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Abstract: Plants are commonly used in traditional medicines against diseases according to their 

cytotoxic effect. Therefore, studying the relationship between antioxidant activity and cytotoxicity is 

remaining interesting to find a simple indicator for plant cytotoxicity. The objective of this study is to 

give scientific evidence of the correlation between antioxidant activity and cytotoxicity in 10 different 

plants.  Phytochemical screening of 70% ethanolic extracts (EEs) has been shown to be rich in steroids, 

terpenoids, flavonoids, tannins, and phenols. The antioxidant activity of EEs gave IC50 ranged between 

42.33 (Ipomoea batatas) and 1,519.76 μg ml-1 (Citrullus colocynthis) by DPPH method and 31.60 

(Avicennia marina) and 1,133.79 μg ml-1 (Cichorium endivia L.) by ABTS method. The total phenolic 

content of EEs was ranged between 8.72 ± 0.08 (Daucus carota L.) and 91.67 ± 0.13 (Avicennia marina) 

as mg GAE g-1 dried sample. The Pearson’s correlation coefficient (r) between antioxidant activity 

(IC50) as related to total phenolic content was strongly correlated, moderately correlated with brine 

shrimp cytotoxicity, weakly correlated with carcinogenic liver and breast cells cytotoxicity, and weakly 

or moderately correlated with antimicrobial activity. These results proved that the total phenolic content 

could be indicating the antioxidant scavenging activity but not the cytotoxic effect. 
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1. Introduction 

For decades, the consumption of herbal plants has drawn an avalanche of interest as 

they could accommodate therapeutic response by reducing the risk of chronic human illnesses 

such as certain types of cancers, inflammation, cardiovascular and neurodegenerative diseases 

and claimed for treatments of a number of symptoms, including asthma, hypertensive, 

indigestion, laxative peptic ulcer, diarrhea, and bacterial infection. Thus they are promising 

candidates to be developed as pharmaceutical products [1-3].  

Free radicals have been accused of initiating many serious diseases by driving oxidative 

stresses; more ever free radicals play harmful physiological responses which may lead to 

developing cell damages and various diseases such as diabetes, atherosclerosis, ischemic 

injury, inflammation, and carcinogenesis [1, 6-8]. It has been known that phenolic and 

flavonoid compounds of the plant extracts are responsible for the antioxidant effect [9-14]. 

Phytochemicals from fruits and vegetables and herbs significantly reduce the risk of chronic 

disease development, probably due to their antioxidant properties [15-19]. This is the reason 

that is considerable scientific and commercial interest in discovering new antioxidant and 

therapeutic agents, which could be considered as strong antioxidant and anti-proliferative 
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molecules from natural product sources [3, 20]. The ancient Egyptians were aware of the 

usefulness of many medicinal plants in the treatment of various diseases; they used the plant 

parts such as leaves, rhizomes, seeds, roots, flowers, fruits, and oils in the form of pastes, 

powders, suppositories, pills, creams, and ointments. Nowadays, in Egypt, many plant species 

are used in folk medicine and are sold at markets and herbal vendors [21]. 

Different plant extracts were reported to possess antioxidant activity [22-24], the 

antimicrobial effect [25-28], and cancer cell toxicity [29-32]. Furthermore, some biological 

assays were correlated with the phytochemicals of these plant extracts [33, 34]. 

During the course of the search for bioactive compounds that could be used as 

anticancer drugs or for treatment of cancer, 10 different Egyptian plants were used in this study. 

The correlation between antioxidant activity, total phenols as related to cytotoxicity was carried 

out. To find the scientific evidence for the correlation between its cytotoxicity and total 

phenolics (antioxidant activity) by in-vivo assays (Brine shrimp toxicity, antimicrobial activity) 

and by in-vitro assays (anticancer activity against carcinogenic liver and breast cells), 

correlation coefficient was investigated. 

2. Materials and Methods 

 2.1. Chemicals and instruments. 

Solvents and standards used throughout this study were purchased from different 

companies of adequate analytical grade or distilled before use. 1, 1-diphenyl, 2-picrylhydrazyl 

radical (DPPH), ascorbic acid, ABTS, and neutral red were purchased from Sigma Chemical 

Co. Spectrophotometric measurements were performed using a Uv-Vis spectrophotometer 

(Spectronic Helios Gamma, Thermo Scientific) and a microplate reader (BioTek, ELX808).    

