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The purpose of this study was to investigate the effect of blue
light phototherapy on the expression of circadian genes in pe-
ripheral blood mononuclear cells (PBMC) and plasma melatonin
levels in neonates. Real-time reverse-transcriptase polymerase
chain reaction (RT-PCR) was used to determine the expression
of Bmal1 and Cry1 in PBMC, and an enzyme-linked immunosor-
bent assay was used to determine plasma melatonin levels in 32
breast-milk jaundiced neonates before and after phototherapy,
compared with 29 control neonates. The results showed that the
expression of Bmal1 was decreased and Cry1 increased signifi-
cantly after phototherapy. Plasma melatonin levels were de-
creased after phototherapy. There was no statistical difference in
Bmal1 and Cry1 gene expression and plasma melatonin levels in

the control group. In conclusion, phototherapy does affect the
expression of the circadian genes Bmal1 and Cry1 in PBMC and
plasma melatonin concentration in jaundiced neonates. Our re-
sults suggest that phototherapy should be timed according to
circadian rhythms when treating jaundiced neonates. (Pediatr
Res 58: 1180–1184, 2005)

Abbreviations
Cry, cryptochrome
PBMC, peripheral blood mononuclear cells
RHT, retinohypothalamic tract
SCN, suprachiasmatic nuclei

Circadian rhythm refers to an endogenous biologic clock
with a period of approximately 24 hours. In mammals, the
circadian pacemaker is located in the suprachiasmatic nuclei
(SCN) of the anterior hypothalamus. There is some evidence
that circadian rhythms develop prenatally (1). At least 12 genes
have been reported to be involved in regulating the circadian
rhythm (2). These are Clock, NPAS2, Bmal1, Period1, Period2,
Period3, REV-ERB�, Cry1, Cry2, Dec1, Dec2, and Tau (casein
kinase I�). They constitute transcriptional-translational feed-
back loops, in which Period1, Period2, Period3, REV-ERB�,
Cry1, Cry2, Dec1, and Dec2 are negative regulators, whereas
Clock, NPAS2, and Bmal1 are positive regulators. Tau binds
and phosphorylates PER proteins, posttranscriptionally regu-
lating their stability. These genes oscillate not only in the SCN,
but also at the peripheral tissues, such as skin, oral mucosa, and
PBMC (3,4).

Melatonin is the main hormone secreted by the pineal gland,
which is connected to the SCN by a multisynaptic pathway.
The synthesis and release of melatonin are promoted by dark-
ness and inhibited by light. The roles of melatonin in the
control of circadian rhythm and human sleep have been exten-
sively investigated by many authors (5,6). The significance of
this hormone in the regulation of human circadian behavior is
controversial, especially among neonates who have been ex-
posed to phototherapy (7,8). Light-dark cycle change in the
environment may be detected by the SCN through the RHT (2),
or through nonocular photoreceptors (9,10). Light-dark cycle
change can entrain the SCN to synchronize with the environ-
ment.
Jaundiced neonates are usually treated with phototherapy

and blue light is used as the main light source. Light reduces
the serum bilirubin level by converting poorly soluble indirect
bilirubin into water-soluble photoisomers that can be excreted
into bile and urine without liver conjugation. When neonates
are exposed to the blue light during phototherapy, their eyes
are covered to avoid retinal damage. One of the most common
clinical findings in the behavior of neonates during photother-
apy is that they often present with an increased rate of crying
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and jitteriness. Whether this nonocular light exposure could
influence the expression of circadian rhythm in these neonates
and how it is related to their vital signs or behavior change
have not previously been investigated. In our present study, we
examined the expression of Bmal1 and Cry1 genes in the
PBMC of breast-milk jaundiced neonates before and after
phototherapy and tried to elucidate the influence of photother-
apy on the expression of circadian genes. We also measured
the plasma melatonin levels in these neonates to examine a
possible association with the regulation of circadian behavior
during phototherapy.

METHODS

Subjects. Sixty-one jaundiced full-term neonates, aged from 12 to 27 days,
were recruited in the neonatal ward of Zhejiang Children’s Hospital between
September 2003 and May 2004. The study was approved by the hospital
review board for the protection of human subjects, and informed consent was
obtained from all parents following a detailed explanation of the study.

