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ABSTRACT 

The effects of Cissampelos pareira (Linn), Lantana camara (Linn) and Ocimum gratissimum 

(African basil) leaf extracts on pain have not been biologically determined despite their 

frequent traditional use in pain management. The present study evaluated the effects of 

methanol leaf extracts of these three plants on formalin-induced pain in Swiss albino 

mice. Leaves of C. pareira, L. camara, and O. gratissimum were harvested, cleaned, shade 

dried, crushed, extracted in absolute methanol and concentrated to dryness. The 

quantitative phytochemical screening of the three plant extracts was first carried out. 

Then, the pain assay tests constituted eight groups of five mice each: normal control 

group, positive control group, negative control group and experimental groups of 50, 

100, 150, 200 and 250 mg/kg bw extracts. The animals were administered with various 

treatments thirty minutes before induction of pain through injection of 0.01 ml of 2.5% 

formalin solution into the sub-plantar region of the left hind paw. Paracetamol at the 

dose of 50 mg/kg bw and 5% dimethyl sulfoxide were used as the positive and negative 

controls respectively. The plant extracts were administered intraperitoneally and orally. 

Data was analyzed using one-way analysis of variance and unpaired t-test. 

Phytochemical screening on separate extracts of C. pareira, L. camara, and O. gratissimum 

revealed fatty acids, phenols, flavonoids and terpenoids. The different dosages of 

methanol leave extracts of C. pareira, L. camara, and O. gratissimum reduced pain 

significantly (p˃0.05) in mice. The significant reduction of pain was associated with fatty 

acids, phenols, flavonoids and terpenoids revealed in the plant extracts. 
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 INTRODUCTION 

Pain is a common manifestation of many diseases 

afflicting millions of people worldwide [1]. It is a 

phenomenon experienced during disease processes 

and it runs an acute and chronic course, also referred 

to as phase one and two or early and late phases, 

respectively. Acute pain is mild and can last for just a 

moment, or it might be severe and last for weeks or 

months. It serves a protective purpose, warning the 

body of impending danger by activating the “fight or 

flight” response of the sympathetic nervous system, 

which often produces signs such as elevated blood 

pressure, dilated pupils and tenseness of skeletal 

muscles [2].  

Acute pain may also be exhibited through behavioral 

signs such as crying, moaning, or guarding painful 

body areas. However, physiologic and behavioral 

signs are not always evident in acute pain and if 

present, may last for a short period. With longer 

exposures to pain, physiologic adaptation may occur, 

and the body may change its behavior to appear 

unresponsive because of exhaustion [3]. 

On the other hand, chronic pain is normally 

continuous, carries on for at least six months and 

habitually grows insidiously. It goes on past the 

course of an acute disease or after tissue healing is 

over. It has no biological function because it is not a 

sign of a disease process as it is a disease process itself 

[4]. The cause of chronic pain is often unknown. 
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Important behavioral and psychological alterations 

that are seen as a result of chronic pain include 

depression, sleeping disorders and a tendency to deny 

pain. The most common types of chronic pain include 

persistent low back pain, pain associated with cancer, 

neuralgias, hemiagnosia and phantom limb pain [5].  

Conventional approaches used in pain management 

include acetaminophen (paracetamol) and Non-

Steroidal Anti-Inflammatory Drugs (NSAIDs) such as 

diclofenac and aspirin. Acetaminophen is believed to 

attenuate pain by inhibiting the activity of the 

cyclooxygenase enzyme [6]. However, these drugs are 

accompanied by side effects such as nausea, 

constipation, skin allergies, liver and renal impairment 

and cardiovascular disorders [7]. Other alternative 

methods used for pain relief include plant extracts, 

decoctions, faith, and acupuncture. The use of 

botanicals in managing painful conditions has gained 

first-class awareness, arguably because they are 

culturally acceptable, give much less or no adverse 

outcomes, easily accessible and affordable [8]. 

The use of medicinal plants for thousands of years by 

indigenous populations has attracted research on their 

empirical knowledge. Therefore, medicinal plants 

demand adequate evaluation of their efficacy, safety 

and mechanism of action [9]. Some herbal extracts that 

are used as a folklore remedy for pain have been 

scientifically confirmed. They include Lonchocarpus 

eriocalyx [10], diphenyl diselenide [11], Clinacanthus 

nutans [12], and Borreria verticillata [13] among others.  

The present study evaluated the antinociceptive 

effects of methanol extracts of Cissampelos pareira 

(Linn), Lantana camara (Linn) and Ocimum gratissimum 

(African basil). Cissampelos pareira is a climber with 

heart-shaped leathery leaves, 3m tall and has orange 

fruits. The flowers are small in size with threadlike 

pedicels. It is common in deciduous bushland and 

near rock outcrops [14]. Lantana camara is a perennial 

erect hardy shrub with a powerful odour and grows 

up to 1 to 3 meters. It occurs in riparian zones and 

forest edges [15]. On the other hand, O. gratissimum is 

a local shrub with an erected small plumb and many 

barnacles, with a height between 1-3 meters high. It is 

well distributed around villages and along streams 

[16].  

Literature has shown that C. pareira, L. camara and O. 

gratissimum have traditionally been used in the 

management of pain [15]. In South America, C. pareira 

is referred to as “Midwife’s herb since it is used to 

manage menstrual cramps, uterine hemorrhages after 

childbirth, eases childbirth and postpartum, because 

of its intense relaxant effect on smooth muscle. It is 

prepared as a decoction and administered orally [18; 

19]. On the other hand, dried leaves of L. camara are 

boiled in water and the decoction is used to manage 

hemoptysis and pulmonary tuberculosis [15]. Finally, 

leaves of O. gratissimum mixed with hot water have 

been applied to eyes that are hurting, treat gout and 

colon pain [20; 17]. The selection of the three plants 

was based on ethnobotanical information from local 

herbalists, who acknowledged their use as a folklore 

remedy for pain among communities living in Embu 

County, Kenya.   

However, the continued use of these plants has not 

been subjected to scientific evaluation to validate their 

traditional use as therapeutic agents against pain. 

Against this background, this study was conceived 

and designed to determine the antinociceptive 

potential of the methanol leaf extracts of C. pareira, L. 

camara and O. gratissimum in mice. 

   

MATERIALS AND METHODS 

Plant samples collection and extraction  

This study obtained a research permit from the 

National Commission of Science, Technology and 

Innovation (NACOSTI), Kenya (Re. No: 

NACOSTI/P/20/5273). Collection of fresh leaves of C. 

pareira, L. camara and O. gratissimum was done from 

their natural habitat in Mbeere North Sub-County, 

Embu County, Kenya, with the assistance of a local 

herbalist. The plant samples were dusted, packed in 

khaki bags and transported to Kenyatta University, 

Department of Biochemistry, Microbiology and 

Biotechnology, where the study was undertaken. The 

botanical identification of the plant samples was 

performed by an acknowledged taxonomist in the 

same university Mr. Stephen Mwangi. The respective 

voucher specimens of the plants were then deposited 

in the Plant Sciences Departmental herbarium. 

