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The study aimed to evaluate the antinociceptive and antiinflammatory activity of pine (Pinus densiflora)
pollen in mice. The antinociceptive activity was determined using acetic acid-induced abdominal constriction
and formalin-induced licking, and the hot plate test. Antiinflammatory effects were evaluated using carrageenan-
and formalin-induced paw edema, and arachidonic acid-induced ear edema in mice. The ethanol extract of
pine pollen (100 and 200 mg/kg, p.o.) produced a significant inhibition of both phases of the formalin pain test
in mice, a reduction in mouse writhing induced by acetic acid and an elevation of the pain threshold in the hot
plate test in mice. The pine pollen extract also produced a significant inhibition of carrageenan- and formalin-
induced paw edema as well as arachidonic acid-induced ear edema in mice. The inhibitions were similar to
those produced by aminopyrine and indomethacin, p.o. The different polyphenols found in pine pollen could
account for the antinociceptive and antiinflammatory actions. The results obtained indicate that the extract
possesses analgesic and antiinflammatory effects. Copyright © 2007 John Wiley & Sons, Ltd.
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INTRODUCTION

Pine pollen, which is the male spore of the pine tree
(Pinus densiflora), has been used in popular medicine
for its antifatigue effect, postponing senility, gastro-
intestinal dysfunction, liver protection, supporting heart
and blood vessels, and constipation for thousands
years. Pine pollen also has an effect in the treatment
of different kinds of disease such as colds, disease of
the prostate, anemia, diabetes, hypertension, asthma,
rhinitis, etc, because pine pollen is a natural-nutrition
treasury and it can improve immunity. Different from
bee pollen, pine pollen is collected artificially, and it
has the characteristics of a single pollen source, pure
quality and is a stable component. Pine pollen powder
is rich in many kinds of amino acids, minerals,
vitamins, enzymes and flavonoids (Wang et al., 2005).
Pollen lipids of a pine species were shown to have a
marked inhibition of platelet activating factor activity
(Siafaka-Kapadai et al., 1986). It was found that vita-
min D (D2, D3) was present in the pine pollen (Saden-
Krehula and Tajic, 1987). Testosterone, epitestosterone
and androstenedione were found in the pollen of Scotch
pine P. silvestris L. (Saden-Krehula et al., 1971). The
ethnomedical uses of this plant and the need to
establish its pharmacological effects have promoted
our present interest. In order to validate the folk

medicinal use of pine pollen, the analgesic and anti-
inflammatory properties of a standard extract of pine
pollen were investigated using different animal models.

MATERIALS AND METHODS

Preparation of extract. The pine (Pinus densiflora)
pollen was collected at Kangwondo, Korea, and identi-
fied by Dr Koo, Department of Food and Nutrition,
Kyunghee University (Seoul, Korea). A voucher speci-
men (No 200303) was deposited at our institute. The
dried pine pollen was extracted three times with 70%
ethanol at room temperature for 3 days each and
the combined extracts were concentrated in vacuo
and then freeze dried (yield: 8% w/w). Test samples
were prepared by suspending them in 0.2% sodium
carboxymethyl cellulose (CMC-Na) solution, immedi-
ately before the start of the experiments. Mice were
administered orally with pine pollen extract (100 and
200 mg/kg). Control experiments were performed
with the 0.2% CMC-Na. Aminopyrine (50 mg/kg) and
indomethacin (10 mg/kg) were used as positive controls.

