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MALONDIALDEHYDE LEVELS IN THE BLOOD OF BETA-THALASSEMIC
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ABSTRACT

Beta-thalassemia refers to a group of hemoglobin disorders that are characterized
by a reduced synthesis of B-globin chain and an excess of o-chains. Unbound o
chains precipitate in red cell to damage the red cell membrane. The products of
degraded free o chains are globins, heme and free iron. The excess iron accumulation
is catalytically active in free radical reactions that produce the oxidative damage to
surrounding lipid in the process of lipid peroxidation as malondialdehyde (MDA).

The antioxidant activity of curcumin from the rhizomes of Curcuma longa L.
were investigated in 8 transfusion-independent and 8 transfusion-dependent
B-thalassemic patients who received curcumin 500 mg daily for 3 months and 10
transfusion-dependent B-thalassemic patients received placebo 500 mg daily for 3
months. The erythrocyte MDA level was reduced about 41% and plasma MDA level
was reduced about 25% in transfusion-independent B-thalassemia patients after
administration of curcumin for 3 months while the plasma MDA level was decreased
approximately 12% in transfusion-dependent B-thalassemia. The plasma MDA of
these patients returned to baseline after withdrawal for 3 months. The erythrocyte and
plasma MDA level did not change after placebo treatment. The plasma MDA was
significantly elevated after withdrawal in transfusion-dependent p-thalassemic
patients. The data suggested that curcumin showed the antioxidant activity for p-
thalassemic patients. The blood transfusion had effect on the erythrocyte MDA and
iron accumulation in the plasma of transfusion-dependent 3-thalassemia patients.

The level of MDA determined by spectrofluorometry and HPLC was moderately
correlated. However, the HPLC-based TBA test is the method of choice because of its
sensitivity and specificity in detecting plasma MDA.

KEY WORDS : MALONDIALDEHYDE / BETA-THALASSEMIA / CURCUMIN
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CHAPTERI

INTRODUCTION

Thalassemia may have originated over 50,000 years ago. Thalassemia is a disease
which was originated widespread in the countries surrounding the Mediterranean
Basin, thalassemia is becoming an increasing public health problem however, because
of population migration, it is found throughout the world such as Southeast Asia and
various countries in equatorial Africa. In the 1925s thalassemia was recognized as a
clinical entity by Dr. Thomas Cooley and Dr. Pearl Lee. They first described this
disease as severe anemia, bone change and splenomegaly (1). The anemia known as
the thalassemia are inherited disorders of hemoglobin synthesis which are single gene
disease. The thalassemia forms are inherited in a Mendelian autosomal recessive
pattern.

There are two different chains of protein in the hemoglobin molecule, alpha (o)
and beta (B). Normal hemoglobin production requires the formation of balanced
hemoglobin tetramers consisting of two types of globin chains. Thalassemia is
characterized by a reduced production of the globin protein of hemoglobin molecule or
the globin protein itself is abnormal. The defective or absent synthesis of either chains
in thassemia is the result of a gene deletion or mutation. The thalassemia syndromes
can be classified into two main groups, alpha (o) and beta (B) thalassemia, according
to which of the two globin chains are defective. One of them is called B-
thalassemia/Hb E (2). It is a common hemoglobin variant in Southeast Asia. In
Thailand, there are over than 3,000 cases of B-thalassemia/Hb E born each year (3). B-
thalassemia/Hb E indicated that there is a G to A mutation at codon 26 in exon 1 of the
B-globin and leads to glutamine to lysine substitution in beta E-globin. This mutation
activates a cryptic 5’ splice site at codon 25 of beta E-globin mRNA, leading to the
reduction of correctly spliced beta E-globin mRNA. It affects to reduce or abolish the

synthesis of the correct B-globin chain of hemoglobin (4).
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At the cellular level, this results in a reduced amount of normal functional
hemoglobin and an imbalance between the two globin types as the unaffected chain is
continuously produced, whereas the affected chain production is decreased or absent.
Therefore, pB-thalassemia contains an excess amount of a-globin chains that
accumulate and precipitate in the B-thalassemia red blood cell. The precipitation of
the remaining globin chains alters red cell cellular and membrane properties, leading
to early destruction of the red cells. The mature red cells that make their way out from
the marrow have shortern survival because of increased hemolysis, resulting in severe
anemia (5).

These unstable a-chains are known to generate free oxygen radical species such
as superoxide and the potent hydroxyl radicals. These free oxygen radical species are
combined with iron which is known to be a catalyst of peroxidation via the Fenton
reaction, causing damage to the various red blood cell membrane component (6). The
lipid peroxidation is a result from red blood cell membrane damage in thalassemia.
The lipid peroxidation produces many products. One of lipid peroxidation indicator in
thalassemia is malondialdehyde (MDA) that can be detected following oxidative stress
in thalassemia patients. However, the lipid peroxidation in thalassemia patients can be
reduced by the action of antioxidant agent from natural plante such as curcumin, green
tea, ginger.

Curcumin (diferuloylmethane) is a natural yellow orange dye extracted from the
rhizome of the plant Curcuma longa Linn, an East Indian plant. It has been shown to
have a wide range of therapeutic actions. Curcumin reduced inflammation by
lowering histamine levels and possibly by increasing production of natural cortisone
by the adrenal glands (7). There are also in vitro and in vivo studies showing a cancer-
preventing action of curcumin (8). In one of the studies, curcumin effectively
inhibited metastasis of melanoma cells (9). The double-blind trial found that curcumin
was superior to placebo for inflammation (10) but turmeric was not shown superior
action to a placebo for people with stomach or intestine ulcers (11). Curcumin and its
derivatives have the antioxidant properties. Curcumin can reduce ferric ions to
promote the Fenton reaction to generate a hydroxyl radical and curcumin found to
scavenge of superoxide radical. Also, curcumin has ability to inhibit lipid

peroxidation and it acts as antioxidant agents (12, 13).
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The previous study in our laboratory demonstrated the effect of curcumin as
antioxidant in pB-thalassemia/Hb E in Thailand. The p-thalassemia/Hb E treated with
curcumin for 3 months improved all biochemical parameters of oxidative stress and
antioxidants (14). Lipid peroxidation is one of the parameters used to measure
oxidative stress. Therefore, curcumin might decrease the level of lipid peroxidation
product in the form of MDA in B-thalassemia/Hb E patients.

The measurement of MDA can be done by many techniques. One of the most
commonly assays is thiobarbituric acid (TBA) test. MDA reacts with TBA to give a
red adduct that can be measured by its absorbance at 532 nm or by fluorescence at 553
nm. However, TBA reacts with various compounds, producing interference with
colorimetric and fluorometric measurement of MDA. Therefore, the high performance
liquid chromatography (HPLC)-based TBA tests is used to separate the authentic
(TBA),-MDA adduct from other chromogens (15). The determination of MDA levels
by TBA tests in different assays may be correlated.
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CHAPTER II
LITERATURE REVIEW

1. Blood

Blood is a viscous substance and bright red. The colors of blood is depending on
how much oxygen it is carrying. Blood constitutes approximately 6-8 percent of total
body weight. For men have about 5.6 liters and women have about 4.5 liters of blood
(16). Blood flow through the tissues it transports many substances that respiration,
excretion, nutrition and regulation of body temperature. Blood is made up of two
components the fluid known as plasma and cells. Plasma accounts for 55-60 percent
of blood volume and is 91 percent water, which helps to dissolve blood proteins. The
remaining 40-45 percent of blood is blood cells that consist of red blood cells
(erythrocytes), white blood cells (leucocytes) and platelets (thrombocytes). The
volume of red cells in 100 ml of blood is known as the hematocrit. Blood cells are
formed from the proliferation and differentiation of stem cells that are formed mainly
in the bone marrow (17). Plasma consists of plasma protein such as albumin and
glubulin. The 1% of plasma protein consists of hormone, enzyme, complements and

carrier for lipid and other substances in plasma are electrolytes (18).

