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Effects of ultraviolet light B irradiation on nitric oxide activity in the
sprague-dawley rat in vivo (I)
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— ABSTRACT -

Recent studies have revealed that Nitric oxide(NO) was one of the demonstration for the physiologi-
cal regulator, endothelial derived relaxing factor(EDRF) and that NO was produced by ultraviolet irra-
diation in human. Thus, the present author have carried out a experimental study on the change of
hematological, histological value of ultraviolet irradiation in sprague—dawley rats. The subjects were
divided into four groups of ten rats each selected at random, There were 4 groups: 1, no irradiation
control; 2, ultraviolet 75mJ/er irradiation group; 3. ultraviolet 150md/c’ irradiation group; 4. ultravio-
let 225md/cr? group. After a irradiation, hematological and histological tests were performed to observe
erythrocyte, hemoglobin, hematocrit, MCH, MCHC, MCV, Oz saturation, pH, POz, PCO2 value and to
observe histological changes, In hematological tests, erythrocyte, hemoglobin, hematocrit significantly
increased in 75md/cr than control group and more 150md/ct’ ultraviolet irradiation group respectively.
Also In blood gas tests, POz significantly increased in 75mJ/arf and more 150mJ/ex’ group than control
group, Whereas PCOz significantly decreased in 75md/erf and more 150mJ/ar group than control group
{Duncan-Tukey test, P0.05). In histological tests, control and 75mJ/af group unchanged, but more
150mdJ/af group changed that it was cytolysis, cytotoxic effect, acanthosis, proliferation of ker-
atinocyte, appearance of amorphous cell and pyknotic nucleus, production of sunburn cell, In conclu-
sion, the present author results support the importance of the relation between NO effect and hemato-
logical, histological value by ultraviolet B irradiation.
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HEZA F AL o] ot 320~400m
(Ultra Violet A, UVA), 290~320mm(Ultra Violet
B, UVB), 200~290mm(Ultra Violet C, UVC) 5
A FRE ERE, a28y o= UVAE o
Al UVA1(340~400mm) 3 UVA2(320~340mm)Z 7
7| = FA* UVCe 458 e &390 9

8 BE 43 UVBE 90%7F F-HER QA
£ UVA ¢} UVB7} dif-& 988 mjxa glopss,
Ao M9 QAo gi# A= Vitamin D3Y A
Ausonoll A X (psoriasis)oll thFh X2 APt
“#4(sunburn reaction)™, §Z“ ukopztgiis
o] E2Hj girt,

2o ZA 2AA AYA A= EDRF
(Endothelial Derived Relaxing Factor)9] 3l4gl
NO(Nitric Oxide)?] FA“593 NOo| 2§t ¥
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288 §A8ET,

EAL K@ Mo| A

£ AgoAE 290~320 mY AL Ye
Ultra Violet B(Handisol, National Biologi—
cal Corporation, U.S.A.)& AM&-315lc} #9
9] A} A&+ UVB-500C meter(National
Biological Corporation, U.S.A.)E AMg-3}o
i 24} 2o AYPRHE 23] §HE Z45)
o 0,25 iW/ard] YA 2AL A2 2 AES
AAsHg

o4 4702 AT,

2) Bt £

Y Y3 RES THW| 2FAA ABF
¥ Heparin A2|€ FA7|1E AMg38le] & ¥
HoljA] oF 5me of BHS HI F AFEFHUL
2 AR AHE YL 3719 =2HA
UEE FAuRs £8 IF0HZ 98 ¥ 23
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POz, PCOz, Oz saturation, pHE 23392
o, olo{q A A& A AFE47IY
Coulter JT (Coulter electronics INC.,
Hialeah, FL., USA)E ©]-£3}9 erythrocyte,
hemoglobin, hematocrit, MCV, MCH,
MCHCE 2439},

2. Ay
3) x5t B4

1) XtIM AL Z FoA 2AYAE B 10% formalin

834 Xylazine hydrochloride 3.5mg/kg3}
Ketamine hydrochloride 100mg/kgS 112
8 3t TSFAR oY 3 QA S =
Apstgict, A 24 £4Q shif R H2 AR
718 AHEHe 3xdem ol AA T AZA
(momo: thioglycolate 80%, Han Hwa Co.,
Korea)& TX3}3, 108 ¥ 22 Ao Yol g
& SR8 AA}}, 22 10 vHeE Uh &
o2 3lef 4 Fo8 Esqh 172 UV.BE
ZABHA e t2E, 232 U.V.B 75ml/at
ZARE, 322 U.V.B 150mJd/a RARE, 47+
U.V.B 225mJ/ar ZARELE 747} Lol A4
3iglh, I3 ZANE RHE AR X2 F

