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Introduction

Plants have been used as traditional medicine since ancient 
times, and they are the source of many modern pharmaceutical 
medicines [1]. The interest in using natural products as medi-
cines, has been driven by the Exploring methods for collecting 
the necessary plant materials for pharmacological screening 
and drug development [2]. As drugs made from plants are gen-
erally less expensive, safer to use, more accessible, more effec-
tive, and easier to store [3]. 

Alhagi maurorum, a member of family Fabaceae, commonly 
known as Camelthorn bush or manna, grows in various places 
in the world such as Asia, Europe and North Africa [4]. Plant has 
long been used in folk medicine due to its richness in pharma-
cologically active metabolites [5]. The whole plant of A. mau-
rorum has laxative, purgative, diaphoretic, expectorant and 
diuretic [5]. It is traditionally used by the local communities 
against rheumatoid, liver disorders, infections of urinary tract, 
stomach and intestinal disorders [6].
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Abstract

Medicinal plants have long been studied due to their anticancer effects and use of them is 
commonly increased as a complementary and alternative medicine among patients with can-
cer. As drugs obtained from plants are cheap, safe to use, available without any difficulty, more 
effective, easy to store, and rarely have side effects. Alhagi maurorum, a member of family 
Fabaceae contained many secondary metabolites and used in folk medicines as laxative, purga-
tive, diaphoretic, expectorant and diuretic. Extracts were prepared by cold maceration tech-
nique. Different extracts (Crude, Methanol, Ethyl acetate and n-Hexane) of A. maurorum from 
aerial part were screened for Total Phenolic, and Tannins content, Antibacterial, Antifungal and 
Cytotoxic activities. N-hexane extract showed high TTC, TAC and TPC content. Cytotoxic proper-
ties were examined by Brine Shrimp Lethality Assay. Different concentrations (1000, 750, 500, 
250, 100 and 50 µg/mL) of Methanol, Ethyl acetate and n-Hexane extract were tested against 
10 nauplii. Cytotoxic activity was dose dependent. LD50 of following extracts was 381.40 ppm, 
160.27 ppm and 385.72ppm respectively. The antimicrobial activity was determined against 4 
pathogenic bacterial strains (Staphylococcus aureus, Staphylococcus epidermidis, Escherichia 
coli, Pseudomonas sp.) using Agar Well Diffusion Method. All extracts showed concentration 
dependent inhibition against tested strains. The maximum Zone of Inhibition was observed 
by Crude (11.3 ± 1.1, 10.3 ± 0.5) and ethyl acetate (10.3 ± 0.5, 10 ± 1.0) at 100 µg/ml against 
Staphylococcus aureus, Staphylococcus epidermidis respectively. Antifungal action of Metha-
nol and n-Hexane extracts (10, 25, 50 µg/ml) were examined by Agar Tube Dilution method 
against Fusarium and Alternaria sp. At 50 µg/ml highest percentage inhibition was observed 
by Methanol extract for both the strains i.e. 91.8% for Alternaria sp. and 80% for Fusarium sp. 
The present study revealed that A. maurorum carries powerful antimicrobial and remarkable 
cytotoxic activities, could be a potential source of antibiotics and anticancer compounds. This 
plant ought to be considered for additional phytochemical examination and pharmacological 
assessment.
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Figure 1: (a): Leaves and spines of Alhagi maurorum.
(b): Inflorescence of Alhagi maurorum. 

Material and methodology

Collection and extraction

Whole-plant of Alhagi maurorum was collected from DI,Khan 
during summer season. Material was shade dried and ground 
into fine powder. Powdered sample was stored for further ex-
perimentation.

Crude extract was prepared by the technique of cold mac-
eration. The Crude extract was fractioned into, n-Hexane, ethyl 
acetate and methanolic extract [7]. 

Figure 2: Fractionation scheme for preparation of methanol, ethyl 
acetate and n-Hexane fractions.

Phytochemical screening

Phytochemical screening was done by few modifications in 
the methods used by [8].

