DAFTAR PUSTAKA

AL AMIN, M. J. M. 2017. Klasifikasi Kelompok Umur Manusia Berdasarkan
Analisis Dimensifraktal Box Counting Dari Citra Wajah Dengan Deteksi
Tepi Canny. 2.

ANDERSEN, F. A., BERGFELD, W. F., BELSITO, D. V., HILL, R. A,
KLAASSEN, C. D., LIEBLER, D. C., MARKS, J. G., SHANK, R. C,,
SLAGA, T. J. & SNYDER, P. W. 2010. Final amended safety
assessment of hydroquinone as used in cosmetics. International journal
of toxicology, 29, 274S-2878S.

BAUMANN, L. 2009. Cosmetic Dermatology PRINCIPLES AND PRACTICE.
In: SOGOL SAGHARI, E. W. (ed.) second ed. new york: Mcgraw -Hill

Medical.

BOISSY, R. E. 2003. Melanosome transfer to and translocation in the
keratinocyte. Experimental dermatology, 12, 5-12.

BOISSY, R. E., VISSCHER, M. & DELONG, M. A. 2005a. DeoxyArbutin: a
novel reversible tyrosinase inhibitor with effective in vivo skin lightening
potency. Experimental dermatology, 14, 601-608.

BUCKS, D. A,, MCMASTER, J. R., GUY, R. H. & MAIBACH, H. I. 1988.
Percutaneous absorption of hydroquinone in humans: Effect of 1-

dodecylazacycloheptan-2-one (azone) and the 2-ethylhexyl ester of 4-
92



(dimethylamino) benzoic acid (escalol 507). Journal of Toxicology and
Environmental Health, Part A Current Issues, 24, 279-289.

CHARLIN, R., BARCAUI, C. B., KAC, B. K., SOARES, D. B., RABELLO-
FONSECA, R. & AZULAY-ABULAFIA, L. 2008. Hydroquinone-induced
exogenous ochronosis: a report of four cases and usefulness of
dermoscopy. International journal of dermatology, 47, 19-23.

CHAWLA, S., DELONG, M., VISSCHER, M., WICKETT, R., MANGA, P. &
BOISSY, R. 2008. Mechanism of tyrosinase inhibition by deoxyArbutin
and its second-generation derivatives. British Journal of Dermatology,
159, 1267-1274.

CHOE, Y., JANG, S., JO, S. J., AHN, K., YOUN, J. I. J. S. R. & TECHNOLOGY
2006. The difference between the constitutive and facultative skin color
does not reflect skin phototype in Asian skin. 12, 68-72.

CICHOREK, M., WACHULSKA, M., STASIEWICZ, A. & TYMINSKA, A. 2013.
Skin melanocytes: biology and development. Advances in Dermatology
and Allergology/Postepy Dermatologii | Alergologii, 30, 30.

CLARYS, P., ALEWAETERS, K., LAMBRECHT, R. & BAREL, A. 2000. Skin
color measurements: comparison between three instruments: the
Chromameter®, the DermaSpectrometer® and the Mexameter®. Skin

research and technology, 6, 230-238.

93



COSTIN, G.-E. & HEARING, V. J. 2007. Human skin pigmentation:
melanocytes modulate skin color in response to stress. The FASEB
Jjournal, 21, 976-994.

COUTEAU, C. & COIFFARD, L. 2016. Overview of skin whitening agents:
Drugs and cosmetic products. Cosmetics, 3, 27.

DECAPRIO, A. P. 1999. The toxicology of hydroquinone—relevance to
occupational and environmental exposure. Critical reviews in toxicology,
29, 283-330.

DEL BINO, S. & BERNERD, F. J. B. J. O. D. 2013. Variations in skin colour
and the biological consequences of ultraviolet radiation exposure. 169,
33-40.

DESMEDT, B., COURSELLE, P., DE BEER, J., ROGIERS, V., GROSBER, M.,
DECONINCK, E. & DE PAEPE, K. 2016. Overview of skin whitening
agents with an insight into the illegal cosmetic market in Europe. Journal
of the European Academy of Dermatology and Venereology, 30, 943-
950.

FITZPATRICK, T. B. J. A. O. D. 1988. The validity and practicality of sun-
reactive skin types | through VI. 124, 869-871.

FULLERTON, A., FISCHER, T., LAHTI, A., WILHELM, K. P., TAKIWAKI, H. &

SERUP, J. 1996. Guidelines for measurement skin colour and erythema

94



A report from the Standardization Group of the European Society of
Contact Dermatitis. Contact dermatitis, 35, 1-10.

GILCHREST, B. A, PARK, H. Y., ELLER, M. S. & YAAR, M. 1996.
Mechanisms of ultraviolet light-induced pigmentation. Photochemistry
and photobiology, 63, 1-10.

GILLBRO, J. & OLSSON, M. 2011. The melanogenesis and mechanisms of
skin-lightening agents—existing and new approaches. International
journal of cosmetic science, 33, 210-221.

HU, Z.-M., ZHOU, Q., LEI, T.-C., DING, S.-F. & XU, S.-Z. 2009. Effects of
hydroquinone and its glucoside derivatives on melanogenesis and
antioxidation: Biosafety as skin whitening agents. Journal of
dermatological science, 55, 179-184.

KARAMAGI, C., OWINO, E. & KATABIRA, E. 2001. Hydroquinone neuropathy
following use of skin bleaching creams: case report. East African
medical journal, 78, 223-224.

KASRAEE, B. 2016. The measurement of skin color. Agache’s Measuring the
Skin, 1-6.

LEVIN, C. Y. & MAIBACH, H. 2001. Exogenous ochronosis. American journal

of clinical dermatology, 2, 213-217.

95



LEVITT, J. 2007. The safety of hydroquinone: a dermatologist's response to
the 2006 Federal Register. Journal of the American Academy of
Dermatology, 57, 854-872.

LIN, J. Y. & FISHER, D. E. 2007. Melanocyte biology and skin pigmentation.
Nature, 445, 843.

LOWELL A. GOLDSMITH, M., MPH, STEPHEN I. KATZ, M., PHD, BARBARA
A. GILCHREST, M., AMY S. PALLER, M., DAVID J. LEFFELLL, M. &
KLAUS WOLFF, M., FRCP 2012. Fitzpatrick’'s Dermatology in General
Medicine. In: KAVITHA K. REDDY, Y. M. L. & KATHERINE L. BROWN,
B. A. G. (eds.) Racial Considerations: Skin of Color Eighth ed. United

States: The McGraw-Hill Companies, Inc. All rights reserved.

MIAO, F., SHI, Y., FAN, Z.-F., JIANG, S., XU, S.-Z. & LEI, T.-C. 2016.
Deoxyarbutin possesses a potent skin-lightening capacity with no
discernible cytotoxicity against melanosomes. PloS one, 11, e0165338.

MOV, R. 2006. Comparative efficacy and safety of deoxyarbutin, a new
tyrosinase-inhibiting agent. J Cosmet Sci, 57, 291-308.

NOVI R, Y. F. 2018. Analisis Mobilitas Tenaga Kerja Hasil Sakernas 2018. In:
WINIDA A, N. D. (ed.) Mobillitas Non Permanen Indonesia. Jakarta:

Badan Pusat statistik.

96



PALUMBO, A., D'ISCHIA, M., MISURACA, G. & PROTA, G. 1991. Mechanism
of inhibition of melanogenesis by hydroquinone. Biochimica et
Biophysica Acta (BBA)-General Subjects, 1073, 85-90.

