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Abstract 

 

Introduction 
The physiological role of antioxidants is to prevent 

damage to cell components caused by chemical 

reactions of free radicals. Free radicals cause the 

oxidation of macromolecules such as nucleic acids, 

lipids and proteins, which leads to cell damage and 

death (1). Many free radicals are highly reactive and 

can act as both electron donors and electron acceptors, 

so they undergo oxidation and reduction; Most free 

radicals in biological systems have short half-lives (106 

seconds or less), although some species persist for long 

periods (2). Currently, the results of clinical studies 

show that oxidative stress caused by reactive oxygen 

and nitrogen species plays a role in a variety of 

disorders, including cancer and aging. Therefore, it 

seems plausible that antioxidants could be effective in 

preventing or suppressing such disorders through 
ameliorating free radical-induced damage. In fact, 

many studies show that antioxidants have a strong 

inhibitory effect against oxidative damage, and some 

epidemiological reports suggest that the consumption 

of foods with high antioxidant content have beneficial 

effects and lower the risk of several diseases (3). 

Antioxidants exert their beneficial effects through 

several mechanisms such as suppressing the production 

of active species by reducing hydroperoxides and 

hydrogen peroxide, scavenging reactive oxygen species 

or other free radicals, sequestering metal cations and 

repairing or clearing the damage caused by oxidative 
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stress (4). Synthetic and chemical antioxidants such as 

butylated hydroxyanisole (BHA) and butylated 

hydroxytoluene (BHT) have been used for many years 

as food additives to preserve and stabilize nutritional 

value in the food industry. However, research showed 

that these artificial antioxidants can cause cancer in 

laboratory animals (5). Therefore, many studies are 

being conducted on antioxidants, especially natural 

antioxidants that inhibit the formation of free radicals 

and the damage caused by them. Despite the presence 

of natural antioxidant systems such as superoxide 

dismutase and catalase enzymes, albumin, 

ceruloplasmin, ascorbic acid, alpha - tocopherol, and 

beta - carotene in the human body that can fight free 

radicals, additional antioxidants must be used through 

nutrition to eliminate free radicals in the body (6, 7). 

Recently, the role of antioxidants in the diet especially 

through the consumption of herbs has been noticed (9). 

The ongoing studies on medicinal plants show that they 

are suitable research subjects due to their strong 

antioxidant properties and cost-effectiveness (8). The 

antioxidant properties of plants are primarily due to the 

phenolic compounds present in all parts of plants such 

as leaves (10). These phenolic compounds are the 

secondary metabolites of plants that have anti-

inflammatory, anti-tumor, and even anti-viral activities 

as well (11, 12). The antioxidant activity of these 

compounds is exerted through the hydroxyl groups in 

the aromatic ring, and unpaired electrons around the 

ring, which scavenge free radicals (13). The most 

important group of polyphenols is flavonoids, which 

neutralize free radicals by having hydroxyl and 

methoxyl groups (14). Flavonoids also inhibit enzymes 

such as cyclooxygenase and lipoxygenase which play a 

role in the production of reactive oxygen species (15). 

Despite this information, reports on the antioxidant 

properties of aerial parts of endemic plants are scarce. 

Therefore, this research aimed to evaluate the 

antioxidant activity and phenolic content of methanolic 

extracts from aerial parts of Borago officinalis, 

Teucrium polium, Mentha aquatic and Allium taradox.  

Methods 
Chemicals and reagents 

2, 2 - Diphenyl - 1 - picrylhydrazyl (DPPH), Folin 

Ciocalteu's reagent, gallic acid, sodium carbonate, and 

methanol, all were purchased from Merck company 

representatives. 
 

Collection of plant samples 

The aerial parts of Borago officinalis, Teucrium polium, 

Mentha aquatica and Allium taradox (Figure 1 and 

Figure 2) were collected from the surrounding areas of 

Gorgan in spring and summer. Different parts 

(including leaves and stems) were completely separated 

and dried in the shade and ambient temperature. The 

dried samples were turned into powder by an electric 

mill. The obtained powders were stored in closed 

containers at a temperature of 5°C until extraction. 
 

 
Figure 1. Borago officinalis (left) and Teucrium polium 

(right) (photographed by the author) 

 

 
Figure 2. Mentha aquatic (left) and Allium taradox 

(right) (photographed by the author) 

Preparation of plant extract  

In order to prepare a methanolic extract, 10 g of plant 

powder was added to 100 ml of methanol-water solvent 

(80:20, v/v) and stirred for 12 h at room temperature. 