2. Red blood cells

Red blood cells (RBCs) are the most abundant cells in the blood. The scanning
electron micrograph shows the characteristic biconcave shape of mature red blood
cells. Their shape gives an optimum area that adapted to their function of transporting
respiratory gases, particularly oxygen, around the body (19). The red blood cell has
two main functions. First, it must survive in the circulation for as long as possible. In
normal persons, the erythrocyte life span was about 120 days (20). After that they are
removed from the circulation by the reticuloendothelial system and ingested by
phagocytic cells in the liver and spleen (18). Second, the biconcave shape enables

oxygen and carbon dioxide diffusion into the cell and maximizes the probability of
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binding with hemoglobin molecule. Mature circulating red blood cells contain no
nucleus, all available space is filled with hemoglobin molecule so that as much oxygen
as possible can be transported. Therefore, red blood cell must both preserve its
hemoglobin in a state suitable for oxygen transport and modify the amount of oxygen
that it delivers according to needs of the tissues (17). The components of the red cell
interact to modulate oxygen transport, protect hemoglobin from oxidant-induced

damage and maintain the constancy of the osmotic environment of the cell (19).

3. Hemoglobin

Hemoglobin is the protein that carries oxygen from the lung to the tissues and
carries carbon dioxide from the tissues back to the lungs. Hemoglobin synthesis
requires the coordinated production of heme and globin. Normal hemoglobin is
tertramer of two pairs of unlike globin chain. Each of the globin chain contain a single
heme molecule, the ring-like structure with a central iron atom that can reversibly bind
to an oxygen atom (21) (Figure 1) (22). The a-like and B-like globin genes are found
in cluster on chromosomes 16 and 11. The a-like genes are encoded on chromosome
16 in the order 5'-82—yd1—yal-a2—a1-0-3" whereas the -like genes from a cluster
on chromosome 11 as 5'—e—Gy—Ay-yp-06—B-3" (Figure 2). The structure of human
hemoglobin changes during development. In the embryonic stage a like chains called
0 chains combine with y (Hb Portland, 6,y;) or € chains (Hb Gowerl, d,¢;) and a and
€ chains form Hb Gower 2 (a€;). Embryonic hemoglobin is confined to the yolk-sac
stage of development and there after is replaced by fetal hemoglobin (Hb F) in 12
weeks after conception. The fetal hemoglobin (Hb F) has o chains combined with y
chains (Hb F, ay,). In adult life a chains combine with  chains to form hemoglobin
A (02B2) and A2 (a26,), respectively although in normal adults small amounts of Hb F,

constituting 1% of the total hemoglobin, continue to be produced (Figure 3).

4. Genetic disorders of human hemoglobin

The inherited hemoglobin disorders are divided into two main groups that
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Hemoglobin Molecule

iron heme

group
p chain

red blood cell

8 chain A . chain

helical shape of the
polypeptide molecule

Figure 1 The structure of hemoglobin molecule (22)



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biochemistry) / 7

Spacer DNA is noncoding DNA between gene
family members.
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4.1 The structural hemoglobin variants.

The structural hemoglobin variants mostly result from single amino acid
substitution in the o or B chains. A mutation can involved a delete of all or a portion
of the gene leading to a reduced or absent production of globin protein, or small
changes in the DNA that affect the genes ability to function normally leading to the
production of different types of hemoglobin. Over 700 structure hemoglobin variants
have been identified but only three, sickle hemoglobin (Hb S), Hb C, and Hb E, occur
at a high frequency in different population. The gene for Hb S is distributed
throughout sub-Saharan Africa, parts of the Mediterranean region, the Middle East and
certain part of India, whereas Hb C is restricted to West Africa and parts of the
Mediterranean region (25). Hb E, the most common structural hemoglobin variant,
occurs at a very high frequency in the eastern half of the Indian sub-continent and
throughout South-East Asia, where in some areas, carriers rates may exceed 60% of
the population (23). Hb E occurs because the base substitution (G — A) in codon 26
of exon 1 (Glu — Lys) of B-globin chain that activates a cryptic splice site at codon
25, leading to alternative mRNA splicing with reduced B* globin chain production (26,
27).

4.2 Thalassemia

Thalassemia is an inherited impairment of hemoglobin production, in which
there is partial or complete failure to synthesize a specific type of the a, B, y or o
globin chain as a result of a gene deletion or mutation. People with thalassemia
disease are not able to make enough hemoglobin. The exact nature of the defect varies
and it is probable that a number of different defects occur along the pathway, which
translates the genetic information into a polypeptide chain. When the abnormality is
heterozygous, the synthesis of hemoglobin is only mildly affected and little disability
occurs. Synthesis is grossly impaired when the patient is homozygous and there is an
imbalance in polypeptide chain production. The chain produced in excess precipitate
in the cell, forming Heinz bodies (28). The primary types of thalassemias are
classified into o and [ thalassemia on the basis of the particular globin chain, or

chains, that is ineffectively synthesized.
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4.2.1 o Thalassemia

Normal individuals have two a-globin genes per haploid genome and
their genotypes can be written aa/ac.. The o thalassemias are caused by a decrease in
the production of a-globin chains due to the deletion or mutation of one or more of the
four a-globin genes located on chromosome 16. DNA mapping has revealed that the
gene deletion is the major cause of o thalassemia and that non-deletion is very rare
(29). There are two main varieties of o thalassemia, o.” and o thalassemia, designated
in this way because they reflect either a partial or complete defect in a-globin
synthesis from the affected chromosome, respectively (30). In a’ thalassemia (o
thalassemia 1), both of the liked a-globin genes are lost, most commonly by deletions
that removes about 17.5 kb of DNA including the al and a2 gene from the a-globin
gene cluster. In o” thalassemia (o thalassemia 2), one of the linked o-globin genes is
lost by deletion, or inactivated by a point mutation so only a gene in a chromosome is
functional. There are two types of o’ thalassemia, one involving a deletion of 4.2 kb
of DNA including the a2 gene and another involving 3.7 kb of DNA between the
duplicate o gene (31). The homozygous state of o thalassemia results in the
hemoglobin Bart’s hydrops syndrome, and the inheritance of o thalassemia and o+
thalassemia produces hemoglobin H disease. The clinical features in hemoglobin H
disease are a chronic moderately severe hemolytic anemia. Patients may develop
splenomegaly, cholelithiasis and may require transfusion during episodes of oxidative
stress induced by infections (32).

In Thailand, the overall frequency of o thalassemia is 20-30%. The
frequency of o” thalassemia is higher in the northern than in the southern part, 10% in
Chiengmai and 3.5% in Bangkok whereas o thalassemia is between 16-20% (31).

4.2.2 B Thalassemia

B Thalassemia refers to a group of inherited hemoglobin disorders of
anemias. The [ thalassemias are widespread throughout the Mediterranean region,
Africa, the Middle East, the Indian subcontinent and Southeast Asia. The f
thalassemia syndromes are much more diverse than the o thalassemia syndromes due

to the diversity of the mutation that produces the defects in the B-globin gene. Most of
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B thalassemias are caused by nearly 200 mutations on chromosome 11 that affect all
aspects of B-globin production, a reduced synthesis of B-globin chain and the stability
of the PB-globin production. The [ thalassemias are subdivided into the PB°
thalassemias, in which there is no B-globin chain production, and the p* thalassemia,
in which there is a reduction in the output of B-globin chains. The leading of
imbalance o/f synthesis is the major factor in determining the severity of disease in
the B thlassemia syndromes (33). There are two mechanisms for determination of 3
thalassemia severity. First, the ability to synthesize large amounts of y-chains
combine with the excess a-chains to form Hb F (a2y2). Generally a higher Hb F level
results in a milder phenotypes (34). Second, the coexistence of one or two a
thalassemia genes results in more balanced globin chain synthesis (24). The B
thalassemia and the structural hemoglobin variants, Hb E, occur together at a high
frequency in Southeast Asia. The [ thalassemia/Hb E usually has the phenotype of
thalassemia intermediate or thalassemia major.
4.2.2.1 Pathophysiology of B thalassemia

The results from mutation at the B globin gene lead to either an
absence of B-globin chain production (B° thalassemia) or a variable reduction in the
output (B" thalassemia). This leads to imbalance globin chain synthesis and an excess
of a-chains that produce the large size of the free a-chain pool. In B thalassemia,
normal synthesis of a-chain from the unaffected a-gene continues resulting in the
accumulation within erythroid cells, of excessive amounts of a-globin. The excess of
chains that are produced enter an unstable pool from which they combine with 3 or y
chains, become associated with the red cell membrane or are subjected to proteolysis,
a process which is more active in the marrow than in the peripheral blood. Therefore,
the [ thalassemia shows a high level of hemoglobin F. Red cell precursors that
synthesize relatively more hemoglobin F survive preferentially, in both the blood and
the marrow and hence relatively more y than B chains are produced in reticulocytes
than in the nucleated precursors (35).

