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ABSTRACT

The backs with a hair cut of 6-week-old healthy ICR male mice were once exposed to a dose of 400 mJ/cm®
UVB. An acute dermal inflammation was observed, and the inflamed skins were almost completely cured after
6 days of the exposure. At 24 hours after exposure, the epidermal keratinocytes showed a cell-membrane
damage with the destruction of intercellular junctions, agglutination of tonofilaments within the cytoplasm and
nucleus damage. The activity of XO showed a significant increase (p<<0.05) in up to 144 hours. The activities
of CAT and SOD showed a significant decrease (p<0.05) in up to 96 hours, but they were not significantly
different from the normal value at 144 hours. The GST activity was significantly decreased (p<0.01) in up to
96 hours, not so at 24 hours. However, that was not significantly different from the normal value at 144 hours.
There was a significant decrease (p<<0.01) in the contents of TBARS at 48 and 96 hours, without any
significant difference at 144 hours. While the content of GSH was significantly lower (p<0.05) at 24 hours,
that was not significantly different thereafter up to 144 hours from the normal value. Therefore, it is assumed
that skin damage with a dose of 400 mJ/em® UVB irradiation might be caused by the oxidative stress which

was resulted from the unbalance of oxygen free radical generating and scavenging enzymes.
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s AT P 2mdns gl A¥ARE 9
=8 Fkshn g} W% AR
FA57) A% Shry PEel B

=3 W3 A%e AWk 23 29 st
UVE A 87604 47 s)3el 34 x
29 4 9o ool 9T BAel FEFzm 3ot
(Kripke, 1991). UV~7} %1¢lo]) Fo] x3}2 &x2]A)
e WA xstet s, BE Ao )
o2 x29 W Joluh YAbolch W 23]
FdBel FAE Rt FE FoAL %
w3} £083% Hael o) Aelrh 6% Alsiuw
Hrgtos WA Aol W (A7, 1997).
a7 H2ee BHeger QY eE23
Az Ame] =P A o] ol el
A% AgjAle] v A el A w1 F7)
Hi gl FAelek UVe 2 sl uel UVA
(320~400 nm), UVB (280~320 nm) 3 UVC (200
~280nm) 2 ol A]n, UVCE o B2 &0
A §4Ho] Amel =2 Eskuz oy) F9
A2 UVASE UVBRE FA XY UVA% UVB
B 3y @A A L ot A wolA] dgut
%ol el vebd 4 l5h UVAL 23] WA
47t A3 UVBRS & o 3% 240 5@
4 glom, $9E $247)7] 9sI4E UVBRD
1,000u0 2] s}eko] @&}t (Soter, 1990). =3}
UVASY Zuhpde3e 32 930 &4 219
W AZH 4L Yo b (Raab, 1990), Fe49
e 0 S 9l UVBE F2 d3sb=
21 28 zmule] WEAE oo} (Lavker et al.,
1980). @442 EAZ odat zelde) ke 13}
Moz UVBY 28 Aog FHx2 Alde 33
ik o, ¥F B2, 393 4% dofin, 3
thgel el AL doli w7} W
He Aol Yehtm gyes w2ud %
9 x3}e)l §-F3F Ao -S=Eln) (Fuchs and Packer,
1993). =]l UVBE =M, HY YA, DNALEAL
3t % HrgE dorle F2 9doz g
3} (Mukhtra and Elmets, 1996), superoxide anion
radical, hydroxyl radical®} 72 reactive oxygen
species (ROS)2] AA-L $=F o 24 oxidative
stress B SFALEL Wpo]7| A o] B¥ S st o

Fukg, Fx3 9 IRt 5o AwE A
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% 91t} (Pathak and Stratton, 1968).

ole] o] A= A|R3I wpg-A wjRe] UVBE
2Alele] sl st wtst WA 5ol
Aba A SlEA 54 S-S BRgge
24 zejAdel] 2Jgt s £ A =5 obolr gt
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1. Alek o 717

Hydrogen peroxide¥ Junsei A} (Japan)2| A E-&,
Folin & ciocalten’s phenol reagent, hematoxylin,
bovine serum albumin, B-NADPH %52 Sigma A}
(USA)9] AFE AMgstled, 2 9 dukeks
< 59EE A

