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ABSTRACT 
 

Aims: “This study aims to investigate the production of secondary metabolites of P. odontadenius 
against malaria using some concentrations of sodium azide (NaN3) and to choose those with high 
in vitro antimalarial activities.” 
Study Design: Laboratory experiment tests; Identification of plant material, Immersion of seeds in 
SA concentrations, In vitro culture of seeds, In situ culturing plantlets, Extraction of Phyllanthus 
odontadenius aerial parts, Phytochemical screening, in vitro antiplasmodial tests to determine the 
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inhibition of concentration killing 50% of parasite population (IC50). 
Place and Duration of Study: Department of Biotechnology and Molecular Biology, Department of 
Biochemistry: General Atomic Energy Commission, Regional Center of Nuclear Studies, P.O. Box. 
868 Kinshasa XI, Democratic Republic of the Congo (DRC). National Institute of Biomedical 
Research (NIBR) at Kinshasa/Gombe (DRC). The experiments were conducted firstly during 
August and December 2011 and secondarily during May and September 2012. 
Methodology: Seeds of P. odontadenius were obtained after oven drying at 45°C and they were 
immersed in SA at concentrations ranging firstly between 0 to 10 mM; secondarily between 0 to 20 
mM. Seeds were germinated on Murashige and Skoog medium (MS) and plantlets were 
transferred in situ. In addition some parameters such as height, collar diameter, number of 
branches and biomass from first generation were analyzed. Phytochemical screening was 
released. The in vitro antiplasmodial activities assays on clinical isolates of P. falciparum was 
determined. 
Results: Results showed that SA had positive effects on growth parameters of P. odontadenius in 
the M1 generations with greater effects observed with treatment exceeding 10 mM. For the in vitro 
antimalarial activities from to extracts obtained with aerial material parts from directly immersed 
seeds (M1), the effects observed with plant extracts from seeds dipped in SA were higher than 
those from untreated seeds. IC50 values were ranged between 1.04±0.02 µg/ml (10 mM) to 
12.77±5.83 µg / ml (0 mM) for the first assay. And for the second test, the in vitro antiplasmodial 
activities varied between 1.47±1.07 µg/ml (10 mM) to 21.60±7.13 µg/ml (2.5 mM). The best 
activities were observed with SA solutions exclusive of 5 mM to 10 mM. The SA lethal doses were 
4.76 mM for LD30 and 10.99 mM for LD50. 
Conclusion: Treatment of P. odontadenius seeds with SA induced stimulation of parameters 
which increase linearly with increasing concentrations of SA. Some secondary metabolites were 
synthesized for example alkaloids compounds compared to the untreated seeds of                         
P. odontadenius with a more important synthesis in phenolic compounds. The in vitro 
antiplasmodial activities on the clinical isolates P. falciparum showed low antimalarial activities from 
M1 controls (0 mM) than that of extracts from treated plants. The high inhibitory effects (1,04±0.02  
µg/mL or 1.47±1.07 µg/mL for 10 mM) of crude extracts plants from treated seeds have justified the 
usefulness of SA in plant breeding particularly in the increasing production of secondary metabolite 
against malaria in the World.  
 

 

Keywords:  Phyllanthus odontadenius; Sodium Azide (SA); secondary metabolites; malaria; 
antimalarial activity. 

 

1. INTRODUCTION  
 
Plants have been used in traditional medicine 
since a long time. About 13,000 plant species 
have been used as drugs throughout the world, 
and approximately 25% of the current materials 
medical are derived from plants in form of teas, 
extracts, or pure substances [1,2]. Traditional 
medicine using plant extracts continues to 
provide health coverage for over 80% of the 
world's population, especially in the developing 
world [3]. In the Democratic Republic of Congo 
(DRC), among the species used in the treatment 
against malaria, Phyllanthus odontadenius is well 
positioned for different previous studies on this 
plant [4-6]. P. odontadenius is one of the most 
important medicinal plants used in different 
regions in the world for the treatment of various 
diseases such as jaundice, asthma, hepatitis, flu, 
dropsy, diabetes, fever causing by malaria [7-9] 
but its availability is drastically decreasing 
because of numerous harvests. 

 

Malaria is the most important parasitic disease in 
tropical areas. The estimated clinical cases for 
WHO were 216 million in 2010, approximately 
40% of world’s population were at risk of malaria. 
Nearly 655,000 died from to malaria disease, 
mainly children under 5, pregnant women and 
elderly [10-12]. A major obstacle to malaria 
control is the emergency and spread of 
antimalarial resistance drugs, and urgent efforts 
are necessary to identify new classes of 
antimalarial drugs. In the last decades resistance 
to several antimalarials drugs became widely 
disseminated, while the cost of effective 
treatment is prohibitive for the large majority of 
the populations in these areas. It continues to 
cause morbidity and mortality on a large scale in 
tropical countries. There is an urgent need for 
new chemotherapeutic compounds, which are 
easy to administer and store, and which are of 
low cost [13,14].  
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Mutations are the tools used by the geneticists to 
study the nature and function of genes which are 
the building blocks and basis of plant growth and 
development, thereby producing raw materials 
for genetic improvement of economic crops [15]. 
It is known that various chemicals have positive 
or negative effects on living organisms. Chemical 
mutagen generally produce induced mutations 
which lead to base pair substitution especially 
GC  AT (guanine:cytosine to adenine:tymine) 
resulting in amino acid changes, which change 
the function of proteins but do not abolish their 
functions as deletions or frame shift mutations 
mostly [15,16]. These chemomutagens induce a 
broad variation of morphological and yield 
structure parameters in comparison to normal 
plants. 
 

Sodium azide (NaN3), which has been 
demonstrated to have these effects, is a 
mutagen and it has proved to be one of the most 
powerful mutagens in crop plants. It is a common 
bactericide, pesticide and industrial nitrogen gas 
generator if known to be highly mutagenic in 
several organisms, including plants and animals 
[17,18]. The mutagenicity created by NaN3 is 
mediated through the production of an organic 
metabolite of azide compound, presumably 
azidoalanine (N3-CH2-CH(NH)2-COOH). The 
production of this metabolite was found to be 
dependent on the enzyme O-acetylserine 
sulfhydrylase (E.C.4.2.99.8.) [16]. In order to 
understand that sodium azide is mutagenic 
mechanism used for the improvement economic 
characters to many studies in rice, wheat, Barley 
and Sorghum [19].  
 

