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Abstract

Background: Crocus sativus L (saffron) is used in folk medicine, for example as an
antiedematogenic agent. We aimed to evaluate the antinociceptive and anti-inflammatory activity
of saffron extracts in mice.

Results: We used aqueous and ethanolic maceration extracts of Crocus sativus L. stigma and
petals. Antinociceptive activity was examined using the hot plate and writhing tests. The effect of
extracts against acute inflammation was studied using xylene induced ear edema in mice. The
activity of the extracts against chronic inflammation was assessed by formalin-induced edema in the
rat paw. In the hot plate tests, intraperitoneal injection of both extracts showed no significant
antinociceptive activity in mice. The extracts exhibited antinociceptive activity against acetic acid
induced writhing. Naloxone partially blocked only the antinociceptive activity of the stigma aqueous
extract. Only the stigma extracts showed weak to moderate effect against acute inflammation. In
chronic inflammation, both aqueous and ethanolic stigma extracts, as well as ethanolic petal extract,
exerted anti-inflammatory effects.

Conclusions: We conclude that aqueous and ethanolic extracts of saffron stigma and petal have

an antinociceptive effect, as well as acute and/or chronic anti-inflammatory activity.

Background

Crocus sativus L. (Iridaceae), commonly known as saffron
is used in folk medicine for various purposes such as an
aphrodisiac, antispasmodic and expectorant [1]. Modern
pharmacological studies have demonstrated that saffron
extracts have antitumour [2-4], radical scavenger, hypoli-
paemic [5], anticonvulsant effects [6] and improve activity
on learning and memory [5,7].

Chemical studies on C. sativus have shown the presence of
constituents such as crocin, crocetin, safranal and picro-
crocin [8-10]. Among the constituents of saffron extract,
crocetin is mainly responsible for these pharmacological
activities [5].

In traditional medicine, the stigma of this plant is used as
an antiedematogenic remedy [1]. The aim of this study
was to validate the anti-inflammatory and antinociceptive
effect of the saffron stigma and petal extracts.
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Results
The maximum non-fatal doses of stigma aqueous and eth-
anolic extracts were 0.8 g/kg and 2 g/kg (i.p.), respectively.

The maximum non-fatal doses of petal aqueous and eth-
anolic extracts were 3.6 g/kg and 8 g/kg (i.p.), respectively.
LDs, values of the petal aqueous and ethanolic extracts
were 6.67 g/kg, i.p. (4.95 8.99) and 9.99 g/kg ip.
(8.13,12.28), respectively.

Phytochemical screening of the extracts indicated the
presence of flavonoids, tannins and anthocyanins in the
petal aqueous and ethanolic extracts. Alkaloids and sa-
ponins were found in the stigma aqueous and ethanolic
extracts (Table 1)

Table I: Phytochemical screening of Crocus sativus petal and stig-
ma aqueous and ethanolic extracts.

Extract Alkaloids Flavonoids Tannins Saponins Anthoc
yanins
Petal
Aqueous - + + - +
Ethanolic - + + - +
Stigma
Aqueous + - - + -
Ethanolic + - - + -

The aqueous and ethanolic extracts of C. sativus petal and
stigma significantly reduce the number of mouse abdom-
inal constrictions induced by a 0.7% acetic acid solution
in a dose dependent manner (P<0.001, except for the dose
of 0.36 g/kg of aqueous stigma which was P<0.01). Mor-
phine and diclofenac induced a protection against ab-
dominal constriction (P<0.001). Naloxone, (2 mg/kg,
s.c.) pretreatment after i.p. injection of the extracts practi-
cally did not inhibit the antinociceptive activity of both
extracts (figures 1, 2, 3, and 4). Only, the antinociceptive
effect of aqueous stigma extract, 0.32 g/kg, was partially
blocked by naloxone (figure 3). Naloxone completely an-
tagonized the antinociceptive activity of morphine.

In hot plate test, aqueous (1.4, 2.5 and 3.6 g/kg, i.p.) and
ethanolic (0.8, 3.2 and 5.6 g/kg, i.p.) petal extracts
showed no significant antinociceptive  activity
(P>0.05)(figures 5 and 6). The aqueous (0.32, 0.56 and
0.8 g/kg, i.p.) and ethanolic (0.8, 1.4 and 2 g/kg, i.p.) stig-
ma extracts also exerted no significant analgesic activity
(P>0.05)(figures 7 and 8). Morphine, a positive reference,
(10 mg/kg, i.p.) showed significant analgesic effect in the
hot-plate test beginning 30 min after treatment
(P<0.001). In the xylene induced ear edema, the aqueous
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and ethanolic extracts of petal showed no significant anti-
inflammatory activity but diclofenac and dexamethasone
reduced the edema about 50% (Tables 2 and 3). In higher
doses, the aqueous (0.56 g/kg, P<0.05; 0.8 g/kg, P<0.01)
and ethanolic (1.4 g/kg, P<0.05; 2 g/kg, P<0.05) extracts
of stigma showed significant activity against the acute in-
flammation (Tables 4 and 5).

