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Abstract:

Epilepsy is a chronic neurological disease in developing countries. The access to appropriate care for the
management of this disease being difficult in our countries, a large number of patients resort to the use of
medicinal plants including Opilia celtidifolia. To contribute to the scientific knowledge of this plant and to
promote the development of phytomedicines, we evaluated its antioxidant and anticonvulsant properties. The
phytochemical screening of the aqueous extract of its leafy stems showed flavonoids (flavones), reducing
compounds, anthocyanins, leuco-anthocyanins, saponosides, triterpenoids and mucilages. By
spectrophotometric assays, total polyphenols and flavonoids were quantified. The extract was rich in total
polyphenols and flavonoids with contents of 89.712 mg GAE/g extract and 37.040 mg QAE/g extract
respectively. The antiradical activity was evaluated in vitro by DPPH test. The free radical scavenging activity
gave an ICs, of 0.29 mg/mL. In a pharmacological model of epilepsy induced by pilocarpine (method developed
and validated in Wistar rats), the administration of Opilia celtidifolia extract demonstrated the ability of this
plant to significantly delay the onset of convulsions, to significantly reduce their intensity and to protect the rats
from death precipitated by the violence of the convulsions. Finally, the larval toxicity of the extract was
evaluated in vitro on Artemia salina and showed non-toxic activity (ICs;> 0.1 mg/mL). Although these
preliminary results, obtained on the basis of animal experiments, are not immediately extrapolable to humans,
they constitute a pharmacological argument in favor of the traditional use of the plant for the management of

epilepsy.
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I.  Introduction
At present, humanity is facing different kinds of diseases (microbial, parasitic, viral, cardiovascular,

etc.) and the management of health issues is proving to be a real social problem, especially in developing
countries %, According to an estimated research, about 80% of African populations use traditional medicines to
meet their primary health care needs®*. Thus, health care largely depends on medicinal plants and the local
knowledge associated with them®®®. In traditional African environments, the use of plants against various
diseases has been increasingly popular in recent years. This enthusiasm can be explained by cultural reasons, the
decline in purchasing power, the high cost of conventional drugs and distrust of so-called modern synthetic
products’. The search for new treatments accessible and available to the population is necessary and urgent.
Medical plants are an ideal alternative (the best source) to chemical or special drugs that are too expensive to
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manufacture or buy for developing countries®. This is how several plants are used not only for health care in
traditional medicine but also for the search for new active molecules following one of the greatest challenges of
global public health which is only the resistance of agents pathogens to antimicrobials®. It is therefore important
to carry out ethnobotanical studies to identify the local uses of plant species™®*".

In Benin, several ethnobotanical and ethnopharmacological studies are performed on medicinal species,
their recipes as well as the forms of use by local populations***. Herbal drugs are thus prescribed empirically
without any scientific knowledge of their biological activities and especially of the possible toxicity of their
components Y. It is in this context that plants whose therapeutic properties have been revealed in traditional
medicine are the subject of in-depth pharmacological studies.

Nowadays, epilepsy is better understood and so-called conventional medicine offers effective
treatments. It is a chronic neurological disease marked by synchronous and paroxysmal discharges of neurons. It
is characterized by recurrent spontaneous seizures that can become complicated in status mal. From the
neurological point of view, an imbalance is noted between excitatory neurons with glutamate or acetylcholine
and inhibitory neurons with ¥-amino butyric acid. The WHO estimates that around 50 million people suffer from
epilepsy worldwide, 80% of whom live in developing countries®. Still in these countries, about 90% of people
with the disease do not receive appropriate treatment, which explains why they remain marginalized and have a
lower quality of life than other chronic patients®. However, contemporary medicine shows its limits: side
effects, compliance difficulties and even resistance to treatment. For these reasons, some patients turn to
complementary medicine, traditionnal medicine.

