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Abstract

Background: Arthritis is an inflammatery_.disease that affects the joints. Patients suffering from chronic pain are anxious,
which contributes to reducing the quality of life. The development of analgesic compounds with anxiolytic properties could
prove to be of great interest for.the treatmentof chronic pain. The objective of the present study was to evaluate the analgesic
and anxiolytic properties of theagueous extractiof the bark of the trunk of Diospyros mespiliformis in arthritic mice.
Methods: Arthritis was induced*by=injection of 1% formaline into the left hind paw of the animals. Inflammatory pain and
comorbid anxiety were tested using-ashotplate (55'+.0.5 °C) and labyrinths (Dark and Light and the open arena), respectively.
Results: The aqueous extract of Diespyros mespiliformis reduced the inflammatory process by inhibiting the edema of the
legs of animals to a maximum percentage of 63.63:% (minimum of 8.82%) as well as the significant increase (p < 0.001) of
the threshold of nociception at the dosefof.100 mg/kg:»A significant increase (p < 0.001) in the time spent in the lighted
compartment alongside the decrease in the'time spent in the dark environment was observed with the two-compartment maze.
In the open arena the time spent in the centraliplaza significantly (p < 0.001) increased compared to the time spent on the edge.
In addition, a significant decrease (p < 0.01) in the frequeney of grooming and training was observed.

Conclusion: The aqueous extract of the bark of the'trunk of Diospyros mespiliformis displayed beneficial effects on pain and
anxiety, justifying it traditional use for the management of arthritis.
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Introduction

Arthritis is an inflammatory disease of the joints thatan affect any joint in the body (Jennifer. 2018). It is a bilateral
disease mainly localized in the ankles, characterized by continueus swelling.around the joint, pain, synovial hyperplasia, pannus
formation and morphological changes. These symptoms can lead,to severe disability and a poor, unenviable quality of life
(Foyet et al. 2015). Arthritis is a very common disease around thesworld, with more than 91 million people living with it in the
United States (Arthritis Foundation. 2019). The main clinical symptom_of arthritis'is'pain leading to limited mobility (Vincent
et al. 2010), fatigue, impaired muscle strength, muscle weakness, anda change’in gait (Abbott et al. 2017; Rice et al. 2015).
Persistent pain leads to anxiety-type mental disorders in some patients with arthritis (Duica. 2016). About 40% of patients with
chronic arthritis pain are anxious (Twillman. 2007). Anxiety is more common in peoplewith any form of arthritis with increased
pain sensitivity (Axford et al. 2019; Sharma et al. 2016). The pain and anxiety.caused by arthritis should be considered at the
same time (Hermans et al. 2012). Thus to fight against arthritis pain @and¢comorbid_mental disorders, drugs such as
cyclooxygenase (COX) inhibitors are often used in combination with compeunds having anxiolytic effects. But such a
combination therapy has limits because of the interaction between pharmacologicalicompounds which constitute this treatment
and very considerable side effects such as digestive damage (peptic ulcers, stenesis, perforations), renal insufficiency and
hepatitis and even cardiac complications (Yougbaré-ziébrou et al.2016; Soubrier et al. 2013). However, it is difficult to find
conventional medications that work to reduce both pain and anxiety without serious risk. It is therefore important to develop
alternative analgesic therapies with anxiolytic properties with a limited side effect profile, beneficial for patients suffering daily
from chronic pain and associated psychopathologies, such as anxiety.

In recent decades, a lot of research has focused on the valuation of traditional medicine with«a view to verify the
effectiveness of the substances used and establish scientific rules for their use (Cheriti et al. 2016). Diospyres'mespiliformis is
a plant of the Ebenaceae family, well known in Central Africa for its fruits which are highly appreciated by the population.
Commonly known as African ebony, it is registered in the Cameroonian pharmacopoeia and used in traditional medicine for
the treatment of arthritis pain and anxiety (Arbonnier. 2008). But the population, although they find relief thanks to this
treatment, do not know much about the doses and the dosage of this drug, which should not be overlooked when.taking drugs.
This study was conducted to assess the beneficial effect of different doses of the aqueous extract of the bark of thetrunk of
Diospyros mespiliformis on joint pain and comorbid anxiety disorders.
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Material and method

Chemicals

To induce peripheral inflammation, mice were injected with formaline (Sigma-Aldrich, St. Louis, MO, USA) subcutaneously
under the fascia*of animal right paw. To assess changes in paw volume during inflammation, animal were injected in the left
hind paw with,0.04 mL of formaline. Control animals received orally distilled water. The anxiolytic and analgesic drugs used
were: diazepam, diclofenac (all from Sigma-Aldrich) respectively. Group tested included Diospyros mespiliformis.
Phytochemical analyses

Qualitative sphytochemical investigations of Diopyros mespiliformis aqueous extract were performed for flavonoids,
saponins, phenols, lipid, tannins and glycoside cardiac using standard methods previously described Trease and Evans. 1980.
Preparation of plant material

The plant material*Diospyros mespiliformis collected in the Maroua zone (Region, Far North, Cameroon) (N10 °
36'45.234 " and E14 ° 16'43.08 ") in June 2020. The plant was authenticated at the herbarium of the School of Fauna of Garoua,
Cameroon by a reference sample deposited at number HEFG / 01404.

