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Abstract

Background: Iron overload is a significant health concern that has been linked to various pathological conditions,
including cancer and thalassemia. The relationship between iron overload and cancer has been extensively
studied, particularly in the context of hepatocellular carcinoma (HCC) and other malignancies. Spirulina platensis
is a blue-green algae that contains bioactive compounds such as carbohydrates, proteins, lipids, vitamins,
omega-3, and omega-6. These compounds make spirulina a source of antioxidants. The compound, which acts
as an antioxidant, is said to decrease or stop oxidative stress resulting from free radicals, which can lead to
cancer and thalassemia. Spirulina has properties as an antioxidant, anticancer, anti-apoptotic, anti-inflammatory,
immunomodulatory, and antiviral agent. In the present study, an attempt is made to evaluate the effect of spirulina
extract as an antioxidant and anti-inflammatory agent on iron status in thalassemia patients and its possible
application in cancer treatment. Materials and Methods: Fifty male patients with thalassemia, aged 516 years,
were enrolled in this research study. The serum of these patients was treated with spirulina. Afterward, the serum
levels of iron, ferritin, transferrin, TIBC, and UIBC before and after treatment were evaluated. Results: The results
indicated a decrease in iron, ferritin, and transferrin saturation levels, while total iron binding capacity, unsaturated
iron binding capacity, and transferrin levels were increased. Conclusion: In conclusion, the correlation between
iron overload, cancer, and thalassemia presents a complex interplay of genetic, biochemical, and environmental

factors. Reducing the total body iron stored is a crucial treatment goal for thalassemia and cancer.
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Introduction

Iron overload is a significant health concern linked
to various pathological conditions, including cancer and
thalassemia. [ron excess can be toxic to cells by generating
reactive oxygen species (ROS), leading to oxidative
stress, which is a central mechanism in many diseases,
including cancer and thalassemia. The relationship
between iron overload and cancer has been extensively
studied, particularly in the context of hepatocellular
carcinoma (HCC) and other malignancies. Excessive
iron can catalyze the Fenton reaction, leading to the
formation of highly reactive hydroxyl radicals (¢*OH) that
cause cellular damage, DNA mutations, and ultimately,
carcinogenesis [ 1]. The role of iron overload in cancer has
gained renewed attention with studies suggesting that iron
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overload exacerbates the risk of liver cancer (HCC) and
other malignancies through oxidative stress pathways [2].

Recent studies have highlighted the contribution
of oxidative stress in thalassemia, a group of inherited
hemoglobin disorders that necessitate regular blood
transfusions for survival. The iron overload resulting
from transfusions is a key contributor to the pathology of
thalassemia, leading to increased ROS production and
cellular damage. Thalassemia patients are particularly
vulnerable to oxidative damage due to the combined
effect of excess iron and the breakdown of unstable
hemoglobin, which releases free radicals during its
accelerated degradation [3]. This overproduction of ROS
in thalassemia contributes to the development of organ
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damage, particularly in the liver, heart, and endocrine
glands, which are prone to iron deposition. Additionally,
studies suggest that oxidative stress exacerbates the risk
of HCC in thalassemia patients, where iron accumulation
combined with chronic liver disease and potential viral
infections amplifies the risk [4, 5].

The molecular mechanisms linking iron overload to
oxidative stress in cancer and thalassemia are complex.
Iron participates in the formation of ROS through the
Fenton and Haber-Weiss reactions, which catalyze
the production of hydroxyl radicals, highly reactive
molecules capable of damaging cellular components such
as lipids, proteins, and DNA [6]. Recent studies have
identified the involvement of key antioxidant defense
mechanisms that are overwhelmed by the excess iron,
leading to oxidative damage. The body’s natural defense
systems, including enzymes like superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase (GPx),
are often insufficient in combating the oxidative burden
imposed by iron overload [7, 8].

