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a b s t r a c t

The seeds of fenugreek (Trigonella foenum-graecum L.) have medicinal uses as hypoglycemic, antinocicep-
tive and anti-inflammatory agents. We aimed to evaluate the antinociceptive and anti-inflammatory
effects of the major fractions of fenugreek seeds. The methanolic extract of the plant seeds was parti-
tioned using a liquid–liquid extraction procedure to give six major fractions. Following phytochemical
screening of isolated fractions, the total extract and each fraction were evaluated for their antinociception
and anti-inflammatory effects using formalin and carrageenan-induced paw edema tests respectively.
The methanolic extract exhibited both antinociceptive and anti-inflammatory effects at a dose of
100 mg/kg. Among the tested fractions, alkaline chloroform fraction (AKC), which was alkaloid positive
in screening tests, showed the most anti-nociceptive effect in a dose-dependent manner. AKC fraction
was as effective as morphine (5 mg/kg) in this regard. Both aqueous and acidified chloroform fractions
(ACC) could significantly inhibit paw edema at a different dose. The latter fraction dose-dependently
inhibited carrageenan-induced paw edema. The results of phytochemical screening tests confirmed the
presence of flavonoids in both ACC and aqueous fractions. It can be concluded that the alkaloid and fla-
vonoid content of fenugreek seeds can be responsible for antinociception and anti-inflammatory effects
of the plant respectively.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Inflammation and pain are two kinds of defense reactions of liv-
ing systems in reply to any invasive factor. Considering the fre-
quent occurrence of adverse effects of current drugs, the research
for new antinociceptive and anti-inflammatory drugs with mini-
mal toxicity is of particular interest in phytochemistry (Darland
et al., 1998). Traditional medicines and particularly medicinal
plants are worthy sources that can fulfill these objectives. One of
the major approaches in developing new drugs from plant sources
is to examine the uses claimed for a traditional preparation. Fol-
lowing confirmation and isolation of active ingredient(s) of medic-
inal plants and elucidation of their structure(s), pharmaceutical
industries may utilize them as leading compounds to produce
new classes of medicines.

Trigonella foenum-graecum L. belongs to Fabaceae family and is
a foodstuff plant with many beneficial medicinal uses. Some of its
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effects such as hypoglycemic, hypocholesteremic, anticancer, and
gastroprotective effects have been studied (Sharma et al., 1990;
Ajabnoor and Tilmisany, 1998; Pandian et al., 2002). Phytochemi-
cal analysis has shown that the fenugreek seeds contain a variety
of alkaloids, saponins, flavonoids and carbohydrates (Chauhan
et al., 2010). There are several reports citing the antinociceptive
and anti-inflammatory effects of this plant that suggest it is a
promising candidate for further studies to find new therapeutic
compounds (Biswal et al., 2003; Vyas et al., 2008; Bhalke et al.,
2009; Sharififar et al., 2009; Malviya et al., 2010; Kawabata et al.,
2011; Sharififar et al., 2012). However, all of the reports describe
the antinociceptive and anti-inflammatory effect of total extract
of the plant and no constituents of the plant have identified
responsible for these activities and to the best of our knowledge,
there was no study on the evaluation of antinociceptive and anti-
inflammatory effects of the major fractions of fenugreek seeds so
far. Therefore in the present study we will focus on the
fractionation of methanolic extract of fenugreek seeds and assess-
ment the antinociceptive and anti-inflammatory effects of its ma-
jor fractions using formalin and carrageenan-induced paw edema
tests.
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Table 1
The result of phytochemical screening of total extract and separated fractions from
fenugreek seeds.

