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Abstract

Chronic pain and its treatment have always posed a significant challenge for medical practitioners and many
attempts have been made to reduce and eliminate it, both in past and recent history. Research to discover new
effective drugs with excellent safety profiles is ongoing. The aim of this study was to evaluate the suitability of the plant
Anethum graveolens (dill) for use as an analgesic drug.

Forty-two mice were divided randomly into seven groups (n=6). In the formalin test, the first group received normal
saline; the second group, extract of plant seed (300 mg/kg); the third group, extract of plant crops (300 mg/kg) and
the forth group received morphine (1 mg/kg). For the hot plate test, the first group received normal saline; the second
group, extract of plant seed (300 mg/kg) and the third group received extract of plant crops (300 mg/kg). All injections
consisted of 0.5 ml given intraperitoneally.

In the early phase of formalin test, the animals treated with seed and crop extracts did not show analgesic effects
compared to control group (P=0.386, P=0.284 respectively). In contrast, in the late phase of formalin test, seed and
crop extracts significantly decreased indications of pain compared to the saline group with seed extracts showing
stronger analgesic effects (P=0.004, P=0.023 respectively). In the hot plate test, crop and seed extracts showed
hyperalgesic properties. This effect was stronger in animals treated with crop extracts as compared to seed extracts.

These findings indicate that Anethum graveolens can reduce inflammatory pain, probably by inhibiting inflammatory
mediators. In contrast, this plant has no analgesic effects on spinal nociception and conversely may exacerbate it. This
study provides a basis for the use of Anethum graveolens extracts in popular folk medicine, but further studies are

necessary to elucidate the mechanism of its analgesic actions.
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Introduction

Anethum graveolens L. is a member of the Apiaceae family,
commonly known as dill. Dill is used both medicinally and as an
aromatic herb in cooking. The fruit of A. graveolens has been used
for medicinal purpose, particularly alleviation of indigestion and
also to stimulate lactation in nursing mothers [1]. This plant is sparse
in appearance with feathery leaves and tiny yellow flowers. It grows
most abundantly in the Mediterranean region, Europe and in central
and southern Asia [2]. It is a popular aromatic herb with a very long
history of use going back more than 2000 years [3]. Dill has been
shown to possess antihyperlipidaemic and antihypercholesterolaemic
effects [2,4,5] and its seeds have been used as a non-pharmaceutical
alternative for relief from digestive problems such as stomachache,
indigestion and flatulence. It has been reported that chewing its seeds
decreases the bad breath [6]. Other applications of this plant are for
anticancer [7], antidiabetic [8], antioxidant [9,10], antisecretory [11]
and anti-inflammatory [12] purposes, it has also been demonstrated
to be cytotoxic to human lymphocytes [13]. It has also been reported
as possessing insecticidal properties [14]. Due to the broad therapeutic
effects of this plant, this study was designed to evaluate the suitability
of Anethum graveolens L. for use as an analgesic drug.

Materials and Methods
Housing and handling of the animals

The animals were handled in accordance with the criteria outlined
in the Guide for the Care and Use of Laboratory Animals (NIH US
publication 86-23 revised 1985). NMRI mice (Pasteur Institute,

Tehran, Iran), 6-8 weeks of age, were kept in a controlled environment
(23 + 2°C, 50 + 5% humidity) under a 12 hour light/dark cycle (light
on 08:00-20:00) and had free access to a standard pellet chow and tap
water throughout the study. All experiments were conducted in Tehran
University of Medical Sciences according to the recommendations of
the ethics committee for animal welfare.

Preparation of hydro alcoholic extracts

Hundred grams of seeds and aerial parts were placed into a flask;
one liter of 96% ethanol was then added. After 24 hours, when the
solution had become clear, this was transferred into another flask.
One liter of 70% ethanol was then added to the solid residue and after
12 hours the supernatant was again decanted into another flask. Both
solutions were then combined and concentrated by vacuum distillation
at a temperature of 50°C and 70 rpm rotation speed, until the volume
decreased to 1/3 of initial volume.

