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Abstract
The present study evaluated the putative effects of the methanolic extract of Emilia coccinea leaves 
(MEC) on the central nervous system, including anxiety, depression-like behavior, and memory, in 
Wistar rats. The behavioral assays included open-field, elevated plus maze, forced swimming and Y-
maze. The antioxidant activity of the extract was also measured in vitro. MEC showed a significant 
antioxidant activity. It significantly increased the number of open arm entries and time spent in the open 
arms of the elevated plus maze test. The rearing time as well as the time spent at the centre of the open 
field was significantly increased. MEC also significantly decreased the number of lines crossed and the 
climbing time on this task. In the forced swimming test, the extract was as effective as Imipramine in 
inducing shortening of immobility time while after 3 days of treatment, it significantly improves spatial 
memory in the Y-maze task. 

Keywords: Emilia coccinea, Antioxidant, flavonoids, Anxiety, Depression, spatial memory 

1. Introduction
Emilia coccinea (SIMS) G. (Asteraccae) is an annual herb commonly found throughout the 
plain of the Central Africa and in dry areas up to 2000 m altitude in the eastern Africa. This 
species belongs to the genus Emilia represented by about 100 species, with 50 of them found 
in Africa [1]. In traditional medicine, this plant is used for the treatment of fever, convulsions 
and epilepsy in children [2]. The sap is also applied to ulcers body rashes and abscesses. The 
dry leaves are used for the treatment of wounds, sores and sinusitis ulcer, ringworm [3], but 
also to treat jaundice, abdominal pains, and gastritis. In some tribe in the western part of 
Cameroon, the infusion of the dry leaves of this plant is used as a potent sedative and 
restorative. Previous phytochemical studies on E. coccinea have reported the presence of 
alkaloids, tannin, saponin, steroid, terpenoid, flavonoid and cardiac glycoside [4-5]. Quantitative 
estimation of the percentage of crude chemical constituents in the Nigerian E. coccinea was 
0.92±0.22% of alkaloids, 0.81±0.10% of phenols, 0.96±0.10% of flavonoid, 2.30±0.20 of 
saponin and 11.85±0.31 of tannin [4]. 
According to the WHO report, approximately 450 million people suffer from a mental or 
behavioural disorder. This accounted for 12.3% of the global burden of disease, and this 
percentage may rise up to 15% by 2020 from predictions. The brain is susceptible to free-
radical damage due to its comparatively high levels of oxygen metabolism and also relatively 
deficient in both free-radical scavenging enzymes and antioxidant molecules as compared to 
other organs. Oxidative stress by the imbalance between free radicals and the antioxidant 
system is a prominent and early feature in the pathogenesis of neuronal damage [6].  
Different therapeutic regimens are employed to treat anxiety and depressive disorders; but 
their clinical uses are limited by their side effects such as psychomotor impairment, 
potentiation of other central depressant drugs and dependence liability. In the search for new 
therapeutic products for the treatment of neurological disorders, research on medicinal plant 
has also contributed significantly by demonstrating pharmacological effectiveness of different 
herbs in various animal models.  
Various activities of the entire herb, including antibacterial, antioxidant and anti-inflammatory  
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activities have been reported in various studies [7], but no 
scientific data are available for the central nervous systems 
actions of the leaves of E. coccinea although this plant is 
used for the treatment of some neurological disorders in the 
western part of the Cameroon. The presence of flavonoids 
and phenolic compounds in the leaves of E. coccinea 
suggests that this plant possesses antioxidant properties and 
can have neuroprotective propensity. Therefore, the aim of 
this study was to examine the antidepressant-like, anxiolytic-
like and sedative actions of the methanol extract of the 
methanolic extract of Emilia coccinea using animal models. 
Putative anxiolytic-like and antidepressant-like properties of 
E. coccinea were studied in the elevated plus-maze, open 
field and forced swimming test, while the effect on short 
term memory was investigated in Y-maze. 
 