AgY7]7]8% UV spectrophotometer (Shimazu,
UV-1601, Japan), incubator (Adventec, TC-1, Japan),
refrigerated centrifuge (Herolab, Hicen21, Japan),
glass teflon homogenizer (Ultra Turrax, T25 basic,
Japan), UVB sunlamp (UVL-26, UVP Co., USA),
UV-radiometer (UVB LP9021, Italy), light micro-
scope (Olympus DP50, Japan), transmission electron
microscope (Hitachi H-7100, Japan) % 13 Aol A
Mg dub)2)E Abesteln

£ 50+£5%)elA ALAZ & ALgstgich A A
717 5t B3 12l ke AR glo] TF
oA

NUFERE obval A% A g AT 2
S 13] Z=ARE F U 7)7H(24, 48,96 2 144
AZh) 743 zARES 2 Wegleh AR A S AL
#7) 5t Aol AZAE Agated whes w2
& A A3k B}

AFTEY M 4 ZH AR 24 F
24,48,96 9 144217k ) ether m}F3tel] A3 D7
Ab AR F mee) AEe mE 2T ¥Rz
& AET o] F UdRE= 10% =4 4o g
2.5% glutaraldehyde £l A AA ZAFA A
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Abel) ALESAT, GEAE vk FASAA QA
2R & BaBE 276 ALEsR

3. Ale|M =4}

A9A 2AEAE) FLE 302nm e} UVB
£ st sunlamp® AM43l3ch AEEES A
A 3bete] ARG A 2 cageol THE
F, A =& )33 R 400 mi/em’e] Fos A}
JAe A g en, AA Beke UV-radiome-
ter2 243}k
4. ¥ Fo| =3 Hat

1) W B0

Fetavigd BAE 99 42D Nrade
10% FAx=w gdo] wAST AYG etz
G52 ¥ A5G AA deho] zog o
4 ume} ¥4 W& 7rEo] hematoxylin and eosin
(H&E) 94 otef Jotavigos wasiget.

o
2
e

o m)ll

2) AL so|dd HE

EHAAA0 A RS A3 A& sHzA
& 1mm’ =72 A8l 2.5% glutaraldehyde &
B (0.1 M QlAIEE) pH 7.4, 1~4°C)ell 24|17+ A
AT 0.1 M QA ZH oz AHHE F 1%
osmium tetroxide- 2ol 2417} & TA-& AA|stn
e @zdos Al AL dRez Yot
1, propylene oxide 2. 2|$+8F & Luft (1961) vl
2]3} Epon 382 Zwl|sle] 37°Cel| 12471, 45°C
o] 12A]17}, 60°Cel] 48417 F<F WA|sle] A3
AlZ. 2ol 248 FEZE AHSl lumz
ubd 3l toluidine blue A& AA)1gE F B8 3v]
7] AllA #EARAE A€t o}-g RMC MT-XL
3 Zut"7]2 Dupont to]olReZhS M A5l
3R (40~ 60 nm) o] 7RG A& Vel ZRPEH
2 do] gridel] & AZ] F Watson (1958)3}
Reynolds (1963) ¥Pell 2]8F uranyl acetate2} lead
citrate 2 o] ZRAS NS A 5te] BRI A
o2 7}&Ae}t 75kVE IAsledn)

5. §4&ARe] =H|

oAkl w)Rz=]e 4ullgFe] 0.25M sucrose &
£ Y31 glass teflon homogenizer& ©]-£-3}oq

20% (w/v) e FANE e o] FAYE
600 % goll A 1087} A Ee)g & 3 o njnjs) B
& AAT 45Ye FH3le 10,000 x gol|l A 20%
7F YA1REs 3 aA8AE & A&tk

6. HFxxo| Fafits it & HHE £H

1) Xanthine oxidase (XO)

X02] &A= Stripe and Della (1969)2] vy«
Food 24595 U= DA wlel Fo) T
5 w3 1mgo] 18 F9¢F HkS3sle 7]
xanthine 2. 2 2E YA F uric acid?] ¢
L T=d

2) Superoxide dismutase (SOD)

