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Introduction  

 Many naturally active compounds with potential 

pharmacological properties shared a similar structural backbone of 

chalcones.1,2 Due to its unique scaffold, chalcones have become the 

template for the discovery of many drugs.3,4 Various chalcone 

derivatives have been synthesised and studied for their medicinal 

properties. One of these derivatives is 3-(2,5-dimethoxy phenyl)-1-(5-

methyl furan-2-yl) prop-2-en-1 (DMPF-1). Previous evidence on the 

anti-inflammatory activity of DMPF-1 towards airway inflammation in 

the asthmatic model showed that this chalcone analogue was capable of 

inhibiting β-chemokines, including Regulated upon Activation, Normal 

T Cell Expressed and Presumably Secreted (RANTES), eotaxin-1, 

Monocyte chemoattractant protein-1 (MCP-1) and T helper 2 (Th2) 

cytokines which contribute to the pathogenesis of inflammatory 

reaction in asthma.5 Further analysis from a similar study reported the 

specific action of this compound on the NF-κB pathway without 

affecting the MAPK pathway. 
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Being aware that inflammation may regulate nociception, a study on the 

effect of DMPF-1 in modulating nociception was done in 2020. The 

study revealed that this chalcone analogue could attenuate peripheral 

and central nociception using animal models.6 As the toxicity 

evaluation indicated its safety profile, thus, further study on its possible 

mechanism of action was carried out, and the findings showed that 

antinociceptive activity DMPF-1 was by the interaction of this chalcone 

analogue with several nociceptive signalling pathways inclusive of 

vanilloid and glutamatergic system with the exclusion of opioidergic 

system. 6,7 

In addition to the previously studied signalling pathway, there are other 

pathways that play a role in the mechanism of pain perception, and one 

such pathway involves the presence of nitric oxide (NO). Nitric oxide 

is a gaseous substance that can pass through the cell membrane. The 

production of NO is controlled by an enzyme called nitric oxide 

synthase (NOS), which converts L-arginine into NO and L-citrulline. 

There are three different forms of NOS that have been identified based 

on their specific functions and where they are found in the body. 

However, only the nNOS and iNOS isoforms are involved in pain 

signalling, while eNOS is not.8 Both nNOS and eNOS are similar in that 

they depend on calcium and calmodulin for their activity, and they are 

present in both the spinal cord and brain. On the other hand, iNOS does 

not require calcium (Ca2+) and is expressed in macrophages and 

inflammatory cells in response to cytokines or endotoxin.9 The 

existence of NO in the cell stimulates an enzyme called soluble 

guanylate cyclase, which converts guanosine triphosphate (GTP) into 

cyclic guanylate monophosphate (cGMP). The cGMP then acts as a 

secondary messenger that regulates various processes inside the cell, 

such as the activation of kinases, ion channels, and phosphodiesterase. 
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Chalcones are interesting and versatile compounds due to their various pharmacological 

properties. Important biological activities of chalcones have been reported for decades using 

different experimented models. The 3-(2,5-dimethoxy phenyl)-1-(5-methyl furan-2-yl) prop-2-en-

1 (DMPF-1) is one of the chalcone analogues that has reported to have analgesic properties despite 

of it published safety profile. The present study examined the possible anti nociceptive modulatory 

activity exerted by the DMPF-1 compound in behavioural-induced nociception in animal model 

using Institute of Cancer Research (ICR) mice. Administration of DMPF-1 compound at a dose 

of 1 mg/kg intraperitoneally exerted a pronounced antinociceptive effect against acetic acid-

induced nociception. The antinociceptive effect of the DMPF-1 compound significantly (P<0.001) 

was reversed by the pre-treatment of the animals with the nitric oxide precursor; L-arginine (100 

mg/kg; i.p), and the soluble guanylyl cyclase inhibitor; oxadiazole (4,3-a) quinoxaline-1-one 

(ODQ) (2.0 mg/kg; i.p.). A similar inhibitory pattern was observed upon the challenge of DMPF-