Sample Saponin Flavonoid Alkaloid Terpenoids

Total extract +++ ++ +++ +++
n-Hexane + � _ +++
CCl4 � � ++ ++
DCMa � � + ++
ACCb � +++ � �
AKCc � � +++ �
Aqueous fraction � +++ � �

a Dichloromethane.
b Acidified chlorofom fraction.
c Alkaline chloroform fraction; +++: high content; ++: medium content; +: low

content; �: no content (content was evaluated as the sediment or the intensity of
color).
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2. Methods and materials

The seeds of T. foenum graecum L. were purchased from local market; and it was
authenticated by Dr. Sharififar, Department of Pharmacognosy, Faculty of Phar-
macy, Kerman University of Medical Sciences, Kerman, Iran.

Ibuprofen powder (Iran, Hakim Pharmaceutical Co. Ltd., Iran), morphine (Dar-
upakhsh, Iran), carboxymethylcellulose-sodium (CMC-Na, Iran), and carrageenan
(type I, Sigma Co., UK) were of a pharmaceutical grade; and the other chemicals
and reagents were from an analytical grade.

An amount of 5 kg of dried plant seeds was extracted with methanol applying
percolation method. The obtained extract was evaporated under vacuum to give a
viscose mass. Then, an amount of 200 g of the extract was suspended in 600 mL
of distilled water and was partitioned sequentially with n-hexane (5 � 300 mL),
carbon tetrachloride (5 � 300 mL), dichloromethane (DCL) (5 � 300 mL), acidified
chloroform (pH 3) (5 � 300 mL) and basified chloroform (pH 9) (5 � 300 mL) at
room temperature. Totally, six major fractions were collected and concentrated un-
der vacuum and stored at �20 �C until pharmacological tests.

2.1. Phytochemical screening

The total extract of the fenugreek seeds and each of the fractions were screened
to investigate the presence of alkaloids, flavonoids, terpenoids and saponins (Trease
and Evans, 1983).

2.2. Animals

Male NMRI mice, weighing 25–30 g were used for the antinociceptive and anti-
inflammatory tests. The animals were obtained from the Neuroscience Research
Center, Kerman University of Medical Sciences. They were housed at a room tem-
perature of 22 ± 2 �C, at 12-h light:12-h dark cycle, with free access to food and
water. In all pharmacological tests, the animals were divided in groups of six mem-
bers and acclimatized to the laboratory condition for at least 1 h before testing.
Each animal was used just for one test. The ethical approval of the study was re-
ceived from local authorities, which was in compliance with UK current ethical reg-
ulations for using animals in scientific procedures (Act 1986, 86/609/EEC); and also
all animals used for pharmacological tests received human care (NO, EC/KNRC/85-
2).

2.3. Formalin test

The antinociception was determined using formalin test as described by Saddi
et al., with some modifications (Saddi and Abbott, 2000a). The dose of 5 mg/kg of
six major fraction and total extract (100 mg/kg) were administrated intraperitone-
ally (i.p.) to animals and after 30 min, a volume of 20 ll of 1% (w/v) formalin and an
equal volume of normal saline were subscutaneously (s.c.) injected into plantar sur-
face of right and left hind paws of the animals respectively. Morphine (2.5 and
5 mg/kg) and ibuprofen (200 mg/kg) were used as positive controls. The behavioral
categories and their weights, as described by Dubuisson and Dennis (1977) and
Saddi and Abbott (2000b), were as follows:

0 = No pain, the injected paw is pressed firmly on the floor, 1 = favoring, resting
the injected paw (right paw) on floor or limping, 2 = lifting, the injected paw is ele-
vated and is not in contact with any surface, 3 = licking, the animal licks, bites, or
shakes the affected paw.

The number of each repetitive response, and the total number of behavior re-
sponses were recorded at intervals of 10, 20, 30 and 40 min after injection. The
mean of behavior observations was calculated as follows:

Mean of behavior observation=min ¼ ðN1 � 1Þ þ ðN2 � 2Þ þ ðN3 � 3Þ
T

where N1, N2 and N3 are the number of repetitive responses and T is the total time in
min. The potent fraction (AKC) was studied at doses of 5, 10, 15 and 20 mg/kg.