SOD¢] #A =X hematoxylin AF-5AFE2] A
A =E HAsE= Martin ef al. (1987)8) #bHe] o}
2} 0.1 mM EDTA7} &% 50 mM A4b 43
(pH 7.5)¢] 10 uM hematoxylin @ &EANE 7}3)
25°CelA] ¥Fe-A1# A4 %] hemateings 560 nmel| A
At 540 BHEF AN SAE
e 2N YA 2 1Y F2] hematoxylin
AEAES 50% HASls AEE Lunit2 sl o
W Imge] 148 <k 438 unit® A]EA

4 nmole &

3) Catalase (CAT)
CAT &4 =% hydrogen peroxideZ 7] 2 3}o]
°43—L— A= 34 240nmlA 1 FR=ES ¢
Al 4= (E=0.04 mM~ cm_l)—‘ 0] 8-
Al a}~ Acbi (1974)¢] whie] Z3helc}.
= opad 2o 342 992 Img
ul-$-3led 734 =+ hydrogen peroxide
=2 nmolei FA) ST

:
o}ﬂr

4) Glutathione peroxidase (GPX)

GPX?®] #A =% Paglia and Valentine (1967)2]
uhlol wlel &A3}gdr} Glutathione 7)&A 7 =&
49l NADPHE Az ¢} &7 25°CollA] 587t vk-&-
A7 340 nmel A NADPHS] Abslz <3 F3=
Hass ZRNAT BHE DA BN
Zo] FHE U Imgo] 13 Bt AL
NADPHS®] ¢}& nmole& EA|5}9]t}

5) Glutathione S-transferase (GST)
GSTE] A== Habig er al. (1974)2] v}e) o}
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2} &A3}e3r}. 1-chloro-2, 4-dinitrobenzene 3} gluta-
thione& 7|2 sled 25°CellA 1087} uh-g-3led
QA= 2, 4-dinitrobenzene-glutathione conjugate SF
£ 340nmel| A EA3o A= 9= &4 v
Y Fol 5" A Imge] 1E FtF w3t
o] AAJ8t conjugate?] °F-2 nmoles el gt

7. B =x=l9| thiobarbituric acid reactive
substance (TBARS) gt £H

TBARS &2k Ohkawa et al. (1979)¢] HMe)
ot A3 24 AR 40 FAEAAE A
A z7 d}el|A] 2-thiobarbituric acid &8 3} 714 uk
5417 471 TBARS®] FH=E 532nmol|A &4
&}sdc}. TBARS k2 o2 mg & nmoleE. %
Astgic

8. mHx=lo| 2@ glutathione (GSH)
g &3

31913 GSH #eF2 Ellman (1959)2] ulidl u}
o 2dselch 21 mjEAe el 4%
sulfosalicylic acid 0.5 mL ¥ 7 QA1 828 & Ab=
8} oA=L (0.1 mM 5, 5'-dithio-bis (2-nitrobenzoic
acid) 3% 0.1 M sodium phosphate buffer (pH 8.0)
o] @it ul2-x|#H XA = p-nitrophenol& &8}
Act #4493 GSH 32 i mgs umoleZ
EA 3k

9. WexEel pE BY &

Vol. 21, No. 2

o] uielol| e} bovine serum albuming EFE3Z

2 AHgste] s,

10. X8 2

SPSS (v10.0) B4 Z28g o83l AT
3 A e A7 A 24 Aae ¥
THZE Hete] rtestE AT HpE

0.05=. stgch

o 7Y

1. B x=o| Rallith Al §4 &Y HE

1) Xanthine oxidase (XQO)

400 mJ/cm® k2] UVB ZA} 24, 48,96 2 144
AlIZE Fof| whg-2 F]RzA L] XO S =g AAE
A 7= Table 13} 2ok

ZAFES] XO A =& 24, 48,96 Y 1444 7h)|
A AR} Z42d oF 45%, 41%, 34% D 45% -
2 3HAl (p<0.05) F 3k

2) Superoxide dismutase (SOD)

400 mJ/cm® k2] UVB A} 24, 48, 96 2 144
A7y Fol| vh--2 I 7229 SOD Y= B2
3k A= Table 13 2

UVB ZA} & 24,48 2 9647k FA}Z] SOD
A== AAFEG 27t oF 24% (p<0.05), 42%
(p<0.001) @ 33% (p<0.01) 421314 Fopch. 144
AlZboll e AR AAE Aboledl #-4& Rfe]7}