Qualitative-analysis of sample was done to find out the pres-
ence of resins, saponins, alkaloids, flavonoids, phenolics, car-
diac-glycosides, tannins, terpenoids, coumarins, phlobatannis, 
protein, carbohydrates and steroids.

Phytochemical screening demonstrated the presence of TPC, 
TAC and TTC was determined by FC method.

Cytotoxicity test (Brine shrimp lethality assay)

Cytotoxicity was tested by Brine shrimp lethality assay given 
by [9]. Sea salt (39 g) was mixed in 1 g of distilled water to make 
salt water. Ten nauplii were transferred to each test tube, con-
taining artificial sea water. Different concentrations (100, 750, 
500, 250, 100 and 50 µg/ml) of prepared fractions (n-Hexane, 
Methanol and ethyl-acetate) were added to each test tube. In-
cubated at 27oC for 24 hrs. The percentage mortality will be col-
lected by the formula:

Death percentage = 𝐷𝑒𝑎𝑑  𝑛𝑎𝑢𝑝𝑙𝑖𝑖
𝑇𝑜𝑡𝑎𝑙  𝑛𝑎𝑢𝑝𝑙𝑖𝑖

× 100

IC50 value will calculated by linear regression equation that 
was obtained by plotting concentrations against cytotoxic activ-
ity.

Antimicrobial activities

Antibacterial activity 

Antibacterial efficacy of fractions was tested by Agar well dif-
fusion method proposed by [10]. Three different concentrations 
of crude methanol, n-hexane and ethyl-acetate extracts were 
prepared (100, 75 and 50 µg/ml). Two Gram positive (Staphylo-
coccus epidermidis and Staphylococcus aureus) and two Gram 
negative, bacterial strains (Escherichia coli and Pseudomonas 
sp.) were used. 

The % age growth inhibition was calculated with reference to 
the standard drug, according to the formula:

Percentage inhibition= (X-Y) / (Z-Y) × 100.

Antifungal activity

Antifungal activities of Alhagi maurorum, was tested by 
Agar tube dilution ,method by [11]. Different concentrations of 
methanol and n-hexane extracts were prepared (50, 25 and 10 
µg/ml). Two different Pathogenic fungal, strains were used (Al-
ternaria and Fusarium). Inoculum was added in each tube and 
left for one day at 28°C. The growth inhibition was calculated by 
given formula:

% age Inhibition= Growth in test-extract (mm) ÷ Growth in 
control (mm) × 100

Results and discussion

Cytotoxicity test

Ethyl acetate extract showed maximum mortality as com-
pared to other extracts, with LD50 value of 160.27 ppm. Meth-
anol extract showed maximum death rate at 750 and 500 µg/
ml with LD50 value of 381.40 ppm. While in case of n-Hexane 
maximum death was observed at high concentrations i.e. 1000 
and 750 µg/ml with highest LD50 value of 385.72 ppm. Hence 
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concluded that ethyl acetate was more toxic than methanol and 
n-Hexane extracts. Our results indicates that cytotoxicity is con-
centration dependent. Same outcomes were achieved by [12] 
examined Brine shrimp lethality assay of Spilanthes paniculata 
plant extracts.

Antimicrobial activity

Antibacterial activity

Ethyl acetate showed maximum inhibition against all the 
bacterial strains. Experiment showed that S. aureus showed 
maximum Z.O.I against all the extracts. Among all bacterial 
strains, E.coli is least susceptible to all the extracts and showed 
highest Z.O.I value 4.4 mm in ethyl acetate extract and S. aureus 
to be most vulnerable towards all extracts and showed highest 
Z.O.I value 11.3mm in ethyl acetate extract. These are according 
to the findings of [13], reported that gram –ive bacteria E.coli to 
be least susceptible and S. aureus showed maximum inhibition 
against all extracts.