Diospyros mespiliformisswas cut into small pieces and dried in the shade then reduced to a very fine powder. Three
hundred grams (300 g) of powder'was boiled in 2 liters of distilled water for 15 minutes. The solution was filtered using coffee
filter paper (pore diameter 20 um) from BELLE France (Lyon, France) and then evaporated in an oven at 50 °C temperature
of evaporation.

Animal and experimental design

Animal material: Adult Mus musculus Swiss strain mice of both sexes weighing 25 + 5g and aged 10 + 2 weeks at the
start of the experiment were used. The animals were kept in a room at room temperature in cages lined with litter before and
during the period of the experiments The miceshad free access to tap water and standard diet.

Thirty-five mice were distributed dnto 7 groups.of,5 mice each without a distinction of sex (Table 1). All treatments were
administered orally thirty minutes before formaline,induction (day 0), then the animals were treated daily for up to the 10
day.

Table 1: Grouping of animals

Groups Administered substance Doses route of
administration

Normal Distilled water 10 (mL/Kg) oral

Negative Control Distilled water + formaline.1"% 10 (mL/Kg) oral

Positive control Diclofenac+ formaline 1 % 5 (mg/kg) oral

Positive control Diazepam 2 (mg/kg) oral

Treatment Aqueous extract+ formaline 1 % 100.(mg/kg) Oral+
subcutaneous

Treatment Aqueous extract+ formaline 1 % 2007 (mg/kg) Oral+
subcutaneous

Treatment Aqueous extract+ formaline 1 % 400 (mg/kg) Oral+
subcutaneous

Induction of arthritis by formaline 1%

To induce inflammatory arthritis we followed the method by injecting a 1%-formaline solution (0.04 mL) under the
plantar fascia of the left hind paw of the mouse described by Rahmani et al«(2016) afterfasting animals for 17 hours with free
access to water. The formaline injection (0.04 mL / mouse; 1%) was performed twice, one.in the first day and the other in the
third day of the experiment. Treatments were started 30 minutes after induction ofiarthritis/and continued throughout the day
until the end of the experiment at doses: 100, 200 and 400 mg/kg of AEDM (aqueousiextract of*Diospyros mespiliformis). The
negative control group was treated with distilled water (10 mL/kg) while thé, positive control groups were treated with
diclofenac and diazepam respectively for arthritis and anxiety. The animals' body weight was taken“daily using an electronic
scale.

The evolution of the edema was followed by measuring the diameter of the edematous paw (mm) of each animal every
day throughout the period of the experiment using a digital electronic caliper (precision 0.03 mm). Edemasin different groups
of animals was determined by the following formula:

AE = Ej — EO

AE = the difference in edema between jO and jx

EO = the initial thickness (mm) of the left paw (before the injection of formaldehyde)

Ej = the thickness of the left paw (mm) at day "j" after the injection of formaldehyde

The percentage of inhibition "% Inh" was calculated by the following

AET
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AFEt = represents the difference in edema between jO and jx of the left paw of the treated mouse
AEC = represents the difference in edema between d0 and jx of the left paw of the untreated mouse.

At the end of the experiment, all the animals were sacrificed by cervical dislocation. The blood of each animal was
collected in an anticoagulant tube (heparin) and then centrifuged at 3000 round/min for 15 minutes at 4 ° C. The sera obtained
were collected inymicrotubes for the assay of the C-reactive protein (CRP). The livers were isolated and then homogenized in
a phosphate buffer (0.15M, pH = 7.4) (Zuo et al., 2014).

The supernatant was used for evaluation of some oxidative stress parameters: Malondialdehyde (MDA), superoxide
dismutase (SOD), catalase (CAT) and reduced glutathione (GSH). The hind legs were removed and fixed in 10 % formalin
solution for histological studies.

ANXIETY TEST
Lighted and Dark Compartment Maze Test

The device consisted ofsa light / dark box (45 x 27 x 27 cm) and composed two chambers connected by an opening (7.5
x 7.5 cm) located at ground‘level in the center of the wall separating the two chambers .