The prevalence of epilepsy in Benin is estimated at 8.05%.. Epilepsy increases the risk of premature
death by about 2 to 3 times compared to the rest of the population ?°. The economic impact of epilepsy is high
and estimated, according to an Indian study, at $344 per case per year. Recent studies have shown that 70% of
epileptics can be successfully treated with antiepileptic drugs'. Nevertheless, % of epileptic patients in
developing countries do not have access to appropriate care. The majority of them therefore resort to the use of
medicinal plants; but not all plants have been the subject of pharmacological study. This is what motivated the
present study on Opiliaceltidifolia which thus caught our attention in order to contribute to its scientific
knowledge and promote the development of phytomedicines.

The study aims to establish the phytochemical characteristics of the leafy stems of Opilia celtidifolia, to
evaluate its toxicity, to develop an experimental convulsion model, to test the efficacy of the extract on validated
experimental convulsions in Wistar rats.

1. Material And Methods
Material
The plant material consists of the leaves of O. celtidifolia which are harvested in the classified forest of
Ahozon in Ouidah (Atlantic) and then dried at 20-25°C under the shelter of the sun in the laboratory for 3
weeks. They were then ground into powder using a grinding machine (Flour Gills NIG : EL. Motor N° 1827).

Figure 1: Aerial part of O. celtidifolia

The animal material consists of male and female Wistar rats weighing 130 to 220 g and brine shrimp
larvae used for the larval toxicity test and for the anticonvulsant properties test respectively.
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Figure 2 : Wistar rats Figure 3 : Larvae Artemia salina L.

Methods
The phytochemical screening of the leafy stems was carried out according to the method of Houghton and
Amala based on differential precipitation and coloring reactions®'2?'?2 The extract used is a decoction
obtained from the leafy stems of O. celtidifolia.
Preparation of the agueous extract
The aqueous extract obtained by decoction of 50 g of O. celtidifolia leaf powder in 500 mL of distilled water for
30 min. The solution is left to decant for a few minutes, the mixture is filtered on Wathman paper and then the
filtrate obtained was evaporated with rotavapor®*2%,
Phytochemical screening
The qualitative chemical analysis was performed according to the method of Houghton and Raman® revised and
adapted to the conditions of the Laboratory of Pharmacognosy and Essential Oils (LaPHE). It is based on
differential precipitation and staining reactions*??. The extract used is a decoctate obtained from the leafy stems
of O. celtidifolia.
Determination of the antioxidant activity of the extracts
The antioxidant effect of the aqueous extracts of O. celtidifolia is determined by the DDPH method using 2,2'-
diphenyl-1-picrylhydrazyl radical (DPPH). Antioxidant activity is performed by the method of Lamien-Meda et
al. 2. The total antioxidant capacity of plant extract was determined by the methods of Hinneburg et al. *
reported by Bakasso ** and applied to our laboratory conditions®®*??2. The positive control is represented by
ascorbic acid (Vitamin C) which is treated under the same conditions as the tested samples.
The results were expressed as the average of three measurements. The ICs, value was determined for extract.
Toxicity test
The evaluation of the toxicity activity of our extract was performed on brine shrimp larvae using the adapted
methods of Michael et al., Vanhaecke et al. and Mousseux 2. This study consisted in determining the lethal
concentration of our extract, at which 50% of the larvae were killed, and then in assessing its value.
Development of the experimental seizure model
The induction of convulsions for the development of our experimental model was carried out by the
administration of pilocarpine nitrate i.p at 360 mg/kg. Note that a dose of 1 mg/kg of cholinergic antagonist,
methyl scopolamine nitrate, was administered i.p., 30 min before that of pilocarpine to limit the peripheral
effects of the latter.
Two groups of rats were formed for the validation of the model : a group representing epileptic rats (n = 9),
having received scopolamine and pilocarpine and a control group representing non-epileptic rats ((n = 4), having
received only distilled water.
Validation of the developed model
Seizure intensity was assessed using the six-score scale described by Racine
Score 0: no response,
Score 1: seizures including hypoactivity and mouth and face automatisms,
Score 2: convulsions including nodding and chewing,
Score 3: convulsion including clonic movements of the front legs without rising,
Score 4: seizures including clonic movements of the front legs and rising

¢ Score 5: rising and falling with loss of postural tone, general rigidity of the body (tonic-clonic seizure)
Scores were initially assigned every 15 min up to 90 min and then every 30 min until 180 min.

