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ABSTRACT 

Introduction: Skin aging is a multifactorial process caused by chronological changes and 

environmental factors. Green tea, a processed tea plant (Camellia sinensis (L) Kuntze), possesses 

health benefits and has been used in traditional medicines and natural products. However, the 

anti-skin aging effect of green tea in clinical trials has been a controversial issue. To clarify this 

without the interference of systemic involvement, the objectives of study were to investigate the 

activities of green tea against skin aging in B16F10 melanoma cells and human skin fibroblasts.  

Methods: Green tea leaves were extracted to standardise the phenolic profile. The cytotoxicity 

and the anti-skin aging activities, including melanogenesis assay, antioxidant activity, collagen 

content analysis, and matrix metalloproteinase-2 inhibitory assay, were evaluated in cell culture.  

Results: Green tea in this study composed mainly of epigallocatechin gallate (1,903.77 ± 33.59 

μg/mL), epigallocatechin (930.24 ± 27.04 μg/mL), and epicatechin gallate (607.84 ± 22.65 

μg/mL). The cell viabilities of 0.5% (0.0875 mg/mL) green tea, the noncytotoxic concentration, 

were 96.04 ± 6.76 and 93.44 ± 0.95% in B16F10 melanoma cells and human skin fibroblasts, 

respectively. Green tea exhibited the activities against skin aging, including  the significant 

suppression of melanin production via inhibition of tyrosinase and tyrosinase-related protein-2 

activities, the potent antioxidant, and the significant matrix metalloproteinase-2 inhibition 

(p<0.001).  

Conclusions: The study results have shown that green tea is a functional processed plant for 

utilisation as an anti-skin aging agent in the natural remedies, including food, health, and 

cosmetic products.  

Key words: Anti-skin aging; antioxidant; green tea; matrix metalloproteinase-2; melanogenesis 

assay; phenolics 
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1. Introduction 

Skin aging is a multifactorial biological process caused by combination of chronological changes 

(intrinsic factors) and environmental (extrinsic) factors, including ultraviolet (UV) and infrared 

irradiation, cigarette smoke, and air pollution [1]. The changes in aging skin include uneven 

pigmentation, decreased skin thickness, impaired skin elasticity and strength, wrinkles, and 

rough-textured characteristics [2,3]. Matrix metalloproteinases (MMPs), the zinc-containing 

enzymes, play the important role in degradation of extracellular matrix proteins, including 

collagen, gelatin, and elastin. The increased activity of MMPs is associated with age, free 

radicals, and UV irradiation [4,5]. Presently, the anti-aging research have extensively studied the 

molecular mechanisms as well as strategies for treatment of aging process [3,6]. Among a variety 

of strategies, the application of natural products, including nutrition and remedies, have shown to 

be the preferred choices for reversal of aging characteristics, due to the health considerations, 

environmental awareness, and safety of synthetic chemicals [7]. 

Green tea, the processed tea plant (Camellia sinensis (L) Kuntze), is prepared by steaming tea 

leaves for deactivation of color changing enzyme and drying [8]. It has been a popular beverage 

for consumers in Japan, China, Korea, and Morocco, due to several health benefits [9]. The usage 

of green tea in traditional medicines are to prolong life, detoxify, and treat various conditions, 

including headache, body ache, and digestive problems. Additionally, green tea has been used for 

prevention and treatment of cardiovascular diseases and cancer, photoprotection, and body 

weight control [9,10]. However, the clinical efficacies of green tea against skin aging have been a 

subject of controversy [11,12]. To clarify this without the interference of systemic involvement, 

the study was aimed to evaluate the anti-skin aging activities of green tea in cell culture by a 

number of assays, including melanogenesis assay, antioxidant activity, collagen content analysis, 
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and MMP-2 inhibitory assay. The standardisation of phenolic profile in green tea and the 

cytotoxicity assay were also performed.     