Table 1. Effects of UVB irradiation with a dose of 400 mJ/cm? to mouse skin on dermal oxygen free radical generating and

scavenging enzyme activities

Time after UVB irradiation

Enzyme Normal

24h 48 h 96 h 144 h
Xxo" 1.2040.15 1.74+0.10% 1.70+0.07* 1.61+£0.07* 1.74+£0.06*
soD? 15.60+0.93 11.89+0.91* 9.11£0.42%#% 10.38 4+0.52%* 20.49+1.94
CAT? 41.36+7.42 21.04+3.25% 13.984+2.07** 13.44 4+ 3.06%* 18.96+5.38
Gpx* 2.96+0.53 2.93+0.53 2.8040.19 2.35+0.30 2.96+0.53
GST? 233.34+16.3 205.9+15.48 69.80 4 5.44% % 108.7 4 15.90%* 196.3+9.05

Each value represents the mean=+S.E. of 6 mice. Unit: "nmole uric acid formed/mg protein/min.
P (50% inhibition of autoxidation of hematoxylin)/mg protein/min. “nmole H,O; reduced/mg protein/min.

“nmole NADPH oxidized/mg protein/min. *nmole 2, 4-dinitrobenzene-glutathione conjugate/mg protein/min.
The value with an asterisk is significantly different from the normal group by t-test (*: p<0.05, **: p<0.01, ***: p<0.001).
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A=

3) Catalase (CAT)

400 mJ/cm® F3F2] UVB 2A} 24, 48,96 2 144
AZE Feof] mpes 3 H220) CAT A=E &%
3} A 3+= Table 13 2t}

UVB ZA}F ¥ 24,48 2 96X 7kl ZAMZS] CAT
g x= AR 22 oF 49% (p<0.05), 66%

(p<0.01) 2 68% (p<0.01) §-2]3}A *ie}. 144
Aol 22 AAE Aolols 8 Aol
7t 95t

4) Glutathione peroxidase (GPX)

400 mJ/cm® F2F2] UVB 2A} 24, 48,96 2 144
AZb Fo whex mRzA S GPX A =S 3
8} ZA 7= Table 13} 2o}

AL F 144A71A) 2A29] GPX SA=E
AT o3t 2ol st

5) Glutathione S-transferase (GST)

400 m)/ecm® k] UVB RA} 24, 48, 96 2 144
AZb Foll whes w)iEAe) GST S =g #3
8}t A3}= Table 13} 7},

A2 GST A =E 2447+ Al9sta:
96 A| ZH7HA &= 7‘“&;_@} FelsHAl WA Jelge
144217kl ot Aozt AiTt 48 E 964]
Zrell A Zt*}—ri AAZEe 7247t oF 70% (p<
0.001) ¥ 53% (p<0.01) $-23}A 2okot

2. 1

400 mJ/em® ko] UVB 2A} 24, 48, 96 W 144
ks Z7%)9) TBARS ¥ HE&

wxz ol TBARS &t HE

Foll up-2 5%
A5t A= Table 29 2ot

48 2 96A] 1ol zﬂ:rsq TBARS g2 A2
weh 742 o 12% % 69% fr-2) 3 (p<0. 01) Wik
o 14447kl = MfaJr 2] & 2ozt flgich

3. o&
400 mJ/cm® 32Fe] UVB RA} 24, 48, 96 2 144
A7t Fol] vhes FRzA9] GSH &3 HES
}-&38t A3= Table 33’»]— iy =y
ZFAFZ] GSH ek 24A17+-8 A9stae A
A3 Feg zpolzt amc}. FAREE 24A)7ko)

Zxo| GSH Bt HE

Table 2. Effects of UVB irradiation with a dose of 400 mJ/
cm’ to mouse skin on dermal TBARS contents

Time after UVB irradiation

Normal
24h 48h 96 h 144 h
25.14 23.87 7.00 7.83 21.06
+4.68 +4.96 +1.08*%* +1.70%* 282

Each value represents the mean+ S.E. of 6 mice.
Unit: nmole/mg protein.
**Significantly different from the normal group by t-test (p<0.01).

Table 3. Effects of UVB irradiation with a dose of 400 mJ/
cm? to mouse skin on dermal G SH contents

Time after UVB irradiation

Normal
24h 48h 96h 144h
0.21 0.15 0.19 0.23 0.23
+0.01 +0.01* +0.02 +0.02 +0.01

Each value represents the mean= S.E. of 6 mice.
Unit: umole/mg protein.
*Significantly different from the normal group byt-test (p<0.05).