* & & o o
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The research of the anticonvulsant activity of our extract was carried out in preventive treatment and in curative
treatment.

Testing for anticonvulsant activity 1 (preventive treatment)

The preventive treatment consisted in the administration of the extract to the rats in i.p., before the induction of
convulsions in i.e. 30 min before the administration of scopolamine. The extract was therefore administered to 3
different groups of rats at doses of 300, 400 and 500 mg/kg respectively. The 4™ group received the reference
drug, diazepam at 1 mg/kg in i.p.

The parameters considered to assess the preventive effect of the extract are : the intensity of the convulsions (in
terms of its variation and the maximum score reached in rats) ; the latency time defined as the lapse of time
separating the administration of pilocarpine from the appearance of clonic movements ; the time of attainment
of status epilepticus (the latter being defined as uninterrupted or repeated convulsions of score 5 lasting at least
30 min) and then the mortality of the rats.

Testing for anticonvulsant activity 2 (curative treatment)

Curative treatment consisted of administration of the extract after induction of convulsions, i.e 15 min after
administration of pilocarpine. The extract was therefore administered to 3 different groups of rats at doses of
500, 600 and 700 mg/kg respectively. The 4" group received Diazepam i.p. at a dose of 4 mg/kg.

The parameters considered to evaluate the curative effect of our extract are : intensity of the convulsions, ime to
reach epilepticus status and the mortality of the rats.

Statistical analysis

Data were analyzed using STATISTICA Statsoft software version 5.5 and Microsoft Excel 2013. Student's t-test
. latency. Analysis of variance from one-factor ANOVA decomposition test (tukey HSD post hoc test). The level
P < 0.05 was considered as the cutoff value or significance.

I11. Result

The present study was carried out in order to evaluate in vitro the anticonvulsant and antioxidant activity of the
aqueous extract of this plant. Water was the solvent used not only because of its high extraction capacity, but
also because it is the most widely used solvent in traditional medicine. Koffi et al.,* reported that the presence
of water in plant organs would increase the permeability of plant tissues and promote the phenomenon of mass
diffusion in the extraction step®*’. In Benin, it is practically the cheapest solvent, available to the whole
population and less toxic compared to ethanol and other organic solvents. Even though ethanol is the second
most used solvent by the population in traditional medicine, its use is sometimes limited and sometimes
forbidden for some people because of their religious beliefs.

v" Thus, we have privileged the aqueous extract in this work in order to valorize our results and to give an

easy access to all traditional therapists for the exploitation of these results.

This aqueous extract obtained from the leaves of O. celtidifolia gave a good yield. Since the plant is widely used
locally by traditional practitioners against several diseases, the qualitative chemical composition was evaluated
for the extract prepared from its leafy stems.
After preparing the aqueous extract, several chemical and pharmacological analyses were studied in this work
and the results are given below.
Phytochemical screening
The secondary metabolites present in the aqueous extract of the leafy stems of O. celtidifolia were detected by
tube tests and the results are given in the following table 1 :

Table 1 : Phytochemical screening of O. celtidifolia

Chemical groups Aqueous extract Chemical groups Agueous extract
Alkaloids - Cardenolids -
Catechic tannins +/- Cyanogenic derivatves -

Gallic tannins +/- Mucilages +
Flavones + Coumarins +/-
Flavonols - Reducing compounds +
Flavonones - Free anthracenics -
Anthocyanins + Quinones derivatives -
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Leucoanthocyanins + O-heterosids -
Saponosids + C-heterosids -
Triterpenoids + Essential oil nd
Steroids +- - -

n.d. : not determined ; + : present ; - : absent ; +/- present but weakly (in trace)

Table no 1 shows phytochemical screening that revealed the presence of flavonoids (flavone), reducing
compounds, anthocyanins, leucoanthocyanins, saponosides, triterpenoids and mucilages and the absence of
alkaloids, cardenolides, cyanogenic derivatives, coumarins, free anthracenics, quinonic derivatives, O-
heterosides and C-heterosides. Tannins and steroids were found in traces in the extract.