2.2. Plant material. 

Samples of 10 plant species were collected during January, May, June, and September 

2018. The authentication of plants was confirmed by Flora and Phyto-Taxonomy Department, 

Agricultural Museum, Dokki, Cairo, Egypt (Table 1). 

2.3. Extraction and samples preparation. 

The dried powdered sample of 10 plants sample (200 g dry weight) was extracted three 

times with 1L each of ethanol 70% with shaking for 12 hours then collected and filtered. The 

yield of ethanolic extracts was calculated—the ethanolic extracts used for phytochemical 

screening, antioxidant activity, and determination of total phenols. The extract of each sample 

was used for cytotoxicity tests, i.e., brine shrimp toxicity, antimicrobial, and anticancer cell 

assays.   

2.4. Phytochemical screening. 

The ethanolic extracts of plant samples were used for the detection of alkaloids, 

anthraquinones, saponins, glycosides, phenols, tannins, and reducing sugars according to [35], 

steroids and terpenoids [36], anthocyanins [37], coumarins [38], and flavonoids [39]. 
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2.5. Total phenolic content. 

The total phenolic content (TPC) of the ethanolic extracts was measured using the 

Folin-Ciocalteu method as described by [40]. All samples were prepared and measured in 

triplicate. Gallic acid was used as a standard. Stock standard solution of gallic acid and working 

standards were prepared. The extracts were prepared at a concentration of one mg ml-1. 100 μL 

of extract, transferred to a test tube, and 0.75 mL of Folin-Ciocalteu reagent (previously diluted 

10-fold with deionized water) was added and mixed. 

Table 1. List of plant species used in the study. 

Plant species 

(scientific name) 
Family name Common name Collection area Used part 

Avicennia marina 

(Forssk.) Vierh. 
Avicenniaceae Mangrove Red sea coast leaves 

Calotropis procera 

(Ait.) Ait. fil. 
Apocynaceae Rooster tree 

Public area in 

Cairo 
leaves 

Cichorium endivia L. Compositae Endive, escarole 
Faculty of 

Agriculture farm 
leaves 

Citrullus colocynthis 

(L.) Schrad 
Cucurbitaceae 

Bitter apple, bitter 

cucumber 

Herbarium store 

in Cairo 
Fruits 

Daucus carota L. Umbelliferae Wild carrot Market Seeds 

Ficus carica L. Moraceae Common fig 
Faculty of 

Agriculture farm 
leaves 

Ipomoea batatas (L.) 

Lam. 
Convolvulaceae Sweet Potato 

Faculty of 

Agriculture farm 
leaves 

Jatropha curcas L. Euphorbiaceae 
Physic nut, Barbados nut, 

poison nut or purging nut 

Faculty of 

Agriculture farm 
leaves 

Simmondsia chinensis 

(Link) C.K. Shneid 
Simmondsiaceae Jojoba 

Faculty of 

Agriculture farm 
leaves 

Vitis vinifera L. Vitaceae Grape 
Faculty of 

Agriculture farm 
leaves 

The mixture was allowed to stand at room temperature for 5 min. Then, 0.75 mL of 6% 

(w/v) sodium carbonate was added to the mixture and mixed gently. After standing at room 

temperature for 90 min, the absorbance was read at 725 nm using UV/Vis spectrophotometer. 

The standard calibration curve of gallic acid (0.01–0.05 mg mL-1) was plotted. The total content 

of phenolic compounds of EE was calculated as mg gallic acid equivalent per g dry weight 

(GAE g-1 D. W.). 

2.6. Antioxidant activity.  

2.6.1. DPPH radical scavenging assay. 

Scavenging activity was determined by [41] using 1, 1-diphenyl, 2-picrylhydrazyl free 

radical (DPPH•). A portion of 0.1 ml of various concentrations of tested samples (200, 400, 

600, 800, and 1,000 ppm in 0.1 ml) was added to 0.9 ml of 0.1 mmol solutions of DPPH in 

methanol. As well as methanol, only 0.1 ml was used as control. After 30 minutes of incubation 

at room temperature, the absorbance at 517 nm was recorded. Ascorbic acid was used as a 

standard reference. The percent inhibition was calculated from the following equation: 

% inhibition = [(Absorbance of control – Absorbance of test sample)/Absorbance of control] x 100. 

