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ARTICLE INFO ABSTRACT

Keywords: Background: f-thalassemia major is microcytic hypochromic anemia disorder inherited from
Nigella sativa parents, resulting from a mutation in the p-globin locus. As a result, a quantitative defective
Black seed

hemoglobin synthesis and relative excess in a-globin is occurred. As such, frequent blood trans-
fusion is required, that leads to iron overload. Iron overload results in several pathological
complications, including cell death, tissue injury, organ dysfunction, and liver fibrosis. The
present study examined the effectiveness of nigella Sativa and manuka honey combination or
manuka honey alone to the conventional therapy (Deferasirox -+ blood transfusion) used for
preventing and managing iron overload in pediatric p-thalassemia major patients.

Methods: One hundred sixty-five patients participated in this randomized, double-blind, standard
therapy-controlled, parallel-design multisite trial. The patients were randomly allocated into
three groups, receiving either 500 mg nigella sativa oil combined with manuka honey lozenge
(344 mg) daily or manuka honey alone plus the conventional therapy for ten treatment months.
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Ferritin level, serum iron, transferrin saturation, total iron binding capacity, alanine trans-
aminase, and aspartate transaminase were determined at baseline and month 10.

Results: Eventually, serum ferritin and iron were decreased significantly in the nigella sativa +
manuka honey group as compared with the control group. Other clinical parameters were
significantly impacted. The level of alanine transaminase and aspartate transaminase were
significantly decreased in the nigella sativa plus manuka honey group compared with the control
group.

Conclusion: Results showed that nigella sativa plus manuka honey was more effective than
manuka alone or the conventional treatment alone in managing iron overload of p-thalassemia
major patients.

Abbreviations

ANOVA Two-way Analysis of variance

CBC Complete blood count

HbA Adult hemoglobin

HbA2 Hemoglobin A2

HDL-C  High-density lipoprotein cholesterol

HP Hewlett Packard

LD. Identification

MGO Methylglyoxal

Post hoc LSD After the fact least significant difference test
RBC Red blood cells

SPSS Statistical software Package for the Social Sciences
UMF Unique Manuka Factor
np2 Partial effect size

ROS reactive oxygen species
Fe3+ Ferric iron

Fe2+ Ferrous iron

TQ Thymoquinone

HbF Fetal hemoglobin

TIBC Total iron binding capacity
TfS Transferrin saturation

ALT Alanine transaminase

AST Aspartate transaminase

UMF Unique Manuka Factor
MGO Methylglyoxal
LPI Liable plasma iron

1. Introduction

Thalassemia major is a homozygous microcytic hypochromic anemia disorder inherited from parents, resulting from a mutation in
the p-globin locus. It results in quantitative defective hemoglobin synthesis and relative excess in o-globin. As a result, excessive
a-globin forms insoluble aggerates and leads to denote ineffective erythropoiesis. Accordingly, the survival rate of red blood cells
(RBC) and functional hemoglobin is reduced [1,2]. As such, defective hemoglobin synthesis resulted in hemoglobin instability and
reduced HbA in RBC’s indices [3].

Thalassemia hemoglobinopathies are a common type of hemoglobin disorder in Egypt. 9 % of Egyptians carry p-thalassemia, and
approximately 1000 in every 1.5 million born annually will suffer from p-thalassemia [4,5]. Therefore, it is essential to investigate and
treat this condition effectively.

Frequent blood transfusion leads to iron accumulation and saturation of transferrin capacity in transferring iron. Accordingly, non-
transferrin-bound iron and liable plasma iron are formed, which results in iron overload [6]. Iron is highly reactive with oxygen,
resulting in reactive oxygen species (ROS). Iron accumulation leads to cellular and organ dysfunction, including heart dysfunction,
pulmonary hypertension, osteoporosis, hypothyroidism, and liver fibrosis [7,8].

The current pharmacological therapies for p-thalassemia are hydroxyurea medication, the gamma-globin chain inducer, blood
transfusion, gene therapy, and iron chelation therapy [9]. Indeed, iron chelation therapy is the cornerstone in removing excess iron
from the body of thalassemic patients. Currently, Deferasirox, Deferiprone, and Deferoxamine are approved iron-chelating medica-
tions for thalassemic patients [10]. Although, several adverse events have been reported in treating iron overload by those
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medications, including auditory and visual neurotoxicity owing to chronic treatment with Deferoxamine, arthralgia and elevated liver
enzymes in response to Deferiprone, ophthalmic complication and skin rash in response to Deferasirox [10]. In addition, current iron
chelators only chelate ferric (Fe3+) iron in treating iron overload despite the effectiveness of ferrous (Fe2+) iron chelation in treating
iron overload owing to iron auto-oxidation [11,12]. This shed light on investigating more safe iron chelators for a better outcome.

