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ABSTRACT
In the present scenario, herbal medicines have gained global importance with both medicinal and economic implications.
Widespread use of herbs throughout the world has raised serious concerns over their quality, safety and efficacy. Thus, accurate
scientific assessment has become a prerequisite for acceptance of health claims. Onion (Allium cepa Linn.), a member of the genus
Allium, is the second most important horticulture crop all over the world. It is used as an important source of phytoconstituents
and food flavour. Onions are one of the richest sources of flavonoids and organosulphur compounds. They possess a high level
of antioxidant activity attributable to flavonoids quercetin, kaempferol, myricetin; pigments such as anthocyanins, and
organonosulphur compounds. The most important among the sulphur compounds are the cysteine derivatives non-volatile Samino acids, S-alk(en)yl-substituted cysteine sulphoxides and their decomposition products such as thiosulfinates and
polysulfides. These sulphure compounds and flavonoids possess antioxidant, antidiabetic, anti-inflammatory, anticancer,
antimicrobial, antihyperlipidaemic, anticholesterolaemic, fibrinolytic, antiatherosclerotic, anticataractogenetic, antiplatelet
aggregation, immunomodulatory, neuroprotective in ischemia and reperfusion-induced cerebral injury, and various other
biological activities. Wide spectrum of biological activities makes A. cepa as potential therapeutic agent.
KEY WORDS: Allium cepa, Anticancer, Antioxidant, Flavonoids, S-cysteine sulphoxides
INTRODUCTION
Allium, a large genus containing about 4000 species is
distributed throughout temperate regions of the world
including Europe, Asia, North America and Africa (1). Allium
species have a long history of folklore use and are potential
sources of therapeutic principles. Of approximately 700 edible
members, including economically important vegetables,
flowering ornamentals and wild species, plants such as onion
(A. cepa Linn.), garlic (A. sativum Linn.), chives (A.
schoenoprasum Linn.), leek (A. porrum Linn.) and welsh onion
(A. stulosum Linn.) are highly prized (2).
Onion, the underground bulb of A. cepa is a member of the
family Liliaceae (3-5). Members of Liliaceae show a variety of
different habits, and have varied classes of phytoconstituents.
Therefore, the classification of the Liliaceae has been
discussed for a long time. Hutchinson in 1959 assigned A. cepa
to the subfamily Allioideae of the family Amaryllidaceae. But,
because of the lack of alkaloids which are normally present in
the family Amaryllidaceae, Allioideae was later classified as a
subfamily of the Liliaceae (6). Recent taxonomic revisions
assigned the plants of the genus Allium to an independent
family Alliaceae (1, 7).
A. cepa is of great economic importance. It is widely cultivated
all over the world, and was possibly one of the first
domesticated vegetables by man (8). World onion production
has increased by at least 25% over the past ten years with
current production being around 44 million tones per year
making it the second most important horticulture crop after
tomatoes. Onion is famous for its use as food flavour, and as
an important source of phytoconstituents. The average annual
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per capita intake of onion in the world is estimated to be 7 kg
(9).
CHEMICAL CONSTITUENTS
A. cepa is a rich source of a variety of compounds and has
been thoroughly investigated by phytochemists over the last
100 years. Various phytoconstituents of A. cepa have been
reviewed under the following groups of constituents.

Alliinase
It is a 50 kDa glycoprotein, common to all Allium species
isolated and characterized from several Allium species
including A. cepa, A. sativum, A. tuberosum, A. ursinum and A.
porrum (10-14). Purified onion alliinase shows optimum activity
at 7.4 pH. In intact tissues, alliinase is compartmentalized
within plant vacuoles and the non-volatile sulphur compounds
located in the cytoplasm. Upon tissue disruption the vacuole
and cytoplasmic contents mix, promoting the enzymatic
hydrolysis of the respective sulphur compounds (15, 16).

