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With global warming on the rise and depletion of ozone layer, the
wrath of the only star in our solar system is on its epitome. The main
objective of this project was to develop a non-toxic and nourishing UV

Published: July 2020 sunscreen with the incorporation of organic and inorganic filters and

natural ingredients which protects the skin from carcinogenic UVA and
UVB radiation and at the same time exfoliating and nourishing the
skin. The formulation that was investigated: Octyl Salicylate with Zinc
Oxide. The active ingredients were dispersed, that is Octyl Salicylate
and Zinc Oxide, into a medium. That medium was a water-oil cream,
on which the active ingredients were dispersed. The cream was
formulated using hydrosol(80%) - rose water, humectant(4%) - honey,
liquid 0il(10%) - virgin coconut oil, emulsifier(4%) - Glyceral Stearate,
thickener (2%) - Proplyene Glycol. The UV absorption of the cream
was measured using UV- Visible Spectrophotometer, while the SPF of
the formulated sunscreen was measured using a linear regression model
obtained between maximum absorption in the UVB region and the SPF
value of the commercial sunscreen available in the market. The cream
showed broad spectrum absorption especially in the UVB region.
Comparison of UV spectra indicates that sunscreen synthesized in this
study has superior UV protection than those of commercial samples.
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Introduction:-

Lifestyle changes during the past five decades, with an increase in exposure to sunlight because of outdoor activities
and worsening sunbathing habits often result in skin cancers. As a result of chronic UV exposure, skin aging,
“wrinkles, uneven skin pigmentation, loss of skin elasticity and a disturbance of skin barrier functions” result. These
“changes in the skin that superimpose the alterations of chronological aging” refer to photo aging. [1-5]

A variety of environmental stresses, particularly UV light, can damage sun-exposed areas of the skin, such as the
face and neck, and accelerate premature aging. The skin Immunosuppression and skin cancer genesis are widely
studied as the main toxic effects of ultraviolet radiation (UVR) on adult skin.[3] UV radiations comprise of 100-
400nm wavelength, and can be further divided into UVC (100-290nm), UVB (290-320nm) and UV A (320-400nm).
The shorter the wavelength, the more harmful the UV radiation. However, shorter wavelength UV radiation is less
able to penetrate the skin. Short-wavelength UVC is the most damaging type of UV radiation. However, it is
completely filtered by the atmosphere and does not reach the earth's surface. [6-12]

Corresponding Author:- Aayush Singh

Address:- Department of Applied Chemistry, Delhi Technological University, Delhi, India. 172


http://www.journalijar.com/

ISSN: 2320-5407 Int. J. Adv. Res. 8(07), 172-177

Stratosphere/Ozone

Sea Level

P R
Deep Sea Level _,’

Fig. 1:- UV rays wavelength spectrum.

UVA wavelength is the longest of the three at 320-400 nm. UV A rays account for up to 95% of the UV radiation
reaching the Earth’s surface. They pass through the ozone layer and reach the earth. They are present with relatively
equal intensity during all daylight hours throughout the year. UVB wavelength is 290-320 nm. UVB rays are
intensity varies by season, location, and time of day. UVB rays, the chief cause of skin reddening and sunburn, tends
to damage the skin’s more superficial epidermal layers. They can also lead to the development of skin cancers. It
plays a contributory role in tanning and photoaging. UVB rays are responsible for causing most skin cancers. UVC
wavelength is 200-290 nm that have the shortest wavelength. [16-20] They are the most dangerous among all the
rays. However, these rays do not reach the earth’s surface as they are completely absorbed by the ozone layer. It is
therefore, not considered to be a factor in solar exposure to human beings and thus is not of any relevance
genetically and does not much attention as far as sunscreen are concerned. Octyl Salicylate is most effective as a
UV-B (290-320nm) filter. Ana Flo Sierra [21] et. al. showed that formulations containing octyl salicylate for topical
administration would be a promising formulation with good in vitro, ex vivo and in vivo pharmaceutical results for
prevent the undesirable adverse effects of UV skin irradiation because melatonin not only acts as a potent
antioxidant itself, but also is capable of activating an endogenous enzymatic protective system against oxidative
stress. Sunscreen, a part of photoprotection strategy, also known as sunblock is a lotion, spray, gel, foam, stick or
other topical product that absorbs or reflects some of the sun's ultraviolet radiation and thus helps protect against
sunburn. The use of sunscreen products has been advocated by many health care practitioners as a means to reduce
skin damage produced by ultraviolet radiation (UVR) from sunlight.[22-26] It has become an indispensable part of
our everyday lives as diligent use of sunscreen can also slow or temporarily prevent the development of wrinkles,
dark spots and sagging skin. It is a chemical defence, penetrating the skin and absorbing the UV rays before they
reach and damage the dermal layers.[10-12] Since the skin is the largest organ of the human body, the importance of
maintaining homeostasis and protecting the skin from ultraviolet radiation is important. Imbalances can result in
wrinkles, hair loss, blisters, rashes, life-threatening cancers, and disorders in immune regulation.

