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Abstract: Silybum marianum L. is a well-known medicinal herb, primarily used in liver protection. 

Light strongly affects several physiological processes along with secondary metabolites biosynthesis 

in plants. Herein, S. marianum was exploited for in vitro potential under different light regimes in 

the presence of melatonin. The optimum callogenic response occurred in combination of 1.0 mg/L 

α-naphthalene acetic acid and 0.5 mg/L 6-Benzylaminopurine under photoperiod. Continuous light 

associated with melatonin treatment increased total flavonoid content (TFC), total phenolic content 

(TPC) and antioxidant potential, followed by photoperiod and dark treatments. The increased level 

of melatonin has a synergistic effect on biomass accumulation under continuous light and 

photoperiod, while adverse effect was observed under dark condition. More detailed phytochemical 

analysis showed maximum total silymarin content (11.92 mg/g DW) when placed under continuous 

light + 1.0 mg/L melatonin. Individually, the level of silybins (A and B), silydianin, isolsilychristin 

and silychristin was found highest under continuous light. Anti-inflammatory activities were also 

studied and highest percent inhibition was recorded against 15-LOX for cultures cultivated under 

continuous light (42.33%). The current study helps to better understand the influence of melatonin 

and different light regimes on silymarin production as well as antioxidant and anti-inflammatory 

activities in S. marianum callus extracts.  

Keywords: Silybum marianum L.; Light regimes; Melatonin; Antioxidant; Phenolics; Flavonoids; 

Silymarin; Anti-inflammatory. 

 

1. Introduction 

Silybum marianum L. (family Asteraceae), commonly called Milk thistle, is an important medicinal herb 

with a potent hepatoprotective activity [1]. The annual average sale of S. marianum is about 8 billion 

USD and the demand per year varies from 18 to 20 tons [2]. Silymarin is the prominent component 

in S. marianum, which is an isomeric mixture of several compounds including the flavonolignans 

silybins, silychristin, isosilybins, and silydianin associated with the flavonoid taxifolin. Due to its well 

described free radical scavenging capacity, silymarin can protect the human hepatic tissues by 

neutralizing the effect of oxidative damage [3]. Studies from in vivo and in vitro animal models suggest 
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the protective role of silymarin on hepatic cells from toxin [4]. A variety of active ingredients are 

produced in plants during development in which phenolic compounds have distinct identity as 

antioxidant agents [5]. Redox properties of the compounds are generally responsible for antioxidant 

activity [6], which enable them to act as hydrogen-atom donors or reducing agents [7]. Silymarin is 

known to exhibit various medicinal properties including antiviral, anti-diabetic, anticancer, anti-

inflammatory, anti-arthritic, antioxidant and immunomodulatory [2, 8-13]. Additionally, silymarin 

extract has also been shown to be effective in treating non-alcoholic fatty liver disorder (NAFLD), 

obsessive-compulsive disorder (OCD) and β-thalassemia [14-16]. Anti-inflammatory activities of 

plant extracts are usually assessed by measuring % inhibition of COX-1, COX-2, sPLA2 and 15-LOX. 

Cyclooxygenases (COXs) are endogenous enzymes that help to maintain tissue homeostasis of 

kidney, platelets, gastrointestinal tract and expressed in different types of cancers [17]. COXs are the 

key player in inflammation process and are usually the main target for development of NSAIDs (non-

steroidal anti-inflammatory drugs). Plants are primary source of compounds that inhibit these key 

enzymes during inflammation process by acting as natural inhibitors [18, 19]. Multiple biotic as well 

as abiotic elicitors have previously been employed in vitro in several medicinal plant species to 

increase the content of secondary metabolites. Elicitors alter plant metabolism by provoking 

physiological cascades which leads to enhanced biosynthesis of phytochemicals [20, 21]. As a chief 

abiotic elicitor, light affects various physiological processes (such as, photosynthesis), hence 

morphogenesis, development and growth of several medicinal plants in vitro [22, 23]. 

Melatonin (N-acetyl-5-methoxytryptamine), discovered initially in vertebrates, is a naturally 

occurring indole amine [24], which, after its detection as phytohormone, has also been spotted in 

various plant species (oats, rice, corn, barley and wheat) [25-28]. Manchester et al. [28] reported higher 

concentration of melatonin in white and black seeds of Mustard as compared to the level in the blood 

of vertebrates. Melatonin higher levels comparatively in plants are assumed to be plants 

compensatory response as unlike animals they are devoid of mobility to cope with extreme 

environments. Numerous reports indicate the role of melatonin in root development, division of cells 

[29], photoperiod dependent processes and regulation of circadian rhythms [30-32]. Moreover, due 

to similarities in structure, it has also been used as a substitute to IAA (Indole-3-acetic acid) [33]. 

