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Temporal changes of the activity of catalase, superoxide dismutase, and
glutathione peroxidase in BALB/c mice skin after a single dose UVB irradiation

Lee Joung Hee,” Park Kyoung Ae,Z) Lee Hee Joo,” Park Myoung Sook,”
Jeon Sang Eun,” Park Kyoung Chan® and Choi Smi®

Skin is constantly exposed to air, solar radiation, ozone and other air pollutants
formulating free radicals. The reactive oxygen species(ROS), formed under these conditions,
are associated with skin cancers, cutaneous photoaging, and cutaneous inflammatory
disorders. In this study, we sought to establish an animal model for UVB-induced skin
alteration using BALB/c mice. The level of UVB irradiation used in this model was within
physiological dose.

BALB/c mice were exposed to a single dose of UVB (200m]/cx’) and were sacrificed at 3,
6, 24, and 48 hours following the irradiation. The effect of a single exposure to UVB
irradiation on skin catalase(CAT), superoxide dismutase{SOD), and glutathione peroxidase
(GPx) activities were examined.

Significant decrease in the activity of all enzymes were observed at 6 hours after
irradiation(p<.05). The activity of CAT decreased more sharply than those of SOD and GPx,
and then remained depressed until 48 hours after UVB irradiation, whereas the activity of
GPx recovered to basal level at 48 h after UVB irradiation.

Qur results indicate that BALB/c mouse could be an adequate animal model of UVB
irradiation experiment. These results will also provide fundamental knowledge for the
effective nursing strategies in reducing UV-~induced skin disorders.
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AA #HEE TS 7Ae AL HY
B F datEo] 5%l EFdU WA E e
FAozA Bd3le EA9 EXRE BAIANA
#3ehutg-S F2E A @ch(Pathak, & Stratton,
1968). o] 290nm o]3te] zkejd C(UVC)=
A9 2EZ o AdEo AFHeAE =g
3lA ged, 290~320me A£jH BUVB)S 32
0~400nme] =&j4 A(UVA)7F AdAlel 434
NAE ALE BIHJANHEY, F24, 19
&, FAY, A€, 1999). AYH A= IR =
g, A4 Be 9% s, AHH Ce #Re
AT AHE Bl e Aoz HIAY
{Gilochrest, 1995).

2 driedez A AYUE FF8 F
S&EZo AAHEAN Aoz AF H¥F

A7t FFstn Aok LFF 1% FAA 29

WA ol 2~4%F7 S8 AN WA 1%

ThAel e i B Ee] 2~5% F7HEAHA

5, 199). LE3F d3d A uBEA F
o T oA #F Fuks Yogin Ue
(photocarcinogenesis), B% 7% A3}, W&
faste Aoz B A HGilochrest, 1995). &9
Aog A dRe Ay &doz v Ah
F(reactive oxygen species, ROS)o| o= =]
I A AXe YT odg xUH: ¢
Z, 2% 59 34 Y9 gixs o HANY
#1387 dojdrHDarr, & Fridovich 1994, Fuchs,
& Packer, 1995). o1& g &) 71He AF
£ A st EHperoxidation)E doA A
29 7159 ol 7tden, 48 Ex9 JF
& BEASANNAY ddd HAdE k3,
DNAd &8 Fol ¢ HZ2e 49 FE¢E #
WEls Aoz 4 Ei(Miyachi, Imamura, Niwa,
Tokura, & Takigawa 1986, Cross, et al, 1987).
ol#g Absla AEHX didty HRE AT
Poj1AS B3t e, A woAAE
E4ABA SOD(superoxide dismutase), CAT

oft o rx o rjr
o

(catalase), GPx(glutathione peroxidase), GR
(glutathione reductase)5ol ¢ow v|EAAZA
A8t EL free radical scavenger 9¥& &
E ZRLZ tocopherols, B -carotenes, ascorbic
acid ¥ glutathione Fol <alx tHPugliese,
1998).

