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Oxidative Stress Under Phototherapy

AABBSS  TTRRAACCTT  Jaundice is common among newborn babies and phototherapy (PT) is frequently used
to treat pathologic hyperbilirubinemia. Although it is considered to be safe, the effects of PT on an-
tioxidant systems are not well documented. The aim of this study was to investigate possible changes
in antioxidant systems of full term otherwise healthy neonates during PT. A total of 111 newborn
babies were included in this study. Fifty-six term infants who needed PT due to indirect hyper-
bilirubinemia constituted the patient group and 55 healthy term infants formed the control group.
Levels of malondialdehide (MDA), superoxide dismutase (SOD), glutathione peroxidase (GPX), re-
duced glutathione (GSH), vitamin E, total antioxidant capacity (TAC) were measured before and
after PT in patient group and during routine screening tests in control group. TAC significantly de-
creased after PT (1.42 ± 0.22 vs 1.29 ± 0.27 mmol/L) in patient group (p= 0.001). TAC was signifi-
cantly higher in patients before PT compared to control group (1.42 ± 0.22 vs 1.02 ± 0.29 mmol/L)
(p< 0.001). GPX was significantly lower and MDA was found significantly higher after PT in patient
group (p= 0.009, p= 0.002).  SOD, GSH and vitamin E remained unchanged after PT. In conclusion,
PT thought to cause oxidative stress in term babies with jaundice. This effect of PT should be taken
in to consideration during the management of infants with hyperbilirubinemia and unnecessary
usage should be avoided.

KKeeyy  WWoorrddss::  Infant, newborn; hyperbilirubinemia; oxidative stress; antioxidants; 
malondialdehyde

ÖÖZZEETT  Hiperbilirubinemi, yenidoğan bebeklerde sık görülen bir durumdur ve patolojik
hiperbilirubineminin tedavisinde fototerapi (FT) yaygın olarak kullanılmaktadır. Yenidoğan
bebeklerin FT’ye maruz kalmasının antioksidan sistemleri üzerine olan etkileri hakkında çelişkili
sonuçlar bildirilmiştir. Bu çalışma sağlıklı, zamanında doğmuş yenidoğan bebeklerde, FT’nin
antioksidan sistemler üzerindeki etkilerini değerlendirmek amacıyla yapılmıştır. Çalışmaya indirek
hiperbilirübinemi nedeni ile FT uygulanan 56 yenidoğan bebek (hasta grubu) ve poliklinikte takip
edilen, zamanında doğmuş 55 sağlıklı bebek (kontrol grubu) olmak üzere toplam 111 yenidoğan
bebek alındı. Hasta grubundaki bebeklerden FT öncesi ve sonrasında, kontrol grubundaki
bebeklerden ise rutin taramalar sırasında serum malon dialdehid (MDA), süperoksit dismutaz (SOD),
glutatyon peroksidaz (GPX), redükte glutatyon (GSH), E vitamini ve total antioksidan kapasite
(TAK) düzeyleri ölçüldü. Hasta grubunda FT öncesi serum TAK düzeyi (1.42 ± 0.22 mmol/L), FT
sonrasında bulunan düzeyden (1.29 ± 0.27 mmol/L) ve kontrol grubundaki bebeklerdekinden (1.02
± 0.29 mmol/L) anlamlı olarak daha yüksekti (sırasıyla p= 0.001 ve p< 0.001). Hasta grubunda, FT
öncesi değerlerle karşılaştırıldığında, FT sonrasındaki serum GPX düzeyi anlamlı olarak daha düşük,
serum MDA düzeyi anlamlı olarak daha yüksekti (p= 0.009, p= 0.002), ancak diğer parametreler FT
öncesi ve sonrasında farklı değildi. Bu sonuçlar FT’nin oksidatif bir strese neden olabileceğini
düşündürmektedir. FT uygulamalarında bu etkinin göz önünde bulundurulması ve gereksiz
kullanımdan kaçınılması gerektiği kanısına varılmıştır.
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i li ru bin is con si de red as a sca ven ger of re ac -
ti ve oxy gen spe ci es and pro tects the ne o na -
te from oxy gen ra di cal di se a ses.1 Un con-