Specimen voucher numbers were assigned as C. 

pareira (SNK001), L. camara (SNK002) and O. 

gratissimum (SNK003), respectively.  

Before drying, the plant materials were cleaned using 

distilled water. Next, they were separately shade-

dried at room temperature for three weeks. They were 

then separately ground into fine powders using an 

electric mill (Christy and Norris Model 8) and stored 

at room temperature in well labelled khaki bags 

awaiting extraction. The collection, processing and 
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extraction of the plant materials were done as per the 

guidelines formulated by World Health Organization 

on good herbal processing practices for herbal 

medicines [21]. 

Powdered plant samples weighing 800 grams were 

separately soaked in 1800ml of analytical grade 

methanol (CAS number 67-56-1; Sigma Aldrich; 

Germany), agitated and left to stand for 24 hours in a 

well labelled 2-litre conical flask (Borosil®) and corked. 

The residue was immersed in methanol again after 

decantation of the mixture and permitted to stand for 

another 24 hours at room temperature before 

decanting again. The obtained mixture was filtered 

using Whatman No.1 paper [22]. The steps were 

repeated twice, and the menstruum portions put 

together. Each of the extracts was then concentrated 

under reduced pressure and controlled temperature of 

between 40℃-50℃ using a rotary evaporator (Stuart 

RE400, Stuart, Germany) [23]. The concentrate was 

allowed to dry up and thereafter placed in pre-

weighed well labelled and sealed specimen bottles. 

The percentage yields of the plant extracts were 

determined using the formula described by [24]: 

 

Where, W2 is the weight of the extract and the container, W1 is the 

weight of the container alone and W0 is the weight of the initial 

dried sample.  

The extracts were then refrigerated at 4℃, awaiting 

use in bioassay studies and phytochemical analysis. 

  

Liquid chromatography-mass spectrometry (LC-MS) 

analysis  

The quantitative phytochemical screening of the three 

extracts was done at the International Centre for Insect 

Physiology and Ecology (ICIPE) laboratories, Kenya. 

The identification of phytochemicals was performed 

using Agilent MSD 6120-Triple Quadruple LC-MS 

with an electrospray source (Palo Alto, CA). The 

system was controlled using Chemstation software 

(Hewlett-Parkard). Reversed-phase liquid 

chromatography was performed on an Agilent 

Technologies 1200 infinite series, Eclipse plus C18 

column, 4.6 x 50 mm, 3.5um (Agilents CA814112) 

using the following gradient program 0 min, 5% B; 0-

5min, 5-50% B; 5-10min, 50-80% B; 10-15min, 80-100% 

B; 15-25min, 100% B; 25-30min, 5% B; 30-35min, 5% B. 

The flow rate was constant at 1ml/min; the injection 

volume was 1.0Ul and data was acquired in a full-scan 

negative ion mode using a 100 to 1500m/z scan range. 

The dwell time for each ion was 50ms. The mass 

spectrometer parameters were as follows: capillary 

voltage 3.0kV; cone voltage 70V; extract voltage 5V; 

RF voltage 0.5V; source temperature 110℃; nitrogen 

gas temperature for desolvation, 380℃; and nitrogen 

gas flow for desolvation 400L/h. The LC-MS analyzed 

serial dilutions of Kaempferol standard (1-100 ng/µL) 

in full scan mode to generate linear calibration curve 

(peak area verses concentration) with the following 

equation: [y=6008.9x -5250.3 (R2 = 0.9987)] which 

served as a basis for external quantification. Most of 

the compounds in the MS exhibited abundance (M-H) 

in negative ion mode. The single point external 

standards analyte response was assumed to be linear 

over concentration. All the peaks for the analyte were 

subjected to the same method of quantification. LC-

MS in full scan mode generated a linear calibration 

curve (peak area verse concentration) with the 

following equation: [y=6008.9x-5250.3 (R2 = 0.9987)] 

which served as a basis for external quantification. A 

mass of 1mg/mL of each sample was reconstituted in 

LC-MS methanol from Tedia. Inc USA and 20µl 

injected into as aforementioned. Pentacyclic 

triterpenoids present in the extracts were identified 

using METLIN metabolite data base and literature 

precedent and quantified using griseofulvin internal 

standard. 

 

Gas chromatography-mass spectrometry (GC-MS) 

analysis 

One milligram of the dried crude methanol leaf 

extracts of C. pareira, L. camara and O. gratissimum 

were dissolved in 1mL dichloromethane (sigma 

Aldrich GC-grade). The samples were vortexed for 30 

seconds and sonicated in an ultra-bath for 15 minutes 

before centrifugation at 14,000 rpm for 5 minutes. The 

supernatants were passed through anhydrous Na2SO4 

to remove moisture. The resultant stock solutions 

(1mg/mL) were used to prepare experimental samples 

whose final concentrations were 100ng/μL. Each 

sample was prepared in triplicate. 

Each sample was analyzed using GC-MS (7890/5975 

Agilent Technologies, Inc., Beijing, China), consisting 

of a Gas Chromatography interfaced to a Mass 

Spectrometer instrument. The GC-MS was equipped 

with an HP-5MS (5% phenyl methyl siloxane) low 

bleed capillary column of 30m length, 0.25mm 

diameter and 0.25μm film thickness. The GC-MS used 

a detection with ionization energy of 70Ev. The carrier 
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gas used was helium (99.99%) at a constant flow rate 

of 1.25ml/min in split mode. The injector and mass 

transfer line temperature were set at 250℃ and 200℃, 

respectively, and an injection volume of 1μl was 

employed. The oven temperature was programmed 

from 35°C for 5 minutes, with an increase of 10°C/min 

to 280°C for 10.5 minutes, then 50°C/min to 285°C for 

29.9 minutes with a run time of 70 minutes. The mass 

spectrometry operating parameters were as follows: 

ionization energy, 70eV; ion source temperature, 

230°C; solvent cut time, 3.3 min; relative detector gain 

mode; scan speed, 1666μ/sec; scan range of 40-550m/z 

and the interface temperature of 250°C. Identification 

was based on the molecular structure, molecular mass 

and calculated fragments. Interpretation on mass 

spectrum GC-MS was conducted using the database of 

National Institute of Standard and Technology (NIST) 

database, which has more than 62,000 patterns. The 

name, molecular weight and structure of the 

components of the test materials were ascertained. 

Library-MS searches using NIST Mass spectral library 

NIST 05, Chemecol.l, NIST 11 and Adams 2.l 

databases. NIST mass spectral search program Version 

2.0 was used for characterization purposes in the GC-

MS data system. The area was used for quantification 

based on the amount of internal standard added. 

                                  

Experimental animals 

The present study used 240 Swiss albino mice of either 

sex, aged between 6-8 weeks and weighing 20-25 

grams. The mice were obtained from Kenya Medical 

Research Institute (KEMRI) Nairobi, Kenya, upon 

ethical approval by the Egerton University Research 

Ethics Committee, Kenya approval number 

EUREC/APP/101/2020. The mice were housed in the 

animal breeding facility in the Department of 

Biochemistry, Microbiology and Biotechnology at 

Kenyatta University. The animals were kept in 

standard cages throughout the study, maintained 

under room temperature and humidity (55±5%) with 

12 hours’ daylight for seven days to acclimatize with 

the laboratory conditions [25]. 

