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Onion is a well known traditional medicinal plant that has been consumed for its putative nutritional
and health benefits for centuries. This study was carried out to determine the possible analgesic and
anti-inflammatory effects of fresh onion juice in experimental animals. Hot plate and formalin tests were
used to study the analgesic effect of fresh onion juice in mice during acute and chronic pain stages
modeling, respectively. The anti-inflammatory effect of fresh onion juice was assessed by applying
carrageenan sub plantar injection to Sprague-Dawley rats. The obtained results illustrated a significant
analgesic property for fresh onion juice in both pain phases compared with positive control group
(Pv≤0.05); the effects were similar to that of morphine (5 mg/kg) as the standard treatment. In
inflammation assessment, fresh onion juice was able to decrease the hind paw thickness significantly
in comparison with control group (Pv≤0.001). In the mean time, it also demonstrated better results than
the standard treatment, diclofenac with a 10 mg/kg dosage, (Pv≤0.05). It can be concluded that fresh
juice of onion is capable of inhibiting both acute and chronic pain as well as inflammation, with a more
strong effect towards inflammation.
Key words: Allium cepa, analgesic, anti-inflammatory, hot plate test, formalin test, carrageenan test.
INTRODUCTION
Onion (Allium cepa) is among the oldest cultivated plants,
and it is used both as a food and for medicinal application
(Lanzotti, 2006). A. cepa is a member of the family
Liliaceae, which consist of over 250 genera and 3700
species. The origin of A. cepa may be the region between
the rivers Euphrates and Tigris, which is the former
Mesopotamia and actually Iraq (Hegi, 1939). Nowadays
onion is cultivated all over the world, especially in
moderate climates (Muhlbauer et al., 2003).
Onion bulbs consist of water, carbohydrate, fibre,
protein, fat, vitamins (C, E) and minerals. This plant is a
rich source of several phytonutrients with interesting
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pharmacological properties such as thiosulphinate,
volatile sulfur compounds and more polar compounds of
phenolic or steroidal origin like flavonoids (Lanzotti,
2006). Therefore, onion is among those useful plants for
treatment or prevention of a number of diseases,
including cancers (Shenoy and Choughuley, 1992;
Shutenko et al., 1999), coronary heart diseases (Lanzotti,
2006), diabetes (Sheela et al., 1995) and cataract
(Sanderson et al., 1999). Besides, many scientific
researchers showed that onion extract has significant
antioxidant activity because of its high amount of
flavonoids such as quercetin. (Nuutila et al., 2003; ElSayed and Rizk, 2009).
A study in the year 2003 showed that hydrophilic
ethanolic extract of onion inhibited osteoclast activity and
increased the bone formation process (Muhlbauer et al.,
2003 . In addition, it has been shown recently that the
oral intake of fresh onion juice had both spermatogenesis
and anti-protozoal effects in Toxoplasma gondii infected
rats (Khaki et al., 2011; Gharadaghi et al., 2012). Also,
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there was an evidence of possible anti-inflammatory
effect for onion extract (Alpsoy et al., 2011). Inflammation
is as a result of increase in the number of leukocytes and
some other complex mediator molecules. One of the
most important ubiquitous substances that indicate and
modulate cell and tissue responses involved in
inflammation are prostaglandins (Gupta et al., 2006).
Among the most widely used medications for analgesia
and inflammation are the non-steroidal anti-inflammatory
drugs (NSAIDS) and their worldwide use demonstrated
their efficacy in reducing pain and inflammation (Laine,
2001). The NSAIDs consist of traditional non-selective
NSAIDs which inhibit both COX-1 and COX-2 and
selective COX-2 inhibitors (Ulrich et al., 2006). Although
they are effective at relieving pain and inflammation, both
types of NSAIDs are associated with serious adverse
events specially when used chronically (Herndon et al.,
2011). The traditional NSAIDs are associated with an
increased risk of gastrointestinal ulcers, including
gastrointestinal hemorrhage, perforation and obstruction
(Dhikav et al., 2003). The selective COX-2 inhibitors have
an improved gastrointestinal tolerability profile; however,
serious cardiovascular effects emerged from clinical
studies in recent years (Ong et al., 2007). Thus, many
researchers have dedicated their efforts to search for
safer drugs as well as natural products with less adverse
effects.
In this study, the analgesic effect of fresh onion juice in
both chronic and acute pain induction model with hot
plate and formalin test respectively in mice, as well as its
anti-inflammatory effect using carrageenan induced paw
edema in rats were investigated.
MATERIALS AND METHODS
Experimental animals
Male albino mice (25 to 30 g) and male Sprague-Dawley rats (220
to 250 g) were used in this study. Animals were obtained from
Tehran University of Medical Sciences and housed in the animal
holding unit of the School of Pharmacy at Zanjan University of
Medical Sciences with a 12 h light-darkness cycle, air-conditioning
(22 ± 2°C 45 to 55% humidity) in plexi-glass cages and free access
to food and water. All animals received human care according to
the guidelines published by the National Institutes of Health (NIH,
2000). The ethic regulations were followed in accordance with
national and institutional guidelines for the protection of animal
welfare during experiments. This study was approved by The Ethics
Committee of Payame Noor University. All animals were given three
days time to get acclimatized with laboratory conditions before
experiments begin.
Chemicals
Carrageenan lambda type I and formalin 35% solution were
purchased from Sigma-Aldrich Co. (Hamburge, Germany). Sodium
chloride solution 0.09% was obtained from Soha Helal
Pharmaceutical Hygienic (Tehran, Iran), while morphine and
diclofenac ampoules were bought from Darou Pakhsh
Pharmaceuticals Mfg. Co. (Tehran, Iran) and Tolid Darou Co.
(Tehran, Iran) respectively.

