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Abstract  

Emerging evidence of the impact of plant compounds on growth inhibition 

of micropathogens and cancer cells has opened new areas to evaluate 

plants’ treatment properties. Here, we aimed to investigate in vitro antioxi-

dant, antibacterial and anticancer effects of the secondary metabolites iso-

lated from different extracts produced by Elaeagnus angustifolia and 

Scrophularia striata. Antibacterial activity was evaluated against human and 

plant pathogenic bacteria by 3 methods of tubular dilution, well and disc 

diffusion. The anticancer effect of E. angustifolia extract was assessed by 3-

(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. 

Biochemical experiments showed the presence of compounds such as phe-

nol, flavonoids, resins, quinones, steroids, terpenoids and alkaloids in ex-

tracts, with the highest antioxidant activity of the methanolic extracts. For 

both plants’ strains, the disc method was more effective than the well diffu-

sion method. The highest yields were obtained from Methanolic, ethanolic 

and hydroalcoholic extracts for E. angustifolia and aqueous extract for 

Scrophularia striata. The most sensitive bacteria for E. angustifolia were Ba-

cillus subtilis and Xanthomonas campestris against pit extracts and Clavibac-

ter michiganensis against pulp extracts. The most sensitive bacteria for S. 

striata were Bacillus subtilis and Staphylococcus aureus. Methanolic and 

aqueous solvents showed the maximum bacterial inhibitory and bactericid-

al activities in the Minimum inhibitory concentration (MIC) and the mini-

mum bactericidal concentration (MBC) tests respectively. Additionally, E. 

angustifolia showed anticancer effects toward MCF7 breast cancer cells. 

These findings provided a better understanding of the widespread applica-

tion of these plants as potential antioxidants, antibacterial and anticancer 

sources, and safe natural medicines in health maintenance and disease 

treatment.  

 

Keywords  
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Introduction  

Nearly a quarter of the world's drugs are botanically derived, either directly 

extracted from plants or synthesized based on herbal compounds. Due to 

the involvement of oxidative stress in a variety of disorders, aging and can-
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cer, the evaluation of novel herbal antioxidant drugs to 

prevent or reduce the risk of diseases has received increas-

ing attention (1, 2). Plant secondary metabolites such as 

phenolics and flavonoids, which are present in all parts of 

plants, have the potential to neutralize free radicals 

Hence, due to the high prevalence of chronic diseases, 

using of plants to provide essential antioxidants, especially 

plants with high content of phenol and flavonoids is war-

ranted (3, 4).  

 On the other hand, infectious diseases are one of 

the most important causes of mortality, and a large num-

ber of outbreaks are associated with these infections such 

as avian flu influenza A, tuberculosis, Emergomyces cana-

densis and diarrheal diseases, which require antibiotic 

treatment (5, 6). The application of synthetic antibiotics 

has led to the emergence of resistant bacteria, especially 

Klebsiella, Escherichia coli, Staphylococcus aureus, S. epi-

dermis, Sarajea and Salmonella (7, 8), so antibiotic re-

sistance is an account for the treatment failure of infec-

tious diseases all over the world in recent years (6). De-

creasing the clinical efficacy of many antibiotics with the 

emergence of increasing antibiotic resistance by microbial 

infectious agents has raised the screening of herbs with 

antimicrobial activity in the treatment of infectious diseas-

es (9). Herbal medicines are widely prescribed due to their 

natural sources, fewer side effects, relatively low costs and 

more efficacies. Hence, researchers have focused on me-

dicinal plants and traditional medicine to find more effi-

cient drugs against microbial infections (10, 11). In recent 

research, aqueous and organic extracts of medicinal herbs 

were studied against the bacterial species including Enter-

ococcus faecalis, Bacillus subtilis, resistant strains of Staph-

ylococcus aureus and 2 sensitive species of Escherichia coli. 

They showed substantial antimicrobial properties, the 

highest antibacterial activity was related to Thymus vulgar-

is and T. origanum herbs (12, 13). Moreover, the effect of 45 

species from 30 plant families that were applied in Iranian 

traditional medicine for the treatment of infectious diseas-

es and burns were evaluated on different bacterial strains 

including Bacillus cereus, B. pumilus, Escherichia coli, 

Klebsiella, Pseudomonas aeruginosa, P. fluorescens, Micro-

coccus luteus, Serratia, Staphylococcus aureus and S. epi-

dermis. The results indicated that all methanolic extracts 

of plants prepared by soaking (3 days at room tempera-

ture) show the effects on selected germs other than Serra-

tia and Bordetella on disc plates on the microbes (14, 15).  

 One of the herbal remedies in traditional medicine 
is the E. angustifolia as a medication for joint pains and as 

epileptic seizures (16). Persian olive with the scientific 

name of E. angustifolia, which belongs to the family of 

Elaeagnaceae, contains flavones and polyphenols, as well 

as resin aromatic compounds (cinnamic acid, benzoic ac-

id, phenyl ether benzoate and hydro benzoic acid) (17). E. 

angustifolia fruit is applied to treat amoebic diarrhea, and 

also the fruit and flowers of this plant are used in tradition-

al medicine to treat nausea, vomiting, asthma, jaundice 

and abdominal distension (18). Until now, about 42 com-

pounds with anti-inflammatory and anti-infectious proper-

ties are known in the E. angustifolia flowers such as limo-

nene hydrocarbons, squalene, monoterpene and tertiary 

hydrocarbons (19). The E. angustifolia fruit is sweet and 

astringent with a lot of malic acid, calcium malate, ascor-

bic acid and butyric acid. In addition to use in treatment of 

scurvy disease, it has a palliative effect on coughing (20). In 

addition, the aqueous extract of the kernel, exocarp and 

mesocarp has been shown to have an analgesic effect 

comparable to that of morphine (21). Overall, scientific 

studies on E. angustifolia have shown several pharmaco-

logical effects.  

