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INTRODUCTION 

 

Skin and its accessory assembled to the integumentary system provide the 
protection for the body. This barrier prevents our body from microbial infections, 

retains body fluids, and maintains body temperatures (Yagi and Yonei, 2018).  
Skin is composed of two main layers, epidermis and dermis. Epidermis rests a 

top of dermis layer which protects deeper skin layers. Epidermis, the most outer 

layer of the skin, is directly exposed to UV irradiation and other environmental 
factors resulting in many skin problems such as spot, wrinkles, acne, rashes, and 

infections (Mclafferty et al., 2012). The dermis connected to the epidermis 

through a basement membrane composes of collagen, elastic fibers, and 
extrafibrillar matrix. Collagen and elastin give the skin elasticity and reduce 

wrinkles.   

In skin aging, the dermis begins to thin due to the loosening of collagen networks 
and the decreasing elastin fibers. The breakage of collagen and elastin reduces 

the structure of the dermis and increases the matrix metalloproteinase (MMP) 

levels that lower the collagen and elastin level (Stevenson et al., 2007; Farage et 

al., 2008).  The matrix metalloproteinases (MMP) are a family of calcium-

dependent and zinc-dependent endopeptidases which excrete from many cell 

types. Collagenases and elastase, members of the matrix metalloproteinases 
(MMP) family, can hydrolyze extracellular matrix proteins and lower the 

collagen and elastin level that cause skin aging. (Farage et al., 2008). Therefore, 

skin aging is associated with increased dermal enzymatic activities, including 

collagenase and elastase.  In addition, tyrosinase is an important regulator and the 

rate-limiting enzyme for melanogenesis. It catalyzes the hydroxylation of L-

lysine and the oxidation of L-DOPA to -quinone, which induces the production 
of melanin pigments. The excessive melanin accumulation leads to human skin 

disorders, such as freckles and age spots (Chang et al., 2013).  Thus, inhibitors 

of collagenase, elastase and tyrosinase are important ingredients in cosmetic and 
medication products to protect skin against hyperpigmentation and aging.  

One of the skin deterioration causes is oxidative stress.  Several factors such as 

high exposure to environmental agents, e.g., UV, ozone and pollutants lead to 
oxidative stress.  Sohal and Allan (1990) demonstrated that oxidative stress 

triggers the genetic program through the modulation of redox sensitive genes and 

causes skin aging.  Since oxidative stress can be reduced by antioxidant 

compounds, this study aims to search for natural antioxidant compounds that 
inhibit skin aging and hyperpigmentation. 

Many natural products, such as soybean, berry and orange, have been used as 
beneficial ingredients in several skincare products to promote the protection of 

skin infections, skin whitening and reducing wrinkles. Since cinnamon has long 

been used for a long time not only in cooking, but also in-home remedies and 
medicinal purposes (Gruenwald, 2010), it challenges researchers in the field of 

skin aging. The health benefits of cinnamon are from essential oils obtained from 

its bark.  As with many components of essential oils cinnamaldehyde exhibits 
antiviral, antibacterial and antifungal properties (Becerril et al., 2007; Gende et 

al., 2008). In addition, Chou et al. (2013) demonstrated that Cinnamomum cassia 

oil can minimize the production of melanin and enhance skin whitening.  
Thus, due to the significant benefits of cinnamon, it is worth to put much effort 

into a deeper understanding of cinnamon essential oil, as a natural ingredient that 

may prevent skin aging and aid in skin whitening.  Therefore, this study aims to 
investigate some in vitro biological activities of cinnamon essential oil from 

Cinnamomum zeylanicum such as antioxidant, tyrosinase inhibitory, collagenase 

inhibitory, elastase inhibitory, and cytotoxic activities. 

 

MATERIALS AND METHODS   

    

Essential oil 

     

Cinnamon essential oil from Cinnamomum zeylanicum was purchased from a 
local natural product retailer, Botanicessence, in Bangkok, Thailand. This 

essential oil was water-distilled (hydro-distillation) extracts. It was made in 

aliquot’s and stored in tightly closed brown glass vials and kept at 4°C until 
analysis. HPLC analysis of cinnamon essential oil revealed that the main 

constituents of cinnamon essential oil were cinnamaldehyde (68.80 %), eugenyl 

acetate (4.60 %) and caryophyllene (4.18 %). 

