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ABSTRACT

From ancient time garlic has been used as food, spice and household medicine for several common problems such as high cholesterol, high blood pressure, skin
problems and fungal infections while its biological function is to repel herbivorous animals. The word garlic derived from the Germanic word being composed
of two elements. One is gar means spear and refers to the pointed leaves and second element lic which generally mean either leek or onion. The therapeutic
effect of garlic is due to organic sulfur compound such as alliin which metabolize to other sulphur compounds such as allicin, ajoene, allyl sulfides and
vinyldithiines. This review covers the study of pharmacognosy, phytochemistry, pharmacology, its valuable effects, different herbal formulas for various
diseases, garlic preparations, marketed formulations along with its major side effects and contraindication.
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Garlic, probably nature’s most potent food, is a vegetable belongs to the
Allium (Allium sativum), a class of bulb-shaped plants belongs to the family
Liliaceae.[1]  It is an important condiment crop in the country. It is not only a
herb used as spice and food but also possess medicinal properties.

PHARMACOGNOSY

Vernacular names [2]  :
Sansk. : Rasona, Yavanesta
Assam : Maharu
Beng. : Lasuna
Eng. : Garlic
Guj. : Lasan, Lassun
Hindi. : Lahasun
Kan. : Billuci
Mal.: Vellulli, Nelluthulli
Mar. : Lasun
Tam. : Vellaipoondu
Tel. : Vellulli, Tellapya, Tellagadda
Urdu. : Lahsan, Seer

Description [2]

a) Macroscopic character:
Drug occurs as entire bulb or isolated cloves (bulblets); bulb sub-globular, 4-6
cm in diameter, consisting of 8-20 cloves, surrounded by 3-5 whitish papery
membranous scales attached to a short, disc-like woody stem having numerous,
wiry rootlets on the under side; each clove is irregularly ovoid, tapering at
upper end with dorsal convex surface, 2-3 cm long, 0.5 - 0.8 cm wide, each
surrounded by two very thin Papery whitish and brittle scales having 2-3
yellowish green folded leaves contained within two white fleshy, modified leaf
bases or scales; odour is pungent and disagreeable. Taste is acrid.

b) Microscopic character:
A clove of bulb shows tri to tetrangular appearance in outline; outer scale
consists of an outer epidermis, followed by hypodermal crystal layer, mesophyll
made of parenchyma cells and an inner epidermis; both outer and inner epidermis
consists of sub rectangular cells; hypodermis consists of compressed, irregular,
tangentially elongated cells, each cell having large prismatic crystals of calcium
oxalate, while many cells contain small prismatic crystals also, mesophyll
several layers of parenchymatous cells having a few vascular tissues with spiral
vessels; inner epidermis similar to outer one; inner scale similar to outer scale
but outer epidermis composed of sclerenchymatous cells; prismatic crystals in

hypodermis slightly smaller. In surface view cells of outer epidermis elongated,
narrow with thin porous wall while those of inner epidermis similar to outer
one but non-porous; cells of hypodermal crystals of calcium oxalate, many
cells also contain small prismatic crystals in addition to bigger ones; inner
scale shows markedly sclerenchymatous cells with greatly thickened walls and
very narrow lumen; cells of hypodermal crystal layer somewhat smaller with
walls more frequently pitted, size of crystals also smaller.

Identity, Purity and Strength
Foreign matter : not more than 2 Percent
Total ash : not more than 4 Percent
Acid-insoluble ash : not more than 1 Percent
Alcohol-soluble extractive : not less than 2.5 Percent
Loss on drying : not less than 60 Percent
Volatile Oil Not : less than 0.1 Percent

Dose as per WHO
For adults daily dose is 2 to 5 g of fresh garlic (approximately one clove), 0.4
to 1.2 g of dried garlic powder, 2 to 5 mg of garlic oil, 300 to 1,000 mg of garlic
extract, or other formulations that are equal to 2 to 5 mg of allicin.

PHYTOCHEMISTRY
Garlic contains a number of organic sulfur compounds e.g. alliin, allicin (allyl
2-propenethiosulfinate or diallyl thiosulfinate), ajoene, diallyl trisulfide, S-
allylcysteine, vinyldithiines, S-allylmercaptocystein, and others which are
responsible both for garlic’s pungent odor and its therapeutic effects.