The small chamber (18 27 cm) was painted black (dark room) and the larger room (27 x 27 cm) was painted white
(bright room). The parameters taken into account were: latency time, time spent in the lighted compartment, time spent in the
dark compartment. Each mouse was*placed in the center of the light chamber back to the dark room and allowed to explore
both compartments of the device for’5 minutes. After 5 minutes, the animal was removed from the device and the device cleaned
with a 70% ethanol solution and allowedito dry between tests.

Open arena test

It is an open space arenaysguare in shape (72 x 72 cm) and 36 cm high. Visible red lines were drawn on the floor using
a marker (Foyet et al., 2012). These lines have the role of delimiting a central (ZC), intermediate (ZI) and peripheral (ZP) zone
near the wall. The time spent in‘the.center and on the edge, the training (reaning), the grooming, the number of lines crossed
were the parameters taken into account during the,tests. After each test, the mouse was removed and returned to its cage. The
entire maze floor was cleaned with a.70% ethanol.solution after each test and allowed to dry between tests.

Hyperalgesia test

This test consists of a hot plate apparatus maintained at a temperature of 55 + 0.5 ° C on which the mice were placed for
the test (Foyet et al., 2015). The pain threshold was determined by the latency of the nociceptive response (reaction time for
the animal to lick the paw or jump off the hotplate) with@ maximum cut-off time of 15 s for each animal (Foyet et al., 2015).

Evaluation of the antioxidant activity in vivo of the aqueous extract of the bark of Diospyros mespiliformis

The antioxidant potential of the extract was.assessed bytestimating Malondialdehyde (MDA), superoxide dismutase
(SOD), catalase (CAT) and reduced glutathione (GSH)in the livershomogenate of according to the methods of Wilbur et al.,
in 1949; Misra and Fridovish in 1972; Sinha in 1972 apd Ellman ins959 respectively.
Histological study

For microscopic evaluation, the investigated organs were dehydrated and paraffin-embedded for microscopic
examination in accordance with routine laboratory procedures. Paraffin sections of 5 pm were prepared and stained with
haematoxylin and eosin for histological examination.
Statistical analyzes

Results were expressed as the mean + standard error of the mean (ESM) for,each group. Number per group = 5. The one
way analysis of variance test (Anova) was used followed by the Student Newman Kells post test to compare the values with
each other. The results were considered to be significantly different for p <0.05.

Results

Qualitative Phytochemistry

Phytochemical screening of the aqueous extract of the bark of the trunk of Diespyros mespiliformis revealed the presence
of several bioactive compounds (Table 2).
Table 2: Phytochemical of the aqueous extract of Diospyros mepiliformis

Compound class Alcaloids Flavonoids Tanins | Saponins Terpenoids Sugar Quinons Coumarins
Observation + + + + - + + +
+ = presence - = absence

Effect of Diospyros mespiliformis aqueous extract on weight gain in mice

A decrease in body weight was noted in all experimental groups except the normal group after the days following
formaline injection. This decrease was observed in the negative group from the fourth day and the weight ofithe animals
continued to decrease until the end of the experiment. The difference was only significant (p <0.01) in the negative compared
to the normal control. On the other hand, for the treated groups, weight recovery was noted during the last days of the experiment
(Figure 1). Treatment of the mice with the aqueous extract of Diospyros mespiliformis did not influence the body weight of the
animals.
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Figure 1: Effect of aqueous extract of Diospyros mespiliformis aqueous extract on weight gain in mice.

Values represented as means = SEM (n =5.far eachigroup). **p<0, 01 for comparison between normal group, one-way analysis
of variance (ANOVA) with Newman Kellssmultiple camparison tests was used.

AEDM: Aqueous extract of Diospyros mespilifermis. J ='day

Effect of aqueous extract of Diospyros mespiliformis on the‘course of paw edema in animals

The evolution of edema (AE) of the inflamed'paw duringsthe experimentation period at D2, D4, D6, D8 and D10 is
illustrated in Figure 2 below. These data show a reduction in paw edema represented by the difference between the diameters
of the paws - inflamed and non-inflamed (AE) in all'treated groups‘compared to the negative control group. Treatment with
diclofenac (5 mg / kg) significantly (p <0.001) reduced the edema of the paws of the animals on days (D6, D8, D10) of treatment
compared to the negative group. The aqueous extract of‘Diospyros mespiliformis also significantly (p <0.001) reduced paw
edema on days D8 and D10 at AEDM doses 100 mg/kg, 200 mg/kg compared to the negative control. On the 6" day (D6) of
the experiment, the extract also significantly reduced edema (p <0.001) (AEDM 100 and 200 mg/kg); (p <0.01) (AEDM 400
mg/kg) compared to the negative control.
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Figure 2: Effect of aqueous extract of Diospyros mespiliformis on the course of paw edema in mice.