After this time, the mixture was filtered by filter paper 

(Whatman No. 2). The obtained liquid was 

concentrated by a rotary evaporator at a temperature of 

40˚C. Then, for complete drying, extracts were spread 

on a watch glass and placed under a chemical hood at 

ambient temperature. The dried extracts were kept at 

5°C until the next steps. 
 

Determination of total phenolic content  

The amount of total phenolic compounds was measured 

by Folin Ciocalteu's reagent method and according to 

Shahidi and Nachek with some modifications (19). One 

mg of each plant extract was dissolved in 10 ml of 

methanol to create a concentration of 100 ppm. 0.5 ml 

of the extract was poured into the test tube and 0.5 ml 
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of Folin Ciocalteu's reagent was added and stirred for 2 

minutes. Then 10 ml of sodium carbonate solution (7%) 

was added. The samples were kept at 45˚C for 60 min. 

Then the absorbance of the samples was measured at 

765 nm. Total phenol content was expressed as mg of 

gallic acid per g of extract. The Folin Ciocalteu's is an 

important method for measuring the amount of phenol 

in the extract, the basis of this method is the reduction 

of the Folin Ciocalteu's reagent by the phenolic 

compounds in the extract and the formation of a blue 

complex that has a maximum absorption at 765 nm. 

 

DPPH radical scavenging activity 

Evaluation of the antioxidant properties of the extracts 

was done using the 2, 2 - Diphenyl - 1 - picrylhydrazyl 

(DPPH) free radical reduction method. The basis of this 

method is the trapping of DPPH radicals by the 

hydrogenation ability of the extract samples (17). 

DPPH as a stable free radical is purple, which turns 

yellow when reduced by electron-donating agents 

(antioxidant compounds such as phenols). In this test, 

the reducing power of the extracts is measured by the 

dimming or decolorization of DPPH by the extract 

compounds, and as the reaction solution becomes 

fainter, its absorption decreases, and this shows that the 

extract has high antioxidant properties (16). To 

investigate the antioxidant activity and DPPH free 

radical inhibition, Fu et al.'s method was used in this 

research (18). First, 100 µl of 0.1 mM DPPH solution 

(in methanol solvent) was prepared and then 100 

microliters of different concentrations of the extract 

were added to it. This mixture was incubated for 30 

minutes at 25°C. DPPH solution was used as a control. 

After 30 minutes, absorption was measured at 517 nm. 

Free radical scavenging activity (DPPH) was calculated 

using the following equation (1): 

 

DPPH scavenging 

activity (%) 

Absorbance of control – 

Absorbance of sample 
×100 

Absorbance of control 

The capacity of the radical scavenging property of 

plants was also determined by calculating the IC50. The 

IC50 is a concentration of the extract that inhibits 50% 

of free radicals. 

 

Statistical analysis 

The data obtained from the experiments in this research 

were analyzed using SAS software. The analysis of 

Variance (ANOVA) test was used to examine and 

compare the average of methanolic extracts. All the 

data obtained from the experiment were repeated three 

times and their values were reported as mean ± standard 

deviation. 

Results 
Figure 3, shows the amount of total phenolic 

contents of the methanolic extracts of Borago 

officinalis, Teucrium polium, Mentha aquatic and 

Allium taradox. Among the extracts, Borago officinalis 

had the highest total phenolic contents. At a 

concentration of 100 µg / mL, the mean amount of total 

phenolic content was 38 ± 0.45, 31 ± 0.43, 23 ± 0.91, 

and 12 ± 0.21 mg of GAE /g for Borago officinalis, 

Mentha aquatic, Teucrium polium, and Allium taradox, 

respectively (Figure 3).  

Among the medical plants, Borago officinalis showed 

the highest antiradical capacity which was not very 

different from Mentha aquatic (Figure 4A). The IC50 

index was used to express the inhibition effects of free 

radicals in the DPPH method. In this way, the lower the 

IC50 value indicated, the higher the inhibition activity. 

According to Figure 4B, the lowest value of IC50 was 

observed with Borago officinalis 1620 ± 41.36 extract, 

and the highest IC50 was observed in Allium taradox 

398 ± 36.8. 

The results obtained from the analysis of variance of the 

data showed that the highest and the lowest amount of 

total phenolic compounds and anti-radical activity was 

observed with Borago officinalis and Allium taradox, 

respectively. The difference between the groups was 

significant at the probability level of P<0.01 for total 

phenolic content, DPPH and IC50 (Table 1). 
 

