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Abstract: The utilization of the plant parts (bark, leaves and roots) of Azadirachta indica from Malaysia for research purpose
were limited and most of the previous studies focused only on the leaves. Thus, this study focused on the volatile compounds
and the cytotoxic study of crude and fractions obtained from bark, leaves and roots of A. indica. The analysis of the volatiles
of the crude and fractions was performed via Gas Chromatography-Mass Spectrometry (GC-MS). The volatiles present vary
according to the plant parts and extraction solvents. The bark aqueous fraction yielded highest amount of volatiles (19
compounds) that corresponds towards various reported activities. The n-hexadecanoic acid was the most frequently occurring
compound detected in all extracts, bark (40.14 and 20.1%), leaf (65.18 and 44.79%) and root (20.55 and 9.14%) for crudes
and fractions, respectively. Meanwhile, the cytotoxic bioassay against brine shrimp (Artemia salina) resulted that; the fractions
were more toxic compared to the crude extracts. Among all the extracts, leaf ethyl acetate fraction provides a lethal
concentration value (1.35 + 0.40 ppm) of the lowest, followed by bark ethyl acetate (1.38 + 0.33) and leaf chloroform fraction
(2.14 + 0.35 ppm) and thus indicating the highest cytotoxic effect. The bioassay proved that fractions provide a better
extraction technique for the extraction of toxic phytochemicals compared to the crude extracts.
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gastroprotective [5], immu-nostimulant [6] and insecticidal
1. Introduction [7] properties. The occurrence and the concentration of

) o ) _ secondary metabolites are restricted to the plant taxonomy.
[\leem (Azadlra}chta indica) (vernacular name in Malay:  Bgasjcally, these metabolites are not related to primary
Pokok Mambu’) is consumed widely as traditional medicine metabolism, but exhibit several biological activities or

for the treatment of several diseases, including chicken pox,  gefense. Certain secondary metabolites are classified to be
fever, skin infections, oral care, as a tonic for ulcers, high volatile compounds [8].
blood pressure and diabetes [1]. The literature reported that,

A. indica possesses many medically beneficial bioactive  The extraction of the A. indica extracts had been studied
phytochemicals such as hydrocarbon, terpenoids, phenolic, trough many different ways [2]-[3]. However, no previous

alkaloids, and their derivatives [2]. Some of these  (yiotoxic work related to the comparison of crude and
phytochemicals exhibits acaricidal [3], antibacterial [4],  fractions of A. indica plant parts (bark, leaves and roots) in a
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single study. This comparison of the various parts with a
variety of solvents scientifically proves the suitable
extraction method of the toxic compounds according to best
solvent and plant part. However, very limited study
concerning the A. indica extracts from Malaysia is available
in the literature. Almost, all the reported studies in Malaysia
were on the leaf extracts [9] and none includes the root.

One of the effective methods to evaluate the cytotoxicity of a
substance is via shrimp lethality assay [10]. The concept of
this assay is to kill a laboratory-cultured invertebrate model,
Artemia salina. This method, predicts the acute toxicity
avoiding the usage of laboratory animals that are being
demanded by certain organizations [11]. It is recognized to
be simple, fast, effective and reproducible assessments of
toxicity (e.g. detection of fungal and cyanobacteria toxins,
natural products, pesticides and heavy metals) [12]. This
assay is vital in determining the responses of human normal
and cancer cells as a preclinical assessment for drugs.
Therefore, this work aims to identify the volatile compounds
of crude and fractions of A. indica extracts.

2. Materials and Methods
2.1 Plant Materials

Plant, A. indica was harvested directly from the tree from
Teluk Intan, Perak, Malaysia. The taxonomy identification
was conducted. The parts (bark, leaves and roots) were dried
and the moisture content was analyzed via moisture content
analyzer; and grounded into a coarse powder using a grinder
(0.25 mm sieve). All the samples were sealed and kept in
desiccators to avoid fungal activities.