Preparation of fresh onion juice
Fresh white onions (A. cepa.) was purchased from a retail store
(Zanjan, Iran) and identified by botanists in the herbarium of School
of Pharmacy, Zanjan University of Medical Sciences. On the day of
experiments the onions were pealed, weighed and crushed well in
an electrical mill. Then the crushed product was filtered using sterile
filter papers with 40 micrometers mesh size. The transparent liquid
obtained was used freshly within 2 h after preparation to investigate
the possible analgesic and anti-inflammatory effects.

Carrageenan-induced paw edema in rats
Male Sprague-Dawley (S.D) rats (n=36) were divided into six
groups with six rats in each. Paw edema was induced by subplantar injection of 50 µl 1% (w/v) solution of sterile carrageenan in
saline to the right hind paw (Zhang et al., 2011). Three groups of
animals received different doses of fresh onion juice (5, 7.5 and 10
ml/kg) intraperitoneally (I.P) half an hour before carrageenan
injection. Animals in the negative control group received normal
saline, while animals in the positive control group were
administered 10 mg/kg of diclofenac (Darou Pakhsh, Iran), the
standard anti-inflammatory drug and another group given 5 mg/kg
of morphine (Tolid Darou, Iran) intraperitoneally. Paw edema was
measured according to Olajide et al. (1999); before and at 1, 2, 3
and 4 h after induction of inflammation using a caliper vernier (scale
0.1 mm).

Hot plate method
The hot plate test described by Eddy and Leimback (1953) was
used to assess the analgesic effects of fresh onion juice (Kumar et
al., 2009). The animals were divided into six groups with eight mice
in each. Three groups were treated with different doses of fresh
onion juice (5, 7.5 and 10 ml/kg) via I.P injection; one group
received normal saline (7.5 ml/kg) as negative control group,
another group, received morphine (5 mg/kg) as positive control and
the final group of mice received naloxone (4 mg/kg) 10 min before
fresh onion juice. Moreover, 15 min after the administration of fresh
onion juice; the animals were placed on a hot plate with 50 ± 0.5°C.
A cut-off time period (40 s) was considered as maximal latency at
which the animal was picked up from the hot plate by the examiner
to avoid injury to mice tissues. Licking or picking up the hind paw
was recorded as the reaction time and measured at time points of
0, 15, 30, 45 and 60 min (Kumar et al., 2009). Morphine (5 mg/kg)
was used as a reference drug (Abbas et al., 2011).