Determination (assay) of total polyphenols

The polyphenol content was determined using gallic acid as standard and the regression curve obtained with it.
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Figure 4 : Total polyphenol content of the aqueous extract of leafy stems

With the equation: y = 0.1939x + 0.0115, we have x = (0.374 - 0.0115)/0.1939 = 1.869.

T = 18?1’:‘” X 1000 , Vr=6mL.

The content of Total Polyphenols is 89.712 in mg of gallic acid equivalent/g of extract.

Determination (assay) of flavonoids

Quercetin was used as a standard for the determination of flavonoids content and the regression line is presented
in Figure opposite 5.

OH O
Chemical structure of quercetin
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Figure 5: Flavonoid content of the aqueous leaf extract

With the equation y = 0.4195x — 0.0383 , we have :x = (1.904 + 0.0383)/0.4195 = 4.630.

T = 46131" X 1000 : Vr=4mL

The results revealed that the aqueous extract of leafy stems O. celtidifolia contains flavonoids in quantity with a
content of 37.04 in mg quercetin equivalent /g extract.
Antioxidant activity of the extract
The antioxidant activity of the aqueous extracts by DPPH method is 0.29299 mg/mL for its 1Cs, and its
percentage of inhibition (48.19%) at 0.33 mg /mL after that of ascorbic acid standard (98.19%) at the same
concentration.
Characteristics of the developed model
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Figure 6 : Evolution of scores as a function of time in epileptic (test) and non-epileptic (control) rats.
From this figure, we can see that the seizure intensity of the developed model increased rapidly after pilocarpine
administration to reach its maximum peak between 45" and 60th min, and then gradually decreased back to
score 2 at 180™ min.
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Preventive effects of the extract on the evolution of the intensity of the convulsions
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Figure 7 : Time course of seizure intensity during preventive treatment.

The figure showing the evolution of the intensity of the convulsions as a function of time showed us that the
preventive treatment with the extract at the doses of 400 and 500 mg/kg and Diazepam at 1 mg/kg resulted in a
statistically significant reduction of the intensity of the convulsions with a maximal effect for the extract at 400
mg/kg; Diazepam was more active than the extract on this parameter.

Preventive effects of the extract on the latency time

The diagramm showing the effect of the preventive treatment on the latency time presented that the extract, at
doses of 400 and 500 mg/kg significantly delayed the onset of induced convulsions in rats with a maximal effect

at the 500 mg/kg dose.
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Figure 8 : Effect of preventive treatment on latency
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Preventive effects of the extract on the maximum score achieved in the rat
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Figure 9 : Effect of preventive treatment on the maximum score achieved in rats

Our study showed that preventive treatment with the extract at 400 and 500 mg/kg resulted in a statistically
significant reduction in the maximum score achieved in rats with a maximum effect at 500 mg/kg. Diazepam
was also more active than the extract on this parameter.

Preventive effects of the extract on rat mortality
Table 2 : Rat mortality rate (preventive treatment)

Groups Number of deaths Mortality rate in %
Control (n=9) 3 33.33
300 mg (n=5) 1 20
400 mg (n=5) 0 0
500 mg (n =5) 0 0
Diaz 1 mg (n=5) 0 0

The table showing the mortality rate of the rats after the preventive treatment reveals that the extract
administered as a preventive measure at 400 and 500 mg/kg and Diazepam at 1 mg/kg prevented the death of the
rats.

Table 3 : Rat mortality rate (curative treatment)

Groups Number of deaths Mortality rate in %
Control (n=9) 3 33.33
E500 mg (n =5) 1 20
E600 mg (n =5) 1 20
E700 mg (n=5) 1 20
Diaz 4 mg (n=5) 0 0

The table showing rat mortality after curative treatment indicates that the curatively administered extract

reduced rat mortality while Diazepam prevented rat death.

Toxicity activity

The toxicity test on Artemia salina L. gave the results expressed by the following figure :
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Figure 10 : Variation in larval mortality as a function of extract concentration

The results of the toxicity test revealed that the larval mortality respects a dose-response relationship. The
logarithmic adjustment of order 2 (in red) of the curve expressing the variation of the mortality of the larvae
according to the concentration of extract allowed us to determine the lethal half-concentration LCsy of our
extract which is 1.22 mg/mL.

