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Phototherapy causes DNA damage in peripheral
mononuclear leukocytes in term infants
Ali Aycicek,1 Abdurrahim Kocyigit,2 Ozcan Erel,2 Hakan Senturk3

Abstract

Objective: Our aim was to determine whether endogenous mononuclear leukocyte DNA strand is a target of

phototherapy.

Methods: The study included 65 term infants aged between 3-10 days that had been exposed to intensive (n = 23)

or conventional (n = 23) phototherapy for at least 48 hours due to neonatal jaundice, and a control group (n = 19). DNA

damage was assayed by single-cell alkaline gel electrophoresis (comet assay). Plasma total antioxidant capacity and

total oxidant status levels were also measured, and correlation between DNA damage and oxidative stress was

investigated.

Results: Mean values of DNA damage scores in both the intensive and conventional phototherapy groups were

significantly higher than those in the control group (p < 0.001). Mean values and standard deviation were 32 (9), 28

(9), 21 (7) arbitrary unit, respectively. Total oxidant status levels in both the intensive and conventional phototherapy

groups were significantly higher than those in the control group (p = 0.005). Mean (standard deviation) values were

18.1 (4.2), 16.9 (4.4), 13.5 (4.2) µmol H2O2 equivalent/L, respectively. Similarly, oxidative stress index levels in both

the intensiveandconventional phototherapygroupsweresignificantlyhigher than those in thecontrol group (p=0.041).

Plasma total antioxidant capacity and total bilirubin levels did not differ between the groups (p > 0.05). There were no

significant correlations between DNA damage scores and bilirubin, total oxidant status and oxidative stress levels in

either phototherapy group (p > 0.05).

Conclusions: Both conventional phototherapy and intensive phototherapy cause endogenous mononuclear

leukocyte DNA damage in jaundiced term infants.
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Introduction

Phototherapy is the most widely used form of therapy for
newborn infants with hyperbilirubinemia in order to decrease
the body burden of neurotoxic bilirubin.1-3 Wide clinical expe-
rience suggests that long-term adverse biological effects of
phototherapy are absent, minimal, or unrecognized. How-
ever, those using phototherapy should remain alert to these
possibilities and avoid any unnecessary use because unto-
ward effects on DNA have been demonstrated in vitro.4

Peroxidases can also catalytically generate nitrogen diox-
ide (NO2) using H2O2 and nitrite as substrates.5 Excess

amounts of reactive oxygen and nitrogen species (ROS and

RNS) can cause injury tohost cells andmay induceDNAstrand

breaks. Accumulation of DNA damage with time can lead to

gene modifications in cells that may be mutagenic or carcino-

genic.6 As yet, although there are some studies on oxidative

status in phototherapy treated infants,7-10 there is no report

available on DNA damage in these patients. We previously

reported that phototherapy has a negative impact on numer-

ous parts of the oxidant/antioxidant defense system in new-

born hyperbilirubinemic infants and exposes them to potent

oxidative stress.11 In this study, we measured endogenous
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mononuclear leukocyte DNA strand breaks, and investigated

the correlation between DNA damage score and plasma total

antioxidant capacity (TAC), total oxidant status (TOS), and

oxidative stress index (OSI) in jaundiced term infants treated

with conventional and intensive phototherapy.

Methods

Subjects

Sixty-five term newborn (38-41 weeks) 3- to 10-day-old

infants who were delivered vaginally and admitted to Sanli-

urfa Children’s Hospital because of clinically significant indi-

rect hyperbilirubinemia comprised the subjects of this study.

