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Abstract  

Melatonin (MEL) plays important roles in various plant physiology, particularly 

regulation of plant growth, development, and metabolism. The present study was carried out on 

Ocimum basilicum L. plant growing in a half-strength Murashige and Skoog media 

supplemented with  5, 10, 20, and 30 µM MEL-CS nanoparticles (NPs). After four weeks, 

growing O. basilicum plants were harvested for measuring the changes in growth, physiological, 

and biochemical attributes. Our results revealed that MEL-CS nanoparticles treatment markedly 

increased the shoot, and root’s length, fresh, and dry weight, photosynthetic pigments, 

carbohydrates fractions, total soluble proteins, free amino acids, and antioxidant enzymes 

activities (CAT, SOD, POD, and PPO). However, the accumulation of the superoxide radical 

(O₂•−), hydrogen peroxide (H2O2), as well as malonaldehyde (MDA) reduced in basil leaves. The 

most efficient treatment was 10 µM MEL-CS nanoparticles. At the same time, the concentration 

of 30 µM was the lowest effective compared to untreated control, normal MEL, and CS 

treatments. The positive results of current study proved the effective role of MEL-CS 

nanoparticles in improving plant growth, the measured metabolites, and thereby reducing the 

oxidative stress (O₂•−, H2O2, and MDA) through stimulating the antioxidant defense system. 

Keywords: Ocimum basilicum L.; Nanoparticles (NPs); Melatonin (MEL); Chitosan (CS).  

1.Introduction  

Basil (Ocimum basilicum L.) is one of the Lamiaceae family’s most popular herbs. 

Ocimum basilicum L . is cultivated worldwide. O. basilicum L contains high nutritional value, 

many secondary metabolites, and essential oils [1]. It has been applied in numerous fields such 

as food, agriculture, and pharmacology.  Its constituents showed anti-inflammatory, anti-
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spasmodic, anti-diabetic, immunomodulatory, anti-bacterial, anti-fungal, and anti-oxidant 

effects [2].  

Recently, researchers have become more concerned about bioactive components from 

natural plants such as melatonin. Melatonin (MEL) is a low molecular weight indole amine (N-

acetyl-5-methoxytryptamine), that was first identified in plants in  1995. It has been recognized 

as a pleiotropic molecule involved in a number  physiological processes, including plant growth, 

development, and defense against both biotic and abiotic stressors [3]. Researchers suggested 

that the application of melatonin exogenously shows changes in physiological, biochemical, and 

molecular characteristics [4].  

MEL had various vital roles in different plant growth and development [4], [5]  

photosynthesis process [6], [7], [8] and carbohydrate accumulation [9], [10], [7]. Various 

research papers stated that MEL has a vital role in enhancing the accumulation of secondary 

metabolites, such as carotenoid, and anthocyanin, as well as  stimulates the phenylpropanoid 

metabolism [11], [14].  In numerous studies, melatonin has a vital role in reducing ROS oxidative 

damage through direct neutralization of O₂•−, H2O2,  and consequently reduces membrane lipid 

peroxidation (MDA ) or via increasing the antioxidant enzymes activities.  In addition,  it 

regulated the expression of antioxidant related genes [6], [7], [11], [15], [20]. 

Melatonin is incorporated into different nanocarriers as a drug-delivery system. 

Melatonin incorporated into nanosized materials exhibits superior effectiveness [21]. One of the 

most superb polysaccharides is chitosan due to it is nontoxic, biodegradable, biocompatible, and 

biopolymer which provides improvements in the release of encapsulated ingredients. Chitosan 

(CS) is a natural polysaccharide compound produced from the deacetylation of chitins [22]. The 

characteristics of nanoscale materials are distinctive and differ from the bulk materials in their 

chemical, physical, and biological properties based on their size [23].  

  Consequently, the current study aimed to explore the role of melatonin nanoparticles 

incorporated in chitosan (MEL-CS NPs) in Ocimum basilicum L plant in vitro to enhance plant 

growth, physiology, and antioxidant systems.  
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2.Materials and methods  

The basil seeds were supplied by the National Gene Bank of Egypt (NGB), Ministry of 

Agriculture, Giza, Egypt. The prepared MEL-CS nanoparticles using the ionic gelation method 

were 83.45 nm in size with a 78% EE percentage and the zeta potential was +42 mV.  