Values represented as means = SEM (n =5 for each group). 66 P < 0.01 ©66P < 0.001 and vs control group. For comparison
between groups, one-way analysis of variance (ANOVA) with Newman Kells multiple comparison tests was used. AEDM:
aqueous extract of Diospyros mespiliformis

Effect of Diospyros mespiliformis agueous extract on percent inhibition of paw edema in mice

The paw edema.of the mice was significantly but unevenly inhibited in the treated groups on the last three days of
treatment. The diclofenac group reached only 39.39% on the last day of the experiment. On the other hand, the groups which
received the plant extract showed a percentage inhibition of 63.63%, 48.48 and 28.29% respectively at the doses of 100, 200
and 400 mg/kg on the last'day of the experiment (Table 3). The maximum inhibition (63.63%) of the diameter of the edematous
legs of the animals at the end.of the experiment was recorded in the group treated with the plant extract at the dose of 100
mg/kg. This dose is consideredsthe most effective.
Table 3: Effect of aqueous extract of Diospyros mespiliformis on percent inhibition of edema in mouse paws

Group/Dose (mg/kg) Number Percentage inhibition (% inh) of paw edema

J2 J4 J6 J8 10
DCF 5 mg/kg 5 19.11 14.53 25.00 31.06 39.39
AEDM 100 mg/kg 5 8.82 21.87 38.88  50.48 63.63
AEDM 200 mg/kg 5 29.41 30.20 3148  36.89 48.48
AEDM 400 mg/kg 5 8:82 8.33 1759  21.35 28.29

DCF: diclofenac, AEDM: aqueous extract of'Diespyros mespiliformis
Effect of Diospyros mespiliformis extract on‘plasma concentration of C-reactive protein (CRP)

The results showed a difference in concentration between the mean values of CRP in the different groups of experimental
animals. A significant increase (p <0.05, p <0.001, respectively)was observed in the animals treated with the plant extract at
the dose of 400 mg / kg and in the negative control group comparedo the normal control. Doses 100 and 200 mg / kg of plant
extract significantly lowered the plasmatic concentration of CRP (p <0.001; p <0.01, respectively) compared to the negative
control group (Figure 3).
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Figure 3: Effect of aqueous extract of Diospyros mespiliformis on plasmatic concentration of C-reactive protein.
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Values represented as means + SEM (n = 5 for each group). * p <0.05, *** p <0.001 compared to the normal group; 66 p
<0.01; 666 p <0.001 compared to the negative group, one-way analysis of variance (ANOVA) with Newman Kells multiple
comparison tests was used. AEDM: aqueous extract of Diospyros mespiliformis

Effect of aqueous extract of Diospyros mespiliformis on hyperalgesia activity

The reaction, time of the mice to the pain test showed a significant decrease (p < 0.01) in the negative control animals
compared to the*normal control. On the other hand, in the groups treated with the plant extract, we observed a significant
increase (p < 0.001).n _the latency time at doses of 100 and 200 mg / kg. The lag time increased significantly (p < 0.001) in
animals treated withdiclofenac 5 mg / kg compared to the normal control. However, a significant increase (p < 0.001) in mouse
reaction time was observed at all doses of the extract and diclofenac compared to the negative control (Figure 4).
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Figure 4: Effect of aqueous extract of Diospyros mespiliformis on hyperalgesia activity

Values represented as means + SEM (n= 5 for each group). *p <0.05, **p'<0.01, *** p <0.001 compared to the normal control;
000 p <0.001 compared to the negative group. One-way analysis of variance (ANOVA) with Newman Kells multiple
comparison tests was used. AEDM: aqueous extract of Diospyros mespiliformis

Effect of the aqueous extract of Diospyros mespiliformis in the light and dark compartment box test

The results showed no significant difference between the negative ‘control and‘theznormal control (Figure 5). In contrast,
treatment with diazepam (2 mg / kg) resulted in a significant increase (p.<.0.001) in_latency time compared to normal and
negative controls. AEDM was also significantly (p < 0.001) increased by nermaland negative controls. But at the dose of 400
mg / kg of extract we observe a significant increase (p < 0.05) compared to thesnormal and.negative controls.
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Figure 5: Effect of Diospyros mespiliformis on‘the latency time in the Light and Dark box test.