1V. Discussion

Choice of the plant Opilia celtidifolia and its aqueous extract.

O. celtidifolia is a plant well known by traditional health practitioners for the treatment of several diseases such
as malaria, dermatosis, abdominal pain, as an aperitif, against wounds, intestinal worms etc. 3**,

According to an ethnobotanical study conducted by Guinnin et al.,? it was noted that 04 plants are selected for
further investigation because they are plants with more or less high frequency of citation on which very few
studies are conducted. Among its plants, is O. celtidifolia. Concerning the various organs of the plants, the
leaves (51.85%) are the organs most frequently used for medicinal preparations. These results are close to those
of Sangare et al.,*> who show that the leaves are solicited in majority during traditional treatments and differ
from those of Thirumalai et al.,*®* who during a similar study in India discover that the most solicited part of the
plant is the leafy stem. This state of affairs is understandable as the pathology of interest and the geographical
area of study differ. The method of preparation of medicinal extracts varies according to the socio-cultural
groups. Decoction (39.5%) is the most used method. This result is close to that established by Fah et al. who
indicate that recipes are mainly prepared by decoction®.

v' These different observations and analyses justify our choice of the plant Opilia celtidifolia in this study.
The present study was carried out in order to evaluate in vitro the anticonvulsant and antioxidant activity of the
aqueous extract of this plant. Water was the solvent used not only because of its high extraction capacity, but
also because it is the most widely used solvent in traditional medicine. Koffi et al.,* reported that the presence
of water in plant organs would increase the permeability of plant tissues and promote the phenomenon of mass
diffusion in the extraction step®®*. In Benin, it is practically the cheapest solvent, available to the whole
population and less toxic compared to ethanol and other organic solvents. Even though ethanol is the second
most used solvent by the population in traditional medicine, its use is sometimes limited and sometimes
forbidden for some people because of their religious beliefs.

v' Thus, we have privileged the aqueous extract in this work in order to valorize our results and to give an

easy access to all traditional therapists for the exploitation of these results.

These results, of phytochemical screening, partly corroborated those of researchers . who reported the
presence and/or absence of different chemical groups either in the powder or in the extract of the plant,
depending on the techniques used. The presence of saponosides in the leaves and stems of O. celtidifolia was
also confirmed in the work of Crespin et al.,*... The existence of polysaccharides was reported by Sutovska et
al.,* who even isolated them from this plant. Some of these groups of compounds identified as coumarins,

38-45
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flavonoids, triterpenes have pharmacological properties that could explain the possible anticonvulsant effect of
our plant extract “4°*,

This variation in chemical composition could be explained by the conditions of harvesting and drying of leaves,
the climate of the harvesting areas and the chemical composition of the soils, the time of harvesting of the plants
during the day and the precision of the chemical tests used.

The presence of flavonoids indicates interesting pharmacological properties. Saponosides are well
known for their surface active properties. These compounds can confer to the plant properties to decrease the
permeability of blood capillaries and to reinforce their resistance *.

If these different families of compounds could attribute to the plant various therapeutic properties which are
quoted to him in traditional medicine, the polyphenols and in this case the flavonoides are not less quoted for
their antioxydant activity. Thus, a quantitative analysis of these two large classes of compounds was carried out.

Antioxidant activity of the extract

This activity of the aqueous extract would be due to the presence of chemical families identified with
antioxidant  properties  (Bruneton, 2008)* as polyphenols, flavonoids (flavones), anthocyanins,
leucoanthocyanins, in the aqueous extract.

For a comparison study, ascorbic acid is used as a standard antioxidant and showed a very potent
antiradical activity with an ECs, in the range of 0.2082 mg/mg DPPH, ICs, in the range of 1.11x102 mg/mL and
PRA in the range of 480.307. The ICs, value of ascorbic acid is better than that previously reported (ICs, = 1.31
pg/mL) by Burits and Bucar **,

The lowest free radical scavenging activity was expressed by the agqueous extract with ECsq = 5.497
mg/mg DPPH; 1Csy = 0.292 mg/mL, and RPA of 5.497 which is 26 times lower than the reference. Ascorbic
acid is then 26 times more active than the aqueous extract. The effect of the extract is most likely attributed to
its richness in phenolic compounds and flavonoids.