In the chronic inflammation (formalin test), the aqueous
petal extracts did not exhibit significant anti-inflammato-
1y activity (P>0.05) but the ethanolic petal extract showed
significant activity (figure 9). Both extracts of the stigma
exerted significant anti-inflammatory activity (figure 10).
In diclofenac and the ethanolic stigma extract (1.4 g/kg)
groups; the hind paw edema of rat disappeared after 6
days (P<0.001) (figure 10). Diclofenac as well as the aque-
ous (0.8 g/kg) and ethanolic stigma extract (1.4 g/kg)
showed anti-inflammatory effect on day one (P<0.05)
(figure 10). On days 4 and 5, both diclofenac and the ex-
tracts did not demonstrate anti-inflammatory activity
(P>0.05).

Discussion

The present results indicate that aqueous and ethanolic
extracts of C. sativus petal and stigma have antinociceptive
activity in chemical pain tests. The stigma extracts showed
activity against acute and chronic inflammation. The petal
ethanolic extract showed anti-inflammatory activity in the
chronic inflammatory test.

In respect to LD5 values and maximum non-fatal doses,
the stigma extracts were more toxic than the petal extracts.
LDs values of aqueous and ethanolic stigma extracts have
been reported as 1.6 g/kg, i.p. (1.16, 2.22) and 3.38 g/kg,
i.p. (2.55, 4.52) in mice [6]. According to a toxicity classi-
fication [11], stigma and petal extracts are "relatively tox-
ic" and "low toxic", respectively. Treatment with the C.
sativus extract also significantly prolonged the life span of
cisplatin-treated mice almost three-fold [12]. Toxicity
studies showed that the hematological and biochemical
parameters were within normal range with saffron extract

[2]-

As preliminary phytochemical results indicated, it could
be suggested that the antinociceptive and anti-inflamma-
tory effects of the petal extracts may be due to their con-
tent of flavonoids, tannins and anthocyanins. Other
studies have demonstrated that various flavonoids such as
rutin, quercetin, luteolin, hesperidin and biflavonoids
produced significant antinociceptive and/or anti-inflam-
matory activities [13-16]. There are few reports on the
role of tannins in antinociceptive and anti-inflammatory
activities [17]. Recently, it has been shown that crocins,
Crocus glycosides, exhibited an anti-inflammatory effect
in some models of inflammation [18].
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Figure |

Effect of a subcutaneous injection of naloxone on the antino-
ciceptive effect of intraperitoneally administered Crocus sati-
vus petal aqueous extract, morphine and diclofenac on acetic
acid-induced writhing test in mice. Values are the mean *
S.E.M. of writhes number for 8 mice, **P<0.01, **P<0.001,
compared to control (normal saline); +++P<0.00l, com-
pared to morphine plus naloxone, Tukey-Kramer test.

In the present study, morphine, a centrally acting analge-
sic drug, produced an inhibitory effect on the nociceptive
response in the hot plate test, a central antinociceptive test
[19], while the aqueous and ethanolic extracts showed no
antinociceptive activity in this test. Thus, the extracts may
not act via central mechanisms, although agents that alter
the motor performance of animals may increase the laten-
cy time on the hot plate test without acting on the central
nervous system [19]. Antinociceptive activity of opioid ag-
onists, opioid partial agonists, and non-steroidal anti-in-
flammatory agents can be determined by the writhing test
[20]. It has also been shown that some plants such as
Hunteria zeylanica[21] and Ocotea suaveolens[22] decrease
stretching induced by acid acetic acid but have no effect
on heat-induced pain. The association of both antinocice-
ptive activity and moderate anti-inflammatory effect ob-
served with the extracts has also been shown in non-
steroidal anti-inflammatory drugs (NSAIDs). It is a well-
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Figure 2

Effect of a subcutaneous injection of naloxone on the antino-
ciceptive effect of intraperitoneally administered Crocus sati-
vus petal ethanolic extract, morphine and diclofenac on acetic
acid-induced writhing test in mice. Values are the mean *
S.E.M. of writhes number for 8 mice, “*P<0.001, compared
to control (normal saline); +++P<0.001, compared to mor-
phine plus naloxone, Tukey-Kramer test.

established fact that NSAIDs exert their analgesic and anti-
inflammatory activity by the inhibition of cyclo-oxygen-
ase activity [23]. As the antinociceptive activity of most ex-
tracts in the writhing test was not inhibited by naloxone,
the extracts may not act via opioid receptors and may exert
their activity via a peripheral mechanism. The stigma ex-
tracts and the ethanolic petal extracts significantly dimin-
ished in a dose dependent way the induced paw edema in
rats. The extracts were able to reduce the inflammation in
acute and chronic phases.