2.1. Growth conditions and treatments 

Ocimum basilicum L. seeds were surface sterilized using a 30% (v/v) solution of 

commercial Clorox (Clorox®, 5.4% sodium hypochlorite) for 20 min [24]. Consequently, in a 

laminar flow hood. Sterilized seeds were cultured in 50 % Murashige and Skoog (MS) medium 

with vitamins, 3% sucrose, after solidified by 8.1 g l−1 agar. Seven seeds of Ocimum basilicum L 

were planted in eachglass jars. The inoculated flasks were maintained in 16 h lighting, at 25±2°C 

in a growth room, supplied by white-fluorescent light. This experimentation was conducted in 

210 jars and was divided into seven groups (30 jars/ group), which were treated as follows. The 

treatments include: (1) untreated control, (2) normal MEL (100 µM) (Treated control), (3) 

normal CS (0.1%) (Treated control), (4) nano melatonin (MEL-CS NPs) (5 µM), (5) MEL-CS 

NPs (10 µM), (6) MEL-CS NPs (20 µM), (7) MEL-CS NPs (30 µM). Seven seeds of Ocimum 

basilicum L were planted on 14 August and harvested on 13 September. After four weeks in 

culture, the plants were removed from the jars and used to measure the alteration in growth, 

physiological, and biochemical parameters.   

2.2. Extraction and estimation of photosynthetic pigment  

 Extraction of photosynthetic pigment from fresh leaves by acetone 80% (v/v) according 

to Arnon [25]. The absorbance was measured with a spectrophotometer (UV/Vis 

spectrophotometer T80+,  UK) at 646, 663, and 470 nm. Concentrations of pigments were 

determined using equations published by Lichtenthaler and Buschmann [26]. 

        Chlorophyll a (µg ml-1) =12.25 A663.2 – 2.79 A646.8 

                Chlorophyll b (µg ml-1) .=21.5 A646.8 – 5.1 A663.2 

        Carotenoids (x+c) (µg ml-1) = (1000 A470 – 1.82Chla –85.02Chlb)/198 
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2.3. Extraction and estimation of carbohydrate fractions  

2.3.1.Total carbohydrate 

Polysaccharides were extracted from 0.5 g of dried leaf samples were hydrolyzed with 

10 ml of 2.5N HCl. The mixture was then boiled for 2 h in a water bath. According to Dubois et 

al. [27], the phenol-sulfuric acid technique was used to assess the total carbohydrate content. 

The absorbance was measured  at 490 nm by using a spectrophotometer (UV/Vis 

spectrophotometer T80+,  UK). The total sugar content was assayed and calculated using a 

standard curve prepared using 100 µg/ml of glucose. 

2.3.2.Total soluble sugar  

The method employed for the extraction of soluble sugar was done according to 

Mocready et al. [28]. Total soluble sugar was estimated by the phenol-sulfuric acid method 

according to Dubois et al. [27]. 

2.4. Extraction and estimation of nitrogen fractions 

2.4.1.Total free amino acids  

 Total free amino acids content was determined by using ninhydrin reagent as described 

by Li et al. [29]. The absorbance was measured at 580 nm by spectrophotometer (UV/Vis 

spectrophotometer T80+,  UK). Arginine was used for making a standard curve.  

2.4.2. Total soluble protein 

The total soluble protein was extracted by homogenizing the 0.1 g of sample in 50 mM 

phosphate buffer (pH 7). The total soluble protein quantitively estimated by Bradford method 

[30]. The sample absorption was measured at 595 nm.  Bovine serum albumin was used for 

performing protein standard curve.   
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2.5. Oxidative stress  

2.5.1. Reactive oxygen species 

A. Determination of superoxide radical (O₂•−) content  

 Superoxide radicals were attacked by NBT staining. The tissue was immersed in a 

staining solution including 0.1% NBT in 10 potassium phosphate buffer (pH 7.8) containing 

sodium azide. Then, the mixture was incubated at room temperature for 20 minutes. The 

quantification of superoxide was established as a method described by Ramal et al. [31]. The 

absorbance was recorded at  630 nm, and the content of O₂•− was given as µmole g-1FW.  

B. Determination of hydrogen peroxide (H2O2) content 

Trichloroacetic acid  (0.1%)  was used to homogenize the samples. For five minutes, the 

homogenate was centrifuged at 13,000 rpm. The supernatant was measured spectrophotometry 

at 390 nm, after reacting with potassium iodide [32]. Thus, the content of H2O2 was set as µmole 

g-1FW.      