In order to isolate proteins, fat and chlorophyll, chloroform
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was added to clear solution. This process consisted of two steps, in
each stage, chloroform phase was removed and the alcoholic phase
was retained for subsequent stages. The solution was poured into a
petridish and dried in the autoclave at temperatures below 50°C in
sterile conditions.

Nociceptive behavioral tests

Formalin test: The formalin test is a valid and reliable model of
nociception that produces two distinct periods of increased licking
activity that can be attributed to different nociceptive mechanisms.
The early licking phase lasts forthe initial 5 minutes and a late phase
lasts from 15 to 45 minutes after the injection of formalin [15]. As
previously described, formalin (20 ul of a 2.5% solution) was injected
subcutaneously into the dorsal surface of the right hind paw. The animals
were then placed under a glass funnel on a glass surface, under this; a
mirror was angled at 45 degrees [16]. Immediately after the injection,
the animals’ movements were recorded every 15 seconds (O=injected
paw is not favored, 1=injected paw has reduced/no weightbearing,
2=injected paw is elevated and not in contact with any surface,
3=injected paw is licked, bitten or shake). Animals were randomly
divided into four groups (n=6). Animals in the negative control group
received 0.5 ml of normal saline. One mg/kg of morphine (Temad Co.,
Iran) was injected into animals in the positive control group. The third
and fourth groups received 0.5 ml (300 mg/kg) of the seed and crop
extract of Anethum graveolens L. respectively. All injections were given
via the intraperitoneal route.

Hot plate test: The hot plate method was used as a complementary
test of pain. Hot plates are surfaces that can be heated by electricity.
In our experiment before being injected, all mice were placed on the
hot plate (Aratebfan Co., Iran) set at 55°C, and base tolerance levels
were recorded when they started to lick their paws or demonstrated
other ambulatory changes. The animals were then divided into four
groups (n=6) and injected with normal saline, morphine and seed
and crop extract at the doses and with same route of administration as
the formalin test. Tolerance was assessed at 15, 30, 45 and 60 minutes
after the injections. Tolerance was assessed for a maximum time of 40
seconds to prevent tissue damage [17].

Statistical analysis

Data were analysed using the statistical software SigmaPlot version
11. One way ANOVA testing was used to ascertain the significance of
variations between the sum of the tolerance scores for the formalin
test. Two way repeated measures ANOVA testing was used to assess
differences in reaction time for the hot plate test. All data is shown as
mean + S.E.M. All data were considered significant at P < 0.05.

Results
Formalin test

In the formalin test, the sum of the tolerance scores for the positive
control group (morphine) was the lowest and that for the negative
control group (normal saline) was the maximum value. The sum of
the scores from the treated animals was not significantly different to
that of animals treated with saline in the early phase (P=0.284 for seed
group and P=0.386 for crop group Figure 1). In the later phase of the
formalin test, animals treated with seed and crop extracts demonstrated
significant increases in their pain tolerance as compared to the saline
group. Of the two groups, animals treated with seed extract indicated
a stronger analgesic effect (P=0.004 and P=0.023 respectively) to the
extent that no significant difference was noted between the analgesic
effects of the seed extract and morphine (P=0.077, Figure 2).

Hot plate test

In contrast to results of the formalin test, for the hot plate test,
the crop and seed extracts demonstrated hyperalgesic properties as
compared to the control group and this effect was stronger for animals
treated with crop as opposed to seed extract (P=0.006, P=0.008,
P=0.062, P=0.384 for crop in 15, 30, 45 and 60 minutes respectively
and P=0.033, P=0.013, P=0.003, P=0.292 for seed in 15, 30, 45 and 60
minutes accordingly). The crop extract showed hyperalgesic effects at
all points tested, while there was no indication of this effect for the seed
extract at the 45 minute time point. (There was a significant difference
as compared with crop extract at this point (P=0.003, Figure 3).

