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Abstract. - OBJECTIVE: B-thalassemia ma-
jor is an inherited hematological disorder with
significant oxidative stress and iron overload.
Oxidative stress results in several pathological
complications, including cell death, tissue inju-
ry, organ dysfunction, and thyroid dysfunction.
The present study examined the effectiveness
of omega-3 and Manuka honey combination or
Manuka honey alone to the conventional thera-
py (deferasirox, blood transfusion, and L-carni-
tine) used for preventing and managing oxida-
tive stress or iron overload-induced oxidative
stress conditions in pediatric B-thalassemic pa-
tients (type major).

PATIENTS AND METHODS: 165 patients par-
ticipated in this randomized, double-blind, stan-
dard therapy-controlled, parallel-design mul-
tisite trial. The patients were randomly allo-
cated into three groups, receiving either 1,000
mg omega-3 fish oil [350 mg eicosapentaeno-
ic acid (EPA) and 250 mg docosahexaenoic ac-
id (DHA)] combined with Manuka honey loz-
enge (344 mg) daily or Manuka honey alone plus
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the conventional therapy for ten months. Plas-
ma 8-iso-prostaglandin F2a (8-iso-PGF2a), Lac-
tate dehydrogenase (LDH), low-density lipopro-
tein cholesterol (LDL-C), high-density lipopro-
tein cholesterol (HDL-C), CRP (C-reactive pro-
tein), ferritin level, and serum iron were deter-
mined at baseline and month 10.

RESULTS: Omega-3 and Manuka honey
combination were a significant add-on to con-
ventional therapy of B-thalassemia in reduc-
ing the oxidative stress condition. The com-
bination of Omega-3 and Manuka honey re-
duced the level of F2-isoprostane(8-iso-PG-
F2a) significantly compared to the Manuka
alone and the control groups. Additionally,
they showed an antihemolytic action mea-
sured by reduced LDH level. The combination
restored the patient’s lipid profile (LDL-C and
HDL-C) significantly compared to the control
group. Manuka honey enhanced the action of
omega-3 in reducing oxidative stress by re-
ducing serum iron significantly compared to
the control group.
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CONCLUSIONS: Results showed that ome-
ga-3 + Manuka honey was more effective than
Manuka alone or the conventional treatment
alone in managing oxidative stress of B-thalas-
semic patients.

Key Words:
Omega-3, Oxidative stress, Thalassemia, Reactive
oxygen species, Lipid peroxidation, Manuka Honey.

Abbreviations

ANOVA : two-way Analysis of Variance; CBC: complete
blood count; CRP: C-reactive protein; DHA: docosahex-
aenoic acid; EPA: eicosapentaenoic acid; GC-MS: gas
chromatography-mass spectrometry; HbA: adult hemo-
globin; HbA2: Hemoglobin A2; HDL-C: high-density
lipoprotein cholesterol; HP: Hewlett-Packard; HPLC:
high-performance liquid chromatography; 1.D.: iden-
tification; LDL-C: low-density lipoprotein cholesterol;
MGO: methylglyoxal; Post hoc LSD: after the fact least
significant difference test; RBC: red blood cells; ROS:
roxygen species; SPSS: Statistical Software Package
for the Social Sciences; UMF: Unique Manuka Factor;
np* partial effect size; 8-iso-PGF2a.: 8-iso-prostaglandin
F2a.

Introduction

Thalassemia major is a recessive disorder that
results from a mutation in the B-globin locus,
which results in a quantitative defect of hemo-
globin synthesis and relative excess in a-globin.
The excessive a-globin leads to the formation of
insoluble aggerates that denote ineffective eryth-
ropoiesis. Accordingly, red blood cells cannot
survive, and functional hemoglobin is reduced'~.
As such, reduced hemoglobin synthesis results
in microcytic hypochromic anemia and reduced
amount of adult hemoglobin (HbA) in patients’
complete blood count (CBC).

B-thalassemia is the most common type of he-
moglobin disorder in Egypt. Among Egyptians,
9% carry B-thalassemia, and around 1,000 per
1.5 million per year live birth will suffer from
B-thalassemia*>. As evident, it is essential to un-
derstand and treat this condition effectively.