2.2 Extraction of Plant Materials

The crude extracts of grounded parts (barks, leaves and
roots; each 50 g) were extracted via maceration in acetone,
chloroform, ethanol and reflux in ethanol. The maceration
was conducted for 5 days, whereas the reflux method was
conducted for minimum extraction of 6 h. The extracts were
filtered, evaporated and dried under open air.

The fractionation conducted with some modification of
previous study [2]. Grounded part (barks, leaves and roots;
200 g each) was soaked with 80% methanol solution. The
mixture was left to settle for a day. The solution cakes were
sonicated for about 30 min, filtered and evaporated. The
concentrated extract was partitioned with solvents of
different polarities, including; hexane (Fraction 1),
chloroform (Fraction 2) and ethyl acetate (Fraction 3),
respectively with increasing polarity. The aqueous and
organic layer was separated using separation funnel. The
leftover was the aqueous layer (Fraction 4). All collected
fractions were filtered to obtain particle free extract, then
dried and stored for further study.

2.3 Determination of Volatile Compounds

Volatiles of all extracts (crudes and fractions) were
determined via Agilent Technologies 7890A Gas
Chromatography (GC) System coupled with Mass
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Spectrometry (MS) detector. Each sample was prepared at
1000 ppm via dilution in respective solvents and was
injected into the system; except for aqueous extracts that
were placed in solid form. Blank analysis was also
performed. The chromatography settings are; injection
source: GC auto sampler and Thermal separation probe
(TSP); injection volume: 1 pL (organic sample); injection
mode: split less and split ratio 1:5 and oven temperature:
initial 35 °C, increase to 180 °C (6 °C/min), held 5 min,
increase to 230 °C (1 °C/min) and held 20 min; and initial
35 °C (2 min), increase to 180 °C (2 °C/min), held 5 min,
increase to 230 °C (6 °C/min) and held 30 min; for organic
and aqueous samples, respectively. Other settings; column:
non-polar capillary DB-1 of 100% dimethyl-polysiloxane
(30 m x 0.53 mm id, film thickness 0.25 um); carrier gas:
helium (1 mL/min); ionization energy: 70 eV; front inlet
pressure: 6.78 psi, oven equilibrium time: 3 min; maximum
oven, post run, front inlet, MS source and MS quad
temperature: 350, 290, 250, 230 and 150 °C, respectively,
for both organic and aqueous samples. The compounds were
characterized with the National Institute of Standards and
Technology (NIST) Library Chem Station software.

2.4 Cytotoxicity Bioassay
2.4.1 Preparation of samples

The appropriate amount of each extract was dissolved in
artificial sea water with 0.5 ml of dimethyl sulfoxide
(DMSO, Merck, Germany) to prepare 50 mL of extract
solutions (50, 100, 500, and 1000 ppm). The positive control
was 0.1% of potassium dichromate (Sigma-Aldrich, USA)
(Control 1); whereas the negative control was 1% DMSO
(Control 2).

2.4.2 Source of seawater and organisms

Artificial sea water (35 ppt) was prepared with commercial
sea salt in 1 L of distilled water and filtered. The solution
was transferred into a cylindroconical tube (hatching system)
with 1.5 g/L of A. salina eggs (Super Eagle, China). The
eggs were exposed to an optimal incubation period of 24 h
(27-29 °C) with lateral illumination by a light tube (500-
1000 Lx) and aeration. The solution was swirled once a
while to maximize cysts hatching. After 24 h, the aeration
was stopped to separate the nauplii from hatched shells and
placed into containers containing the same concentration of
artificial seawater, light source and aeration. The nauplii
were fed with 0.06% yeast solution starting from the first
day of hatching up to 48 h of bioassay study.