Thalassemia is a group of inherited hemoglobin
disorders that occur due to impaired synthesis of the
alpha (o) or beta () globin protein component of
hemoglobin, leading to imbalanced globin synthesis.
When the body is unable to produce either of these two
proteins, erythrocytes do not synthesize correctly and are
unable to effectively carry oxygen. As a result, anemia
can develop, leading to ongoing health issues that persist
throughout life [9]. Iron overload distinguishes itself by
causing serious complications for patients. Iron builds up
in the body through different ways, such as ongoing blood
transfusions, greater absorption in the gastrointestinal
tract, persistent breakdown of red blood cells, and
inadequate production of red blood cells. Iron overload is
a significant health concern that has been linked to various
pathological conditions, including cancer and thalassemia.
Thalassemia, a group of inherited blood disorders
characterized by reduced hemoglobin production, often
necessitates regular blood transfusions for management.
While these transfusions are critical for patient survival,
they also lead to excessive iron accumulation in the body,
a condition known as secondary hemochromatosis [10].
The excess iron can deposit in vital organs, including
the liver, heart, and endocrine glands, leading to organ
dysfunction and increased morbidity [11].

The relationship between iron overload and cancer has
been extensively studied, particularly in the context of
hepatocellular carcinoma (HCC) and other malignancies.
Iron is a pro-oxidant that can catalyze the formation of
reactive oxygen species (ROS), leading to oxidative
stress, DNA damage, and ultimately, carcinogenesis
[12]. In patients with thalassemia, the risk of developing
liver cancer is significantly heightened due to the dual
burden of iron overload and chronic liver disease, often
exacerbated by viral hepatitis infections [13]. Furthermore,
studies have shown that patients with thalassemia major
exhibit a higher incidence of HCC compared to the general
population, underscoring the need for vigilant monitoring
and management of iron levels in these patients [14].

Thalassemia is a condition that can lead to increased
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oxidative stress due to the abnormal production of
hemoglobin in red blood cells. While oxidative stress
is not the primary cause of thalassemia, it plays a role
in several of its pathologies. The primary causes of
oxidative stress in thalassemia are the breakdown of
unstable hemoglobin, which occurs at a faster rate than
usual, and the excess accumulation of iron. Both of these
factors prompt the generation of an overabundance of
free radicals [8, 15]. To prevent the harmful effects of
oxidative stress, thalassemia patients may be advised
to take antioxidant supplements or consume a diet
rich in antioxidants, such as fruits and vegetables
[16, 17]. The prevalence is highest among individuals of
Mediterranean, Middle Eastern, Indian, South-East Asian,
and African descent [ 18]. Thalassemia is the most common
genetic hemoglobin disorder worldwide, as recognized by
the World Health Organization (WHO). The prevalence
rate for beta-thalassemia trait is estimated to be between
2% and 6%, with approximately 240 million people being
carriers of these genetic disorders [19]. The treatment for
thalassemia relies on regular blood transfusions every
3—4 weeks [20]. Additionally, iron chelation therapy
includes several types such as Deferoxamine (DFO) and
Deferasirox (DFX) [21]. Bone marrow transplantation
remains the only radical treatment option for thalassemia
patients [22]. Finally, splenectomy is considered one of
the treatment methods for blood transfusion-dependent
thalassemia [23, 24].

