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INTRODUCTION

Neonatal jaundice that is seen in 60% of term and 80%
of premature neonates is often benign.!"! Bilirubin exists
in both direct and indirect forms. Indirect bilirubin
is difficult to excrete in the urine because it does not
dissolve in water and passes the blood-brain barrier.
Therefore, in high concentrations, if left untreated, it can
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be neurotoxic.? Compared to adults, neonates are more
sensitive to oxidative reactions. In addition, neonates
have a shorter lifespan of red blood cells, which increases
unconjugated bilirubin levels.?

The goal of treatment in neonatal hyperbilirubinemiais to
prevent serum bilirubin levels from reaching neurotoxic
levels.l Common treatments for neonatal jaundice
include phototherapy,"! exchange transfusions,®!
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and medications (phenobarbital, metalloporphyrin,
and clofibrate).*5! Phototherapy can be associated
with complications such as erythematous skin rash,
hyperthermia, eye injury, increased insensible fluid loss,
diarrhea, weight loss, and hypocalcemia.l’? Exchange
transfusions are performed at the time of failure of
phototherapy to reduce neonatal bilirubin levels® but are
associated with possible complications such as metabolic
acidosis, hypoglycemia, hypocalcemia, thrombocytopenia,
arrhythmia, necrotizing enterocolitis, infection, and even
death.”

Complimentary or alternative medicines include a wide
range of services that are used to improve health services
in many countries, which are used alongside conventional
medicine to prevent, treat, and restore the health of patients.!®!

Numerous treatments for different types of jaundice are
mentioned in traditional medicine references, including
Yin et al.,®! chicory, cucumber seeds, violets, tamarind,
mangosteen, milk thistle, peppermint, Portulaca oleracea
juice, malt, barberry, jujube, barley flour,!'"” Fumaria
officinalis, and pomegranate.!'!]

Pomegranate with the scientific name of Punica
granatum contains components such as anthocyanins,
amino acids, potassium, ellagitannins, gallic acid, punicalagin,
and ascorbicacid™ and has high antioxidant properties.!>*!

According to traditional Persian medicine (PM), jaundice is
caused by the hotness of the liver.['*'”1 Since the pomegranate
reduces the heat of the liver, it can help reduce jaundice.'®!
Neonatal jaundice in PM should also be treated with the
mother’s treatment in order to prevent complications.?

A study has been conducted on the effects of pomegranate
on reducing the incidence of neonatal hyperbilirubinemia
by consuming its extract by pregnant mothers. In this
study, consumption of pomegranate extract by mothers
from 34 weeks of gestational age reduced the need for
phototherapy and also decreased the mean bilirubin in the
neonates compared with the control group.'® However, the
use of this extract by infants or lactating mothers has not been
studied to evaluate its effectiveness in reducing bilirubin.

In this study, we investigated the effects of the consumption
of concentrated pomegranate juice (CPJ) by breastfeeding
mothers on neonatal hyperbilirubinemia.

MATERIALS AND METHODS

Trial design
This prospective, randomized, open-labeled, add-on,
parallel-arm clinical trial was performed from December
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2020 to February 2021 in Shafizadeh Children’s Hospital,
Babol University of Medical Sciences (BUMS), North of Iran.

It was approved by the ethics committee of BUMS with
the code: IRMUBABOL.HRI.REC.1398.367 and was also
registered in the IRCT with the code: IRCT20200105046009N1.
All mothers and also the fathers were given written consent
forms.

Participants

Inclusion criteria

Mothers with term infants (gestational age over 37 weeks
and birth weight over 2500 g), infants with total serum
bilirubin level above 15 mg/dl, and infants over 72 h of age
with breastfeeding under phototherapy for the treatment
of hyperbilirubinemia in the neonatal ward in Shafizadeh
Children’s Hospital, BUMS, North of Iran, were included
in the study.

Exclusion criteria

Mothers with infants with hemolytic disease (ABO
and Rh incompatibility and G6PD deficiency), direct
hyperbilirubinemia, jaundice in the first 24 h of life, sepsis,
respiratory distress, systemic diseases such as liver, heart,
and hypothyroidism, history of blood transfusion, history
of using phenobarbital, herbal medicines during the first
72 h of birth, and sensitivity to eating pomegranate juice
in mothers were excluded from the study.

Dropout criteria

Dropout criteria of this study were as follows: lack of
irregular use of pomegranate juice by mothers (<3 times
a day), cessation of breastfeeding for any reason, and
consumption of any other herbal medicines during the
study by the mother.

