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Abstract 

Background:  Pain, inflammation and fever are serious conditions that are associated with various disease conditions. 
In modern medicine, non-steroidal anti-inflammatory drugs (NSAIDs), opioids together with corticosteroids have 
been considered to manage algesia and inflammation-related conditions. However, these conventional drugs are 
not affordable, not readily available, particularly to people living in rural areas in developing nations. Besides, they are 
associated with undesirable pharmacological actions. Generally, medicinal plants have been employed to manage 
various ailments. In Northern-Nigeria, the leaves of Culcasia angolensis (Araceae) are used traditionally to manage pain, 
fever and inflammation. However, scientific data validating its folkloric claim in treating pain and inflammatory-related 
abnormalities are not available. Hence, the current study aims to validate the antinociceptive, anti-inflammatory and 
antipyretic potentials of the methanol leaf extract of Culcasia angolensis (MECA). Phytochemical and acute toxicity 
effects of the MECA were conducted as per standard experimental procedures. The analgesic potential of the MECA 
was determined using abdominal writhing elicited by acetic acid and hot plate tests in mice. The actions of the MECA 
on acute inflammation were conducted using formalin-induced hind paw oedema and carrageenan-induced paw 
oedema. The Brewer’s yeast-induced pyrexia was employed to check its antipyretic effect.

Results:  The MECA inhibited abdominal writhes produced by acetic acid administration (p < 0.05) and elevated the 
pain threshold in the hot plate test. The MECA also reduced the formalin-induced paw oedema. Besides, it produced 
an effective (p < 0.05) and dose-dependent action against oedema produced by carrageenan and reduced the rectal 
temperature against the pyrexia caused by Brewer’s yeast administration.

Conclusions:  The outcome of the study suggests that the MECA could possess pharmacologically active constitu-
ents with antinociceptive, anti-inflammatory and antipyretic properties. Therefore, the results justified its ethnome-
dicinal use to manage pain and inflammatory-associated conditions.
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Background
Pain can be defined as a disturbing and emotional sen-
sation related to actual or potential damage to body tis-
sues (Fan et  al., 2014). The perception of pain could be 
stimulated by thermal, electrical, biological and chemical 
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stimuli via peripheral pain receptors at the optimum 
threshold to induce tissue damage (Prasanth et al., 2015). 
Inflammation is a complicated response to protect the 
body from injurious agents, including microbes, physi-
cal trauma and chemical irritants clinically manifested 
as heat, redness, swelling and pain (Bleakley & Davison, 
2011; Cássia et  al., 2013). It composes series of biologi-
cal and chemical reactions in the body that affects the 
blood vessels, immunology and different cells around the 
injured tissue (Ferrero-Miliani et  al., 2006). The inflam-
matory process contributes to protecting the body 
against an injurious agent (Cássia et  al., 2013). Chronic 
inflammation is associated with many pathological ail-
ments such as cardiovascular system diseases, diabetes 
mellitus, cancer, arthritis, Alzheimer’s disease, pulmo-
nary disease and many more (Ugwu et al., 2018). Pain and 
inflammation serve as non-specific indications for vari-
ous pathological disorders (Shojaii et al., 2015). Approxi-
mately 30% of the adults globally are disturbed seriously 
by pain and inflammation related ailments, out of which 
20% suffer from chronic diseases (Javed et al., 2020).

Pyrexia (fever) refers to an elevation in the body tem-
perature beyond the homeostatic level as a result of 
stressful conditions such as ovulation, elevated thyroid 
hormone secretion, tedious exercise, lesion of the cen-
tral nervous system (CNS) and infectious agents (Sultana 
et  al., 2015). The human immune system is activated in 
response to infectious agents to provide an undesir-
able environment for the microbial agents. Pyrexia usu-
ally causes an elevation in the production and secretion 
of pro-inflammatory biomarkers, namely, interleukin 
(IL)-1β, IL-α and tissue necrosis factor (TNF)-α, that 
stimulate prostaglandin (PG) formation and eventually 
enhance the body temperature (Sultana et al., 2015).

The most commonly utilised analgesic, anti-inflam-
matory and antipyretic agents prevent PG biosynthesis 
by inhibiting the cyclooxygenase (COX) enzymes and 
are accompanied by many pharmacological setbacks 
(Luo et al., 2018; Sultana et al., 2015). For instance, non-
steroidal anti-inflammatory drugs (NSAIDs) produce 
gastrointestinal disturbances (gastric haemorrhage, 
ulcer, and perforation), hypertension, liver and kidney 
damage. Also, opioid analgesic agents result in drowsi-
ness, nausea, vomiting, constipation, respiratory depres-
sion, drug addiction, dependence and tolerance (Kumar 
Manna Ashis, 2009; Luo et  al., 2018). Besides, steroids 
used against chronic inflammatory disorders are associ-
ated with adverse drug reactions such as hyperglycaemia, 
impaired wound healing, increased microbial infection, 
hypertension, osteoporosis, cognitive deficit and many 
more (Poetker & Reh, 2010).