1 against two potassium channel inhibitors, glibenclamide (10 mg/kg; i.p.) and 

tetraethylammonium (4 mg/kg; i.p.). Overall, these findings suggest the possible contribution of 

nitric oxide-cyclic GMP-potassium signalling pathway in the antinociceptive activity exhibited by 

the DMPF-1 compound. This chalcone analogue and its molecular structure might be further 

investigated as a model that could be used to obtain more potent analgesic agents.  
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Additionally, the activation of the cyclooxygenase (COX) enzyme and 

the S-nitrosylation of proteins may also occur.10 

The role of chalcones and its derivatives in scavenging NO is well 

established. In 2018, Kim and colleagues reported that isolated 

prenylated chalcone from Psoralea Corylifolia modulates the 

expression of iNOS in microglial and attenuate the inhibitory-B (I-

B) degradation and nuclear factor B (NF-B) thus preventing 

neuroinflammation.11 This finding was aligned with a study using 24 

different pyrrolylated-chalcones whose derivatives not only inhibited 

the production of NO but also attenuated the release of prostaglandins 

E2 (PGE2) using RAW 264.7 macrophage cell line.12 The carrageenan-

induced paw oedema model further confirmed the findings, in which a 

marked reduction in oedema formation was indicated by Rojas and 

colleagues in 2002 and supported by other findings in using different 

chalcone analogue.13,14 In addition to its activity towards NO, the 

computational review on various chalcones structure was done to obtain 

the most effective NO scavenging molecular structure by positioning 

the hydroxyl as well as methoxy group of chalcone backbone. 15 

Due to chalcone's versatility, research on drug discovery using chalcone 

keeps ongoing. Many chalcone derivatives were synthesised to search 

for most efficacious and potent analgesic compound. Various study 

models were conducted to verify the specific target and mechanistic 

event exerted by numerous chalcone derivative.16-18 A review written in 

2020 provided a comprehensive view of the medicinal chemists for the 

rationale in designing novel and potent iNOS inhibitors using chalcone 

scaffold.19 

Further evaluation of the antinociceptive activities of DMPF-1 was thus 

carried out. Given the broad nociceptive signalling pathway and 

potential analgesic activity shown by this compound, the present study 

sought to scrutinise the antinociceptive mechanism of the compound via 

a specific nociceptive signalling pathway. Noticing the role of NO in 

the pain signalling pathway, the possible participation of this pathway 

was carried out and further streamed down into the possible 

involvement of the cGMP pathway. 

Further evaluation of the antinociceptive activities of DMPF-1 was thus 

carries out. Given the broad nociceptive signalling pathway and 

potential analgesic activity shown by this compound, the present study 

sought to scrutinise the antinociceptive mechanism of the compound via 

a specific nociceptive signalling pathway. Noticing the role of NO in 

the pain signalling pathway, the possible participation of this pathway 

in antinociceptive activity of DMPF-1 was carried out and further 

streamed down into the possible involvement of the cGMP pathway. 

Reaching the cGMP level is not the end of the nociceptive quest. There 

are further downstream nociceptive modulatory events following its 

stimulation. Sensitisation of cGMP capable to modulates the family of 

K+ channels in which the principle of these channel involvement in pain 

signalling are to regulate the firing threshold with subsequent neuronal 

excitation, thus contributing to the perception of pain sensation.20 

Considering the downstream regulation that cGMP activation may 

exert, by which its stimulation may modulate several K+ channel family 

activities, thus the potential engagement of DMPF-1 onto this family 

channel was also explored. 

Accordingly, the result from this study may provide a better 

understanding of the nociceptive signalling pathway and offer insight 

into the capability of these chalcone derivatives as potential analgesic 

agents.  

 

Materials and Methods 

Animal 

Animal used for the study were 4 to 6-week-old male ICR mice with 

weights ranging between 20-25 g. The mice were maintained in a room 

with a standard constant temperature of 24±1C with 12:12 hours dark-

light cycle and were allowed free access to food and water ad libitum. 