The free a-chains are not able to form viable tetramers and instead

precipitate in the red cell precursors forming hemichrome and inclusion bodies. The
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membrane bound hemichrome creates a co-polymer of macromolecular dimension that
promotes clustering of band 3 in the membrane that observed in the red cells of
f - thalassemia. These clusters are opsonized with autologous immunoglobin G (Ig G)
and removed by macrophages (36). These inclusions are responsible for the
intramedullary destruction of the erythroid precursors and hence the ineffective
erythropoiesis. Furthermore, it appears that excess o-chains accumulate at the
membrane and its skeleton, where they probably cause alterations in deformability and
stability (37). The free a-chains degraded. The product of degradation of free a-
chains, that is globin, heme, hemin (the oxidized form of heme) and free iron,
probably also play a role in damaging red cell membranes (5). The free iron can
generate oxygen free radicals that damage several red cell membrane components
including lipids and proteins. The experimental studies have confirmed that excess
iron accumulation is catalytically active in propagating free radical reactions and
indicated the oxidative damage of red cell membrane. The importance of iron in the
generation of oxidative damage has been further confirmed recently by the observation
that many of these changes can be reversed in vitro after incubation of 3 thalassemic
erythrocytes in the presence of the oral chelating agent deferiprone (38).

In conclusion, the red cells of B thalassemias have short survival
that reflects excess a-chains production. In the severe forms of the disease
complicated damage by multiple mechanisms combine to overcome the red cells’

defense mechanisms and the red cell membrane components from oxidative damage.

5. Free radicals

A free radical is defined as any species capable of independent existence that
contains one or more unpaired electron. A free radical is easily formed when a
covalent bond between entities is broken and one electron remains with each newly
formed atom. Radicals react with another molecule in several ways. A radical may
donate its unpaired electron to a reducing radical or it might take an electron from
another molecule in order to form an oxidizing radical. Any free radical involving
oxygen can be referred to as reactive oxygen species (ROS). Oxygen centered free
radicals contain two unpaired electron in the outer shell. When free radical steals an

electron from a surrounding compound or molecule, a new free radical is formed in its
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place. In turn, the newly formed radical then looks to return to its ground state by
stealing electrons with antiparallel spins from cellular structures thus the chain
reaction continues. The most common mechanisms of oxygen reduction in
biochemical reactions are those involving transfer of only a single electron
(monovalent reduction) to form superoxide (O"), hydrogen peroxide (H,0,), hydroxyl

radical (OH) and finally water (39) (Table 1).

Table 1 Reactive oxidant species (40)

Radicals Non-radicals
Hydroxyl OH Peroxynitrite ONNOO-
Alkoxyl L(R)O- Hypochlorite ‘OCl
Hydroperoxyl HOO" Hydroperoxide L(R)OOH
Peroxyl L(R)OO- Singlet oxygen '0,
Nitric oxide NO* Hydrogen peroxide H,0,
Superoxide 0O,"

A high concentration of free radical and reactive oxygen species (ROS) are
hazardous for living organisms and damage all major cellular constituents. The
sequence of damage by free radicals are as follows (41):

- the sensation of pain.

- phagocyte activation and the production of damaging free radicals.

- arachidonic acid release and enzyme peroxide formation.

- metal ion release from storage sites.

- release of heme protein which may react with peroxides to promote free radical
damage.

- depletion of antioxidant defense mechanisms, such as glutathione from the cells.

- oxidative stress.

Superoxide anion (O;") and relative oxygen species (ROS) play an important role
as regulatory mediators in signaling processes for many physiological functions.
These include regulation of vascular tone, monitoring of oxygen tension in the control
of ventilation and erythropoietin production and signal transduction from membrane

receptors in various physiological processes. An excess of ROS production has been
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implicated in the pathogenesis of cancer, diabetes mellitus, atherosclerosis,
neurodegeneration disease, rheumatoid arthritis and other disease (42).
5.1 Superoxide anion (Oy)

Superoxide anions (O;") are formed when oxygen (O;") acquires an additional
electron, leaving the molecule with only one unpaired electron. Superoxide anion(O;")
is generated continuously by several cellular processes including the microsomal and
mitochondrial electron transport systems. Within the mitochondria superoxide anion
is continuously being formed. The rate of formation depends on the amount of oxygen
flowing through the mitochondria at any given time. The superoxide is the agent of
oxygen toxicity. The enzyme superoxide dismutase was responsible for its
detoxification in both cytoplasm and mitochondria that much of the superoxide anion
(Oy") is rapidly converted into hydrogen peroxide.

20, +2H" ——» O, + H0,
Superoxide anion (O;) can diffuse considerable distance from its site of production.

Recent reports have indicated that endothelin-induced vasoconstriction in
isolated aortic vascular rings may be mediated by the production superoxide anion.
Superoxide anion (O,") may play an important role in mediating hypertension induced
by chronic elevations in endothelin (43). The role of superoxide anion (O3’ in the
regulation of epidermal growth factor (EGF) or epidermal growth factor receptor
(EGFR) expression and proliferation in the prostate cancer cell line PC 3 was
indicated the important role of superoxide anion to increase the proliferation of cancer
cell line (44).

5.2 Hydrogen peroxide (H,0)

Hydrogen peroxide (H,O;) is a non-radical molecule because all of its
electrons are paired. It generated by the same source that produces superoxide anion
since two molecules of superoxide anion dismutate to hydrogen peroxide and oxygen.
Hydrogen peroxide is unique in that it can be converted to the highly damaging
hydroxyl radical or be catalyzed and excreted harmlessly as water. Glutathione
peroxidase is essential for the conversion of glutathione to oxidized glutathione during
which hydrogen peroxide is converted to water (45).

Hydrogen peroxide can induce apoptosis in primary cultured cerebral smooth

muscle cells (CVSMs) and H,0,-induced apoptosis may initiated by stimulating Ca*'-
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dependent endonuclease activity. This data show that apoptosis in cerebral VSMCs,
induced by H,O, and H»O, could play important roles in neurodegeneration processes,
traumatic brains injury and stokes (46).

Flow cytometry showed that rotenone induced H,O, generation through
inhibition of NADH dehydrogenase complex. The H,O, generation causes the
disruption of mitochondrial membrane and confirming the participation of
mitochondrial dysfunction in apoptosis (47).

5.3 Hydroxyl radical (OH")

In the presence of a transition cation such as iron or copper, superoxide anion
(O7") and hydrogen peroxide (H,0,) can give rise to the highly reactive hydroxyl
radical (OH") by Harber-Weiss reaction

0, +H,0, ——» 0, + HO + HO®

Moreover, the interaction of copper or iron and H,O, also produce OH by

Fenton reaction.