Naturally occurring substances have immensely con-
tributed to the progression of orthodox medicine in 

the prevention and management of many ailments 
(Alhakmi et al., 2013; Chandra et al., 2012). It has been 
shown that greater than 80% of the people living in 
economically limited nations utilize traditional herbal 
preparations to manage their basic illnesses due to easy 
accessibility, affordability and perception of their safety 
(Alhakmi et  al., 2013). Therefore, it is vital to increase 
more efforts to discover more efficacious and afford-
able drugs of plant origin (Kakoti et al., 2013). Besides, 
several plant-obtained products have been scientifically 
validated to possess antinociceptive and anti-inflamma-
tory potentials (Mueller et  al., 2010). Therefore, there 
is a strong need for more researches in complementary 
and alternative medicine to discover and develop novel, 
safe and efficacious antinociceptive and anti-inflam-
matory compounds (Kumar et al., 2015; Zulfiker et al., 
2010).

Culcasia angolensis (Araceae) is a robust forest 
climber with stems that grow above 30  m long. The 
stems are thick and tough of about 6  cm in diameter 
that adheres to the host trees through clasping roots 
(Burkil, 1985). The plant is commonly found in tropical 
African countries such as Sierra Leone, Cameroon and 
Angola. The plant is known in English as greater climb-
ing, in Ivory Coast as Kyama, in Ghana as Akan-asante 
(Burkil, 1985). It is also referred to as Hyrmim in Ham 
language by the people of Jaba Local Government Area 
of Kaduna State, Nigeria.

The whole plant is harvested from the wild environ-
ment for local use in traditional medicine. The leaves of 
Culcasia angolensis have been used effectively in treating 
menstrual problems in Africa (Bown, 2000). Besides, the 
leaves of Culcasia angolensis have been used to manage 
pain and inflammation in the Northern part of Nigeria. 
However, scientific information is not available in the lit-
erature to validate the antinociceptive, anti-inflammatory 
and antipyretic actions of the plant. Therefore, the cur-
rent research investigates the actions of methanol leaves 
extract of Culcasia angolensis (MECA) in laboratory ani-
mal models of pain, inflammation and pyrexia.

Methods
Collection and authentication of the Culcasia angolensis
The Culcasia angolensis was sourced in April, 2020, from 
Ngaring Nok, Jaba Local Government of Kaduna State, 
Nigeria. The authentication and identification of the 
plant were conducted by Mallam Namadi Sanusi at the 
Herbarium facility of the Botany Department, Faculty 
of Life Sciences, Ahmadu Bello University (ABU), Zaria, 
Nigeria. The plant was compared with an existing speci-
men previously kept at the herbarium (voucher number: 
01676).
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Laboratory animals
Swiss albino mice of both genders (18–22  g) and adult 
Wistar rats (160–200  g) utilized for the research were 
sourced from the animal house section, Department of 
Pharmacology and Therapeutics, ABU Zaria. They were 
kept in clean, dried, adequately ventilated polypropylene 
cages with sufficient and standard laboratory feed (Vital 
feed, Jos, Nigeria) and water at optimum laboratory envi-
ronment (room temperature 22 ± 3  °C, relative humid-
ity 30–70% with 12-h light and 12-h dark). The animals 
were kept for two weeks in order to acclimatise to the 
laboratory condition before the research activities com-
menced. The approval for the conduct of the experiment 
was granted by ABU Ethical Committee on Animal Use 
and Care Research Policy (ABUCAUC) with a permis-
sion number (ABUCAUC/2019/006) and done as per the 
ARRIVE (Animal Research: Reporting of In Vivo Experi-
ments) guidelines. At the end of the experiment, the ani-
mals were anaesthetised with chloroform and euthanized 
by cervical dislocation. Thereafter, they were buried 
appropriately based on the University guide of disposing 
the remains of laboratory animals.

Drugs and chemicals
Acetic acid (Searle Essex, England), formalin, Keto-
profen (Lek Pharmaceuticals company Ltd, Slovenia), 
normal saline, Brewer’s yeast (Angel Yeast Company, 
China), methanol, carrageenan and morphine (Sigma-
Aldrich chemical company, USA).

Plant extraction
The leaves of Culcasia angolensis were dried in a shaded 
environment and frequently weighed until a stand-
ard weight was obtained. The dried leaves were then 
size-reduced with mortar and pestle. The size-reduced 
leaves (1500  g) were extracted with 70%v/v methanol 
with the aid of soxhlet apparatus for 72-h and concen-
trated at reduced pressure (temperature of 45 °C) on a 
water bath and subsequently packed in a closed con-
tainer. An aqueous solution of the extract was prepared 

with normal saline for each experimental procedure.