Sulphur compounds
Like other species of the genus Allium, e.g. A. sativum or A.
ursinum, A. cepa is especially characterized by a high content of
both non-volatile and volatile organosulphur compounds. The
most predominant of these sulphur containing compounds
are the amino acids cysteine and methionine, the S-alk(en)ylsubstituted cysteine sulphoxides and the γ-glutamyl peptides
(17). The contents of these secondary sulfur compounds are
strongly dependent on stage of development of the plant,
temperature, water availability and the level of nitrogen and
sulfur nutrition (18-21).
Non-volatile sulphur compounds of the unsubstituted S-containing
amino acids L-cysteine, L-cystine and L-methionine are
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relatively low in onions because of their rapid metabolism. A
rapid oxidation of S-alk(en)ylated L-cysteine to related
cysteine sulphoxides have been observed in vivo. Until now,
four S-alk(en)yl-cysteine sulphoxides viz. (+)-S-methyl-, (+)-Spropyl-, trans-(+)-S-(1-propenyl)-L-cysteine sulphoxide and
cycloalliin have been detected in A. cepa. When the tissues are
disintegrated by chopping or squeezing, S-alk(en)yl-L-cysteine
sulphoxides are metabolized to sulphenic acids by the action
of alliinase. Sulphur compounds generated from the highly
reactive sulphenic acids are responsible for the lachrymation,
pungency, and for the typical smell, taste and pharmacological
actions of onion extracts (17, 22). It is assumed that Salk(en)yl-cysteine sulphoxides are predominantly synthesized
in leaves, from where they are subsequently transferred to the
attached bulb scale (23).
Volatile sulphur compounds in onion extracts are enzymatically
generated upon chopping or squeezing of onion tissues (Fig.
1).
Among the volatile sulphur-containing compounds, probably
the most famous is (Z)-propanthial-S-oxide. Its lachrymatory
properties cause irritation to the eyes, and it is claimed that
this constituent dimerizes to a further lachrymatory factor, i.e.
(Z,Z)-d,l-2,3-dimethyl-1,4-butanthiol-S,S’-dioxide.
Other
volatile sulphur-containing compounds are zwiebelanes, the
cepaenes and the mono-, di- and trisulphides originating from
spontaneously formed thiosulfinates, which on the other hand
are responsible for the characteristic onion flavour (17, 24).
Interestingly, recent investigations hypothesize a specific
enzymatic conversion of 1-propensulphenic acid to the
lachrymatory factor, thus possibly enabling the production of
non-lachrymatory onions by knocking-out the gene encoding
for this enzyme without influencing the flavour and nutritional
value of onions (25).

Volatile oil
Steam distillation of onion bulbs yields volatile oil known as
onion oil. It has acid taste and unpleasant odour. Gas
chromatography of the oil revealed the presence of
monosulfides (R1-S-R2), disulfides (R1-S-S-R2), trisulfides
(R1-S-S-S-R2), tetrasulfides (R1-S-S-S-S-R2) and thiols (RSH).
Alkyl or alkenyl disulfides and trisulfides are primarily
responsible for cooked onion flavour, which is characteristic
of steam distilled onion oil (22).

Flavonoids
These are the major class of phytoconstituents that provide
colour, texture and taste to the onion. They tend to
accumulate in the outer cell layers (26, 27). The onions are
known to contain anthocyanins and flavonoids quercetin and
kaempferol (28, 29). However, anthocyanin pigments,
concentrated in the outer scales of red onions, are only minor
constituents of the edible portion (29). Kaempferol, while
detectable in certain onion varieties, is present in much smaller
quantities than quercetin (28, 30). Therefore, quercetin is the
major flavonoid of interest in onions.
Amount of quercetin in onion varies with bulb colour, type,
variety and growing location (31-34). Although the red onions
are generally higher in total flavonoids than the white or sweet
yellow onions due to the presence of anthocyanins (29). Red
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onions generally contain lower level of quercetin. Yellow
onions have been found to contain maximum level of
quercetin which tends to concentrate in outer ring (33, 35). In
the underlying scales, quercetin is found as glucosides (28, 36).
Predominant among the glucosides are quercetin 4'-glucoside
(Q4'G) and quercetin 3,4’-diglucoside (Q3,4’G). These
glucosides are mainly present in the abaxial epidermis of the
scales. Concentrations of the two glucosides and ratios of
Q4'G to Q3,4’G increase from the interior to the exterior
scales (35, 36). Takahama and Hirota (2000) have suggested
that quercetin is formed by the deglucosidation of its
glucosides, followed by autoxidation to produce
protocatechuic acid (37).

Saponins
A phytochemical investigation of the methanolic extract of the
red bulbs of A. cepa var. tropea, typical of Calabria, a southern
region of Italy, led to the isolation of four new furostanol
saponins, named tropeoside A1/A2 (1a/1b) and tropeoside
B1/B2 (3a/3b), along with the respective 22-O-methyl
derivatives (2a/2b and 4a/4b), almost certainly extraction
artifacts (38). High concentrations of ascalonicoside A1/A2
(5a/5b) and ascalonicoside B, previously isolated from A.
ascalonicum Hort, were also found. This is the first report of
furostanol saponins present in A. cepa.

