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ABSTRACT

Introduction: Hyperbilirubinemia is one of the most prevalent problems in neonates.
Jaundice is observed during first week of life in approximately 60% of term neonates
and 80 % of preterm neonates. Phototherapy is one of the routine methods for
management of hyperbilirubinemia. Many studies reported that calcium, copper, zinc
and magnesium play an important role in the pathogenesis and development of
neonatal hyperbilirubinemia, but the effect of phototherapy on these trace elements is
unknown.

Aim of work: The aim of the study is to estimate the Blood Levels of Zinc, magnesium,
copper and calcium and their relation to serum unconjugated bilirubin in Full term
neonates with non-hemolytic unconjugated hyperbilirubinema admitted to NICU for
phototherapy immediately before phototherapy and 12-24 hours after stopping
phototherapy.

Patients and methods: The current cross sectional study was conducted at neonatal
intensive care unit (NICU) of ELsayed Jalal University Hospital, Cairo, starting from
December 2017 to December 2018. The study included 100 full term neonates with
symptoms, signs and laboratory findings of neonatal indirect hyperbilirubinemia
treated with phototherapy.

Results of the study: The mean serum calcium, copper and magnesium level in
neonates with hyperbilirubinemia was significantly higher, while the mean serum zinc
level was lower in neonates with hyperbilirubinemia; these levels were changed after
phototherapy, there was statistically significant difference (decrease) in total bilirubin,
calcium and magnesium. But regarding Zinc and copper there was statistically
significant increase after phototherapy.
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Conclusion: Phototherapy results in decreased serum levels of total bilirubin, calcium
and Magnesium and increased serum levels of Zinc and copper after phototherapy.

Recommendations: Based on the findings of the current study, phototherapy can
significantly decrease in the levels of calcium and magnesium and an increase in the
level of zinc and copper in jaundice term infants undergoing phototherapy. Therefore,
it is suggested that further studies be conducted on the effect of phototherapy on the
levels of calcium, magnesium, and zinc and copper on premature and pre-term infants.

Key words: Hyperbilirubinemia, calcium, Magnesium, Copper, zinc, Neonates,

Phototherapy.

INTRODUCTION

Neonatal jaundice  or
hyperbilirubinemia is an
unpreventable condition in 60%-
80% of newborns worldwide , In
a proportion of infants, jaundice
may become sever progressing to
acute bilirubin encephalopathy or
kernicterus with a significant risk
of neonatal mortality , Surviving
infants may acquire long-term
neurodevelopmental sequelae such
as cerebral palsy, sensorineural

hearing loss, intellectual
difficulties or gross
developmental delay (Olusanya
et al., 2015).

Phototherapy has been used
since 1958 for the treatment of
neonatal hyperbilirubinaemia
(Cremer al., 1958). Its
noninvasive nature, easy
availability, low cost and
occurrence of few side effects
(Tan, 1991). It causes
unconjugated bilirubin to be
mobilized from the skin by
structural isomerization to a water

et
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soluble form that can be excreted
in the urine. Lamps emitting light
between the wavelengths of 400 -
500nanometers (peak at 460nm)
are  specifically used  for
administering Phototherapy as
bilirubin absorbs this wavelength
of light (Verman et al., 2004).

The commonly known side
effects of phototherapy are loose
stool, hyperthermia, dehydration,
skin burn, photo retinitis, low
platelet count, increased red cell
osmotic fragility, bronze baby
syndrome, riboflavin deficiency,
and DNA damage (Cloherty and
Martin, 2008).

Trace elements are essential
micronutrients for growth,
development, and maintenance of
healthy tissues. The role of trace
elements in body metabolism is of
prime importance. Their
deficiency causes diseases,
whereas their presence in excess
may result in toxicity to human
life (Hashmi et al., 2007).
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Micronutrients and minerals
levels like  zinc, copper,
magnesium and calcium might
affect the process of bilirubin
binding proteins or excretion
(Sarci et al., 2004).

Magnesium is a co-factor in
more than 300 enzyme systems
that regulate diverse biochemical
reactions in the body, including

protein synthesis, muscle and
nerve function, blood glucose
control, and blood pressure

regulation (Viering et al., 2017).