PIERARD, G. 1998. EEMCO guidance for the assessment of skin colour.
Journal of the European Academy of Dermatology and Venereology, 10,
1-11.

SASTROASMORO, S. & ISMAEL, S. 2008. Dasar-dasar metodologi Penelitian
Klinis, edisi ketiga. CV Sagung Seto, Jakarta.

SIMMONS, B. J., GRIFFITH, R. D., BRAY, F. N., FALTO-AIZPURUA, L. A. &
NOURI, K. 2015. Exogenous ochronosis: a comprehensive review of the
diagnosis, epidemiology, causes, and treatments. American journal of
clinical dermatology, 16, 205-212.

SMIT, N., VICANOVA, J. & PAVEL, S. 2009. The hunt for natural skin whitening
agents. International journal of molecular sciences, 10, 5326-5349.

TAKIWAKI, H. 1998. Measurement of skin color: practical application and
theoretical considerations. Journal of Medical Investigation, 44, 121-
126.

TOPPING, D. C., BERNARD, L. G., ODONOGHUE, J. L. & ENGLISH, J. C.
2007. Hydroquinone: acute and subchronic toxicity studies with
emphasis on neurobehavioral and nephrotoxic effects. Food and

chemical toxicology, 45, 70-78.

97



ULRIKE BARNAUER, Q. C., PIETER COENRAADS 2015. Opinioin on
deoxyarbutin tetrahydropyranyloxy phenol.

VIDEIRA, I. F. D. S., MOURA, D. F. L. & MAGINA, S. 2013. Mechanisms
regulating melanogenesis. Anais brasileiros de dermatologia, 88, 76-83.

WISNUBRATA. 2019. 4 Alasan Kamu Perlu Bersyukur Punya Kulit Sawo
Matang [Online]. Lifestyle.Kompas.com. Available:

https://lifestyle.kompas.com/read/2019/12/02/085058320/4-alasan-

kamu-perlu-bersyukur-punya-kulit-sawo-matang?page=all. [Accessed

2019].
YAMAGUCHI, Y., BRENNER, M. & HEARING, V. J. 2007. The regulation of
skin pigmentation. Journal of biological chemistry, 282, 27557-27561.
YAMAGUCHI, Y. & HEARING, V. J. 2009. Physiological factors that regulate

skin pigmentation. Biofactors, 35, 193-199.

98



LAMPIRAN

Lampiran 1.Konica Minolta Chroma Meter Model CR-400 ®

Lampiran 2.Serum yang diujikan dengan kode CTO1R dan CTO1L

99
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Lampiran 6. Diskripsi statistik nilai L* pada kelompok deoxyarbutin 2%
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Descriptives

Statistic ~ Std. Error

Baseline_ R  Mean 52,4071 44411

95% Confidence Interval for Lower Bound 51,5181

S UpperBound 53,2061

5% Trimmed Mean 52,3661

Median 52,1300

Variance 11,637

Std. Deviation 341127

Minimum 4539

Maximum 59,90

Range 14,51

Interquartile Range 554

Skewness 170 31

Kurtosis - 731 613
Week2_ R Mean 52,7966 42515

95% Confidence Interval for Lower Bound 51,9456

S UpperBound 53,6476

5% Trimmed Mean 52,8266

Median 53,3600

Variance 10,664

Std. Deviation 3,26560

Minimum 46,30

Maximum 59,13

Range 12,83

Interquartile Range 5,31

Skewness ,006 31

Kurtosis -973 613
Week4_R Mean 53,0020 42870

95% Confidence Interval for Lower Bound 52,1439

I UpperBound 53,8602

5% Trimmed Mean 53,0233

Median 53,1600

Variance 10,843

Std. Deviation 3,29292

Minimum 46,36

Maximum 59,83
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13,47

31

613

43017

10,918

3,30421

46,91

60,04

13,13

5,64

31

613

52,6897

53,3500

3,10852

47,22

59,21

11,98

5,02

- 181

311

-,856

613

53,6712

52,8624

54,4800

53,7051

53,8000
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Variance 9,633
Std. Deviation 3,10366
Minimum 47,27
Maximum 59,38
Range 12,11
Interquartile Range 422
Skewness - 161 31
Kurtosis -681 613
Week12_ R Mean 54,0832 40495
95% Confidence Interval for Lower Bound 53,2726
—— UpperBound 54,8038
5% Trimmed Mean 54,0057
Median 54,3300
Variance 9,675
Std. Deviation 3,11045
Minimum 47,60
Maximum 60,67
Range 13,07
Interquartile Range 478
Skewness -133 311
Kurtosis - 691 613
Lampiran 7. Uji normalitas nilai L* kelompok deoxyarbutin 2%
Tests of Normality
Kolmogorov-Smimov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Baseline_R 075 59 ,200' 982 59 540
Week2_R ,083 59 ,200' 97 59 ,162
Week4_R ,057 59 ,200' 983 59 563
Week6_R 088 59 200" 975 59 264
Week8_R 075 59 ,200' 970 59 ,160
Week10_R ,061 59 200" 979 59 ,398
Week12_R ,063 59 ,200' 984 59 631

*. This is a lower bound of the true significance.
a. Lilliefors Significance Correction
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Lampiran 8. Paired samples test kelompok deoxyarbutin 2%

NO PAIRED SAMPLE TEST NILAI P
Paired Samples Test
Paired . Nilai L* antara baseline
95% Confidence B
1 Interval of the dan minggu ke 2>
Upper t ¢ sio.2uied) | perubahan signifikan
Pair1  Baseline_R - Week2_R -18122 -3,743 58 ,000
Nilai L* antara baseline
Paired Samples Test dan minggu ke 4>
Paired perubahan signifikan
2 95% Confidence
Interval of the ..
Upper t df Sig. (2-tailed)
Pair2 Baseline_R - Week4_R -,27392 -3,710 58 ,000
Paired Samples Test Nilai L* antara baseline
Paired dan minggu ke 6>
3 e Conndence perubahan signifikan
Upper t df Sig. (2-tailed)
Pair3 Baseline_R - Week6_R -,53366 -5,508 58 ,000
Paired Samples Test Nilai L* antara baseline
Paired dan minggu ke 8>
4 S Confgence perubahan signifikan
Upper t df Sig. (2-tailed)
Pair4 Baseline_R - Week8_R -,74010 -6,203 58 ,000
Paired Samples Test Nilai L* antara baseline
Paired dan minggu ke 10>
5 o ence perubahan signifikan
Upper t df Sig. (2-tailed)
Pair5 Baseline_R - Week10_R -,90084 -6,966 58 ,000
Paired Samples Test Nilai L* antara baseline
Paired dan minggu ke 12>
6 S Confgence perubahan signifikan
Upper t df Sig. (2-tailed)
Pair6 Baseline_R - Week12_R -1,32022 -9,428 58 ,000
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Lampiran 9. Diskripsi statistik nilai L* kelompok hydroquinone 4%

