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Abstract: The main focus of this work is to extend the knowledge about the complexity of issues of 

oxidative stress.  Natural compounds play a serious role in multiple aspects of both human, leading 

to clear health-promoting effects. This work is focused on the potential application cosmetic 

formulations containing including but not limited to of clove water and isolated clove oils on their 

aid in the control of the diseases. The aim of our work was to prepare to evaluate cosmetic 

formulations containing clove oil, eugenol or new eugenol ester derivative (eugenyl dichloroacetate 

- EDChA) but also cosmetic formulations containing the aqueous phase obtained after separation of 

essential oil following the clove buds steam distillation. To evaluate the antioxidants transdermal 

delivery system, in vitro permeation experiments in a Franz diffusion cell were performed using 

pig skin. The antioxidative capacity of the cosmetic formulations obtained was determined by the 

DPPH free radical reduction method. In the next stage, the antioxidant activity (DPPH, ABTS, and 

Folin–Ciocalteu methods) of the fluid that penetrated through pig skin and of the fluid obtained 

after skin extraction, were also evaluated. For comparison, studies of cosmetic formulation 

containing alone dichloroacetic acid (DChAA) were as well carried out. The obtained cosmetic 

formulations were characterized by of antioxidant activity estimated after 24 hours of conducting 

the experiment, which indicates long-term protection against reactive oxygen species (ROS) in the 

deeper layers of the skin. The results of this work contribute to the development of cosmetic 

formulations with antioxidant potential, emphasizing that the water phases are waste from the 

process of cloves steam distillation and are not used to prepare cosmetic formulations. The use of 

waste water from the clove buds steam distillation process is environmentally friendly and not 

allows us to waste, containing however valuable biologically active compounds (furfural, methyl 

salicylate, 4-allilofenol, eugenol, α- and β-caryophyllene, eugenyl acetate, β-caryophyllene oxide). 

Together, these results suggest that cosmetic formulations may be potential drug candidates for 

chemopreventive, antineoplastic and antimutagenic  therapy. 

Keywords: antioxidants for the treatment of ROS; new ester of eugenol; cosmetic formulations with 

clove water; skin penetration; Franz cell 
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1. Introduction 

Clove oil (Eugenia caryophyllata) is known for its antibacterial and anti-inflammatory properties 

[1]. Moreover, it show antineoplastic and antimutagenic properties and is helpful in digestion 

problems [2]. Currently, alternative and complementary methods of cancer treatment are being 

sought. The anticancer activity of clove oil involves many mechanisms, including cytotoxic, 

antiproliferative, anti-mutagenic and detoxifying effects. Due to its antioxidant properties, clove oil 

also has a chemopreventive effect. The anticancer effect of clove oil is associated with a wide range 

of compounds contained in this oil, such as: eugenol, methyleugenol, eugenyl acetate, α- and β-

caryophyllene, 4-allyl-2-methoxybenzoic aldehyde, α- and ß-caryophyllene oxide, kopaen, kadinen, 

isoeugenol. These compounds have a lipophilic character and low molecular weight, therefore they 

can penetrate cell membranes, leading to a decrease in ATP production and loss of mitochondrial 

potential. These changes may lead to cancer cell death [1-10]. 

In view of the content of phenolic compounds in clove oil it can be used for chemopreventive 

purposes. Eugenol reduced the incidence of N-methyl-N'-nitro-N-nitrosoguanidine gastric tumours 

by suppressing NF-κB (nuclear factor) activation and modulating the expression of NF-κB target 

genes that regulate cell proliferation and cell survival. The targeting of NF-κB signaling pathway by 

eugenol may have a significant impact on chemopreventive and therapeutic approaches for cancer  

[8, 11]. 

The antioxidant effect of eugenol and its esters is based on prevention of free radicals formation, 

repairing oxidative damage and elimination of the damaged particles [12-18]. In the human body, the 

oxidative-antioxidant balance is crucial as it maintains the integrity and functionality of the cell 

membrane [19, 20]. In the body ROS can cause a lot of potential damage. It is widely recognized that 

reactive oxygen species contribute to the aging of the skin, the outer barrier of our body. Moreover, 

many tissues inside our organism are also subjected to ROS. In fact, the human body is exposed to 

both endogenous and exogenous ROS effects. These compounds, which cause oxidative stress, are 

responsible for oxidative modifications of polyunsaturated fatty acids and nucleic acids (and as a 

consequence, to structural changes in cell membranes as well as to DNA damage) [20-27]. 

The studies showed that β-caryophyllene induces a repeated cancer response to cytotoxic drugs 

facilitating the passage of paclitaxel through the membrane of cancer cells, thus enhancing the 

anticancer activity of this compound [28]. Eugenol enhances the action of chemotherapeutic agents 

and induces apoptosis of cervical cancer cells without toxicity to healthy cells [29]. Additionally, 

eugenol, eugenyl acetate, β-caryophyllene, β-caryophyllene oxide were also tested in animal models 

for antiangiogenic effects. The results of several studies showed that these compounds are 

characterized by antiangiogenic activity against different lines of cancer cells and inhibit melanoma 

growth and lung metastases in mice [1, 28, 30]. 

As a result of our previous research, eugenyl dichloroacetate was obtained as a result of reaction 

of eugenol with dichloroacetic acid chloride. The selectivity of the conversion to EDChA as well as 

the conversion of eugenol were determined by the gas chromatography (GC), while the molar mass 

of the obtained product was confirmed based on the mass spectrum (GC-MS). The most important 

band associated with the presence of an ester group in the structure of the obtained ester was 

identified by infrared spectroscopy. The unequivocal confirmation of the structure of new eugenol 

ester derivative was carried out by NMR. The antioxidative activity of eugenol and its ester was 

evaluated by the spectrophotometric method, whereas the values of the n-octanol/water partition 

coefficient (P) were used to evaluate the lipophilicity. The penetration of these compounds through 

pig skin using the Franz diffusion cell and their accumulation in the skin were also evaluated. 

Moreover, the antioxidant potential of solutions applied to the skin after 24 hours penetration 

through the skin as well as the activity of the skin after penetration studies was assessed [18].  

The aim of our work was to prepare to evaluate cosmetic formulations containing clove oil, 

eugenol or new eugenol ester derivative (EDChA) but also cosmetic formulations containing the 

aqueous phase obtained after separation of essential oil following the clove buds steam distillation. 