Phototherapy decrease serum
Mg level as it decreases serum
bilirubin. We suggest that increase
in serum Mg may be due to
extracellular movement of Mg,
resulting from generalized cellular
injury including neurons and
erythrocytes with possibility of a
neuroprotective  role or a
compensatory ~ mechanism  of
increased serum Mg levels to
reduce bilirubin toxicity (El
Frargy et al., 2016).

Copper is an active component
of several enzyme systems,
including cytochrome oxidase and
superoxide dismutase and is
essential for the prevention of
anemia and leucopenia (Schulpis
et al., 2004).

Zinc  (Zn) is  essential
component of many
metalloenzymes  involved in
virtually all aspects of
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metabolism. Zinc is an integral
component of nearly 300 enzymes
(Mansi et al., 2009).

Serum zinc level increase after
phototherapy by reducing the
bilirubin level so that an additional
zinc supplementation can lead to
zinc toxicity (Mosayebi et al.,
2016).

Calcium is crucial for many
biochemical processes including
blood coagulation, neuromuscular
excitability, cell membrane
integrity, and many of the cellular
enzymatic activities (JAIN et al.,
2010).

Phototherapy inhibits pineal
secretion of melatonin which
blocks the effect of cortisol on
bone calcium, so cortisol increases
bone uptake of calcium and
induces hypocalcaemia (Hunter
and Abrams, 2004).

The aim of the study is to
estimate the blood levels of zinc,
magnesium, copper and calcium
and their relation to serum
unconjugated bilirubin in full term
neonates  with  non-hemolytic
unconjugated  hyperbilirubinema
admitted to NICU for
phototherapy immediately before
phototherapy and 12-24 hours
after stopping phototherapy.

PATIENT AND METHODS

We conducted this study at
neonatal intensive care unit
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(NICU) of ELssayed Jalal hyperbilirubinemia need
University Hospital, Cairo, management with phototherapy.

starting from December 2017 to
December 2018. The study
included 100 full term neonates
with  symptoms, signs and
laboratory findings of neonatal
indirect hyperbilirubinemia treated
with phototherapy. Apart from

jaundice, their physical
examination was  completely
normal.

Ethical Considerations:

1. Approval of ethical committee,
Faculty of Medicine, Al-Azhar

University.

Written consents from the
parents of the patients.

. The patients have the right to
withdraw from the study at any
time.

All the obtained data are
confidential and the patients
have the right to keep them.

. The authors declare that there is

no any financial conflict
regarding the research and
publication.

6. No conflict of interest regarding
the study and publication.

Inclusion criteria:

1. Full term neonates (gestational
age: >37 weeks), age weighing
>2500 g  with non-hemolytic
unconjugated
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2. Unconjugated bilirubin/total

bilirubin > 80%.
Exclusion Criteria:

Preterm and low birth weight
newborns. Direct bilirubin > 20%

- Exchange transfusion cases.
Neonates with cephalohematoma,
congenital malformation,
respiratory  distress,  hypoxic

ischemic encephalopathy, inborn
errors of metabolism, infant of
diabetic mother, sepsis. Hemolytic
hyperbilirubinemia. All parents or
guardians of neonates gave a
written informed consent to
participate in this study. The study
was approved by the Ethics
Committee  of  Faculty of
Medicine, AL-Azhar University.

Methods:

All neonates enrolled in the
study will be subjected to Full
history taking laying stress on:

1. A family history of jaundice,
anemia, liver disease, sibling
with jaundice or anemia.

2. Perinatal history including
(maternal illness, mode of
delivery, gestational age, birth
weight, gender, Apgar score,
history = of  cyanosis  or

convulsions).
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3. Clinical examination (with
special emphasis on vital signs,
anthropometric measures,
presence of Cephalhematoma

and neurological examination).

Laboratory  investigations

including:
a. Complete blood count.

b. Serum total
bilirubin level.

Blood Levels
magnesium,  copper
calcium.

Blood samples for
determination of Zinc,
magnesium, copper, calcium and
serum bilirubin levels were
obtained from infants during
venipuncture. Zinc, magnesium,
copper and calcium concentrations
were determined wusing atomic
absorption spectrophotometry.

5. Phototherapy.

and direct

of Zinc,
and

C.