 Scrophularia striata is a member of family Scrophu-

lariaceae, which this family consists of 200 genera and 

3000 species, that have long been applied in Iran as a me-

dicinal herb for the treatment of various diseases such as 

rheumatics, allergy, eczema, goiter and chronic inflamma-

tory disorders (22-24). Emerging studies have demonstrat-

ed the antibacterial, antioxidant and anticancer properties 

of Scrophularia (22, 25-27). However, people living in the 

province of Ilam have been expriencing with this plant for 

many years, the chemical composition of this plant and its 

medical application remain to be further determined. Re-

garding these proven antibacterial and antifungal ad-

vantages as well as curative properties of E. angustifolia 

and S. striata, here, we aimed to investigate the antioxi-

dant and antibacterial effects of both E. angustifolia and S. 

striata extracts from two different provinces in Iran on 

some of important human and plant pathogenic bacteria. 

Moreover, the cytotoxicity effect of E. angustifolia on can-

cer cells was also evaluated. The results of this study 

would be useful to justify which components of these 

plants have more potential application in herbal medicine.  

 

Materials and Methods  

Plant’s material and Sample preparation   

Regarding the existing vegetation diversity of plants, 

the native S. striata samples were collected from Ilam 

province, the regions of Mimak, Saleh Abad, Mehran. To 

further confirmation, the plants were approved by the 

botanist of the Agricultural Research Center of Ilam 

province. E. angustifolia fruits were collected in the 

growing season from gardens around Kurdistan prov-

ince and then confirmed with the identification keys. 

The aerial parts and fruits of samples were isolated and 

dried at the normal room shade temperature. Then the 

pit and pulp were separated from each other. To evalu-

ate antibacterial and antioxidant properties as well as 

anticancer activity, dried plant specimens were pow-

dered. In this study ethanol, methanol, hydroalcoholic, 

water and aqueous solvents were used for extraction as 

described by standard procedure (28).  The extracts 

were condensed with a rotary machine (model LEV311, 

LabTech Italy) and dried with a freeze dryer (BETA1-

8LDPLUS, German Christ company). To investigate the 

antibacterial effects of plant extracts, the ethanolic, 

methanolic and hydroalcoholic extracts with concen-

trations of 50, 100, 200, 400 mg of powdered extract in 

1000 ml of dimethyl sulfoxide (DMSO) were prepared.  
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Source of microorganisms and cell line  

Bacterial species, Staphylococcus aureus, Bacillus cereus, 

B. subtilis, Enterococcus faecalis, Salmonella typhi, Xan-

thomonas campestris, Clavibacter michiganensis, Ralstonia 

solanacearum all were procured from the Iranian Research 

Organization for Science and Technology as lyophilized. 

The human MCF7 breast cancer cell line was obtained 

from the Iranian Biological Research Center (IBRC). 

Identification of different plant compounds with antioxi-

dant properties  

To determine the antioxidant properties of plant com-

pounds, measurements of phenol, flavonoids, resins, qui-

nones, steroids, terpenoids and alkaloids were performed 

according to method described by other researchers (29, 

30). Briefly, phytochemical analyses of the extracts were 

performed as following; 

 Alkaloids: Some drops of Wagner’s reagent were 

added to 1 ml of filtered methanolic and ethanolic extracts 

and the brownish-red precipitate pointed towards the 

presence of alkaloids. 

 Steroids (Liebermann-Burchard reaction): 1 ml of 

filtered methanolic and ethanolic extracts were mixed with 

1 ml of a solution containing 4 ml acetic acid, 1 ml sulfuric 

acid and 2 ml chloroform. The formation of a blue-green 

ring was considered as evidence of the presence of ster-

oids. 

 Flavonoids: 0.5 ml of each extract in methanol was 
added to 2 ml of 21% sulfuric acid solution and a yellow to 

orange coloration depicting the positive results for the 

presence of flavonoids. 

 Terpenoids: A volume of 200 µl methanolic and eth-
anolic extracts was mixed with 1.0 ml of chloroform using 

vigorous shaking. Then, 1 ml of concentrated sulphuric 

acid was added. A reddish-brown or gray coloration of the 

mixture indicates the presence of terpenoids. 

 Phenolics: A mixture of 0.5 ml of filtered methanolic 

extracts and 3% (w/v) of ferric chloride was prepar ed.  A 

formation of dark green to black coloration indicated the 

presence of tannin and phenol. 

