed into the blood during the metabolism of
garlic; from the blood it travels to the lungs (and
from there to the mouth causing bad breath) and
skin where it is exuded through skin pores. Washing
the skin with soap is only a partial and imperfect
solution to the smell.Raw garlic is more potent and
therefore cooking garlic reduces the effect [79,80].
Increased bacterial biofilm formation on orthodontic
wire [81]were reported when garlic extract used as
a mouth wash [81]. Finally, garlic may enhance the
pharmacological effect of anticoagulants (e.g.
warfarin, fluindione) and reduce the efficacy of anti-
AIDS drugs (i. e. saquinavir) [82].

Conclusion

As the medicine is moving towards use of more
herbal products, due to its vast therapeutic potential
the garlic can be utilized as herbal medicine for
treatment of many oral diseases and other medical
conditions. However more research studies are
needed to explore this herbal medicine.
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