Photoperiod influences the endogenous melatonin level and elevated level of melatonin have been 

detected during the dark in plants [34]. The current study was designed to explore the interactive 

effect of light and melatonin on silymarin biosynthesis in S. marianum callus cultures and on 

antioxidant and anti-inflammatory potential. 

2. Results and Discussion 

2.1. Interactive Effect of Light and Melatonin on Biomass Accumulation  

Light has a vital role in plant’s growth and development by regulating indigenous metabolic 

activities and maintaining hormonal balance [34]. Current study investigated the effect of melatonin 

on callus cultures of S. marianum placed under different light regimes. Application of different 

melatonin concentrations under three light regimes (dark (24h), photoperiod (16h/8h) and continuous 

white light (24h)) was studied for optimum biomass production. Highest biomass production (15.9 

g/L DW) occurred in callus culture treated with 1.0 mg/L melatonin grown under continuous white 

light (Table 1), while lowest biomass accumulation (7.54 g/L) was noted in the dark grown cultures 

with 10.0 mg/L melatonin. Under photoperiod cycle, highest biomass accumulation (14.37 mg/L) 

happened at 0.5 mg/L melatonin (Figure 1). Overall, continuous light and photoperiod showed a 

profound effect with moderate melatonin concentrations, whereas, increase in melatonin 

concentration exhibited inhibitory effects on biomass accumulation in the dark grown cultures. 

Similarly, study conducted by Fazal et al. [35] indicated that moderate concentration of exogenous 

melatonin treatment produced optimum results in callus culture of P. vulgaris. Khan et al. [36] also 

studied the interrelating effect of light and melatonin in callus cultures of Fagonia indica for enhanced 

production of anticancer compounds. The results of their study suggested that continuous white light 

with melatonin is most effective as compared to the other light treatments. Adil et al. [37] also 
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concluded that combined treatment of melatonin and continuous light display optimum biomass and 

secondary metabolites accumulation in adventitious roots culture of W. somnifera.   

Table 1. Interactive effect of different light regimes and melatonin treatments on biomass production 

in callus culture of S. marianum.  

Treatment Dark (24h) Photoperiod (16h/8h) Continuous Light (24h) 

Melatonin 

(mg/L) 
FW (g/L) DW (g/L) FW (g/L) DW (g/L) FW (g/L) DW (g/L) 

Control 170.47 ± 3.83 10.74 ± 0.38 188.96 ± 5.38 11.277 ± 0.64 215.42 ± 4.07 12.56 ± 0.50 

0.1 210.888 ± 4.09 12.36 ± 0.25 149.88 ± 4.30 12.78 ± 0.53 252.06 ± 6.42 13.93 ± 0.57 

0.5 159.94 ± 5.20 13.11 ± 1.37 177.14 ± 4.86 14.37 ± 0.13 266.78 ± 7.64 14.29 ± 0.83 

1.0 135.78 ± 7.78 10.79 ± 0.90 205.88 ± 3.42 13.87 ±0.92 299.38 ± 6.57 15.96 ± 0.68 

2.5 131.58 ± 6.03 10.66 ± 0.49 175.01 ± 4.46 10.39 ± 0.50 204.32 ± 9.72 12.57 ± 0.37 

5.0 101.444 ± 4.75 8.26 ± 0.50 165.94 ± 5.92 12.33 ± 0.35 215.57 ± 8.28 13.10 ± 1.01 

10.0 93.46 ± 3.85 7.54 ± 0.46 152.66 ± 5.73 11.65 ± 0.42 260.55 ± 6.81 14.73 ± 1.34 

Values are means ± SD from triplicates. (FW = Fresh weight; DW = Dry weight). 

 

 

Figure 1. Effect of light and melatonin on S. marianum callus morphology. (a) Dark + 0.5 mg/L 

melatonin (b) Photoperiod + 0.5 mg/L melatonin (c) Continuous light + 1.0 mg/L melatonin. 

2.2. Interactive Effect of Light and Melatonin on Accumulation of Secondary Metabolites  

Plants have indigenous defense mechanism comprising large array of molecules that help them to 

survive and grow in response to a variety of environmental conditions including biotic and abiotic 

stresses. The major constituents of these phytochemicals are phenolics and flavonoids, which are 

released in unfavorable conditions [38, 39]. In this study, the influence of melatonin and different 

light regimes on biosynthesis of these metabolites was also investigated. Callus cultures 

supplemented with various concentrations of melatonin were grown in three different light regimes. 

Highest phenolic and flavonoid contents were documented in callus cultures grown under 

continuous white light for all melatonin concentrations as compared to the rest of light regimes. 

