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Evaluation of Total Phenolic Compound,  

Antioxidant Effect. and Neuropharmacological 

Activities of Moringa oleifera Lam. 

Leaves Extract.

health benefits of toal phenolic compound 

and antioxidant effect, we hypothesized 

that the leaves extract of M.,oleifera 

could exhibit some neuropharmacological 

activities. 
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Abstract
Introduction: Despite the increasing their 

importance, the therapeutic efficacy of 

neuropsychological disorders are not in 

satisfaction level. Based on the AChEI and 

MAOI activities of Moringa oleifera and the 
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 Objective: To determine total phenolic 

compound, antioxidant and neurophar-

macological activities of M.oleifera Lam 

leaves extract.

Materials and Methods: The total phenolic 

compound was determined using Folin-

Ciocalteu reagent  whereas the antioxidant  

activity was determined using 1, 1-diphenyl- 

2-picryl-hydrazyl (DPPH) assay and the  

ferric reducing/antioxidant potential 

(FRAP) activity. The extract was also 

further screened for the neuropharmaco-

logical activities. In order to determine the  

neuropharmacological  activities of 

M.oleifera leaves extract, male Wistar rats, 

weighing 250-300g had been orally given 

the extract at doses of 100, 200 and 400 mg 

kg BW-1 for 14 days. Rats were determined 

the cognitive enhancing effect, anxiolytic 

and anti-depression like activities after 

the single dose of administration and every 

7days throughout the 14-day experimental 

period.

Results:  The extract contained total 

phenolic compound at concentration of 

68.16±0.71 mg/L Gallic acid equivalent/mg 

extract.  It also exhibited antioxidant 

activity determined by DPPH and FRAP  

assays. In addition, all doses of the ex-

tract decreased escape latency at 7-day  

treatment whereas only the medium 

and high doses of extract enhanced the  

retention time only after single dose  

administration., Rats subjected to the low 

and medium doses showed the increased 

%change of time spent in the open arm 

after the single dose of administration but 

at 14-day treatment, only the high dose 

treatment showed the significant change. 

Therefore, our data suggested the cognitive 

enhancing effect and anxiolytic effect of 

M.oleifera leaves extract. 

Conclusion: M oleifera is the potential 

food supplement to provide health benefits 

for the brain function both as cognitive  

enhancer and as anxiolytic agent. However,  

more researches are still essential to  

determine the possible active ingredient 

and precise underlying mechanism before 

move forward to clinical trial study.

Key words: M. oleifera, cognitive enhancing, 

antioxidant, neuropharmacological profiles
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Introduction
 At present, the neuropsychological 

disorders are affecting more than 450 million 

people globally. It has been reported that 

they account for four out of the six leading  

causes of years lived with disability1.  

Therefore, they are the important problems 

that should be concerned. Drugs currently 

used in treatment of these disorders have 

massive side effects or posses unfavourable  

drug-drug/drug-food interactions. Therefore,  

the novel therapeutic strategy is required. 

Based in the accumulative lines of evidence 

which point out that oxidative stress play 

the crucial role on the pathophysiology of 

neurological and psychiatric disorders2, the 

searching for the novel therapeutic agent 

from plants possessing antioxidant has 

gained much attention.

 Moringa oleifera Lam. or Drumstick 

tree or Ma-rum is belonging to Moringaceae 

family. It has been long-term used both as 

food and as medicine in traditional folklore.  

According to the traditional folklore, it has 

been claimed for the treatment of numerous 

ailments including asthma, gout, lumbago, 

rheumatism, enlarged spleen or liver, etc. 

Recent studies have shown that the leaves 

extract of M.oleifera can regulate the thyroid 

hormone status3. In addition, it also possesses 

radioprotective4 and hypocholestrolemic 

effects5. Moreover, it has also suppressed 

the activities of both acetylcholinesterase 

(AChE) and monoamine oxidase (MAO) 

(Sutalanga et al., 2011), the important  

neurotransmitters of brain function.

 Therefore this study was conducted 

to determine the neuropharmacological 

effects of M. oleifera leaves extract. Since 

previous findings have demonstrated that 

the health benefits of medicinal plants  

including the benefit for the brain function  

are associated with the phenolic compounds  

and antioxidant effect, we also determined 

the total phenolic compounds and antioxidant  

activity of the mentioned medicinal plant.