The results of this work contribute to the development of cosmetic formulations with antioxidant 

potential, emphasizing that the water phases are waste from the process of cloves steam distillation 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 October 2020                   doi:10.20944/preprints202010.0189.v1

https://doi.org/10.20944/preprints202010.0189.v1


 3 of 19 

 

and are not used to prepare cosmetic formulations. We evaluated the antioxidant activity and their 

penetration capacity (through pig skin using the Franz diffusion cell) of the obtained cosmetic 

formulations. For comparison also studies with DChAA was done. Moreover, the ecological aspect 

of our research seems to be of importance. The use of waste water from the clove buds steam 

distillation process is environmentally friendly and allows us to waste, containing however valuable 

biologically active compounds (furfural, methyl salicylate, 4-allilofenol, eugenol, α- and β-

caryophyllene, eugenyl acetate, β-caryophyllene oxide).  

2. Materials and Methods  

2.1. Chemicals 

To prepare the studied cosmetic formulations vaseline, and cholesterol (Coel. Cracow),  

beeswax (supplied by Zrob Sobie Krem distributor), clove buds of Syzygium aromaticum from 

Madagascar and Indonesia (Bolinero, Prymat), eugenol p.a. (Keten) and distilled water. 

To determine of antioxidant activity and skin permeation of active components of prepared 

cosmetic formulations (eugenol, EDChA, DChAA, clove oil, clove water), 2,2-diphenyl-1-

picrylhydrazyl (DPPH), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox) were 

purchased from Sigma-Aldrich (USA), ethanol (96% v/v), acetone, methanol, sodium chloride, 

potassium chloride (all of the analytical grade) were from Chempur (Poland) and acetonitrile for 

HPLC was purchased from J.T. Baker. 

2.2. Measurement of the Antioxidant Capacity of Clove Oil, Clove Water, Eugenol and its New Ester 

Antioxidative activity of ethanolic solutions of eugenol and its new derivative (EDChA) were 

determined using spectrophotometric method based on DPPH radical reduction as described 

elsewhere [18, 31]. The absorbance at the wavelength of 517 nm was measured using Spectroquant 

Pharo 300 (Merck, Germany). The antioxidant activity of eugenol and its ester was measured as 

follows: to 2850 µl of DPPH ethanolic solution (absorbance at 517 nm 1.00 ± 0.02) 150 µl of the sample 

(containing one of the tested compound) was added. The tube was wrapped in aluminum foil, sealed 

with a stopper and incubated for 10 minutes at room temperature. Each sample was prepared in 

triplicate. After incubation, spectrophotometric measurements were carried out at 517 nm. Solvent 

applied to obtain extracts was used as reference. The results were expressed as radical scavenging 

activity (RSA) [19]. For each studied compound calibration curve of RSA vs. concentration was 

prepared to calculate IC50 , i.e. the concentration of the compound reducing 50% of free radicals  

Moreover, antioxidant activity of clove oil extracted from clove buds by steam distillation and 

water obtained after steam distillation was evaluated by DPPH method after 10 to 60 minutes of 

incubation [18, 31]. 

 

2.3. Method of Cosmetic Formulations Containing of Clove Oil, Eugenol and EDChA 

Cosmetic formulations were prepared as follows: beeswax (0.032g), cholesterol (0.176g) and 

vaseline (3.647g) were put to glass beaker. The beaker was placed in water bath (70°C) to dissolve the 

contents. To the second beaker distilled water (5.882g) and the appropriate amount of either eugenol, 

its ester or clove oil were added (1.000% w/w) and mixed using the recipe mixer at 1375 rpm (Eprus® 

U500) to achieve a uniform consistency. In the next stage, the content of the second beaker was added 

to the first beaker, and then were mixed using the recipe mixer to achieve a uniform consistency of 

the emulsion.  

In addition, another form containing aqueous phase obtained after the cloves distillation (5.882g) 

instead of distilled water was also prepared and evaluated. Usually water phases are waste from the 

process of cloves distillation and are not used in cosmetic formulations.  

Moreover, for comparison purpose, cosmetic vehicle without active substance were prepared, 

into which either eugenol, EDChA or clove oil was introduced manually. 
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2.4. Measurement of the Antioxidant Capacity of Cosmetic Formulations and Skin Permeation Studies of 

Cosmetic Formulations 

Antioxidant activity of cosmetic formulations were evaluated using slightly modified DPPH 

method. The procedure was as follows: to 2850 µl of DPPH radical solution in acetone (its absorbance 

at λ = 517 nm was 1.00 ± 0.02) 150 µl of the acetone solution containing the tested formulation (in the 

concentration of 10.0% w/w). The tube was wrapped in aluminum foil and sealed with a stopper and 

then incubated for 10 and up to 60 minutes at room temperature. Each samples was prepared in 

triplicate. After incubation, spectrophotometric measurements were carried out at the above-

mentioned wavelength.  

The penetration of cosmetic formulations containing eugenol, EDChA and DChAA were 

assessed in a Franz diffusion chamber consisted of a 2 ml donor chamber and an 8 ml acceptor 

chamber. The penetration area was 1 cm2. The acceptor fluid, mixed with a magnetic stirrer, was a 

PBS (phosphate-buffered saline, pH 7.4) solution that maintained the physiological pH. The acceptor 

chamber was kept at a constant temperature of 37 ± 0.5 °C with the VEB MLW Prüfgeräte-Werk type 

3280 thermostat. Before starting the test, Franz diffusion cells were allowed to equilibrate at 37 °C for 

15 minutes. Porcine skin was used for the study due to its similar permeability properties to human 

skin. The skin was from a local slaughterhouse. A fresh portion of skin from the abdomen was 

washed several times with a solution of PBS. Skin with a thickness of 0.5 mm was cut with a 

dermatome, and then it was wrapped in aluminum foil and frozen at –20 °C for a maximum of 3 

months. This freezing time ensured the stability of the skin barrier properties [32]. Before the 

examination, the skin was thawed at room temperature for about 30 minutes, and then it was soaked 

in a PBS solution for 15 minutes to hydrate it [33]. In the next stage, the skin was mounted in Franz 

diffusion cells. The integrity of skin was checked one hour after its installation in the Franz diffusion 

chamber (SES GmbH Analyze Systeme, Germany). For this purpose skin impedance was measured 

using an LCR 4080 meter (Conrad Electronic, Germany) operating in parallel mode at 120 Hz (kΩ 

error < 0.5%). To make the measurement, the tips of the probes were immersed in the donor and 

acceptor chambers filled with the PBS solution [34]. Membranes with an electrical resistance of >3 kΩ, 

corresponding to the resistance measured for human skin, were used in the study [35]. 