All infants were hospitalized for hyperbilirubinemia. Infants with birth
asphyxia, prematurity, infection, or hemolytic diseases were excluded from the
study. The primary diagnosis was an exaggerated physiologic jaundice, such as
breast milk jaundice, prolonged physiologic jaundice, or a high level of
unconjugated bilirubinemia of unknown origin. Vital signs were monitored
throughout the study. The infants were fed breast milk before hospitalization
and an infant formula after admission. Routine laboratory examinations were
all normal except for high serum bilirubin levels. Total serum bilirubin was
10–15 mg/dL with �1.5 mg/dL of direct bilirubin level, as determined by
spectrophotometer. At this borderline serum bilirubin level, the babies can be
treated either by phototherapy or simple observation according to the recom-
mended guidelines of the Chinese Neonatal Society (11). We randomly divided
all neonates into two groups. Group I, the treatment group, consisted of 32
neonates treated with a double-sided blue light phototherapy device, a light box
with twelve 20-W cool fluorescent bulbs (Ningbo David Medical Device Co.
Ltd., China) starting on the second day after hospitalization. The phototherapy
lasted for 24 hours from 0010 h to 0010 h the next day. During the therapy,
eyes and perineum were covered with black cloth and the bodies were exposed
to the blue light. Group II, the control group, consisted of 29 neonates not
treated with phototherapy. However, on the second day of their hospitalization,
their eyes were also covered with black cloth for 24 hours from 0010 h to
0010 h the next day. During this period, they were clothed. In the neonatal
ward, the room lights were not turned off. Measurements of irradiance were
made at the level of the infant either within the light box for the treatment
group or in the room light environment for control infants by an illuminance
meter (Minolta T-10 Illuminance Meter). Total irradiance was 5500–7200 lux
(806–1054 �W/cm2) in group I and 72–85 Lux in group II.

Sample acquisition. Within a half hour before and after phototherapy in
group I, or before and after the eyes were covered in group II, 1.5 mL of
peripheral venous blood sample was obtained from the neonate and collected
in a sterile tube with EDTA-K3 anticoagulant. The blood was processed by
centrifugation immediately. Plasma was separated and kept at �80°C for
melatonin determination. PBMC were isolated using the Ficoll-Paque density
gradient centrifugation method, then washed and frozen at �80°C until the
assay.

Total RNA isolation and reverse transcription. Total cellular RNA was
isolated from PBMC samples using TRIzol reagent according to the manufac-
turer’s description (GIBCO BRL). RNA concentration was determined by
spectrophotometry. RT reactions were carried out for each RNA sample in
MicroAmp reaction tubes using RevertAid First Strand cDNA Synthesis Kit
(Fermentas) according to the manufacturer’s protocol.

Plasmid construction. We used plasmid to construct standard curves. We
first designed primers covering two or three introns of human homologues of
the circadian genes in the GeneBank. The sequences were hBmal1: forward (f)
CTCCAGCCCATTAACATC, reverse (r) GCTACCAATGATGCTTCTGT,
product size 638 bp. hcry1: f-TCCCAGGTTGTAGCAGCAGT, r-ATTTG-
GATTACGCACATTAT, 670 bp. hGAPDH: f-GAAGGTGAAGGTCG-
GAGTC, r-GAAGATGGTGATGGGATTTC, 225 bp. Then we performed
PCR in a 50-�L reaction mixture containing 2 �L of cDNA, 1 �L of 0.2 �M
of each primer, 1 �L of 10 mM dNTP, 5 �L of 10 � PCR buffer, 4 �L of 25
mMMgCl2, and 2.5 U of Taq polymerase. Each PCR reaction consisted of one
cycle at 94°C for 5 minutes, followed by 40 cycles at 94°C for 30 seconds,
55°C for 30 seconds, and 72°C for 30 seconds, with an additional cycle of

72°C for 7 minutes at the end of the reaction. Products were purified, retrieved,
and then cloned.