 

2. Materials and methods 

2.1 Chemicals  

Green tea leaves were purchased from a farm in Kyoto, Japan. The plant voucher specimen 

(CS_L MFU15) was deposited at our laboratory herbarium, Mae Fah Luang University, Chiang 

Rai, Thailand, for using as a reference. Dulbecco’s-modified Eagle medium (DMEM), fetal 

bovine serum, and penicillin/streptomycin solution were obtained from Gibco (Maryland, USA). 

The lysis buffer and protease inhibitor cocktail were purchased from Thermo Fisher Scientific 

(USA), and Roche® (Germany), respectively. The other reagents were of analytical grade.  

2.2 Preparation of green tea extract  

Green tea was extracted as a previous method with some modification [13]. Briefly, green tea 

leaves were ground and then extracted by distilled water at 75-80°C for 30 min. The proportion 

of tea leaves and water was 1:10 (w/v). The extract was filtered through filter paper, and the 

filtrate was concentrated by using a spray drier. The dried extract was dissolved in a mixture of 

water and butylene glycol at a ratio of 1:1 for further analysis. The final concentration of extract 

was 17.5 mg/mL. 

2.3 Standardisation of phenolic profile  

The analysis was performed by high-performance liquid chromatography (HPLC) [14]. The 

standards, including gallic acid (GA), gallocatechin (GC), epigallocatechin (EGC), catechin (C), 

epicatechin (EC), epigallocatechin gallate (EGCG), gallocatechin gallate (GCG), epicatechin 

gallate (ECG), and caffeine, were mixed to prepare the standard calibration curve. The 
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standardisation of phenolic profile in the extract was determined using a Waters 966 HPLC 

photodiode array detector equipped with a pump system (Waters, USA). The analysis was 

conducted on a Platinum EPS C18 reversed-phase column (3 m, 53×7 mm i.d.) using the 

isocratic elution system, which was consisted of 0.05% trifluoroacetic acid mixed with water and 

acetonitrile (83:17), at 30°C. The flow rate, injection volume, and detection wavelength were set 

at 2 mL/min, 10 L, and 210 nm, respectively. The peak identification was compared to the 

retention time of each standard and the content was calculated from the standard calibration 

curve. The analysis was performed in triplicate. 

2.4 Cytotoxicity assay  

2.4.1 Cell culture  

B16F10 melanoma cells (ATCC® CRL-6475™) and human skin fibroblasts (ATCC® CRL- 

2097™ at the 11th-18th passages) were cultured in DMEM supplemented with 10% fetal bovine 

serum and 1% penicillin/streptomycin solution in a humidified incubator at 37°C with 5% carbon 

dioxide. Cells were harvested to seed into the culture plates. All cell culture experiments were 

performed in triplicate. 

2.4.2 Cytotoxicity assay  

A sulforhodamine B (SRB) assay was used for cytotoxicity assay [15]. Briefly, cells were seeded 

and incubated for cell adhesion. The B16F10 melanoma cells were treated with 0.5-2% green tea, 

0.0001-1 mg/mL theophylline and kojic acid, and solvent, whereas the human skin fibroblasts 

were treated with noncytotoxic concentration of green tea, 0.0001-1 mg/mL vitamin C, and 

solvent. After 72 h incubation, cells were fixed and then dyed with SRB. The excess dye was 

washed with diluted acetic acid and the bound dye was solubilized in tris buffer. The sample 
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absorbance was measured at 540 nm by a microplate reader. The percent of cell viability was 

calculated in compared to solvent control.  

2.5 Analysis of anti-skin aging activities 

2.5.1 Melanogenesis assay  

Melanogenesis assay was performed as previously described [7]. Briefly, B16F10 melanoma 

cells were plated and treated with noncytotoxic concentration of green tea, theophylline, kojic 

acid, and solvent for 72 h. The cell pellets were then harvested to determine melanin content and 

activities of tyrosinase and tyrosinase-related protein-2 (TRP-2). Total protein content was also 

analyzed by the Bradford protein assay for calculation of the actual melanin content and enzyme 

activities. The percent of relative ratio of melanin content and enzyme activities was calculated in 

compared to solvent control.  