In this report, we studied the mutagenic effects of 
sodium azide on growth and yield traits of 
Phyllanthus odontadenius. Secondarily, to 
evaluate the effects of sodium azide on the 
production of active secondary metabolites in P. 
odontadenius aerials parts against Plasmodium 
falciparum. For that, concentrations of sodium 
azide presented high in vitro antimalarial 
activities were determined. 
 

2. MATERIALS AND METHODS 
 

2.1 Plant material – Mutagenesis – In vitro 
Germination 

 

2.1.1 Plant material 
 

The plant material used for harvesting fruits was 
identified by the senior Assistant research 
Anthony KIKUFI, Laboratory of Systematic 
Botany and Plant Ecology, Department of 

Biology (Faculty of Science). The seeds of P. 
odontadenius were used such as study material. 
 
2.1.2 Immersion of seeds in SA solutions 
 
Seeds of P. odontadenius used in this work were 
obtained by drying plant fruits which harvested 
on the Kinshasa university landscape. After 
seeds selecting and counted by binocularly 
microscopic Lens Cole Palmer, VERNON HILLS, 
HILLINOIS 60061, 100 seeds were placed in the 
Eppendorf microtubes (1.5 mL) and then imbibed 
in sterilized water for 1 h with agitation on 
shaker. The stock solution of sodium azide 
(Merck) was prepared in 1 M phosphate buffer, 
pH 3, filtered and stored frozen it, at -20°C. Stock 
solution was diluted successively in water as well 
as in phosphate buffer of pH 3 to obtain various 
concentrations (0.5 mM,1.5 mM, 2.5 mM, 3.5 
mM, 4.5 mM, 5 mM and 10 mM) and (2.5 mM, 5 
mM, 7.5 mM, 10 mM, 12.5 mM, 15 mM, 17.5 mM 
and 20 mM) for the treatment of seeds. Distilled 
water removed and seeds were kept under 
various concentrations of sodium azide for 2 h 30 
of time with continuous agitation on shaker at 
room temperature (25°C± 2). Immediately after 
treatment of sodium azide, the seeds were 
washed thoroughly in distilled water to reduce 
the residual effect of the mutagen on the seed 
coat during 4-5 times to remove excess sodium 
azide. A portion of seeds were submerged in 
deionized water for the same period of time 
served as control.  
 
2.1.3 In vitro seeds germination 
 
Seeds were disinfected with 70% (v/v) ethanol 
for 1 min, sterilized with 0.125% (w/v) HgCl2 for 
3 min, and washed with sterile distilled water. 
They were then handled with gibberellic acid 
(GA3) 200 mg/L for 4 h and finally drained before 
being cultivated on modified Murashige and 
Skoog (MS) basal medium without sucrose or 
growth regulators and supplemented with 0.8% 
agar [20,21]. The pH of the medium was 
adjusted to 5.6 before autoclaving at 121°C for 
15 min. Cultures were incubated at 25±1°C 
under fluorescent light with 16 h photoperiod. 
Percentage of germinated seeds or the 
germination rate for each dose was determined 
by the equation before. 
 

% of germinated seeds = n x 100/ N. 
 

Where n: number of germinated seeds and N: 
the number of seeds in de Petri dish. 
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The reduction of emergence (%) was also 
determined by the relationship from [19] below: 
 
Emergence reduction (%) = 100 – (Average 
emergence in the dose x 100)/average 
emergence in the control). 
 
2.1.4 In situ seedling transfer 
 
Plantlets growths in vitro were transferred in 
polyethylene bags containing 300 g of soil for in 
situ growth [22]. Bags were then buried in 3/4 in 
the ground in randomized complete block (RCB) 
design with 3 replications [19, 23-25]. The 
plantlets placed in situ were watered three times 
a week, the odd days, with the same amount of 
water (20 L per plot 5 dm/6 dm). 6 plants from 
each replicate were used for the measurement of 
plant growth.  
 
2.1.5 Seedling growth  
 
Parameters such as collar diameter, shoot 
length, number of branches for the selected M1 
plants were measured after four months of 
sowing. The length of plants was performed 
using a lathe measuring 50 cm. The collar 
diameter was measured using Slot-foot Digital 
CALIPER 150 mm (6’’) and the number of 
branches was measured manually. Fresh 
Biomass and dried biomass for aerial parts after 
plants harvest were measured using a balance 
DENVER APX-100. 
 

2.2 Phytochemical Analysis 
 
2.2.1 Preparation of crude extracts 
 
10 g of dried plant material were macerated 
separately with ethanol and dichloromethane 
(300 ml each) for 24 h. Each mixture was filtered 
and dried at 45°C for 72 h. The aqueous extract 
was prepared by mixing 10 g of dried plant 
material with 300 ml distilled water. The mixture 
was boiled at 100°C for 15 min, cooled, filtered 
and dried at 45°C for 72 h. 
 
2.2.2 Phytochemical screening 
 
The chemical screening was carried out on all 
crude extracts. Alkaloids were detected with 
Draggendorff’s and Mayer’s reagents [26]. 
Saponins were detected by frotting test [26,27]. 
Presence of tannins was detected using Stiasny 
reagent and ferric chloride 2% [26,28,29]. 
Flavonoids were detected using Shinoda's 
reagent or aluminum chloride 5% [30]. 

Anthraquinones were detected using 
Börtranger's reagent. Anthocyanins were 
identified using HCl 2N, heating and add iso-
amylic alcohol. Steroids and terpenoids were 
identified using Liebermann-Bouchard's      
reagent [26]. 
 
The presence of the different chemical groups 
was confirmed by Thin Layer Chromatography 
(TLC) performed on silica gel plates GF254 
(Merck, Germany). Alkaloids were detected using 
CHCl3/MetOH/NH4OH (9:2:0.5) and EtOAc/Iso-
PrOH/NH3 (85:15:5) as mobile phases and 
Draggendorff's as reagent. Flavonoids were 
detected using n- BuOH/water/acetic acid (4:1:5) 
(Top layer) as mobile phase with NEU’s reagent 
(1% diphenylboric acid ethanolamine complex, 
methanolic solution 1%). Steroids and terpenoids 
were detected using CHCl3/MeOH (9:1) and n-
Hexane/MeOH: (9:1) on mobile phases and 
Liebermann-Bouchard's reagent. After drying, 
the plate was heated at 110°C for 10 min 
intensify the spot colors. Tannins, mainly 
proanthocyanidins were detected using 
EtOAc/HOAc/HCOOH/H2O (30:02:1.2.8) (upper 
phase) as mobile phase and 1% Vaniline and 5% 
H2SO4 as reagents. After spraying, drying and 
heating the plate, proanthocyanidins were 
colored in red while flavonoids appear in yellow 
color. Anthraquinones were identified using 
CHCl3/MeOH (7:3) as mobile phase and 
Börtranger's reagent [26,31]. 
 