Previous clinical studies have investigated the impact of natural iron chelators on iron overload diseases [13]. In line with that,
other clinical studies have investigated alternative therapeutics modalities for iron overload diseases, considering the economic status
of poor nations and the differences in efficacy between synthetic and natural iron chelators [14-16].

Earlier studies have reported the iron chelation activity and several therapeutic effects of nigella sativa [17], precisely the cardio
protection, antioxidant, Fe3+ and Fe2+ iron chelation, Hepato-protective, immunomodulatory [17-20]. Thymoquinone (TQ) is the
principal component of nigella sativa that demonstrates all of those therapeutic activities [18]. In addition, TQ denoted a
concentration-dependent iron chelation activity in some diseases, as reported in the earlier study. As such, higher content of TQ in
black seed capsules leads to more significant iron chelation activity [17].

In line with that, previous clinical studies have reported iron chelation, antioxidant and anti-inflammatory effects of manuka honey
against iron overload and oxidative stress [21-23].

The current study targeted pediatric patients who presented with p-thalassemia major, and clinical presentation of iron overload,
hyperferritinemia, altered liver enzymes, and ineffective erythropoiesis. Accordingly, the study aims to investigate the effectiveness of
manuka honey combinations with nigella sativa or hydroxyurea plus the conventional therapy (Deferasirox + blood transfusion)
against the conventional therapy alone in treating iron overload of p-thalassemic type major patients. In addition, the present study
aims to investigate the hepato-protective effectiveness of manuka honey and nigella sativa supplementation on p-thalassemic patients
with iron overload status. The objectives of the present study are as follows: investigating the chelation activity of nigella sativa and
manuka honey against iron overload in p-thalassemia major patients, imply the dose-dependent iron chelation activity of TQ,
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Fig. 1. The study flow chart, randomization, allocation, and follow-up for 10 months.
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investigating the hepato-protective effect of nigella sativa and manuka honey on p-thalassemia major patients.

2. Patients and methods

2.1. Study design

The present study was designed as a parallel-double blinded, multisite randomized controlled trial (1:1 allocation ratio) and was
conducted from 2020 to 12-01 to 2021-12-01. Two independent researchers were involved in the randomization process. The first
researcher used a software that was named random allocation software [24] to conduct random sampling and allocation. At the same
time, the second researcher used the Microsoft Excel software version 2016 to generate the randomized patient name list. The ran-
domized list entailed a unique I.D. number for each patient’s name and was used to label each drug container delivered to the patients.
Patient data was collected longitudinally over ten months of treatment by the investigational medications, and be reported in the
patient datasheet for statistical analysis.

According to the treatment plan, an independent study blinded nurse is delivered the medication container upon request by the
treating physician. In addition, a well-trained clinical pharmacist monitored the adverse effects of the study’s interventions to report
therapy response and drug-related needs of the patients. Patients and clinicians involved in the study were blinded to the assigned
groups. The investigational and conventional treatments were filled in identical drug containers with the generated label of the
randomized list to maintain the blinding process.

2.2. Study population and participants

The study population of the present study was the pediatric patients (300 patients) who were diagnosed with p-thalassemia major
in the previous 12 months and were attending the Beni-Suef and Giza governmental hospitals in Egypt during their regular care at the
pediatric hematology clinic. The inclusion criteria of the study were the pediatric patients aged 7-18 and presented with full clinical
manifestation of f-thalassemia major, including hyperferritinemia, altered liver enzymes, ineffective erythropoiesis, and severe
anemia, and patients who received the standard treatment of p-thalassemia major (regular blood transfusion therapy and iron chelator)
over the past 12 months. The exclusion criteria were the patients with other types of anemia, renal or hepatic dysfunction, and those
aged >18 years. The exclusion criteria were implemented to keep the medication efficacy protected from any disease modifier. The
recruitment process was explained in Fig. 1. Clinical and laboratory investigations were conducted regularly at the pediatric hema-
tology clinic to confirm the patient’s condition. HbA2 and HbF levels were confirmed with hemoglobin electrophoresis.

According to the power analysis that was carried out, a sample size estimation of 150 patients was the minimum limit for this
present study. Meanwhile, we recruited extra five (5) patients in each group, considering the future dropouts. The sample size was
calculated considering the primary and secondary outcomes. Accordingly, 50 patients are the allocation limit for each group to detecta
significant difference in the means value of the ferritin level with a pooled standard deviation = 65, obtained from previous studies
[25,26]. However, 165 patients were allocated considering the dropout cases. The allocated numbers in the two investigational groups
were 110 patients. Thereof, 55 patients were in the nigella sativa + manuka honey group, the 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).