Iron overload is one of the significant conse-
quences of oxidative stress, frequent blood trans-
fusion, ineffective erythropoiesis, and increased
iron gastrointestinal absorption. Iron overload
alters the immune system and increases the risks
of infection and severe illness'‘. Precisely, iron
overload leads to iron deposition in visceral or-
gans like the liver and heart, causing organ

dysfunction’. Iron intake is typically integrated
into heme units to form hemoglobin molecules.
In excess iron (frequent blood transfusion and
increased iron absorption), free iron remains un-
bounded and triggers the formation of reactive
oxygen species (ROS)®.

Hemoglobin instability results from the ex-
cess of a-chain globin, which is unstable and is
oxidized into methemoglobin, then into hemi-
chrome, followed by heme and free iron release.
Thereby, ROS formation is activated®’.

In line with that, oxidative stress results from
ineffective erythropoiesis inside the bone mar-
row. Oxidative stress due to ineffective erythro-
poiesis leads to hemolysis and the release of free
hemoglobin that produces (ROS). The ROS are
responsible for the damage of vital organs™'. Pri-
marily, ROS promote lipid peroxidation and leads
to cell death. ROS leads to several pathological
complications, including thyroid dysfunction, red
blood cell (RBC) hemolysis, vascular inflamma-
tion, and ineffective erythropoiesis''2. Of those
ROS, F2-isoprostanes concentration levels were
high in thalassemic patients, which was an indic-
ative biomarker for oxidative stress'>'*. Moreover,
F2-isoprostane is the best and most accurate bio-
marker for lipid peroxidation and iron-induced
oxidative stress'*"'°. Earlier studies'>!'" have in-
vestigated oxidative stress pathogenesis in var-
ious diseases, but little confirmed the oxidative
stress biomarker associated with B-thalassemia
major. Besides, most clinical studies®'®" shed
light on malondialdehyde (MDA) as the most
common final product of polyunsaturated fatty
acids peroxidation in the cells. Although, differ-
ent types of F2-isoprostanes concentration levels
were high in thalassemia patients'*?°. According-
ly, further studies are needed to confirm which
type of F2-isoprostanes were associated with
B-thalassemia major disease.

Treating iron overload and oxidative stress is
crucial as both are considered severe P-thalas-
semia complications.

The current therapies for B-thalassemia are
pharmacological therapies (hydroxyurea medi-
cation, the gamma-globin chain inducer), gene
therapy, iron chelation therapy, and blood trans-
fusion'®?!, None of those therapies have focused
on treating oxidative stress as a significant com-
plication of B-thalassemia. Previous clinical stud-
ies??* have investigated the impact of antioxi-
dants on B-thalassemia. In addition, antioxidants
have improved the antioxidant defense system,
reducing iron overload.



M. Gamaleldin, I. Abraham, M. Meabed, A. Elberry, S. Abdelhalim, D. Waggas, R. Hussein

Previous clinical studies®2® have reported the
antioxidant and antihemolytic effects of omega-3
supplements precisely against RBC hemolysis
and lipid peroxidation. In line with that, previous
clinical studies?”? have implied Manuka honey’s
chelation, antioxidant, and anti-inflammatory ef-
fects against iron overload and oxidative stress.
Conversely, neither study has investigated the
antioxidant combinations’ effect in treating oxi-
dative stress of B-thalassemia major disease®”*2.

The present study targeted pediatric patients
with B-thalassemia major and clinical presen-
tation of iron overload and ineffective erythro-
poiesis. The current study aims to investigate
the effectiveness of the omega-3 and Manuka
honey combination plus the conventional therapy
(Deferasirox, blood transfusion, and L-Carnitine)
against the conventional therapy alone in treating
oxidative stress.