The rules of the ethical guidelines to assess the pain in conscious 

animals were strictly adhered and the study was conducted upon 

approval by Animal Care and Use Committee (Approval number: 

UPM/FPSK/PADS/BR-UUH/00425), Universiti Putra Malaysia, 

Serdang, Selangor. The least number of animals (n=6) and stimulus 

(chemical) enough to present the effect of the compound was given. The 

experimental animals were sacrificed at the end of the study.7 

Preparation of DMPF-1 compound 

The chalcone derivative DMPF-1 was synthesized using the Claisen-

Schmidt condensation reaction. The DMPF-1 treatment doses applied 

throughout this study were chosen based on the IC50 result obtained 

from the preliminary antinociceptive study, and the volume 

administered was 10 ml/kg; i.p.6 

 

Drugs and reagent 

L-arginine (L-Arg) and its enantiomer; L-NG-nitro arginine (L-

NOARG), the soluble guanylyl cyclase inhibitor; 1H-

[1,2,4]oxadiazolo[4,3-a]quinoxalin-1-one (ODQ), Potassium channel 

blockers; tetraethylammonium (TEA), and glibenclamide were 

purchased from Sigma Aldrich Chemical, USA, Glacial acetic acid 

from Scharlau Chemie, SA, Normal saline (NaCl) of 0.9% was used to 

dissolve all the chemicals except L-NOARG, ODQ and glibenclamide, 

which were diluted using 5% dimethyl sulfoxide (DMSO). The DMPF-

1 compound was diluted using three different solvents which were 

absolute ethanol, Tween 20 (Sigma, Aldrich), and distilled water in 

fractions of 5:5:90 (v/v). 

 

Involvement of Nitric Oxide-cGMP signalling 

To investigate the hypothesis that Nitric Oxide-cGMP signalling might 

have participated in the antinociceptive profile induced by DMPF-1, its 

analgesic response was evaluated using the acetic acid-induced 

abdominal writhing test, described formerly by Koster and colleagues 

with minor modification.21 Mice were divided into six subgroups (n=6). 

Two groups of mice were pre-treated with nitric oxide precursor, L-

arginine (100 mg/kg; i.p. for 15 minutes prior to the challenge with 

either DMPF-1 (1 mg/kg; i.p.) or nitric oxide synthase (NOS) inhibitor, 

L-NOARG (20 mg/kg; i.p.) for the next 30 minutes. Later, acetic acid 

of 0.6% (v/v) with a volume of 10 ml/kg body weight, which acts as a 

nociceptive inducer, was administered with a volume of 10 ml/kg body 

weight, i.p.. The animals were then placed individually in a clear glass 

observation chamber 9 inches in diameter and 11 inches in height for 

observation. Writhing episodes, which are characterised by internal 

rotation of the feet, elongation of the body, and arching of the back 

together with a stretching of the hind limbs, indicative of pain, were 

recorded. The rest of the subgroups which were treated alone with either 

vehicle (10 ml/kg; i.p), DMFP-1 (1 mg/kg; i.p.), L-Arg (100 mg/kg; i.p.) 

or L-NOARG (20 mg/kg; i.p.) served as control. On the other sets, using 

a similar protocol, a group of animals was challenged with ODQ (2 

mg/kg; i.p.) to scrutinise its possible regulation on the cGMP pathway. 

The vehicle (10 ml/kg; i.p), DMFP-1 (1 mg/kg; i.p.) and ODQ (2 mg/kg; 

i.p.) treatments alone were used as control.22 

 

Participation of Potassium Channels 

To evaluate the involvement of the ATP-dependent potassium channel 

in the antinociceptive mechanism of DMPF-1, the first two out of four 

groups of animals were pre-treated with glibenclamide, an ATP-

dependent potassium channel blocker at a dose of 10 mg/kg, i.p. After 

15 minutes, the animal received an intraperitoneal injection of either 

vehicle (10 ml/kg) or DMPF-1 (1 mg/kg), while the other two remaining 

groups of animals that served a control received only vehicle (10 ml/kg) 

or DMPF-1 (1 mg/kg) for the next 30 minutes followed by injection 

with acetic acid (0.6% (v/v)). The nociceptive response indicated by 

writhing episodes as described above, was recorded post-5 minutes of 

acetic acid injection for 30 minutes.23 

To determine the involvement of the other type of potassium channel, 

which is the voltage-gated potassium channel, in DMPF-1 

antinociception, another separate set of the similar experiment was 

implemented by which the DMPF-1 treatment was challenged with 

TEA, non-selective K+ channel blocker (4 mg/kg; i.p). The remaining 

protocol was similar to that described in the above procedure. 