+ He 2 71 Aefoll A o5 EHUT 15 A
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hematoxylin—eosin @43 PAS(Periodic
Acid-Schiff)®] E5+gME AABIHT™ o
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crographic systems PM-10ADS, Olympus
optical Co., Ltd., Japan)2 2 #9HE 519
o =59 AL A 1AL 2 3 @
oo, BAz 9o o] 4ga BAGE Y
23 FARR 2917 22y AR 1910] &
7 V5 =& kgt

4) A5 24

2 d79 FATH F942 SAS software
version 6,128 AM-3141 2], ANOBAE o) ¢
% Duncan-Tukey test2 243t cHP
0.05).
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1) RBC (Red Blood Cell, erythrocyte)
RBCE 2#[(6.55+0.68) x106/u]3} U.V.B
150mJ/er< [(7.13+0.25) X 106/ul] ZAFEO)
] 3t U.V.B 75md/cr((7.6210.86) X 106/
W] ZAREAA §28 z}o|2 F7ME vehih
a3 Y4 U.V.B 75md/af RAHES A% 2+ 2
7o) vlio|XE FA3 Holg UehyAl ¥t

2) Hemoglobin (Hb)

Hbe t23#(13.81+1.56 g/dt)3 U.V.B
150mdJ/en’< (14,17+0.32 g/dt) RARZe] w3}
o U.V.B 75mJ/ex(15.64£1.98 g/dl) AR
oA Fo3t Aojz F7HE vebith a1y
U.V.B 7omd/ert ZAEE A% 2 739 b
TN T 21§ LehlA] gtthTable
D.

3) Hematocrit (Hct)

Het+ 9} 22(40.07+4.58 %) U.V, 150mJ/
< (41.69+1.19 %) ZARto| vldted U V.B
75mJd/arf(45.87+5.90 %) ZAFZOIA $23t
ztol2 F7+8 vebdlith 28y U.V.B 75mJ/
o ZARES A 2 2749 wjmfME fo
B 2kol & UehiA] ggkthTable 1).

4) pH

pHE H2F(7.22£0.08) v]3te 75md/er?
(7.31+0.06) A 150mJ/er< (7.32%
0.03)  ARZANAl F2J3t Ajo| & ettt 1
U z2Fg A Z 2719 vzoHE F
93t 2pol & VpERA] oFokth(Table 1).

t} (Table 1), 5) PO2 .
PO2= Hl22(67.00+9.42 mHg)dl v}3te]

Table 1. Hematologic and blood gas values between ultraviolet
radiation and non-ultraviolet radiation in rats

(Duncan-Tukey test) (Mean*8S.D.)
Groups RBC (10%u)  Hb (g/d0) Het(%) pH PO2(mHg) PCO2(mHg)
Control 6.551£0.68  13.81t156 40.07+4.58 7.2210,08* 67.00£9.42*  6593+12.54*
T5mJ/at 7.621£0.86* 1564+198*  45.87+590* 7.31£0.06 80.48+20.69 52,64+ 6,11
150md/ar < | 7134025  14.1740,32 41691119 7.3210.03 89.25+10.40 51,43+ 5,80

RBC : red blood cell, Hb : hemoglobin, Hct : hematocrit, * : P( 0.05.
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75md/c(80.48+ 20.69) ZAZ3} PO2
150mJ/er’< (89.25+10.40 muHg) ZAFEo)A
F23 2po|2 F7HE vEb G, 28y gizxE
& AT 7 F719] Bl A= H3 Aol
LetfiA] okkth(Table 1),

6) PCOz2
PCO2: ti2Z(65.93+12.54 mHg)oll 85}
75md/et(52.64 16,11 mHg) ZARET 150mJ/
ar<(51.43+5.80 mHg) RARZOIA §28+ A
ol ZFAE vehilth 2y d2Lg A%
ZF F7e] vlaoAe FF 2olE vEt A
%tHTable 1),

7)MCV(Mean Corpuscular Volume, 819
¥F43) 3} MCH(Mean Corpuscular
Hemoglobin, {8719 HFEHAz) 9
MCHC(Mean Corpuscular Hemoglobin
Concentration, 319 H¢ M4 FI),
02 sat(O2 saturation)