ju ga ted bi li ru bin is ab le to sca ven ge sing le oxy gen,
to re act with su pe ro xi de ani ons and pe roxyl ra di -
cals and to ser ve as a re du cing subs tra te for pe ro xi -
da ses.2 Re ac ti ve oxy gen spe ci es are pro du ced
du ring oxi da ti ve re ac ti ons which nor mally ta ke
pla ce in hu man body. Pro duc ti on and eli mi na ti on
of the se mo le cu les are cri ti cally ba lan ced by oxi da -
ti ve sti mu lus and an ti o xi dant de fen se mec ha nisms.3

Tis su e oxy gen con cen tra ti on is known to be low
du ring in tra u te ri ne li fe, but ba bi es are sub jec ted to
hig her oxy gen con cen tra ti on so on af ter birth
which may ca u se oxi da ti ve da ma ge by the in cre a -
se of fre e ra di cals. Ne o na tes, par ti cu larly the pre -
term in fants, ha ve li mi ted an ti o xi dant ca pa city
aga inst re ac ti ve oxy gen spe ci es du ring pe ri na tal pe-
ri od.4 Any pro ce du re ca u sing oxi da ti ve stress may
pro du ce highly re ac ti ve oxy gen spe ci es which can
dis rupt cell mem bra ne in teg rity by li pid pe ro xi da -
ti on. The se re ac ti ons may le ad tis su e in jury and
mo re than 100 di se a se sta tes li ke bronc ho pul mo -
nary disp la si a, re ti no pathy of pre ma tu rity, in tra -
ven tri cu lar he morr ha ge and nec ro ti zing
en te ro co li tis.5-6

Ja un di ce is a com mon cli ni cal con di ti on
among ne o na tes. Gre at ma jo rity of new born ba bi -
es, par ti cu larly pre term in fants, ex pe ri en ce so me
deg re e of hyper bi li ru bi ne mi a. Alt ho ugh bi li ru bin
is a po wer ful com po nent of an ti o xi dant ca pa city,
it may ca u se ne u ro lo gi cal da ma ge at high le vels
and sho uld be tre a ted promptly to dec re a se the
risk of ker nic te rus. PT is wi dely used in the tre at-
ment of ne o na tal ja un di ce which is tho ught to ha -
ve a ne ga ti ve ef fect on an ti o xi dant ca pa city by
re du cing se rum to tal bi li ru bin le vel. Du ring PT
bi li ru bin is con ver ted in to wa ter so lub le pho to i -
so mers by struc tu ral iso me ri za ti on and pho to-oxi -
da ti on. A num ber of pho top ro ducts are ge ne ra ted
du ring this pro ce du re, le a ding to oxi da ti ve stress.
The deg re e of oxi da ti ve stress may be es ti ma ted
by me a su ring the le vels of an ti o xi dant enz ymes,
an ti o xi dant mo le cu les and oxi dant mar kers. The
re la ti ons hip bet we en PT and an ti o xi dant enz -
ymes such as SOD, ca ta la se (CAT) and GPX; and

an ti o xi dant mo le cu les such as al bu min, se ru lop -
las mi ne, fer ri ti ne, as cor bic acid, vi ta min E, be ta
ca ro te ne, ubi qu i nol 10, GSH, met hi o ni ne, uric
acid and TAC is not well do cu men ted. The ef fect
of PT on se rum MDA that is the end pro duct of li -
pid pe ro xi da ti on and known as an oxi dant mar -
ker is still not well es tab lis hed. The aim of this
study was to in ves ti ga te the ef fects of PT on the
ba lan ce bet we en oxi da ti ve sti mu li and an ti o xi -
dant de fen se mec ha nisms by me a su ring se rum le -
vels of MDA, SOD, CAT, GPX, GSH, vi ta min E
and TAC. 