Among all the treatments, 1.0 mg/L of melatonin showed highest TPC (11.522 mg/g) and TFC (3.149 

mg/g) under continuous light, followed by TPC (11.3 mg/g) and TFC (2.49 mg/g) at 0.5 mg/L 

melatonin concentration (Figure 2a & Figure 3a). As for the dark treated cultures, inverse relation of 

melatonin concentration and secondary metabolites production was observed i.e. metabolites 

accumulation was retarded with increase in melatonin concentration. Total phenolic and flavonoid 

productions (TPP & TFP) were also estimated by multiplying the TPC and TFC values of the cultures 
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with their respective dry weights. Similar trend of highest TPP (183.84 mg/L) and TFP (50.25 mg/L) 

was recorded in cultures grown under continuous light with 1.0 mg/L melatonin (Figure 2b & Figure 

3b). A positive correlation in biomass production and metabolites accumulation was observed in this 

study. Melatonin plays a contributing role in defense initiation in plants under stress conditions by 

regulating gene expression machinery which favors biosynthesis of specialized metabolites [40], 

whereas, light is regarded as an effective abiotic stress inducer in plants [41, 42]. Optimum level of 

melatonin in response to light stress could be the only reason behind enhanced metabolites 

accumulation in callus culture of S. marianum. The interrelating effect of melatonin and light has 

recently been studied by Khan et al. [36] in callus cultures of F. indica, revealing a maximum 

production of secondary metabolites at moderate melatonin concentration (10 µM) under continuous 

light. Similarly, Adil et al. [37] also concluded the synergistic effect melatonin and light on enhanced 

synthesis of bioactive ingredients in W. somnifera adventitious roots culture. The influence of light on 

in vitro derived cultures has previously been studied in several other plant species with respect to 

their phytochemical production [43, 44]. 

 

Figure 2. Phenolic accumulation in response to different melatonin and lights treatments. (a) Total 

phenolic content. (b) Total phenolic production. Values are means ± SD from three replicates. 

 

Figure 3. Flavonoids accumulation in response to different melatonin and lights treatments. (a) 

Total flavonoid content. (b) Total flavonoid production. Values are means ± SD from three 

replicates. 

 

2.3. Effect of Light and Melatonin on Antioxidant Activities  
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Environmental stress on plants causes sudden shifts in their metabolic pathways which results in 

production of reactive oxygen species that could damage plant cells, membrane lipids, proteins and 

DNA [45-47]. In response to oxidative stress, plants produce variety of metabolic compounds 

including phenolics, terpenoids and flavonoids that act as protecting mechanism [48-50]. Here, the 

antioxidant potential of S. marianum calli in response to different melatonin treatments and light 

regimes was also explored by employing three distinct antioxidant assays i.e. ABTS assay (Hydrogen 

Atom Transfer (HAT)-based antioxidant assay), FRAP assay (Electron Transfer (ET)-based 

antioxidant activity) and DPPH assay (mixt HAT- and ET-based antioxidant assay). DPPH quenching 

free radical activity was measured in percentage (%) whereas the ABTS and FRAP activities were 

demonstrated as TEAC (Trolox C equivalent antioxidant capacity, μM). Highest DPPH activity (94.6 

%) was noted for cultures grown under continuous light with 1.0 mg/L melatonin, as compared to 

non-melatonin control (86.33 %). Under dark conditions, 0.5 mg/L melatonin showed optimum 

scavenging activity (91.5 %) (Figure 4). Similar trend was noted for FRAP and ABTS assays in which 

1.0 mg/L melatonin treated cultures exhibited maximum FRAP (422.17 μM) and ABTS (771.48 μM) 

activities under continuous light, whereas, in the dark conditions, 0.5 mg/L melatonin resulted in 

optimum FRAP (321 μM) and ABTS (545.67 μM) activities (Figure 5 & Figure 6). Results of 

antioxidant activities revealed an obvious correlation with plant secondary metabolites. Synergistic 

role of continuous light and melatonin significantly increased phytochemical accumulation in callus 

cultures of S. marianum which subsequently enhanced its antioxidant potential. The highest 

antioxidant activity could be due to increase in silymarin. Several studies have highlighted the 

potential role of silymarin in decreased production of reactive oxygen species by scavenging free 

radicals [51-53]. Similar findings showing the correlation of phenolic profiling with antioxidant 

potential have been reported in a wide variety of other plant species [54, 55]. 

 

Figure 4. In vitro DPPH antioxidant activity of S. marianum calli grown under different light regimes 

and melatonin treatments. Values are means ± SD from three replicates. 
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Figure 5. In vitro ABTS antioxidant activity of S. marianum calli grown under different light regimes 

and melatonin treatments. Values are means ± SD from three replicates. 

 

Figure 6. In vitro FRAP antioxidant activity of S. marianum calli grown under different light regimes 

and melatonin treatments. Values are means ± SD from three replicates. 