Fe S /o=~ Fcl1 O,
Fe' + H,0, ——» Fe!'+ HO + HO®

Hydroxyl radical is extremely reactive, combine with biological molecule
and can damage or modify both low and high molecular weight compounds. The
hydroxyl radical is diffusion controlled that it reacts very close to its site of
production. Reactions of hydroxyl radical include its ability to interact with the purine
and pyrimidine bases of DNA, leading to radicals that have a number of possible

chemical fates (48).

6. Oxidative stress

Oxidative stress is a set of intracellular or extracellular conditions that leads to the
chemical or metabolic generation of oxygen-derived species such as superoxide (O;),
hydrogen peroxide (H,O,), hydroxyl radical (OH") or related species. However, the

term oxidative stress has rarely defined as a disturbance in the prooxidant-antioxidant
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balance in favor of the former, leading to potential damage. Oxidative stress is
imposed on cells as a result of one or all of three factors that an increase in oxidant
generation (increase in reactive species), a decrease in antioxidant protection and a
failure to repair oxidative damage. Therefore, oxidative stress can produce major
interrelated derangement of cell metabolism, including DNA-strand break, rises in

. 2+
intracellular “free Ca™"”

The free radicals react with various cellular components
including DNA, protein and lipid. For example, the oxidative stress in patient with
stroke related with low level of antioxidant such as vitamin C but they had high level
of serum inflammatory such as C-reactive protein (CRP), intracellular adhesion
molecule (ICAM) and chemokine monocyte chemoattractant protein (MCP) (49). The
patients with hypertension were associated with oxidative stress. The mechanical
stress can generate the reactive oxygen species (ROS) through the activation of
NADH/NADPH oxidase. These reactive oxygen species (ROS) cause the oxidative
stress that involved in enhanced vascular growth, vascular inflammation and impaired
endothelium-dependent in hypertension (50). The oxidative stress can damage a
multiplicity of targets in living cells and the initial damage to one target can then
affect other. The examples of disease that cause from oxidative stress are cancer,
atherosclerosis, and neurogenetive disease.

Oxidative stress is a mechanism with a central role in the pathogenesis of cancers.
In cancer, oxidative stress is known to cause the mutation of DNA including
frameshift mutation, base-pair substitution that lead to the mutation of tumor
suppressor genes and make the critical initial events in carcinogenesis (51).

The oxidative stress can produce the mitochondrial aberrations, including both
mitochondrial MDA (mtDNA) mutation and alterations in mitochondrial genomic
functions have been identified in cancer of the bladder, colon, head, neck, kidney,
liver, lung, and stomach (52).

Endothelium dysfunction, the earliest expression of the atherosclerotic process is
associated with biochemical changes that are transformed into structural changes of
arterial wall. Overproduction of free radicals accounts for oxidative stress that is
causing substantial damage to low density lipoprotein (LDL), endothelial cells, other

tissue cells and finally leads to endothelial dysfunction. Oxidative stress has positive
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role of various mediations such as statins, angiotensin converting enzyme inhibitors,
estrogens that consequently to the endothelial dysfunction (53).

The oxidative stress in thalassemic red blood cell (RBCs) results from the
presence of excess unpaired globin chains, high intracellular content of
nonhemoglobin iron and low concentration of normal hemoglobin. The unpaired
globin chains in thalassemic cells are not stable. These unstable hemoglobin subunits
can generate the free oxygen radical species such as superoxide (O;") and hydroxyl
radical (OH’). The oxygen radical can start the oxidative damage to thalassemia red
blood cells (RBCs). In condition that present of trace metals, especially copper and
iron, have been implicated as causative agents in excessive generation of endogenous
free oxygen radicals. These metals can catalyst the reaction of oxidative stress by
Fenton reaction and initiate chain reaction that promote the membrane peroxidation
including protein peroxidation and lipid peroxidation in thalassemic red blood cells

(RBCs) (54).

7. Lipid peroxidation

All biological membranes are characterized by the large amounts of
polyunsaturated fatty acid (PUFAs) associated with amplipathic lipid and a variety of
membrane proteins. Both isolated polyunsaturated fatty acid (PUFAs) and those
incorporated into lipid are readily attacked by free radicals, becoming oxidized into
lipid peroxidation. Therefore peroxidized membrane lipid occurs as a result of
oxidative stress in intact cells. Peroxidation of these labile unsaturated fatty acids can
damage both protein and lipids as well as disrupt the structure and function of the
membrane in most body cells.

Lipid peroxidation is a radical-initiated chain reaction that is self-propagation in
cellular membranes. The process of lipid peroxidation involves three distinct steps
which initiation, propagation and termination (Figure 4). The initiated reaction
between an unsaturated fatty acid and the hydroxyl radical involves by the attack on a
hydrogen atom from the methylene carbon (CH,) on the fatty acid and leave an
unpaired electron on carbon. This abstraction is more facile on a methylene group

adjacent to a double bond. The hydrogen atom has a single electron and its removal
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Figure 4 The process of lipid peroxidation (55)
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leaves behind an unpaired electron on the carbon atom to which it was originally

attached. The product from initiation step is forming the free lipid radical.

oH*
--CH--CH=CH--CH,-- —» --CH=CH -- *CH -- CH,—

LH+Re —» Le + RH

The free lipid radicals produced in the initiation process and they very easily
reacted with oxygen to form a peroxyl radical. Peroxyl radical can combine with each
other, they can attack membrane protein, but they are also capable of abstracting
hydrogen from adjacent fatty acid side chains in another lipid molecule to give a lipid

hydroperoxide and so propagating the chain reaction of lipid peroxidation.

Le + Oy > LOOe
BRI L O@F” |~ i IR SN )

The length of the propagation chain depends on many factors, including the lipid-
protein ratio in a membrane, the fatty acid composition and the oxygen concentration.
Cyclic peroxides may also form with subsequent rearrangement to endoperoxides and
upon further oxidation yield malondialdehyde (MDA). The chain reaction is
terminated by reactions between radicals producing dimers and higher polymers.

-~ CH=CH--CH -- CH2 -

2--CH=CH-- "CH -- CH, >
- CH=CH--CH -- CH2 -

Most biological studies of lipid peroxidation involve transition metal ion, added
to, or contaminating, the reaction mixture. Transition metal irons are involved in lipid
peroxidation in two ways. They can participate in first chain initiation, which

involved attack by any species capable of abstracting a hydrogen atom.

LOOH + Me™ —3p LOe + Me™D*
LOOH + Me™""—» LOOe + Me™
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Hydroxyl radical (OH") which has this property, is produced by the reaction of O,
and H,O, with iron ion catalysis. It is also be produced by reaction of H,O, with
copper ion, probably in addition to oxidizing copper (Cu'")-oxygen complexes. The
oxidized form of these transition-metal ions such as Fe’" and Cu®" can also accelerate
peroxidation if a reducing agent is added. Several iron-oxygen complexes such as
ferryl, Fe’-O, complexes have also been climed to initiate peroxidation (56).
Transition metal ions also affect lipid peroxidation by decomposing peroxides. Cell
disruption to isolate membrane fractions causes release of intracellular metal ions,
increase rates of nonenzymatic free radical reactions and activates enzymes that
produce peroxides. When transition metal ions are added to lipid systems already
containing peroxides, their main action is to decompose these peroxides into peroxyl
radicals that in turn abstract hydrogen and perpetuate the chain reaction of lipid
peroxidation. The end products of these complex metal ion-catalyzed breakdowns of
lipid hydroperoxides include the cytotoxic aldehydes such as malondialdehyde (MDA)
and 4-hydroxynonenal (HNE). Malondialdehyde is a by-product of lipid peroxidation
from linoleic acid, the most abundant polyunsaturated fatty acid. It can be measured
by thiobarbituric acid (TBA) test.

The data from the age-related maculopathy (ARM) patients showed the significant
increased the plasma MDA that indicated the increasing of lipid peroxidation status in
ARM patients compared with healthy control subjects (57).