Cosmetic formulations (1.000g) containing of the test compound (eugenol, EDChA and DChAA) 

were placed in the donor chamber. All donor chambers were closed with a plastic stopper to prevent 

excessive evaporation of the formulation. The described tests were carried out up to 24 hours. An 

aliquot of 0.3 ml of the solution in the acceptor chamber was taken at specified intervals (30 min, 1 h, 

2 h, 3 h, 4 h, 5 h, 8 h and 24 h), and then supplemented with a fresh portion of buffer of the same pH 

[34]. The samples were analyzed by high-performance liquid chromatography (HPLC) with a UV 

detector (Knauer, Berlin, Germany). The components tested were separated on a 125 x 4 mm column 

containing Hyperisil ODS; particle size 5 µm. The flow rate of the mobile phase, consisted of 

acetonitrile, water, and MeOH (28:64:8, by vol), was 1 ml/min. Twenty microliters of each analyzed 

sample was injected onto the column.  

After completion of penetration experiment, the skin was extracted to estimate the residual 

amount of tested active ingredients accumulated in it. The antioxidant activity of the obtained 

extracts was also tested using methods previously described [31, 32]. Extraction was carried out as 

follows: after the experiment was completed, the Franz diffusion chambers were dismantled, while 

the skin surface was washed three times with an aqueous solution of sodium lauryl sulfate (at a 

concentration of 0.5% w/w) to elute of the test compound. A patch (1 cm2 diffusion surface) was cut 

from the skin prepared in this way, dried at room temperature, and then weighed and cut into smaller 

pieces. Then, 2 ml of concentrated methanol was added, and extraction was carried out for 24 hours 

at 4 °C. After 24 hours of incubation, the skin was homogenized (for 3 minutes) using a homogenizer 

(IKA®T18 digital ULTRA TURRAX, Germany). The extracts obtained were then centrifuged at 3500 

rpm for 5 minutes. The supernatant was analyzed by HPLC to determine the content of active 

ingredients, while tests on the antioxidant activity of the obtained extracts were carried out using the 

DPPH, Folin–Ciocalteau, and ABTS methods.  
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The cumulative mass of active substance (µg) permeating into the receptor chamber was 

calculated based on the concentrations of compounds in receptor fluid determined by HPLC. The 

permeation rate was determined based on the amount of permeation of a compound over a given 

period (μg/cm2/h). The accumulation of compounds in the skin was calculated by dividing the 

amount of compound obtained after skin extraction; the results are given in μg/cm2 of skin [18]. 

Statistical calculations were done using Statistica 13 PL software (StatSoft, Polska). The results were 

evaluated using one-way analysis of variance (ANOVA). Significant differences between the 

permeation of individual compounds were evaluated using Tukey post-hoc test. Probabilities p < 0.05 

were considered to be statistically significant. Results are presented as the mean ± standard deviation 

(SD). 

The antioxidant activity of acceptor fluid taken after 24 hours of penetration, and solutions 

obtained after skin extraction performed after the experiment was determined using the DPPH 

(according to the procedure described above) [18, 31], ABTS [18, 36] and Folin–Ciocalteau [18, 19] 

methods. The ABTS assay is based on the generation of a blue/green ABTS radical, which is applicable 

to both hydrophilic and lipophilic antioxidant systems; whereas DPPH assay uses a radical dissolved 

in organic media and is, therefore, applicable to hydrophobic systems [37]. 

First, an aqueous solution of potassium persulfate (2.45 mM) was prepared, to which an 

appropriate amount of ABTS reagent was introduced to obtain a 7mM solution of ABTS in an 

aqueous solution of potassium persulfate. The solution prepared in this way was incubated at 4 °C 

for 24 hours and then diluted with methanol (50% v/v) to obtain an absorbance of 1.000 ± 0.020 at 734 

nm. The antioxidant activity of acceptor fluid and solutions obtained after skin extraction was 

measured as follows: 2500 µl of working ABTS solution and 25 µl of ethanolic solution of tested 

antioxidant were mixed in spectrophotometric cuvette. The samples prepared in triplicate were 

incubated for 6 minutes at room temperature. After this time, the absorbance at 734 nm was 

measured. 

To determine the total content of phenolic compounds in the tested samples the method based 

on the use of the Folin–Ciocalteu reagent in alkaline medium was applied. The reaction is based on 

the spectrophotometrically recorded color change of the test solution from yellow to blue. Folin–

Ciocalteu reagent was diluted tenfold with water in a dark bottle and incubated at room temperature 

for 60 minutes. The antioxidant activity of acceptor fluid and solutions obtained after skin extraction 

was measured as follows: 1350 µl of distilled water and 1350 µl of sodium carbonate solution (0.01 

mol/dm3) were mixed in spectrophotometric cuvette with 150 µl of the prepared Folin–Ciocalteu 

solution and 150 µl of an ethanol solution containing the tested cosmetic formulation. The cuvette 

was sealed with a stopper and incubated for 15 minutes at room temperature. All the samples were 

prepared in triplicate. After this time, spectrophotometric measurements were carried out at 750 nm 

using water as a reference. 

3. Results and Discussion 

3.1. Measurement of the Antioxidant Capacity of Eugenol and New Ester 

Table 1 presents antioxidant activity of eugenol, its ester derivative and dichloroacetic acid, 

carried out by the DPPH method. 
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Table 1. Antioxidant activity of eugenol, EDChA and DChAA. 

Concentration of 

antioxidant 

(% w/v) 

Antioxidant activity (DPPH method): 

Eugenol* EDChA* DChAA* 

%RSA 

0.006 49.90 ± 0.003 72.85 ± 0.001 

n.a. 