Hag nle] o3 zeMd g zAlsd uy
gastr)de Wt ge Aoz gEA o
v A¥vict 13] zAMEo] 5J/riclA 25)/cf o2
sl el A 25)/crf2 38° Ne] 7HE 8
of 4~5A2F F<¢ =&Hv 43 ZolA(Shindo
et al, 1994) JAA7E JFAEANN ¢ TALH
T FHE & Aelrt Aok getd A4 13
ZAFL Y FF0E e 977t &
2p23

E3 A 24 AP diFE0] hairless vF
S2E LR %] diEd gE Ad¥FEe
HE g as gAY AH 2A F
37130 gk AT vHEl JRFEDY ¥
4ar)de] Aolg wad ¢ g¢ldv. BALB/
e HAE TE 4F0] 9483 4y FE
2 FHAFol &3t o Eofe] Aol FHS
A AeHn gleng WRIEE Aol
olel dAE o ZIAgE dold ¢ de F
ol ¢9it}. Miyachi, Imamura, & Niwa(1987)
9] dAFdME BALB/colS2E dideg my
FAa s F SOD §4% wsiehg 48 A
of % AAi ZAlel 9d BALB/coH-29
A HE Y gide] Wy gy §
et

2 4382 UVB 24} $EEYE BALB/cRHS
28 B3 13tz 2AFE QY FELR
o WP izl g4 U9 A e ¥
32 zAE) Y8 AgEHAT T2 A¥E F
3 zH ZAIE fdEE A A 2Ed2d o
& R Ay wojAA Wstel /AE &3
gRchd, AdAAE B¢ =E25HE A 9%
A HREY JAE 534 3T 15
Z2% FAZ AAFA, 2oz gANE AA
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2. UVBZAL

o929 ¥ R g ARA(UEAY, ¥F
Aehet ARG o83t AAST 24N A3
¥ Ketamine 100mg/'kes 73 Y8 viHA
712 RRFEE ol&3dq nPHY vh¢29
K9jol BLE-1T158 lamp(Spectronics Corporation,
Westbury, N.Y.)E oj&8te UVB(290-3200m)E
ZANEF 200mJ/cie® 13 ZAEAY. AN
200m)/on B drde dBjdEs B3 HR
Fastas Gz WUE dodie HAaT
UVB %olith UVB &AM olgx 1AHEL
2o} 30cm ozl AFol nAP e 13 5vie
¥ ZAElD &2A} A% Waldmann UV meter
(model No. 585100 ; Waldmann Company, VS-
Schwenningen, Germany)E& o©]8&te] calibration
&9 th30em A Hel A 0.81£0.02 nW/cm).

ZA} F 3A7E, 6A1ZE, 24A13Y, 48A e 2zt
Sejgle] w28 ZAEFEIFE FAND F 5
2o dMRE AAsg dAY ARxzFe 1%
phosphate buffered saline(PBS)2.2 Al3sle &
48 AAsT A3 Fir2 34 JEANAL F
2z2A& gFuF FH Yo FANHE 3
ANZ FA BFo] Buffer AU30mM sodium
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chloride, Glucose 5mM, EDTA 1mM, sodium
phosphate buffer(pH 75, 10mM)E 4% F
bead® Wi vortexdte @lAE F&slgvh

gzZo2 UVBE ZAEHA ¥& 839
BALB/cPt$ 28 Z& Wyez d7 z3$
Z8) 3t A

4 LT gitslgs s £

(1) Catalase(CAT) 84 %

CAT BAHEE Aebi(1984)2] ubgol <& ¥
@A F29 10000<g FHF HOE ANe
¥ Uonmeld FFE FLE 2RsA0 HO9
EAERASA LB6Mien'g ol g3l BHEE
A 4hetd ok

(2) Superoxide dismutase(SOD) SA4 %

SOD E4x+v ¥y gud FEAe] 10000xg
BH532E AFSY 480nmlM FHE B4LE &
A st Misura, & Fridivich, 1972). Epinephrines]
Az A3EAQ adrenochrome?l 38 50% A
#she o B_g SODY FE lunitE st 84
=& Adsdo.