Values represented as means + SEM (n=5for eachigroup). ** p <0.01, *** p <0.001 compared to the normal group; 66 p <0.01,
000 p <0.001 compared to the negative group. One:way analysis of variance (ANOVA) with Newman Kells multiple
comparison tests was used. AEDM: aqueous.extract of'Diospyros mespiliformis

Effect of Diospyros mespiliformis on the time spent in the dark and lighted compartments of the labyrinth

The results of this test show that the mice in‘the normalscontrol group and in the negative control group prefer the dark
environment of the box. On the other hand, the mice which received different treatment prefer the lighted environment. The
mice which received the 2 mg / kg dose of diazepam'showed a significant increase (p < 0.001) in the time spent in the lighted
medium coupled with a significant decrease (p < 0.001) in'the time'spent in the dark medium compared to the normal controls
and negative control (Figure 6). The same phenomenongwas observed, in mice given the plant extract at all doses, but only
compared to the negative control. The difference in the time@pent in theslighted environment of the labyrinth of mice treated
with plant extract compared to the normal control shows a significant dose-dependent variation (p < 0.001) (AEDM 100 mg /
kg); (p < 0.01) (EDM 200 mg/kg); (p < 0.05) (AEDM 400 mg/kg): As regardsithe time spent in the dark medium, a significant
decrease (p < 0.001) in the time is noted in the treated batches (DZP.2 mg / kg,, AEDM 200 mg / kg). At a dose of 400 mg / kg,
the extract decreased significantly (p < 0.05) compared to the negative control group.
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Figure 6: Effect of Diospyros mespiliformis on time in the light (a) and dark (b) compartments of the labyrinth.

Values represented as means + SEM (n=5 for each group). * p <0.05, ** p <0.01, *** p <0001 compared to the normal
group; 0 p <0.05, 606 p <0.001 compared to the negative group. one-way analysis of variance (ANOVA) with Newman Kells
multiple comparison tests was used. DZP= diazepam, AEDM: aqueous extract of Diospyros mespiliformis

Effect of Diospyros mespiliformis aqueous extract in the open arena test

The results showed that the animals that received no treatment spent more time at the edge of the maze and little time
in the middle but unevenly. Arthritic mice spend more time at the edge compared to normal mice (267.0 + 5:657 s> 254.2 £
5.678 s) (Table 4) and less time in the middle place compared to the latter (33.00 + 5.657 s < 45.80 + 5.678 s). Time spent at
the center was significantly increased (p < 0.001) in animals that received diazepam (2 mg / kg) compared to controls. It also
increased significantly (p < 0.001) (100, 200 mg / kg); (p < 0.05) (400 m / kg) in animals treated with aqueous extract of
Diospyros mespiliformis compared to normal and negative control groups. Time spent on board was significantly“reduced in
treated animals (p < 0.001) (DZP 2m g / kg, AEDM 100 mg / kg); (p < 0.05) (200 mg / kg, 400 mg / kg). The locomotor
capacity of the mice was evaluated by the number of lines crossed in the field of the labyrinth. The animals of the negative
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control group show a significant decrease (p < 0.01) in the number of crossed lines compared to the normal control. The number
of crossed lines increased significantly (p < 0.001) (100 mg / kg); (p < 0.01) (200 mg / kg) compared to normal control in
animals treated with AEDM. In addition, the frequency of grooming and rearing differed in the experimental batches. The
negative group showed a significant decrease (p < 0.05) in the frequency of grooming compared to the normal control. In the
treated batches, the reduction in the frequency of grooming was significant (p < 0.001) compared to the untreated controls. For
rearing, the extract significantly (p <0.01) reduced its frequency compared to untreated controls. Treatment of mice significantly
(p < 0.05) (DZPR2.mg / kg, 400 mg / kg) (p <0.01) (100 mg / kg) reduced the defecation spot.

Table 3: Effect of Diospyros mespiliformis extract on some parameters evaluated in the open arena box

Groups/Doses Time at the Timeattheedge Number of line Frequency of = Frequency of Spot
(mg/kg) center crossed grooming rearing defecation
(s)
Normal 45:80.£5.67 254.20 £5.67 32.40£4.13 4.40 £ 0.50 5.20 £ 0.66 150+ 0.23
Negative 33.00 + 565 267.00+1565 1580+1.35**  6.60+ 0.50 5.60 £ 0.50 2.16£0.31
DZP(2mg/kg) 242.60 * 3740+£1.70*** 3240+4.13 161 + 051 2.80+0.86° 1.00 + 0.36°
16.59*** 060 *%*% 000
060
AEDM (100mg/kg) 190.20 4, 13.84" 133:80 + 10.29 63.00+£5.06 ©°°° 0.80+0.37*** 1.60 + 0.67+0.33°
*%*x 000 *%*% 000 0.50**969
[SIS/S)
AEDM (200 mg/kg) 139.20 #7873, 174.80+£17.88* 58.40+530°°  1.00+0.31™ 1.80 + 1.00+0.36°
*%*x 000 o 000 0.58**99
AEDM (400mg/kg) 125.20 £ 27.88 * 125,20 + 27.88* 37.20 + 4.27 1.70 £ 0.35 "™  2.00+ 0.32 1.00+0.52
SISIS) o SISIS] **00

