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Abstract: The antinociceptive property of the methanolic root extract of C. dependens (MRECD),
based on the folkloric treatment of pain, was evaluated in this study. The LD50 of the root extract
appeared safe at 5000 mg/kg b.w. Acetic acid-induced writhing, tail clip, and formalin-induced pain
models were all utilized in the antinociceptive study in mice. Forty-five albino mice were randomly
separated into three experimental models (n=15), each further distributed into five groups (n=3). In the
three models, a group | was administered 1% Tween 80, groups I1-1V with 100, 200, and 400 mg/kg
b.w of the MRECD respectively, whereas group V, 100 mg/kg b.w of Aspirin. The acetic acid writhing
test yielded significant (p < 0.05) and dose-dependent reduction in pain - 47.37%, 50.87%, and 60.53%,
respectively, for the extract-treated groups. In the formalin-induced pain model, the extract,
administered at varying doses, had significantly (p < 0.05) higher pain latency time compared to those
of the normal control and Aspirin-treated groups after 30 minutes. Additionally, in the tail clip test, the
mice demonstrated a dose-dependent reduction in pain for the extract-treated groups. These results
provide pharmacological bases for the ethnomedicinal use of C. dependens plant in managing pain-
related disorders.
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1. Introduction

In recent times, medicinal plants have assumed greater relevance in primary health care
delivery in many countries, especially least-developed countries such as Africa and some parts
of Asia. This is because products from these plants have been found to be safe, affordable, and
readily accessible, unlike orthodox medicine. The traditional medicine system consists of
herbal medicine as a major component, and currently, considerable inputs have been channeled
toward the development of natural products from different plant sources [1-3]. Today, a
reasonable number of medications, which are potent and active against some infections and/or
ailments, have been developed from plants by simple isolation and modification of their active
ingredients. Over 25% of the medications prescribed worldwide are derivatives of plants [4,5].

Chasmanthera dependens is one of the tropical plants extensively used by many
herbalists and bone-setters to treat various health conditions, especially pain-related ones. The
leaf sap is usually applied as emergency treatment to halt blood loss in injuries [6,7]. This plant
is a climbing shrub belonging to the family of Menispermaceae. Its common name is
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Chasmanthera, and it is known locally in Nigeria as Ato (Yoruba) and Onochie (Igbo) [8,9]. It
is a popular medicinal plant usually reaped from the wild for use locally. Additionally, it is
frequently grown in backyard gardens and sold in nearby markets due to its accessibility. They
are widely distributed throughout tropical regions of Africa, including Nigeria, Sierra Leone,
Ghana, Somalia, Ethiopia, Angola, Zimbabwe, and Zambia [10]. C. dependens grows to a
height of 5.0 meters in cocoa plantations, where it is occasionally thought to lower yields
[11,12]. Locally, the fibrous stalk is trodden and utilized as a sponge. The plant has traditionally
acquired eminence in the treatment of a number of disease conditions. For example, treating
injuries such as sprains, bruises, and stiffness locally entails administering the sap from the leaf
and stem [13,14]. This plant's methanol and chloroform root extracts have been reported for
their antimicrobial activities [15,16]. The stem maceration of C. dependens has also been used
in combination with the root extracts of other plants as a remedy for convulsions. The roasted
stem was found to be efficacious against febrile convulsions [17]. The bark is consumed as a
treatment for venereal discharge or as a general tonic for physical/mental fatigue and
inflammatory conditions [18,19]. This plant has reportedly been used to treat malaria, cough,
snakebites, and dementia. Several reports have shown that the chloroform and methanol
extracts of C. dependens contain several bioactive compounds [13,20-22]. However, many
other pharmacological uses have been reported about this plant, all of which point to the need
to explore further its other medicinal relevance and potential.

Several injuries and diseases are most accompanied by pain and fever. [23,24] stated
that non-steroidal anti-inflammatory drugs (NSAIDs), such as diclofenac, indomethacin, and
Aspirin, are usually prescribed drugs for their management, but gastrointestinal complications
like peptic ulcers, perforation, bleeding, obstructions, as well as hepatotoxicity have all led to
minimal use of these drugs in clinical settings. These drugs work by inhibiting cyclooxygenase
(COX) and interrupting inflammatory mediators’ synthesis, prostaglandins (PGs) [25,26].
Moreover, current analgesics are not absolute in subsiding pain but only offer partial relief to
patients in some cases [27,28]. The above limitations trigger the search for novel drugs. C.
dependens has successfully received scientific attention for its remedial usefulness in various
disease conditions, yet, no study has been carried out on its antinociceptive potential. It exhibits
therapeutic potential for diverse inflammation-relevant disease conditions and boasts
traditional usage over the years in various societies. As a result, we are tasked with proceeding
to our present study on C. dependens with great curiosity regarding studies that promise to
offer a scientific core for the potential antinociceptive effects.