Garlic smell may be present in sweat and breathe following heavy consumption
because of garlic’s strong-smelling sulfur compounds are metabolized, forming
allyl methyl sulfide which cannot be digested so passed into the blood and
excreted from lungs and the skin.[3, 4] Alliin, present in the undamaged cloves of
garlic is odorless sulphur containing amino acid derivative (+) - S- allyl- L-
cysteine sulfoxide constitutes 1.2% fresh weight of garlic.[5] Enzymes present
in garlic like allinase, peroxidases, myrosinase, vitamins such as vitamin A,
vitamin B1 (thiamine), vitamin B2 (riboflavin), vitamin B6 and vitamin C,
proteins, minerals like calcium, copper, iron, manganese, phosphorus,
potassium and selenium, saponins, flavonoids, and maillard reaction products,
which are non-sulfur containing compounds. One more non-sulfur compound,
phytoalexin called allixin (3-hydroxy-5-methoxy-6-methyl-2-penthyl-4H-
pyran-4-one) was found to be present a with a γ-pyrone skeleton structure.
Mechanical injury due to crushing of garlic activates the enzyme allinase
which metabolizes alliin to allicin which is the key originator of garlic’s bioactive
compounds. Allicin is further metabolized to other sulfur compounds, including
ajoene, allyl sulfides, and vinyldithiines.[6-12] Allicin, di-allyl thiousulfinate or
diallyl disulfide is an oily, yellow liquid with a characteristic odour slightly
soluble in water and soluble in alcohol and decomposes on heating. [13, 14] In the
body, it oxidizes the haemoglobin in the blood to methemoglobin. Thus
decreases the ability of haemoglobin to carry oxygen. Allicin is a highly unstable
compound but now it is possible to produce stable allicin using advanced
technologies and stability of allicin can be evaluated by using different modern
analytical techniques like gas chromatography, non healing HPLC.[15]  T.L.C.
of the alcoholic extract on Silica gel ‘G’ plate using n-Butanol : Isopropanol :
Acetic acid: Water (3: 1: 1: 1) as a solvent system shows presence of  a variety
of compounds[2] shown in following table 1
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Table 1 : Rf values of some suspected compounds with their sensitivity

S.N. Rf value of suspected compounds                                     Sensitivity

1. 0.58, 0.72 (both light blue)                                  UV (366 nm)
2. 0.18, 0.26, 0.34, 0.38, 0.46, 0.58, 0.72, 0.77 and 0.93 (all yellow)                  Iodine vapour
3. 0.26, 0.38, 0.46, 0.58, 0.67, 0.72 and 0.93 (all pink)                                 Ninhydrin reagent
4. 0.26, 0.38, 0.46, 0,58, 0.67, 0.72 and 0.93 (all grey)                              Vanillin-Sulphuric acid reagent

Nutritional Constituents [16]

Garlic holds all the best properties for which it is consider as a food. It has been
used as a food for many of years. Traditionally it is used to add flavour to food.
The nutritional value of garlic is described in the following table 2

Table 2 : Nutritional value of garlic

USES [17]

Antibacterial/Antifungal, Antimycotic/Antiviral, Hypoglycemic, Anticoagulant
(antiplatelet aggregating), Fibrinolytic activity enhancement, Lipid lowering,
Antioxidant /Anticancer, Hypotensive, Hepatoprotective, Immunomodulatory,
Aphrodisiac, Expectorant, Stimulant, Diuretic, carminative etc.

Uses according to ancient medical text
•For the treatment of heart disease and arthritis (Charaka-Samhita).
•For the treatment of fatigue, parasitic disease, digestive disorder and leprosy
Bower Manuscript (~300 AD).[18]

•For the treatment of toothache, constipation, dropsy and plague.[18]

•For the treatment of digestive disorders, infestation with worms and renal
disorders, as well as to help mother during difficult childbirth.[19]

•To aid respiration.[20]

GARLIC PREPARATION
There are different garlic preparation viz. garlic oil macerate, garlic essential
oil, garlic powder, garlic extract showing in Flow Chart 1

Some marketed formulations and herbal formulas[21] of garlic are described in
the following table no 3 and 4 respectively.