Phytochemical investigation
The phytochemical determination to check the pos-
sible presence of secondary metabolites in MECA was 
conducted as per the methods described by Sofowora 
(1993).

Acute toxicity investigation
The acute toxic actions of the MECA were investi-
gated in rats and mice as per the protocol stated by the 
Organization of Economic Co-operation and Devel-
opment (OECD) 423 (OECD, 2001). The oral median 
lethal dose (LD50) was investigated after the oral admin-
istration of the MECA to nulliparous and non-pregnant 
female rats and mice. Two groups containing three ani-
mals (rats and mice separately in different groups) were 
fasted before the extract administration (food was with-
held overnight for rats and 3 h for mice with the provi-
sion of water sufficiently). In the first phase, 2000 mg/
kg of the MECA was administered to each of the rats 
and mice and checked for 48-h for any sign of toxicity, 
including mortality. In the second phase, 5000 mg/kg of 
the MECA was used, and the rodents were also checked 
for signs of toxicity one time every 30  min within the 
first 4-h and subsequently for 14-consecutive days.

Analgesic activity of MECA
Acetic acid‑induced abdominal constrictions test
The experimental procedure reported by Okpo et  al. 
(2001) was employed. Thirty (30) mice were categorised 
at random into five groups (n = 6). The 1st group received 
normal saline (10  ml/kg), whereas the mice in the 2nd, 
3rd, and 4th groups received the MECA at a graded dose 
(125, 250 and 500  mg/kg), respectively, via oral route. 
The group 5 animals received standard analgesic com-
pound piroxicam (20 mg/kg) orally (Tanko et  al., 2008). 
Sixty minutes after the treatment mentioned above, 
all the mice in all the groups received 0.6% v/v of acetic 
acid (10 ml/kg) via the intraperitoneal route and placed 
individually in cages. Then, 5  min following the acetic 
acid injection, the number of abdominal constrictions 
(stretching of at least one of the hind limbs) was counted 
for each mouse for 10  min. A decline in the number of 
the abdominal constrictions related to the normal saline-
treated group was recorded as an index of analgesic 
action and represented as percent inhibition of abdomi-
nal constrictions using the following relation:

Hot plate (thermal sensitivity) test

Percentage inhibition (%) =
Mean No. of writhes in control group−Mean No. of writhes in the test group)

Mean No. of writhes in the control group
×100

The procedure previously employed by Okolo et al. (1995) 
was utilised. Thirty (30) mice were categorised at random 
into five groups (n = 6). The group 1 mice received nor-
mal saline (10  ml/kg), and group 5 received the standard 
analgesic agent morphine (10  mg/kg) orally. Group 2, 3 
and 4 received the MECA at a graded dose (125, 250, and 
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500  mg/kg) via the oral route, respectively. Sixty minutes 
after the treatment, the mice were placed individually on 
a hot plate which was set at a temperature of (45 ± 1  °C) 
for 20 s. The pain response latency (The time immediately 
after placement of the mice up to the hot plate to the time 
it licked its paw or jumped off the plate) was observed and 
recorded at 0, 60, 90, 120 and 150 min. The increase in the 
pain latency time was considered as an analgesic action.

Anti‑inflammatory activity of MECA
Formalin‑induced hind‑paw oedema
The procedure previously reported by Dubuisson and Den-
nis (1977) and modified by Tjolsen et al. (1992) was utilised 
for the study. Thirty adult Wistar rats were categorised at 
random into five groups (n = 6). They were fasted for 24-h 
before the commencement of the research process with 
provision of water ad libitum. The mice in group 1 (nega-
tive control) received normal saline (10  m/kg). The 2nd, 
3rd, and 4th groups rats received the MECA (125, 250 and 
500  mg/kg) orally, respectively, while the 5th group rats 
received ketoprofen (10  mg/kg) via the intraperitoneal 
route. 30 min post-treatment, 0.05 ml solution of formalin 
(2.5% formaldehyde) was administered subcutaneously into 
the plantar surface of the left hind paw of each rat. Then, 
the paw diameter was measured with vernier calliper at 0, 
1, 2, 3, 4 and 5 h after the formalin administration.

