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=ABSTRACT =

The Effects of Phototherapy Lights on the Cytochrome Enzyme System
and Riboflavin Status in the Newborn Rats

Lee, Seung Joo M.D.
(Director : Professor, Nak Eung Sung, M.D., Ph. D)

Department of Pediatrics, College of Medicine, Ewha Womans University

The effectiveness of phototherapy inthe treatment of neonatal hyperbilirubinemia
is so established that it is widely used without serious side effects. The widespread
use of phototherapy has caused some concern since substances other than biliru-
bin may be photoactivated or photodecomposed. The toxic properties of these
photoactivated substances might prove to be more harmful to the neonatal infants
than bilirubin.

The purpose of the present study was to investigate the photodynamic metabolic
effects on the hepatic microsomal cytochrome P-450, cytochrome b,, riboflavin
status, hepatic microsomal DNA and RNA of newborn rats at 1 week and 3weeks
of illumination by phototherapy lights.

The results are as follows"

1) Activities of hepatic microsomal cytochrome P-—450 and cytochrome b, in
newborn rats increased significantly at 3 weeks of illumination by phototherapy
lights.

2) Induced cytochrome P —450 by phototherapy lights increased the ring-hydro-
xylation of AAF. more significantly (P{0.001) than the N-hydroxylation(P <0.01).

3) Erythrocyte glutathione reductase activity coefficient as a measure of ribo-

* olgeiAigm ol THe Ysetad
— 171 —



flavin status increased significantly (P<0.05) at 1 and 3 weeks of illumination by
phototherapy lights, and this means the riboflavin deficiency due to the photodec-
omposition of riboflavin by phototherapy lights.

4) The quantative measurement of hepatic microsomal DNA and RNA showed
no significant change by phototherapy lights.
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(1) Potter Elvehjem homogenizer.

(2) High speed refrigerate centrifuge: Damon/
Model ice B-—-20A.

(3) Ultracentrifuge : Beckman/Model LB-80.

(4) Spectrophotometer : Varian SP-624.

(5) Spectronic 20: Banch and Lomb.

(6) Liquid scintillation counter: Packard Tri-
CARB 300 CD.

3) HEgA

(1) [9-¥C) AAF (0.2¢Ci): New England Nu-
Clear A} A&

(2) Reduced nicotinamide adenine dinucleotide
phosphate{ NADPH ) : Boehringer Mannheim Bio-
chemicals A} A&,

(3) Flavin adenine dinucleotide( FAD ): Sigma A}
AE.

(4) Oxidized glutathione{ GSSG): Sigma A} A

(5) Deoxyribonucleic acid { DNA }: Sigmai} A&,

(6) Ribonucleic acid ( RNA ): Sigma A} A&

(7) Bovine serum albumin . Sigma A} A&,

(8) Orcinol reagent diphenylamine reagent: reag
ent grade,

(9) Ethylenediamine tetraacetic acid { EDTA) :
reagent grade.

(10) N-2 ~hydroxyethylpiperazine — N! -2 - ethan-
esulfonic acid ( HHPES ) : Sigma A} A&

(11) ACD £ 9 : 7.3g anhydrous tric acld 2g
sodium citrate - 2H,0, 24 5g glucose + H,O& 1¢
o] FFFd LA &4,
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2} Microsome 2] £a]¥

Microsome o] Egli Lotlikar 5o} W o2 4
5lgcy AAS 7+2A & Potter —Elvehjem homo-
genizer & A]—%—é}-o:] 0.25M sucroes &M 2 259% T
Agde BE & YEYAI)Z 8000xgo] N 10237
QAR E]o}O:? , mitochondria @ %37 AAEL A
o] A2 g Al 10500xg o] A 1417 F<
ZUAE a] ‘]-o:] 0.25M sucrose M0 2 1lg/lmle] T

o

3) Cytochrome P-45029] A&

Microsomal cytochrome P-4502] #4272 Omura
9} Sato® o] WHoE CO gaso] ol F4H E3
9] &3} % E spectrophotometer & A}-£38le] 450nms}
490nm o A} 243 on old] molar extinction co-
efficient = 9ImM Tem™ 2 & gk

r[o

4) Cytochrome bgo] #ZAJ&4H

Cytochrome by 9] #4242 SmucklerEWg]
Mo 2 Cytochrome by o] &Y A5ldAlole] FF
T & 409nm 9} 424nmo|x] &3 H e o]w molar
extinction coefﬁuentT‘:— 185 mMTem ™ 2 3