The relationship between lipid peroxidation and antioxidant status in plasma,
erythrocyte and erythrocyte membrane of cervical cancer patients was determined.
Lipid peroxidation was significantly increased with concomitant decrease in
antioxidant levels in cervical cancer patients as compared to normal healthy subjects
(58).

The organization of membrane phospholipids in thalassemic red blood cells
(RBCs) was an abnormal distribution with most of phosphatidylcholine (PC) being
present in the inner bilayer leaflet and the phosphatidylethanolamine (PE) in the outer
leaflet. In thalassemic RBCs membrane, the PE and the polyunsaturated fatty acids
(PUFAs) are decreased because both PE and PUFAs have been oxidized into
peroxidation. The low plasma levels of phospholipids in thalassemic patients might

therefore be an indirect indication for increased turnover due to peroxidative damage.
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The lipid peroxidation as malondialdehyde (MDA) was high content in thalassemic
RBCs that it can be detected following exogenous oxidative stress such as
trsansfusion. The oxygen toxicity production from oxidative stress and the excess of
iron could be catalyst of lipid peroxidation to give the oxidative damage as detected in
the component of thalassemic RBCs in the form of MDA (54).
7.1 Detection and measurement of lipid peroxidation

The lipid peroxidation can be determined by measuring losses of unsaturated
fatty acid, amounts of primary peroxidation products and amounts of secondary
products. Current practice is seen in a variety of methodology that used to measure
the lipid peroxidation (Table 2). It is possible to detect carbon and oxygen-centered
radical between the three stages of lipid peroxidation by electron-spin-resonance
(ESR) but this methodology is rather expensive. One of the most commonly applied
assays is the thiobarbituric acid (TBA) test. It is popular because of its simplicity and
cheapness. The sample under test is heated with TBA at low pH to give a pink
chromogen (allegedly a [TBA],-malondialdehyde adduct). This pink chromogen is
measured by its absorbance at or close to 532 nm or fluorescence at 553 nm. The
TBA test is often to measure malondialdehyde (MDA) formed in peroxidizing lipid
systems. Enolic MDA attacks the active methine group in TBA. The rate of reaction
depends on TBA concentration and on temperature. The TBA test lacks specificity.
First, 2-TBA reacts with hydroperoxides and conjugated aldehydes to give 532 nm
chromogens. Second, the TBA test rarely measures the free MDA content of lipid
system. Most of the MDA measured is generated by the decomposition of lipid
peroxides during the acid-heating stage of the test. Third, peroxide decomposition
produces radicals that can start peroxidation of other lipid molecule during the assay,
amplifying the response. The lack of specificity of the TBA test is the problem to give
false positive data so the fluoroscence of MDA-TBA is used. Fluorescence of the
MDA-TBA adduct (Aexcitation 515 nm, Aemission 350 nm) can replace spectrophotometry
to give a better signal to noise ratio if the sample is very small (15). Moreover HPLC-
based assay of MDA-TBA adduct by fluorescence detector are high analytical
sensitivity and specificity, especially in the study of lipid peroxidation in human

subjects (59).
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Table 2 Methods used to detect and measure biological lipid peroxidation (15).

Methods

What is measured

Remarks

Todine liberation

Lipid peroxides

Lipid peroxides oxidized I" to I, for
titration with thiosulphate. Useful for
bulk lipids. H,O, also oxidizes I to I,.
Method can be applied to extracts of
biological samples if other oxidizing
agents are absent.

Heme degradation of
peroxides

Lipid peroxides

Heme moiety of proteins can
decompose lipid peroxides with
formation of reactive intermediates.
Microperoxidase is  particularly
effective. Radicals produced can be
reacted with isoluminol to produce
light, giving a sensitivity of 10" mol
peroxide/L. Diode array detectors may
be used. Linked to a redox dye, a
sensitivity of 10 mol hydroperoxide
can be achieved.

Glutathione peroxidase
(GSH.Px)

Lipid peroxides

GSH.Px reacts with H,O, and
hydroperoxides, oxidizing GSH to
GSSG. Addition of glutathione
reductase and NADPH to reduce
GSSG back to GSH results in
consumption of NADPH, which can be
related to peroxide content. Sensitivity
of 3 nmol peroxide/L. Cannot measure
peroxides within membrane.

GC-mass spectrometry

Lipid peroxides and aldehydes

Peroxidation produces are extracted,
reduced to alcohols, seperated by GC,
and identified by mass spectrometry.

Spin trapping Intermediate radicals Spin  traps  intercept  radicals
intermediate in the chain reaction.
Fluorescence Aldehydes Aldehyde such as

malondialdehyde(MDA) can reactwith
amino group to form Schiff bases (at
acid pH only). At neutral pH
fluorescent dihydropyridines may be
formed. Aldehydes can also
polymerize to produce fluorescence
products in the absence of amino
groups.  Formation of fluorescent
products is a minor reaction pathway
and has very complex chemistry, but is
a highly sensitive method. It should
never be assumed, without detailed
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Table 2 Methods used to detect and measure biological lipid peroxidation (cont.).

Methods What is measured Remarks
characterization,  that  fluorescent
products accumulating in vivo are end
products of lipid peroxidation.

TBA test TBA-reactive material The test material is heated at low pH

(TBARS)

with TBA and the resulting pink
chromogen is measured by absorbance
at532 nm or by fluorescence at 553
nm. The chromogen can be extracted
into butanol. Most of aldehydes that
react with TBA are derived from
peroxides and unsaturated fatty acid
during the test procedure. This is a
simple and nonspecific assay

GC-HPLC-antibody
techniques

Cytotoxic aldehydes

Hydroxyalkenals  such as  4-
hydroxynonenal are products of lipid
peroxidation that are cytotoxic at 10
mol/l. They can be measured by
HPLC or GC. Several techniques have
been developed that use antibodies to
detect protein modified by lipid
peroxidation products.

Diene conjugation

Diene-conjugated structures

Oxidation of unsaturated fatty acid is
accompanies by an increase in UV
absorbance at 230-235 nm. Which is
useful for bulk lipid (eg. LDL). The
extraction or seperation techniques for
use on biological fluids or tissues.
Greater sensitivity and specificity can
be gained by measuring second-
derivative spectra but there are serious
problems arise when used on human
body fluids.
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8. Curcuma longa
Curcuma longa (Turmeric), a perennial herb, is a member of the Zingiberaceae
family. It is cultivated extensively in Asia, India, China, and other countries with a
tropical climate. The plant grows to a height of three to five feet. It has oblong,
pointed bears funnel-shaped yellow flowers that appears out of the ground in May or
June. Leaves are large light green, 30-40 cm long and 8-12 cm wide with thin ellipse-
shaped (Figure5). Turmeric is used extensively in foods for both its flavor and color
into the diets of Asia cultures. The rhizome, slightly bent (1 cm x 2-6 cm), flesh
orange in color, is the portion of the plant used medicinally. It is usually boiled,
cleaned, and dried, yielding a yellow power. Dried Curcuma longa is the source of the
spice turmeric, the ingredient that gives curry powers its characteristic yellow color.
Tumeric is used as an anti-inflammatory agent, anticancer, antioxidant, and for the
treatment of flatulence, jaundice, menstrual difficulties, hematuria, hemorrhage and
colic.
8.1 Major chemical constituents
The compounds extracted from the rhizome of Curcuma longa content
volatile oil (6%) that are composed of a number of monoterpenes and sesquniterpenes,
including zingiberene, curcumene, oo and B turmerone among others. The coloring
principles (5%) are curcuminoids, 50-60% of which are a mixture of curcumin,
demethoxycurcumin and bisdemethoxycurcumin (Table 3). Curcumin has a unique
conjugated structure including two methoxylated phenols and the enol form of a
—diketone. Each curcuminoid differs in the side chain in the chemical structure.
Other constituents include sugar, protein and resins. Curcumin, which gives yellow
color to tumeric rhizomes, is one of the active ingredients responsible for the
biological activity. It melts at 176-177 °C and form red-brown salts with alkalis.
Curcumin is unstable at neutral and basic pH values and is degraded to ferulic acid (4-
hydroxy-3-methoxycinnamic-acid) and feruloyl-methane (4-hydroxyl-3-
methoxycinnamoyl-methane. Therefore curcumin should be stable in the stomach and
small intestines between the pH 1 and 6 and the degradation of curcumin is extremely
slow in these conditions (60). Curcumin is soluble in ethanol, alkali, ketone, acetic

acid, and chloroform but it is insoluble in water.
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Figure 5 Curcuma longa (61)
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Table 3 Curcumin and derivatives from Curcuma longa L. with biological activities
(62)