2. Methods 
2.1. Plant material and extraction  
Fresh leaves of E. coccinea were harvested in September 
2013 at Etoug Ebe in the Centre Region of Cameroon and 
authenticated at the National Herbarium-Yaoundé, where the 
voucher specimen was conserved under the reference number 
6297/HNC. The leaves were then washed and dried at room 
temperature (24-26 °C during 10 days). 
 Methanolic extract was prepared as follows: after drying 
fresh leaves and powdering it, 500 g of the powder were 
mixed with 500 ml of the solvent at room temperature and 
agitated for eight hours in a flask shaker using a magnetic 
agitator. The mixture was then filtered thought a Whatman 
paper. This was followed by the elimination of the solvent by 
a rotavapor. The given powder yielded 8.80% of a brown 
extract. The same process was done for the fresh leaves.  
 
2.2. Experimental animals  
Male Wistar albino rats (weighing 100-180 g) were obtained 
from the Laboratory of Biophysics and Biochemistry of the 
Department of Food Sciences and Nutrition, University of 
Ngaoundéré, Cameroon. The animals were housed in 
polyacrylic cages (6 animals / cage) and maintained at a 
temperature and light-controlled room (25 ± 2 °C, a 12-h 
cycle). The animals were acclimatized to laboratory 
conditions for 7 days before the start of experiment. Prior to 
and after treatment, the animals were fasted for 12 and 7 h, 
respectively. However, all animals were allowed to drink 
water ad libitum. Rats were treated in accordance with  the  
guidelines  of the Cameroonian  Bioethics Committee (reg 
N°.FWA-IRB00001954) and in accordance with NIH- Care 
and Use of Laboratory Animals manual ( 8th Edition). 
 
2.3. Chemicals  
Diazepam hydrochloride and Imipramine were purchased 
from Novartis Turkey and used as reference drugs. All drugs 
and extracts were freshly prepared in saline on the day of the 
experiments and administered intraperitoneally (i.p.). Control 
animals received 10 ml/kg body of the vehicle in the same 
route of administration. 
 
2.4. In vitro analysis 
2.4.1. Determination of mineral composition 
Micro and macro-elements were determined by dry ashing in 
muffle furnace 500 °C. 1 g of ground sample in a porcelain 
crucible was ashed in conventional resistance muffle furnace 
(CMF). The ash was diluted in 5ml of diluted mixture of 

HCl/HNO3 acids, following by 20 mL of hot water and 
brought to 100 mL in deionised water. Ca, Mg, Na, K, Zn, 
Cu, Mn, and Fe were analyzed using Atomic Absorption 
Spectrometer. Phosphorous (P) was also determined as above 
but analyzed using Murphy Riley reagent and read 
colorimetrically [8]. 
 
2.4.2. Determination of total phenolic content 
Total phenol content was determined spectrophotometrically 
in the extracts by using Folin–Ciocalteu method. 0.04 mL 
(0.0125 M) of the methanolic extract of E. coccinea was 
added to 1.36 mL distilled water and 0.2 mL of freshly 
prepared Folin–Ciocalteu reagent, followed by incubation in 
the darkness for 5 min. Then, 0.4 mL of 20% sodium 
carbonate solution was added. The test tubes were stirred 
with the help of a vortex and the samples were incubated at 
40 °C in the darkness for 30 min. The UV–vis spectra of all 
the samples were recorded against the reference solution 
(zero gallic acid) and the absorbance was read at 760 nm. 
The measurements were done four times. For the gallic acid 
standard, a calibration curve (Pearson’s correlation 
coefficient: R2 = 0.999) was constructed and the total level of 
phenolics for each sample was determined in terms of gallic 
acid equivalents [9].  
 
2.4.3. Determination of anti-oxidant activity 
Two model systems: 2, 4-dinitrophenyl-1-picryl hydrazyl 
(DPPH) radical scavenging activity and ferric Iron reduced 
activity assay were used to measure the antioxidant activities 
of the extract. In the two in vitro tests, ascorbic acid and 
quercetin were used as standard antioxidant compounds 
respectively. 
 
2.4.3.1. Ferric reducing antioxidant power (FRAP) assay   
The antioxidant capacity of the methanolic extract of E. 
coccinea leaves were evaluated by determining its ability to 
reduce iron (Fe3+) into Fe2+ using Oyaizu method [10]. The 
methanolic extract of E. coccinea leaves (0.1 mL) were 
mixed with 2.5 ml of phosphate buffer  (0.2 M, pH 6.6) and 
2.5 ml of potassium hexacyanoferrate solution (K3Fe(CN)6) 
at 1%. The mixture was incubated at 50 °C for 30 min. 2.5 
mL of trichloroacetic acid (10%) was added and the mixture 
centrifuged for 10 min. 0.5 mL was pipetted into a test tube 
and mixed with 2.5 mL of distilled water and 0.5 ml of 
aqueous solution of FeCl3 (0.1%). The absorbance was read 
at 700 nm in a spectrophotometer. Ascorbic acid was used as 
reference and the total reducing power (Ferric Iron reducing 
activity) was expressed as ascorbic acid equivalent. 
 