0.007 55.00 ± 0.002 72.90 ± 0.002 

0.010 75.02 ± 0.000 72.95 ± 0.000 

0.030 77.49 ± 0.001 72.95 ± 0.000 

0.050 81.16 ± 0.000 72.95 ± 0.001 

0.100 82.48 ± 0.000 72.08 ± 0.000 

0.150 85.98 ± 0.000 70.83 ± 0.000 

0.200 85.17 ± 0.000 68.96 ± 0.001 

0.250 87.30 ± 0.000 68.95 ± 0.000 

0.500 87.91 ± 0.000 68.91 ± 0.001 

1.000 88.72 ± 0.002 65.90 ± 0.000 

1.500 88.93 ± 0.001 65.83 ± 0.001 

2.000 88.22 ± 0.001 64.87 ± 0.000 

2.500 90.25 ± 0.001 64.04 ± 0.001 

3.000 90.60 ± 0.000 62.76 ± 0.001 

3.500 90.60 ± 0.001 59.96 ± 0.001 

4.000 90.71 ± 0.001 58.23 ± 0.000 

5.000 90.60 ± 0.001 58.53 ± 0.000 

6.000 91.32 ± 0.000 56.74 ± 0.001 

7.000 91.57 ± 0.001 56.62 ± 0.001 

8.000 91.62 ± 0.000 53.46 ± 0.001 

9.000 92.48 ± 0.001 51.75 ± 0.001 

10.000 92.64 ± 0.001 50.01 ± 0.000 

15.000 93.60 ± 0.001 45.21 ± 0.001 

20.000 94.92 ± 0.001 33.49 ± 0.001 

25.000 95.84 ± 0.001 24.50 ± 0.001 

30.000 97.05 ± 0.001 16.31 ± 0.001 

50.000 97.05 ± 0.001 16.31 ± 0.002 

IC50 (µM) **6.09 ***4275.98 - 

* Mean ± S.D. (n = 3), 

** density determined experimentally (1.00 g/cm3), 

*** density determined experimentally (1.15 g/cm3). 

 

Table 2 presents the antioxidant activity of the essential oil and clove water obtained after steam 

distillation of cloves from Indonesia. 

Table 2. Time course evolution of the antioxidant activity of the clove oil and clove water evaluated 

with DPPH method. 

Time 

(min) 

Antioxidant activity (DPPH method)* 

% RSA 
aClove oil (1.000% w/v) bClove water 

10 89.04 ± 0.001 33.02 ± 0.000 

11 89.09 ± 0.001 32.00 ± 0.005 

12 89.15 ± 0.002 31.79 ± 0.003 

13 89.04 ± 0.001 31.74 ± 0.002 

14 89.20 ± 0.002 31.58 ± 0.001 

15 89.04 ± 0.001 31.48 ± 0.000 

16 89.09 ± 0.001 31.38 ± 0.001 

17 89.04 ± 0.001 31.28 ± 0.002 

18 89.09 ± 0.003 31.07 ± 0.004 
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19 88.94 ± 0.000 30.97 ± 0.005 

20 89.04 ± 0.001 30.86 ± 0.006 

21 89.09 ± 0.000 30.76 ± 0.007 

22 89.15 ± 0.000 30.66 ± 0.008 

23 89.15 ± 0.000 30.56 ± 0.008 

24 89.09 ± 0.000 28.60 ± 0.001 

25 89.04 ± 0.001 27.06 ± 0.001 

26 89.09 ± 0.000 25.51 ± 0.001 

27 89.15 ± 0.002 23.97 ± 0.001 

28 89.30 ± 0.002 23.10 ± 0.001 

29 89.45 ± 0.003 21.55 ± 0.001 

30 89.41 ± 0.002 19.44 ± 0.001 

31 89.40 ± 0.002 18.62 ± 0.001 

32 89.51 ± 0.003 18.83 ± 0.002 

33 89.52 ± 0.002 18.62 ± 0.001 

34 89.51 ± 0.002 18.47 ± 0.002 

35 89.52 ± 0.003 18.36 ± 0.001 

36 89.50 ± 0.002 17.59 ± 0.000 

37 89.51 ± 0.002 17.59 ± 0.001 

38 89.53 ± 0.003 17.59 ± 0.000 

39 89.61 ± 0.001 17.59 ± 0.000 

40 89.51 ± 0.002 17.49 ± 0.000 

41 89.76 ± 0.001 17.44 ± 0.000 

42 89.76 ± 0.002 17.39 ± 0.001 

43 89.87 ± 0.001 17.59 ± 0.001 

44 89.92 ± 0.003 17.39 ± 0.002 

45 90.02 ± 0.001 17.28 ± 0.000 

46 91.36 ± 0.001 17.18 ± 0.001 

47 91.72 ± 0.000 17.13 ± 0.001 

48 91.72 ± 0.001 16.98 ± 0.001 

49 91.87 ± 0.001 16.92 ± 0.002 

50 91.77 ± 0.001 16.87 ± 0.002 

51 92.54 ± 0.000 16.82 ± 0.001 

52 92.70 ± 0.001 16.72 ± 0.000 

53 92.80 ± 0.000 16.82 ± 0.001 

54 93.67 ± 0.001 16.67 ± 0.001 

55 93.83 ± 0.001 16.72 ± 0.001 

56 94.80 ± 0.001 16.67 ± 0.001 

57 96.14 ± 0.001 16.67 ± 0.001 

58 98.87 ± 0.000 16.72 ± 0.003 

59 98.92 ± 0.001 16.77 ± 0.004 

60 98.92 ± 0.001 16.77 ± 0.004 

* Mean ± S.D. (n = 3), 
awaste water from the cloves from Indonesia containing: furfural 0.98%, benzyl alcohol 0.32%, methyl 

salicylate 0.27%, 4-allilofenol 0.41%, eugenol 94.45%, β-caryophyllene 1.21%, α-caryophyllene 0.20%, 

eugenyl acetate 2.14%,  

 
bthe essential oil from the cloves from Indonesia containing: 4-allilofenol 0.31%, eugenol 97.69%, β-

caryophyllene 0.77%, eugenyl acetate 1.23%,  

 

waste water from the cloves from Madagaskar containing: furfural 0.13%, benzyl alcohol 0.05%, 

methyl salicylate 0.29%, 4-allilofenol 0.22%, eugenol 89.21%, β-caryophyllene 7.61%, α-caryophyllene 

1.27%, eugenyl acetate 0.87%, β-caryophyllene oxide 0.35%, 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 October 2020                   doi:10.20944/preprints202010.0189.v1

https://doi.org/10.20944/preprints202010.0189.v1


 8 of 19 

 

the essential oil from the cloves from Madagaskar containing: methyl salicylate 0.10%, 4-allilofenol 

0.20%, eugenol 88.82%, kopaen 0.23%, β-caryophyllene 8.50%, α-caryophyllene 1.38%, eugenyl acetate 

0.57%, β-caryophyllene oxide 0.19%. 

