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The Effect of Ultraviolet Irradiation on Epidermal Melanocyte After
Sunscreen Application

Hai Min Choi, M.D., Hong Il Kook, M.D.
Department of Dermatology, College of Medicine, Ewha Womans University

Yoon Kee Park, M.D.
Department of Dermatology, Yonser University College of Medicine

Over-exposure to sunlight may result in sunburn, pigmented skin lesions, solar keratosis,
premature aging of skin, or cancer in human skin. Sunscreens protect the structure and function
of the human integument from the actinic damage. This protective effect is afforded by active
ingredients of sunscreens through absorption, reflection, and/or scattering of the solar radiation
impinging on the skin.

There are oral and topical sunscreens. Para-aminobenzoic acid(PABA), PABA esters, benzo-
phenones(BZ), cinnamates, salicylates and anthranilates are the topical sunscreens absorbing
solar radiation. Most of them absorb UVB, but BZ absorb both UVB and UVA. These investga-
tors observed the effect of the sunscreens by calculating sun protection factor(SPF) before
and after application of the sunscreens in human skin. To my knowledge, there are no papers
which evaluate morphological changes in the epidermal melanocytes after UVB or UVA irradia-
tion following application of the sunscreens.

In this experiment, a total of 150 adult male black mice(C57BL) was used. The animals
were divided into one control(application of hydrophilic ointment base) and four experimental
(application of PABA, Cinnamate, BZ or homomenthylsalicylate(HMS)) groups. Each group
was irradiated by UVB and UVA, respectively. Each of the 5 groups were divided into 5
subgroups according to the days of UV light irradiation ; subgroup A for 2 days, B for 4 days,
C for 6 days, D for 8 days and E for 10 days. The daily doses of UVB and UVA were 50m]/cm?
and 5J/cm’ respectively. YS UVB-400 and Waldmann UV 800 were used as a light source
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of UVB and UVA. Skin specimens were taken from both ears of the animals 24h after the

last irradiation. The split-DOPA preparation was carried out for observation of the numbers

and morphological changes of the epidermal melanocytes.

The results are summarized as follows -

1. Changes in the numbers of the epidermal melanocytes : The numbers of the epidermal

melanocytes markedly decreased in the experimental groups, especially in the group of PABA

application(p<{0.01), compared in the control group under UVB irradiation(p<{0.01). However,

only the group of BZ application showed a significant decrease in the numbers compared
to the control group under UVA irradiation{p<{0.01, p<<0.05).
2. Changes in the size of the epidermal melanocytes : Each experimental group, especially

the group of PABA application(p<{0.01), showed a significant decrease in the sizes of the
epidermal melanocytes under UVB irradiation(p<(0.01, p<{0.05). On the other hand, only the
group of BZ application showed a significant decrease in the sizes compared to the control

group under UVA irradiation{(p<(0.05).

From the results, it seems to be sure that PABA, Cinnamate, BZ, HMS can protect UVB
from sunlight in the skin of black mice. Furthermore, BZ was effective for protection of UVB

and UVA together.
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Table 1. Subgroups of black mice according to the days of irradiation of UVL

Days of

No. of black mice

Subgroup 1rrad1at10n Under UVB irradiation  Under UVA irradiation
A 2 3 3
B 4 3 3
C 6 3 3
D 8 3 3
E 10 3 3
Total 15 15
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Table 2-A. The number of epidermal melanocytes in the experimental groups and subgroups under

UVB irradiation

Group Subgroup

A B C D E
Hydro. oint 186.5+ 18.1 214.7+ 30.3 429.3+41.3 505.5+ 48.7 532.1+ 56.0
PABA 116.6+ 31.3 1239+ 47.2 1726+ 29.6 2004+ 64.7 212.8+ 34.1
Cinnamate 1334+ 113 1504+ 23.3 269.8+ 33.2 3252+ 48.6 343.1+ 497
BZ 136.0+ 394 174.0£ 273 2837+ 15.8 350.8+47.2 367.2+ 39.6
HMS 142.1+ 20.6 181.2+49.8 2909+ 444 3534+ 56.7 3724+ 595