γ-Glutamyl peptides
Until now, a total of 14 types of γ-glutamyl peptides have been
identified in onions (39) and 9 of them contain sulphur atoms
(Table 1).

Table 1: γ-Glutamyl peptides in A. cepa
γ-Glutamyl peptides
γ-Glutamyl-isoleucine
γ-Glutamyl-valine
γ-Glutamyl-leucine
γ-Glutamyl-thyrosine
γ-Glutamylphenylalanine

Sulphur-containing γ-Glutamyl
peptides
γ-Glutamyl-methionine
γ-Glutamyl-S-methyl-L-cysteine
γ-Glutamyl-S-methyl-L-cysteine
sulphoxide
γ-Glutamyl-S-trans-(1-propenyl)L-cysteine- sulphoxide
γ-Glutamyl-S-(2-carboxypropyl)cysteinylglycine
Glutathione-γ-glutamyl-cysteinedisulphide
Glutathione-cysteine-disulphide
S-Sulphoglutathione
Glutathione

γ-Glutamyl peptides which occur mainly in dormant seeds and
resting bulbs, contribute to the germination of seeds, and act
as a storage reserve. (+)-S-alk(en)yl-L-cysteine sulphoxides
linked to γ-glutamyl peptides are not metabolized by alliinase.
After cleavage by peptidases and transpeptidases, free
alk(en)yl-L-cysteine sulphoxides are available to form volatile
S-constituents in onion extracts. Because about 90% of
soluble organically bound sulphur is present in the form of γglutamyl peptides, this class of compounds plays an important
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Table 2: Composition of onion
Parameter
Moisture

Value
87-93%
g /100 g wet wt.
Proteins
0.9-1.5
Fat
0.2-0.4
Carbohydrate
5.2-10.5
Ash
0.7
Energy
23-38 calories
Elements
mg /100 g wet wt.
Ca
190-540
P
200-430
K
80-110
Na
31-50
Mg
81-150
Al
0.5-1
Ba
0.1-1
Fe
1.8-2.6
mg /100 g wet wt.
Vitamins
Thiamin
0.3
Riboflavin
0.05
Nicotinic acid
0.2
Vitamin C
10
Vitamin B6
0.1
Pentothenic acid
0.14
µg /100g wet wt.
Folic acid
16
Biotin
0.9
Retinol
25
PHARMACOLOGICAL REPORTS
role in the taste-quality of onions and for the formation of
A variety of traditional uses of onion have prompted the
potentially pharmacologically active ingredients in onion
researchers world over to investigate pharmacological
extracts (17, 19).
Composition of fresh onion from nutritional point of view
properties of onion.
has been reported (Table 2) by Augusti (22). However, the
Anticancer activity
Ethanol (95%) extract of onion, administered i.v. to cats and
particular composition depends on a large number of factors,
such as growing conditions, time of harvest and length and
rats at dose of 50 mg/kg, produced weak activity on Sarcoma
conditions of storage (40).
III (MKT) (46). Essential oil, applied externally on female
ETHNOPHARMACOLOGY
mice at a dose of 1 mg/animal has been reported to be
A. cepa has been cultivated and used as a nutrient for more
effective against carcinoma induced by twice weekly 12-othan 6000 years. People detected therapeutic properties of the
tetradecanoyl-phorbol-13-acetate promotion for two week,
plant and used it in traditional and folk medicine for many
followed by mezerein promotion for 18 week (47). The dose,
different major and minor disorders. Convincing scientific
when given with a second promoter, produced a 32% decrease
data to support most of these claims are, however, lacking
in incidence of papilloma in DMBA-induced carcinogenesis.
(41).
Hot water extract of the fresh bulb applied externally on mice
Onion has been used as anthelmintic, aphrodisiac, carminative,
(1 mg/animal) was active against DMBA-induced
emmenagogue, for vertigo, for migraine, expectorant, tonic
carcinogenesis (48).
and for the treatment of bruises, bronchitis, cholera, colic,
The inhibitory effects of onion consumption on human
earache, fever, high blood pressure, jaundice, pimples, dropsy
carcinomas have been widely researched. Epidemiological data
and sores (5, 42). Fresh Onion juice is often recommended in
both support (49, 50) and refute (51), the concept that higher
folk medicine of various countries for pain and swelling after
intake of onions is positively related to lower risk for
bee or wasp stings, which are followed by an allergy-induced
carcinoma. It has been noted that persons in the highest
reaction of the skin. The observed inhibitory effects of onion
consumption category versus the lowest had a 50% reduced
extracts on this kind of cutaneous reactions led to the
risk of cancers of the stomach, alimentary and respiratory
discovery of
anti-inflammatory and
antiasthmatic,
tracts (52). Organosulphur compounds such as diallyl disulfide
thiosulfinates and cepaenes (43, 44). Onions have also been
(DDS), S-allylcysteine (SAC) and S-methylcysteine (SMC) have
used as adjuvant therapy for diabetes (42, 45).
been shown to inhibit colon and renal carcinogenesis (53, 54).
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Figure 1: Formation of volatile sulphur compounds in onion extracts.
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Mechanisms of protection ranged from induced cancer cell
apoptosis (55) and gene transcription inhibition (56) to
protection against UV-induced immunosuppression (57).
New evidence suggests that some of the most common
organosulphur compounds in onions may protect against
cancer in rats. Fukushima et al. (58) found that both cysteine
and S-methyl cysteine, two common organosulphur
compounds found in onions, have chemopreventive activity
for hepatocarcinogenesis and colon carcinogenesis in rats.
Various researchers have suggested that high onion
consumption may have a strong impact on stomach cancer
prevention (51), lung cancer (51), bladder cancer (59), breast
cancer (60, 61) and ovarian cancer (62).
It has been have suggested that consumption of onion may be
inversely linked while that of salt preserved foods positively
related to risk of brain cancer (63). A case control of 129
subjects in north-east China paralleled these findings (50). In
particular, a strong inverse relationship to cancer risk was
found with high consumption of onions. It is well postulated
that N-nitroso compounds (NOCs) from salted foods may be
the reason for increased risk of brain cancer (63, 50). It has
been shown that both organosulphur compounds (64) and
flavonoids (65, 66) found in onions have a protective effect
against NOCs.