The studied compounds showed different antioxidant activity determined by DPPH method - 

Table 1. Studies have shown that the values of the parameter determining the concentration reducing 

50% of free radicals (IC50) for eugenol are inversely proportional to its antioxidant activity, i.e. the 

lower the IC50, the higher the antioxidant activity [10]. Eugenol (IC50= 6.09 µM) had the highest 

activity. The value of the IC50 parameter for eugenol was more than 8 times lower than the value 

described in the literature for this compound (IC50 = 50.44 µM) [38]. In addition, as the concentration 

of eugenol in the test sample increased, the antioxidant activity increased from 49.90 ± 0.003 to 97.05 

± 0.001 %RSA. The antioxidant activity of eugenol increases with an increase in the concentration of 

this compound in the test sample, due to a reduced electron density on the oxygen atom of the 

phenolic group (i.e. the -OH group bonded to the carbon of the aromatic ring). The hydrogen bonding 

energy is much lower, which makes it easier to give it to the DPPH radical (through the reaction of 

the radical and antioxidant molecule with the formation of the adduct) – Table 1. 

The results of EDChA antioxidant activity presented in Table 1, showed that the value of the 

antioxidant activity may be strongly influenced by the kinetic behavior of this compound. While 

increasing the concentration of eugenyl dichloroacetate in the test sample, a decrease in antioxidant 

activity was observed: from 72.85 ± 0.001 (for ester concentration of 0.006% w/v) to 16.31 ± 0.002 (for 

ester concentration of 50.000% w/v). The reason for under-activation is that the reaction time (10 

minutes) between DPPH and EDChA is too short. As a result, this time seems to prevent the end of 

the reaction between radical and antioxidant. This phenomenon is often observed in the case of 

antioxidants (essential oils, compounds isolated from plant materials or plant extracts) characterized 

by a slow reaction with DPPH radical [10, 39-41]. Underestimated values of antioxidant activity 

caused by slow reaction of the antioxidant with DPPH radical were observed during the 

measurements of antioxidant activity of clove oil extracted from the clove buds of Syzygium 

aromaticum by steam distillation - Table 2. The study showed that during the 10-minutes reaction the 

antioxidant activity of the oil was 89.04 ± 0.001 %RSA. By extending the reaction time (DPPH with 

this antioxidant) to 60 minutes, the antioxidant activity of the oil increased by almost 10% to 98.92 ± 

0.001 %RSA. The choice of a proper reaction time is extremely important for EDChA, because 

characterized by a slow kinetic behavior (just like essential oils DChAA did not show antioxidant 

activity in the tested concentration range. 

The antioxidant activity of antioxidants depends on DPPH radical concentration. Fadda et al [39] 

estimated the % of unresponse DPPH during the reaction between DPPH and Java green tea, in 

systems with increasing DPPH concentration and with a constant ratio of DPPH/Java green tea. The 

amount of water in the system was very low (5%) and its effect on the reactivity of DPPH was 

considered to be negligible. The amount of unresponsive DPPH radical decreases with increasing 

initial DPPH concentrations in the reaction environment. The highest concentration of unreacted 

DPPH was observed for the lowest initial radical concentration applied. Additionally, the increase in 

the initial DPPH concentration decreased the amount of unresponsive DPPH [39-42]. Our research 

showed that with an increase of DPPH radical concentration, the antioxidant activity of clove water 

almost doubled - Table 2. The antioxidant activity along with the prolongation of the reaction time 

between DPPH radical and antioxidant (i.e. with the decrease of DPPH concentration in the reaction 

environment) decreased from 33.02 ± 0.000 %RSA (at 10 minutes) to 16.77 ± 0.004 %RSA (at 60 

minutes). 

3.2. Measurement of the Antioxidant Capacity and Skin Permeation Studies of Cosmetic Formulations 

Tables 3 presents the results for the antioxidant activity of cosmetic formulations containing of 

eugenol, clove oils, EDChA and DChAA, carried out by the DPPH method. 
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Table 3. Antioxidant activity of cosmetic formulations. 

Sample  

number 
Cosmetic formulation containing 

*Antioxidant activity (DPPH method): 

% RSA10  % RSA60  

1 Pure with distilled water n.a.  n.a. 

2 **Pure with clove water 8.16 ± 0.009 9.89 ± 0.012 

3 a**Eugenol 12.21 ± 0.029 37.99 ± 0.084 

4 a**Clove oil from Madagascar 12.31 ± 0.000 40.76 ± 0.005 

5 a**EDChA 16.63 ± 0.004 38.02 ± 0.006 

6 a**DChAA 12.04 ± 0.350 18.49 ± 0.006 

7 b**Eugenol 10.88 ± 0.006 23.35 ± 0.044 

8 b**Clove oil from Madagascar 7.07 ± 0.003 19.82 ± 0.017 

9 b**EDChA 16.21 ± 0.022 33.20 ± 0.027 

10 b**DChAA 9.14 ± 0.012 12.72 ± 0.025 

11 c**Eugenol 10.66 ± 0.002 20.92 ± 0.002 

12 c**Clove oil from Madagascar 8.15 ± 0.003 20.76 ± 0.017 

13 c**EDChA 16.99 ± 0.002 24.27 ± 0.000 

14 c**DChAA 15.41 ± 0.003 24.40 ± 0.002 

15 d**Eugenol 22.45 ± 0.004 59.60 ± 0.003 

16 d**Clove oil from Madagascar 17.07 ± 0.004 34.80 ± 0.018 

17 d**EDChA 20.75 ± 0.003 41.50 ± 0.007 

18 ***Pure with clove water 16.36 ± 0.009 18.19 ± 0.012 

19 d***Eugenol 31.48 ± 0.005 65.53 ± 0.009 

20 d***Clove oil from Indonesia 32.99 ± 0.002 66.78 ± 0.016 

21 d***EDChA 25.25 ± 0.003 49.50 ± 0.003 

* Mean ± S.D. (n = 3), 

** clove water, which is a waste from the steam distillation of cloves from Madagascar, 

*** clove water, which is a waste from the steam distillation of cloves from Indonesia, 
a the cosmetic formulation was first obtained and then the relevant active substance was (with a recipe mixer) 

screwed into it, 
b the relevant active substance was added to the organic phase during the preparation of the cosmetic 

formulation, 
c the relevant active substance was added to the aqueous phase during the preparation of the cosmetic 

formulation, 
d the cosmetic formulation was first obtained and then the relevant active substance was (manually) screwed 

into it, 

n.a. - no activity. 