The analgesic effect of AKC at different doses was calculated using the following
formula: percentage of pain inhibition = [(Mcont �Msam)/Mcon] � 100, where Mcon

and Msam are means of behavior observations for control and sample, respectively.

2.4. Carrageenan-induced mouse paw edema

Edema was induced by s.c. injection of 25 ll of 1% carrageenan and an equal
volume of normal saline into the sub-plantar region of the left and right hind
paw of the animals respectively. Ibuprofen (200 mg/kg as positive control), normal
saline (0.1 ml/10 g as negative control), the total extract (100, and 200 mg/kg) and
each fraction (20 mg/kg) were administered i.p. to the animals 30 min prior to
induction of edema by s.c. injection of 25 ll of 1% carrageenan into the sub-plantar
region of the right hind paw. Similarly, equal volume of normal saline was injected
into the left paw as reference. All drugs were immediately administered after car-
rageenan injection (T = 0). The volume of both hind paws was measured with a ple-
thysmometer at zero time (immediately after carrageenan injection), 1, 2 and 3 h
after carrageenan injection. The difference of volumes of two paws of each animal
was measured and considered as carrageenan-induced edema (Vasudevan et al.,
2007). The effective fraction (AKC) was further studied at doses of 10, 15 and
20 mg/kg.

The increase in paw volume in Tn was calculated by subtracting the initial paw
volume (basal) to the paw volume measured at each time point as follow: D edema:
(Vr � Vl) tn � (Vr � Vl) t0 where Vr: volume of right paw, Vl: volume of left paw, tn:
the time n after carrageenan injection, t0: the time just after carrageenan injection
(Posadas et al., 2004).

2.5. Statistical analysis

The results are expressed as mean ± SEM. The differences between the mean of
the control and treated groups in each pharmacological test were evaluated using a
one-way analysis of variance (ANOVA), followed by Tukey’s post hoc test. The dif-
ferences with p < 0.05 were considered significant.
3. Results

3.1. Fractionation and phytochemical screening

The yield of extraction was measured about 37.5% from which
six major fractions were separated. As shown in Table 1, in phyto-
chemical screening, the fractions of AKC and ACC exhibited strong
positive reaction for alkaloids and flavonoids respectively.

3.2. Formalin test

As indicated in Fig. 1, treatment with total extract (100 mg/kg),
AKC (5 mg/kg) and morphine (2.5 and 5 mg/kg) significantly de-
creased the number of painful behaviors at early phase (T10) of for-
malin test (p < 0.05). At the later phases of experiment (T20, T30,
T40), the most inhibition of pain was observed for morphine
(5 mg/kg) and AKC (5 mg/kg) which significantly decreased the
pain score in animals. In addition, ibuprofen (200 mg/kg), mor-
phine (2.5 mg/kg) and total extract (100 mg/kg) could significantly
inhibit the nociception responses in mice in a decreasing order
(p < 0.05). Aqueous fraction, ACC and DCM at dose 10 mg/kg,
exhibited inhibition of pain at both early and late phases of forma-
lin test in order; however, this effect was not significantly different
from control. The results of percentage of pain inhibition of differ-
ent does of AKC show that this fraction dose-dependently de-
creased the pain in animal (Fig. 2). As shown in Fig. 2, the
percentage of pain inhibition was more than ibuprofen at both
early and late phases (T10, T20 and T30).

3.3. Carrageenan-induced paw edema test

In carrageenan-induced paw edema experiment, as shown in
Table 2, the examined samples demonstrated a significant anti-
inflammatory activity at all tested doses in comparison with con-
trol group 3 h after carrageenan administration (p < 0.05). Amongst



Fig. 1. The anti nociceptive effect of total extract and major fractions separated from fenugreek seeds in formalin test in comparison to ibuprofen and morphine. NS: Normal
saline; AKC: Alkaline chloroform fraction; Hex: Hexane extract. The animal behavioral rating was recorded using the following scale: N1: resting the injected paw (right paw)
on floor or limping, N2: Completely up warding or lifting the right paw, N3: the number of licking or biting the right paw. Each point is the mean ± SEM of six animals.
⁄p < 0.05, significantly different from control group.