Antihyperglycemic activity
The light petroleum extract of dried powder of onion (0.25
g/kg, p.o.) showed hypoglycemic activity comparable to
tolbutamide in alloxan-induced diabetic rabbits (67). The ethyl
ether extract (0.25 g/kg p.o.) of the juice expressed from
onion revealed higher hypoglycemic activity both in the
normal and alloxan-induced diabetic rabbits as compared to
other extracts, and it was also observed that hypoglycemic
effect was equivalent to that of tolbutamide and phenformin
(42, 68-70).
Ether and ethanol (90%) extract of dried onion administered
by gastric intubation to rats at dose of 50 g/kg (expressed as
dry weight of the bulb) were active against alloxan- and
adrenalin-induced hyperglycemia (71). Aqueous extract of
fresh bulb taken orally by human adult at a dose of 100 g per
person was active against glucose and adrenalin-induced
hyperglycemia (42). Decoction of onion (4 ml/kg) showed
hypoglycemic activity (72).
The organosulphur compounds S-methylcysteine sulphoxide
(SMCS) and S-allylcysteine sulphoxide (SACS) were linked to
significant amelioration of weight loss, hyperglycemia, low
liver protein and glycogen, and other characteristics of
diabetes mellitus in rats (73). The use of SMCS and SACS
(200 mg/kg/day) gave results comparable to treatment with
insulin or glibenclamide but without the negative side effect
of cholesterol synthesis stimulation. In vivo analysis of the
effects of quercetin on human diabetic lymphocytes showed a
significant increase in the protection against DNA damage
from hydrogen peroxide at the tissue level (74). Kumari et al.
(75) also reported antidiabetic and hypolipidemic effect of Smethylcysteine
sulphoxide
isolated
from
onion.
Diphenylamine isolated from onion has also been reported to
exhibit antihyperglycemic activity (5, 76).
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Antimicrobial activity
Onions have been shown to possess antibacterial and
antifungal properties (10, 77). Volatile oil of onion has been
shown to be highly effective against gram positive bacteria,
dermatophytic fungi, growth and aflatoxin production of
Aspergillus fungi genera including Aspergillus niger, Brettanomyces
anomalus, Candida albicans, C. lipolytica, Cladosporium werneckii,
Fusarium oxysporium, Geotrichum candidum and Saccharomyces
cerevisiae (78, 79). Aqueous extract or the juice of onion has
been reported to inhibit in vitro growth of Escherichia coli,
Serratia marcescens, Streptococcus species, Acetobacillus odontolyticus,
Pseudomonas aeruginosa and Salmonella typhosa (80, 81). A
petroleum ether extract of onion inhibited the in vitro growth
of Clostridium paraputrificum and Staphylococcus aureus (80). Welsh
onion extracts have been reported to exert more inhibitory
activity towards aflatoxin production than the preservatives
sorbate and propionate at pH values near 6.5, even at
concentrations 3-10 folds higher than maximum level used in
foods (82). Organosulphur compounds have been reported to
be responsible for antibacterial effects of onion extract against
oral pathogenic bacteria causing dental caries (83).
In addition to inhibitory effects against pathogenic bacteria,
onions have been found to promote beneficial microorganisms. Onions contain fructo-oligosaccharides (FOS),
probiotics which are non-digestible ingredients fermented by
bifido bacteria in the body that help maintain the health of the
gut and colon (84). Onions contain 2.8% FOS (wet wt.) as
compared to 1.0% FOS in garlic, 0.7% in rye, and 0.3% in
bananas.

