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Cytotoxic, in vitro Enzyme Inhibitory  
Potential and Phytochemical  
Profiling of Odontonema strictum
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Tahir Ali Chohan2, Shujaat Ali Khan1, Nighat Fatima1, Kashif Bashir1, Shaista Qamar2, 
Sadia Chaman2, Muhamamd Azam Tahir5 and Abdul Mannan1

Abstract

Background: Odontonema strictum is an herbaceous plant, indigenous to Central America and Central Africa, and has 
been used traditionally by the local community against various ailments. The current piece of work was carried out to 
evaluate the cytotoxic potential of O. strictum by using brine shrimp lethality and the in vitro cytotoxicity/viability assay 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide [MTT]), as well as the in vitro enzyme inhibitory potential by 
using alpha-amylase, protein kinase enzymes and phytochemical analysis of the different extracts of aerial parts of O. strictum.
Materials and Methods: Extracts of aerial parts of O. strictum were prepared through the successive extraction method 
using solvents with the order of polarity as n-hexane, dichloromethane, ethyl acetate, methanol and water. Cytotoxicity was 
assessed through brine shrimp lethality assay and in vitro cell viability assay (MTT), whereas enzyme inhibition potential was 
evaluated through Alpha-amylase and protein kinase assay. Phytochemical analysis was done by assessing the total phenolic 
and total flavonoid contents of both leaves and flowers.
Results: All the extracts exhibited various phytochemical and biological activities. Remarkable toxicity profiles against the 
brine shrimp lethality assay (LD50:11.5 μg/mL) were shown by the leaf extracts, whereas both leaves and flowers exhibited 
promising anti-proliferative activity, assessed by the MTT assay. Significant alpha-amylase and protein kinase inhibition 
potential were manifested by leave extracts with IC50:195.6 μg/mL and minimum inhibitory concentration (MIC): 16.3 μg/mL 
respectively. The phytochemical analysis of the plant showed that it was sufficiently rich in phenolic compounds with a total 
phenolic content and total flavonoid content (96.8 μg GAE/mg and 65.1 μg QE/mg, respectively).
Conclusion: It is plausible to believe that the cytotoxic and enzymatic activity of the aerial parts of O. strictum aerial parts might 
be, at least partly, to the presence of phenolic chemicals and could be a possible source of cytotoxic agent and an enzyme inhibitor.
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Introduction

Odontonema strictum is a herbaceous plant, indigenous to 
Central America and Central Africa. It is commonly known as 
fire spike/scarlet flame and can be grown in a variety of soil 
conditions. If grown in a container, the plant will only reach a 
height of one and a half metres. The waxy flowers have 
12-inch spikes and bloom in the fall, luring hummingbirds 
and butterflies to their native land. The genus Odontonema 
belongs to the family Acanthaceae. The family contains more 
than 4,000 species, which are mostly herbs, shrubs or climbers 
and rarely trees.1 The family is rich in secondary metabolites 
that have been used traditionally by the local community 
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against various ailments such as anti-hypertensive properties.2 
The phytochemical family has many biological properties 
such as antiplasmodial, anti-HIV,3 antihypertensive,4 
antifungal5 and anticancer.6 Phytochemical analysis of the 
leaves shows that they are enriched with flavonoids, tannins 
and saponins.

The brine shrimp lethality assay is used to conduct a 
preliminary toxicity evaluation on sample extracts. The assay 
is based on the sample's ability to destroy Artemia nauplii.7 It 
is employed as a general toxicity indicator and as a cytotoxicity 
indicator for the initial assessment of samples’ antitumor 
potential.8 Cytotoxicity is quantified using the LD50 value, 
which is the lowest concentration of the sample that kills or 
inhibits 50% of the nauplii population. The 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) is a colorimetric test for reduction that is 
most frequently employed in high-throughput screening and 
for determining the metabolic activity of cells. The assay is 
based on the idea that living cells convert MTT to its insoluble, 
purple-colored formazan product with the aid of NADH. 
Non-viable cells, on the other hand, lack this capability. As a 
result, the amount of formazan (color) shows the viability of 
the cells. The conversion, however, is time-dependent. It is, 
therefore, the assay that is used to determine the cytotoxic 
effect of chemicals or extracts.9

Our body contains many naturally occurring enzymes. 
Enzyme inhibition can also help to cure certain diseased 
states. So, it is important to focus on the enzyme inhibition 
capacity of medicinal plants.10 Enzyme inhibition assays are 
in vitro assays that help in the assessment of the enzyme-
inhibiting potential of the extracts. As enzymes are involved 
in almost all of the physiological as well as pathological 
states of the body, inhibiting such enzymes can help in the 
reversal of diseased states.