Spirulina platensis algae is a blue-green algae and
serves as a source of essential biologically beneficial
components. Oxidative stress in thalassemia primarily
stems from the rapid breakdown of unstable hemoglobin
and an accumulation of iron, which both lead to an
overproduction of harmful free radicals [25]. It can
cultivate in both saline and fresh water and contains
a variety of nutrients, including carbohydrates, proteins,
lipids, vitamins, omega-3, omega-6, and minerals, as well
as natural pigments such as beta carotene, chlorophyll,
xanthophyll, and phycocyanins. Therefore, it can be
utilized as an antioxidant [26]. It regulates the immune
system and has anti-inflammatory properties by stopping
oxidative stress from free radicals. This stress can lead to
cellular damage, faster aging, and diseases such as cancer
and thalassemia [27]. In recent studies, the significant
functions of nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase in generating reactive oxygen species
(ROS) have been revealed [28, 29]. NADPH is present in
the nervous system, and when it is assembled and activated,
it produces free radicals. These free radicals can lead to
oxidative stress, causing damage to cells [28]. Spirulina
has the ability to hinder oxidative stress by preventing
NADPH oxidase and promoting mitochondrial health
through encouraging an antioxidant reaction. It protects
against apoptotic cell death induced by free radicals by
inhibiting oxidative stress [30]. A research conducted by
Gargouri, Manel, and colleagues investigated the impact
of adding spirulina to the diet in protecting the kidneys
from injury caused by lead acetate. This injury results in
heightened oxidative stress, leading to elevated levels of
creatinine and urea in the bloodstream [31]. In addition,
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Ferreira, Paula Benvindo, and colleagues demonstrated
that rigorous strength training leads to elevated oxygen
consumption, resulting in an overproduction of ROS.
This surplus of reactive oxygen species heightens
oxidative stress reactions, ultimately leading to uterine
contractions and modifying the uterine reactivity during
both contraction and relaxation phases [32].

Spirulina has antioxidant activity because it contains
a number of antioxidant compounds, including beta-
carotene, vitamin C, water-soluble phycocyanin pigments,
carotenoids, and phenolic compounds that have antioxidant
activity come from the ability to electron donating activity
[33], In addition to antioxidant enzymes like superoxide
dismutase, catalase, and peroxidase, blue-green algae
contain a unique pigment called phycocyanin, which has
been found to possess powerful antioxidants. Phycocyanin
has demonstrated the ability to lower blood cholesterol
levels, boost the immune system, and offer protection
against the harmful effects of radiation. Moreover, it
exhibits anti-inflammatory, anti-cancer, and anti-aging
properties. Carotenoids, another component of blue-green
algae, have multiple double bonds that can counteract
free radicals and regulate inflammatory processes. They
also act as free radical scavengers by neutralizing free
radicals, and their antioxidant properties help to inhibit
reactive oxygen species (ROS) [34].

The latest research carried out by Kumar, Agam, et
al. revealed that Spirulina plays an important role as
an antioxidant by utilizing the GPx enzyme to combat
oxidative stress. The GPx enzyme relies on NADPH
to safeguard cell membranes from lipid peroxidation.
Additionally, elevated H202 levels were observed to
cause a notable rise in the antioxidant enzyme activities
within Spirulina, such as CAT, peroxidase (PX), and
SOD [35]. Phenolic compounds act as antioxidants by
binding to metal ions like Cu and Fe, which accelerate
the production of free radicals and bolster the body’s
natural antioxidant defenses. Consequently, Spirulina is
recognized as an excellent source of antioxidants due to
its abundant supply of phenolic molecules [36, 37].

Materials and Methods

2.1. Experimental Design

A case-study design is achieved for a total of 40 male
patients. The samples were collected from the Center for
Genetic Blood Diseases (Thalassemia) in AL- Diwaniyah
City, Iraq, through the period from January 2023 to July
2023. A questionnaire was designed to obtain information
on the detailed history of the present thalassemia, family
history, weight, height, history of thalassemia, age, sex,
and other anthropometric parameters that were calculated
on all patients. The age range in this study was 5-16
years, which was dependent on blood transfusion as part
of their treatment. The patients who undergo thalassemia
were recorded in their files, and the clinical symptoms,
hematological, and hemoglobin electrophoresis analysis
recognized the diagnosis. Patients who were suffering
from any acute illness or chronic disease such as diabetes
mellitus, cardiovascular disease and malignancy, or viral
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hepatitis HIV and COVID-19 were not enrolled in the
study. These patients were divided into two groups: group
1 (without spirulina addition) and group 2 (with spirulina
addition).