MA TE RI AL AND MET HODS
The study was con duc ted in the ne o na tal in ten si -
ve ca re unit of Mer sin Uni ver sity Me di cal Fa culty
af ter ap pro val by the lo cal et hics com mit te e. A to -
tal of 111 ne o na tes we re inc lu ded and in for med
con sent was ob ta i ned from the pa rents. Fifty-six
term in fants who ne e ded PT with post na tal age
of less than 15 days and a to tal bi li ru bin le vel over
15 mg/dL cons ti tu ted the pa ti ent gro up. Fifty-fi -
ve he althy, birth we ight, ges ta ti o nal age and post-
na tal age matc hed term in fants with a to tal
bi li ru bin le vel less than 10 mg/dL ser ved as con-
trols. The ba bi es with signs of he moly sis, who
we re not exc lu si vely bre ast fed, who had he pa tic
or re nal dysfunc ti on, ab nor mal physi cal exa mi -
na ti on fin dings ot her than ja un di ce and with a
his tory of pe ri na tal asph yxi a, con ge ni tal mal for -
ma ti ons, sep sis or ot her syste mic di se a ses and
drug use ot her than vi ta min K we re not inc lu ded
in the study. 

All in fants in the pa ti ent gro up re ce i ved stan-
dard and con ti nu o us PT (450 nm, 13 µW/cm2/nm;
Mic ro-Li te Pho tot he rapy System, Dra e ger) ac cor -
ding to the gu i de li nes of Ame ri can Aca demy of Pe-
di at rics Ve no us blo od samp les we re ta ken in to
stan dard tu bes and tu bes con ta i ning eth yle ne di a -
mi ne tet ra ace tic acid (ED TA) be fo re and so on af -
ter PT. The blo od samp les which we re ta ken in to
stan dard tu bes we re cen tri fu ged and se rum samp -
les we re sto red at -20°C to me a su re MDA, vi ta min
E and TAC. Plas ma samp les ob ta i ned from the tu -
bes with ED TA we re sto red at 4°C to me a su re CAT,
SOD, GPX and GSH. 
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MDA, GSH and vi ta min E con cen tra ti ons we -
re me a su red by HPLC (Chromsy stems Ins tru ments
& Che mi cals GmbH, Münc hen, Ger many). CAT
and SOD enz yme ac ti vi ti es we re me a su red by Be -
ut ler met hod and RAN SOD kit (RAN SOD SOD kit,
Cat no. BT29+QY.56, Ran dox Lab. Ltd. An tri um,
UK), res pec ti vely.7 GPX enz yme ac ti vity was me a -
su red with RAN SEL kit (RAN SEL GSH-Px kit, Cat
no: RS 504, Ran dox Lab. Ltd. UK) which is ba sed
on Pag li a and Va len ti ne met hod.8 TAC, was me a -
su red with TAS ma nu al kit (TAS ma nu el kit, Cat.
no. NX 2332, Ran dox Lab. Ltd., An trim, U.K). 

STATISTICAL ANALYSIS

For sta tis ti cal analy sis, nor mal dis tri bu ti on of the
va lu es was as ses sed by Sha pi ro Wilk’s Test. All da -
ta that show nor mal dis tri bu ti on we re ex pres sed as
me an ± SD (stan dard de vi a ti on) and the ot hers we -
re ex pres sed as me di an (25th-75th per cen ti les). The
com pa ri sons of the be fo re and af ter PT va lu es for
MDA, vi ta min E, CAT, SOD, GPX and GSH va ri -
ab les we re do ne by using Wil co xon Sig ned Ranks
Test. The com pa ri son of the be fo re and af ter PT va -
lu es for TAC va ri ab le was do ne by using pa i red
samp les t test.  Mann-Whit ney U test was used to
com pa re gro ups se pa ra tely for MDA, vi ta min E,
CAT, SOD, GPX and GSH va lu es. Com pa ri son be-
t we en gro ups was do ne by using In de pen dent sam-
p les t test for TAC va lu es. Two-ta i led p va lu es less
than 0.05 we re re gar ded as sig ni fi cant. For sta tis ti -
cally analy ses, sta tis ti cal pac ka ges of SPSS for Win-
dows ver si on 11.0 we re used (SPSS, Inc., Chi ca go,
IL, USA).