The active ingredients of sunscreen are organic and inorganic UV filters. Organic filters absorb whereas inorganic
filters reflect and scatter the UVB radiations.[27] Sunscreen formulations with broad protection spectrum unite both
organic and inorganic UV filters. In this study, sunscreen containing octyl salicylate as organic UV filter and zinc
oxide as inorganic filter is synthesized and compared with three commercial sunscreen of known SPF values
(SPF=20, 30 and 40). Octyl Salicylate is an ester formed by the condensation of a salicylic acid with 2-ethylhexanol.
Zinc oxide is non-toxic, chemically inert and biocompatible.
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Materials and Methods:-

Materials:-

The chemicals used in this study are: Octyl Salicylate, Zinc Oxide, Coconut oil, Glyceryl stearate, Propylene glycol,
Isopropyl alcohol, Honey and Double distilled water. Three samples of commercial sunscreen having SPF-20, SPF-
30 and SPF-40 are procured from the market for comparison. All the components used in the preparation of
sunscreen are recognized as safe as per FDA regulations.

Octyl Salicylate is procured from Sisco Research Laboratory having more than 99% purity. It is a colourless oily
liquid with a slight floral odour. Extra pure zinc oxide (purity-99.9%) with particle size ranging 10-60nm was used.
100% pure organic virgin coconut oil, cold pressed, centrifuge extracted, unrefined and chemical free having 82% of
saturated fatty acid with smoke point(1750C) is used. Laboratory grade(minimum purity 99%) propylene glycol and
glyceryl stearate are used. Honey (100% pure, Dabur India make) do not include high fructose corn syrup, sugar,
jaggery or added preservatives. Double distilled water (using glass apparatus) of resistivity 18MQ-cm is used in this
study.

Treatment of zinc oxide powder:

To maintain uniformity, increase surface area and reduce the size of the particles, sample of zinc oxide is subjected
to high energy ball milling using a planetary ball mill. 5g powder is placed in a teflon container along with 25mL
isopropanol. Hard 10 mm dia zirconia balls were used. The milling is performed for 24h. Powder is recovered by
evaporating solvent at ~110°C.

Preparation of Octyl Salicylate solution:

A 50 mg +_ 1 mg sample of Octyl salicylate was weighed accurately into a 100-ml volumetric flask and then diluted
to the mark with solvent. The resulting stock solution was then diluted 1:100 to yield a final sunscreen concentration
of 5 mg/L.

Preparation of sunscreen:

The sunscreen is prepared by the emulsification of an oil phase and an aqueous phase. The oil phase consists of
coconut oil (10%), glyceryl stearate (4%) and propylene glycol(2%) while water phase contains double distilled
water(80%) and honey(4%). Both oil and aqueous phases are heated separately in a water bath at 75°C for 15
minutes. The aqueous phase is gradually added to the oil phase with constant stirring and the temperature is
maintained at 75°C for the effective homogenization. The mixture is continuously stirred until it was congealed at
the room temperature. The octyl salicylate (0.5%) and zinc oxide (0.5%) powders were then added immediately to
the emulsion, before it became cold; the emulsion was stirred during the whole process to ensure a uniform mixing
of all components. The emulsions were then cooled down at room temperature. Sunscreen with octyl salicylate and
zinc oxide powder and a cream with no powders are also prepared. The commercial sunscreens are designated as
SPF-20, SPF-30 and SPF-40 having SPF values 20, 30, and 40 respectively. The sunscreen prepared in this study is
designated as Sun Block.

UV Spectra:

The properties of sunscreen are assessed using sunscreen Protection Factor. 0.05g of the synthesized sunscreen (Sun
Block) and 3 commercial samples are weighed and transferred to 50ml stoppered flask and dissolved in 20mL
isopropyl alcohol. UV absorption spectra of Sun Block, SPF-20, SPF-30 and SPF-40 sunscreens are recorded using
Perkin Elmer Lambda 365 UV-Visible spectrophotometer. Four trials were carried out for each sunscreen, in which
absorbance of the solution was scanned from 190-400nm. SPF values are calculated using absorbance of the
sunscreen at A ranging between 290-320nm at an interval of 5nm. The absorption by sunscreen is directly related to
the concentration of the solution, the maximum absorbance between 290-320nm was noted and it was corrected to
the same mass of 0.05g. The corrected absorbance was calculated by the following formula: Ac= measured A X
(0.05g/ mass of sample). Uniformity of concentration is maintained in the solutions.

