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Abstract 
Background: Pain represents a complex physiological response of tissues to injury and often adversely impacts both health and quality of life. 

Epidemiological data indicate that virtually all individuals will experience some form of pain during their lifetime. Strychnos innocua (family 

Loganiaceae) is employed in ethnomedicine for the treatment of inflammation, pain, central nervous system disorders, and various other 

ailments. This study investigated the antinociceptive and antidepressant effects of S. innocua leaf ethanol extract using established in vivo and in 

silico models. 

Methods: The antinociceptive activity of the extract was evaluated in mice using the acetic acid-induced writhing test, formalin-induced pain, 

hyperalgesia, and allodynia in carrageenan-induced inflammation. Graded doses of the extract (250 – 1000 mg/kg) were used for these studies. 

The possible mechanism of action was evaluated by administering the extract in the presence of different antagonists that block antinociception 

pathways, using the acetic acid-induced writhing model. The tail suspension test was used to evaluate the antidepressant effect of the extract in 

mice at doses of 250 – 1000 mg/kg in mice. Molecular docking was done using iGemdock. 

Results: The extract elicited significant (p < 0.01 – 0.001) reduction in pain behaviors in acetic acid and formalin-induced pain tests. It also 

showed potent antihyperalgesic and antiallodynic activities in carrageenan-induced inflammation models. Mechanistic studies indicated 

involvement of ATP-sensitive potassium channels, alpha-2 adrenergic receptors, and adenosine receptors in the extract’s antinociceptive effects. 

Molecular docking supported these findings, identifying bioactive compounds such as 9,12,15-octadecatrienoic acid and n-hexadecanoic acid as 

the major culprits. The extract also demonstrated significant antidepressant effects, which were further supported by docking interactions with 

serotonin and dopamine transporters. 

Conclusion: The study outcome shows that the extract has potent antinociceptive and antidepressant properties that may be mediated through 

multiple pathways. 
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Background 
 

Pain represents a complex physiological response of tissues to 

injury; it often adversely impacts both health and quality of life [1]. 

Epidemiological data indicate that virtually all individuals will 

experience some form of pain during their lifetime [2]. Pain serves 

a  crucial  protective  function  by  signaling  tissue  damage  and 

initiating behaviors aimed at minimizing further injury. It is defined 

as an unpleasant sensory and emotional experience associated 

with actual or potential tissue damage or resembling such 

experiences. Beyond its sensory dimensions, pain profoundly 

influences  cognitive,  emotional  and  behavioral  responses, 

reflecting its multifaceted nature. Chronic pain persists as a 

widespread  clinical  concern  and often  contributes  to secondary 

complications  such  as  depression  [3].  Pharmacological 

management of pain commonly relies on non-steroidal anti- 

inflammatory drugs (NSAIDs). However, the therapeutic use of 

NSAIDs is frequently limited by adverse effects, notably 

gastrointestinal ulceration. Similarly, alternative analgesic classes 

possess significant  side effect  profiles,  underscoring the  urgent 

need for novel therapeutic agents with superior efficacy and safety 

[4]. In this context, traditional medicine continues to serve as a 

valuable reservoir for the discovery and development of new 

pharmacological   agents   targeting   pain   and   inflammation   [5]. 

Among natural sources, medicinal plants have yielded a wealth of 

bioactive compounds with promising therapeutic potential [6]. One 

such plant, Strychnos innocua (family Loganiaceae), is employed 

in ethnomedicine for the treatment of inflammation, pain, central 

nervous  system  disorders  and various  other  ailments.  Previous 

phytochemical  studies  and  GC-MS  analysis  establish  that  S. 

innocua contains    bioactive   compounds   capable    of   eliciting 

analgesic and antidepressant effects [7]. Furthermore, an in vitro 

antioxidant  study  showed  that the  leaf  ethanol  extract exhibits 

notable antioxidant activity across multiple models, indicative of its 

ability to elicit anti-inflammatory and antinociceptive effects [8]. 

Accordingly, the present study investigated the antinociceptive and 

antidepressant  effects  of  S.  innocua leaf  ethanol  extract  using 

established in vivo and in silico models. 

 
Methods 

 
Plant materials 

 
Fresh  leaves  of  Strychnos  innocua  were  harvested  from  a 

botanical garden in Plateau state, Nigeria by Mr. Jeffery Azila, a 

taxonomist at the Federal College of Forestry, Jos. Authentication 

of the plant was done at the Herbarium Unit, Federal College of 

Forestry (Voucher number: FHJ875). The harvested plant materials 

were properly rinsed using clean running water before processing 

for use in the study. 