 

Antioxidant activity, anti-aging effects and cytotoxicity activity of cinnamon essential oils from Cinnamomum zeylanicum were 

investigated in this study. The antioxidant activities of the cinnamon essential oil at the concentrations of 125, 250, 500, and 1000 

µg/mL were determined using 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2ʹ-azino-bis (3-ethylbenzo-thiazoline-6-sulfonic acid) 

diammonium salt (ABTS). The inhibitory activities against collagenase, elastase and tyrosinase were evaluated for anti-aging effects. 

The antioxidant activity determined by DPPH and ABTS assays varied from 4.91 - 28.74% and 4.96 - 50.17%, respectively.  In 

addition, cinnamon essential oil at all concentrations tested (100, 200, 500, and 1000 µg/mL) inhibited tyrosinase activity by 61.68 - 

93.12 %, collagenase activity by 2.83 - 30.28 % and elastase activity by 4.37 - 33.92 %.  The cytotoxicity activity determined by the 

diphenyltetrazolium (MTT) assay revealed that the cinnamon essential oil at the concentration less than 100 µg/mL did not exhibit 

cytotoxicity activity on human fibroblast cells while the percentage of cell viability decreased when exposed to this oil at the 

concentration higher than 150 µg/mL. These results demonstrated that the cinnamon essential oil has antioxidant, tyrosinase inhibitory, 

collagenase inhibitory, and elastase inhibitory activities. In addition, cinnamon essential oil at each effective concentration did not show 

any toxicity when tested on normal human fibroblast cell. Therefore, this essential oil could be a potential candidate for cosmetic and 

pharmaceutical products. 
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Chemicals and cell culture  

   

2,2 diphenyl-1-picryl hydrazyl (DPPH), 2,2'-azino-bis (3-ethylbenzthiazoline-6-

sulphonic acid) (ABTS), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic 
acid (Trolox), L-Ascorbic acid, tyrosinase enzyme, and 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) were purchased from Sigma , 

USA. Dulbecco’ modified Eagle’s medium (DMEM) medium, fetal bovine 
serum (FBS), trypsin solution (Gibco, USA), EnzChek™ collagenase assay kit, 

and EnzChek™ elastase assay kit were purchased from Thermo Fisher Scientific, 

USA.  Human fibroblast cells were purchased from American Type Culture 
Collection. 

 

Antioxidant activity test by DPPH assay    

     
The antioxidant activity of the essential oil was determined 
spectrophotometrically as described by Lee and Lee (2010). Briefly, 100 µL of 

the essential oil at the concentrations of 62.5, 125, 250, 500, and 1000 µg/mL 

were mixed with 100 µL of 0.1 mM DPPH dissolved in methanol. The reaction 
mixtures were kept in dark at room temperature for 30 minutes. The absorbance 

of the mixture was measured at the wavelength of 515 nm and expressed as 

trolox equivalent antioxidant capacity (TEAC).  
 

Antioxidant activity test by ABTS assay  
   
According to the protocol of Re et al. (1999), the ABTS radical cation (ABTS+) 

were prepared by mixing the ABTS stock solution and potassium persulfate and 

kept in the dark at room temperature for approximately 12-16 hours before use. 
Then the ABTS+• solution was diluted with methanol until the absorbance of the 

solution was 0.70 (±0.02) at the wavelength of 734 nm.  One hundred microliters 

of the essential oil at the concentrations of 62.5, 125, 250, 500, and 1000 µg/mL 
were mixed with 100 µL of diluted ABTS+• solution and then incubated in the 

dark at room temperature for 15 minutes. The absorbance of the reaction mixture 

was measured at the wavelength of 515 nm and expressed as trolox equivalent 
antioxidant capacity (TEAC). 

 

Inhibition of tyrosinase activity assay 

    

According to Eicken et al. (1998), 100 µL of cinnamon essential oil at the 

concentrations of 10, 100, 200, 500, and 1000 µg/mL were mixed with 850 µL 
phosphate buffer, pH 6.8. Then, 50 µL of L-Tyrosine and 2 µL tyrosinase 

enzyme were added to start the activity. The assay mixture was incubated at 37 

°C for 6 minutes and the absorbance of the mixture was measured at the 
wavelength of 475 nm. Tyrosinase inhibition activity was expressed as the 

percentage inhibition of enzyme tyrosinase.  

