www.jmbsr.com.ng

Original Article

Analgesic and Antipyretic Properties of Ethanol Extract
of Plumeria Acuminata Leaves in Male Wistar Rat Pain
Models: Perspectives in Clinical Pain Management

Ogboli Nwasor Elizabeth ', Ahmed-Sherif Isa ’, Dingwoke Emeka John °, Umar Abdullahi Hussein *

" Department of Anaesthesia, Ahmadu Bello University Teaching Hospital, Zaria. > Department of Human Physiology,

Ahmadu Bello University, Samaru, Zaria, ’ Department of Biochemistry, Ahmadu Bello University, Samaru, Zaria

“Correspondence: Dingwoke Emeka John. Department of Biochemistry, Ahmadu Bello University, Zaria. Tel:
+2347030665559. Email: dinhimselfl@yahoo.com

Submitted: 10 November 2022.  Published: 12 March 2023

ABSTRACT

Background: Pain, whether acute or chronic, is debilitating and gradually reduces one's quality of life.
Plumeria acuminate (P. acuminata), commonly known as Frangipani in English, is a plant that has
traditionally been used in traditional medicine to relieve pain and inflammation, among other uses. Aims
and objectives: To evaluate the antipyretic and analgesic properties of ethanol leaf extract of P. acuminata
in wistar rat models of pain. Materials and Methods: The experimental rats weighing 100-150g were
randomly assigned into six groups (n = 6), control group (0.9% normal saline), paracetamol (150 mg/kg),
P. acuminata ethanol extract (250, 500, 1000 mg/kg). Analgesic activity was assessed using acetic acid
induced writhing reflex and tail immersion protocols. Pyrexia was induced by subcutaneous injection of
20% w/v brewer's yeast. Rectal temperature was recorded hourly for four hours using digital thermometer.
Results: Antipyretic activity was observed at 1000 mg/kg of the extract, indicated by decrease in rectal
temperature, which was not statistically significant (p>0.05). The extract exhibited analgesic activity at
1000 mg/kg in the acetic acid tests. The analgesic activity observed was similar to that of paracetamol,
evident in the reduction of IL-1 concentration in the groups that received 500 mg/kg and 1000 mg/kg of the
extract. There was no significance recorded for the tail immersion test. Conclusion: The ethanol extract of
P. acuminata leaves possesses antipyretic and analgesic effects that may have acted on peripheral but not
central nociceptive pathways. The effects are equivalent to paracetamol and may have clinical significance
for the treatment of painful conditions.
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INTRODUCTION

Inﬂammation is an abnormal physiological
response characterized by pain in which the
affected area of the body becomes swollen,
reddish, and hot, often in response to injury. It can
be either local or systemic. When inflammation

occurs, the body's white blood cells release
inflammatory mediators such as interleukins into
the blood or damaged tissues to protect against
foreign substances. The release of mediators
increases blood flow to the site of injury or
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infection, resulting in the apparent redness and
warmth. Globally, pain is a major health problem. "
It is estimated that one in every five adults suffers
from pain, and that one in every ten adults is
diagnosed with chronic pain each year. * Pain not
only reduces quality of life, but it also has
significant health and economic implications.
Unfortunately, the available analgesic drugs have a
variety of side effects, and the majority of them are
either excessively or under-potent. * It has been
noted that multimodal analgesia has a wide range
of intraoperative and postoperative applications. **
* Multimodal analgesia is the gold standard for
pain management since no one analgesic can treat
all forms of pain. ' Among the many factors that
contribute to the emergence of pain is the
inflammatory response. ¥ Effective postoperative
pain management is critical for encouraging
recovery and avoiding complications. Although
opioids have long been the cornerstone of surgical
pain therapy, the adverse effects reduce patient
satisfaction and lengthen hospital stays, which
raises treatment costs. """

Medicinal plants have long been recognized as a
rich source of new chemical compounds with
analgesic and antipyretic activities. " As a result,
research into plants with analgesic and anti-
inflammatory qualities is being conducted in quest
of novel and effective analgesic and anti-
inflammatory agents. """ More importantly, the
search for new analgesic compounds to use as
therapeutic alternatives is critical. "' P. Acuminata,
also known as Frangipani, is a flowering plant in
the Apocynaceae family (Dogbane family). The
plant is native to Nigeria and is distinguished by its
different colored pink (Plumeria rubra) and
yellow-white flowers (Plumeria acuminata). The
P acuminata species of interest is found
throughout tropical countries, including Nigeria.
Its leaves are oval-shaped, tapered at both ends, and
somewhat hard, with prominent leaf veins.
Frangipani flowers are fragrant and appear in
clusters at the ends of the branches. P. acuminata is
related to oleander (Nerium oleander), but unlike