Phototherapy equipment
containing  four blue light
fluorescent lamps with wave

length of 410-470 nm, was placed
at a distance of 30-40 cm. We

used the AAP guidelines for
phototherapy.
Statistical analysis:

Data were statistically

described in terms of mean +
standard deviation (+SD), median
and range, or frequencies (number
of cases) and percentages when
appropriate. ~ Comparison  of
numerical variables between the
study groups was done using
Student t test for independent
samples and Paired t test for
paired samples. For comparing
categorical data, Chi square (x2)
test was performed. Exact test was
used instead when the expected
frequency is less than 5. p values
less than 0.05 was considered
statistically significant. All
statistical calculations were done
using computer programs SPSS
(Statistical Package for the Social
Science; SPSS Inc., Chicago, IL,
USA) version 20 for Microsoft
Windows.

RESULTS

The current study carried out
on 100 Full term neonates. They
admitted in the neonatal
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intensive care unit (NICU) of
Elsayed Galal University
Hospital.
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Table (1): Demographic data of the studied group

e o (00
Age, (hours) 48-96(71.7£16.9)
Gestational age, (weeks) 37-39(37.8+0.7)
Gender, (Male/ Female) 56(56%) 44(44%)
MOD, (NVD/ CS) 32(32%) 68(68%)
Weight , (Kg.) 2.5-3.5(3.04+0.2)

Table 1 shows demographic
data of the studied neonates:
Atotal of 100 cases were
followed-up consisted of 56
(56%) males and 44 (44%)
females. 68 (68%) in—fants were
born by cesarean section and

Table (2):

(32%) by wvaginal delivery.
Apgar scores were normal (8 - 9)
at birth in all cases. The mean
gestational age was 38 weeks

Bilirubin and minerals

and the mean birth weight 3100

grams.

phototherapy in the studied group

levels

before and after

Before After
. phototherapy | phototherapy | paired t- )
Variable mean = SD mean + SD test p-value
(Range) (Range)
Total bilirubin 17.9+1.5 9.1+0.8 53
(mg/dl) (15.9-20.1) (7-10.9) 0.001%*
Direct bilirubin 1.2+0.04 0.48+0.16 12
(mg/dl) (0.2-1.6) (0.2-0.7) 0.001%**
. 9.8+2.89 8.1+1.7
Caleium (mg/dl) |5 ¢ 1} 4 (7.3-10.9) 13 0.001%*
Magnesium 2.7+0.6 1.9+0.7 34
(mg/dl) (1.8-3.9) (1.2-2.8) ' 0.002%*
109.8+11.8 145.3+19.8
Copper (ug/dl) (98.2-130) (98.5-175.5) 35 0.001%
. 60.9+£13.5 65.2+14.7
Zinc (ug/dl) (33.5-86.3) | (31.5-96.2) 2.6 0.003*

** Statistically highly significant difference (P < 0.001)
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Table 2 shows the relation
between bilirubin and minerals
levels  before and  after
phototherapy in the studied
group: Before phototherapy the
mean serum calcium, copper and
magnesium levels in neonates
with hyperbilirubinemia were
significantly higher, while the
mean serum zinc level were

lower in  neonates  with
hyperbilirubinemia; these levels
were changed after phototherapy.

There  were  statistically
significant difference (decrease)
in total bilirubin, direct bilirubin,
calcium and magnesium. But
regarding Zinc and copper there
were  statistically  significant
increase after phototherapy.

Fig (1): Bar chart for comparing bilirubin before and after

phototherapy
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There is statistically significant decrease in total and direct bilirubin

after phototherapy.
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Figure (2): Bar chart for comparing Calcium before and after
phototherapy

Calcium
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There is statistically significant decrease in serum calcium level after
phototherapy.

Figure (3): Bar chart for comparing Magnesium before and after
phototherapy
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There is statistically significant decrease in serum magnesium level
after phototherapy.
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Fig (4): Bar chart for comparing Copper before and after
phototherapy
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There is statistically significant increase in serum copper level after
phototherapy.

Fig (5): Bar chart for comparing Zinc before and after phototherapy

Zinc

nZinc

Before phototherapy After phototherapy

There is statistically significant increase in serum zinc level after
phototherapy
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DISCUSSION

Hyperbilirubinemia or jaundice
1S a common problem and it is
often considered benign in infants.
Jaundice might be observed at the
birth or any time during infancy.
Therefore, if hyperbilirubinemia,
which i1s non-conjugated, is not
treated early, bilirubin crosses the
blood-brain barrier and exerts its
neurotoxic effects. Its therapy
includes medicine therapy, blood
exchange, and  phototherapy
(Martin et al., 2015).