Patients and Methods

Study Design

A parallel-double blinded multisite random-
ized controlled trial (1:1 allocation ratio) was
conducted from 2019-11-05 to 2020-11-05. The
randomization process involved two indepen-
dent researchers. The first researcher conducted
random sampling and allocation using a ‘ran-
dom allocation software’, version 1.00 (Isfahan
University of Medical Sciences, Isfahan, Tran)®.
While the second researcher implemented the
randomized list using Microsoft Excel software
version 2016. The randomized list generated a
unique [.D. number for each patient to label each
drug container delivered to the patients.

Based on the treatment plan, an independent
nurse (blinded from the study) is delivered the
medication container upon request by the treating
physician. Patients and clinicians involved in the
study were blinded to the assigned groups. The
experimental and conventional treatments were
packed in identical drug containers with the label
generated by the randomized list to secure the
blinding process.

Study Population and Participants

The pediatric patients attending the Beni-Suef
and Giza governmental hospitals in Egypt for
regular care at the pediatric hematology clinic
were the target population for this study. The
present research article demonstrated Egyptian
pediatric patients aged 7-18 who presented with a
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B-thalassemia major type (HbA2 and HbF levels
determination with hemoglobin electrophoresis),
ineffective erythropoiesis, and iron overload were
included. Clinical and laboratory investigations
were performed during regular care at the pedi-
atric hematology clinic to confirm the patient’s
condition.

The minimum sample size estimation for this
present study was 150 patients. However, we
recruited extra five (5) patients in each group to
count future dropouts. All patients voluntarily
participated in the trial through informed consent
signed by the patient’s parents or legal guardian
before randomization. Patients were allocated in
equal numbers into two study groups. Fifteen (15)
patients were excluded from the final statistical
analysis for compliance and irregular follow-up
visits with the treating physician (Figure 1).

The allocated groups were the conventional
therapy alone (deferasirox +/- blood transfusion
and L-carnitine) that was the control group (55
patients), the Manuka honey supplements alone
(55 patients), and the Omega-3 + Manuka honey
supplements (55 patients), represented the exper-
imental groups. All groups received conventional
therapy (deferasirox +/- blood transfusion and
L-carnitine). Patients were excluded when aged
>18 years old and had any other type of anemia
and renal or hepatic insufficiency that might alter
the effectiveness of the medications.

According to the Helsinki Declaration, the
present study was conducted as a multisite trial.
It was approved by the Research Ethics Commit-
tee, Faculty of Medicine Beni-Suef University,
Beni-Suef, Egypt, under FMBSUREC/07072019/
Gamaleldin. The study was registered on clinical-
trials.gov, NCT04292314. In addition, biomedical
ethics approval (HAPO-02-K-012-2020-02-359)
was granted from the Faculty of Medicine, Uni-
versity of Umm Al-Qura in MAKKAH, Saudi
Arabia, for study sites abroad within its faculty
facilities and regional research centers.

Study Outcomes

The present study investigated the impact of
the experimental interventions and treatment
duration on oxidative stress (elevated F2-iso-
prostane) status, RBC’s membrane stability, the
severity level of anemia, and iron status of pedi-
atric thalassemic patients. Oxidative stress was
measured by the lipid peroxidation biomarker
(8-i1s0-PGF2a), low-density lipoprotein choles-
terol (LDL-C) levels, and high-density lipopro-
tein (HDL-C) levels. The correlated biomark-
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Figure 1. The study flow chart depicts the entire process of the clinical trial.

er C-reactive protein (CRP) measured RBC’s
membrane stability, and lactate dehydrogenase
(LDH) measured RBC hemolysis. Iron status
was measured by serum iron and ferritin level.
Anemia severity level was measured by hemo-
globin level (Hgb) and frequency of blood trans-
fusion. The biochemical tests were performed
at baseline (month zero) and then every month
until the end of the study (month ten) to evalu-
ate the effects of the interventions. The level of
F2-isoprostanes was the primary outcome mea-
sure (measured every 100 days in all groups) in
this study.

Moreover, the secondary outcome measures
were LDL-C, HDL-C, CRP, serum iron, and se-
rum ferritin. A 5-mL of venous blood was drawn
into vacutainer tubes to analyze the hematological
parameters using a hematology analyzer (LH-se-

ries and AU-series Beckman coulter commercial
kits, Beckman Coulter Inc., Fullerton, CA, USA).