Tables 4 presents the results for the antioxidant activity of solutions of the tested cosmetic 

formulations containing of eugenol, EDChA and DChAA. 
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Table 4. Antioxidant activity of solutions of the tested cosmetic formulations evaluated with DPPH, 

ABTS and Folin-Ciocalteu methods. 

Sample 

number 

Cosmetic formulation 

containing 

Cosmetic 

formulation  

applied to the skin 

Acceptor fluid 

after 24 hours of 

penetration 

Solution after skin 

extraction  

*Antioxidant activity (DPPH method): 

mmol TE/dm3 (% RSA) 

1 Pure with distilled water n.a. n.a. n.a. 

11 c**Eugenol 0.041 ± 0.002 (10.66) >0.001 (0.77) 0.011 ± 0.002 (4.03) 

13 c**EDChA 0.083 ± 0.001 (16.99) >0.001 (1.56) 0.019 ± 0.004 (5.29) 

14 c**DChAA 0.073 ± 0.002 (15.41) >0.001 (1.13) 0.021 ± 0.004 (5.56) 

  *Antioxidant activity (ABTS method): 

  mmol TE/dm3 (% RSA) 

1 Pure with distilled water - n.a. n.a.  

11 c**Eugenol - 0.088 ± 0.014 (8.81) 0.377 ± 0.018 (20.31) 

13 c**EDChA - 0.074 ± 0.001 (7.62) 0.367 ± 0.018 (19.91) 

14 c**DChAA - 0.050 ± 0.012 (6.65) 0.322 ± 0.011 (18.13) 

  *Antioxidant activity(Folin-Ciocalteu method): 

  mmol GA/dm3 (% RSA) 

1 Pure with distilled water - n.a. n.a.  

11 c**Eugenol - 0.059 ± 0.004 0.226 ± 0.010 

13 c**EDChA - 0.075 ± 0.011 0.268 ± 0.007 

14 c**DChAA - 0.070 ± 0.004 1.196 ± 0.003 

* Mean ± S.D. (n = 3), 

** clove water, which is a waste from the steam distillation of cloves from Madagascar, 
c the relevant active substance was added to the aqueous phase during the preparation of the cosmetic 

formulation, 

n.a. - no activity. 

 

Tables 5 presents the results of studies on the penetration and the accumulation of active 

substances contained in cosmetic formulations. 

Table 5. Penetration of active substances (contained in cosmetic formulations) through skin and the 

amounts of extracted active ingredients accumulated in it.  

Sample 

number 

Cosmetic 

formulation 

containing 

Mass of substance in the acceptor 

fluid after 24 hours of penetration  

Concentration of substance 

extracted from the skin 

(µg) (µg/cm2 skin) 

11 *Eugenol 20.53 ± 0.800a 156.89 ± 6.980b 

13 *EDChA 19.59 ± 1.750a 173.94 ± 8.348b 

14 *DChAA 14.209 ± 1.450b 251.49 ± 9.200a 

* Mean ± S.D. (n = 3), different letters - values are significantly different, mass substance in the acceptor 

fluid (P < 0.05), concentration of substance extracted from the skin (P < 0.001). 

Figures 1 and 2 show the results of studies on the permeation of cosmetic formulations 

containing active substances through pig skin during the 24-hour experiment and mass of test 

cosmetic formulation containing active substances in the acceptor fluid during the 24-hour 

experiment. 
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Figure 1. The penetration rate of Eugenol, EDChA, DChAA contained in test cosmetic formulation 

through the skin during the 24-hour experiment. 

 

 

Figure 2. Cumulative mass of Eugenol, EDChA, DChAA contained in test cosmetic formulation 

penetrated into acceptor fluid during the 24-hour experiment. 

 

The study of potential DPPH radical scavenging capacity of the pure preparation, containing no 

active substance (samples 1) and the formulation prepared with the use of clove water as post-

processing waste (samples 2 and sample 18) showed that samples 1 did not show antioxidant activity, 

while samples 2 and 18 were characterized by a DPPH radical scavenging degree of: 8.16 ± 0.009 % 

RSA10 and 9.89 ± 0.012 % RSA60 and 16.36 ± 0.009 % RSA10 and 18.19 ± 0.012 % RSA60, respectively. 

Cosmetic formulations containing 1.000% w/v antioxidant (eugenol, clove oil from Madagascar or 

Indonesia, EDChA and DChAA) were characterized by efficacy to react with DPPH radical. The 

highest efficacy was shown by the preparations obtained in the following way: first a cosmetic 

preparation containing clove water was obtained, and then a suitable active substance (i.e. eugenol, 

a new eugenol ester derivative - EDChA and an essential oil obtained by hydrodistillation of clove 

from Indonesia) was added (manually) into the finished final preparation. Cosmetic formulations 

showed the highest efficiency to react with DPPH radical after 60 minutes of incubation. %RSA for 

these samples decreased as follows: sample 20 (66.78 ± 0.016) > sample 19 (65.53 ± 0.009) > sample 15 

(59.60 ± 0.003) > sample 21 (49.50 ± 0.003). Studies measuring the antioxidative potential of cosmetic 
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formulations containing two different clove oils have shown different efficacy to react with the DPPH 

radical. The antioxidant activity of the preparation containing essential oil extracted from clove trees 

in Indonesia (sample 20) was almost twice as high as the antioxidant activity of the preparation 

containing essential oil extracted from clove trees in Madagascar (sample 16). The percentage of RSA 

after 10 and 60 minute incubation for these preparations was 32.99 ± 0.002 and 66.78 ± 0.016 and 17.07 

± 0.004 and 34.80 ± 0.018, respectively - Table 3. Reactive oxygen species (ROS) reduce the 

concentration of active glutathione (GSH), while increasing the concentration of reduced glutathione 

(GSSG), thus causing oxidative stress. Elevated levels of reduced glutathione have been observed in 

cancer cells. characterized by resistance to anticancer drugs. These cells do not undergo apoptosis, as 

a result of which the body's homeostasis is disturbed. From the modern oncology point of view, the 

process of apoptosis is very important because it protects the body from the proliferation of sick, 

mutated or damaged cells and leads to spontaneous death of cancer cells. Cosmetic preparations 

containing eugenol and other phenolic compounds present in isolated clove oils may enhance the 

activity of chemotherapeutic agents and induce apoptosis of cervical cancer cells without toxicity to 

healthy cells [49-50]. Moreover eugenol has a hydroxyl group (-OH) associated with an aromatic ring 

with acidic properties, which could lead to antioxidant activity. Its free radicals scavenging activity 

could lead to form phenolic radicals. These radicals are stable due to resonance caused by charge 

transfer and are not able to detach hydrogen from lipid or protein molecules (and to decrease the 

oxidation).  