Carrageenan‑induced paw oedema
The protocol previously conducted by Winter et al. (1962) 
and Magaji et al. (2007) was adopted. Thirty adult Wistar 
rats were randomly categorised into five groups (n = 6). The 
1st group received normal saline (10  ml/kg), and the 5th 
group received ketoprofen (10  mg/kg). The 2nd, 3rd, and 
4th groups received the MECA at a graded dose (125, 250 
and 500 mg/kg), respectively, via the oral route. Sixty min-
utes after the above-mentioned treatment, the rat in each 
group was injected with 1% carrageenan (0.1 ml) into the 
sub-plantar surface of the rat right hind paw. The oedema 
diameter was measured at 0, 1, 2, 3, 4 and 5 h with the aid 
of vernier calliper. The increase in paw diameter was cal-
culated as the difference in paw diameter before and after 
administration of the carrageenan at each time interval. 
Besides, the percentage inhibition of oedema was calcu-
lated for each animal group with respect to the negative 
control group as follows:

Mean paw diameter in the control group−Mean paw diameter in the test group

Mean paw diameter in the control group
×100

Antipyretic activity of MECA
Brewer’s yeast‑induced pyrexia
The procedure previously reported by Loux et al. (1972) 
was employed. Thirty adult rats of both genders were 
selected and randomised into five groups (n = 6). The 
rectal temperature of each rat was checked using the 
rectal thermometer. The fever was stimulated in each rat 
by administering 20% Brewer’s yeast suspension (20 ml/
kg) subcutaneously on the back of each rat just under the 
nape of the neck. Following the yeast injection, food was 
withheld. Eighteen (18) hours later, the rectal tempera-
ture was then measured and recorded for each of the ani-
mals, which was repeated after 30 min, and only rats with 
at least 0.5 °C rise in body temperature were selected for 
the study. The rats in the 1st group were administered 
normal saline (10 ml/kg) orally, whereas group 5 received 
standard antipyretic agent acetaminophen (150  mg/kg) 
via the intraperitoneal route, respectively (Balamuru-
gan et al., 2009). The rats in the 2nd, 3rd, and 4th groups 
received the MECA (125, 250, and 500  mg/kg), respec-
tively, via the oral route. The rectal temperature of each 
rat was taken at 0, 1, 2 and 3 h after the treatment.

Statistical analysis
All the results were presented as mean values ± stand-
ard error of the mean (SEM) in figures and tables. One-
way analysis of variance (ANOVA) was used to analyse 
the abdominal constriction induced by acetic acid test 
results. However, repeated measure ANOVA was per-
formed to analyse the results of hot plate test, forma-
lin-induced paw oedema, paw oedema produced by 
carrageenan models and fever caused by Brewer’s yeast 
followed by Bonferroni post hoc test. The result was 
taken significant at p ≤ 0.05.

Results
Extractive value of MECA
A sticky black solid extract (107.6 g) was obtained from 
1500  g of the powdered leaf of the Culcasia angolensis 
sample, representing a percentage yield of 7.20% w/w.
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Phytochemical constituents
Preliminary phytochemical investigation of MECA 
showed carbohydrates, cardiac glycosides, triterpenes, 
saponins, tannins, flavonoids, steroids and alkaloids.

Acute toxicity study
After administering the MECA via oral route to both 
mice and rats, there were no mortality and obvious signs 
of toxic effects at the 2000 and 5000  mg/kg. Therefore, 
the oral LD50 of the MECA was more than 5000 mg/kg.

Action of MECA on acetic acid‑induced writhes test
The MECA remarkably (p < 0.05) declined the frequency 
of abdominal constrictions dose-dependently. Also, the 
piroxicam used as the standard agent elicited signifi-
cant reduction (p ≤ 0.001) in the number of abdominal 
writhes. There was no significant difference in the num-
ber of abdominal constrictions in the extract-treated 

groups and the standard drug. Besides, the MECA elic-
ited the highest action at the dose of 500 mg/kg in a simi-
lar way to the piroxicam. Figure 1 shows the effect of the 
MECA on the abdominal constriction.

Action of the MECA on hot plate test
The MECA remarkably (p < 0.05) increased the mean 
reaction time at 90, 120 and 150 min relative to the con-
trol group. It produced a dose-dependent increase in 
the mean reaction time to the thermal pain at 120 and 
150  min compared to the normal saline-treated group. 
Also, the morphine (10  mg/kg) used as the standard 
agent elicited significant elevation (p ≤ 0.01) in the mean 
reaction time at 60, 90, 120 and 150 min. There was no 
significant difference in the mean reaction time to the 
thermal pain perception between the MECA-treated 
groups and the morphine. In fact, the MECA exerted a 
remarkable (p < 0.01) elevation in the mean reaction time 
similar to the morphine (10 mg/kg) at 120 and 150 min 

Fig. 1  Action of MECA on acetic acid-induced writhes test. The values were analysed by One-Way ANOVA followed by Bonferroni post hoc test 
and presented as mean ± SEM; *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001 relative to the control group, n = 6, MECA = methanol leaf extract of Culcasia. 
Angolensis 

Table 1  The action of MECA on hot plate test

The values were analysed by repeated-measures ANOVA followed by Bonferroni post hoc test and presented as mean ± SEM

N/S, normal saline; MECA, methanol leaf extract of Culcasia angolensis; MOR, morphine

*p ≤ 0.05, **p ≤ 0.01 significant statistical increase in mean reaction time compared with time zero; n = 6

