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Abstract

Background: Tetracera alnifolia Willd. (Dilleniaceae) is
used in traditional African Medicine for the treatment of
headache, abdominal pain, and rheumatism. Hence, this
study sought to investigate the antinociceptive and anti-
inflammatory effects of the hydroethanolic leaf extract of
T. alnifolia (HeTA) in rodents.

Methods: Antinociceptive activity was evaluated using
the acetic acid-induced writhing, formalin-/capsaicin-
induced paw licking and hot plate tests in mice. The con-
tribution of opioidergic, L-arginine-nitric oxide, and ATP-
sensitive potassium channel pathways in HeTA-induced
antinociception was also evaluated. The anti-inflamma-
tory effect was assessed using the carrageenan-induced
paw edema, xylene ear edema, cotton pellet granuloma,
and complete Freund’s adjuvant (CFA)-induced arthritis
in rats.

Results: HeTA (100, 200, and 400 mg/kg, p.o.) produced
significant (p<0.05) decrease in mean number of acetic
acid-induced writhing, time spent licking paw in forma-
lin, and capsaicin tests as well as time course increase
in nociceptive reaction latency in hot plate test. HeTA-
induced antinociception was prevented by pretreatment
of mice with naloxone (non-selective opioid receptor
antagonist), L-arginine (nitric oxide precursor), or gliben-
clamide (ATP-sensitive potassium channel blocker). HeTA
(100 mg/kg, p.o.) produced a significant anti-inflamma-
tory effect against carrageenan-induced rat paw edema
(1-5 h), xylene-induced ear edema, cotton pellet-induced
granuloma formation, and CFA-induced arthritis in rats.
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The effects of HeTA in various models were similar to the
effect of the standard reference drugs.

Conclusions: Findings from this study showed that
HeTA possesses antinociceptive effect possibly mediated
through peripheral opioid receptors with activation of
L-arginine-nitric oxide and ATP-sensitive potassium chan-
nel pathway as well as anti-inflammatory activity.

Keywords: ATP-sensitive potassium channel; inflamma-
tion; L-arginine nitric oxide; nociception; opioid; receptor.

Introduction

Inflammation is a major cause of morbidity throughout
the world [1]. If untreated, it may lead to various associ-
ated diseases like arthritis and atherosclerosis [2]. The
management of inflammatory disorders involves the use
of non-steroidal anti-inflammatory drugs (NSAIDs), corti-
costeroids, and disease-modifying anti-rheumatic drugs.
Although NSAIDs are very effective, their use is associ-
ated with a broad spectrum of adverse reactions in the
liver, kidney, cardiovascular system, skin, and gut [3].
Several Nigerian medicinal plants have been reported
to exert notable antinociceptive and anti-inflammatory
activities without producing considerable untoward
effects [4, 5]. Despite the availability of a substantial
number of potent synthetic drugs, medicinal plants are
still playing a key role in the discovery of novel and effec-
tive drug molecules [6].

Tetracera alnifolia Willd. (Dilleniaceae) is a wild plant
found in West African forest as well as Gulf of Guinea and
Cameroon [7]. In Ivory Coast, the plant is believed to have
high therapeutic value in the treatment of pain. Leafy twigs
are grind and mixed into a paste with palm oil for appli-
cation in headache, abdominal pain, and rheumatism,
etc. [7]. An alcoholic macerate of leafy twigs in palm wine
is used in the treatment of asthma and pyrexia in Ivory
Coast. Leaves crushed with salt and pimento are taken as
an aphrodisiac [8]. In Zaire, the young leaves are eaten as
a vegetable [7]. Based on the folkloric uses of T. alnifolia in
the management of painful and inflammatory conditions,
this study was carried out to evaluate the antinociceptive
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and anti-inflammatory potentials of the leaf extract of
T. alnifolia using validated experimental models in vivo.

Materials and methods
Plant material

The fresh leaves of T. alnifolia were collected from Abatadu Village,
Ikire, Osun state. The leaves were identified by Mr O. O. Oyebanji, a
forestry expert of the herbarium section, and authenticated by Prof.
J. D. Olowokudejo, both in the Department of Botany, University of
Lagos, Akoka, Lagos State, Nigeria. A voucher specimen number LUH
6521 was deposited in the herbarium for reference.

Preparation of plant extract

Fresh leaves of T. alnifolia were air dried at room temperature for
4 days and pulverized into powder. The powdered plant material
(201 g) was extracted by maceration in 70% v/v ethanol in water for
72 h and then filtered, and the procedure was repeated for exhaus-
tive extraction. The filtrate was evaporated under reduced pressure
at 40 °C in a Buchi rotary evaporator (R-100, BUCHI Labortechnik
AG, Flawil, Switzerland), and the residue was oven dried at 40 °C to
give a dark brown hydroethanolic extract. The extract yield per gram
of dried powdered leaves was 11.99% w/w.

Experiment animals

Male albino rats (140-170 g) and male albino mice (17-23 g) used in
this study were obtained from the Laboratory Animal Centre, College
of Medicine, University of Lagos. The animals were maintained in
propylene cages in a 12 h light-dark cycle, with free access to feed
(Livestock feeds, Ikeja, Nigeria) and water. The experimental pro-
cedures used in this study were approved by the Research Grants
and Experimentation Ethics Committee of the College of Medicine,
University of Lagos, Lagos, Nigeria (CM/COM/8/Vol. XXXII) and
in accordance with the United States National Institutes of Health
Guidelines for Care and Use of Laboratory Animals in Biomedical
Research [9].