2.5.2 Antioxidant activity assay  

Antioxidant activity was evaluated as previous method [15]. Briefly, human skin fibroblasts were 

seeded and treated with noncytotoxic concentration of green tea, vitamin C, and solvent. After 24 

h incubation, all samples were replaced with fresh culture medium containing 150 M hydrogen 

peroxide. After a 4-h incubation, cells were fixed, stained with SRB dye, and rinsed off the 

unbound dye. The bound dye was solubilized and measured the absorbance at 540 nm. The 

percent of viable cells was calculated in compared to solvent control. 

2.5.3 Collagen content analysis  

Collagen content analysis was performed as a previous study with some modifications [16]. 

Human skin fibroblasts were seeded and treated with the greatest noncytotoxic concentration of 

green tea, vitamin C, and solvent for 48 h. Cells were lysed with the mixture of lysis buffer and 

protease inhibitor cocktail and then centrifuged to collect the cell pellets. Sirius red dye reagent 
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was added and shaken for 30 min. The mixture was centrifuged to collect the red precipitate. The 

unbound dye was washed, and the precipitate was dissolved in sodium hydroxide. The sample 

absorbance was measured at 550 nm. The percent of collagen content was calculated in compared 

to solvent control.  

2.5.4 MMP-2 inhibitory assay  

The activity of MMP-2 enzyme was performed as previously described [5]. Human skin 

fibroblasts were seeded and incubated overnight. The culture medium was replaced with fresh 

medium without serum supplement. The greatest noncytotoxic concentration of green tea, 

vitamin C, and solvent, was added and incubated for 72 h. The culture medium was collected for 

MMP-2 quantification by SDS-PAGE zymography with gelatin as the substrate. The 

zymographic bands were scanned and determined with the Bio-Rad Gel Doc Imaging System. 

The percent of MMP-2 inhibitory activity was calculated in compared to solvent control.  

2.6 Statistical analysis 

Data were presented as the means ± standard error of mean of three independent experiments. 

The one-way analysis of variance (ANOVA) and the least significant difference (LSD) test were 

used to analyse treatment differences with a significance level of p-value<0.05. 

 

3. Results  

3.1 Standardisation of phenolic profile 

Fig. 1 presents the HPLC chromatograms of standard mixture and green tea. The standard 

calibration curve consisted of 100 g/mL caffeine and 8 phenolic standards, including GA, GC, 

EGC, C, EC, EGCG, GCG, and ECG. As shown in Table 1, green tea consisted of several 
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phenolic compounds and caffeine in different contents. EGCG was the major phenolic acid in 

extract, followed by EGC and ECG, respectively. 

3.2 Cytotoxicity assay  

The cytotoxicity assay was performed to obtain the noncytotoxic concentrations of samples for 

anti-skin aging assays. Fig. 2 demonstrates the cytotoxicity of green tea, theophylline, kojic acid, 

and vitamin C in B16F10 melanoma cells and human skin fibroblasts. In B16F10 melanoma 

cells, the cell viabilities of 0.5% green tea (0.0875 mg/mL), 0.0001 - 0.1 mg/mL theophylline and 

kojic acid treatment were greater than 80%, indicating the noncytotoxic concentration. The 

increased concentration of green tea, theophylline, and kojic acid was shown the decreased cell 

viabilities to less than 80%, which exhibited the cytotoxicity. In human skin fibroblasts, the cell 

viability of 0.5% green tea (noncytotoxic concentration) treatment was  93.44 ± 0.95%, whereas 

those of 0.0001 - 0.1 mg/mL vitamin C treatment were greater than 90%. However, the decreased 

cell viability (75.23 ± 1.87%) was observed when treated with 1 mg/mL vitamin C, which was 

shown the cytotoxic concentration. The noncytotoxic concentration of green tea along with 

theophylline, kojic acid, and vitamin C, were further investigated the anti-skin aging activities. 

3.3 Analysis of anti-skin aging activities 

3.3.1 Melanogenesis assay  

Melanogenesis assay of green tea was performed in compared to the greatest noncytotoxic 

concentration of theophylline and kojic acid, which were used as the positive and negative 

controls, respectively. As shown in Fig. 3, the melanin content, tyrosinase, and TRP-2 activities 

of 0.5% green tea treatment were 85.05 ± 3.45, 89.70 ± 7.83, and 90.87 ± 6.87%, respectively. 