Descriptives
Statistic ~ Std. Error

Baseline_L  Mean 52,5790 ,45968

95% Confidence Interval for Lower Bound 51,6588

= UpperBound 53,4991

5% Trimmed Mean 52,5639

Median 52,6900

Variance 12,467

Std. Deviation 3,53086

Minimum 46,19

Maximum 59,94

Range 13,75

Interquartile Range 6,17

Skewness 058 31

Kurtosis -,843 613
Week2_L Mean 52,8537 44538

95% Confidence Interval for Lower Bound 51,9622

Mean UpperBound 53,7452

5% Trimmed Mean 52,8231

Median 53,1300

Variance 11,703

Std. Deviation 3,42100

Minimum 46,64

Maximum 59,78

Range 13,14

Interquartile Range 6,11

Skewness 123 311

Kurtosis -921 613
Week4_L Mean 53,0600 43415

95% Confidence Interval for Lower Bound 52,1909

R UpperBound 53,9291

5% Trimmed Mean 53,0616

Median 53,3100

Variance 11,121

Std. Deviation 3,33479

Minimum 46,29

Maximum 59,93
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311

613

311

613

311

613
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Variance 11,427

Std. Deviation 3,38036

Minimum 46,64

Maximum 60,03

Range 13,39

Interquartile Range 5,54

Skewness -115 311

Kurtosis -,948 613
Week12_L  Mean 54,0807 44219

95% Confidence Interval for Lower Bound 53,1955

Mean UpperBound 54,9658

5% Trimmed Mean 54,0847

Median 54,3400

Variance 11,537

Std. Deviation 3,39655

Minimum 4728

Maximum 60,34

Range 13,06

Interquartile Range 575

Skewness -,057 311

Kurtosis -,897 613

Lampiran 10. Uji normalitas nilai L* kelompok hydroquinone 4%

Tests of Normality

Kolmogorov-Smimov® Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Baseline_L ,068 59 ,200. 977 59 ,320
Week2_L ,087 59 ,200. 971 59 ,166
Week4_L ,101 59 ,200. 974 59 ,232
Week6_L ,096 59 ,200. 973 59 ,220
Week8_L ,092 59 ,200. 976 59 ,304
Week10_L ,080 59 ,200. ,969 59 144
Week12_L ,090 59 ,200. 971 59 L1170

* This is a lower bound of the true significance.
a. Lilliefors Significance Correction
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Lampiran 11. Paired samples test kelompok hydroquinone 4%

NO NILAI P KELOMPOK
Paired Samples Test Nilai L* antara
Paired ... baseline dan minggu
95% Confidence
1 Interval of the ... ke 29 perUbahan
Upper t df Sig. (2-tailed) signifikan
Pair1  Baseline_L - Week2_L -,04977 -2,445 58 018
Paired Samples Test Nilai L* antara
Paired ... baseline dan minggu
95% Confidence
2 Interval of the .. ke 49 perUbahan
Upper t df Sig. (2-tailed) Signifikan
Pair2 Baseline_L - Week4_L -17215 3,117 58 ,003
Paired Samples Test Nilai L* antara
Paired .. baseline dan minggu
95% Confidence
3 Interval of the .. ke 6> perubahan
Upper t df Sig. (2-tailed) signifikan
Pair3  Baseline_L - Week6_L -,32720 -3,906 58 ,000
Paired Samples Test Nilai L* antara
Paired ... baseline dan minggu
95% Confidence
4 Interval of the ... ke 89 perUbahan
Upper t df Sig. (2-tailed) signifikan
Pair4 Baseline_L - Week8_L -,49840 -5,006 58 ,000
Paired Samples Test Nilai L* antara
Paired ... baseline dan minggu
95% Confidence
5 Interval of the ... ke 109 perUbahan
Upper t df  Sig. (2-ailed) signifikan
bSILR  BS26IIUE [ - MESKIO I “edtd '3ty e8 ‘000
Paired Samples Test Nilai L* antara
Paired .. baseline dan minggu
95% Confidence
6 Interval of the ... ke 129 perUbahan
Upper t df Sig. (2-tailed) signifikan
Pair6  Baseline_L - Week12_L -1,16383 -8,897 58 ,000
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Lampiran 12. Diskripsi statistik nilai delta L* kelompok deoxyarbutin 2% dan
hydroquinone 4%

Descriptives
Type Statistic = Std. Emor
Week2 B R Mean .3305 10405
5% Confidence Interval for  Lower Bound 1812
e Upper Bound 5078
5% Trimmed Mean 3380
Median 2900
Variance 630
Std. Deviation 79020
Minimum -1.58
Maxdmum 283
Range 421
Interquartile Range 89
Skewness 047 31
Kurtosis R::73 813
L Mean 2747 11220
985% Confidence Interval for  Lower Bound 0408
— UpperBownd 4907
5% Trimmed Mean 2883
Median 3100
Variance 745
Std. Deviation 838328
Minimum -2.07
Madmum 228
Range 435
Interquartile Range .82
Skewness -411 311
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Lampiran 13. Uji normalitas nilai delta L* kelompokdeoxyarbutin dan hydroquinone

4%

Lampiran 14. . Independent t test kelompok deoxyarbutin 2% dan hydroquinone 4%

Tests of Normality

Kolmogorov-Smimov" Shapiro-Wilk
Type Statistic df Sig. Statistic df Sig.
Week2_B R .096 59 200" 978 59 372
L 151 59 002 950 59 017
Week4_B R 114 59 054 944 59 .009
L .080 59 200" 928 59 002
Week6_B R .069 59 200° 985 59 699
L 074 59 200° 986 59 722
Week8_B R .080 59 200" 982 59 545
L .066 59 200" 979 59 408
Week10_ B R 057 59 200° 965 59 .086
L .086 59 200° 972 59 182
Week12 B R 1103 59 185 954 59 025
L 091 59 200" 980 59 423

* This is a lower bound of the true significance.

a. Lilliefors Significance Correction

Lampiran 15. Independent t test kelompok deoxyarbutin dan hydroquinone 4%

NO NILAI P KELOMPOK
st for Equaldy of Means - Delta L* kelompok
» Moan s Emor  Confdence deoxyarbutin 2% dan
Sig. (2-tailed) Ditference Difference Lower
1 Weeki B Equal variances assumed 610 11290 22254 32687 hydroquinone 4%

Equn vaances o 610 130 22254 32688 minggu ke 4 - tidak
ada perbedaan yang
signifikan
Delta L* kelompok

ttest for Equality of Means deoXya rbutin 2% dan
Mean St Fror  Confidence hydroquinone 4%
Sig. (2-tailed) Difference Difference Lower
2 Week6_B  Equal variances assumed 468 16712 22055 28754 min ggu ke 6 = tidak
i e 468 16712 22055 - 26761 ada perbedaan yang
signifikan
ttest for Equality of Means Delta L* kelom pok
95%
Mean S Eror  Confidence deoxyarbutin 2% dan
Sig. (2-tailed) _ Difference Difference Lower
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3 Week8 B Equal variances assumed 261 26220 24108 -21708 hydroquinone 4%

Equal varances ot 281 26220 24108 21710 minggu ke 8 > tidak
ada perbedaan yang
signifikan

et for Equalty of Means - Delta L* kelompok
Mean S Eror  Confidence deoxyarbutin 2% dan
Sig.(2-talled) _Difference ___ Difference Lower
4 Week10_B  Equal variances assumed 109 39390 24375 -.08887 hyd roqu inone 4%

T 100 30390 24375 -08893 minggu ke 10~ tidak
ada perbedaan yang
signifikan

et for Equalty of Means - Delta L* kelompok
Mean S Eror  Confidence deoxyarbutin 2% dan
Sig.(2alled)  Difference _ Difference Lower
5 Week12 B Equal variances assumed 478 17441 2515 31114 hyd roquinone 4%

i 478 17481 24515 31115 minggu ke 12 = tidak
ada perbedaan yang
signifikan

Lampiran 16. Uji Mann-Whitney delta L* kelompok deoxyarbutin 2% dan
hydroquinone 4%

NO NILAI P KELOMPOK
1 Test Statistics®
Week2_B Delta L* kelompok deoxyarbutin 2%
Mann-Whitney U 1653.500 dan hydroquinone 4% minggu ke 2 >
Wilcoxon W 3423.500 . . e
2 68 tidak ada perbedaan yang signifikan
Asymp. Sig. (2-tailed) 640
a. Grouping Variable: Type
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Lampiran 17.Lembar inform consent

| KEMENTERIANRISET, TEKNOLOGI DAN PENDIDIKAN TINGGI
UNIVERSITAS HASANUDDIN
FAKULTAS KEDOKTERAN
KOMITE ETIK PENELITIAN KESEHATAN
Sekretariat: Lantai 3 Gedung Laboratorium Terpadu
JL. PERINTIS KEMERDEKA AN KAMPUS TAMALANREA KM.10, Makaszar. Telp. (0411)
5780103, Fax (0411) 581431.

