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ABSTRACT

 Early manifestation of skin damage from acute UV-B exposure is erythema. Previous studies 
showed that antioxidants are necessary for inhibiting the process of skin damage due to UV radiation 
through antioxidant properties and inflammation inhibition. Purple Cabbage which plants in Tabanan, 
Bali, Indonesia was known to have high concentration of  antioxidant. This study aimed to assess 
the purple cabbage ethanol extract cream effect on UV-B exposed skin erythema of male Wistar 
rats. A post-test only control group design research was conducted on 30 male rats. Erythema was 
induced by 200 mJ/cm2 UV-B radiation to the rat’s back skin. Groups were divided into control, 
cream base, 5% cream, 10% cream, and 20% cream  concentrations. The dosage was applied 
once to the erythema area. Erythema scores were then evaluated based on visual evaluation and 
erythema diameter as described by Ali. All statistical analyses were performed using SPSS v. 20.0. 
The control group's erythema score was significantly different from the cream treated groups but 
not with cream base group. The mean difference, 95% CI, and p value for each dose was 2.17, 
1.83-2.50, 0.003; 2.00, 2.00-2.00, 0.007; and 1.67, 1.66-1.76, 0.007 for  5% cream, 10% cream and 
20% cream respectively. This study showed that the purple cabbage ethanol extract cream with 5%, 
10%, and 20% dose could inhibit the effects of acute UV-B exposure.
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INTRODUCTION

 People in a tropical country with sun 
exposure 10-12 hours per day are susceptible to 
skin damage and premature aging of the skin.[1,2,3] 
The UVR spectrum (Ultraviolet Radiation) consists of 
UV-A, UV-B, and UV-C. UV-A and UV-B can cause 
skin aging while UV-C is absorbed by the ozone 
layer, but it is known that UV-C can reach the earth 

by penetrating the thinning ozone layer.[4,5] Clinical 
features of skin damage from acute UVR exposure 
are sunburn and erythema by both UV-A and UV-
B.6,7,8 

 UV-B induced-reactive oxygen species 
activates Nuclear Factor kappa B (NFkB) signalling 
through Mitogen Activated Protein Kinase (MAPK) 
pathway9,10 This signalling process will stimulate 
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numerous cytokines and inflammatory mediators 
production resulting in acute reaction to UVB11,12 
Prostaglandin E2 (PGE2) and histamine are the main 
mediators causing blood vessels dilatation that leads 
to erythema. Prostaglandin E2 causes vasodilatation 
by activating prostaglandin E (EP) receptors 2 and 
4. Histamine increases further production of PGE2 
or directly induces blood vessel alteration through 
nitrite oxide (NO) mediated pathway13,14 

 Since oxidative stress is the major underlying 
process of UVB reaction, antioxidants are essential 
to inhibit skin damage15 A number of antioxidant 
compounds are contained in many tropical and 
subtropical plants that grow in Indonesia16 Purple 
Cabbage is a plant that began to be developed in 
Eka Karya Botanical Garden Bedugul, Tabanan, 
Bali, Indonesia. Based on research by Tendaj M., 
it is known that purple cabbage is a vegetable with 
an average anthocyanin content of 172.39 mg 100 
g-1, a value higher than that of purple violet sweet 
potatoes 61.85 mg 100 g-117 Previous studies 
showed that anthocyanin is a potent free radical 
scavenging agent and an effective inflammation 
inhibitor by regulating inflammatory mediators18,19,20 
But, the protective effect of purple cabbage ethanol 
extract cream on UV-B induced skin erythema has 
not been investigated.

Subjects and Methods
Subjects 
 Thirty Wistar rats were used in this 
experimental study based on Federer formula 
calculation. Subjects were 3-4 months age, males 
and divided into five groups. The study protocol 
approved by Ethics Committee of Udayana 
University of Medical Faculty/ RSUP Sanglah 
Denpasar (No.1009/UN.14.2/KEP/2017). Subjects 
were excluded if having any skin disease and die.

Induction of Erythema 
 To induce erythema, UV-B light from Polish 
Ultraviolet broadband, Philips type UVB-311nm (pl-s 
9w/01) lamp were applied on shaved rat’s back skin 
with an area of 4x4 cm. Before induction of erythema, 
a preliminary test was performed to determine an 
appropriate minimal dosage for erythema due to 
UV-B radiation on subjects. Each group was given 
different treatment as follows, the first rat was given 
UV-B with dose 25 mJ/cm2, the second rat was given 

50 mJ/cm2, the third rat was given 100 mJ/cm2, and 
the fourth rat was given 200 mJ/cm2. Erythema was 
observed at the rat’s back skin after 24 hours. Based 
on the preliminary test, it was found that the minimal 
erythema dose was 200 mJ/cm2.