Drugs and chemicals 

 
The following drugs and chemicals were used: acetic acid (BDH, 

poole,  UK),  aspirin  (Prestige  brands,  United  States);  formalin 

(Balaji formalin Pvt. Ltd, India); dihydrocodeine (Accord 

pharmaceutical, Nepals); diclofenac (Embassy pharmaceutical and 

chemicals limited, Nigeria); glibenclamide (Sygen Pharmaceuticals 

Ltd, Nigeria); nifedipine (Unicure Pharmaceutical Co. Ltd, Nigeria); 

atropine (Ancalima Life Sciences Ltd, India); naloxone (Jackson 

laboratories Pvt Ltd, India); theophylline (Eminent drugs and 

pharmaceutical Ltd, Nigeria). All drugs used were of high standard 

grade and solutions from these were freshly prepared daily before 

use. 

 
In vivo studies 

 
Animals 

 
Both male and female Swiss albino mice (weighing between 20 – 

28 g) were utilized in this study. The animals were maintained at 

the animal facility of the Department of Pharmacology, Novena 

University, housed in standard cages under controlled laboratory 

conditions,  including  regulated  room  temperature  and  humidity. 

They had unrestricted access to water and standard rodent feed. 

All animal experiments were conducted in strict compliance with 

the  NIH  revised  guidelines  for  the  care  and  use  of  laboratory 

animals [10], as well as the ethical codes and regulations 

established by Novena University for laboratory animal research. 

Ethical clearance was obtained from Novena University’s 

Department of Pharmacology ethical committee on the use of 

animals (NUO/ECUA/0122). 

 
Acetic acid-induced writhing test 

 
Acetic acid-induced writhing test was carried out using the method 

described previously by Woode et al [11]. Twenty-five Swiss albino 

mice of either sex were used for the study. They were randomly 

assigned to five groups of five animals each. The animals were 

pre-treated orally with the vehicle, extract or standard drug. Group 

1 (control) received normal saline (vehicle) 10 mL/kg; groups 2 – 4 

received kg extract doses of 250, 500 and 1000 mg/ respectively, 

while group 5 received aspirin 150 mg/kg. One hour after 

administration, the animals were administered acetic acid 

intraperitoneally (0.6%, 0.1 ml/10 g body weight). The mice were 

placed in individual cages, and the number of writhes was counted 

for each mouse for 15 minutes following a 5-minute latency period. 

The percentage inhibition of writhing was calculated using the 

following formula: 

 
% inhibition = [(Mean number of writhes control – Mean number of 

writhes treated)/Mean number of writhes control] × 100

 
Extraction 

 
The leaves were air-dried openly under shade in the laboratory at 

 
 
Formalin-induced pain 

room temperature (28-33oc) until even weight of the dried leaves 

was gotten. The dried leaves were then pulverized using a 

motorized milling machine. Following standard procedures outlined 

by Handa et al [9], 2 kg of the pulverized leaves were macerated in 

6 L of 70% ethanol at room temperature for 72 h with periodical 

agitation. The resulting solution was filtered sequentially through a 

mesh sieve, a cotton wool plug and Whatman filter paper (110 

mm). The collected filtrate was concentrated using water bath set 

at 60oC. 

Formalin test was carried out according to the method of Hunskaar 

and Hole [12]. Twenty-five Swiss albino mice of both sexes 

randomly assigned to six groups of five animals each. The animals 

were pre-treated orally with the vehicle (normal saline), extract or 

standard drugs. Group 1 (control) received normal saline 10 mL/kg; 

groups 2 – 4 received extract doses 250 – 1000 mg/kg; while group 

5  received  dihydrocodiene  30  mg/kg.  One  hour  after 

administration, each mouse was injected with 0.02 ml of 2.7 % 

formalin  into  the  right  hind  paw.  The  animals  were  placed
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individually in transparent observation chambers and observed for 

30 min post-injection. The duration (in seconds) spent licking and 

biting the injected hind paw was recorded as an indicator of 

nociceptive behavior. Nociceptive scores were taken at 0 – 5 min 

(early phase/ neurogenic pain) and 15 – 30 min (late phase/ 

peripheral pain) following formalin injection. 