2.5.2. Lipid peroxidation.  

Determination of malondialdehyde (MDA) content  

The malonaldehyde (MDA) level in plant cells is used as an indication for lipid 

peroxidation. Thiobarbituric acid (TBA) was used to determine the MDA content [33]. At 532 

and 600 nm, the absorbance was concluded.  The extinction coefficient of  155 mM −1cm−1 was 

used to calculate the MDA content.  

2.6. Assay of antioxidant enzyme activity 

The extraction of antioxidant enzymes was done according to the method described by  

Grace and Logan [34].  After centrifugation, the supernatant was used for the assay of the 

following enzymes. 

The activity of catalase (CAT; EC 1.11.1.6) was assayed according to Beers and Sizer 

[35]. The decomposition of H2O2 was recorded at 240 nm by decrease in absorbance. The CAT 

activity calculation was performed using the extension coefficient = 0.039 mM-1 cm-1 and 

expressed as U (µmol H2O2 decomposed per minute) /g FW.   

The ability of superoxide dismutase (SOD; EC 1.15.1.11) to inhibit the reduced nitroblue 

tetrazolium chloride (NBT) was used to measure its activity [36] . The absorbance was 
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determined by spectrometry at 560 nm. The unit of SOD activity was U g-1 FW. The one unit 

was stated as the amount of enzyme (µmol) needed to achieve a 50% inhibition of the NBT 

necessary photoreduction rate. 

Chance and Maehly [37] protocol was used to measure the activity of peroxidase (POX; 

EC 1.11.1.7). The expression for POX activity was U g-1 FW. The extinction coefficient used in 

the calculations was 2.47 mM-1 cm-1.  

 

 The activity of polyphenol oxidase (PPO; 1.14.18.1) was evaluated by Soffan et al. [38]. 

PPO activity is determined as a change in absorbance at 490 nm and expressed as (U g-1 FW). 

The extinction coefficient used in the calculations was 25.5 mM-1 cm-1.  

2.7. Statistical analysis  

All of the data were analyzed by exposing them to one-way analysis of variance 

(ANOVA) using the SPSS software (version 20, USA). Duncan’s test was utilized for 

significance according to Neter et al. [39]. 

3.Results and discussion 

The Change in growth of basil seed at the age of 30 days treated with normal melatonin 

(MEL), normal chitosan (CS), or different concentrations of Nano-melatonin (MEL-CS NPs) (5, 

10, 20, 30, 40, 50, 80, 100 µM) were presented in Table 1. It was found that there were significant 

differences in the length, fresh and dry weights of the basil shoot and root when compared to 

untreated control. The highest increments in all measurement growth parameters of shoot and 

root were recorded at 10 µM Nano-melatonin treated plants. It markedly increased shoot length, 

fresh weight, and dry weight over the untreated control by 186.88%, 169.13%, and 566.67%, 

respectively, while these parameters increased in the root by 199.61%, 364.10%, and 683.33%, 

respectively. Melatonin boosts the growth of seedlings by enhancing plant metabolism. For 

instance, MEL increased the chlorophyll content of the barley leaves to twice that in the control 

[40]. Correspondingly, the soil treated with melatonin led to a rise in protein content and 

photosynthetic rate in apples [41]. Furthermore, melatonin improved the morphological 

characteristics (shoot fresh weight, stem length, and number of leaves) and boosted stevia seed 

germination [42]. In contrast, high MEL concentrations inhibited the photosynthesis process and 

phloem transfer of sucrose while accelerating the accumulation of sucrose, hexose, and starch 

[43]. Also, high concentrations of MEL were toxic for the growth of red cabbage seedlings [44]. 
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Posmyk et al. [45] stated the high concentrations of MEL inhibited protein synthesis and 

stimulated protein oxidations. 

Melatonin plays an important role in various root growth and development including tap, 

lateral, and adventitious roots. It also contributes to rhizosphere signaling and interactions. 

Previous research papers support that the MEL has positive effects on root development [5]. 

Various plants treated with melatonin showed greater root length and biomass [46], [47]. Under 

normal conditions, melatonin treatments by foliar and root irrigation led to an increase in 

soybean in length and biomass of shoot and root compared to untreated plants [10].  