Application of substances 
 Substances applied to 30 rats based on 
the groups (control as untreated subjects, cream 
base, 5% cream of purple cabbage ethanol extract, 
10% cream of purple cabbage ethanol extract, and 
20% cream of purple cabbage ethanol extract). All 
rats were exposed to 200 mJ/cm2 UVB radiation. 
Each of cream formulation was applied once after 
the exposure to the treatment area. 

Design of experiment
 This research was an experimental 
research using control group post-test only design. 
Subjects were placed randomly into five groups. 
Post-test values were then compared to determine 
the effectiveness of treatment.

Erythema assessment
 Assessment was performed by the authors 
and two non author observers 24 hours after 
treatment application and the score was given as 
described by Ali (Table 1)21

Statistical analysis
 All statistical analysis was performed 
using SPSS v. 20.0 (IBM Corp., Armonk, NY, USA). 
Statistical significance was considered when p < 
0.05. Data were analysed using Kruskal Wallis test 
and Mann Whitney test to compare data between 
groups.

RESULTS

 Based on descriptive test result of rat’s 
back skin erythema score, the means were varied 
(Table 2) and could be seen in Figures 1-5.  The 
Shapiro-Wilk test was used to test the normality 
of the erythema score data. It could be concluded 
that the data were not normally distributed at p < 
0.05 (Table 3). Data transformation with square root 
presented in Table 4 were also resulted in abnormal 
distribution (p < 0,05), therefore treatment effect 
analysis should use non parametric test. Levene's 
test was performed to investigate the homogeneity 
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Table 1: Score of Erythema

Skin Reaction Score

Without erythema 0
Very little erythema (barely visible, diameter <25 mm) 1
Erythema is clearly visible (diameter 25, 1-30 mm) 2
Moderate erythema (diameter 30, 1-35 mm) 3
Severe erythema (dark red with forming scar, diameter> 35 mm) 4

of erythema scores and it was found that all data 
were homogeneous with p > 0.05 (Table 5). Kruskal 
Wallis test was used to compare erythema score in 
each group. Data in Table 6 show that the erythema 
scores after treatment were significantly different (p < 
0.05). Mann-Whitney test was performed to find out 
the difference between each group (Table 7). There 
was no difference between control and cream base 
group (p > 0.05). Groups treated with 5%, 10%, and 
20% cream showed significant difference (p < 0.05) 
with the control group and cream base group, even 
though there was no difference between the three 
groups (p > 0.05).

DISCUSSION

 This study showed that the cream extract 
of purple cabbage ethanol either cream 5%, 10%, 
or 20% were able to inhibit the effects of acute 
UV exposure. This is in accordance with several 
studies both in animals and humans that prove 
the benefit of antioxidants against UVR effect. The 
research by Rinawati showed that the presence of 
polyphenol compounds in the jatropha gum which 
has antioxidant activity is able to decrease the 
erythema of the treatment group more quickly than 

the control group.[22] Kelagan water extract and 
waterleaf extract of pegagan as anti-inflammatory 
also showed the decrease of erythema treatment 
group faster than the control group.[23] Similar 
studies had also been conducted by Wibawa, from 
the research the mimba leaf extract was able to 
reduce the area of erythema larger than the control 
group.[24]  Animal study about BCME anti-erythema 
activity explained that mice treated with Buddleja 
cordata extract after induced by UVB showed less 
redness than the control group.[25] Application of 
5% and 10% S-Methylmethionine sulfonium (SMMS) 
before and after UVB-irradiation significantly 
decreased the UVB-induced erythema index.[26] 
In the human study done by Zhou concluded that 
topically applied Soy Oligopeptides in UVB-induced 
acute photo damage showed significant decrease of 
erythema index compare to control group and there 
was no significant difference in the administration of 
different doses. [27] 

 Erythema is induced by UV-B radiation, the 
absorbed UV-B light causes cellular immunologic 
changes leads to blood vessels dilatation. UV-B 
induces oxidative stress through direct photolysis 
of water, enzyme/substrates reactions, and cystein-

Fig. 1a: Erythema in The Back Skin of Male 
Wistar Rat on Group Control Before Treatment

Fig. 1b: Erythema in The Back Skin of Male 
Wistar Rat on Control Group After Treatment
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Fig. 2a: Erythema in The Back Skin of Male 
Wistar Rat on Base Cream Group Before 