2. Materials and Methods
2.1. Materials
2.1.1. Plant materials.

Fresh roots of Chasmanthera dependens were gathered from Orba Nsukka in Enugu
State, Nigeria. Identification and assignment of voucher specimens were done and placed in
the botanical garden of the Department of Botany, University of Nigeria, Nsukka.

2.1.2. Experimental animals.

Sixty-three (63) albino Wistar mice weighing between 22 and 38 g were used for this
study, eighteen of which were used for the acute lethality study. In contrast, forty-five (45)
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males were used for the in vitro antinociceptive studies. The mice were obtained from the
animal section of the Department of Zoology and Environmental Biology, University of
Nigeria, Nsukka, after which they underwent adaptation for seven (7) days under typical
laboratory circumstances before the commencement of the experiment. Experimental protocols
were carried out in harmony with the National Institute of Health Guidelines for Use and
Welfare of Research Animals (Publication No. 85 — 23, revised 1985) and the authorization of
the Institutional Ethical Committee regarding the usage of lab animals.

2.1.3. Chemical and reagents.

Analytical grade reagents and chemicals were employed after being procured from the
Springboard Research Laboratory, Awka, Anambra State, Nigeria.

2.2. Methods

2.2.1.Extraction of plant material.

Fresh roots of Chasmanthera dependens, gathered and desiccated under atmospheric
temperature (25 °C to 45 °C) for fourteen (14) days, were pulverized by means of grinding. The
sample got immersed in 50% methanol, shaken vigorously, and made to stand for 48 h. After
that, there was occasional stirring and filtration. The filtrate was concentrated using a rotary
evaporator at 45 °C and thenceforth kept in a refrigerator at 4°C until required.

2.2.2. Acute toxicity and lethality (LDso) study

The acute toxicity of the methanol root extract of C. dependens in mice (n=18) was
ascertained using [18] described method of determining acute toxicity. Tests were performed
in phases I and I1- where phase | mice (n=3) received 10, 100, and 1000 mg/kg b. w of the
extract orally, while Phase Il mice (n=3) received oral administration of higher amounts of the
extract- 1600, 2900, and 5000 mg/kg b.w. Both phases were monitored for 24 h for alterations
in behavior or death.

L Dso= Minimum dose at which death occured X Maximal dose at which a number of death
was recorded

2.2.3. Experimental protocol.

Forty-five (45) male albino rats (25-38 g) were acclimatized for 7 days and separated
into 3 experimental segments of 15 rats. The 15 animals in each experimental segment were
further distributed randomly into five groups of three rats per group.

2.2.3.1. Experiment I: acetic acid-induced writhing test.

The writhing induction using acetic acid was carried out using a modification of [29]
as was reported by [30]. This experimental segment involved fifteen (15) mice randomly
separated into 5 groups of 3 mice each. They were fasted overnight, followed by treatment with
tween 1% 80 (p.o), C. dependens methanol extract (100, 200,400 mg/kg b.w, p.0), and Aspirin
(100 mg/kg b. w). Acetic acid (0.6% v/v, 10 ml/kg, i.p) was administered 60 minutes after oral
treatment and 30 minutes post-cutaneous administration. The number of writhes, portrayed by
abdominal musculature contraction and limb extension, was taken note of during a 5 minutes
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intervals for 30 minutes. The percentage inhibition was deduced from the obtained data
according to the method of [31]. The protocol for experiment | is summarized below;

Group I: Control (1% tween 80)

Group II: 100 mg/kg of MRECD + 0.6% acetic acid

Group 111: 200 mg/kg b.w of MRECD + 0.6% acetic acid

Group 1V: 400 mg/kg b.w of MRECD + 0.6% acetic acid

Group V: 100 mg/kg b.w of Aspirin + 0.6% acetic acid

2.2.3.2. Experiment II: tail clip test.

Initially, the mice were screened by applying a metallic artery clip to the tail root to
cause distress. Animals that were unsuccessful in removing the clip in 10 sec were removed.
The method employed in this test was as reported by [32]. Mice that qualified for the test were
randomly separated into five groups of three mice each. Afterward, treatment ensued, as
summarized below:

Group I: Control (1% tween 80) (p.0)

Group I1: 100 mg/kg b.w of MRECD (p.0)

Group I11: 200 mg/kg b.w of MRECD (p.0)

Group IV: 400 mg/kg b.w of MRECD (p.0)

Group V: 100 mg/kg b.w of Aspirin

Reaction time assessment was done 60 minutes after oral administration and 30 s after
cut-off treatment time, according to methods of [33].