Antioxidant activity assay using 2,2-Diphenyl-1-

picrylhydrazyl (DPPH)  

To determine the anti-radical activity, DPPH radical scav-

enging assay was performed. Solutions were prepared as 

following: A) Methanolic solution of DPPH (Sigma, Germa-

ny) at a concentration of 0.0003 M, B) Concentrations of 

0.2, 0.4, 0.6, 0.8 and 1 mg/ml of each extract in methanol 

and C) Concentrations of 0.2, 0.4, 0.6, 0.8 and 1 mg/ml of 

ascorbic acid in methanol. 2.5 ml of methanolic extract 

solution was mixed with 1 ml of DPPH 3 × 10-2 M solution 

and placed at room temperature under dark conditions for 

30 min. After that, the absorbance was measured by a 

spectrophotometer (Lambda 45-UV / Visible model) at 517 

nm wavelengths. To measure the anti-radical activity, the 

absorbance values of the 3 following samples were meas-

ured: As: Absorption of the treatment sample containing 

the extract solution and DPPH (2.5 ml of the extract solu-

tion +1 ml DPPH solution), Ac: Absorption of control sam-

ple (2.5 ml of DPPH solution + 1 ml methanol) and Ab: ab-

sorbent of blank (2.5 ml of extract solution + 1 ml of meth-

anol). Then, the percentage of anti-radical activity (RSA) 

was calculated from the following formula: 

 

For comparison, ascorbic acid was used as a stable anti-
radical compound, and ascorbic acid solutions with similar 

concentrations of extract were prepared and used for the 

extract treatment. Next, to compare the activity of the 

herb extracts, the activity level was determined. All evalua-

tions were performed as 3 replications for each extract 

(31). 

Antibacterial assay  

Agar-well diffusion method was used to evaluate antibac-
terial activity against human and animal pathogenic bac-

terial strains.  

 The aliquots of each extract (25 μl) at different con-

centrations were added to 6-mm diameter wells cut into 

Mueller Hinton agar (MHA) plates infused with one of the 

test organisms. Solvent and Gentamycin (10 µg) were used 

as negative and positive controls, respectively. Plates con-

taining pathogenic bacteria were incubated for 24 hrs at 37 

°C and 48 hrs at 28 °C plates for human and plant-

containing pathogens bacterial respectively. After incuba-

tion, confluent bacterial growth was observed and the di-

ameter of transparent halo around the wells was meas-

ured as inhibited bacterial growth. Moreover, the antibac-

terial activity of extracts was analyzed using the disc diffu-

sion method. Antimicrobial properties were measured in 3 

replications, and data analysis was performed using SAS 

software in a completely randomized design. Minimum 

inhibitory concentration (MIC) and minimum bactericidal 

concentration (MBC) of the extracts were determined us-

ing a modified broth microdilution method (32). 

Anticancer activity assessment by MTT assay  

MCF7 cells were cultured in respective growth medium, 

high glucose Dulbecco's modified Eagle's medium (DMEM, 

Gibco, Germany), supplemented with 10% fetal bovine 

serum (FBS, Gibco, Germany) and 100 U/ml penicillin, 100 

μg/ml streptomycin at 37 °C in 5% CO2 in a humidified in-

cubator. The media was replaced every three days. To 

evaluate the cell viability after E. angustifolia treatment, 

70%-80% confluent MCF7 cells were detached with 0.05% 

trypsin/EDTA (Gibco, Germany) and washed with PBS and 

serum-free media. The cells were seeded at 104 cells for 

each well in 96-well flat-bottom plate. The cell media was 

replaced with 180 μl of serum-free medium and 20 μl of 

various concentrations of the E. angustifolia extract and 

the plate was incubated at 37 °C and 5% CO2 for 24, 48, and 

72 hr. Then, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra 

zolium bromide (MTT) assay was performed according to 

the manufacturer's instructions (22). Briefly, the superna-

tant was removed, and each well was filled with 80 μl of 

complete medium and 20 μl of MTT solution (5 mg/ml). 

After 4 hrs, 80 μl of the suspension were withdrawn and 

replaced with 100 μl of DMSO in each well, and the absorb-
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ance value was measured using multi-mode reader 

(Synergy HTX Multi-Mode Reader, Biotech) at 570 nm after 

30 min of incubation in the dark. All tests were repeated 3 

times and average values were calculated (22). 

Statistical analysis  

All test trials were performed in triplicate. Statistical data 

analyses were computed using SAS software in a com-

pletely randomized design and represented as mean val-

ues and standard deviations (mean ± SD). The mean of 

Duncan’s test at the p < 0.05 level was reported as repeti-

tions average.  

 

Results  

Total content of E. angustifolia and S. striata extracts  

The results from photochemical tests of E. angustifolia and 

S. striata extracts have been shown in Table 1. Based on 

these results, both the plants extracts contain flavonoid, 

phenol, resin, terpenoid and quinone metabolites, but 

have no steroids and alkaloids in pit extract. 

DPPH radical scavenging (DPPH-inhibition percent) as-

say of E. angustifolia and S. striata extracts   

Free radical scavenging activity of plant extracts was per-

formed by DPPH assay as an easy, quick and reliable meth-

od to investigate the antioxidant activity of specific com-

pounds or herbal extracts (33). In this evaluation, ascorbic 

acid was used as a standard. Then, IC50 of each extract and 

ascorbic acid were calculated. The IC50 represents the con-

centration of the sample, which inhibits and scavenging of 

50% of the DPPH free radicals. The values of inhibition of 

DPPH free radicals by various concentrations of plant ex-

tracts are presented in Table 2. IC50 values of E. angustifolia 

and S. striata extracts against ascorbic acid are shown in 

Fig. 1. The results indicated that the free radicals scaveng-

ing capacity of extracts increased with increasing the con-

centrations of herbal extracts. The most effective concen-

trations of the extracts for the calculation of IC50 are in the 

range of 0 to 0.2 mg/ml. The highest inhibition activities of 

DPPH-free radicals were recorded by the methanolic ex-

tract (0.137 mg/ml) and the pit extract (0.149 mg/ml) for E. 

angustifolia and S. striata respectively. 

