The Influence of Arbutin and
Olive Oil as an Enhancer in
Characteristic and SPF Value of
Sunscreen (Combination of
Oxybenzone and Octyldimethyl
Paba in Carbomer 940 Gel Base)

by Widji Soeratri

Submission date: 27-Dec-2019 04:06PM (UTC+0800)
Submission ID: 1238478524

File name: Proceding_ICPAPS_4 OCR.pdf (974.14K)
Word count: 2841

Character count: 17702



The Influence of Arbutin and Olive OH.....

The Influence of Arbutin and Olive Oil as an Enhancer in
Characteristic and SPF Value of Sunscreen (Combination of
Oxybenzone and Octyldimethyl Paba in Carbomer 940 Gel Base)

Josephine Paramita Ayuningtyas*, Tristiana Erawati, Noorma Rosita, Widji Soeratri
Pharmaceutics Department, Faculty of Pharmacy Airiangga University, Surabaya-Indonesia
E-mail: atelier_ppink@yahoo.com

Abstract

The aim of this research was to understand the influence of ﬂ:utin (3% w/w0) and
olive oil addition and the increase of olive oil concentration (3, 5, and 7% w/w) on
characteristic and SPF value of sunscreen product containing oxybenzone-and octyldimethyl
PABA (3 : 7% w/w) in a carbomer 940 gel base. The characteristic test was done by
observing the physical appearance, pH and spreading ability on the 2" day after the product
was made; while the measuring of SPF value was done with a spectrophotometric method.
The result of the characteristic test showed that the addition of arbutin and olive oil affect
the physical appearance (organoleptic and consistency) of sunscreen product as well as its
spreading ability but has no effect on pH; while the significant raise in SPF value of the
sunscreen formula showed that the addition of arbutin and olive oil affect the effectiveness of
sunscreen product and an increase in olive oil concentration has lead to an increase in SPF
value. Considering the result of this research, it's suggested to perform a further research to
comprehend the in vivo effectiveness of this product on human skin.
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Introduction

Exposure to sunlight can have both advantageous and harmful effects on the human
body. Adverse reaction to the UV sun rays includes erythema, tanning, sunburn, photo
ageing, hyper pigmentation, photosensitivity and skin cancers [Tranggono and Latifah, 2007;
Wilkinson et al, 1973]. Protecting for the skin from harmful effects of solar radiation can be
done by using sunscreens. Active ingredients in sunscreens are divided to physical and
chemical agents. Physical sunscreen agents reflect the UV rays from the skin. They are not
transparant and accordingly need high concentration to be effective, which made them not
preferable for some people. Chemical sunscreen agents absorbing UV-A radiation i.e.
(oxybenzone) and absorbing UV-B radiation such as i.e. (octyldimethyl PABA). To obtain a
higher protection effect with broad spectrum sunscreen, a combination of an anti UV-A and
anti UV-B sunscreen agents are recently been used in many sunscreen product [Widianingsih
and Lumintang, 2002].

Normally, skin has its own protection mechanism against the harmful effect of uv
rays, such as thickening of strafum corneum, sweating, and skin pigmentation. The
abnormal increase of melanin as a result of skins natural protection can result in a non
homogenous skin color, which is usually disliked by a lot of people. To solve this problem,
whitening agents are used to control the production and metabolism of melanin in epidermis.
One example of a frequently used whitening agent is arbutin, a hydroquinone derivates
which inhibits melanin production. Arbutin has lower toxicity than hydroquinone’s and its
depigmentation effect is higher than kojic acid and vitamin C [Mashhood, 2008]. This
substance is used as whitening agent at various concentration, in the range of 0.5-3.0%. It
has a low partition coefficient and penetration rate, which accordingly needs addition of a
penetration enhancer to make it work optimally [Zulkarnain, 2003; Galilee, 2008; Mitsui,
1998].

Olive oil is a pure oil cbtained from Olea europaea Linn containing oleic acid (83.5%),
a substance that is capable to interact and modify the lipid bilayer of stratum corneum, in
order to increase the lipofilicity of a substance. lts ability as penetration enhancer in local
anesthetic agent has been proofed by Sarma and Fisher [Sarma, 1993]. Olive oil has been
widely used in sunscreen and other cosmeceutical preparation for its emollient activity, it is
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nonirritant and considered as a natural lipid that has the highest compatibility with human
skin [Rowe et al, 2003; O'Neil, 2006].

There is a wide variety of sunscreen preparations that available in the market such as
cream, lotion and gel. Among these, gels gives cool sensation, not sticky, elegant, smooth
and easy to be removed by washing. A synthetic gelling agent usually just required in a
small amount to produce a gel with good consistency. Regarding this carbomer 940 as the
synthetic geiling agent is considered to be the most suitable for this study.