A HAZE o 29% 23 (p<0.05) Wkt

o &

e oF3a-e <lzte] A AAAE FA3=H
T Podt Aow FPAHoz A gdEE
TE3kaL, TR vleldl D A& =3,
Aot wjubze] FAA e o|RH7 = =
g folst Age ok Tz By A
313} (photoaging), ¥ 24t WA H3 2
qgFe F7) = gt
HRE Al e lu%ﬂ?ﬂ Hy I p
2702 3o AT dFue> 23
Al Al AA W AY gelAl 98 s 334
WY (neutrophi)= HF FHell A AA o]
gioth A9 el =&5W FA] F3ukge] viehd
Aol ohdet o= A= Alzte] AFE oo} I
H3uke] fdE 3, I 5-Euke] A Al I
243} o] 9lck (Cotran and Pathak, 1968). 72
34 (200~320 nm)2| FAl2> I ¥ =3 Ry}
Ag} BE wRo G v|Xn slAH oz A
g ER &4 7 Sk Ao o8 EAE

[«

lrl ri

l‘ﬁ o

ag

12



170 J. ENVIRON. TOXICOL.

[}

7] o o)t}

o] dFelA] 400 mlem® F2Fe] UVB zpelAd&
AAfete-20] AR wjRe] 13] FAbsta Zbz
2 A FAF 24, 48,96 U 14441 7F Fol| 3Rz X
< B3t " £AA du|Foz vlw #F
gt 3t dnj oz my by A9l 9]
9] 9% AeE AT A, A 2AF F 964
7t 7ol AF)eMe] 3=} w9 I
Bxrb 7P Al Jebdem 144217 el
2399} 297} AL AAAAE) AR AHE AS
BAE 4 U ApAE 24 F 24417k
AR Ar|AA Q) FFof A, A EA W tonofilament
9] A3} A keratinocytes g o] 23 Azt
o] AT 9] $£Afo g st BEA Q) apoptosis
7t bt (£ e ).

A z2A e A8l A Ao ddEds
deiA dE felAke A 2Add XOx IR
ZA 2] ol AAtAS Al I BAe] ZvlHE
Aoz oA glot TE]a o] &Ao) s YA
%l superoxide anion radicale] 2w 9] 2z Aq]
Heloz dajx ok (McCord and Fridovich,
1978). UVB ZAFA] B 5z239] &Ako] falj Aol
Z1A8F=AE olry] e falakae] YA
X0 24& sl

o] AgeA X0 42 UVB =AY 7%
A ZAL F 144X 7742 AAAZRE §-2]5HA
A veht UVB zAl o8t m)izz] 48
X092 84 F7lel e faflAta WA Z7)
7 AAAQ] deleoz 248 oz Azt

7+ el 28 YA" f3AkaE SODe 9
8 hydrogen peroxide (H,02)2 23w hydrogen
peroxider THA] CAT 2 GPXedl 2Jsix] 2= 23}
Heoj 53 H1 GST= §allAlL 8] Sol Teds)
T Aoz deA gle] falabh S5A &<l
SOD, CAT, GPX¢} GSTE 2A3}or) o] Aol
A] SOD &42 UVB ZARZNA 96212702 = A
AR fFo3HA 2 velgew 14447kl =
A F23 zpelzb dddet olE® AAE
UVB A7}t F 8-z SOD 84 A3tAIZl4
= 7)129 dFR .37 (Miyachi er al., 1987)8} 2-3+=
. CAT 42 UVB 24t A F=gR|A 2tas)

Vol. 21, No. 2

3 UVB zAfgel wdstel dagcs nw
(Okada er al., 1994)7} Edl, o] AFANM=
UVBE 2ARR 2olA 96AAE A
SIS A dehken, 144t ATt
FeI Aol7h Yok GPX YL A2 A4
23} 213 Aol HolA gslet. olsh ge 2
& £ W UVB Al o3 A Feiabae
SODef 2J3 hydrogen peroxide (H202) 2 A 8% 371,
o] o A= hydrogen peroxide?] 3]=9]= GPX
Heh CATZ} F88 9488 ddshe slo=s 44
Hoh GST A2 2AREA] UVB RAF & 244
7B A B 96 AR AR 5
S el o, 144412kl = AAES 913 3}
o7} Aot frafatael AL 54 B
ol 3 48 A7 dglew zhgsgid
= o8] A3 9783 (Deneke and Fanburg 1980;
Leiboritz and Siegel, 1980)= ¢] |7 UVB &
AL F AT falataY] A S 54 2a
A xS F7 Aol zAFozH, 23] &4
S do7|x Yoz 24 Aojgta AMT &
A HA3H el Z2AE AFE F3 9ok