2.4.3.2. Free radical scavenging activity (DPPH assay 
method) 
The free radical scavenging activity of the methanolic extract 
of E. coccinea was evaluated as described by Zhang and 
Hamauzu [11]. Briefly, 2 mL of DPPH (0.1 mM prepared in 
methanol) was introduced in each test tube containing 0.25 
µL of the fresh extract. The mixture was stirred for 5 min and 
incubated in darkness for 60 min at room temperature. For 
the control tube, methanol was used in the place of the 
extract while quercetin was used as reference at variable 
concentration. A curve was drawn from this reference and 
the absorbance read at 517 nm. Each assay was repeated four 
times and the results, recorded as mean of the fourth 
experiments. 
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The antioxidant activity of the extract was expressed as 
grams of quercetin equivalent/100g of the extract. The 
inhibition percentage was calculated from the following 
equation. 
 
PI (%) = [(DO control-DOessay) x100]/DOcontrol 
 
2.5. Behavioral evaluation 
2.5.1. Open Field Activity test (OFT) 
The open field apparatus was constructed of white polywood 
and measured 72 x 72 cm with 36 cm walls. Red lines were 
drawn on the floor with a marker and were clearly visible 
through the clear Plexiglas floor. Rats were treated (i.p) with 
single administration of the methanolic extract of E. coccinea 
leaves and the test were performed 30 min after the drug 
administration of the extract (200 and 400 mg/kg, i.p.) or 
saline (10 ml/kg). The standard drug diazepam (1 mg/kg, i.p.) 
was given once 30 min before the test. The rats were placed 
in the open field box for 5 min, and their behaviors were 
recorded. The behaviors scored included: time spent at the 
center square, number of the lines crossed on the floor of the 
maze, time spent at the border of the maze, grooming 
(duration of time the animal spent licking or scratching itself 
while stationary), and  the climbing time [12].  
 
2.5.2. Elevated plus-maze test (EPM) 
Behavior in the elevated plus-maze (EPM) is used to assess 
exploratory, anxiolytic and motor activity. The possible 
anxiolytic effects of the methanolic extract of E. coccinea 
leaves were assessed, basically using the same method 
described by Casarrubea et al. [13]. The EPM consists of four 
arms, 49 cm long and 10 cm wide, arranged in such a way 
that the two arms of each type were opposite to each other. 
The maze was elevated 50 cm above the floor. Two arms 
were enclosed by walls 30 cm high and the other two arms 
were exposed. Rats were treated i.p. with single 
administration of the methanolic extract of E. coccinea 
leaves (200 and 400 mg/kg; i.p) or saline (10 ml/kg; i.p). The 
positive control diazepam (1 mg/kg, i.p) was given once 30 
min before the test. Thirty minutes after the i.p. injection of 
the extract or saline, each animal was placed at the center of 
the maze facing one of the enclosed arms. During a 5 min 
test period, the number of open and enclosed arm entries, as 
well as the time spent in open and enclosed arms, were 
recorded as previously described [14].  Entry into an arm was 
defined as the point when the animal places all four paws 
into the arm. After the test, the maze was carefully cleaned 
with wet cotton (70% ethanol solution) and allowed to dry 
before the next animal. 
 