The patients participated in the trial through informed consent signed by the patient’s parents or legal guardian before random-
ization. Patients were allocated in equal numbers into two study groups and one control group. Thirteen (13) patients were excluded
from the final statistical analysis denoting irregular compliance and follow-up visits with the treating physician (Fig. 1).

The study arms were group A, the conventional therapy alone (Deferasirox+blood transfusion) that was the control group (55
patients), group B, the hydroxyurea plus manuka honey supplements (55 patients), and group C, the nigella sativa capsules plus
manuka honey supplements (55 patients), represented the investigational groups. All patients’ groups received conventional therapy
(Deferasirox+blood transfusion) ten months prior to the start of the current study, and during the treatment duration with the
investigational medications from 2020 to 12-01 to 2021-12-01.

This multisite trial was subjected to the Helsinki declaration and was approved by the Research Ethics Committee, Faculty of
medicine Beni-Suef University, Beni-Suef, Egypt, under FMBSUREC/07072019/Gamaleldin. The study was registered on clinicaltrials.
gov, NCT04292314.

2.3. Study outcomes

The target outcomes for the present study were ferritin level (hyperferritinemia), serum iron, total iron binding capacity (TIBC),
transferrin saturation (TfS), alanine transaminase (ALT), aspartate transaminase (AST), and TQ daily doses. The Ferritin level was the
primary outcome measure (measured every two months in all groups) in this study. Moreover, the secondary outcome measures were
TfS, TIBC, ALT, AST, TQ doses, and serum iron levels. The chelation activity of TQ and manuka honey on iron was measured by the
correlated biomarkers, including ferritin level, TIBC, serum iron, and TfS. Iron overload complication in the liver was measured by ALT
and AST liver enzymes. In addition, the TQ concentration in the commercial nigella sativa capsules was measured. The oily content of
the of 20 nigella sativa capsules were pierced and pressed out into beaker to be measured using high-performance liquid chroma-
tography (HPLC, Hewlett Packard (HP)), 1100 system (with G1379A degasser, G1313A autosampler, G1312A binary pump), G1314A
wavelength detector, Agilent, Santa Clara, CA, USA. The analysis protocol was adopted from Khaikin, E. et al. [27]. A standard stock
solution (2.7mg/10 mL acetonitrile + water) with concentration range 2.7-100 mg/L was prepared. The calibration curve was
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calculated as peak area. The linearity of the calibration was measured in the concentration range of 2.7-100 mg/L [27].

Baseline (month zero) and end of therapy (month ten) biochemical laboratory tests were performed to evaluate the effects of the
interventions. The baseline characteristic was month zero for all variables except the TQ doses variable was measured from month one
treatment as a baseline data point for that variable. A venous blood (5-mL) was drawn into vacutainer tubes to measure the hema-
tological indices using a Coulter LH 750 hematology analyzer (Beckman Coulter Inc., Fullerton, California, USA).

2.4. Investigational and conventional therapy interventions

All patients in the study received conventional therapy. As per treatment protocol, the conventional therapy was Deferasirox 30
mg/kg/day [25] for ten months (maximum dose of 40 mg/kg/days). In addition, patients in all groups received blood transfusions
when deemed necessary by the treating clinicians [28]. The A and B groups were received the investigational therapies. The inves-
tigational therapies were: nigella sativa supplementation [500 mg black seed capsule (15 mg/kg/day TQ) [27] for ten consecutive
months, manufactured by Elrazy Pharma company, Egypt, and licensed by ministry of health, Egypt. The TQ content concentration of
the black seed supplementation was measured through the HPLC-UV analysis based on a protocol was adopted from Khaikin, E. et al.
[27]. In addition, manuka honey lozenge MGO-400 (Methylglyoxal-400) = 344 mg(12 mg/kg/day), UMF-13 (Unique Manuka
Factor-13) per day [22,29,30] for ten consecutive months. The manuka honey supplementation (Manuka Health) was sourced from
Manuka Health New Zealand company. Manuka Health products are UMF and MGO certified. The MGO content was certified by the
scientific evidence developed by Technical University of Dresden, Germany. The license number at UMF organization is 1074. Nigella
Sativa supplementation was administered to the patients based on the ferritin level of those patients as follows: ferritin level >500
ng/dL was received one capsule (500 mg), Ferritin level >1000 ng/dL was received two capsules, and ferritin level >1500 ng/dL was
received three capsules. The compliance to study treatment was assessed every month at each follow-up visit by receiving the used
treatment bottles from the patients.