The concentration (ppm) required to reduce 50% of DPPH• activity was determined 

(IC50). 
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2.6.2. ABTS radical scavenging assay. 

The radicals scavenging activity of the 70% ethanolic extracts against radical cation 

(ABTS+) were measured using the methods of [42] with some modifications. ABTS radical 

was prepared by reacting ABTS solution (7 mmol L-1) with potassium persulphate (2.45 mmol 

L-1), and the mixture would be kept at room temperature in the dark for 16 hours. The ABTS 

solution was diluted with ethanol to an absorbance of 0.70 ± 0.02 at 734 nm, in the moment of 

use. Each sample (0.1 ml) with various concentrations (0–1.0 mg ml-1) were added to 1 ml of 

ABTS solution and mixed vigorously. After 6 min at room temperature, the absorbance at 734 

nm was measured. The ABTS scavenging activity was calculated by the following formula:  

% inhibition = [(Absorbance of control – Absorbance of test sample)/Absorbance of control] x100. 

The concentration (ppm) required to reduce 50% of ABTS radical activity was 

determined (IC50). 

2.7. Cytotoxicity assays. 

2.7.1. Brine shrimp. 

Shrimp eggs (Artemia salina) were bought from a local aquarium store. Toxicity assay 

of the ethanolic extracts of 10 plant samples and potassium chromate as positive control were 

carried out as described by [43]. Samples of each extract were tested initially at concentrations 

of 0, 25, 50, 100, 200,400,600,800 and 1,000 ppm (µg mL-1) in flasks containing 10 ml of 3.5% 

artificial seawater (solution of NaCl) and 10 shrimp eggs. The test flasks were left uncovered 

under the lamp. Hatched nauplii were counted after 48 hours.  

2.7.2. Anticancer activity.  

Cell culture Human transformed cell lines from the liver (hepatocellular; HepG2), 

breast (MCF-7) cell lines were obtained from Vaccera (Giza, Egypt). Cells were grown under 

aseptic conditions in DMEM (Dulbecco’s Modified Eagle Medium) supplemented with 10% 

Fetal bovine serum and 1% antibiotic (penicillin G potassium and streptomycin) in a 

humidified atmosphere and 5% CO2 at 37 °C with a complete medium in a 25 cm3 cell culture 

flask. Cytotoxicity assay of 10 plant samples ethanolic extracts were tested against MCF-7 and 

HepG2 cells by the neutral red assay as described by [44]. Cultured monolayer at 80% 

confluence subjected to wash with Phosphate-buffered saline (PBS), then trypsinized by 2 ml 

(0.25%) trypsin–EDTA solution, incubated for 2 min. Cells were collected and plated in 96- 

well plate at about 20,000 cells per well, then the plate incubated for 24 hours. Cells were 

treated with each tested sample in different concentrations and media as a negative control then 

incubated at 37 °C for 24 hours. After several washings, neutral red medium (40 μg ml-1) was 

added into each well and incubated again for 3 hours at 37 °C. The dye-containing medium 

was decanted, and each well was rinsed with PBS. Ethanol/deionized water/glacial acetic acid 

(50:49:1) destaining solution was used, and the absorbance of acidified ethanol solution 

containing extracted neutral red dye was measured using a microplate reader at 540 nm, and 

cell viability was calculated according to the following equation: 

% cytotoxicity = Absorbance of control cells - Absorbance of treated cells/Absorbance of control cells × 100 

The IC50 values were calculated by linear regression.  
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2.7.3. Antimicrobial activity. 

The Susceptibility tests were carried at RCMB, Regional Center for Mycology and 

Biotechnology. The tests were performed on the 10 plant samples ethanolic extracts according 

to NCCLS recommendations [45]. Screening tests regarding the inhibition zone were carried 

out by the well diffusion method [46] against six types of microorganisms; Aspergillus 

fumigatus (RCMB 002008) and Candida albicans RCMB 005003 (1) ATCC 10231 as a fungi 

strains, Staphylococcus aureus ( RCMP 010010) and Bacillus subtilis  RCMB 015 (1) NRRLB-

543 as a gram-positive bacteria, Escherichia coli (RCMB 010052) ATCC 25955 and Proteus 

vulgaris  RCMB 004 (1) ATCC 13315 as a gram-negative bacteria. The inoculum suspension 

was prepared from colonies grown overnight on an agar plate and inoculated into Mueller-

Hinton broth (fungi using malt broth). A sterile swab was immersed in the suspension and used 

to inoculate Mueller-Hinton agar plates (fungi using malt agar plates). The extracts were 

dissolved in dimethyl sulfoxide (DMSO) with a concentration of 40 mg ml-1. The well diameter 

was 6 mm (100 µl was tested). The positive control for fungi is ketoconazole (100 µg ml-1), for 

bacteria is gentamycin (4 µg ml-1), and the negative control was DMSO. The inhibition zone 

was measured around each well after 24 hours at 37°C.  