 
Hyperalgesia 

 
Thermal hyperalgesia test  was conducted following the method 

described by Amoateng et al. [13] with modifications. Twenty-five 

Swiss albino mice of both sexes were used. Baseline reaction time 

(latency to withdraw paw) for each animal was recorded using a 

digital hotplate set at 50 ± 1 0C. Animals were randomly assigned 

to  five  groups  of  five  animals  each.  Animals  in  the  respective 

groups were pre-treated as follows: group 1 (negative control) 

received normal saline 10 mL/kg, groups 2 – 4 received graded 

extract doses (250 - 1000 mg/kg), and group 5 received diclofenac 

10 mg/kg. One hour after treatment, inflammation was induced by 

injecting 20 µL of 2% w/v carrageenan into the dorsal surface of 

the right hind paw. Reaction times were recorded hourly for three 

hours starting at 1 hour post-carrageenan administration. Latency 

to paw withdrawal (in seconds) was recorded with a stopwatch 

from the moment the animal was placed on the hot plate to the first 

sign of discomfort, such as licking, shaking of the ipsilateral hind 

paw or jumping off from the surface of the hot plate apparatus. A 

significant increase in latency was considered indicative of 

antihyperalgesic activity. A cut-off time of 20 seconds was applied 

to prevent tissue damage. 

 
Cold allodynia (acetone test) 

 
The test was conducted following the method described by Brener 

et al. [14] with minor modifications. Twenty-five Swiss albino mice 

of  both sexes  were used.  Each animal  was placed in the test 

chamber with a mesh floor, and the baseline reaction time 

(withdrawal) of the right hind paw was recorded following irrigation 

with 10 µL of acetone. The animals were randomly assigned to five 

groups of five animals each. The groups were pre-treated orally 

with vehicle, extract or standard drug as follows: group 1 (negative 

control) received normal saline 10 mL/kg; groups 2 – 4 received 

graded extract doses (250 - 1000 mg/kg); and group 5 received 

diclofenac 10 mg/kg. One hour after administration, the right hind 

paw of each mouse was inflamed by injecting 20 µL of 2 % w/v 

carrageenan into the dorsal surface. The reaction time to acetone 

irrigation of the right hind paw was recorded hourly for three 

consecutive hours, starting one hour post-carrageenan 

administration. 

 
Mechanism of antinociception 

 
Acetic acid-induced writhing test was employed for determining the 

possible  involvement  of  specific  pathways  through  which  the 

extract elicits its antinociceptive effect, as described by Enegide et 

al. [15]. Swiss albino mice of either sex were randomly assigned to 

nine groups of five mice each. The animals in groups 3 – 8 were 

pre-treated with six different inhibitors/antagonists: atropine (a 

nonselective muscarinic receptor antagonist), naloxone (a 

nonselective opioid receptor antagonist), ondasetron (serotonin 

receptor antagonist), glibenclamide (an ATP sensitive potassium 

channel inhibitor), yohimbine (alpha-2 receptor antagonist) and 

theophylline   (a   non-selective   adenosine   receptor   antagonist). 

These anatgonists were administered 15 minutes intraperitoneally 

and 30 minutes orally before administration of the extract (1000 

mg/kg  p.o).  Group  1  served  as  negative  control  and  received 

normal saline (10 mL/kg p.o), group 2 received the extract alone 

(1000 mg/kg p.o), and group nine served as the positive control 

and received aspirin (150 mg/kg p.o). one hour after administration 

of normal saline, extract or aspirin, the animals were injected 

intraperitoneally with acetic acid (0.6 % 0.1 ml/10 g body weight 

i.p). Five minutes after acetic acid administration, the mice were 

placed  individually  in  cages,  and  the  number  of  writhes  was 

counted for 15 minutes. 

 
Involvement of the muscarinic cholinergic system 

 
Animals in group 3 were pre-treated with atropine (5 mg/kg, i.p.) 15 

minutes before the administration of the extract (1000 mg/kg, p.o.) 

and their nociceptive responses were observed. 

 
Involvement of the opioid System 

 
Animals in group 4 were pre-treated with naloxone (2 mg/kg, i.p.) 

15 minutes before the administration of the extract (1000 mg/kg, 

p.o.) and their nociceptive responses were observed. 

 
Involvement of serotonergic system 

 
Animals in group 5 were pre-treated with ondasetron (0.5 mg/kg, 

i.p)  15  minutes  before  the  administration  of  the  extract  (1000 

mg/kg, p.o.) and their nociceptive responses were observed. 

 
Involvement of ATP-sensitive K+ channels 

 
Animals in group 6 were pre-treated with glibenclamide (8 mg/kg, 

p.o.) 30 minutes before the administration of  the extract (1000 

mg/kg, p.o.) and their nociceptive responses were observed. 

 
Involvement of adrenergic system 

 
Animals in group 7 were pre-treated with yohimbine (3 mg/kg, p.o.) 

30 minutes before the administration of the extract (1000 mg/kg, 

p.o.) and their nociceptive responses were observed. 

 
Involvement of the adenosinergic system 

 
Group  8  animals were pre-treated with theophylline (10 mg/kg, 

p.o.) 30 minutes before the administration of  the extract (1000 

mg/kg, p.o.) and their nociceptive responses were recorded. 