Table 1
Descriptive statistics shows the characteristics of the patients at baseline month and after ten months of treatment”.
Variable Control group (n = 55) Hydroxyurea + Nigella Sativa + Mauka honey group (n =
Mauka honey group (n = 55)
55)
Age(y) Month 0 11+ 3.5 94 4.0° 12.5+ 5.5
Month 105+ 4 12 + 3.0 15+ 5.5
10
Gender, n (%) Month 0 34 (62 %) 27 (49 %) 32 (58 %)
Male 21 (38 %) 28 (51 %) 23 (42 %)
Female Month 32 (60 %) 24 (50 %) 29 (57 %)
10 21 (40 %) 24 (50 %) 22 (43 %)
TQ doses® Month 0 NA NA 1+1
Month NA NA 2+1
10
Ferritin (ng/mL) Month 0 1690 + 202 1623 + 189 1700 + 230
Month 1195 + 195 950 + 146 605 + 129
10
Serum iron (ug/dL) Month 0 136 + 11.5 132 £ 12 156 + 9.5
Month 125 +9.8 93 +£8.3 82 +0.7.6
10
Transferrin saturation (%) Month 0 68 + 9 72+ 6.5 64 +16.2
Month 56 + 4.04 51 + 3.03 48 + 4.53
10
TIBC (pg/dL) Month 0 182+ 7.3 195 + 5.8 205 +£ 6.7
Month 243 +£17.3 267 + 15.8 402 + 16.7
10
ALT (U/L) Month 0 72+5.4 64 £6.5 59+7.5
Month 51 +24 38 +45 32+6.2
10
AST (U/L) Month 0 56 + 3.1 52+28 53+1.9
Month 48 +1.9 45 + 2.2 41 +1.0
10
Dropout Month (count, Month-3(1, 0.006) Month-4 (1, Month-6(5, 0.030) Month-7(2, 0.012)
percent) 0.006) Month-8 (2, 0.012) Month-5 (2, 0.012)

Abbreviation: S.D., standard deviation; NA, not applicable.
@ Mean + S.D. (all such values); comparison between the interventional groups and control group.
b baseline data of the prior 10 months of conventional therapy alone, which are reported at month zero.
¢ Baseline for TQ doses is month one treatment.
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2.5. Statistical analysis

The present study’s data were analyzed using the statistical package of social science software (IBM SPSS Statistics), version 25.
Variance analyses were performed investigating the intervention and treatment duration effects on all study outcomes except the TQ
doses variable.

All outcomes except TQ doses were analyzed by a Two-way mixed ANOVA test (main and interaction effects) followed by a post-
hoc LSD test (source of significance test). Pearson’s Product-Moment correlation analysis was done between Ferritin level and the TQ
doses to identify the association’s strength and direction. The normality of all outcomes was measured by Shapiro-Wilk test.
Accordingly, The ANOVA test assumptions were checked and confirmed. The analysis output was considered significant at p < .05.
Descriptive statistics with means and standard deviations (S.D.) were used to summarize the data analysis output. The multiplicity of
the outcome was resolved by performing the analysis of secondary outcomes separately from the primary outcome and as a sub-trial
measurement to the main measurement (analysis of ferritin level). G-power software, version 3.1, was used for the power analysis test
to calculate the required sample size [31]. The estimated sample size was inflated using the following formula to accommodate the
expected future dropout of the patients during the clinical trial: N = n/(1-(z/100)), where (N) is the final adjusted sample size and (n) is
the calculated sample size and z% is the anticipated proportion of patient withdrawal.

Thus, the final calculated sample size was consistent and valid at the end-point final statistical analysis. In addition, Two-way mixed
ANOVA test was used to analyze patients with complete data.