Antioxidant activity
High intake of fruits and vegetables has been reported to
prevent alteration of DNA by reactive oxygen species and
subsequent cancer development (85). Flavonoids, ubiquitous
in the plant kingdom, have been widely studied for their
antioxidative effects (30, 52). Onions are known to contain
anthocyanins and the flavonoids quercetin and kaempferol
(28, 29). However, anthocyanin pigments, concentrated in the
outer shell of red onions, are only minor constituents of the
edible portion (29). Kaempferol, while detectable in certain
onion varieties, is present in much smaller quantities than
quercetin (28, 30). Therefore, quercetin is the major flavonoid
of interest in onions. Mechanisms of action include free
radical scavenging, chelation of transition metal ions, and
inhibition of oxidases such as lipoxygenase (86, 87). Extracts
from the outer scales of onion have exhibited potent free
radical scavenging activities (88, 89).
The homogenate fresh onion and hot water extract of fresh
aerial parts of A. cepa exhibit significant inhibition of lipid
peroxidation (77). The antioxidative effects of consumption of
onions have been associated with a reduced risk of
neurodegenerative disorders (66), many forms of cancer (52,
90), cataract formation (91), ulcer development (87) and
prevention of cardiovascular diseases by inhibition of lipid
peroxidation and lowering of low density lipoprotein (LDL)
cholesterol levels (92-94). Another antioxidant effect of
onions and their extracts includes the reduction of rancidity in
cooked meat (95). Protection from arachidonic acid

174

Kundan and Anupam, Phcog Rev. 3 (5):170-180 [2009]

`
metabolites and lipoxygenase activity is important in
prevention of vascular diseases (96). Quercetin has been
shown to not only directly inhibit the lipoxygenase enzyme,
but to also suppress consumption of α-tocopherol and to
preserve human serum paraoxonase both are potent
antioxidants against lipid peroxidation (93, 97).
Metal chelation involves formation of a complex with the
flavonoid and prevention of catalytic radical production,
whereas free radical scavenging activities relate to the
flavonoid donating a hydrogen atom and creating a more
stable radical (86). Direct scavenging of super oxide and
hydroxyl anions has been reported (87, 98). However, Sestili et
al. (99) in an experiment designed to distinguish the
mechanism of action, found that quercetin effectively
protected
DNA
strand
scission
from
tetrabutylhydroperoxide, which can only be explained by iron
chelation. Copper chelation has also been exhibited to have
anti-peroxidative effects (92). Negre and Salvaryre (100), and
Mc Anlis et al. (101) reported that although direct protection
by quercetin against oxidative LDL modification had been
found in vitro, the flavonoid exerted its protective effect in vivo
at the cellular level by preventing cell damage from already
oxidized LDL. Therefore, depending on the location of
protective action (cellular, nuclear, or plasma) a different
antioxidative mechanism may be at work.
Comparative studies of the antioxidative activities of different
vegetables have been examined (102-106). It has been found
that most vegetables contain antioxidant activity, which is
associated with epidemiological hypothesis relating high
vegetable intake with lower risk of diseases (105, 106).
Absorption and bioavailability of flavonoids in onions have
been shown to be more effective than from other sources (e.g.
tea and apples) (107).
It has been demonstrated that the novel 3-mercapto-2methylpantan-1-ol (3-MP), of which four possible
diastereoisomers can occur in varying amounts in A. cepa,
significantly inhibited peroxynitrite-mediated tyrosine nitration
and inactivation of α-1-antiproteinase. Moreover, 3-MP also
inhibited peroxynitrite-induced cytotoxicity, intracellular
tyrosine nitration and intracellular reactive oxygen species
(108, 109).