Values are mean+ S.D./mm? calculated in 30 fields in three animals of each subgroup under 400-power

field of light microscope.
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Fig. 1. Changing pattern of the number of epidermal

melanocytes in the experimental groups and
subgroups under UVB irradiation.
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Table 2-B. Level of statistical analysis of the difference in the number of epidermal melanocytes in the
experimental groups and subgroups under UVB irradiation
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Table 3-A. The number of epidermal melanocytes in the experimental groups and subgroups under

UVA irradiation

Group Subgroup

A B C D E
Hydro. oint 182.7+ 32.6 206.3+ 404 344.2+65.3 4353+ 84.1 4893+ 61.3
PABA 184.6+ 42.7 203.0+ 344 346.0+ 66.6 439.6+ 68.3 4879+ 574
HMS 183.8+ 320 1989+ 222 3345+414 429.8+ 66.7 4845+ 50.6
Cinnamate 182.2+ 38.8 201.3+ 36.3 33824+ 57.2 426.2+ 54.6 4832+ 442
BZ 152.2+ 30.7 181.8+ 26.7 3084+ 33.3 3984+ 494 4634+ 23.3

Values are mean+ S.D./mm? calculated in 30 fields in three animals of each subgroup under 400-power

field of light microscope.
Hydro. oint . Hydrophilic ointment base

BZ : Benzophenone
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Fig. 2. Changing pattern of the number of epidermal
melanocytes in the experimental groups and
subgroups under UVA irradiation.
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Table 3-B. Level of statistical analysis of the difference in the number of epidermal melanocytes in the
experimental groups and subgroups under UVA irradiation
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Table 4-A. The size of epidermal melanocytes in the experimental groups and subgroups under UVB

irradiation
Group Subgroup
A B C D E

Hydro. oint 2730+ 24.8 3074+ 18.6 387.8+50.9 4443+ 425 472.6+ 624
PABA 2185+ 445 221.5+26.7 299.8+46.7 352.9+ 35.2 376.6+ 47.9
Cinnamate 2265+ 494 2479+ 48.5 32424+ 28.3 399.4+57.5 4164+ 37.3
BZ 2504+ 36.2 273.8+ 30.1 343.6+ 32.3 4004+ 537 4219+ 495
HMS 2526+ 31.0 280.1+49.6 3520+ 530 407.8+ 60.0 428.8+ 59.6

Values are mean+ S.D.(um?) calculated in 30 epidermal melanocytes in three animals of each subgroup
under 1000-power field of projection microscope using graphic tablet and IBM-PC computer.
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Fig. 3. Changing pattern of the size of epidermal mela-
nocytes in the experimental groups and subg-
roups under UVB irradiation.
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Table 4-B. Level of statistical analysis of the difference in the size of epidermal melanocytes in the
experimental groups and subgroups under UVB irradiation
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Table 5-A. The size of epidermal melanocytes in the experimental groups and subgroups under UVA

irradiation
Group Subgroup
A B C D E

Hydro. oint 261.5+ 59.5 2994+ 42.0 420.6+ 64.5 505.1+ 70.9 5954+ 73.1
PABA 263.9+49.7 301.3+ 369 423.5+ 66.5 508.0+ 81.1 600.2+ 43.1
HMS 2652+ 54.1 299.8+41.8 4212+ 422 515.1+ 82.3 607.3+ 66.7
Cinnamate 259.8+ 484 298.6+ 354 417.8+54.9 501.9+ 604 592.5+ 55.7
BZ 218.1+59.3 2582+ 68.9 3754+ 736 4564+ 81.6 580.1+ 42.6

Values are mean-+ S.D.(um?) calculated in 30 epidermal melanocytes in three animals of each subgroup
under 1000-power field of projection microscope using graphic tablet and IBM-PC computer.