Phototherapy has a significant
role in the treatment of
hyperbilirubinemia in neonates
(Barrington et al, 2014).
However, this method may result

in the development of some
complications (Basiglio et al.,
2010).

This study revealed that the
mean serum calcium, copper and
magnesium levels in neonates with
hyperbilirubinemia were
significantly higher, while the
mean serum zinc level were lower
n neonates with
hyperbilirubinemia; these levels
were changed after phototherapy.

There were statistically
significant difference (decrease) in
total bilirubin, direct bilirubin,
calcium and magnesium. But
regarding Zinc and copper there
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were  statistically  significant
increase after phototherapy.

This reduction in mean serum
calcium value was found to be
statistically significant based on t-
test (p value -<0.001). This was in
correlation with studies done by
Bahbah et al., 2015 (8.58+0.76)
and Singh et al, 2017
(8.42+1.19).

(Romagnoli et al., 1979) was
the first to suggest the association
of hypocalcaemia in newborn

following phototherapy.
(Hakinson, 1987) and (Hunter,
2004) hypothesized that

phototherapy inhibits secretion of
melatonin  from pineal gland
which blocks the effect of cortisol
on bone calcium. So, -cortisol
increases bone uptake of serum
calcium and induces
hypocalcemia.  (Kim, 2001)
suggested that decreased secretion
of parathyroid hormone is the

cause of hyopcalcemia in
photoherapy.
In the present study we

detected hypocalcaemia after 48
hours phototherapy in 18 % of our
neonates.

In previous studies, the
incidence of hypocalcaemia after
48 hours of phototherapy was
14.4% (Karamifar et al., 2002),
15% (Ehsanipour et al., 2008),
26.3% (Kargar, Marzieh, et al.,
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2014), 20.23% (Nishant
Prabhakar et al.,, 2016), 26%
(Mohammed Hamed Bahabah et
al., 2015), 7% (Paymaneh et al.,
2013), 7.5% (Fatemeh Haji,
2014), 16.9% (Ezzeldin et al.,
2015), 22.2% (Maha A. Nouh et
al.,2013) , 25.7% (Abd-Elmagid
et al.,2017), 35% (Goyal S et
al.,2018).

None of the hypocalcaemia
neonates were clinically
symptomatic. ~ This was in
correlation with studies done by
Tehrani et al., 2014 and Reddy et
al., 2015.Different from our study
Goyal S et al., 2018 symptomatic
hypocalcaemia was observed in
2.86% of neonates, Bahbah et al.,
2015 observed jitteriness in 14%
and convulsions represented 10%
of hypocalcaemia cases.

Magnesium (Mg++) ion is one
of the most important antagonistic
regulators of the NMDA
receptor/ion  channel complex
(Ascher and Nowak 1987) it
protects the CNS against hypoxia
and exerts its neuroprotective
effects by blocking excitotoxic
and NMDA receptor—mediated
neuronal  injury  mechanisms
(Marret et al., 1995).

In the present study, there are
statistically  highly  significant
differences in serum bilirubin
level as well as magnesium level
before starting phototherapy and
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after 48 hours of phototherapy in
full term neonates.

In agreement with our study,
Imani et al., 2012 reported that
serum bilirubin and magnesium
levels were measured before and
after phototherapy, both of which
showed a significant decrease.
Also, Khosravi et al., 2011
reported that phototherapy can
decrease the total magnesium.

Ravichander, B. and Kundu,
S., 2018, suggest that there is
statistically  highly  significant
difference in serum bilirubin level
as well as magnesium level before
starting phototherapy and after 48
hours of phototherapy in term and
late preterm neonates.

In this study, the mean serum

Cu level in neonates with
hyperbilirubinemia was
significantly higher.

In agreement with this study,
Schulpis et al., 2004 reported that
the serum Cu increased 2-fold in
neonates with moderate hemolytic
jaundice and almost threefold in
neonates with severe hemolytic
jaundice. Also, Hassan, 2017
reported that in neonates with
jaundice, the higher serum Cu may
be due to intracellular
(erythrocyte) origin due to the
slight hemolysis.