5) Ring-OH ¢ N-OH AAFg¢ 244

Ring 7} Ne¢] hydroxylation¥ AAF¢] #ake. Lot-
likar 52 ¢ o2 AF}Ach AAF 9 ringst N
9] hydroxylation-& ¢]38le 50mM HRPES buffer
(pH. 7.8), 0.lmM ( 9“C) AAF, 2mM NADPH g
microsomal fraction-g 7}3 medium ( Table 1) o 2
37C A 30 E 7+ incubation 51t} Incubation o
2k AlE @ 4ml 9] icy cold IM sodium acetate
buffer (pH 6.0) & 713l w2 XA 7] FA]
diethylether & 7}8le] hydroxylation ® thA}lES F
239tk Ring 3 No hydroxylation @ AAFE cyc-
lohexane : t —butanol : acetic acid: H,O7} 18:2:2:1
¢l 89 E A}g-3le] paper chromatography 2 #32)3}
3 liquid scintiliation counter 2 WAls& 27 3ld]

Table 1. Incubation medium for AAF hydroxylat-
ion

HEPES buffer, PH 7.8 50mM
NADPH 2mM
AAF containing 0.2 #Ci( 9 1“C-AAF) 0.1mM

Various microsomal fractions as indicated
water

to a final volume of 1.0ml

Incubated in air for 30min. at 37T,
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6) Riboflavin 3%

Riboflavin 2% Cooperman 5!¥ o] W} o & he-
molyzate o] B 8T glutathione reductase activity
coefficient & 23 &gt ¥ 5mlof 15mle] ACD
S-S 7}3la 1000rpmofjx 10 E7F YA ER 8l 3
Y7E 2@ ¥ 03 BT BAHAD Al
1500rpm ol 4} 15 31 941 E 818}« hemolyzateE wt
S30t) 270¢] sample A Y %3} 274 blankA 8 2ol
0.6ml 2] 0.1M potassium phosphate buffer, pH 7.4,
0.1ml 9] 40mM EDTA, 0.1ml ¢ 3.7mM GSSG %
0.05ml o] hemolyzate & 7}3}Jth 8l 24 17]9
sample 7} blank A] & e 0.1ml o] 0 14mM FADE 3
7lete] 37T oA 8 £7F preincubationd Pk 21 & 2
7l e] sample A]E o] 0.1ml ¢ 1.9mM NADPH & 7}
33 FHTE L1ml 7} HA 8XA171F  spectronic
20 & A}g3he] 340nmo| M blank A H TS O] wE
% FVEE 2Hshe] 71 FRES FEA  activity
coefficient ( A.C. ) & AA3FgTh

7) Hepatic microsomal DNA ¢} RNA &k

&35 71xZd A microsome & E3L 2ml 9
microsome o] 1lml o] 209% TCA ¢} 1ml o} ZF+2 7}
B3 2027 WX T 3000rpm ol 10 87 QA B
3}39.031 HAAE oA 3ml o] 5% TCAZ 713

I 90T F=&o A} 30 27 7}8ate] thA] 3000rpmol A
1087 943este] 7 438 DNASH RNA 43
o] Alg3tgck DNA Qe A=< 2ml of diphenyla-
mine 4ml & 7}5te] 100T F&ola 1082 7198 &
d2os A3 600nmoy FLEE %é‘}?ﬁ@tﬁ o]
W EeRE &9 F40AM 2T DNAE Abgst
Aok, RNARZE 42dg ZF4E mﬂ CRERS
2 34 2ml o] orcinol 2ml & 7}3led 100T $&o
A 1587 71EE F Ao & 48 660nmoA 33
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A X zAL7E A EFH 9] hepatic microsomal cy-
tochrome P-450 7} cytochrome by o ©]X]= Fgk