Fig. 2. The antinociceptive effect of different doses of alkaline chloroform fraction (AKC) form fenugreek seeds in comparison to ibuprofen. The effect has been calculated on
the basis of percent of pain inhibition. Each point is the mean ± SEM of six animals. ⁄p < 0.05, ⁄⁄p < 0.01 and ⁄⁄⁄p < 0.001 in comparison to normal saline group.

Table 2
The anti-inflammatory effect of total extract and major fractions separated from fenugreek seeds in carrageenan-induced paw edema method.

Treatment group Percent of inhibition of carrageenan-induced paw edema in definite intervals in mice

0 h. 1 h. 2 h. 3 h.

Total extract (100 mg/kg) 9.02 ± 5.30 22.40 ± 6.09 70.00* ± 5.48 85.33* ± 6.24
Total extract (200 mg/kg) 18.00 ± 9.80 78.33* ± 8.60 78.33* ± 8.68 93.80* ± 4.99
Hexane (20 mg/kg) 4.21 ± 5.2 28.5 ± 7.97 27.00 ± 8.71 43.92** ± 8.30
CCl4 (20 mg/kg) 9.020 ± 6.80 25.76 ± 6.34 27.43 ± 3.22 42.93** ± 9.40
DCMa (20 mg/kg) 4.03 ± 6.68 28.50 ± 7.97 27.00 ± 8.71 44.93** ± 8.68
ACCb(20 mg/kg) 13.12 ± 8.27 61.33*** ± 8.52 79.83* ± 3.51 93.87* ± 3.72
AKCc (20 mg/kg) 9.3 ± 4.28 32.50 ± 8.43 33.00 ± 8.43 45.73** ± 6.74
Aqueous fraction (20 mg/kg) 20.21 ± 9.32 64.63*** ± 8.24 85.33* ± 5.74 94.80* ± 3.83
Ibuprofen (200 mg/kg) 8.00 ± 13.6 59.63** ± 7.65 75.83*** ± 7.87 96.87* ± 2.81

a Dichloromethane.
b Acidified chlorofom fraction.
c Alkaline chloroform fraction.

* p < 0.001 significantly different from control.
** p < 0.05 significantly different from control.
� p < 0.01 significantly different from control.
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Fig. 3. The anti-inflammatory effect of different doses of ACC fraction from fenugreek seeds using carrageenan-induced paw edema. D Edema in the time of Tn has been
calculated using formula: D edema: (Vr � Vl) tn � (Vr � Vl) t0. Each point is the mean ± SEM of six animals. ⁄p < 0.05, ⁄⁄p < 0.01 and ⁄⁄⁄p < 0.001 in comparison to normal saline
group.

2506 A. Mandegary et al. / Food and Chemical Toxicology 50 (2012) 2503–2507
the examined samples, the aqueous fraction (20 mg/kg), ibuprofen
(200 mg/kg), and ACC could significantly induce a reduction in paw
edema through the whole time of experiment in animal (p < 0.05–
0.001). The total extract exhibited the highest inhibition of paw
edema at 1 h in comparison with the control group (p < 0.001).
As shown in Fig 3, the ACC fraction reduced edema in all doses
(5, 10, 15 and 20 mg/kg) in 1, 2, 3 and 4 h after carrageenan
administration.
4. Discussion