Different from our results are
Pintov et al., 1992 they concluded
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that the cord serum concentrations El-Farrash et al., 2018,
of copper are not useful in  reported that more detailed
predicting which neonates will  analysis of the effect of
develop hyperbilirubinemia. This  phototherapy on serum trace

difference may be explained in the
light of that copper and
magnesium levels were increased
after hemolysis (and not before),
so the cord blood is not a good
indicator or predictive of expected
hemolysis which will occur in the
future.

In the present study, there are
statistically  highly  significant
differences in serum bilirubin
level as well as zinc level before
starting phototherapy and after 48
hours of phototherapy in full term
neonates.

Al-Hajjiah et al, 2018
reported that serum concentration
of zinc in neonates with jaundice
was significantly lower than that
in healthy control.

Mosayebi et al., 2016, reported
that phototherapy increases the
serum zinc levels in neonates with
hyperbilirubinemia.

Boskabadi et al.,, 2015 the
level of serum zinc in the neonates
with hyperbilirubinemia jaundice
was lower than that of the ones
without jaundice. It seems that
zinc has a protective effect.
However, more studies are needed
for better decision making.
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elements, we observed significant
increase in serum Cu, Zn and Fe
levels post-phototherapy.

Hassan EJ.2017, reported that
the concentration of Cu, Zn, Mg,
and Mn were measured using
atomic absorption
spectrophotometer (AAS). It has
been found that zinc level is
significantly lower in newborn
jaundice patients compared with
normal subjects at (p<0.05), also
the level of Cu Mg, and Mn were
significantly higher in newborn
jaundice compared with control

group.
CONCLUSION

From this study we concluded
that:
1.  Phototherapy results in
decreased serum levels of total
bilirubin, calcium and
Magnesium after phototherapy.

Phototherapy  results in
increased serum levels of Zinc
and copper after phototherapy.
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RECOMMENDATIONS

1. Based on the findings of the
current study, phototherapy can
significantly decrease in the
levels of calcium  and
magnesium and an increase in
the level of zinc and copper in
jaundice term infants
undergoing phototherapy.
Therefore, it is suggested that
further studies be conducted on
the effect of phototherapy on
the levels of  calcium,
magnesium, and zinc and
copper on premature and pre-
term infants.

The wvalues of using these
minerals as prophylactic
treatment of neonatal
hyprebilirubinemia deserve
further studies.

REFERENCES

Abd-Elmagid M. Bayomy, Ahmed
Mahmoud Solaiman and
Mohamed amr (2017): Serum
calcium level in neonates under
phototherapy with and without head
covering. In: American Journal of
Medicine and Medical Sciences;
7(2): 55-60.

Al-Hajjiah, N. N. (2018): The
Study of the effect of serum zinc
level in the mothers and Neonates
on neonatal jaundice in al-diwanyia.
Al-Qadisiyah  Medical Journal,
14(25,88-102.

Ascher P, Nowak L (1987):
Electrophysiological studies on
NMDA receptors. Trends Neurosci

725

10.

11.

10:284-288.

Bahbah MH, El Nemr FM, El
Zayat RS, Khalid Aziz EA (2015):
Effect of phototherapy on serum
calcium level in neonatal jaundice.
Menoufia Med J. 28:426-30.

Barrington KJ, Sankaran K,
Canadian  Paediatric  Society,
Fetus and Newborn Committee
(2014): Guidelines for detection,
management and prevention of
hyperbilirubinemia in term and late
preterm newborn infants. Pediatrics;
114(4):917-924.

Basiglio CL, Arriaga SM and
Pelusa F (2010): Complement
activation and disease: protective
effects of hyperbilirubinemia. Clin
Sci (Lond); 118:99-113.

Boskabadi, H., Maamouri, G.,
Mohsen Zadeh, H., Shakeri, M.
T., Ghayour-Mobarhan, M.,
Mohammadi, S., & AA Ferns, G.
(2015): Comparison of Serum Zinc
Level Between Neonates With
Jaundice and Healthy Neonates.
ShirazE-MedJ,16(11,12),e27392.

Cloherty JP, Martin RC (2012):
Neonatal hyperbilirubinemia. In :
Cloherty JP, Eichenwald EC, Stark
AR, (Eds.),;. Manual of Neonatal

Care.7th Edn.; Philadelphia:
Lippincott Williams and Wilkins.
Cremer RJ, Perryman PW,

Richards DH (1958): Influence of
light on the hyperblirubinemia of
infants. Lancet, 1: 1094.