FHA A7 A A 82 9] hepatic microsomal cyto-
chrome P-450¢} mX= G&e Table 2-acjr B
E upe} Zo] FARAL 1 F T & 1.509 +0.055nmoles
/mg protein 0 2 FHEAE X &S dRT
1.514=+0.032nmoles/ mg protein o u|d] 2 HAF7} gl
ot 3 FFA = 2.7854-0.213 nmoles/ mg protein
o & gz HiE dggle 78 EUTHP0.001).

Hepatic microsomal cytochrome bgel w3 341¢]
9% Table 2-beoja] B e} Zo] FHRA 15
To = 0.057+40.014 nmoles/ mg protein o & WRT
2] 0.0574-0.003 nmoles/mg protein o] Bls & H3}
7} g§191o1} 3 FFoAE 0.084-+0.005 nmoles/mg pr-
otein 0.2 BT Hd YU Z7}2 B} (P
<0.001).

o] 43} o] FHRAZF 7+ZZF WY mixed function
oxidase system9] FREFLES TV T RS T

st AT

B. 2z o8] f- =¥ hepatic microsomal &
&7} AAF 9] hydroxylatione] nmjx]e= H%

AA AN BHZA o8] $5¥ hepatic mi-
crosomal cytochrome P-450 o] AAF ¢] hydroxylat-
fono] mX& e Table 3oJ4 B wvhsh o] 3
A xAl 1 FT e ring—OH AAF 0.407+:0.109nmo-
les/mg protein, N~OH AAF 2.220+4-0.078 nmoles/
mg protein & B FAZALE WU %o tRTY ring
~OH AAF 0.365:+0.078 nmoles/ mg protein, N-OH
AAF 0.2164-0.015 nmoles/mg protein o] vjs) ¥ =
g7k gl oyt 33T A ring-OH AAF7} 0.855
+0.188 nmoles/mg protein 0 & thFE o] dls) Fuj
o) oelglE £7bE BET (P< 0.001), N- OH
AAF & 0.297-+0.054 nmoles/mg protein 0 2 th&T
o #ls) Z7FHRTH(PC0.0L). & FHZAL] ola) &
=% hepatic microsomal cytochrome P-450& AAF
o] &A43ls74 ¢l N-hydroxylation & o)A & £7}A]
71t} W& 438749 ring -hydroxylation € ©]< ¢
FH07A AAUAE 2047 BRI

C ZHAZAI7L A EH riboflavine] nX= J&

Riboflavin o] 4E1 & B&8t7] 95te] AYBA A
7 glutathione reductase activity coefficient® &
B 9E v Table 40]4 BE wpe} go] FHZA} 1

Table 2 —a. Effects of phototherapy lights on hepatic microsomal cytochrome P-450

Cytochrome P -450

Group nmoles/0.1ml nmoles/ mg
microsome Protein
Control 3.2564-0.069 1.514 4+ 0.032
Light illumination {1 week) 2.964+40.292 1.509 + 0,055
5.776 4-0. 708* 2.785+ 0.213*

Light illumination ( 3 weeks )

Each value represents mean+S.D. of 8 experiments.
* Significantly different from control value P<0.00L

Table 2—b. Effects of phototherapy lights on hepatic microsomal cytochrome by

Cytochrome by

Group nmoles/0.1ml nmoles/ mg
microsome protein
Control 0.1234-0.007 0.0574-0.003
Light illumination (1 week) 0.109+-0.014 0.057+0.057
Light illumination (3 weeks ) 0176+ 0.006* 0.084-+0.005

Each value represents mean+S.D. of 8 experiments.
* Significantly different from control value P<0.001.
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Table 3. Effects of phototherapy lights on the ring—and N-hydroxylation of AAF