Real-time PCR. We constructed further primers and probes including two
introns of the desired genes. The sequences were as follows: hBmal1: f-
CTCCAGCCCATTAACATC, r-GCCTCATCATTACTGGGACT, probe,
5=FAM-CTCCCCCTGATGCCTC TTCTCC-TAMRA-3=, product size 240
bp. hcry1: f-GCAGTGGAAGTTGCTC TCAAG, r-CTGAATGTTTTCTA-
ATTAGTGC, probe, 5=FAM-AGGTGAGTTTGC TGACTGTCGCCAT-
TAMR A-3=, 196 bp. hGAPDH: f-GAAGGTGAAGGTCG GAGTC, r-
GAAGATGGTGATGGGATTTC, probe, 5=FAM-CAAGCTTCCCGT
TCTCAGCC-TAMRA-3=, 225 bp. Then we performed PCR in a 50-�L
reaction mixture containing 2 �L of cDNA, 1 �L of 0.2 �M of each primer,
1 �L of 10 mM dNTP, 5 �L of 10 � PCR buffer, 7 �L of 25 mM Mgcl2, 2.5
U of Taq polymerase, and 0.4 �L of 0.2 �M of each probe. Each PCR reaction
consisted of one cycle at 94°C for 5 minutes, followed by 40 cycles at 94°C for
30 seconds, 55°C for 45 seconds, and 72°C for 40 seconds using a GeneAmp
5700 Sequence Detection System (Applied Biosystems), according to the
manufacturer’s instructions. Water controls were included to ensure specific-
ity. Circadian genes mRNA abundance of expressed in molecules was nor-
malized to the abundance of GAPDH mRNA to control for sample-to-sample
variation in total RNA input and RT efficiency. The real-time PCR curves are
depicted in Figure 1.

Melatonin assay. Plasma melatonin levels were assayed with an ELISA kit
(IBL Immuno-biological Laboratories) according to the manufacturer’s direc-
tions.

Statistical analysis. Patient characteristic values are expressed as mean �
SD. Qualitative variables were compared with a �2 test. An independent-
samples t test was used for quantitative variables of patient characteristics.
Because the variables of circadian gene expression were not a normal distri-
bution, we used nonparametric test to analyze them. A paired nonparametric
test (Wilcoxon matched-pair test) for quantitative variables was used for paired
observations, i.e. before versus after phototherapy in group I or before versus
after 24 hours of eye coverage in control patients. The Mann-Whitney U test
was used to compare the baseline circadian genes expression or baseline
melatonin levels between groups I and II. We determined the change score for
each group by calculating the respective difference between baselines to
post-treatment or post-24 hour control of each infant. Statistical significance
was defined as p � 0.05. SPSS 11.5 software was used for statistical analysis
and GrathPad Prism 4 was used for graph presentation.

RESULTS

Patient characteristics. Patient characteristics are summa-
rized in Table 1. In group I, 17 babies were delivered by

Figure 1. Real-time PCR curves. (A) Standard curves of GAPDH, (B) curves
containing standard curves of GAPDH and one sample, (C) standard curves of
Bmal1, (D) curves containing standard curves of Bmal1 and one sample, (E)
standard curves of Cry1, (F) curves containing standard curves of Cry1 and
one sample.
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cesarean section, 12 of whom were female. In group II, 15
babies were delivered by cesarean section, 14 of whom were
female. There were no differences in gender and route of
delivery between the two groups (p � 0.395 and 0.913,
respectively). There were no statistical differences in terms of
gestational age, postnatal age, body weight, and total serum
bilirubin level before study between groups I and II (p � 0.05
respectively). Core temperature before or after treatment in
both groups was kept in the normal range.
Circadian gene mRNA abundance in PBMC. Circadian

gene mRNA values were normalized to the amount of GAPDH
mRNA in each sample. In group I, Bmal1 expression decreased
after phototherapy compared with the baseline (p � 0.004) and
Cry1 expression increased following 24 hours phototherapy (p
� 0.009). In group II, there were no significant differences in
circadian gene expression between baseline and after the eyes
being covered for 24 hours (Bmal1: p � 0.837, Cry1: p �
0.567). There was no significant difference in baseline Bmal1
or Cry1 expression between groups I and II (p � 0.05 for both)
(Fig. 2). There were significant differences in the change score
of circadian gene expression from baseline to post-
phototherapy versus baseline to post-24 hour control (Bmal1: p
� 0.025, Cry1: p � 0.036).
Concentration of melatonin in blood. In group I, melatonin

decreased following 24-hour phototherapy (p � 0.020). In
group II, there was no significant difference in melatonin level
before and 24 hours after eye covering (p � 0.927). There was
no difference in baseline melatonin levels between groups I and
II (p � 0.05) (Fig. 3). There was significant difference in the
change of melatonin level from baseline to post-phototherapy
versus baseline to post-24-hour control (p � 0.042).