Ehsanipour F, Khosravi N and
Jalali S (2008): The effect of hat on
phototherapy induced
hypocalcaemia in icteric newborns.
Razi J Med Sci; 15(58):25-29.

El Frargy, Mohamed S., Hamed



Al-Azhar Journal of Ped.

Vol. 23

No. 47 Jan 2020

12.

13.

14.

15.

16.

17.

18.

M. El-sharkawy, and Gihan F.
Attia (2016): "Study of serum

magnesium levels in neonatal
jaundice: The effect of
phototherapy." Current Pediatric
Research 20.2.

Ezzeldin Z, Mansi Y, Abdelhamid
TA and Sabry M (2015):
Dovepress Research and Reports in
Neonatology Volume 5.

Fatemeh Haji, EbrahimTehrani;
Zarisabet; Zohreh, Kavehmanesh
and mohammad mirzaei (2014):
The Effect of Phototherapy on
Serum Calcium Level in Full Term
Neonates; 2(2):57-60.

Goyal, M., Sharma, R., & Dabi,
D. R. (2018): Phototherapy induced
hypocalcemia in neonates: A case.
Indian Journal of Child Health,
5(3),208-212.

Hakinson D, Penny R, Bergstrom
WH (1987): Calcemic responses to
photic and pharmacologic
manipulation of serum melatonin.
Pediatr Res.; 22(4):414-6.

Hasan, E. J (2017): Evaluation of
Copper, Zinc, Manganese, and
Magnesium Levels in Newborn
Jaundice in Baghdad." Ibn AL-
Haitham Journal For Pure and
Applied Science 24.3.

Hashmi,D. R.; Ismail, S. and
Shikh, G.H. (2007): Assessment of
the level of trace metals in
commonly edible vegetables locally
available in the markets of Karachi
city. Pak. J. Bot. 39(3): 747-751.

Hunter KM (2004): Hypocalcemia.
In: Cloherty JP, Eichenwald CE,
Stark AR, editors. Manual of
Neonatal Care. 5th ed. Philadelphia:

726

19.

20.

21.

22,

23.

24.

25.

Lippincott wiliams& Wilkins;. pp.
579-88.

Imani M, Rezaee-pour M,
Mohamdi M, Shiri M, Noroozifar
M, Mahmodi N (2012): Study of
relationship between total
Magnesium and total bilirubin
levels in neonates’ sera before and
after phototherapy. RIMS: 19
(100):54-61.

Jain A, Agarwal R, Sankar MJ,
Deorari A, Paul VK(Q2010):
Hypocalcemia in the newborn. The
Indian Journal of Pediatrics, 77(10),
1123-1128.

Karamifar H, Pishva N and
Amirhakimi GH (2002):
Prevalence of phototherapy-induced

hypocalcemia. Iran J Med Sci;
27(4):166—-168.
Kargar M, Jamshidi Z,

Beheshtipour N., Pishva N, &
Jamali M (2014): Effect of head
covering on phototherapy-induced
hypocalcaemia in icterus newborns;
a randomized controlled trial.

Khosravi N, Aminian A,
Taghipour R (2011): Total serum
magnesium level in icteric neonates
before and after phototherapy.
Tehran Univ Med J.; 69.

Kim SH, Park JH (2001): Effect
of  phototherapy on  bone
metabolism in newborn rats. J
Korean Soc Neonatal.; 8(2):206-10.

Maha A. Nouh, Wafaa F. El-
Saeed, Amaal E. Shehata and
Sanaa M. Mostafa (2013): Impact
of Covering the Heads of Icteric
Neonates during Phototherapy on
the Prevalence of Hypocalcemia.
Med.1 Cairo Univ; 81(2):219-222.



EVALUATION OF BLOOD LEVELS OF COPPER, ZINC, MAGNESIUM AND CALCIUM IN FULL TERM NEONATAL...

Raafat Abdel-Raouf Khattab, Fathy Khalil Nawar, Ahmed SHafik Nada, Hamada Mohamed Ahmad

26.

27.

28.

29.

30.

31.

Mansi, K.; Aburjai, T.; Barqawi,
M. and Naser H. (2009): Copper
and Zinc status in Jordanian patients
with B-Thalassemia major treated
with deferoxamine. Journal of
Biological Sciences 4(5): 566-572.

