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ABSTRACT PURPOSE: To determine the involve-
ment of nitric oxide/cyclic guanosine monophosphate
(NO/cGMP) pathway in aqueous supernatant of
haruan (Channa striatus) fillet (ASH) antinociception
using the acetic acid-induced abdominal constriction
test. METHODS: The ASH was prepared by soaking
fresh haruan fillet in chloroform:methanol (CM) (2/1
(v/v)) for 72 h followed by evaporation of the upper
layer supernatant to remove any solvent residues. The
supernatant was then subjected to a freeze-drying pro-
cess (48 h) followed by doses preparation. RESULTS:
Subcutaneous (SC) administration of ASH alone
(0.170, 0.426 and 1.704 mg/kg) exhibited a dose-depen-
dent antinociception. On the other hand, 20 mg/kg
(SC) of L-arginine and MB exhibited a significant noci-
ception and antinociception, while D-arginine and L-
NAME did not produce any effect at all. Pre-treatment
with L-arginine was found to significantly reverse the
three respective doses of ASH antinociception; pre-
treatment with D-arginine did not produce any signifi-
cant change in the ASH activity; pre-treatment with L-
NAME only significantly increased the 0.170 and 0.426
mg/kg ASH antinociception; and pre-treatment with
MB significantly enhanced the respective doses of ASH
antinociception, respectively. Furthermore, co-treat-
ment with L-NAME significantly enhanced the L-argi-
effect on 0426 mg/kg ASH

nine reversal
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antinociception. In addition, MB significantly reversed
the L-arginine nociception on 0.426 mg/kg ASH.
CONCLUSIONS: These finding suggest ASH anti-
nociception involves the nitric oxide (NO)/cyclic gua-
monophosphate  (cGMP) pathway. The
presence of NO was found to reverse ASH antinocice-
ptive activity while blocking of c¢cGMP system

nosine

enhanced it.

INTRODUCTION

Channa striatus or snakehead fish, known locally to
the Malays as haruan, is a freshwater, air-breather and
carnivorous fish indigenous to many tropical and sub-
tropical countries including Malaysia [1]. Tradition-
ally, this fish is believed to promote wound healing
and alleviates post-operative pain and discomfort [2].
Mat Jais et al. [3], in addition, have reported on its
potential as an antinociceptive agent in which they
found that the fillet and mucus extracts of haruan
exhibited a concentration-dependent activity. In addi-
tion, Mat Jais et al. [3] also suggested that both extracts
act mainly through the peripheral nervous system
rather than central nervous system since they only
showed their effects on their own when assessed by the
abdominal constriction test but not the tail-flick test.
Furthermore, the mucus antinociception was reported
to be stable under extreme temperature and pH and
did not involve an opioid receptor mechanism [4].
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Nitric oxide (NO) has been reported to activate solu-
ble guanylate cyclase and to increase the intracellular
c¢GMP, which may then modulate a great number of
physiological functions, such as circulatory vessel dila-
tion [5] and immune system [6]. Furthermore, NO has
also been reported to participate in both central and
peripheral nociceptive processing by acting as a prono-
ciceptive as well as an antinociceptive agent at supraspi-
nal and peripheral sites [7;8]. However, precise
mechanisms underlying the opposing effect of NO on
nociception are yet unknown. A series of morphologic
[9], physiologic [10] and pharmacologic [11] studies
suggest that NO participates in some way in the pro-
cess of nociception. The importance of cyclic 3’:5-
cyclic guanosine monophosphate (cGMP) pathway in
mediating the nociceptive process within the spinal
[12] and supraspinal [13] level has also been proven.
Based on the above findings on the importance of
NO/cGMP pathway in nociceptive mechanism, our
main objective in the present study was to evaluate the
involvement of NO/cGMP pathway in modulating
the aqueous supernatant of haruan fillet (ASH) anti-
nociception.