2.5.3. Forced swimming test (FST) 
The FST is the most widely used pharmacological models for 
assessing antidepressant activity [15]. The development of 
immobility when the rodents are placed in an inescapable 
cylinder of water reflects the cessation of persistent escape- 
directed behavior [16]. The possible antidepressant effects of 
the methanolic extract of E. coccinea leaves were assessed, 
basically using the same method described by Kawaura et al. 
[17] with minor modifications. Rats were treated with single 
administration of the methanolic extract of E. coccinea 
leaves (200 and 400 mg/kg; i.p) or saline (10 ml/kg; i.p). The 
standard drug imipramine (10 mg/kg, i.p) was given once 30 
min before the test. On the first day of the experiments 

(pretest session), rats were individually placed into 
transparent Plexiglas cylinder (50 cm high and 20 cm wide) 
filled to a 30 cm depth with water at 26 ± 1 ºC. The animals 
were left to swim for 15 min before being removed, dried 
and returned to their cages. 
The procedure was repeated 24 h later, in a 6 min swim 
session (test session) 30 min after the last dose of the 
methanolic extract of E. coccinea leaves, imipramine or 
saline. During the test session, the following behavioral 
responses were recorded: immobility time (time spent 
floating with the minimal movements to keep the head above 
the water) and swimming time (time spent with active 
swimming movements). Increases in active responses, such 
as climbing or swimming and reduction in immobility, was 
reconsidered as behavioral profiles consistent with an 
antidepressant-like action [15]. 
 
3. Y-Maze test 
Y-maze analysis has been shown to be a reliable, 
noninvasive test to determine cognitive changes in wistar rat 
through the measurement of the spontaneous alternation 
behavior in the Y-maze task. The maze used in the present 
study consisted of three arms (35 cm long, 25 cm high and 10 
cm wide) and an equilateral triangular central area. All 
animals were tested in a randomized order at the beginning 
and at the end of the experimental protocol. Rats were treated 
once daily with the methanolic extract of E. coccinea leaves 
(200 and 400 mg/kg; i.p), diazepam (2 mg/kg, i.p.), 
Diazepam (2 mg/kg, i.p.) plus E. coccinea (400 mg/kg; i.p) 
or saline (10 ml/kg; i.p) during 3 consecutive days. 30 min 
after the last administration of the methanolic extract of E. 
coccinea leaves, diazepam or saline solution, rats were 
placed at the end of one arm and allowed to move freely 
through the maze for 8 min. The time limit in Y-maze test 
was 8 min, and every session was stopped after 8 min. An 
arm entry was counted when the hind paws of the rat were 
completely within the arm.  Spontaneous alternation behavior 
was defined as three consecutive entries in three different 
arms (i.e. A, B, C or B, C, A, etc).  The percentage 
alternation score was calculated using the following formula: 
Total alternation number/ (Total number of entries − 2) x 
100. Furthermore, total number of arm entries was used as a 
measure of general activity in the animals. The maze was 
wiped clean with 70% ethanol between each animal to 
minimize odour cues [18-19].  
 
3.1 Statistical analysis 
Data were presented as mean ± SEM values. One-way 
ANOVA followed by Tukey multicomparaison “t”-test  was 
performed using Graph Pad Prism version 5.00 for Windows, 
Graph Pad Software, San Diego California USA, 
www.graphpad.com. A probability level of 0.05 or less was 
accepted as significant. Pearson’s correlation coefficient and 
regression analysis were used to evaluate the connection 
between the working memory errors and some parameters 
like locomotion, grooming and rearing in the Y-maze test.   
 
4. Results 
4.1. Total phenolic content and in vitro antioxidant 
activity of Emilia coccinea 
The results of the phenolic content showed that the dry 
leaves of this plant contained 863.04±5.42 mg of GAE/100 g 
of dry material. This represents a very good content of total 
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phenolics compounds in the dry leaves and is four fold the 
total phenolic content of the fresh leaves. The effect of 
antioxidants on DPPH radical scavenging was thought to be 
due to their hydrogen-donating ability. The preparations were 
able to reduce the stable free radical DPPH to the yellow-
coloured 1,1-diphenyl-2-picrylhydrazyl, with 19.08±0.62 g 
of quercetin equivalent/100 g of dry material, indicating a 

weak activity against this radical. The total reducing power 
was about 4.71±0.04 g of Vit C equivalent/100 g of dry 
material (Table 1). 
Mn and Zn were found to be very high (549.83±0.60 and 
46.87±0.01 mg/100 g respectively) in our samples of E. 
coccinea than those reported on other plants [20] (Table 2) 
 

 
 

Table 1: Total phenolic content and in vitro antioxidant activity of Emilia coccinea
  

Test Unit Dry Emilia coccinea Fresh Emilia coccinea 
Water content g/100 g 4.41± 0.03a 86.05±0.53b

Total phenolic content Mg of GAE/100 g of DM 863.04±5.42b 204.15±2.04a

Total reducing powder g of Vit C equivalent/100 g of DM 4.71±0.04b 3.24±0.39a

Antiradical activity (DPPH) g of quercetin equivalent/100 g of DM 19.08±0.62b 6.40±0.06a

 
Results present as the mean ± S.E.M. of 4 experiments. Values with different letters within a line are significantly different at 0.05 level. 

