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Abstract: Our work was part of the search for new active molecules in the inflammatory process to relieve pain
more effectively. Erythroxylum emarginatum is a plant distributed in tropical regions of South America, Africa,
and Madagascar. The phytochemical screening has shown that the bark of stems contained more full of
polyphenols than the leaves. Erythroxylum emarginatum is known for its anti-inflammatory properties, its use in
the treatment of bronchial affections and especially during asthma. The comparative study of Erythroxylum
emarginatum bark of stems aqueous and ethanolic extracts with diclofenac on induced inflammation of rat paw
by carrageenan revealed anti-inflammatory properties of both extracts.

In effect at doses of 200 mg/kg of body weight, both extracts have anti-inflammatory properties comparable to
those of diclofenac dosed at 25mg/kg body weight. These results would justify the use of Erythroxylum
emarginatum bark of stems by people to prevent inflammatory processes in arthritis and asthma.
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I.  Introduction

Erythroxylum emarginatum is a shrub or small tree of six (6) meters high, distributed in tropical
regions of South America, Africa, and Madagascar. The leaves are alternate, oblanceolate, and elliptical. The
flowers are in small axillary clusters, white, fragrant. The fruit is a drupe ellipsoid, fleshy and red !, The
decoction of leaves is used to treat asthma, arthritis and influenza and kidney problems and reproduction *. The
leaves and roots of the plant are used to relieve pain. In general, this plant is known for its anti-inflammatory
properties and its use in the treatment of bronchial and respiratory affections F!. This study focuses on the
determination of polyphenols in the leaves and bark of stems and pharmacological properties of aqueous and
ethanolic extracts of Erythroxylum emarginatum to found a scientific basis for its use 2. This study aims to
verify the use of Erythroxylum emarginatum as anti-inflammatory remedy.

Il.  Materials And Methods
1. Collection of plant material
The bark of stems and the leaves of Erythroxylum emarginatum were collected to Kami on 2013 in the
region of Bouaflé, a city situated in the western center of Cote d’ivoire. After identifying at the National
Floristic Center at the Félix Houphouét Boigny University, these plant parts were dried at room temperature for
two weeks and sprayed with an electric grinder type IKA- MAG®.

2. Preparation of extracts

The extracts were prepared according to the extraction method used by Guédé-Guina et al. (1993) ). 1
liter of distilled water was added in 100 grams of the bark of stems powder. The obtained mixture was
homogenized by means of a magnetic agitator during 24 hours. The homogenate was filtered successively twice
on some cotton wool and then once on Whatman paper185 millimeters of diameter. The collected filtrate was
put in steam room at 500°C. The obtained powder constituted the aqueous extract used for the preparation of the
various concentrations of products. The ethanolic extract was prepared in the same way as the aqueous extract
but by using 700 ml of ethanol and 300ml of water. The various concentrations of aqueous and ethanolic
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extracts of Erythroxylum emarginatum were prepared according to the body weight (b. wt.) of the rats and the
amount of product to be injected expressed in mg/kg b.wt. and the amount of extract to be injected is 100mg to
1000g b.wt. of animal and the volume of solution to be injected is 1 ml per animal ™.

3. Animal material

The experimental animals used were Wistar rats of average weight 90 £+ 0.31 grams and aged 10 weeks
supplied by the pet shop of the Superior teachers training college (ENS) of the Félix Houphouét Boigny
University. The rats were placed in plastic cages containing shavings of wood renewed every 3 days. They were
transferred and acclimatized during approximately 4 weeks to the pet shop of the pharmaceutical and biological
sciences department of Félix Houphouet Boigny University.

4. Determination of polyphenols in the bark of stems and leaves of Erythroxylum emarginatum

The determination of polyphenols in the bark of stems and leaves was made according to the Folin-
Ciocalteu colorimetric method described by Mahmoudi et al © with modifications that said at 0.1ml extract of
Erythroxylum emarginatum (bark or leaves) are mixed 0, 5 ml of 2N Folin-Ciocalteu reagent, 1 ml of water and
3 ml of sodium carbonate (Na2CO3) to 7.5% (w/v). The mixture was stirred and incubated in the dark room
temperature for 10 minutes and centrifuged at 3000 rpm/min for 15 minutes and the absorbance was measured at
750 nm by UV spectrophotometer brand SPECORD® 210 PLUS analytikjena. The calibration curve of gallic
acid is obtained using various concentrations of standards ranging from 0 to 350 mg/l of gallic acid solution
prepared in methanol in the same analysis conditions. The results are expressed in milligrams gallic acid
equivalent per gram (EAG mg/g) of plant dry material &),

5. Determination of anti-inflammatory activity
5.1 Induction of edema with carrageenan 1%

The rats were divided into 6 groups of 6, were fasted for 16 hours before experimentation. We
measured for each rat the initial diameter (Do) of the right hind paw. The different groups of rats received by
intraperitoneal route:

- Groupl: physiological saline solution (NaCl 0.9%);

- Group 2 and 3: respectively 100 and 200 mg/kg b.wt. of the bark of stems aqueous extract of Erythroxylum
emarginatum;

- Group 4 and 5: respectively 100 and 200 mg/kg b.wt. of the bark of stems ethanolic extract of Erythroxylum
emarginatum and

- Group 6: Diclofenac sodium at a dose 25mg/kg b.wt. (reference molecule).