The clinical chemistry laboratory used auto-
mated procedures to measure the lipid profile
on the biochemical auto-analyzer (Hitachi 912
auto-analyzer, Roche Boehringer Mannheim Di-
agnostics, Indianapolis, IN, USA). Concurrent-
ly, the F2-isoprostane levels were measured by
a quantitative analysis using High-performance
liquid chromatography [HPLC, Hewlett Pack-
ard (H.P))], 1100 system (1100 series photodiode
array detector, Wilmington, DE) coupled with
Gas chromatography-mass spectrometry (GC-
MS system, HP 5890 Series II GC and Trio 1000
MS, operated under negative chemical ionization,
Fisons instruments, Manchester, United King-
dom) based on a protocol adapted from the Walter
protocol®..
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A standard stock solution (500 pg/mL) was
prepared, and the calibration curve was calculat-
ed as peak area’'.

Experimental and Conventional
Therapy Interventions

The conventional therapy of B-thalassemia
major was delivered to all patients in the study.
Per treatment protocol, the standard therapy was
deferasirox 21 mg/kg/day* for ten months (max-
imum dose of 28 mg/kg/days) until a definite
hematologic response. In addition, patients in all
groups received blood transfusions, when neces-
sary, by the treating clinicians*®. The two experi-
mental therapies added to standard therapy were:
omega-3 supplementation [350 mg (12 mg/kg/
day) eicosapentaenoic acid (EPA) and 250 mg (6
mg/kg/day) docosahexaenoic acid (DHA)]***" for
ten consecutive months or Manuka honey lozenge
MGO-400 (Methylglyoxal-400)=344 mg (12 mg/
kg/day), Unique Manuka Factor-13 (UMF-13) per
day?*¥¥ for ten consecutive months. The ad-
herence to study treatment was assessed every
month at each follow-up visit by receiving the
used treatment bottles from the patients.

Statistical Analysis

The statistical software SPSS 25 (IBM Corp.,
Armonk, NY, USA) was used for data analysis.
A two-way analysis of variance (ANOVA) test
was used to analyze the mean differences among
groups for the continuous normally distributed
primary outcome (changes of F2-isoprostanes
levels) and the secondary outcomes (LDL-C,
HDL-C levels, CRP, LDH, Ferritin, and serum
iron). Kruskal-Wallis’s H test was used to com-
pare the median between the groups for contin-
uous non-normally distributed variables (blood
transfusion sessions) with a significance level ad-
justed to p<0.05. Statistical results from that test
were presented as median [quartile-1 (percentile
25), quartile-3 (percentile 75)].

In addition, Pearson’s Product-Moment Cor-
relation analysis was done between the F2-iso-
prostane level and the serum ferritin level to
identify the association’s strength and direction.

The Shapiro-Wilk test was used to measure
the normality of all outcomes. ANOVA two-way
and Post-hoc LSD tests were used to analyze the
main and interaction effects among the groups
for continuous normally distributed variables.
The two-way ANOVA test’s assumptions were
checked and met. The significance level was ad-
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justed to p<0.05. Means and standard deviations
(S.D.) values were presented to summarize the
data analysis output.

To resolve the multiplicity of the present trial,
the analysis of secondary outcomes was per-
formed as a separate sub-trial from the primary
trial measurement (analysis of F2 isoprostanes).
The sample size for the primary and secondary
outcomes was calculated using the power analysis
procedures (a priori statistical test with ANOVA
main/interaction effects). G-Power software, ver-
sion 3.1%, was used for the power analysis.

The sample size was calculated, taking into
account primary and secondary outcomes. It was
considered that 50 patients are the minimum
sample size estimation for each group to detect
a significant difference in the means value of
the F2-isoprostanes with a pooled standard de-
viation=23, obtained from previous studies**.
However, 165 patients were allocated, consider-
ing the dropout cases. The allocation was two
experimental groups (every 55 patients) in the
omega-3 + Manuka honey group, Manuka honey
alone group, and 55 patients in the control group.
The study powered at 80% with an 0.05 alpha
level and a medium-size effect (partial n2 = 0.06).

