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Abstract 
Antioxidants have played a pivotal role in the treatment of various diseases like cancer, diabetes, 

cardiovascular diseases. The major goal of this review is to hypothesize the treatment strategy by the use of 
antioxidants for correcting the molecular defects found in β-thalassemia major. In that vein, we are trying to 
determine the mechanism of action and the role of two most potent antioxidants viz. Lycopene and Betalain 
in correcting the molecular defects of β-thalassemia major. The strategy discussed here can be utilized for the 
purpose of treatment of molecular anomalies in β-thalassemia major, which is on the line of enhancing the 
γ-globin gene expression by augmenting the cAMP level in the erythroid cells.
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Introduction
Thalassemia is an inbred hemolytic disorder caused by a partial or 

complete deficiency of α or β chain synthesis. The protein hemoglobin 
is mainly composed of Heme and Globin. Among them heme is a 
prosthetic group which functions in promoting the reversible binding 
of oxygen with hemoglobin and globin is the protein which functions in 
surrounding and protecting the heme part of hemoglobin. Globin the 
protein part is mainly comprised of two chains viz. α-chain and β-chain, 
upon the exception of the very first week of embryogenesis, one of the 
globin chains is always α and the other non-α chain is designated as 
γ-chain [1].

The genetic control of globin chain synthesis is primarily 
accomplished by two developmentally synchronized gene clusters; 
these are located on the chromosome band 16p13.3 and 11p15.5 (for 
alpha and non-alpha gene cluster, respectively) [2]. In humans there are 
eight distinct genetic loci that code for the six types of globin chains. In 
addition there are minimum of four pseudo genes that have sequences 
similar to other globin genes but are not expressed into globin proteins. 
In the β-globin gene cluster, the sequences around the gene appear 
to carry some developmental specificity and the genes on the human 
β-globin cluster are arranged in their temporal expression during 
development [3].

The genes in each globin cluster are aligned in 5’ 3’ direction on the 
coding strands in the order of their temporal developmental expression 
during embryonic, fetal and postnatal life [4]. There are five functional 
genes: 5’–ɛ–Gγ–Aγ–Ψβ–δ–β-3’. Balanced gene expression is obligatory 
for normal red cell function. Interference of the equilibrium produces a 
disorder called thalassemia [5].

The gene imbalance can up to some extent be regulated by various 
secondary messengers based pathways like cAMP dependent pathway, 
MAPK dependent pathway, p38 kinase dependent pathway, these 
pathways are regulated by the level of various cytokines and antioxidants 
like Epo., SCF, TGF-β and Forskolin, Lycopene, Betalain etc [6].

Here in this article our prime focus will be on the cAMP dependent 
pathway and the role of antioxidants in its augmentation which further 
leads to the increased expression of γ-globin gene.

cAMP dependent pathway

Cyclic adenosine monophosphate (cAMP or 3’-5’-cyclic adenosine 

monophosphate) is a  secondary messenger  important in many 
biological processes for example, cAMP is implicated in memory 
consolidation, immune function, regulation of insulin secretion, and 
cardiac frequency [7]. Future research is nowadays concentrated on the 
role of cAMP in β-thalassemia patients (Figure 1).

cAMP is derived from  adenosine triphosphate  (ATP) and used 
for intracellular  signal transduction  in many different organisms, 
conveying the  cAMP-dependent pathway. cAMP is synthesized from 
ATP by the action of the key enzyme adenylyl cyclase  located on the 
inner side of the plasma membrane. Activation of adenylyl cyclase 
take place by a range of signaling molecules through the activation 
of adenylyl cyclase stimulatory G (Gs)-protein-coupled receptors and 
inhibited by agonists of adenylyl cyclase inhibitory G (Gi)-protein-
coupled receptors. cAMP decomposition into  AMP  is catalyzed by 
the enzyme  phosphodiesterase [8]. cAMP, either via a PKA(Protein 
Kinase A) dependent or PKA independent manner, affects numerous 
cellular functions and can exert different biological effects such as cell 
differentiation, proliferation and apoptosis.

