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Effect of chrysin on nociception in formalin test and
serum levels of noradrenalin and corticosterone in rats
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Abstract: Objective: The levels of corticosterone and noradrenalin as the two nociception modulators modify after
stress condition. The propose of current study was to investigate the effect of chrysin on formalin-induced noci-
ceptive behaviors and serum levels of corticosterone and noradrenalin in rats. Materials and methods: Pain was
induced by applying 20 uL of 5% formalin in distilled water in the subplantar of the right hind paw. Chrysin (50, 100
and 150 mg/kg, intraperitoneally (i.p.) was administered 60 min before formalin injection. Morphine (10 mg/kg,
i.p.) was administered 30 min before formalin injection. The control group received the same volume of saline by i.p.
injection 30 min before formalin injection. Results: Chrysin treatment can significantly decrease formalin-induced
pain in rat in a dose-dependent manner. Chrysin (150 mg/kg) significantly inhibit the first phase (P < 0.01), where-
as, the all concentration of chrysin were affected on the later phase of formalin-induced pain (P < 0.05). Chrysin
could significantly attenuate the content of corticosterone and noradrenalin in the serum versus to the control rats
(P < 0.01). Conclusion: The current study confirms that the chrysin decreased the nociceptive behaviors in the for-
malin test and indicate a correlation with decrease in serum corticosterone and noradrenalin levels.
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Introduction

Pain is a general symptom and characterization
of many diseases. Overall, analgesics reduce
pain by acting on the central and peripheral
nervous system of pain mechanisms, without
significantly modifying consciousness [1]. Pa-
tients involving in this kind of pain include those
with so-called neuropathic pain and nocicep-
tive, hyperalgesia and allodynia [2, 3]. However,
pain control remains a main clinical problem,
since; there is not an appropriate knowledge of
the mechanisms underlying pain and effective
treatments [4].

The current drugs for treatment of pain have
limited safety and effectiveness [5]. The usage
of non-steroidal anti-inflammatory drugs (NS-
AIDs) may induce adverse effects including liver
and renal failure or gastrointestinal lesions [6].
In addition, available analgesic drugs, like the
opioids, cannot prevent the pain easier of pain-
ful situation such as neuropathic pain [7]. Thus,

it is essential to discover new, safe, effective
and analgesics among the natural products
derived from secondary metabolites. Natural
products are focused as an incomparable
source of molecular diversity that has led to the
finding of drugs in new medicine, particularly for
pain management [8-10]. Chrysin (5, 7-dihy-
droxyflavone) (CH) is a flavonoids contents
extracted from propolis, honey and plants.
Flavonoids are the major polyphenolic ingredi-
ents that express a wide range of biological
activities, such as antiinflammatory, antithrom-
botic antioxidant, antiallergic, antibacterial, an-
algesic and vasodilatory effects [11, 12]. Chr-
ysin has been showed to have many potent
pharmacological activities, such as antiestro-
genic, antitumor, antidiabetogenic, antihyper-
tensive, anti-inflammatory, antioxidant, anxio-
lytic and also involves in apoptosis in the variety
of cancer cells [13, 14]. The levels of corticoste-
rone and noradrenalin as the two nociception
modulators modify after stress situation [15].
Several reports proposed that flavonoids pass
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Figure 1. Analgesic effect of the chrysin (CH) on the (A) early phase and (B) late phase in formalin test in rats. Sham
operated (Sham), Negative control group (C), positive control group (M), CH (50 mg/kg) - treated rats (CH1), CH
(100 mg/kg) - treated rats (CH2) and CH (150 mg/kg) - treated groups (CH3) (n = 8, for each group). Values are the
means + SEM for eight rats in each group. Significantly different from Negative control group (C) rats (*: P < 0.05,
**: P <0.01, ***: P < 0.001). Significantly different from positive control group (M) rats (+: P < 0.05, ++: P < 0.01,
+++: P < 0.001). Significant difference between CH1 vs CH2 and CH3 groups (#: P < 0.05, ##: P < 0.01). Significant

difference between CH2 vs. CH3 groups (&: P < 0.05).

through the blood-brain-barrier and directly
modify neuroendocrine system via influences
the neuronal cells [16].

However, no studies have been done of the
effect of chrysin on formalin-induced nocicep-
tive behaviors. Thus, the current investigation
was designed to search whether chrysin show
anti-nociceptive through modification of corti-
costerone and noradrenalin in rat model.

Materials and methods
Chemicals

All chemicals were purchased from Sigma Che-
mical Co. (St. Louis, MO, USA). Elisa kits were
obtained from Cusabio Chemical Co.