(3) Glutathione peroxidase(GPx) 4%

GPx 84 ¥y oy FE92 10,000x%g
H.62d A cumene hydroperoxide® 714 & A%
3ted ZAs}gth. NADPH7} NADP' & bty
AEE 3MnmellAd FRFEAZ FHsAL,
NADPHY EA&EZAFA 622mM 'en& ol
o A =S AstA TH(Tappel, 1978).
5, CHUA & £X

Uy g9d &9 10000<g B39 gz
geke Lowry, Rosebrough, Farr, & Randall(1951)
o] whiel old 750nmolA] EFAE=AR 243
3, bovine serum albumin £%& FFEHe

2 AMgEt] gl &RE A



6. R=EA WY

APZAF}E SAS ¥4 programe o] &3t 7
AELvit}t I FFHEAE ARSI p< 05
FE A H]E4 student’s paired t-testol] 2|t
7} 44T FoE AFEA ZE 4¥ 3
#Hzke] ABAAE Dolrttl

A2z}
1. CAT ek

CAT 84&=& AYH RAF AL F 24}
A 721Fg(14.03 unit/mg protein) ¥t} H <&
A ZF2HAR(P<05), 64T Folle 71EHRY
73%(=10.50 unit/mg protein)® A A& Ve
H(p<.05)(Figd). #4® CATENEE ZA %
BA A 71EHeE FEHA FAFig.l).
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Fig.1. The effects of UVB irradiation on murine
skin CAT activity(unit/ mg protein) at 3, 6, 24, 48 h
after irradiation.

. results are mean =SD

SDs are represented by horizontal bars.
* ! significant difference in CAT activity compared
to that of before irradiation(p< .05)

2. SODEM T

SOD 4=+ XA F 3ARRE 7247 A
sty oo A7 £ 2A A 7)1 2Z3H=1640 unit/
mg protein)ol  HIE  FY3A AR THp<
05)(Fig.2). SOD BAHEE 24A7 F2E 4843
7HA F7Vske AgE RAou fodA ¥y
(Fig4). At 24774, 48413 ¥ SOD gA=E
6A1Zt F A ES} K% 2el7t AT
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Fig2 The effects of UVB irradiation on murine
skin SOD activity{unit/ mg protein) at 3, 6, 24, 48 h
after UVB irradiation.

: results are mean *SD

SDs are represented by horizontal bars.
* ! significant difference in SOD activity from that
of before irradiation (p< .06)

3. GPxEA =

A4 AP F GPx BAEE 33X FRH
Zaste) ZAF 6A1 F 71E3H(=0.0435 unit/mg
protein)2] 7696(=0.035 unit/mg protein)& 71EF 3
of ul3l f-eldtAl 743 Hp<.06)(Fig.3, Fig4).
GPx A EE AYAH ZAL 4A F8E F713
o] 48A13F Folle HAGA A} 6AITF Fo 8A
o v fFostA 3 EHJ2H(p<.6), 71 EF



BALB/c UV GPx activity
N #
006 ‘ l l
005
€ 004 ) ) .
£2 Fig.3. The effects of UVB irradiation on murine skin
'§§003 GPx activity(uniymg protein) at 3, 6, 24, 48 h after
& E oo UVB irradiation.
°%F SDs are represented by horizontal bars.
001 * * significant difference in GPx activity from that of
0 - y s ) \ before irradiation{p< .05)
Pre-U 4 48 . ..
r(i=4; (n=5)  (n=5) (n=5)  (n=5) # : significant difference in GPx activity from that of
) Time after irradiation{h) 6 h after irradiation(p< .05)
e parl m gl
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Fig.4. Changes in skin antioxidant enzyme activities in response to UVB irradiation
: results are mean(% of pre-irradiation cutaneous enzyme activity) =SD; * p< .05

Table 1. Cutaneous CAT, SOD, and GPx activities in BALB/c mice follwing UVB-irradiation+

Hours after irradiation Catalase activity SOD activity GPx activity
pre irradiation (n=4) 1431+128 16.41+251° 0.044+0.008°
3 (n=b) 1066+1.34" 13.70£3.03 0.041+0.005
6 (n=b) 1050+0.82° 1287+1.90° 0.035£0.006¢
24 (n=5) 10.74+1.25° 1387284 0.036:0.009
48 (n=5) 1121078 1415£2.59 0.044+0.006°

* Data represent mean=®SD of four or five experiments.