2.3 In vitro Antimalarial Activity 
 
Antimalarial activity assays were performed at 
the National Institute of Biomedical Research 
(NIBR) in Kinshasa/Gombe, DR. Congo. 
 
The stock solutions were 20 mg/ml extracts. 
These solutions were prepared in 1% DMSO 
(Dimethyl sulfoxid, Merck KGaA) and diluted in 
two fold to have test concentrations. Clinical 
isolates of P. falciparum were obtained from 
symptomatic malaria children (0-5 years) with 
high parasitaemia and, who did not receive 
antimalarial treatment in the three weeks 
preceding the diagnosis.  Maternity Hospital of 
the Sisters of Kindele (Mont-Ngafula in Kinshasa) 
was our site for blood samples. Venous blood 
samples (4 ml) were collected in tubes containing 
1% heparin, and centrifuged for 5 min at 3000 
rpm to separate plasma and erythrocytes. 1 ml of 
erythrocytes was mixed with 9 ml of RPMI 1640 
containing 25 mM HEPES, 25 mM sodium 
bicarbonate and 10% of pooled human serum. 
After homogenization, 50 µl of the suspension 
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were distributed in each well of a spot plate 
containing decreasing concentrations of extracts 
[32]. Plates were then maintained at 37°C in a 
humid atmosphere containing 5% CO2. Quinine 
was used as control. After 48 h of incubation, thin 
smears were made and stained with GIEMSA 
5% and parasitaemia were determined with a 
Zeiss Primo Star microscope (GmbH/Germany) 
[33,34]. Inhibition of parasitaemia (percent) was 
calculated as following: 
 

Inhibition (%) = (A - B/A) x 100 
 
Where A is the parasitaemia in the negative 
control and B, the parasitaemia in the treated 
plates bucket. The IC50 of each sample was 
obtained using the dose-response curves. 
 

2.4 Statistical Analysis 
 
Data were subjected to Analysis of Variance 
(ANOVA) using MSTAT-C Software [35] and 
compared to the software Statistica software with 
General Linear and LSD test (Least Significant 
Difference) in order to identify differences 
between treatments. Means of different 
treatments were separated with LSD at 5% level 
of probability. 
 

3. RESULTS 

 
3.1 Effects of Sodium Azide (NaN3) on the 

Growth of P. odontadenius  
 
 Results obtained in this work were mentioned in 
Tables 1 to 5 and in Figs. 1 (a - d) and 2 (a-d). 
 
In view of Table 1, it is clear that with the 
exception of the rate of P. odontadenius seeds 
germination the witness showed high value is 
16.33±0.58%, all other parameters showed weak 
values comparing to the control. The high values 
are those of 10 mM. However the values of the 
witness not differ significantly from that at 10 mM 
(11.0±1.32%). With the exception of germination 
where the control does not differ significantly 
from 10 mM, the values of other parameters 
(size, collar  diameter, number of branches and 
the fresh biomass of plant) with higher values 
than the control significantly different to those of 
the latter to a confidence level of 5%.  
 
Table 2 shows that the control plants exhibit 
lower values for most cases compared to plants 
from seeds soaked in 20 mM of sodium azide 
solution. Lowest values were found in most 

plants whose seeds were soaked in 7.5 mM of 
sodium azide solution. When control values 
compared with those of 10 mM, the latter has 
higher values than the control for all measured 
parameters. With the exception of germination 
11.33±2.67% for 5 mM and 6.67±2.0% for 10 
mM in Table 2, the measured values of other 
parameters in plants whose seeds were soaked 
in 5 mM and 10 mM does not differ. 
 
In view of Tables 3 and 4, it is apparent that the 
alkaloids have been found present in all extracts 
plants from treated seeds (Table 3) and they 
were only present in extracts plants from seeds 
treated at 5 mM; 7.5 mM; 10 mM; 17.5 mM and 
20 mM concentrations of SA. They are absent in 
the controls in Tables 3 and 4 and then in the 
extracts plants from seeds treated with SA at 2.5 
mM; 12.5 mM and 15 mM concentrations (see 
Table 4). Saponins are absent everywhere, while 
flavonoids are found everywhere such as tannins 
in the two tables (3 and 4). Anthocyanins are 
present in the control extracts as in the treated 
extracts except at concentrations of 1.5 mM and 
2.5 mM in Table 3 and 15 mM in Table 4. 
Steroids and terpenoids are absent in the control 
extracts as extracts plant from seeds treated at 
2.5 mM and 3.5 mM concentrations of SA    
(Table 3). They are present in the control as 
treated extracts in Table 4 where the 
anthraquinones and free quinones are absent. 
However, the free quinones are absent in 
controls and in 4.5 mM and 5 mM. 
Anthraquinones are present in the control and in 
1.5 and 10 mM concentrations of SA (Table 3).  
 

3.2 Sodium Azide Chemosensibility of P. 
odontadenius 

 
The Sodium Azide (NaN3) chemosensibility of P. 
odontadenius was determined by seeds 
germination or by length of plantlets. Results 
obtained were showed in Figs. 1 (a-d). 
 
In view of Fig. 1, it is apparent 4 linear 
regression equations as y = -3.210 x + 85.27 for 
Fig.1a; y = -0.579 x + 132.2 for Fig.1b; y = 7.448 
+ 78.17 x for Fig.1c and finally the equation: y = 
0.163 x + 3.438 for Fig.1d.  
 