Entering the study

The demographic data of neonates and their mothers were
recorded before entering the study. Blood samples were
taken from mothers to assess blood groups and from infants
to determine the probable cause of jaundice. Examinations
in neonates included serum levels of total and direct
bilirubin, blood groups and Coombs test, G6PD level, TSH,
T4, peripheral blood smear, and reticulocyte count.

Intervention

Phototherapy was performed in the standard way and
according to the local guideline by phototherapy devices
with the same power in two groups of intervention and
control neonates until the end of the hospital stay. Five-lamp
phototherapy devices with a lifespan of 2000 h from the
Philips Company of Germany were used for this study. In
the intervention group, in addition to phototherapy (such
as the control group), the mothers of neonates received CPJ.
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Intervention group

Mothers of neonates with hyperbilirubinemia who were
under phototherapy used CPJ, 1 tablespoon (15 g) three
times a day (before each meal) until discharge of the
neonates. The dose was based on the traditional practices
by traditional medicine practitioners.

Preparation and dosage

Sweet fresh pomegranates were bought in autumn
(November 2020) from the Behshahr region, North of Iran.
The fruit species with the scientific name of P. granatum
L. and with the code HNB 11,484 was registered in the
herbarium of Nowshahr National Botanical Garden. In
a hygienic condition, after peeling, pomegranate arils
were separated, and then, pomegranate juice was
extracted in a state where the seeds were not crushed.
Then, it was concentrated at a gentle temperature in the
Bain Marie apparatus to a point where its Brix reached
60%. The microbial limit tests were performed in the
Professional Center of Analysis, Institute of Medicinal
Plants, Karaj, Iran, and in accordance with the United States
Pharmacopeia (USP40), the concentrate was within the
allowable range. Finally, the produced concentrated juice
was poured into 500 g containers and packed and kept in
the refrigerator until consumption.

Determination of phenolic and flavonoid contents

An in-house spectrophotometric analysis method (as
presented in supplement) was performed for the total
phenolic compound and total flavonoid determination in
the dried concentrate in Professional Center of Analysis,
Institute of Medicinal Plants, Karaj, Iran. Total phenol
content was 13.56 + 0.33 mg/g (equivalent as gallic acid)
and total flavonoid was 1.39 + 0.32 mg/g (equivalent as
catechin).

High-performance liquid chromatography quantification
of gallic acid

Gallic acid content was analyzed in the prepared dry
concentrate by high-performance liquid chromatography
analysis via an in-house method in Professional
Center of Analysis, Institute of Medicinal Plants, Karaj,
Iran (appendix), based on a previous method.?!! The
obtained extract contained gallic acid in the amount of
0.42 +0.02%.

Control group
In the control group, only phototherapy was done for
neonates.

Mothers in both the groups received the same
recommendations in written sheets. It was suggested that
they drink adequate fluids, eat fiber foods, and avoid
constipation.
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Primary outcome
Neonate’s total bilirubin levels in blood were the primary
outcome.

Secondary outcomes

The duration of phototherapy, the duration of hospital stay,
and the need for exchange transfusions were the secondary
outcomes.

Follow-up

Bilirubin level of neonates in the two study groups was
checked every 12 h until discharge and 48 h after discharge
with the Diaz manner (photometer) with the Faraz Kav
treatment kit made in Iran.

Evaluation of serum levels of total bilirubin was done
according to the local guideline, so neonates were discharged
after reaching below 10 mg/dl. Infants who, despite treatment
with phototherapy, reach an increase in bilirubin to the point
of exchange transfusion (20 mg/dl in infants with risk factors,
and 25 mg/dl in infants without risk factors) as the failure of
phototherapy were referred to exchange transfusion. Other
routine cares for both the groups were the same.

Sample size

The sample size, taking into account the expected average
changes of 3.5 and standard deviation of 5, based on the
formula for comparing the means, was at least 34, and
considering the drop rate of 25%, the sample size was
considered 43 in each group and a total of 86 infants.*!

Randomization

Performed block randomization was done for two groups in
blocks of 4. Patients were randomly divided into two groups
of CPJ and control. Random permuted blocks (blocks
containing 2 of A [CPJ] and B [control], ratio 1:1) were
prepared and eligible samples were assigned to two
groups. The cards with different quadruple combinations
of letters A and B were produced. The random sequence
was generated by online software sealed envelope (https://
www.sealedenvelope.com/simple-randomiser/v1/lists).