The average value of each experiment arises from four determinations; unit/mg protein
a ! significant difference in CAT activity compared to that of before irradiation{p< .06)
b : significant difference in SOD activity from that of before irradiation(p< .05)

c : significant difference in GPx activity from that of before irradiation(p< .05)
e : significant difference in GPx activity from that of 6 h after irradiation{(p< .05)
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I FA Zolzt Uk

= 9
B a3 BALB/LuHSAE  olfdld
UVB € 13 ZA¢ & Al mE sizzd
i3 g4 8HE ¥93E A3 AYA
ZA M CAT, SOD ¥ GPx9) 84 %% hairless
a2 2ofj A 23 84 =(Shindo, Witt, & Packer,
1993)s} vl 2bzh 50%, 80%, 969% FFold
o # dF7dA 3 ¥E BALB/cUFS-29 i 3§
AHglE 4 BAEE hairdessu$29 §M4E9 &
o7 &S ¢ & AUt olv 4YFEY A
ot w8 kel g4 A4 xe AEAe Aol
7t 9 T A5E ARTEH
g8, UVB 2AHE 200m)/eng o]-&3led w3y
gislad 4= ¥slE #E3 7 BALBL
g0 H¥ CAT 84ZE A 24 ¥ 3
Mzl A ZAL A wjwstd folshA A
o, SOD$ GPx 4L Zay ZAF ¥ 6A1%
A FoetA Faste A= el ol
CAT #4=7F & % Fdstasd vlsld
UVB zAle] Ri7bdidbe Fuchs 5(1989)¢) Ast
9} X3 CATE HFoA HO0:8 AAS e
ALEA AM ZALE Pow AslH &4E W
o #A9 #Ax7l F73 ZATHKohen,
1999). hairlessvh-9-2 FoolAE AL H $4%
9] 12%, AME W%7A BAH G ¥
g gard #@AE F4E HH2 KShindo,
Witt, & Packer, 1993), BALB/cot$ 2o =
A A T1ERe] 73%E BaEo Fvk ole ¥
B w gR ZAS9 FA Aole} AN
ZAFEEe] Apolol A 71Qldte Aoz A€
CAT =& GPxE EF H0:E2 AA3: i
oluf, GPxx AF Ul HO; v%7F @& of €48
He v, CATE H0: 5=/t ¥& o A9¢
42 $vh(Pugliese, 1998). A4 24 F Fa
Hd CAT 4=/l & 549 98 48A3¢
FAAE B Ygd B dFE%E CATZH

Ao o 7HF & dFE B ALYE A
AMgeh wE SOD M EE YA Z2AF A7
F HAANgLoz FasAIt UNTRE A F
7Fete} 48A7 ¥ 3 EHE YL BAEd ol
UVBZAIES  Om)/erdtd e 9 AL F 124
ZAE #srt flokrh 48A17F o)l FRE folst
A A5 AHPence, & Naylor 1990)= Q747
b e ol AREE Y ofE UA
o Aol B AE(200mJ/a) BT A7 o
Foll ditstasd Az st AdH v
g AoZ H3dck Miyachi, Imamura, &
Niwa(1987)& & A% oulol siBebe A F
1J/emoz & HAEEES BALB/crl29 9
5 SOD $4=7F A4 A} 32 F5EH 7
AaH7] AlFsle] 24417 ol HdZ Zasidg
7V 2N o) JiEgez Eddn ¢
olx3 SOD A= Zart A9 AL 244
7 ZAR A48 AL ZAN wlEste] Absky
&4l 3 o9 me} Hrk AAHE ROSE AA
7] 8l SODel A4u|7t FrbstdA zdE A
Alg g, ol shEe A RA ol
e AH(LhJ/anole HAF BHFe FzEs
ol HF Fui sAabsiridel walwg o)
At FALgo] 2 Afole A mRzEe] W3
& dozitk Shindo F(1994)e] 43 2& A
& o)t}