Ring-OH AAF ~OH AAF
Group R .
nmoles/mg protein nmoles/mg protein
Control 0.3654 0.078 0.216+0.105
Light illumination (1 week) 0.407+ 0.109 0.2204+0.078
Light illumination { 3 weeks ) 0.855+ 0.188™** 0.297+0.054*

Each value represents mean+S.D of 6 experiments.
* Significantly different from control value P<0.01
# Significantly different from control value P<0.00L

Table 4. Effects of phototherapy lights on ribo-

flavin
Erythrocxte Glutathione
Group Reductase Activity
Coefficient
Control 1.0724-0.114
Light illumination (1 week) 1.226+0.143

Light illumination ( 3 weeks ) 1.3014-0.281%

Each value represents mean+S.D. of 6 experiments.
* Significantly different from control value P { 0.05.

=74 1.226+0.143, 3 20| A 1301-0.281 &
HEAE wx| gke gze] 1.072+0.1149) 8] o
9} A F74E1o (P(0.05) riboflavin ZE A HlE
Bty on ol FMRAM 98 riboflavin o] 3 3
HEo2 A7HEn

D. 3z A7} 44 83 9] hepatic microsomal DNA
s} RNA 3o] o= o8

F A ZA} hepatic microsomal DNA o) mx]&
e Table 5-ad)A] B ule} o] FHRAL1ZFE
d& 0.180+0.04lmg/mg protein, 3 o= 0.182+
0.078mg/mg protein 0.2 FJHARALE ux] o gx
¢ 0.174+0.003mg/ mg protein o] H|s] fFeolg =t
o]7F gisich

34 zAb7} hepatic microsomal RNA ¢ w]X]&
&% Table 5-bojA] BEHLS o] FHARAF 127
ol 0.1754:0.041mg/ mg protein, 3 Fo= 0.193+
0.030mg/mg protein 0 & 2T 0.172+0.022mg/
mg protein o] Bl&] Fo)3 P33y Uk

O

oft

1 ot

o

HaWye Cremer BV, Lucy 52 ¢ QAR T o))

Table 5—a. Effects of phototherapy lights on the hepatic microsomal DNA

G DNA
Toup mg/ml microsomes mg/mg protein
Control 1,726 + 0.063 0.174 £+ 0.003
Light illumination(1 week) 1.851 - 0.095 0.180 - 0.041
Light illumination ( 3 weeks) 1.91340.307 0.182 4 0.078

Each value represents mean+S.D. of 6 experiments.

Table 5—b. Effects of phototherapy lights on the hepatic microsomal RNA

Group ) RNA
mg/ ml microsomes mg/ mg protein
Control 3.667+ 0.467 0.171 = 0.022
Light illumination {1 week) 3.691+ 0.483 0.175 + 0.044
Light illumination(3 weeks) 3.7831 0.614 0.19340.031

Each value represents mean+S.D. of 6 experiments.
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A5 singlet oxygend] &3 415AL 02 asorma-
tir amino acid o] aromatic ring o} 3% & B I3H
3 Girotti!” = singlet oxygen o] &3 4lalzg & o=
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9%t j¥)e] microsomalcytochrome
P~4509,] HX4Z1E Bislgon Paine @ McLean®’
& Ao 23 FAH superoxide anion o] 7t X9
cytochrome P-448 & AL Bustgrt F4
o) AMu B vAe oL FY S AAST] Y
8o} t&A 9] microsome oA BE o E43
o} HEFET Fo AR AADLEAR &
3} mixed function oxidase = monoxygenase &}
I REs Farsiady FHAEY ytochrome P
—-450 3} cytochrome b, o gt F4ZALY FHFL
AR AzlE #F Mol Al EF e hepatic rmcrosomal
cytochrome P-450 3} cytochrome byo] &4% 29
QA E/AAAL BAsYE 28} cytochrome P -
150 & of2) EAFol ZAGH o5 4ol® £AFH
g9 71AB]50] YFAUCN?, FuAR BF
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RN EEF 712S Jehdoi sEn®, =

of o}

g olEo] AXAA BB LREEE XEEFTE
& xenobiofics ¢ %Wi}@r NG % 22 o
714& YehlH oj2@ F5F 7@ F Y] HEE
H=28e }715 33 G2e H4out cardnogenic
BERE TIEE dtie AL T O AR
AR FAZA] 98] 5" cytochrome P -4502]
7SS HE3Y At B EAPeR F
gy AAF & SWSFEE AHgste] NADPHS} 4
ao] EAgelr] FHZA] 93 =¥ hepatic mi-

crosomal cytochrome P-450 dependent mixed fu-
nction oxidase system o] AAFe] #)|&435}774 <] ring