Martin R, Fanaroff A, Walsh M
(2015): Disorders of Calcium,
Phosphorus, and Magnesium in the

Neonate. Neonatal-Perinatal
Medicine. Elsevier. 2015; 1461-
1489.

Mohammed Hamed Bahbah,

Fathia Mohamed ElNemr, Rania
Salah ElZayat and Elham Aziz
Khalid Aziz (2015): Effect of
phototherapy on serum calcium
level in neonatal jaundice.Menoufia
Medical Journal; 28(2):426-430.

Mosayebi, Z., Rahmani, M.,
Ardakani, S. B., Sheikh, M.,
Shariat, M., & Rezaeizadeh, G.
(2016): Evaluation of Serum Zinc
Levels in  Hyperbilirubinemic
Neonates  Before and  After
Phototherapy. Iranian Journal of
Pediatrics, 26(3).newborn. Indian J
Pediatr. Oct;77(10):1123-8.

Nishant Prabhakar, Monica
Lazarus and Mahendra Ahirwar
(2016): effect of phototherapy on
serum ionic calcium level in
neonates with hyperbilirubinemia.
European Journal of pharmaceutical
and medical research; 3(4): 510-
514.

Olusanya BO, Osibanjo FB,
Slusher TM. (2015): Risk Factors
for Severe Neonatal
Hyperbilirubinemia in Low and

Middle-Income Countries: A
Systematic Review and Meta-
Analysis.  PLoS  One; 10(2):
e0117229.

727

32.

33.

34.

35.

36.

37.

38.

Paymaneh Alizadeh-Taheri,
Negar Sajjadian, and Bahareh
Eivazzadeh (2013): Prevalence of
Phototherapy Induced
Hypocalcemia in Term Neonatelran
J Pediatr; 23(6):710-711.

Pintov, S., Kohelet, D., Arbel, E.,
& Goldberg, M. (1992):
Predictive inability of cord zinc,
magnesium and copper levels on the
development of benign
hyperbilirubinemia in the newborn.
Acta Padiatrica, 81(11), 868-869.

Rania A. El-Farrash, Mohammed
S. El-Shimy, Sameh T. Amer,
Ahmed S. Nada, Dalia A. D.
Salem, Mohammed S.
Mohammed & Ehab W. Abd-
Elmohsen (2018): Effect of
phototherapy on oxidant/antioxidant
status: A randomized controlled
trial, Free Radical Research, DOI:
10.1080/10715762.2018.1549364.

Ravichander, B., & Kundu,
S.(2018): Effect of double surface
phototherapy on serum magnesium
levels in term and late preterm

neonates. (7):432-437.

Reddy AT, Bai KV, Shankar SU
(2015): Electrolyte Changes
Following Phototherapy in Neonatal
Hyperbilirubinemia. Inter J Sci
Res.; 4:752-8.

Romagnoli C, Polidore G, Cataldi
L, Tortorlo SG, Segni G (1979):
Phototherapy induced
hypocalcaemia. J Pediatr.
94(5):815-16.

Sarici SU, Serdar MA, Erdem G,
Alpay F (2004): Evaluation of
Plasma Ionized Magnesium Levels
in Neonatal Hyperbilirubinemia.
Pediatr Res 2004; 55:243-47.



Al-Azhar Journal of Ped.

Vol. 23

No. 47 Jan 2020

39.

40.

41.

42.

43.

Schulpis, H. Kleopatra(2004):
Serum Copper Is Decreased in
Premature Neonatess and Increased
in Neonates with Hemolytic
Jaundice. Clinical Chemistry ,50:
1253-56.

Singh PK, Chaudhuri PK,
Chaudhary AK (2017):
Phototherapy Induced
Hypocalcemia in Neonatal

Hyperbilirubinemia. (IOSR-JDMS);
16:35-8.

Tan KL. (1991): Phototherapy for
neonatal jaundice. Clin Perinatol,
18: 423-39.

Tehrani FH, Sabet Z,
Kavehmanesh Z, Milrzaei M
(2014): The Effect of Phototherapy
on Serum Calcium Level in Full
Term Neonates. J Basic Clinical
Pathophysiol ;( 2):57-60.

Vidyavati SD, Sneha A, Katti SM

728

44.

45.

(2016): Zinc: The Importance in
Human Life. International J. of

Healthcare and Biomedical
Research; 4(4): 18-20.