Lethal doses 50 (LD50) and 30 (LD30) calculated 
from these equations of linear regression are 
shown in Table 5. 
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Table 1. Effects of sodium azide (NaN3) on seeds germination and plant growth of Phyllanthus odontadenius 
 
mM of NaN3 
Parameters 

0 0.5 1.5 2.5 3.5 4.5 5 10 CV (%) Lsd 

Rate (%) of seeds 
germination 

16.33±0.58a 15.00±0.77a 11.0±0.29 a 14±0.5 a 9.33±0.36 a 15±0.44 a 5.33±0.32 a 11±1.32 a 29.10 12.446 

Emergence 
reduction (%) 

0 37.51 79.97 39.98 79.97 92.50 87.47 69.99 _ _ 

Size (cm) of plants 16.02±2.56 b 18.21±4.22 ab 16.6±4.36 b 17.32±2.92 b 17.65±3.30 b 18.30±3.51 ab 18.50±3.21 ab 20.16±3.89 a 21.39 14.66 
Collar diameter 
(mm) of plants 

1.56±0.27 bc 1.59±0.17 bc 1.60±0.24 bc 1.60±0.30 c 1.61±0.30 bc 1.72±0.25 ab 1.68±0.24 ab 1.87±0.22 a 15.87 0.067 

Number of 
branches 

12±1.96 bcd 12.05±2.96 d 12.40±2.0 
abcd 

11.85±1.35 cd 12.85±1.84 a 12.95±174 abc 13.6±243 ab 13.8±2.20 a 18.14 5.313 

Biomass of aerial 
part (g)/plant 

1.63±0.52 b 1.45±0.46 ab 1.75±0.56 ab 1.66±0.59 ab 1.79±0.51 ab 1.81±0.63 ab 1.81±0.50 ab 2.08±0.61 a 32.72 0.334 

For the same parameter, values with identical letters were not significantly different at 5% (p < 0.05) 

 
Table 2. Effects of sodium azide (NaN3) on Seeds germination and plant growth of Phyllanthus odontadenius 

 
mM of NaN3 
Parameters 

0 2.5 5 7.5 10 12.5 15 17.5 20 CV (%) Lsd 

Rate (%) of 
seeds 
germination 

5.33±089 cde 7.33±1.11 bc 11.33±2.67 a 4.33±10 e 6.67±2.0 bc 7.0±15 bc 5.67±3.78 cd 4.67±0.83 de 8.33±0.92 b 15.60 2.208 

Emergence 
reduction (%) 

0 -37.52 -112.57 18.76 -25.14 -31.33 -6.38 12.38 -56.29 - - 

Size (cm) of 
plants 

11.83±2.55 ab 10.87±2.9 ab 14.31±2.54 a 8.18±2.18 b 12,6±2.35 ab 15.22±0.82 a 11.73±1,56 ab 14.05±2.26 a 14.47±0.55 a 12.36 5.465 

Collar diameter 
(mm) of plants 

1.15±0.21 cde 1.05±0.27 de 1.60±0.31abc 0.85±0.25 e 1.38±0.15 
bcde 

1.82±0.06 ab 1.47±0.26 
abcd 

1.61±0.34 abc 1.95±0.04 a 10.7 0.5328 

Number of 
branches 

10.53±1.33 
cde 

9.6±1.85 de 13.33±1.47 abc 7.43±1.68 e 11.3±2.31 
bcd 

14.37±0.71 ab 10.93±0.95 
bcde 

12.3±2.78 
abcd 

15.5±1.21 a 8.86 3.642 

Biomass (g)/plant 2.03±1.1a 1.72±0.95 a 2.79±1.40 a 2.05±0.60 a 2.81±1.30 a 2.57±1.56 a 2.24±0.58 a 2.62±0.81 a 3.05±0.22 a 28.85 2.464 
For the same parameter, values with identical letters were not significantly different at 5% (p < 0.05) 
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Table 3. Phytochemical screening of P. odontadenius crude extracts from M1 plants 
 

Chemical groups analyzed TTrreeaattmmeennttss  NNaattuurraall  
ppllaanntt  

  00  00,,55  11,,55  22,,55  33,,55  44,,55  55  1100  NN  

AAllkkaallooiiddss  −−  ++  ++  ++  ++  ++  ++  ++  −−  
SSaappoonniinnss  −−  −−  −−  −−  −−  −−  −−  ––  ––  
AAnntthhooccyyaanniinnss  ++  ++  ––  ––  ++  ++  ++  ++  ++  

TTaannnniinnss  ++  ++  ++  ++  ++  ++  ++  ++  ++  
FFrreeee  qquuiinnoonneess    ––  ++  ++  ++  ++  ––  ––  ++  ––  
AAnntthhrraaqquuiinnoonneess  ++  ––  ++  ––  ––  ––  ––  ++  ++  
SStteerrooiiddss  aanndd  tteerrppeennooiiddss  ––  ++  ++  ––  ––  ++  ++  ++  ––  
FFllaavvoonnooiiddss  ++  ++  ++  ++  ++  ++  ++  ++  ++  

LLeeggeenndd::  NN::  HHaarrvveesstteedd  nnaattuurraall  ppllaanntt;;  ──::  AAbbsseennccee;;  ++::  PPrreesseennccee  

  
TTaabbllee  44..  Phytochemical screening of P. odontadenius crude extracts from M1 plants 

  
Chemical groups analyzed 
 

Concentrations (mM) of sodium  azide (NaN3)
 

0 2 ,5 5 7,5 10 12,5 15 17,5 20 

Alkaloids – – + + + – – + + 
Saponins – – – – – – – – – 
Anthocyanes + + + + + + – + + 
Tannins + + + + + + + + + 
Free quinones  – – – – – – – – – 
Anthraquinones – – – – – – – – – 
Terpoids and steroids + + + + + + + + + 
Flavonoids + + + + + + + + + 
Polyphenols + + + + + + + + + 

Legend: + : presence ; – : absence ; +/– : Trace 
 

Table 5. LD30 and LD50 from linear regression equation of seeds germination and plantlets 
length 

 
Equation 
LD 

y = -3.210x + 85.27 
(0 – 10 mM) 

y = -0.579x + 132,2 
(0 – 20 mM) 

y = 7.448x + 78.17 
(0 – 10 mM) 

y = 0.163x + 3.438 
(0 – 20 mM) 

30 4,76 Mm 107,43 mM -1,10 mM 408,36 mM 
50 10,99 mM 141,97 mM -3,78 mM 285,66 mM 

 
In view of Table 5, it appears that the parameter 
showed a stimulation effect of sodium azide 
(NaN3) gives values of DL30 and DL50 that far 
exceed the concentrations used for testing. Only 
the germination of soaked seeds at 
concentrations varying from sodium azide 0 - 10 
mM, which showed values of DL30 and DL50 
which only deviates DL50 but also not too 
relevant concentrations.  
 