oleander, it has no associated toxicity. Aside from
its use as an ornamental plant, P. acuminata has
been used in the treatment of a variety of diseases in
traditional medicine "". The plant material is widely
used as a purgative, diarrthoea remedy, and itch
treatment. The milky juice has been used to treat
inflammation and rheumatism. The bark has been
used to treat hard tumors, diarrhoea, and gonorrhea.
The flower is used as a form of contraception. "
This study looked at the analgesic and antipyretic
activities of an ethanol extract of P. acuminata
leaves in male Wistar rat pain models.

MATERIALS AND METHODS
Chemicals, Reagents and Drug

Enzyme-linked immunosorbent assay (ELISA)
kits for IL-1 and analytical grade acetaminophen
(PARACETAMOL) were purchased from GenAsia
Biotech Co. Ltd, Shanghai, China. A 10% low-odor
formalin solution containing 4% wt/vol
formaldehyde, 0.075 M sodium phosphate, 1.5%
wt/vol methanol, and phosphate buffer were used
for all experiments (Formalde-Fresh; Fisher
Scientific, Waltham, MA). All other chemicals
used were of analytical grade and purchased from
Sigma-Aldrich (St Louis, MO, USA).

Plant material and preparation of extract

P acuminata fresh leaves were collected from its
natural habitat in Sabon-gari Local Government
Area, Zaria, Kaduna State. Taxonomists from the
department of Botany at Ahmadu Bello University
identified and authenticated it at the
Herbarium, and voucher specimen number 131 was
deposited for reference. The leaves were
thoroughly washed with clean tap water and air-
dried at room temperature for 21 days before being

Zaria

mechanically ground to a fine powder in the mortar,
sieved, and stored in an airtight container in the
laboratory. Fifty-five grams (55 g) of powdered
plant leaf were extracted using a soxhlet extractor
after 48 hours of cool maceration in triplicate with
750 ml of ethanol. The extract was filtered using
Whatman's filter paper No.l and allowed to
evaporate completely in open air at room
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temperature. The obtained semisolid mass (18.4%)
was reconstituted in normal saline and served as the
crude extract for the current study. The extract's
percentage yield was calculated by dividing the
mass of the extract by the mass of the plant material
and multiplying by 100.""

Oral Acute toxicity test

The lethal dose (LD, of the plant fraction was
determined by the method of Lorke (1983)"“ using
12 rats and the median lethal dose (LD,,) was
calculated. This method consists of two phases
which are phases 1 and 2 respectively. Phase 1
required nine animals. The nine animals were
divided into three groups of three animals each.
Each group of animals were administered orally
different doses (10, 100 and 1000 mg/kg) of P.
acuminata leaf extract. The animals were observed
for 24 hours to assess their behavior as well as
morbidity and mortality. Phase 2 involved the use
of three animals, which were distributed into three
groups of one animal each. The animals were
administered higher doses (1600, 2900 and 5000
mg/kg) of P. acuminata leaf extract and then
observed for 24 hours to assess morbidity as well as
mortality. Then the LD50 was calculated by the
formula:

D,=Highest dose that gave no mortality,
D,,,=Lowest dose that produced mortality.

LDsg = (D X Dypg)

Experimental Animals and grouping

Apparently healthy male Wistar rats weighing 100
to 150 g purchased from the Department of
Veterinary Pharmacology and Toxicology,
Ahmadu Bello University Zaria, and housed in the
Department of Human Physiology, Ahmadu Bello
University, Zaria for 14 days of acclimatization
prior to the commencement of the experiments and
allowed access to animal feed and water ad libitum.
The animals were randomly grouped into
polyacrylic cages of five animals (n=5) per group

as follows: Group I (control) animals were orally
administered normal saline 0.9 mg/kg body weight.
Group II (standard drug) were treated with 150
mg/kg paracetamol. Group III were treated with
250 mg/kg of p. acuminata extract. Group IV were
treated with 500 mg/kg p. acuminata extract.
Group V were treated with 1000 mg/kg p.
acuminata extract. The Ahmadu Bello University
Committee on Animal Use and Care (ABUCAUC)
approved these experiments, with approval number
ABUCAUC/2022/047, which followed the
guidelines for the use of experimental animals. The
study was designed in such a way that the number
of animals used and pain experienced by the
animals was kept to a minimum. Efforts were made
to ensure that the animals did not suffer
excessively.