The fractionation of methanolic extract of fenugreek seeds pro-
vided six major fractions which were evaluated for their antinoci-
ceptive and anti-inflammatory effects. Previous studies have
proven these activities for the total extract of the plant seeds
(Sharififar et al., 2009; Malviya et al., 2010). Amongst the tested
samples, alkaline chloroform fraction (AKC) at different doses, total
extract (100 mg/kg) and morphine (5 mg/kg) have significantly re-
duced the pain score in both early and late phases of formalin test
(Figs. 1 and 2). In formalin test, the central antinociceptive agents
can inhibit both phases of formalin-induced pain while peripher-
ally active ones inhibit the late period of pain (Miguel et al.,
2002). An important feature of formalin test is its biphasic identity
(Tjolsen et al., 1992). The early phase is modulated by those CNS
mechanisms which can be inhibited by the opioid receptor antag-
onists. This is in accordance with our results showing that mor-
phine could prevent pain in the first phase but not in the late
stage. The results also show the effectiveness of the total extract,
AKC, and ACC fractions in inhibition of pain in the first phase of
the test. In accordance to the results of the present study, Biswal
and Bhalke have also claimed a central antinociceptive effect for
fenugreek seeds using hot plate and tail flick methods (Biswal
et al., 2003; Bhalke et al., 2009). The results of preliminary phyto-
chemical screening confirmed the presence of alkaloids, saponins
and flavonoids in total extract while the AKC fraction exhibited a
positive reaction just for alkaloids (Table 1); therefore, the antino-
ciceptive effect of both AKC and total extract might be mostly due
to the presence of the active alkaloid content. The antinociceptive
effect of certain alkaloids has been investigated and cited in the
literature (Garcia-Pastor et al., 1999; Matsumoto et al., 2005;
Reanmongkol et al., 2005). Taking all these findings into consider-
ation, one can attribute the antinociceptive effect of AKC fraction
and total extract to their alkaloid and opioid-like compounds.

The AKC fraction dose-dependently inhibited both phases of
pain in the applied model (Fig. 2). Since the late phase of formalin
test is an inflammatory stage, which is prevented by cyclooxygen-
ase inhibitors like NSAIDs, it might be suggested that the antinoci-
ceptive effect of AKC fraction is mediated via the inhibition of
cyclo-oxygenases and/or lipoxygenases (and/or inflammatory
mediators). This is entirely consistent with our results that show
the effectiveness of ibuprofen on inflammation in the late phase
of formalin test.

In carrageenan method, the findings show that the greatest sig-
nificant inhibition of paw-edema was due to aqueous fraction
(20 mg/kg), ACC fraction especially at different doses and the total
extract (p < 0.001). The most inhibition was obtained for aqueous
fraction and ACC, 1 and 4 h after the injection of carrageenan
(Table 2). The fraction of ACC inhibited carrageenan-induced paw
edema in a dose-dependent manner (Fig. 3).

The other fractions of the fenugreek seeds could also signifi-
cantly inhibit paw-edema (p < 0.001), indicating their possible
prominent mechanism of inhibitory effects on prostaglandins and
bradykinin which are responsible for the second phase of edema
(Yoshimoto et al., 1983). The results of phytochemical screening
indicated the presence of flavonoids in both aqueous and ACC frac-
tions of the plant, while the test for alkaloid and saponin detection
were negative. Therefore, the anti-inflammatory effect of these
fractions might be attributed mostly to their contents of flavo-
noids. Flavonoids inhibit cyclooxygenase and lipoxygenase which
are involved in initiation stage of inflammation reactions (Damas
et al., 1985). The precise mechanism of flavonoids in inhibition of
these enzymes is not known. Flavonoids also can inhibit the bio-
synthesis of eicosanoids like prostaglandins. In addition, flavonoids
are putative antioxidant with high activity of free radical scaveng-
ing. Free radicals can attract various inflammatory mediators, con-
tributing to a general inflammatory response (Moroney et al.,
1988; Formica and Regelson, 1995; Nijveldt et al., 2001). The other
fractions like DCM, CCl4, n-hexane and AKC which contained sapo-
nins, terpenoids and alkaloids could significantly reduce the paw
edema (Table 2). The total extract exhibited a potent anti-inflam-
matory effect in the experiment. Different components of the plant
might be responsible for this effect.

Although previous studies have reported the antinociceptive
and anti-inflammatory effects of fenugreek seeds, it is for the first
time that the major fractions of the plant have been separated and
studied for these activities. More investigations for separation of
active agents and toxicological studies are being carried out.
Conflict of Interest

The authors declared that there are no conflicts of interest.