Viering, Daan H. H. M.; Baaij,
Jeroen H. F. de; Walsh, Stephen
B.; Kleta, Robert; Bockenhauer,
Detlef (2017): Genetic causes of
hypomagnesemia, a clinical
overview. Pediatric Nephrology,
32(7), 1123-1135.

Vreman HJ, Wong RJ and
Stevenson DK (2004):
Phototherapy: Current Methods and
Future Directions. Semin Perinatol,
28:326-333.



EVALUATION OF BLOOD LEVELS OF COPPER, ZINC, MAGNESIUM AND CALCIUM IN FULL TERM NEONATAL...

Raafat Abdel-Raouf Khattab, Fathy Khalil Nawar, Ahmed SHafik Nada, Hamada Mohamed Ahmad

a giusizall g uladl) g L3l MMUA
o.Nj-“ (o JUkY) Nl 2 agallsl) g
OAJJM\M§MAJMQAM\JAJ\‘_A~SA

(2 sl yadl

daa) daaa Babaa ¥ (|ad (Gdd daa) ¢ )i JulA ath v o Glad Cigy Jll ae i

Gigal o gl 38 sally Lin ol ganal) and # 4 3Y) Asala culal) A0S (JULYY b ol
s el L L g1

JJ.A.A_;\,g JB\ Zéthl\ 34..,\5

RS Y] PR N P 5" EIGH PSR SN ] o - gl

el il sl el sy e I o a Jl kA _hladl)

Sl gall 09450 ol L L8l Sy sygaa U 8
sl oafls Al gall (300480 (A s 5 salll

eI a5 el sl Gl o sl g 0l L8,

5 s G s Jl sk cliel adll ary w4 Sl

RWR DN [P | g X W S S NN FIPVS N | LD WD S

b y—a Al BaY o T Cua s dhal) JU_20) 30l _c) 4 iS4 g

A

o il (e zSall 8 ala snat iyl 23l
33284 8 hallada L del awy  32¥ ) v s alay)
icLiadll ey Egaa )

I | = N WY [ U W G R 1| [ W N S O RS |

729



Al-Azhar Journal of Ped. Vol. 23 No. 47 Jan 2020

sl A i e a5l el el o Le€asaY 5 Ui
ol (B il il

39190100 02—c —lo L aglala 54 ulallod a

U_Au\ygf‘s dj_m;j\e_"\j G&»A }“ dj A \“‘_‘,A_ul.nm
Al all o3 (S Ll JUilaY) el

il b Sasa¥ s W Jha a3 sl (00 A—u pall cala G g

3V 535150 68 (L1445 )5—S356) zA—all| 5 iin jai

A anlaa¥ g 19032 Lain; %68 i (Tl g4y y aid

3500 -2500 cn—s s a—edl 35l sl 5 %32 Assd () 5Ny
o

BN 3

Gl gl 8 I Gyl e isie
(sl 2l Jd bl Gyl o gie (1.5+17.9)
Sl Al B WK, aie la g (0.04£1.2)
sl 2Ol J e sl 5 aie lauigie (2.8949.8)
z A J @l aill aic b v 5 (0.6+2.7)
el gl 3l aieh usie (11.84109.8) 05—l

(13.5£60.9) (i sl

SR [P TS —y

ol aay bl gyl e (0.84£9. 1) s—all
Aty o WS, aie da wge (0.16+£0.48) o0l
Ol e il aie hwgie (1.748.1) 5 sl
gty il aie la Lig (0.74£]1.9) 2

730




EVALUATION OF BLOOD LEVELS OF COPPER, ZINC, MAGNESIUM AND CALCIUM IN FULL TERM NEONATAL...

Raafat Abdel-Raouf Khattab, Fathy Khalil Nawar, Ahmed SHafik Nada, Hamada Mohamed Ahmad

Tzl a2yl ) —aie la gl (19.8+145.3) S s—all
(14.7£65.2) 5 sl

PP PRy S U P W B L SN O

(o palaail & ehl g (uladll o sl 5 o Sl (5 e

) L€ 83 5 ) o JilY) b sl b 3l o e

ol & Oy Go—a pall g N A el & b Gl adll
() mSlall Gt A il

by alegml ailag agcda uljalled A g

s 5i—may —8lall g bl g S g il (g e

gl sl 2Ol a ey e il g g IISH (5, i

ol (5 yaic (s 5iue b Ly alpldijasas e L
(sl el any S 5l

731