MCV& MCH, MCHC, 02 sat¥ Z} #7be]| A]
2 {3t Aol & et A gstTt

2 2784 A3}

2 248y Ait st 4 dFFo] PAS
(periodic acid-Schiff)] E¢g4E& AAT 2
PAS 34273& vetlit142]. 273 A2 4B
T5md /et ZARE Alolofl= cytolysis £} sunburn
cellT} 22 cytotoxic effect= Uehfx] 942 ¥idd
o), 4B 150md/ent ZARET 225mJ/ent RARE
NMe RAF YEHCZ acanthosis® ker-
atinocyte®] %4|, amorphous cell & £¥, sun—
burn cell(dyskeratotic cells ojgtnx @] A

exposure to UV-B, 75mJ/ar{a) and 150 mdJ/
ob). (H & E, X 100)

4, pyknotic nucleus®] £& 5 & #HE 4 AN

th(Fig.1).
N. 23

Endothelin—-3%" Bradykinin®*¥ Acetyl-
choline®" adenosine diphosphate®, Sub-
stance P** Ca2+ ionophore A23187% S} 7+
< EDRF& 832 #HA7|AY soluble guany-
late cyclasec(sGC) B4j8te] o3l .GMPY %
7Y, de] 1% 55 2Eske 48T A WelA
NOE AAsh= Aoz ¢gA Jgmnewme oL
o] o] NO7} A4 ZAIR QA U, EF
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Ao Aol 13 NO Azt EARE o) Fguewdos
of i APYLRE A e 23 2ot A Ao
9J8t rhodopsin¥ transducin®] ¥Hgapzeansz)
2t Aol Q% N2t Qx| A9 A4 EDRFS] &
o] Gq family9] oj7j2 o]FojArh | piwss
o} o] ER31= Gq™, A2) Mol 2J# phospho-
lipase C(PLC)9 &4%% Gga subunit gene
familyoll &3 PLCA7} S/ 3tgl = o 1 o

93}, bradykinin, acetylcholine®} Z-& EDRF ¢}
of Z24d AEA] $8A49 FygustE doA Gq
familyE B43HAAA GDPoA GTPE thA|A7)=
Ao AN o|PA BA3HH Gq family:=
G-protein &4 PLC-4E BAI3}A)7)jinsn
245L8 PLC-p= PIP2E 7|32 AM3te] diacyl-
glycerol(DAG)#} inositol 1,4,5, triphophate(IP3)
2 7l R gtrpesua

3 YA IP3E Ca* AR ER(endoplas-

.. Signal
0..

€c

(Fig. 2) Scheme of responses on environmental stimulation such as ultraviolet etc,
R: receptor, G: Go—-protein, PLC—8 phospholipase C-g, GTP: guanosine triphosphate,
GDP: guanosine diphosphate, PIP2: phosphatidylinositol 4, S—-bisphosphate,
DAG: 1, 2-diacylglycerol, IPa: inositol 1, 4, 5-triphosphate, PKC: protein kinase C,
ER: endoplsmic retsiculum, CaM: calmodulin, eNOS: endothelial nitric oxide synthase,
NO: nitric oxide, iNOS: inducible nitric oxide synthase, sGC: soluble guanylate cyclase,
cGMP: Guanosine 3, 5 ~cyclic monophosphate, VEGF: vascular endothelial growth factor,
Fit-1: fim-like tyrosine kinase, cNOS: constitutive nitric oxide synthase,
Mac: macrophage, EC: endothelial cell, VSMC: vascular smooth muscle cell, @: inhibition.,



mic reticulum)28€ Ca"& F8A7l9, 8
Ca™& Calmodulin(CaM)3} Z2%3td Ca*/CaM
complexE 4%t o]oJA endothelial cell
caveolaed] £A3t= Ca* 9£4< endothelial
nitric oxide synthase(eNOS)E &438}A|7]4 "ok
b9 olfA BA3tE eNOSE electron donorZA
NADPHE o83} NO2| AFA"=4IQ] L-argi-
nine?) terminal guanidino nitrogen atom(s)e|
hydroxylation¥r&& 424 Ne-hydroxy-L-
arginedmf A4 %9 A" [-citrulline 2
NOE ATt girpsasna olgA 4™ NO
v Azgg gdA ZAeGAY autocrine
paracrine 2r&-of ™" GCE FA3HA7 A
cGMPRAE F7HAI71A Eofons ERgET olg
& HIET 7] &8-S5 et AolthFig. 2).