 Chang et al. [48] examined the different MEL concentrations (0, 50, 200, and 400 µM) 

on physiological, 

and   biochemical characteristics as well as Prunella vulgaris biomass production. Also, the 

results showed that MEL treatment at 100 μM significantly increased the growth and 

development of roots as well as the biomass of whole plants. Furthermore, the foliar spray of 

nano-silica and melatonin caused promotion in growth and yield of pea plants Also, the protein, 

and chlorophyll content significantly improved [8]. According to Jiang et al. [49] study, there 

was a significant rise in in roots (18%) and leaves (20.3%) growth as compared to the control in 

plant treated with melatonin-gold nanoparticles (Mel-Au NPs). The effects of melatonin and 

selenium (Se) nanoparticles on Brassica napus growth were evaluated  by Farooq et al. [20]. 

They found significantly enhanced plant growth, leaf chlorophyll, biomass accumulation.

javascript:;
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Table 1. Change in shoot and root growth of Ocimum basilicum L. (after 30 days) treated with either conventional MEL, CS, or different 

concentrations of Nano-melatonin. 

Different letters indicate a significant difference at **: P<0.01, ***<0.001. 

Treatments Shoot Root 

Length 

(cm)/plant 

Fresh weight 

(g)/plant 

Dry weight 

(g)/plant 

Length 

(cm)/plant 

Fresh weight 

(g)/plant 

Dry weight 

(g)/plant 

Control 3.522±0.07 e 0.149±0.03  f 0.009±0.07 e 3.072±0.02 f 0.039±0.07 e 0.0072±0.05 f 

MEL (100 µM) 4.611±0.10 c 0.196±0.04 cd 0.036±0.03 cd 4.161±0.05d 0.086±0.04 cd 0.0342±0.07 d 

CS (0.1%) 5.442±0.04 bc 0.198±0.07 cd 0.038±0.06 cd 4.992±0.04 c 0.088±0.02 c 0.0365±0.04 c 

MEL-CS NPs (5 µM)  4.123±0.02 d 0.171±0.04 e 0.031±0.05 d 3.673±0.08 e 0.061±0.07 d 0.0288±0.05 e 

MEL-CS NPs (10 µM)  6.582±0.07 a 0.252±0.06 a 0.051±0.08 a 6.132±0.05 a 0.142±0.08 a 0.0492±0.03 a 

MEL-CS NPs (20 µM) 5.912±0.05 b 0.231±0.02 b 0.044±0.07 b 5.462±0.03 b 0.121±0.04 b 0.0419±0.07 b 

MEL-CS NPs (30 µM) 2.231±0.07f 0.042±0.01 g 0.001±0.09 f 1.781±0.04 g 0.004±0.05 f 0.0006±0.07 g 

F-value 106.133*** 54.919** 14.471*** 26.243*** 14.832*** 9.976*** 
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The content of photosynthetic pigments (chlorophyll a, chlorophyll b, chlorophyll a and 

b, catenoids, and total pigments,) changed in leaves of basil treated with either conventional 

MEL, CS, or different concentrations of Nano-melatonin ( Figure 1). The results appeared that, 

in comparison to the untreated control, treatment with normal melatonin, chitosan, and Nano-

melatonin at 10 and 20 µM significantly increased the photosynthetic pigments content. The 

content of these photosynthetic pigments decreased in the leaves of basil treated with 30 µM 

Nano-MEL as compared with all treatments and untreated control. Furthermore, the contents of 

carotenoids slightly changed between all treatments. It is obvious that the highest concentrations 

of chlorophyll a, chlorophyll b, chlorophyll a and b, catenoids, and total pigments were assayed 

in basil leaves treated with 10 µM  Nano-melatonin. Such increments were about  189.23, 196.15, 

191.55, 220.11, and 192.93, respectively as compared with untreated control. Many researchers 

assessed the impact and mechanism of melatonin on pigments involved in photosynthetic 

processes. Melatonin enhanced the synthesis of porphyrin, the head structure of chlorophyll, by 

increasing the activity of key enzymes such as (D-aminolevulinate synthase) which evolved in 

photosynthetic pigments synthesis [50]. Furthermore, Jahan et al. [51] noted that melatonin 

upregulated the gene expiration of chlorophyll synthesis. Also, MEL gathered in guard cells and 

might participate in stomal movements [7]. Furthermore, related research conducted by Cherono 

et al. [52] reported that improved photosynthetic efficiency in Coffea by suppressing the gene 

expression of chlorophyll degradation and up-regulated the gene expression of photosynthetic 