The phenolic group of compounds makes up one of the 
most common plant metabolites and can be found in many 
food plants. Antioxidant activity is one of the many notable 
properties of phenolic compounds.11 This family of chemical 
compounds has anti-inflammatory, anti-apoptotic, anti-
atherosclerosis and anti-angiogenic activities, among other 
biological qualities.12 Promising phenolic content and 
antioxidant activity have been found in the genus.13 It is, 
therefore, this study was carried out to evaluate the cytotoxic 
potential of O. strictum by using brine shrimp lethality and 
the in vitro MTT cytotoxicity/viability assay, as well as the  
in vitro enzyme inhibitory potential by using alpha-amylase 
and protein kinase enzymes phytochemical analysis of the 
different extracts of aerial parts of O. strictum.

Materials and Methods

Reagents and Chemicals

All chemicals (Doxorubicin, Acarbose, Surfactin, Folin-
Ciocalteu reagent, Gallic acid, aluminium chloride) were 

purchased from Sigma-Aldrich (Dorset, UK). Solvents 
(DMSO) were obtained from Fischer Scientific 
(Loughborough, UK). All cell culture reagents (MTT dye, 
fetal bovine serum) were obtained from Biosera (Nauaille, 
France).

Collection of Plant Material

Leaves and flowers of O. strictum were collected in March 
2017, from the “Traditional Pharmacopeia Medicine and 
Pharmacy department garden” in Ouagadougou (Burkina 
Faso), with GPS coordinates: 12°- 22′ 9.67″ N, 01°- 29′ 
05.43″ W. Dr. Amadé OUEDRAOGO made the plant 
identification at Joseph KI-ZERBO University. A voucher 
specimen with the identifier N° 6900 was deposited in the 
Joseph KI-ZERBO University Herbarium (Ouagadougou, 
Burkina Faso). O. strictum flowers were meticulously 
cleansed after harvesting before being lyophilized and 
pulverized into a fine powder in a blender.

Extraction and Preparation of Samples

The successive extraction method was carried out using 
solvents with the order of polarity as; n-hexane (FON), 
dichloromethane (FOD), ethyl acetate (FOA), methanol 
(FOM), and water (FOW). The powdered flowers and leaves 
of O. strictum (20 g) were macerated successively in 300 mL 
of solvents such that the plant residue was dried at room 
temperature and macerated in the next solvent and the filtrate 
was concentrated using a rotary vacuum evaporator.14

Cytotoxicity: Brine Shrimp Lethality Assay

The cytotoxic effect was assessed using a modified brine 
shrimp lethality assay.14 A 20 mg/mL stock solution was 
made by dissolving 20 mg of extract in 1 mL DMSO. It was 
tested at 100, 50, 25, and 12.5 (μg/mL). About 38 g of sea salt 
and 6 mg of dried yeast were dissolved in 1 L distilled water 
while stirring. A magnetic stirrer aerated it for 2 h. The pH 
was kept at 7. An egg-hatching tank with two small 
compartments separated by a perforated wall was used to 
hatch brine shrimp eggs. The tank held fake seawater. The 
huge compartment was covered with aluminium foil, and the 
little section was lit. To incubate eggs, pour them into a big 
container. The phototropic nauplii were extracted using a 
Pasteur pipette and put into a beaker. Doxorubicin (4 mg/mL) 
was employed as a positive control at concentrations of 100, 
50, 25, and 12.5 (μg/mL). The negative controls were DMSO, 
nauplii, and seawater. The 96-well plates were filled with 10 
nauplii and 300 L seawater from each sample concentration. 
For 24 hrs, the plates were inverted to allow oxygen flow. A 
water dish was placed inside the incubator to keep it damp. 
Dead nauplii were counted in each well after 24 h of 
incubation, and the LD50 was computed using able curve 
software.
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In vitro MTT Assay

MTT assay was performed for the in vitro screening of 
antitumor activity of the extracts, that is, to determine the cell 
viability.15 The assay was repeated in triplicate. The human 
colorectal carcinoma cell line was grown in 24-well plates 
containing McCoy’s medium, supplemented with antibiotics 
(1%) and fetal bovine serum (10%). The cell suspension (105 
cells/mL) was then seeded in wells and incubated for 48 h at 
37°C. For the formation of a confluent monolayer, a 5% CO2 
incubator was used. The cells were then exposed to different 
concentrations of extracts. The cell control was also maintained 
throughout the protocol, and optical density was measured 
using a microplate reader at 595 nm with, 655 nm as a reference. 
The IC50 value of the fractions was also calculated. The growth 
inhibition rate was calculated by the following equation:

Inhibition rate = O.D (control well) − O.D  
(treated well) O.D (control well)

Enzyme Inhibitory Assay: Alpha-amylase Inhibition

Starch-iodine assay with slight modification has used the 
determination of the inhibition capacity of the extracts against 
alpha-amylase.16 Plant extract (4 mg) was dissolved in 1 mL 
of DMSO with a final concentration of 4 mg/mL. Acarbose 
(5–200 μg/mL) was employed as a positive control. Blank 
was prepared using equal quantities of a buffer as a substitute 
for the amylase enzyme and extracts. A volume of 10 μL of 
plant extracts along with 15 μL phosphate buffer, 40 μL starch 
solution and 25 μL alpha-amylase enzyme were added to the 
microplate and incubated for 30 min at 50°C. In order to stop 
the reaction, 20 μL of HCl was introduced, followed by 90 μL 
iodine reagent. Absorbance was measured at 540 nm after 
color development. The activity was performed in triplicate 
and was stated as percentage inhibition of the enzyme per 
milligram of the extract, calculated as follows:

% α-amylase inhibition = (As − An)/(Ab − An) × 100

where,
As is the absorbance of sample, An is absorbance of 

negative control and Ab is absorbance of blank.

Protein Kinase Inhibition

The assay was performed in triplicate in order to observe 
hyphae formation.17 Purified isolates of Streptomyces 85E 
strain were used. The concentration of plant extract was 
such that 20 mg of extract was dissolved in 1 mL of DMSO 
(20 mg/mL). Surfactin was used as a positive control at a 
concentration of 1 mg/mL. DMSO was used as a negative 
control. A bacterial lawn was formed by spreading the 
mycelia fragments (spores) on the ISP4 medium containing 
sterile plates. About 5 μL of the test extract was loaded on 
the sterile filter paper discs and was directly applied to the 
plates. This was followed by incubation at 30°C for a period 

of 72 h (optimum time for hyphae formation). The results 
were interpreted as bald zones of inhibition.

Phytochemical Analysis

Total Phenolic Content

The total phenolic content of the extracts was determined using a 
Folin-Ciocalteu reagent with a slight modification in the procedure 
by Astill et al.18 The stock solution of extract was prepared by 
dissolving 4 mg of crude extract in 1 mL of DMSO, that is 
4 mg/mL. Gallic acid at a concentration of 5 to 25 μg/mL was used 
as a positive control. The plant extracts, at a volume of 20 μL, were 
transferred into the 96-well plates. This was followed by the 
addition of 90 μL of Folin-Ciocalteu reagent. After incubation of 
the plate for 5 min, 90 μL of sodium carbonate was introduced into 
the mixture. The absorbance of the reaction mixture was taken at 
630 nm using a microplate reader. The assay was triplicated and 
results were expressed as microgram gallic acid equivalent to per 
milligram of extract (μg GAE/mg extract).

Total Flavonoid Content

The total flavonoid content of the extracts was determined using 
the colorimetric aluminium chloride method with a slight 
modification in the procedure Almajano et al.19 The stock 
solution of extract was prepared by dissolving 4 mg of crude 
extract in 1 mL of DMSO, that is 4 mg/mL. Quercetin (at final 
concentrations of 2.5, 5, 10, 15, 20 and 40 μg/mL) was taken as 
standard for the assay. Test samples 20 μL and 10 μL of 
aluminium chloride and potassium acetate were added to 96-well 
plates along with 160 μL of distilled water. The mixture was kept 
for 30 min at room temperature. Absorbance was then measured 
at 415 nm using a plate reader. The assay was performed thrice 
and results were expressed as microgram quercetin equivalent to 
per milligram of extract (μg QE/mg extract).

Statistical Analysis

The data were presented as mean values with standard error of 
the mean from three parallel repetitions. The graph was created 
using nonlinear regression and Microsoft Excel version 2013. 
Analysis of variance with Tukey’s range test was used to 
differentiate the means at a confidence level of p ≤ 0.05.