All extracts showed concentration dependent inhibition 
against tested strains. As higher the concentration results into 
maximum inhibition zone [14] also observed concentration 
dependence of all extracts. Antimicrobial action are due to 
presence of antimicrobial constituents in plants i.e. Steroids, 
Alkaloids, Phenolic, flavonoids etc. [15]. If Alhagi maurorum is 
subjected to further studies would lead to the isolation of more 
bioactive compounds [16].

Figure 2: Cytotoxic activities of different extracts of plant Alhagi 
maurorum values are presented as Mean ± SD.

Table 1: Bacterial inhibition (In % age) of Different extracts of 
Alhagi maurorum.

 Zone of Inhibition (mm) (Mean ± S.D)

Extract  Conc. Gram (+) Gram (-)
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Crude 

100 µg/ml 10.3 ± 0.5 10.3 ± 0.5 3.5 ± 0.7 6.8 ± 2.2

75 µg/ml 10 ± 2.0 9.2 ± 0.8 2.4 ± 0.3 4.1 ± 0.1

50 µg/ml 4.4 ± 1.5 4.7 ± 1.6   _ 0.6 ± 1.1

n-Hexane

100 µg/ml 8.3 ± 2.8 9 ± 0 4 ± 1.4 3.4 ± 1.5

75 µg/ml 6 ± 3 5.3 ± 1.5 0.7 ± 1.0 4.3 ± 2.5

50 µg/ml 3.4 ± 2.2 4.4 ± 1.5   _ 1.6 ± 1.5

Ethyl acetate

100 µg/ml 11.3 ± 1.1 10.74 ± 1.0 4.4 ± 0.8 7.0 ± 0.6

75 µg/ml 9.6 ± 0.5 7 ± 1.0 2 ± 0 3.3 ± 1.5

50 µg/ml 3.4 ± 1.4 3.1 ± 0.7   _ 0.6 ± 1.1

Methanol

100 µg/ml 7.74 ± 2.8 9.50 ± 2.5 3.1 ± 1.1 7.5 ± 1.8

75 µg/ml 5.10 ± 1.9 6.6 ± 1.09 1.15 ± 0.5 5.65 ± 1.3

50 µg/ml 3.21 ± 1.5 3.35 ± 4.4  _ 2.1 ± 1.2

Aqueous

100 µg/ml 3.3 ± 1.5 1.3 ± 2.3 2.4 ± 0.4  _

75 µg/ml 2 ± 0.1 0.6 ± 1.1  _  _

50 µg/ml  _   _  _  _

Cefotaxime

100 µg/ml 14.5 ± 2.1 15.3 ± 1.1 7.2 ± 2.3 8.4 ± 0.7

75 µg/ml 12.3 ± 3.5 10 ± 5.0 5.6 ± 2.0 5 ± 1.0

50 µg/ml 8.4 ± 1.0 6.6 ± 2.8 3.3 ± 1.2 3.3 ± 2.3

Antifungal activity 

It is cleared from results of Antifungal assay that highest per-
centage inhibition was observed against Fusarium and Alternar-
ia sp. by methanol extract as compared to n-Hexane. Percent-
age inhibition increased with increase in concentration (10, 25 
and 50 µg/ml). At 50 µg/ml highest percentage inhibition was 
observed by Methanol extract for both the strains i.e. 91.8% 
and 80% for Alternaria and Fusarium sp. respectively. Methanol 
extract was tested against 14 fungal strains and found it to be 
effective against fungal strains, reported by [17]. In conclusion 
Fusarium sp. was found more susceptible against extracts of se-
lected plant as compared to Alternaria sp. and methanol extract 
showed more antifungal activity than n-hexane as mentioned in 
the Table 2.

Phytochemical analysis

Qualitative analysis 

Phytochemicals are tested against four different extracts 
(Crude, Methanol, n-Hexane and ethyl acetate extracts). The 
outcome of chemicals of plant determined of all fractions and 
crude extract were summarized in Table 3.

Table 2: Fungal inhibition (Percentage inhibition ± S.D) of Meth-
anol and n-Hexane extracts of Alhagi maurorum.

Extracts Concentration Fusarium sp. Alternaria sp.