Formalin test and the pain score
In order to perform this test, 32 male S.D rats were rendered in 4
groups with 8 rats in each as follows: Negative control group
received 7.5 ml/kg of normal saline, while positive control group
treated with 5 mg/kg morphine as the standard drug intraperitoneally 15 min before formalin injection. The test group
received 7.5 ml/kg fresh onion juice (as an optimum dose) and one
group received I.P injection of naloxone (4 mg/kg) 15 min before
formalin injection. Formalin test chamber includes a plexi glass box
with a 45° mirror at the bottom of the box in order to monitor the
position of the animal in the chamber for accurate observation. All
of the animals received formalin as the standard stimulant of both
acute and chronic phase of inflammatory pain (Kim et al., 2007).
Prior to formalin injection, the animals were placed in another cone
shaped chamber for 30 min. After injection of 50 µL formalin (2.5%)
into their right paw, they were transferred to the plexi glass box and
were observed by recording the reflexes every 15 s based on
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Figure 1. The effects of fresh onion juice, morphine and diclofenac towards hind paw edema in carrageenan
induced acute inflammation. A vernier caliper was applied to measure the hind paws thickness right before and
at four time points with 60 min intervals. Each measurement was repeated three times and the average was
recorded for that animal. The diagram shoes that FOJ was even more effective than both diclofenac and
morphine. All values represent mean ±S.E.M and are at least from 8 independent animals. **Shows significant
difference (p≤0.01) with control group; ***Shows significant difference (p≤0.001) with control group.

original Dubuisson Dennis method with the score of 0, 1, 2, 3 as
follows (Abbott et al., 1995): zero (0) score mentions that animal
has a complete balance and is walking normally regardless to the
injected foot; score (1) applied for the time points that the animal
has a moderate imbalance while moving because of pushing the
body weight towards the injected foot; score (2) was correlated to
the time points when animal was not only walking with a high
imbalance but also raising the painful injected foot from the box
floor; score (3) is given to the animal licking the painful injected feet
intensely or shaking it. The quantitative data was counted per 5 min
and recorded based on the pain score on each time interval. The
data gathered within 60 min after formalin injection was calculated
as follows:

measured after a sub-plantar injection of carrageenan
while rats were received diclofenac, morphine, fresh
onion juice and normal saline as positive control,
morphine test, fresh juice test and negative control
groups, respectively. Interestingly, fresh onion juice
illustrated the best response in this test and showed a
significant difference not only with negative control group
(PV ≤0.001), but also with the group which received both
morphine and diclofenac (PV ≤0.05); the later one was
selected as our standard treatment for anti inflammatory
assessments.

Pain score: [0T0 + 1T1 + 2T2 + 3T3] / 20
Where T0, T1, T2 and T3 refer to the frequency for 15 s that animals
expressed behaviors related to 0, 1, 2 and 3 scores, respectively.
The first 5 min after injection for all groups was taken as acute
phase 0 to 5 min and 16 to 60 min as chronic phase.

Statistical analysis
In order to perform comparative statistical analysis of the results
between different groups, SPSS 17.0 software was applied. All the
results were expressed as (mean ± SEM) and P values equal or
less than 0.05 (Pv≤0.05) were determined as significant levels of
difference.