It is concluded that saffron stigma and petal aqueous and
ethanolic maceration extracts have antinociceptive effects
in chemical pain tests and have acute and/or chronic anti-
inflammatory activity. The antinociceptive and anti-in-
flammatory effects of the extracts may be due to their con-
tent of flavonoids, tannins, anthocyanins, alkaloids and
saponins. However, the chemical constituents and mech-
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Figure 3

Effect of a subcutaneous injection of naloxone on the antino-
ciceptive effect of intraperitoneally administered Crocus sati-
vus stigma aqueous extract, morphine and diclofenac on
acetic acid-induced writhing test in mice. Values are the
mean * S.E.M. of writhes number for 8 mice, **P<0.001,
compared to control (normal saline); +++P<0.00l, com-
pared to morphine (or extract) plus naloxone, Tukey-
Kramer test.

anism(s) responsible for the pharmacologoical activities
remain to be investigated.

Materials and Methods

Animals

Male and female albino mice 25-30 g and Wistar rats
weighing 150-210 g were obtained from a random bred
colony in the animal house of Mashhad University of
Medical Sciences. Animals were housed in colony room
12/12 hr light/dark cycle at 21 £ 2°C and had free access
to water and food.

Plant material

Plants were collected from Torabat Hydarieh (in south of
Khorassan province, L.R. of Iran) in October 1998 and
dried in shadow and ground. The C. sativus L. was identi-
fied by Ferdowsi University (Ms. Molaei) and voucher
samples were preserved for reference in the herbarium of
School of Pharmacy, Mashhad, IR. Iran (143-0319-1).
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Figure 4

Effect of a subcutaneous injection of naloxone on the antino-
ciceptive effect of intraperitoneally administered Crocus sati-
vus stigma ethanolic extract, morphine and diclofenac on
acetic acid-induced writhing test in mice. Values are the
mean + S.E.M. of writhes number for 8 mice, **P<0.00I,
compared to control (normal saline); +++P<0.00l, com-
pared to morphine plus naloxone, Tukey-Kramer test.

Preparation of extracts

The powder of stigma or petal was extracted using macer-
ation with ethanol or water. The powdered plant was mac-
erated in water or ethanol (80 %, v/v) for 3 days and,
subsequently, the mixture was filtered and concentrated
under reduced pressure at 40°C. The yield (w/w) of aque-
ous and ethanolic extracts of stigma was 50.8% and
56.6%, respectively. The yield (w/w) of aqueous and eth-
anolic extracts of petal was 15.5% and 19%, respectively.
The extracts were dissolved in normal saline.

Phytochemical screening

Phytochemical screening of the extract was performed us-
ing the following reagents and chemicals: Alkaloids with
Dragendorffs reagent, flavonoids with the use of Mg and
HCI; tannins with 1% gelatin and 10% NacCl solutions
and saponins with ability to produce suds [24].
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Figure 5

Effect of the aqueous extract of Crocus sativus petal and mor-
phine (i.p.) on pain threshold of mice in the hot-plate test.
Each point represents the mean £ S.E.M. of reaction time for
n = 8 experiments on mice. “*P<0.001, compared to control
(normal saline), Tukey-Kramer test.

The maximum non-fatal dose (MNFD) and acute toxicity
Different doses of the extracts were injected to separate
groups of five animals. After 48 h, the highest dose that
did not induce any mortality was considered as the maxi-
mum non-fatal dose. The number of deaths was counted
at 48 h after treatment. LD5, values and the correspond-
ing confidence limits (CL, 95%) were determined by the
Litchfield and Wilcoxon method (PHARM/PCS Version
4). Doses of 10, 40 (50), 70 and 100 % MNFD were cho-
sen for most tests. Lower doses were found to be effective
in the writhing test.