The melanin content and enzyme activities were increased when treated with 0.1 mg/mL 

theophylline, whereas those were decreased when 0.1 mg/mL kojic acid was tested. Similar 
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decrease in melanin content of green tea and kojic acid treatment was observed with a p-value of 

0.26. 

3.3.2 Antioxidant activity assay  

After treatment with noncytotoxic concentration of samples, hydrogen peroxide was added to 

induce the oxidative stress. The cell viability was determined to observe the cellular protective 

effect of antioxidant and the damaged cells caused by oxidative stress. Generally, the cell 

viability of antioxidant treatment would be greater than that of hydrogen peroxide treatment 

(oxidative control). Fig. 4 presents the antioxidant activity assay in human skin fibroblasts treated 

with green tea and vitamin C in compared to solvent control and hydrogen peroxide treatment. 

The viability of cells treated with hydrogen peroxide was decreased to 75.51 ± 0.14%, indicating 

the cytotoxicity. The cell viabilities of 0.5% green tea and 0.1 mg/mL vitamin C treatment were 

94.36 ± 1.94 and 97.12 ± 3.00%, respectively, which were comparable to solvent control.  

3.3.3 Collagen content analysis  

The collagen content assay was performed by colorimetric method using Sirius Red dye reagent. 

The effect of green tea and vitamin C on collagen content in human skin fibroblasts demonstrates 

in Fig. 5. The collagen contents of green tea and vitamin C treatment were 103.37 ± 6.09 and 

131.49 ± 4.59%, respectively. Similar collagen content of green tea and solvent control was 

observed.  

3.3.4 MMP-2 inhibitory assay  

MMP-2 is one of the important enzymes involved in the degradation of extracellular matrices 

during skin aging. Green tea and vitamin C were tested the MMP-2 inhibitory effect in human 

skin fibroblasts in compared to solvent control. Fig. 6 presents the zymogram and the inhibitory 

activity. The enzyme inhibition of green tea was 44.18 ± 3.80%, whereas that of vitamin C was 
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25.50 ± 2.36%. Green tea significantly exhibited the enzyme inhibitory effect greater than 

vitamin C (p-value=0.009).  

 

4. Discussion 

Phenolic acids in plant play the main role in the biological activities, so the analysis of these 

compounds is reasonable to determine as the markers of plant extract [17]. According to the 

literature, the variation in botanical and herbal preparations influences pharmacological activities 

which means that the analysis for the chemical standardisation of marker compounds or active 

ingredients in preparations is required [18]. The standardisation of phenolic acids was shown that 

the green tea in this study composed of a variety of phenolic compounds. The major phenolic 

constituent in extract, EGCG, was in agreement with previous studies [19,20]. However, different 

contents in EGCG and other phenolic acids in the extract were observed. This may be due to the 

variation of tea plant, including difference in genetic, agronomic conditions, and harvest time, as 

well as the different extraction conditions, such as extraction solvents, temperatures, and 

extraction times [19,21]. 

The noncytotoxic concentration of green tea in B16F10 melanoma cells and human skin 

fibroblasts was 0.5% (0.0875 mg/mL). The cytotoxicity of green tea was associated with the 

phenolic constituents. Previous studies have shown that EGCG and gallic acid demonstrate the 

inhibitory effect on cell viability and cell proliferation, particularly on cancerous cells [20,22]. 