METHODOLOGY
Preparation of Fresh Fillet of Haruan and ASH

Preparation of fresh haruan fillet was carried out
according to the method described by Mat Jais et al.
[3]. The ASH was prepared using the chloro-
form:methanol (CM) (2:1; v:v) system [14] with slight
modifications as described by Zakaria et al. [15]. The
fillet obtained was directly mixed with CM in the ratio
of 1:2 (w:v) and left overnight for 24 hrs before further
processes were carried out. The sample was then fil-
tered and the supernatant left for another 30 min to
settle down. At the end of 30 min, two layers could be
seen clearly in the supernatant. The upper layer, which
is an aqueous layer was collected and used for this
study while the lower layer, which is the chloro-
form:methanol layer was stored at 4°C until used. The
aqueous layer obtained was then subjected to the evap-
oration process to remove the methanol residues fol-
lowed by the freeze-drying process to determine the
exact amount of dried sample for doses preparation.
The dried sample obtained was then prepared in three
different doses, 0.107, 0.426 and 1.074 mg/kg, which
are approximately equal to the concentration/strength
of 10, 25 and 100%, as described by Mat Jais et al. [3],

of evaporated aqueous layer not subjected to freeze-
drying process.

Preparation of Drugs

Acetylsalicylic acid (ASA) (Bayer, Singapore), used as
positive control group, was prepared in the dose of 10
mg/kg while L-arginine (Sigma, U.S.A.), D-arginine
(Sigma, U.S.A.), N¢ Nitro-L-Arginine methyl esters
(L-NAME; Sigma, U.S.A.) and methylene blue (MB;
Sigma, U.S.A.) were prepared in the dose of 20 mg/kg
[16;17], by dissolving them in distilled water (DH,O).

Experimental Animals

Male Balb-C mice (25-30 g; 5-7 weeks old) were used in
this study to minimize the effect of hormonal changes
within the mice body and kept under room tempera-
ture (27+2°C; 70-80% humidity; 12 h light/darkness
cycle) in the Animal Holding Unit (UPM) for at least
48 h before used. Food and water were supplied ad /ibi-
tum up to the beginning of the experiments. At all
times the experimental procedures were carried out in
strict compliance with the Animal Ethics Committee
rules and regulation followed by the University and
the ethical guidelines for investigations of experimental
pain in conscious animals [18]. All experiments were
conducted between 09.30 and 12.30 h to minimize the
effects of environmental changes. All mice were
divided into twenty-five groups of ten mice each (n =
10). Five groups were pre-treated with DH,O followed
5 min later by treatment with DH,O, ASA (10 mg/
kg), or ASH (0.107, 0.426 and 1.074 mg/kg), respec-
tively. The remaining 20 groups were pre-treated with
20 mg/kg L-arginine, D-arginine, L-NAME or MB fol-
lowed 5 min later by treatment with DH,O, ASA, or
ASH (0.107, 0.426 and 1.074 mg/kg), respectively. 30
min after administration of the respective DH,O,
ASA, or ASH, the mice were injected with 0.6% acetic
acid intraperitoneally (IP) [3; 4]. All drugs and solu-
tions were administered subcutaneously (SC) in the
volume of 10 ml/kg.

Antinociceptive Assay

The abdominal constriction test [19] was used to deter-
mine the effects of L-arginine, D-arginine, L-NAME
and MB on ASH-induced antinociceptive activity.
Briefly, the acetic acid (J.T. Baker, U.S.A.), prepared as
0.6% (v:v) solution in DH,O and used to induce pain
in mice peritoneal cavity, was administered IP (10 ml/
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kg of mice) 30 min after the SC administration of
respective DH,O, ASA or ASH. The abdominal con-
striction or writhing response resulting from the injec-
tion of acetic acid consisting of a contraction of the
abdominal together with a stretching of the hind limbs
[20]. The number of abdominal constrictions was
counted cumulatively over the period of 25 min, 5 min
following the acetic acid administration. Antinocicep-
tion was calculated, using a formula described by Dam-
bisya and Lee [19], as the percentage inhibition of
abdominal constrictions (percentage of inhibitory
level) using the formula ([Saline control group mean -
test group mean]/Saline control group mean) X 100%
and presented in the form of histogram.

Statistical Analysis

The results are presented as Mean * Standard Error of
Mean (S.E.M.). The one-way ANOVA test followed
by Duncan post-test was used to analyze and compare
the data, with P <0.05 as the limit of significance.