A. Mandegary et al. / Food and Chemical Toxicology 50 (2012) 2503–2507 2507
Acknowledgements

The present article is a part of a research Project which has been
supported by the Kerman University of Medical Sciences, Vice
Chancellor for Research. The authors are thankful for financial sup-
port of this study. This work is extracted from the Pharm D. thesis
of RF and SS, pharmacy students of Kerman University of Medical
Sciences.

References

Ajabnoor, M., Tilmisany, A., 1998. Effect of Trigonella foenum-graecum on blood
glucose levels in normal and alloxan-diabetic mice. J. Ethnopharmacol. 22, 45–
49.

Bhalke, R., Anarte, S., Saane, K., Satpute, S., Shinde, S., Sangle, V., 2009.
Antinociceptive activity of Trigonella foenum-graecum leaves and seeds
(Fabaceae). Iran. J. Phamacol. Therap. 8, 57–59.

Biswal, S., Das, M., Nayak, P., 2003. Antinociceptive activity of seeds of Trigonella
foenum graecum in rats. Ind. J. Physiol. Pharmacol. 47, 479–480.

Chauhan, G., Sharma, M., Kharkwal, H., Vrma, A., 2010. Pharmacognostic,
preliminary phytochemical studies and anticancerous potential of Trigonella
foenum-graecum. Pharm. Sci. Manitor. 2, 350–359.

Damas, J., Bourdon, V., Remacle-Volon, G., Lecomte, J., 1985. Pro-inflammatory
flavonoids which are inhibitors of prostaglandin biosynthesis. Prosta. Leukotr.
Med. 19, 11–24.

Darland, T., Heinricher, M., Grandy, D., 1998. Orphanin FQ/nociception: a role in
pain and analgesia, but so much more. Trends Neurosci. 21, 215–221.

Dubuisson, D., Dennis, S.G., 1977. The formalin test: a quantitative study of the
analgesic effects of morphine, meperidine, and brain stem stimulation in rats
and cats. Pain 4, 161–174.

Formica, J., Regelson, W., 1995. Review of the biology of quercetin and related
bioflavonoids. Food Chem. Toxicol. 33, 1061–1080.

Garcia-Pastor, P., Randazzo, A., Gomez-Paloma, L., Alcaraz, M., Paya, M., 1999.
Effects of petrosaspongiolide M, a novel phospholipase A2 inhibitor, on acute
and chronic inflammation. J. Pharmacol. Exp. Ther. 289, 166–172.

Kawabata, T., Cui, M., Hasegawa, T., Takano, F., Ohta, T., 2011. Anti-inflammatory
and antimelanogenic steroidal saponin glycosides from fenugreek (Trigonella
foenum-graecum L.) seeds. Planta Med. 77, 705–710.

Malviya, K., Babhulkar, M., Mali, P., Rangari, V., 2010. Evaluation of anti-
inflammatory potential of Trigonella foenum-graecum (Fenugreek) seed extract
by using carrageenan induced rat paw edema. Drug Inventory Today 2, 109–
111.

Matsumoto, K., Horie, S., Takayama, H., Ishikawa, H., Aimi, N., Ponglux, D.,
Murayama, T., Watanabe, K., 2005. Antinociception, tolerance and withdrawal
symptoms induced by 7-hydroxymitragynine, an alkaloid from the Thai
medicinal herb Mitragyna speciosa. Life Sci. 78, 2–7.

Miguel, O.G., Santos, A.R.S., Calixto, J.B., Monache, F.D., Yunes, R.A., 2002.
Antinociceptive activity of the natural piperidine alkaloid hydrochlorides
from Syphocampylus verticellatus. J. Biosciences. 57, 81–84.

Moroney, M., Alcaraz, M., Forder, R., Carey, F., Hoult, J., 1988. Selectivity of
neutrophil 5-lipoxygenase and cyclo-oxygenase inhibition by an anti-
inflammatory flavonoid glycoside and related aglycone flavonoids. J. Pharm.
Pharmacol. 40, 787–792.