In this study a combination of oxybenzone 3% w/w (anti UV-A) and octyldimethyl
PABA 7% w/w (anti UV-B) [Pratiwi, 2006] together with arbutin 3% w/w and various
concentration of olive oil (3, 5, and 7% w/w) in a carbomer 940 gel base are used in the
formula, then the change in SPF value are observed by spectrophotometric method. |
Methodology Pt
Materials

Materials used in the experiment were Oxybenzone (Surya Dermato), Octyldimethyl
PABA (Surya Dermato), Arbutin (Asia Visions Ltd.), Olive oil (Brataco Chemicals), Carbomer
940 (Brataco Chemicals), Triethanolamine (Surya Dermato), EDTA Sodium (Surya_Dermato),
Methyl paraben (Surya Dermato), Propyl paraben (Surya Dermato), B (Brataco
Chemicals), Tween 80 (Surya Dermato), Propylene glycol (Brataco Chemicals), Isopropanol
p.a. (Brataco Chemicals). All ingredients used having pharmaceutical grade except
isopropanol which was in pro analytical grade.

The qualitative analysis is carried out in a Fourier Transform Infrared
Spectrophotometre Jasco FT-IR 5300, Melting Point Apparatus, Bausch and Lomb
Refractomet The results were compared to the reference and substance certificate of
analysis.The SPF assay were carried out by using a Double Beam UV-Vis Spectrophoto-meter
Perkin Elmer Lambda EZ 201, Ultrasonic Branson 3510, Hettich zentrifugen EBA 20, Mettler
Toledo AL 204 analytical balance. Digital pH meter Schott CG 842 and spreading-capacity
measurer are also used for the organoleptic analysis.

Table 1: Formula used in experiment

~ Concentration in formula (% w/w)

Composition Function s S+A S+A+0 S+A+0 S+A+0
3% @ 5% 7%
Oxybenzone Sunscreen agent 3 3 3 3 3
chg’tﬁgl&ethyl Sunscreen agent i 7 7 T 7
Arbutin Whitening agent 0 3 3 3 3
Tween 80 Emulgator 0.5 05 0.5 05 05
Olive oil Enhancer 0 0 3 5 7
Carbomer Geling agent 1 1 1 1 1
T i Solvent 100 100 100 100 100

* S = Sunscreen
S+A = Sunscreen + Arbutin
S+AfO 3% = Sunscreen + Arbutin + Olive oil 3%
S+A+0 5% = Sunscreen + Arbutin + Olive oil 5%
S+A+0 7% = Sunscreen + Arbutin + Olive oil 7%
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Preparation of sunscreen gel containing arbutin and olive oil

EDTA Sodium was first dissolved in distilled water, then an amount of carbomer was
dispersed in it. This dispersion then was left for a night after the pH was adjusted to 6 with
addition of Tri Ethanol Ammine (TEA). Methyl-paraben and Propyl-paraben were dissolved in
propylene glycol and then poured into the mixture of carbomer and stirred to create a good
gel base.

Arbutin was dissolved in distilled water then Tween 80 was added. The solution of BHT
in olive oil was mixed together in it to form a good emulsion system. Oxybenzone,
Octyldimethyl PABA and propylene glycol were mixed and put into the emulsion system and
stirred well before inserted into the gel base and stired well to form the sunscreen
gel. The sunscreen were then keptin a tight container and stored well for further analysis.
Other treatment formulas were similarly made with main composition as in Table 1. ¢

Characteristics determination of sunscreens gel

Organoleptic test are done visually after preparation, while determination of pH and
spreading-capacity are done 2 days after the formula done. By using a Digital pH meter
Schott CG 842, and a spreading-capacity measurer.

To determine the pH, 2 grams of the sunscreen gels was mixed thoroughly with 18 ml
of water free-C02 then the pH wasmeasured with pH meter.

To determine the spreading-capacity, approximately 1 gram of the gels are placed on
a glass plate with a millimeter scale. This glass plate is then covered with another glass
plate, then the change in gell-spreading is observed along with an increase of the given
load.

Determination of SPF value of sunscreens gel

To observe the effect on SPF caused by arbutin and olive oil addition, 100.0 mg
sunscreens dissolved in 2.0 ml isopropanal, then solution are centrifuged for 15 minutes at
50 rpm speed. 1.0 ml of the filtrate is taken and poured into a 5.0 ml metered flask and
shake well until its homogenized (10000 ppm).

The 1.0 ml mixture was then pipette, and putinto a 10.0 ml metered flask than diluted
to acquire a 1000 ppm solution. The 1000 ppm solution that are acquired was pipette for
1.0 ml solution and moved into another 10.0 ml metered flask before isopropanol was added
to dilute it and then shacked well to reach a concentration of 100 ppm (contains 10 ppm
sunscreen's active ingredients). UV spectrum of this solution was measured at 290-400 nm
by using Double Beam UV-Vis Spectrophotometer Perkin Elmer Lambda EZ 201 at interval of
2 nm, which has an absorption that is larger than 0.050.