One hour after these injections, 0.2 ml of carrageenan 1% solution was injected into the subplanter
region of right hind paw of each rat to induce edema ®. The evolution of the edema of the right hind paw was
determined at 1h, 2h, 3h, 4h, 5h, 6h and 24h after carrageenan injection using a Digital Caliper (digital paw
edema meter) ™. The importance of the edema was determined by the increase in the diameter of the rat paw
inflammation and percentages calculated as follows:

INF% = [Diameter of paw at time T - Initial diameter (Do)] / Initial diameter (Do) x100

The anti-inflammatory activity was assessed by calculating the inhibition percentage of edema (% INH) ).
% INH = [% Control Diameter -% Treaty Diameter] / % x100 Control Diameter.

5.2 Determination of C - Reactive Protein (CRP)
The rats were divided into 5 groups of 6 (all confused sex), blood was collected on the first day of the
experiment (Do).
The various groups of rats received by intraperitoneal route:
- Group 1: 200 mg/kg b.wt. of aqueous extract of Erythroxylum emarginatum;
- Group 2: 200 mg/kg b.wt. of Erythroxylum emarginatum ethanol extract;
- Group 3: Sodium Diclofenac 25mg/kg b.wt.;
- Group 4: NaCl saline solution (0.9%) and
- Group 5 received nothing.

One hour after these injections, 0.2 ml of the carrageenan solution at 1% was injected into the
subplanter region of right hind paw of each rat to induce edema, excepted the rats of group 5 (control group).

The values of C-reactive protein (CRP) were measured 5 h after infection of carrageenan. The rats were
anesthetized with Ether solution (COOPER®) and blood collection was carried out through the tail vein of rats to
preserve their lives and prevent suffering. The collected blood was sent to the laboratory for biological analysis.
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At laboratory the collected blood was centrifuged at 4000 rpm for 10 minutes and serum was collected
for the determination of CRP. CRP was measured by ELISA (Enzyme-Linked Immunosorbent Assay) using the
anti-CRP mouse antibody reagents provided by the ABCAM® laboratories.

I1l.  Results And Discussion
1. Determination of polyphenols in the bark of stems and leaves extracts of Erythroxylum emarginatum

The optical densities (OD) measured after reading the samples to UV spectrophotometer were 0.557
nm for the bark of stems extracts and 0.089 nm for leaves extracts. The equation of the calibration curve used
was: y = 0.0014 x + 0.0109 where y represented absorbance and x the gallic acid concentration (Fig.1).

Our study demonstrated that the Erythroxylum emarginatum bark of stems extract is richer in
polyphenols than the leaves. Indeed the amount of polyphenols in 2 grams of powder is 390.071 mgEAG/g for
bark of stems against 55.785 mgEAG/g for the leaves. We therefore focused our choice on the bark of stems for
assessing anti-inflammatory activity.

2. Anti-inflammatory activity

The carrageenan 1% induced edema which gradually increased to a maximum of 6.10 mm compared to
the initial diameter rat paw (4.21 mm) (Fig.3)(Tablel). The administration of diclofenac dosed at 25mg/kg
prevented significantly increasing the diameter of the rat paw which varies from 4.42mm to 5.35mm after
injection of carrageenan(Fig.3)(Tablel).

The administration of aqueous extracts 100, 200mg/kg b.wt. and ethanolic 100, 200mg/kg b.wt.
significantly prevents acute paw edema in rats after 24 hours; however, the aqueous extract is more effective in
the prevention of acute paw edema of rats. The aqueous extract 200mg /kg had significantly similar percentage
of inhibition (P <0.05) than that of diclofenac (Fig.4) (Table 2).

The CRP value of the group 4 (NaCl + carrageenan) was significantly higher (P <0.05) compared to
other groups tested (aqueous extracts 200mg/kg b.wt., ethanolic extracts 200mg/kg b.wt., diclofenac 25mg/kg
b.wt., and the control). The difference between the results obtained with aqueous extracts 200mg/kg b.wt.,
extracts ethanolic 200mg/kg b.wt., diclofenac 25mg/kg b.wt., and control (NaCl single) is not significant (P>
0.05) between them (Fig.5).

The CRP testing has confirmed the effectiveness of the aqueous extracts 200mg/kg b.wt. and ethanolic
200mg/kg b.wt. in the prevention of acute rat paw edema induced by carrageenan 1 %.