Antibacterial properties of E. angustifolia and S. striata 

extracts   

Antibacterial activity of E. angustifolia extracts was exam-

ined by disc and well diffusion method, and the diameter 

of the growth inhibiting halo around the wells and discs 

was measured. Negative control groups containing 20 μl of 

the used solvents as shown in Fig. 1, supplementary (a and 

b), did not exhibit an inhibitory effect on the target bacte-

ria. Antibacterial effects of pit and pulp parts of E. angusti-

folia and aerial parts of S. striata were analyzed by disc and 

well methods. Regarding the significance of interaction 

between treatments, the mean comparison was done by 

S. striata extracts 
E. angustifolia extracts 

Metabolite pulp pit 

Methanol Ethanol Methanol Ethanol Methanol Ethanol 

+ + + + + + Phenol 

+ + + + + + Flavonoid 

+ + + + + + Resin 

+ + + + + + Quinone 

- - + + - - Steroid 

+ + + + - - Terpenoid 

- - + + - - Alkaloid 

Table 1. The presence of secondary metabolites in the E. angustifolia and S. striata extracts.  

Absorbance and DPPH percent for extracts (mg/ml) 

Extract Group 0.2 0.4 0.6 0.8 1.0 IC50 

E. angustifolia (pulp) 

As 0.8657 0.6912 0.4832 0.3117 0.1880 

0.142a Ab 0.0212 0.0718 0.0717 0.1112 0.1435 

DPPH % 70.26 78.00 85.51 92.57 98.42 

E. angustifolia (Pit) 

As 0.9688 0.7682 0.5200 0.3762 0.3125 

0.149a Ab 0.0281 0.0428 0.0701 0.0825 0.1021 

DPPH % 66.65 74.75 78.25 84 91 

S. striata 

As 1.133 0.6815 0.4805 0.4905 0.3299 

0.160 Ab 0.0652 0.0692 0.0787 0.0997 0.1423 

DPPH % 62.40 78.44 82.33 62.39 93.39 

Table 2. Absorption of E. angustifolia and S. striata extracts specimens in the DPPH test As: Absorption of the treatment sample containing the extract solution 
and DPPH (2.5 ml of the extract solution +1 ml DPPH solution), Ac: Absorption of control sample (2.5 ml of DPPH solution + 1 ml methanol), and Ab: absorbent of 
blank (2.5 ml of extract solution + 1 ml of methanol).  
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Duncan method. Concentrations in antibacterial tests 

were included 50, 100, 200 and 400 mg/ml for each extract. 

Gentamicin antibiotic was used as a positive control (20 µg 

per disc) and bacterial halo was formed in bacterial culture 

medium (Fig. 2). 

Antibacterial effect of E. angustifolia and S. striata ex-

tracts in the disc method  

According to Table S1 and S2 from supplementary data, by 

comparing the effect of different extracts on bacteria, all of 

the tested bacteria showed different sensitivities in differ-

ent concentrations of the extracts. In the first 24 hrs of 

measurement, Bacillus subtilis showed a higher sensitivity 

than other bacteria in presence of E. angustifolia extracts 

and with a significant difference relative to other bacteria 

located in group a, C. michiganensis in group b, X. cam-

pestris in group c, X. campestris in group d, Enterococcus 

faecalis and Salmonella typhi without significant different 

in group e, and Bacillus cereus and S. aureus in groups f to 

g respectively. Ethanolic, hydroalcoholic and methanolic 

solvents without significant differences were located in 

group a, and aqueous solvent was in group b. Moreover, 

pit extract with a significant difference relative to pulp ex-

Fig. 1. The IC50 values of extracts from E. angustifolia and S. striata as compared to ascorbic acid  

Fig. 2. The mean values of the halo diameter as inhibition zones of various bacterial strains in the presence of extract from (A) E. angustifolia and (B) S. striata  
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tract was located in group a. The highest inhibitory (mean 

diameter of the halo 26. 00 ± 0.57 mm) was observed in the 

culture media of Bacillus subtilis containing 400 mg of pit 

extract from E. angustifolia. In the case of pulp extract, the 

highest inhibitory (mean diameter of the halo 22. 33 ± 1.85 

mm) was observed for X. campestris containing 200 mg of 

pulp extract. In presence of S. striata extract, in the first 24 

hrs of measurement, Staphylococcus aureus showed a 

higher sensitivity than other bacteria and with a significant 

difference relative to other bacteria located in the group a. 

A 

B 
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Bacillus cereus, B. subtilis, Salmonella typhi, Enterococcus 

faecalis, Ralstonia solanacearum, X. campestris, C. michi-

ganensis also with a significant difference in relation to 

each other were grouped in groups b to h respectively. 

 Among solvents, aqueous solvent was significantly 

different from the other solvents and located in the group a. 