3.3 In vitro Antimalarial Activities of    
Aqueous Extracts from                        
P. odontadenius 

 
The Figs. 2 (a – b) showed that low values of 
IC50 (µg/mL) were those obtained with plants 

from seeds immerged in 5 and 10 mM solutions 
(1.09±0.13 and 1,04±0.02  µg/mL)(Fig. 2a). It’s 
the same for plants obtained by immersion of 
seeds to 0 – 20 mM ; the low values were those 
at 5 to 10 mM (4.32±0.38 µg/mL for 5 mM ; 
1.90±1.75 µg/mL for 7.5 mM ; 1.47±1.07 µg/mL 
for 10 mM). These concentrations (5 – 10 mM) 
have high antiplasmodial activities which were 
showed in Fig. 2a and Fig. 2b. than all 
concentrations of sodium azide. 
 
Comparing Fig.1a the IC50 according with LD50 
(Fig. 2a and Fig. 2b), concentrations of 5 to 10 
mM were promising for plant breeding with 
sodium azide for treatment of malaria disease.  
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Fig. 1. Determination of Sodium Azide (NaN3) chemosensibility on P. odontadenius; a : 
by seeds germination using 0 – 10 mM of NaN3; b: by seeds germination using 0 – 20 
mM of NaN3; c: by length of M1 plants after 4 weeds (0 – 10 mM); d: by length of M1 
plants after 10 weeds (0 – 20 mM) 

 

 
 

Fig. 2. Effects of aqueous crude extracts of P. odontadenius M1 plants from  seeds 
treatment with NaN3 solutions (a: IC50 of M1 plants from seeds treated with 0 – 10 mM 
NaN3 solutions; b: IC50 values of M1 plants from 0 – 20 mM NaN3 solutions) 

a b 

a 

d c 

b 
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4. DISCUSSION 
 
Sodium azide (NaN3) is powerful chemical 
mutagen, safer and more efficient, which 
increases the yield and quality of field crop 
against harmful pathogens [16]. This mutagen is 
limited to only a few plant species [36,19]. [16] 
reported in addition that sodium azide (NaN3) 
affects the rate of seed germination, shoot and 
root length, and seed germination delay. They 
reported further that chemical mutagens induce a 
large variation to the parameters of 
morphological structure and performance 
compared to plants whose seeds were not 
treated with NaN3. In general, all these 
parameters decrease with increasing doses of 
irradiation or chemical mutagen. [37] confirm a 
reduction germination rate and height with the 
seeds of Jatropha curcas L. where mutagens 
(EMS and gamma rays) are used to obtain the 
interesting traits.  
 
The results obtained in this study show that        
P. odontadenius is likely to be improved by 
sodium azide (NaN3). It has been found that, 
contrary to the effects of chemical mutagens 
reported by the authors above; including reduced 
height, collar diameter, number of branches and 
fresh biomass; SA stimulated most of these 
parameters. If seed germination was affected 
when they were dipped in solutions ranging from 
0-10 mM as confirmed [37], the other parameters 
indicate that their values have been stimulated at 
high concentrations than low concentrations of 
SA (0 - 2.5 mM or 0 - 7.5 mM) most surprisingly 
affected plant growth. [15] reported that sodium 
azide (SA) causes reversible inhibitory effects 
and thus. The toxicity of SA and most of its 
physiological effects can be traced to its 
reversible inhibitory effect on enzymes containing 
a coordinated divalent ion, such as those of 
cellular respiration. 
 
Height, collar diameter and number of branches 
per plant would be subject to the expression of 
related genes and disruption at the molecular 
level that affects the gene or groups of genes 
automatically lead to the same effects on these 
three parameters. These genes could be those 
controlling the synthesis of growth regulators 
such as auxins and cytokinins [38,39].  
 
Results on length, collar diameter and number of 
branches of P. odontadenius plant confirm also 
the hypothesis by the fact that at the same 
concentration, when the length showed a high or 
low value, automatically the other two 

parameters, collar diameter and number of 
branches have also the same effects. Otherwise 
the observed value of a parameter not showed 
significant difference at the 5% confidence 
values between low or high values of other 
parameters.  
 
The decrease in biomass could be attributed to 
disturbances in the synthesis of chlorophyll, 
reliable molecular index for the assessment of 
genetic effects and gas exchange at the plant 
[40,41]. [42] showed that the fresh and dry 
biomass of Arabidopsis thaliana seedlings 
subjected to low doses of gamma irradiation 
were not changed significantly.  
 
The results obtained on the fresh biomass of      
P. odontadenius plants from seeds treated with 
NaN3 corroborate [42]. Results on fresh biomass 
show that they have little varied and showed no 
significant difference in confidence level of 5%. 
 
It is known that besides conventional primary 
metabolites (carbohydrates, proteins, lipids and 
nucleic acids), plants often accumulate some 
compounds so-called "secondary metabolites". 
These molecules are not directly involved in plant 
development but rather involved in relations with 
biotic or abiotic stress. On the one hand, they 
increase the efficiency of breeding and 
secondarily, they represent an important source 
of molecules used by humans in areas as 
diverse as pharmacology or food. Secondary 
metabolites are present in all plant species but 
differ from one species to another and play an 
essential role in plant metabolism and 
development [43,44]. 
 
Indeed, [45] showed that the amount of increase 
in total flavonoids of Centella asiatica when 
stems of this plant suffered acute radiation from 
0 to120 Gy for 5 days compared with the control. 
Many other authors have worked to highlight the 
role that play secondary metabolites in protecting 
plants against stress due to ionizing radiation 
[42, 46 and 49].  
 
[50] had reported that to Phyllanthus they have 
described as Phyllanthus niruri plant contained 
alkaloids, polyphenols, flavonoids, tannins, 
terpenes and / steroids but didn’t contain 
anthraquinones and saponins. The chemical 
analysis of large groups of P. odontadenius 
plants from seeds treated with sodium azide 
(NaN3) reveals the presence of alkaloids in 
concentrations of 0.5 mM ; 1.5 mM ; 2.5 mM ; 3.5 
mM ; 4.5 mM ; 5 mM and 10 mM (Table 3) and in 
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concentrations of 5 mM ; 7.5 mM ; 10 mM ; 17.5 
mM and 20 mM (Table 4). This presence could 
be explained by a possible stimulation of the 
biosynthesis of the alkaloids which were 
synthesized in most cases from to a small 
number of amino-acids such as tyrosine, 
tryptophan, ornithine, arginine and lysine [43].  
 