2.4.3 Determination of cytotoxicity

The lethality bioassay was performed with minor
modification from previous study proposed by Nguta et al.
(2013) [13]. Test was conducted using prepared test samples
(50, 100, 500, and 1000 ppm) and controls. An amount of 3
mL of each test sample and controls was transferred into test
tubes and a number of 10 nauplii were released into them.
The tubes were stored at 27-29 °C. The lethality of the
nauplii were observed within its activity range and evaluated
after 24 h. The moribund nauplii within 10 s were counted as
dead. The assay was performed in triplicate and values were
recorded.
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2.5 Statistical Analysis

Lethality data were calculated through percentage mortality,
according to equation (1) and corrected lethality in relation
to the negative control were calculated and corrected by
applying Abbott’s formula as in equation (2) [14]. The
corrected percentage mortality was transferred into a graph
through Probit analysis in the presence of linear functions
[15]. Cytotoxicity was reported as LC50 that represents 50%
of moribund or killed nauplii. The significant difference of
the LC50 values was analyzed through ANOVA and
Tukey’s multiple range test (P<0.05) [16].

% Mortality

= _ Moribund or dead nauplii X 100%

Total tested nauplii per replicate Q
Corrected % Mortality
= 1- _Nauplii in treated sample x 100%
Nauplii in control 2

3. Results and Discussions
3.1 Volatile Phytochemicals of A. indica

Major volatile compounds (>10%), found in the crude
(Table 1) are 9-octadecenoic acid, (E)-, an unsaturated fatty
acid, identified in bark maceration in ethanol extract
(10.8%); eicosane, an alkane, from leaf chloroform extracts
(15.6%); hexadecanoic acid, methyl ester, a fatty acid
methyl ester, present in maceration in ethanol extract of leaf
(20.6%); n-hexadecanoic acid, a fatty acid chain, detected in
bark chloroform and reflux in ethanol, leaf chloroform,
maceration and reflux in ethanol (10.8%, 15.6%, 17.7%,
16.6% and 25.8%, respectively) and octadecanoic acid,
methyl ester identified in bark acetone and maceration in
ethanol extracts (13.4 and 10.6%, respectively).

Whereas, the most abundant volatile compounds (>10%),
identified in the fractions (Table 2a and b) were: 9,12,15-
octadecatrien-1-ol, (Z,Z,2)-, a fatty alcohol, detected in the
bark and leaf hexane (17.04 and 23.35%, respectively);
benzoic acid, 4-hydroxy-3,5-dimethoxy-, an ester, present in
root aqueous (13.4%); n-hexadecanoic acid, found in bark
and leaf hexane (11.7% and 19.1%) and leaf chloroform
(14.9%); pentadecanoic acid, 14-methyl-, methyl ester
identified in bark chloroform (16.4%); phytol, a diterpene
alcohol from the leaf hexane (13.9%) and chloroform
(62.25%) fractions, and p-xylene from leaf ethyl acetate
fraction (16.1%). In similarity for both crude and fractions,
n-hexadecanoic acid, is a compound that occurs more
frequently in all the extracts. This compound found to be
present in bark, leaves and roots of the plant, but in different
amount according to the extraction solvent polarity. Most of
the extracts differ, in terms of the components found in
different solvent extract and the extraction method, in which
most of them were detected in different percentage level and
the nature of the compounds were also differing.

3.2 Cytotoxicity of A. indica Extracts

The brine shrimp, A. salina lethality bioassay was used to
indicate the cytotoxicity that involves many pharmacological
effects and diseases (e.g. pesticide, antitumor and
anticancer) as they corresponds similarly as a mammalian
system [38]. The cytotoxic effect of A. salina on the
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exposure towards the extracts was represented in Table 3.
The result shows that, the degree of lethality is directly
proportional to the concentration of the extracts, whereby
the mortality rate increases with the sample concentration.

The probit graph was plotted to perform the empirical
probit, calculate the slope and intercepts in the form of linear
regression to give out the 50% lethal concentration (LCsp)
values [39].