Drugs and chemicals

Bovine serum albumin, ethanol, 2,2-diphenyl-1-picrylhydrazyl
(DPPH), Folin-Ciocalteu reagent, gallic acid, rutin, aluminum
chloride, ascorbic acid, hydrochloric acid, dimethylsulfoxide, com-
plete Freund’s adjuvant (CFA), carrageenan, glacial acetic acid,
formalin, potassium ferric cyanide, iron (II) sulfate, L-arginine,
NC-nitro-L-arginine, naloxone, and diclofenac sodium were obtained
from Sigma Aldrich (St. Louis, MO, USA), xylene from Alfa Aesar
GmbH & Co. (Karlsruhe, Germany) and celecoxib from Pfizer
Pharmaceutical (Karlsruhe, Berlin, Germany).
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Preliminary phytochemical screening

The preliminary qualitative and quantitative phytochemical analyses
were carried out using the methods of Harbone [10] and Kim et al. [11].

In vitro antioxidant assays

The in vitro antioxidant assays were carried out using 1 mg/mL of leaf
extract in 95% methanol followed by serial dilutions. The 1,1-diphe-
nyl-2-picryl-hydrazyl radical scavenging assay was carried out using
the method of Atsumi et al. [12], and the nitric oxide scavenging assay
was evaluated using the protocol of Leone et al. [13], whereas the fer-
ric ion reducing capacity was evaluated using the procedure of Aiye-
goro et al. [14].

Acute toxicity test

The acute toxic effect of T. alnifolia was determined using the fixed
dose protocol of the Organization of Economic Co-operation and
Development guidelines for testing of chemicals, TG,,, [15] for
oral administration. Eleven female mice were given T. alnifolia
(250 mg/kg, p.o., n=1; 2000 mg/kg, p.o., n=>5; and 5000 mg/kg,
p.o., n=5), and the same procedure was repeated for intraperitoneal
administration of the extract. Behavioral signs of toxicity and mortal-
ity were observed following T. alnifolia administration during the first
30 min, then for the second, fourth, sixth hour, and once daily for
14 days for delayed toxicity or mortality.

Effect of treatment on spontaneous locomotor activity

The effect of HeTA (5000 mg/kg, p.o.; 500, 1000, and 2000 mg/kg,
i.p.) on spontaneous locomotor activity was evaluated using the
open field test, 1 h post-treatment. Briefly, the open field is an arena
with walls to prevent escape. The field is marked with grid and
square crossings. The lines divide the floor into sixteen 18 x18 cm
squares with a drawn central square (18 X 18 cm) in red. Each mouse
was placed in the center and allowed to explore for 60 s and then
observed for 3 min. The open field was cleaned between usages by
each mouse using 10% v/v ethanol. The line crosses (frequency with
which the mice crossed one of the grid lines with all four paws) were
in 5 min after 1 min of habituation were recorded as an index of loco-
motor activity [16].

Antinociceptive assays

Acetic acid-induced mouse writhing test: Thirty-six male albino
mice (17-23 g) were divided into six groups of six animals each. Group
1: vehicle (10 mL/kg, p.o., normal saline), Groups 2-5: HeTA (50,
100, 200, or 400 mg/kg, p.o.), respectively, and Group 6: diclofenac
(100 mg/kg, p.o., reference standard). One hour after drug adminis-
tration, acetic acid (10 mL/kg, i.p., 0.6% v/v, in normal saline) was
administered. The number of writhes (characterized by contraction
of the abdominal musculature and extension of the hind limbs) was
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then counted for 30 min at 5 min intervals [4, 16]. A reduction in the
number of writhes is an indication for antinociceptive property.

Formalin-induced nociceptive test: Mice that fasted overnight were
divided into six groups (n=6). Group 1: vehicle (10 mL/kg, p.o., nor-
mal saline), Groups 2-5: HeTA (50, 100, 200, or 400 mg/kg, p.o.),
respectively, and Group 6: morphine sulfate (5 mg/kg, s.c.). Sixty
minutes after oral drug treatment or 30 min after subcutaneous
injection of morphine, formalin (100 uL of 1% solution) was injected
subcutaneously into the right hind paw of each mouse. The time (in
seconds) spent in licking and biting responses of the injected paw,
indicative of pain, was recorded between 0—5 min (first phase) and
15-30 min (second phase) after formalin injection [4, 17]. The reac-
tion time of the animals was compared with vehicle-treated control
group and expressed as percent inhibition.

Capsaicin-induced nociceptive test: The method used was similar
to that of formalin test. Mice that fasted overnight were divided into
six groups (n=6). Group 1: vehicle (10 mL/kg, p.o., normal saline),
Groups 2-5: HeTA (50, 100, 200, or 400 mg/kg, p.o.), respectively,
and Group 6: morphine sulfate (5 mg/kg, s.c.). Sixty minutes after
oral administration or 30 min after subcutaneous injection of mor-
phine, capsaicin (100 uL; 2 mg/mL) was injected subcutaneously
into the right hind paw of each mouse. The time (in seconds) spent in
licking and biting responses of the injected paw, indicative of pain,
was recorded between 0-5 min (first phase) and 15-30 min (second
phase) after capsaicin injection. The reaction time of the animals was
compared with vehicle-treated control group and expressed as per-
cent inhibition [18].