RESULTS
Effects of morphine and fresh onion juice on
carrageenan-induced inflammation
As shown in Figure 1, the thickness of hind paw was

Effects of morphine and fresh onion juice on hot
plate acute pain model
Using this method, the sensitivity of mice towards pain
stimulates received via a standard hot plate, was
measured. In order to access the least bias with control
group, the ratio of latency time changes were measured
applying the formula below for each mouse:
(L.Tt - L.T0) / L.T0
L.Tt expresses the latency time for each mouse in the
specific time intervals after receiving treatments, while
L.T0 shows the latency time at the zero point just prior to
receiving any treatment.
According to the dose-response curve results, the 7.5
ml/kg dosage had the best latency time responses.
Therefore, this dose has been used later on, in other
protocols and tests. It can be deducted from Figure 2
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Figure 2. The analgesic effects of fresh onion juice in comparison with that of morphine on hot plate test. The
latency time for animals’ response to hot plate stimulus was measured within 15 min intervals during 60 min. The
FOJ’s injection moment was equal to 0 time point. The results were calculated as (L.Tt- L.T0)/ L.T0. naloxone was
used as an antagonist for opioid receptors in order to determine if the extract show its effect via opioid receptors. All
values represent Mean ±S.E.M and are at least from 8 independent animals. **Shows significant difference (p≤0.01)
with control group; ***Shows significant difference (p≤0.001) with control group.

thatmorphine has the best analgesic effect with a
noticeable significant difference (PV≤0.001) which was
almost the same for the fresh juice especially in first 30
min. This result expresses that the fresh juice plays its
best role as an analgesic agent in first 30 min with a high
significant difference according to control group
(PV≤0.05). Although the diagram for morphine illustrates a
sharp increase in the first 30 min followed by a plateau
phase; adding naloxone to the morphine treated ones,
changed the shape of the diagram and makes it similar to
the one for fresh juice.
Effects of morphine and fresh onion juice on
formalin-induced pain
During this method, the pain score was calculated
according to original Dubuisson Dennis method which
has been lately modified (Mokhtari, 2011) during 60 min.
The results obtained from this method indicate that our
treatments were useful in the first 45 min in depriving the
pain score significantly (PV≤ 0.05). According to Figure 3,
no significant difference was observed between morphine
and fresh juice (Pv≥0.05) in controlling both acute and
chronic pain phase which were determined at 0 to 5 min
for acute pain phase, and 16 to 60 for chronic one.
On the other hand, Figure 3 indicates the possible
relationship between the effects of morphine and fresh
juice while we used naloxone together with the fresh
onion juice; as it can be seen there were observed no
significant differences between two groups in all time

intervals. Adding naloxone to morphine received animals
made the diagram more similar to control group, hence
the results for that group was not illustrated in Figure 3.
DISCUSSION
In this study, three different methods have been applied
in order to identify the possible analgesic as well as anti
inflammatory effects of fresh onion juice in mice and rats.
According to the well known models for both hot plate
and carrageenan test, it has been suggested in current
protocols in pharmacology as well as some articles to
apply mice for hot-plate test investigations and rats for
carrageenan induced inflammation (Buadonpri et al.,
2009; Bannon and Malmberg, 2007) Results obtained
from carrageenan test indicates a strong antiinflammatory effect with a significant difference not only
with the negative control group (Pv≤0.001), but also with
the positive control one (Pv≤0.05). This finding illustrates
a possible potent COX inhibitory effect of onion juice in its
therapeutic dosage because it was as effective as the
standard treatment (diclofenac) towards inflammation.
The odd finding of this step was the similar anti
inflammatory response for both morphine and diclofenac.
This finding is a subsidiary for the very recent finding of a
research group in Denmark proving a noticeable antiinflammatory characteristic for opioids in general, as well
as morphine in particular (Lindegaard et al., 2010) with
an unknown mechanism.
According to some studies, fresh onion juice is capable
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Figure 3. The effects of fresh onion juice, morphine and naloxone plus FOJ on both acute and chronic pain phases
induced by formalin in male mice. Right after formalin injection, the pain scores were calculated during one hour and
because of the biphasic nature of pain, the acute phase was allocated the first 5 min after formalin injection, while
chronic pain arose between 20 to 25 min and lasted for 10 min. This figure illustrates the significant differences
between treated groups and control group which received normal saline. All values represent Mean ±S.E.M and are at
least from 8 independent animals. * Shows significant difference (p≤0.05) with control group; **shows significant
difference (p≤0.01 with control group; ***shows significant difference (p≤0.001) with control group.