The methanolic, hydroalcoholic and ethanol solvents with 

significant differences in relation to each other were locat-

ed in group b to d. The highest inhibitory halo diameter 

(mean diameter of the halo 37. 00 ± 1 mm) was observed in 

the culture media of Staphylococcus aureus and Bacillus 

cereus with a concentration of 400 mg /ml of aqueous ex-

tract and then the concentration of 400 mg /ml of meth-

anolic extract in the plate of Bacillus cereus with a mean 

diameter of the halo 36.33 ± 1.33 mm. According to Fig. 3 a, 

regarding to E. angustifolia extracts, the mean diameter of 

inhibition halo of ethanolic and methanolic pulp extracts 

in disc method on X. campestris; hydroalcoholic, ethanolic 

and methanolic extracts on Ralstonia solanacearum and 

hydrobial extract on C. michiganensis was significantly 

more than the mean diameter of the inhibitory zone of 

Gentamycin. The mean diameter of inhibition halo of pit 

ethanolic extract in disc method on Bacillus subtilis; hy-

droalcoholic and ethanolic on B. cereus; hydroalcoholic, 

ethanolic and methanolic extracts on X. campestris; aque-

ous extract on R. solanacearum and hydroalcoholic extract 

on C. michiganensis was greater than the mean diameter of 

the inhibitory zone of gentamycin (Fig. 3 b). 

 For S. striata extracts, the mean diameter of inhibi-

tion halo in aqueous extract on Bacillus subtilis, hydroalco-

holic, ethanolic, methanolic and hydrobial extracts on Ba-

cillus cereus, aqueous and methanolic extracts on Entero-

coccus faecalis, methanolic extracts on Salmonella typhi, 

aqueous and methanolic extracts on Staphylococcus aure-

us, hydroalcoholic, aqueous and methanolic extracts on X. 

campestris, ethanolic, aqueous and methanolic extracts on 

Ralstonia solanacearum was greater than the mean diame-

ter of the inhibitory zone of gentamycin (Fig. 3 c). 

Antibacterial effect of E. angustifolia and S. striata ex-

tracts in the well method  

According to comparing the effect of different extracts on 

bacteria in the well method, the tested bacteria showed 

different sensitivities in different concentrations of the 

extracts. In the first 24 hrs of measurement, in the pres-

ence of E. angustifolia extracts, C. michiganensis was more 

sensitive than other bacteria and with a significant differ-

ence than other bacteria were located in group a. Subse-

quently, Bacillus cereus, B. subtilis, Ralstonia solanacea-

rum, X. campestris, Enterococcus faecalis, Salmonella typhi 

and S. aureus with significant differences were located in 

groups b to c. Among solvents, methanolic solvent was 

significantly different from the other solvents and was lo-

cated in the group a. Ethanolic and hydroalcoholic sol-

vents without significant different relative to each other 

were located in group b, and aqueous solvent in group c.  

 According to Fig. 4 a, the mean diameter of inhibi-
tion halo of the aqueous extracts on Bacillus subtilis; hy-

droalcoholic, ethanolic, methanolic and hydroalcoholic 

Fig. 3. The mean diameter of the inhibitory halo of hydroalcoholic, ethanolic, aqueous and methanolic extracts (400 mg) from (A) E. angustifolia pulp extract, (B) 
E. angustifolia pit extract and (C) S. striata extract against 8 bacterial strains (disc method)  

C 
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extracts on Bacillus cereus; aqueous and methanolic ex-

tracts on Enterococcus faecalis; methanolic extract on Sal-

monella typhi; and aqueous extract on Staphylococcus au-

reus; aqueous and methanolic extracts on X. campestris; 

ethanolic, aqueous and methanolic extracts on Ralstonia 

solanacearum were higher than the mean diameter of 

growth inhibition zone by gentamicin antibiotic on the 

same bacteria. Among the tissues, the pit extract with sig-

nificant difference was located in group a. The highest in-

hibition halo for 400 mg/ml of pit extract was observed on 

B 

A 
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X. Campestris (diameter 26.66 mm). The highest inhibition 

halo for pulp hydroalcoholic extract (400 mg/ml) was ob-

served on  C. michiganensis (diameter 27.66 mm). As 

shown in  Fig. 4 b, the mean diameter of inhibition halo of 

the pulp extracts (well method) ethanolic and methanolic 

extract on Enterococcus faecalis, hydroalcoholic, meth-

anolic on Salmonella typhi; ethanolic, methanolic and hy-

droalcoholic on S. aureus; ethanolic and methanolic on X. 

campestris; ethanolic, methanolic, hydroalcoholic and 

aqueous on Ralstonia solanacearum were higher than the 

mean diameter of growth inhibition zone by antibiotic 

gentamicin. Regarding S. striata extract, in the first 24 hrs 

of measurement, S. aureus and Bacillus cereus were more 

sensitive than other bacteria and with a significant differ-

ence than other bacteria located in group a. Salmonella 

typhi and Bacillus subtilis were located in group b and c 

respectively. Enterococcus faecalis and Ralstonia sola-

nacearum showed similar sensitivity and without signifi-

cant differences were located in group d. X. campestris, C. 

michiganensis, with significantly different relative to each 

other were located in e to f groups respectively.  