Values represented as means + SEM (n=5). * p <0.05, ** p <0.01,*** p <0.001 compared to the normal group; 6p <0.05, 66 p
<0.01, 666 p <0.001 compared to the negative group, One-way analysis of variance (ANOVA) with Newman Kells multiple
comparison tests was used. DZP: diazepam; AEDM: extract aqueous:of Diospyros mespiliformis
Effect of the aqueous extract of the bark of Diospyros mespiliformis,on certain oxidative stress parameters
Effects of the aqueous extract of Diospyros mespiliformis onthe concentration of Malondialdehyde (MDA) in the liver

The level of MDA was significantly increased (P < 0.01)in the negative controls compared to the normal control (Figure
7). In the treated batches, the level of MDA decreased significantly (P < 0:001) (AEDM 100 mg / kg, AEDM 200 mg / kg 2
mg / kg); (P < 0.01) (AEDM 400 mg / kg) compared to the negative control<This decrease was also significant (P < 0.01)
(EADM 100 mg / kg and 2 mg / kg); (P < 0.05) (200 mg / kg).
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Figure 7: Effects of the aqueous extract of Diospyros mespiliformis on the concentration of liver tissue in MDA.
Values represented as means + SEM (n=5). * p'<0/05, ** p <0.01, compared to the normal group; 66 p <0.01, 666 p <0.001
compared to the negative group. One-way,analysis ofwariance (ANOVA) with Newman Kells multiple comparison tests was
used. AEDM: extract aqueous of Diospyres mespiliformis
Effects of Diospyros mespiliformis aqueous extract ansuperoxydismutase (SOD) activity in the liver

The results showed a significant increasey(p.< 0.05) in. the level of SOD in the group treated with diclofenac (5 mg / kg)
compared to the normal control. This rate increased significantly (p < 0.001) compared to the negative control. Treatment with
aqueous extract of Diospyros mespiliformis at all.doses significantly (p < 0.05) increased SOD activity in liver tissue of animals
compared to the negative control.
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Figure #08: Effects of Diospyros
0- mespiliformis aqueous extract on SOD
S EADM: ‘extract aqueous of Diospyros
N mespiliformis
éo\*Q Values represented,as means + SEM (n=5).
< * p <0.05, compared.to the normal group; 0

p <0.05, 686 p <0.00L compared to the
negative group. Qne-=way analysis of
variance (ANOVA) with Newman Kells multiple comparison tests was used.

Effects of Diospyros mespiliformis on catalase activity (CAT)

The level of catalase was significantly (p < 0.05) increased in the group treated with diclofenac (5 mg /.kg) compared
to the negative control. The aqueous extract of Diospyros mespiliformis also increased significantly (p < 0.001)(AEDM 100
mg / kg); (p < 0.05) (AEDM 200 and 400 mg / kg) compared to the negative control.
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Figure 9: Effects of Diospyros mespiliformis onscatalase activity.
Values represented as means = SEM (n=5). 6 p'<0.05, 600 p <0.001 compared to the negative group. One-way analysis of
variance (ANOVA) with Newman _Kells multiples<comparison tests was used. AEDM: extract aqueous of Diospyros
mespiliformis
Effects of Diospyros mespiliformis aqueous extract anvhepatic glutathione (GSH) levels

Diospyros mespiliformis aqueous extract significantlysincreased glutathione (p < 0.001) (AEDM 100 mg / kg); (p <
0.01) (DCF 5 mg / kg) compared to the negative control.sNo significant difference was observed in any treated animals
compared to the normal control.
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Figure 10: Effects of the aqueous extract of Diospyros mespiliformis on the hepatic level of glutathiene (GSH).
Values represented as means £ SEM (n=5). 00 p <0.01, 600 p <0.001 compared to the negative group: One-way analysis of
variance (ANOVA) with Newman Kells multiple comparison tests was used. AEDM: extract aqueous of Diospyros
mespiliformis
Effect of the aqueous extract of the bark of Diospyros mespiliformis on the histology of the legs