2.4. Effect of Light and Melatonin on Anti-inflammatory Potential of S. marianum Callus Cultures   

Inflammation is immune system’s response to pathogens, harmful stimuli, irritants and damaged 

cells. Different in vitro assays like COX-1, COX-2, 15-LOX and sPLA2 were here carried out to verify 

the anti-inflammatory potential of S. marianum callus cultures. Of all the treatments, continuous light 

with 1.0 mg/L melatonin gave most effective results towards the inhibitory actions of all assays 

performed. Highest inhibitory activity was shown against 15-LOX (42.33 ± 1.59 %) followed by COX-

1 (37.15 ± 1.29 %), sPLA2 (35.70 ± 0.99 %) and COX-2 (29.03 ± 0.97 %), respectively in cultures grown 

under continuous light with 1.0 mg/L melatonin. Percent (%) inhibitions of different samples have 

been depicted in Table 2. Dark grown cultures showed maximum anti-inflammatory activity at 0.5 

mg/L melatonin, whereas, cultures placed under continuous light displayed optimum results at 1.0 

mg/L melatonin concentration. It has previously been established by many studies that silymarin 
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contents are responsible for enhanced anti-inflammatory effect in S. marianum [56-58]. Pradhan et al. 

[59] also concluded that increased production of silymarin content significantly enhanced the anti-

inflammatory activity. Phytochemicals in plants are solely responsible for enzymatic inhibition that 

causes inflammation in the body [18, 60, 61]. 

Table 2. Anti-inflammatory potential of S. marianum callus cultures grown under different light 

regimes and melatonin treatments.  

Light Regime 
Melatonin 

(mg/L) 

15-LOX 

(% Inh) 

COX-1 

(% Inh) 

sPLA2 

(% Inh) 

COX-2 

(% Inh) 

Dark 

Control 18.56 ± 1.05 20.55 ± 1.08 19.83 ± 1.45 13.37 ± 1.34 

0.1 20.90 ± 1.43 21.20 ± 1.30 22.27 ± 0.95 15.93 ± 2.01 

0.5 30.99 ± 0.99 28.60 ± 1.54 28.96 ± 1.03 22.24 ± 1.34 

1.0 28.74 ± 2.56 26.94 ± 0.83 27.37 ± 1.30 20.78 ± 0.94 

2.5 26.41 ± 1.98 25.51 ± 1.54 25.08 ± 1.28 19.05 ± 1.56 

5.0 21.38 ± 2.03 21.47 ± 1.48 22.70 ± 1.84 16.25 ± 2.01 

10.0 20.99 ± 3.51 21.07 ± 1.56 22.62 ± 1.26 16.05 ± 1.67 

Photoperiod 

Control 21.87 ± 2.50 21.62 ± 1.62 23.42 ± 1.49 16.68 ± 0.93 

0.1 30.13 ± 1.87 27.90 ± 1. 38 28.80 ± 0.84 21.89 ± 1.45 

0.5 22.59 ± 1.14 22.48 ± 2.05 23.23 ± 2.03 16.92 ± 1.04 

1.0 24.07 ± 1.41 23.47 ±1.56 24.35 ± 1.82 17.88 ± 0.72 

2.5 18.72 ± 1.78 19.51 ± 0.83 21.02 ± 0.59 14.63 ± 1.94 

5.0 28.45 ± 1.05 26.64 ± 1.55 27.58 ± 1.47 20.77 ± 2.04 

10.0 26.36 ± 1.32 24.66 ± 1.83 22.98 ± 2.44 18.66 ± 1.43 

Continuous 

light 

Control 28.37 ± 1.69 22.66 ± 0.80 21.79 ± 1.28 16.23 ± 1.93 

0.1 23.65 ± 0.97 23.09 ± 0.92 24.25 ± 1.66 17.68 ± 1.03 

0.5 31.49 ± 1.23 28.97 ± 1.56 29.35 ± 1.22 22.59 ± 1.05 

1.0 42.33 ± 1.59 37.15 ± 1.29 35.70 ± 0.99 29.03 ± 0.97 

2.5 29.95 ± 1.86 27.80 ± 1.45 28.35 ± 2.76 21.62 ± 1.46 

5.0 30.87 ± 1.23 28.52 ± 1.33 28.76 ± 1.55 22.11 ± 1.35 

10.0 30.82 ± 1.50 28.45 ± 1.20 29.00 ± 1.39 22.20 ± 1.04 

Values are means ± SD from three replicates. (% inh = Percent inhibition) 

2.5. Effect of Light and Melatonin on Silymarin  

The individual composition of silymarin was also quantified in the current study against various 

melatonin concentrations and photo-regimes. Continuous light showed prominent effect on total 

silymarin content (TSC) as compared to the rest of photo-regimes, whereas, melatonin produced 

variable results in response to light treatment. Under continuous light, optimum TSC (11.92 mg/g 

DW) was noted in 1.0 mg/L melatonin treated cultures compared to control (7.189 mg/g DW). 