Results and Discussions:-

UV- absorption spectra of different sunscreens are presented Figure Il. From the spectra, it is evident that
absorbance characteristics of the sunscreen based on octyl salicylate and zinc oxide, synthesized in this study
(designated as-Sun Block) is superior to the commercial sunscreens SPF-20, SPF-30 and SPF-40 procured from the
open market.
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Sun Block Comparisons with Market Sun Blocks
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Figure I1:- Comparison of as-prepared sunscreen with commercial sunscreens.

Ana Flo Sierra et. al. had recommended the use of octyl salicylate to protect the skin from sun damage. SPF stands
for Sun Protection Factor, is a scientific measure and gives an idea of how much lower the risk of skin damage is
due to the use of sunscreen. Sunscreens are commonly rated and labelled with a sun protection factor (SPF) that
measures the fraction of sunburn producing UV rays that reach the skin. The SPF values are calculated using
Mansur mathematical equation[28]
320
SPF = CFx > EE (A). I (A). Abs (}) Q)
290

Where, EE(A): Erythemal effect spectrum; I(X): Solar intensity spectrum; Abs(A): Absorbance of sunscreen; CF:
Correction factor (=10). The normalized value of EE(X).I(A) used [29-30] in the calculation of SPF are:
A290=(0.0150); 2295=(0.0817); A300=(0.2874); 1305=(0.3278); A310=(0.1864); A315=(0.0839); A320=(0.0180).
The calculated SPF values are shown in Table 1.

Table 1:- Sun protection factor (SPF) of sunscreens

Sample SPF Calculated SPF
SPF-20 19.7 20
SPF-30 30.7 30
SPF-40 40.7 40
Sun Block 45.9 --

Chou et al[31] plotted corrected absorbance at Amax of several sunscreens from the same brand vs. the SPF values
and established a linear relationship of the type,

A =0.0272 S +0.1146

Where A is corrected absorbance at Amax and S is SPF value of sunscreens. The A for Sun Block is found 1.375.
Substituting the value of A in the equation, the SPF of Sun Block is 46.33. Since there is a direct relation between
the corrected absorbance of sunscreen in the UVB region and the SPF of the sunscreen , the corrected absorbance of
SPF-20, SPF-30 and SPF-40 is plotted against their SPF values and the same plot of Chou et al.[31] are shown in
Figure I11.
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Figure IIL. Comected maximmum absorbance vs. SPF value [A]- Chou et al [31] data; [B]- Data from this study

We also obtained linear relation between absorbance and SPF values,
A=0.025S + 0.2228

Substituting the value of A for Sun Block, its SPF value is 46.088 which is almost similar as obtained from the
curve of Chou et al[31].

Acknowledgements:-
The author is grateful to Prof. Yogesh Singh, Vice Chancellor of Delhi Technological University for providing
financial support to this study.

References:-

1. Joanna A. Ruszkiewicza, Adi Pinkasa, Beatriz Ferrera, Tanara V. Peresa, Aristides Tsatsakisb and Michael
Aschnera. Neurotoxic effect of active ingredients in sunscreen products, a contemporary review. Toxicology
Report. 2017, 4, 245-249

2. Rogers, H.W., Weinstock, M.A., Harris, A.R., Hinckley, M.R., Feldman, S.R., Fleischer, A.B. and Coldiron,
B.M. Incidence estimate of nonmelanoma skin cancer in the United States. Arch Dermatol. 2010, 146, 283-287.

3. Fonseca AP* and Rafaela N. Determination of Sun Protection Factor by UV-Vis Spectrophotometry. Health
Care: Current Reviews. 2013. 1.

4. Kluschke, F., Weigmann, H.J., Schanzer, S., Meinke, M., Vergou, T., Sterry, W. and Lademann, J. Gain or
loss? Sunscreen efficiency after cosmetic pretreatment of the skin. Skin Pharmacol Phys. 2014, 27, 82-89.

5. Vergou, T., Patzel,t A, Schanzer, S., Meinke, M.C., Weigmann, H.J., Thiede, G., Sterry, W., Lademann, J. and
Darvin, M.E. Methods for the evaluation of the protective efficacy of sunscreen products. Skin Pharmacol Phys.
2013, 26, 30-35.

6. Koh, H.K. Prevention and Early Detection Strategies for Melanoma and Skin Cancer. Archives of Dermatol.
1996, 132, 436.

7. Gupta,V.K., Zatz, J.L. and Rerek,M. Percutaneous absorption of sunscreens trough microyucatan an pig skin in
vitro. Pharm. Res., 1999, 16, 1602-1607.