The mice were fed on standard rodent pellet diet and 

were allowed access to water ad libitum [26]. Before 

conducting the bioassays, the mice fasted for 12 hours. 

Bio-screening was conducted according to the 

internationally accepted procedures and ethical 

guidelines for evaluating efficacy and safety of herbal 

medicines in animal models [27; 28]. 

Experimental design and bioassay 

This study adopted a completely randomized 

controlled study design, from which an experimental 

design was formulated. First acute oral toxicity assay 

was carried out according to OECD protocol [29]. The 

acute toxicities of C. pareira, L. camara and O. 

gratissimum used doses of 1000 and 2000mg/kg bw. 

After administration of the extract, the animals were 

under close observation continuously for 1 hour and 

intermittently for 4 hours and thereafter once every 24 

hours for the 14 days. During this period, observations 

such as mortality, neurological behavior, reduced 

locomotion and dullness were noted. 

Five dose levels were selected for antinociceptive 

assays (50, 100, 150, 200 and 250mg/kg bw) of the 

studied plant extracts based on a prior pilot study. 

Thereafter, Swiss albino mice were randomly divided 

into eight groups of five mice each (n=5). Group I 

(Normal control) mice were intraperitoneally 

administered with 5%DMSO solution only. Group II 

(Negative control) mice were intraperitoneally 

administered with 5% DMSO solution 30 minutes 

prior to pain induction and no treatment was 

administered. Group III (Positive control) mice were 

intraperitoneally administered with reference drug 

(Paracetamol) at a dose of 50mg/kg bw 30 minutes 

prior to pain induction. Groups IV, V, VI, VII and VIII 

mice were intraperitoneally treated with extract dose 

levels of 50, 100, 150, 200 and 250mg/kg bw 

respectively, 30 minutes before induction of pain. The 

same experimental setup was done with orally 

administered treatments. 

  

Antinociceptive activity assay 

The antinociceptive effects of the three methanol 

extracts were determined using formalin-induced paw 

licking model in mice as described by [30]. Half an 

hour after administering the reference drug 

(Paracetamol) and methanol extracts, the pain was 

initiated by administering 0.05ml of 2.5% formalin into 

the sub-plantar region of the left hind paw and the 

pain behavior observed and recorded. In addition, the 

time in seconds that the mouse spent lifting, licking or 

biting the injected paw was counted using a digital 

stopwatch (3D Max 2011 Model) and recorded as the 

measure of pain [31]. In all groups, the mice were 

individually placed in a transparent plexiglass 

observation chamber with mirrors placed on two sides 

of the chamber to observe the nociceptive behavior 
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from all angles. All injections were done using 30-

gauge needles. 

The nociceptive behavior was monitored and recorded 

according to the response pattern described by [31]. 

Two distinct periods of nociceptive behavior were 

identified and scored separately as early phase and 

late phase. The early phase was recorded 1-5 minutes 

after formalin injection. The late phase was recorded 

15-30 minutes after formalin injection. The fifth and 

the fifteenth minute duration was the remission period 

with minimal nociceptive behavior [32]. The 

percentage paw licking inhibition was determined 

using the formula described by [33].  

   

Where, N- The negative control group value for each phase, T-The 

treated group value for each phase 

 

Statistical analysis  

Quantitative experimental data on paw licking, biting, 

or lifting time obtained from all the animals in various 

treatment groups were recorded and tabulated in a 

Microsoft Excel spreadsheet and transferred to a 

Minitab spreadsheet.  The data were subjected to 

descriptive statistics and presented as Mean ± 

Standard Error of Mean (SEM) and then checked for 

normality using the Kolomogorov-Smirnov test. 

Analysis was done using One-Way Analysis of 

Variance (ANOVA) followed by Tukey’s post hoc for 

pairwise separation and comparison of means. In 

addition, unpaired Student t-test was used to compare 

the antinociceptive activities of orally and 

intraperitoneally administered treatments. Analysis of 

the data was done using Minitab® Version 17 software. 

Statistical significance was set at 95% confidence 

interval. Results were presented in tables and figures. 

 

RESULTS 

Percentage yield of the plant extracts 

The final yields of L camara and C. pareira were blue-

black pastes while that of O. gratissimum was a brown, 

black solid. The percentage yield from C. pareira, L. 

camara and O. gratissimum leaf extracts were 21, 24 and 

23%, respectively.  

 

 

 

Quantitative phytochemical analysis  

The LC-MS analysis of the leaf extracts of C. pareira, L. 

camara and O. gratissimum revealed the presence of 

phytoconstituents such as caffeic acid, cissamine, 

quercetin, luteolin, apigenin, among others (Table 1). 

On the other hand, the GC-MC screening of the three 

plant extracts demonstrated the presence of α-pinene, 

cymene, limonene, oleic acid, among others (Table 1). 

 

Acute toxicity 

No deaths were reported following oral 

administration of the studied plant extracts at the dose 

of 1000 and 2000mg/kg bw. In addition, no clinically 

abnormal signs were observed.  

  

In vivo antinociceptive activities of oral and 

intraperitoneal administration of methanol leaf 

extract of Cissampelos pareira 

In general, both orally and intraperitoneally 

administered methanol leaf extract of C. pareira 

significantly reduced paw licking time in a dose-

independent fashion in the early and late phases 

following formalin-induced nociception in mice. In 

addition, the antinociceptive activities exhibited a 

decrease in paw licking time or raised percent paw 

licking inhibition following formalin-induced pain in 

mice (Table 2 and 3). It was noted that the highest 

analgesic activity in both phases was at the extract 

dose level of 150mg/kg bw (Table 2). At this dose, the 

antinociceptive effect was statistically similar to that of 

the reference drug (paracetamol) (p>0.05; Table 2). The 

extract exhibited the least antinociceptive effect at the 

dose of 250mg/kg bw in both phases (Table 2). 

In the early phase, the range of pain inhibition of the 

orally administered methanol leaf extract of C. pareira 

at the five dose levels was between 31.75 and 61.02%.  

It was noted that the analgesic effect of the extract 

dose levels of 50, 100, 150, 200 and 250mg/kg bw was 

statistically similar to that of the standard drug (p>0.05; 

Table 2). Further, it was observed that there was no 

significance difference in the antinociceptive activity 

of the extract dosages of 100, 150 and 200mg/kg bw 

(p>0.05; Table 2). In addition, the effect of the extract at 

the doses of 50, 100, and 200mg/kg bw was statistically 

similar (p>0.05; Table 2).  