 
 
 

Table 2: Mineral composition of Emilia coccinea leaves 
 

Elements Mg 
(g/100 g) 

Mn 
(mg/100 g) 

Ca 
(mg/100 g) 

Fe 
(mg/100 g ) 

Zn 
(mg/100 g ) 

Cu 
(mg/100 g ) 

E.C 0.52±0.003 549.83±0.60 3.26±0.01 265.35±0.52 46.87±0.01 10.23± 0.003 
 

Results present as the mean ± S.E.M. of 4 experiments. Samples expressed in mg/100g dry weight basis (N=4).
 
 
4.2. Effects of the methanolic extract of E. coccinea leaves 
in the open field test in rats 
The results given in table 3 indicate that the diazepam (2.0 
mg/kg) treated  rats  showed a significant decrease in number 
of lines crossed, climbing and rearing as well as the  time 
spent at the border of the field. The time spent at the centre 
of the field was increased significantly at the same time. 
MEC treated rats (200 mg/kg) exhibited a significant 
increase in the time spent at the centre of the maze while the 
extract was a sedative in all of the applied doses with 
decreased in the number of line crossed. The animals were 
most immobile and inactive at the dose 400 mg/kg. The 
number of lines crossed by the negative control group was 
greater than that of the extract-treated groups, but, the 
number of lines crossed by extract-treated groups was not 
significantly different to that of the diazepam-treated group, 
as shown in table 4.  
 

4.3. Effects of the extract in the EPM  
In the EPM, the MEC (200, 400 mg/kg, i.p.) was found to 
significantly (P < 0.05) decrease the number of entries and 
the time spent by the rats in the closed arms compared to the 
control animals (Fig. 1 and 2). With the diazepam (2 mg/kg), 
the standard drug used in this test, the number of closed arm 
entries as well as the time spent in the closed arms was 
significantly decreased (P < 0.05). By considering the total 
number of entries in both the arms (enclosed and open arms), 
as an index of locomotory activity of the animals, the 
difference between the total number of lines crossed by the 
saline treated animals (33±0.96) was not significantly 
different from those of MEC treated animals at the doses of 
200 and 400 mg/kg (25±1.30 and 28±0.84 respectively), (F 
(2.86) = 0.70, P ≥ 0.05). This difference was also 
nonsignificant when compared to the diazepam -treated 
animals (24±1.20) (Data not shown). 

 
Table 3: Effects of the MEC and diazepam in the open field test in rats. 

 

Groups 
Dose 

(mg/kg) 
Number of line 

crossed 
Climbing time 

(s) 
Rearing Time 

(s) 
Time spent at 
the center (s) 

Time spent at the 
border (s) 

Control - 33±3.2 19.4 ±3.12 78.8±16.56 3.80±0.96 268.00±23.60 
MEC 200 8.2±2.24*** 5.80±2.56*** 47.20±11.76 21.20±6.76* 267.00±23.20 
MEC 400 5.8±1.76*** 3.00±1.20*** 24.00±9.60** 12.80±3.04 241.00±16.00 

Diazepam 2 5.4±4.32*** 2.00±1.20*** 1.20±0.32*** 114.00±12.00**#£ 166.0±44.00****#£ 
 
Animals were treated with single dose of the extract (200 or 400 mg/kg, i.p.) or distilled water. In the positive control, diazepam 
was given only once (2 mg/kg, i.p.) 30 min prior to the test. Results present as the mean ± S.E.M. of 6 animals. Data analysis 
was performed using One way ANOVA followed by Tukey multicomparaison “t” –test.   *** P < 0.0001 vs. saline-treated 
animals; £ P < 0.0001 vs. 200 mg/kg; # P < 0.0001 vs.  group 400 mg/kg.
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Fig 1: Effect of the methanolic extract of E. coccinea leaves on the 
number of entries in open and closed arm in elevated maze test. 
Experiments were performed 30 min after the administration of the 
extract or diazepam (Diaz). Each column represents mean ± S.E.M. 
of 6 animals. Data analysis was performed using One way ANOVA 
followed by Tukey multicomparaison “t” –test.  * P < 0.05 vs. 
saline-treated animals; ** P < 0.01 vs. saline-treated animals. 
 