 
Tail suspension test 

 
The tail suspension test was conducted according to the method 

described by Can et al. [16]. Twenty-five Swiss albino mice of both 

sexes were randomly divided into five groups of five animals each. 

They were treated with vehicle, extract or standard drug. Group 1 

(negative control) received normal saline at 10 mL/kg, groups 2–4 

received graded doses of the extract (250–1000 mg/kg, p.o.), and 

group 5 was administered fluoxetine at 10 mg/kg p.o. One hour 

post-treatment, each mouse was suspended by the tail, 70 cm 

above the floor, on the edge of a wooden platform using adhesive 

tape placed approximately 1 cm from the tip of the tail. The 

suspension lasted for 360 seconds, during which immobility time 

was recorded using a stopwatch. Immobility was defined as the 

absence of any limb or body movement except for movements 

caused by respiration, with the mouse hanging passively and 

completely motionless. 
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In silico studies 

PASS prediction 

 
The potential biological activities of the compounds identified in the 

extract via GC-MS analysis in our prior study [7] were predicted 

using the Prediction of  Activity Spectra for Substances (PASS) 

software, an online computational tool. PASS facilitates the 

estimation of diverse biological activities for a broad range of 

chemical entities, including organic compounds with molecular 

weights between 50 and 1250 Da, as well as phytochemicals. This 

software   evaluates   candidate   molecules   by   analyzing   their 

structure-activity  relationships  (SAR) through comparison with a 

comprehensive training dataset comprising approximately 205,000 

chemical structures, which collectively exhibit nearly 3,750 distinct 

biological activities. Compounds selected for subsequent molecular 

docking studies were required to demonstrate a PASS-predicted 

activity (Pa) score greater than 0.7, ensuring a high probability of 

relevant bioactivity. 

 
Ligand retrieval and preparation 

 
Ligands employed in this study were sourced from the PubChem 

database, a comprehensive repository of chemical information. The 

downloaded compounds, initially obtained in SD file format, were 

subsequently imported into Biovia Discovery Studio 2021 Client 

(version 21.1) for structural conversion to PDB format. This 

conversion was necessary because the docking software, 

iGemdock, exclusively accepts ligand input in the PDB file format, 

ensuring compatibility and accurate processing. 

 
Molecular docking 

 
Molecular  docking simulations  were  performed  using  iGemdock 

(version 2.1) based on the outcome of the in vivo studies. Prepared 

ligands were docked into the respective active sites of their target 

proteins employing the standard precision (SP) protocol. Post- 

docking, the resultant ligand–protein complexes were analyzed and 

visualized   via  Biovia  Discovery  Studio  2021  Client  to  elucidate 

binding interactions and assess docking conformations. 

 
Statistical analysis 

 
The data obtained from the in vivo studies was expressed as mean 

standard  error  of  mean  (Mean  ±  SEM).  One  way  analysis  of 

variance (ANOVA) followed by Dunnet’s post hoc test was used to 

test for significance p ˂ 0.05 was considered significant. Graph pad 

prism (version 8.0) was used for the analysis. 

 
 
 

Results 
 

Acetic acid-induced writhing test 

 
Results from the study showed that pre-treatment of the 

experimental animals with graded doses of the extract (250 – 1000 

mg/kg) one hour before the administration of acetic acid (0.6 %) 

significantly (p ˂ 0.001) reduced abdominal writhing compared to 

the control (untreated) animals (Figure 1). The effect was dose- 

dependent, with the highest dose producing the highest activity 

(78.8%) during the study. Aspirin also demonstrated significant 

activity (p ˂ 0.001), reducing writhing by 75.8% (Table 1). 

Formalin-induced pain 

 
In the formalin-induced pain test, all doses of the extract (250 – 

1000 mg/kg) significantly (p ˂ 0.01 – 0.001) reduced nociceptive 

behaviors (i.e biting and licking) that characterize administration of 

formalin into mice hind paw (Figure 2). The effect of the extract 

was significant against both the early phase (neurogenic) and late 

phase (inflammatory) pain. Dihydrocodeine also demonstrated 

significant (p ˂ 0.001) activity against both pain forms during the 

study. 

 
Hyperalgesia 

 
In the result for hyperalgesia due to carrageenan-induced 

inflammation, hyperalgesia was observed in the control  animals 

after 1 hour of carrageenan administration, shown by significant 

decrease (p ˂ 0.01 – 0.001) in reaction time compared to baseline 

which progressed throughout the study (Figure 3). All doses of the 

extract (250 – 1000 mg/kg) prevented this trend, higher doses (500 

and 1000 mg/kg) even elicited significant (p ˂ 0.05) increase in 

reaction time at 2 and 3 hours after carrageenan administration 

when   compared   with   baseline   (Figure   3).   Diclofenac   also 

prevented the trend observed in the control group, as there was no 

significant (p > 0.05) change in reaction time throughout the study 

(Figure 3). 