All the infants were being breastfed and had no etiological fac-

tor for hyperbilirubinemia. Infantswith severe congenitalmal-

formation, prematurity or postmaturity, maternal diabetes,

birth asphyxia, sepsis or hemolytic-type hyperbilirubinemia

due to blood group (Rh or ABO) incompatibility, those that had

received conventional or intensive phototherapy before blood

drawing, those in which within the first 24 hours of birth the

total plasma bilirubin level had risen by more than 5 mg/dL

per day or was higher than 24 mg/dL; and those with signs

and symptoms suggestive of serious illness were excluded

from the study. Clinically significant indirect hyperbilirubine-

miawasdefinedasbeingpresent in infantswith aplasma total

bilirubin concentration of more than 13 mg/dL.12

Conventional phototherapy systems consisted of six white

fluorescent tubes (Philips TL 52/20W) placed 40 cm above the

infant. Intensive phototherapy systems consisted of 12 white

fluorescent tubes (Philips TL03) placed within 20 cm under

and above the infant’s front and back. The infants were placed

naked, except for a diaper and eye patches, in an incubator or

cradle, or intensive phototherapy unit (Bilicrystal, Medes-

time). The light energy of the phototherapy units was mea-

sured using a standard photometer (Light Meter VF, Minolta,

Japan), conventional phototherapy units were 12-16

µW/cm2/nm, and intensive phototherapy units were 30-34

µW/cm2/nm.For bilirubin levels greater than22mg/dL, inten-

sive phototherapy was applied; otherwise, lower than 22

mg/dL, randomized conventional or intensive phototherapy

was applied. Intensive and conventional phototherapy were

exposed to continuous at least for 48 hours (maximum 72

hours, intensive mean = 58 hours, conventional = 61 hours),

except during feeding, cleaning, and sampling. The control

group comprised 19 infants whose plasma total bilirubin con-

centrations were 12.9-19.1 mg/dL but who did not receive

phototherapy (before phototherapy). DNA damage score and

serum total antioxidants/oxidants levels were measured in

samples drawn from hyperbilirubinemic infants after treated

with phototherapy (intensive or conventional groups) and

before phototherapy (controls). Maximum 2.5 mL blood

samples were taken per infant for all parameters. This time

was chosen to allow sampling simultaneous routine bilirubin

tests, thus avoiding a blood-taking procedure solely for the

purpose of the study. Controls were not included in photo-

therapy groups. All babies were breast-fed. Local ethics com-

mittee approved this study. The parents gave their consent

for the newborns’ involvement in the study.

Sample preparation

Blood samples were collected from a peripheral vein into

heparinized tubes, stored at 10 ºC in the dark to prevent fur-

ther DNA damage, and were processed within 2 hours. Mono-

nuclear leukocyte isolation for the cometassaywasperformed

byuseofHistopaque1077 (Sigma);1mLofheparinizedwhole

blood was carefully layered over 1 mL of Histopaque and cen-

trifuged for 35 min at 500 x g and 25 ºC. The interface band

containing mononuclear leukocytes was washed with

phosphate-buffered saline (PBS) and then collected after 15

min centrifugationat 400xg. The resultingpelletswere resus-

pended inPBSand the cellswere counted inaNeubauer cham-

ber. Membrane integrity was assessed by means of the trypan

blue exclusion method. The remaining blood was centrifuged

at 1,500 x g for 10 min to obtain the plasma. The separated

plasma was divided into two parts, one of which was used to

measure total and direct bilirubin, while the other one was

stored at -80 ºC until further analysis of TAC and TOS.

DNA damage determination by alkaline comet assay

Endogenous DNA damage in peripheral mononuclear leu-

kocytes was analyzed by alkaline comet assay according to

Singh et al.13 with minor modification.14 All of the analysis

steps were conducted under red light or without direct light to

prevent additional DNA damage. The images of 100 ran-

domly chosen nuclei (50 nuclei from each of two replicate

slides) were analyzed visually for each subject. Each image

was classified according to the intensity of the fluorescence in

the comet tail and was given a value of 0, 1, 2, 3, or 4 (from

undamaged, class 0, to maximally damaged, class 4) (Figure

1), so that the total score of a slide could be between 0 and

400 arbitrary units (AU). Photomicrographs of representa-

tive samples were depicted in Figures 2 and 3. The same bio-

chemistry staff completedall proceduresandasingleobserver

unaware of the subject’s group determined DNA damage

score.

TAC and TOS levels were measured by Erel’s meth-

ods.15,16 The percentage of TOS level to TAC level was

regardedas theOSI.17,18 Toperformthecalculation, the result

unit of TAC, mmol Trolox equivalents per liter, was changed to

µmol Trolox equivalent per liter, and the OSI value was calcu-

latedas follows:OSI= [(TOS,µmol per liter/(TAC,µmol Trolox

equivalent per liter)/100].

Statistical analysis

Testing for normality of variances was accomplished using

Levene statistical tests. Variances in this assay were homo-

geneous. The data were compared using one-way analysis of

variance with Tukey’s honestly significant difference multiple
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comparison test. Sex ratio was compared using a chi-square
test. Bivariate associations between variables were assessed
by Pearson’s correlation test. The data were expressed as

mean ± standard deviation and differences were considered

statistically significant at p < 0.05. Statistical analysis was

conducted using SPSS for Windows Release 11.5 (SPSS, Chi-

cago, IL, USA).