 Among solvents, aqueous solvent was significantly 

different from the other solvents and was located in the 

group a, methanolic, hydroalcoholic and ethanol solvents 

with significant different relative to each other located in 

group b to d. According to Fig. 4 c, the mean diameter of 

inhibition halo of the aqueous extracts on Bacillus subtilis, 

hydroalcoholic, ethanolic, methanolic and hydroalcoholic 

extracts on Bacillus cereus, aqueous and methanolic ex-

tracts on Enterococcus faecalis, methanolic extract on Sal-

monella typhi and aqueous extract on Staphylococcus  au-

reus, aqueous and methanolic extracts on X. campestris, 

ethanolic, aqueous and methanolic extracts on Ralstonia 

solanacearum were higher than the mean diameter of 

growth inhibition zone by antibiotic gentamicin on the 

same bacteria. 

Results of E. angustifolia extracts on MIC and MBC   

The results of minimum inhibitory concentration (MIC) and 

minimum bactericidal concentration (MBC) of each E. an-

gustifolia extract on human and animal bacteria (after 24 

hr incubation at 37 °C) and for plant bacteria (after 48 hr 

incubation at 28 °C) were recorded. Negative control (the 

nutrient broth medium culture containing plant extracts) 

has no effect and the positive control (the nutrient broth 

Fig. 4. The mean diameter of the inhibitory halo of hydroalcoholic, ethanolic, aqueous and methanolic extracts (400 mg) from (A) E. angustifolia pulp extract, (B) 
E. angustifolia pit extract and (C) S. striata extract against 8 bacterial strains (well method)  

Traits  

Chi-squared statis-

tics df  
Coverage of sta-
tistics level  

MIC MBC 

Tissue 0.407 0.231 2 0.891 0.816 

Bacteria 1.612 4.629 7 0.705 0.978 

Solvent 1.049 4.393 3 0.222 0.789 

Concentration 180.35 85.81 3 0.000 0.000 

Table 3. The results of Kruskal-Wallis statistical test (E. angustifolia).  

C 
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medium culture containing the bacterial suspension), 

showed a good growth. In this evaluation, to determine 

the MIC and MBC of hydroalcoholic, methanolic, ethanolic 

and hydroalcoholic extracts from E. angustifolia, the con-

centration 600 mg /ml of different extracts were used in 

tube dilution method (Table S3, Supplementary data).  

 Different extracts had inhibitory effects on most 
bacteria. However, these effects were in high dilution, the 

lowest inhibitory concentration in the pulp methanolic 

extract was observed on Ralstonia solanacearum.  

 In the case of pulp extract, in all bacteria, except the 
hydroalcoholic and aqueous on E. faecalis and the aque-

ous extract on S. typhi and X. campestris, inhibitory effects 

were observed. The bactericidal effect of ethanolic ex-

tracts on Bacillus subtilis, ethanolic and methanolic ex-

tracts on Enterococcus faecalis, hydroalcoholic, methanol, 

ethanol and aqueous extracts on S. aureus and Ralstonia 

solanacearum, hydroalcoholic, ethanolic and methanolic 

extracts on X. campestris; hydroalcoholic and methanolic 

extracts on C. michiganensis were observed. The lowest 

concentrations were observed for the inhibitory effect of 

pulp methanolic extract on R. solanacearum with a dilu-

tion of one thousandth. In the case of pit extract, in all bac-

teria, except aqueous and methanolic extracts on S. typhi, 

aqueous extract on X. campestris; ethanolic extract on R. 

solanacearum, inhibitory effect was observed. Bactericidal 

effect in all bacteria except hydroalcoholic and ethanolic 

extracts on Bacillus subtilis and R. solanacearum; hydroal-

coholic, methanolic and ethanolic extracts on B. cereus; 

hydroalcoholic, methanolic and aqueous extract on E. fae-

calis, methanolic and aqueous extracts on  S. typhi; aque-

ous extracts on X. campestris were observed. To determine 

the existence of significant differences between levels of 

inhibition on different bacteria, a non-parametric test 

(Kruskal–Wallis) was used for statistical analysis of MIC and 

MBC results. The Kruskal-Wallis test shows whether these 

ranks are so different from each other that cannot be said 

they have been extracted from a common statistical socie-

ty and show the importance of average rankings. Table 4S 

supplementary data, shows the number of subjects in each 

group and the average rank of each of the variables, which 

the last column is the average of the rank columns. The 

higher the rank, the more quantitative and qualitative it is. 

In MIC, Ralstonia solanacearum was more inhibited and 

Enterococcus faecalis had the least amount of inhibition. In 

MBC, R. solanacearum and C. michiganensis were in first 

place and Bacillus cereus showed the lowest MBC. Among 

solvents, in the MIC test, the methanol solvent showed the 

highest inhibitory activity and in the MBC test, aqueous 

solvent had the highest bactericidal activity. Table 3 shows 

the number of statistics and the contents of the test main 

result and is used to determine whether the difference in 

mean values is significant or not. Here, because the deci-

sion criterion is greater than 0.05, there is no reason to 

reject zero assumption. Therefore, it can be admitted that 

there is no significant relationship between the bacteria 

and solvents with the level of inhibitory and fatal effects. 

Also, the significance level of the P-value test can be seen 

in the concentration grouping variable with the value of 

zero, which indicates that the assumption that the averag-

es are equal and that there is no difference is rejected and 

the concentration variable has a significant difference 

compared to the effects of fatal and inhibitory effects. 