Results and Discussion

Cytotoxicity: Brine Shrimp Lethality Assay

The LD50 value calculated in the case of leaves was lowest for 
FO fraction, being only 24.3 μg/mL while the highest was for 
FOW being only 55.6 μg/mL summarized in Table 1. For the 
extracts of flowers, OSN showed an LD50 value of 22.5 μg/
mL while OSW, OSM, OSA and OSD calculated value was 
11.5 μg/mL. The brine shrimp assay exhibits the lethal 
potential of the extracts. The LD50 value of the different 
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extracts of leaves and flowers was determined. The results 
indicated that the flowers of O. strictum are comparatively 
toxic, with an LD50 range of 11.5 μg/mL to 22.5 μg/mL. The 
LD50 value decreased as the polarity was increased. The 
results are in correspondence to the previously conducted 
studies in which the lethal dose of the ethanol fraction was 
8.12 μg/mL when compared to the standard vincristine, which 
exhibited a value of 6.76 μg/mL.20,21 In the case of the extracts 
of leaves, the LD50 value increased as the polarity of the 
solvent was increased. The range of LD50 values for leaves 
was 24.3 μg/mL to 55.6 μg/mL. The results are consistent 
with previously conducted results on different plants such as 
Aloe vera whose LD50 value was calculated as 3.59 mg/mL 

for the ether extract.22,23 In comparison to the studies, our 
flower extracts are toxic whereas the leaf extracts are 
moderately toxic.

In vitro MTT Assay

Ethyl acetate extract of leaves (FOA) showed the lowest 
percent cell viability of 32.26% at 2.5 mg/mL whereas the 
highest percentage of cell viability was given by FOD 
of 100%, summarized in Figure 1. The purified fraction of 
flower (OF) exhibited the lowest percent cell viability of 
46.62% at 2.5 mg/mL and the highest viability was shown by 
OSD of 90.72%. MTT assay is a cytotoxic assay that is used 

Table 1. Brine Shrimp Lethality Assay Potential of Aerial Parts of O. strictum.

Brine Shrimp Lethality Assay (LD50 µg/mL).

Extract Water Methanol Ethyl Acetate DCM n-Hexane Purified

FO 55.6 ± 0.28 24.5 ± 0.44 24.5 ± 0.85 25.6 ± 0.67 25.1 ± 0.18 24.3 ± 0.34

OS 11.5 ± 0.25 11.5 ± 0.28 11.5 ± 0.45 11.5 ± 0.55 22.5 ± 0.40 12.5 ± 0.38

Negative control 0 0 0 0 0 0

Notes: Initially, the samples were evaluated at single highest concentration and the samples which showed more than 50% inhibition/significant activity 
were tested at lower concentrations to find their LD50.

Negative control: DMSO.

LC50 of Vincristine (positive control employed in the brine shrimp lethality assay) was 6.76 µg/mL.

Values (mean ± SD) are average of three samples of each leaf and flower fractions, analyzed individually in triplicate (n = 1 × 3).

Mean difference is significant at p < 0.05.

FO: Odontonema strictum leaf; OS: Odontonema strictum flower.

Figure 1. Cytotoxic Potential of Aerial Parts of O. strictum.
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to determine cell viability.24 Programmed cell death or 
apoptosis is a major strategy to kill or eliminate cancerous 
cells. Apoptosis acts as a protective mechanism that eliminates 
the damaged cells before they develop into malignant cells.25 
Among the different solvent extracts of flower, the OF 
exhibited the lowest percentage of cell viability of 46.62% at 
2.5 mg/mL and the highest viability was shown by OSD of 
90.72% using the MTT assay against the HCT-116 cell line. 
Our results are different from a previously conducted study 
on the ethyl acetate fraction of Aegle tamilnadensis where a 
dose-dependent inhibition of the cells was observed. The 
study is consistent with our results of leave extracts where the 
FOA showed the lowest percentage of cell viability of 32.26% 
at 2.5 mg/mL whereas the highest percentage of cell viability 
was given by FOD 100%. This result is different from a study 
in which the methanolic fraction of Plumbago zeylanica 
exhibited weak anti-proliferative property, with a percentage 
cytotoxicity of 42.1%.26

Alpha-amylase Inhibition Assay

In the case of leaves, the highest inhibition of the enzyme was 
depicted by the FOA (66.76%), whereas the least inhibition 
was shown by the FOD (11.7%). For the flower extracts, OSA 
extract showed the highest inhibition of 48.34% while OSM 
showed the lowest inhibition of 12.2%, results are exhibited 
in Table 2. The IC50 value for the FOA extract was calculated 
to be 195.6 μg/mL. The alpha-amylase inhibition property of 
the extracts was determined in order to identify the part of a 
plant and its fraction that can inhibit the enzyme. No 
significant results were shown by the different extracts of a 
flower. In the case of leaves, the results were also non-
significant except for the FOA, which showed an IC50 value 
of 195.6 μg/mL. The results are in correspondence to a study 
conducted by Sallam and Galala,27 in which the ethyl acetate 
fraction of Gymnocarpos decandrus showed the most 
significant and highest inhibition of the alpha-amylase 

enzyme by 87.6%. In another study conducted by 
Wickramaratne,28 FOA of Adenanthera pavonina inhibited 
the enzyme with an IC50 value of 59.93 μg/mL. The alpha-
amylase inhibition property of our extract was comparatively 
weak.