 
 

 
 
Fig 2: Effect of the methanolic extract of E. coccinea leaves on the 
time spent in open arm and closed arm in elevated maze test. 
Experiments were performed 30 min after the administration of the 
extract of E. coccinea or diazepam (Diaz). Each column represents 
mean ± S.E.M. of 6 animals. Data analysis was performed using 
One way ANOVA followed by Tukey multicomparaison “t” –test.   
* P < 0.05 vs. saline-treated animals. 
 
 
4.4. Effects of the extract in the FST 
The figure 3 shows the effect of MEC for the duration of 
immobility time in the FST model. One-way ANOVA 
revealed that there were no significant differences between E. 
coccinea -treatment groups (F (39.41) = 3.09, P ˃ 0.05).  
 
 
 

Post-hoc analysis showed that the MEC (200 and 400 mg/kg) 
and imipramine treated groups were significantly different 
(P < 0.0001) from the vehicle treated group. MEC 
significantly increased in the dose dependent manner the 
duration of swimming time, indicating the antidepressant 
effect of the extract. This antidepressant effect of the MEC at 
the dose of 100 mg/kg was comparable to that of imipramine 
(2 mg/kg). 
 
 

 
 
Fig 3: Effect of the methanolic extract of E. coccinea leaves on the 
immobility and swimming time in forced swimming test. 
Experiments were performed 30 min after the administration of the 
extract or imipramine (Imip). Each column represents mean ± 
S.E.M. of 6 animals. Data analysis was performed using One way 
ANOVA followed by Tukey multicomparaison “t” –test.  ** P < 
0.001; *** P < 0.0001 vs. saline-treated animals. 
 
4.5. Effects of the extract in the Y-Maze task 
In Y-maze task, we observed after three days administration 
a significant increase of spatial memory in animal treated  
with high-dose (400 mg/kg) of the methanolic extract of E. 
coccinea leaves (F (3.68) = 6.47, P < 0.01) (Fig. 4a), 
indicated by an increase of spontaneous alternation 
percentage compared to control group, suggesting effects on 
short term-memory. At the same time, the plant extract (200, 
400 mg/kg)  and diazepam (2 mg/kg), significantly, and at a 
dose -dependent manner,  decreased  the  total  number  of  
arm entries  of the animals when compared  to  control  group  
(F (3.09) = 8.69, p ˂0.0007)  (Figure 4b). More importantly, 
when linear regression was determined, no significant 
positive correlation between spontaneous alternation vs. 
number of entries in the maze (n=7, r2=0. 237, p=0.2678) 
(Figure 5) was noted. It can also be clearly realized that 
Diazepam, GABAA agonist slightly impaired short term 
memory of rats, although this was not significant compared 
to control animals. 
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Fig 4: Effect of the methanolic extract of E. coccinea leaves and diazepam (Diaz) on the spontaneous alternation percentage (A) and number of 

entries (B) in Y-maze task. Experiments were performed 30 min after 3 days administration of the extract. Each column represents mean ± 
S.E.M. of 7 animals. Data analysis was performed using One way ANOVA followed by Tukey multicomparaison “t” –test.  * P < 0.05; ** P < 

0.001; ** P < 0.0001 vs. control animals; £ P < 0.001 vs. 400 mg/kg treated animals.  
 
 

 
 

Fig 5: Correlation between working memory errors vs. locomotor activities and rearing behavior of rats treated with the MEC at 
the dose of 400 mg/kg.