Theophylline inhibits the cell proliferation by mitotic inhibition, cellular morphology alteration, 

and cytotoxicity [23], whereas the cytotoxic effect of kojic acid and vitamin C at high 

concentration is associated with the acidified culture environment [24]. Additionally, ascorbyl 

stearate, the vitamin C derivative, exhibits the inhibitory effect on cancer cell proliferation and 

clonogenicity in a dose-dependent manner [25].  
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Skin pigment is produced within the epidermal melanocytes located at basal layer of skin 

epidermis [26]. The production of pigment is influenced by environment and several factors 

secreted by neighboring keratinocytes and fibroblasts [27]. Tyrosinase is a rate-limiting enzyme 

that controls the pigment production [24]. The uneven pigmentation and hyperpigmentation, that 

are correlated with the increased activity of tyrosinase, are the conditions affecting psychosocial 

aspects of skin disorders. Moreover, photoaging, a major type of extrinsic aging caused by 

exposure to UV irradiation, is markedly associated with the hyperpigmentation in Caucasian and 

Asian skin [28]. Many studies have investigated the pigment reducing agents with the additional 

benefit of anti-skin aging [5,29]. The decreased melanin production of green tea was mediated 

via inhibitory effect of two melanogenic enzyme activities, tyrosinase and TRP-2, in melanin 

biosynthesis pathway. The phenolic constituents in green tea, including EGCG and gallic acid, 

have shown to inhibit the pigment synthesis and tyrosinase expression [30,31]. Theophylline 

stimulates the pigment formation through the activation of cyclic adenosine monophosphate 

(cAMP) signaling pathway and the increased number of dopa- and gamma-glutamyl 

transpeptidase-reactive cells [32], whereas kojic acid suppresses the pigment via acting as an 

inhibitor of tyrosinase in a nonclassical manner [33].     

Free radicals, including reactive oxygen and nitrogen species, are associated with several 

disorders and skin problems, such as inflammation, hyperpigmentation, and aging. Antioxidants 

can prevent the radical formation and/or scavenge the radicals, resulting in the attenuated 

oxidative damage. The cytotoxicity induced by hydrogen peroxide is mediated by leakage of cell 

membrane and DNA damage [34]. The observed antioxidant activity of green tea and vitamin C 

was in agreement with previous reports [7,9]. Phenolics in extract, including EGCG, ECG, EGC, 

EC, and gallic acid, may synergistically act on the antioxidant activity via chelating redox-active 

transition metal ions and scavenging reactive oxygen and nitrogen species [31,35]. 
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Collagen, an abundant structural protein, gives tensile strength and supports human skin. 

Markedly decreased collagen content is associated with the decreased skin integrity in aging skin. 

In Addition, various factors, including free radicals and upregulation of MMPs, have been shown 

to elevate the collagen metabolism, resulting in the wrinkle formation and the decreased skin 

thickness [5]. Sirius red dye can interact with [Gly-x-y] triple-helix structure in collagen fiber and 

lead to the colorimetric analysis of collagen content [36]. Previous study has shown that EGCG 

can suppress the fibroblast proliferation and collagen production [37]. In addition, ECG, EGC, 

and EGCG have demonstrated the reduced expression of transforming growth factor- (TGF-), 

a collagen stimulating protein [38,39].  The significantly increased collagen production of 

vitamin C is associated with the increased mRNA expression of procollagen and elastin in 

fibroblasts [40]. 

As known, the activation of MMPs is associated with free radicals by oxidizing enzyme catalytic 

center [41]. The potent MMP-2 inhibition of green tea may be attributed to the presence of 

phenolic acids. EGCG has demonstrated to form complex with zinc ion, an essential site for 

enzyme function, leading to the inhibition of MMP-2 and MMP-9 enzymes [42]. Additionally, 

EGCG can decrease MMP expression and production through regulation of nuclear factor kappa 

B (NF-B), activator protein 1 (AP-1), and mitogen-activated protein kinases (MAPKs) signaling 

pathway [43]. Gallic acid in green tea also exhibits the MMP-2 inhibitory activity in fibroblast 

culture [31]. Vitamin C is mediated the enzyme suppression by antioxidant activity [44] along 

with the increased expression of tissue inhibitor of matrix metalloproteinases [45]. 