3 N0 HJMAA] septic shock ¢ uremic
bleeding® #E FAAY 4F°] Ueld & U=
gl o] 5 W3}7] Y% A8 AX| & Wl
Z NO9Y| 93t feedback inhibitory mechanism©]
Zg3te] AA2E 2SI Y,

E3F o7]o|l 4 MAE NO7F macrophaged] +%
A2t Gq proteing BAZA| Tt B oL
macrophage WollA] PLC-g1A] 3-& PKCE %3t
A2AA= & 224 INOSE E431417 23 NO
£ AN A target cellof] Z23rh= B 319} inter-
leukin-18(IL-1/)Y tumor necrosis factor-a
(TNF-)7} iINOSE 843} A|A NOE A4Toe
By -zl o gk IL-19) AAIRsz)
TNF-®2] A Alof cigt B3 NOoj| 23t Ao
ojL} upol AL Figo|® 7] PF Ao T &
Tholl ot o) 93 macrophageE F3 NOY
AFAA? H2E AAFHe vholcH Y 2),

o] 9lo] NO7} Ca* 842 Z7HAA gene tran-
scription®& SE3the B 199 NO/cGMP7}t

TRE-regulated genes® 843} A|7lths "9}
NO7} immediate early gene expression"3} 11
B4& F=3t1" DNA synthesisS &R3chs 2
T, NO7} VPF/VEGFE &A1t B¢t

keratinocyte proliferation® angiogenesis"™&

233te] AR o Tojdts RS api-
dermal growth factor receptor® tyrosine
phosphorylation& =3tk B0 219l Ao
o3 VEGFY §%% 121 VEGF7} angiogene-
sis® A A {0 Fofth= Huet EDRF-
dependent relaxationg ¥231th= B Fo] 9]
o 283 VEGFY #8$A2A Flt-1(flm-like
tyrosine kinase)?} KDR(kinase insert domain
containing receptor), Flk—1(fetal liver kinase 1)
o] gl E3) Flt-12 VEGF 93] 43k
7% cNOSE S4AAM NOE B4t = Bk
A (Fig. 2). £3F NOY /A%l @2t eNOSel| &
3 AA=E picomole +E"¥oA+ homeostatic
roles ¥ leucocyte® adhesion 2#*?9} dia-
pedesis Ao W& anti-inflammatory effect®
g3stA g, udo iNOSY o3 AAHE
nanomole $&)A £ biocidal, cytocidal role I
immunomodulatory role, proinflammatory
effectS WERHTHL ghopi,

ES AR A ALY A F 1ARE 7HEF A&
Hog NO7t R SHAWS 7t M Faol=
E3E8T AA AT 4~8 A7 7FFY] 257
€ A98}7]|7} offohaL stglth, wiel, F219] 73
& A RAF F INOSO &J8t NO AAdel La)A
UERLARE o] 0] 23]3] ZtA 2AF F Zubo] U
e}r] 742 e A AAE AHE & oL 1%
ol o] iNOS A42e2 A% FHAY] tran-
scription/translation I3J0.2 F&3t31 i,
o]t ol fuFofl NO 449 ¢ol Z2% 2
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Hog o]83l7] YAl ArJAY HAZ TAFFF
Addo] Fasicta 2ot Juksid zAFo] Aua
5 2313 wetolt dF3aal 22 B4 A
7k $2i57] g 2olct, E3t ofwl Ao o5t #}e)
Ho2 AAHEHE melanogenesisd NO7}
melanocyte proliferation ¢ paracrine factors2
ZHg3ta sk E3 zkejAlo] 9% melano-
genesis”t PLC 9233l diacylglycerol®] 37}
o3f op7|gthE B % Qo

47]4 NO A4l digt Eaeyat @737 4%
29 2R AT A& wA3o] = WS
AN R o33} 2t Paleev 52 389 A8A
B2 g zH g A, ¥ AFE scan-
ning¥ transmission electron microscopesE ©|
430 S8 A QM 2AF Fof HE T ool ¥
3ot HE49 71 Z7Hct Foh® Bodurovs
< & 180k & fiAoZ oMoz A3t AL
%% Z3 hemoglobin content 2 RBC, leuco-
cyte®] 7t F7HAC ST, E3 Meffert 5
< 74L& AL A4 (UVA+8%2] UVB,
8.8 J/af, 51.0 J/ex)¥} A, 7HAFA 9] Wl dL
of ot el ZAREAA erythrocyte aggre-
gation kinetics® 7§43}t blood oxygen utiliza-
tion® 7HAdo] AYHT 3¢t Humpeler 5
< 1689 A YA9] Ao 280-350me] )AL
19.245.1 mJ/er ZAgE 23 hemoglobin, hema-
tocrit, MCHC, pHell& #2317}t 1912y Pi, calci-
um, 2, 3-diphosphoglycerate$t erythrocytic
phosphofructokinase, pyruvatekinase2l #4jo]
T3 F71% At wet Ao g3 gly-
colytic pathway7} A=& Wo} ARHoR 2329
AAE3EE F7HAZITR AT, Danieyko—
Osman ¥ Mietkiewskix= HE 4002} ARE-3}od