2.2.3.3. Experiment I1l: formalin-induced pain test.

Pain induction by formalin was performed as proposed by [34] and [35] with slight
adjustments. Fifteen (15) male mice were starved overnight and partitioned into five groups of
three mice each. The control (group 1) received plain vehicle (1% tween 80, p.0), test groups
(groups 2-4) received varied measures of the extract (p.o) respectively, and standard control
(group 5) received the standard drug, Aspirin (100 mg/kg, p.o); followed by injecting 1%
formalin (20uL) subcutaneously into the mice right hind paw after 60 minutes' post-oral
treatment as summarized below:

Group I: Control (1% tween 80) (p.0) + 1% formalin (20uL)

Group 11: 100 mg/kg b.w of MRECD (p.0) + 1% formalin (20uL)

Group 111: 200 mg/kg b.w of MRECD (p.o) + 1% formalin (20uL)

Group 1V: 400 mg/kg b.w of MRECD (p.0) + 1% formalin (20uL)

Group V: 100 mg/kg b.w of Aspirin + 1% formalin (20pL)

Responses such as biting and licking following the injection of the paw indicated the
onset of pain, or pain latency, and were recorded (in a sec) for each mouse.

2.3. Data analysis.

Data were evaluated using one-way analysis of variance (ANOVA) with repeated
measures using Statistical Product and Service Solution (SPSS) version 21. GraphPad Prism
5.0 for windows (GraphPad Software, San Diego, Califonia, USA) was employed for statistical
analysis. Results were displayed as mean + SD, and p-value < 0.05 were considered significant.
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3. Results and Discussion

3.1. Results.

3.1.1. Acute toxicity study.

No lethality was recorded in the methanol root extract of C. dependens up to 5000
mg/kg b.w (Table 1).

Table 1. Phases | and 1l of the acute toxicity test of the methanol root extract of C. dependens

S/IN Phases/groups Dosage of extract (mg/kg b.w) Mortality rate
1 Group 1 10 0%
2 Group 2 100 0%
3 Group 3 1000 0%
Phase 11
4 Group 1 1600 0%
5 Group 2 2900 0%
6 Group 3 5000 0/3

N=3 for each group.

3.1.2. Effect of methanol root extract of C. dependens on acetic acid-induced writhing in mice.

A significant and dose-dependent decline in the number of writhes was noticed between

the groups treated with the extract and the control group (Table 2). Extracts at 100, 200, and
400 mg/kg b.w generated writhing percentage inhibitions of 7.37%, 50.87%, and 60.53%,
respectively. The inhibition (%) offered by 400 mg/kg b.w was non-significantly (p > 0.05)
higher in comparison to the standard control (57.89%).

Table 2. Effect of MRECD on acetic acid-induced writhing in mice.

Groups Number of Writhes % Inhibition
| 38.00+2.01¢ -

1 20.00£1.10° 47.37+2.12¢

11 18.67+1.25° 50.87+1.90°

v 15.00£1.002 60.53+4.14°¢

XV 16.00+1.052 57.89£3.10°

Results are demonstrated as mean = S.D (n =3), and values with varied superscripts selfsame column are
significantly different (p < 0.05).

3.1.3. Effect of MRECD on tail clip-induced pain in mice.

A significant (p < 0.05) decrease in the number of times reacted by the extract-treated
groups was observed compared to the control. In addition, the test groups exhibited a
significant (p < 0.05) dose-dependent percentage rise in pain inhibition compared to the control.
Also, a non-significant (p > 0.05) difference was detected between groups IV and V.

Table 3. Effect of MRECD on tail clip-induced pain in mice.

Groups Number of Writhes % Inhibition
| 13.67+£2.012 -
Il 9.33+1.10° 31.747.232
1l 6.67+1.25¢ 51.21+9.06"
v 2.67+1.00¢ 80.47+14.40°
\% 3.67+1.05¢ 73.15+5.21°¢

Results are demonstrated as mean + S.D (n =3), and values with varied superscripts selfsame column are
significantly different (p < 0.05).
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3.1.4. Effect of MRECD on formalin-induced pain in mice.

Table 4 shows the post-treatment latency time on pain induced by formalin in mice.
Results indicate that the control group becomes significantly different from the treated groups
after 30 minutes. The extract administered at varying doses (100 and 200 mg/kg b.w)
significantly increased the pain latency time of the mice compared to the Aspirin-treated group.
Nevertheless, the difference in the latency time observed between group IV and group V was
non-significant.

Table 4. Effect of MRECD on formalin-induced pain in mice.

Groups Post-Treatment Latency Time (s)
| 194.00 £7.502
] 258.67 +13.28°
11 314.25 £19.16°
1\ 373.33+11.33¢
\Y 381.00 +8.00¢

Results are demonstrated as mean = S.D (n =3), and values with varied superscripts on the selfsame column are

significantly different (p < 0.05).