Results

A total of 165 participants who met the inclu-
sion criteria were allocated into three groups. Of
those, 150 patients were subjected to the final
analysis as follows: 49 (mean age 8.5+4, 60%
male) were in the omega-3+Manuka group, 48
(mean age 10.5£3.5, 50% male) in the Manuka
alone group, and 53 (mean age 11£5.5, 70% male)
in the control group were analyzed. The flow
chart of the study is shown in Figure 1. Table I
shows the baseline characteristics of participants
in the month zero study period. Figure 2 shows
the GC-MS chromatographic quantitative analy-
sis of 8-is0-PGF2a in months zero (before treat-
ment) and ten (end of the study).

Results showed that the omega-3 plus Manuka
honey combination significantly reduced the lev-
el of 8-is0-PGF2a after ten months of treatment
compared to Manuka alone and control groups.
Analysis of variance between the three groups
investigating the main and interaction effects
(Table 11, Figures 3-6) showed that adding a com-
bination of omega-3+Manuka to the conventional
therapy was more significant than Manuka honey
alone and control groups.
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Table I. Baseline® characteristics of patients in month zero.

Manuka honey Omega-3 + Omega-3 +
Variable Control group alone group Mauka honey group

Age (y) 11+35 9+4.0° 12.5£5.5
Gender (n)

Male 29 (58%) 27 (54%) 30 (60%)

Female 21 (42%) 23 (46%) 20 (40%)
Plasma-8-iso-PGF2a (pg/ml) 541+ 19 544+ 15.6 538+16.2
HDL cholesterol (mg/dL) 37+73 35+5.8 32+ 6.7
LDL cholesterol (mg/dL) 50+15.4 54 +10.5 52+11.5
Lactic acid dehydrogenase (U/L) 519 £ 139 522 + 145 513 +£122
C-reactive protein (mg/dL) 3.1+£28 32+39 29+2.6
Ferritin (ng/mL) 1690 + 202 1623 + 189 1,700 £ 230
Serum iron (pg/dL) 136 + 11.5 132+ 12 135+9.5
Hemoglobin level (g/dL) 6.5 +0.89 7.2+0.50 6.9 +0.67
Blood transfusion frequency® 8.5 (8.1,9.1)¢ 8.9 (8.2,9.4) 7.4 (6.9,8.1)°
(number of sessions)

S.D.: standard deviation. *Mean =+ S.D. (all such values), "baseline data of the prior ten months of conventional therapy alone,

reported at month zero, ‘Median (Quartile 1, Quartile 3).

Manuka honey supplementation reduced
CRP levels significantly (p=0.048) compared
to the control group, which is linked with en-
dothelial dysfunction during oxidative stress of
B-thalassemic patients, as reported in previous
clinical studies'”*?. At the same time, the anal-

ysis showed that Manuka honey supplemen-
tation significantly reduced the Ferritin level
(p=0.043) and serum iron (p=0.045), which
are linked to iron overload-induced oxidative
stress and hemolysis process in B-thalassemic
patients.
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Figure 2. GC-MS chromatograms of Plasma-8-iso-PGF2a in month zero (before treatment) and month 10 (after ten months of
treatment). A, mean of 8-iso-PGF2a in month zero at mass to charge ratio (m/z)=568 is 538 pg/mL. B, the mean of 8-iso-PGF2a
in month zero at a mass-to-charge ratio (m/z)=567 is 118 pg/mL. C-D, are the internal standards detection of 8-iso-PGF2a. A
combination of omega-e + Manuka honey significantly reduced the F2-isoprostane (8-iso-PGF2a), p < 0.05, compared to the

manuka alone and control groups.
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Table Il. Mean changes for the evaluated outcomes after ten months of treatment compared to baseline values (before

treatment).
Manuka Omega-3 +
Control honey alone Mauka honey F-Statistics
Variable group group group Kruskal-Wallis H Statistics

Plasma-8-iso-PGF2ac 480 +4.04 156 +3.03* 118 + 4.53* Drug factor, F, - =47.08
(pg/ml) Treatment duration factor,