Photomicrographs of the paw of the animals show normal structure of the epidermis and dermis in.a'nermal control
group. The negative control animals showed in comparison with the normal control, inflammation and thickening of the
epidermis and dermis. An improvement in the structure of the dermis compared to the negative control was observed in the
batches treated with the aqueous extract of Diospyros mespiliformis and with diclofenac.
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Figure 11: Photomicrograph of the@w : Negative control; C:
diclofenac 5 mg / kg; D: Diospyro pilifor 00 mg / kg; E: Diospyros mespiliformis 200 mg / kg; F: Diospyros
mespiliformis 400 mg / kg; Ep: epider : De m: Skeletal striated muscle fibers; Inf: Inflammation.
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The analgesic and anxiolytic properties o?gueo

ract of the bark of the trunk of Diospyros mespiliformis were
e fascia of the left hind paw of each mouse caused swelling
ormalin-induced inflammatory reaction leading to edema
irst,phase is due to the release of histamine and during the
second phase there is release of serotonin, bradykinin, tsang et al. 2014). These inflammation mediators are
responsible for vasodilation and increased vascular permeability (Gao 009; Foughalia. 2017). The exudate consequently
escapes from the bloodstream to the intestinal medium ca%dema @in (Mansour. 2015). The nociceptive response

evaluated in arthritis in mice. Injection of a formali
of the paws of the mice. The increased leg size of
(Rahmani et al. 2016). This inflammatory response i

during inflammation has two phases, the first phase mediate ipheral the release of chemical mediators, the second
neurogen mediated centrally with direct stimulation of the C fib the rel f substance P (Atsang et al. 2014). Diclofenac
is a drug known for its ability to counter the symptoms of the in atory ion (Bektas et al. 2012). It is prescribed for
the treatment of arthritis and muscle pain (Akinnawo et al. 201 dministration of this drug inhibits cyclooxygenase 1

and 2 (cox-1 and cox-2) which leads to a decrease in prostaglandins and thr
inflammatory effects (Marchlewicz et al., 2016). The aqueous extract ‘of Diospyr:

xanes thus leading to a decrease in
spiliformis significantly (p <0.001)

reduced inflammatory edema compared to the negative control with cent inhibition of 63.63, 48.48 and 28.29%
respectively at doses of 100, 200 and 400 mg / kg. This reduction was coup asi t (p < 0.001) decrease in plasma
C-reactive protein (CRP) concentration. CRP is a hepatic protein released the i atory response. It is an early,
sensitive and specific marker of the inflammatory reaction increasing in propo its i ity (Povoa, 2002). EADM also
significantly increased the pain threshold. The aqueous extract of Diospyros m ormis have an inhibitory effect on

cyclooxygenase and lead to a decrease in prostaglandins. These effects are thought to be d
compounds such as alkaloids, flavonoids, tannins, coumarins and glucosides which are endowed
anti-inflammatory properties (Tunalier et al., 2007; Batista et al. 2009). This is because flavonoids,
phenolic compounds that act on inflammation by inhibiting enzymes involved in the arachidonic acid mechanism and enzymes
that generate reactive oxygen species as well as inhibition of NFKB transcription factors. Alkaloids, f@r part, have anti-