[51] reported that Phyllanthus emblica L. 
contains alkaloids and saponins that are not 
found in P. odontadenius. However, flavonoids, 
phenols, triterpenoids and tannins are present 
both in P. odontadenius and in P. emblica. 
Quinones are absent in the two species of 
Phyllanthus.  
 
Considering the results obtained in this work, it 
appears that according to the criteria of the WHO 
classification of in vitro antiplasmodial activities 
of extracts or drugs [52] ; [32] , extracts from two 
tests behaved differently. In the first trial      
(Table 3), the control (0 mM) extracts with 
12.77±5.83 µg/ml value showed moderate in 
vitro antiplasmodial activity (IC50 between 10-50 
µg/ml). Extracts of plants from treated seeds at 
0.5 to 10 mM with their respective values of 
6.43±6.13 µg/ml (0.5 mM), 2.25±0.16 µg/ml (1.5 
mM), 1.47±0.14 µg/ml (2.5 mM), 1.18±0.068 
µg/ml (3.5 mM), 1.17±0.06 µg/ml (4.5 mM) 
1.09±0.13 µg/ml (5 mM) and 1.0 ±0.02 µg/ml (10 
mM) showed good in vitro antiplasmodial 
activities (IC50 <10 mcg / ml). In the second 
experiment; extracts from control plants (0 mM), 
2.5 mM, 12.5 mM, 15 mM, 17.5 mM and 20 mM 
exhibited moderate in vitro antiplasmodial 
activities (values between 10 to 50 µg/ml) with 
respective IC50 values of 14.91±3.85 µg/ml, 
21.6±7.13 µg/ml; 12.91±6.06 µg/ml; 23.55±10.73 
µg/ml; 18.81±3.37 µg/ml and 20.95±8.30 µg/ml 
[52]. And extracts of plants from seeds treated 
with concentrations of 5 mM; 7.5 mM and 10 mM 
of SA exhibited good in vitro antiplasmodial 
activity (IC50 <10 µg/ml ) with respective values 
of 4.32±0.38 µg/ml; 1.90±1.75 µg/ml  and 
1.47±1.07 µg/ml .  
 
The in vitro antiplasmodial activity of plants 
aqueous extracts from seed treated firstly from 
0.5 mM to 10 mM and secondly from 5 mM to 10 
mM of SA (NaN3) could be explained by the 
presence of alkaloids synthesized in plants which 
disclosed in some concentrations of SA. [52] 
report that among the agents contain antimalarial 
or antiplasmodial activities from plants exist 
further alkaloids, terpenes and related 
compounds, flavonoids, chromones, xanthones, 
and anthraquinones and various related 

compounds and others such as S- isogeranyle 
and isovaleric acids. These compounds were 
found in all the different aqueous extracts of 
plants grown from seeds treated with NaN3.  
 

5. CONCLUSION 
 
The main objective of this study was to improve 
the plant P. odontadenius by chemical 
mutagenesis in order to a possible fight against 
parasite of malaria. The effects of sodium azide 
(NaN3) on P. odontadenius plants from seeds 
soaked in different solutions of sodium azide 
(NaN3) show that this has more mutagenic 
stimulatory effects than inhibitors effects opposite 
to P. odontadenius.  
 
This study showed that the length of plants 
ranged from 16.02±2.56 cm (0 mM) to 
20.16±3.89 cm (10 mM); collar diameter from 
1.56±0.27 mm (0 mM) to 1.87±0.22 mm (10 
mM); the number of branches from 11.85±1.35 
(2.5 mM) to 13.80±2.20 (10 mM) and fresh 
biomass from 1.45±0.46 mg (0.5 mM) to 
2.08±0.16 mg (10 mM).  
 
The in vitro antiplasmodial activity of aqueous 
extracts of plants from seeds soaked in different 
solutions of sodium azide (NaN3) shows that 
concentrations between 5-10 mM with respective 
IC50 of 1.09±0.13 µg/mL (5 mM) and 1.04±0.02 
µg/mL (10 mM) or 4.32±0.38 µg/mL (5 mM) 
1.90±1.75 µg/mL (7.5 mM) and 1.47±1.07 µg/mL 
(10 mM) are those that deserve to be used in the 
improvement program of P. odontadenius 
secondary metabolites against Plasmodium 
falciparum.   
 
Studies of the next generation or M2 are 
necessary to verify the heritable effects for to 
choose possible concentrations of plant 
breeding. The analysis of active principles 
involved in the death of trophozoites would be 
also necessary to justify the molecular effects of 
sodium azide in P. odontadenius.  
 
However, it is necessary to know whether the 
plant extracts from these doses showed high 
antiplasmodial activity and also which one would 
present less toxicity on human cells. These 
studies are essential in the selection of plants 
with P. odontadenius antiplasmodial activity 
enhanced by sodium azide. Furthermore, the 
study of the fractions or molecules involved in 
improving the in vitro antiplasmodial activity by 
sodium azide is indispensable. 
 



 

 
 
 

Nakweti et al.; AJEA, 5(3): 226-238, 2015; Article no.AJEA.2015.026 
 
 

 
236 

 

ACKNOWLEDGEMENTS 
 
INRB (Institut National de Recherche 
Biomédicale): For the analysis of in vitro 
antiplasmodial activities, Dr. Patrick DOUMAS 
(SupAgro-Montpellier/France) for the software 
Statistica with General Linear and LSD test; 
CGEA/CREN-K. for the assistance for the 
realization of this work.   
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Adjanohoum M. Man and medicinal plant 

in Africa. Arrange in the natural 
environment. Review of the book, Africa-
Indian Ocean Double No. 66-67, ed. our 
Bookstore. 1982;51-58. 

2. Oksman-Caldentey KM, Barz WH. Plant 
biotechnology and transgenic plants. 
Marcel Dekker, New York, Basel. 
2002;347-371.  

3. Igbinosa OO, Igbinosa EO, Aiyegoro OA. 
Antimicrobial activity and phytochemical 
screening of stem bark extracts from 
Jatropha curcas (Linn). Afr. J. Pharm. 
Pharmacol. 2009;3(2):058-062.  