 

Inhibition of collagenase activity assay 

    

According to the protocol of EnzChek™ gelatinase/collagenase assay kit, 80 µL 
of the cinnamon essential oil at the concentrations of 10, 100, 200, 500, and 1000 

µg/mL were mixed with 20 µL of DQ gelatin stock solution. The collagenase 

enzyme from Clostridium histolytium at the volume of 100 µL was added, then 
incubated at 25 °C for 90 minutes in the dark. The fluorescence intensity of the 

mixture was measured by using microplate reader at the excitation wavelength of 

485 nm and emission wavelength of 528 nm.  

 

Inhibition of elastase activity assay 

    
According to the protocol of EnzChek™ elastase assay kit, 50 µL of cinnamon 

essential oil at the concentrations of 10, 100, 200, 500, and 1000 µg/mL were 

mixed with 50 µL of DQ elastin solution. The elastase enzyme from porcine 
pancreatic at the volume of 100 µg/mL was added, then incubated at 25 °C for 90 

minutes in the dark. The fluorescence intensity was measured by using 

microplate reader at the excitation wavelength of 485 nm and emission 
wavelength of 528 nm.  

 

Cytotoxicity assay 

     

The cytotoxicity assay was performed by using MTT assay. Fibroblast cells were 

seeded at 5x103 cells/well and maintained in a humidified atmosphere with CO2 
at 37 °C. The cells were left to adhere for 24 hours before exposing to the 

essential oil at the concentrations of 10, 100, 150, 200, and 400 µg/mL for 24 

hours. One hundred microliters of MTT solution was added into each well and 
then incubated for 4 hours. The absorbance was measured by using microplate 

reader at 570 nm and expressed as percentage of cell viability.  
 

Statistical analysis 

     

The data were expressed as means ± S.E.M. of at least three-independent 

experiments. The GraphPad Prism version 8.0.2 software was used to analyze the 

data. The differences between the experimental group were assessed by one-way 
analysis of variance (ANOVA) followed by Dunnett test. The probability value 

(p-value) of less than 0.05 (p ≤ 0.05) was considered as a statistically significant. 

 

RESULTS AND DISCUSSION 

                       

Cinnamomum zeylanicum also known as cinnamon has been used for medicine 
and as an ingredient in Asian food. The oil extracted from Cinnamomum 

zeylanicum showed antioxidant, antifungal, anticancer, anti-inflammatory, 

antidiabetes, and antihypertensive capabilities in the previous reports (Nyadjeu et 

al., 2011; Varalakshmi et al., 2014; Han and Parker, 2017; Gulcin et al., 

2019). It is well documented that an active constituent in a plant is varied on the 

method of extraction. The essential oil has long been commercialized for 
cosmetics, pharmaceuticals and perfume industries (Shaaban and El-Ghorab, 

2012). Therefore, this study aimed to investigate some biological activities of the 

essential oi extracted from Cinnamomum zeylanicum such as antioxidant, anti-
tyrosinase, anti-collagenase, and anti-elastase capabilities of the oil. In addition, 

in vitro cytotoxicity test was also performed.  

 

Antioxidant activity 

    

The in vitro antioxidant activities of cinnamon essential oil from Cinnamomum 
zeylanicum were determined by DPPH and ABTS assay. The cinnamon essential 

oil at the concentrations of 125, 250, 500, and 1000 µg/mL significantly 

increased the DPPH inhibition percentage by 8.22 ± 0.70, 12.74 ± 2.48, 20.10 ± 
1.71 and 28.74 ± 1.61 %, respectively. However, the essential oil at the 

concentration of 62.5 µg/mL did not significantly increase the percentage of 

DPPH inhibition when compared with the control groups (Figure 1A). The extent 
of inhibition of the absorbance of the DPPH• was plotted as a function of the 

concentration in order to determine the Trolox Equivalent Antioxidant Capacity 

(TEAC). The cinnamon essential oil at the concentrations of 62.5, 125, 250, 500, 
and 1000 µg/mL showed the TEAC values as 0.58 ± 0.11, 1.84 ± 0.43, 4.60 ± 

1.51, 9.09 ± 1.04, and 14.37 ± 0.98 µg/mL, respectively (Figure 1B).  