Therefore, a major question for scientists working in the field of the 
cAMP signaling has been to understand how specificity is maintained 
in this second messenger system. As for example elevation of cAMP 
inhibits the proliferation and expression of transformed phenotype in 
a wide variety of cancer models, including breast cancer, through the 
induction of apoptosis and/or cell cycle arrest [9]. Moreover cAMP 
as a secondary messenger also plays a key role in regulating the blood 
glucose level through glycogen metabolism which has positive effects 
in diabetes [8]. 

In patients with β-thalassemia intermedia, cAMP levels were found 
to be elevated in both red blood cells and nucleated erythroblasts, 
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cAMP-dependent pathway efficiently induced γ-globin expression 
in adult erythroblasts, and this pathway plays a role in γ-globin 
gene expression in β-thalassemia. Many antioxidants like Forskolin, 
Lycopene, betalain etc. may play a key role in inducing the γ- globin 
gene expression through cAMP dependent pathway [6].

Antioxidants

Transfer of electron from electron rich to electron scarce entity is 
termed as oxidation reaction [10]. Antioxidant is a compound capable 
of preventing or slowing the oxidation of other molecules. Usually, an 
antioxidant protects against metal toxicity by trapping free radicals thus 
terminating the chain reaction, by chelating metal ion and preventing 
the reaction with reactive oxygen species(ROS) or by chelating metal 
and maintaining it in a redox state leading to its incompetency to 
reduce molecular oxygen [11] (Figure 2).

The molecules with unpaired electrons in their outer shell are 
termed as free radicals; they participate in origin of life and biological 
evolution, leaving beneficial effects on the organisms [12]. Reactive 
oxygen species  (ROS) are chemically reactive molecules containing 
oxygen for example oxygen ions and peroxides. ROS form as a natural 
byproduct of the normal metabolism of  oxygen  and have important 
roles in cell signaling and homeostasis [13].

Reactive oxygen species (ROS) and Reactive Nitrogen Species 
(RNS) are also the by-products of mitochondria-catalyzed electron 
transport reactions and other mechanisms [11]. 

ROS at higher concentration are important mediators of damage to 
cell structures, including lipids and membranes, proteins and nucleic 
acids (termed oxidative stress). The harmful effects of ROS are balanced 
by the antioxidant action of non-enzymatic antioxidants in addition to 
antioxidant enzymes [14].

Nomenclature and classification of antioxidants

Antioxidants are broadly classified in two categories viz. antioxidant 
enzymes and non enzymatic antioxidants. Non-enzymatic antioxidants 
as well as antioxidant enzymes are known to neutralize the effect of ROS 
and RNS. These antioxidants are known to disseminate free radicals 
leading to limited risk of oxidative stress. At cellular and molecular 
level they inactivate ROS and under specific low concentration inhibit 
or delay oxidative processes by interrupting the radical chain reaction. 
Antioxidants also chelate the metal ions responsible for the generation 
of ROS as they have the potentials to work in both aqueous and/or 
membrane domains [15].

Overproduction of free radicals and reactive oxygen species can 
cause oxidative damage to biomolecules, (lipids, proteins, DNA), 
eventually leading to many chronic diseases such as atherosclerosis, 
cancer, diabetics, rheumatoid arthritis, post-ischemic perfusion injury, 
myocardial infarction, cardiovascular diseases, chronic inflammation, 
stroke and septic shock, aging and other degenerative diseases in 
humans [16].

Treatment with antioxidants

This study is mainly focused on the two non enzymatic antioxidants 
viz. Lycopene and Betalain (Figure 3 and  4). Among them lycopene is 
a red pigment that occurs naturally in certain fruits, vegetables, algae, 
and fungi. It belongs to a large group of pigments known as carotenoids. 
Tomatoes and tomato-based products can act as natural supporters of 
lycopene in the human diet. Watermelon, pink grapefruit, pink guava, 
papaya, and apricots are also other significant sources of lycopene. 