Protein Kinase Inhibition Assay

Only two extracts of leaf inhibited the enzyme, and results are 
shown in Table 2. FON showed inhibition of 16 mm whereas 
FOW showed inhibition of 12 mm. Similarly, only two flower 
extracts showed protein kinase inhibition activity. OSW with 
a zone of inhibition of 14 mm and OSM with a zone of 13 mm. 
Surfactin which was used as the standard exhibited a zone of 
17 mm. The MIC for the values above 15 mm of inhibition 
was calculated. MIC calculated for FON was 16.3 μg/mL, 
whereas, for Surfactin, it was 16.8 μg/mL. For the formation 
of aerial hyphae in Streptomyces, protein kinase plays a 
significant role.14 Inhibitors of kinases in Streptomyces give 
rise to bald colonies indicating aerial mycelia inhibition.29−30 
Among all the fractions of leaves and flowers, only the 
n-hexane extract of leaves (FON) showed potential and 
promising results with a bald zone of inhibition of 16 mm. 
The MIC value calculated for this extract was 16.3 μg/mL 
when compared to the standard Surfactin, whose MIC value 
was 16.8 μg/mL. Our results show that the n-hexane extract 
of leaves can be used as an agent for eukaryotic protein kinase 
inhibition as other similar studies have also indicated potential 
inhibitory agents.29 The results obtained showed promising 
findings.

Phytochemical Analysis

Total Phenolic Content

The highest phenolic content was present in the purified 
methanolic fraction of the flowers (OF, 96.8 μg GAE/mg). 
The lowest concentration was present in the OSD, being only 

Table 2. Alpha-amylase Inhibition and Protein Kinase Inhibition Potential of Aerial Parts of O. strictum.

Extracts

Alpha Amylase % Inhibition Protein Kinase Inhibition (MIC μg/mL)

FO OS FO OS

Water 17.9 ± 0.26 29.7 ± 0.01 33.6 ± 0.45 32.6 ± 0.55

Methanol 19.6 ± 0.27 12.2 ± 0.28 0 ± 0.78 33.6 ± 0.44

Ethyl acetate 66.76 ± 0.20 48.34 ± 0.56 0 ± 0.80 0 ± 0.38

DCM 11.7 ± 0.55 34.1 ± 0.66 0 ± 0.42 0 ± 0.55

n-Hexane 23.8 ± 0.66 17.6 ± 0.34 16.3 ± 0.50 0 ± 0.68

Purified 12.2 ± 0.23 24.8 ± 0.24 0 ± 0.59 0 ± 0.88

Negative control 0 0 0 0

Positive control 16.8 ± 0.50 16.8 ± 0.68

Notes: Negative control: DMSO, Surfactin used as positive control employed in the protein kinase assay. 

Values (mean ± SD) are the average of three samples of each leaf and flower fractions, analyzed individually in triplicate (n = 1 × 3). 

Mean difference is significant at p < 0.05. 

MIC: Minimum inhibitory concentration.
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30.8 μg GAE/mg, summarized in Table 3. Among the extracts 
of leaves, the highest phenolic content was shown by the 
FOW was 67.4 μg GAE/mg and the lowest value by the FOD 
was 10 μg GAE/mg. Collectively, the highest phenolic 
content was found in the purified methanolic fraction of the 
flower while the lowest was present in the dichloromethane 
extract of leaves. O. strictum constitutes an excellent source 
of bioactive compounds, especially phenolic components. 
The phenolic contents reported in the current study for leave 
extracts are highest in the most polar extract, that is FOW, 
with a value of 67.4 μg GAE/mg. In the case of the O. strictum 
flowers, the purified methanolic fraction (OF) showed the 
highest phenolic content of 96.8 μg GAE/mg. Current 
findings are in agreement with a study conducted on the 
leaves of guava, where the polar extracts constituted the 
highest phenolic content31 such that the total flavonoid 
content of the water fraction of leaves was 148 mg GAE/g of 
extract. Similarly, for the methanolic extract, the phenolic 
content was 91 mg GAE/g of extract. Also, the results are 
consistent with the previous studies conducted.32 Therefore, 
the polar extracts of plants contain more phenolic compounds 
and hence greater total phenolic content.