2.2. Determination of IC,, Value

The IC,, or half maximal inhibitory concentration, is a
quantitative measure of a substance’s potency in inhibiting
a specific biological or biochemical function. It indicates
the amount of the inhibitory substance needed to inhibit
a biological process or component by 50% in vitro. This
substance could target an enzyme, cell, cell receptor, or
microorganism, and IC, values are usually expressed in

molar concentration [38].

2.3. Determination of Optimum Time

The appropriate time was determined, and it was found
that the level of iron decreased at 10 minutes when 200 pl
of spirulina extract with a concentration of 0.023 mg/ml
was added to the two groups.

2.4. Determination of Biochemical Parameters

2.4.1. Iron Direct Method (Ferene)

The iron direct method’s determination was identified
using the iron kit produced by BIOLABO SAS, France.
Following the release of iron-transferrin from an acid
medium, Fe+3 was reduced to Fe+2 by ascorbic acid. Fe+2
subsequently reacted with 3-(2-Pyridyl) -5, -6-difuryl-1,
-2,4-triazine-disulfonate (Ferene) to create a colored
complex.

2.4.2. Ferritin Method

The human ferritin method was determined using
the Ferritin kit manufactured by Bioassay, China. It was
quantified using the sandwich ELISA technique. Standards
and samples were added to 96-well micro ELISA plates
that had been pre-coated with human ferritin antibody.

2.4.3. Total Iron Binding Capacity Level (TIBC) Method
The TIBC kit manufactured by Bioassay, China,
detected the determination level of the TIBC method.
The total iron binding capacity measures the serum
transferrin’s capability to bind iron, and it’s linked to
conditions like iron deficiency anemia and acute hepatitis.
When Fe reacts with ferrozine, it creates a bright pink
compound with an absorption peak at 562nm.

2.4.4. Unsaturated Iron Binding Capacity Level (UIBC)
Method

Serum level of UIBC has been calculated by the
application of the following equation [39].

UIBC =TIBC — Iron
2.4.5. Calculation of Transferrin Saturation (TS%)

Method
Serum level of TS% has been calculated by the
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following equation [40].
TS% = (Serum Iron / TIBC) x 100%

2.4.6. Calculation of Transferrin (TF) Method
Transferrin (TF) has been calculated by the using of
the following equation [41].

TF = (Fe / TS) x70.9

2.5. Statistical Analysis

The data was analyzed using one-way analysis of
variance (ANOVA) to compare different groups, and
the Duncan multiple ranges test was used to identify
significant differences between the groups. The statistical
software SPSS was utilized for the analysis, and the
statistical significance level was set at P< 0.05.

Results and Discussion

* Determination of IC,, Value

IC, values were calculated to determine the potency
of the inhibitory effects of spirulina platensis algae. IC_
values were calculated from the graphs derived from the
DPPH inhibition corresponding to the concentration of
extraction. The information is shown as average values
plus or minus the standard deviation (SD). The lowest
level of significance was determined in a linear equation:

Y=aX+b[42]
IC,, value is 23. 027, shown in Figure 1.

* Determination of optimum time

The best timing was identified according to the
information provided in Table 1, and it was determined
that adding spirulina extract to group 2 after 10 minutes
yielded the best results. This could be attributed to the
creation of a compound between iron and antioxidants
that helps maintain a consistent ionic strength during the
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Figure 2. The Suggested Mechanism for the Reaction
between Iron and Antioxidant [44]

experimental tests. The stability of constant ionic strength
values is influenced by the acid-base characteristics of the
metal ion and ligand. Therefore, the effective stability of
the compound is suggested for the reaction between iron
and antioxidants [43], as shown in Figure 2.