Results

Intensive phototherapy group’s mean age was 7±3 days,

mean height was 50±3.2 cm, mean body weight was 3.1±1.6

Figure 1 - Alkaline comet assay. Images were classified according to fluores-
cence intensity in the comet tail and were given a value of 0-4 (from
undamaged class 0 to maximally damaged class 4)

Figure 2 - Photomicrograph of representative sample inducing
DNA damage in intensive phototherapy-treated infant.
Cells were processed by alkaline single-cell gel electro-
phoresis assay. Peripheral blood mononuclear leuko-
cytes exposed to photototherapy exhibit comet tails
indicative of damaged DNA

Figure 3 - Photomicrograph of representative sample inducing
DNA damage in conventional phototherapy-treated
infant. Comet tails indicative of damaged DNA
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kg, mean duration of phototherapy was hours 54±6, and sex

ratio was 12/11 (M/F). Conventional phototherapy group’s

mean age was 7±4 days, mean height was 50±3.6 cm, mean

body weight was 3.2±1.2 kg, mean duration of phototherapy

was hours 61±10, and sex ratio was 13/10 (M/F). Control

group’s mean age was 5±2 days, mean height was 50±2.9

cm, mean body weight was 3±1.1 kg, and sex ratio was 10/9

(M/F). We found no significant differences between the three

groups in terms of age, length, weight, duration of photo-

therapy (between intensive and conventional), gestational

age (all groups were 39±1) or male/female distribution (p >

0.05).

DNA damage scores, and TAC, TOS, OSI, and total biliru-

bin levels are shown in Table 1. DNA damage scores were

32±9 in the intensive group, 28±9 in the conventional group,

and 21±7 in the control group (p < 0.001). TOS and OSI lev-

els were significantly higher in the intensive and conventional

groups than they were in the control group (p < 0.05). DNA

damage scores and TOS and OSI levels did not differ signifi-

cantly between the conventional and intensive phototherapy

groups. Plasma TAC and total bilirubin levels did not differ

between the groups (p >0.05). There were no significant cor-

relations between DNA damage scores and bilirubin, TOS and

OSI levels in the conventional or in the intensive photo-

therapy groups (p > 0.05).

Discussion

The major results of the present study are that endog-

enous mononuclear leukocyte DNA strand breaks, which are

a well-known type of DNA damage, were significantly

increased in both conventional and intensive

phototherapy-treated infants when compared to the con-

trols. Interestingly, there was no significant correlation

between DNA damage scores and TOS levels in the intensive

or conventional phototherapy groups. This is the first report

showinganassociationbetweenmononuclear leukocytesDNA

damage in intensive or conventional phototherapy-treated

jaundiced term infants.

Human peripheral mononuclear leukocytes have been

widely used to monitor environmentally induced genetic dam-

age by a variety of methods, such as micronucleus, chromo-

some aberration, and sister-chromatid exchange assays.19

Among the various assays for measuring DNA damage, the

single cell gel electrophoresis (comet) assay is a sensitive and

powerful method for determining DNA strand breaks.20,21 It

has also been reported that strand breaks arise from DNA

damage generated by oxidative stress.14,22 Measuring DNA

damage with the comet assay in the human epidermis from

phototherapy-treated infants is not possible due to the diffi-

culty in obtaining viable single cells from this tissue in infants.

We therefore used this method to measure DNA damage in

circulating mononuclear leukocytes. However, future assess-

ments of DNA oxidation in the epidermis may shed further

light on the role of oxidative stress in phototherapy-treated

infants.

Although we have demonstrated presence of DNA dam-

age in the form of direct strand breaks, we cannot rule out

base oxidation. The repair of strand-break ligation (halftime

of approximately 30 min) is a much faster process than that

of oxidized base lesions by base excision repair (halftime of

approximately3hours).23 Thus, the repair proceduresalready

existed for phototherapy 48 hours later. Similarly, the partial

inhibition of repair induced by the DNA polymerase inhibitor

after phototherapy may represent interference with the

rejoining of direct strand breaks. Although presence of com-

ets after phototherapy may also indicate that strand breaks

were induced as primary lesions, strand breaks measured by

the comet assay immediately after phototherapy could just

aswell represent nicks arisingbetween the incisionand rejoin-

ing stages of excision repair processes initiated during solar

irradiation.24

Table 1 - Comparison of DNA damage, oxidative and antioxidative parameters of phototherapy-treated jaundiced newborns and controls