TABLE
Curcumin and derivatives from Curcuma longa L. with biological activities

Compounds Chemical structure Activity

anti-bacteria

Curcumin Leishmania amazonensis
g = = OH .
H CH=CHCOCH,COCH CH—Q anti-HIV
antioxidant

: OCH3 g
CH anti-inflammatory
anti-tumor

c=—<: :>— H— CHy—CO —CH=C—CH .
Ar-turmerone H3C I A 3 snakebite

"H3 ‘H3
Methylcurcumin CH3 CH=CHCOCH) e CH3 L. amazonensis
CHf Hs
Dremethoxy curcumin OCH; antioxidant
H ==CHCOCH; COCH=—CH— H

H
Bisdemethoxy curcumil g CH——CHCOCH 400CH —CH <: j; on  antioxidant
NaO CH==CHCOCH2COCH =—CH— ONa - )
Sodivm curcuminate @2; anti-inflammatory
CH30 3
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The molecule of curcumin is aliphatic, unsaturated, and the aryl group that they can be
substituted. The yield of curcumin was reported to between 2.5-5% on dry weight
basis (62).
8.2 Pharmacokinetics

The pharmacokinetics of the curcuminoids, curcumin has been most studied,
mostly in animals. Curcumin is poorly absorbed following ingestion in mice and rats.
In an early study, which elucidated the metabolic disposition of curcumin in rats,
curcumin labeled with deuterium and tritium was prepared. Oral and intraperotoneal
doses of [’H] curcumin are excreted directly about 38 to 70% of ingested dose in the
feces. The major biliary metabolites of curcumin are curcumin glucuronoside,
dihydrocurcumin glucoronoside, tetrahydrocurcumin glucoroside and tetrahydro-
curcumin (THC) (Figure 6) (63). A minor biliary metabolite was dihydroferulic acid
with traces of ferulic acid. These metabolites are formed in the liver. A study in 5
male Spraque-Dawley rats were given by gavage a dose of 1 g-kg of curcumin
suspended in arachis oil. Between 67-87% of the dose was eliminated in the faeces
within 72 hours. Excretion was highest in the initial 48 hours. Urinary excretion was
negligible. Three hours after receiving curcumin, the level of curcumin was detected
in the plasma of 1 of 4 animals. Biliary concentration of curcumin was 1 pg/ml after
30 minutes and remained stable throughout the experiment. The amount collected in
the bile during 3 hours was less than 0.006% of the dose. About 0.015% of the
administered curcumin was accumulated in the liver, kidneys and body fat after 3
hours. Of the curcumin excreted in the bile, 49% was in the conjugated form (64).

From the pharmacokinetic studies in male Wistar rats weighing 150-200 g
and receiving 400 mg/kg of curcumin (65) and the study with[>H]-curcumin in vivo
(66) revealed that 60-66% of the dose was absorbed from gastrointestinal tract (65).
Negligible amounts of curcumin were found in the blood, liver, and kidneys. Another
study, curcumin appeared about 2.25 mg/ml in the plasma in the first 15 minutes.
Treatment of plasma with beta-glucuronidase resulted in a decrease in the
concentrations of putation conjugates and the concomitant appearance of THC and
curcumin, respectively (67). From these curcumin studies in vitro aand in vivo
indicated that curcumin undergoes transformation during absorption from the intestine.

About 40% of the curcumin was excreted unchanged in the feces.
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Free curcumin was not detected in urine but the influence of curcumin
administration was noticed in the excretion of glucuronic acid and sulfate conjugates
from day 1 to day 7 suggesting an enterohepatic circulation (66). Therefore, the
majority of the excretion of curcumin is in the feces and biliary.

8.3 Pharmacological activities

8.3.1 Antioxidant activity

During the physiological process of respiration inhaled that produces the
free radicals. These free radicals are highly reactive chemical molecules which react
with biological compounds causing tissue damage. The human body has built-in
mechanisms to counteract free radicals. These mechanisms are collectively known as
the body’s antioxidant. It is important to preserve the body’s defenses against
damages by free radicals. Some vitamins, minerals, and natural compounds like
phenols, flavonoids and carotenoids have the ability to counteract free radical
pathology by scavenging or neutralizing the free radicals.

Curcuminoids are natural phenolic compounds, with potent antioxidant
properties. Several research groups have recently provided convincing evidence for
the antioxidant properties of curcuminoids. Both turmeric and curcuminoids inhibited
the generation of potent free radicals like superoxide and hydroxyl radicals (68).
Curcumin scavenges free radicals, thus breaking the free radical chain reaction of lipid
peroxidation. The phenolic and the methoxy group on the phenyl ring and the 1,3-
diketone system of curcumin seems to be important structural features that scavenge
free radicals. The H-atom donation from the B—diketone moiety to a lipid alkyl or a
lipid peroxyl radical as a potentially more important antioxidant action of curcumin.
Moreover, hydrogen abstraction from the methylene CH; group is responsible for the
remarkable antioxidant activity of curcumin together. The strong chelating ability of
diketone in curcumin react with metal ions such as iron in the metal toxication (69).
Curcumin was show the chelating iron ability by reduces Fe’* to Fe*“and this alters the
Fe*" to Fe’" ratio, which may result to inhibit the lipid peroxidation. Curcumin was
shown to inhibit oxidation of Fe*" by H,O; and scavenge O, and OH" radical.

Curcumin is a lipid soluble antioxidant and is believed to be localized
within the membrane subcellular fraction of cells. One study established the

mechanism by which curcumin is synergistic with water soluble antioxidants. Two
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methylated curcumin derivatives were synthesized to explore the role of phenol
hydroxyl and beta-diketone moieties in the free radical chemistry of curcumin. The
study showed that an initially generated f—oxo-alkyl transforms rapidly, probably via
an intramolecular H-atom shift, into the phenoxyl-type curcumin radical. This
phenoxyl does not react with oxygen, and can be repaired by an water-soluble
antioxidant with appropriate redox potential, for example with ascorbic acid (70).

Peroxidation of lipid is known to be a free radical-mediated chain
reaction leading to the damage of the cell membrane, and the inhibition of
peroxidation in liver microsomes, erythrocyte membranes by curcuminoids that is
mainly attributed to the scavenging of the reactive free radicals involved in the
peroxidation. In the study of antioxidant activity of curcumin and phase II-
metabolizing enzymes were quantified in mice. Dietary supplementation of curcumin
to mice for 30 days significantly increased the activities of glutathione peroxidase,
glutathione reductase and catalase in liver and in kidney as compared with
corresponding normal diet fed control. The induction of such detoxifying enzymes by
curcumin suggests the potential value of this compound as protective agent against
chemical carcinogenesis (71). Therefore turmeric can lower lipid peroxidation by
maintaining the activities of antioxidant enzyme like superoxide dismutase, catalase
and glutathione peroxidase at higher levels. These enzymes play an important role by
dismutation of superoxide so they are regulate the lipid peroxidation (68).