 The cinnamon essential oil at the concentrations of 125, 250, 500, and 
1000 µg/mL significantly increased percentage of ABTS inhibition by 8.44 ± 

1.19, 28.08 ± 2.19, 30.70 ± 1.33, and 50.17 ± 3.95 %, respectively whereas 

cinnamon essential oil at the concentration of 62.5 µg/mL did not significantly 

increase the percentage of ABTS inhibition when compared with the control 

groups (Figure 2A). The extent of inhibition of the absorbance of the ABTS•+ 

was plotted as a function of concentration in order to determine the Trolox 
Equivalent Antioxidant Capacity (TEAC). Cinnamon essential oil at the 

concentrations of 62.5, 125, 250, 500, and 1000 µg/mL showed the TEAC values 

as 4.74 ± 0.82, 7.07 ± 0.80, 20.29 ± 1.47, 22.01 ± 0.90, and 35.08 ± 2.65 µg/mL, 
respectively (Figure 2B). 
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Figure 1 (A) The effect of the cinnamon essential oil on the percentage of DPPH scavenging and (B) The Trolox equivalent antioxidant 

capacity (TEAC) of the cinnamon essential oil. (* p < 0.05 compared with the control group) 
 

 
Figure 2. (A) The effect of the cinnamon essential oil on the percentage of ABTS scavenging and (B) The Trolox equivalent antioxidant 

capacity (TEAC) of the cinnamon essential oil. (* p < 0.05 compared with the control group) 
 

Free radicals are unstable atoms that can damage cells causing illness and aging. 

The characteristics of natural antioxidants are formed in a wide mechanism of 
actions. The individual experiment of antioxidant activity is incapable to cover all 

the antioxidant profile, thus different assays of antioxidant activity should be 

used (Brodowska et al., 2015). In this study, the cinnamon essential oil has 
showed an antioxidant activity in the dose-dependent manner by both DPPH and 

ABTS assays. The essential oil extract from the leaves of Cinnamomum 
zeylanicum are rich in eugenol, which is a phenolic compound that has great 

scavenging effect on DPPH and OH• radicals (Schmidt et al., 2016). The 

phenolic compounds have been known to exhibit antioxidant properties by 
quenching free radical species through the loss of a hydrogen atom. It may be 

possible that eugenol is primarily responsible for the antioxidant activity of 

cinnamon essential oil in both DPPH and ABTS assays rather than 
cinnamaldehyde. 

 

Inhibition of tyrosinase, collagenase and elastase activities  

  

The inhibitory of enzyme activities of tyrosinase, collagenase and elastase were 

performed in this study. The cinnamon essential oil at the concentrations of 10, 
100, 200, 500, and 1000 µg/mL significantly increased the percentage of 

tyrosinase inhibition activity by 23.15 ± 1.71 %, 59.27 ± 2.32 %, 77.06 ± 6.95 %, 

86.43 ± 2.32 %, and 93.12 ± 8.03 %, respectively when compared with the 
control group (Figure 3.). 

 
 
Figure 3 The inhibitory effect of cinnamon oil on tyrosinase activity. (* p < 0.05 

compared with the control group) 

  
The cinnamon essential oil at the concentrations of 100, 200, 500, and 1000 

µg/mL significantly increased percentage of collagenase inhibition activity by 

5.96 ± 1.69 %, 14.35 ± 2.97 %, 23.04 ± 1.17 %, and 30.28 ± 0.75 %, respectively 
when compared with the control group (Figure 4.). 
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Figure 4 The inhibitory effect of the cinnamon oil on the percentage of 

collagenase inhibition activity. (* p < 0.05 compared with the control group) 

 

The cinnamon essential oil at the concentrations of 10, 100, 200, 500, and 1000 

µg/mL significantly increased percentage of elastase inhibition activity by 4.37 ± 

1.54%, 6.87 ± 0.48%, 12.63 ± 0.79%, 21.70 ± 1.15 %, and 33.92 ± 0.39 %, 
respectively when compared with the control group (Figure 5.).