A A 741 3= oxygen free radicalel] 9]3)] $-%5
w], prostaglandinz} -2 2 v A9 QAo Z
7HE el ¥pAor Yehls Aboln gubdog
UVB &4} & FA] =& £ A7k o|ulo] ¥)He]
A A HAELE of7| A ZIckar gto} (Stewart ef al.,
1996). UVBo]| 2|3t g]R-o] A]A}As}t F=+ in
vitro®} in vivooll A W& A7} £33 A) g, o
2o dFeM dFA =r dRd5Aln e
1A el Q4 (systemic factor)e] FAe)} i3t o
F+= 1|&38t Ho|dt In vitrool|A] UVB 2A}eke)] o}
et v¥o AAAA FIHE of7| St A, in
vivoel| A} = UVB ZAlgFo] 1.0J/cm® o]d}lel A= 1
37} ot 150em’2 24} Tl §-9)8hA 7H
238G T Lee ef al. (2000)9] B Y= in vitro2} in
vivoel| A A Ak} A we] Xpolol= HA1H<)
L4 (systemic factor)7} A vk 22 2t}

o] AgellA FAkErA]A (TBARS) §H& &34
A3, UVB ZARZ| A 48A17 3} 96 A 7kol = A A
25 F5HA (p<0.01) A e, 14447
ol ANA = 3EEgH o]9} Z& Aa= UVB
FZAL & AEAA FeFel {3l ghasit
= Lee er al. (2000)2] R3¢} B3ET 819 o=

5

[o2
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A wbgo]l AAFpALEEe] ARSEA £Ako 2 RE] I
x2S H3dlcle 3R 3 (Lee er al., 2000)E
T & w, YA 2AF Al GFNHS &2 2
APERR) A geke] 4, |3 IR A Kera-
tinocyte2] A9t &4 (intercellular junction®] Y

9 gAe BAY FRL AN 25 @
g 4371 2o Aoz A4

oA el A Fa3 AEEAH e I
RzAoA Heofit R2AEgE s GSH T2
UVBe| =23 mRzA]oA @Azl AT ¥
So| doji} ArztaAe f3. Connor and
Wheeler (1987)= UVBL} UVAE zAbspd )3
9] GSH g#fo] #A3] dojzlcty Baalglet. o]
AoM AL A 2T 2447l A
B I E % [ e T
Foz i]-‘i'—i]‘ii‘:} ol Al AP Al AAHE
SalakaE AANA] A GSHA D7)zl B
3 228 Aoz A4

ojAbe] AY A Es| AR npg-Lwl o)
400 mJ/cm® k2] UVB AF9A & 2AMSH A3} 3
B Az &4 A Az FALF
wgo] ZAFHT FAF F 6Yo= FFUHSO 3
2ge 7oz BAANL UVB 2AZoME
HAAAS WA= X0 EA o] AAEZRT AUk
o= o8 ¥4 vhebd el Bl Se) e}
48 A4TES oSl Fandssl
2ol B8l wek AN A4 o
He 7A%E B 5 UG o9k 22 A3
AA ¥R UVBE ARSI F3llAts AA44)
3‘__,_2} 54 &A47re] BFYe]l zPoEH,
3 X0 49l ke A2 faiakas) At 44
ol FALLE AT AR AA i
o=2A fafjata Eﬂ%ﬁ] g ATl FAe] A3t
3 A &4o] Yol AWF olake] UVB
& Ao Azke] ZAAF el wel o]E &aAAZ
9 EFYol ARSFFToE I EEH 2ASAAL
A48E 7HA e A BRI

1r I 3 rlr

o

#nEH

7714, 5182 dxste}l Fasle] WF vimd T, T
w]-4-38])R] 1997; 3(1): 21-43.
o g 2.2)5)-3). ) L3, o §-7F, 1994,
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