 
5. Discussion  
The present study provides behavioral evidence for the 
anxiolytic and antidepressant-like activities of E. coccinea. 
The EPM and OF test are regularly used to study anxiolytic 
effects of plant extract while the forced swimming tests are 
widely accepted behavioral models for the assessment of 
antidepressant activity. E. coccinea has been used to treat 
some neurological-related diseases in traditional medicine 
such as convulsion and epilepsy, but its specific 
neuropharmacological activities have not yet been 
demonstrated. The findings of the current investigation show 
for the first time that MEC, standardized in its content of 
flavonoids with doses of quercetin (19.08 g /100 g of DM), 
Vit C (4.71 08 g /100 g of DM), Gallic acid (863.04 mg /100 
g of DM), Mn and Zn (549.83±0.60 and 46.87±0.01 mg/100 
g of DM respectively) possesses a significant anxiolytic and 

antidepressant properties.  
The open field test is a paradigm used for evaluating the 
effect of drugs on gross general behavior and is used to 
measure the level of nervous excitability [21-22]. When 
removed from their acclimatized home cages and placed in a 
novel environment, animals express their anxiety and fear by 
showing decreased ambulation and exploration, 
immobilization or freezing, and modification in normal 
rearing and grooming behavior. Increased micturation and 
defecation due to augmented autonomic activity is also 
observed. These paradigms are attenuated by classical 
anxiolytics and potentiated by anxiogenic agents [23]. In the 
open field behavioral task, the MEC was seen to increase 
time spent at the center of the maze and decrease peripheral 
square movements; the observed decrease in central square 
movements could be due to the impairment of locomotory 
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activity. The decrease in locomotory (number of lines 
crossed and rearing) activity in the open field test of rats 
treated with the extract produces more evidence for its 
central nervous depressant activity. The decrease in the 
rearing activity (vertical movement), as well as grooming, an 
emotional activity parameter, was also significantly affected 
by treatment with the MEC. Diazepam used as a positive 
control drug, also significantly reduced anxiety state in the 
open-field test with some depressive side effects. 
A behavioral assay extensively used for the studies of acute 
behavioral stress reactivity is the elevated plus maze (EPM). 
When animals were taken from their home cage and given 
access to either an open maze alley or a closed maze alley, 
they spent more time exploring the closed arms as a 
characteristic of an approach-avoidance conflict [24]. The 
EPM test has several characteristics that make it particularly 
useful. It reliably detects anxiolytic and anxiogenic activity 
of a variety of therapeutic and experimental drugs of 
different classes. Unlike models that require extensive 
conditioning, it relies on an innate conflict between 
competing “drives”, the balance of which is affected by the 
level of anxiety. Thus, it requires no training, deprivation, 
pain or aversive stimuli. The response involves the 
redirection of an ongoing activity (i.e., exploration) rather 
than the suppression of behavior, which could be confounded 
by sedation or ataxia. Several plants increase the exploration 
of open arms in the elevated plus-maze test and are used to 
diminish anxiety in folk medicine. Among them are Trichilia 
catigua and Plumeria rubra [25-26]. 
Conventional anxiety indices in the elevated plus-maze test 
comprise percent open arm entries and percent time spent in 
these areas in the maze, with anxiolytics generally increasing 
and anxiogenics decreasing these measures. In this regard, in 
the elevated plus-maze test, the MEC (200 and 400 mg/kg, 
i.p.) increased the exploration and the time spent in the open 
arms in a non-dose-related way. The number of entries and 
the time spent in the enclosed arms were also significantly 
reduced when compared to the control group: indicating that 
the MEC has an anxiolytic-like effect. As expected, 
diazepam reduced the animal's natural aversion to the open 
arms and promoted maze exploration. Literature reports 
describe the action of benzodiazepines, such as diazepam, as 
anxiolytics when used at the lowest doses, but these effects 
are associated with the sedation and myorelaxant effects at 
higher doses. Our results clearly indicated that the dose of 
diazepam used in this study also act as sedative. 
In the forced swimming test, the animals are forced to swim 
in a very restricted space from which there is no way to 
escape. They rapidly develop a state of despair behavior 
characterized by a low motivation for escaping as shown by 
the increased periods of immobility. In this experiment, the 
immobility displayed by rodents when subjected to 
unavoidable stress such as forced swimming is thought to 
reflect a state of despair or lowered mood, which is thought 
to reflect depressive disorders in humans. This behavioral 
test is sensitive to serotoninergic compounds, such as the 
selective serotonin reuptake inhibitor fluoxetine [12]. The 
immobility time has also been shown to be reduced by 
treatment with tricyclic antidepressant drugs like imipramine, 
which typically increase the swimming efforts of the animal 
seeking a solution to the problem and, therefore, they 
decrease the duration of immobility in the forced swimming 
test [27].  In this study, the single administration of the MEC 