Total Flavonoid Content

For the flower extracts, the highest flavonoid value was 
obtained from the purified methanolic fraction (OF) 65.1 μg 
QE/mg and the lowest was observed in the n-hexane extract 
(OSN) 10.4 μg QE/mg, summarized in Table 3. In the case of 
leaf extracts, the highest flavonoid content was found in the 
FOW 46.6 μg QE/mg, and the lowest was observed in the 
FOD 3.5 μg QE/mg. Collectively, the highest value for 
flavonoid content was found in the purified methanolic 
fraction of flowers whereas the lowest was observed in the 
dichloromethane extract of leaves. Similar to the total 
phenolic content results, the FOW and the OF showed the 
highest total flavonoid content of 46.6 μg QE/mg and 65.1 μg 
QE/mg, respectively. The results are consistent with the 
previously conducted studies using polar solvents for 
extraction where the methanolic fraction exhibited a total 
flavonoid content of 10.28 mg QE/g.33 A study conducted by 

Nyirenda et al.34 reported that phenolic compounds are more 
soluble in polar solvents rather than organic solvents. High 
phenolic concentration in the plant protects its chloroplast 
from the harmful effects of ultraviolet radiation.35

Conclusion

The outcomes of the current investigation support the 
assumption that the use of diverse solvent extracts truly 
retrieves the whole phytochemical and biological profiling of 
plants. In the current study the cytotoxic potential, enzyme 
inhibition ability and phytochemical evaluation of different 
solvent extracts of leaves and flowers of O. strictum were 
carried out. All the extracts showed various phytochemical 
and biological activities. Different solvents extract showed a 
considerable level of total phenolic content and total flavonoid 
content of both leaves and flowers. It is plausible to conclude 
that the cytotoxic and enzymatic activity of O. strictum aerial 
parts is attributed, at least partly, to the presence of phenolic 
compounds and could be a potential course of enzyme 
inhibitor. The current study could be expanded to target the 
isolation of secondary metabolites responsible for the 
observed activities.
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Table 3. Total Phenolic Content (mg GAE/g) and Total Flavonoid Content (mg QE/g) of Aerial Parts of O. strictum.

Extracts

Total Phenolic Content (mg GAE/g) Total Flavonoid Content (mg QE/g)

FO OS FO OS

Water 67.4 ± 0.26 81.2 ± 0.01 46.6 ± 0.45 60.2 ± 0.55

Methanol 50.4 ± 0.27 66.2 ± 0.28 18.5 ± 0.78 42 ± 0.44

Ethyl acetate 43.9 ± 0.20 44.84 ± 0.56 20.24 ± 0.80 19.5 ± 0.38

DCM 10.2 ± 0.55 30.8 ± 0.66 3.5 ± 0.42 17.8 ± 0.55

n-Hexane 25.5 ± 0.66 39.6 ± 0.34 10.85 ± 0.50 10.4 ± 0.68

Purified 52.6 ± 0.23 96.8 ± 0.24 21 ± 0.59 65.1 ± 0.88

Notes: Data from three repetitions, with mean ± SD; means with are significantly (p < 0.05) different. 

GAE: Gallic acid equivalent; QE: Quercetin equivalent.
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Summary

OS leave extracts exhibited remarkable toxicity profile against the 
brine shrimp lethality assay.
OS leave and flower extracts leaves and flowers exhibited promising 
anti-proliferative activity, assessed by the MTT assay.
OS leave extract manifested significant alpha amylase and protein 
kinase inhibition potential.
OS extract showed sufficiently rich in phenolic compounds.

References

1.		 Luhata L, Munkombwe NM, Cheuka PM, et al. Phytochemical 
and pharmacological profiles of the genus Odontonema 
(Acanthaceae). Br J Pharm Res 2016; 14(1): 1–7. DOI: 10.9734/
BJPR/2016/29877.

2.		 Pierre LL, and Moses MN. Isolation and characterisation 
of stigmasterol and β-sitosterol from Odontonema strictum 
(Acanthaceae). J Inno Pharm Biol Sci 2015; 2(1): 88–95.