Discussion

In this study, the analgesic properties of seed and crop extracts
of Anethum graveolens were assessed. The formalin-induced pain
response possesses two phases that involve distinct mechanisms. Signs
observed during the first stage provide an indication of neurogenic
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Figure 1: Nociceptive behaviour in the early phase (0-5 minutes) of formalin
test.
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Figure 2: Nociceptive behaviour in the late phase (15-45 minutes) of formalin
test.
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Figure 3: Nociceptive behaviour in hot plate test in different groups.

pain, and result from the direct chemical stimulation of myelinated
and unmyelinated nociceptive afferent fibers, these are mainly C
fibers [18]. The late phase assesses inflammatory pain which results
from the action of inflammatory transmitters in peripheral tissues
[19,20]. In acute phase of the formalin test, extract of seed and crop
of Anethum graveolens provided no identifiable pain relief, but in late
phase of formalin test, both forms of extract demonstrated an analgesic
effect. This study demonstrates a difference in the quality of pain relief
provided by the extracts at the early and late nociceptive phases of the
formalin test with a superior effect during the second phase.

No analgesic effects were noted for either extract during the hot
palate test. Yili et al. [21] reported that Anethum graveolens has been
used traditionally to alleviate headaches and to reduce stomach,
intestine and bladder inflammation. A previous study, somewhat
similar to the present experiment, identified the anti-inflammatory
effects of dill. It has been reported that topical administration of dill oil
reduced formalin-induced paw edema in rats and that this effect was
stronger than that following topical application of diclofenac [22]. In
concurrence, the present study has also shown relief from inflammatory
pain. Hekmatzadeh et al. [23] reported that boiled dill seeds reduced
labor pain during childbirth. In addition, they demonstrated that the
plant facilitated and accelerated the parturition process. Zagami et al.
[24] reported beneficial aspects of this plant during the postpartum
period.

Arachidonic acid and other lipid metabolites, serotonin, histamine,
bradykinin and nerve growth factor can stimulate nociceptors and cause
pain [25]. Prostaglandins also play a key role in causing pain. These
substances have important intra and extra cellular physiological effects
but in some pathological conditions, they may produce inflammatory
responses and lead to sensations of pain. During tissue damage,
cycloxygenase enzymes produce prostaglandins and these mediators,
through binding to their receptors, can cause pain [26]. Earlier analysis

of hydro-alcoholic extract of the plant essential oil identified the main
constituents as carven, limonen and alpha flandrin (about 90 percent).
Other compounds in the seed include flavonoids, coumarins, phenolic
acids and steroids [27]. Based on the nature of constituents such as
limonene and carven, the pharmacological properties of the seeds can
be predicted to a degree. i) Limonene reduced the time the animals
spent licking in the second phase of the formalin test but not in the first
pain phase. Limonene reduces pain in this terminal phase probably by
inhibiting synthesis or decreasing release of inflammatory mediators
[28]. ii) The other important ingredient is carven. It is thought that
carven shows analgesic effects through both central and peripheral
mechanisms.

The hot-plate test can only evaluate the analgesic effect of drugs
that act at the supraspinal level [29,30]. Extracts, at the studied
dose, failed to demonstrate any significant influence in reducing the
pain perception in the hot plate test, indicating a lack of potency in
suppressing supraspinal nociception. At 15 and 30 minutes after
injection of crop extract, and at 15, 30 and 60 minutes after injection
of seed extract, results demonstrated a hypersensitivity to pain. A
pervious study has demonstrated this effect for limonene [28]. Naseri
and Heidari have reported that antispasmodic effects of Anethum
graveolens may be due to blockade of voltage dependent calcium
channels [31]. As these channels are involved in pain transmission
[32], blockade of these channels by Anethum graveolens may partly
account for the analgesic properties of this plant. In conclusion, our
study demonstrates that Anethum graveolens L has anti-nociceptive
properties. The mechanism for this may involve inhibition of the
synthesis or action of inflammatory mediators.
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