Brand name Amount of allicin produced by the product

Allimax® 180 milligrams of allicin powder
Kwai™* 1.8 milligrams*
Garlique™* 5.0 milligrams*
Pure Gar™* 10.0 milligrams *
Garlimax™* 5.5 milligrams*
Garlic Powder™* 3.0 milligrams*

Table 4 : Some herbal formulas involving garlic
Formula Consists of

Anticancer formula Broccoli, garlic juice, onions and ginger and few drops of graviola tincture
anti-plague formula Garlic, vinegar, comfrey root, wormwood, lobelia, marshmallow, white oak,

black walnut, mullein, skullcap, uva-ursi
Asthma formula Extracts of Comfrey leaf, Mullein, Garlic and glycerin
Respiratory Relief Syrup Onion Juice, Garlic Juice, Fennel, Nettle, Mullein and Chickweed
Cold sore relief formula Golden Seal Root, Garlic and Skullcap
Breathing Aid Formula Brigham Tea, Horseradish, Marshmallow, Cayenne, Garlic, Rosehips,

Watercress, and Feverfew.
Bowel Formula Aloe, Senna, Cascara Sagrada, Gentian Root, Ginger Root, Garlic, Cayenne,

Turkey Rhubarb, and Flax Seed also with X-Ceptic, Oak Bark, Golden Seal Root,
Myrrh, Garlic and Capsicum

PHARMACOLOGICAL STUDY
Allicin exhibits antibacterial and anti-fungal properties.[22]  Wills E. D. reported
that specific interference with the sulfhydryl enzymes may be the cause of
allicin’s antimicrobial properties.[23]

Literature survey reveals that allicin may reduce chances of atherosclerosis
and fat deposition maintain the lipoprotein level, decrease blood pressure,
have anti-thrombotic and anti-inflammatory activities, and function as an
antioxidant to some extent.[24-32]

Allicin disables dysentery-causing amoebas by blocking two groups of enzymes,
cysteine proteinases and alcohol dehydrogenases by reacting with one of their
important components known as sulfhydryl (SH) groups, or thiols. Cysteine
proteinases, a significant contributor to amebic virulence, as well as alcohol
dehydrogenase, are strongly inhibited by allicin.[33]  Allicin inhibits the platelets
aggregation in vitro without affecting cyclogenase or thromboxane synthase
activity c-AMP levels or altering the vascular prostaglandin synthase activity.[34]

Ajoene, chemically more stable than allicin, have anti-thrombosis, anti-
microbial and cholesterol lowering activities. Ajoene strongly inhibits the
metabolism of arachidonic acid by both cyclooxygenase and lipoxygenase
pathways thus inhibiting the synthesis of thromboxane A2 and 12-HETE.[35, 36]

Antiaggregatory effect of ajoene may also be due to its direct interaction with
the putative fibrinogen receptor (GPIIb/IIa).[37]  It inhibits proliferation and
induces apoptosis of several human leukaemia CD34-negative cells including
HL-60, U937, HEL and OCIM-1.[38] Topical application of ajoene may be
useful in patients with skin basal cell carcinoma.[39]  It also  shows  activity
against Aspergillus niger, Candida albicans, Paracoccidioides-Brasiliensis, and
Fusarium species  and  act as  antioxidants by  inhibiting the  interactions  of
leukocytes  which mediate release of superoxide anion.[21]

The two major compounds in aged garlic, S-allylcysteine and S-allylmercapto-
L-cysteine, were found to have highest scavenging activity. Allixin (3-hydroxy-
5-methoxy-6-methyl-2-penthyl-4H-pyran-4-one), a non sulfur compound in
garlic have anti-oxidative effects, anti-microbial effects, anti-tumor effects,
inhibition of aflatoxin B2 DNA binding, and neurotrophic effects.[40, 41]

Beneficial effects of garlic

Garlic as antioxidant
Rabinkov A. et al investigated the antioxidant properties of allicin and its
precursor alliin in the Fenton oxygen-radical generating system [H2O2-Fe (II)]
using the spin trapping technique and ESR. Allicin irreversibly inhibited SH-
protease papain, NADP (+)-dependent alcohol dehydrogenase from
Thermoanaerobium brockii (TBAD), and the NAD (+)-dependent alcohol
dehydrogenase from horse liver.[42] Aged garlic extract (AGE) is obtained by
storing sliced raw garlic in 15-20 % ethanol for 20 months. Long-term
extraction of garlic results in the conversion of unstable molecules into stable
and highly bioavailable water-soluble organosulfur compounds, such as S-
allylcysteine and S-allylmercaptocystein with significance antioxidant activity.
AGE mainly contains S-allyl cysteine (SAC), S-allyl mercaptocystein, allixin,
N-alpha-(1-deoxy-D-fructos-1-yl)-L-arginine (Fru-Arg) and selenium.[43, 44]  AGE
exerts its antioxidant action by scavenging reactive oxygen species and
enhancing the cellular antioxidants, like reduced glutathione superoxide
dismutase, catalase and glutathione peroxidase of vascular endothelial cells.[45]