provoked significant reduction of the immobility time of rats 
subjected to forced swimming when compare to the control 
group. This result shows that the extract possesses 
antidepressant activity on the central nervous system. It is 
noteworthy that in the FST test, false positive results can be 
obtained from agents that stimulate locomotory activity [28]. 
In the open field test, we clearly showed that the MEC 
significantly reduced the locomotory activity of the animals 
(number of lines crossed and rearing), this confirms the 
assumption that the antidepressant-like effect of the extract in 
the FST is specific [29].  
Working memory allows animals to remember information 
that is useful for a single session of an experiment but not for 
subsequent sessions and spontaneous alternation behavior is 
considered to reflect spatial working memory, which is a 
form of short-term memory. The Y-maze task is a specific 
and sensitive test of spatial recognition memory in rodents. 
The test relies on an innate tendency of rats to explore a 
novel environment [30]. The Y-maze used in this study 
involves no aversive stimuli and was considered suitable for 
evaluating memory and the specific part of the brain involved 
in performance of this task include the hippocampus [31-33]. 
As shown in our results, the MEC at the dose of 100 mg/kg 
did not significantly increase the number of spontaneous 
alternation. However rats treated with high dose of the 
methanolic extract of E. coccinea (400 mg/kg) showed a 
significant improvement in spatial learning with an increase 
number of spontaneous alternations and reduction of a 
percentage of bias, when compared to control. This result 
suggests that the plant extract (400 mg/kg) displays 
improvement effect on acquisition of the short term-memory 
of the rats within Y-maze task. This effect is however linked 
to a marked significant decrease in exploratory behavior, 
probably due to the myorelaxant effect of the extract. At this 
level of our study it is not possible to suggest any possible 
mechanism of action of the extract since the process for the 
acquisition of short-term memory is a very complex 
biological process. At the same time the implication of the 
GABAA agonist in the impairment of the learning and 
memory in the spontaneous alternation paradigm is clearly 
evident. However, the results obtained from the linear 
regression results suggest that the improvement of the 
acquisition of the short term memory could not be related to 
the locomotory activities of the animals treated with the 
MEC. In our experiment, the rats receiving both the MEC 
and diazepam did no show any sign of memory impairment. 
This result suggested that the extract may counteract the 
effects of diazepam, as a GABA antagonist and in that case 
its anxiolytic effect will be through serotoninergic pathway. 
This result may also indicate that the MEC does not act 
through the GABA receptors, during the short term memory 
process but through other receptors types like glutaminergic, 
cholinergic or dopaminergic receptors. The implication of 
these receptors in the process of learning and memory is 
known well established [34]. 
Extracts of many plant species that contain a number of 
polyphenolic compounds have been shown to present 
antioxidant properties. The antioxidant activity of 
polyphenolics has been attributed to their redox properties, 
which allow them to act as reducing agents or hydrogen-atom 
donors [35]. In the present study, a higher antioxidant activity 
was observed with the MEC. A very high content of total 
phenolics has been determined in the E. coccinea leaves 
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(863.04±5.42 mg of GAE/100 g of dry material, 19.08±0.62 
g of quercetin equivalent/100 g of dry material), we cannot 
exclude that the scavenging activity could result from their 
presence, namely, on the basis of a synergistic effect with 
other metabolites [36].  
The presence of Cu, Zn and Mn ions in our sample, which 
are metallic co-factor of anti-oxidant enzyme, give credence 
on the anti-oxidant properties of E. coccinea. In this way, 
antioxidant properties have been related to some of 
pharmacological effects of secondary metabolites of the 
plant. Weinreb et al. [37] showed that the neuroprotective 
activities of the green tea are based on the antioxidant 
activities of epicatechins. Thus, it is possible that both 
functional and antioxidant activities of the MEC observed in 
the present work are related. 
In conclusion, the present study clearly demonstrated that the 
methanolic extract of E. coccinea leaves treatment could 
significantly prevent anxiety and depression state. The 
positive effect of the treatment on memory suggests the 
therapeutic potential of this extract in aging and age-related 
neurodegenerative disorders where cognitive impairment is 
involved. However, for other behavioral effects of MEC and 
underling mechanism(s) of action, further preclinical 
investigations are necessary.   
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