 

Statistical analysis 

The results were presented as the mean ± standard error mean (SEM) 

involving six animals per group. The statistical significance comparison 

between treated groups was evaluated using a one-way analysis of 

variance (ANOVA) with Dunnett’s posthoc test. All procedures were 

carried out using Prism 4.0 software (GraphPad Software, San Diego, 

CA, USA), by which P<0.001 was considered significant. 
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Results and Discussion 

Involvement of Nitric Oxide-cGMP signalling 

This study aimed to scrutinise the possible anti-nociceptive activity that 

DMFP-1 would exert using acetic acid algogenic behavioural model. 

Back to the basis of nociceptive signalling, activation of NMDA 

receptor by glutamate upon algogenic stimulation is known to increase 

intracellular calcium concentration. Thus, resulting the activation of 

nNOS and subsequent conversion of L-arginine to nitric oxide and L-

citrulline by which this happens directly or via indirect activation of 

secondary messenger, cGMP.24 Concerning on the role of nitric oxide 

in nociception, the involvement of this mechanism in the 

antinociceptive activity of DMPF-1 was evaluated.  

As shown in Figure 1, pre-treatment of the mice with L-arginine at a 

dose of 100 mg/kg;i.p., 15 minutes before administration of DMPF-1 

compound (1 mg/kg;i.p.) and L-NOARG (20 mg/kg;i.p.) had 

significantly reversed (P<0.001) the antinociceptive effect of both 

compound (DMPF-1 and L-NOARG). Additionally, a similar result 

was observed in the second set of experiments by which pre-treatment 

of ODQ significantly inhibited (P<0.001) the effect of DMPF-1 

activity, as shown in Figure 1B. 

Our result demonstrated that systemic administration of the DMPF-1 

compound attenuated the nociceptive behaviour demonstrated by the 

mice. However, the antinociceptive response was reverted by the pre-

treatment with L-arginine using an optimal dose with no influence on 

the nociceptive response exerted by acetic acid. To validate, the activity 

of the DMPF-1 compound was compared with the effect of nitric oxide 

synthase (NOS) inhibitor, L-NOARG. Pre-treatment of L-arginine also 

attenuated the activity of L-NOARG when given together. The 

nociceptive behaviour reduction was significant compared to the group 

that received its inhibitor alone. In addition, there was no significant 

difference in the DMPF-1 inhibition pattern when compared with L-

NOARG, showing the on-par effect of both treatments. This result 

revealed at least part of the DMPF-1 mechanism of antinociception, and 

it is postulated that this compound uses a similar inhibitory mechanism 

as L-NOARG. Even though the role of NO in pain remains ambiguous 

due to its dual effect, as a pro and antinociceptive effect, studies have 

shown that L-arginine at low dose concentration stimulates pro-

nociceptive effect and vice versa.25 

This finding supports the previous findings reported by Liew and 

colleagues (2010), where the study demonstrated that chalcone 

derivative attenuates NO production in RAW 264.7 murine macrophage 

cell lines.26 Based on the evidence reported, this result suggests that 

DMPF-1 exhibits anti-nociceptive properties by interacting with the 

glutamatergic system, as published in previous data, with subsequent 

reduction in NO production.6 

Fundamentally, in nociceptive signalling, NO mediates its action via 

downstream pathway regulation of cyclic GMP (cGMP). Stimulation of 

soluble guanylyl cyclase (sGC) by the presence of NO plays a role in 

converting guanosine triphosphate (GTP) into cGMP, thus leading to 

the phosphorylation of various receptors and increased influx of 

calcium ions.27  

To investigate the involvement of this signalling pathway inclusive of 

the involvement of sGC enzymatic system and subsequent cGMP 

signalling in antinociceptive activity of DMFP-1, this compound was 

further challenged with ODQ. The result showed that ODQ pre-

treatment had reversed this compound's antinociceptive profile, thus 

proposing the utilisation of this mechanism in their activity. 