3.		 Casano G, Dumètre A, Pannecouque C, et al. Anti-HIV and 
antiplasmodial activity of original flavonoid derivatives. 
Bioorg Med Chem 2010; 18(16): 6012–23. DOI: 10.1016/j.
bmc.2010.06.067.

4.		 Duarte J, Pérez-Palencia R, Vargas F, et al. Antihypertensive 
effects of the flavonoid quercetin in spontaneously hyperten-
sive rats. Br J Pharmacol 2001; 133(1): 117–24. DOI: 10.1038/
sj.bjp.0704064.

5.		 Kusuma I, Itoh K, and Tachibana S. Antifungal activities against 
plant pathogenic fungi of flavonoids isolated from Amboyna 
wood. Pak J Biol Sci 2005; 8: 136–40.

6.		 Liu HL, Jiang WB, and Xie MX. Flavonoids: recent advances 
as anticancer drugs. Recent Pat Anticanc Drug Discov 2010; 
5(2): 152–64. DOI: 10.2174/157489210790936261.

7.		 Carballo JL, Hernández-Inda ZL, Pérez P, et al. A comparison 
between two brine shrimp assays to detect in vitro cytotoxicity 
in marine natural products. BMC Biotechnol. 2002; 2(1): 17. 
DOI: 10.1186/1472-6750-2-17.

8.		 Olowa LF, and Nuñeza OMS. Brine shrimp lethality assay of 
the ethanolic extracts of three selected species of medicinal 
plants from Iligan City, Philippines. Int Res J Biol 2013; 2(11): 
74–7.

9.		 Riss TL, Moravec RA, Niles  AL, et al. Cell viability assays. In: 
Assay guidance manual. Eli Lilly & Company and the National 
Center for Advancing Translational Sciences. Environmental 
Toxicology, Walter de Gruyter GmbH & Co KG: 2016; 16.

10.	 Moloudizargari M, Mikaili P, Aghajanshakeri S, et al. 
Pharmacological and therapeutic effects of Peganum harmala 
and its main alkaloids. Pharmacogn Rev 2013; 7(14): 199–12. 
DOI: 10.4103/0973-7847.120524.

11.	 Yadav R and Agarwala M. Phytochemical analysis of some 
medicinal plants. J Phytol 2011; 3(12): 10–4.

12.	 Han X, Shen T, and Lou H. Dietary polyphenols and their bio-
logical significance. Int J Mol Sci 2007; 8(9): 950–88. DOI: 
10.3390/i8090950.

13.	 Mojab F, Kamalinejad M, Ghaderi N, et al. Phytochemical 
screening of some species of Iranian plants. Iran J Pharm Res 
2003; 2: 77–82.

14.	 Fatima H, Khan K, Zia M, et al. Extraction optimization of 
medicinally important metabolites from Datura innoxia Mill.: 
an in vitro biological and phytochemical investigation. BMC 
Complement Altern Med 2015; 15(1): 376. DOI: 10.1186/
s12906-015-0891-1.

15.	 Mosmann T. Rapid colorimetric assay for cellular growth and 
survival: application to proliferation and cytotoxicity assays. J 
Immunol Methods 1983; 65(1–2): 55–63. DOI: 10.1016/0022-
1759(83)90303-4.

16.	 Xiao Z, Storms R, and Tsang A. A quantitative starch-iodine 
method for measuring alpha-amylase and glucoamylase activi-
ties. Anal Biochem. 2006; 351(1): 146–8. DOI: 10.1016/j.
ab.2006.01.036.

17.	 Khan S, Ur-Rehman T, Mirza B, et al. Antioxidant, antimicro-
bial, cytotoxic and protein kinase inhibition activities of fif-
teen traditional medicinal plants from Pakistan. Pharm Chem J 
2017; 51(5): 391–98. DOI: 10.1007/s11094-017-1620-5.

18.	 Astill C, Birch MR, Dacombe C, et al. Factors affecting the caf-
feine and polyphenol contents of black and green tea infusions. 
J Agric Food Chem 2001; 49(11): 5340–47. DOI: 10.1021/
jf010759+, PMID 11714326.

19.	 Almajano MP, Carbó R, Jiménez JAL, et al. Antioxidant and 
antimicrobial activities of tea infusions. Food Chem 2008; 
108(1): 55–63. DOI: 10.1016/j.foodchem.2007.10.040.

20.	 Rafshanjani MAS, Parvin S, and Kader MA In vitro antibacte-
rial activities and brine shrimp lethality bioassay of ethanolic 
extract from Moringa oleifera Lam. Leaves. Int Res J Pharm. 
2014; 5(11): 856–60. doi: 10.7897/2230-8407.0511175.