In the late phase, the five extract dose levels of 50, 100, 

150, 200 and 250mg/kg bw reduced the formalin-
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induced pain in mice by 27.51, 37.21, 40.92, 26.63 and 

10.68% respectively (Table 2). The percent paw licking 

inhibition of the extract at dose levels of 50, 100, 150 

and 200mg/kg bw were not significantly different and 

comparable to that of the standard drug (p>0.05; Table 

2). In addition, the efficacy of the extract at the doses 

of 50, 200 and 250mg/kg bw was statistically similar to 

each other (p>0.05; Table 2). 

 

Table 1. Phytochemicals revealed in the methanol leaf extracts through LC-MS and GC-MS analysis 

Compound class Compound name Molecular 

formula 

C. pareira 

% abundance 

L. camara  

% abundance 

O. gratissimum 

% abundance 

GC-MS analysis  

Terpenoids α-pinene C10H16 0.24 9.27 13.02 

 Cymene C10H14 0.25 2.32 1.11 

 Limonene C10H16 0.23 2.15 1.94 

 Camphor C10H18O - 1.32 0.97 

 Eucalyptol C10H18O - 2.25 - 

Fatty acids Oleic acid  C19H36O2 24.75 - 9.14 

 Linoleic acid C19H34O2 13.64 - 4.33 

 Palmitic acid C17H34O2 22.72 - 3.60 

LC-MS analysis 

Flavonoids Apigenin C15H10O5 5.74 2.10 1.90 

 Quercetin C15H10O7 - - 3.87 

Alkaloid Cissamine C20H24NO4 71.43 - - 

Phenyl propanoid Caffeic acid  C9H8O4 - 1.76 - 

Phenylethanoid phenyl propanoid glycoside derivative Isomartynoside C31H40O15 - 3.98 - 

      

Table 2. Antinociceptive effect of orally administered methanol leaf extract of C. pareira on formalin-induced pain in mice 

Group Treatment Percent inhibition of pain after treatment 

Early phase  Late phase  

Normal control            DMSO 5%    100.00±0.00a 100.00±0.00a 

Negative control Formalin 2.5% 0.00±0.00e 0.00±0.00d 

Positive control Formalin 2.5% + Paracetamol (50mg/kg bw) 45.79±1.68bcd 41.79±1.51b 

Experimental groups    

A  Formalin + C. pareira (50mg/kg bw) 38.45±7.62cd 27.51±6.71bc 

B  Formalin + C. pareira (100mg/kg bw)  44.80±4.16bcd 37.22±6.80b 

C  Formalin + C. pareira (150mg/kg bw)  61.02±4.47b 40.92±5.71b 

D  Formalin + C. pareira (200mg/kg bw)  55.73±6.95bc 26.63±5.10bc 

E  Formalin + C. pareira (250mg/kg bw)  31.75±2.34d 10.68±1.71cd 

Values are expressed as Mean ± SEM. Statistical comparison was made within a column. Values with the same superscript are not significantly different (p>0.05). 

 
Table 3. Antinociceptive effect of intraperitoneally administered the leaf extract of C. pareira on formalin-induced pain in mice 

Group Treatment Percent inhibition of pain after treatment 

Early phase  Late phase  

Negative control   DMSO 5%    0.00±0.00d 0.00±0.00d 

Normal control Formalin 2.5% 100.00±0.00a 100.00±0.00a 

Positive control Formalin 2.5% + Paracetamol (50mg/kg bw) 67.75±2.80b 56.84±1.30b               

Experimental groups    

A  Formalin + C. pareira (50mg/kg bw) 59.73±3.65b 16.23±3.84cd 

B  Formalin + C. pareira (100mg/kg bw)  70.90±2.48b 64.90±5.43b 

C  Formalin + C. pareira (150mg/kg bw)  64.73±2.57b 49.03±9.71b 

D  Formalin + C. pareira (200mg/kg bw)  40.21±3.39c 27.60±1.55c           

E  Formalin + C. pareira (250mg/kg bw)  35.98±2.85c  22.81±1.98c             
Values are expressed as Mean ± SEM. Statistical comparison was made within a column. Values with the same superscript are not significantly different (p>0.05).              
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In the early phase, the intraperitoneally administered 

methanol leaf extract of C. pareira inhibited pain by 

59.73, 70.90, 64.73, 40.21 and 35.98% at the extract dose 

levels of 50, 100, 150, 200 and 250mg/kg bw 

respectively (Table 3). Furthermore, it was observed 

that the highest analgesic effect was observed at the 

extract dosage of 100mg/kg bw while the least effect 

was at the extract dose of 250mg/kg bw in both phases 

(Table 3). Notably, the extract dose levels of 50, 100 

and 150mg/kg bw as well as the reference drug 

evoked nociceptive inhibitions that were comparable 

to each other (p>0.05; Table 3). On the other hand, the 

efficacy exhibited by the extract dosages of 200 and 

250mg/kg bw was statistically similar to each other 

(p>0.05; Table 3). 

In the late phase, the range of antinociceptive action of 

the C. pareira extract at the five dose levels ranged 

between 16.23 and 64.90% (Table 3). It was noted that 

the extract doses of 50, 200 and 250mg/kg bw caused 

statistically similar analgesic effect (p>0.05; Table3), 

but the effect was significantly lower than that of the 

standard drug (p<0.05; Table 3). Further, the percent 

inhibitions of nociception of the extract dose levels of 

100 and 150 mg/kg bw were comparable to the effects 

caused by the reference drug (p>0.05; Table 3).  

 

Comparison between antinociceptive effects of 

orally and intraperitoneally administered C. pareira 

extract. 

Upon pairwise comparison of the orally and 

intraperitoneally administration of methanol leaf 

extract of C. pareira, it was observed that the potency 

of the intraperitoneally administered extract was 

significantly higher than that of orally administered 

extract in the early phase at the extract dose of 50 and 

100mg/kg bw (p<0.05; Figure 1).  

On the other hand, the effects of the orally and 

intraperitoneally administered extract in the late phase 

were statistically similar (p>0.05) except at the doses of 

100 and 250mg/kg bw (p<0.05; Figure 2).  

 

In vivo antinociceptive activities of oral and 

intraperitoneal administration of methanol leaf 

extract of L. camara 

Overall, the orally and intraperitoneally administered 

methanol leaf extract of L. camara inhibited 

nociception in a dose-independent manner in both the 

early and late phases following formalin-induced 

nociception in mice (Table 4 and 5). In addition, the 

analgesic effects were demonstrated by reduced paw 

licking time or increased percent paw licking 

inhibitions on formalin-induced pain in mice.  

 
Figure 1. Comparison between antinociceptive effects of oral and 

intraperitoneal   administration of C. pareira in early phase. 
 

 
Figure 2. Comparison between antinociceptive effects of oral and 

intraperitoneal   administration of C. pareira in late phase. 

 

 
Figure 3. Comparison between antinociceptive effects of oral and 

intraperitoneal administration of L. camara in late phase. 
 

 
Figure 4. Comparison between antinociceptive effects of oral and 

intraperitoneal administration of L. camara in late phase. 
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Table 4. Antinociceptive effect of orally administered methanol leaf extract of L. camara on formalin-induced pain in mice. 