According to Lee et al.,’® any extract with an ECs, lower than 10 mg/mL is indeed an extract with
antioxidant activity. In the case of our study, the ECy, of the aqueous extract is less than 10 mg/mL, which
indicates that our extract has effective antioxidant activity.

Characteristics of the developed model

Our study (whit 360 mg/kg) gave a latency time (LT) of 16.67 + 3.2 min and the time to status
epilepticus (TSE) was 35.67 + 13.33 min. Both times were higher than those obtained from the model developed
by N'Gouemo («for 380 mg/kg, the LT = 10,1 £ 0,9 min » and the « TSE = 23 + 2 min ») and could be
explained by the reduced dose of pilocarpine in our study) *.

At the dose of 360 mg/kg, we had an estimated 33.33% mortality of wistar rats. The mortality rate
presented by the developed model is lower than that of the model developed by Jope et al. 57 with 400 mg/kg
pilocarpine in Sprague Dawley rats (100% dead). This could be explained by the reduced dose of pilocarpine in
our model, but also by the administration of scopolamine which limits the peripheral effects of pilocarpine.
However, a different sensitivity linked to the species cannot be excluded.

Preventive effects of the extract of the intensity of the convulsions and on the latency time
Preventive treatment with the extract at 400 and 500 mg/kg and Diazepam at 1 mg/kg inhibited the
development of pilocarpine-induced status epilepticus in rats.
None of the rats treated with Diazepam showed clonic movements. This indicates that diazepam is
more active than the extract on this parameter.

The figure 9 shows that curative treatment with the extract at a dose of 700 mg/kg resulted in a statistically
significant decrease in seizure intensity. Diazepam at 4 mg/kg was more active than the extract with a complete
inhibition of convulsions as early as 90 min.

Curative treatment with both the extract and diazepam inhibited the development of pilocarpine-
induced status epilepticus in rats.

In view of the above results, the dose of the extract that would offer a major preventive anticonvulsant
effect would be between 400 and 500 mg/kg as it would both significantly decrease the intensity of convulsions
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and significantly delay the onset of convulsions. Considering the effectiveness of the anticonvulsant activity of
our extract, bioguided extractions deserve then to be undertaken for the relation chemical group and
pharmacological effect. The reference drug, Diazepam was more active as a preventive, as well as a curative
agent than the extract, all doses combined, whatever the parameter. The probable mechanisms of action of the
anticonvulsant effect observed for this plant could concern an activation of the GABA receptors and/or an
inhibition of the NMDA receptors, and therefore deserve to be explored.

This value, I1Cs, = 1.22 mg/mL; is higher than 0.1 mg/mL (threshold established by Mousseux®® and above
which the extract is considered not to be toxic). This allowed us to deduce that our aqueous extract used is not
toxic on the larvae of A. salina. We can therefore say that our work has justified the traditional use of aqueous
extracts of the plant O. celtidifolia by the population. However, further studies on the cytotoxicity of the extract
will allow to better appreciate its effect on macrophage cells.

As mentioned recently by some researchers, there is a concordance between the biological activities of
the chemical groups that were identified in our results with the traditional uses collected in previous
ethnobotanical surveys 3%,

V. Conclusion
The present study allowed to carry out phytochemical screening, quantification of polyphenolic

compounds, antiradical activity, anticonvulsivant screening and larval toxicity of the aqueous extract of leafy
stems of O. celtidifolia. The qualitative phytochemical studies revealed the presence of different families of
compounds including polyphenols, flavonoids, mucilages etc. which could confer therapeutic properties to the
plant. This extract presente high contents of polyphenols and flavonoids and the decoction of these leafy stems
seems to be without toxicity. These results show then the interest of O. celtidifolia in the management of
epilepsy and constitute prerequisites for the development of anticonvulsant phytomedicines. To promote and
enhance the development of improved traditional medicines.
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