21.	 Ajoy G and Padma C. Brine shrimp cytotoxic activity of 50% 
alcoholic extract of Croton bonplandianum Baill. Asian J 
Pharm Clin Res. 2013; 6(3): 40–41.

22.	 Asaduzzaman M, Rana MS, Hasan SR, et al. Cytotoxic (brine 
shrimp lethality bioassay) and antioxidant investigation of 
Barringtonia acutangula (L.). Int J Pharm Sci Res 2015; 6(8): 
1179–85.

23.	 Hamidi MR, Jovanova B, and Panovska TK. Toxicological 
evaluation of the plant products using Brine Shrimp (Artemia 
salina L.) model. Maced Pharm Bull 2014; 60(1): 9–18. DOI: 
1D33320/maced.pharm.bull.2014.60.01.002.

24.	 Baharum Z, Akim AM, Taufiq-Yap YH, et al. In vitro anti-
oxidant and antiproliferative activities of methanolic plant part 
extracts of Theobroma cacao. Molecules 2014; 19(11): 18317–
31. DOI: 10.3390/molecules191118317, PMID 25389662.

25.	 Wan G, Tao JG, Wang GD, et al. In vitro antitumor activity 
of the ethyl acetate extract of Potentilla chinensis in osteosar-
coma cancer cells. Mol Med Rep 2016; 14(4): 3634–40. DOI: 
10.3892/mmr.2016.5679.



Nadeem et al.	 417

26.	 Singh MK, Pandey A, Sawarkar H, et al. Methanolic extract of 
Plumbago zeylanica – A remarkable antibacterial agent against 
many human and agricultural pathogens. J Pharmacopuncture 
2017; 20(1): 18–22. DOI: 10.3831/KPI.2017.20.004.

27.	 Sallam A and Galala AA. Inhibition of alpha-amylase activ-
ity by Gymnocarpos decandrus Forssk. constituents. Int 
J Pharmacogn Phytochem Res 2017; 9(6): 873–79. DOI: 
10.25258/phyto.v9i6.8193.

28.	 Wickramaratne MN, Punchihewa JC, and Wickramaratne DB. 
In-vitro alpha amylase inhibitory activity of the leaf extracts of 
Adenanthera pavonina. BMC Complement Altern Med 2016; 
16(1): 466. DOI: 10.1186/s12906-016-1452-y.

29.	 Shanbhag P, Bhave S, Vartak A, et al. Screening of microbial 
extracts for anticancer compounds using Streptomyces kinase 
inhibitor assay. Nat Prod Commun 2015; 10(7): 1287–91. DOI: 
10.1177/1934578X1501000738.

30.	 Khan KM, Nahar L, Mannan A, et al. Cytotoxicity, in vitro anti-
leishmanial and fingerprint HPLC-photodiode array analysis of 
the roots of Trillium govanianum. Nat Prod Res 2018; 32(18): 
2193–201. DOI: 10.1080/14786419.2017.1371164.

31.	 Seo J, Lee S, Elam ML, et al. Study to find the best extraction 
solvent for use with guava leaves (Psidium guajava L.) for high 
antioxidant efficacy. Food Sci Nutr 2014; 2(2): 174–80. DOI: 
10.1002/fsn3.91.

32.	 Reddy NS, Navanesan S, Sinniah SK, et al. Phenolic con-
tent, antioxidant effect and cytotoxic activity of Leea indica 
leaves. BMC Complement Altern Med 2012; 12: 128. DOI: 
10.1186/1472-6882-12-128.

33.	 Saboonchian F, Jamei R, and Sarghein SH. Phenolic and fla-
vonoid content of Elaeagnus angustifolia L. (leaf and flower). 
Avicenna J Phytomed 2014; 4(4): 231–38.

34.	 Nyirenda KK, Saka JD, Naidoo D, et al. Antidiabetic, anti-oxi-
dant and antimicrobial activities of Fadogia ancylantha extracts 
from Malawi. J Ethnopharmacol 2012; 143(1): 372–76. DOI: 
10.1016/j.jep.2012.07.002.

35.	 Mahmoudi S, Khali M, Benkhaled A, et al. Phenolic and fla-
vonoid contents, antioxidant and antimicrobial activities of 
leaf extracts from ten Algerian Ficus carica L. varieties. 
Asian Pac J Trop Biomed 2016; 6(3): 239–45. DOI: 10.1016/j.
apjtb.2015.12.010.