 
 

Figure 5 The inhibitory effect of the cinnamon essential oil on the percentage of 

elastase inhibition activity. (* p < 0.05 compared with the control group) 
 

The tyrosinase enzyme plays a major role in mammalian melanogenesis that 

generates more browning of the skin (Chang, 2019). Based on the findings in 
this study, the cinnamon essential oil showed the anti-tyrosinase activity which is 

supported by the previous reports (Lee et al., 2000; Marongiu et al., 2007; Ngoc 

et al., 2009). Moreover, Chou et al. (2013) demonstrated that the inhibition of α-
MSH-induced melanin production in melanoma cells was in a dose-dependent 

manner. The mechanism underlying this effect is still unclear but cinnamon 

essential oil is rich in cinnamaldehyde which may play an important role in the 
inhibition of tyrosinase activity and the production of melanin (Chang et al., 

2013).  Since the increases of collagenase and elastase activities induced the 

degradation of the protein matrix and elastin resulting in aging, the anti-
collagenase and anti-elastase activities of cinnamon essential oil were also 

investigated in this study. The cinnamon essential oil showed the collagenase and 

elastase inhibitory activities. These results were supported by the study of Bharti 

et al. (2013). They found that the collagenase inhibitory activities from the 

aqueous extract, methanol extracts and essential oils extracts from Cinnamomum 

zeylanicum were 25 %, 30 % and 35%, respectively. Furthermore, Aumeeruddy 

- Elalfia et al. (2018) reported that the cinnamon essential oil from Cinnamomum 

zeylanicum moderately inhibited collagenase and elastase activities. These may 

be partly due to the biosynthesis of collagenase type I promoting to the activation 
of IGF-1 (Takasao et al., 2012). Lee et al. (1999) reported that methanolic 

extract of Cinnamomum cassia causes inhibition of elastase activity at the 

concentrations of 100 - 1000 µg/mL and suggested that the phenolic compound 
content in this plant might be responsible for its effect. Moreover, the reduction 

in elastase activity has been observed in the essential oils from Cinnamomum 
verum containing eugenol and cinnamaldehyde as the major components. 

 

 
 

 

Cytotoxicity assay   
    

After exposure to the cinnamon essential oil at the concentrations of 10 and 100 

µg/mL for 24 hours, the percentage of cell viabilities of fibroblast cells were 
100.67 ± 1.57 and 101.15 ± 1.99 %, respectively which were not significantly 

different when compared with the control group.  However, the cell viabilities 

were significantly decreased (45.06 ± 2.45, 36.56 ± 1.73 and 31.29 ± 1.83 %, 
respectively) when these cells were exposed to the cinnamon essential oil at the 

concentrations of 150, 200 and 400 µg/mL as shown in Figure 6. 

 
 
Figure 6 The effect of the cinnamon essential oil on the percentage of the cell 

viability of fibroblast following 24 hours of exposure. (* p < 0.05 compared with 

the control group (untreated cells). 
 

In vitro cytotoxicity assay was useful for screening of the cytotoxic potential of 

substances. The effect of the cinnamon essential oil on normal human fibroblast 
cells, which is one type of the skin cells, was investigated in this study. The result 

of cell viability assay showed that the cinnamon essential oil at the concentration 

less than 100 µg/mL had no cytotoxic effect on normal human fibroblast cells 
whereas cytotoxic effect was seen when the concentration of 150 µg/mL was 

applied. The previous report showed that the cytotoxicity of the cinnamon 

essential oil from Cinnamomum zeylanicum was quite strong with IC50 values 
less than 20 µg/mL for 5RP7 (H-ras active-rat fibroblasts) and F2408 (normal rat 

fibroblasts) cells (Unlu et al., 2010). The result of this study demonstrated that 

cinnamon essential oil is less toxic when compared with previous researches. The 
results may vary due to chemical compounds extracted as well as the different 

species of these plants. However, the cytotoxic effect should be further 

investigated in other types of skin cells and active-compounds, and conducted in 
in vivo experiment.  

 

CONCLUSION 

    

Based on the results of antioxidant activity, tyrosinase inhibitory activity, 

collagenase inhibitory activity, and elastase inhibitory activity of the cinnamon 
essential oil, this oil may be a potential candidate to use as an ingredient in skin 

whitening and/or anti-skin aging agents in cosmetic and pharmaceutical 

industries. However, the underlying mechanism for biological activities should 
be further investigated. Besides in vitro test in this study, both in vivo and clinical 

studies should be further conducted to explore the therapeutic properties, 
formulation and safety.  
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