Results of S. striata extract on MIC and MBC  

The results of MIC and MBC of each S. striata extract on 

human and animal bacteria (after 24 hr incubation at  37 °

C) and for plant bacteria (after 48 hr incubation at 28 °C) 

were recorded. In this evaluation, to determine the MIC 

and MBC of hydroalcoholic, methanolic, ethanolic and 

hydroalcoholic extracts from S. striata, the concentration 

600 mg /ml of different extracts were used in tube dilution 

method (Table S5 supplementary data). Different extracts 

had inhibitory effects on most bacteria. However, these 

effects were in high dilution, the lowest MIC in the aqueous 

extract was observed on Bacillus cereus and S. aureus and 

the lowest MIC in aqueous extract on Bacillus cereus and S. 

aureus was observed at a dilution of 1000. 

 In MIC, Ralstonia solanacearum had more inhibitory 

effect and Enterococcus faecalis had the least inhibitory 

effect. In MBC, C. michiganensis and R. solanacearum were 

in first place and Bacillus cereus bacterium showed the 

lowest MBC. Among solvents, in the MIC test, the methanol 

solvent had the most effect on inhibitory activity and in the 

MBC test, aqueous solvent had the highest bactericidal 

activity Table S6 supplementary data. The result of Kruskal

-Wallis statistical test is shown in Table 4. 

3.4 Anticancer activity of E. angustifolia on MCF7 breast 

cancer cells   

Cytotoxic activity of water, ethanolic, hydroalcoholic, and 

methanolic extracts from E. angustifolia were evaluated by 

treating the MCF7 breast cancer cells and then, the meas-

urement of cell viability by MTT assay. The cell viability of 

the MCF7 breast cancer cells were significantly reduced by 

Traits  
Chi-squared 

statistics 
df  

Coverage of 
statistics level  

MIC MBC 

Bacteria 1.612 4.629 7 0.705 0.978 

Solvent 1.049 4.393 3 0.222 0.789 

Concentration 180.35 85.81 3 0.000 0.000 

Table 4. The results of Kruskal-Wallis statistical test (S. striata).  

Fig. 5. The antiproliferative activities of E. angustifolia extracts on the MCF 7 
cell lines. % of viable cells after 24 hrs compare to control  
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E. angustifolia water, ethanol, hydroalcoholic and metha-

nol extracts in 25, 50 and 100 μg/ml concentrations after 

24 hrs, more efficiently by methanolic extract (Fig. 5). The 

results indicated that E. angustifolia has potential antipro-

liferative and anticancer activities. All samples were com-

pared to control.  

 

Discussion  

Regarding the role of antioxidants in decreasing the risk 

and complication of various diseases through neutralizing 

the oxidative stress, using of medicinal plants which are 

rich in natural antioxidants can prevent an oxidative stress 

by neutralizing the activity of free radicals. Due to the simi-

lar effects of E. angustifolia extracts and methanolic ex-

tract from S. striata with ascorbic acid as observed in our 

study, and also considering the use of this vitamin in phar-

macy and medicine, the extracts of these plants can be 

used as candidates for the natural replacement of Vitamin 

C in medical therapeutic and preventive approaches. Ex-

tensive studies have been conducted on the antioxidant 

properties of medicinal plants. In general, the inhibitory 

effect of the extracts on DPPH free radicals is dependent 

on the type of extraction solvent and their polarity, separa-

tion methods, the purity of the active compounds and the 

measurement method (34). The study on the antioxidant 

activity of various extracts of Achillea filipendulina and the 

amount of phenol and flavonoids of these extracts, there 

was a direct correlation between phenolic and flavonoid 

content of plant extracts and antioxidant activity (35). So 

that the higher amounts of phenolic compounds led to 

more radical scavenging and more inhibitory activity than 

lipid peroxidation (35). In the present study, an antioxidant 

activity was observed in the extracts of the tested plants. 

The antioxidant activity of pit extract of E. angustifolia and 

S. striata extract showed that the highest percentage of 

DPPH inhibition was belonged to methanolic extract, 

which was statistically more than ascorbic acid. In line 

with our finding, Saboonchian et al. reported the presence 

of flavonoids and phenol in E. angustifolia, which probably 

have valuable medicinal properties (36). Another study 

showed that flavonoids are one of the most important 

components of this plant that have anticoagulant and anti

-inflammatory effects. About nine flavonoids, such as: cat-

echin, epicatechin, galacto- catechin, campral, quercetin, 

luteolin, isotamine and isoramentine, galactopyrarenose 

are identified in this plant (37). Fruits and leaves of E. an-

gustifolia contain significant amounts of flavonoids, terpe-

noids, cardiac glycosides, cytostrol and carvacrol and have 

analgesic and anti-inflammatory effects (38, 39). Polyphe-

nols are the main components of the E. angustifolia with 

antioxidant activity and plays an important role in scav-

enging and neutralizing the free radicals and suppressing 

single and triplet oxygen as well as the breakdown of per-

oxides (40). In fact, plants containing flavonoid have a 

strong antioxidant property (41, 42). According to ob-

served antioxidant activity of E. angustifolia related to phe-

nol and flavonoids, this plant is a good candidate for food 

and drug industry. Some evidences showed the antioxi-

dant and anticancer properties of S. striata (25, 26, 28, 43). 

Our findings further confirmed the antioxidant activity of 

extracts derived from S. striata. 