Contact perzon dr. Aguszalim Bukhari, MMed, PhD, Sp.CK (HP.0812418350858),

email: agussalimbukhan@yzhoo.com

Lampiran 2

FORMULIR PERSETUJUAN MENGIKUTI PENELITIAN
SETELAH MENDAPAT PENJELASAN

we@m@mmmmmm MERVAGALL DEOtingnya

“Perbandingan Efektivitas Topikal Serum Deaxyarbutin 2% dan Serum Hydroquinone 4%

Maka saya yang berfandatangan di bayah ink
Nama
Unug
Pekerjaan,
Alamat

Saya berzedia dilakukan pemeriksaan dan pengaplikasian serum untuk meningkatkan
kecerahan kulit Peggolesan serum akan dilakykag pada malam hagi pada lengan bawah kanag dan
kirt bagian dalam selama 12 minggy. Serum A dioleskan pada lengan kanan dan serum B dioleskan

ada lengan kiri. masing-masing sebanyak 2 tetes men spet vang ada botol kemasan
serum. Untuk memastikan tempat pengolesan serum sama setiap kali pengolesan, dibuat patron
khusus. Patron terbuat dari pewarna kulit semi permanen, bemupa garis berbentuk segi empat,
bemlkuran 4x4 cm. Setelah pengolesan saya harus selalu memakai manset (disiapkan) bila
beraktivitas di luar ruangan.

Saya mengertt sepenhnya bahwia pemeriksaan dan pengaplikasian serum yang dilakukan,
tidak, akan mempengamubi kondisi kesehatan saya dan bal ini sematamata dilakukan, utik
kepentingan, penelitizn. Saya mengefabud babwa sava berhak otk menclak, dont seda dalam,
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penelitian i tanpa kebilangan hak saya untuk mendapatkan pelayanan kesehatan yang seharisaya,

saya peroleh.
Semua biava pemeriksaan dan biaya pengobatan bila tegjadi keluhan apa pun sehubungan
dengan penilitian ini, ditangeung oleh peneliti

saya byat dengan penub. kesadaran dan tanpa paksaan,

Makassar, ...........oooceieniiiaan..
Yang menyatakan.

Penanggung Jawab Penelitian

Nama : dr. Yulia asmarani

Alamat : J1. Cemara III Blok GL 09, Perumahan NTI, Makassar
Telepon- 081279083271

Penanggung Jawab Medis

Nama :Prof DR. Dr. Anis Irawan Anwar, Sp.KK (K), FINSDV, FAADV
Alamat :J1. Sungai Saddang A 11/7A, Makassar

Telpon : 0811412678

DISETUJUI OLEH KOMISI
ETIK PENELITIAN
KESEHATAN FAK.

KEDOKTERAN UNHAS.
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Lampiran 18.Investigational brochure
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Abstract
Safe and effective i di ble of ing ired hyp ,', from
huu-mnum *umm ical and D

butin (4-[(tetrahydro-2H-pyran-2-yl) oxy] phenal, M)--mumdmm
quinone. Here, we investigated the toxicity and efficacy of D-Arb at the sub-cellular level

(directly on melanosomes) and skin pigr using in vi d in vitro to com-
pare with its parent P hydroqui 14 HQ). At first, we examined
the I changes of in hyperpigr guinea pig skin induced by
308-nm i igh mHO-ldD-Nbu-nm
{ py. The results thatp hanges in the

membrane, such as bulb-like structure and even complete rupture of the outer membranes,
were found in the skin after topical application of 5% HQ for 10 days. These changes were
barely observed in the skin treated with D-Arb. Tom&lymmmay
of HQ was a direct result of the d we also
ch of individual purified from MNT1 human melanoma cells. Similar
mmmmnumwnmm we deter-
mined the effects of fr P to HQ or D-Arb on hydroxyl radical

acoess antice of the
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Introduction

Mol (ehk

)isa skin pigmentary disorder characterized by irregular light to

darkbrown patches on the face, whhchuuallyamuwﬂhupnychurkuﬂpuychdopul
burdens for affected individuals. However, the inciting events for the pathogenesis of melasma
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Abstract: Modulation of melanogenesis in the melanocytes can be
achieved using chemicals that share structural homologies with the
substrate tyrosine and as thus competitively inhibit the catalytic
function of tyrosinase. We have devel a new tyrosinase inhibitor,
deoxyArbutin (dA), based on this premise. DeoxyArbutin demonstrates
effective inhibition of mushroom tyrosinase in vitro with a Ki that is
10-fold lower that hydroquinone (HQ) and 350-fold lower than arbutin.
In a hairless, pigmented guinea pig model, dA demonstrated rapid and
sustained skin reversible within 8 weeks

was

after halt in topical application. In contrast, HQ induced a short but
unsustained QE lightening effect whereas kojic acid and arbutin exhibit
no skin lightening effect. Results from a panel of safety tests supported
the overall establishment of dA as an actionable molecule. In a human
clinical trial, topical treatment of dA for 12 weeks resulted in a
significant or slight reduction in overall skin lightness and improvement
of solar lentigines in a ulation of light skin or dark skin individuals,
respectively. %mc data nstrate lial dA has potential tyrosinase
inhibitory activity that can result in skin lightening and may be used to
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ameliorate hyperpigmentary lesions.

Introduction

Tyrosinase [EC 1.14.18.1] is the primary, rate-
limiting enzyme responsible for conversion of
the substrate tyrosine into melanins by melano-
cytes (1,2). Initially, tyrosinase hydroxylases tyro-
sine to dihydroxyphenlyalanine (DOPA) and
subsequently oxidizes DOPA to DOPAquinone.
Inhibition of the catalytic activity of tyrosinase,
either by genetic mutations as in albinisms (3) or
pharmacologically with competitive inhibitors
(4), results in reduced or absent melanin synthesis
by melanocytes and hypopigmentation of skin.
Various compounds that bind to the active site
of tyrosinase and inhibit the synthesis of melanin
have been developed as agents to lighten skin and
ameliorate hyperpigmented lesions. These agents
include hydroquinone (HQ) (5.6), kojic acid (7),
arbutin (8,9), etc. (10). However, the efficacy and
safety of these compounds has been a concern.
Specifically, HQ can be very irritating, induce

fecapiad for publicaion 14 Agril 2005

Ochronosis (11), and cause permanent leuco-
derma or scarring with long-term use (12). In
addition, animal studies (13,14) and in vitro cell
studies (15) have demonstrated that HQ is pos-
sibly carcinogenic probably related to the metab-
olites of benzene. Kojic acid and arbutin, although
quite safe, are ineffective at levels allowed by the
quasi-drug regulations in force. In addition, kojic
acid has been demonstrated to be mutagenic (16)
and has recently been banned for quasi-drug usage
in Japan.