Intensive

phototherapy

(n = 23)

Conventional

phototherapy

(n = 23)

Control

(n = 19) p*

DNA damage (arbitrary unit) 32±9 28±9 21±10 < 0.001†‡

TAC (mmol Trolox equiv/L) 0.72±0.26 0.75±0.27 0.87±0.39 0.051

TOS (µmol H2O2 equiv/L) 18.1±4.3 16.9±4.4 13.5±4.2 0.005†‡

Total bilirubin (mg/dL) 12.2±2.2 15.1±4.1 18.2±3.4 < 0.001†§

OSI (arbitrary unit) 2.9±1.5 2.6±1.5 1.9±1.3 0.041†‡

OSI = oxidative stress index; TAC = total antioxidant capacity; TOS = total oxidant status.
Data are given as mean ± standard deviation.
* One-way ANOVA with Tukey’s honestly significant difference multiple comparison test.
† The difference was between phototherapy groups and controls.
‡ There were no significant differences between the conventional and intensive phototherapy groups.
§ There were significant differences between all groups.
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Photoreactions are able to induce mutagenic photoprod-

ucts or lesions in DNA among adjacent pyrimidines in the form

of dimmers.25 Although wavelength from 245 to 290 nm is

absorbed maximally by DNA,26 as seen in this study, at the

wavelength 460 nm DNA damage resulted. This result may

be caused by the greater wavelength penetrating a deep layer

of the tissue, especially in the newborn’s vulnerable soft

skin.27 It appears that under phototherapy rate of damage

exceeds repair capacity. This study showed that mono-

nuclear leukocyte DNA damages are greater in both conven-

tional phototherapy and intensive phototherapy-treated

infants than in not treated phototherapy term jaundiced

infants. However, in this study, the main limitation is not using

the samepatients as their owncontrol (before andduringpho-

totherapy). In alkaline comet assay is very complex and

samples waiting are not possible.14 Also, laboratory could

accept blood samples for study of comet assay only at par-

ticular timesof theweek. Thesedifficulties caused lost of cases

and not using the same patients as their own control (before

and during phototherapy). We cope with these difficulties

owing to using different patients treated with phototherapy

for at least 48 hours and controls (not exposure photo-

therapy). We think that new studies are needed to determine

whether this changes in similar cases.

Free radicals can adversely alter lipids, proteins, and

DNA.28,29 Reactions of bilirubin involving free radicals or toxic

oxygen reduction products have been well documented:

unconjugated bilirubin scavenges singlet oxygen with high

efficiency, reacts with superoxide anions and peroxyl radi-

cals, and serves as a reducing substrate for peroxidases in

the presence of hydrogen peroxide or organic hydroperox-

ides.30,31 This deterioration is especially evident in the pres-

ence of oxidative stress such as phototherapy.7 Bohles et al.

reported a significant decrease in antioxidants during photo-

therapy.32 However, our study showed that TAC levels were

not altered significantly by phototherapy. The oxidative/

antioxidative balance shifted significantly to the oxidative

side, because other indicators of oxidative status, TOS and

OSI level, were significantly increased in infants exposed to

conventional and intensive phototherapy. We also found that

there were no significant correlations between DNA damage

ratios and TOS and OSI levels (p > 0.05). In this study, these

results indicate that DNA damage was not only caused by oxi-

dative stress but also by other factors such as direct interac-

tion of phototherapy light with DNA. Interestingly, intensive

and conventional phototherapy cause similar degrees of DNA

damage and oxidative stress. There may be a threshold effect

of phototherapy on these parameters.

It is stated that phototherapy’s noninvasive nature, easy

availability, low cost, and few side effects reported initially

have almost led to the assumption that it is innocuous.33 How-

ever, those using phototherapy should remain alert to these

possibilities and avoid any unnecessary use because unto-

ward effects on DNA have been demonstrated in vitro.3,4,11

Our study showed that both intensive and conventional pho-

totherapy cause unfortunate effects on DNA in vivo.

In conclusion, both conventional phototherapy and inten-

sive phototherapy cause mononuclear leukocyte DNA dam-

age in jaundiced term infants.
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