Treatments (mg/kg) Mean reaction time

0 min 60 min 90 min 120 min 150 min

N/S (10 ml/kg) 1.63 ± 0.10 1.44 ± 0.22 1.34 ± 0.23 1.36 ± 0.28 1.49 ± 0.19

MECA 125 1.67 ± 0.14 3.25 ± 0.39 3.32 ± 0.14** 3.01 ± 0.24* 3.02 ± 0.29*

MECA 250 1.81 ± 0.25 2.82 ± 0.14 3.02 ± 0.16* 3.28 ± 0.31** 3.29 ± 0.18**

MECA 500 2.08 ± 0.20 2.99 ± 0.19 2.69 ± 0.19 3.87 ± 0.27** 3.81 ± 0.24**

MOR (10) 1.73 ± 0.19 3.37 ± 0.20** 3.07 ± 0.41** 3.73 ± 0.16** 3.72 ± 0.27**
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post-treatment. The action of MECA on thermally 
induced pain is presented in Table 1

Actions of MECA on formalin‑induced hind‑paw oedema
The MECA at all the doses (125, 250 and 500 mg/kg) and 
ketoprofen exerted a remarkable (p < 0.001) decline in the 
paw oedema exerted by formalin at the fourth and fifth 
hours post-treatments comparable to the control. There 
was no significant difference in the paw oedema between 
the extract-treated groups and the standard drug used 
(ketoprofen). In fact, the effect of the extract was com-
parable to the standard agent. The action of the MECA 
on formalin-induced nociception is presented in Table 2.

The actions of the MECA on carrageenan‑induced paw 
oedema
The MECA (125, 250 and 500  mg/kg) exerted a dose-
dependent declined in the carrageenan-induced paw 
oedema at the third (9.6%, 30.4%, 48.9%), fourth (28.4%, 

51.5%, 60.4%) and fifth (27.3%, 54.5%, 63.6%) hours, 
which was significant (p < 0.001) at 250 and 500  mg/
kg compared to the control group. In comparison with 
the normal saline-treated group, ketoprofen (10  mg/kg) 
exerted remarkable (p ≤ 0.01 and p < 0.001) reduction 
in the carrageenan-induced paw oedema. There was no 
significant difference observed in the mean paw diam-
eter between the MECA-treated groups and the stand-
ard agents. The result of the action of the MECA on paw 
oedema elicited by carrageenan is presented in Table 3.

Effect of MECA on Brewer’s yeast‑induced pyrexia
There was an elevation in the rats’ rectum temperature 
in all the treated groups 18-h post administration of the 
Brewer’s yeast. Zero hour was taken as the baseline for 
all the treatment groups and was compared with 1, 2 and 
3  h. The extract showed a dose-depended reduction in 
the temperature at the second hour which was significant 
(p ≤ 0.05) at the highest dose (500  mg/kg). The MECA 
at all the doses remarkably (p ≤ 0.05) declined the rec-
tal temperature at the third hour in a dose-dependent 

Table 2  Action of MECA on formalin-induced hind-paw oedema

The values were analysed using repeated-measures ANOVA followed by Bonferroni post hoc test and presented as mean ± SEM

MECA, methanol leaf extract of Culcasia angolensis; Ket, ketoprofen
* p < 0.05, **p < 0.001 significant decrease in mean paw oedema compared to time zero; n = 6

Treatments (mg/kg) Mean paw diameter (mm)

0 h 1 h 2 h 3 h 4 h 5 h

N/S (10 ml/kg) 2.30 ± 0.06 2.67 ± 0.10 3.12 ± 0.05 3.11 ± 0.05 3.01 ± 0.06 2.9 ± 0.06

MECA 125 2.22 ± 0.05 2.65 ± 0.06 2.71 ± 0.04 2.72 ± 0.04 2.53 ± 0.03** 2.41 ± 0.01*

MECA 250 2.35 ± 0.07 2.76 ± 0.02 2.77 ± 0.02 2.85 ± 0.06 2.55 ± 0.04** 2.40 ± 0.05**

MECA 500 2.20 ± 0.09 2.83 ± 0.03 2.82 ± 0.04 2.73 ± 0.03 2.51 ± 0.06** 2.31 ± 0.04**

KET (10) 2.23 ± 0.05 2.65 ± 0.06 2.74 ± 0.09 2.41 ± 0.04 2.31 ± 0.02** 2.14 ± 0.01**

Table 3  Actions of the MECA on carrageenan-induced paw oedema

Values were analysed using repeated-measures ANOVA followed by Bonferroni post hoc test and presented as mean ± SEM

MECA, methanol leaf extract of Culcasia angolensis; N/S, normal saline. Figures in parentheses (bold) represent percentage inhibition of inflammation (paw oedema)

*p ≤ 0.05, **p ≤ 0.01, ***p < 0.001 related to the control group. n = 6

Treatments (mg/kg) Mean paw diameter (mm)