Hot plate test: The central antinociceptive effects of the hydroeth-
anolic leaf extract of T. alnifolia (HeTA) was investigated using the
hot plate test in accordance with the method described by Eddy and
Leimbach [19]. Mice (18-23 g; n=6) used in this experiment were ini-
tially screened by placing the animals in turn on a hot plate (Elec-
trothermal Eng. Ltd.; catalogue number MH8514B; serial number
10021249) set at 55+1 °C, and animals that failed to jump or flinch
their paw within 5 s were discarded. Prior to treatment, the reaction
time of each mouse was recorded at O and 15 min intervals. The aver-
age of the two readings was taken as the initial reaction time. Ani-
mals were divided into six groups of six mice each: Group 1: normal
saline, vehicle (10 mL/kg, p.o.); Groups 2-5: HeTA (50, 100, 200, or
400 mg/kg, p.o.), respectively; and Group 6: morphine (5 mg/kg, s.c.).
Nociceptive responses were recorded 30, 60, 90, 120, and 150 min
post-treatment. A cut off time of 10 s was observed to prevent tissue
damage [19].

Elucidation of mechanism(s) of antinociceptive activity: To elu-
cidate the possible mechanism of action, HeTA (100 mg/kg, p.o.)
[selected being the most active dosage in most paradigms] was
administered 15 min after the administration of the various receptor
antagonists.

Involvement of opioid pathway: The involvement of opioider-
gic pathway in the antinociceptive action of T. alnifolia was inves-
tigated through subcutaneous injection of naloxone (5 mg/kg,
non-selective opioid receptor antagonist) [20, 21], 15 min before HeTA
(100 mg/kg, p.o.), and after 1 h, acetic acid (10 mL/kg, i.p., 0.6% v/v
in normal saline).
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Involvement of L-arginine-nitric oxide pathway: The role of
L-arginine-nitric oxide pathway in T. alnifolia-induced antinocicep-
tion was evaluated through pretreatment of mice with L-arginine
(750 mg/kg, i.p., nitric oxide precursor) and 15 min later, they
received HeTA (100 mg/kg, p.o.) or vehicle (10 mL/kg, p.o.), and
1 h post treatment the acetic acid writhing test was carried out.
In another study, mice were pretreated with N¢-nitro-L-arginine
(10 mg/kg, i.p.; nitric oxide synthase inhibitor), and after 15 min,
the animals received HeTA (100 mg/kg, p.o.) or vehicle (10 mL/kg,
p.o.). One hour post treatment, the acetic acid writhing test was
conducted [22].

Involvement of ATP-sensitive potassium channels: The involve-
ment of ATP-sensitive potassium channels in HeTA-induced antin-
ociception was investigated through pretreatment of mice with
glibenclamide (10 mg/kg i.p.; an ATP-sensitive potassium channel
inhibitor) [23]. Fifteen minutes later, HeTA (100 mg/kg, p.o.) was
administered and 1 h later, acetic acid-induced nociception test was
carried out.

Anti-inflammatory activity

Carrageenan-induced paw edema test: The carrageenan-induced
paw edema paradigm was carried out using the protocol of Win-
ter et al. [24]. The initial right hind paw diameter of male rats
(140-170 g) was determined using a vernier caliper. The animals
were divided into five groups of five rats each and treated as fol-
lows: Group 1: normal saline, vehicle (10 mL/kg, p.o.), Groups 2—4:
HeTA (100, 200, or 400 mg/kg, p.o.), respectively, and Group 5:
diclofenac (100 mg/kg, p.o.). One hour post-treatment, 100 uL of
carrageenan (1% w/v in normal saline) was injected into the right
hind paw. The changes in paw size were recorded at 1, 2, 3, 4, 5, and
6 h after carrageenan injection (indicated the severity of edema).
The percent inhibition of edema was determined for each animal in
comparison to vehicle-treated controls [4].

Xylene-induced ear edema: Mice were allotted to five groups of
five animals each: Group 1: normal saline, vehicle (10 mL/kg, p.o.),
Groups 2-4: HeTA (100, 200, or 400 mg/kg, p.o.), respectively, and
Group 5: diclofenac (100 mg/kg, p.o.). Thirty minutes post-treatment,
edema was induced in each mouse by applying 30 pL of xylene to the
inner surface of the right ear. Fifteen minutes later, the animals were
killed under ether anesthesia, and then both ears were cut off, sized,
and weighed. The mean of the difference between the right and left
ears was determined for each group [4].

Cotton pellet-induced granuloma: Male rats (150-170 g) were
anaesthetized by intraperitoneal injection of chloral hydrate
(400 mg/kg). The groin region was carefully shaved and incised, and
20 mg of sterile cotton pellets was implanted on either sides of the
groin region. The animals were thereafter divided into five groups
of five rats each and treated for eight consecutive days with normal
saline, vehicle (10 mL/kg, p.o.), HeTA (100, 200, or 400 mg/kg, p.o.),
or celecoxib (30 mg/kg, p.o.). The rats were sacrificed under ether
anesthesia on day 9, and the cotton pellets were removed, freed from
extraneous tissue, weighed, and dried to a constant weight at 40 °C.
The mean weights of wet and dried cotton pellet were recorded for
each group [5, 25].
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CFA-induced arthritis: Unilateral arthritis was induced by intra-
plantar injection of CFA into the right hind paw. The CFA contained
heat-killed Mycobacterium tuberculosis suspended in paraffin oil
(1 mg/mL; F5881, Sigma Aldrich, St. Louis, MO, USA). Test animals
received 100 pL CFA, and vehicle-treated control were injected with
the same volume of saline. One hour post-CFA injection, animals
were divided into five groups of six rats each and treated for 21 days
as follows: Group 1: normal saline, vehicle (10 mL/kg, p.o.), Groups
2-4: HeTA (100, 200, or 400 mg/kg, p.o.), respectively, and Group 5:
celecoxib (30 mg/kg, p.o.). CFA-induced unilateral paw arthritis at
the site of injection. The inflammatory reaction to CFA was assessed
by measuring paw diameter with the aid of a vernier caliper on days
4, 8, 12, 16, and 20. Edema was defined as the difference between
the size of CFA-injected paw and the contralateral hind paw [26].