Table 1. Analysis of variance among Borago 

officinalis, Teucrium polium, Mentha aquatica and 
Allium taradox  

S.O.V df 

Mean Squares 

Total phenolic 

(mg of GAE /g) 

DPPH 

(%) 
IC50 (ppm) 

Plant  3 53.86 ** 94.694 ** 3.00 ** 

Error  22 28.37 650.63 20.20 

CV % - 4.42 8.05 6.8 

** Significant at the probability level of < 0.01  

S.O.V: Source of Variance
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Figure 3. Determination of the total amount of phenolic compounds with methanolic extractives of Borago officinalis, 

Teucrium polium, Mentha aquatic and Allium taradox. All experiments were performed in triplicate. Data are expressed as 

mean ± SD (n= 3, ** P-value <0.01) for all tested dosages (different letters are used to mark significant differences). 

 

 

Figure 4. Radical scavenging activity of Borago officinalis, Teucrium polium, Mentha aquatic and Allium taradox. (A) 

DPPH radical scavenging activity of methanolic extracts (500 ppm concentration). (B) IC50 of methanolic extracts. All 

experiments were performed in triplicate. Data are expressed as mean ± SD (n= 3, ** P-value <0.01) for all tested dosages 

(different letters are used to mark significant differences). 

 

Discussion 
Natural antioxidants in plants mainly include 

phenolic compounds. Phenolic compounds have a high 

ability to scavenge free radicals and this ability mostly 

depends on the number of hydroxyl groups (20, 21). 

Plants of Lamiaceae (22), Boraginaceae (23) and 

Amaryllidaceae (24) have main polyphenolic, 

flavonoid and terpenoid compounds that have strong 

antioxidant properties. The phenolic content and 

compounds of plants depend on genetic and 

environmental factors (25, 26). It seems that these 
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compounds can be obtained more through plant extracts 

compared to their essential oils; probably the reason for 

this difference is in various extraction methods (27). 

The yield of the extract depends on the type of solvent, 

the time and temperature of the extraction and the 

chemical nature of the sample, and under the same 

temperature and time, the solvent used and the chemical 

characteristics of the samples are two important factors 

(28). Methanol has the most efficiency among the 

common solvents for extracting plant materials, 

including polar and non-polar compounds; therefore, 

the measurement of antioxidant properties using 

methanol extract will be higher due to the extraction of 

the appropriate amount of polar and non-polar 

compounds (26). Due to the abundance of antioxidant 

compounds in plants, it is difficult to identify them 

individually, so the antioxidant capacity of the extracts 

is evaluated with several assays (29). The DPPH test is 

used to determine the antiradical capacity of 

compounds and indicates their ability to inhibit free 

radicals by donating hydrogen to the DPPH radical (30, 

31). The present study is the first study on the 

antioxidant capacity of the methanolic extract of E. 

labiosiformis, so the results obtained are not 

comparable with the results of other studies. Therefore, 

the present study was compared with studies on Borago 

officinalis, Teucrium polium, Mentha aquatica and 

Allium taradox plants. The results showed that the 

antioxidant property of the methanol extract of the 

plants was dependent on the concentration. Therefore, 

the higher the concentration, the higher the antioxidant 

properties of the methanolic extract. In Hamedeyazdan 

et al.'s study (32), the antioxidant properties of 

Marrabium persicum extract from the Lamiaceae 

family were investigated, and IC50=0.052 ppm was 

obtained. Kamkar et al. (33) evaluated the antioxidant 

capacity of Iranian mint essential oil and extract, and 

the IC50 value for the plant extract was 0.012 mg/ml. 

These studies had higher antioxidant properties 

compared to the methanolic extract of these researched 

plants. In other studies, conducted by Paduch et al. (34), 

Özgen et al. (35), Asadi Barbiha (36), Salehi Sardoei 

and Shahdadi (37), on the methanol extract of Lamium 

Album, Salvia limbata, Eremostachys labiosiformis and 

Asperugo procumbens, the IC50 values were 0.4659, 

0.6195, 0.392 and 1500 ppm, respectively. A 

comparison of this research with the methanolic extract 

of Borago officinalis showed that this plant has a higher 

antioxidant property (IC50 = 1620 ± 41.36 ppm) than the 

mentioned plants.  

Conclusion 
Here, we examined leaves of Borago officinalis, 

Teucrium polium, Mentha aquatic and Allium taradox 

and found that the methanolic extract of Borago 

officinalis leaf, which contains large amounts of 

phenolic and flavonoid compounds, exhibited the 

highest antioxidant and free radical scavenging activity. 

These investigation assays indicate that Borago 

officinalis, Teucrium polium, Mentha aquatic and 

Allium taradox leaves are significant sources of natural 

antioxidants, which could help to prevent the 

progression of various diseases caused by free radicals, 

such as certain cancers. 
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