 
Allodynia 

 
In  the  study  for  allodynia  due  to  carrageenan-induced 

inflammation, a significant decrease (p ˂ 0.01 – 0.001) in reaction 

(withdrawal) time was observed in the control animals compared to 

baseline after 1 hour of carrageenan administration, persisting 

throughout the study which was indicative of allodynia. However, 

extract doses of 500 and 1000 mg/kg completely prevented this 

trend, significantly (p ˂ 0.05) increasing the reaction time at 2 and 

3 hours after carrageenan administration when compared to 

baseline (Figure 4). Diclofenac also prevented the significant 

decrease in reaction time observed in the control animals (Figure 

4). 

 
Mechanism of antinociception 

 
Results from the study revealed that pre-treatment of the 

experimental animals with atropine, naloxone and ondasetrone did 

not prevent the antinociceptive effect of the extract. But 

glibenclamide, yohimbine and theophylline blocked the 

antinociceptive activity of the extract in acetic acid-induced writhing 

test (Figure 5). 

 
Tail suspension test 

 
Results from the study showed that all doses of the extract (250 – 

1000 mg/kg) significantly (p ˂ 0.05) decreased immobility time in 

the experimental animals compared to control group. Fluoxetine 

also demonstrated significant (p ˂ 0.001) activity during the study 

(Figure 6). 

 
Molecular docking 

 
Result  from  the  Prediction  of  Activity  Spectra  for  Substances 

(PASS) virtual screening showed that among the 40 compounds 

identified in the extract by GC-MS analysis reported in an earlier
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publication by the authors [7], three compounds may be among the 

major constituents responsible for the effects observed during the 

study. These are 9,12,15-octadecatrienoic acid (Z,Z,Z), n- 

hexadecanoic  acid  and  dl-threitol.  Further  molecular  docking 

studies result showed that  9,12,15-octadecatrienoic acid (Z,Z,Z) 

had good binding affinity (-6.13 kcal/mol) with ATP-sensitive 

potassium channel forming akyl bonds at ILE182, ARG201 and 

LEU205 (Figure 7, Table 2). It also had good binding affinity with 

alpha2 adrenergic receptor, adenosine receptor A1  and serotonin 

transporter (Figure 8 – 10, Table 2). Also, n-hexadecanoic acid had 

good binding interaction with adenosine receptor A1, serotonin 

transporter and dopamine transporter having binding affinity of - 

6.27, -5.00 and -6.75 kcal/mol, respectively, while dl-threitol had 

modest binding affinity (-4.20 kcal/mol) with adenosine receptor A1 

(Figure 8 – 11, Table 2). 
 

 
 

Discussion 
 

Strychnos  innocua  is  an  herbal plant  that  has  been  utilized  in 

ethnomedicine for different therapeutic purposes. Reports from 

earlier studies on the leaf ethanol extract by the authors revealed 

the presence of several phytochemicals including alkaloids, 

flavonoids, saponins, tannins and phenols [8]. The authors also 

reported presence of 40 volatile compounds from GC-MS analysis 

of the extract, including 9,12,15-octadecatrienoic acid (Z,Z,Z), n- 

hexadecanoic  acid  and  dl-threitol  [7].  Furthermore,  the  authors 

chronicled  that  the  acute  oral  toxicity  dose  of  the  extract  was 

greater than 5000 mg/kg in mice  [8]. This study  evaluated the 

antinociceptive and antidepressant activities of the extract utilizing 

in vivo and in vitro models. 

Among the in vivo models used to evaluate the 

antinociceptive activity of the extract is the acetic acid-induced 

writhing  test,  which is known to be very sensitive  in screening 

candidate   analgesic   agents.   The   test   is   characterized   by 

nociceptive behaviors such as pelvic rotation, abdominal 

constrictions   and   hind   limb   stretching   which   result   from 

sensitization of C fibres by pro-inflammatory mediators such as 

serotonin,  histamine,  bradykinin  and  prostaglandins  [17]. 

Analgesics may act via different pathways influencing these 

mediators. During the study, the extract demonstrated significant 

antinociceptive activity in a dose-dependent manner. Furthermore, 

the  formalin-induced pain model was used to evaluate its  anti- 

nociceptive  effect.  It  is  a highly  predictive  biphasic  pain  model 

known to mimic acute clinical pain resulting from tissue injury [18]. 