Results

Preliminary phytochemical analysis of HeTA

The results of the preliminary qualitative phytochemi-
cal analysis of HeTA revealed the presence of flavonoids,
alkaloids, phenols, saponins, tannins, anthraquinones,
steroids, and phlobatanins. Moreover, the equivalents
of total phenolic content, total flavonoid content, and
total antioxidant capacity of HeTA were 15.15+0.54 mg
GAE/100 g, 6.41+0.13 mg RE/100 g, and 68.88+0.17 mg
GAE/100 g, respectively (GAE: gallic acid equivalent; RE:
rutin equivalent).

In vitro free radical scavenging assay

The hydrogen donating ability of HeTA was determined
by DPPH free radical. The values for mean inhibitory
concentrations (IC, ) obtained for DPPH assay were 41.00
and 51.50 pg/mL for HeTA and ascorbic acid, respectively.
The results showed that the hydrogen donating ability
of HeTA was lower than that of AA. In another series of
experiments, the nitric oxide scavenging effect of HeTA
was assayed. The (IC, ) for HeTA and ascorbic acid were
61.00 and 41.50 ug/mL. Ferric ion reducing power assay
measures the electron donating capacity of an antioxi-
dant. The absorbance measured at 700 nm of the resultant
blue-green-colored solution is proportional to the amount
of Fe** in the system. An effective concentration (EC, ) is
88.00 and 65.50 ug/mL of HeTA and AA, respectively.

Acute toxicity tests

Acute oral administration of HeTA up to 5000 mg/kg
neither induced toxic behaviors nor mortality. However,
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intraperitoneal injection of the extract produced a median
lethal dose (LD, ) of 467 mg/kg.

Effect on spontaneous locomotor activity

In the open field test, oral administration of HETA
(5000 mg/kg) produced no significant change in sponta-
neous motor activity. However, intraperitoneal injection
of HeTA (500, 1000, or 2000 mg/kg) produced significant
and dose dependent decrease in the spontaneous motor
activity (Table 1) confirming its toxicity when adminis-
tered parenterally.

Acetic acid-induced mouse writhing test

As shown in Figure 1, intraperitoneal injection of acetic
acid caused 75.40%1.56 abdominal constrictions over
a period of 30 min. However, pretreatment of mice with

Table 1: Effect of HeTA treatment on spontaneous motor activity in
open field test.

Treatments No. of line crosses
Vehicle 10 mL/kg 69.60+9.522
HeTA 5000 mg/kg, p.o. 61.40+18.73
HeTA 500 mg/kg, i.p. 31.20£14.90°
HeTA 1000 mg/kg, i.p. 8.60+2.98"
HeTA 2000 mg/kg, i.p. 3.50+0.50°

HeTA, hydroethanolic leaf extract of T. alnifolia. Values are

expressed as mean+ SEM (n=5); 2p <0.05; ®p <0.001 vs. vehicle

control-treated, one-way ANOVA followed by Tukey’s post hoc

multiple comparison test.

100
80
60

40 4

20 1

Number of writhes, 30 min

Figure 1: Effect of HeTA on acetic acid-induced mouse writhing.
Values are expressed as mean = SEM (n=6).p < 0.001 vs. vehicle
control-treated; *p <0.001 vs. HeTA 50 mg/kg; *p <0.001 vs. HeTA
400 mg/kg using one-way ANOVA followed by Tukey’s post hoc
multiple comparison test.
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HeTA (50, 100, 200, or 400 mg/kg) 1 h before intraperi-
toneal injection of acetic acid produced significant [F(5,
36)=230.70, p<0.001] inhibition of writhes by 50.60%,
73.70%, 54.60%, and 49.60%, respectively. Diclofenac pro-
duced 71.00% inhibition of writhes, which was similar to
the effect of HeTA (100 mg/kg; 73.70%).

Formalin-induced nociceptive test

Intraplantar injection of formalin into the right hind paw of
mice produced a biphasic biting or licking behavior of the
injected paw. Oral administration of HeTA (50, 100, 200,
or 400 mg/kg) significantly reduced the duration of paw
licking by 49.50%, 68.30%), 62.20%, and 44.30%, respec-
tively, relative to vehicle-treated control in the early phase
(0-5 min). The decrease in paw licking time (83.30%) pro-
duced by morphine was significantly higher than that of
HeTA 100 mg/kg (Figure 2A). Moreover, one-way ANOVA
revealed significant effect of treatment [F(5, 30)=533.00,
p<0.0001]. Post hoc analysis showed an inverted U dose-
related effect of HeTA, with peak effect seen at 100 mg/kg.
As shown in Figure 2B, pretreatment of mice with HeTA
produced significant inverted U-dose related inhibition
of formalin-induced inflammatory pain (second phase) in
mice. HeTA (50, 100, 200, and 400 mg/kg) treatment inhib-
ited formalin-induced nociception by 52.70%, 72.40%,
61.00%, and 54.00%, respectively. Subcutaneous injec-
tion of morphine reduced the paw licking time by 91.50%.
In addition, one-way ANOVA showed significant effect of
HeTA or morphine treatment in the second phase [F(5,
30) =497.00, p<0.0001] (Figure 2B).