Blinding
Since the drug was administered to only one group, blinding
was not possible in this study.

Statistical methods

Data were analyzed using SPSS V.22 software (SPSS Inc.,
Chicago, 11, USA). We present the descriptive analysis of
quantitative data with mean and standard deviation and
for qualitative variables with frequency (percentage). To
evaluate and compare the variables in the two groups,
at the beginning of the study, independent t-test (in case
of abnormality: U Mann-Whitney) and Chi-square (if
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necessary, Fisher’s exact test) were used. To evaluate the
effect of the intervention on neonatal jaundice (bilirubin),
generalized estimating equations were used. We used
Kaplan-Meir analysis of covariance to evaluate the effect
of CPJ on bilirubin changes at 48 hours after discharge
between groups. Survival analysis (log-rank test) and Cox
regression were used to compare the length of hospital
stay in the two treatment groups. Controlling the effect of
birth weight as a potential confounder, we used repeated
measures analysis and entered this parameter as a covariate
to the model. Furthermore, we entered the maternal weight
as a covariate to the Cox regression to control its effect on
the duration of hospital stay.

In addition, for sensitivity analysis, all steps of the above
analysis were performed once with the per-protocol (PP)
method and once with the intention to treat (ITT) method. In
PP, all individuals who were present at the end of treatment
and completed the study protocol correctly were analyzed.
In the ITT method, all subjects who entered the study and
the randomization process were included in the analysis.
Since there was no missing data in this study and all infants
completed phototherapy treatment, the results of PP and
ITT analysis were the same. In all cases, the significance
level was considered less than 0.05.

To calculate the effect size of relative risk (RR), absolute
risk reduction (ARD), and number needed to treat (NNT)
effects, considering that the criterion for neonatal discharge
is reaching a level of bilirubin below 10, in this study, a

recovery level of 10 was considered. The mentioned cases
were calculated and evaluated two times of 48 h and 72 h
after hospitalization.

RESULTS

Out of 125 neonates referred to Amirkola Children’s
Hospital, 86 patients (43 in the intervention group and
43 in the control group) randomly entered the study. The
flowchart of the study is shown in Figure 1. Thirty-nine
neonates were boys (45.34%) and 47 were girls (54.66%).
There was no statistical difference between the two groups
in demographic data. The details are shown in Table 1.

Primary outcome

In both the groups, bilirubin levels decreased during
the hospital stay. However, a significant difference
between the two groups began 48 h after the start of
phototherapy in the CPJ group (P = 0.048, standard mean
difference (SMD) =0.648). This difference has increased over
time (P =0.003, SMD = 1.191) [Figure 2].

The bilirubin level in the two groups at the time of
discharge was not significantly different (P = 0.758) which
was due to the similar protocol in both the groups for
discharge (serum bilirubin <10 mg/dl). However, in 48 h
after discharge (compared with the bilirubin at discharge
time), bilirubin was significantly lower in the CP]
group (P = 0.003, partial eta squared = 0.123). The details
are shown in Table 2.

Assessed for eligibility (n = 125)

Excluded (n = 39)
* Not meeting inclusion criteria (n = 38)

* No tendency to eat pomegranate

juice (n=1)
Randomized (n = 86)
Allocation
y
Phototherapy Phototherapy
(n=43) +pomegranate juice
(n=43)
Lost to follow up (n = 0) | | Lost to follow up (n = 0)
v v
EEC ]

Figure 1: The flowchart of the study
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Secondary outcomes

The mean duration of phototherapy in all study
neonates (both the groups) was 58.4 + 2.13 (median: 58) h.
The mean duration of phototherapy in the CPJ group was
52.02 + 2.46 h (median = 50, confidence interval [CI] 95%
=47.19-56.85) that was significantly shorter than the
phototherapy group that was 64.87 + 3.21 h (median = 60,
CI 95% =58.58-71.16) (P = 0.003). The details of survival
analysis of duration of phototherapy are shown in Figure 3.

20.04

~ Pomegranate+phototherapy
-=== Phototherapy
@ Pomegranate+phototherapy
O Phototherapy

18.0

16.07]

14.01

Mean bilirubin

12.0

10.0+

baseline 12how 24howr 36how 4Show 60hows 72howr S4how 96hou
Time points of bilirubin check

Figure 2: Trend of bilirubin changes during hospitalization in the two groups of
phototherapy and phototherapy + CPJ. CPJ = Concentrated pomegranate juice

In the CPJ group, all neonates were discharged up to 96 h
after the start of treatment, while in the control group, this
period was a maximum of 114 h of hospitalization.