RBCS2 encoding rubisco (ribulose-1,5-bisphosphate) protein. However,  Chlorophyll content 

decreased with increasing MEL concentration. Chloroplast peroxidation and the deterioration of 

their structure and function may be brought on by excess MEL. Furthermore, it may enhance the 

activity of several enzymes that evolved in the degradation of chlorophyll, including 

pheophorbide a-oxygenase and chlorophyllase  as Sarropoulou et al. [50]. Certain results showed 

that the melatonin application did not significantly alternate in catenoid content. Zhu et al. [53] 

confirmed that there were no relations between treatments with different concentrations of 

melatonin and carotenoid content. On the other hand, the results obtained in maize [54] and 

apple [55] treated with MEL showed a markedly change in carotenoid content.  

Similar, results have been reached by Farooq et al. [20], Karaca and Cekic [56], Askari 

et al. [57], and Sardar et al. [9] on Brassica napus, Solanum lycopersicum, bean, and broccoli 

plants that demonstrated the exogenous MEL application has positively positive effect on the 

photosynthetic process by increasing chlorophyll a, chlorophyll b, and β-carotene content.  

https://08101mahc-1104-y-https-www-sciencedirect-com.mplbci.ekb.eg/science/article/pii/S0254629923003939#bib0099
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Figure 1. Change in the content of photosynthetic pigments (mg g-1 FW) in Ocimum 

basilicum L. leaves (after 30 days) treated with either conventional MEL, CS, or different 

concentrations of Nano-melatonin. Vertical bars represent the standard division (±SD). Different 

letters above the bars indicate significant differences using Duncan’s multiple range tests. 

 

Results in Table 2 showed that the change in the content of carbohydrate fractions 

(soluble sugar, insoluble sugar, and total carbohydrate) and nitrogen fractions (FAA and TSP) 

in basil leaves that growing in half-strength media supplemented with normal melatonin (100 

µM), chitosan (0.1%), or a different concentration of Nano-melatonin (5, 10, 20, and 30 µM). It 

appears that the application of basil with either normal melatonin or chitosan caused significant 

increase in the carbohydrate contents and nitrogen fractions in basil leave as compared with 

untreated control. The highest accumulation of carbohydrate and nitrogen fractions was recorded 

in 10 and 20 µM Nano-MEL treatments and the lowest values of these fractions were observed 

in 30 µM Nano-MEL treatment as compared with the other treatments. Thus, the trend of 

treatments was the following: Nano-MEL (10 µM) > Nano-MEL (20 µM) > CS (0.1%) > MEL 

(100 µM) > Nano-MEL (5 µM) > untreated control > Nano-MEL (30 µM). 
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In comparison with the untreated control, treated with 10 µM Nano-MEL increased the 

content of soluble sugars, insoluble sugars, and total carbohydrates in basil leaves by 109.32%, 

105.22%, and 108.34%, respectively. However, it increased by 107.48%, 103.63%, and 106.57% 

in response to 20 µM Nano-MEL treatment. These contents increased by 106.83%, 102.88%, 

and 105.89% in response to 10 µM Nano-MEL and by 105.03%, 101.33%, and 104.16% as the 

results 20 µM Nano-MEL treatment as compared with normal melatonin.  

Results revealed that 10 µM Nano-MEL treatments increased the contents of FAA and 

TSP by 113.67 % and 127.39%, respectively as compared with untreated plants and by 111.84 % 

and 115.81 %, respectively as compared with conventional melatonin.   

 MEL plays an important role in improving carbohydrate content and alters its metabolite 

accumulation. However, the mechanism underlying these actions remains under research.  Zhao 

et al. [43], [58] found that melatonin  regulates carbohydrates metabolism. Moreover, Wang 

et al. [41] proposed the exogenous melatonin application may be evolved in the metabolism of 

carbohydrates signals. They found that the sorbitol, sucrose, and starch levels were significantly 

increased in apple leaves. In addition, the study done by Dou et al.[59] reported that the 

application of melatonin could significantly increase the activity of the sucrose synthase (SS), 

sucrose phosphate synthase (SPS), and acid convertase (AI) enzymes that evolved in the 

accumulation and conversion of sugar in tomato fruit. Our results are supported by a previous 

study showed  that MEL treatment increased the accumulation of glucose, sucrose, soluble sugar, 

and starch in Solanum lycopersicum [60]. Moreover, related research conducted by Sardar et al. 