Group Treatment Percent inhibition of pain after treatment 

Early phase  Late phase  

Negative control   DMSO 5%    100.00±0.00a 100.00±0.00a 

Normal control Formalin 2.5% 0.00±0.00d 0.00±0.00c 

Positive control Formalin 2.5% + Paracetamol (50mg/kg bw) 45.79±1.68c 41.79 ±1.51b 

Experimental groups    

A  Formalin + C. pareira (50mg/kg bw) 52.03±3.18bc 34.22±5.73b 

B  Formalin + C. pareira (100mg/kg bw)  67.02±4.20b 41.27±5.34b 

C  Formalin + C. pareira (150mg/kg bw)  53.26±4.16bc  36.51±6.83b 

D  Formalin + C. pareira (200mg/kg bw)  51.85±5.50bc 27.16±7.53b 

E  Formalin + C. pareira (250mg/kg bw)  39.86±6.90c 22.05±7.88bc 

Values are expressed as Mean ± SEM. Statistical comparison was made within a column. Values with the same superscript are not significantly different 

(p>0.05).              

    

Table 5. Antinociceptive effect of intraperitoneally administered leaf extract of L. camara on formalin-induced pain in mice. 

Group Treatment Percent inhibition of pain after treatment 

Early phase  Late phase  

Negative control   DMSO 5%    100.00±0.00a  100.00±0.00a 

Normal control Formalin 2.5% 0.00±0.00d  0.00±0.00e 

Positive control Formalin 2.5% + Paracetamol (50mg/kg bw) 67.75±2.80bc 56.84±1.30b 

Experimental groups    

A  Formalin + C. pareira (50mg/kg bw) 62.12±2.76c     42.41±4.01c             

B  Formalin + C. pareira (100mg/kg bw)  73.72±1.79bc      62.05±3.18b             

C  Formalin + C. pareira (150mg/kg bw)  79.89±1.41b 29.59±1.43cd            

D  Formalin + C. pareira (200mg/kg bw)  71.43±4.87bc   28.57±4.36d              

E  Formalin + C. pareira (250mg/kg bw)  64.73±6.97bc 21.69±4.56d 
Values are expressed as Mean ± SEM. Statistical comparison was made within a column. Values with the same superscript are not significantly different 

(p>0.05).              

 

Table 6. Antinociceptive effect of orally administered leaf extract of O. gratissimum on formalin-induced pain in mice. 

Group Treatment Percent inhibition of pain after treatment 

Early phase  Late phase  

Negative control   DMSO 5%    100.00±0.00a 100.00±0.00a 

Normal control Formalin 2.5% 0.00±0.00c 0.00±0.00e 

Positive control Formalin 2.5% + Paracetamol (50mg/kg bw) 45.79±1.68b 41.79±1.51b 

Experimental groups    

A  Formalin + C. pareira (50mg/kg bw) 35.80±3.18b 11.89±1.94de  

B  Formalin + C. pareira (100mg/kg bw)  37.04±5.85b 22.22±4.15cd   

C  Formalin + C. pareira (150mg/kg bw)  51.50±4.44b 28.22±4.31bc   

D  Formalin + C. pareira (200mg/kg bw)  39.68±4.82b 20.11±4.65cd  

E  Formalin + C. pareira (250mg/kg bw)  35.27±3.77b 14.29±3.87cde 
Values are expressed as Mean ± SEM. Statistical comparison was made within a column. Values with the same superscript are not significantly different 

(p>0.05).              

 

Table 7. Antinociceptive effect of intraperitoneally injected leaf extract of O. gratissimum on formalin-induced pain in mice. 

Group Treatment Percent inhibition of pain after treatment 

Early phase  Late phase  

Negative control   DMSO 5%    100.00±0.00a 100.00±0.00a 

Normal control Formalin 2.5% 0.00±0.00e 0.00±0.00f 

Positive control Formalin 2.5% + Paracetamol (50mg/kg bw) 67.75±2.80b 56.84±1.30b 

Experimental groups    

A  Formalin + C. pareira (50mg/kg bw) 37.21±5.81d           16.26±3.23e 

B  Formalin + C. pareira (100mg/kg bw)  58.20±5.66bc 27.37±1.54d 

C  Formalin + C. pareira (150mg/kg bw)  53.26±5.14bcd 38.25±3.28c  

D  Formalin + C. pareira (200mg/kg bw)  49.21±3.00cd               28.07±1.85cd 

E  Formalin + C. pareira (250mg/kg bw)  40.21±3.43d 32.40±3.65cd 

Values are expressed as Mean ± SEM. Statistical comparison was made within a column. Values with the same superscript are not significantly different 

(p>0.05).              
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In both phases, the orally administered extract 

revealed the highest pain inhibition at the extract dose 

of 100mg/kg bw, while the lowest pain inhibition was 

at the extract dose of 250mg/kg bw (Table 4). In the 

early phase, the oral administration of the extract 

reduced pain by between 39.86 and 67.02% (Table 4). 

The potency of the extract doses of 50, 150, 200 and 

250 was statistically similar to that of the reference 

drug (paracetamol) (p>0.05; Table 4).  

In the late phase, the extract dose levels of 50, 100, 150, 

200 and 250mg/kg bw inhibited formalin-induced pain 

in mice by 34.22, 41.27, 36.51, 27.16 and 22.05% 

respectively (Table 4). Remarkably, the five extract 

dose levels and the standard drug evoked efficacies 

that were statistically similar to each other (p>0.05; 

Table 4). 

In the early phase, the five doses (50, 100, 150, 200 and 

250mg/kg bw) of intraperitoneally administered 

extract of L. camara reduced the formalin-induced pain 

by 62.12, 73.72, 79.89, 71.43 and 64.73% respectively 

(Table 5). The highest percentage inhibition of pain 

was observed at 150mg/kg bw, while the dose of 

50mg/kg bw revealed the least inhibition (Table 5). It 

was further noted that the effect of the five extract 

doses was statistically similar compared to that of 

paracetamol (reference drug) (p>0.05; Table 5).  

In phase two of the test period, the inhibitions of 

nociception by the five intraperitoneally administered 

extract doses of L. camara ranged between 21.69 and 

62.05% (Table 5). In this phase, the lowest analgesic 

activity was observed at the extract dose level of 

250mg/kg bw. At the same time, the extract dosage of 

100mg/kg bw generated the greatest potency, which 

was comparable to the effect of the standard drug 

(p>0.05; Table 5). Notably, the effect of the extract at 

the dose levels of 150, 200 and 250mg/kg bw showed 

no significant difference (p>0.05; Table 5). 

Furthermore, the extract’s efficacy at the dose levels of 

50, 150, 200 and 250mg/kg bw was significantly lower 

than that of the standard drug (p<0.05; Table 5). 

 

Comparison between antinociceptive effects of 

orally and intraperitoneally administered L. camara 

extract. 

In phase one, it was observed that the potency of the 

intraperitoneally administered extract was 

significantly higher compared to that of orally 

administered extract at the doses of 150 and 250mg/kg 

bw (p<0.05; Figure 3).  