In an attempt to develop a more effective and
safer tyrosinase inhibitor, we have synthesized and
screened various candidate compounds in which
the polar tail of tyrosine had been structurally
altered in a systematic way. One compound, (per)
dA, appears to be an excellent tyrosinase inhibitor.
We demonstrate herein that this compound effect-
ively inhibits tyrosinase activity and reduces pig-
mentation of guinea pig and human skin.
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Materials and methods
Compounds

Figurel presents the chemical structure of dA and arbutin
compared to tyrosine. DeoxyArbutin (dA) was initially synthe-
sized by the authors and scaled up by Girindus America Inc.
(Cincinnati, OH, USA) and Starks' Associates, Inc. (Buffalo,
NY, USA) Hyqudnona, ko_ic acid, and arbutin were either

d by th hased from Sigma-Alrich
Corp. (St. Louis, MO LEA)

Tyrosinase inhibition assay

1 1 )

An asay was d of tyrosi
to D()PA by mushroom tymdnu with quantitative detecti

for 6 weeks with 0, 0.1, 03, 1, and 3% dA, and evaluated for
eight additional weeks after halt of treatment. Ten animals were
in each treatment group.

Metabolism studies

Depilated, pigmented guinea pigs (n=10/group) were topically
treated once with 30uCi of “C-dA or "C-HQ (3.0%) in I base
cream. Urine was collcted daily for 7 days. Volume of urine
and amount of radicactivity per sampl was determined.
Excretion profiks for the time course of the aq)uimm were
cakulated. In a second experiment, pigmented gui
n=10/group) were topically treated with 30ud of ‘M or
4C- HQ in buffered SC-23 cream at 3.0% applied to 16em?®
daily for 4 days. Urine was collected twice daﬂy until dly 8.

by high-performance lquid chromatography (HPLC). This
assay was used to determine the effective concentration range
and strength of inhibition (K;). Briefly, 204l of mushroom
tyrosinase (32ug) in 3{N-Morpholino)-propanesulfonic acid
buffer (100mM; pH 7.0) was added to 10ml of 0.5uM DOPA
and incubated for 10min at 70°C. About 100 ul of test inhibitor
(ranging from Q.1 to 10.0 uM) plus 200ul of tyrosine (10uM)
were added and incubated for an additional 22min. The reac-
tion solution was coolkd to room umparannandund for
HPLC quantification of in (uM ine/
mlmnglymdmn). Abom 6min, run tinuofa!ml lanple
hrough a HPLC Supelcosil LC-CN colu (25cm x 4.6mm)
ming a 470 ning d were employed to
allow separation of tyrosine from DOPA and inhibitor. The
mobile phase used was 0L05M aceticacid/20mM trieth ylamine.
Units of inhibition represent percent activity of sample treated
with inhibitor compared to sample treated with vehicle only.

Animal study

A hairless pigmented (black) guinea pig model was developed.
Viral/pathogen-free hairless, albino guinea pigs (Charkes River
Laboratories, Inc., Kingston, NY, USA) and haired, pi d

Eyeroti. of radiolabeled Bali

profile
LC-MS fot presence of glucuronide and sulfate metabolites.

Safety assays

Vobame eye irritation. Preliminary ocular inati were
performed in three femak New Zealand rabbits (Myrthe's
Rabbitry, Thompson Station, TN, USA). About 10ul of 3%
dA inastandard cream formulation was dosed into one eye, the
other eye was left a untreated control. (10) Animak were
scored for irritation at 24, 48, and 72h post dosing using the
Ocular Grading System (17).

Murine local lymph wde asay. This assay cvahntad for
potential to induce contact hyp itivity by i
cellular proliferation of auricular lymph node cells. Female
CBA/J mice (n=25) were treated with 125l of 3, 10, and
20% dA wjv in acetone, acetone only, or untreated control to
ventral and dorsal surfaces of both pinnae. Animals were
treated daily (4 days) and injected with 20pCi of ’H-
thymidim (specific activity of 6.7uCi/mmole) on day 5. Under
ricular nodes were m:kad, dissociated, washed,

guinea pigs (Kuiper's Rabbit Ranch, Gary, IN, USA) were
crosshred for several generations with selection for hirla
animals with interfollicular pigmen For
comparing skin lightening effects of test compounds, skin was
treated daily for 9 weeks with dA, HQ, kojic acld, or arbutin
(3%) prepared in T base cream consisting of water (25%), 02 M
triethanolamine hydrochloride (44.5%), glycerin (3.75%),
Pason MCX (7.5%), cutina GMS (25%), and tegin 90
(2.5%). Tm nmk were in each treatment group, and three
o d. Skin ligh
(L-nhn)mmnnmadnbadmandﬂm wmldywithacolod-
meter (Minolta Chroma Meter, CR-300, Konica Minolta Photo
Imaging, Mahwah, NJ, USA). For apedmu comparing
dose-response and reversibility of dA, skin was treated daily

o
oS s
”\:\‘ N\ o\ o — .
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Figurel. Chemical structures of arbutin, ultraarbutin, deoxy-
arbutin, acycloarbutin b, cyclohexylarbutin, and tyrosine.

ded in 5% trichl tic acld, and madicactivity
asessed.

Ames test and Escherichia Coli assays. The Ames test assessed
mmaganic acdvity of dA. Tester strains were Salmonella
hs TA98, TA100, TA1535,
TAI537 and TA1538 (18) and E coli strains WFs wrA
(pPKM 101) and WP2 (pKM101). Cultures were prepared, and
following dose determination, six dose kevels (in triplicate) of
test article and controls were plated with tester strains in
presence and absence of rat liver S9 activation. Using plate
incorporation, 500ul of S9 or sham mix, 100yl of tester
strain, and 50pl of vehick or test substance were added to
10ml of molten selective top agar at 45+ 2C. For positive
control, test article was replaced by S0ul of the control
Vortexed mixture was overlad onto 25ml of minimal bottom
agar. Plates were inverted, incubated for 48-72h at 37+ 2°C,
and stored at 4+ 2°C. Plates were evaluated for evidence of test
article toxicity using a dissecting mi pe and scored relati
to vehicle control.

Up/down procedwre LDg. Singl-dose oral toxicity of dA was
determined using Sprague-Dawky Crl: CD® BR VAF/Plus™ rats
(Charles River Laboratories, Inc., Portage, MI, USA). Six femalks

were gven singl oral doses (mg/kg): 923 (n=2), 1200 (n=3), and
lSGO(n-I).RnNufotﬁmdomlmdwm observed prior to
establishing second dose level Seven males were dosed at 2275
(n=1), 2958 (n=3), 3846 (n=2), and 5000 (n=1)mg/ke
respectively. Three malks and three femaks served as controk at
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leoalamr Nnuchal mgom of albino guinea pigs (n =25)

Upjdown  intraperitoneal LDy, Singlk-dose  up/down
intraperitoneal toxicity study of dA in seven mak and nine
female Sprague-Dawky CD"BR VAF,’PI\IP rats
(Charles River Lab i Vehick was
propykne glycol/absolute eﬂnnol/nlha at 60:20:20V:V:V.
Vehicle was evaluated ata volume of Sml/kg in three males and
three femaks to assess toxicity. Animak received a single
intraperitoneal injection at 240, 310, 400, 520, 680, and
1150mg/kg body weight. Animak were observed daily,
weighed on day 7 and examined after euthanasia.