In a study (72) that explored the role of spice principle and their active
components as potential antioxidants, the inhibitory effect of curcumin, quercetin and
capsaicin on the antioxidant of human low density lipoprotein (LDL) were found to be
comparable to butylated hydroxyanisole (BHA). For this experiment copper ion-
induced lipid peroxidation of LDL was determined by measuring the formation of
thiobarbituric acid reactive substances (TBARs). The curcumin showed the highest
inhibitory activity for protection against oxidation of human LDL. Curcumin was
tested for its antioxidant effects on human red blood cell (RBC) and their membrane.
Curcumin caused significant inhibition of the lipid peroxidation in normal RBC ghosts
supplemented with exogenous iron and in [-thalassemic ghosts containing
endogenous ion deposits. Curcumin alone did not change with ratio of Fe*'/Fe’" in

these ghosts but significantly inhibited the rate of Fe*" reoxidation by H,O, (73).
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8.3.2 Anti-inflammatory activity

There are a great number of papers in the literature relating the activity
of compounds extracted from Curcuma longa being potent inhibitors of inflammation.
There are two models of inflammation that chronic models, where the inflammation
and granulomas develop during a period of time, indicating the proliferative phase of
inflammation and acute models, where acute effects of anti-inflammatory agents can
be studies, testing their inhibitory action on the development of rat paw edema. They
investigated the activity of curcumin and other semi-synthetic analogues (sodium
curcuminate, diacetyl curcumin, triethyl curcumin and tetrahydrocurcumin) in
carrangeenan-induced rat paw edema and cotton pellet granuloma models of
inflammation in rats. Curcumin and its analogues showed similar action in
carrangeenin-induced paw edema in rat, however, the sodium curcuminate was the
most potent analogue and was more water-soluble than curcumin. Among the
curcumin analogues, triethyl curcumin was the most potent anti-inflammatory in the
chronic model of inflammation, when compared with the reference drug (74). The
volatile oil has exhibited anti-inflammatory activity in rats against adjuvant-induced
arthritis, carrageenan-induced paw edema, and hyaluronidase-induced inflammation
(75). After intraperitoneal administration, curcumin and sodium cucuminate exhibited
strong anti-inflammatory activity in the carrageenin-induced adema test in rats and
mice. Curcumin was also found to be effective after oral administration in the acute
carrageenan-induced edema test in mice and rats (76). In monkeys, curcumin was
shown to inhibit neutrophil aggregation associated with inflammation. Curcuma
longa’s anti-inflammatory properties may be attributed to its ability to inhibit pro-
inflammatory arachidonic acid, as well as neutrophil function during inflammatory
states (77).

Curcumin can also protect against inflammation-related changes in the
liver prostanoids in an animal model of alcohol-caused hepatic injury linked to
increased activity in serum of the enzymes aspatate transaminase and alkaline
phosphatase. When the diet of the ethanol-consuming rats was supplemented with
curcumin, not only the activity of those serum enzymes was decreased but there was
also a reduction in the abnormally raised levels of prostaglandins E; and E; in liver as

well as in kidney and brain (78).
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8.3.3 Anticancer, antitumor and antiproliferative activities

Animal studies in rats and mice as well as in vitro studies utilizing
human cell lines have demonstrated the curcumin ability of inhibiting carcinogenesis
at three stages such as tumor promotion (79), angiogenesis (80), and tumor growth
(81). Curcumin was found to inhibit cell proliferation and tumor growth in two
studies of colon and prostate cancer (82, 83). The inhibitory effect of curcumin on
mouse skin carcinigenesis initiated by 7,12-dimethylbenz(a)anthracene (DMBA) and
promoted by tetradecanoylphorbol-12-acetate (TPA). Thus, curcumin administration
decreased both the number of tumors per mouse and tumor volume (81). In addition,
the effect of a various dosages of curcumin applied topically on TPA-induced tumor
promotion has been studied. The data show that application of 100 nmol of curcumin
together with 5 nmol TPA twice a week for 18 weeks markedly inhibited TPA-
induced tumor promotion. This effect of curcumin may be linked to its strong
inhibitory action on DNA and RNA synthesis (84).

The anticancer action of curcumin has also been studied in a standard
model of radiation-induced tumor in rat mammary gland. After whole body X-
irradiation, a high incidence about 70.3% of mammary tumorigenesis was seen in the
control group receiving standard diet, whereas, the incidence of tumors was much low
(18.5%) in the rat receiving 1% curcumin in the diet during the initiation stage.
Moreover, the appearance of the first palpable tumor was delayed by 6 months in the
curcumin-fed group and histological examination showed a 50% decrease in the
proportion of tumors in the curcumin fed animals in comparison to the controls. Since
the pups born form curcumin treated rats showed a normal litter size and body weight
(85). These results suggest that curcumin does not have any side effects and is an
effective agent for chemoprevention acting at the radiation-induced initiation stage of
mammary tumerigenesis. In view of these finding and, since there was no difference
in animal growth between the control mice and those fed curcumin, these results
confirm the safety and the anti-carcinogenic effects of curcumin in mice.

Cancer and bone inflammation are disease that increase bone resorption.
The data from examining the action of curcumin on rabbit osteoclast apoptosis

demonstrated that curcumin drastically inhibits bone resorption in parallel with its
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stimulation of apoptosis in the cells. Therefore curcumin may be useful in the therapy
of these pathologies (86).
8.3.4 Antimicrobial and antiviral activities

Turmeric extract and the essential oil of Curcuma longa inhibited the
growth of a variety of bacteria, parasites and pathogenic fungi. The extraction of
Curcuma longa showed the antibacterial against pathogenic strains of gram-positive
(Staphylococcus aureua, S. epidermidis) and gram-negative (Escherichia coli,
Pseudomonas aeruginosa, Salmonella typhimurium) bacteria (87). Curcuma oil was
tested against cultures of Staphylococcus albus, S. aureus and Bacillus typhosus,
inhibiting the growth of S. albus and S. auretus (88). The essential oil at a dose of 4.5
to 90 ul/100 ml was found to be effective in vitro against variety of microorganisms.
Curcumin at concentration of 2.5-5.0 mg/100 ml inhibited in vitro growth of S. aureus
(89). A study of chicks infected with the caecal parasite, Eimera maxima,
demonstrated that diets supplemented with 1% of turmeric resulted in a reduction in
small intestinal lesion scores and improved weight gain (90). Curcumin has also been
found to have moderate activity against Plasmodium faciparum and Leishmania major
organisms (91).

The animal study in which guinea pigs were infected with either
dermatophytes, pathogenic molds, or yeast, found that topically applied turmeric oil
inhibited the dermatophytes and pathogenic fungi, but neither curcumin nor turmeric
oil affected the yeast isolates. An improvement in lesions was observed in the
dermatophyte and fungi infected guinea pigs, and at 7 days post-turmeric application
the lesions disappeared (92). Aflatoxin is a metabolite of mold, which grows on food
and contaminates various foods stored in unsanitary, humid conditions. Aflatoxin
ingested with food, for example with moldy peanuts, may over a long term cause liver
damage and cancer. The modifying effect of alcoholic extracts of tumeric as well as
curcumin inhibited production of aflatoxins by Aspergillus parasitious in vitro (93).

Turmeric was also studied as a potential anti-viral agent against human
immunodeficiency virus (HIV). The infection with HIV is characterized by a complex
command system, which results in virus activation or inactivation. The essential
structure part of that command system in HIV is called long terminal repeat (LTR).