of inhibiting arachidonic acid metabolism (Dorsch et al.,
1988) and so it can prevent formation of leukotrienes and
thromboxanes,
via
inhibiting
COX
and
LOX
(lipoxygenase) pathways responsible for its anti apoptotic
effect (Alpsoy et al., 2011). On the other hand, it was
proven that flavonoids express anti-inflammatory
properties by which they inhibit the proliferation and
activity of lymphocytes (Recio et al., 1995). According to
high content of flavonoids such as quercetin (Lanzotti,
2006) in onion juice and extract, it can be claimed that
this potent anti-inflammatory effect might be because of
quercetin as would need to be investigated in further
studied. Moreover, one paper suggested that onion can
cause analgesia as well as local anesthesia via
mitochondria (Nouette-Gaulain et al., 2011); which
encouraged us towards assessment of the analgesic
capability for fresh onion juice.
The analgesic effect of fresh onion juice was studied
via two different processes. The hot plate test results
indicated that the fresh juice was helpful in reducing
acute pain in comparison with the negative control group
that received mere normal saline (Pv≤0.05). This effect
was not as potent as morphine (the standard treatment),
with a high significant difference (Pv≤0.001) compared
with negative control group. Moreover, in order to
examine if fresh onion juice penetrates the CNS system
and affect the same receptors as for morphine, naloxone
was injected to one group simultaneously with fresh
onion juice. The results indicated that there might not be