F10,1617 = 493

Interaction, on,1 o = 3-39
HDL cholesterol 39+£5.6 40+ 6.8* 44 +4.2% Drug factor, F, |, = 12.11
(mg/dL) Treatment duration factor,

F10,1617 = 822

Interaction, F 201617 4.60
LDL cholesterol 58 +£.10.5 76 +12.3* 90 +11.6** Drug factor, Fz,l o = 2457
(mg/dL) Treatment duration factor,

F10,16]7 = 522

Interaction, on,1 oy = 24.38
Lactic acid dehydrogenase 498 +£ 123 486 + 133 301 £ 118** Drug factor, F, | - =126.3
(U/L) Treatment duration factor,

F10,1617 = 648

Interaction, on,1 o7 = 3-36
C-reactive protein 26+1.8 1.2 £0.95* 1.9 £0.89* Drug factor, F, |, =3.52
(mg/dL) Treatment duration factor,

10,1617 = 448

Interaction, F20,1617 = 3.54
Ferritin 1310 £ 195 659 + 146* 670 + 129* Drug factor, F2,1617 = 236.11
(ng/mL) Treatment duration factor,

F10,1617 =437

Interaction, on,1 oy = 26.18
Serum iron 125+938 79 +£8.3* 84 + 7.6% Drug factor, F, | = =223.11
(ug/dL) Treatment duration factor,

F10,1617 = 491

Interaction, on,1 o = 21.36
Hemoglobin level 71+0.33 8.5+ 0.45* 8.9 +0.86* Drug factor, F, . = 15.46
(g/dL) Treatment duration factor,

F10,1617 :330

Interaction, F, |- = 119.12
Blood transfusion frequency® 7.3(6.7,7.8) 4.5 @4.5,1)* 3 (3.54.1)* Kruskal-Wallis H = 7.674409
(number of sessions)

N.A., not applicable. *Significantly different from the control group at p <0.05, *Significantly different from all groups, *Kruskal-

Willis test, ‘Median (Quartile 1, Quartile 3).

Omega-3 plus Manuka honey combination
significantly reduced the level of F2-isopros-
tane (p=0.036) and LDH level (p=0.041). In
line with this, the omega-3 plus Manuka honey
combination increased the LDL-C (p=0.032)
and HDL-C (p=0.026) significantly compared
to the Manuka honey alone and control groups
(Table 1I). Both are linked with lipid perox-
idation, ROS, and hemoglobin instability in
B-thalassemic patients.

Concurrently, blood transfusion frequency was
significantly reduced in month ten with the ome-
ga-3 plus Manuka group (p=0.046) and Manuka
alone group (p=0.044) compared to the control
group. Hemoglobin level was significantly in-
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creased with the omega-3 plus Manuka group
(p=0.039) and Manuka alone group (p=0.041)
compared to the control group. All results are
reported in Table II.

Pearson’s correlation showed a high, posi-
tive correlation (r=0 .804, n=1,650, p=0.038)
between 8-iso-PGF2a and ferritin levels. Krus-
kal-Willis test showed that there was a statisti-
cally significant difference in the frequency of
blood transfusion between the study’s groups,
H=7.674409, p=0.039, with a mean rank fre-
quency of blood transfusion of 809 for omega-3
plus Manuka honey combination group, 816 for
Manuka honey alone group, and 851 for the
control group.
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Figure 3. The therapeutic effects of the study’s interventions
on 8-is0-PGF2a level after ten months of treatments. The
study interventions’ effect on 8-iso-PGF2a level during ten
months of treatment was measured as the total mean change
of 8-iso-PGF2a from baseline value and the intervention
effect size (partial eta squared, np*). Manuka honey alone
and omega-3 + Manuka honey significantly decreased the
level of 8-is0-PGF20 (mean of 156 pg/mL, mean of 118 pg/
mL, respectively) compared to the standard treatment (mean
of 480 pg/mL). *Significantly different from the control
group; A, np*>= 0.62; B, np>=0.91.