RESULTS

Effects of L-arginine, D-arginine, L-NAME and MB
on ASH Antinociception

The results obtained for groups of mice treated with
DH,O, ASA or ASH (0.107, 0.426 and 1.074 mg/kg)
after pre-treatment with DH,O showed a significant
dose-dependent antinociception and are presented in
all following figures for comparison against the drugs
pre-treated groups.

For pre-treatment with 20 mg/kg L-arginine, all
groups showed significant decreased in the percentage
of antinociception when compared to the DH,O pre-
treated groups (Figure 1). The negative results in the
percentage of antinociception obtained indicated the
ability of L-arginine to reverse the neutral effect pro-
duced by DH,O, which devoid of nociceptive or anti-
nociceptive  activity, and antinociceptive effect
produced by ASA or ASH. Pre-treatment with 20 mg/
kg D-arginine did not significantly alter the percentage
of antinociception when compared to the DH,O pre-
treated groups (Figure 2). Except for DH,O-, ASA- and
1.074 mg/kg ASH-treated groups, pre-treatment with
20 mg/kg of L-NAME was found to significantly
enhance the antinociceptive activity of 0.107 and 0.426
mg/kg ASH, respectively when compared to the
DH,O pre-treated groups (Figure 3).

Number of Abdominal Constrictions

DH20 ASA (10
mg/kg)

10% ASH 25% ASH 100% ASH
Treatment
ODH20 PRE-TREATED H L-ARGININE PRE-TREATED
Significant (p< 0.05) against (DH,O + DH>O)-treated group
Significant (p< 0.05) against respective DH,O-pretreated group
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Figure 1: Effect of D-arginine (20mg/kg) on ASA and ASH
Antinociceptive Activity.
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Figure 2: Effect of L-arginine (20mg/kg) on ASA and ASH
Antinociceptive Activity.
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Figure 3: Effect of L-NAME (20mg/kg) on ASA and ASH
Antinociceptive Activity.
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Pre-treatment with 20 mg/kg of MB was found to
cause highly significant increased in the percentage of
antinociception of ASA and the doses of ASH. Fur-
thermore, MB was also found to cause remarkable anti-
nociception on its own indicating its potential as
antinociceptive agent when compared to the DH,O
pre-treated groups (Figure 4).
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Figure 4: Effect of MB (20mg/kg) on ASA and ASH
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Antinociceptive Activity.

Effect of Combination of L-arginine with L-NAME or

MB on ASH Antinociceptive Activity

The effect of combining L-arginine with L-NAME or
MB on the antinociceptive activity of 0.426 mg/kg
ASH was also studied and the data were presented in
Figure 5 and Figure 6, respectively.
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Figure 5: Effect L-arginine, L-NAME or its combination (L-

arginine + MB) on ASA and ASH Antinociceptive Activity.
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Figure 6: Effect L-arginine, MB or its combination (L-
arginine + MB) on ASA and ASH Antinociceptive Activity.

0.426 mg/kg ASH was chosen for this study because it
was found to produce approximately 50% antinocicep-
tion. Combination of L-arginine and L-NAME was
found to cause insignificant change in the percentage of
antinociception of DH,O-treated group (L-arginine +
L-NAME + DH,0) when compared to the (DH,O +
DH,0)- and (L-arginine + DH,O)-treated groups,
respectively. This finding seems to suggest the slight
and insignificant ability of L-NAME at 20 mg/kg to
reverse the nociceptive effect of L-arginine. The respec-
tive combination of L-arginine and L-NAME, on the
other hand, was found to produce remarkable decrease
(P<0.001) in the percentage of antinociception of
ASA-treated group (L-arginine + L-NAME + ASA)
when compared to the (DH,O + ASA)-treated group.
This finding, however, is not seen when compared to
the (L-arginine + ASA)-treated group. The observed
data seem to suggest the failure of L-NAME at 20 mg/
kg to reverse or enhance the nociceptive effect of L-
arginine on ASA antinociception. Interestingly, the
combination of L-arginine and L-NAME was found to
significantly decreased the percentage of antinocicep-
tion of 0.426 mg/kg ASH (L-arginine + L-NAME +
0.426 mg/kg ASH) when compared to both the
(DH,O + 0.426 mg/kg ASH)- and (L-arginine + 0.426
mg/kg ASH)-treated groups, respectively. This seems
to suggest that L-NAME at 20 mg/kg enhanced the L-
arginine-induced reversal of 25% concentration ASH
antinociception.