Cardiovascular protective effects
Experimental animals were studied for cardiovascular
protective effects of onion. Rats fed 2 g/kg dry onion for six
days while feeding on an atherogenic diet showed significant
reductions in both serum cholesterol and triglyceride levels as
compared to those only fed with atherogenic diet (110).
Likewise, a group of volunteers fed a high fat diet plus 100 g
onion once a day and those fed fat diet only showed a
significant decrease in serum triglycerides, but not cholesterol
(111). Investigators from both studies showed a possible
inhibitory benefit of onion consumption on atherosclerotic
formation.
Antihyperlipidimic and anticholesterolemic activities were
observed after oral administration of minced bulbs, a water
extract thereof, and essential oil (100 mg/kg) to rabbits and
rats (112-116). However, one study reported no significant
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changes in cholesterol or lipid levels of the eye in rabbits, after
treatment of the animals for six months with an aqueous
extract (20% of diet) (5). Oral administration of butanol
extract to patients with elementary lipaemia prevented an
increase in total serum cholesterol, β-lipoprotein cholesterol,
and β-lipoprotein and serum triglycerides (117). A saponin
fraction (50 mg) or the bulb (100 mg) also decreased serum
cholesterol and plasma fibrinogen levels (44). However, fresh
onion extract (50 g) did not produce any significant effects on
serum cholesterol, fibrinogen or fibrinolytic activity in normal
subjects (118, 119).
It is reported that S-methylcysteine sulphoxide (SMCS)
present in onion is active hypocholesteremic agent (120, 121).
Volatile oil of onion and their precursor allins (SMCS)
counteracted the lipogenic effect of sucrose, alcohol and
cholesterol diets (122, 123).
Mechanism of action for anticholesterolaemic activity of
onion includes inactivation of thiol enzymes (eg. HMG-CoA),
which promote lipid/cholesterol synthesis by organosulphur
compounds of Allium. Secondly, these compounds can reduce
the level of NADPH in tissue so that they may not be
available for cholesterol synthesis (124).
Reduction of heart diseases via dietary intake of
phytochemicals has been examined (10, 52). Researchers who
have studied 12,763 men from seven countries found an
inverse relationship between flavonoid intake and coronary
heart diseases (52). Inhibition of LDL oxidation and platelet
aggregation was proposed as mechanisms of benefit against
cardiovascular disease (125). Inhibition of platelet aggregation
by onion has been demonstrated both in vitro and in vivo.
Aqueous extract of onion has been reported to inhibit
adenosine diphosphate, collagen, epinephrine and arachidonic
acid-induced platelet aggregation in vitro (126). Platelet
aggregation was inhibited in rabbits after administration of
the essential oil, or a butanol or chloroform extract of the
onion (127, 128). An ethanol, butanol or chloroform extract
or the essential oil (10-60 µg/ml) of the onion inhibited
aggregation of human platelets in vitro (129, 130) by
decreasing thromboxane synthesis (131). Both raw onion and
its essential oil increased fibrinolysis in ex-vivo on rabbits and
humans. An increase in coagulation time was also observed in
rabbits (132). It has been reported that intragastric
administration of the juice or an ether extract (100 mg/kg) of
the onion inhibited allergen and platelet activating factorinduced allergic reactions, but not histamine or acetyl cholineinduced allergenic responses in guinea pigs (43). Chloroform
extract (20-80 mg/kg) inhibited allergen and platelet
aggregation factor-induced bronchial obstruction in guinea pig
(43). Thiosulfinates and cepaenes appeared to be the active
constituents of onion (132). Inhibitory effects of garlic and
onion extract on human platelet aggregation have been
attributed to adenosine, allicin, allins, ajoene, polysulphides
and vinyl di-thiines. Allicin is reported to inhibit human
platelet aggregation in vitro without affecting cyclooxygenase
or thromboxane-II synthase activity or cyclic AMP levels,
possibly by influencing Ca2+ movements. Ajoene is reported
to prevent loss of platelets and increase the rate of restoration
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of platelet clotting activity. Moreover, ajoene can also inhibit
adhesive interaction of human neutrophils and consequently
effect in vivo super oxide anion formation. This is an
illustration of antioxidant (free radical scavenging action)
property of onion products (10). Quercetin exerts its
beneficial effects on cardiovascular health by antioxidant and
anti-inflammatory activities (133, 134). Lipid peroxidation is a
self-propagating chain of highly reactive radicals that have
drastic effects on membrane functions (96). Aldehydes derived
from lipid peroxidation can diffuse within or escape from the
cell and attack targets far away from the site of origin (135).
LDL oxidation and endothelial cell damage is believed to be
involved in the early development of atherosclerosis (94, 97).
Researchers have found that the presence of quercetin
significantly reduced LDL oxidation in vitro by various
oxidases including 15-lipoxygenase, copper-ion, UV light, and
linoleic acid hydroperoxide (94, 97, 100).
Stroke and coronary heart diseases can be caused by platelets
in the blood, adhering to the walls of blood vessels in the
heart or brain and aggregating to the point of obstruction
(136). In vivo effects of onion (500 mg/kg) consumption in rats
showed significant inhibition of serum thromboxane, an
inducer of platelet aggregation (137). Low dose (50 mg/kg)
showed little effect, but benefit was observed over long-term
consumption. Boiled onions, even at the high dosage level,
showed no effect, suggesting that effective compounds are
thermolabile. Similarly, raw Welsh onion extracts were shown
to have vasodilating effects on precontracted aortic rings while
boiled extracts caused vasoconstriction and were purported to
induce thromboxane synthesis (138). In a subsequent study it
was found that oral administration of raw Welsh onion juice in
rats prolonged bleeding time reduced platelet aggregation and
increased cAMP level (138). However, boiled onion juice
showed none of these effects. Again, change in thromboxane
balance was thought to be the reason for the inhibition of
platelet adhesion. Other researchers showed antiplatelet
activity in rabbit plasma, but not in human plasma (136) and
suggested that varietal differences may play a role. Goldman et
al. (139) found that onions containing higher sulfur levels
exhibited a greater antiplatelet effect than genotypes with low
sulfur content. Janssen et al. (125) performed both in vitro and
in vivo studies. 2500 µmol/L quercetin isolated from onions
was shown to inhibit platelet aggregation by 95-97% in vitro.
However 18 human subjects ingesting 114 mg quercetin/day
showed no significant effects. Therefore, it was concluded that
necessary concentration levels of quercetin for beneficial
effects were too high to be obtained dietarily.