405-289m 9 AH ZAAFL AN A
hematocrit ¢ erythrocyte, hemoglobin®] 427}
A8 F7Hck Sk,

2 A=Y YA AAHB RARZAA gz
2o} 8] erythrocyte®} hemoglobin, hematocrit
7k o3t o2 F7heto] ojze] MYER dXH
t. £8] T5md/aro|A ThE ZALFO b3 F713 A
L2 B o]F ¥3h:= AN A Fegtn
AAX = NO Aol o FA32Y ax2 AEy
PO2= A9MB 2ANG] wet F718t PCO2E 2
23k Aol Fogt 2polE Yetd oz Hol A
oo ARE A3 2AoE B

3 2283 A28 A49ed o8 2 van
der Vleuten 5o &3t 9 B9 AUAE djate
A9 B At w2 HAYZ A8 Ftof ofst B3
olA] ZAte] mat 1 MED o4& 2, 3 MEDA U
ERts A3koh= 22 cytolysis 9 sunburn cell 3
2 cytotoxic effects= YEREA] ¢odA wound
healing® ¥A7} Q& epidermal proliferration
3} differentiation¥ 22 substantial effect”} &
o2 Bt Gilchrest 52 439 W
A& 22 3MED %9 A& RARE Ag|
A dyskeratotic keratinocytes 2} vacuolated
keratinocytes (sunburn cel)E Zgdt 283
B3k7} vebgoha 3 cE?. Woodcock 9 Magnus
o] B3¢ &gt UVCYl 717t 260~300mme} 32
7HA @Y o3& A3 cell shrinkage necrosis
9} dyskeratosis® 322 8= sunburn celld
kA TAAHNA 300mmo] 3ol A maximal spec—
tral reactivity”h Uehd ¥hdol 487mo 7HA1EA
4= sunburn cello] BAEA AUt 3%
o, B3 Nix 52 QAE W22 4 MEDY 24
=2 A8 A3 keratinocyte 9] basal layer &

spinous layero|lA B2 $9 cytoplasmic vacuole
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9} irregular dense body& BRI & AL 3§
%.29[129], Daniels 52 A#4 RA & epider-
mal basal cello]] PAS-positive granules?} £ ¥
i SFETH® J8U Rosario®2 UVA, UVB,
UVC %A} £ vacuolated keratinocyteol4l PAS
Ao A2 vepgoar s ol4te} At
€3 vz 2y B AgdME d2EH T5md/af
oA cytolysis & sunburn cell?} &2 cytotoxic
effect= LERIA] 99kt 150md/ar & 225md/
o A= epidermis® 543 vIAZA X pyknotic
nucleus® €3, sunburn celld] 4522 £
van der Vleuten 50| 4% W83 A 237}
Lttt

AS7A S} AAne] o3ty Ao 93 NO
ST A 5& ERFVIE A% 29 ARE
THe A4 A oel FAFoIAY A A
BHE 7PAE ¢ ke Aol wetd B/ W
o gAY A2aE HAHE Tomd/ard] ZARF
ol3te] WHE Alg3le 1 MEDY Z=2 AHLsh:s
Ao AYA A8 A At FHH AAE 2&
4 oe Aog R

V.4 &

ZeldBg 2AFHE NO7H A= NOZ 2lste
dugn 985N 99EdY 39 §9 1N
A 2o FEe v]Ach: A& A9 EgI
E3F NOE A7ATE Uehdt: A8 4 + AU
o}, webA] ol2jd N0 2+t dd4do] & ery-
throcyte, hemoglobin, hematocrit, PO2, PCO2
o A3 BAo] et £ Ao 4YATE ¥ o
g E2 AES 49

Lgzgd ¥ AF4HB 2AZ TSmJer,

- 71 -

150md/af, 225mJd/aro}A erythrocyte,
hemoglobin, hematocrit®] 7t 93 44
20 5% 57}, 99ERY 35 2 4
4 9len 2 g4 2Ale) 9%t NOAA 59
Aot Aol 3L & 4 U

2. A2]4B 24l 28) PO29] 719t PCO29] 7

20 o) G2 37, YAV 1S
2T 4 .

3. Uz2EH AAAHB T5mi/at RAREA =

cytolysis & sunburn cell® 22 cytotoxic
effects= B oA gkgtout EJAB 150md/ent
223} 225md/at Z2AREONA ZALFY Y&
3to] acanthosis®} amorphous cells®] &3,
sunburn cells® 434, pyknotic nucleus? &
do] yehd A22 Bol TomJ/ar 0|3t RA}
ol FAHY Agazd] JEH Ao FHH
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