2.8. Statistical analysis.  

Values are presented as means ± SEM. Statistical analysis was carried out by using the 

“costat” statistic computer program. Statistical analysis was based on One-way ANOVA 

followed by the student-Newman Keuls test. The value of the probability of less than 5% (P < 

0.05) was considered statistically significant. Pearson’s correlation coefficient was conducted 

to find the relationship between antioxidant activity and cytotoxicity. The correlation 

coefficient with a negative value indicates a negative linear correlation, a positive value 

indicates a positive linear correlation, 0 indicates no linear correlation, 0-0.3 indicates a weak 

linear correlation, 0.3-0.7 indicates a moderate linear correlation, and 0.7-1 indicates a strong 

correlation [47]. 

2.9. Ethical approval.  

This study protocol with the approval code of CU I F Reg. 1 20 of the invertebrate 

animal was registered by Cairo University Institutional Animal Care and Use Committee (CU-

IACUC). CU-IACUC is organized and operated according to the World Organization for 

Animal Health (OIE) and Guide for the Care and Use of Laboratory Animals 8th Edition 2011 

(the Guide). 

3. Results and Discussion 

3.1. Phytochemical screening.  

Various chemical reactions were carried out to detect and identify the presence or 

absence of bioactive compounds in the studied plant’s ethanolic extracts. The results shown in 

Table 2 indicate that Avicennia marina (leaves) extract is the richest extract of bioactive 

compounds that contains appreciable amounts of phenols, glycosides, alkaloids, coumarins, 

anthocyanins, tannins, flavonoids, steroids, and terpenoids, while anthraquinone was not 

detected in the ten extracts. These results coincide with [48]; the shoot ethanolic extract of 
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Avicennia marina revealed the presence of tannins, sterols, flavones, and glycosides. The 

obtained related results could be due to the similarity in the growing zone (red sea, Egypt). 

Table 2. Phytochemical screening of ethanolic extract of 10 plant samples. 
Class of 

compounds  

D. 

carota 

(seeds) 

C.  

procera 

(leaves) 

C.  endivia 

L. (leaves) 

A. 

marina 

(leaves) 

I. batatas 

(leaves) 

C. colocynthis 

(fruits) 

J.  

curcas 

(leaves) 

F. carica 

(leaves) 

S.  

chinensis 

(leaves) 

V. 

vinifera 

(leaves) 

Degree of intensity 

Steroids and 

terpenoids 

+ +++ + +++ +++ + + +++ +++ ++ 

Flavonoids + + + +++ ++ + + ++ + ++ 

Tannins + + + +++ +++ + + ++ ++ ++ 

Saponins - - + - - - + - - - 

Anthocyanin - - - +++ - - - - - - 

Coumarin + ++ + +++ +++ + ++ ++ ++ ++ 

Alkaloids +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 

Anthraquino

ne 

- - - - - - - - - - 

Glycosides + +++ +         

+++ 

++ +       + +++ +++ ++ 

Phenols + ++ + +++ +++ ++      ++ ++ +++ ++ 

 (-) not detected, (+) traces, (++) low concentration, (+++) high concentration  

3.2. Total phenolics.  

The phytochemical screening of ethanolic extracts indicated the presence of many 

phenolic classes of compounds. Hence, the quantitative determination of total phenols and 

antioxidant activity were determined (Table 3). The significantly high total phenolic content of  

70% ethanolic extracts of Avicennia marina (leaves), Simmondsia chinensis (leaves), and 

Ipomoea batatas (leaves) has amounted to 91.67 ± 0.13, 49.09 ± 0.25, and 49.64 ± 0.23%, 

respectively (mg GAE g-1 dried sample). The total phenolic content obtained for Avicennia 

marina leaves ethanolic extract was higher than that obtained by [49] (22.82 ± 1.8 mg g-1), 

which could be due to the difference in the growing zone (Taiwan) or atmospheric conditions. 