e presence of bioactive
ignificant analgesic and
arins and tannins are

inflammatory properties by direct inhibition of phospholipase A2 (Lamnaouer. 2008). On the other hand, fe with persistent
arthritis pain exhibit similar patterns of avoidance activity and anxiety which are a very common comorbi (LE Simons et
al. 2012). This worrying clinical situation makes it difficult for the attending physician to select the pharmac al approach
to be favored for effective treatment (Rabenda et al. 2005). However, in addition to the analgesic effect, the an ic activity
of AEDM was evaluated. The test in the two-compartment labyrinth provides information on the emotional SW rodents
according to their preference for the dark compartment considered as non-anxiety-inducing and the illumi gﬁ‘pxiety-
producing compartment (Ramos et al. 2008). The aqueous extract of Diospyros mespiliformis reduced the time Spent in the
dark compartment compared to untreated controls at doses of 100, 200 and 400 mg / kg. Treatment with diazepam (2 mg / kg)
significantly (p <0.001) increased the time spent in the lighted compartment compared to untreated controls. Likewise, AEDM
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significantly increased (p < 0.001) at all doses the time spent in the illuminated compartment compared to the negative control.
But to degrees of dose-dependent significance (p < 0.05) (400 mg / kg); (p < 0.01) (200 mg / kg); (p < 0.001) (100 mg / kg)
compared to the normal control. Alongside the time spent in the two compartments of the box, the normal control animals
spontaneously enter the dark compartment in order to take refuge in the dark. Diazepam (2 mg / kg) significantly (p < 0.001)
increased latency,compared to two controls. AEDM also increased significantly (p < 0.001) (100 and 200 mg / kg); (p < 0.01)
(400 mg / kg).compared to the negative and normal control. Anxious people are generally driven by a feeling of fear, doubt
and avoidance (Sandeep et al. 2017). In fact, the more time the animal spends in the dark environment, the more anxious it is
and the more it Spends. in the lighted environment, the less anxious it is. AEDM could have an anxiolytic effect given the
behavior of the animals.observed in the maze. The effect of the plant was confirmed by a second test in the open field box "The
Open field" which made it possible to assess the level of anxiety in the animals by comparing the time spent in the central place
and in the middle edge ofithe box, the number of lines crossed, the frequency of training and grooming and the defecation spot
in the different groups. The increase in locomotor capacity and general activity in the central zone is interpreted as an anxiolytic
effect (Prut et al. 2003). The'time spent in the central place by animals treated with diazepam (2 mg / kg) increased significantly
(p < 0.001) compared to control mice. The time spent in the central plaza by the animals treated with the aqueous extract of
Diospyros mespiliformis also increased significantly (p < 0.001) at the doses of 100, 200 and 400 m / kg (p < 0.05). AEDM
significantly improved locomotorscapacity in animals (p < 0.001) at the dose of 100 mg / kg. The frequencies of grooming and
rearing also express a state of anxiety. However, Diospyros mespiliformis extract significantly reduced (p < 0.001) the number
of grooming and rearing compared to ¢entrol animals. These results suggest that the aqueous extract of Diospyros mespiliformis
improves the state of anxiety. This action could be linked to the presence in the extract of phenolic compounds including
flavonoids, tannins known fortheir ability tesimprove mood and the disorder that occurs in the central nervous system (Bibi et
al. 2017). Patients with rheumatoid, arthritis:shew,significant variations in liver enzyme activity (Bihani et al. 2014) with liver
and kidney damage. The inflammatory reaction increases free radicals such as O, (superoxide anion) hydrogen peroxide (h20)
and hydroxyl radical (OH) responsible.for oxidative'stress and which can damage DNA, proteins and lipids (Vital et al.2013).
In the body, SOD prevents the accumulation 0f.@,,and transforms it into H.O, and O, by catalase (Rabaud et al. 1997).
Determination of the oxidative stress parameters revealed a significant increase (p < 0.001) in the level of MDA in the negative
control group compared to the normal control group=MDA is a biomarker of lipid peroxidation of membranes (Foyet et al.
2019). The increased concentration of MDA In liver tissue.in the negative control group suggests that formaline induced lipid
peroxidation in these animals. AEDM significantly (p <“0.002) reduced MDA levels compared to the negative control at 100
mg / kg and 200 mg / kg and at the same time'significantly.inereased SOD (p < 0, 05) at all doses of the extract compared to
the negative control. AEDM also significantly«(pa< 0.001)"increased catalase and glutathione levels. In fact, superoxide
dismutase is an enzyme that has the ability to catalyze the superoxide anion into less toxic hydrogen peroxide (Pincemail.
2005). Catalase and glutathione have a similar actign,to catalyze_ the decrease in hydrogen peroxide (H202) (Guimard et al.
2007). The increase in these parameters suggests that.the,aqueoussextract of Diospyros mespiliformis may have antioxidant
power. This effect could be due to the presence in this extract of phenolie,compounds such as flavonoids, tannins and alkaloids
which have well-known antioxidant powers (Mzid et al:32017). Histological study of the legs of the animals reveals that
formaline caused an alteration in the structure of the dermis and.epidermis of the arch of the foot shown in the photomicrograph.
Animals treated with the aqueous extract of the plant showed normal structure compared to the negative control. These results
suggest that the extract limited the destruction of paw structurés imanimals#Limiting the destruction of these structures, the
extract would certainly have reduced the inflammatory process in.thejlegs of animals and consequently the pain.

Conclusion

The present study proved the properties of the aqueous extract of the bark of the trunk of Diospyros mespiliformis on the pain
and anxiety of induced arthritis in mice. The aqueous extract of Diospyros mespiliformisreduced formaline-induced edema and
increased the threshold of nociception in mice. It also improved the state of-anxiety in‘animals. Our plant would therefore have
an anti-inflammatory, antioxidant effect and would fight against anxiety

Ethical considerations

The study was approved by ethic Committee of the Faculty of Sciencesy of the=University of Maroua (Ref
N°14/0261/Uma/D/FS/VD-RC), according to the guidelines of Cameroonian bioethics .committee (Reg N.° FWA-
IRB00001954).
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