3. Results

The allocation phase of the present study includes 165 patients who met the inclusion criteria and were allocated into three groups.
However, thirteen patients were dropped from the final analysis with the *missing completely at random (MCAR)’ dropout assumption.
The percentage of missing data among all groups was 9 % (13 patients from all groups). The adjusted sample size was calculated per the
study protocol to reflect the reduced sample size. Thus, the study’s integrity was preserved, and the study was potentially powered.
Complete-case analysis accounted for the missing data with the assumption of missing at completely random (MACR). The missing
data was reported as follows: two patients from the control group (one patient in month three treatment because of incompliance with
the regular monthly treatments, one patient in month four treatment because of loss to follow-up), four patients from the nigella-
manuka group (two patient in month five treatment because of lost to follow-up, two patients in month seven because of incom-
pliance to regular monthly biomarker testing), seven patients from the hydroxyurea-manuka group (two patients in month eight
treatment because of incompliance to the regular monthly treatment, five patients in month six because of incompliance to regular
monthly biomarker testing).
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Fig. 2. HPLC chromatograms of thymoquinone (TQ) in standard and commercial capsules. HPLC chromatograms of thymoquinone (TQ) in standard
and commercial capsules. A, chromatogram peak for TQ in commercial black seed capsule at retention time 6.3 min. B, chromatogram peak for TQ
in standard solution at retention time 6.4 min. Chromatogram was recorded at 254 nm UV spectrum. The linearity of calibration was in the
concentration of 2.7-100 mg/L.
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Thus, 152 patients were included in the final analysis as follows: 48 (mean age 10.5 + 3.5, 50 % male) in the manuka alone group,
51 (mean age 8.5 + 4, 60 % male) were in the nigella plus manuka group, and 53 (mean age 11 + 5.5, 70 % male) in the control group
were analyzed. All descriptive statistics were reported in Table 1. The flow chart of the study is shown in Fig. 1. Fig. 2 showed the HPLC
quantitative analysis of TQ content in Nigella sativa capsules. It showed that commercial nigella sativa in EGYPT comprised a 30 mg
TQ per 1000 mg nigella sativa capsules. Table 1 shows the descriptive statistical analysis and baseline characteristics of the patients.
Analysis of variance between the three groups investigating the main effects and the interaction effects (Table 2, Figs. 3-8) showed that
adding a combination of nigella sativa plus manuka to the conventional therapy was more significant than manuka honey alone and
control groups in managing iron overload. Nigella sativa plus manuka honey combination and manuka honey only group reduced ALT
and AST liver enzymes levels significantly compared to the control group. Both are linked with hepatic iron damage in p-thalassemic
patients. At the same time, the analysis showed that nigella sativa plus manuka honey combination and manuka honey alone
significantly reduced the Ferritin level, TIBC, serum iron, and transferrin saturation percent which are linked to iron overload and iron
toxicity in B-thalassemic patients (Table 2). Concurrently, TQ doses were significantly increased in month ten with the nigella sativa
plus manuka group compared to the baseline value within the same group. All results are reported in Table 2. Pearson’s correlation
showed a strong, negative correlation (r = - 0.605, n = 550, p = 0.032) between TQ doses and ferritin levels. As such, the TQ doses of
nigella sativa supplementation was significantly increased over the ten months treatment with significant reduction of ferritin level
over the same treatment period.

Analysis of the Ferritin levels variable showed a significant reduction for all groups. Nigella sativa + manuka honey was more
significant than all other investigational interventions of the study (conventional therapy, manuka honey plus hydroxyurea, (p <
0.015). Nigella sativa + manuka honey significantly reduced the ferritin level to 605 ng/ml.

The interaction effect of treatment duration and treatment drug were significant at p < .043, and F = 1.552. The main effect
investigational medication was significant atp < .031 and F = 1.210. Similarly, the main effect of the therapy duration was significant
atp < .035 and F = 10.557. The post-hoc LSD analysis between the zero month (before treatment) and the tenth month (end of the
treatment) denoted a significant difference atp < 0.048.

Moreover, post-hoc analysis showed the following homogenous subsets in ascending order: 1. Nigella Sativa plus manuka., 2.
Manuka honey plus hydroxyurea., 3. Control group. Result findings showed that manuka honey plus hydroxyurea group reduced the
ferritin level significantly (p < 0.035), control group reduced the ferritin level significantly (p < 0.045).

The results of Two-way ANOVA test and the Post-Hoc LSD test is presented in Table 2. The error bar chart plotting can be found on
Fig. 3.

Analysis of the Serum iron variable showed a significant reduction for all groups. Nigella sativa + manuka honey was more
significant than all other investigational interventions of the study (conventional therapy, manuka honey plus hydroxyurea, and
control group (p < 0.015). Nigella Sativa + manuka honey significantly reduced the ferritin level to 82 pg/dL.

The interaction effect of treatment duration and treatment drug were significant at p < .026, and F = 1.462. The main effect
investigational medication was significant atp < .038 and F = 1.210. Similarly, the main effect of the therapy duration was significant
atp < .038 and F = 10.107. The post-hoc LSD analysis between the zero month (before treatment) and the tenth month (end of the
treatment) denoted a significant difference atp < 0.045.

Moreover, post-hoc analysis showed the following homogenous subsets in ascending order: 1. Nigella Sativa plus manuka honey., 2.
Manuka honey plus hydroxyurea., 3. Control group. Result findings showed that Manuka honey plus hydroxyurea group reduced the

Table 2
Two-way ANOVA analysis among all investigational groups after ten months of treatment.
Variable Mean difference after ten months of treatment” Mean difference (95% P
Control group Hydroxyurea + Nigella Sativa + Manuka honey group = Interaction
) Mauka honey group (NSM)
(HUM)
Ferritin (ng/mL) 495 + 82 673 + 1224 1095 + 130° C-HUM 178 (170, 184) 0.043"
C-NSM 600 (590, 605)
Serum iron (pg/dL) 125 +£ 9.8 93 + 8.3¢ 82 +0.7.6° C-HUM 32 (27, 39) 0.026"
C-NSM 43 (39, 48)
Transferrin saturation 56 + 4.04 51 + 3.03¢ 48 + 4.53" C-HUM 5 (3.5, 6.5) 0.049°
(%) C-NSM 7 (6.2, 8.1)
TIBC (pg/dL) 243 £17.3 267 +£15.8 402 + 16.7° C-HUM -24 (-21, —28) 0.032"
C-NSM -159 (—148,
—165)
ALT (U/L) 51 +24 38 +4.51 32+ 6.2 d C-HUM 13 (12.8, 14.2) 0.028"
C-NSM 19 (17.5, 21.3)
AST (U/L) 48 +1.9 45+229 41+1.0° C-HUM 3 (2.5, 3.5) 0.041°