Replacement of hydrogen atoms in the aliphatic chain EDChA by heteroatoms (in this case, 

chlorine atoms) enhances the antioxidative properties. Eugenol esters containing chlorine atoms in 

the structure easily trap free radicals, giving up the H atom in the aliphatic chain. The reason is a 

change in the shape of the molecule, i.e. a change in length, direction, range and polarization of the 

bonds and a change in the symmetry of the particles. Introduction of chlorine atoms into the structure, 

causes polarization of bonds between carbon-chlorine atoms. The polarization of bonds between the 

carbon-chlorine atoms reduces the density of the electron cloud in the whole molecule and causes 

polarization of all close bonds present in the structure. As a result of this bond between the carbon-

hydrogen atoms in EDChA molecules, they change their length and polarity. In addition, the 

presence of chlorine atoms in the structure of EDChA changes the electro-neutrality of carbon atoms. 

Moreover, the presence of the methoxy group (-OCH3) in the eugenol and its ester increases the 

antioxidant properties of these compounds [54].   

In the case of studies carried out for pure preparation with distilled water instead of antioxidant 

solution (Table 4), no antioxidant activity was shown (cosmetic formulation applied to the skin, 

acceptor fluid after 24 hours of penetration, solution after skin extraction). The test results, presented 

in Table 4, show that solutions of acceptor fluids containing eugenol, EDChA and DChAA were 

characterized by antioxidant activity evaluated with DPPH, ABTS and Folin-Ciocalteu methods. The 

degree of reduction of the DPPH free radical (of acceptor fluid solutions collected after 24 hours of 

permeation) increased in the following order: 1.56 (for cosmetic formulation containing EDChA) > 

1.13 (in the case of cosmetic formulation containing DChAA) > 0.77% RSA (for cosmetic formulation 

containing eugenol). The antioxidant activity (determined by the ABTS method) of acceptor fluid 

collected after 24 hours of permeation showed that the cosmetic formulation containing eugenol had 

the highest antioxidant activity (8.81% RSA). Lower antioxidant activity was observed for the 

formulation with EDChA and DChAA (7.62 and 6.65% RSA) - Table 4. The polyphenol contents 

(obtained by the Folin–Ciocalteu method) in acceptor fluid (collected after 24 hours of permeation) 

showed that the tested cosmetic formulation containing EDChA had the highest polyphenol content 

(0.075 ± 0.011 mmol gallic acid/dm3). Lower concentrations of 0.070 ± 0.004 and 0.059 ± 0.004 mmol of 

gallic acid/dm3, respectively, were found for cosmetic formulation containing DChAA and eugenol 

(Table 4).  

The results of studies on the antioxidant activity of solutions of skin extracts obtained after the 

experiment showed that cosmetic formulations containing DChAA, eugenol and its ester derivative 

were characterized by antioxidant activity, as estimated by the three techniques mentioned: DPPH, 

ABTS, and Folin–Ciocalteu. The degree of DPPH free radical reduction for these preparations 
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decreased in the following order: DChAA (5.56) > EDChA (5.29) > eugenol (4.03% RSA) - Table 4. In 

contrary, the antioxidant activity (ABTS method) of the solutions obtained after skin extraction 

decreased as follows: 20.31 (for cosmetic formulation with eugenol) > 19.91 (for cosmetic formulation 

with EDChA) > 18.13 (for cosmetic formulation with DChAA) (Table 4). The results obtained by the 

Folin–Ciocalteu method showed that the values of antioxidant activity of solutions obtained after 

skin extraction (cosmetic formulations containing EDChA and eugenol) were higher (0.268 ± 0.007 

and 0.226 ± 0.010 mmol of gallic acid/dm3) than the values of antioxidant activity of cosmetic 

formulations containing DChAA (1.196 ± 0.003 mmol gallic acid/dm3) (Table 4). 

In HIV-infected patients the occurrence of oxidative stress and significantly lower antioxidant 

concentrations were observed than in non-HIV individuals. In HIV individuals a reduced plasma 

GSH concentration, increased PP (peroxidation potential), MDA (malondialdehyde) and HPO (total 

hydroperoxides) concentrations and altered CAT (catalase) and SOD (superoxide dismutase) activity 

have been reported [51]. The reason of the antioxidant deficiency during HIV infection may be 

malabsorption of antioxidants, as well as enhanced cysteine metabolism with a consequent loss of 

thiol groups. The treatment with anti-cancer antioxidants, protects, among others, thiol groups of 

proteins from irreversible inactivation caused by ROS. The application of antioxidants in the first 

weeks after HIV infection was detected might cause the disease regress [46, 47].   

Numerous literature reports have shown that neurodegenerative diseases that are caused by 

reactive oxygen species are Alzheimer's and Parkinson's disease. The brain of people suffering from 

Alzheimer's is constantly exposed to ROS, resulting in the formation of Aβ-amyloid, the peptide 

responsible for the formation of senile plates. Aβ-amyloid induces the formation of intracellular ROS, 

causes protein oxidation, lipid peroxidation, increase in GSSG concentration and decrease in 

S-glutathione transfer activity. In Parkinson's disease, dopamine is converted by monoamine oxidase 

(MAO), which results in the accumulation of hydrogen peroxide, reacting with reactive oxygen 

species and leads to gradual degeneration and disappearance of the gray matter [48-50]. 