3.3. Antioxidant activity IC50. 

The IC50 or concentration that causes a decrease in the initial DPPH or ABTS 

concentration by 50% was determined by plotting of concentration (ppm) of leaves against 

percent reduction of DPPH or ABTS. The results showed that the high phenolic content of 

Avicennia marina ethanolic extract was conflicted with high antioxidant activity with low IC50 

values. Figure 1 showed the determination of IC50 of Avicennia marina extract by DPPH and 

ABTS methods, respectively. [50] reported that the IC50 obtained for water extract of Avicennia 

marina (Forsk.) Vierh. leaves (271.71 μg mL-1) by the DPPH method was higher than that 

obtained in this study (53.22 μg mL-1), which may be due to different extract solvent (ethanol) 

and different zone of plant collection (Egypt). 

Table 3. The ethanolic extract (70%) extraction percentage of 10 plant samples, total phenolic content (mg GAE 

g-1 dried sample) by Folin –Ciocalteu method, and antioxidant activity by DPPH and ABTS methods. 

Plant samples  Extraction percentage (%) 
Total phenolic content  (mg 

GAE g-1 dried sample)  

Antioxidant activity * IC50 (μg 

ml-1) 

DPPH method ABTS method 

Avicennia marina 40.24 ± 0.83 a 91.67 ± 0.13 a 53.22 31.60 

Calotropis procera 31.53 ± 1.68 b 19.07 ± 0.04 ef 1,138.95 818.33 

Cichorium endivia L.  21.42 ± 0.33 c 9.27 ± 0.08 h 878.73 1,133.79 

Citrullus colocynthis 27.33 ± 1.15 bc 23.15 ± 0.13 d 1,519.76 720.46 

Daucus carota 22.77 ± 1.70 c 8.72 ± 0.08 i 1,133.79 708.22 

Ficus carica 26.32 ± 0.99 c 16.28 ± 0.18 e  793.65 668.45 
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Plant samples  Extraction percentage (%) 
Total phenolic content  (mg 

GAE g-1 dried sample)  

Antioxidant activity * IC50 (μg 

ml-1) 

DPPH method ABTS method 

Ipomoea batatas 27.15 ± 1.01 bc 49.64 ± 0.23 c 42.33 36.00 

Jatropha curcas 15.87 ± 1.74 d 9.44 ± 0.11 f 827.81 1,008.06 

Simmondsia chinensis 26.00 ± 0.37 c 49.09 ± 0.25 b 95.27 38.51 

Vitis vinifera 21.88 ± 2.17 c 10.89 ± 0.05 g 1,089.33 696.38 

Values are mean ± SEM. The mean values with a different small letter within a column indicate significant differences (p < 

0.05). *IC50 = concentration required to inhibit 50% of DPPH radical (DPPH method), ABTS radical (ABTS method). 

 
Figure 1. Determination of IC50 of vit. C and Avicennia marina leaves ethanolic extract from the linear 

correlation between log concentration versus inhibition percent; (A) by DPPH method; (B) by ABTS method. 

3.4. Correlations. 

3.4.1. The correlation between DPPH and ABTS. 

The correlation between antioxidant activity by two methods (DPPH and ABTS) was 

determined (Figure 2). The result showed that the two methods were supported by each other 

with a strong positive correlation. This positive correlation was in agreement with [51]; they 

found a descending order of different extract solvents used for determination of the antioxidant 

potential of Spirulina platensis in both commonly use radical methods (DPPH and ABTS). 

 
Figure 2. Correlation between DPPH and ABTS methods used for the determination of antioxidant activity. 

3.4.2. The correlation between antioxidant activity and total phenols. 

As expected from the last result, the correlation between antioxidant activity IC50 and 

total phenolic content (mg GAE g-1 dried sample) was in a strong negative correlation with a 

correlation coefficient of 0.78 by DPPH method and 0.86 ABTS method (Figure 3). [52] proved 

that there is a significant relationship between total phenolic content and antioxidant activity; 

they suggested that it is due to the phenolic compounds' major contribution to antioxidant 

properties of the used plant. In contrast, [53] reported that the extracts with high total phenolic 
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content showed high radical scavenging activity, but by using linear regression analysis, they 

found that there is no direct correlation found between antioxidant properties and total phenolic 

compounds quantity. The plant extracts formed from very complex mixtures of different 

molecules, the proton donating hydroxyl groups with a particular position in the structure of 

molecules, might be controlling the radical scavenging properties of these extracts [53]. 