Theoretically, extract that exhibits smaller LCg, values are
more toxic. From the overall results of the crude extracts,
bark present to be the best part, according to the LCs, value
and toxicity profile. The extracts of acetone (660.69 * 0.87
ppm), maceration (660.69 + 0.87 ppm) and reflux in ethanol
(549.54 + 0.79 ppm) present to provide LCs, values that lie
between the toxicity level (=500<1000 ppm: weak toxicity).
The second active part would be root as the acetone extracts
present to have the lowest LCs value (457.09 = 0.88 ppm)
(<500 ppm: toxic) and chloroform extract shows weak
toxicity (LCsq 645.65 £ 0.94 ppm); whereas maceration and
reflux in ethanol is non-toxic (>1000 ppm). The leaf extract
are with a low toxicity level of acetone (645.65 £ 0.94 ppm)
and chloroform (891.25 = 0.71 ppm) while toxic factors
were not detected in extracts of maceration and reflux in
ethanol.

According to previous studies, it had been reported that, the
A. indica leaves ethanol crude extract showed LCs, value of
23 ppm [40], 28 pg/mL [38], 36.81 mg/mL [41], and 37.15
mg/mL [42] against A. salina. Therefore, with the
comparison of the obtained results in reference of past study,
the current results are acceptable as the LC values achieved,
lies between the reported results.

The increasing chronological order of the solvent in
extracting the crude with high toxic phytochemicals, would
be the maceration in ethanol < reflux in ethanol <
chloroform < acetone. Acetone extract of the root is the only
extract that presents to fall between the toxic levels of LCs.
The maceration and reflux in ethanol are mostly non-toxic
for both leaf and root extracts. Chloroform extracts are listed
to act better than the ethanol extracts as only one extract of
the bark chloroform is non-toxic.

The two different extraction techniques, of crude alone and
partitioning of crude methanol extract to its subsequent
solvent fractions, resulted in toxicity activities that are
variable in this study. The technique proves that the
partitioning method present to exhibit more significant toxic
effect, whereby the overall mortality range lies between the
ranges of 25.71 to 97.50%. The fractions of two immiscible
solvents obtain through partitioning are effective in
separating the complex mixtures of the plant metabolites
according to polarity that exhibits activities at different
levels. The low concentration of the bioactive compounds in
the crude might prejudice their activity.
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Table 1: Volatile phytochemicals of A. indica crude extracts