C-NSM 7 (6.1, 7.9)

Abbreviation: S.D., standard deviation; NA, not applicable.Psignificantly different from baseline values.
@ Significantly different at p < .05.
® Mean + SDs, The P for duration x treatment interaction effects were analyzed by Two-Way ANOVA.
¢ significantly different from all groups.
4 significantly different from control group.
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Fig. 3. The therapeutic effects of the study’s interventions on ferritin level after ten months of treatments. The study interventions’ effect on ferritin
level during ten months of treatment was measured as the total mean change of ferritin level from baseline value and the intervention effect size
(partial eta squared, np2). Manuka honey alone and nigella sativa plus manuka honey significantly decreased the level of ferritin level (mean of 950
ng/mL, mean of 605 ng/mL; respectively) compared to the standard treatment (mean of 1195 ng/mL) * Significantly different from the con-
trol group.
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Fig. 4. The therapeutic effects of the study’s interventions on the level of serum iron after ten months of treatments. The study interventions’ effect
on the level of serum iron during ten months of treatment was measured as the total mean change of serum iron from baseline value and the
intervention effect size (partial eta squared, np2). Manuka honey and nigella sativa + manuka honey alone significantly decreased the level of serum
iron (mean of 93 pg/dL, mean of 82 pg/dL; respectively) compared to the standard treatment (mean of 125 pg/dL).* Significantly different from the
control group.

ferritin level significantly (p < 0.041), control group reduced the ferritin level significantly (p < 0.032).

The results of Two-way ANOVA test and the Post-Hoc LSD test is presented in Table 2. The error bar chart plotting can be found on
Fig. 4.

Analysis of the transferrin saturation variable showed a significant reduction for Nigella Sativa plus manuka and manuka plus
hydroxyurea groups. Nigella sativa + manuka honey was more significant than all other investigational interventions of the study
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Fig. 5. The therapeutic effects of the study’s interventions on the level of transferrin saturation (TfS) after ten months of treatments. The study
interventions’ effect on the level of TfS during ten months of treatment was measured as the total mean change of TfS from baseline value and the
intervention effect size (partial eta squared, np2). Manuka honey alone and nigella sativa + manuka honey significantly decreased the level of TfS
(mean of 51 %, mean of 48 %); respectively) compared to the standard treatment (mean of 56 %). * Significantly different from the control group.
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Fig. 6. The therapeutic effects of the study’s interventions on total iron binding capacity (TIBC) levels after ten months of treatments. The study
interventions’ effect on the level of TIBC during ten months of treatment was measured as the total mean change of TIBC from baseline value and the
intervention effect size (partial eta squared, np2). Nigella sativa + manuka honey significantly increased the level of TIBC (mean of 402 pg/dL)
compared to the manuka honey alone (mean of 267 pg/dL) standard treatment (mean of 243 pg/dL). * Significantly different from the control group.

(conventional therapy, manuka honey plus hydroxyurea (p < 0.022). Nigella sativa + manuka honey significantly reduced the ferritin

level to 48 %.

The interaction effect of treatment duration and treatment drug were significant at p < .049, and F = 1.321. The main effect
investigational medication was significant at p < .045 and F = 1.810. Similarly, the main effect of the therapy duration was significant
atp < .035 and F = 11.507. The post-hoc LSD analysis between the zero month (before treatment) and the tenth month (end of the
treatment) denoted a significant difference at p < 0.046.

Moreover, post-hoc analysis showed the following homogenous subsets in ascending order: 1. Nigella sativa plus manuka., 2.
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Fig. 7. The therapeutic effects of the study’s interventions on alanine transaminase (ALT) levels after ten months of treatments. The study in-
terventions’ effect on the level of ALT during ten months of treatment was measured as the total mean change of ALT from baseline value and the
intervention effect size (partial eta squared, np2). Manuka honey alone and nigella + manuka honey, respectively, significantly decreased the level
of ALT (mean of 38 U/L, mean of 32 U/L) compared to the standard treatment (mean of 51 U/L). * Significantly different from the control group.
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Fig. 8. The therapeutic effects of the study’s interventions on aspartate transaminase (AST) levels after ten months of treatments. The study in-
terventions’ effect on the level of AST during ten months of treatment was measured as the total mean change of AST from baseline value and the
intervention effect size (partial eta squared, np2). Manuka only group and nigella sativa + manuka honey, respectively, significantly reduced the
level of AST (mean of 45 U/L, mean of 41 U/L) compared to the standard treatment (mean of 48 U/L). * Significantly different from the con-
trol group.