Nevertheless, in the second phase, the effects of the 

intraperitoneally and orally administered extracts 

were comparable to each other (p>0.05; Figure 4) 

except at the extract dose of 150mg/kg bw (p<0.05; 

Figure 4). 

 

In vivo antinociceptive activities of oral and 

intraperitoneal administration of methanol leaf 

extracts of O. gratissimum 

Generally, the potency of the orally and 

intraperitoneally administered methanol leaf extracts 

of O. gratissimum was dose-independent in the first 

and second phases following formalin-induced 

nociception in mice (Table 6 and 7). 

The extract inhibited pain in the early phase between 

35.27 and 51.50% (Table 6). It was noted that the least 

percentage inhibition of pain was at the dose of 

250mg/kg bw while the highest percentage inhibition 

of pain was attained at the dose of 150mg/kg bw. It 

was further observed that the effects of all the extract 

dose levels, as well as the reference drug, were 

comparable to each other (p>0.05; Table 6).  

In the second phase, the extract dose levels of 50, 100, 

150, 200 and 250mg/kg bw decreased formalin-

induced pain in mice by 11.89, 22.22, 28.22, 20.11 and 

14.29% respectively (Table 6). The highest analgesic 

effect was seen at the extract dosage of 150mg/kg bw, 

while the extract dose of 50mg/kg bw had the lowest 

antinociceptive activities (Table 6). Furthermore, the 

effect of the extract doses of 50, 100, 200 and 250mg/kg 

bw was not significantly different (p>0.05; Table 6). 

However, the effect of the standard drug was 

significantly higher than that of the extract at the five 

dose levels tested (p<0.05; Table 6).  

The intraperitoneally administered O. gratissimum 

extract at the doses of 50, 100, 150, 200 and 250mg/kg 

bw significantly reduced formalin-induced 

nociception by 37.21, 58.20, 53.26, 49.21 and 40.21% 

respectively, in the first phase of the test period (Table 

7). The least efficacy was observed at the extract dose 

of 50mg/kg bw in both early and late phases. It was 

noted that the peak of analgesic effect was observed at 

the extract dose of 100mg/kg bw (Table 7). 

Additionally, it was observed that the efficacy of the 

extract dose levels of 50, 200 and 250mg/kg bw was 

not statistically significant (p>0.05; Table 7). The effect 

of the extract at the five dose levels was significantly 

lower than that of the reference drug (p<0.05; Table 7).  
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In the second phase, the range of pain inhibition 

caused by the extracts of O. gratissimum was between 

16.26 and 38.25% (Table 7). The extract dose of 

150mg/kg bw attained the highest analgesic effect 

(Table 7). It was observed that the potency of the 

extract at the dose levels of 150, 200 and 250mg/kg bw 

was not statistically significant (p>0.05; Table 7). 

However, the effect of the extract at the doses of 50, 

100 and 150 was significantly different (p<0.05; Table 

7). Interestingly, all the extract dosages demonstrated 

antinociceptive effects that were significantly lower 

than the effects caused by the standard drug (p<0.05; 

Table 7).  

 

Comparison between antinociceptive effects of 

orally and intraperitoneally administered O. 

gratissimum extract. 

It was observed that the efficacies of the orally and 

intraperitoneally administered extract were 

statistically similar (p>0.05) in the first phase of the 

experimental period at all the tested dose levels except 

at the dose of 100mg/kg bw (p<0.05; Figure 5).  

 
Figure 5. Comparison between antinociceptive effects of oral and 

intraperitoneal administration of O. gratissimum in early phase.  
 

 
Figure 6. Comparison between antinociceptive effects of oral and 

intraperitoneal administration of O. gratissimum in late phase. 

 

Likewise, it was noted that in the late phase, the 

effects of the orally and intraperitoneally administered 

extract were comparable to each other at the extract 

doses of 50, 100, 150 and 200mg/kg bw (p>0.05; Figure 

6). 

 

Comparison of antinociceptive effects of methanol 

leaf extracts of C. pareira, L. camara and O. 

gratissimum 

It was observed that the effects of the three orally 

administered methanol extracts of C. pareira, L. camara 

and O. gratissimum were comparable to each other at 

the dose levels of 150, 200 and 250mg/kg bw in the 

early phase (p>0.05; Figure 7). Notably, in the same 

phase, the effect of oral administration of L. camara 

extract at the doses of 50 and 100mg/kg bw the L. 

camara extract was significantly higher compared to 

those of C. pareira and O. gratissimum (p<0.05; Figure 7).  

In the second phase, the analgesic effects of the orally 

administered methanol extracts were statistically 

similar at the dose levels of 100, 150, 200 and 

250mg/kg bw (p>0.05; Figure 8). Nevertheless, the 

effect of L. camara extract at the dose level of 50mg/kg 

bw was significantly higher than that of O. gratissimum 

extract (p<0.05; Figure 8). 

  
Figure 7. Comparison of antinociceptive effects of orally 

administrated C. pareira, L. camara and O. gratissimum extracts in the 

early phase. 
 

 
Figure 8. Comparison of antinociceptive effects of orally 

administrated C. pareira, L. camara and O. gratissimum extracts in the 

late phase. 
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On the other hand, intraperitoneally administered 

extract of O. gratissimum at the dose of 50mg/kg bw, 

caused analgesic effects that were significantly lower 

than those of L. camara and C. pareira in the early phase 

(p<0.05; Figure 9). It was also noted that 

antinociceptive effect of L. camara extracts at the dose 

of 100mg/kg bw was significantly higher than that of 

O. gratissimum (p<0.05; Figure 9). Besides, the O. 

gratissimum extract at the dose of 200mg/kg bw 

exhibited higher antinociceptive effect than that of C. 

pareira extract (p<0.05; Figure 9). Further, effect of L. 

camara extract at the doses of 150 and 250mg/kg bw 

was significantly higher than those of C. pareira and O. 

gratissimum extracts (p<0.05; Figure 9). 

 

 
Figure 9. Comparison of antinociceptive effects of intraperitoneally 

administrated C. pareira, L. camara and O. gratissimum extracts in the 

early phase. 

 

In the late phase, the antinociceptivevity of L. camara 

extract at the dose level of 50mg/kg bw was 

significantly higher than those of C. pareira and O. 

gratissimum extracts (p<0.05; Figure 10). It was also 

observed that at the extract dose of 100mg/kg bw the 

potency of O. gratissimum extracts was significantly 

lower than those of L. camara and C. pareira extracts 

(p<0.05; Figure 10).  However, at the extract dose of 

250mg/kg bw, the effect of O. gratissimum extract was 

significantly higher than those of L. camara and C. 

pareire extracts (p<0.05; Figure 10). In addition, it was 

observed that at the extract dose level of 150mg/kg bw, 

C. pareira extracts exhibited a higher antinociceptive 

effects than L. camara extract (p<0.05; Figure 5c). 

Further, at the dose level of 200mg/kg the effects of the 

three studied extracts bw were statistically similar 

(p>0.05; Figure 10).  