4. Pauwels L, Nzayilu N’ti. Guide trees and 
shrubs of the Kinshasa region- Brazzaville. 
Edited by JBNB. 1993;4:459. 

5. Tona L, Ngimbi N, Tsakala M, Messia K, 
Cimanga RK, Apers S, De Bruyne T, 
Pieters L, Totté J, Vlietinck AJ. Antimalarial 
activity of 20 crude extracts from nine 
African medicinal plants used in Kinshasa, 
Congo. J. Ethnopharmacol. 1999;93:27-32. 

6. Cimanga RK, Tona L, Luyindula N, Mesia 
K, Lusakibanza M, Musuamba CT, Apers 
S, De Bruyne T, Van Miert S, Hermans N, 
Totté J, Pieters L, Vlietinck AJ. In vitro 
antiplasmodial activity of callus culture 
extracts and fractions from fresh apical 
stems of Phyllantus niruri L. 
(Euphorbiaceae): Part 2. Journal of 
Ethnopharmacology. 2004;95:399-404. 

7. Kerharo J, Adam JG. Senegalese 
traditional pharmacopoeia. Medicinal and 
poisonous plants. Paris, Ed. Vigot & 
Brothers. 1974;1011. 

8. Ishimari K, Yoshimatsu K, Yamakawa T, 
Kamada H, Shimomomura K. Genetic 
transformation of Phyllanthus nirui L. (P. 

amarus). Biotechnology in Agriculture and 
Forestry. 1999;45:237-248. 

9. Paranjape P. Indian medicinal plants: 
Forgotten healers. Chaukhamba Sanskrit 
Pratisthan, Dheli. 2001;48. 

10. WHO. World Malaria Report 2010. 
Available: www.WHO.int/malaria/world 
report. Consulted in March 2011.  

11. Orhan I, Sener, B, Atici T, Brun R, Perozzo 
P, Tasdemir D. Turkish freshwater and 
marine macrophyte extracts show in vitro 
antiprotozoal activity and inhibit FabI, a key 
enzymes of Plasmodium falciparum fatty 
acid biosynthesis. Phytomedicine. 
2006;13:388–393. 

12. Guédé NZ, N'guessan K, Dibié TE, Grellier 
P. Ethnopharmacological study of plants 
used to treat malaria in traditional medicine 
by Bete Populations of Issia (Côte d'Ivoire). 
Journal of Pharmacology Science and 
Research. 2010;2(4):216 – 227. 

13. Bhat PG, Surolia N. In vitro antimalarial 
activity of extracts of tree plants used in 
the traditional medicine of India. Am. J. 
trop. Med. Hyg. 2001;65(4):304-308. 

14. Céu de Madureira MD, Martins AP, Gomes 
M, Paiva J, Proença da Cunha A, do 
Rosário V. Antimalarial activity of medicinal 
plants used in traditional medicine in S. 
Tomé and Principe islands. Journal of 
Ethnopharmacology. 2002;81:23-29. 
Available:www.elsevier.com/locate/jethpha
rm 

15. Al-Qurainy F. Effects of sodium azide on 
growth and yield traits of Eruca sativa (L.). 
World Applied Sciences Journal. 
2009;7(2):220-226. 

16. Khan S, Al-Qurainy F, Anwar F. Sodium 
azide: A chemical mutagen for 
enhancement of agronomic traits of crop 
plants. Environmental & We an 
International Journal of Science & 
Technology. 2009;4:1–21. Available: 
www.ewijst.org  

17. Rines HW. Sodium azide mutagenesis in 
diploid and hexaploid oats and comparison 
with ethyl methane sulfonate treatments. 
Environmental and Experimental Botany. 
1985;25:7–16. 

18. Grant WF, Salomone MF. Comparative 
mutagenecity of chemicals selected for test 
in the international program on chemical 
safety collaborative study on plant systems 
for the detection of environmental 
mutagens. Mutation Research-
Fundamental and Molecular Mechanism. 
1994;310:187-209.  



 

 
 
 

Nakweti et al.; AJEA, 5(3): 226-238, 2015; Article no.AJEA.2015.026 
 
 

 
237 

 

19. Maluszynski M, Szarejko I, Bhatia CR, 
Nichterlein K, Lagoda PJL. Methodologies 
for generating varibility. Part 4: Mutation 
techniques pp. 159–194; in Ceccarelli et al. 
FAO, Rome. 2009;671. 

20. Zao J, Liang A, Zhu Z, Tang Y. 
Regeneration of Chinese cabbage 
transgenic plants expressing antibacterial 
peptide gene and cowpea trypsin inhibitor 
gene. Euphytica. 2006;150:397–406. 

21. Jimenez M, Alvarenga S, Alan E. 
Establishment del protocole de 
microprogacion para la planta médicinal 
Phyllanthus niruri L. (Euphorbiacée), 
Technologia en Marcha. 2007;20(2):32–
40. (Spanish) 

22. Chaves B. Manipulating nitrogen release 
from vegetable crop residues by use of on 
and off-farm organic wastes. PhD Thesis, 
Ghent University; 2006. 

23. Rohrmoser K. Handbook of field trials 
under the cooperation technique. 
GTZ&CTA, Eschborn; 1986. French 

24. Khan MR, Qureshi AS, Hussain SA, 
Ibrahim M. Genetic variability induced 
bygamma irradiation and its modulation 
with gibberelline acid in M2 generation of 
Chickpea (Cicer arietinum L.). Pak. J. Bot. 
2005;37(2):285 – 292. 

25. Nouri H, Rahimi A, Pouzesh H. 
Investigation the effect of gamma rays on 
the amount of fat percentage and protein in 
Pinto bean of Khomein varieties (Pinto 
beans V. Khomein). Annals of Biological 
Research. 2012;3(6):2785–2789. 

26. Harborne JB. Phytochemical methods. 
Chapman and Hall. London; 1998. 

27. Leconte O, Bonfils JP, Bauvaira Y. 
Protective effect of iridals from saponin 
injury in Candida albicans cells. 
Phytochemistry. 1997;44:575-579. 

28. Hagerman AE. Radial diffusion assay: 
Method for determining tanins in plant 
extracts. J. Chem. Ecol. 1988;13:437-449. 

29. Peng S, Jay-Allemand C. Use of 
antioxidants in extraction of tannins from 
valnut plats. J. Chem. Ecol. 1991;17:887-
896. 