Capsaicin-induced nociceptive test

Intraplantar injection of capsaicin into the right hind
paw of mice produced a biphasic biting or licking behav-
ior of the injected paw (103.40 +1.69 s; early phase) and
(95.60 +1.63 s; late phase). Oral administration of HeTA
(50, 100, 200, and 400 mg/kg) significantly reduced the
duration of paw licking by 44.88%, 64.60%, 58.60%,
and 48.28%, respectively, relative to vehicle-treated
control in the early phase (0-5 min), which was com-
paratively similar to the effect of diclofenac (71.70%)
but lower than morphine (83.50% inhibition). One-way
ANOVA revealed significant effect of treatment [F(6,
54)=538.9, p<0.001] (Table 2). In addition, HeTA (50,
100, 200, and 400 mg/kg) produced 55.20%, 67.30%,
62.30%, and 50.62% inhibition of capsaicin-induced
nociception in the late phase (15-30 min), respectively.
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Figure 2: Effect of HeTA on formalin-induced paw licking in mice: (A)
early phase and (B) late phase of nociception.

Values are expressed as mean+SEM (n=6).°p < 0.001 vs. vehicle
control-treated; ¥p <0.001 vs. HeTA 50 mg/kg; *p <0.001vs. HeTA
400 mg/kg; *p <0.001vs. HeTA 100 mg/kg using one-way ANOVA
followed by Tukey’s post hoc multiple comparison test.

This effect is similar to that of diclofenac (74.00%) but
lower than that of morphine (90.30%). One-way ANOVA
showed significant effect of treatment in the second
phase [F(6, 54) =538.9, p <0.0001] (Table 2).

Hot plate test

The placement of vehicle-treated control mice on the
hot plate elicited nociceptive reaction. Two-way ANOVA
showed significant effect of treatment [F(5, 144)=33.36,
p<0.001] (Table 3). Pretreatment of mice with HeTA (50,
100, 200, and 400 mg/kg) produced significant (p < 0.05,
p<0.01, p<0.001) and time course increase in reaction
time, which peaked at 100 mg/kg (14.40% maximum
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Table 2: Effect of HeTA on capsaicin-induced pain in mice.
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Treatment, mg/kg

Early phase (0-5 min)

Late phase (15-30 min)

Licking time, s

Inhibition, %

Licking time, s Inhibition, %

Vehicle 10 mL/kg 103.40+1.69

HeTA 50 57.00+2.000°
HeTA 100 36.60+3.07%°
HeTA 200 42.80+£2.354°
HeTA 400 53.47+2.76¢
Morphine 5 17.00+£0.95%¢
Diclofenac 100 29.20+0.582

95.60+1.63
44.88 42.80+2.48° 55.20
64.60 31.20+1.463%0 67.30
58.60 36.00+1.7322 62.30
48.28 47.55%£3.23° 50.62
83.50 9.20+0.66%¢ 90.30
71.70 24.80+1.59° 74.00

HeTA, hydroethanolic leaf extract of T. alnifolia. Values are mean+SEM (n=6); 2p <0.001 vs. vehicle control-treated; ®p <0.001 vs. HeTA
50 mg/kg; °p<0.01vs. HeTA 100 mg/kg treated, using one-way ANOVA followed by Tukey’s post hoc multiple comparison test.

Table 3: Effect of HeTA on hot plate-induced nociception in mice.

Treatment, mg/kg 0 min 30 min 60 min 90 min 120 min 150 min
Vehicle, mL/kg 1.86+0.26 1.30+0.04 1.28+0.18 1.12+0.10 1.401+0.24 1.37+0.10
Morphine 5 1.87+0.12 6.10£0.50° 5.240.49¢ 3.914+0.44¢ 3.141+0.22¢ 2.041+0.27
(52%) (41.40%) (25%) (15.60%) (2%)

HeTA 50 1.81+0.32 2.20+0.25¢ 2.16+0.24¢ 2.04+0.27¢ 1.81+£0.25¢ 1.41+0.09
(4.80%) (4.30%) (2.80%) (0.00%) (4.80%)

HeTA 100 1.81+0.32 2.90+0.18%¢ 3.04+0.15% 2.47+0.23b¢ 1.56+0.16¢ 1.431+0.17
(13.30%) (14.40%) (8%) (3.00%) (4.60%)

HeTA 200 1.61+0.15 2.50+0.24° 2.23+0.15 1.96+0.18 1.62+0.18 1.37+0.08
(10.60%) (7.30%) (4.10%) (0.11%) (0.00%)

HeTA 400 1.90+0.23 2.40+0.09° 2.50+0.12° 2.20+£0.67 1.70+0.10 1.50+0.23
(5.20%) (7.40%) (3.70%) (-2.40%) (4.90%)

HeTA, hydroethanolic leaf extract of T. alnifolia. Values are mean+SEM (n=6); 2p <0.05; ®p < 0.01; °p < 0.001 vs. vehicle control-treated;
4p<0.001vs. morphine using two-way ANOVA followed by Tukey’s post hoc multiple comparison test.

possible effect) at 60 min. Post hoc analysis revealed that
the antinociceptive effect of HeTA was significantly lower
than that of morphine (5 mg/kg) as shown in Table 3.

