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Introduction

Thymol is a phenolic compound with monoterpenes 

nature. Numerous evidences and reports exist in relation with 

signifi cant biologic activities on this compound. Thymol is one 

of the main components of Lamiaceae family essence. Previous 

studies revealed signifi cant allelopathic effects in thymol 

compounds. This effect may result in allelo-chemical stress in 

plants [1].

Today, it has been proven that plants’ homeostasis would 

be destroyed under stress and toxic compounds would be 

agglomerated inside plant’s cells [2]. Among these compounds, 

reactive oxygen species (ROS) can be mentioned. These 

compounds are potentially harmful when aggregated in the 

cells. ROSs can severely react with biomolecules such as lipids, 

proteins and nucleic acids resulting in lipid peroxidation, 

protein denaturation, and DNA mutation which can lead to 

disruption of natural metabolism of plant and fi nally its death 

[3].

Antioxidant systems of plants’ tissues includes ROS 

scavenging compounds such as fl avonoids, anthocyanins, 

ascorbate, caretoids , antioxidant enzymes such as catalase, 

superoxide dismutase, peroxidase enzyme detoxifying products 

of lipid peroxidation including glutathione S- transferase, 

ascorbate peroxidase [3,4].

In this study, the impact of thymol compounds on 
antioxidant capacity and also quantity of some antioxidants 
(fl avonoids and anthocyanins) were investigated in lettuce as a 
model plant for allelopathic studies.

Materials and Methods

Plant cultivation and treatments

After germination of seeds, they were divided into two 
groups. Control and treatment groups (treated with 0.1 and 
0.05 mg/ml of thymol) were separately transferred to peat-
containing pots. They were then placed into germinator for 37 
days under 6000 Lux illumination and 80% humidity. Control 
group plants were daily irrigated by Hoagland solution; the 
treatment group plants, in addition to Hoagland solution, were 
also irrigated by thymol (0.1 and 0.05 mg/ml), 10 ml/day for 
each pot. Plants were cultivated up to 7-leaf stage and then 
they were harvested and the related tests were performed on 
them. 

Measurement of free amino acids

For measuring the concentration of free amino acids, 
samples were extracted and homogenate in 0.05 molar 
phosphate buffer solution (pH-6.8). After centrifugation for 20 
minutes at 3000 rpm, ninhydrin (350 mg ninhydrin in 100 ml 
ethanol) identifi er was added to supernatant samples in ratio 
of 1:5. Then it was placed in 70-100C temperature for 4-7 min. 
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after cooling, its absorption was read in the wavelength of 570 
nm. Different concentrations of glycine were used for plotting 
of standard curve [5,6].

Measurement of UV-absorbing compounds: these 
compounds include fl avonoids and anthocyanins:

Anthocyanin evaluation

0.5 g wet leaf sample was ground by acidic methanol (1:99) 
and the extract was placed in darkness for 24 h (temperature 
was 25 0C, then it was centrifuged for 10 min at the speed of 
4000 rpm and the absorption of supernatant was measured at 
the wavelength of 550 nm. To calculate concentration, A= ℇBC 
was employed in which ℇ was considered 33000cm/M, B was 
the width of spectrocell and equals to 1 and C denotes complex 
concentration in μg.g-1FW [6].

Flavonoids measurement

Flavonoids level was measured by aluminum chloride 
colorimetry. 0.2 g of the samples was extracted in 10 ml 
methanol. Distilled water was added to 0.5 ml of the obtained 
extract to reach to volume of 5 ml. then 0.3 ml NaNO2 (5%)was 
added, after 5 min 0.5 ml AlCl3 was added. Finally, 2 ml of 1 
molar NaOH and 2 ml distilled water was added and absorption 
intensity was evaluated at wavelength of 510 nm. Samples’ 
concentration was obtained by quercetin standard curve [7].