Animals

48 Male Wistar rats were obtained from The
Laboratory Animal Centre, Medical University of
Mashhad. Rats were kept in their own cages at
constant room temperature (21 + 2°) under a
normal 12 hr light: 12 hr dark cycle with free
access to food and water. The animals were
housed according to regulating the Walfare of
experimented animals. The study was conduct-
ed in Mashhad Medical University Experimental
Animal Research Laboratory. Protocols were
approved by the Ethical Committee. After 14
days of acclimatization, rats were randomly
allocated in to six experimental groups, (n = 8
per group) as follows: sham group (sham); 0.1
ml normal saline (9% NaCl) administrated in the
rats, negative control group (C); formalin (20 yL
of 5% formalin) was injected (i.p.) in the rats
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that treated with normal saline (9% NaCl), posi-
tive control group (M); formalin (20 pL of 5%
formalin) was injected in the rats that treated
(i.p.) with 10 mg/kg morphine and chrysin treat-
ment groups (CH1-3); formalin (20 uL of 5% for-
malin) was injected in the rats that treated (i.p.)
with 50, 100 and 150 mg/kg of chrysin.

Formalin test

The method used in our study was according to
Tsung-Chun et al., study [17]. Pain was induced
by administrating 20 yL of 5% formalin in dis-
tilled water in the subplantar of the right hind
paw. Chrysin (50, 100 and 150 mg/kg, i.p.) was
injected 60 min before formalin treatment.
Morphine (10 mg/kg, i.p.) was administered 30
min before formalin injection. The control group
received the same volume of saline by i.p.
administration. The rats were placed in a trans-
parent Plexiglas cage (30 x 20 x 20 cm). The
time spent for licking the injected paw, as the
indicators of pain, was registered separately at
0-5 min (first phase or neurogenic pain) and
20-30 min (second phase or inflammatory pain)
[18, 19].

Corticosterone and noradrenalin evaluation

Under deep anesthesia, blood was collected
from the heart of rats (n = 8 for each group).
Blood was allowed to clot and sera were sepa-
rated using centrifugation at 5000 rpm for 5
min and stored at -80°C until use. Total serum
level of corticosterone was measured by ELISA
kits (CORT ELISA Kit CSB-EO07014r) and also
the total serum level of noradrenalin was mea-
sured using ELISA kit (NA ELISA Kit CSB-
EO7022r).
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Figure 2. Effect of chrysin (CH) on serum noradrena-
lin concentration of rats. Sham operated (Sham),
Negative control group (C), positive control group (M),
CH (50 mg/kg) - treated rats (CH1), CH (100 mg/kg)
- treated rats (CH2) and CH (150 mg/kg) - treated
groups (CH3) (n = 8, for each group). Values are the
means + SEM for eight rats in each group. Signifi-
cantly different from negative control group (C) rats
(**: P<0.01, ***: P<0.001). Significantly different
from positive control group (M) rats (++: P < 0.01,
+++: P < 0.001). Significant difference between
CH1 vs CH2 and CH3 groups (#: P < 0.05, ###: P <
0.001). Significant difference between CH2 vs. CH3
groups ($: P < 0.05).

Statistical analysis

All experiments were carried out at least in
duplicate. Every group consisted of eight rats.
The data were expressed as mean + SEM and
tested with One-way analysis of variance
(ANOVA) followed by the post-hoc test of Tukey-
Kramer. Statistical analyses were performed
using the InStat 3.0 program. Linear correlation
tests were also performed. Differences of P <
0.05 were considered significant.

Results

In the formalin test, formalin induced nocicep-
tion in the control rats versus to the sham oper-
ated group (P < 0.001). Chrysin (50 and 100
mg/kg) could not significantly inhibit the first
phase, but was active in the later phase of for-
malin-induced pain (P < 0.05, P < 0.001, res-
pectively), whereas chrysin (150 mg/kg) sh-
owed notable activity in both phases versus to
the control group (P < 0.01, P < 0.001, respec-
tively). In the both phase, morphine (10 mg/kg)
significantly reduced the nociception (P <
0.001). Chrysin demonstrated a dose depen-
dent relationship in the formalin-induced pain
test (Figure 1).

Under deep anesthesia, blood was collected
from the heart of rats. The effect of chrysin,
morphine and formalin on serum noradrenalin
level are shown in Figure 2. The injection of for-
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Figure 3. Effect of chrysin (CH) on serum corticoste-
rone concentration of rats. Sham operated (Sham),
Negative control group (C), positive control group (M),
CH (50 mg/kg) - treated rats (CH1), CH (100 mg/kg)
- treated rats (CH2) and CH (150 mg/kg) - treated
groups (CH3) (n = 8, for each group). Values are the
means + SEM for eight rats in each group. Signifi-
cantly different from negative control group (C) rats
(**: P<0.01, ***: P < 0.001). Significantly different
from positive control group (M) rats (+: P < 0.05, ++:
P < 0.01, +++: P < 0.001). Significant difference be-
tween CH1 vs CH2 and CH3 groups (###: P < 0.001).