3.1.5. Effect of MRECD on percentage pain latency time of formalin-induced pain in mice.

Table 5 shows the pain latency time (percentage) of pain induced by formalin in mice.
A significant dose-dependent increased latency time (percentage) was noticed among the
extract-treated groups. However, a non-significant difference in the percentage latency time
was recorded in group IV mice when compared to group V mice

Table 5. Effect of MRECD on percentage pain latency time of formalin-induced pain in mice.

Groups Percentage Latency Time (%)
| -
I 33.33+3.522
Il 61.19+19.16°
v 92.24+11.74°
\Y 96.39+15.41°

Results are demonstrated as mean = S.D (n =3), and values with varied superscripts on the selfsame column are
significantly different (p < 0.05).

3.2. Discussion.

C. dependens plant has been well-researched and found to possess plenty of bioactive
compounds responsible for its diversified therapeutic potential. This research has shown that
the methanolic root extract of C. dependens exhibits antinociceptive activities. The
antinociceptive activity was investigated using different induction models viz: Acetic acid, tail
clip, and formalin induction.

MRECD did not show any form of behavioral alterations, morbidity, and mortality
when administered to the mice up to the dose of 5000 mg/kg b.w, implying its safety and being
devoid of toxicity at this dose. The above outcome corresponds with that of [15] on the safety
of methanolic root extract of C. dependens.

The writhing model is associated with the inducement of outermost receptors,
particularly localized peritoneal receptors found at the exterior of the cell bordering the
peritoneal cavity [36]. However, evaluation of the antinociceptive potency of MRECD
following writhing induction with acetic acid shows that oral dispensation produced a
significant dose-dependent inhibition of writhes compared to the control. This indicates the
peripherally mediated antinociceptive activity of the MRECD since agents that reduce the
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number of writhes demonstrate analgesic potentials by inhibiting the synthesis of
prostaglandins (PGs), a common pain inhibition mechanism [37]. There could also be an
antipyretic potency of MRECD, possibly attributed to its ability to cause a reduction in the
PGE: brain level, particularly in the hypothalamus, via the action of cyclooxygenase-2 (COX-
2), or by amplifying the body's production of antipyretic substances such as arginine and
vasopressin by metabolites such alkaloids (bolidine), sterols (B-sitosterol) and flavonoids,
which are all pharmacologically active (baicalin) [18,38]. These antipyretic substances are
well-known for lowering pro-inflammatory mediators, which address the anterior
hypothalamus inhibiting COX-2 from releasing PGEZ2, thereby reducing the body temperature
[39].

To confirm the participation of central mechanism(s) in the antinociceptive activity of
C. dependens, the tail clip test was employed. The tail clip test reveals a remarkable decline in
the number of times reacted by the test groups compared to the control. In addition, the test
groups exhibited a significant dose-dependent rise in the pain inhibition percentage compared
to the control. This suggests that a high amount of the methanolic extract of C. dependens
offered an excellent percentage inhibition and proves that its antinociceptive potency
remarkably involves a central mechanism of action.

Adoption of the formalin test was performed to buttress further a possible mechanism
for the antinociceptive activity of the extract. Production of clear-cut biphasic nociceptive
response has been associated with this test. The initial phase is marked by association with the
influence inflicted on nociceptors by formalin, whereas the latter phase (15-30 min) is believed
to be concerned with injurious actions [41]. The early phase (first 5 min) involves intensive
licking and biting activities and results predominantly from C-fibre stimulation due to
formalin-induced peripheral stimulus [42]. Drugs acting peripherally, like Aspirin, inhibit
solely nociceptive response at the late phase, unlike centrally acting drugs, e.g., morphine [43].
The results of this test revealed after 30 minutes that the pain latency time for the test groups
(11, 111, and 1V) was significantly higher in contrast to the normal control, while the extract at
100 and 200 mg/kg b.w significantly increased the pain latency time of the mice when
compared to the group treated with Aspirin. More so, a significant dose-dependent increase in
the percentage latency time among the group treated with C. dependens methanolic root extract
was observed. The result proves that the extract demonstratively blocked formalin response
and was more noticeable in the late phase of nociceptive response, which occurred after 15 to
30 minutes.

4. Conclusions

These results have demonstrated that the methanolic root extract of C. dependens
exhibits antinociceptive activities, possibly through a central mechanism augmented by
peripheral actions. The extract was relatively potent in writhing induced by acetic acid and pain
induced by tail clip and formalin tests, thus, indicating peripheral anti-nociception. However,
the results obtained provide the pharmacological bases for the ethnomedicinal use of C.
dependens in managing pain-related disorders.
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