1 h 2 h 3 h 4 h 5 h

N/S (10 ml/kg) 1.66 ± 0.144 2.72 ± 0.188 2.70 ± 0.407 3.38 ± 0.120 3.18 ± 0.121

MECA 125 1.56 ± 0.103
(6.02%)

2.30 ± 0.182
(15.4%)

2.44 ± 0.172
(9.6%)

2.42 ± 0.174
(28.4%)

2.54 ± 0.121
(27.3%)

MECA 250 1.22 ± 0.139
(26.5%)

2.16 ± 0.199
(20.6%)

1.88 ± 0.159
(30.4%)

1.64 ± 0.181
(51.5%) ***

1.68 ± 0.058
(54.5%) ***

MECA 500 1.42 ± 0.073
(14.5%)

2.36 ± 0.291
(13.2%)

1.38 ± 0.334
(48.9%)*

1.34 ± 0.172
(60.4%) ***

1.34 ± 0.157
(63.6%) ***

KET (10) 1.34 ± 0.160
(19.3%)

1.02 ± 0.073
(62.5%) ***

1.00 ± 0.327
(62.9%) **

1.00 ± 0.241 (70.4%) *** 1.52 ± 0.240
(63.6%) ***
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manner. Besides, the paracetamol (150  mg/kg) used as 
the standard antipyretic agent significantly (p ≤ 0.01) 
lowered the temperature when compared to the con-
trol group. The highest effect was seen in the group that 
received the MECA at 500  mg/kg, similar to the effect 
exerted by the standard antipyretic agent at the third 
hour. There was no statistical significant difference in 
rectal temperature of the MECA-treated groups (125, 
250, and 500 mg/kg) and paracetamol (150 mg/kg). The 
action of the MECA on the fever induced by Brewer’s 
yeast is shown in Table 4.

Discussion
Therapeutic compounds from herbal sources have drawn 
the scientific community’s attention and people for use 
against various diseases. Several medicinal plants have 
been reported to possess chemical compounds to prevent 
and manage pain as well as inflammation-related disor-
ders (Bahmani et al., 2014). Due to the possible adverse 
drug reactions and low efficacy of the currently available 
therapeutic compounds for treating pain and inflam-
mation, the use of herbal products in complementary 
medicine has been on the increase to control pain and 
inflammation (Nasri & Shirzad, 2013). The plant Culcasia 
angolensis has been utilised in Northern-Nigeria for pain 
and inflammation. Therefore, the current experiment 
checked the antinociceptive, anti-inflammatory, and 
antipyretic actions of its leaves extract to justify its tradi-
tional claim and propose for further research to develop 
safe and effective therapeutic agents for use against pain 
and inflammation disorders.

The acute toxic effect evaluation is utilised to deter-
mine the potentially noxious effects of chemical sub-
stances following acute administration (Musila et  al., 
2017). In the screening of pharmacological activity of a 
chemically undefined compound, the acute toxic effect is 
the initial procedure, especially the investigation of LD50 
of the compound (Kpemissi et  al., 2020). Besides, the 

test is essential in searching for the biological effects of 
therapeutic compounds (Ugwah-oguejiofor et  al., 2019). 
After acute administration of a compound via oral route 
at 5000 mg/kg, if there is an absence of signs of harmful 
effects and loss of lives of the animals following 14 days 
observational period, the chemical substance could be 
safe, and the LD50 could be estimated to be more than 
5  g/kg (Qin et  al., 2009). Therefore, the findings in the 
current study have shown that the LD50 of the MECA 
orally could be more than 5000 mg/kg. Previous research 
reported by Ahmad et al. (2020a, 2020b) revealed that the 
oral LD50 of Combretum hypopilinum was higher than 
5000 mg/kg. In another study by Yerima et al. (2014), the 
oral LD50 of the Tamarindus indica bark was also greater 
than 5000  mg/kg. Besides, Toma et  al. (2015) reported 
the oral LD50 of roots extract of Echinops kebericho to be 
above 5000 mg/kg.

The constriction of mice abdomen elicited by the injec-
tion of acetic acid is a sensitive experimental protocol 
frequently utilized to investigate the potential periph-
erally and centrally acting antinociceptive agents. This 
pharmacological model of nociception is highly sensi-
tive and capable of detecting the analgesic activity of 
compounds at doses that may be ineffective with other 
pain models (Kakoti et  al., 2013). Acetic acid is known 
to stimulate COX enzymes that mediate the conversion 
of arachidonic acid to prostaglandins, the potent media-
tor of pain and inflammation. NSAIDs abolish abdomi-
nal constrictions caused by acetic acid by inhibiting COX 
activity peripherally and eventually block the production 
and release of chemical mediators involved in inflam-
mation (Donkor et  al., 2013). Besides, the administra-
tion of acetic acid stimulates nociceptors and promotes 
hyperalgesia by mediating the synthesis and release 
of noxious endogenous chemical substances, includ-
ing PG, bradykinins, substance P, histamine, serotonin 
and cytokines that sensitise pain receptors at the nerve 
terminal end (Pacheco et al., 2019). From the finding in 