Human repeat insult patch test (HRIPT). Ninety-four male
and female subjects complkted the HRIPT (19). Exclusion
criteria were use of |munmwva dmgt, current or

dlated with Neet™ and tape stripped repeatedly to
glmming layer. In induction phase, sites were treated for 2h
with 0.3ml of 50% w/vdAin propylene gycol (n =10 animak)
or 10% wjv musk ambret in acetone (positive control, n = 5),
both applied via an adhesive patch (Hill Top Cham| , 25
mm diameter). For the primary challenge (n=35) and
rechallenge (n=5) controls, dry patches were applied. Patches
were removed and sites wiped. Untrmtnlhmhrmjomwm
shiekled, and animals were exposed to 10 Jjem® of UVA Eght
(320400 nm). Induction was performed on days 2, 4,7, 9, and
11 with depilitation performed ondays 4, 7,and 11 Ondayzz,
a najve lumbar site was depilitated prior to application of
0.3ml/patch of test material and positive control. Sites were
luded for 2h, patch d and sites wiped. The left
side challenge site and the induction areas were shielded with
aluminum foil under tape (right challnge site uncovered).
Animh were upond to 107 jem® of UVA light, and foil was
Dermal reactions were evaluated at 24 and 48 h

frequent use of topical or sy
medications, significant skin disease (excluding facial am),
skin cancer at or near test sites, insnin-dependem diabetes,

y disease, ing allergy i :hght
erythum in test dm recent 1} 1
or pr . Ol patches containing 02g of topial
moisturizer wﬁh 3% d.A was applied for uh to the upper
arm. Subjects and d for tion of

another patch on M, W and F for 3 makxdmimndu:don
phn,fdlowedbyaZ-wukutpuiodlnanmphu,
patches were applied to the previous sites and to contralateral
nafve sites for 24 h. Patch sites were scored for irritation, prior
to application of the next patch during the induction phase and
then for sensitization 24 and 96 h after challenge. Irritation was
scored on a 4-point scake (0 none, 1 slight, 2 moderate, and 3
severe).

Dcrmnlmxldly Dermal toxicity of dA was evaluated in male

49 and fmh (n 46) New Zealand rabbits (Hazelton
, USA). In the 14.day
pilotphm,twoanimh(mmhmdmfumle)m
treated with 5, 10, 20 or 4% dA in a solvent vehick, vehicle
alone, or 3% dA in a cream. The 28-day trial evaluated 3% dA
in a cream vehicle vs. vehicle alone in two groups (five maks
and five females per treatment), dosed daly for 6 hat 2.0ml/kg.
The test sites were then washed and dried. The 91-day study
evaluated 1, 5, and 40% dA in solvent vehick (propylkne glycol/
ethanol, 75 : 25, v/v) and vehicle alone in four groups (five maks
and five femaks), dosed daily for 6 h at 2.0ml/kg Test animals
were msessed for weight changes and dermal irritation after 2
and 4 weeks of treatment in the 28.day study and after 2, 4, and
13 weeks in the 91.day study. Animals were euthanized and

P F

Photoirritation. Dorsal surfaces of albino gninn plgs

following irradiation.

Human clinical trial

A paired i hick lled, double-blind study
was implemented with 3% dA /fomnh or vehicle/formula
applied to a 100 em® area on dorsal surface of each forearm.
The formula utilized was composed primarily of water
(7.4%), Butylene Glycol (1.5%), Parson MCX (7.5%),
Cetyl Aleohol (1.25%), and Stnryl A!eohol (l 25%) The

nraﬂﬁad into two suhgmnp: 34 Caucasian lght slan individ-
uals (mean baseline L-value=62.7) with solar kentigines and
16 non-Caucasian darker skin individuak (mean baseline
L-value=60.6) with solar lentigines. Daily treatment was for
12 weeks from mid-November to mid-February at a clinical site
in the United Kingdom. For overall skin lightness evaluation,

a (-4 comparative scale (where 0 =there is no difference; 1=1
think there is a difference; 2=1 know there & a difference;
3=there is a moderate difference; and 4=there is a very
large difference).

Statistics
For most studies, statistical differences between control and

[Crk(HA)BR strain, Charles River Lab =9
males, n=9 females] were depilated with Neet®. anliuts
0.3ml applications of test or control material were applied to
four sites per animal under 2-h occlusion (Hill Top Chamb

groups were assessed using Student (-test.
For local lymph node assay, data were long-transformed and
analyzed by Bartlett's test for homogeneity and analysis of
1 (ANOVA). Wikoxon's rank sum test was used to

25-mm diameter). Test formulas were 0, 1, 5, 20, 50% w/v
dA in propylene glycol. The positive control was 8-
methoxypsoralen (8-MOP, Sigma Chemical Company),
0.01% w/v in acetone. Patches were removed, left side
treated sites wiped, and covered with aluminum foil.
Animak were exposed to 10 Jjem® of Ultraviokt A (UVA)
light (320-40nm) and patches removed. At 1, 4, 24, and 48h
following UV exposure, skin was evaluated for dermal
irritation (0, no erythema; 1, slight but confluent or

d patchy; 2, s 3, severe with or without
edema).

control to t groups. A Pvalue of <001 was
considered significant. For 28 and 91-day dermal toxicity trials,
analysis of variance techniques were used to compare treat-
ments to controls. For non-nomally distributed data,
ANOVA procedure of Conover and Iman was used (20). The
Mann-Whitney U-test with Bonferroni correction was used for
comparisons of treatments with control. Statistical significance
of P=0.05, two-sided risk level, was used. For human clinical
trial, all data for Week 12 change from baseline L-valwe or
composite scores from evaluators were analyzed by 2-sided
analysi of variance.
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Results

Tyrosinase inhibition

The catalytic activity of mushroom tyrosinase
was assessed in the presence of dA in comparison
to HQ, arbutin, and kojic acid (Fig.2).
DeoxyArbutin was equally effective in inhibiting
tyrosinase activity as HQ, whereas kojic acid and
arbutin exhibited no tyrosinase inhibitory effect.
The Ki (uM) of dA, HQ, kojic acid, and arbutin
for purified mushroom tyrosinase were 0.05, 0.54,
7.70, and 17.60pM, respectively, indicating that
dA was the most effective tyrosinase inhibitor of
the compounds tested.

Animal studies

DeoxyArbutin, HQ, kojic acid, and arbutin were
evaluated for topical effect on skin pigmentation
of a guinea pig model (Fig.3a,b) through daily
application of 3% solutions for 9 weeks. Both dA
and HQ resulted in skin lightening during the
initial 3 weeks of treatment. From week 4 until
week 9 of treatment, the extent of dA-induced
skin lightening plateaued while the HQ-treated
skin darkened and returned to the pretreatment
value (Fig. 3a,b). The dA treated sites showed no
signs of skin irritation. In contrast, HQ treated
skin showed signs of irritation that resulted in
irregular darkening, beginning at 3 weeks of
treatment (Fig.3b). In contrast, kojic acid, and

Tyrosinase Activity
1207
Eﬂb‘
S
2 &0
g
o
! 40
£ .
-
'0.1 1.0 10.0
Concentration (M)

Figure2. DeoxyArbnun (dA) exhibits tyrosinase inhibition. The

of ty (ie. i activity) was quanti-
tated in the pmlmoe of various concentrations of dA, hydro-
quinone (HQ), kojic acid, and arbutin compared to control as
described in Materialy and Methods. Both dA and HQ exhibit
statistically significant inhibition of tyrosinase at 10uM,
whereas kojic acid and arbutin exhibited no inhibition of
tyrosinase. *P <005 for each line compared to the vehicle-
treated control.
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arbutin were not significantly different from the
vehicle control, vehicle at any time during the
treatment period (Fig. 3a,b).