Elucidation of mechanism of HeTA-induced
antinociception in mice

Involvement of opioidergic system

The results depicted in Figure 3 show that the pretreat-
ment of mice with naloxone (5 mg/kg, s.c.) prevented
the antinociceptive effect elicited by HeTA (100 mg/kg)
in writhing test. Two-way ANOVA revealed significant
effect of HeTA treatment [F(1, 16)=172.2, p<0.0001],
naloxone pretreatment [F(1, 16)=141.8, p<0.0001],
and naloxone pretreatment x HeTA treatment interac-
tion [F(1, 16)=215.1, p<0.0001]. Similarly, Tukey’s post
hoc test showed that the antinociceptive effect of HeTA
in writhing test was significantly (p <0.001) blocked by
naloxone.

100 - B Vchicle 10 mL/kg

k= NAL 5 mg/kg
E 80 - #
o -
on —
g 60 -
£
5 40 -
o) c
o
E 204
z

0 -

Vehicle HeTA 100

Figure 3: Effect of naloxone on HeTA-induced antinociception in
acetic acid-induced writhing test.

Values are expressed as mean = SEM (n=6). p<0.001 vs. vehicle
control-treated, *p <0.001 vs. HeTA 100 mg/kg, using two-way
ANOVA followed by Tukey’s post hoc multiple comparison test.

ATP-sensitive K* channel pathway involvement

Pretreatment of mice with glibenclamide (10 mg/kg;
ATP-sensitive K* channels blocker, i.p.) prevented the
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Figure 4: Effect of glibenclamide on HeTA-induced antinociception
in the acetic acid-induced writhing test.

Values are expressed as mean+SEM (n=6). °p<0.001 vs. vehicle
control-treated, #p <0.001vs. glibenclamide using two-way ANOVA
followed by Tukey’s post hoc multiple comparison test.

antinociceptive effect elicited by HeTA in the mouse writh-
ing assay. Two-way ANOVA revealed significant effects of
HeTA treatment [F(1, 16)=116.4, p<0.0001], glibencla-
mide pretreatment [F(1, 16)=70.75, p<0.0002], and glib-
enclamide pretreatmentxHeTA treatment interaction
[F(1, 16)=97.78, p<0.0001] (Figure 4). Post hoc analysis
showed that the reduction in number of writhes induced
by HeTA was blocked by glibenclamide.

Involvement of L-arginine-nitric oxide pathway

The pretreatment of mice with L-arginine (750 mg/kg;
nitric oxide synthase precursor) prevented the antino-
ciceptive effect elicited by HeTA (100 mg/kg) in writh-
ing test. Two-way ANOVA revealed significant effects of
HeTA treatment [F(1, 16) =140.1, p<0.0001], L-arginine
pretreatment [F(1, 16)=96.63, p<0.0001], and L-argi-
nine pretreatment x HeTA treatment interaction [F(1,
16) = 85.46, p < 0.0001] (Figure 5A). In addition, Tukey’s
post hoc test showed that the antinociceptive effect
of HeTA in writhing test was significantly (p<0.001)
blocked by L-arginine (Figure 5A). The pretreatment of
mice with NC-nitro-L-arginine (10 mg/kg; nitric oxide
synthase inhibitor, i.p.) did not affect HeTA-induced
antinociceptive effect in the mouse writhing assay.
Two-way ANOVA revealed a main effect of HeTA treat-
ment [F(1, 16)=363.3, p<0.0001], but not NC-nitro-
L-arginine pretreatment [F(1, 16)=0.001, p=0.9816]
nor NC-nitro-L-arginine pretreatment x HeTA treatment
interaction [F(1, 16) =0.180, p=0.7996]. Post hoc analy-
sis indicated that the effect of HeTA was not blocked by
NO-nitro-L-arginine (Figure 5B).
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Figure 5: Effect of (A) L-Arginine or (B) L-nitro-arginine on HeTA-
induced antinociception in the acetic acid writhing test.

Values are expressed as mean+SEM (n=6). p <0.001 vs. vehicle
control-treated, ¥p <0.001 vs. HeTA 100 mg/kg using two-way
ANOVA followed by Tukey’s post hoc multiple comparison test.

Carrageenan-induced rat paw edema

The intraplantar injection of carrageenan in rats induced
edema. The increase in paw size was evident 1 h after
injection of carrageenan (0.32+0.04 cm) and reached
its peak at the second hour (0.68+0.08 cm), which was
sustained for 4 h (0.64+0.03 cm). However, carrageenan-
induced paw edema was reduced by pretreatment of rats
with HeTA (200 or 400 mg/kg) with peak effects, 59.38%
and 65.63%, recorded 4 h post-carrageenan injections. As
expected, diclofenac inhibited carrageenan-induced paw
edema by 60.94%. Moreover, two-way ANOVA revealed sig-
nificant effects of treatments [F(5, 120) =3.036, p=0.0129)]
(Figure 6). Post hoc analysis showed that HeTA (200 and
400 mg/kg) produced significant time course inhibition of
carrageenan-induced edema in rats.

Xylene-induced ear edema

As shown in Figure 7, xylene application to the ear increased
the weight of the mouse ear suggestive of edema formation.
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Figure 6: Effect of HeTA against carrageenan-induced rat paw edema.
Values are expressed as mean+ SEM (n=5). ?p<0.05; p<0.01

vs. vehicle-treated control. Statistical level of significance

analysis by two-way ANOVA followed by Tukey’s post hoc multiple
comparison test.
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Figure 7: Effect of HeTA against xylene-induced ear edema in mice.
Values are expressed as the mean+SEM (n=6); ‘p<0.001 vs.
vehicle-treated control. Level of significance analysis by one-way
ANOVA followed by Tukey’s post hoc multiple comparison test.