Compounds Percentage of compound in crude extract (%) Reported
Bark Leaf Root activity
AC CH ME RE AC CH ME RE AC CH ME RE
1,2-Benzenedicarboxylic acid, - - - - - - - - 20 - - - Antimicrobial
mono (2-ethylhexyl) ester [17]
1-Heptadecene 24 - - - - - - - - - - - NR
1-Hexadecene - - - - - - - - 04 - - - NR
1-Nonadecene 20 - - - - - - - - - - - NR
1-Octadecene - - - - - - - - 06 - - - NR
2(1H)-Phenanthrenone, - 32 17 - - - - - 40 30 11 - Antimicrobial
3,4,4a,9,10,10a-hexahydro-6- [18]
hydroxy-1,1,4a-trimethyl-7-(1-
methylethyl)-, (4aS-trans)-
2-Tetradecene, (E)- - - - - - - - - 02 - - - Antifungal [19]
9-Octadecenoic acid, (E)- - 47 10. - - - - - - - - - Antiviral [20]
8
alpha.-Cadinol - - - - - - - - - - 03 - Antibacterial,
antifungal [21]
Caryophyllene oxide - 12 - - - - - - - - - NR
Cycloheptasiloxane, - - - - 16 - - 6.8 - - - - Antioxidant [22]
tetradecamethyl-
Dichloroacetic acid, heptadecyl - - - - - - - - - 16 - - Antiviral [23]
ester
Docosane - - - - - 09 - - - - - - Antibacterial
[17]
Eicosane - 2.3 - - - 15. - - - - - - Antibacterial,
6 antifungal [17]
Ethyl Oleate - - 6.4 - - - - - - - - Antiviral [20]
Ferruginol - - - - - - - - - 6.0 - - Gastroprotective
and ulcer healing
effect [24]
Hentriacontane - - - - - - - - - 03 - - Antibacterial,
antifungal [17]
Heptacosane - - - - - 21 - - - 05 - - Antioxidant [17]
Heptadecanoic acid, ethyl ester - - 59 - - 23 - - - - - - NR
Hexadecanoic acid, butyl ester - - - - - - - - - 56 - - Antioxidant [25]
Hexadecanoic acid, methy! ester - - - - - - 20. - - - 03 - Antimicrobial
6 [17]
n-Hexadecanoic acid 56 10. 82 15, 51 17. 16. 25. 10 18 7.9 9.8 Antimicrobial
8 6 7 6 8 [17]
Nimbiol - - - - - - - - 11 - - - Anti-acne [26]
Octacosane - 05 - - - 16 - - - - - - Antiviral [20]
Octacosyl acetate - - - - - 31 - - - - - - Toxicity [27]
Pentadecane 19 06 - - - - - - - - - - Antiviral [20]
Octadecanoic acid, methyl ester 13. - 1.0 - - - 10. - 32 03 08 - Antimicrobial
4 6 [28]
Retinoic acid, methyl ester - 66 - - - - - - - - - - NR
Tetratriacontane - - - - - 19 - - - - - - Anti-acne [26]
Abbreviation: AC: Acetone; CH: Chloroform; ME: Maceration in ethanol; RE: Reflux in ethanol
Table 2a: Volatile phytochemicals of A. indica fractions
Compound Percentage of compound in fraction (%) Reported activity
Bark* Leaf Root*
HE CH AQ HE CH EA AQ HE CH AQ
1,2-Benzenedicarboxylic acid, mono(2- - - 76 - - - 9.1 - - 54 Antimicrobial [17]
ethylhexyl) ester
1-Eicosene - - 2.1 - - - 1.3 - - - Antioxidant,
larvicidal [21]
1-Octadecene - - 15 - - - - - - - NR
2(1H)-Phenanthrenone, - 0.4 - - - - - - - - Antimicrobial [18]

3,4,4a,9,10,10a-hexahydro-6-hydroxy-
1,1,4a-trimethyl-7-(1-methylethyl)-,

(4aS-trans)-
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Table 2b: Volatile phytochemicals of A. indica fractions
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Compound

2,6,10,14,18,22-
Tetracosahexaene,2,6,10,15,19,23-
hexamethyl-, (all-E)-
2-Methoxy-4-vinylphenol
2-Propenal, 3-(4-hydroxy-3-methoxy
phenyl)-

2-Propenoic acid, 3-(4-
methoxyphenyl)-, 2-ethylhexyl ester
3-Hydroxy-4-methoxybenzoic acid
4-((1E)-3-Hydroxy-1-propenyl)-2-
methoxyphenol
4,4,8-Trimethyltricyclododecane-2,9-
diol

5-Octadecene, (E)
7-Hydroxy-6-methoxy-2H-1-
benzopyran-2-one
7-lsopropyl-1,1,4a-trimethyl-
1,2,3,4,4a,9,10,10a-
octahydrophenanthrene
9,12,15-Octadecatrien-1-ol, (Z,Z,Z)-
9,12-Octadecadienoic acid (Z,2)
9,17-Octadecadienal, (2)-
9-Octadecenoic acid (Z)-, methyl ester
alpha.-Cubebene

Benzene, 1,2,3,4-tetramethyl-
Benzene, 1,2,4,5-tetramethyl
Benzoic acid

Benzoic acid, 4-hydroxy-3,5-
dimethoxy-

beta.-Sitosterol
Caryophyllene
Caryophyllene oxide
Catechol

Cyclohexane, 1-ethenyl-1-methyl-2, 4-
bis(1-methylethenyl)-, [1S-
(1.alpha,2.beta, 4.beta)]
Cyclononasiloxane, octadecamethyl-
Dodecanoic acid