any interactions between these two treatments (morphine
and fresh onion juice). Hence, more studies are needed
to determine the possible analgesic pathway by which
fresh onion juice attenuates pain; which led us to set up
another test using formalin in order to compare the acute
and chronic pain and the effects of both treatments on
these two phases of pain.
Formalin test results showed that fresh juice illustrated
significant analgesic effect both in acute and chronic pain
phases which were assumed as the first 5 min after
formalin sub-plantar injection and the time period
between 16 to 50 min, respectively. It has been assumed
that these two stages represent two different type of pain
related to direct nerve stimulation (acute pain) followed
by an inflammatory process (chronic stage). Diverse
studies proved that opioids such as morphine affect both
stages with the highest inhibitory response presumably
via mu receptors in the central nervous system (Abbas et
al., 2011); on the other hand, there are NSAIDs such as
indomethacine with the most inhibition towards the
chronic stage via COX inhibition (Randolph and Peters,
1997).
According to the literature, reduction in pain,
inflammation and the signal transduction pathway(s)
responsible for both phenomena mentioned above,
results in a decline in plasticity at dorsal root of spinal
cord via deprivation in P substance and/or stimulant
amino acids such as glycine and glutamate from nerve
endings (Willis, 2001; Hunter and Singh, 1994; Terayama
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et al., 2000). In addition, there is a substance called
ajoene found both in garlic and onion which has been
proposed to inhibit the pain receptors at dorsal root of
spinal cord, thus resulting in an inhibition of pain signal
transduction (Yassaka et al., 2010).
Conclusion
It can be concluded that the fresh onion juice is capable
of inhibiting pain and inflammation, the later most
especially, and both the exact mechanism(s) for this
effect via receptor purification as well as the main fraction
responsible for, should be studied in the near future.
REFERENCES
Abbas M, Subhan F, Mohani N, Rauf K, Ali G, Khan M (2011). The
involvement of opioidergic mechanisms in the activity of Bacopa
monnieriextract and its toxicological studie. Afr. J Pharm. Pharmacol.,
5(8): 1120-1124
Abbotte FV, Franklin KB, WestBrook RF (1995). The formalin test:
scoring properties of the first and second phases of the pain
response in rats. Pain, 60(1): 91-102.
Alpsoy S, Aktas C, Uygur R, Topcu B, Kanter M, Erboga M, Karakaya
O, Gedikbasi A (2011) Antioxidant and anti-apoptotic effects of onion
(Allium cepa) extract on doxorubicin-induced cardiotoxicity in rats. J.
Appl. Toxicol., 13(5): 258-266.
Bannon AW, Malmberg AB (2007). Models of Nociception: Hot-Plate,
Tail-Flick, and Formalin Tests in Rodents In: current protocols in
neuroscience, WILEY publications, supp., p. 40.
Buadonpri W, Wichitnithad W, Rojsitthisak P, Towiwat P (2009).
Synthetic curcumin inhibits carrageenan-induced paw edema in rats.
J. Health Res., 23(1): 11-16.
Dhikav V, Singh S, Pande S, Chawla A, Anand KS, Singh K (2003).
Non-Steroidal Drug-induced Gastrointestinal Toxicity: Mech. Manag.
JIAC, 4(4): 315-322.
Dorsch W, Wagner H, Bayer T, Fessler B, Hein G, Ring J, Scheftner P,
Sieber W, Strasser T, Wei E (1988). Anti-asthmatic effects of onions:
Alk(en) ylsulfinothioic acid alk(en)yl-esters inhibit histamine release,
leukotriene and thromboxane biosynthesis in vitro and counteract paf
and allergen-induced bronchial obstruction in vivo. Biochem. Pharm.,
37(23): 4479-4486.
Gharadaghi Y, Shojaee S, Khaki A, Fathiazad F, Khaki AF, Ghdamkheir
E, Rouhaninia M (2012). Antiprotozoal effect of Allium cepa on acute
renal failure caused by Toxoplasma gondii. Afr. J Pharm. Pharmacol.,
6(10): 771-777.
Gupta M, Mazumder UK, Thamilselvan V (2006). Anti-inflammatory
evaluation of leaves of Plumeria acuminate. BMC Complement.
Altern. Med., 6(39): 1472-1482.
Herndon CM, Hutchison RW, Berdine HJ, Stacy ZA, Chen JT,
Farnsworth DD, Dang D, Fermo JD (2011). Management of Chronic
Nonmalignant Pain with Nonsteroidal Antiinflammatory Drugs.
Pharmacotherapy, 28( 6): 788-805
Hunter JC, Singh L (1994). Role of excitatory amino acid receptors in
mediation of the nociceptive response to formalin in the rat. Neurosci.
Lett., 174(2): 217-221.
Khaki A, Farzadi L, Ahmadi1 Sh, Ghadamkheir E, Saedeh SS,
Sahizadeh R (2011). Recovery of spermatogenesis by Allium cepa in
Toxoplasma gondii infected rats. Afr. J Pharm. Pharmacol., 5(7): 903907.
Kim KS, Kim J, Back SK, Im JY, Na HS, Han PL (2007). Markedly
attenuated acute and chronic pain responses in mice lacking adenylyl
cyclase-5, Genes. Brain Behav., 6(2): 120-127.