Similarly, maximum TSC (9.08 mg/g DW) was found in cultures grown in the dark with 0.5 mg/L 

melatonin. Cultures grown under photoperiod displayed highest TSC (9.01 mg/g DW) at 0.1 mg/L 

melatonin concentration (Figure 7). Results suggested that lower concentrations of melatonin favor 

optimum secondary metabolites biosynthesis by overcoming stress induced by continuous light and 

dark treatments. Our results are in harmony with those shown by Fazal et al. [35] who concluded 

that low exogenously applied melatonin concentration produced higher biomass accumulation and 

enzymatic activity in P. vulgaris cultures grown in vitro. Similarly, Adil at al. [37] also showed 

maximum secondary metabolites accumulation in melatonin treated cultures in continuous light as 
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compared to dark and photoperiod regimes. HPLC analysis of individual compounds showed that 

silybin A, silychristin and sliybin B are the major compounds synthesized in callus cultures of Milk 

thistle, as previously reported in various studies [62, 63]. Melatonin (1.0 mg/L) showed maximum 

accumulation of silybin A (1.45 mg/g), silychristin (1.08 mg/g) and silybin B (7.43 mg/g) under 

continuous light as compared to other treatments (Table 3.). Silybin (A & B) are considered as primary 

compounds in Milk thistle extract as previously reported [62, 64], which is in accordance with our 

study. Continuous light has profound effect on biological synthesis of precious secondary 

metabolites. Previous studies on O. basilicum also revealed highest phytochemical accumulation 

grown under white light [65, 66]. Taxifolin accumulation was also determined under different photo 

regimes and melatonin concentrations. As compared to control (51.7 μg/g), maximum taxifolin (136 

μg/g) was recorded for 1.0 mg/L melatonin treated cultures grown under continuous light. Younas 

et al. [67] also reported maximum taxifolin accumulation in S. marianum calli grown under 

continuous white light. Since silymarin contents are usually synthesized and derived from taxifolin 

in S. marianum, it is safe to assume that low level of taxifolin could be due to its conversion into 

silymarin contents [68, 69]. 

 

Figure 7. Total silymarin contents in callus cultures of S. marianum grown under different light 

regimes and melatonin treatments. Values are means ± SD from three replicates. 

 

 

 

 

 

 

 

 

 

 

Table 3. Quantification of silymarin compounds in callus cultures of S. marianum grown under 

different light regimes and melatonin treatments.  
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Light 

Regimes 

 

Compounds 

(mg/g) 

 

Quantity of Silymarin Compounds (mg/g) Under Different 

Melatonin Treatments (mg/L) 

  Control 0.1 0.5 1.0 2.5 5.0 10.0 

Dark 

Dark 

Silybin A 
0.62 ± 

0.05 

0.67 ± 

0.002 

1.06 ± 

0.045 

0.97 ± 

0.037 

0.82 ± 

0.039 

0.70 ± 

0.048 

0.69 ± 

0.044 

Silybin B 
3.34 ± 

0.04 

3.67 ± 

0.06 

5.59 ± 

0.076 

5.13 ± 

0.056 

4.37 ± 

0.042 

3.81 ± 

0.039 

3.82 ± 

0.027 

Isosilybin A 
0.17 ± 

0.002 

0.19 ± 

0.04 

0.22 ± 

0.055 

0.21 ± 

0.029 

0.21 ± 

0.019 

0.19 ± 

0.074 

0.19 ± 

0.06 

Silychristin 
0.58 ± 

0.06 

0.60 ± 

0.03 

0.82 ± 

0.028 

0.77 ± 

0.048 

0.73 ± 

0.098 

0.60 ± 

0.038 

0.59 ± 

0.064 

Isosilybin B 
0.15 ± 

0.03 

0.15 ± 

0.02 

0.22 ± 

0.054 

0.21 ± 

0.053 

0.19 ± 

0.048 

0.16 ± 

0.047 

0.15 ± 

0.051 

Isosilychristin 
0.28 ± 

0.02 

0.29 ± 

0.09 

0.38 ± 

0.059 

0.36 ± 

0.040 

0.33 ± 

0.076 

0.29 ± 

0.033 

0.29 ± 

0.009 

Silydianin 
0.60 ± 

0.08 

0.61 ± 

0.064 

0.68 ± 

0.055 

0.66 ± 

0.087 

0.67 ± 

0.067 

0.61 

±0.062 

0.60 ± 

0.094 

Taxifolin 
0.05 ± 

0.009 

0.06 ± 

0.005 

0.13 ± 

0.003 

0.08 ± 

0.006 

0.08 ± 

0.004 

0.06 ± 

0.007 

0.06 

±0.008 

 