Experimental protocols

Acetic acid induced writhing test

The acetic acid-induced writhing test was
performed as previously described. "' Following
the administration of the extract, the animals were
intraperitoneally injected with 0.6% acetic acid
solution at a dose of 10 ml’kg and placed
individually in an observation cage for thirty
minutes. For each animal, the number of writhing
reflexes (characterized by a wave of abdominal
contraction and hind limb extension) was recorded
for 10 minutes after the Acetic acid injection.

Tail immersion test

The tail immersion test was performed using a
modified method described by Chopra et al"'”. The
rat's tail was immersed in a hot water bath at 52 °C +
1 °C until tail withdrawal (flicking response). The
reaction time (latency period) was measured using
astopwatch. "

7

Brewer's yeast-induced pyrexia

We used the previously described method to induce
pyrexia. " Pyrexia was induced by administering
20% w/v brewer's yeast subcutaneously near the
animal's nape at a dose of 10 mg/kg body weight. A
digital thermometer inserted 3 - 4 cm into the
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rectum was used to measure the temperature. A rise
in temperature of more than 1°C confirmed the
induction of pyrexia, and animals with a rise in
temperature of less than 0.6°C were excluded from
the study.

Assessment of Interleukin 1 (IL-1)

The IL-1 concentration was determined using the
Liu et al method. "' Blood was drawn immediately
after the last temperature readings were taken, and
the serum was separated by centrifugation and
stored at -80°C. IL-1 levels in serum were
determined using an ELISA Kit (GenAsia Biotech
Co. Ltd, Shanghai, China) according to the
manufacturer's instructions. The absorbance was
measured at 450 nm wavelength.

Data Analysis

The experimental data were pooled and expressed
as mean * standard error of mean. The results were
analyzed using one-way analysis of variance (95%
confidence interval) with the statistical package for
social sciences (SPSS Inc., Chicago, V.17.0). P <
0.05 was considered statistically significant.

RESULTS

Yield of successive extraction of leaves of P.
acuminata and Qualitative phytochemical
screening

The extraction yielded 18.4%. The
phytochemical analysis revealed the presence of
alkaloids, tannin steroids, flavonoids, saponin,
cardiac glycoside, and anthraquinone.

The acute toxicity test results

Experimental Dose Number
phase (mg/kg) of deaths in
24 hours
Phase I*
10 0/3
100 0/3
1,000 0/3
Phase II*
1,600 0/1
2,900 0/1
5,000 1/1

LDsq = (D X Dyge)

D, = Highest dose that gave no mortality,
D,,,=Lowest dose that produced mortality.

L95,=J(2900 X 5000)

LD,, = V2900 x 5000
=3807 mg/kg
~ 3.8 mg/kg

Acetic acid induced writhing test

Percentage inhibition of induced pain of peripheral
origin by the intraperitoneal injection of acetic acid
is presented in Table 1. Overall, the extract
administration delayed the onset of writhing in
mice in a dose-dependent manner. The extract
reduced the frequency of writhing in the groups of
animals that received 500 mg/kg and 1000 mg/kg
doses of the extract (13.50 + 1.55 and 10.50 +0.50,
respectively).

Tailimmersion test

The central analgesic activity of p. acuminata
assessed using the tail immersion test is presented
in Table 2. When compared to paracetamol, the
standard analgesic used in this study, and the
control, the extract did not produce
antinociception. However, when the rats were
given 1000 mg/kg of P. acuminata extract, a higher
threshold was observed.

Brewer's yeast-induced pyrexia

The results show that the extract has antipyretic
activity, as shown in Table 3. Following the
inhibition of IL-1, the rectal temperature was found
to have decreased in the group of animals given the
extract.
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Table 1: Effect of the ethanol extract of pacuminata

on acetic acid-induced writhing test in rats Table 2: Tail Flick Profile

Grouping Number of writhings Grouping Latency (Seconds)
Control 2100+ 1.00 Control 2.75%0.2
Paracetamol 25.00+3.21 Paracetamol 2.90+0.26
250 mg/kg 25.00 4 7.00 250 mg/kg 2.07+0.03*
500 mg/kg 13.50 = 1.55* 500 mg/kg 1.87£0.32*
1000 mg/kg 10.50 + 0.50* 1000 mg/kg 2.53+0.12
Table 3 : IL-1 Profile
Grouping 1U/L
Control 80.66 +2.99
Paracetamol 61.43 £8.4
250 mg/kg 167.64 + 14.37"
500 mg/kg 61.04 +5.28
1000 mg/kg 78.86 + 6.07
*In comparison to 250 mg/kg
40.5
40
39.5
E
= 39
=
= BControl
2385
E BParacetamol
; s 0250 mgrkg
g31s 0500 mg/kg
37 @1000 mg/kg
36.5
36 T T
Ohr Thr 2hr 3hr