Manuka honey plus hydroxyurea. Result findings showed that manuka honey plus hydroxyurea group reduced the transferrin satu-
ration level significantly (p < 0.041).

The results of Two-way ANOVA test and the Post-Hoc LSD test is presented in Table 2. The error bar chart plotting can be found on
Fig. 5.

Analysis of the TIBC variable showed a significant increase for nigella sativa plus manuka honey group only. Nigella sativa +
manuka honey significantly reduced the TIBC level to 402 pg/dL.
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The interaction effect of treatment duration and treatment drug were significant at p < .032, and F = 1.663. The main effect
investigational medication was significant at p < .038 and F = 1.221. Similarly, the main effect of the therapy duration was significant
atp < .032 and F = 10.527. The post-hoc LSD analysis between the zero month (before treatment) and the tenth month (end of the
treatment) denoted a significant difference at p < 0.036.

The results of Two-way ANOVA test and the Post-Hoc LSD test is presented in Table 2. The error bar chart plotting can be found on
Fig. 6.

Analysis of the ALT variable showed a significant reduction for all groups. Nigella sativa + manuka honey was more significant than
all other investigational interventions of the study (conventional therapy, manuka honey plus hydroxyurea (p < 0.022). Nigella sativa
+ manuka honey significantly reduced the ALT level to 32 U/L.

The interaction effect of treatment duration and treatment drug were significant at p < .028, and F = 1.462. The main effect
investigational medication was significantatp < .045 and F = 1.610. Similarly, the main effect of the therapy duration was significant
atp < .034 and F = 10.567. The post-hoc LSD analysis between the zero month (before treatment) and the tenth month (end of the
treatment) denoted a significant difference atp < 0.048.

Moreover, post-hoc analysis showed the following homogenous subsets in ascending order: 1. Nigella Sativa plus manuka honey, 2.
Manuka honey plus hydroxyurea., 3. Control group. Result findings showed that Manuka honey plus hydroxyurea group reduced the
ALT level significantly (p < 0.038), Control group reduced the ALT level significantly (p < 0.033).

The results of Two-way ANOVA test and the Post-Hoc LSD test is presented in Table 2. The error bar chart plotting can be found on
Fig. 7.

Analysis of the AST variable showed a significant reduction for all groups. Nigella sativa + manuka honey was more significant than
all other investigational interventions of the study (Conventional therapy, manuka honey plus hydroxyurea (p < 0.028). Nigella sativa
+ manuka honey significantly reduced the AST level to 41 U/L.

The interaction effect of treatment duration and treatment drug were significant at p < .041, and F = 1.363. The main effect
investigational medication was significantatp < .048 and F = 1.210. Similarly, the main effect of the therapy duration was significant
atp < .036 and F = 12.117. The post-hoc LSD analysis between the zero month (before treatment) and the tenth month (end of the
treatment) denoted a significant difference atp < 0.042.

Moreover, post-hoc analysis showed the following homogenous subsets in ascending order: 1. Nigella Sativa plus manuka honey, 2.
Manuka honey plus hydroxyurea, 3. Control group. Result findings showed that manuka honey plus hydroxyurea group reduced the
AST level significantly (p < 0.046), control group reduced the ferritin level significantly (p < 0.049).

The results of Two-way ANOVA test and the Post-Hoc LSD test is presented in Table 2. The error bar chart plotting can be found on
Fig. 8.

4. Discussion

Previous studies have concluded that ferritin level and serum iron were used as a biomarker for iron overload, precisely in
B-thalassemia. Similarly, previous clinical studies have noticed that transferrin saturation and total iron binding capacity were
correlated with iron overload [32-34]. the study’s research finding concluded that hyperferritinemia and altered levels of TIBC, serum
iron, and transferrin saturation was noticed in p-thalassemic patients.

Serum ferritin, total iron binding capacity, and transferrin saturation (TfS) are essential biomarkers in determining iron status and
overload in thalassemic patients [32-34]. In addition, iron overload leads to hepatic cell damage, which in turn leads to elevated liver
enzymes, including alanine transaminase (ALT) and aspartate transaminase (AST) [35]. Accordingly, measuring those biomarkers in
response to iron chelation therapies is essential in determining the chelation capacity of those therapies in forming iron complexes and
removing excessive iron. In addition, those biomarkers denote the iron overload status of thalassemic patients.