During the study, the extract demonstrated effective antinociceptive 

effects against both neurogenic and inflammatory pain at all test 

doses.   The   early   phase,   neurogenic   pain,   occurs   almost 

immediately after formalin injection and is elicited by the direct 

chemical activation of central nociceptive afferent terminals of the 

Aδ  nerve  fibres.  The  late  phase,  inflammatory  pain,  is  due  to 

central sensitization in the dorsal horn and the direct stimulation of 

chemical nociceptors, resulting in increased input from C fibres [18, 

19]. This finding corroborates the outcomes from previous studies 

reporting the extract’s potent antioxidant activity and presence of 

phytochemicals known to elicit potent antinociceptive effects 

including  alkaloids,  phenols  and  flavonoids  [8].  However,  the 

extract may exert its antinociceptive effect via multiple pathways. 

The effect of the extract on special pain manifestations 

(i.e hyperalgesia and allodynia) was evaluated using heat 

hyperalgesia and cold allodynia (acetone test) in carrageenan- 

induced inflamed mice. Carrageenan-induced inflammation in mice 

triggers hyperalgesia and allodynia following complex inflammatory 

cascade involving the release of pro-inflammatory mediators 

including bradykinin, histamine and cytokines, leading to 

sensitization  of  both  peripheral  and  central  nociceptive 

pathways. This   culminates   in   decreased   pain   thresholds 

(hyperalgesia)  and  pain  perception  from  naturally  non-painful 

stimuli (allodynia) [20 – 22]. Most commonly used analgesic agents 

are usually not effective against these special pain manifestations. 

The study outcome showed that the extract demonstrated potent 

antihyperalgesic and antiallodynic effects. Since these 

manifestations  are common  features  with  neuropathic  pain,  the 

extract may therefore be useful in its management. 

The in vivo study to unravel the mechanism of action 

was carried out by administering the extract in the presence of 

different antagonists that block different analgesic pathways. It 

revealed that glibenclamide, yohimbine and theophylline blocked 

the  antinociceptive activity  of the  extract  in  acetic  acid-induced 

writhing  test,  suggesting that  the  mechanism  of  antinociception 

may involve interaction with the ATP-sensitive potassium channel, 

alpha-2 adrenergic receptor and adenosine receptor. ATP-sensitive 

potassium channels play a role in pain modulation by regulating 

neuronal excitability. Activation of these channels at local, systemic 

and  supraspinal  levels  reduces  pain,  making  them  important 

targets for pain management. Notably, ATP-sensitive potassium 

channel activators such as diazoxide are known for their strong 

analgesic effects [23]. Alpha-2 adrenergic receptor agonists, such 

as   dexmedetomidine,   clonidine   and   tizanidine,   elicit   potent 

analgesic effect by stimulating alpha-2 adrenergic receptors in the 

central nervous system, particularly in the dorsal horn of the spinal 

cord and brainstem nuclei like the locus ceruleus, leading to 

blockade of potassium and calcium channels [24]. Presynaptic 

alpha-2 adrenergic receptors inhibit the release of substance P and 

other neuropeptides that stimulate nociceptive transmission, while 

post-synaptic alpha-2 adrenergic receptors hyperpolarize neurons 

membranes and decrease the activity of nociceptive neurons [25]. 

At peripheral nerve terminals in rodents, adenosine A1  receptor 

activation  produces  antinociception  by  decreasing  cyclic  AMP 

levels in the sensory nerve terminal [26]. Horiuchi et al., reported 

that   adenosine   inhibits   hyperalgesia   via   stimulation   of   A1 

receptors, whereby agonist acting at this receptor elicit analgesic 

effects [27].    Hence, the extract may have exerted its 

antinociceptive activity through these pathways. 

Molecular docking studies revealed that 9,12,15- 

octadecatrienoic acid (Z,Z,Z) identified in the extract demonstrated 

good binding interactions (-6.13   and -6.82 kcal/mol) with ATP- 

sensitive potassium channel and α-2 adrenergic receptor, 

respectively. These interactions may have contributed to the 

antinociceptive activity observed, aligning with in vivo findings. 

Additionally, 9,12,15-octadecatrienoic acid (Z,Z,Z) and n- 

hexadecanoic acid showed good binding interaction with the A1 

adenosine receptor, with binding affinities of -6.27 and -6.23 

kcal/mol, respectively, supporting the involvement of the 

adenosinergic pathway in the extracts antinociception mechanism 

observed in vivo. 