Nijveldt, J., Nood, E.V., Hoorn, P.V., Norren, K., Leeuwen, P., 2001. Flavonoids: a
review of probable mechanisms of action and potential applications. Am. J. Clin.
Nutr. 47, 418–425.

Pandian, S., Anuradha, C., Viswanathan, P., 2002. Gastroprotective effect of
fenugreek seeds (Trigonella foenum-graecum) on experimental gastric ulcer in
rats. J. Ethnopharmacol. 81, 393–397.

Posadas, I., Bucci, M., Roviezzo, F., Rossi, A., Parente, L., Sautebin, L., Cirino, G., 2004.
Carrageenan-induced mouse paw oedema is biphasic, age-weight dependent
and displays differential nitric oxide cyclooxygenase-2 expression. Br. J.
Pharmacol. 142, 331–338.

Reanmongkol, W., Subhadhirasakul, S., Thienmontree, S., Thanyapanit, K.,
Kalnaowakul, J., Sengsui, S., 2005. Antinociceptive activity of the alkaloid
extract from Kopsia macrophylla leaves in mice. Songklanakarin J. Sci. Technol.
27, 509w–516w.

Saddi, G., Abbott, F., 2000a. The formalin test in the mouse: a parametric analysis of
scoring properties. Pain 89, 53–63.

Saddi, G., Abbott, F.V., 2000b. The formalin test in the mouse: a parametric analysis
of scoring properties. Pain 89, 53–63.

Sharififar, F., Khazaeli, P., Alli, N., 2009. In vivo evaluation of anti-inflammatory
activity of topical preparations from Fenugreek (Trigonella foenum-graecum L.)
seeds in a cream base. Iran. J. Pharm. Sci. 5, 157–162.

Sharififar, F., Khazaeli, P., alli, N., Talebian, E., Zarehshahi, R., Amiri, S., 2012. Study of
antinociceptive and anti-inflammatory activities of certain Iranian medicinal
plants. J. Int. Ethnopharmacol. 1, 19–24.

Sharma, R., Raghuram, T., Rao, N., 1990. Effects of fenugreek seeds on blood glucose
and serum lipid in type I diabetes. Eur. J. Clin. Nutr. 44, 301–306.

Tjolsen, A., Berge, D., Hunskaar, S., Rosland, G., Hole, K., 1992. The formalin test: an
evaluation of the method. Pain 51, 5–17.

Trease, G., Evans, E., 1983. Pharmacognosy. Bailliere Tindall Press, London.
Vasudevan, M., Gunnam, K., Parle, M., 2007. Antinociceptive and anti-inflammatory

effects of Thepesia populnea bark extrac. J. Ethnopharmacol. 109, 264–270.
Vyas, S., Agrawal, R., Solanki, P., Trivedi, P., 2008. Analgesic and anti-inflammatory

activities of Trigonella foenum-graecum (seed) extract. Acta Pol. Pharm. 65, 473–
476.

Yoshimoto, T., Furukawa, M., Yamamoto, S., Horie, T., Watanabe-Kohno, S., 1983.
Flavonoids: potent inhibitors of arachidonate 5-lipoxygenase. Biochem.
Biophys. Res. 116, 612–618.


	Alkaloid and flavonoid rich fractions of fenugreek seeds (Trigonella  foenum-graecum L.) with antinociceptive and anti-inflammatory effects
	1 Introduction
	2 Methods and materials
	2.1 Phytochemical screening
	2.2 Animals
	2.3 Formalin test
	2.4 Carrageenan-induced mouse paw edema
	2.5 Statistical analysis

	3 Results
	3.1 Fractionation and phytochemical screening
	3.2 Formalin test
	3.3 Carrageenan-induced paw edema test

	4 Discussion
	Conflict of Interest
	Acknowledgements
	References