Animals. Male ICR mice (6 weeks old) were purchased
from Jungang Lab Animal Inc (Seoul, Korea). These
animals were maintained under constant temperature
(24 ± 2 °C) with a 12 h light-dark cycle, relative humid-
ity 40–70%, with food and water ad libitum and fasted
overnight (18 h) before the day of the experiments.
The experiments were conducted in accordance with
the Guide for the Care and Use of Laboratory Animals
(National Research Council, National Academy of
Science, Bethesda, MD, USA).
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Analgesic activity

Acetic acid-induced writhing in mice. The abdominal
constrictions resulting from intraperitoneal (i.p.) in-
jection of 0.2 mL acetic acid (2%) consisting of the
contraction of abdominal muscle together with stretch-
ing of the hind limbs, were carried out according to
the procedures described by Besra et al. (1996). The
animals were pretreated with the test samples. After
1 h, acetic acid was administered (i.p.). The number of
writhing movements was counted for 30 min.

Formalin-induced paw licking in mice. The procedure
was essentially similar to that described previously by
Correa and Calixto (1993). 0.02 mL of 2.5% formalin
solution (0.9 KCl, 2.7 mM and phosphate buffer 10 mM)
was injected subcutaneously under the surface of the
right hind paw. The amount of time spent licking
the injected paw was timed, and was considered as in-
dicative of pain. The first of the nociceptive responses
normally peaked 5 min after formalin injection and
the second phase 15–30 min after formalin injection,
representing the neurogenic and inflammatory pain
responses, respectively (Hunskaar and Hole, 1987). The
animals were pretreated with samples 1 h before being
challenged with buffered formalin, and the responses
were observed for 30 min.

Thermally induced pain in mice. The hot plate test was
used to measure the response latencies according to
the method of Vaz et al. (1997). In these experiments,
the hot plate was maintained at 60 °C. The animals
were placed into a glass beaker of 50 cm diameter on
the heated surface, and the time(s), between placement
and shaking or licking of the paws or jumping was
recorded as the index of response latency. An auto-
matic 30 s cut-off was used to prevent tissue damage.
The animals were pretreated with samples 1 h prior to
the placement of the hot plate.

Antiinflammatory activity

Carrageenan-induced paw edema. The procedure used
to assess antiinflammatory activity was based on the
method used by Winter et al. (1962). At 1 h after
sample administration, edema was induced by injecting
0.02 mL of 1% carrageenan in sterile saline into the
plantar side of the right hind paw. The pad thickness
of hind paw was measured with a dial thickness gauge
(Mitutoyo, Japan) before and at 1 and 3 h after
carrageenan injection, and the differences in the thick-
ness were calculated. The degree of foot-pad swelling
was expressed as an increase in foot-pad thickness (mm).

Formalin-induced edema in the mouse paw. Formalin
0.02 mL (2.5% in distilled water) was injected into the
subplantar area of the right hind paw of mouse (Chau,
1989). Samples were given 1 h prior to formalin in-
jection. At 3 h after formalin injection, the paw thick-
ness was determined using a dial thickness gauge to
measure the degree of inflammation. At the end of
the experiment the animals were killed by cervical
dislocation and the paws were cut at the knee and
the increase of the weight of the right hind paw versus
the left hind paw noted.

Arachidonic acid-induced ear edema. Samples were
orally administered 1 h prior to the topical application
of 2% arachidonic acid dissolved in acetone (0.02 mL/
ear) to right ear of mice. The ear thicknesses were
measured using a dial thickness gauge before and at
1 and 3 h after arachidonic acid treatment, and the
differences in the thickness were calculated. The
degree of ear swelling was expressed as an increase
in ear thickness (mm) (Kim et al., 1992).

Statistical analysis. The results are expressed as mean
± SEM (n = 5). Statistical significance was determined
by analysis of variance and subsequent Dunnett’s
test (p < 0.05). The analysis was performed using SAS
statistical software.