Antioxidant activity evaluatioin

0.08% concentration of DPPH was prepared by methanolic 
solvent at concentrations of 0.125, 0.25, 0.5, 1 and 2 of 
methanolic extract and 0.1 and 0.5 of control samples of lettuce 
plant were prepared. 5 cc DPPH were added to each 10 cc of 
extract and after 30 min, the absorption was read at 517 nm. 
Then RC50 index was calculated using standard curve of DPPH 
reduction (%) to extract concentration [8]. RC50: is regarded 
as a concentration of extract that reduce 50% DPPH.  DPPH 
reduction (%) was calculated from following formula:

%R=AD-AS/ AD× 100

AD: DPPH absorption at 517 nm

AS: Absorption extracts at 517 nm

Results

The results indicated that potential of free radical 
scavenging of lettuce seedling reduced under thymol in a dose 
dependent manner. Whereas, RC50 of the treatment group 
was 4.30 and 4.78 mg ml-1 in two thymol treatment levels, 
respectively, the control group one was 0.73 mgml-1. Thus, the 
antioxidant potential in treatment groups is 6 times less than 
untreated plants (Figure 1A).

With the increasing of thymol concentration on lettuce, the 
level of fl avonoids and anthocyanins-decreased to 10 and 17 %, 
respectively (Figure 1B,C). On the other hand, free amino acids 
content increased by 26.74% thymol treated lettuce group than 
control one (Figure 1D).

Discussion

Antioxidant capability of plants to face with oxidative stress 
due to free radicals, especially ROS, is of crucial importance. 
This oxidative stress in some cases is caused by a secondary 
stress such as salt, drought or even allelo-chemical stress 
[9]. In some plants, antioxidant activities could be due to 
existence of unknown compounds or synergic interactions 
between different materials. Regarding their performances, 
antioxidants are classifi ed into two main groups: primary and 
secondary antioxidants [10]. Primary antioxidants give their 
electron or hydrogen to free radicals while secondary ones act 
as an assistant; this means that they act by donating hydrogen 
and recovery of primary antioxidant or oxygen scavengers and 
chelation agents [11].

In addition to fl avonoids, saponins, phenols and 
anthocyanins are among the famous herbal antioxidant. Every 
plant has vast range of different phenolic compounds and 
antioxidant properties of each of these materials depend on 
their chemical structure. For example, fl avonoids antioxidant 
activity would increase with the increasing of hydroxyl groups 
substituted on B ring [12].

In this study, the level of fl avonoids and anthocyanins 
decreased in lettuce treated with thymol which resulted in 
drastic decrease of plant’s antioxidant activity. In a way that 
6-fold reduction can be observed in this parameter in DPPH 
test. On the other hand, increase of free amino acids can be 
seen in aero-organs of treated plants which could be a resistive 
response to thymol treatment. It seems that in thymol-
induced stress, plants increased osmolites such as amino 
acids to enhance the antioxidant capacity. Previous studies 
on other plants mentioned increase of amino acids such as 
proline in many biological stresses. This trend is to integrate 
the membrane and avoid denaturation of proteins, amino 
acids such as proline interact with enzymes and maintains the 
protein structure and their activities [13]. It can be expressed 
that this stress would result in deviation of metabolism 
path toward production of amino acids, especially those 
biosynthesized in shicomate path (I.e. tryptophan). This path 
is close to biosynthesis of fl avonoids and anthocyanins. 

In this study, plants extraction was performed by methanol 
and ethanol as their application for Lactuca sativa L extraction 
showed more power for extracting phenolic compounds and 
the obtained extracts had more inhibition ability [14].

DPPH methanolic solution interacted with antioxidants or 
other proton-donating radicals such as phenol and fl avonoids 
and turned into its non-radical form. Finally, its amount will 
be reduced and the color changed from dark violet to light 
yellow. Therefore, the absorption at 517 nm will be reduced. 
Therefore, the higher amount of remaining DPPH absorption 
refl ects lower antioxidant activity and free radical removal.

Reduction in antioxidant ability of Lactuca sativa L could 
be due to decrease of fl avonoids and anthocyanins by thymol 
treatment.
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It is probable that lettuce resists against this stress under 
the infl uence of thymol by changing the biosynthesis paths and 
increase of amino acids and antioxidant enzymes.
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Figure 1: Effects of different thymol concentrations on antioxidant capacity (A), total fl avnoids (B), total anthocyanins (C) and amino acid contents (D) lettuce. The same 
letters in each column represent no signifi cant differences according to Duncan test at 5 percent.
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