Earlier studies have reported that synthetic iron chelators and blood transfusion have been used as conventional therapy for iron
overload [9,10]. However, serious adverse events, including iron overload and organ damage, have been reported in those therapies in
B-thalassemia patients [36-40]. In contrast, natural iron chelator has been proposed as an alternative to synthetic iron chelator or
combined with them for a better outcome and lesser adverse events [13-16,26].

Previous studies indicated that the TQ of nigella sativa showed a concentration-dependent iron chelation activity in iron overload
[17]. In addition, previous electrochemical studies on the complexation of TQ with iron have showed that TQ has significantly form a
stable complex with iron (Fe®*) [20,41]. The study findings denoted a highly negative correlation between ferritin levels and TQ doses.
As such, ferritin level was significantly reduced with increasing dose of TQ in p-thalassemia major patients.

Most iron chelators, including Deferoxamine, Deferiprone, and Deferasirox, have denoted the chelation activity by removing liable
plasma iron (LPI) and cell iron [42]. Nevertheless, transferrin saturation could be used as an indicator of iron overload [32]. However,
previous studies indicated inconclusive evidence on the effect of Deferoxamine, Deferiprone, and Deferasirox on the transferrin
saturation percent in p-thalassemia patients.

Conversely, recent investigations have indicated the binding mechanism of TQ to human transferrin to form a stable complex
targeting Alzheimer’s disease [43]. The study findings indicated that transferrin saturation level was significantly reduced with nigella
sativa intervention (TQ capsules) after ten months of treatment.

Previous studies indicated the beneficial therapeutic effect of combining ferric iron chelator (Fe3-+), Deferasirox, with ferrous iron
chelator (Fe2+), 2,2~ bipyridyl (DP) in iron-overloaded human liver [11]. In line with that, TQ showed in-vitro ferrous (Fe2+)
concentration-dependent chelation activity [17]. Conversely, TQ intervention showed no direct in-vivo iron chelation activity on
ferrous iron (Fe2+) [19]. Instead, TQ showed an antioxidant effect against iron overload-induced oxidative stress [44].
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Previous study has investigated the chelation activity of manuka honey on ferric iron (Fe>") which contribute to the antimicrobial
activity of the manuka honey. The MGO content of Manuka honey promotes the antimicrobial activity by limiting the bacterial to
acquire iron which is essential for bacterial metabolism. Accordingly, Manuka honey chelate iron and promotes iron-limiting media for
bacterial infection [23]. In addition, manuka honey has showed a protective effect on human liver and the immune system [21]. The
antioxidant effect of manuka honey promotes the iron homeostasis. The flavonoids content of manuka honey chelates iron significantly
in iron overloaded patient [45-47].

The research study’s findings concluded that nigella sativa and manuka honey could be significantly used as natural iron chelators
for iron overload. After ten months of TQ treatment, nigella sativa (3 % TQ) significantly reduced ferritin levels, serum iron, and TfS in
B-thalassemia major patients. Similarly, manuka Honey (UMF-13, MGO-400) implied a significant effect on iron overload in those
patients. Although, nigella sativa was more significant than manuka honey in iron chelation activity.

The use of synthetic iron chelators and blood transfusion have implied adverse events-induced-therapeutic challenges in p-thal-
assemia patients [36,40]. In addition, no additional therapeutic benefits were denoted by using those agents. In contrast, nigella sativa
and manuka honey denoted several therapeutic benefits over iron overload in -thalassemia patients [18,21-23,44,48]. Earlier studies
have reported liver dysfunction, and altered liver enzymes were associated with p-thalassemia patients.

The research study’s findings concluded that nigella Sativa and manuka honey significantly reduced the altered liver enzymes
(ALT, AST) in the study’s patients. The combination of nigella sativa and manuka honey was more significant than the manuka honey
alone and control groups.

The current study showed some limitations, including the sample size of medium size, and further future investigation should be
performed with a larger sample size. Moreover, the duration of the current study should be performed over longer treatment duration
to measure the safety and tolerability of nigella sativa and manuka supplementation. The present study involved the measurement of
thymoquinone, the active principle of nigella sativa, and methylglyoxal, the active principle of manuka honey with the exclusion of
other active ingredients that may exert clinical benefits on p-thalassemic patients. Thus, it could be considered a limitation in the
present study.

5. Conclusions

Key findings from the present study were that nigella sativa and manuka honey combination was generally more effective in
managing iron overload than the conventional therapy alone or manuka honey alone. The concentration-dependent ferric iron che-
lation of TQ was confirmed in the present study. In addition, therapeutic benefits and organ function protection (iron-overloaded liver)
were confirmed with TQ intervention.

The antioxidant and chelation effects of manuka honey supplementation were confirmed. Although, the better outcome was
confirmed when combined with nigella sativa supplements.
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