Conclusively, DMPF-1 does not only participate in inhibiting said 

nociceptive receptors, as published previously, but also the downstream 

line until the cGMP level.6 This finding was parallel with another study 

using cardamonin, the naturally occurring chalcone as well as nitric 

oxide-hydrogen sulphide donor chalcone.28,29 These compound's 

backbone structure was suggested to be responsible for the activity 

observed. 

 

Involvement of Potassium Channels 

Apart from terminating at the cGMP level, there is downstream 

regulation in this signalling pathway. Stimulation of cGMP potentiates 

several K+ channel family activation with subsequent modification of 

the nociceptive threshold. Theoretically, the K+ channel is responsible 

for coordinating the resting membrane potential. Upregulation or 

downregulation of these channels modifies the nociceptive threshold, 

thus neuronal excitability. In 2013, Ooi and colleagues demonstrated 

that inhibiting NO-mediated M channels or non-inactivating voltage-

gated potassium channels might lead to hyperexcitability and over-

secretion of CGRP, which participates in vasodilation. This mechanism 

has been reported in migraine pain.30 

The most frequently studied potassium channel includes ATP-sensitive, 

voltage-gated, small, and large calcium-activated channels. Numerous 

antinociceptive drugs pose similar characteristics and act as K+ channel 

openers in mediating their effect. Thus, this channel has been listed as 

a therapeutic target in developing new pain-relieving agents.31 

 

 
Figure 1: The effect of pre-treatment of the animal with (A) L-arginine (L-Arg; 100 mg/kg, i.p.) and (B) 1H-[1,2,4]Oxadiazolo[4,3-

a]quinoxalin-1-one (ODQ) (22 mg/kg; i.p.) on the antinociceptive profile of DMPF-1 compound (1 mg/kg, i.p.) against acetic acid-

induced abdominal writhing response. L-NOARG (20 mg/kg; i.p.) was a control positive for L-arginine. Each column represents mean 

± Standard Error Mean (SEM) with n=6 using one-way ANOVA followed by Tukey’s post hoc test. A denotes a significant difference 

(P <0.001) compared to the vehicle-treated group. b Denotes a significant difference (P<0.001) compared to DMPF-1 treated group, 

and c denotes a significant difference (P<0.001) compared L-NOARG treated group. 
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Figure 2: The effect of (A) glibenclamide (10 mg/kg, i.p.) and (B) tetraethylammonium (TEA) (4 mg/kg; i.p.) pre-treatment on the 

antinociceptive profile of DMPF-1 compound (1 mg/kg; i.p.) using acetic acid-induced abdominal writhing response. Each column 

represents mean ± Standard Error Mean (SEM) with n=6 using one-way ANOVA followed by Tukey’s post hoc test. * Denotes 

significant different (P<0.001) compared to DMPF-1 (1 mg/kg; i.p.) treated group. 
 

 
Figure 3: Schematic presentation on the possible interaction of the DMPF-1 compound to the potential analgesic targets. The 

rectangular labelled DMPF-1 indicates the inhibitory effect of this compound; meanwhile, the arrow indicates its activation. NO: Nitric 

oxide; NOs: Nitric oxide synthase, sGC: Soluble guanylyl cyclase., CGMP: cyclic guanosine monophosphate, P: Phosphate, PKG: 

Protein kinase G, TEA: tetraethylammonium, ODQ: 1H-[1,2,4] Oxadiazole[4,3-a]quinoxalin-1-one. 
 