RESULTS AND DISCUSSION

To investigate the analgesic activity of pine pollen, a
standard ethanol extract (PE) prepared from the pine
pollen was investigated for inhibitory effect on acetic
acid-induced abdominal constriction. As can be seen in
Fig. 1, PE (100 and 200 mg/kg) exhibited a significant
antinociceptive effect against the acetic acid-induced
writhing response in mice (p < 0.05). Aminopyrine
(50 mg/kg) also exhibited a potent antinociceptive
effect. Acetic acid causes an increase in the peritoneal
fluid level of prostaglandins (PGE2 and PGF2α), involv-
ing in part peritoneal receptors (Deraedt et al., 1980)
and inflammatory pain by inducing capillary permeabil-
ity (Amico-Roxas et al., 1984). Collier et al. (1968)
postulated that acetic acid acts indirectly by inducing
the release of endogenous mediators, which stimulate
the nociceptive neurons. Although the writhing test
has poor specificity (Le Bars et al., 2001), it is a very
sensitive method of screening the antinociceptive
effects of compounds (Collier et al., 1968). The observed
effects suggest that prostaglandins may be involved
in the action of the pine pollen.

The most predictive of the models of acute pain is
undoubtedly the formalin test (Dubuisson and Dennis,
1977). Intraplantar injection of 2.5% formalin evoked
a characteristic biphasic licking response, an early
phase corresponding to acute neurogenic pain, sensi-
tive to drugs that interact with the opioid system,
and a late phase corresponding to inflammatory pain

Figure 1. Effect of pine pollen extract on acetic acid-induced
writhing in mice. AP, aminopyrine 50 mg/kg; PE100, pine pollen
extract 100 mg/kg; PE200, pine pollen extract 200 mg/kg. The
data are expressed as mean ± SEM of six animals. * p < 0.05 vs
control.
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Figure 2. Effect of pine pollen extract on formalin-induced paw
licking in mice. AP, aminopyrine 50 mg/kg; PE100, pine pollen
extract 100 mg/kg; PE200, pine pollen extract 200 mg/kg. The
data are expressed as mean ± SEM of six animals. * p < 0.05 vs
control.

Figure 3. Effect of pine pollen extract on thermally induced pain
in mice. AP, aminopyrine 50 mg/kg; PE100, pine pollen extract
100 mg/kg; PE200, pine pollen extract 200 mg/kg. The data are
expressed as mean ± SEM of six animals. * p < 0.05 vs control.

responses inhibited by analgesic–antiinflammatory drugs
(Hunskaar and Hole, 1987). In the formalin test (Fig. 2),
pretreatment of mice with the PE at the doses of 100
and 200 mg/kg had significant effect during the first
phase of the test (0–5 min) and the second phase (15–
30 min). Drugs that act primarily as central analgesics
inhibit both phases equally while peripherally acting
drugs inhibit only the late phase (Tjolsen et al., 1992).
The ability of PE to have an effect on both phases
shows that the PE contains an active analgesic princi-
ple acting both centrally and peripherally.

The analgesic action presented by PE involves
supraspinal components as demonstrated by the utili-
zation of the hot plate test (Fig. 3). PE (200 mg/kg)
significantly delayed the response of mice to hot plate
thermal stimulation. The hot plate test is commonly
used for assays of narcotic analgesics (Vaz et al., 1997).
The results suggest that PE has a central analgesic
effect, as evidenced by the increase in the reaction time
of mice in the hot plate test. In the present study, that
the PE showed a significant effect in these three types
of pain induction suggests that its analgesic effect may
be in part related to its antiinflammatory neurogenic
and narcotic properties.

To assess the antiinflammatory activity, PE was evalu-
ated by three screening protocols widely used for test-
ing the non-steroidal antiinflammatory drugs: namely,
carrageenan-induced paw edema, formalin-induced
paw edema and arachidonic acid-induced ear edema.
Carrageenan-induced paw edema as an in vivo model

Figure 4. Effect of pine pollen extract on carrageenan-induced
paw edema. Indo, indomethacin 10 mg/kg; PE100, pine pollen
extract 100 mg/kg; PE200, pine pollen extract 200 mg/kg. The
data are expressed as mean ± SEM of six animals. * p < 0.05 vs
control.