176



ISSN: 2320-5407 Int. J. Adv. Res. 8(07), 172-177

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Ana FloSierraaMaria, L. GardufioRamirezbAna, C. CalpenaCampmanyaAdolfina ,RuizMartinezcBeatriz and
ClaresNaverosc In vivo and in vitro evaluation of the use of a newly developed melatonin loaded emulsion
combined with UV filters as a protective agent against skin irradiation. Journal of Dermatological Science,
2013, 69, 202-214

Francis P. Gasparro*l, Mark Mitchnick* and J. Frank Nash, A Review of Sunscreen Safety and Efficacy,
Photochemistry and Photobiology, 1998, 68(3): 243-256

Sarveiya, V., Risk, S. and Benson, H.A.E. Liquid chromatographic assay for common sunscreen agents:
application to in vivo assessment of skin penetration and systemic absorption in human volunteers. J.
Chromatogr. 2004,803, 225-231.

13. Kaidbey, K. H. and Barnes A. Determination of UVA protection factors by means of immediate pigment
darkening in normal skin. J.Am. Acad. Dermatol. 1991, 25,262-266.

14. Kaidbey, K. H. and Gange, R.W. Comparison of methods for assessing photoprotection against ultraviolet
A'in vivo. J. Am. Acad. Dermatol.1987,16,346-353.

15. Stanfield, J. W., Feldt, P.A., Csortan, E.S. and Krochmal, L. Ultraviolet A sunscreen evaluations in normal
subjects. J.Am. Acad. Dermatol. 1989,20,744-748.

16. Diffey, B. L. A method for broad spectrum classification of sunscreens. Int. J.Cosmet. Sci. 1994,16,47-52.
(a) Diffey, B. L. and Lark. O. Clinical climatology. Photodermutology1984,1,30-37. (b). Diffey, B. L. Analysis
of the risk of skin cancer from sunlight and solaria in subjects living in northern Europe.
Photodermatology1987, 4,118-126.

17. Holick, M. F.,MacLaughlin, J.A. and Doppelt, S.H. Factors that influence the cutaneous photosynthesis of
previtamin D3. Science 1981, 211,590-593.

18. MacLaughlin, J. A,, Anderson, R.R. and Holick, M.F. Spectral character of sunlight modulates
photosynthesis of previtamin D, and its photoisomers in human skin. Science 1981, 216, 1001-1003.

19. de Gruijl, F. R. and Forbes, P.D. UV-induced skin cancer in a hairless mouse model. Bioessays1995,
17,651-660.

20. Bissett, D. L., Hannon, D.P. and Orr, T.V. An animal model of solar-aged skin: histological, physical, and
visible changes in UV-irradiated hairless mouse skin. Photochem. Photohiol. 1987, 46,367-378.

Poon, T. S. C., Barnetson, R. S. and Halliday, G. M. Prevention of Immunosuppression by Sunscreens in
Humans Is Unrelated to Protection from Erythema and Dependent on Protection from Ultraviolet A in the Face
of Constant Ultraviolet B Protection. J. Invest. Dermatol. 2003, ,121, 184-190.

Serpone, N., Dondi, D. and Albini, A. Inorganic and organic UV filters: Their role and efficacy in sunscreens
and suncare products. InorganicaChimica Acta 2007, 360, 794-802.

Im, J.S., Balakrishnan, P., Oh, D.H., Kim, J.S., Jeon, E.M., Kim, D.D., Yong, C.S. and Choi, H.G. Evaluation
of salicylic acid fatty ester prodrugs for UV protection. Drug Dev. Ind. Pharm. 2011,37, 841-848.

Simonsen, L., Petersen, M.B. and Groth, L. In vivo skin penetration of salicylic compounds in hairless rats. Eur.
J. Pharm. Sci. 2002, 17, 95-104.

Von Weis, J.F. and Lever, W.F. Percutaneous salicylic acid intoxication in psoriasis. Arch. Dermatol. 1964, 90,
26-29.

27. Fonseca, A.P. and Rafaela, N. Determination of Sun Protection Factor by UV-Vis spectrophotometry.
Health Care Current Reviews. 2013, 1, 1-4.

28. Mansur, J.S., Breder, M.N., Mansur, M.C. and Azulay, R.D. Determination of Sun Protection Factor by
Spectrophotometry. An Bras Dermatol1986, 61, 121-124.

29. Suva, M.A. Evaluation of Sun Protection Factor of Zingiber officinale Roscoe Extract by Ultraviolet
Spectroscopy Method. Journal of PharmaSciTech. 2014, 3, 94-97.

Sayre, R. M., Agin, P. P., Levee, G. J. and Marlowe, E. Comparison of in vivo and in vitro testing of
sunscreening formulas. Photochem. Photobiol. 1979, 29, 559-566.

Chou, J., Robinson , T. J. and Doan, H. Rapid Comparison of UVB Absorption Effectiveness of Various
Sunscreens by UV-Vis Spectroscopy. J. Anal. Bioanal. Tech.2017, 08,355.

177