B Adgolx GPx A E® CATY SOD &4
Eo} @2 AL F 4847k A =4 A 84
= #Eog St A9 A F M wie
HEE vy} ojze AdE TR HO8 A
ARNEEL AAsE 549 GPx BH4EE A
A ZAbel o3 HE 9F%e wx] FeriAA
%, 2000 43 2o, ouh, dgea AYA
ZAL 6N & GPx 84 =7 feAstA ZaHA
=4, ol 4YEEQ BALB/cvl$-29] 3§ 3
A8l7]1A o] hairlesstl$29 Zolgoz Algd
v} GPx BAEYE selenium®} glutathione(GSH)§
To] o8] ZAAS=d, UFe GSH 4 o

Ay BZFdA b 2AdAe ZL ¥ &Y

oz



Rnoz <g8ld AcHFuchs, & Packer, 1995).
Wheeler, Asward, Connor, & Lowe(1986)= UVA
Z 5]/ ZA}E hairlessth$2ol A gHakabA] 9l
GSH sE7F A § 4~BATIAAE ZasH
FAHE RAE BEIP k=R
glutathioneAl 38t E A GPxd A4 =7} #49)
A ZANAE BHEE FAS7] Wi A3t
tog mt} suld g Ay Pilstase &
Zag Mz Fiks wolr|AE F
Zz9% gagn ARG doz AgA
g e A &4 AAAT7) AT
{
g

A 9w

¢

o,

i

Aslr] s E GPx9 o8& EAS
3 &4% dart ok

2 AgoMe AEgd £EU0 200m)/ais
ZAbsto] M gAbE wWolr]He] ¥stE AR
okch. 8% % blackvl$2o] H Ag3 L ¥
UVB 200m}/cr'E 13 ZAMSE & ahilstgae] ®
512 274398 w CAT, SOD % GPx 4%
= 4N HUE ATt 2417 AN
HUE ezt §F R2AAA ASH 2 FF
o2 Eolrtd, 179 ¥ AFEY Folitha B
15 Athlizawa, Kato, Tagami, Akamatsu, &
Niwa, 1994). 2 AgjM=E A 714 249 &4
7 25 A9 2AF F 3ATREH ZAS] Al
atate] 24AZF ol FHE FUlele 2E ¥AE B
Aok 2 AR Bydia B AgdA =
A} 24A17F ©]% CAT, SOD 4 =7F A A 7]
Fg FFEoE FEHA G2 AL AEFE TS
delatgn Ay 2EE9 HEE H3r] Hs

2 AgeMe #3E o8 3, AN A A

of i oo ox
=)
ri

i}l

48, FEA, 2
oS, Yo
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A= W el Aol 7191% Aoz Atgdh

2 Age 539 AYgHd 4deE 2492 &
d¥ BALB/cvH-2% olA74A] AMS-std hairless
e ant 7ol 41 FHFo| Lolatd AYA
ZA AEE dARY ggEez @udA g
A2 F dE 2otk zglm 7oA AgE
A A ZANE 200mJ/ore AFfHew HAH §
AstEL BHEY WEE dovlE AYFEH F
F9 ¥o] dFHAUTL B AF AdE AX A
94 ZA 3 R AR &S TAATE
3Aakst Z)5A AER HR s Jldd /¢

A7 2Hol Hm NREAS dMst: AT
A AL FUSD NP S UIAE A8 2
£44E S5 W 7282 B4Y & A
Aol

H o

2 dAFo]ME BALB/CPH-2F ©1 43t A9
q ZAb WE gAsEA FAHETS AHE
o ZAMEE 200mJ/crt single dosediAl S A
W3 E BEse A o= asld =
g, BALB/ctl-$-28 tidoz zpedd ZA}F 484
Zh ol%9 FAEA FAE WEE FUL B3R
3te] BALB/c 2ol d% Fastiirt A
A 7Egoez EHE AR dor v &
#, hairlessPl 929t 2] do] e Aod F
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gast Aok
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hEol(1908). 25 - JEATSE SAEM. N & $EAL

A 5(2001). ¥ FArs o] 7). S B3R, pp75-79(ET LY.

Aebi, H.(1984) Catalase in Vitro. In, Methods in enzymology. New York, Academic

pp.121-127.

Press.