[9] found a foliar spray of melatonin increased TSS on broccoli head. Melatonin may influence 

cellular processes involved in protein synthesis [61]. Melatonin is also implicated in the 

regulation in the nitrogen metabolism pathway. The application of melatonin triggered the nitrate 

transport gene OsNPF6.5, the glutamine synthetase gene OsGS2, and the amino acid transporter 

gene OsAAP14 evolved in nitrogen metabolism, and nitrate uptake was affected [62]. Nitrate 

reductase and S-nitrosoglutathione reductase, the key enzymes evolved in N uptake and 

metabolism, are regulated by melatonin [63] [64]. Furthermore, MEL promote certain amino 

acid biosynthesis like arginine and ornithine [65]. Also, the arginine and polyamine content that 

evolved in nitrogen distribution and recycling were increased in Vitis vinifera treated with 

melatonin  is advantageous for nitrogen recycling and distribution as well [61].   

 These results are in harmony with those attained by Dou et al. [59], they demonstrated 

that the exogenous MEL markedly increased the level of aromatic amino acids, which include

https://apsjournals.apsnet.org/doi/10.1094/PHYTO-11-21-0489-R#b55
https://apsjournals.apsnet.org/doi/10.1094/PHYTO-11-21-0489-R#b55
https://apsjournals.apsnet.org/doi/10.1094/PHYTO-11-21-0489-R#b43
https://apsjournals.apsnet.org/doi/10.1094/PHYTO-11-21-0489-R#b43


 Marwa T. Elshamy et al.                                                                                                                             J. Sci. Res. Sci., 2024, 41, (2),71:94 

 

- 82 -  

tyrosine, tryptophan, glutamate, and phenylalanine. Exogenous application of MEL enhances the free amino acid in Corchorous olitorius and 

Corchorous capsularis [66]. Wenfei et al. [67] concluded that MEL application on blueberry significantly improved its photosynthetic capacity, 

and soluble protein. Also, Al-Shammari et al. [8] reported the foliar nano-silica and melatonin application, individually or in combination, 

enhanced the protein content in the stressed pea plants 

 

 Table 2. Change in the contents of carbohydrate fractions (mg g-1 DW) in Ocimum basilicum L. leaves (after 30 days) treated with 

either conventional MEL, CS, or different concentrations of Nano-melatonin. 

Different letters indicate a significant difference at *: P<0.1, **: P<0.01, ***<0.001. 

 

Treatments Soluble 

 Sugars 

Insoluble sugars Total 

carbohydrate 

FAA TSP 

Control  1.417±0.002 cd 0.441±0.004 b 1.858±0.006 e 4.352±0.006 e 0.690±0.007 e 

MEL (100 µM) 1.450±0.003 c 0.451±0.002 a 1.901±0.005 c 4.423±0.005 c 0.759±0.005 c 

CS (0.1%) 1.452±0.006 c 0.454±0.010 a 1.906±0.016 c 4.434±0.017 c 0.769±0.018 c 

MEL-CS NPs (5 µM)  1.470±0.006 d 0.456 ±0.009 a 1.926±0.003 d 4.404±0.003 d 0.740±0.003 d 

MEL-CS NPs (10 µM)  1.549±0.002 a 0.464±0.010 a 2.013±0.008 a 4.947±0.009 a 0.879±0.008 a 

MEL-CS NPs (20 µM) 1.523 ±0.021b 0.457±0.027 a 1.980±0.006 b 4.909±0.006 b 0.842±0.006 b 

MEL-CS NPs (30 µM) 1.345±0.006 e 0.351±0.003 b 1.696±0.003 f 4.308±0.003 f 0.647±0.003 f 

F-value 99.412*** 22.500* 306.857*** 315.520*** 3301.96*** 
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Data in Figure 2 showed that levels of O₂•−, H2O2,  and MDA in leaves of basil 

significantly increased as a result of being treated with either conventional melatonin, chitosan, 

and 30 µM Nano-melatonin. In contrast, the basil leaves treated with 5, 10, and 20 µM of Nano-

melatonin caused a significant decrease in this content. The highest increments of O₂•−, H2O2, 

and MDA  were 0.007, 1.85, and 14.57 µmole g-1 FW, respectively found in plants treated with 