malin in the male rats significantly increased
the concentration of serum noradrenalin in the
control rat versus to the sham operated group
(P < 0.001). Morphine decreased noradrenalin
level in male rats, as compared with the control
(P < 0.001). Chrysin (100 and 150 mg/kg) sig-
nificantly reduced noradrenalin level in male
rats, as compared with the control animals (P <
0.001). The injection of formalin in the male
rats significantly increased the concentration
of serum corticosterone in the control rats ver-
sus to the sham operated group (P < 0.001)
(Figure 3). Morphine decreased corticosterone
level in male rats, as compared with the control
(P < 0.001). Chrysin significantly reduced corti-
costerone level in male rats, as compared with
the control animals in dose dependent manner
(P < 0.05, P < 0.001, respectively) (Figure 3).
Although, there is significant difference in lick-
ing time and corticosterone serum between
chrysin and morphine treatment groups, but
there is no significant difference between the
noradrenalin level in chrysin (150 mg/kg) and
morphine treatment rats.

Discussion

The advantage of the formalin-pain test of noci-
ception is that it can determine pain in its cen-
tral and peripheral components [20]. The model
includes of the two different phases which can
be separated in time: the first one is produced
in the periphery via the activation of nocicep-
tive neurons by the direct action of formalin and
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the second phase induces through the activa-
tion of the ventral horn neurons at the spinal
cord level [20]. The present results indicate
that chrysin treatment shows anti-nociceptive
effect in the both phase of the formalin test
and also decreased corticosterone and nor-
adrenaline levels, therefore, chrysin might ca-
use the analgesic effect as well as morphine
injection. Chrysin (50, 100 mg/kg) significantly
inhibit the first phase of formalin-induced pain,
whereas, morphine (10 mg/kg) and chrysin
(150 mg/kg) showed notable activity in the two
phases. We observed that the injection of for-
malin in the male rats induced nociceptive
effect and also increased the serum concentra-
tion of corticosterone and noradrenalin. This
result is in consistent with Sajedianfard et al.
who illustrated that after the injection of forma-
lin, the noradrenaline level in the locus coeru-
leus enhanced [21]. They proposed that part of
the increase in noradrenaline level in the locus
coeruleus is mainly as the result of the pain
caused by formalin administration [21]. Fur-
thermore, noxious stimuli, including electrical
stimulation of the locus coeruleus and foot
shock, accelerated noradrenaline turnover in
the brain cortex [21]. Our results also showed
that morphine, a centrally acting analgesic
drug, induced an inhibitory effect on the noci-
ceptive response in the formalin-pain test and
also decreased corticosterone and noradrena-
line concentrations. Antinociceptive activity of
opioid agonists, opioid partial agonists, and
non-steroidal antiinflammatory agents can be
determined by the formalin test [22].

In the present study, chrysin treatment dec-
reased licking time in the both phase of the for-
malin test and decreased noradrenalin and cor-
ticosterone levels in male rats in the dose
dependent manner. Similar with our result, it
has been indicated that various natural flavo-
noids including quercetin, crocin, sfranal and
carvacrol produced significant antinociceptive
and/or anti-inflammatory activities [23-26].

Recently, it has been shown that chrysin illus-
trated inhibitory effects on corticosterone and
catecholamine levels [27]. Noradernaline par-
ticipates in reducing pain inhibitory system.
Brain stem nuclei like, locus coeruleus in cen-
trally and sympathetic nerves in peripherally
are the major sources of noradernaline. Locus
coeruleus has a key role in noradrenergic pain
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modulation [28, 29]. Locus coeruleus stimula-
tion releases noradernaline [30] and induces
analgesia that is inhibited by alpha-2-adreno-
ceptor antagonist’s treatment [31]. In addition,
noradernaline is released by peripheral noxious
stimulation [32-34]. Destruction of noradrener-
gic system diminished formalin-induced noci-
ceptive behaviors in phase2 [35]. Safari et al.
showed that chemical inactivation or stimula-
tion of lateral hypothalamus induced analgesia
effect and injection of lidocaine into the Locus
coeruleus blocked the carbachol-induced anal-
gesia [36]. There are several documentations
that indicated noradernaline is connected in
pain modulation during formalin-pain test. In
confirming, it has been indicated that alpha-
1-adrenoceptor binding attenuated in the spi-
nal dorsal horn during formalin- pain test in
mice [37]. According to the previous studies, we
also proposed that raised in noradrenalin level
might induce the antinociceptive effect that
happens after formalin-pain test.

Central analgesic drugs, including morphine,
inhibited equally in both phases, whereas
peripherally acting drugs, including steroids
and NSAIDs inhibited mainly pain in the later
phase [20]. Our data also indicated that the
analgesic activity of high concentration of chry-
sin in the both phases of formalin-pain test was
similar to the morphine effect.

These results suggest that chrysin could be
useful to suppress pain in the both phase of the
formalin test through modulating corticoste-
rone and noradrenalin, but more pharmacologi-
cal investigations are needed for finding the
exact mechanism of action.
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