 

Photoperiod 

Silybin A 
0.74 ± 

0.04 

1.05 ± 

0.09 

0.72 ± 

0.06 

0.79 

±0.048 

0.60 ± 

0.07 

0.98 ± 

0.039 

0.81 ± 

0.055 

Silybin B 
4.08 ± 

0.03 

5.59 ± 

0.89 

3.93 ± 

0.74 

4.27 ± 

0.55 

3.34 ± 

0.48 

5.23 ± 

0.95 

4.34 ± 

0.33 

Isosilybin A 
0.19 ± 

0.05 

0.21 ± 

0.04 

0.21 

±0.05 

0.20 

±0.07 

0.18 ± 

0.095 

0.19 ± 

0.004 

0.20 ± 

0.056 

Silychristin 
0.60 ± 

0.07 

0.79 ± 

0.05 

0.64 

±0.09 

0.66 ± 

0.03 

0.54 ± 

0.02 

0.75 ± 

0.06 

0.67 ± 

0.04 

Isosilybin B 
0.16 ± 

0.02 

0.21 ± 

0.04 

0.16 ± 

0.06 

0.17 ± 

0.08 

0.14 ± 

0.03 

0.20 ± 

0.05 

0.18 ± 

0.07 

Isosilychristin 
0.30 ± 

0.04 

0.37 ± 

0.06 

0.30 

±0.08 

0.31 ± 

0.07 

0.27 

±0.03 

0.36 ± 

0.05 

0.32 ±  

0.01 

Silydianin 
0.59 ± 

0.09 

0.66 ± 

0.01 

0.63 ± 

0.05 

0.63 

±0.03 

0.59 ± 

0.08 

0.65 ± 

0.09 

0.63 ± 

0.05 

Taxifolin 
0.06 ± 

0.004 

0.09 ± 

0.002 

0.06 ± 

0.008 

0.07 ± 

0.006 

0.05 

±0.005 

0.08 ± 

0.007 

0.07 ± 

0.003 

 

 

Continuous 

Light 

Silybin A 
0.80 ± 

0.05 

0.79 ± 

0.03 

1.08 ± 

0.07 

1.45 ± 

0.05 

1.03 ± 

0.08 

1.05 ± 

0.06 

1.06 ± 

0.04 

Silybin B 
4.32 ± 

0.98 

4.27 ± 

0.07 

5.71 ± 

0.05 

7.43 ± 

0.06 

5.42 ± 

0.04 

5.52 ± 

0.098 

5.62 ± 

0.05 

Isosilybin A 
0.20 ± 

0.03 

0.20 ± 

0.044 

0.22 ± 

0.096 

0.24 ± 

0.055 

0.21 ± 

0.039 

0.22 ± 

0.084 

0.22 ± 

0.044 

Silychristin 
0.66 ± 

0.02 

0.65 ± 

0.06 

0.83 ± 

0.05 

1.08 ± 

0.08 

0.79 ± 

0.03 

0.82 ± 

0.09 

0.81 ± 

0.04 

Isosilybin B 
0.17 ± 

0.01 

0.17 ± 

0.03 

0.22 ± 

0.07 

0.30 ± 

0.05 

0.21 ± 

0.08 

0.22 ± 

0.04 

0.22 ± 

0.02 

Isosilychristin 
0.31 

±0.07 

0.31 ± 

0.09 

0.38 ± 

0.03 

0.47 ± 

0.04 

0.37 ± 

0.06 

0.37 ± 

0.032 

0.38 ± 

0.085 

Silydianin 
0.63 ± 

0.04 

0.62 ± 

0.08 

0.68 ± 

0.06 

0.77 ± 

0.01 

0.66 ± 

0.05 

0.68 ± 

0.03 

0.67 ± 

0.07 

Taxifolin 
0.051 ± 

0.005 

0.07 ± 

0.007 

0.09 ± 

0.009 

0.13 ± 

0.005 

0.09 ± 

0.008 

0.09 ± 

0.004 

0.08 ± 

0.003 

Values are means ± SD from three replicates. (Optimum values are highlighted bold) 

3. Materials and Methods 

3.1. Seed Germination and Explant Collection 
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The seeds of Silybum marianum were taken from the seed bank of Plant Cell Culture Lab (PCCL), 

Department of Biotechnology, Quaid-i-Azam University, Pakistan. Seeds were thoroughly washed 

and then subjected to surface sterilization. Mercuric chloride solution (0.1%) was used for 40 seconds, 

followed by ethanol washing (70%) for 90 seconds. Seeds were then washed again three times with 

autoclaved distilled water to free them from any unwanted particles. Surface sterilized seeds were 

then inoculated on MS media (Murashige and Skoog 1962) [70] supplemented with agar (0.8%) and 

sucrose (3%) and placed in growth room with 25 ± 2 °C temperature and 16/8h light/dark cycle 

(Photoperiod). The media pH was maintained at 5.6–5.7, prior to being autoclaved at 121 °C for 20 

minutes. Plantlets (4 weeks old) were then employed as a source of explant collection for callus 

induction. 