Eicosane

gamma.-Elemene
gamma.-Sitosterol
Hexacosane

Methyl stearate
n-Hexadecanoic acid
Octadecanoic acid

Oleic Acid

Pentadecanoic acid, 14-methyl-, methyl
ester

Phenol, 2,4-bis(1,1-dimethylethyl)
Phenol, 2,6-dimethoxy

Phenol, 2,6-dimethoxy-4-(2-propenyl)-
Phenol, 2-methoxy

Phytol

p-Xylene

Squalene
Stigmasterol

Tetradecanoic acid
Tricosane

Percentage of compound in fraction (%)

Bark*
HE

2.3

17.0

0.8

0.4
0.9

0.4

CH

4.0
0.3

2.3
16.4

0.5
0.3

AQ
1.3

0.3
2.5
1.0

0.6
0.3

Leaf
HE CH EA

- - 1.2
- - 1.8
233 - -
0.3 - -
0.7 - -

- - 13
0.2 - -
2.7 - -
7.7 - -
1.6 - -
191 149 7.0
2.3 - -
7.3 - -

- - 2.5
139 623 -

- - 16.1

AQ

0.7

0.7

Root*

3.0

1.6
11

4.5

AQ

3.1

2.0

2.7

Reported activity

NR

Antimicrobial [29]
Uterotonic [30]

NR

Antidiabetic [31]
Analgesic,
fungicide [29]
Antimicrobial [29]

Antioxidant [32]
Anti-carcinogenic
[17]

NR

Antibacterial [33]
NR

NR

Rodenticide [29]
Wound healing
[34]

NR

NR

Antifungal [17]
Antimicrobial,
antioxidant [35]
Antiviral [20]
Larvicidal [21]
NR

NR
Antimicrobial [36]

Anticancer [37]
NR

Antimicrobial [17]
Antifungal [17]
Antibacterial [17]
Anti-acne [26]
Antiviral [20]
Antimicrobial [17]
Antifungal,
antibacterial [17]
Antiviral [20]
Antifungal [17]

Antimicrobial [28]
Antimicrobial [29]
NR

NR

Anticancer [17]
Antioxidant,
antifungal [17]
Antibacterial,
pesticide [17]
Anticancer [20]
Antiviral [20]
Anti-acne [26]

*No compounds reported for EA fractions of bark and root. Abbreviation:
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HE: Hexane; CH: Chloroform; AQ: Aqueous; EA: Ethyl acetate
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In this technique of fractionation, the plant part of the leaf,
present to be the best, followed by the bark and finally root.
Leaf fractions have the lowest LCsy values of 1.35 + 0.40,
2.14 + 0.35, 25.12 + 0.35 and 45.71 + 0.32 ppm (ethyl
acetate, chloroform, hexane and aqueous, respectively). The
A. indica was also analyzed for cytotoxicity, and had
reported LCsq values of 1.3 pg/ml for hexane leaf extract
[43], and the current study proves that the ethyl acetate
solvent extracts are almost at the similar toxic level (1.35
0.40 ppm). According to the other analysis, the aqueous and
methanol extracts achieved higher LCs, values (101.26 + 3.7
and 61.43 + 2.9 pg/mL) [44] compared to the value obtained
in this study (45.71 = 0.32 ppm).

A researcher, reported that the aqueous root and bark extract
of A. indica had achieved an LCs, of 285.8 mg/ml [13] that is
far high compared to the current data (LCsy 3.24 + 0.18 and
4.68 £ 0.15 ppm). Therefore, the LC values of the extract
were found to be lower than the previous studies and thus
indicate that the prepared extract was rich in bioactive
compounds.