Garlic as antidiabetic
Garlic acts as an insulin secretagogue in diabetic rats. Garlic is able to reduce
blood glucose level in diabetic mice, rats, and rabbit.[46-52] Blood glucose reducing
property of alliin (200 mg/kg) in a diabetic rat is almost same as glibenclamide
and insulin.[ 49, 50, 53]  There is a significant decrease in blood glucose level on
chronic feeding of garlic oil and garlic powder however some other studies
showed negative result.[54-58] Antioxidant effect of alliin may also be responsible
for its beneficial effect in diabetes.[53]

Garlic as blood pressure lowering agent
Hypotensive properties of garlic may be due to its prostaglandin like effect
and breakdown of garlic’s polysulfides to hydrogen sulphide(an endogenous
cardio protective vascular cell signaling molecule) in RBC and allicin content
which has angiotensin II inhibiting and vasodilating effects.[59-69] Modulation of
both endothelium derived relaxing and constricting factors by garlic may
contribute to its protective effect in hypoxic pulmonary vasoconstriction.[70]

One additional mechanism may be initiation of nitric-oxide-dependent
relaxation in pulmonary arteries but pulmonary vasodilatory effect of allicin
are independent of the synthesis of NO, ATP-sensitive (K+) channel, activation
of cyclo-oxygenase enzyme.[70-72]

Nutritional value per 100 g (3.5 oz)                                 Energy 623kJ (149kcal)

S.N. Constituents Quantity S.N. Constituents Quantity

1. Carbohydrate 33.06 g 12. Folate (Vit. B9) 3 µg (1%)
2. Sugar 1.0 g 13. Vitamin C 31.2 mg (52%)
3. Dietary fiber 2.1 g 14. Calcium 181 mg (18%)
4. Fat 0.5 g 15. Iron 1.7 mg (14%)
5. Protein 6.39 g 16. Magnesium 25 mg (7%)
6. Beta carotene 5 µg (0%) 17. Phosphorus 153 mg (22%)
7. Thiamine (Vit. B1) 0.2 mg (15%) 18. Potassium 401 mg (9%)
8. Riboflavin (Vit. B2) 0.11 mg (7%) 19. Sodium 17 mg (1%)
9. Niacin (Vit. B3) 0.7 mg (5%) 20. Zinc 1.16 mg (12%)
10. Pantothenic acid (B5) 0.596 mg (12%) 21. Manganese 1.672 mg
11. Vitamin B6 1.235 mg (95%) 22. Selenium 14.2 µg

Garlic preparations

Garlic oil macerate
Encapsulated mixtures
of whole garlic cloves
ground into vegetable
oil.

Garlic essential
o i l s
Obtained by steam
distillation

Garlic
powder
Obtained by
crushing
cloves

Garlic
extract
Obtained by soak-
ing the garlic in
alcohol

Table 3 : Marketed formulation of garlic
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Primary studies in humans and reviews of garlic preparations and blood pressure
were indecisive. A meta-analysis done by Silagy and Neil (1994) reported
promising results in subjects with mild hypertension but insufficient evidence
to recommend garlic for clinical therapy.[73]

Garlic as Antihyperlipidemic
Protective effects of garlic in atherosclerosis may be due to its ability to
reduce deposition of fat on artery wall by depressing the hepatic activities of
lipogenic and cholesterogenic enzymes such as malic enzyme, fatty acid
synthase, glucose-6 phosphate dehydrogenase and 3-hydroxy-3-methyl-
glutaryl-CoA (HMG CoA) reductase increasing the excretion of cholesterol.[74-

76] Water-soluble organosulfur compounds, especially S-allyl cysteine of aged
garlic extract and diallyl-di-sulfide of garlic oil are also potent inhibitors of
cholesterol synthesis.[77,78] Administration of garlic (1–4% in diet) and garlic
protein in hypercholesterolemic rats significantly reduced serum cholesterol,
triglyceride and LDL cholesterol but not serum HDL.[79, 80 - 85]  Silagy and Neil
analyzed sixteen trials showed that Garlic, in powder and non-powder form,
significantly lowered serum lipid levels over a 1–3 month period. Serum
cholesterol fell by 8% with dried powder preparations and 15% with non-
powder preparations. Serum triglyceride level also dropped significantly, while
HDL-cholesterol was essentially unchanged.[86]   However a more recent meta-
analysis of thirteen trials, revealed a no significant difference between garlic
and placebo groups.[87]

Garlic showing antibiotic activity and antifungal activity
Garlic, a natural antibiotic is active against a number of bacteria, viruses, fungi,
and many other parasites. [88-90] It inhibits the growth of Staphylococcus,
Streptococcus, Bacillus, Brucella, Vibrio and Candida species[91, 92] and shows
antimycotic activity stronger than that of nistatin and other antimycotics.[93-

98] It shows a virucidal activity against Herpes simplex type 1 and 2, Parainfluenza
virus type 3, Vaccinia virus, Vesicular stomatitis virus, and Human rhinovirus
type 2.[99] Garlic has only 1% of the impact of synthetic penicillin but it is
more effective with gram negative bacteria than penicillin.