IV.  Figures And Tables
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Fig 1 : Calibration curve of gallic acid
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Fig 2 : Polyphenols content in the bark of stems and leaves extracts of
Erythroxylum emarginatum
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Fig.3 : Effects of aqueous and ethanolic extracts of Erythoxylum emaginatum and diclofenac on
the diameters of the rat paw

NaCl + C : NaCl + Carrageenan

D 25 + C : Diclofenac 25mg/kg + Carrageenan

EA 100 + C : Aqueous Extract 100mg/kg + Carrageenan

EA 200 + C : Aqueous Extract 200mg/kg + Carrageenan

EE 100 + C : Ethanolic Extract 100mg/kg + Carrageenan
EE 200 + C : Ethanolic Extract 200mg/kg + Carrageenan
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Fig.4 : Inhibition of edema induced by carrageenan in rat treated with
aqueous and ethanolic extracts of Erythoxylum emarginatum and diclofenac

EE 200 : Ethanolic Extract 200mg/kg
EA 200 : Aqueous Extract 200mg/kg
D 25 : Diclofenac 25mg/kg
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Fig 5 : Effect of aqueous and ethanolic extracts of Eryfitroxylum emarginatrmn on the concentration of C-Reactive
Protein 5 hours after injection of carrageenan

Table 1: Effect of Erythroxylum emarginatum bark of stems extracts on carrageenan induced paw edema in rats
Edema diameter (mm)

Treatment
groups (n=6) Oh 1lh 2h 3h 4h 5h 6h 24h
NaCl 4.21+0.06 | 5.23+0.02 | 5.75+0.07 | 5.94+0.05 | 6.10+0.05 | 5.79+0.13 | 5.52+0.11 | 5.30+0.15
D 25 4.42+0.11 | 4.85+0.05 | 5.10+0.01 | 5.26+0.07 5.35+0.10 5.08+0.03 | 4.50+0.13 | 4.43+0.10

AQ 100 4.22+#0.05 | 5.15+0.02 | 5.50+0.08 | 5.80+0.07 5.95+0.15 5.63+0.14 | 5.15+0.05 | 4.95+0.07
AQ 200 4.65+0.05 | 5.15+0.04 | 5.40+0.11 | 5.57+0.14 5.70+0.11 5.35+0.16 | 4.80+£0.27 | 4.67+0.16
ETH 100 3.97+0.16 | 4.98+0.04 | 5.25+0.10 | 5.50+0.13 5.75+0.10 5.51+0.18 | 5.17+0.07 | 4.97+0.06
ETH 200 4.63+0.19 | 517+0.21 | 5.38+0.30 | 5.63+0.33 5.73+0.33 5.50+0.18 | 4.90+0.23 | 4.70+0.28

AQ 100: Aqueous extract (100mg/kg b. wt.), AQ 200: Aqueous extract (200mg/kg b. wt.), ETH 100:
Ethanolic extract (100mg/kg b. wt.), ETH 200: Ethanolic extract (200mg/kg b. wt.), D 25: Diclofenac (25mg/kg
b. wt.), each value is Mean+tSEM N = 6 rats, p<0.05, One way ANOVA followed by Dunnet multiple
comparison test, statistically no significant when compared to control (NaCl).

Table 2: Percentage of inhibition of aqueous and ethanolic bark of stems extracts of Erythroxylum emarginatum
on rat paw edema induced by carrageenan

Treatment Percentage of Inhibition (%) Mean of
1h 2h 3h 4h 5h 6h 24h inhibition (%)
NaCl (Control) - - - - - - - -
Diclofenac 61.29 | 59.04 | 55.12 54.19 61.23 94.38 99.17 69.20£7.21
AQ 200 57.18 | 57.07 | 53.28 50.83 60.91 89.95 98.39 66.80+7.22
ETH 200 53.56 | 56.88 | 49.00 | 48.29 51.20 81.80 94.36 62.16+6.91

V.  Conclusion

This work has shown that the bark of stems of Erythroxylum emarginatum contained more polyphenols
than the leaves, allowing us to choose the bark of stems for the evaluation of anti-inflammatory activity. The
bark of stems aqueous and ethanolic extracts of Erythroxylum emarginatum showed efficacy in the prevention
of acute edema of the rat paw induced by carrageenan 1%. At doses of 200 mg/kg b.wt., these extracts have
anti-inflammatory properties comparable to those of diclofenac dosed at 25mg/kg b.wt. These results support
the use of Erythroxylum emarginatum bark of stems by people to prevent inflammatory processes in arthritis
and asthma.

Ethical Approval
The experimental procedures and protocols used in this study were approved by the Ethical Committee
of Health Sciences, Felix Houphouet-Boigny University. These guidelines were in accordance with the
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European Council Legislation 87/607/EEC for the protection of experimental animals. All efforts were made to
minimize animal suffering and reduce the number of animals used.
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