However, the pretreatment of mice with HeTA (100, 200, or
400 mg/kg) produced significant [F(4, 19)=20.14, p<0.001]
inhibition of ear edema by 46.67, 44.00% and 60.00%,
respectively, when compared with vehicle-treated group.
Prednisolone (a known steroidal anti-inflammatory drug)
also significantly reduced the ear edema (46.67% inhibition).

Cotton pellet-induced granuloma pouch

The granuloma tissue formation is a feature of chronic
inflammation. As shown in Figure 8, subcutaneous
cotton pellet implantation produced granuloma. HeTA
(100 mg/kg) or celecoxib (COX-2 inhibitor; standard anti-
inflammatory agent) exhibited significant (p<0.05)
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Figure 8: Effect of HeTA on cotton pellet-induced granuloma formation
in rats: (A) wet granuloma weight and (B) dried granuloma weight.
Values are expressed as the mean+SEM (n=6); "p <0.05 vs.

vehicle-treated control. Level of significance analysis by one-way
ANOVA followed by Tukey’s post hoc multiple comparison test.

inhibition of both wet and dry granuloma formation
(Figure 8A, B). HeTA (100 mg/kg) reduced wet and dry
granuloma by 43.75% and 55.07%, respectively, while
celecoxib reduced the formation of wet and dry granu-
loma by 50.00% and 56.02%.

CFA-induced arthritis in rats

The intraplantar administration of CFA produced signifi-
cant (p<0.05) increase in the paw size in arthritic control
rats when compared with normal control rats. Two-way
ANOVA revealed significant effects of treatments [F(4,
118)=13.08, p<0.01]. In the first week after adjuvant
injection, the increase in paw size (3.28 +0.18 mm; day 4)
was significantly (p <0.01) reduced by oral administration
of HeTA (100 and 200 mg/kg). The anti-arthritic effect of
HeTA peaked on day 20 with 55.59% [2.24-folds] inhibition
of edema at 400 mg/kg (Figure 9), which was similar to
the effect of celecoxib with 51.73% [1.87-folds].
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Figure 9: The effect of daily oral administration of HeTA against
CFA-induced arthritis in rats.

Values are expressed as mean+ SEM (n=6), ?p<0.05, ’p<0.01
vs. vehicle-treated arthritic rats. Level of significance analysis by
two-way ANOVA followed by Tukey’s post hoc multiple comparison
test.

Discussion

The results obtained from this study showed that the
HETA possessed antinociceptive and anti-inflammatory
activities in well-characterized models of pain and inflam-
mation in rodents. The extract produced antinociceptive
effect through reduction of mean number of writhes in
acetic acid-induced writhing, paw licking in formalin, and
capsaicin models as well as time course increase in pain
threshold or reaction time in hot plate test. This effect was
prevented by naloxone (opioid receptor antagonist), glib-
enclamide (ATP-sensitive potassium channel blocker) and
L-arginine (precursor of nitric oxide). Similarly, T. alnifolia
produced anti-inflammatory effect by decreasing the
swelling in carrageenan- and xylene-induced edema;
inhibition of granulocyte infiltration in cotton pellet-
induced granuloma as well as reduction of CFA-induced
chronic inflammation in rats.

Acetic acid-induced writhing test is a widely used
model to investigate peripheral antinociceptive effect of
a drug. Intraperitoneal injection of acetic acid increases
pain mediators, such as prostaglandins, histamine,
serotonin, substance P, and cytokines [27, 28]. Thus,
increasing vascular permeability leads to abdominal
constriction or writhing through stimulation of nocicep-
tive receptors [29]. In this study, intraperitoneal injection
of acetic acid induced mouse writhing reflex suggestive
of pain, which was ameliorated by the pretreatment of
mice with T. alnifolia leaf extract indicating antinocicep-
tive activity. Due to the non-specific effect of acetic acid
model, i.e. muscle relaxants and sedatives also reduce
the number writhes, hence, formalin-induced nocicep-
tive test was carried out.
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The formalin test for nociception involves moder-
ate, continuous pain generated by injured tissue. In this
way, it differs from most traditional tests of nociception
that rely upon brief stimuli of threshold intensity. The
response to formalin shows an early and a late phase. The
early phase seems to be caused predominantly by C-fiber
activation due to the peripheral stimulus, while the late
phase appears to be dependent on the combination of an
inflammatory reaction in the peripheral tissue and func-
tional changes in the dorsal horn of the spinal cord [30].
In this study, intraplantar injection of formalin induced
a biphasic lifting, licking, biting, and flinching/shaking
behavior of the injected paw, which is in agreement with
previous studies [4, 31]. Pretreatment of mice with T. alni-
folia inhibited both phases thus confirming a peripheral
mechanism of action while also indicating the role of a
central mechanism of antinociceptive effect. It is of inter-
est to note that the peak effect was observed at 100 mg/kg
in both acetic and formalin tests such that the effect was
more significant than that of 400 mg/kg. To ascertain the
mechanism of T. alnifolia-induced antinociception, cap-
saicin-induced nociception was carried out. Capsaicin
selectively stimulates nociceptive neurons by increasing
the influx of ions, such as calcium, in dorsal root gan-
glion neurons, and activates the transient receptor poten-
tial vanilloid type 1 (TRPV1) [32-34] and has been widely
used to study pain-related events. Oral administration of
T. alnifolia showed a significant suppression of capsaicin-
induced paw licking. The suppression of TRPV1 activation
provides a therapeutic option to reduce inflammation and
pain in different animal disease models through mecha-
nisms involving dampening of TRPV1 activation and sign-
aling events [35]. To confirm the involvement of central
mechanism in the antinociceptive effect of T. alnifolia, the
hot plate test was used based on the fact that centrally
acting analgesic drugs elevate pain threshold of rodents
to heat [4]. The hot plate is a more complex pain model,
producing two behavioral components (paw licking
and jumping) considered to be supraspinally integrated
responses [36]. In this study, T. alnifolia 100 mg/kg pro-
duced the peak increment in animal pain threshold but
not as effective as morphine, thus confirming a central
mechanism of action.