The antidepressant potential of the extract was assessed 

using the tail suspension model in mice. This test relies on 

immobility induced by an inescapable stressful situation as a 

measure of despair-like behavior. Immobility time is used to assess 

depression in this model [28]. The extract demonstrated potent 

antidepressant activity, significantly decreasing immobility time in 

treated animals compared to control. Inhibition of neurotransmitter 

transporters including serotonin and dopamine transporters is a 

known antidepressant mechanism [29]. In silico studies showed 

that compounds such as 9,12,15-octadecatrienoic acid (Z,Z,Z) and 

n-hexadecanoic   acid   exhibited   good   binding   affinities   with
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serotonin transporter (-5.63 and -5.00 kcal/mol, respectively), while 

n-hexadecanoic acid and dl-threitol had good affinities with 

dopamine  transporter  (-6.75  and  -4.90  kcal/mol  respectively). 

These binding interactions may have inhibited serotonin and 

dopamine transporters, contributing to the antidepressant activity 

observed.

 

 
Figure 1. Antinociceptive activity of the extract in acetic acid induced writhing test. 

Values expressed as Mean ± SEM, n = 5, ***p < 0.001 using one-way ANOVA. CTRL = Control, ASA = Aspirin 

 

 

 
Figure 2. Antinociceptive activity of the extract in formalin-induced pain. 

Values expressed as Mean ± SEM, n = 5, **p < 0.01, ***p < 0.001 using one-way ANOVA. CTRL = Control, DF118 = Dihydrocodeine 

 

 
Figure 3. Antinociceptive activity of the extract in hyperalgesia associated with carrageenan-induced inflammation. 

Values expressed as Mean ± SEM, n = 5, *p < 0.05, **p < 0.01, ***p < 0.001 using one-way ANOVA. DICLO = Diclofenac
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Figure 4. Antinociceptive activity of the extract in allodynia associated with carrageenan-induced inflammation. 

Values expressed as Mean ± SEM, n = 5, *p < 0.05, **p < 0.01, ***p < 0.001 using one-way ANOVA. DICLO = Diclofenac 

 
 
 

 
Figure 5. Antinociceptive effect of the extract in presence of antagonists in acetic acid induced writhing test for possible mechanism of action. Values 

expressed as Mean ± SEM, where n=5. Using one-way ANOVA, **p < 0.01 compared with control, ***p < 0.001 compared with control, ###p < 0.001 compared with Extract 

alone, ##p < 0.01 compared with Extract alone. ATR = Atropine, NALOX = Naloxone, OND = Ondasetron, GLIB = Glibenclamide, YOH = Yohimbine, NIF 

= Nifedipine, THEO = Theophyline, ASA = Aspirin, EXT = Extract, CTRL = Control. 

 
 

 
Figure 6. Antidepressant activity of the extract in tail suspension test. 

Values expressed as Mean ± SEM, n = 5, *p < 0.05, ***p < 0.001 using one-way ANOVA. FLUX = Fluoxetine 
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Figure 7. Docking orientation and interaction of the identified compounds and reference compound at the active binding site of the ATP-sensitive 

potassium channel.  

[A] 9,12,15-Octadecatrienoic acid (Z,Z,Z) [B] dl-Threitol [C] Glibenclamide 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 8. Docking orientation and interaction of the identified compounds and reference compound at the active binding site of the alpha-2 

adrenergic receptor.  

[A]  9,12,15-Octadecatrienoic  acid  (Z,Z,Z)  [B]  dl-Threitol  [C] Dexmedetomidine 

A B 

C 

A B 

C 
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Figure 9. Docking orientation and interaction of the identified compounds and reference compound at the active binding site of the A1 adenosine 

receptor. 
[A] n-Hexadecanoic  acid   [B] dl-Threitol  [C] 1,3-dipropyl-8-cyclopentylxanthine 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

 
 
 
 

Figure 10. Docking orientation and interaction of the identified compounds and reference compound at the active binding site of the Serotonin 

transporter.  
[A] 9,12,15-Octadecatrienoic acid (Z,Z,Z) [B] n-Hexadecanoic acid [C] dl-Threitol  [D] Tryptophan 

 
 
 
 

 
 

A B 

C 

A B 

C D 



Page  10 of 12 Enegide et al. Investigational Medicinal Chemistry and Pharmacology 2025 8(2):118  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  11.  Docking  orientation and  interaction  of  the  identified compounds and reference compound at the active binding site of the 

Dopamine transporter. 
[A] n-Hexadecanoic acid [B] dl-Threitol [C] Dopamine 

 
 

 
Table 1. Percent antinociceptive activity of the extract in acetic acid-induced writhing test. 

 
Treatment Dose (mg/kg) Percent activity (%) 

Control 10 mL/kg _ 
(Normal Saline)   
Extract 250 50.8 

 500 64.6 

 1000 78.8 
ASA 150 75.7 

ASA: Aspirin   
 
 

Table 2. Identified compounds binding affinities and interaction details. 