In our own research conducted in vitro, the penetration of cosmetic formulation containing 

eugenol and its new ester derivative (EDChA) through pig skin was assessed. For comparative 

purposes, tests were also carried out for pure DChAA. The experiment was carried out using a Franz 

diffusion chamber, in which the donor phase consisted of the formulations tested. The acceptor phase 

was PBS solution, because it corresponds to systemic conditions, is isotonic in nature, and allows 

conditions corresponding to the conditions prevailing in the deeper layers of the skin to be 

maintained [51]. Permeation of test substances (contained in cosmetic formulations) through pig skin 

into the acceptor fluid increased in the following order: eugenol > EDChA > DChAA. After 

conducting the experiment for 24 hours, the highest average cumulative mass was observed in the 

case of eugenol (20.53 ± 0.800 µg). The mass was slightly lower in the case of EDChA (19.59 ± 1.750 

µg). In addition, the study showed that amount of eugenol and EDChA penetration differed from 

that of DChAA (14.209 ± 1.450 µg) – Table 5. The highest increase in the penetration rate of cosmetic 

formulations containing eugenol, EDChA and DChAA to the acceptor fluid (µg/h) were observed 

between 4 and 5 hours (Fig. 1), while for pure EDChA between 2 and 3 hours, pure eugenol it was 

between 3 and 4 hours [18]. Pure dichloroacetic acid accumulated in the skin [18]. The factor 

significantly affecting the transport of active substances is the lipophilicity of the test compound. The 

optimal log P coefficient (which is an indicator of the lipophilicity of the active substance) is in the 

range of 2 to 3 [32, 52]. This was also confirmed in the publication [18], which showed that both 

eugenol and its ester derivative were characterized by good permeability through the skin (log P: 

eugenol 2.20 ± 0.001, EDChA 2.65 ± 0.001). Lipophilic compounds penetrate much more easily 

through the skin, because the skin consist mainly of lipid substances which, at the same time, limits 

the penetration of hydrophilic substances (among others dichloroacetic acid, whose log P is 0.95 ± 

0.002) [53]. The lower lipophilicity of the compound (log P < 2) is associated with its worse penetration 

the skin [33]. This relationship was also confirmed in our publication [18]; the average masses 

accumulated in the acceptor fluid after 24 hours were 272.89 ± 54.64 µg (in the case of eugenol), 302.77 

± 1.90 µg (in the case of EDChA), 247.63 ± 16.45 µg (in the case of DChAA), while the average 
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cumulative masses for formulations containing these compounds at 0.5; 1; 2; 3; 4; 5; 8, and 24 hours 

are shown in Fig. 2. 

After the experiment was carried out, the skin was extracted in order to extract the tested active 

ingredients accumulated in it. The obtained test results showed that the concentration of substances 

(contained in the tested formulations) in the analyzed extracts decreased in the following order: 

DChAA (251.49 ± 9.200 µg/cm2 skin) > EDChA (173.94 ± 8.348 µg/cm2 skin) > eugenol (156.89 ± 6.980 

µg/cm2 skin). Pure DChAA was accumulated in the skin, as evidenced by the high concentration of 

compound found in the analyzed extract: DChAA 750.82 ± 44.62 µg/cm2 skin [18].        

4. Conclusions 

In case of antioxidants rapidly reacted with DPPH radical (such as eugenol - Table 1) the 

concentration reducing 50% of free radicals (IC50) is not affected by the reaction time [34-35]. This 

observation differ from dichloroacetate eugenyl. which is characterized by a slow kinetic effect 

(similarly to clove oil extracted from the cloves) - Tables 1 and 2. For these reasons reaction time 

measurements should be carried out individually for each antioxidant to complete the reaction 

between antioxidant and DPPH radical. The antioxidant activity of aqueous solution of antioxidants 

(i.e. clove water - Table 2) is affected by DPPH concentration in the reaction environment - the higher 

the initial DPPH concentration the lower % of unreacted radical was observed in the reaction 

environment [34-36]. 

We demonstrated that cosmetic formulations containing eugenol,  new eugenol derivative 

(EDChA) and DChAA, penetrate through biological membranes. EDChA is characterised by higher 

partition coefficient compared to DChAA, which can have a positive impact on enhance active 

substance transport through biological membranes. Eugenol is a terpene compound classified as an 

absorption promoter that is characterized by high antibacterial as well as antioxidant activity. 

Terpenes, which are a group of substances that are commonly considered safe from the point of view 

of dermal toxicity, are often used in preparations applied to the outer layer of the skin [5, 8, 9, 11, 18].   

The transport of the active substance (contained in the cosmetic formulation) the skin also 

depends on the molecular weight of the active substance itself. Overcoming the lipophilic barrier, 

which is the skin, is possible for eugenol and non-polar - new ester of eugenol, which have molecular 

weights of <600 Da [18, 45, 54, 58]. Besides better absorption of active substance by penetrating faster, 

the presented cosmetic formulations can provide endogenous action against free radicals, which is 

their superiority to the used in cosmetology pure acids (α- and β-hydroxy acids, TChAA), for which 

the skin is a barrier limiting their penetration [18, 46, 49, 53, 58]. In addition, the good permeability 

of cosmetic formulations containing eugenol, EDChA and DChAA through the skin and their proper 

accumulation in the skin (Table 5, Fig. 1, Fig. 2) as well as their antioxidant capacity (Table 4) can 

limit also the exogenous effects of free radicals. Although eugenol, as a biologically active substance, 

is already used in many cosmetic and pharmaceutical preparations the antioxidant effect of eugenol 

after crossing the skin barrier has not previously been studied. 

The results of the conducted research showed that among the tested cosmetic formulations the 

highest antioxidant activity determined with DPPH method was found for formulations containing 

EDChA (Table 1) as an active substance and clove water (aqueous fraction containing furfural, benzyl 

alcohol, methyl salicylate, 4-allilofenol, eugenol, β-caryophyllene, α-caryophyllene, eugenyl acetate, 

β-caryophyllene oxide) as a water phase. These compounds, due to their mechanism of action, can 

have a beneficial effect on the balance between oxidants and antioxidants in the body, minimizing 

the effects of oxidative stress. Moreover, they seem to be effective agents with potential application 

among others in the prevention of cancer owing their antiproliferative and anti-angiogenic activity. 

Due to the content of phenolic compounds (eugenol) they may also show chemopreventive activity 

and affect the induction of cancer cell apoptosis [42-57]. 
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Abbreviations: 

The following abbreviations are used in this manuscript: 

EDChA  eugenyl dichloroacetate 

DChAA  dichloroacetic acid 

DPPH  2.2-diphenyl-1-picrylhydrazyl 

ABTS  2.2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) 

ROS   reactive oxygen species 

NF-κB  nuclear factor 

P   partition coefficient 

IC50    the concentration reducing 50% of free radicals 

GSH  glutathione 

GSSG  reduced form glutathione 

PP   peroxidation potential 

MDA  malondialdehyde 

HPO  total hydroperoxides 

CAT   catalase 

SOD   superoxide dismutase 

MAO  monoamine oxidase 
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