3.2. Callus Culture Establishment 

Leaf explants (0.5 cm2) were excised from in vitro germinated plantlets (4 weeks old) and placed on 

MS media containing different hormonal concentrations (0.5–10 mg/L) of thidiazuron (TDZ),  6-

benzyl aminopurine (BAP) and α-naphthalene acetic acid (NAA), either alone or in conjunction with 

1.0 mg/L NAA along with agar (0.8%) and sucrose (3%) for callus culture establishment. Callus 

culture was established under controlled environmental conditions in growth chamber. Four weeks 

old calli were then sub-cultured on respective hormonal media for maximum biomass production.   

3.3. Melatonin and Light Treatment 

Preliminary results of callus culture optimization on different hormones showed optimum response 

on combined treatment of 0.5 mg/L BAP and 1.0 mg/L NAA (unpublished data), as compared to the 

rest of treatments. Four weeks old sub-cultured calli (1.0 g) at optimized hormonal concentration (0.5 

mg/L BAP + 1.0 mg/L NAA) was then used to inoculate with various concentrations (0.1, 0.5, 1.0, 2.5, 

5.0, 10 mg/L) of melatonin on the same optimum hormonal media. Callus without melatonin 

treatment was used as control. Whole experiment was treated with three different light regimes: Dark 

(24 h), Photoperiod (16/8h light/dark) and Continuous White light (24 h) at 25 ± 2 °C to check the 

interlinking effect of light and melatonin. Experiment was conducted in triplicate and harvested after 

28 days for estimation of fresh weight (FW), dry weight (DW) and phytochemical contents.  

3.4. Total Flavonoid and Phenolic Contents 

To investigate the accumulation of phytochemicals, extraction was carried out from dried samples 

according to Zahir et al. [52] with modifications. Dried powder (100 mg) from each sample was mixed 

with 99.9 % methanol (500 µl) and vortexed for approximately 5 minutes, followed by sonication at 

room temperature for 30 minutes. Centrifugation of the reaction mixture was done for 10 minutes at 

15000 rpm and the resultant supernatant was separately kept at 4 °C for phytochemical assays. Total 

phenolic content (TPC) was estimated with the help of a Folin-Ciocalteu (FC) reagent using slightly 

modified method of Singleton and Rossi (1965) [71]. Reaction mixture was prepared using methanol 

extracted sample (20 µl), FC reagent (90 µl) and NA2CO3 (90 µl). Gallic acid was employed as a 

standard and the TPC was expressed as gallic acid equivalents (GAE)/g of DW. Using microplate 

reader, the absorbance was taken at 630 nm. Similarly, total flavonoid content (TFC) was also 

measured using previously described aluminum chloride colorimetric method [72] with slight 

changes. Reaction mixture was prepared using sample (20 µl), aluminum chloride (10 µl), distilled 

water (160 µl) and potassium acetate (10 µl) to make 200 µl of final volume. The standard used in this 

assay was quercetin and the TFC was expressed as quercetin equivalents (QE)/g of DW. Prior to 

noting absorbance at 415 nm, the reaction mixture was incubated for half hour.  

3.5. Estimation of Antioxidant Activity 

3.5.1. DPPH Activity (%) 
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DPPH quenching free radical activity of the samples was performed using the protocol of Abbasi et 

al. [1]. 20 μl sample was added into each well of microplate, followed by addition of DPPH reagent 

solution of 180 μl and then incubated in the dark at room temperature for 60 min. Ascorbic acid 

final concentrations (05, 10, 20 and 40 μg/mL) and 180 μl of DPPH with 20 μl of DMSO were taken 

as negative control. Spectrophotometer was used to record the solution absorbance at 517 nm. The 

following formula was then employed to calculate DPPH activity: 

% scavenging = 100 × (1- AE/AD) 

Where, AE = absorbance of the mixture at 517 nm with addition of sample, and AD = absorbance of 

DPPH solution without addition of anything. 

3.5.2. Ferric Reducing Antioxidant Power (FRAP) Assay 

For this assay, previous method of Benzie and Strain was followed [73]. Briefly, 190 μl of FRAP 

solution [containing TPTZ (10 mM); acetate buffer (300 mM) of pH 3.6 and 20 mM ferric chloride 

hexahydrate (FeCl3.6H2O); ratio 10:1:1 (v/v/v)] was mixed with 10 μl of samples. The reaction 

mixtures were then put for 15 minutes at room temperature. Using microplate reader (BioTek 

Instruments), the absorbance was noted at 630 nm. Tests were carried out in triplicates and the 

antioxidant activity was demonstrated as TEAC. 