30 µM Nano-melatonin. Results revealed that Nano-melatonin treatment at concentrations 5, 10, 

and 20 µM had a remarkable effect on reducing the accumulation of O₂•−, H2O2,  and MDA. In 

a previous study, the foliar application of melatonin and nano-silica individually or in 

combination decreased the content of O₂•−, H2O2,  and MDA significantly through promoting 

the upregulation of genes of antioxidant enzymes [8]. In Glycine max seedlings, foliar spraying 

of melatonin caused a significant boost in the activity of lipoxygenases, superoxide dismutase, 

catalase, ascorbate peroxidase, and glutathione reductase. Also, H2O2 and O2
•−contents were 

decreased, which led to a reduction in MDA content [68]. Melatonin activates crucial enzymes 

of the lipid metabolic pathway (LPS, LOX, and PLD) [69]. Farooq et al.  [20] evaluated the rule 

of MEL and selenium (Se) nanoparticles on Brassica napus growth and stress tolerance to 

arsenic. They found a significant reduction in H2O2,  and MDA contents. The application of 

MEL and selenium (Se) nanoparticles enhanced CAT, SOD,POD, and APX enzyme activity.   

 Thus, the accomplished study by Wang et al. [64] noted that the melatonin reduced the 

reactive oxygen species (O₂•−, H2O2) levels and enhanced antioxidant enzymes activity (CAT, 

SOD, and POD) in pear fruits. Askari et al. [57] investigated the melatonin treatment lowered 

MDA production on white bean seedlings.  Imran et al. [10] stated that melatonin could be 

attributed to decreasing the accumulation of reactive oxygen species and malonaldehyde by 

promoting the antioxidant enzyme activity. Similarly, Cherono et al. [52] conclusions showed 

the application of melatonin in both foliar and direct soil application reduced malonaldehyde 

content and oxidative damage in Coffea arabica seedlings. Moreover, Sardar et al. [9] results 

instituted that exogenous foliar application of MEL reduced oxidative damage in the broccoli by 

lowering the concentration of H2O2 and MDA and increasing antioxidant activity.  

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/nanoparticle
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/nanoparticle
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Figure 2. Levels of superoxide radical, hydrogen peroxide, and malonaldehyde (µmole g-1 FW) 

in Ocimum basilicum L. leaves (after 30 days) treated with either conventional MEL, CS, or 

different concentrations of Nano-melatonin. Different letters above the bars indicate significant 

differences using Duncan’s multiple range tests. 

Figure 3 showed the activity of catalase (CAT), superoxide dismutase (SOD), peroxidase 

(POX), and polyphenol oxidase (PPO) in leaves of basil (after 30 days) treated with either 

conventional melatonin, chitosan, or Nano-melatonin. The activity of these antioxidant enzymes 

significantly increased in leaves treated with either conventional melatonin, chitosan, or Nano-

melatonin at different concentrations, but the concentration of 30 µM Nano-MEL led to a 

significant reduction in antioxidant enzymes activity. The treatment with 10 µM Nano-MEL 

recorded the highest activity values of CAT, SOD, POX, and PPO in basil leaves, where they 

increased by about  170.95%, 137.165%, 177.085%, and 213.61% respectively as compared with 

untreated control. Increasing the antioxidant system is one of the best strategies to get rid of 

reactive oxygen species [70]. Also, melatonin significantly enhanced the expression of genes 

related to antioxidant enzymes as a nicotinamide adenine dinucleotide phosphate (NADPH) 

oxidase gene, and mitogen-activated protein kinase genes (MAPK3, MAPK4, MAPK6) [71].
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Figure 3. The activity of antioxidant enzymes in Ocimum basilicum L. leaves (after 30 days) treated with either conventional MEL, CS, or 

different concentrations of Nano-melatonin. Vertical bars represent the standard division (±SD). Different letters above the bars indicate 

significant differences using Duncan’s multiple range tests.
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The study conducted by Yin et al. [72], indicated that melatonin application reduced 

oxidative stress by regulating antioxidant enzyme activities. The Vougeleka et al. [73] study 

investigated that significant increases were observed in SOD and CAT content in Phaseolus 

vulgaris and Nicotiana tabacum sprayed with MEL. Chang et al. [48] showed that MEL 

treatment at 100 µM greatly enhanced in the activity of  SOD and  POD, as well as decreased 

hydrogen peroxide and monoaldehyde content in Prunella vulgaris leaves. Similarly, melatonin 

application increased the activity of antioxidant enzymes such as SOD, POD, and CAT, which 

reduced the oxidative damage in the broccoli and bean plants as reported by Sardar et al. [9]  and 

Askari et al. [57] respectivelly.  