~hydroxylation 7} 8+ 3lu1 4 ¢] N-hydroxylation 23’
o mXe WL A v AEA4L UEE N-
hydroxylation o u}s} B]&4 877 ¢l ring-hydrox-
ylationo] €53 F/1¢-& FEFFe o= A
ring~OH AAF 7} Sulfate} glucuronide $} 2% )
A gEoy nE wjdsle ALWAE FAHE A4
oJeh shAth

x oE A gute o 2= FMal Photosensitive
vitamin o] W-o]zt AT, Damelle & kel
photosensitive vitamin ¢] retinal o] FHAo] =24 ¥
4% singlet oxygeno| ols XMzt 2 AP
QoA Bote &40l PHUTT el FHLWA
Yol ol% ¥o] REE FESHAL E E photose-
nsitive vitamin-& riboflavin o}# Kostembauder %
Sanvordeker? & 4 g WA riboflavin® ¥ F4l
o H3 Frohge Hoamels 2ol HuF F4Y
& 7}A4 singlet oxygen & FA)dln ol W FHlg
B2aE B2 o FANUGTL o] BE4sid ribo-
flavine] 27449 x| 2898 Bns gy 28y Gr-
omisch5® 3 TanE¥ 2 2& FaAd BHRZELE
Zg-3He riboflavin o] 1% F &8 &9 FFEH
( photoreceptor ) 2 283t 1 AL L FUHH
FAEE B FENE 2o rboflavin R4 HE
z#35ly o] AP e} glutathione reductase 3,
AE AL Foshs ThAe FEEE AAA &
Yg Yorl=E 4ol AdollA W H2e o
AVgolE 248 4 3ohT SR, Hovi 2.2 o)
22 riboflavin 2 B A €} 7} riboflavin &§8o] H&
Baad AAole} T2 7ol AV RANT A HE T
A7t Aoz gk ARE AAERAY FEHE
A FARA 9¥ riboflavinZ YA E FF3L 1A}
riboflavin ¢} & 4 ¢ A E7FW glutathione reductase
o] FAD X382 & &733lo] glutathione reductase
activity coefficient & A 4ts v} A RA} 1 FTH
3F oA goge FUME B FARAWL ribofla
vin 5h3e] WXE dPe AT & Ak Tans?,
Hovi 528 & FMN, FAD 59 €2 AYFa oirt
A HEFAEZ #&3M= riboflavin o ojgbge
24E7 e A2 FAFNE 2822 ribofla-
vin B BaAe AN Patel ¥ Pawer® &
#2717 riboflavinz Po] FF ] NADPH, cytochrome
C reductase, cytochrome b, cytochrome P —450, fia-
| #dste 22EH
2 Al# aminopyrine, aniline 52] demethylation
hydroxylation & 9Asivim st g oyt Catz5X
riboflavin 2 F o) o]&7] &FH o)A cytochrome P -
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450 ¢] Z7}9} aniline 59 AL & k7 F7IA A
i sgen 25 E riboflavin 1A AAF o
hydroxylation o] @3]8 APt sty riboflavin
o] Z+F iAol #oJ3tE microsome o] Ee] mA
€ 9% oHFAx F4A o B HdYx FA
ZAbel 9lsled 2 riboflavin Z BA e] 7} hepatic
microsomal cytochrome P-450 3} cytochrome by 9]
F7h A=RE 7lgFeA T AAF ¢ hydroxylation
o %A FIPEAE E e 498 977 »a
ST Azte
Hzole BAaWd 9@ riboflavin o] 3] 9o =
FAAAY FE/98 9 riboflavin o] A x1f DNA =
3¢ YoT: 39 SpeckSP e FHaWA A
$3h BAWRPA] 4A) MIN Akad DNASHS
o713 o]d) wpE DNAA A mgelA] DNA o] ulx
TFE7F BEE $ AL st gon Santella g ¥ 7zt
BH8Y