Treatment

Fig. 2b: Erythema in The Back Skin of Male 
Wistar Rat on Base Cream Group After 

Treatment

Fig. 3a: Erythema in The Back Skin of Male 
Wistar Rat on Group 5% Cream Before 

Treatment

Fig. 3b: Erythema in The Back Skin of 
Male Wistar Rat on Group 5% Cream After 

Treatment

Fig. 4a: Erythema in The Back Skin of Male 
Wistar Rat on Group 10% Cream Before 

Treatment

Fig. 4b: Erythema in The Back Skin of Male 
Wistar Rat on Group 10% Cream After 

Treatment

containing protein. Increase reactive oxygen 
species is known to stimulate activation of NFkB 
through MAPK pathway that triggers complex 
cellular inflammation process in the skin.[9,11] 
Following UVB exposure, IκB, negative regulator 

of NFkB, is directly degraded as early response, 
or phosphorylated by IkB kinase as late response. 
Phosphorylation of IkB leads to ubiquitination and 
degradation by the proteasome, resulting in the 
rapid translocation of NF-κB to the nucleus. NFkB 
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Table 2: Descriptive Test Result of Male Wistar 
Rat Back Skin Erythema Score 

Erythema Samples Mean Standard 
 (n)  Deviation

Control 
Before  6 2.50 0.548
After  2.50 0.837
Cream Base
Before  6 2.50 1.049
After  2.00 0.894
5%
Before  6 2.00 0.632
After  0.33 0.516
10%
Before  6 2.17 0.983
After  0.50 0.837
20%
Before  6 2.33 0.816
After  0.83 0.753
Total
Before  30 2.30 0.794
After  1.23 1.135

Table 3: Normality Test Result of Male 
Wistar Rat Back Skin Erythema Score

Group Samples Significance 
 (n) (p)

Control 
Before  6 0.004*

After  0.006*

Cream Base
Before  6 0.820
After  0.167
5%  
Before  6 0.101
After  0.001*

10%
Before  6 0.035*

After  0.006*

20%
Before  6 0.091
After  0.212

Description: * = not normal at p <0.05

Table 4: Normality Test Result After Square 
Root Data Transform of Male Wistar Rat 

Back Skin Erythema Score

Group Samples Significance 
 (n) (p)

Control 
Before  6 0.004*
After  0.007*
Cream Base
Before  6 0.771**
After  0.158**
5%  
Before  6 0.090**
After  0.001*
10%
Before  6 0.032**
After  0.007*
20%
Before  6 0.079*
After  0.168*

Description: * = not normal at p <0.05; 
** = normal at p> 0.05

Table 5: Homogeneity Test Result of Male 
Wistar Rat Back Skin Erythema Score

Data  Levene  Significance 
Variations Statistic (p)

Erythema Score
Before  1.771 0.166*

After 0.359 0.835*

Description: * = homogeneous at p> 0.05

binds to κB binding sites in the promoter region 
of target genes, and induces the transcription of 
pro-inflammatory mediators, including inducible 
nitric oxide synthase (iNOS), TNF-α, IL-1, IL-6, IL 
8, VEGF, and others. [10,28] These substances 
mediate subsequent complex immune reactions 
involving keratinocyte, fibroblast, mast cell, and 
multiple immune cells that result in acute reaction 
of UVB radiation. [12, 15, 29, 30] Interleukin-1 
stimulates degranulation of mast cell, a major 
source of proinflammatory mediators, releasing 
more IL-1, TNF-α, PGE2, histamine etc. IL-1 and 
TNF-α can also stimulate PGE2 synthesis through 
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Table 6: Kruskal-Wallis Test Result of Male Wistar 
Rat Back Skin Erythema Score

 Group  Median Mead±SD. p
   (min-max)  

Before Control 6 2.50 (2-3) 2.50±0.548 
 Cream  6 2.50 (1-4) 2.50±1.049 
 5%  6 2.00 (1-3) 2.00±0.632 
 10%  6 2.50 (1-3) 2.17±0.983 
 20%  6 2.50 (1-3) 2.33±0.816 0.748
After Control 6 2.00 (2-4) 2.50±0.837 
 Base 6 2.00 (1-3) 2.00±0.894 
 5%  6 0.00 (0-1) 0.33±0.516 
 10%  6 0.00(0-2) 0.50±0.837 
 20%  6 1.00 (0-2) 0.83±0.753 0.001*

Description: * = significantly different at p <0.05

Table 7: Mann-Whitney Test Result of Male 
Wistar Rat Back Skin Erythema Score After 