According to the method used by Petro, the absorption data received were converted
into the absorption value on 10 ppm concentration for each wavelength, The AUC of each
formula from the shortest and longest wavelength are counted using the following equation:

i Ap—a +A
A\U[?gf_a-—- 22y e

Whereas:

AUC = Area under Curve

Ap = Absorbtion on p wavelength
Ap-a = Absorbtion on p-a wavelength
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A total of AUC were obtained by adding each AUC between 2 wavelengths in series
from 290 nm till 400 nm which has an absorption value above 0.050 and the SPF value of a
formula were obtained by inserting the total AUC into the equation below:

L oo SPF Total area p
°9 = Xn-2a "~

Whereas:
An= longest wavelength above 290 nm that has an absorption value higher than 0.050 .
Al= shortest wavelength 290 nm

The Log SPF value is obtained from the equation was then converted into SPF value.

Statistical analysis

The coe:r@'gents variation of all data obtained from the experiment were calculated to
ensure the ho eneity of the formula. One-way ANOVA were used to assess the significant
of differences. In case of F significant value, multiple comparison Tukey test was used to
compare the means of different treatment groups. Result p<0.05 were considered to be
statistically significant.

Results and Discussions :

The average data of organoleptic observation from all the sunscreen formula were
shown in Table 2. His shown that they are different before and after addition of olive oil to
the formula. What determines the color and smell of the sunscreen was the active
ingredients olive oil is added to the formula, an ascend in the viscosity of formula was
observed as a result of an increase in the amount of olive oil added. The addition of olive oil
also influence the color and smell of sunscreen as it becomes stronger and more likely to
take after the color and smell of the olive oil along with an increase in olive oil concentration.

Table 2: Organoleptic analysis of the sunscreens formula

_ Formula  Colour _Smell  Consistency
Gel base Transparent Octyldimethyl PABA A bit viscous
Sunscreen (S) Yellowish white Octyldimethyl PABA Not very viscous
S+Arbutin (A) Yellowish white Octyldimethyl PABA Viscous
S+A+Clive oil (0) 3% Yellowish Clive oil Viscous
S+A+0 5% Yellowish Qlive oil Very viscous
S+A+0 7% Yellowish Olive oil Very viscous

Table 3: Average pH data

~ Formula pH (average) % var. coefficient
Gel base 6.60 + 0.08 1.29
Sunscreen (S) 6.27 £ 0.05 0.79
S+Arbutin (A) 6.31+0.05 0.74
S+A+0Olive oil (O) 3% 6.31+0.03 0.43
S+A+0 5% 6.30 £ 0.05 0.86

_S+A+0 7% ol (R ..

* The result were obtained from an average of 3 times replication

156 Proceeding International Conference on Pharmacy and Advanced Pharmaceutical Sciences
Yogyakarta, Indonesia, 2009




The Influence of Arbutin and Olive OH

Table 4: Result of HSD test of the sunscreens pH

pH Classification a=0.05

- Formula _M e 2
S 9 6.27
S+A+0 7% 9 6.29
S+A+0 5% 9 6.30
S+A 9 6.31
S+A+0 3% 9 6.31
_Gel base - 3 ~ 6.60
Table 5: Average slope of sunscreens formula
Formula Average slope ] % Var. coefficient
Gel base 0.2833 + 0.0057 =
Sunscreen (S) 0.3359 = 0.0076 2.26
S+Arbutin (A) 0.3859 = 0.0119 3.09
S+A+Olive oil (O) 3% 0.2713 = 0.0094 3.47
S+A+0 5% 0.2474 £ 0.0072 2.91
S+A+0 7% 0.2238 + 0.0028 1.25

* The result were obtained from an average of 3 times replication

One of the important factors that influence sunscreen SPF value is the pH beside
extinction coefficient and solvent polarity. Therefore, it's important to make sure reaction
caused the SPF changes in the treatment formula. The pH of sunscreen
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Figure 1: Spreading capability of sunscreen

gels also play a major rule in the sunscreen gels characteristic as the carbomer consistency
were heavily affected by its acidity, a high acidity condition would lower the gels viscosity.

The result of pH analysis has shown that no significant difference whether there was
addition of arbutin or olive oil as well as increase in olive oil concentration. From the data we
see that the sunscreen formula were all in a range of skin pH (Tab 3. and Tab 4). The
spreading capabilities of the formula were measured and the results were shown in table s
From the data we could see that the spreading-capacity of the formula decline with the
addition of arbutin and with a rise in olive oil concentration as a result of an increase in its
viscosity.