The data presented in Table 2 and Figure 3 indicates
a considerable decrease in the mean level of iron in
thalassemia patients after receiving treatment with

Table 1. The Optimum Time of Treatment with Spirulina Extraction

Parameter Ferritin (ng/mL) £SD Iron (umol/L) £SD
Serum blood without Spirulina 198.4+88.6 2498.7+394.8
Serum blood with Spirulina at 10 min. 147.1+76.2 1334.3+£728.8
Serum blood with Spirulina at 30 min. 170480 2178.1£1003.1

Table 2. The Role of Ethanol Extract of Spirulina on Oxidative Stress Induced for Iron Status in Serum of Thalassemia

Patients
Parameter Group 1 (n=50) Group 2 (n=50)
Mean = S.D Mean + S.D
Iron (mmol/L) 340.913+£198.276* 138.608+93.236°
Ferritin (ng/ml) 63.5+£25° 49.17+24.96*

Transferrin (mmol/L)
TIBC (mmol/L)
UIBC (mmol/L)
TS%

45.208+12.627¢
40.121£14.900*
32.984+12.143¢
60.756+11.913¢

48.558+12.659°
49.716+13.466°
48.189+14.289°
47.962+13.560°

Different letters indicate a significant difference (P<0.05) and similar letters indicate no significant difference
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Figure 4. The Effect of Spirulina on the Level of Ferritin
in People with Thalassemia. The value represents the
mean + SD

spirulina extract. Prior to treatment, the mean iron level
was recorded at 340.913 mmol/L, whereas it significantly
dropped to 138.608 mmol/L post-treatment. This difference
was highly significant (P<0.05). Thalassemia patients are
particularly susceptible to oxidative stress caused by iron
overload, which underscores the importance of assessing
their antioxidant defense to mitigate the disease’s
complications [45].

Fe? + H,0. —»Fe™ + " OH + OH [34]

The findings of the current research aligned with those
of investigations carried out by Tracz and his colleagues
[46], Pigaetal. [47], Kuppusamy et al. [48], which patients
were found to have higher levels of iron in their bodies, a
condition common in thalassemia resulting from regular
blood transfusions. Thalassemia patients need frequent
blood transfusions, which can lead to complications.
Without proper chelation therapy, iron overload can
develop [49].

As shown in Table 2 and Figure 4 there was no
significant average ferritin level in thalassemia patients
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before they received treatment with spirulina extract,
with the level being 63.5 ng/ml. However, the mean
ferritin level significantly decreased to 49.17 ng/ml after
treatment. There was no significant difference between
the two groups (P< 0.05).

Excessive iron accumulation in thalassemia patients
may lead to the saturation of transferrin and the production
of free iron in the blood and tissues. These reactive free
iron hydroxyl radicals can cause oxidative stress by
attacking lipids and forming damaging chemicals like
hydroxyl radicals [50]. Many studies have evaluated serum
ferritin as causing many complications, such as hepatic
stiffness leading to liver fibrosis [51, 52] and [53]. In this
study, Spasiano, Anna, et al. measured the serum ferritin
levels that were high in thalassemia patients who depended
on regular blood transfusions in Italy [54]. In another study
conducted in Egypt by Elshanshory, Mohamed Ramadan et
al. found a decrease in serum ferritin levels after spirulina
therapy [55]. Other studies on Italian thalassemia patients
explain that high levels of serum ferritin were linked to a
higher risk of endocrine disorders, including thyroid and
parathyroid dysfunction, liver disease, diabetes mellitus,
hypothyroidism, hypogonadism hypoparathyroidism.
renal and gallbladder lithiasis [56].

Transferrin It is a protein produced by the liver, and
it is the main protein in the blood that binds to iron and
transports it throughout the body, so it is considered
a specific marker of iron overload. Depending on the
structure of transferrin, one mole of transferrin can bind
with two moles of iron at two affinity binding sites for
ferric iron. It may be measured indirectly by its level,
which is expressed as the amount of iron it is capable of
binding. This is called the total iron binding capacity
TIBC. Only about one-third of the iron binding sites of
transferrin are occupied by Fe+3. Therefore, the serum has
considerable reserve iron binding capacity. This is called
the serum Unsaturated Iron Binding Capacity UIBC [57].
Table 2 and Figure 5 indicate that there was no significant
difference in the average transferrin levels in thalassemia
patients before treatment with spirulina extract, which
measured 45.208 mmol\L. However, after treatment,
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Figure 5. The Effect of Spirulina on the Level of
Transferrin in People with Thalassemia. The value
represents the mean + SD
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Figure 7. The Effect of Spirulina on the Level of TIBC in
People with Thalassemia. The value represents the mean
+ SD.