Combination of L-arginine and MB, on the other
hand, was found to produce highly significant
increased in the percentage of antinociception of
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DH,O-treated group (L-arginine + MB + DH,O)
when compared to the (DH,O + DH,0O)- and (L-argi-
nine + DH,O)-treated groups, respectively. The data
obtained suggested the complete reversal of L-arginine-
induced nociception by MB. Interestingly, the respec-
tive combination of L-arginine and MB was found to
produce similar pattern of data when administered
with ASA or 0.426 mg/kg ASH. The (L-arginine +
MB + ASA)-treated group was found to produce a sig-
nificant increased in the percentage of antinociception
when compared to the (L-arginine+ ASA)- but not the
(DH,0O + ASA)-treated group, respectively. Similarly,
the (L-arginine + MB + 0.426 mg/kg ASH)-treated
group was found to produce a significant increased in
the percentage of antinociception when compared to
the (L-arginine+ 0.426 mg/kg ASH)- but not the
(DH,O + 0.426 mg/kg ASH)-treated group, respec-
tively. From the data obtained, MB was also found to
reverse the L-arginine-induced reversal of 0.426 mg/kg
ASH antinociceptive activity.

DISCUSSION

NO, a major player in physiological functions as in the
impulse transmission in the central and peripheral ner-
vous system [21], protection against tumors and infec-
tion [22] and dilation of blood vessels [23], has been
reported to be involved in the mechanism of nocicep-
tion by acting as a pronociceptive as well as an anti-
nociceptive agent at the supraspinal and peripheral
sites [7;8]. Studies suggested that NO may induce
pronociceptive effects at low concentrations and anti-
nociceptive ones at higher concentrations [24;25]. At
the supraspinal level NO appeared to play a dual role
in the nociceptive processing depending on which
pathways were activated [13]. The activation of the
kyotorphin-Met-enkephalin pathway was described to
lead to antinociception, but activation of the NO-
cGMP pathway resulted in hyperalgesia [13]. The
peripheral mechanism of nociceptive transmission
involving NO appears more complex since both inhib-
itory and promotive actions of NO have been
reported. Topically administered L-arginine exhibited
antinociceptive activity in rats with carrageenin-
induced hyperalgesia, the effect being blocked by NOS
and guanylate cyclase inhibitors [26]. Contrary to the
above finding, L-arginine was found to induce nocicep-
tive activity in inflammatory responses elicited by sub-
stance P, carrageenin and bradykinin, the effect being

suppressed by L-NAME [27]. These findings confirm
nociceptive and antinociceptive roles of the NO-
cGMP pathway in the peripheral tissues. According to
Kawabata et al. [24], the dual role played by peripheral
NO in nociceptive modulation, inducing either nocice-
ption or antinociception, depends on its tissue level.
This suggestion was based on the authors’ observations
that L-arginine enhanced the second- but not the first-
phase nociception at a lower dose but produced anti-
nociception at a higher dose. Moreover, L- NAME at a
lower dose exhibited antinociceptive activity in the sec-
ond-phase and reduced the increase in second-phase
nociception elicited by low dose of L-arginine. In addi-
tion, the second-phase of nociception decrease, induced
by a higher dose of L-arginine, was markedly reversed
by a low dose of L-NAME.

In the present study, 20 mg/kg L-arginine, a precursor
of NO production, was found to cause hyperalgesia
when given alone (SC) and reversed the antinociceptive
activity of ASA and ASH when administered together.
This finding is in parallel with a previous report by
Abac £ o2lu et al. [16] that L-arginine, at the same dose,
exhibited the hyperalgesic activity when administered
alone (SC) when assessed using the p-benzoquinone-
induced abdominal constriction test. The ability of L-
arginine to reverse the ASA antinociception was
described in a report by Bjorkman er al. [28] that L-
arginine is capable of reversing the acetaminophen
antinociception in substance P- or NMDA-induced
hyperlalgesia. The L-arginine-induced reversal of ASH
antinociceptive activity was also consistent with an
earlier finding by Brignola er al. [29] that L-arginine
suppressed the morphine-induced antinociception
when assessed by the acetic acid-induced abdominal
constriction test. According to Kawabata et al. [24] the
nociceptive effect elicited by L-arginine may represent
direct actions on nociceptors and would not be influ-
enced by NO production as suggested by Abac £ o?2lu et
al. [30].