 Despite extensive use of antibiotics and their semi-

synthetic analogues, large groups of bacterias such as 

methicillin-resistant Staphylococcus aureus, multi-drug-

resistant Mycobacterium tuberculosis, carbapenem-

resistant Enterobacteriaceae gut bacteria and vancomycin

-resistant Enterococcus have became resistance to them. 

 Hence, the discovery of new materials that have 

sustained activity against harmful microorganisms is one 

of the current goals of the researchers, and many research-

es were done to detect and produce the novel antimicrobi-

al compounds (44). Various factors such as plant extract 

concentration, extraction method; type of solvent and the 

culture medium can affect the antimicrobial properties of 

the plant extracts. On the other hand, different microor-

ganisms may have different responses to the antimicrobial 

effects of the plant extracts and also based on extraction 

methods and solvents, plant extracts can exhibit different 

antimicrobial effects on specific species of microorganisms 

(45, 46). The moisture content of the plant, the tempera-

ture and the size of the powdered particles are effective on 

extraction (47). In this study, in order to obtain the best 

extracts with the highest inhibitory content, different ex-

tracts examined and the results indicated that the type of 

solvent was very effective, so that in the S. striata plant, 

the best performance belong to aqueous solvent. Metha-

nol as a solvent can extract the alkaloids, whereas the eth-

anolic solvent does not have this ability. Considering these 

and this fact that the alkaloid composition has antimicro-

bial properties, the better activity of methanolic extract in 

the evaluation of the antibacterial and anticancer proper-

ties of E. angustifolia can be influenced by the presence of 

alkaloids in the obtained extracts. The antimicrobial activi-

ty of the extracts can also be related to the presence of 

phenolic and tannin compounds that damage the cell 

membranes of microorganisms (48).  

 The antimicrobial results of plant extracts indicate 

the acceptable potential of these plants as a drug against 

microorganisms caused diseases. In this study, different 

extracts showed different antibacterial and anticancer 

activities and in some cases the diameter of the inhibition 

halo was equal to or even greater than the diameter of the 

inhibition halo by gentamicin antibiotic as reference anti-

biotic. Given that, with the increase of concentration of 

extracts, the comparison of the halo diameter in most of 

the microorganisms was similar, it can assume that the 

plant extracts have approximately the same type and 

number of effective compounds in the control of bacteria. 

Antimicrobial activity was observed in ethanolic, meth-

anolic and hydroalcoholic extracts of the E. angustifolia 

and pit extract showed more antibacterial activity. By ana-

lyzing the antibacterial properties of S. striata, it was ob-

served that in both disc and well methods, the highest effi-

ciency was related to aqueous extract and the most sensi-

tive bacteria were Staphylococcus aureus and Bacillus cere-

us. Regarding this fact that the herbal extracts are effective 

on both gram positive and negative bacteria, it can be ar-

gued that their effective compounds act by interfering in 
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mechanisms that are common in both of them. In the dilu-

tion test, some extracts did not exhibit MBC, probably due 

to the presence of bactericidal and sporicidal (in the case 

of bacillus) compounds in extracts (49).  

 Here, 3 methods of wells diffusion, disk diffusion 

and tube dilution were used to study the efficiency of 

these methods. The results of 2 well and disc diffusion 

methods showed that the disc method is significantly 

more efficient than other methods. 

 Regarding the MIC and MBC values, it seems that the 

aqueous extract of this plant is one of the herbal compounds 

affecting the bacteria and indicates that the active ingredient 

of this plant is better extracted in the aqueous phase. The re-

sults of this study showed that the effective compounds of 

plants are very likely related to extract type. Among solvents, 

in the MIC test, methanolic solvent had the most effect on in-

hibitory activity and in the MBC test, the aqueous solvent had 

the highest activity for both plants extract.  

 Our results were in line to those reported by others 

that confirmed the antibacterial effect of S. striata extract 

on Staphylococcus aureus and Pseudomonas aspergilos, 

which was equivalent to betadine as well as S. striata ex-

tract can use as an antiseptic agent in the treatment of 

external infections (50, 51).  

 

Conclusion  

Overall, our data from the evaluation of the antioxidant 

and antibacterial activities of Elaeagnus angustifolia and 

Scrophularia striata extracts against eight pathogenic bac-

terial strains, strongly suggest that both of these plants 

may utilize as antioxidant and antibacterial sources. How-

ever, these abilities need to be further explored on other 

types of bacteria specially through in vivo studies in pre-

clinical animal setting. 

 In summary, the presence of Biochemical compounds 

such as phenol, flavonoids, resins, quinones, steroids, terpe-

noids and alkaloids in E. angustifolia and S. striata extracts 

were confirmed, and the highest free radical inhibitory activity 

of DPPH was related to the methanolic extracts. Our findings 

showed that for both plants strain the disc method is more 

effective than well diffusion method. The most sensitive bac-

teria for E. angustifolia were Bacillus subtilis and X. campestris 

against the pit extracts in disc method and X. campestris and 

C. michiganensis against pit and pulp extracts respectively as 

well as this plants extracts have anticancer properties. The 

most sensitive bacteria for Scrophularia  striata were Bacillus 

subtilis and Staphylococcus  aureus. Among the solvents in the 

MIC test, the methanolic solvents had the highest bacterial 

inhibitory activity, and in the MBC test, aqueous solvents had 

the highest bactericidal activity. To further verify the general 

anticancer activity of these plants, analysis of the effects of 

their extract on different cancer cell lines and in vivo animal 

studies are needed.  
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