DISCUSSION

Hyperbilirubinemia is a common problem in newborns of
Chinese ethnicity, and blue light phototherapy is used as the
main treatment. This therapy reduces the serum bilirubin level
very effectively. No serious side effects are observed immedi-
ately upon use of phototherapy, although several well-known
minor effects: cutaneous erythemas, loose green stools,
changes in feeding habits, or water loss have occurred. In our
clinical practice, jaundiced neonates frequently cry more and
are more jittery when they were placed under the phototherapy
lights. During phototherapy, the infant’s eyes are routinely
covered to avoid retinal damage. Consequently, the behavioral
effects observed during phototherapy may be related to non-

ocular light stimulation and alteration in the circadian rhythm.
Here we investigated two major circadian gene mRNA expres-
sions in PBMC as well as plasma melatonin concentration to
determine whether a subtle change of circadian rhythm would
occur during such noninvasive therapy. To our knowledge, this
is the first study to show the relationship between neonatal
phototherapy and circadian rhythm disturbance.
In mammals, CLOCK and BMAL1 act as positive regulators.

They bind to the E-box enhancer to activate the transcription of
Period and Cry genes. PERIOD, CRY, TIMELESS, DEC1, and
DEC2 inhibit the CLOCK and BMAL1 function. REV-ERB�

repressed the transcription of Bmal1. These genes constitute
negative regulators (2). Studies have shown that the molecular
clock mechanism oscillates not only in the central nervous
system, but also in peripheral organs, such as liver, kidney, oral
mucosa, fibroblast cells, and PBMC. In humans, there are only
a few studies concerning the effect of light on the circadian
gene expressions. In our study, the expression of Bmal1 was
decreased and Cry1 was increased in PBMC of neonates after
phototherapy. The CRY has been considered as blue light
receptors for plants and mammals (12,13). It is possible that the
upregulated expression of Cry1 during blue light phototherapy
could be the result of an altered dark-light environment or an
intensive light exposure and a high-level Cry1 expression
together with other negative regulators in the transcriptional-
translational feedback loops inhibited the expression of Bmal1.
By alterations in peripheral biologic oscillators, the physio-

Table 1. Patient characteristics

Phototherapy
No

phototherapy p value

Male/female 20/12 15/14 0.395
C section/vaginal 17/15 15/14 0.913
Total bilirubin (mg/dL) 12.24 � 0.77 12.06 � 0.76 0.377
Gestational age (wk) 38.84 � 1.13 38.59 � 1.05 0.364
Admission age (d) 19.43 � 4.28 19.41 � 3.67 0.982
Weight (g) 3323.69 � 286.50 3282.24 � 353.45 0.615
Core temperature (°C)

Baseline 36.63 � 0.38 36.58 � 0.20 0.312
24 h 36.59 � 0.27 36.58 � 0.20 0.808

Figure 2. Circadian genes mRNA abundance normalized to GAPDH mRNA
abundance in PBMC of breast-milk jaundiced neonates. In group I (n � 32),
Bmal1 was lower after phototherapy than before (p � 0.004) (A), Cry1 was
higher after phototherapy than before (p � 0.009) (B). In group II (n � 29),
there were no differences of Bmal1 and Cry1 expression before and after
eye-covered (p � 0.837 and 0.567, respectively) (C, D). (E, F) There were no
differences of baseline expressions of Bmal1 and Cry 1 between groups I and
II (p � 0.817 and 0.378, respectively).
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logic and behavioral functions in neonates during phototherapy
could be changed.
The relationship between the nonocular exposure to light