Further tests showed that the mode of action was not
inactivation or removal of H2O2 by free radical scavenging,
but that quercetin inhibited opacification by protecting
modification of lens membrane channel proteins by an influx
of Ca2+ and Na+ ions. Daily consumption of more than 500
ml of green tea, a large source of quercetin, was associated
with decreased risk of cataract (141). It has been reported that
the percentage of quercetin absorbed from onions is
approximately twice that of tea (107). Therefore, high daily
intake of onions may provide a nutritional benefit against the
risk of cataract formation.

Fibrinolytic properties
The fibrinolytic activity of onion has been confirmed by
Menon et al. (142) in people with fat-induced clotting of
blood. Reduced blood fibrinolytic activity is a defect that
promotes thrombus formation in atherosclerotic vessels.
Agarwal et al. (143) have reported that cycloallin
administration to post-myocardial infarction patients induced
a significant increase in fibrinolysis after 15 h of medication.
Butanol extract of the fresh bulbs, taken orally by adults, was
active (144). The essential oil, administered by gastric
intubation to male rabbits at a dose of 2.0 g/kg for 3 months,
enhanced the fibrinolytic activity (77).

Immunosuppression
Inflammation is the part of the body’s natural immune
response to trauma. Thiosulfinates and capaenes responsible
for the anti-inflammatory activities also cause inhibition of the
immune response (43, 145). Quercetin also affects
immunosuppression and has been shown to create a beneficial
effect in aiding renal transplantation (57, 146). Quercetin was
shown to suppress both immune and non-immune injury
responses, the key risk factors in chronic graft loss. This
showed promising application as it was noted that current
drugs and treatments may worsen harmful, nonimmunological reactions (ischemia, hypertension, and
hyperlipidemia) to the transplant. Alternately, quercetin has
been shown to prevent immunosuppression induced by UV
exposure to mice (57).