3.4.3. The correlation between antioxidant activity and cytotoxicity. 

3.4.3.1. The correlation between antioxidant activity and brine shrimp cytotoxicity. 

Toxicity assay of the ethanolic extracts and potassium chromate as a positive control 

were carried out. The results showed in Figure 4 indicated the sensitivity of this assay. Jatropha 

curcas L. (leaves),  Ipomoea batatas (leaves), Simmondsia chinensis (leaves), Avicennia 

marina (leaves), and Cichorium endivia L. (leaves) ethanolic extracts showed significant 

cytotoxic effect compared with other ethanolic extracts. On the other hand, Calotropis procera 

(leaves) ethanolic extract was virtually non-toxic on the shrimps hatching and exhibited very 

low toxicity. 

 
Figure 3. Correlation between antioxidant activity and total phenols (mg GAE g-1 dried sample); (A) by DPPH 

method; (B) by ABTS method. 

 
Figure 4. In vivo cytotoxicity assay IC50 (µg ml-1) by brine shrimp hatching cytotoxicity assay of 10 plant 

samples. 

The Pearsonʼs correlation coefficient between antioxidant activity by DPPH method 

and brine shrimp toxicity assay IC50 (μg ml-1) was calculated and showed in Figure 5. The 

results indicated a moderately positive correlation, according to [47]. 
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Figure 5. Correlation between antioxidant activity by DPPH method and brine shrimp toxicity assay IC50 (μg 

ml-1). 

Since the total phenols were found to be strongly correlated with antioxidant activity 

either (DPPH or ABTS), it was expected to be the same correlation of phenols and IC50 to any 

of the studied parameters. 

3.4.3.2. The correlation between antioxidant activity and breast and liver cancer cell line 

cytotoxicity. 

In vitro (neutral red cytotoxicity assay) and in vivo (brine shrimp hatching cytotoxicity 

assay and antimicrobial activity by well diffusion method including microbial and fungal 

strains) assays were used in finding the relationship between antioxidant activity and 

cytotoxicity. Figure 6 showed the cytotoxic effects of 10 plants ethanolic extracts against liver 

(HepG2) and breast cell lines (MCF-7) expressed as IC50. 

Calotropis procera (leaves) and Citrullus colocynthis (fruits) ethanolic extracts 

possessed the highest cytotoxic effect against liver cancer cells with IC50 of 38.24 and 101.23 

µg ml-1, respectively, and breast cancer cells with IC50 of 51.02 and 21.71 µg ml-1, respectively. 

The results proved that the increase in concentrations of extracts exhibits increasing in toxicity. 

This result indicates that the ethanolic extracts of Calotropis procera (leaves) and Citrullus 

colocynthis (fruits) contain highly anti-carcinogenic bioactive compounds other than the 

antioxidant compounds not correlated to the antioxidant activity. 

 
Figure 6. In vitro cytotoxicity assay IC50 (µg ml-1) on liver and breast cell lines by the neutral red method of 10 

plant samples. 
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The Pearsonʼs correlation coefficient between antioxidant activity by DPPH method 

and cytotoxicity of extracts against two types of cancer cells revealed that there are weak 

correlations (Figure 7). That’s may be due to the specificity of compounds structure that has 

an anti-carcinogenic effect and needing for oxidative stress work on cancer cells to be damaged. 

[54] indicated the different results, which revealed a positive linear relationship between 

antioxidant scavenging activity and anticancer cytotoxic effect of the five herbal water extracts. 

This suggested that the antioxidants of the herbal water extracts might contribute to their 

anticancer cytotoxic effects on MCF-7 cells (R2=0.7309). The use of different samples in our 

study showed the importance of dissects the mechanistic functions between antioxidant power 

and other anticancer activity compounds in herbs. 

 
Figure 7. Correlation between antioxidant activity by DPPH method and anticancer IC50 (μg ml-1) against 

carcinogenic liver and breast cells; (A) liver cells; (B) breast cells. 