Figure 5. Effect of pine pollen extract on formalin-induced
paw edema. Indo, indomethacin 10 mg/kg; PE100, pine pollen
extract 100 mg/kg; PE200, pine pollen extract 200 mg/kg. The
data are expressed as mean ± SEM of six animals. * p < 0.05 vs
control.

of inflammation is a screening procedure in which the
involvement of the cyclooxygenase products of arachid-
onic acid metabolism and the production of reactive
oxygen species are well established (Smith et al., 1974).
Development of edema induced by carrageenan is
commonly correlated with the early exudative stage of
inflammation, one of the important processes of inflam-
matory pathology (Ozaki, 1990). The results in Fig. 4
show that PE (100 and 200 mg/kg) caused significant
(p < 0.05) inhibition of the carrageenan-induced paw
edema. These inhibitions were similar to that produced
by the non-steroidal antiinflammatory drug used as a
positive control (10 mg/kg indomethacin, p.o.) at 3 h
after induction. Moreover, as shown in Fig. 5, PE (100
and 200 mg/kg) significantly inhibited the formation
of formalin-induced edema when measured by both
paw thickness and weight in mice ( p < 0.05). In the
beginning of carrageenan injection, there was a sudden
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Figure 6. Effect of pine pollen extract on arachidonic acid-
induced ear edema. Indo, indomethacin 10 mg/kg; PE100, pine
pollen extract 100 mg/kg; PE200, pine pollen extract 200 mg/kg.
The data are expressed as mean ± SEM of six animals. * p <
0.05 vs control.

to that of indomethacin (10 mg/kg) at 3 h after induc-
tion. The results show that the PE acts on both the
cyclooxygenase and lipoxygenase pathways. However,
other agents are involved in the edema generation such
as serotonin and bradykinin, which act directly through
specific receptors present in the endothelium cells of
postcapillary venules. Other studies have demonstrated
that various flavonoids such as rutin, quercetin, luteolin,
hestperidin and biflavonoids produced significant anti-
nociceptive and/or antiinflammatory activities (Calixo
et al., 2000; Galati et al., 1994). Therefore, it could be
suggested that the antinociceptive and antiinflammatory
effects of the pine pollen extracts may be due to their
content of flavonoids. Meanwhile, the overall effect of
the pine pollen extract did not show dose-dependence
except in the ear edema test. The dose used could
already be in the maximal effect range. However, this
finding may be a different response to the multidirec-
tional effect of pine pollen extract.

In conclusion, the ethanol extract of pine pollen
significantly antagonized acetic acid-induced writhing
and significantly attenuated the nociception produced
by formalin and hot plate thermal stimulation as well
as reducing the inflammation induced by carrageenan,
formalin and arachidonic acid. The exact mechanism
of action and the active principles responsible for
such activities remain to be confirmed, but taking all
these in vivo results together it can be suggested
that pine pollen was able to prevent the production of
proinflammatory mediators, especially those related to
the lipoxygenase and cyclooxygenase pathways.
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elevation of paw volume in relation to histamine
mediators (Geen, 1964). After 1 h the inflammation in-
creased gradually and was elevated during the later 3 h.
This second phase could be due to the prostaglandins
and kinins liberated, which accompanies leukocyte
migration. PE could be antiinflammatory by inhibit-
ing the cyclooxygenase pathway, considering that the
mechanism involved in the genesis of the carrageenan-
induced edema could cause the release of prostaglandins
and kinins, among other substances (Garcia Leme
et al., 1973). The antiinflammatory activity of PE was
also measured on mouse ear using arachidonic acid
as the inducer. Arachidonic acid produces a short-lived
edema response characterized by a rapid onset and
associated with increases in both lipoxygenase and
cyclooxygenase products (Rao et al., 1993). The results
in Fig. 6 show that PE (100 and 200 mg/kg) caused
significant (p < 0.05) inhibition of edema compared with
the control group. The inhibitory potency was similar
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