3.5.3. Antioxidant ABTS assay 

Procedure described by Velioglu et al. [74] was employed for ABTS assay. Briefly, the ABTS solution 

was prepared by mixing 7 mM ABTS salt equal proportion with 2.45 mM potassium per sulphate and 

the same mixture was then put in the dark for 16 hrs. The solution absorbance was noted at 734 nm 

and before mixing with extracts, it was adjusted to 0.7. The mixture was put again in the dark for 15 

minutes at room temperature (25 ± 1 °C) and the absorbance was then noted at 734 nm with the aid 

of a microplate reader (BioTek Instruments). The Assays were performed in triplicates and the 

antioxidant activity was expressed as TEAC.  

3.6. Anti-inflammatory Activities 

3.6.1. Inhibitory Activity Against COX-1 and COX-2  

The inhibitory activity of selected samples were checked against COX-2 and COX-1 using COX-2 

(human) and COX-1 (Ovine) assay kit, following the instructions of the manufacturer. The substrate 

at 1.1 mM concentration was arachidonic acid and the positive control was ibuprofen (10 µM). The 

COXs peroxidase component was measured by the kit. The Synergy II reader was used at 590 nm in 

a 96-well microplate for 5 min to check oxidized N,N,N’,N’-tetramethyl-p-phenylenediamine.  

3.6.2. Inhibitory Activity Against 15-LOX  

To check the inhibitory activity of the samples against 15-LOX, assay kit was used following the 

instructions of the manufacturer. The substrate taken was arachidonic acid (10 µM) while 100 µM 

nordihydroguaiaretic acid (NDGA) was taken as positive control inhibitor. The hydroperoxides 

concentration produced during lipooxygenation reaction was measured by the kit using filtered soy 

15-lipooxygenase standard in 10 mM Tris-HCl buffer at 7.4 pH. Synergy II reader was used for 

measurement at 940 nm in a 96-well microplate. After 5 min incubation of inhibitor and enzyme, the 

absorbance was recorded followed by incubation of 15 min after addition of substrate and incubation 

of 5 min after addition of chromogen. 

3.6.3.  Inhibitory Activity Against sPLA2 
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To test the inhibitory ability of samples against sPLA2, an assay kit (10004883, Cayman Chem. Co) 

was used following instructions of the manufacturer. The substrate was diheptanoyl thio-PC (1.44 

mM) while the thiotheramide-PC (100 µM) was used as positive control inhibitor. The cleavage of 

diheptanoyl thio-PC ester releases free thiols which was measured by Synergy II reader at 420 nm in 

a 96-well microplate using DTNB (5-5’-dithio-bis-(2-nitrobenzoic acid). The % inhibition was 

calculated as: 

% Inhibition = [(IA-Inhibitor)/IA] × 100 

Where, Inhibitor = Activity of enzyme with inhibitor addition; IA = 100 % activity of enzyme in the 

absence of inhibitor. 

3.7. HPLC-ESI-MS Analysis 

LC-MS analysis was done to quantify silymarin compounds, as previously described by Drouet et al. 

[75]. The examination of all samples was done three times, and the results were revealed as mg/g 

sample DW. 

3.8. Statistical Analysis 

All of the experiments were carried out in an organized manner, with each treatment examined thrice 

(biological replicates), and repeated twice (technical replicates). Origin (Windows v8.5) software was 

employed for statistical analysis and analytical data was revealed as mean ± standard deviation with 

the help of Microsoft Excel. 

4. Conclusions  

In the current study, interactive effect of different light regimes (continuous light, dark and 

photoperiod) with various concentrations of melatonin was studied for enhanced biosynthesis of 

active compounds in S. marianum callus cultures. Continuous light (24 h) proved to be most effective 

as an abiotic elicitor as compared to the rest of photo regimes, whereas, higher melatonin 

concentrations have inhibitory effect on biomass accumulation and phytochemical biosynthesis. LC-

MS analysis revealed that silybins and silychristin were the major secondary metabolites in S. 

marianum cultures. Enhanced anti-inflammatory and antioxidant activities were observed at 1.0 mg/L 

melatonin under continuous light conditions. This study revealed the potential application of light 

and melatonin on sustainable production of metabolites in callus cultures of S. marianum. The present 

results help to better comprehend the influence of melatonin and different light regimes on silymarin 

production as well as antioxidant and anti-inflammatory activities in in vitro callus cultures of S. 

marianum and pave the way for the use of this production system for future nutraceutical or 

cosmeceutical applications. 
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