RE SULTS
The me an ges ta ti o nal age, post na tal age and birth
we ight we re not dif fe rent in the pa ti ent and con-
trol gro ups (Tab le 1). Gen der dis tri bu ti on was si m-
i lar in the gro ups. The on set of ja un di ce was 2.4
days and the me an du ra ti on of PT was 40.1 ho urs in
the pa ti ent gro up. 

The se rum TAC and GSH le vels we re sig ni fi -
cantly hig her in the pa ti ent gro up be fo re PT when
com pa red to con trols (1.42 vs 1.02 mmol/L, p<
0.001; 650.9 vs 397.5, p= 0.023 res pec ti vely) (Tab -
le 2). All ot her pa ra me ters we re si mi lar in the pa-
ti ent gro up be fo re PT and the con trol gro up.

The se rum GPX and se rum TAC le vels we re
fo und to be sig ni fi cantly dec re a sed af ter PT com pa -
red to the le vels ob ta i ned be fo re PT in the pa ti ent
gro up (p= 0.010, p= 0.001 res pec ti vely) (Tab le 3).
The se rum le vels of MDA was fo und sig ni fi cantly
in cre a sed af ter PT (p= 0.002). The me di an se rum
le vels of vi ta min E and the me di an plas ma le vels of
CAT, SOD, GPX and GSH we re not dif fe rent in the
pa ti ent gro up be fo re and af ter PT (Tab le 3).

Patient Group Control Group

(n= 56) (n= 55) p

Gestational Age (week) 38.1± 0.9 38.5 ± 1.1 0.555

Age (day) 4.6 ± 2.1 5.2 ± 2.1 0.097

Weight (gram) 3328 ± 530 3487 ± 640 0.156

Gender (Female/Male) (%) 39.3/60.7 50.9/49.1 0.222

TABLE 1: Demographic parameters of the patient and
control groups.

TABLE 2: Serum MDA and antioxidant levels in the patient (before PT) and control groups.

PT: Phototherapy

Malondialdehyde (µmol/L )

Vitamin E (µmol/L)

Superoxide dismutase (U/gHb)

Catalase (IU/gHb)

Glutathione peroxidase (IU/gHb)

Reduced glutathione (µmol/L)

Total Antioxidant Capacity (mmol/L)

Control Group (n= 55)

0.185 (0.12-0.27)

22.1 (19-30)

444.3 (307-600)

10614 (9195-13054)

7344 (5040-10080)

397.2 (213-817)

0.99 (0.80-1.25)

Patient Group, Before PT (n= 56)

0.153 (0.109-0.202)

19.5 (17-26)

435 (313-647)

10248 (8906-11565)

7800 (4752-10740)

650.9 (338-1056)

1.41 (1.28±1.59)

p

0.098

0.118

0.813

0.306

0.683

0.023

<0.001



Comp le te blo od co unt, re ti cu locy te co unt, li -
ver and thyro id func ti on tests we re in the nor mal
li mits, di rect co ombs test was ne ga ti ve and signs of
he moly sis we re ab sent in the pe rip he ric blo od sme -
ar in all ba bi es (Tab le 4). 

DIS CUS SI ON
The ef fects of PT on an ti o xi dant system are not
well do cu men ted and the ro le of PT as pro o xi dant
is still con tro ver si al. Whi le PT was bla med to ca u -
se oxi da ti ve stress in new born in fants in so me stu -
di es ot hers fa i led to pro ve such an ef fect.9-11 The
pre sent study de mons tra ted that PT re du ces TAC
and GPX le vels in term in fants with hyper bi li ru bi -
ne mi a which may ca u se a sig ni fi cant de fi cit in an-
ti o xi dant de fen ce mec ha nisms. 