Time
Figure 1: The effect of ethanol leaves extract of P acuminata on rectal

temperature in mice with Brewer's yeast-induced pyrexia.
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Figure 2: The effect of ethanol leaves extract of P acuminata on IL-1 activity in

mice with Brewer's yeast-induced pyrexia.
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DISCUSSION

Plants and plant parts are used in ancient African
folk medicines to treat various ailments, and they
are an important part of African traditional
medicine. Herbs are used in almost all ancient
civilizations to treat diseases and revitalize the
body system, according to research. "” In this
study, the antipyretic and antinociceptive effects of
ethanol leaves extract of P acuminata were
evaluated using writhing test, tail immersion test,
and yeast induced pyrexia Wistar rat models.

In our study, we observed that ethanol leaves
extract of P acuminata had antipyretic and
antinociceptive effects on yeast-induced pyrexia
animals by decreasing interleukin 1 (IL-1) levels in
a dose-dependent manner. In a related study ", the
acetic acid-induced writhing test was used, which
is a widely used classical animal model of pain
because acetic acid causes peritoneal
inflammation. Similarly, a study found that the
methanol extract of P acuminata has potent anti-
inflammatory activity in both acute and chronic
models. Carrageenan, on the other hand, was used
to cause paw oedema in the experimental animals.
" The tail flick or tail immersion test is used to
evaluate agents with central analgesic or
antinociceptive activity. According to the findings
of this study, P acuminata did not exert its
analgesic effects centrally.

Yeast-induced pyrexia (pathogenic fever) acts by
increasing prostaglandin synthesis and is thus one
of the useful models for evaluating the antipyretic
effect of plant materials. *” Because biomarkers
such as IL-1 and pathogenic fever are among the
characterized endogenous pyrogens, inhibition or
reduction of IL-1 levels, and restoration of an
abrupt increase in core rectal temperature within
the normal range, indicate antinociception and
antipyretic effects. “"! According to our findings,
ethanol extract of P. acuminata reduced elevated
body temperature when compared to the standard
drug paracetamol. The extract's possible
mechanism of antipyretic action could be

attributed to prostaglandin inhibition, similar to
paracetamol's mechanism of action by inhibiting
cyclo-oxygenase enzyme activity.”!" After
demonstrating that antipyretics suppress fever by
inhibiting prostaglandin synthetase, resulting in a
blockade of prostaglandin synthesis in the brain or
suppressing the rise of interleukin-1 production, it
was discovered that there are several mediators for
pyrexia, and inhibition of any one of the mediators
can be responsible for the antipyretic effect.""*”

Oral administration of P. acuminata ethanol extract
significantly restored the rectal temperature of
yeast-induced pyrexia in our experimental animals
to normal, and this effect is comparable to that of
the standard drug, paracetamol. As a result, we
hypothesize that the ethanol extract of P. acuminata
contains pharmacologically active analgesics that
interfere with prostaglandin release. This may be
due to the presence or synergistic action of the
various bioactive agents identified in the extract's
qualitative phytochemical analysis, particularly the
flavonoids and saponins. It has been demonstrated
that flavonoids, such as baicalin, have an
antipyretic effect that targets prostaglandins, which
are responsible for pyrexia, and accomplishes this
by suppressing TNF-a.” * Furthermore, related
compounds inhibit the peroxidation of arachidonic
acid, resulting in a reduction in prostaglandin levels
and, as a result, a reduction in fever and pains.. "
Our findings are consistent with other similar
studies”*”, in which flavonoids and saponins are
thought to work synergistically to exert the
observed pharmacological activity against
prostaglandin release.

CONCLUSION

Our findings show that ethanol leaves extract of P
acuminata reduces pyrexia by inhibiting the
release of the inflammatory mediator IL-1, which
may be associated with the suppression of
pathogenic fever. The findings shed light on the
potential clinical benefits of the extract for the
treatment of painful conditions and inflammatory
fever, as it has potential anti-inflammatory and
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analgesic properties.
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