Increased ingestion of tomatoes and tomato products containing 
lycopene has been shown to be associated with decreased risk of chronic 
diseases including cancer. For example, serum and tissue lycopene 
levels have been inversely related with prostate cancer risk. Synthetically 
synthesized lycopene is found as a red to dark violet crystalline powder, 
it is insoluble in water and nearly insoluble in methanol and ethanol, 
but is freely soluble in chloroform and tetrahydrofuran, moreover 
it is sparingly soluble in ether, hexane, and vegetable oils. A solution 
in hexane shows an absorption maximum at approximately 470 nm 
[17]. Although there is significant evidence supporting the actions of 
lycopene as a potent antioxidant, there are a number of other potential 
mechanisms through which tomato products providing lycopene 
and other phytochemicals may reduce the risk for chronic diseases, 
including common forms of cancer and heart disease. This review 
will focus on the evidences that lycopene and related carotenoids have 
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Figure 1: cAMP dependent pathway: (A) Binding of ligand to GPCR; (B) 
Activation of GPCR; (C) Activation of Gα stimulatory protein; (D) Activation 
of enzyme adenylase cyclase; (E) conversion of ATP to cAMP by enzyme 
adenylase cyclase; (F) Binding of cAMP to PKA leads to its activation; (G) 
Activated PKA binds to CREB and phosphorylate it; (H) Activated CREB moves 
in to the nucleus and enhances the gene expression.
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unexpected biologic effects in experimental systems, some of which 
may contribute to their observed preventive properties [17]. 

Diabetes

Diabetes a metabolic complication is widely affected by the effect of 
lycopene, it has inverse affect on type-2 diabetes and impaired glucose 
metabolism. The fact was proven by Coyne et al. [18], that plasma 
glucose and fasting insulin concentrations lowered down appreciably 
with raise in serum lycopene. Besides, Polidori et al. [19] showed that 
plasma lycopene were significantly lesser in very old diabetic patients 
as compared to controls, while significant converse correlations were 
found between age and lycopene. In man, dietary lycopene was directly 
related to baseline serum concentrations of non esterified fatty acids 
[20]. Moreover, there is also a concern about dietary lycopene and 
modulation of insulin-like growth factor (IGF). Riso et al. [21] have 
examined the effect of tomato drink involvement providing small 
amounts of lycopene and other carotenoids on serum levels of IGF-1. 
The results indicated that lycopene supplementation before and after 
each experimental period were inversely and significantly correlated 
with those of IGF-1. However, Wang et al. have found low evidence for 
an association between baseline plasma lycopene and the risk of type-2 
diabetes in middle-aged and older women after adjustment for multiple 
risk factors [22].

Cancer

In the past decade cancer has emerged as a major public health 
problem around the world. This health issue has raised the awareness 
of people to go for natural products and their therapeutic or preventive 
value. The beneficial effect of lycopene is associated to decrease cancer 
incidence worldwide especially in prostate. Lycopene (1–4 μM) was 
also reported to reduce the risk of prostate, lung, leukemic and digestive 
tract cancers [23].

Study has reported higher plasma lycopene were inversely associated 
with prostate cancer risk [24]. Lycopene was able to delay high-grade 
prostate intraepithelial neoplasia (HGPIN) from developing into 
prostate cancer and also inversely related to the prostate specific antigen. 
On the other hand, lycopene (1–10 μM) was able to inhibit human liver 
cancerous cells proliferation and preventing them from metastatic 
process. Lycopene has significantly inversed the proliferation of human 
colon carcinoma, chronic lymphocytic leukemia, erythroleukemia and 
Burkitt lymphoma cell lines [22].

The other antioxidant which will be used in this study is Betalain; it 
also has many beneficial effects on various medical abnormalities such 
as LDL oxidation and thalassemia.

Betalain an unusual and powerful class of antioxidant can be found 
in roots, fruits and flowers. They absorb visible radiation over the range 
of 476–600 nm with a maximum at 537 nm at pH 5.0. The suitable for 
eating known sources of betalain are red and yellow beetroot (Beta 
vulgaris L. ssp. vulgaris), coloured Swiss chard, grain or leafy amaranth 
(Amaranthus sp.) and cactus fruits, such as those of Opuntia and 
Hylocereus genera [25].