 
Protein Compounds Binding affinity (KCal/Mol) Interactions 

ATP sensitive 
potassium 
channel 

9,12,15-Octadecatrienoic acid 
(Z,Z,Z) 
dl-Threitol 

-6.13 
 

-3.72 

Akyl bond: ILE182, ARG201, LEU205 
 

Carbon Hydrogen Bond: ILE182 

  
*Glibenclamide 

 
-8.01 

Conventional Hydrogen Bond: ARG201 
Pi-Sigma Bond: ILE182, LEU205, PHE333 

   Pi-Akyl Bond: ILE182 
Carbon Hydrogen bond: ARG201 

Alpha-2 
adrenergic 
receptor 

9,12,15-Octadecatrienoic acid 
(Z,Z,Z) 

 

 
dl-Threitol 

-6.82 

 

 
-4.30 

Carbon Hydrogen Bond: THR133 
Pi-Akyl Bond: VAL129, LEU125 
Akyl Bond: VAL129, CYS132, ILE205, PHE405 
Pi-Donor Hydrogen Bond: TRP402 
Conventional Hydrogen Bond: ASP 129, PHE427 

  
*Dexmedetomidine 

 
-7.11 

Pi-Donor Hydrogen Bond: PHE427 
Pi-Donor Hydrogen Bond: SER215 

   Pi-Akyl Bond: VAL212 
Akyl Bond: VAL129, TYR211, CYS216, TYR409 

Adenosine A1 

receptor 
9,12,15-Octadecatrienoic acid 
(Z,Z,Z) 

-6.27 Conventional Hydrogen Bond: HIS278 
Pi-Akyl Bond: TYR271 
Akyl Bond: ALA66, VAL87, PHE171, ILE274 

A B 

C 
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Table 2. End.  

Protein Compounds Binding affinity (KCal/Mol) Interactions 

 n-Hexadecanoic acid 

 

 
dl-Threitol 

-6.23 

 

 
-4.20 

Conventional Hydrogen Bond: GLU170 
Carbon Hydrogen Bond: LYS173 
Pi-Akyl Bond: ALA8A, CYS85, LEU88, ILE175 
Akyl Bond: CYS85, LEU88, ILE89 
Conventional Hydrogen Bond: TYR12, ASN70, GLU170 

  
*1,3-dipropyl-8- 

 
-8.04 

Pi-Donor Hydrogen Bond: PHE171 
Conventional Hydrogen Bond: ASN254 

 
 

 
Serotonin 

cyclopentylxanthine (DPCPX) 

 

 
9,12,15-Octadecatrienoic acid 

 
 

 
-5.63 

Pi-Sigma Bond: ILE274 
Pi-Pi Stacked: PHE171 
Pi-Akyl Bond: LEU250 
Akyl Bond: ILE69, LEU250, HIS251 
Conventional Hydrogen Bond: THR225 

transporter (Z,Z,Z)  Pi-Akyl Bond: VAL21, HIS223 
Akyl Bond: TYR46, TYR51 

 n-Hexadecanoic acid 
 

dl-Threitol 

-5.00 
 

-3.05 

Carbon Hydrogen Bond: HIS223 
Akyl Bond: VAL21 
Conventional Hydrogen Bond: GLN22, TYR46 

  
*L-Tryptophan 

 
-5.01 

Carbon Hydrogen Bond: GLN22 
Conventional Hydrogen Bond: TYR127 

 

 
Dopamine 

 

 
n-Hexadecanoic acid 

 

 
-6.75 

Carbon Hydrogen Bond: TYR51 
Pi-Hydrogen Bond: THR47 
Pi-Pi T-Shaped: TYR46 
Conventional Hydrogen Bond: ASP79, PHE320 

transporter  

 
dl-Threitol 

 

 
-4.90 

Pi-Akyl Bond: PHE326 
Akyl Bond: VAL152, MET427, VAL430, LEU150 
Carbon Hydrogen Bond: GLY153 

 *Dopamine -6.82 Carbon Hydrogen Bond: SER149 
Pi-Donor Hydrogen Bond: TYR156 
Pi-Akyl Bond: ALA423 

*Reference compound 

 

Conclusion 
 

The study outcome revealed that Strychnos innocua leaf extract 

elicits potent antinociceptive and antidepressant activities in mice. 

The extract likely exerted its antinociceptive activity through 

interactions with the ATP-sensitive potassium channel, adrenergic 

and serotonergic pathways, while its antidepressant activity may 

result from inhibitory interactions with serotonin and dopamine 

transporters. These findings suggest the extract as a candidate for 

further therapeutic development targeting these effects. 
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