Materials and Methods
 Plant Materials and extraction: 

M.oleifera leaves were collected from 

Khonkaen province, Thailand between 

November and January period. The plant 

was identified by Assoc. Prof. Dr. Panee 

Sirisa-ard (Department of Pharmaceutical 

science, Faculty of Pharmacy, Chiang Mai 

University) and the voucher specimen has 

been kept at Integrative Complimentary  

Alternative Medicine Research and  



83

Vol.6 No.4

Development Research and Development 

Group, Faculty of Medicine under the 

voucher specimen ICAM Mo1. M. oleifera 

leaves and its stalk were dried and blended 

into a powder. 100 g of M. oleifera leaves 

powder was twice extracted with 500 ml 

of 50% aqueous alcohol for 3 days and 

the resulting extracts were filtered using 

Whatman filter paper No. 1. The filtrates 

were then pooled and evaporated to get 

rid of alcohol by rotary evaporator at 60̊C, 

600 mmHg. The pure liquid extraction was 

lyophilized and the extract powder was kept 

in -20 freezers until use. The percentage 

yield of leaves extract was 17.30%. 

 Determination of total phenolic  

compounds: Total phenolic compound 

was determined as using Folin Ciocalteau 

method and the result was expressed 

as mg/L Gallic acid equivalent7. In brief, 

20 µl of extract was added  to 1.58 ml of 

distilled water and followed 100 µl of Folin 

Ciocalteu reagent. The mixtures were 

mixed and kept in dark room for 8 minutes. 

Then, 300 µl of 20% sodium carbonate was 

added and shake to mix again. The mixtures 

were leaved in dark room for 2 hours and  

absorbance was measured at 765 nm 

with a UV-spectrophotometer (Pharmacia  

LKB-Biochrom4060). Gallic acid at the 

concentrations range between 50-600 

mg/L was used as standard calibration 

curve and distilled water was used as blank  

calibration.   

 DPPH Radical Scavenging Activity 

Assay: The free radical scavenging activity 

of M. oleifera was measured according to 

method described by Sreelatha and Padma8. 

1 ml of the extract solutions (5-250 µg/ml) 

was added to 0.5 ml of 0.15 mM DPPH in 

methanol and mixed. After incubated in 

dark room for 30 minutes, the solutions were 

read at 517 nm with UV-spectrophotometer 

(Pharmacia LKB-Biochrom4060). L-Ascorbic 

acid (1-10 µg/ml) was used as standard 

antioxidant whereas M. oleifera extract 250 

µg/ml and methanol were used as blank 

and control, respectively. The DPPH radical 

scavenging activity was calculated using 

the following equation:   

Scavenging of DPPH radical (%) = [1-(A
extract

/A
DPPH

)]x100 

 The result was expressed as IC
50

 value 

(concentration provides 50% DPPH radical 

scavenge). 
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 Ferric Reducing Antioxidant Power 

(FRAP) Assay:  The ferric reducing 

antioxidant power of M. oleifera extract 

was studied following by the method of 

Benzie and Strain9 with slightly modified. 

FRAP reagent was freshly prepared which 

consisting of A: 300 mM Acetate buffer 

pH 3.6, B: 2,4,6-tripyridyl-striazine (TPTZ)  

10 mM in 40 mM HCl and C: Ferric chloride 

20 mM. The FRAP solution was mixed 

with ratio A: B: C; 10:1:1, respectively and 

kept in water bath at 37̊C. Then 50 µl of 

extract solution (5 mg/ml) was added to 

1.45 ml of FRAP solution and mixed well. 

The mixtures were incubated in water bath 

at 37̊C for 10 minutes and the absorbance 

was measured with spectrophotometer 

at 593 nm. FRAP reagent and L-Ascorbic 

acid (100-1000 µM) were used as blank 

and standard calibration, respectively. The 

result was expressed as µM L-ascorbic acid 

equivalent. 

 Experimental Animal: Male Wistar rats 

(250-300g) were purchased from National 

Animal Center, Salaya and used as an 

experimental animals. Rats were housed 6 

per cage and maintained in 12:12, light:dark 

cycle and given access to food and water 

ad libitum. The experimental protocols have 

been approved by animal ethics committee  

of KhonKaen University, based on the 

ethic of animal experimentation of national 

research council of Thailand (record no. 

AEKKU 51/2553). Rats were divided into  

8 groups, 6 rats per group as following

 Group I:  Rats were orally given with 

carboxymethylcellulose which was used 

as vehicle to dissolve all administered 

substances. 