=
&7t 323 2742 % gen oMo Aot T
=
5

EolA EgWo]E F7FA] F]1AL carcinogenesis & 2}
S nE A FHaHY ARLES AA AT
Sideris 3% & 4EH o] Yt VI BT P4}

IR =
T FMe] DNA T, sister chromatid exchange,
3 27 & s g3 Bra
dely @ Sharkey™ = 33333Xd] 23 DNA strand
breaking activity & EdH0]E,Gandt 5% & DNA
cross linkage ¢} chromatid breaks & ## B3
Qth =3 FBAFE riboflavin o] DNAG] ©]x|=
oggg:_% Eﬂ’a?"“ Speck & 1001)32) X 450nm.,] fulps| }_/\]-Oﬂ
24438 E riboflavin o] A& Bro Al singlet ox-
ygen & A A8}= 72 #5 photosensitizer & 2 L5} o
A 22l DNAY BAsl DNA 9 deoxyguanosine
FA3IA) A buyoant density & Z7FA] 711 HAA

E Ztar]7]m thermal helix —coil transition(Tm)

=

TE %

9 £EE B2 2B ¥3E ALy
3l 9 o7 Ennever @ Speck®7’3® = singlet oxygen
o BAgelE F845H riboflavin x}x)7} DNA &
THETE oA DNAYY S 2P0 3 Hon
o) ¥9Y DNARRE Bquo] BE %o] ob7)dE &
Atz sl gk B dFo)a] #F e hepatic microso-
mal DNA % RNA 9] o] e F%e 7g g
Ro2 JelAgt go 2 DNAEale o] 4FFd] b
12 & dg A2 a7/ dastdzm A2
43 2ol FHAoA Algste HAYFFA (3
FH Y 42nm~475nm ) o] I A BA EE FAE
% riboflavin & E3lejx] DNAHEE S gozit= A

¥

Nt

2o,

s W BT A A oA E
goj 75 Ae] Yerng Tan 59 Hovi®® Fo| Al¢t

g FA2HA 9 riboflavin ] HEEAE =3

¢ g7t Ao FHade] Aol LY FRES
A 8ol P3P EHE U Vecchi 53 o] Agte
AA N &7t Z*% B39 FAQ HdB gF AL

114
TH

FAQBEA Algete WYL S (AHe 425 nm
~475nm ) o 23t FHEA7} AAHEF o hepatic
microsomal cytorhrome P -450, cytochromeb,, AAF
9] ring-3 N-¢9| hydroxylation, riboflavin %
hepatic microsomal DNA ¢} RNA &) m]X&= o
F& B2 17T 35204 BRY o vhe

re 7€ 99

1) 21X 8# 9] hepatic microsomal cytochrome P
—450 1} cytochrome b 31-%01] slolA FMZA 13
FANE 2 B8t e 3RBAAE HE D
viE e gle 575 By ( P<0.001 ).

2} %% cytochrome P-450-2 7iqte] ¢ty o
2 &gz AAF 9] #4374 ¢l N-hydroxylation®
YA F7hA ALt ( PCO.0L), M 2HEHY ring
Ue o 99 gA S7A (P
0.001) BHhALE FANZ S BEe A

3) AR AYT glutathione reductase acti-
vity coefficient &= FX XA 1323 33T A =2
ol ¥l 9o YA £715 ] (P<0.05) riboflavinz
uee wdson o FHZA] ¢ riboflavin
o B2e WHeE HzET,

4) N A& #Ae] hepatic microsomal DNA 8} RNA
o] o) ol E FHARA} 1HTT 3FTAAM 99
e EEst o

~hydroxylation &
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