DeoxyArbutin  was evaluated for dose-
response and reversibility of effect upon discon-
tinued use (Fig. 3c). By 6 weeks of treatment, 3, 1,
and 0.3% dA were significantly better (P <0.05)
than the vehicle control. The 3 and 1% concen-
trations reached significance as early as 3 weeks
of treatment. The 0.3% concentration produced
significantly greater skin lightening than the veh-
icle at 5 weeks of treatment. The 0.1% level was
not significantly different than the vehicle con-
trol. Following discontinuation of treatment at
week 6, the skin repigmented for each concentra-
tion of dA tested (Fig. 3c). The rate of repigmen-
tation correlated with dose of dA.

Pigmented guinea pigs treated with radio-
labeled 3.0% dA were assessed for the presence of
metabolites in urine in two independent studies.
The total amount of radioactivity excreted in
urine after one topical treatment indicated that by
48 h approximately, 90% of the radioactivity was
detected in urine. Subsequently, urinary metab-
olism of topically applied radiolabeled dA and
HQ was evaluated. DeoxyArbutin was excreted
more rapidly than HQ with a ty;; of 9h for dA
and >167h for HQ. At 38h, 91-97% of dA was
excreted vs. 52% for HQ. In the dA-treated guinea
pigs, 52-57% and 29-30% of the inhibitor
was retrieved in urine as dA-glucuronide and
dA-sulfate, respectively (Table1). In contrast, in
HQ-treated guinea pigs, only 5-14% of the inhibitor
was retrieved in urine collectively as HQ-glucuronide
and HQsulfate.

Safety studies

Safety analyses for dA were performed.
Specifically, these tests included [i] low-volume
eye irritation, [ii] murine local lymph node
assay, [iii] Ames test, [iv] E. coli assay, [v] up/
down oral and intraperitoneal LDS50, [vi]
HRIPT, [vii] dermal toxicity, [viii] photoirrita-
tion, and [ix] photoallergy using standard pro-
tocols as described in Material and Methods.
The low-volume eye irritation assay demon-
strated no irritation (maximum average score
of 0.0) with a 1-day median time for eye clear-
ance indication, no complications. The murine
local lymph node assay indicated no significant
clinical signs and demonstrated no statistical
differences between any of the treatment
groups and the carrier (vehicle) and untreated
control groups. The Ames test and the E. Coli
assay demonstrated no positive responses
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Figwe 3. DeoxyArbutin (dA) effectively Eghtens skin pigmentation in a hairkss, pigmented Guinea Pig model. Animals (n =10/group)
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indicating that dA did not cause a mutagenic
response. In the dose-range finding study, the
maximum dose tested was 5000mg per plate,
and this dose was used. No positive responses
were observed. No precipitate was seen with any
tester strains, but toxicity was found with tester
strain WP2 (pKM101). Therefore, under the test
conditions, dA did not cause a positive response
in the Ames test and the E. coli WP2 uvrA muta-
genesis assay. In the up/down oral toxicity study
for LDsg, animal deaths occurred on day 1. The
acute oral LDs, was 1148mg/kg for females
[95% confidence interval (CI) of 843-1564mg/
kg] and 3068 mg/kg for males (95% CI of

Table 1. mnmmmmaap*wuw
ddap

of deaxyArbutin (dA) or hydoguinone (HQ) for

number dA-guumnide  dAsufsle  HO-gucuonide + HO-aufate
1 5% 2% 5%

2 52% 3% 14%

g effect during treatment and recovery to base ne within 8 weeks of halting of treament. *P < 0.05for each

2270-4146 mg/kg). The up/down intraperitoneal
LD50 assay for dA indicated an acute intraper-
itoneal LDs, of 367mg/kg in males (95% CI of
264-511 mg/kg) and 314mg/kg in females (95%
CI of 235-419 mg/kg). All deaths occurred by day
5. No significant toxicity was found for vehicle.
HRIPT demonstrated that the formulation caused
a low level of irritation, presumably due to the
occlusive nature of the patch. One subject showed
indications of skin sensitization, but a rechallenge
test confirmed the sensitization response to both
the original product and the vehicle, but not for a
1.5% solution of dA in ethanol, indicating that the
sensitization response was not due to dA. Dermal
application of 3% dA in a cream vehicle for 28
days resulted in transient depression in weight gain
in males and moderate to marked dermal irritation
in females. The incidence of skin lesions (subacute
dermal inflammation and epidermal hyperkerato-
sis and acanthosis) was slightly higher for the
cream vehicle. No abnormalities were observed
on organ weights or in hematological, serum, or
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urinalysis. Dermal application of dA in solvent
vehicle produced no adverse effects clinically or
on weight gain. Slight erythema was observed for all
groups, with moderate levels at the higher dose only.
Upon microscopic examination, chronic dermal
inflammation and epidermal hyperkeratosis, and
acanthosis, the photoirritation assay demon-
strated no dermal reactions to any test mixtures
at either the UVA irradiated or non-irradiated
sites except for a very slight patchy erythema
(grade of 1.0) at two sites with 1% dA and one
with 50% dA. The responses were not indicative
of photoirritation. The 8-MOP positive control
resulted in moderate to severe erythema at the
UVA irradiated sites in all animals. Slight
erythema was observed at three times on two
animals for the corresponding non-irradiated
sites. In the Photoallergy assay, three out of 10
animals treated with 50% dA exhibited slight
erythema at the irradiated challenge site at 24
and 48h (n=1). One of I10-challenge sites
shielded form UVA radiation had slight
erythema at 24 and 48 h. Two of five animals in
dA primary challenge control group (naive site)
had slight erythema at the UV A-treated site. No
significant differences were observed in incidence
or severity of the challenge reactions for the dA
group sites treated with UVA and those shielded
from UVA. There were no significant differences
in incidence or severity of challenge reactions
in the UVA sites in test and primary challenge
control groups, indicating that dA was not a
photoallergen. The musk ambrette positive
control was a photoallergen, as evidenced by
the increased incidence and severity of reactions
(grades of 1.0-2.0) at the UVA sites in all five
animals compared with non-UVA exposed chal-
lenge site.

Human clinical trial

A human clinical trial was performed to assess
the skin lightening effect of dA. A 12-week paired

forearm test comparing 3% dA in a moisturizing
cream with the placebo control on 50 panelists
was performed. Panelists consisted of Group 1,
34 Caucasian and Group 2, 16 mixed ethnic indi-
vidual with darker basal skin tone; who were
assessed for change in overall skin lightness and
reduction of solar lentigines. The 3% dA contain-
ing formulation significantly reduced skin color
compared to the placebo in the total population
and in the Caucasian subset (Table2a). Basal
skin tone of the pigmented subset was reduced
by dA but not significantly compared to the pla-
cebo at the 12-week point (Table2a). However, it
should be noted that although skin lightened by 12
weeks in both groups, there was a concomitant
lightening response to placebo (Discussion). Expert
blind visual assessment of the improvement in solar
lentigines from baseline to week 12in both Group 1
and Group 2 indicated an improvement for the dA
formula that was statistically significant for Group
1 but not statistically significant for Group 2 vs.
placebo control (Table 2b).

Discussion

The central premise that underlies medicinal
chemistry research asserts the existence of a causal
relationship between structure of a molecule and its
physiochemical properties. However, the relation-
ship is seldom obvious and often difficult to dis-
cern. One approach to building a clear
understanding of structural characteristics respon-
sible for observed properties of a chemical sub-
stance is termed quantitative structure-activity
relaionships (QSAR). While there are many
different techniques used in QSAR studies, all
have the same general foundation. The structure
of the molecule, or parts of the structure, is con-
verted to numerical values. These values are then
examined for correlations with observed proper-
ties of interest for a set of known compounds.