3.4.3.3. The correlation between antioxidant activity and microbial cells cytotoxicity. 

The screening tests of EE regarding the inhibition zone were carried out by the well 

diffusion method against six types of microbes (Aspergillus fumigatus and Candida albicans 

(fungi), Staphylococcus aureus and Bacillus subtilis (gram-positive bacteria), Escherichia coli 

and Proteus vulgaris (gram-negative bacteria). The results are shown in Table 4.  

Table 4. Antimicrobial activity of 10 plant samples. 

Plant samples 

Tested microorganisms 

Fungi Gram-positive bacteria Gram-negative bacteria 

Aspergillus 

fumigatus 

Candida 

albicans 

Staphylococcus 

aureus 
Bacillus subtilis 

Escherichia 

coli 
Proteus vulgaris 

A.  marina NA NA NA 8.00 ± 0.17 g NA 12.07 ± 0.12 d 

C. procera NA NA NA 10.20 ± 0.25 f 7.93 ± 0.35 c NA 

C. endivia L.  NA NA 9.90 ± 0.26 cd 14.93 ± 0.18 c 9.73 ± 0.37 b 12.90 ± 0.32 c 

C. colocynthis NA NA NA NA NA NA 

D. carota NA NA 7.73 ± 0.37 e 11.97 ± 0.32 e 9.97 ± 0.26 b 10.83 ± 0.27 e 

F. carica NA NA 14.83 ± 0.44 b 16.97 ± 0.38 b 9.00 ± 0.17 bc 13.93 ± 0.23 b 

I. batatas 8.07 ± 0.18 c NA NA 12.73 ± 0.37 e NA 10.80 ± 0.42 e 

J. curcas 7.97 ± 0.15 c NA 8.83 ± 0.22 de 13.70 ± 0.35 d NA NA 

S. chinensis NA NA NA 12.10 ± 0.21 e NA NA 

V. vinifera 9.93 ± 0.23 b NA 11.00 ± 0.58 c 13.97 ± 0.32 d 8.23 ± 0.28 c 11.87 ± 0.19 d 

Positive control 17.07 ± 0.03 a 20.13 ± 0.07 24.03 ± 0.03 a 26.13 ± 0.09 a 30.03 ± 0.09 a 25.03 ± 0.09 a 

Values are a mean zone of inhibition in mm beyond well diameter (6 mm) ±SEM, NA: No activity. The positive 

control for fungi is ketoconazole (100µg/ml) and for bacteria is gentamycin (4µg/ml). 

As presented in Figure 8, the correlation between antioxidant activity IC50 and in-vivo 

microbial cytotoxicity showed a weak correlation with Aspergillus fumigatus (A), Bacillus 

subtilis (C), and Proteus vulgaris (E) with Pearson’s correlation coefficient of -0.10, -0.28, and 
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-0.21, respectively and moderately correlation with Staphylococcus aureus (B) and Escherichia 

coli (D) with weak Pearson’s correlation coefficient of 0.33 and 0.37, respectively. On the other 

hand, the results showed by [55] indicated that plants with high antioxidant properties have 

high antimicrobial activity too. The correlation results suggested that the antimicrobial activity 

may be due to the different chemical constituents of different plant extracts besides the phenolic 

compounds.    

 
Figure 8. Correlation between antioxidant activity by DPPH method and antimicrobial activity zone of 

inhibition;  (A) Aspergillus fumigatus;  (B) Staphylococcus aureus; (C) Bacillus subtilis; (D) Escherichia coli; 

(E) Proteus vulgaris. 

4. Conclusions 

 In the present study, the correlation between antioxidant activity and cytotoxicity of 

ethanolic extracts of 10 plant samples were analyzed. The results indicated that there is a strong 

correlation between ABTS and DPPH methods, which are commonly used for the 

determination of antioxidant activity; there is a strong negative correlation between IC50 by 

DPPH method and total phenolic content. The Pearson’s correlation coefficient between DPPH 

radical scavenging activity (IC50) and cytotoxic in vivo or in vitro assays (the anticancer activity 

of -0.05 or 0.08 in liver and breast cell lines respectively which mean no correlation, brine 

shrimp cytotoxicity assay of 0.62 which mean moderately correlated and antimicrobial activity 

which showed moderate or weak or no correlations). These results proved that the mechanisms 

of cytotoxicity occurred in different ways that are not dependent only on the radical scavenging 

activity but also on the structure and nature of such other compounds. 
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