The foremost commercially utilised betalain crop is red beetroot 
(Beta vulgaris), which is comprised of two major soluble pigments, 
betanin (red) and vulgaxanthine I (yellow). The content of pigments 
varies depending on the cultivar, although some new varieties produce 
higher betalain contents. In addition, betalain were able to act as 
reductants of the redox intermediates of myeloperoxidase, which 
catalyzes the production of HClO. Lee et al. reported the ability of 
betalain to induce quinine reductase, a potent detoxification enzyme 
associated with cancer chemoprevention. Zou et al. reported growth 
inhibition of cervical, ovarian and bladder cancer cells in vitro and mice 
ovarian cancer model in vivo by cactus pear extract, whose antioxidant 
activity was suggested to be partially due to betalain. In vivo tests 
carried out by Tesoriere et al. suggested that cactus pear fruit decreases 
oxidative damage to lipids, and improves antioxidant status in healthy 
humans. Comparative tests with vitamin C supplementation suggested 
that some component other than ascorbic acid has helped to decrease 
lipid oxidation [25].

LDL oxidation

Oxidation of low-density lipoprotein (LDL) is suggested as a key 
factor in human atherosclerosis. Oxidatively modified LDL is a potent 
ligand for scavenger receptors on macrophages and thus contributes to 
generation of macrophage-derived foam cells, the hall-mark of early 
atherosclerotic fatty streak lesions. Oxidative modification hypothesis 
of atherosclerosis is supported by findings, such as the presence of 
epitopes of oxidatively modified LDL in atherosclerotic lesions and 
elevated titers of circulating auto-antibodies against oxidized LDL 
in patients with carotid atherosclerosis. Antioxidant compounds 
provide resistance to this process and have been suggested to lower 
atherogenicity. Considerable epidemiologic, biochemical, and clinical 
evidences support this hypothesis. LDL contains different lipophilic 
antioxidants, the most abundant being α-tocopherol, the major form 
of Vitamin E. vitamin E is considered to be the major non-enzymatic 
antioxidant present in the lipid structures of cells and lipoproteins [26].

Thalassemia

Beta-thalassemia is a genetic hemolytic disorder characterized 
by an increased generation of reactive oxygen species, first caused by 
haemoglobin auto-oxidation and precipitation. This is associated to 
depletion of the RBC’s antioxidant defense, these further results in 
damage to cells and its components like liver, heart, mitochondria, 
impairment of morphology and function of cell membrane which 
results in accelerated RBC destruction. Antioxidant vitamins and 
phytochemicals may be helpful to treat β-thalassemia. Protective 
effects of indicaxanthin on both membrane and soluble compartments 
of β-thalassemic RBCs submitted to an in vitro oxidation by cumene 
hydroperoxide have been demonstrated. The betalain enhanced the 
resistance to haemolysis, prevented lipid and haemoglobin oxidation, 
and retarded vitamin E and GSH depletion, dose-dependently. The 
same work it has been reported that spiking of blood from thalassemia 
patients with indicaxanthin resulted in its incorporation in the RBCs, 
indicating that the pathological alterations to the membrane do not 
affect a trans-bilayer movement of this phytochemical. The finding 
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Figure 4: Molecular structure of Betalain
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that indicaxanthin can be incorporated in the redox machinery of 
β-thalassemia RBCs, suggests opportunities of therapeutic interest for 
this phytochemical [27].

Taking into account the above mentioned studies on the role of 
antioxidants in the treatment of various diseases, betalain and lycopene 
both can be used for the treatment of thalassemia to some extent by 
augmenting the cAMP level which leads to the increased expression of 
γ-globin gene in the erythroid cells.

Conclusion
This review provides an insight on the beneficial effects of two good 

antioxidants viz. Lycopene and Betalain in preventing various dreaded 
diseases like cancer, diabetes, oxidative stress etc. above all prime focus 
is on the role these antioxidants on correcting the molecular defects 
caused due to β-thalassemia. Invariably these antioxidants act via 
multiple biological pathways for the treatment or preventing the diseases. 
In thalassemia, the main cause is the imbalance of β-globin chain and 
hence by using antioxidants the imbalance can be compensated with 
the over expression of γ-globin gene. Therefore future research should 
be focused on balancing the globin genes to cure thalassemia and this 
can be achieved by augmenting the cAMP level which may lead to the 
increased expression of γ-globin gene in the erythroid cells.
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