 
Figure 10. Comparison of antinociceptive effects of intraperitoneally 

administrated C. pareira, L. camara and O. gratissimum extracts in the 

late phase. 

 

DISCUSSION 

The current study was designed to evaluate the 

analgesic potential of methanol leaf extracts of C. 

pareira, L. camara and O. gratissimum in mice. Based on 

the acute toxicity results the studied plant extracts 

were found to be safe at the tested doses. The oral and 

intraperitoneal administration of the three methanol 

leaf extracts exhibited potent analgesic effects in vivo.  

The antinociceptive activities of the extracts was 

manifested by reduction in paw licking time, which 

was expressed as percent paw licking inhibition. These 

findings correlated with earlier studies undertaken on 

medicinal plants using animal models. 

A study by [34] on dichloromethane root bark extract 

of Carissa edulis reported antinociceptive activity in 

early and late phases of formalin-induced pain in mice 

model. In yet another study, [35] demonstrated 

analgesic effect of Caesalpinia volkensii (Harms) in the 

early and late phases of formalin-induced nociception 

in mice models.  

In the current study, methanol extracts of C. pareira, L. 

camara and O. gratissimum caused antinociceptive 

effects of between 31.75 and 79.89% in the early phase, 

and between 10.68 and 64.90% in the late phase. These 

findings are consistent with those reported on 

Harrisonia abyssinica, extract which exhibited analgesic 

activity of between 39.73 and 81.13% in the early 

phase, and between 15.92 and 69.84% in the late phase 

in mice [36]. 

The extract dose ranges used in the current study were 

within the scale used by previous studies on analgesic 

effects of medicinal plants in animal models. For 

example, a study by [37] on analgesic activity of 

dichloromethane root extract of Clutia abyssinica in 

Swiss albino mice, used doses of 50, 100 and 150mg/kg 
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bw. Similarly, a study by [38] on the analgesic 

potential of dichloromethane leaf extracts of 

Eucalyptus globulus and Senna didymobotrya in mice 

used doses of 25, 50, 100, 150, 200 and 250mg/kg bw.  

In the present study, GC-MS and LC-MS analysis were 

performed. This was informed by the fact that, GC-MS 

is useful for monitoring highly hydrophobic and 

volatile compounds. On the other hand, LC-MS is 

suitable for the analysis of large, ionic, thermally 

unstable and non-volatile compounds. It also allows 

the analysis of polar compounds in water samples [39]. 

It was noted that the intraperitoneally administered 

extracts were significantly more effective than the 

orally administered extracts. The higher analgesic 

activities caused by the intraperitoneally administered 

extracts may have been due to high concentrations of 

bioactive compounds in the peritoneal cavity which 

bypassed the fast pass metabolic effect in the liver or 

gut. According to [40], when a drug is orally 

administered, it passes through the fast pass effect in 

the liver or gut, where it is absorbed, metabolized and 

distributed before it reaches the systemic circulation. 

A previous study performed on Rheedia longifolia LAE 

reported that it was effective when administered 

orally and intraperitoneally, though the 

intraperitoneally administered extract had the highest 

analgesic effect [41]. 

The three methanol leaf extracts caused a non-dose-

dependent antinociceptive effect. Both phases of 

formalin-induced pain imply that the highest 

analgesic effects were observed at lower doses, after 

which the activities decreased steadily at higher dose 

levels. This scenario could be ascribed to the 

saturation of bioactive compounds at the binding sites 

of the receptors involved in antinociceptive 

mechanisms at lower extract doses. The phenomenon 

may also be linked to antagonistic action of the 

antinociceptive phytocompounds with other 

phytoconstituents present in the methanol leaf extracts. 

This possibly suggests that at higher doses, the activity 

of phytocompounds not associated with pain may 

have been antagonistic to those with antinociceptive 

properties.  

These results correlated with previous findings, which 

reported non-dose-dependent antinociceptive effects. 

For example, a study by [42] while evaluating 

antinociceptive effects of Acacia mellifera extracts 

showed non-dose-dependent response. Similarly, a 

study by [43] on antinociceptive effects of Maytenus 

obscura demonstrated a non-dose-dependent response.  

In addition, the least antinociceptive activity of O. 

gratissimum extract was recorded at the dose level of 

50 mg/kg bw. Therefore, it was possible that, at lower 

concentrations the bio-active principles in the extracts 

may have been metabolized, cleared or inactivated at a 

faster rate. Furthermore, the strength of the bioactive 

molecules, at lower dose levels, may have had 

inadequate pharmacological action [44]. 

There was pain inhibition during the early phase as 

well as the late phase of formalin-induced pain. 

However, the pain inhibition in both phases was not 

equal; the three methanol extracts had higher 

analgesic effects in the early phase than in the late 

phase. This suggests that the plant extracts contain 

centrally and/or peripherally acting analgesic 

bioactive compounds. The activities in the early phase 

may be attributed to fast diffusion of the active 

principles across the cell membranes into the 

peritoneal cavity, thereby causing the faster onset of 

analgesic effects. Besides, the phytocompounds 

contained in the methanol extracts of C. pareira, L. 

camara and O. gratissimum, might have applied 

antinociceptive action first-hand in the absence of 

biotransformation. Additionally, the methanol plant 

extracts used in this study may have had high 

concentrations of opioid-like analgesic 

phytoconstituents that exerted a central analgesic 

effect that was observed in the early phase.  

The peripheral analgesic effects (inflammatory pain) 

may compare to NSAIDs, which produce their effect 

by blocking the synthesis of prostaglandins [45]. On 

the other hand, the knowledge of the mechanism of 

action of paracetamol is scarce. Still, it is believed that 

it acts by blocking prostaglandins’ production, hence 

exerting consequent effects [46]. Alternative 

mechanisms of action of paracetamol include 

inhibition of L-arginine-nitric oxide (NO) pathway 

mediated through substance P or N-methyl-D-

aspartate (NMDA), reinforcement of descending 

inhibitory serotonergic pain pathways and active 

paracetamol metabolites that have effects on 

cannabinoid receptors [46].  

Studies have shown that various medicinal plant 

species exert anti-nociceptive effects through the 

phytochemicals they possess such as alkaloids, 

flavonoids, terpenoids and saponins [47]. In this study, 

the LC-MS and GC-MS analysis revealed different 

categories of phytochemicals such as 

phenylpropanoid compounds, flavonoids, terpenoids, 

fatty acids and alkaloids. These phytocompounds 
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included luteolin, caffeic acid, quercetin, apigenin, 

salvigenin, vitexin, eugenol, limonene and oleanolic 

acid. These phytocompounds, present in the studied 

plant extracts, could have mimicked the mode of 

action of paracetamol as well as NSAIDs to confer 

their analgesic potential.  

Earlier research has attributed antinociceptive 

properties of the extracts to the presence of 

phytocompounds. A study conducted on extracts and 

fractions of Astragalus hamosus revealed flavonoids, 

saponins, terpenes, alkaloids, tannins and phenols. 