Table 2. Efiect of topical decoyArbutin (dA) Freatment after 12weeks on (3) change In overall sidn lightness and () Improvem ent In solar lentignes Ina human
clinical frial.

Pepuiation Awrage baseline [* da Pacso Povalue
2. Change In overall sidn lightness (L* value) va. baseline

Total group (n=50) .07 333 313 004
Caucaslan subset (n=34) 8275 323 300 003
Deark sidn aubsst (n=16) 60680 357 346 029
b. Impmvement In solar lenfigines vs. baseline

Caucasian subset (n=34) 1.6 067 005
Deark sidn aubsst (n=16) 20 135 008
"Amount change from baseline (.. deita L)

Average acore (Mafsriafs and Mathodd.

606

125



High correlations found between the numerical
form of the structural features, and the observed
properties constitute structure-activity relation-
ship. Quantitative aspect of the relationship
found is based on the ability to then estimate
property of interest for new compounds not
involved in original set. Thus, if one has observed
property data for a set of compounds of sufficient
size and diversity, it is possible to develop a QSAR
and then propose new structures and to obtain
estimates on the property of interest for these
proposed molecules, strictly on the basis of their
structure. In our case, the competitive (active site
binding) inhibition of mushroom tyrosinase, the
resistance of the inhibitor to oxidation by tyrosi-
nase (thus serving as an alternate substrate), and
the ability of the molecule to penetrate skin were
properties optimized.

To create effective and non-irritating tyrosin-
ase inhibitors, a classic pharmacophore determin-
ation and subsequent optimization approach
was used (21,22). Compounds were selected
based on the above parameters, synthesized or
purchased and then tested for their ability to
competitively inhibit tyrosinase in vitro. Our pre-
liminary in vitro screening of published actives
revealed that arbutin and HQ were the most
attractive candidates for further exploration.
However, in vivo tests of molecules such as arbu-
tin failed to show any skin lightening ability,
despite its tyrosinase inhibition. The effect could
not be attributed to metabolism, as the galactose-
derived ultraArbutin (Scheme), with a large and
non-hydrolyzable sugar attached, had a similar
effect. An analysis of these molecules revealed
that they both had very poor skin penetration
ability, which to a first approximation may be
correlated to their logP. The synthesis of many
alternative sugar-coupled inhibitors demon-
strated that from
the sugar backbone of both hexoses and fura-
noses results in molecules that were better at
skin penetration than arbutin and ultraArbutin.
Thus a series of increasingly deoxygenated sugars
was synthesized. Removal of every hydroxyl
group resulted in a series of per-deoxy sugars,
the lead molecule of which has been named dA.
Interestingly, all of these (ISOXYSUEARD retain
arbutin’s resistance to oxidation by tyrosinase,
while steadily increasing both their skin-penetration
ability and their binding affinity for the enzyme.

In addition, following the principles of pharma-
cophore minimization, a series of acyclic, even
more simple, highly penetrating analogs were
made. One example of this series of inhibitors is
AcycloArbutin - B. However, these smaller

DeoxyArbutin: a reversible tyrosinase inhibitor

molecules, while excellent at skin penetration,
were quickly oxidized. Ultimately, by selecting for
the three variables in the screening, after the synth-
esis and screening of about 80 compounds, dA
surfaced as the optimal candidate molecule, with
a 50nM ECsg in the mushroom tyrosinase assay.

Deoxyarbutin demonstrated effective inhib-
ition with a Ki that was 10-fold lower that HQ,
and 350-fold lower than arbutin itself. The ration-
ale for the remarkable inhibition of dA relieson a
combination of factors. The lipophilicity of the
substrates is one factor. Deoxyarbutin has a
clogP of 1.96 as compared to a —0.5 for arbutin;
while the clogP for the oxidized substrates such
as CyclohexylArbutin range as high as 3.6. Part
of the effectiveness is found in its relatively rigid
shape, because AcyclicArbutins had similar
clogP’s but were less resistant to both hydrolysis
as well as oxidation. However, it should be noted
that when tyrosinase is uncoupled by inhibitors,
it produces H,O, that can be a bleaching agent
for melanin (23), thus providing an additional
mechanism resulting in depigmentation common
for dA and HQ.

When applied topically to a guinea pig model,
dA demonstrated a more sustained lightening
effect than HQ. In fact, HQ treatment of guinea
pigs produced irritation; which results in moder-
ate post-irritation hyperpigmentation that nulli-
fies its lightening benefits. It has been reported
that in human long-term HQ use can induce
cutaneous damage manifested as scarring (12).
Wounding of skin that results in scarring can
cause a dysregulation of cutaneous cytokines
(21) that can influence melanization by melano-
cytes and thus cause hyperpigmentation (22). The
skin lightening effect of dA in our guinea pig
model was also rapidly reversible. This is another
benefit of dA over HQ because the latter has
been associated with permanent damage of the
melanocyte resulting in leukoderma similar to
vitiligo (12). Hydroguinone has been reported
to be readily oxidized either spontaneously or
metabolically via tyrosinase into cytotoxic species
causing oxidative damage to cells (24) JiNShould

(iVESKIRERARKNNAND In the present study, daily
vehicle treatment caused some mild irritation
followed by darkening of the skin color (i.e. post-
inflammatory hyperpigmentation). On the other
hand, because dA inhibited tyrosinase competi-
tively, melanogenesis was downregulated, over-
coming the pigmentary consequence of vehicle
treatment irritation.

The results of the clinical study demonstrated
that dA provided a significant effect on overall
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skin lightening and moderate resolution of solar
lentigines in Caucasian subjects. We attribute
these significant but modest effects to design/
time of the study. The test period for our study
was from November to February, a period when
complexion coloration generally lightens in the
Northern hemisphere. Therefore, dA probably
was less effective in augmenting this natural light-
ening and may be more effective in summer
months or in inhibiting to a better degree sun-
induced tanning. Dark skinned subjects in our
clinical study appeared minimally (i.e. not signi-
ficantly) responsive to the effects of dA. It is
possible that prolonged treatment or higher con-
centrations of dA will be needed for effective
tyrosinase inhibition in more pigmented skin.
Additional clinical tests are required to confirm
these hypotheses.

In conclusion, we have demonstrated that our
new tyrosinase inhibitor dA is effective in vitro
and in a guinea pig model. Further development
of dA may improve its effectiveness in human for
use as a general skin lightener and/or to amelio-
rated lesions in hyperpigmentary disorders.
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skin lightening agent synthesised through removal of hydroxyl
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groups from the glucose sidechain of f-arbutin.

In the first opinion (SCCP/1158/08) on B-arbutin adopted on 15th
April 2008 the SCCP raised concems with other substances
resulting in the release and for ormation of hydroguinone.

However, Hydroquinone (CAS 123-31-9) is listed in Annex I/
1339 of the Cosmetic Regulation No 1223/2009; therefore it is
banned as cosmetic ingredient with the exception of entry 14 in
Annex lIL It is only permitted for professional use in artificial nail
systems in a concentration in the final product up to 0.02%. Since
Hydroguinone could not be used as a skin whitener after intro-
duction of a ban, other substances have been used for that purpose,
including Arbutin.

Adossieron therelated sub e, deoxyarbutin, wassubmitted
to the European Commission by Girindius AG in 2008.

Although on the basis of the provided scientific data the use of
deoxyarbutin as such can be considered safe for consumers in
cosmetic products in a concentration up to 3% in face creams, hy-
droquinone will be formed at levels which raise concerns with
regard to the safety of such products during life-cycle of the
product (eg. storage conditions and stability under in-use
conditions).
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