30. Mabry TJ, Markham KR, Thomas MB. The 
systematic identification of flavonoids. 
Spring-Verlag, New York; 1970. 

31. Wagner H, Blat S, Zgainski EM. Plant drug 
analysis. A thin layer chromatography. 
Atlas translated by Th. A. Scott. Spring-
Verlag, Berlin Heidelberg, New York. 
1984;145–146. 

32. Lekana-Douki JB, Oyegue Liabagui SL, 
Bongui JB, Zatra R, Lebibi J, Toure-Ndouo 
FS. In vitro antiplasmodial activity of crude 
extracts of Tetrapleura tetraptera and 
Copaifera religiosa. BioMed central 
Research Notes. 2011;4:506. Available: 
http://www.biomedcentral.com/1756-
0500/4/506.  

33. Kroqstad DJ, Gluzman IY, Kyle DE, 
Oduola AM, Martin SK, Milhous WK, 
Schlesinger PH. Efflux of chloroquine from 
Plasmodium falciparum: Mechanism of 
chloroquine resistance. Science. 
1987;238(4831):1283-5. 

34. Ljungström I, Perlmann H, Schlichtherle M, 
Scherf A, Wahlgren M. Methods in malaria 
research. MR4/ATCC, Manassas, Virginia; 
2004. 

35. Borzouei A, Kafi M, Khazaei H, Naseriyan 
B, Majdabadi A. Effects of gamma 
radiation on generation and physiological 
aspects of wheat (Triticum aestivum L.) 
seedlings. Pak. J. Bot. 2010;42(4):2281–
2290. 

36. Konzak CF, Nilan RA, Wagner J, For-ter 
RJ. Efficient chemical mutagenesis. The 
use of induced mutations in plant breeding 
(Rep) FAO/IAEA Techn. Meeting Rome, 
(1964), Pergamon Press, Oxford. 
1965;49–70. 

37. Dhakshanamoorthy D, Selvaraj R, 
Chidambaram A. Physical and chemical 
mutagenesis in Jatropha curcas L. to 
induce variability in seed germination, 
growth and yield traits. Rom. J. Biol.- Plant 
Biol. 2010;55(2):113–125. 

38. Cain ML, Damman H, Lue RL, Yoon CK. 
Discovering Biology. 1èr Ed., De Boeck, 
New Horizons, 3rd edition 2010, Varese, 
Italy; 2006. French. 

39. Joshi N, Ravndran A, Mahajan V. 
Investigation on chemical mutagen 
sensitivity in Onion (Allium cepa L.). 
International Journal of Botany. 
2011;7(3):243-248. 

40. Bhosale UP, Hallale BV. Gamma radiation 
induced mutations in black gram (Vigna 
mungo (L.) Hepper). Asian Journal of Plant 
Science and Research. 2011;1(2):96–100. 

41. Devi SA, Mullainathan L. Effect of gamma 
rays and Ethyl methane sulphonate (EMS) 
in M3 generation of Blackgram (Vigna 
mungo L. Hepper). Afr. J. Biotechnl. 
2012;11(15):3548–3552. 

42. Gicquel M. Molecular mechanisms of plant 
response to free radiacux. Exploring the 
role of glucosinolates in the antioxidant 



 

 
 
 

Nakweti et al.; AJEA, 5(3): 226-238, 2015; Article no.AJEA.2015.026 
 
 

 
238 

 

response. PhD Thesis, University of 
Rennes 1. 2012;233. Available:  
http://www.cerafel.com du 11/04/2013. 

43. Hopkins WG. Plant Physiology. Translation 
of the 2nd Ed. Rambour American By 
Serge. Scientific Revision Changes 
Charles-Marie Evrard. De Boeck, Brussels; 
2003. French. 

44. Macheix JJ, Fleuriet A, Jay-Allemand C. 
Phenolic Compounds plants: An example 
of secondary metabolites of economic 
importance, Ed. Polytechnic and university 
romandes presses, Lausanne, Italie; 2005. 
French. 

45. Moghaddam SS, Jaafar H, Ibrahim R, 
Rahmar A, Aziz MA, Philip E. Effects of 
Acute Gamma Irradiation on physiological 
traits and flavonoids accumulayion of 
Centella asiatica. Molecules. 
2011;16:4994–5007. 

46. Zhang R, Kang KA, Kang SS, Park JW, 
Hyun, JW. Morin (2',3,4',5,7- 
Pentahydroxyflavone) Protected cells 
against Ƴ-Radiation-induced oxidative 
stress. Basin & Clinical Pharmacology & 
Toxicology, Nordic Pharmacologycal 
Society. 2010;1-10. 

47. Chipurura B, Muchuweti M. Effect of 
irradiation and high processing 
technologies on the bioactive compounds 
and antioxidant capacities of vegetables. 
Asian Journal of Clinical Nutrition. 
2010;2(4):190-199.  

48. Kim MY, Im SJ, Kim JH, Kim IJ, et al. 
Changes in the phenolic composition of 
citrus fruits and leaves prepared by 
gamma irradiation of buddsticks. Life 
Science Journal. 2012;9(3):1281-1285. 
Available: http://www.lifesciencesite.com. 

49. McDonald RE, Miller WR, McCollum TG. 
Canopy position and heat treatments 
influence gamma-irradiation-induced 
changes in Phenylpropanoid metabolism in 
Grapefruit. Journal of the American Society 
for Horticultural Science. 2000;125(3):364–
369.  

50. Luyindula N, Tona L, Lukembila S, Tsakala 
M, Mesia K, Musuamba CT, Cimanga RK, 
Apers S, De Bruyne T, Pieters T, Vlientick 
A. In vitro antiplasmodial activity of callus 
extracts from fresh apical stems of 
Phyllantus niruri L (Euphorbiaceous); Part 
1. Pharm. Biol. 2004;42(7):1-7. 

51. Ravikumar S, Inbaneson SJ, Sunganthi P. 
In vitro antiplasmodial activity of chosen 
terrestrial medicinal plants against 
Plamosdium falciparum. Asian Pacifique 
Journal of Tropical Biomedicine. Contents 
Lists available at Science Direct. 
Elsevier.2012;1–5. 

52. Batista R, Silva Junior AJ, Braga de 
Oliveira A. Plant-derived antimalarial 
agents: New leads and efficient 
phytomedicines. Part II. Non-Alkaloidal 
Natural products. Molecules, 
2009;14:3037–3072. 

________________________________________________________________________________ 
© 2015 Nakweti et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history.php?iid=692&id=2&aid=6476 
 