 Group II-IV: M. oleifera extract treated 

groups which were orally given the leaves 

extract of M,oleifera at doses of 100, 200 and 

400 mg BW-1 respectively. 

 Group V-VI: Piracetam and Vitamin C 

treated grousp were used as positive control 

group for cognitive enhancing activity due 

to their ability to enhance cognitive function  

by increasing cerebral blood flow and 

antioxidant effect, respectively. Rats were 

orally given either Piracetam or Vitamin C 

at the dose of 250 mg BW-1

 In order to determine anxiolytic 

and anti-depression like behavior, we 

divided the animals in to the group I-IV as  

mentioned earlier. In  Group V or positive 

control group, the animals were treated with  

diazepam (2 mg BW-1) in the determination 

of anxiolytic activity whereas they were 
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treated with fluoxetine (20 mg BW-1) in the 

determination with anti-depression like 

behavior.

 Rats had been treated with the 

assigned substance for 14 days and the 

determination of neuropharmacological 

activities including cognitive enhancing  

effect, anxiolytic and antidepressant  

activities were performed after single dose 

administration and every 7 days throughout 

the experimental period.

 Morris water maze test: The water 

maze test was used to measure cognitive 

performance according to the study of  

Wattanathorn and coworker11. Briefly, rats 

were trained for 5 days to remember the 

location of platform which place in the 

center of 1 quadrant related to the various 

environmental cues. On test day, rats were 

gently placed into quadrant opposite to 

platform, an escape latency was recorded as 

a time when rat climb onto the platform. The 

retention memory was performed 24 hours 

later.  Time which each rat spent to swim 

around the previous location of platform 

after removing for 60 seconds was recorded 

and regarded as retention time.

 Elevated plus maze test: This 

apparatus was used to test anxiety like 

behavior in rat. It was a wooden plus shape 

with 2 open and 2 closed arms, elevated  

40 cm from the floor. On test day, rats were 

placed into the center of an apparatus  

facing one of the open arms. During  

5 minutes test period, time spent in open 

arm was recorded and expressed as 

%change from baseline of the time spent 

in open arm.

 The force swimming test: This test 

is used for measuring the antidepressant 

activity which mimics depression like 

behavior in rat. Rats were placed into  

a glass cylinder water-filled tank. The  

water was filled into tank high enough 

to prevent rat reach the bottom of tank 

and low enough from the edge of tank to 

prevent rat escape from the tank. In the 

experiment, rats were placed into water 

tank for 5 minutes and immobility time 

which indicated depression like behavior 

in rat was recorded.

 Statistical analysis: All data were 

presented as mean±SEM value. Statistical 

analysis used one way analysis of variance 

(ANOVA) followed by LSD post hoc test for 

multiple comparison using SPSS® (v. 17.0 for 

Window®). The statistical significant level 

was set at p-value <0.05.
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RESULTS 
 Determination of total phenolic 

compounds and antioxidant activity: Since 

the phenolic compounds and antioxidant 

effect have been reported to be important 

for health benefits, we had determined the 

total phenolic compounds content using 

Folin Cicalteau method and determined 

antioxidant activity using DPPH and FRAP 

assays.. The results showed that the total 

phenolic compound of M. oleifera extract 

was 68.16±0.71 mg/L Gallic acid equivalent/

mg extract. Antioxidant activities of  

M. oleifera extract via DPPH and FRAP 

asssays were 96.49±0.87 µg/ml and 

171.54±1.21 µM L-ascorbic acid equivalent/

mg extract, respectively. 

 Determination of cognitive enhancing  

effect of M. oleifera leaves extract: 

Cognitive performance was assessed 

using escape latency time and retention 

time as indices. Figure 1A showed that at 

7 and 14 days of treatment, rats subjected  

to Piracetam treatment significantly  

decreased escape latency (p-value<.01 and 

.05 respectively; compared with vehicle  

treated group) while rats subjected to  

Vitamin C showed significant reduction of 

escape latency only at 7 days of treatment 

(p-value<.01; compared with vehicle treated 

group). Rats which received M.oleifera 

extract at doses of 100, 200 and 400 mg kg 

BW-1 also showed the significant reduction 

of escape latency at 7 days of treatment 

(p-value<.01, .05 and .05 respectively;  

compared with vehicle treated group). 