Cross, C. C,, Halliwell, B,, Borish, E. T,, Pryor, W. A, Ames, B. N,, Saul, R. L., McCord, J. M..&
Harman, D.(1987). Davis conference: oxygen radicals and human disease. Annual Internal
Medicine, 107, 526-545.

Darr, D. & Fridovich, 1.(1994). Free radicals on cutaneous biology. Journal of Investigative
Dermatology, 120, 671-675.

Fuchs, J, Huflejt, M. E, Routhfuss, L. M. Wilson, D. S., Carcamo, G. & Packer, L.(1989).
Impairment of enzymic and nonenzymic antioxidants in skin by UVB irradiation. Journal of
Investigative Dermatology, 93, 769-773.

Fuchs, J., & Packer, L.(1995). Oxidative Stress in Dermatology. Marcel Dekker, Inc.

Gilochrest, B. A.(1995). Photodamage. New York: Blackwell Science.

lizawa, O, Kato, T. Tagami, H., Akamatsu, H, & Niwa, Y.(1994). Long-term follow-up study of
changes in lipid peroxide levels and the activity of superoxide dismutase, catalase and
glutathione peroxidase on mouse skin after acute and chronic UV irradiation. Archives of
Dermatological Research, 286, 47-52.

Kohen, R.(1999). Skin antioxidants : their role in aging and in oxidative stress New approaches for
their evaluation. Biomed & Pharmacotherapy, 53, 181-92.

Lowry, O. H,, Rosebrough, N. J., Farr, A. L., & Randall, R. T.(1951). Protein measurement with the
folin phenol reagent. Journal of Biological Chemistry, 193, 265-275. .
Misura, H, & Fridovich, 1.(1972). The role of superoxide anion in the autoxidation of epinephrine
and a simple assay for superoxide dismutase. Journal of Biological Chemistry, 247(10),

3170-3175.

Miyachi, Y., Imamura, S., Niwa, Y. Tokura, Y., & Takigawa, M.(1986). Mechanisms of contact
photosensitivity in mice. VI. Oxygen intermediates are involves in contact photosensitization,
but not in ordinary contacts sensitization. Investigative Dermatology, 86, 26-28.

Miyachi, Y., Imamura, S, & Niwa, Y.(1987). Decreasedskin superoxide dismutase activity by a
single exposure of ultraviolet radiation is reduced by liposomal superoxide dismutase
pretreatment. Journal of Investigative Dermatology, 89, 111-112.

Pathak, M. A., & Stratton, K.(1968). Free radicals in human skin before and after exposure to light.
Archives of Biochemistry and Biophvsics, 123, 468-476.

Pence, B. C., & Naylor, M. F.(1990). Effects of single-dose ultraviolet radiation on skin superoxide
dismutase, catalase, and xanthine oxidase in hairless mice. Journal of Investigative
Dermatology, 95, 213-216.

Pugliese, P. T.(1998). The skin’s antioxidant systems. Dermatology Nursing, 10(6), 401-406.

Shindo, Y., Witt, E, & Packer, L.(1993). Antioxidant defense-mechanisms in murine epidermis and
dermis and their responses to ultraviolet light. Journal of Investigative Dermatology, 100,
260-265.

Shindo, Y., Witt, E, Han, D, & Packer, L.(1994). Dose-response effects of acute ultraviolet
irradiation on antioxidants and molecular markers of oxidation in murine epidermis and dermis.

Journal of Investigative Dermatology, 102, 470-475.

60



Shindo, Y., Witt, E,, Han, D., Tzeng, B, Nguyen, L. & Packer, 1.(1994). Recovery of antioxidants
and reduction in lipid hydroperoxides in murine epidermis and dermis after acute ultraviolet
radiation exposure. Ph immunolo Photomedicine, 10, 183-191.

Tappel, A. L.(1978). Glutathione peroxidase and hydroperoxides. In Methods in Enzvmology. New
York: Academic Press.

Wheeler, L. A, Asward, A, Connor, M. ], & Lowe, N.(1986). Depletion of cutaneous glutathione
and the induction of inflammation by &-methoxypsoralen plus UVB radiation. Journal of
Investigative Dermatology, 87, 6568-662.

y =iy

61