Treatment

Group Mean             CI 95% p
 Diff Min Max 

Control vs Base 0.50 0.56 0.44 0.388
Control vs 5% 2.17 1.83 2.50 0.003*
Control vs 10% 2.00 2.00 2.00 0.007*
Control vs 20% 1.67 1.66 1.76 0.007*
Base vs 5% 1.67 1.27 0.88 0.008*
Base vs 10% 1.50 1.44 1.56 0.020*
Base vs 20% 1.17 1.10 1.32 0.044*

5% vs 10%  -0.17 0.17 -0.50 0.847
5% vs 20% -0.50 -0.17 -0.74 0.212
10% vs 20% -0.33 -0.34 -0.24 0.382

Description: * = significantly different at p <0.05

phospholipase A2 and cyclooxigenase 2.[9,12,30] 
Prostaglandin E2 induces vasodilatation due to 
increase cAMP through adenylyl cyclase activation 
by EP2 and EP4 prostaglandin receptors.[13,31]  
Histamine increases further production of PGE2 
or directly induces blood vessel alteration through 
nitrite oxide (NO) mediated pathway.[14]

 TNF-α and histamine also induce activation 
of nitric oxide synthase (NOS) and xanthine oxidase 
(XO) result in increase release of Nitric Oxide (NO) 

and superoxide anions after UV-B exposure.[29,32] 
NO regulates vascular tone by stimulating the soluble 
guanylyl cyclase (sGC) in vascular smooth muscle 
cells to induce the formation of cyclic guanosine 
monophosphate (cGMP). Cyclic GMP activates 
protein kinase G (PKG) which prevents calcium 
influx, PKG also works on Sarco / endoplasmic 
reticulum calcium ATPase (SERCA) to recover 
cytosolic calcium into the sarcoplasmic reticulum. 
Intracellular calcium concentration decreases and 
calmodulin is inactivated, calcium depletion also 

increases myosin light chain phosphatase activity 
leading to the breakdown of myosin-actin bonding 
and vascular smooth muscle relaxation. [33,34] 
Proinflammatory cytokines also stimulate the 
inflammatory cells to secrete the NADPH oxidase 
(NOx) enzyme causing superoxide anion formation 
leading in further oxidative stress concentration in 
the dermis layer.[15,29]

 Through which mechanism that the purple 
cabbage extract inhibit UV-B-induced erythema has 
not been elucidated in this study and are subject 
for further research. The purple cabbage contains 
anthocyanin, vitamin A, vitamin C, vitamin E, vitamin 
K, carotene, folate, sugar solution, and phenol 
compounds.[16] A study of fresh purple cabbage 
ethanol extract cream by Senja et al found that high 
anthocyanin content was directly proportional to 
the high antioxidant potential.[35] Antioxidants can 
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reduce the occurrence of acute oxidative damage 
or ROS through electron donor mechanism. Some 
studies using the extract of purple sweet potato 
showed that flavonoid content such as anthocyanin 
can act as free radical scavenging agent to protect 
the endothelial cell from oxidative stress, prevent 
the impaired renal function due to oxidative stress, 
and protect the oxidative stress of pancreatic β-cell. 
[33,34,36] Moreover, anthocyanin inhibit NF-kB as 
the key transcription factor involved in inflammation. 
UVB-induced rat skin when given Cyanidin-3-
Glucoside (C3G) prevent the nuclear translocation 
of  NF-kB.[28] Cross-sectional study in a population 
of US adults found higher intakes of anthocyanins 
and flavonols were associated with lower pro-
inflammatory cytokine levels and oxidative stress 
biomarker concentrations.[21] Previous research 
has also shown that polyphenolic compounds 
contained in green tea have anti-inflammatory 
properties.[22] Polyphenol compounds are able 
to act as photoprotective substances against skin 
inflammation due to UV exposure, oxidative stress, 
DNA damage, and all three.[36] The study of 
interventions in carotene-rich dietary men suggests 
the micronutrients may protect against sun damage. 
Consumption of micronutrients such as vitamin 
E, Vitamin C, polyphenols contributes to defence 
against oxidants and endogenous photoprotection.
[37] 

 The result of this study also showed that 
there was no significant difference of erythema 
score between groups treated with 5%, 10% and 
20% creams, which means increasing cream dose 
did not correlate with the effectiveness of the cream. 
Lower effective dose of this substance needs to be 
evaluated further. On the other hand, the cream base 
did not have protective effect to UV-B radiation that 
suggested the protective effect was due to the purple 
cabbage extract rather than the cream base. 

CONCLUSION

 The purple cabbage ethanol extract cream 
is able to inhibit the effects of acute UV exposure 
indicated by reduce erythema score. All cream 
dose of purple cabbage ethanol extract has equal 
effectiveness. Further studies are needed to assess 
the minimum dosage, mechanism, side effects, 
clinical benefits, and human studies.
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