The SPF analyses were done by extracting the sunscreen from its base with
isopropanol. In order to assure that the base gel carbomer 940 will not give any absorbtion
in the UV spectrum, it was extracted using isopropanol and observed at the wavelength of
280-400 nm. From the spectra it's known that the gel base did not give any absorbtion,
therefore it's assumed that any change within the observation of SPF value were caused by
the active ingredient only. To ensure the homogeneity in the formula, the % variation
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coefficient of each sampling in each replication and % variation coefficient of each replication
of each formula were calculated. The SPF value that resulted from the calculation (Tab 6.)
was then compared to the American Society of Health System Pharmacist standard in order
to know its protection capability.

This standard contains two different category of protection against UV rays as
presented in Table 7.

Table 6: SPF data from the treatment formula

% var. % var.
Formula Replication (avesrpa';e)* coefficient (ave?:;e)* o coel‘:i:‘ient
1 6.73 2.08
Sunscreen (S) 2 6.56 2.36 6.66 409"
3 6.68 1.7
1 9.20 1.8
S+Arbutin (A) 2 9.11 4.20 9.09 2.79
3 8.97 2.23
; . 1 11.91 3.63
S*’“'Og;? il 2 11.84 1.73 12.02 3.14
ey 3% 3 12.30 3107
1 19.74 2.85
S+A+0 5% 2 19.44 3.29 19.53 2.53
3 19.41 1.96
1 26.30 2.18
S+A+0 7% 2 25.21 3.08 25.92 3.44
3 26.25 4.55
*The data were obtained from 3 different samples in 1 product
**The data were obtained from an average of 3 different products in 1 formula
Table 7: Sunscreens category based on SPF value
Protection
categony SPF sunbum tanning
Minimum 2-<4 Minimum - "
Moderate 4-<8 Moderate Small
High 8-<12 High Limited
Very high 12-<20 Very high Large
Ultra 20-30 ~ Maximum Maximum
*American Health System Pharmacist, 2002
Table 8: The sunscreen's formula protection category
Formula SPF (average) Protection category
Sunscreen (8) 6.66 Moderate
S+Arbutin (A) 9.09 High
S+A+OQlive oil (0) 3% 12.02 Very high
S+A+0 5% 19.53 Very high
S+A+0 7% 25.92 Maximum

From the data that were shown in Table 6, it can conclude that all of the sunscreen
formulas during the experiment were homogeny and reproducible because its variation
coefficient were less than 6%. These results were also supported from the amount of
variation coefficient that was acquired from the pH value and the spreading-capability
assessment that were also less than 6%.

According to the comparisons that were made above, the sunscreen's formula were
ctegorized as given in Table 8. The result of HSD test presented in Table 9 indicate that there
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was an increase in the SPF value of the sunscreen gels from moderate to maximum
protection together with the addition of arbutin and an increase in olive oil concentration in
the formula.

14 s i Tabir Surya (T8)
i5 . i TS + Arbutin (A)
. / TR
) //'-—-"‘"..,__\- — — TS5 +A+01.3%
o / 7 s ————T5 +A+0l. 5%
E 08 — - - TS+A+OLT%
2 o0s — — 01.7% d
L4
04
0.2 R ———
0 T Y T v
360356 352 348 344 340336 332 326 324320 316 312308 304 300296 292
wavelenght
Figure 2: Absorbtion spectrum of sunscreen.
Table 9: Result of HSD test of the sunscreens SPF
T Formula N SPF category a=0.05 -
i 1 2 3 4 5
Sunscreen (S) 9 6.60
S+Arbutin (A) 9 9.09
S+A+0Olive oil (0) 3% 9 12.02
S+A+0 5% 9 1953
S+A+0 7% 9 25.99

The table 9 shown that the addition of arbutin and olive oil has significantly elevated
the SPF value of sunscreen gels and the maximum protection was given by the formula that
contains 7% concentration of olive oil.

From the screening above (Fig 2.), it has been studied that the addition of arbutin and
olive oil did not cause any movement on the maximum wavelength, Nevertheless, an
increase in the intensity of absorbtion was observed. Thus it's predicted that an interaction
occurred between the molecule of arbutin and sunscreen agent which intensify the effect of
aucsochrome group and a decrease in polarity of sunscreen gels that affect the delocalization
of the molecule and resulted in a rise of energy demand needed for excitation to happen and
hence, increase the SPF value.

Conclusion

Addition of arbutin and olive oil affect the physical appearance (organoleptic and
consistency) of sunscreen product as well as its spreading ability but has no effect on pH;
while the significant raise in SPF value of the sunscreen formula showed that the addition of
arbutin and olive oil affect the effectiveness of sunscreen product and an increase in olive oil
concentration has lead to an increase in SPF.
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