Discussion

The present study indicated that omega-3 and
Manuka honey was an effective add-on to the
conventional therapy of pediatric B-thalassemia
major disease. Omega-3 and Manuka honey

Figure 5. The therapeutic effects of the study’s interventions
on the low-density lipoprotein cholesterol (LDL-C) level
after ten months of treatments. The study interventions’
effect on the level of LDL-C during ten months of treatment
was measured as the total mean change of LDL-C from
baseline value and the intervention effect size (partial eta
squared, np®). Manuka honey alone and Omega-3 + Manuka
honey significantly increased the level of LDL-C (mean of
76 mg/dL, mean of 90 mg/dL, respectively) compared to
the standard treatment (mean of 58 mg/dL). *Significantly
different from the control group; A, np? = 0.76; B, np? = 0.89.

supplementation reduced the 8-iso-PGF2a (bio-
marker of oxidative stress) significantly after ten
months of treatment. In addition, lipid biomarkers
(LDL-C and HDL-C) were restored significantly
under the effect of the combination compared to
the control treatment group.
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Figure 4. The therapeutic effects of the study’s interventions
on the high-density lipoprotein cholesterol (HDL-C) level af-
ter ten months of treatments. The study interventions’ effect
on the level of HDL-C during ten months of treatment was
measured as the total mean change of HDL-C from baseline
value and the intervention effect size (partial eta squared,
np®). Omega-3 + Manuka honey and Manuka honey alone sig-
nificantly increased the level of HDL-C (mean of 44 mg/dL,
mean of 40 mg/dL, respectively) compared to the standard
treatment (mean of 39 mg/dL). *Significantly different from
the control group; A, np* = 0.84; B, np* = 0.91.
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Figure 6. The therapeutic effects of the study’s inter-
ventions on lactate dehydrogenase (LDH) levels after ten
months of treatments. The study interventions’ effect on
the level of LDH during ten months of treatment was mea-
sured as the total mean change of LDH from baseline value
and the intervention effect size (partial eta squared, np?.
Omega-3 + Manuka honey significantly reduced the level
of LDH (mean of 301 U/L) compared to the manuka honey
alone (mean of 486 U/L) standard treatment (mean of 498
U/L). *Significantly different from the control group; A,
np? = 0.85.
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Omega-3 supplementation denoted a signifi-
cant reduction in LDH level (antihemolytic ef-
fect) comparted to the Manuka alone and control
groups. Oxidative hemolysis is caused secondary
to the oxidative condition in B-thalassemia'®.

Manuka supplementation denoted a significant
reduction in serum iron compared to the control
group. Elevated iron has contributed to oxidative
conditions in -thalassemia'®.

Previous studies* have concluded that
F2-isoprostane, the esterified eicosanoids found
in tissue by radical oxidation, is correlated with
several diseases. Similarly, it was reported that
several diseases could be classified according to
the level and type of F2-isoprostanes measured
in those diseases'®. Nevertheless, no study has
confirmed the type of F2-isoprostane correlat-
ed with thalassemia disease, precisely p-thalas-
semia. Conversely, our findings concluded that
8-1s0-PGF2a was significantly elevated in -thal-
assemic patients, precisely p-thalassemia major.

Earlier research findings* have indicated that
F2-isoprostane, malondialdehyde (MDA), and hy-
droperoxides are considered biomarkers of lipid
peroxidation owing to oxidative stress. In ad-
dition, hypocholesterolemia has been reported
in patients with B-thalassemia**%. However, no
convincing evidence exists on the correlation
between 8-iso-PGF2a as a lipid peroxidation
biomarker and hypocholesterolemia in pediatric
B-thalassemia. Our findings indicated that the el-
evated 8-iso-PGF2a was specifically elevated and
significantly positively correlated with hypocho-
lesterolemia in pediatric f-thalassemia patients.

Previous studies*® have reported that ome-
ga-3 supplementation affects oxidative stress by
replacing the arachidonic acid (AA) in the RBC
membrane, which is the precursor for the for-
mation of F2-isoprostanes. In addition, omega-3
supplementation restores the lipid profile of the
patient by restoring the RBC membrane’s stabil-
ity 4.