The involvement of opioid receptors in the antinocicep-
tive effect of the extract (100 mg/kg) was evaluated through
pretreatment of mice with naloxone (non-selective opioid
receptor antagonist) in acetic acid nociceptive model. Sub-
cutaneous injection of naloxone reversed the antinocicep-
tive effect of T. alnifolia and confirmed the involvement of
opioidergic pathway in antinociceptive effect of extract.
Opioid receptors produced antinociceptive effect through
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activation of L-arginine-nitric oxide-cGMP pathway [37, 38].
In this study, the pretreatment of mice with L-arginine pre-
vented T. alnifolia antinociceptive effect. Conversely, the
pretreatment with N¢-nitro-L-arginine (neuronal nitric
oxide inhibitor) failed to reverse T. alnifolia-induced antin-
ociception. Therefore, T. alnifolia probably produced its
antinociceptive effect through the L-arginine/NO/cGMP
signaling pathway similar to the effect of diclofenac [21].
The possible involvement of ATP-sensitive K* channels
in peripheral antinociception induced by T. alnifolia was
also elucidated. Glibenclamide (specific K*, , blocker) pre-
vented the antinociceptive effect of the extract. Summar-
ily, these data suggest that the antinociceptive effect of
T. alnifolia involved the participation of opioid receptors
and L-arginine-nitric oxide/K, , pathways.

The anti-inflammatory effect of T. alnifolia was evalu-
ated in this study using the carrageenan, xylene, cotton
pellet, and CFA models of inflammation. Carrageenan-
induced paw edema is a useful model to assess the contri-
bution of inflammatory mediators and has been described
as a biphasic event [39]. The initial phase of edema
(0-1 h) had been attributed to the release of histamine,
serotonin, and bradykinin [40]. The second accelerating
phase of swelling (1-6 h) has been correlated with the
elevated production of prostaglandins as well as induc-
tion of inducible cyclooxygenase (COX-2) in the hind paw
[41, 42]. T. alnifolia failed to reduce edema formation in
the early phase, which was similar to the effect of NSAIDs.
However, the extract significantly attenuated the second
accelerating phase (2-5 h) of edema, which suggests pos-
sible inhibition of prostaglandin production in the hind
paw. The acute anti-inflammatory effect of the extract was
investigated using the xylene-induced ear edema test.
Instillation of xylene into the ear increases vascular per-
meability possibly through induction of prostaglandins,
which release neuropeptides that activate its receptor,
causing neurogenic inflammation [43]. One of the neuro-
peptides, called substance P, is a potent vasodilator that
acts by releasing nitric oxide from endothelial cells, which
causes vasodilation and plasma exudation [44]. In this
study, T. alnifolia significantly reduced the ear edema.

The effect of the extract on chronic inflammatory
conditions was evaluated using the classic cotton pellet-
induced granuloma and CFA-induced arthritis models in
rats. The cotton pellet is used to evaluate the transudative
phase, defined as the increase in wet weight of the pellet
that occurred during the first 3 h and proliferative phase,
measured as the increase in dry weight of the granuloma
that occurs between 3 and 6 days after implantation [45].
Subcutaneous implantation of 20 mg of cotton pellet in
the groin region induced granuloma formation. T. alnifolia
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(100 mg/kg) significantly reduced both the wet and dry
weights of the pellet indicating anti-transudative and pro-
liferative effects. This showed the potential of the extract
to ameliorate chronic inflammation. The protective effect
of the extract against chronic inflammation was further
confirmed using the CFA-induced arthritis model. CFA
is widely used to model chronic inflammation and is of
considerable relevance to the study of pathophysiological
and pharmacological control of inflammatory processes,
as well as anti-inflammatory effect of drugs [46, 47]. CFA
elicits joint swelling, synovial membrane inflammation,
and cartilage destruction [46]. The present study showed
that CFA induced paw swelling, which peaked on day 8
and was significantly reduced by T. alnifolia, similar to the
effect of celecoxib.

Several studies have reported antinociceptive and
anti-inflammatory effects of flavonoids and phenolic
acids [48, 49]. Our preliminary phytochemical studies
showed that T. alnifolia leaf extract is rich in flavonoid
and polyphenolic compounds. It has been shown that
phenolic compounds exert their antioxidant effects by
decreasing oxygen concentration, intercepting singlet
oxygen, preventing first chain initiation by scaveng-
ing initial radicals, such as hydroxyl radicals, binding
metal ion catalysts, decomposing primary products of
oxidation to non-radical species, and breaking chains
to prevent continued hydrogen abstraction from the
substance [50].

Moreover, the extract showed potent antioxidant
activity evidenced in its ability to scavenge DPPH, nitric
oxide, and ferric ion radicals. Hence, further studies are
required to isolate the chemical constituents responsible
for the observed effects. It is of interest to note that the
extract possesses wide margin of safety following acute
toxicity study and does not affect spontaneous motor
activity up to 5000 mg/kg oral administration.

Conclusions

The study showed that the HETA possessed antinociceptive
property through opioid/L-arginine-nitric oxide/K,, path-
ways as well as anti-inflammatory activity. This justifies
the use of the plant extract in traditional African medicine
for the treatment of painful and inflammatory disorders.
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