the mean level significantly rose to 48.558 mmol\L. The
difference between the two groups was not statistically
significant (P <0.05) (Figure 5). The decreasing transferrin
and increasing transferrin saturation in thalassemia for
many studies resemble with the present study [58, 59]
and [60]. TS is measured as a percentage; it is the value
of serum iron divided by the total iron binding capacity of
the available transferrin, the main protein that binds iron in
the blood; this value means how much serum iron is bound
to transferrin [61]. Table 2 and Figure 6 showed that the
significant mean for transferrin saturation in thalassemia
patients before treatment with spirulina extract was 60.75.
In contrast, the mean level significantly decreased in
patients after treatment at 47.962. There was a significant
difference between the two groups (P<0.005) [60].
According to the results in Table 2 and Figures 7 and
8, respectively serum TIBC and UIBC (umol/L) were
found to have lower levels in thalassemia patients (40.121
and 32.984) and had a significant difference compared
with patients after the therapy group, that were increased
(49.716 and 48.189) respectively. TIBC is an essential
test used for the diagnosis of iron deficiency anemia
and other disorders of iron metabolism. Prior studies
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obtained results that explain that serum TIBC and UBIC
(umol/L) are lower in thalassemia patients as compared
with healthy people [62, 63] and [64]. Also, this study
proved that the reason of decreasing in serum TIBC due
to iron overload [41]. Spirulina’s bioactive compounds,
including phycocyanin, carotenoids, and antioxidant
enzymes, play a critical role in combating oxidative
stress, lipid peroxidation, and cellular damage. These
properties are particularly relevant in disease states like
thalassemia and cancer, where oxidative stress is a key
driver of pathogenesis. Spirulina’s ability to modulate
oxidative stress pathways, reduce iron-induced oxidative
damage, and enhance the body’s antioxidant defenses
supports its potential therapeutic use in these conditions.
While more clinical studies are needed, the current body of
research suggests that Spirulina could serve as a promising
adjunct to conventional therapies for managing oxidative
stress-related diseases, including cancer and thalassemia.

The results of the study indicated notable variances
in the measured biochemical parameters (iron, ferritin,
transferrin, TIBC, UBIC, TS%) between patients who
received spirulina extract treatment and those who did
not. The patient group exhibited elevated iron, ferritin,
and TS% levels, along with decreased levels of transferrin,
TIBC, and UBIC. These findings underscore the necessity
for further investigation into the correlation between
thalassemia pathogenesis and antioxidant levels, as well
as oxidative stress.

In conclusion, the correlation between iron overload,
cancer, and thalassemia presents a complex interplay of
genetic, biochemical, and environmental factors. Patients
with thalassemia are particularly vulnerable to the adverse
effects of iron accumulation due to their treatment
regimens, which often involve repeated blood transfusions.
The resultant iron overload not only contributes to organ
damage but also significantly increases the risk of
developing malignancies, particularly hepatocellular
carcinoma. Ongoing research is essential to elucidate the
precise mechanisms by which iron overload promotes
carcinogenesis and to develop effective strategies for
monitoring and managing iron levels in thalassemia
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Figure 8. The Effect of Spirulina on the Level of UBIC in
People with Thalassemia. The value represents the mean
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patients. Implementing regular screening for liver
cancer and optimizing chelation therapy can mitigate
the risks associated with iron overload. Ultimately,
a multidisciplinary approach that includes hematologists,
oncologists, and nutritionists will be crucial in improving
the quality of life and survival rates for individuals affected
by thalassemia and its complications.
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