It was found that both rats treated with 

Piracetam and Vitamin C 

 Produced the significant elevation of 

retention time (p-value<,05 all; compared 

with vehicle treated group). Only rats which 

received the extract at doses if 200 and  

400 mg kgBW-1 significantly enhanced the 

retention time (p-value<.05, .01 respectively;  

compared with vehicle treated group).
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Figure 1  The effect of M. oleifera extract on cognitive function evaluated using Morris 

water maze test. (A) Escape latency time after single dose of administration,  

7th and 14th day of administration (B) Retention time after single dose of 

administration, 7th and 14th day of administration. Data are presented as 

mean±SEM (n=6/group). 

 * Compare with vehicle treated group: p-value< 0.05 

 **  Compare with vehicle treated group: p-value<0.01 

 Determination of anxiolytic activity 

of M. oleifera: The anxiety like behavior was 

determined using elevated plus maze test. 

Figure 2 demonstrated that rats subjected 

to diazepam, a positive control treated 

group, increased %change of time spent in 

open arm after single dose administration 

and at 14th day of treatment (p-value<,.05 

and ,01 respectively; compared with vehicle 

treated group). After single administration, 
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it was found that rats exposed to M.oleifera 

extract at doses if 100 and 200 mg kgBW-1 

produced significant elevation in %change 

of time spent in open arm (p-value<.05 

and ,01 respectively; compared with  

vehicle treated group). However, at 14 –day  

experimental period, only rats subjected 

to the extract at dose of 200 mg kg BW-1 

produced significant elevation in %change 

of time spent in open arm (p-value<.05; 

compared with vehicle treated group).

Figure 2 Effect of Diazepam and various doses of M. oleifera extract on %change of 

time spent in the open arm of elevated plus maze test. Data are presented as 

mean±SEM (n=6/group). 

 *   Compare with vehicle treated group: p-value< 0.05 

 **  Compare with vehicle treated group: p-value<0.01 

 Anti-depression like activity of  

M. oleifera: The depression like behavior 

was determined using force swimming 

test and data were shown in figure 3. The  

current data showed that rats which 

obtained fluoxetine (20 mg/kg BW-1) 

significantly decreased immobility time 

after single administration, 7 and 14 

days of treatment (p-value<.05, ,01 and 

.01 respectively; compared with vehicle 

treated group). Unfortunately, no significant 

decrease in immobility time was observed 

in rats subjected to all doses of M,oleifera 

leaves extract.
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Discussion
 Our results have demonstrated that 

the extract used in this study contained 

phenolic compounds and antioxidant  

activity. Moreover, it also possesses 

cognitive enhancing effect and anxiolytic 

activity.

 Since free radicals are the important 

cause of numerous diseases including 

neuropsychological disorders, abundant 

attention has been focused in order to 

develop the novel strategy for preventing 

and treating the mentioned diseases from 

antioxidant. Our data obtained from both 

DPPH and FRAP have demonstrated that 

M.oleifera extract showed antioxidant 

activity. This was corresponding with 

previous studies9,12.  Since plant phenolics 

are a major group of compounds acting 

as primary antioxidants or free radical  

scavengers13, the antioxidant activity 

observed in this study might be associated 

with the phenolic compounds presented in 

the extract.

 It is of interest to note that M.oleifera 

leaves extract also enhanced spatial  

memory and decreased anxiety like  

behaviors. Previous findings revealed that 

the suppression of monoamine oxidase  

(MAO) could improve anxiety14 and 

Figure 3   Effect of Fluoxetine and various doses of M. oleifera extract on the immobility 

time in force swimming test. Data are presented as mean±SEM (n=6/group). 

 *   Compare with vehicle treated group: p-value< 0.05 

 **  Compare with vehicle treated group: p-value<0.01 
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memory15.  Since previous study demon-

strates that M.oleifera extract can suppress 

the activities of both MAO and AChE, the 

neurotransmitters playing the important  

role on learning and memory, we do  

suggest that the cognitive enhancing  

effect of M.oleifera may occur partly via the 

suppression of MAO and AChE whereas  

the anxiolytic effect of the plant extract  

may occur artly via the suppression of  

MAO.The current results failed to show 

the dose dependent manner. The possible 

explanation may be due to the masking 

effects of some other ingredients when 

the concentration of the crude extract was 

increased. 

 In conclusion, M. oleifera possessed 

the antioxidant activity, cognitive enhancing  

effect and anxiolytic activity. Therefore,  

M oleifera is the potential food supplement 

to provide health benefits for the brain 

function both as cognitive enhancer and as 

anxiolytic agent. However, more researches 

are still essential to determine the possible 

active ingredient and precise underlying 

mechanism before move forward to clinical 

trial study.
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