The effect of consuming CPJ on bilirubin was different
based on different birth weights. For each gram of
neonate’s weight gain, the amount of bilirubin decreased
by a factor of 0.001 over time (P = 0.036). However,
the maternal weight does not affect the duration of
hospitalization of infants (P =0.967) and the rate of bilirubin
reduction (P = 0.737).

Furthermore, the sex of the infant did not affect
bilirubin reduction in both the intervention and control
groups (P =0.233).

In the first 48 h, ARD was 16.28% (CI 95% = —3.41-35.96%
and RR = 1.28). This means that in the CP] group, a higher
probability of recovery was at the rate of 16.28%. In the
first 72 h, ARD was 13.95% (CI 95% =0.73%-27.18% and
RR =1.17) which means that, in the CPJ group, there was a
13.95% higher probability of recovery.

Exacerbation of hyperbilirubinemia requiring exchange
transfusions was not observed in either group. There were
no complications attributable to pomegranate in the group
receiving CPJ.

Table 1: The baseline data in two groups of phototherapy and phototherapy + concentrated pomegranate juice

Demographic data Phototherapy (n=43) Phototherapy + CPJ (n=43) P
Neonate
Sex, male, n (%) 19 (44.2) 20 (46.5) 0.829
Sex, female, n (%) 24 (55.8) 23 (53.5)
Age at hospitalization, days, mean+SD 5.31£2.09 5.64+1.94 0.456
Weight (g), mean+SD 3099.1+348.68 2982+238.27 0.120
Total bilirubin at admission (mg/dL), mean+SD 17.61+£2.54 18.01+2.08 0.487
Mother
Delivery, n (%)
Cesarian 29 (67.45) 28 (65.12) 0.820
NVD 14 (32.55) 15 (34.88)
Weight (kg), mean+SD 80.39+12.25 78.21+15.41 0.470

CPJ=Concentrated pomegranate juice; SD=Standard deviation; NVD=Normal vaginal delivery

Table 2: The bilirubin levels in two groups of phototherapy and phototherapy + concentrated pomegranate juice

Bilirubin level assessment (mg/dL), (n), mean+SD

Phototherapy

At the time of hospitalization

After hospitalization (h)

12
24
36
48
60
At discharge time

48 h after discharge

17.61£2.54 (n=43)

13.79+1.78 (n=43)
11.99+2.06 (n=43)
10.88+1.71 (n=41)
10.49+1.49 (n=30
11.06£1.56 (=22
9.33%1.00 (n=43)
10.87+2.38 (n=43)

Phototherapy + CPJ P2 P°

18.01+2.08 (n=43) 0.487 0.005
14.15+1.71 (n=43) 0.338
11.85+1.38 (n=43) 0.486
10.19+1.38 (n=41) 0.106

) 9.66+1.03 (n=23) 0.048

) 9.36+1.28 (n=17) 0.003
9.27+0.88 (n=43) 0.758 0.003
9.41+1.68 (n=43) 0.003

aUsing EM means of the GEE post hoc tests; *Between-group comparison with GEE analysis. Significant P values are shown as bold text. CPJ=Concentrated pomegranate juice;
SD=Standard deviation; GEE=Generalized estimating equations; EM=Expectation—-Maximization
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Figure 3: Survival chart of phototherapy duration (in terms of hours) in the two
groups

DISCUSSION

In this randomized, parallel-group, add-on clinical trial, oral
consumption of CPJ by breastfeeding mothers significantly
reduced the bilirubin level of hospitalized neonates due to
hyperbilirubinemia within 48 h after consumption. It also
reduced the duration of hospital stay and faster discharge
of the neonates.

Based on our best knowledge, this study is the first trial
using CPJ in breastfeeding mothers. However, our results are
confirmed with the results of the Seeram et al. and Henning
etal.’s studies that showed the early detection of polyphenolic
compounds in breast milk after consuming pomegranate
juice by the mothers. In the study of Seeram et al., it was
shown that after 6 h of consuming pomegranate juice,
ellagitannin rises in the blood and after 24 h excreted through
urine.®! Henning et al. also measured the polyphenolic
compounds of pomegranate in breast milk on days 7 and
14 after consuming pomegranate juice. They showed that
pomegranate juice increases biomarkers such as urolithin-A
and ellagitannin, which, due to their antioxidant properties,
can play an effective role in strengthening the baby’s immune
system and reducing oxidative reactions. In addition, this
study showed that in some patients, ellagitannin is secreted in
breast milk on the 1* day after consumption.”! Furthermore,
according to an animal study, pomegranate increases the total
antioxidant content of milk in ewes.”*!