Hydro. oint : Hydrophilic ointment base PABA ! Para-aminobenzoic aicd
BZ : Benzophenone HMS '@ Homomenthylsalicylate
o A7le AAZA, 19739 FDAE ¥3A2AE o
S0 $os 0¥ ehoztd Ans 2ad v
HEdhey 2ole FAZ EFHIAL, AFAGEA
9 5#%E YyejE AFe ?J_“*XP“} A4 (sun
600-] protection factor, SPF)& @A] AL I, o
FAAAFE Y ARANAN HAZEES &
A 7led Bad A9dy HaF(HaZuE
500+ minimal erythema dose, MED)# 4FAdAE =
FoiA gL BN 3T FAZuFY HE
A& 3
400+ jrEe dF3eAE FAEEAZA UVBS
E48. olgs AAde para—ammobenzmc acid
3004 (PABA), PABA esters, cinnamates, salicylates7} 9}
t}, PABAE R4 A Zd AF3d F22EL F
ato] g Ay 29F0 dEADHZ E3] RolE
PABAZI A& ethanolol ™, #AdE o] 7127} 7H3
2001 adHel 74T o, A2 lotiono)
o :X/‘l’g’- oint  ethanol7] AL &38|, cream®] ethanol”] A
1004 A—4B7 20 F48¢ Z7A7 e EaEe] Yo, Cin-
o gEB"Zmate namatesE BEOE AMEHI|EUE SFYRAT
A9 & FARNECE AEHI Y2™, homomen-
0 thylsalicylates SPF7} 3~42A &0 He 4%

T T T

2 4 6 8 10(dey)  A9AZ FASL PP, Benzophenone: UVB

Fig. 4. Changing pattern of the size of epidermal mela- wal ol UVAY sl AE £33 <] dBAEA
nocytes in the experimental groups and subg- 2 9EA gon 340~350nmIF <] x]&,] 48

roups under UVA irradiation. gadoz B4 oo g A9 A 2
o714 Wel ntHAEH, 159 °}"}7 b e I°E &t17%® Parrish5%< 10% benzophenone
FAGA Y Abgolt®. dFILEA” RE FF ARZSGE W UVA=E] 4@ AdFEI o
T W7o R 2 FrEe AYAFE e 3&1151915}3 B3R, Knox® & FAuh2

> 8o ot -

—_—



Table 5-B. Level of statistical analysis of the difference in the size of epidermal melanocytes in the
experimental groups and subgroups under UVA irradiation

Group Hydro. oint PABA Cinnamate » BZ
GI’OU SubgrOu
‘o A B CDEjA B CDEIABCDIEABTCDE
- A
5 B
g C
= D
E
A lc
B c
é.: C c
M D c
E c
A fc c
- B c c
% C c
D c c
E c c
A jc ¢ c
& i c c c
§ C c c
5 D c c c
“E . c c c
Alb b b b
B b b b b
2 C b b b
D b b b b
E c c c c

b : p<0.05, c : p=0.05

¢ Al PABAS} benzophenone©] ] Ao o3t
1%1.1‘3_}:3 kU o]-ulxg X 71—)\}\] ]1;}_31_ y_:,-;_s].giq._
AAGA YdAd AR Fo MEDE &A1
SPFE Azstd dAAGAEY 45 M uBEG
Aol BH 5] 5% PABA ethanol& o]
1.5% cinoxateZE ©]1} 4% ethoxyhexyl-p-methoxy-
cinnamate 2R B0} UVB ¥ UVAXGEA} 5§
Basgy, B8 o] 5% PABA, benzophenone %
cinnamate @ 43749 UVBel oid dFAdas}
Z SPFE RN P eH, 5% T59 28 oA PABA,
cinnamate, benzophenone®] SPF7} 247} 7.35+ 2.89,

o\o{l

5.88+2.27, 343+ 0.858 UFA T AT PABA, cin-
namate, benzophenoner 22 Ui R 139t}
4 AFPe SPF 15 YFAGAZES UVBS
ZAFEEo] Mg ol wjEo] FuALA T o
3H& B2 43 SPF 15 YFA DA = 24 8UA
UVBE 443 A7 & RO 2 Ho| glou}, &}
10847 Hd 2 580 ZAdgn Bugd,