Table 4  Actions of MECA on Brewer’s yeast-induced pyrexia

The values were analysed using repeated measure ANOVA followed by Bonferroni post hoc test and presented as mean ± SEM

N/S, normal saline; PCM, paracetamol; MECA, Methanol leaf extract of Culcasia angolensis

*p ≤ 0.05, **p ≤ 0.01 compared to control group; n = 6

Treatment (mg/kg) Rectal temperature (°C) after 18 h

Initial 0 h 1 h 2 h 3 h

N/S(10 ml/kg) 37.33 ± 0.11 39.93 ± 0.11 39.98 ± 0.14 40.22 ± 0.49 39.87 ± 0.22

MECA(125) 37.21 ± 0.20 39.43 ± 0.19 39.40 ± 0.01 39.21 ± 0.15 38.65 ± 0.71*

MECA(250) 37.66 ± 0.43 39.61 ± 0.15 39.69 ± 0.41 39.01 ± 0.21 38.54 ± 0.41*

MECA(500) 37.44 ± 0.23 39.58 ± 0.11 38.42 ± 0.08 38.30 ± 0.11* 37.66 ± 0.43**

PCM (150) 37.32 ± 0.36 39.47 ± 0.17 37.44 ± 0.33** 36.68 ± 0.30** 37.19 ± 0.48**
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this research, the MECA could have therefore elicited its 
analgesic action by attenuating the synthesis and activity 
of COX peripherally and subsequently blocked the pro-
duction and release of pain and inflammatory chemical 
agents such as PGE2, bradykinins, histamine, serotonin, 
substance P as well as cytokines. Recent research by Jo 
et al. (2021) demonstrated the abdominal writhing inhib-
itory action of Aucklandia lappa root extract produced 
by acetic acid. In another study by Josabad et al. (2021), 
Cuphea aequipetala exerted a dose-dependent effect 
against acetic acid-produced abdominal constriction. In a 
previous experiment by Zakaria et al. (2018), the Nigella 
Sativa  and Eucheuma cottonii  extracts remarkably abol-
ished the frequency of abdominal writhes exerted by the 
acetic acid.

Hot plate model as a thermally induced pain stimulus 
is frequently employed to determine the potential cen-
trally acting analgesic compounds that produce analgesic 
actions by pharmacological interactions with opioider-
gic receptors in the CNS (Ermilo et al., 2020). The model 
comprises the neurogenic and central mechanisms of 
pain at the supraspinal and spinal levels (Taher et  al., 
2015). The opioid analgesic agents, such as morphine, 
alleviate pain by elevating the pain threshold level at the 
spinal cord and change the brain’s perception of pain via 
interaction with mu (µ) opioid receptors. Besides, kappa 
(ƙ) receptors in the spinal cord also contribute to the 
antinociceptive action (Angst & Clark, 2006). Based on 
the outcome in this research, the MECA considerably 
prolonged the reaction time to the thermal stimulus, sug-
gestive of a central antinociceptive mechanism. Several 
medicinal plants have been reported to possess analgesic 
action in hot plate test. For example, Javed et  al. (2020) 
reported an analgesic action of Indigofera argentea on the 
hot plate model. The methanol stem extract of Diplotro-
pis purpurea elicited an analgesic action in the hot plate 
model (Cruz et al., 2019). In accordance with the experi-
ment by Rahman et  al. (2020), the seed of Holarrhena 
antidysenterica exerted a dose-dependent elevation in 
the pain latency in thermally induced pain. In contrast, 
the ethanol extract of  Senna septemtrionalis did not 
affect the pain latency (Ermilo et al., 2020). The capabil-
ity of the MECA to attenuate the pain in the acetic acid-
induced abdominal constriction and hot plate models 
indicates further that its antinociceptive activity could be 
via many processes that combine peripheral and central 
pain pathways.

The formalin-induced paw oedema is among the most 
commonly used models to check agents’ anti-inflam-
matory ability (Soyocak et  al., 2019). The model is used 
to validate both centrally and peripherally acting pain-
relieving agents such as narcotics and acetylsalicylic acid, 
respectively. Formalin produces pain by mediating the 

release of substance P centrally and stimulating the ter-
minal end of pain receptors. It also activates the release 
of histamine, serotonin, PG and bradykinin, as well as 
sensitisation of the spinal cord (Fabiana et  al., 2018). 
Therefore, the MECA could possess its pain attenuat-
ing action by antagonizing the release of histamine, sub-
stance P, serotonin, PG, and bradykinin responsible for 
hyperalgesia. Similar research by Helal et  al. (2020) has 
shown the capability of the Leea macrophylla to mini-
mise the formalin-induced paw oedema.