Antinociceptive study

Hot-plate test

The hot-plate test was assessed on groups of 8 mice. The
temperature of a metal surface was maintained at 55 #
0.2°C. Latency to a discomfort reaction (licking paws or
jumping) was determined before and after drug adminis-
tration. The cut-off time was 20 s. The latency was record-
ed before and 30, 60, 120, 150 and 240 min following
intraperitoneal administration of the agents. The prolon-
gation of the latency times compared with the values of
the control was used for statistical comparison. Control
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Figure 6

Effect of the ethanolic extract of Crocus sativus petal and mor-
phine (i.p.) on pain threshold of mice in the hot-plate test.
Each point represents the mean + S.E.M. of reaction time for
n = 8 experiments on mice. ““P<0.001, compared to control
(normal saline), Tukey-Kramer test.

received normal saline (10 ml/kg, i.p.) and morphine (10
mg/kg, i.p.) was used as reference drug [25].

Writhing test

Groups of 8 mice were used for controls and test mice.
One hour after the administration of the extract, the mice
were given an intraperitoneal injection of 0.7% v/v acetic
acid solution (volume of injection 0.1 ml/10 g). The mice
were placed individually into glass beakers and five min
were allowed to elapse. The number of writhes produced
in these animals was counted for 30 min. For scoring pur-
poses, a writhe is indicated by stretching of the abdomen
with simultaneous stretching of at least one hind limb.
Control received normal saline (10 ml/kg, ip.), di-
clofenac (10 mg/kg, i.p.) and morphine (10 mg/kg, i.p.)
were used as reference drugs. Naloxone (2 mg/kg, s.c.) was
administered 15 min prior to the extracts or morphine in-
jections [25].

Anti-inflammatory study

Xylene-induced ear edema

Mice were divided into groups of seven. Thirty minutes af-
ter i.p. injection of the extract, diclofenac and dexametha-
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Figure 7

Effect of the aqueous extract of Crocus sativus stigma and
morphine (i.p.) on pain threshold of mice in the hot-plate
test. Each point represents the mean + S.E.M. of reaction
time for n = 8 experiments on mice. ““P<0.001, compared
to control (normal saline), Tukey-Kramer test.

sone, 0.03 ml of xylene was applied to the anterior and
posterior surfaces of the right ear. The left ear was consid-
ered as control. Two hours after xylene application, mice
were killed and both ears were removed. Circular sections
were taken, using a cork borer with a diameter of 7 mm,
and weighed. The increase in weight caused by the irritant
was measured by subtracting the weight of the untreated
left ear section from that of the treated right ear sections.
The formula for computing percent inhibition was: aver-
age writhes in the control group (normal saline) minus
writhes in the drug group divided by writhes in the control
group times 100%. Control received normal saline (10
ml/kg, i.p.), diclofenac (10 mg/kg, i.p.) and dexametha-
sone (15 mg/kg, i.p.) were used as reference drugs [25].

Formalin induced inflammation

Rats were divided into groups of six. The inflammation
was produced by subaponeurotic injection of 0.1 ml of
2% formaldehyde in the right hind paw of the rats on the
first and third day. The animals were treated daily with the
extracts or diclofenac intraperitoneally for 10 days. The
daily changes in paw size were measured by wrapping a
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Figure 8

Effect of the ethanolic extract of Crocus sativus stigma and
morphine (i.p.) on pain threshold of mice in the hot-plate
test. Each point represents the mean + S.E.M. of reaction
time for n = 8 experiments on mice. “*P<0.001, compared
to control (normal saline), Tukey-Kramer test.

Table 2: Effect of the intraperitoneal doses of Crocus sativus petal
aqueous extract, diclofenac and dexamethasone on xylene-in-
duced ear swelling in mice.

Treatment Dose Ear swelling (mg) Inhibition (%)
Control 10 ml/kg 7.6t£0.6 -

Diclofenac 15 mg/kg 3.9+ 0.4 49.1
Dexamethasone 15 mg/kg 3.2+0.3% 58.2

Extract 1.4 g/kg 6.8+0.3 1.7

Extract 2.5 g/kg 6.4+0.4 15.9

Extract 3.6 glkg 6.3+0.3 17.2

The increase in weight caused by the irritant (xylene) was measured
by subtracting the weight of the untreated left ear section from that of
the treated right ear sections. Values are the mean £ S.E.M. for 7
mice, “*P<0.001, compared to control (normal saline), Tukey-
Kramer.
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Table 3: Effect of the intraperitoneal doses of Crocus sativus petal
ethanolic extract, diclofenac and dexamethasone on xylene-in-
duced ear swelling in mice.