In evaluating the contribution of this channel in the antinociceptive 

action of DMPF-1, the method of challenging the action of DMPF-1 

with a specific potassium channel blocker was implemented. Figure 2 

demonstrates a significant difference (P< 0.001) in the effect of DMPF-

1 upon pre-treatment of the mice with glibenclamide. There was 

attenuation in the antinociceptive activity of DMPF-1 instead of its 

treatment alone at an equivalent dose. A similar result was observed in 

the group being pre-treated with TEA, as shown in Figure 2B, by which 

pre-treatment with this voltage-dependent potassium channel blocker 

had significantly (P<0.001) attenuated the antinociceptive activity of 

DMPF-1 as if it is being treated alone with this compound. 

Blockage of ATP-stimulated potassium channel and voltage-gated 

potassium channel by glibenclamide and TEA, respectively, prevents 

the efflux of potassium ions from the neuronal intracellular, thus 

permitting extensive neuronal firing. Glibenclamide blocked only ATP-

sensitive K+ channels with no influence on Ca2+ or voltage-dependent 

K+ Channels.32 Our study revealed that pre-treatment of subjects with 

both potassium channel blockers prior to treatment of DMPF-1 had 

reversed the antinociceptive activity of this compound. With this 

finding, it is stipulated that DMPF-1 partially mediated its effect by 

activating these channels. Back to the roles of the ATP-sensitive K+ 

channel, it serves as a cellular metabolic sensor and simultaneously 

protects the neuronal cells under pathological conditions as intracellular 

ATP inhibits it. These channel enhancers, such as pinacidil and 

diazoxide, have been shown to attenuate bradykinin-induced pain by 

causing hyperpolarisation of the neurons.33  

With regards to the voltage-gated potassium channel, 12 subtypes have 

been reported to be found in mammalian bodies and they have been 

differentiated based on the gene coding, its channel kinetics, its location 

on the neuronal membrane and sensitivity to its inhibitory agents.34 The 

fast and slow kinetics were the most significant in the axonal ion 

channel function. Slow kinetics channel was found to be less sensitive 

to the TEA compared to the fast voltage-gated potassium channel.35 

Reversion of the DMPF-1 activity by TEA postulated the involvement 

of fast voltage-gated K+ channel. The Voltage-gated K+ channel, which 

was originally identified as an M channel; due to their sensitivity 

towards the muscarinic acetylcholine receptor activation, was found to 

be regulated by G protein-coupled receptors acting through Gq/11 type 

of Gα subunit.36 Stimulation of nociceptive activity by acetic acid in this 

study triggered the release of various inflammatory mediators such as 

bradykinin, prostaglandins, and substance P by which it activates the 

Gq/11 receptors. This activation causes subsequent alteration in K+ 

channel coordination, leading to neuron hyperexcitability and lowering 

the pain threshold.37 
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Besides these two potassium channels, the DMPF-1 antinociceptive 

activity also involves a large Ca2+-activated potassium channel but not 

a small Ca2+-activated potassium channel, as published in our previous 

report.38 Activation of this type of channel contributes to the 

repolarisation of membrane potential in certain cell types. In addition, 

it also limits the neuronal firing frequency due to the excessive efflux 

of potassium, which leads to a hyperpolarisation state. Therefore, pain 

signals will be reduced or fired limitedly to the higher brain centre. This 

result further justifies the active participation of this channel in its 

mechanism of action. The mode of action of this compound found to be 

comparable to the existing NSAID such as diclofenac and ketorolac and 

currently search endocannabinoids as being reported by many studies.39-

41 It is thus proposed that this compound having the potential to be 

developed as a new analgesic agent. Figure 3 summarises the target of 

the DMPF-1 compound in mediating its antinociceptive effect. 

 

 Conclusion 

The result obtained from this study revealed the broad spectrum 

analgesic activity of DMPF-1 analgesic activity against the explored 

nociceptive signalling. The data obtained can further be used to evaluate 

the other possible analgesic targets exerted by the compound. The 

background structure of this compound can further be evaluated, 

making it one of the potential analgesic candidates. 
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