Pre-treatment with 20 mg/kg D-arginine was found to
produce results that are similar to previous findings by
Brignola et al. [29] and AbacZo?lu et al. [16] in which it
neither exhibited nociceptive nor antinociceptive activ-
ity when given alone or co-administered with any anti-
nociceptive agents. The compound was also found to
be inactive when administered alone or pre-treated
with ASA and ASH, respectively.
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Pre-treatment of 20 mg/kg L-NAME, an inhibitor of
NOS, alone was found to give results in keeping with a
report by Jain ez al. [17]. The authors reported on the
failure of L-NAME alone, at the respective dosage, to
affect the nociceptive threshold when assessed against
the acetic acid-induced abdominal constriction test.
The results of Jain er al. [17] and our results in the
present study disagree with findings reported by
Abac £ 02 lu et al. [16]. The latter reported on the anti-
nociceptive effect of L-NAME at doses of 18.75, 37.5,
75 and 150 mg/kg, respectively. This suggests that the
acetic acid-induced algesia is not influenced by decrease
in endogenous NO within the peripheral tissue. In
addition, L-NAME was also found to be ineffective
against the antinociceptive effect of ASA, which is in
contrast with the report published by Bujalska and
Gumulka [31]. The latter had previously reported on
the ability of LC-itro-L-arginine (L-NO-ARG), a
NOS inhibitor, to enhance the antinociceptive activity
of the lower subceiling doses of acetaminophen. The
present finding seems to support previous statement
made by Ing er al. [32] who reported that the ultimate
effects of NO are dependent on dosage levels used and
the rate and timing of NO release. It is suggested that
the level of L-NAME dosage used in the present study
does not have enough ability to affect the ASA-induced
antinociception or produce enough reduction of NO
leading to its failure to change the ASA-induced anti-
nociceptive activity. ASA-induced antinociception not
affected by decrease in NO concentration within the
peripheral tissue needs to be considered. ASA activity
is known to involve a cylco-oxygenase pathway, which
in turn does not involve NO activity, which explains
the failure of L-NAME to change the ASA activity.
Furthermore, the ability of 20 mg/kg L-NAME to
increase the antinociceptive activity of both the 0.107
and 0.426 mg/kg ASH was found to be in contrast
with the report made by Jain ez al. [33] that L-NAME
is capable of reversing the sildenafil antinociceptive
activity. Moreover, our finding on the failure of L-
NAME to increase the antinociceptive effect of 1.074
mg/kg ASH is in keeping with Bujalska and Gumulka
[31] who reported on the failure of L-NO-ARG to
affect the acetaminophen antinociception at supramax-
imal doses. It is suggested that L-NAME’s ability to
enhance ASH antinociceptive activity is due to its abil-
ity to increase vascular permeability [26] induced by
acetic acid. According to Kawabata er al. [24], such
effects of L NAME may result in antinociception espe-

cially in chemically mediated nociception models.

Further studies using MB, an inhibitor of cGMP path-
way, revealed the ability of MB to act as antinocicep-
tive agent on its own, which is concomitant with the
report published by Abac £ o 2 lu et al. [16], and to
enhance other antinociceptive agents (ASH and ASA)
activity, respectively. Our finding on the enhancement
of ASH antinociception by MB indicates the impor-
tant role of cGMP pathway in pain impulse transmis-
sion. Since cGMP pathway is important in the pain
mechanism, blocking of this pathway leads to reduc-
tion in pain sensation, explains the remarkable
improvement of ASH and ASA antinociceptive activ-

1y.

In conclusion, our studies indicate that ASH antinoci-
ception is influenced by the presence or absence of NO
and that this activity may involve the cGMP pathway.
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