Neuroprotective effect

Cataract

Recently, it has been reported that administration of
methanolic extract of outer scales and edible portion of A. cepa
bulb to mice before cerebral ischemia and reperfusion exhibit
significant neuroprotection by markedly reducing cerebral
infarct size, significantly decreasing, increase in thiobarbituric
acid reactive substances (TBARS) concentration in brain
mitochondria and supernatant fractions and preventing global
cerebral ischemia reduced impairment of short-term memory
and motor incoordination (147).

The cataract, characterized by lens opacification has been
shown to be instigated by oxidative stress, primarily from
hydrogen peroxide (H2O2) (140). Quercetin is known to
scavenge the free radical super oxide onion, a major in vivo
source of H2O2 (96). Opacity induced in rat lenses by
exposure to H2O2 was almost entirely reversed after
incubation with 30 µM quercetin for 4 hours (91).
Pretreatment of lenses with quercetin before oxidation was
shown to provide 46% protection as compared to control.

The anti-inflammatory effect of quercetin on prostaglandins,
leukotrienes, histamine release and subsequent antiasthmatic
activity has been investigated (129). It has been reported that
aqueous suspension of the fresh bulbs, administered by gastric
intubation to rabbits at a concentration of 10.0% was active
(148). Onion taken orally by adults at variable dosage levels
was found to be anti-inflammatory. Ethanol (80%) extract of
the bulb, administered by gastric intubation to male rats at a
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dose of 100 mg/kg, was inactive against carrageenan-induced
paw edema (149). Thiosulfinates and cepaenes in onion have
been shown to possess anti-inflammatory properties (150).
This action is related to inhibition of inflammatory cell influx
by thiosulfinates and cepaenes.
Over-expression of pro-inflammatory enzymes such as
inducible nitric oxide synthetase (NOS) and cyclooxygenase-II
(COX-II) are observed in numerous human pathologies
including cancer, cardiovascular and inflammatory diseases.
Increased activity of inflammatory enzymes leads to the
generation of pro-inflammatory mediators including nitric
oxide (NO) and prostaglandins (PG). Endogenous production
of NO and PG has a beneficial role in the maintenance of
blood pressure, inflammation, wound healing and temperature
regulation.
However,
overproduction
leads
to
pathphysiological conditions such as the promotion of colon
cancer, atherosclerosis, inflammatory bowel disorders,
multiple sclerosis, Alzheimer’s diseases and septic shock (1).
Both NOS and COX-II protein expression are regulated by
nuclear factor kappa B, a transcription factor activated by
carcinogens, toxins and oxidative stress. To date, nuclear
factor kappa B has been demonstrated to regulate the
transcription of over 150 separate genes, many of which are
involved in inflammation. Recent studies have shown that
antioxidants can inhibit nuclear factor kappa B activation, and,
thus reduce the symptoms of debilitating disease states.
Indeed, when we consider the association between Allium
vegetable consumption and reduced risk to cardiovascular
diseases and cancers, may of the beneficial effects are perhaps
due to the anti-inflammatory properties.
SUMMARY
The present review deals with the botanical, phytochemical,
ethnopharmacological and pharmacological information on
Allium cepa famous for its use as an important source of
phytoconstituents and food flavour. An exhaustive survey of
literature revealed the presence of flavonoids quercetin,
kaempferol, myricetin, pigments such as anthocyanins;
saponins, and organonosulphur compounds like cysteine
derivatives non-volatile S-amino acids, S-alk(en)yl-substituted
cysteine sulphoxides and their decomposition products such as
thiosulfinates and polysulfides. Other constituents include
alliinase enzyme (a glycoprotein), volatile oil, proteins,
vitamins, etc. Research on flavonoids and sulphure
compounds have gained a special attention in recent times as
several of them have shown promising activities like
antioxidant, antidiabetic, anti-inflammatory, anticancer,
antimicrobial, antihyperlipidaemic, fibrinolytic, antiplatelet
aggregation, immunomodulatory, anti-ischemic in cerebral
stroke, etc. Keeping in view the traditional and alternative
medicinal uses, phytochemical and pharmacological reports
and low toxicity, A. cepa seems to hold great potential for in
depth investigation for various biological activities, especially
its effect on the central nervous systems and cardiovascular
system. Recently, it has been reported that the methanolic
extract of outer scales and edible portion of A. cepa exhibit
significant neuroprotection in ischemia and reperfusioninduced cerebral injury (147). The authors are involved in
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bioactivity-directed-fractionation of this plant with a view to
isolate bioactive fraction(s)/constituent(s).
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