2 Ao UVBZA} A 7 AYFE TRF
oA E Wgte] tfgt &9 PABARET, Cin-

namate = 3.3, BZEI—EE, HMS=EXF o8 A
NEY & D HF o] a3 S 2y 28y
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27 (DOPA g4, X200). Az, ge FAEVE 713 ‘—%6394 Al
WEAEE E F UHDOPA 94, X200).

5 3. PABA Ei m UVB 2¢ 24 B394 4 E5 4, PABA =X 7oA UVB 10¥ AN dl&2F
AE) 27(DOPA 4, X200). ]S A M E o] HER O] A9} SAE

o) 4, Zol, BAxs} A AiE B

YERI A THDOPA &4, X200).

182 —



25 6. Cinnamate = E 7oA UVB 29 RALSE
AiA o] 2ZA(DOPA €4, X200).

5o

2o 27(DOPA 94, X200).

. BZ 2EF 4 UVB 29 ZALE I AA

— 183 —

=
e

W

£ 6. Cinnamate =274 UVB 109 FAME 1)
& vla) AEA e Z7|st FAEY 2
o7} BF Zad 4L eI tHDOPA
QA X200).

2 8 BZ XA UVB 10¥ RALE 270

v 3] A ZA| 9] Z7)9} fdE V)9 Zolrt B
Zad s JeEhdtiborA g4, X
200).



s

Bz 9, HMS =X 74 UVB 2%_121\} & iJW* 2 10 HMSEE—?O]]HUVBlO% FAFE YRl
A Ee] 2Z(DOPA €4, X200). Hlaﬂ AEAY =z7Ie} FFE7)Y Zol7t
T AAE FdE JeR AtHDOPA €4,

><200).

‘ Wit ;! -
He 11, 2T A UVA 2 ZAMS 5 M AM F 9 L:_ 12. EHz °ﬂH UVA 109 2ALE AAAxe]
2Z(DOPASI A, X200). AEA} FAE7I7F Z BEE] Jd= A

£ & AtH(DOPA, X200).

L.
=

184



e
ity
- ) 2AF B iR
= 5w = 14, PABA SEZ7 o)A UVA 10¥ A &
S 13. PABA EXE30)A UVA 2¢ A} 3 5314 T S 2 G2 won
= 2ME9] 27(DOPA 94, X200). #3 EAe s ze] Wl .

(DOPA 44, X200).

Ion it B e : Ee R
Ty 2 i sl Tl T B ~ 3
oy z AT SEZ T UVA 109 AN =73
=R A UVA 29 2AME Eaa & 16. HM : il 10 *
18 Eﬁfg_g iﬁ](DOPA"é*—E‘ X 200). FAbg Mo o] Wats BRATHDOPAY

A X 200).

— 185 —



O
o
H
&
N
Mo
S
>

£ 17. Cinnamate =¥ 7oA UVA 2¥ ZFAME %
A A Ee 27A(DOPA F4, X200).

® 2 18, Cinnamate EZ 794 UVA 109 ZAFE )
Z273 FAE AAaAE WzlE: 29T
(DOPA 44, X200).

o 19 BZ EETOA UVA 28 2AME 4k 25 20. BZ EXT9A4 UVA 10€ 2AMF AlE4 e
AES AZA(DOPA E4, X200). arzist 45719 §, o), AV} 25
249 G4 JeEItHDOPA g4, X

200).

— 186 —