Kumar BA, Lakshman K, Jayaveeva NK, Shekar D SH, Muragan CH S,
Manoj B (2009). Antinociceptive and antipyretic activities of
Amaranthus viridis linn. in different experimental models. AJMB, 1(3):
167-171.
Lanzotti V (2006). The analysis of onion and garlic. J. Chromatogr. A.,
11(12): 213-220.
Laine L (2001). Approaches to Nonsteroidal Anti-inflammatory Drug Use
in the High-Risk Patient. Gastroenterology, 120(3): 594–606.
Lindegaard C, Gleerup KB, Thomsen MH, Martinussen T, Jacobsen N,
Andersen PH (2010). Anti-inflammatory effects of intra-articular
administration of morphine in horses with experimentally induced
synovitis. AJVR, 71(1): 69-75.
Muhlbauer RC, Lozano A, Reinli A,Wetli H (2003). various vegetables,
fruits,mushrooms and red wine residues inhibit bone resorption in
rats. J. Nutr., 133(11): 3592-3597.
El-Sayed NS, Rizk SM (2009). The protective effect of quercetin, green
tea or malt extracts against experimentally-induced lung fibrosis in
rats. Afr. J. Pharm. Pharmacol., 3(5): 191-201.
Nouette-Gaulain K, Jose C, Capdevila X, Rossignol R (2011). From
analgesia to myopathy: When local anesthetics impair the
mitochondrion. Int. J. Biochem. Cell.Biol., 43(1): 14-19.
Nuutila AM, Puuppone-pimia R, Aarni M, Oksman-Caldentegn KM
(2003). Comparison of anti-oxidant activities of onion and garlic
extracts by inhibition of lipid peroxidation and radical scavenging
activity. Food Chem., 81(5): 485-493.
Olajide OA, Makinde JM, Awe EO (1999). Effect of the aqueous extract
of Bridelia feruginea stem bark on carrageenan –induced edema and
granuloma tissue formation in rat and mice. J. Ethnopharmacol.,
66(2): 113-117.
Ong CK, Lirk P, Tan CH, Seymou RA (2007). An Evidence-Based
Update on Nonsteroidal Anti-Inflammatory Drugs. CM&R, 5(1): 19-34.
Randolph BC, Peters MA (1997). Analgesic Effectiveness of Ketorolac
Compared to Meperidine in the Rat Formalin Test. J. Anesth Prog.,
44(1): 11-16.
Recio MC, Giner RM, Manes S, Gubells L, Gueh J, Julien HR,
Hoststtmann K (1995). Anti-inflammatory activity of flavonol
glycosides from Erythrospermum monticolum depending on single or
repeated local TPA administration. Planta Med., 61(6): 502-504.
Sanderson J, Mclauchlin W, Williamson G (1999). Quercetin inhibits
peroxid –induced oxidation of the rat lens. Free Radical Biol. Med.,
26(5-6): 639-645.
Sheela C, Kumud K, Augusti K (1995). Antidiabetic effects of onion and
sulfocid amino acid in rats. Planta Med., 61(4): 356-357.
Shenoy N, Choughuley A (1992). Inhibitory effect of diet related
sulphydryl compounds in the formation of carcinogen nitrosamines.
Cancer Lett., 65(3): 227-232.
Shutenko Z, Henry Y, Pinard E, Seylaz J, Potier P, Berthet F, Girald P,
Sercombe R (1999). Influence of the antioxidant quercetin in vivo on
the level of the nitric oxide determinated by electron paramagnetic
resonance in rat brain during global ischemia and reperfusion.
Biochem. Pharm., 57(2): 199-208.
Terayama R, Guan Y, Dubner R, Ren K (2000). Activity-induced
plasticity in brain stem pain modulatory circuitry after inflammation.
NeuroReport, 11(9): 1915-1919.
Ulrich CM, Bigler J, Potter JD (2006). Non-steroidal anti-inflammatory
drugs for cancer prevention: promise, perils and pharmacogenetics.
Nat. Rev. Cancer, 6(2): 131-142.
Willis WD (2001). Role of neurotransmitters in sensitization of pain
responses. Ann. N Y Acad. Sci., 933: 142-56.
Yassaka RT, Hidetoshi H, Tsuchiyoshi FT (2010). Enhanced activation
of the transient receptor potential channel TRPA1 by ajoene, an
allicin derivative. Neurosci. Res., 66(1): 99-105.
Zhang CK, Dai ZR, Cai QX (2011). Anti-inflammatory and
analgesicactivities
of
Sipunculus
nudus
L.
extract.
J
Ethnopharmacol., 137(3): 1177-1182.