The analgesic activity of the extract was attributed to 

these phytocompounds [48]. The terpenoid α-pinene 

was revealed through the GC-MS analysis of the plant 

extracts used in this study. A related study on 

evaluating the antinociceptive potential of α-pinene in 

rats and mice showed that its effects are equivalent to 

those of naloxone [49]. 

Phytochemical screening of the plant extracts in this 

study showed the presence of limonene. The 

terpenoid limonene has been reported to have a 

significant antinociceptive effect in different models of 

nociception without opioid receptor stimulation [49]. 

However, the antinociceptive effect of limonene may 

be related to this compound’s appreciable anti-

inflammatory activity, which can decrease cell 

migration and cytokine release, besides possessing a 

potent antioxidant effect [50].  

Eucalyptol (1,8-cineol) was another compound present 

in L. camara extracts. Studies have shown that low 

doses of 1,8-cineol were almost equivalent to 

morphine in rats, displaying antinociceptive action at 

spinal and supraspinal levels, whereas in mice a poor 

supraspinal effect was exhibited [49]. It has been 

reported that the potent anti-inflammatory action of 

eucalyptol can be associated with the excellent 

peripheral analgesic effect. Several studies have 

shown that eucalyptol confers its analgesic effect 

through the inhibition of the cyclooxygenase (COX) 

and suppression of arachidonic acid metabolism and 

cytokine production such as tumor necrosis factor-α 

and interleukin-1β (TNF-α and IL-1β) [49]. 

The analgesic activities of the three studied extracts 

could have been due to the mechanism of action of 

cymene. A previous study evaluating antinociceptive 

effects of cymene, reported that it had both peripheral 

and central antinociceptive [51]. Research has further 

shown that cymene lowers TNF-α; this requires the 

involvement of the descending pain-inhibitory 

mechanism through the opioid system activation [51]. 

Furthermore, it has been found that cymene is 

metabolized to carvacrol and hydroxy-carvacrol in 

some rodent species [52]. Carvacrol possesses 

antinociceptive activity associated with the inhibition 

of prostaglandin synthesis [53]. Thus, cymene could 

act as a pro-drug that, when bio-transformed into 

carvacrol, may have its antinociceptive effects 

enhanced.  

The phytochemical screening of methanol extracts of L. 

camara and O. gratissimum revealed camphor as one of 

the phytocompounds. A previous study aimed at 

exploring analgesic effects of camphor, found that it 

significantly decreased the pain threshold of rats and 

reduced macrophage and lymphocyte infiltration. In 

addition, camphor was reported to inhibit interleukin 

-6 (IL-6), interleukin-8 (IL-8), TNF-α, and IL-1β 

expression by repressing nuclear factor kabba beta 

cells (NFκβ) stimulation [54]. 

The GC-MS analysis of C. pareira and O. gratissimum 

extracts in the current study also revealed essential 

fatty acids such as oleic, palmitic and linoleic acids. 

Previous studies conducted on fatty acids have 

revealed that their antinociceptive mechanism occurs 

through inhibition of both first and second phases of 

pain equally as well as inhibition of prostaglandin 

synthesis [55]. It has also been reported that essential 

fatty acids are associated with changes in nitric oxide 

(NO) production, neutrophil influx and expression of 

pro-inflammatory proteins such as the inducible nitric 

oxide synthase (iNOS) and cyclooxygenase-2 (COX 2) 

[55].  

Linoleic acid has been shown to inhibit the formation 

of prostaglandins and leukotrienes from arachidonic 

acid, while palmitic acid and derivatives decrease 

thermal nociception in animal models [56]. Further, it 

has been shown that palmitic acid, through 

granulation in mast cells, reduces the release of 

histamine from the mast and reduced release of nitric 

oxide and inhibits the expression of the 

cyclooxygenase-2 enzyme, thereby resulting in 

analgesic effects [57]. Studies have also shown that 

oleic acid inhibits the release of calcium from 

intracellular resources and protects the brain against 

inflammatory cytokine injuries (TNF-α, IL-6, IL-1β) as 

well as inflammatory eicosanoids (PGE2) [58]. 

The LC-MS analysis of L. camara extract revealed the 

presence of caffeic acid and martynoside. These 

phenylethanoid and phenylpropanoid compounds 

have been shown to influence on the metabolism of 

arachidonic acid and histamine release [59]. Such 
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metabolites can inhibit lysosomal enzyme secretion 

and arachidonic acid release from membranes by 

inhibiting lipoxygenase, cyclooxygenase and 

phospholipase A2. Further, arachidonic acid 

suppression by inflamed cells could reduce 

endoperoxides, prostaglandins, prostacyclin, and 

thromboxanes from the lipoxygenase pathway as well 

as leukotrienes from the cyclooxygenase pathway [60]. 

In the present study, the three methanol leaf extracts 

were shown to contain apigenin and luteolin, while 

quercetin was shown in O. gratissimum extract. A 

previous study aimed at exploring antinociceptive 

activities of Salvia officinalis revealed apigenin, luteolin 

and quercetin as some of its major constituents. The 

results showed that the extract significantly decreased 

the pain threshold in animal models. Furthermore, 

apigenin and luteolin were reported to reduce 

inflammatory pain receptors by inhibiting the 

accumulation of receptors and signaling cascades [61]. 

On the other hand, quercetin was reported to inhibit 

lipoxygenase and cyclooxygenase activities [62]. The 

LC-MS analysis of the methanol leaf extract of C. 

pareira revealed the presence of cissamine. This 

alkaloid has been reported to possess anti-nociceptive 

properties through inhibition of prostaglandin-like 

mediators. In addition, the analgesic activities of 

alkaloids have been attributed to the reduction in 

membrane phospholipase activity and synthesis of 

pain and inflammation mediators such as cytokines, 

eicosanoids, leukotrienes and prostaglandins. Further, 

antinociceptive effects of alkaloids cause inhibition of 

both the spinal reflex and supraspinal centers [63]. 

It was apparent that the methanol leaf extract of L. 

camara showed the most effective analgesic effects 

compared to C. pareira and L. camara extracts. Notably, 

the methanol leaf extract of L. camara was found to be 

endowed with eucalyptol and cymene, which have 

been reported to possess immense analgesic properties 

as earlier aforementioned.  

The present study revealed that the three methanol 

leaf extracts contained flavonoids, phenolic acids, 

terpenoids, fatty acids and alkaloids that have been 

shown to possess analgesic activity. This observation 

suggests that the analgesic activity of the extract could 

have been as a result of the action of one of the 

bioactive compounds present in the extract or the 

interaction of the different compounds, which have 

been shown to have different mechanisms of action 

[34].  

 

CONCLUSION  

The studied plant extracts of C. pareira, L. camara and 

O. gratissimum exerted substantial analgesic effects in 

mice. The analgesic effects of the three extracts were 

attributed to the phytochemical present. Therefore, 

this study recommends that the methanol extracts of 

the three plants be used as potential alternative 

antinociceptive agents. In addition, C. pareira, L. camara 

and O. gratissimum plants have shown prospects for 

future drug development studies. 
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