Oxi da ti ve re ac ti ons nor mally ta ke pla ce in all
bi o lo gi cal systems and fre e oxy gen ra di cals are pro-
du ced. Inac ti va ti on of the se pro ducts is ba lan ced
by an ti o xi dant system to let the se com po unds play
the ir ro le wit ho ut any to xic si de ef fect. SOD, CAT
and GPX are an ti o xi dant enz ymes that play im por -
tant ro les in cel lu lar de fen ce aga inst oxi da ti ve in-
jury.12,13 Plas ma GPX le vel was fo und to be
sig ni fi cantly re du ced af ter PT in our pa ti ent gro up
which may ca u se a sig ni fi cant im pa ir ment in the
eli mi na ti on of hydro gen pe ro xi de. Hydro gen pe ro -
xi de is a to xic pro duct which is pro ven to be res -
pon sib le for DNA chan ges and cell in jury.14 GPX,
to get her with SOD and CAT play a cri ti cal ro le in
the eli mi na ti on of hydro gen pe ro xi de.12 SOD and
CAT le vels re ma i ned unc han ged af ter PT in our pa-
ti ent gro up. Re sults of the study by Aki su et al
partly sup port our fin dings.11 They eva lu a ted 20

term and 16 pre term in fants and fo und no chan ge
in the le vels of SOD, CAT and GPX be fo re and af -
ter PT and conc lu ded that PT do es not ca u se any
oxi da ti ve stress ne it her in pre term nor in term ba-
bi es. But a sig ni fi cant re duc ti on in plas ma GPX le -
vel in our study strongly sug gests that PT has so me
pro o xi dant ef fects and is not as in no cent as it is be-
li e ved. 

Un con ju ga ted bi li ru bin is ab le to ef fi ci ently
sca ven ge sing let oxy gen. It ser ves as a re du cing
subs tra te for pe roxy da ses in the pre sen ce of hydro -
gen pe ro xi de and it re acts with su pe ro xi de ani ons
and pe roxyl ra di cals. A strong cor re la ti on was re-
por ted bet we en se rum TAC and in di rect bi li ru bin
con cen tra ti on which in di ca tes a strong an ti o xi dant
im pact of bi li ru bin.2,15-16 Mo re o ver Go pi nat han et
al de mons tra ted that bi li ru bin con tri bu tes for
77.4% of the to tal an ti o xi dant ac ti vity of plas ma in
ja un de ced term ne o na tes.17 This fin ding led the au-
t hors to pro po se that mo de ra taly in cre a sed plas ma
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TABLE 3: Serum MDA and antioxidant levels in the patient groups.

Malondialdehyde (µmol/L )

Vitamin E (µmol/L)

Superoxide dismutase (U/gHb)

Catalase (IU/gHb)

Glutathione peroxidase (IU/gHb)

Reduced glutathione (µmol/L)

Total Antioxidant Capacity (mmol/L)

Before Phototherapy

0.153 (0.109-0.202)

19.5 (17-26)

435 (313-647)

10248 (8906-11565)

7800 (4752-10740)

650.9 (338-1056)

1.41 (1.28±1.59)

After  Phototherapy

0.170 (0.136-0.249)

22.29 (18.3-28.0)

420 (291-593)

10248 (8906-11565)

6780 (4362-10143)

695.7 (347-1028)

1.24 (1.11-1.44)

p

0.002

0.152

0.243

0.429

0.009

0.521

0.001

Patient Group (n= 56)

Patient Group Control Group

(n= 56) (n= 55)