Carrageenan-induced inflammation happens to be the 
most commonly used animal model to check the anti-
inflammatory actions of phytocompounds (Taher et  al., 
2015). The model is vital in determining the oedema-
inhibitory effects of pharmacological agents that act via 
inhibiting several inflammatory as well as pro-inflam-
matory chemical substances such as PG, histamine, 
leukotrienes, bradykinin and TNF-α (Rosas et  al., 2019; 
Taher, 2012). It is an accepted test used to validate the 
anti-inflammatory actions of biological agents (Vong-
tau et  al., 2004). Carrageenan is a phlogistic and non-
antigenic agent with no apparent systemic effect. The 
administration of the carrageenan activates the kinin 
system, stimulate the neutrophils accumulation, the 
production and release of several inflammatory chemi-
cal substances, including cytokines and prostanoids, as 
well as mast cell degranulation. It has been shown that 
the acute inflammation caused as a result of carrageenan 
administration involves two stages (biphasic). The initial 
stage of the oedema process combines the actions of his-
tamine and serotonin, whereas the later stage is a result 
of PG release that promotes the accumulation of inflam-
matory fluids at the site of inflammation (Taher, 2012). 
NSAIDs remarkably inhibit PG synthesis and eventually 
block the oedema formation following the carrageenan 
administration (Taher, 2012).  Our finding in this study 
revealed that the MECA could efficiently attenuate acute 
inflammation by inhibiting histamine, serotonin and/ 
PG synthesis and release. Besides, the remarkable anti-
inflammatory action of the MECA was observed at the 
second phase of the inflammatory process (3-h after the 
carrageenan administration). Therefore, the effect of the 
MECA could be mediated via inhibiting PG. Many herbal 
preparations have elicited inhibitory action against carra-
geenan-induced paw oedema. For instance, Nguyen et al. 
(2020) reported the capability of Periplaneta americana 
to inhibit paw oedema produced by carrageenan. Pre-
vious research has shown that the aqueous and metha-
nol extract of Gmelina arborea remarkably declined 
the paw oedema (Kaur et  al., 2018). Besides, Scapinello 
et al. (2019) research revealed the ability of Philodendron 
bipinnatifidum stem extract to abolish carrageenan-
induced paw oedema.
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Many researchers have used yeast-induced pyrexia 
to screen compounds with potential antipyretic activ-
ity (Abbasi et al., 2017). The fever usually begins follow-
ing the stimulation of the immunological system and 
alteration of the temperature regulatory centre in the 
hypothalamus. It is induced after tissue damage or pyro-
gens’ action that leads to the synthesis and release of the 
cytokine (Javed et  al., 2020). In the hypothalamus, the 
cytokines provoke the production of PGE2 that medi-
ates fever. The microvascular cells are the principal cells 
in the CNS responsible to synthesise PGE2 that eventu-
ally induce pyrexia abundantly. Besides, activated white 
blood cells, endothelial cells and macrophages at the 
inflammation location participate in the fever mecha-
nisms (Taïwe et al., 2011). Looking at the outcomes of the 
research, the MECA could possess inhibitory action on 
PG biosynthesis via central mechanisms that are respon-
sible for the observed antipyretic activity. An experiment 
by Kong et  al. (2014) highlighted the antipyretic action 
of Rheum palmatum. The ethanolic extract of Indigofera 
argentea significantly declined the yeast-induced pyrexia 
(Javed et al., 2020).

Steroids, saponins, glycosides, flavonoids, tannins, 
alkaloids, together with terpenes, have anti-inflamma-
tory and pain-attenuating actions (Ishola et  al., 2014; 
Matos et  al., 2010; Udo et  al., 2020). Specifically, flavo-
noids including quercetin, biflavonoids, luteolin, rutin 
as well as triterpenoids inhibit COX, lipoxygenase, phos-
pholipase A2 and C enzymes production, whereas the 
analgesic activity is mediated by interacting with opioid 
receptors (Ofuegbe et al., 2014). Besides, triterpenes also 
possess antinociceptive action (Okokon et al., 2017). The 
cardiac glycosides, triterpenes, tannins, steroids, flavo-
noids, saponins and alkaloids in the MECA could be the 
reasons for the potential antinociceptive, anti-inflamma-
tory and antipyretic activities.

Conclusions
The current research has demonstrated that the MECA 
may possess some bioactive phytocomponents with pain-
attenuating, anti-inflammatory and antipyretic actions, 
which validate the ethnopharmacological claim of Culca-
sia angolensis to manage pain and inflammatory diseases. 
Therefore, further investigations should be conducted 
on the plant to elucidate the mechanisms and molecular 
basis of its observed pharmacological actions to develop 
novel compounds for treating pain and inflammatory-
related disorders.
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