To clarify the efficacy of green tea, the study results had suggested that green tea in this study 

composed of a variety of phenolic acids and exhibited biological activities against skin aging, 

including the melanogenesis inhibition through suppression of tyrosinase and TRP-2 activities, 
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the potent antioxidant, and the MMP-2 inhibition. The controversy of green tea in clinical trials 

may be associated with several factors, including the design of study protocol, the contents of 

phenolic constituents, as well as the skin penetration. The design of study protocol, including the 

differences in treatment regimens and characteristics of the recruited volunteers, may influence 

the clinical effects of tested product. Moreover, the contents of phenolics in green tea, mainly 

EGCG, should be taken into consideration. EGCG, the major constituent in green tea, has 

exhibited several activities against skin aging, including the potent antioxidant activity, the 

inhibition of melanin formation, and the suppression of MMPs [46-48]. Nevertheless, the 

degradation of EGCG during product manufacturing and storage is associated with the reduction 

of green tea activities [46]. Antioxidant, such as vitamin C and butylated hydroxytoluene (BHT), 

is recommended to incorporate into the preparations containing green tea for prolonged phenolic 

components in extract and the health advantages [49]. For application of green tea in topical 

formulations, the percutaneous absorption is an important factor influencing the efficacy. 

Previous study has demonstrated that EGCG is more likely to accumulate in the stratum corneum 

than in viable epidermis and dermis after topical application [50], thereby resulting in the topical 

effect.  

 

4. Conclusions 

The green tea used in this study consisted of a variety of phenolic acids. EGCG, EGC, and ECG, 

were shown to be the three major phenolics in this extract. The noncytotoxic concentration of 

green tea, 0.5% or 0.0875 mg/mL, exhibited the anti-skin aging activities, including the 

significant suppression of melanin production by inhibition of tyrosinase and TRP-2 activities, 

the potent antioxidant, and the significant MMP-2 inhibitory activity. These results have revealed 
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that green tea is a functional processed plant for utilisation as an anti-skin aging agent in the 

natural healthcare products, including food, health, and cosmetic products.  
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Figures 

Fig. 1 HPLC chromatograms of (a) standard mixture and (b) green tea. GA, GC, EGC, C, EC, 

EGCG, CF, GCG and ECG were gallic acid, gallocatechin, epigallocatechin, catechin, epicatechin, 

epigallocatechin gallate, caffeine, gallocatechin gallate and epicatechin gallate, respectively. 

Fig. 2 Cytotoxicity assay in (a) B16F10 melanoma cells and (b) human skin fibroblasts treated with 

green tea (GT), theophylline (TP), kojic acid (KJ), and vitamin C (VC). * indicates a significant 

difference from the control (*p<0.05,**p<0.001).   

Fig. 3 Melanogenesis assay in B16F10 melanoma cells treated with 0.5% green tea (GT), 0.1 

mg/mL theophylline (TP), and kojic acid (KJ). * indicates a significant difference from the control 

(*p<0.05, **p<0.001).   

Fig. 4 Antioxidant activity assay in human skin fibroblasts treated with green tea (GT), and vitamin 

C (VC). Ctr and H2O2 were the solvent control and the oxidative control, respectively. * indicates 

a significant difference from the control (*p<0.05, **p<0.001).  

Fig. 5 Collagen content analysis in human skin fibroblasts treated with green tea (GT) and vitamin 

C (VC). * indicates a significant difference from the control (*p<0.05, **p<0.001). 

Fig. 6 MMP-2 inhibitory assay in human skin fibroblasts treated with green tea (GT), and vitamin 

C (VC): (a) zymogram and (b) MMP-2 inhibitory activity. * indicates a significant difference from 

the control (*p<0.05, **p<0.001).   
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Table 1 Standardisation of phenolic profile by HPLC 

 

Compound Content (g/mL) 

Gallic acid (GA) 155.66 ± 3.79 

Gallocatechin (GC) 303.43 ± 6.91 

Epigallocatechin (EGC) 930.24 ± 27.04 

Catechin (C) 149.75 ± 2.55 

Epicatechin (EC) 331.39 ± 4.32 

Epigallocatechin gallate (EGCG) 1,903.77 ± 33.59 

Caffeine (CF) 1,281.85 ± 19.44 

Gallocatechin gallate (GCG) 316.09 ± 8.37 

Epicatechin gallate (ECG) 607.84 ± 22.65 
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