The effect of Manuka honey in treating oxi-
dative stress has been proposed in earlier stud-
ies?283%51 The phenolic and flavonoid compo-
nents of Manuka honey counteract against lipid
peroxyl and reactive oxygen species®. Addition-
ally, Manuka honey exhibits free radical seques-
tration and metallic iron chelation.

Our findings indicated that adding omega-3
+ Manuka honey lozenge for ten months to con-
ventional therapy significantly reduced oxidative
stress in thalassemia patients. Combining ome-
ga-3 and Manuka honey reduces oxidative stress
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by reducing lipid peroxidation and enhancing
RBC’s membrane lipid composition. As a result,
they increase the HDL and LDL levels by inter-
action effect in thalassemic patients who demon-
strated hypocholesteremia.

Indeed, hypocholesteremia and lipid peroxida-
tion have been correlated to RBC hemolysis and
ineffective erythropoiesis in oxidative stress*.
Previous clinical studies®*** have investigated the
various treatment modalities on the lipid profile
of the thalassemic patient. However, they have
not submitted sufficient evidence on the oxidative
stress of those patients.

The combination of omega-3 and Manuka
honey supplementation significantly reduces the
elevated plasma-8-iso-PGF2a in patients. Pre-
vious clinical studies***** have investigated the
antioxidant effect of omega-3 and Manuka honey
on the level of F2-isoprostane and lipid peroxi-
dation. Nevertheless, they have not introduced
convincing evidence of the antioxidant effect on
8-is0-PGF2a in thalassemic patients.

In line with that, our findings denoted that the
omega-3 + Manuka honey combination signifi-
cantly reduces the level of LDH. In agreement,
earlier research findings®*’ indicated that ome-
ga-3 supplementation showed an anti-hemolytic
effect in several diseases.

For the Manuka honey alone group, Manuka
significantly affects the iron status and endothe-
lial dysfunction biomarkers by interaction effect
measured as reduced ferritin and CRP levels,
reflecting the patients’ chelation activity and the
inflammatory status of RBC.

Previous clinical studies®®*-** confirmed the
antioxidant and chelation effects of Manuka hon-
ey in several medical conditions. Nevertheless,
they have not introduced conceiving evidence of
the Manuka honey effect on B-thalassemic pa-
tients. In addition, research findings from an ear-
lier study*® concluded that different ferritin levels
and serum iron were not statistically significantly
reduced after six months of supplementation with
Greek honey. Conversely, our findings signifi-
cantly reduced the ferritin, serum iron, and CRP
levels compared to the control group.

Previous clinical studies®* concluded that
omega-3 supplementation improved the RBC’s
membrane lipid composition. At the same time,
Methylglyoxal components in Manuka honey im-
proved the hemoglobin stability of RBC. Our
findings indicated that hemoglobin levels were sig-
nificantly increased with the omega-3 and Manuka
honey combination compared to the control group.
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In addition, the frequency of blood transfusion
was significantly reduced. Results indicated that
cumulative responses for the experimental in-
terventions were reported in reducing oxidative
stress. Better outcomes could be accomplished
over a more extended treatment duration than the
ten months studied. Using IAC (immunoaffinity
chromatography) instead of HPLC with GG-MS
could be helpful in the detection of 8-iso-PGF2a
in thalassemic patients.

Limitations

The present study denoted some limitations.
First, the duration of treatment with the study’s
interventions shall be extended to a longer period
to assess the tolerability of the combination dose
on the pediatric population. Second, thalassemic
patients with comorbid diseases should be includ-
ed in further studies to assess the efficacy of the
combination in treating oxidative stress in those
patients.

Conclusions

Key findings from the study were that the
omega-3 and Manuka honey combination was
generally more effective in managing iron over-
load-induced oxidative stress than the conven-
tional therapy alone or Manuka honey alone. The
antioxidant and chelation effects of Manuka hon-
ey supplementation were confirmed. Although,
the better outcome was confirmed when com-
bined with omega-3 supplements.
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