NNT was 7 in the first 48 h of the study, indicating that in the
first 48 h of hospitalization, from every 7 neonates enrolled,
1 recovered. NNT was 8 in the first 72 h of treatment,
indicating that in the first 72 h, of every 8 neonates who
entered the study, 1 recovered.

Only neonate’s weight affects on bilirubin levels in the CPJ
group (decrease by 0.001/gram of weight), but other factors
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such as maternal weight and infant sex did not affect the
treatment process.

The results of our study match with the results of
Manouchehrian ef al. on the effectiveness of pomegranate
juice consumption by pregnant women on neonatal
jaundice. In their study, 80 healthy pregnant women
between the ages of 18 and 35 were divided into
intervention and control groups. Pomegranate extract was
given from the 34" week of pregnancy up to the delivery.
On the 5" day after birth, bilirubin levels were measured.
Compared with the control group, the intervention group
needed less phototherapy and had a significantly lower
mean bilirubin level.l'¥!

Pomegranate is a plant native to Iran. Based on PM theories,
the etiology of jaundice is the increased warmness of the
liver. Therefore, as the Mizaj (temperament) of pomegranate
is cold and has an affinity to the liver, it can reduce jaundice.
Furthermore, the results of our study approve the theory
of PM that proposes the best way of managing infants via
modifying their breastfeeding mothers.!"%2

Pomegranate contains many active ingredients including
gallic acid, tannins, antioxidants, phenols, and ascorbic
acid (Vitamin C). Since the antioxidant system of neonates is
weak, neonates are more prone to oxidative damage that can
cause hemoglobin damage and hyperbilirubinemia. It seems
that pomegranate can be effective in modulating oxidative
stress reactions and the regeneration of antioxidants in the
body.

In the study of Khadem Al-Hosseini et al., 500 mg of
Vitamin C was given to pregnant mothers once a day
from the 34" week of pregnancy. Vitamin C with probably
antioxidant effects reduced neonatal bilirubin levels on the
5™ day of the study, compared with the control group.*!In
our study, bilirubin levels were measured in neonates every
12 h until discharge. Although changes in bilirubin levels
were observed in the first 36 h of hospitalization, the first
significant effect of CP] on reducing bilirubin levels was
observed after 48 h of its consumption. It can be due to the
delayed secretory phase of CPJ in breast milk.

Perhaps if in our study, regarding ethical considerations,
neonates could have consumed CPJ (as in the Monsef ef al.’s?®!
study), the effect of lowering bilirubin levels would have
appeared sooner.

In a clinical trial study conducted by Monsef et al.,
concomitant use of Biliniser drops both by mothers
and neonates was more effective in reducing neonatal
hyperbilirubinemia compared with the groups receiving
the drops just in mothers or neonates.™!
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No side effects were seen in the mothers and neonates in
our study. No exchange transfusion was performed in any
infants in the two groups.

Given that in our study, the reducing effects of CPJ on
bilirubin levels remained stable for up to 48 h after discharge,
it may be possible to discharge neonates with higher levels
of bilirubin that can cause in reducing the hospital stay, the
cost of hospitalization, and reducing the stress of separation
of mothers and neonates. Of course, it needs further studies.

Since the average length of hospital stay of neonates in
the intervention group was reduced by an average of
12 h (from 2.7 days to 2.1 days), it can be important in
general policymaking in this field to reduce the need for
new hospital wards and beds.

One of the limitations of our study was that the antioxidant
content of breast milk was not measured during the
consumption of CPJ. Measuring serum levels of gallic acid,
tannins, and other active ingredients of pomegranate in
the milk of breastfeeding mothers could help make better
conclusions.

Evaluating the bilirubin level 48 h after discharge was one
of the most important strengths of our study. Evaluating
more times after discharge is suggested for future studies.

CONCLUSION

The results of this study show that consumption of CP]J
in breastfeeding mothers whose neonates underwent
phototherapy led to a decrease in bilirubin levels, reduced
length of hospital stay, and faster discharge than the control

group.
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