Aqueous extracts of bulbs of garlic (Allium sativum L). were fungicidal for 39
of 41 recent clinical isolates of Candida albicans at 68 µg total dry weight of
crude extract per ml of 2% (w/v) malt extract broth in standing culture and in
shake culture the crude extract was fungistatic between 50 and 300 µg/ml and
fungicidal above 400 µg/ml.[100]

Garlic showing as an anticancer agent
Garlic have the ability to accumulate the selenium (a cancer fighting mineral
from soil) which is essential for the production of glutathione peroxidase
which is the body’s primary antioxidant.[101]  Protective effects of garlic may
be due its antibacterial properties  or ability to block the formation of cancer-
causing substances, ability to halt the activation of cancer-causing substances,
ability to enhance DNA repair, ability to reduce cell proliferation, or ability to
induce cell death, ability to activating the immune cells against cancerous
cells.[102-106]

The European Prospective Investigation into Cancer and Nutrition (EPIC)
study showed higher intakes of onion and garlic were associated with a reduced
risk of intestinal cancer.[107] Iowa Women’s Health Study showed that women
who regularly consumed garlic had 35% lower risk of developing colon cancer.[108]

Another study shows that greater intake of Allium vegetables (more than 10 g
per day vs. less than 2.2 g per day), particularly garlic and scallions, was
associated with an approximately 50 percent reduction in prostate cancer
risk.[106]

Three randomized clinical trials have evaluated the effect of garlic intake on
gastric cancer risk. First study showed 33 percent reduction in the risk for
stomach cancer.[109] Second study showed that garlic supplementation (800 mg
garlic extract plus 4 mg steam-distilled garlic oil daily) did not improve the
prevalence (number of existing cases) of precancerous gastric lesions or reduce
the incidence (number of new cases) of gastric cancer.[110] Third study compared
the effects of daily high-dose (2.4 mL) and low-dose (0.16 mL) intake of aged-
garlic extract after 6 and 12 months of use on individuals with colorectal
adenomas (non-cancerous tumors.[111] Another study involving 21 persons
with basal cell carcinoma shows that the application of ajoene (a sulfurous
chemical found in garlic) to the skin for 1 month markedly decreased (69-
88%) the size of 17 tumors[112]. Increased garlic consumption may also reduce
the risk of breast cancer.[113]

Garlic showing as a beauty aid
The high sulfur content in garlic is useful in toning of the skin, conditioning of
hair and preventing dandruff. Garlic also act as nail booster. In combination
with B complex vitamins garlic supports body metabolism and helps in
maintaining the body weight.

CONTRAIDICATIONS
Allicin is a very potent substance. Excessive use can also cause blisters on skin.
Strong breath and body odors. Allergies to garlic and other plants in the allium
family that can range from mild irritation to potentially life-threatening
problems. Symptoms can include irritable bowel, diarrhoea, mouth and throat
ulcerations, nausea, breathing difficulties, and in rare cases anaphylaxis. With
patients with profuse hemorrhages, bleeding is further increased. Garlic also
acts as a natural blood thinner so should be avoided by pregnant women,
lactating mother and people about to undergo surgery, and with anticoagulants
warfarin.[20] Garlic should also be avoided by people who are prone to stomach
conditions, such as ulcers, as it can exacerbate the condition or cause new
ones.

CONCLUSION
There are many claims to the benefits of garlic and its uses; it is belonging to
the family liliaceae. The garlic native to central Asia is a herb providing widest
range of physiological effects however results of some studies conducted to
explore the beneficial effects of garlic were positive and some were negative.
Though there are several common use and benefits, the most popular frequent
use is as a spice. Prolongation of garlic extract leads to the formation of
antioxidant phytochemicals which include unique water soluble organosulfur
compounds, lipid soluble organosulfur components and flavonoids that prevent
oxidant damage and as a result plays an important role in aging and disease,
including cardiovascular, neurodegenerative and inflammatory diseases even
in cancer. It is contraindicated to pregnant women, lactating mother and also
peoples about to undergo surgery and having ulcer to stomachs.
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