Treatment Dose Ear swelling (mg)  Inhibition (%)
Control 10 ml/kg 6.8+0.5 -

Diclofenac I5 mglkg 3.7+ 0.6" 45.3
Dexamethasone 15 mg/kg 3.3+0.5% 514

Extract 0.8 g/kg 55+0.6 19.2

Extract 1.6 g/kg 55+0.5 19.4

Extract 2.5 glkg 51+0.6 258

Extract 3.2 glkg 4.8+ 0.6 29.0

The increase in weight caused by the irritant (xylene) was measured
by subtracting the weight of the untreated left ear section from that of
the treated right ear sections. Values are the mean = S.E.M. for 7 mice,
*P<0.01, compared to control (normal saline), Tukey-Kramer.

Table 4: Effect of the intraperitoneal doses of Crocus sativus stig-
ma aqueous extract, diclofenac and dexamethasone on xylene-in-
duced ear swelling in mice.

Treatment Dose Ear swelling (mg)  Inhibition (%)
Control 10 ml/kg 7.6+0.6 -

Diclofenac I5 mglkg 3.9 £ 04" 53.6
Dexamethasone I5 mglkg 32+0 37 63.1

Extract 0.32 g/kg 50+04 20.9

Extract 0.56 g/kg 43 +04" 32.6

Extract 0.8 g/kg 35405 44,

The increase in weight caused by the irritant (xylene) was measured
by subtracting the weight of the untreated left ear section from that of
the treated right ear sections. Values are the mean + S.E.M. for 7
mice, *P<0.05, *P<0.01, **P<0.001, compared to control (normal
saline), Tukey-Kramer.

Table 5: Effect of the intraperitoneal doses of Crocus sativus stig-
ma ethanolic extract on xylene-induced ear swelling in mice.

Treatment Dose Ear swelling (mg)  Inhibition (%)
Control 10 ml/kg 6.2+0.3 -

Diclofenac I5 mglkg 2.6+ 047" 583
Dexamethasone 15 mg/kg 3.1+ 0.4 49.5

Extract 0.2 g/kg 5.1+0.3 18.2

Extract 0.8 g/kg 4.8+0.3 224

Extract 1.4 g/kg 44+04" 293

Extract 2.0 g/kg 4.5+ 06" 27.8

The increase in weight caused by the irritant (xylene) was measured
by subtracting the weight of the untreated left ear section from that
of the treated right ear sections. Values are the mean * S.E.M. for 7
mice, “P<0.05, **P<0.001, compared to control (normal saline),
Tukey-Kramer.

http://www.biomedcentral.com/1471-2210/2/7

e Control 10 ml/kg
v Diclofenac 5 mg/kg
v Aqueous Extract 2.5 g/kg
O Aqueous Extract 3.6 g/kg
s Ethanolic Extract 1.6 g/kg
A Ethanolic Extract 3.2 g/kg
0.8
g
Q
~ 0.6 |
[}
X
)
B
s 0.4 |
~
L
o
)
202}
o
e
3)
0.0 -
1 1 1
1 2 3 4 5 6 7T 8 9 10
Days
Figure 9

Effect of petal Crocus sativus aqueous and ethanolic extracts
and diclofenac on formaldehyde induced arthritis in hind paw
of rats. The inflammation was produced by subaponeurotic
injection of 0.1 ml of 2% formaldehyde in the right hind paw
of the rats on the first and third day. The animals were
treated daily with the extracts or diclofenac intraperitoneally
for 10 days. All agents were administered intraperitoneally.
Each point represents the mean = S.E.M. of change of hind
paw size for 6 rats. Only the ethanolic extracts and
diclofenac were effective compared to control (normal
saline), Tukey-Kramer.

piece of cotton thread round the paw and measuring the
circumference with a meter rule [26].

Materials

The following reagents were used: morphine and dexam-
ethasone (Dam Pakhsh, L.R. Iran), naloxone hydrochlo-
ride (Tolid Daru, LR. Iran), diclofenac (Zahrawi, L.R.
Iran), acetic acid, xylene and formaldehyde (Merck).

Statistical analysis

The data were expressed as mean values + S.E.M. and test-
ed with analysis of variance followed by the multiple
comparison test of Tukey-Kramer.
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e Control 10 ml/kg
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v Aqueous Extract 0.56 g/kg
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Figure 10

Effect of stigma Crocus sativus aqueous and ethanolic extracts
and diclofenac on formaldehyde induced arthritis in hind paw
of rats. The inflammation was produced by subaponeurotic
injection of 0.1 ml of 2% formaldehyde in the right hind paw
of the rats on the first and third day. The animals were
treated daily with the extracts or diclofenac intraperitoneally
for 10 days. All agents were administered intraperitoneally.
Each point represents the mean + S.E.M. of change of paw
size for 6 rats. Both extracts and diclofenac were effective
compared to control (normal saline), Tukey-Kramer.
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