Total bilirubin (mg/dL) 18.3 ± 3.7 5.9 ± 3.6

Direct bilirubin (mg/dL) 0.6 ± 0.1 0.5 ± 0.2

AST (U/L) 29.1 ± 12.7 39.8 ± 17.2

ALT (U/L) 23.3 ± 14.7 27.7 ± 13.7

Hemoglobine (g/dL) 16.8 ± 2 15.5 ± 1.9

TT4 µg/dL 12.1 ± 2.7 12.3 ± 2.1

TSH uU/mL 9.1 ± 6.9 7.4 ± 6.9

Reticulocyte (%) 1.4 ± 0.9

TABLE 4: Routine laboratory tests in patients and 
control groups.



bi li ru bin le vels may be pro tec ti ve from oxi da ti ve
stress. Our fin dings sup port this pro po sal. TAC was
fo und to be sig ni fi cantly hig her in the pa ti ent gro -
up be fo re PT com pa red to con trols and it sig ni fi -
cantly dec re a sed af ter PT, emp ha si sing the
im por tant ro le of bi li ru bin as an an ti o xi dant. 

Vi ta min E is a li pid so lub le an ti o xi dant that
pre vents fre e ra di cal for ma ti on de ri ved from pol -
yun sa tu ra ted fre e fatty acids.12 Se ve ral stu di es ha ve
in ves ti ga ted the pos sib le re la ti ons hip bet we en ox-
i da ti ve stress from PT and vi ta min E but no re la ti -
on was do cu men ted.11,18 Si mi larly we we re not ab le
to show any re la ti ons hip bet we en PT and se rum
vi ta min E le vels.

Ma lon di al dehy de is a highly re ac ti ve me ta bo -
li te of fre e ra di cal in du ced li pid pe ro xi da ti on.19 A
po si ti ve cor re la ti on was re por ted bet we en MDA
and se rum bi li ru bin le vels in the pre sen ce of he mol-
y sis but such a cor re la ti on was not re por ted in the
ab sen ce of he moly sis.20,21 Si mi larly we co uldn’t find
any cor re la ti on bet we en se rum MDA and bi li ru bin
le vels in the pre sent study. Re sults of the stu di es in-
ves ti ga ting the ef fect of PT on se rum MDA le vels
are conf lic ting. So me in ves ti ga tors in di ca ted that se -
rum MDA con cen tra ti ons sig ni fi cantly dec re a sed

af ter pho tot he rapy, whi le ot hers did not re port any
dif fe ren ce on se rum MDA le vels af ter PT.20-22 Se -
rum MDA le vels we re fo und to be sig ni fi cantly in-
cre a sed af ter PT in the pre sent study. Alt ho ugh
the re is no spe ci fic exp la na ti on for the se wi de va ri -
a ti ons, we can spe cu la te on ti ming of blo od samp -
ling for MDA me a su re ment and the type of PT
de vi ce. We me a su red se rum MDA le vels ap pro xi -
ma tely 40 ho urs af ter star ting PT and fo und se rum
MDA le vels hig her com pa ring the stu di es me a su -
red se rum MDA le vels 48-72 ho urs af ter star ting
PT. Se rum MDA le vels might be in cre a sing in the
early pe ri ods of PT sug ges ting on oxi da ti ve stress
du ring this pe ri od. An ti o xi da ti ve de fen ce mec ha -
nisms may play a ro le in lo we ring se rum MDA le v-
els du ring la te pe ri ods af ter star ting PT.

In conc lu si on, our study de mons tra ted that the
le vels of to tal an ti o xi dant ca pa city and GPX sig ni -
fi cantly re du ced, the le vels of MDA sig ni fi cantly
in cre a sed in term in fants with hyper bi li ru bi ne mi -
a ap pro xi ma tely 40 ho urs af ter PT. In cre a sed risk of
oxi da ti ve stress may be as so ci a ted with PT. Such an
ef fect of PT sho uld be ta ken in to con si de ra ti on in
the tre at ment of ja un di ce and un ne ces sary usa ge
sho uld be avo i ded.
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