Crude

50 µg/ml 61 ± 1.09 65.54 ± 1.2

25 34.4 ± 2.0 41 ± 2.2

10 13.23 ± 1.1 19 ± 1.9

Ethyl acetate

50 µg/ml 72.2 ± 1.50 79.90 ± 2.0

25 66.15 ± 2.1 70.10 ± 1.2

10 35 ± 1.0 51.09 ± 2.7

n-Hexane

50 µg/ml 65.2 ± 1.04 74.22 ± 2.20

25 47.09 ± 1.98 68 ± 1

10 22.27 ± 2.08 61.15 ± 0.2

Methanol 

50 µg/ml 80 ± 5.77 91.8 ± 5.03

25 73.30 ± 2.10 88.4 ± 4.5

10 44 ± 1.73 79.56 ± 2.8

DMSO

50 µg/ml 21.23 ± 3.1 21.06 ± 1.2

25  _ 5.4 ± 1.0

10  _   _

Fluconazole

50 µg/ml 89.2 ± 1.8 92.2 ± 3.2

25 80.4 ± 1.0 79.5 ± 1.6

10 65.9 ± 2.0 50.05 ± 0.2
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Table 3: Qualitative Phytochemical analysis of Alhagi maurorum.

Phytoconstituents Observation Crude extract Methanol extract n-Hexane extract Ethyl-acetate Extract

Resin Turbidity + + + +

Saponins Forth formation + + _ +

Tannin Appearance of blackish/ brownish green/blue color + + + +

Phenolics Blue color + + + +

Terpenoids Reddish brown color + + + +

Alkaloids Yellow/brown precipitates + + + +

Flavonoids Dark yellow color + - _ +

Cardiac glycosides Brown ring + + + +

Coumarins Yellow fluorescence + + - +

Phlobatannins Red color precipitates + + + -

Steroids Blue-Green ring + + + +

Proteins White precipitates + + - +

Carbohydrates Red/dull violet color + + + +
(+) = Presence, (-) = Absent.

Quantitative analysis

Alhagi maurorum was analyzed for quantitative phytochemi-
cals characterization for three major groups of phytochemi-
cals which are Total phenolic, alkaloids and tannins content in 
plants. All the selected extracts showed high TTC, TAC and TPC 
and results have been given in Table 4.

TTC, TPC and TAC were found high in ethyl acetate extract. 
All extracts of Alhagi maurorum showed high TPC presence 
than TAC and TTC. The TPC of three extracts ranged 50.3±0.26 
to 76.8 ± 1.8 (mg/gm). The TTC and TAC were also found high in 
ethyl acetate extract with the values 4.52 ± 0.09 and 54 ± 0.22 
respectively.

Conclusion and recommendations

This work is the foremost on the biological action of differ-
ent extracts (methanol, n-Hexane and ethyl-acetate) of Alhagi 
maurorum w.r.t cytotoxicity. Pharmacological evaluation of this 
plant showed great antimicrobial and cytotoxic potential. Plant 
can be recommended as selective fungicide, as it showed in-
hibitory effect against fungal strains (Fusarium and Alternaria 
sp). Alhagi maurorum contain some important bioactive com-
pounds responsible for therapeutic activities. This plant may 
serve as an important source of medication. These results could 
be serving as benchmark for next studies. A very detailed study 
is required to find out the mechanism behind these effects. It is 
suggested that medicinal components of various parts of plant 
should be isolated in future studies.

Table 4: Quantitative phytochemical analysis of various extracts 
of Alhagi maurorum.

Quantitative Phytochemical Methanol Ethyl acetate n-Hexane

Total Phenolic content 59.7 ± 4.0 76.8 ± 1.8 50.3 ± 0.26

Total Tannins content 2.01 ± 0.05 4.52 ± 0.09 1.55 ± 0.65

Total Alkaloid content 32.2 ± 1.5 54 ± 0.22 21 ± 0.55

Values are expressed in mean ± standard deviation of the mean
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