This data is supported by the similar extracting solvent itself,
whereby the best solvent for all the three parts would be the
ethyl acetate with lowest LCs, values (1.35 £ 0.40, 1.38 +
0.33, and 229 + 0.25 ppm for leaf, bark and root,
respectively) followed by chloroform as the extracts present
to achieve LCs, values closer to the ethyl acetate (LCsq in

fourth ranking. The LCs, value of hexane in root fraction was
very high (LCsy 281.84 + 0.24 ppm) compared to the other
fractions. The overall chronological order for the best solvent
in fractionation of the plant material would be the ethyl
acetate > chloroform > aqueous > hexane. A researcher had
pointed out that the constituents of the bioactive may differ in
each extract depending on its solubility range in solvent and
thus extraction should be carried out in a wide range of
solvents with variable polarities [45].

The American National Cancer Institute had set up criteria
that a sample should possess LCs, limit of at least 30 ppm to
prove that the sample is promising and suitable for further
purification [46]. Therefore, the crude extracts with LCsg
values ranges from the 457.09 + 0.88 to 891.25 + 0.71 ppm
are not suitable to be further purified. On the other aspect, all
the fractions with LCsq values of 1.35 + 0.40 to 25.12 + 0.35
of the A. indica are suitable to be purified to isolate and
further identify the bioactive phytochemical except for the
hexane fraction of bark (35.48 £ 0.21 ppm) and root (35.48 £
0.21 ppm).

A group of researcher had listed out a research study that had
achieved LCs values of less than 500 ppm together with its
biological activity and some of them are the flowers of
Calendula officinalis with LCs, of 245 pg/mL for anti-
inflammatory and wound healing activity, whereas the leaf of
Vinca rosea with LCsy of 170 pg/mL shows anti-diabetic and
anti-cancer effect [47]. Therefore, in comparison of the
findings in this study, the root acetone crude extract and all

bark 2.29 + 0.29 ppm and leaf 2.14 + 0.35 ppm). The the fractions of the extract have potential bioactive
aqueous and hexane fractions present to be in the third and  compounds.

Table 3: LCy, values of A. indica crudes and fractions against A. salina
Crude Fraction
LCs (ppm) 95% confidence  Toxicity level  LCsy (ppm) 95% confidence  Toxicity level

interval interval

Bark Bark
AC  660.69+0.87% 13.46-33140.81 Weak toxicity HE 3548 +0.21 13.49-91.20 Toxic
CH >1000 NC Non-toxic CH 229+0.29° 0.78-10.72 Toxic
ME 660.69+0.87% 13.46-33140.81 Weak toxicity EA 1.38+0.33" 031-6.17 Toxic
RE 549.54 £ 0.79 15.55-19384.13 Weak toxicity  AQ 3.24+0.18 1.41-7.59 Toxic
Leaf Leaf
AC 645.65+0.94° 9.46-44632.74  Weak toxicity = HE 25.12+0.35 5.13-125.89 Toxic
CH 891.25+0.71 36.17 - 22111.72  Weak toxicity CH 214+035° 0.45-10.23 Toxic
ME  >1000 NC Non-toxic EA 135+040" 0.22-813 Toxic
RE >1000 NC Non-toxic AQ 45.71+£0.32 10.47 - 199.53 Toxic
Root Root
AC  457.09+0.88 8.72 -24127.07  Toxic HE 35.48+0.21 95.50-831.76 Toxic
CH 645.65+0.94° 9.46-44632.74  Weak toxicity CH 23.44+0.30 6.03-91.20 Toxic
ME  >1000 NC Non-toxic EA 229+0.25° 0.74-7.08 Toxic
RE >1000 NC Non-toxic AQ 468+0.15 240-9.12 Toxic

* The data represent the means + standard deviation of three replicates. Means with the same letter are not significantly different at (Tukey’s test, p <0.05).

Toxicity level of extracts: LCs values >1000 ppm (non-toxic), >500<1000 ppm (weak toxicity) and <500 ppm (toxic) [48].

Abbreviation; AC: Acetone; CH: Chloroform; ME: Maceration in ethanol; RE: Reflux in ethanol; HE: Hexane; AQ: Aqueous; EA: Ethyl acetate; NC: Not

calculate
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