4.Conclusion 

The present study was designed to explore the uses of nanotechnology and its  application 

in agriculture by exogenous application of  MEL-CS NPs  at a concentration of 5, 10, 20, and 30 

µM for the enhancing plant growth and antioxidants system in Ocimum basilicum L. growing in 

half-strength MS media. 

It was concluded that MEL-CS NPs at a concentration of 10 µM was the appropriate and 

most effective concentration compared to other treatments. Where it triggered a notable increase 

in the growth characteristics of O. basilicum plant growing on half-strength MS media.  

Additionally, there was an increase in the biochemical activity of O. basilicum leaves, which 

includes photosynthetic pigments, carbohydrates, TSP,  FAA, and antioxidant enzyme activities 

concomitant with a reduction in the content of O2
•−, H2O2, and MAD  in O. basilicum leaves. 

The results confirmed the effective role of 10 µM of MEL-CS nanoparticles for enhancing the 

O. basilicum growth and metabolism as well as enhancing plant antioxidant activity.  
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 الملخص العربي

 النمو والأنشطة البيوكيميائية لنبات الريحان معمليا   يحسنالنانوميلاتونين 

 ,٢ جيهان محمد حسين  ,٢ أشرف حسين فهمى ,۱ ســامية محب حافظ ,۱تهاني عباس حتحوت,  *,۱يمروة طلعت الشام

 .۱رباب عبد الحى أحمد

 . مصر -القاهرة  -شمس عين جامعه - والتربية والعلوم للأداب البنات كلية - النبات قسم ۱
 .مصر -الجيزة  -مركز البحوث الزراعية -الزراعية  الوراثية الهندسة بحوث معهد ٢

 

 الملخص العربي 

) أدوارًا مهمة في فسيولوجيا النبات المختلفة، وعلى وجه التحديد تنظيم نمو النبات وتطوره  MELيلعب الميلاتونين (

مع   %50بتركيز    موراشج وسكوج  بيئة  الذي ينمو في  )Ocimum basilicum L(.  نبات. أجريت الدراسة الحالية على  يضهوا

. MEL-CS (NPs)الشيتوزان النانونية    جسيماتالميلاتونين المحملة على    من جسيمات  ولميكروم  30و  ٢0و  ۱0و  5إضافة  

الدراسات الفسيولوجية والكيميائية الحيوية. كشفت  عمل نباتات الريحان النامية لقياس التغير في النمو وخذ وبعد أربعة أسابيع، تم ا

وكذالك  و  نمو الخضريال  أدت إلى زيادة كبيرة في  MEL-CS (NPs)  معاملة النبات بجسيمات الميلاتونين النانونيةنتائجنا أن  

الالجذور   المن حيث  ، والوزن  الضوئي، و  رطبطول  التمثيل  الكلي،   ي، والبروتينيالكربوهيدرات  المحتوىوالجاف، وأصباغ 

الحرة،   المضادة للأكسدة (سوبر أكسيد ديسميوتيز  والأحماض الأمينية  ،  SODورافق ذلك زيادة ملحوظة في نشاط الإنزيمات 

وبيروكسيد    )،O₂−•الأكسيد الفائق (  فوق. ومع ذلك، فإن تراكم  PPO، بولي فينول أوكسيديز  POX، بيروكسيديز  CATكاتاليز  

من    ولميكروم  ۱0الأكثر فعالية هو    معاملة) انخفض في أوراق الريحان. كان الMDA)، والمالونديالدهيد (2O2Hالهيدروجين (

وكذالك  و  بالنبات الغير معاملهو الأقل فعالية مقارنة    ولميكروم   30ة. في الوقت نفسه، كان تركيز  نيالنانوMEL-CS   جسيمات

للجسيمات    CSو  MEL  المعامل ب الفعال  الدور  لدراستنا  النتائج الإيجابية  نمو    نيةالنانو  MEL-CSالعادي. أكدت  في تعزيز 

 ) من خلال تحسين نظام الدفاع المضاد للأكسدة.MDA، وO₂ ،2O2H−•وتقليل الإجهاد التأكسدي (وايضه المقاس النبات، 

 

 

 