and circadian alteration has been a controversial issue in
circadian rhythm studies. Campbell and Murphy (10) docu-
mented in adult subjects that when the popliteal region was
exposed to light, there were significant phase shifts in core
body temperature and melatonin, whereas others insisted that
dark-light stimulation to circadian system could not take place
through nonocular ways (14,15). In our study, the eyes both in
phototherapy and controls were covered with black cloth. So
the light effects on circadian rhythms by way of nonocular
exposure could be observed. When two groups were compared
in the study, the only treatment difference was the light inten-
sity, strong (more than 5500 lux, 806 �W/cm2) and unclothed
exposure in phototherapy versus dim (�85 lux) and clothed in
control. Significant changes in circadian gene expression in the
treatment group were found when it was compared with its
baseline. It is possible that prolonged, continuous, noncycling
body light exposure such as a strong, 24-hour intensive pho-
totherapy can cause changes in circadian gene expression. Our
results further support the notion that nonocular light exposure
can alter the expression of circadian genes in the periphery of
human beings. Whether such subtle changes in circadian gene
expression may translate into neonatal behavior disturbances,
e.g. increased crying, jitteriness, alterations in normal heart rate
or blood pressure circadian pattern, needs further study.
Melatonin is the main hormone of the pineal gland, which

connects to the SCN by multisynaptic pathway. It has central
analgesic actions (16) and is also considered to be a free radical
scavenger (17). Low melatonin levels in infants were shown to
be linked to prematurity, blindness, myoclonus, epilepsy, ab-
normal sleep, colic, sudden infant death syndrome, and delayed
psychomotor achievements (18,19). Transcript levels of some
circadian clock genes were found to correlate positively and
significantly with the secretion of plasma melatonin. Light
exposure inhibits the secretion of melatonin and dark promotes
it. The daily rhythm of melatonin appears at the end of the
neonatal period and persists thereafter (20). The melatonin
circadian rhythm had not yet developed in the subjects we
studied. When neonates had their eyes covered, they were in
the dark, and this may promote the secretion of melatonin.
Conversely, in a bright and noisy nursery, the secretion of

melatonin may be inhibited. After 24 hours of intensive pho-
totherapy, the secretion of melatonin might be inhibited. In the
control group, infants were clothed and the eyes were covered
in a dimly lighted but noisy nursery. The promoting factors and
the inhibiting factors might be balanced and melatonin levels in
plasma unchanged. The results indicate that peripheral light
exposure may affect the secretion of melatonin.
One of the limitations of the study is that in our neonatal

nursery, the room lights are always on. Although the light
intensity was considered to be dim (�85 lux) and the exposure
surface was limited, it is possible that the room lights may
affect the circadian rhythm and circadian gene expression.
Another limitation is that we did not continuously record the
babies’ behaviors during the study because of the technical
difficulties. We also could not observe the time lag between the
peak clock gene expression and the change in melatonin
concentration because of ethical concern about repeated blood
sampling.
There is another limitation of our study. Although there are

strong correlations between the timing and amplitude of the
plasma melatonin and urinary 6-sulfatoxymelatonin rhythms
(21), there is no evidence that light sources (particularly blue
light frequencies) affect the half-life of melatonin. It would be
useful in a further study to measure melatonin metabolic
products in urine to determine whether there was increased
metabolism of a fixed amount of melatonin or whether pro-
duction was affected by light; it is, however, clinically difficult
to obtain these urine samples.
In the recent Guideline for Perinatal Care by the American

Academy of Pediatrics and American College of Obstetricians
and Gynecologists, the use of a regular day-night cycle in the
neonatal intensive care unit and intermediate nursery has been
recommended (22). This has also been recommended by other
investigators (23). In our study, the vital signs, including the
body temperature, in both groups were within the normal range
and no day-night effects were found. The significant alterations
in circadian gene expression and melatonin secretions among
neonates receiving phototherapy in our study raises questions
about whether the routine phototherapy should follow a circa-
dian pattern. The mechanism behind the altered expression of
circadian genes after continuous intensive phototherapy in
jaundiced neonates needs further study and investigation.

Figure 3. (A) In group I (n � 32), melatonin was lower after phototherapy than before (p � 0.020). (B) In group II (n � 29), there was no difference of melatonin
before and after eye covering (p � 0.927). (C) There was no difference of baseline melatonin levels between groups I and II (p � 0.254).
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