Drugs that interfere with LTR may be of potential therapeutic value in delaying active
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HIV infection and progression of AIDS. Curcumin has found to effectively inhibit
activation of the LTR and to decrease HIV replication (94). The inhibitory activity of
curcumin against HIV-1 (95) and HIV-2 (96) integrase which is essential for
integration of a double stranded DNA copy of the viral RNA genome into a host
chromosome and for HIV replication. Thus, curcumin could be active as an anti-HIV
drug.
8.4 Toxicity

Curcuminoid capsules, the same formula obtained from the Government
Pharmaceutical Organization, were used to study both acute and chronic toxicity test
in rats (97). They found that curcuminoids given to the rats at the dosage of 10 and 50
mg/kg/day for 6 months did not have any effect on the organ weights, hematological
parameters, serum chemistry, and pathology of internal organs of rats. These results
were in good agreement with previous studies (98). The weaning Swiss albino mice
were fed with control diets and diets containing 0.5% or 0.015% curcumin for 12
weeks. The mice given curcumin exhibited no effect in the micronucleus test and no
cytogenic effect in the bone marrow chromosomes. Moreover, curcumin at the dosage
of 800 and 1800 mg/kg/day orally administered to both rats and monkeys did not
produce toxicity over a period of 6 months. There was also no toxic effect when

curcumin was given orally in high doses (up to 5 g/kg) to rats (99).



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biochemistry) / 35

CHAPTER IlI
MATERIALS AND MATHODS

1. Subjects
Subjects were divided into 2 groups :
1.1 Normal subjects

Fourteen healthy volunteers were included in this study as normal control
group. They have normal hematology data and hemoglobin type (Hb A and Hb A,).
They have hemoglobin concentrations about 12 — 18 g/dl. The normal group consists
of 4 males and 10 females and their ages are between 24 — 49 years old.

1.2 Thalassemic patients

Thalassemic patients divided into 2 groups :

1.2.1 Eight transfusion-independent B-thalassemic patients with mild clinical
symptom were recruited from Division of Hematology, Faculty of Pediatrics, King
Chulalongkorn Memorial Hospital, Thailand. They received curcumin 500 mg/day
daily for 3 months. The patients are PB-thalassemia/HbE or homozygous PB°-
thalassemia typing with a mean hemoglobin level of about 5-10 g/dl and hemoglobin
level was also determined at the Division of Hematology, Department of Medicine,
Faculty of Medicine Siriraj Hospital, Thailand. The patients in this group did not have
blood transfusion between the study.

1.2.2 Eighteen transfusion-dependent B-thalassemic patients were divided 2
groups by randomized double-blinded, controlled trial. The patients in this group are
B-thalassemia/Hb E or homozygous p°-thalassemia typing and having blood
transfusion between the study.

1.2.2.1 Eight B-thalassemic patients received curcumin 500 mg/day
daily for 3 months.
1.2.2.2 Ten B-thalassemic patients received placebo 500 mg/day daily

for 3 months as a placebo group or control study.
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2. Intervention

Curcuminoid (250 mg) and placebo capsules were donated from The Government
Pharmaceutical Organization. Eight transfusion-independent p-thalassemic patients
received curcumin 500 mg daily for 3 months. Eighteen transfusion-dependent
[-thalassemic patients divided into 2 groups that 8 patients received curcumin 500 mg
and 10 patients received placebo daily for 3 months, then they were stopped treatment
at least 3 months in withdrawal period.

3. Exclusion criteria
3.1 Patients received deferoxamine, vitamin E, or other know medication with
antioxidant properties.
3.2 Patients have congestive heart failure.

3.3 Patients have history adverse affect of curcumin.

4. Blood collection

Ten mililiters of freshly drawn blood in ethylenediamine tetrachloroacetic acid
(EDTA) as anticoagulant from normal subjects and p-thalassemia children were
collected before treatment to measure the lipid peroxidation as baseline. The patients
were randomized to receive curcumin 500 mg/day or placebo daily for 3 months. The
patients were regularly followed up after receiving the medication for 3 months and
after withdrawal at least 3 months. Blood was collected to measure the various

biochemical parameters.

5. Biological parameters

In this study, the oxidative stress of B-thalassemic patients was determined by
measuring the lipid peroxidation product in the form of malondialdehyde (MDA).
Malondialdehyde was carried out by 3 different techniques based on thiobarbituric
acid (TBA) test.

5.1 Malondialdehyde in red cell suspension measured by spectrophotometry

5.2 Malondialdehyde in plasma measured by spectrofluorometry

5.3 Malondialdehyde in plasma measured by HPLC
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6. Instruments

6.1
6.2
6.3

6.4
6.5
6.6

6.7
6.8
6.9
6.10
6.11
6.12

6.13
6.14
6.15

6.16
6.17
6.18
6.19

Autopipette, pipetman, Gilson, France

Centrifuge, Sorval MC 12 V, rotor F-12/M.18, Dupont, USA
Column, ODS 4.6 x 100 mm, 5 u, Hewlett-Packard Hypersil, Agilent,
USA

Empower software for analyzing the HPLC data, Waters, USA
Guard column, 4.0 x 20 mm, 5 u, Agilent, USA

High performance liquid chromatography (HPLC), seperating module
2695, Waters, USA

Magnetic stirrer, Magnestir, Lab-Line Instrument Inc., USA
Multiply fluorescent detector, Model 2475, Waters, USA

pH meter, Model RL 150, Russell, USA

Pipetboy, Integra Bioscience, USA

Reciprocal Shaking waterbath, Model 50, Precision Scientific, USA
Refrigerated centrifuge, Sorvall RC 26 plus, rotor SS - 34, Dupont,
USA

Spectrofluorometer, RF 5000, Shimadzu, Japan

Spectrophotometer, UV-160, Shimadzu, Japan

Vacuum pump, Model DOA-V122-FD, MFG. Corp., Benton Harbor,
USA

Vortex, Genie 2, USA

Waterbath, gp-400, Neslab instrument, USA

Water purification, milli-RO, Mllipore, France

Water untra purification, milli-Q, Millipore, France

7. Special glasswares and supplies

7.1
7.2
7.3
7.4
7.5
7.6

Aluminium foil, Reynolds metals company, USA
Beakers

Medicine Dropper

Duran 500, 1000 ml

EDTA coated tube 3 ml and 7 ml, Vacutainer, USA
Eppendorf 1.5 ml and 2 ml
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7.7
7.8
7.9
7.10
7.11
7.12
7.13

7.14
7.15

Filter paper, diameter 70 mm and 90 mm circle, Whatman no.1, USA
Mandrel point insert, 150 ul, Waters, USA

Parafilm, 4 inch x 125 ft roll, size M, American nation, USA

Pipette tips 200 and 1000 pl

Plasteur pipettes

Suction volumetric flask

Tube 10 x 100 mm, 16 x 100 mm, 16 x 150 mm Pyrex, USA, and glass
microtubes 3 ml

Vial, 12 x 32 mm, Waters, USA

Volumetric flask 10, 25, 50, 100, 200, 500, 1000 and 2000 ml

Chemicals

Table 4 List of chemicals

Chemical names Formula Molecular weight | Company
1 | Butylated hydroxy- | Ci5H240 220.4 Sigma
toluene (BHT)
2 | Butanol CH3(CHy);0H 74.12 Merck
3 | Disodium  ethylene- | C1oH14N2OgNa,Cl 372.2 Sigma
diamine tetrachloro- | .2H,0
acetic acid
4 | Ethanol C,HsOH 46.07 Merck
5 | Glacial acetic acid C2H40; 60.05 Merck
6 | Hydrogen peroxide H,0, 34.01 BDH
7 | Methanol CH3;OH 32.04 Merck
8 | Phosphoric acid H3sPO, 98.00 Merck
9 | Phosphotunstic acid 12WQO3.H3P04.H,0 Sigma
10 | Potasium  hydrogen | K;HPO,4.3H,0 228.23 Merck
phosphate trihydrate
11 | Potassium dihydrogen | KH,PO4 136.09 Merck

phosphate
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Chemical names Formula Molecular weight Company
12 | Potassium mono- KH,;PO4 136.1 Sigma
basic phosphate
13 | Potassium hydroxide | KOH 56.11 Sigma
14 | Sodium chloride NaCl 58.44 Sigma
15 | Sodium phosphate NaHPO,4.7H,0 268.07 Merck
dibasic heptahydrate
16 | Sodium phosphate NaHPO,.H,0 137.99 USB
monobasic  mono-
hydrate
17 | Sodium azide NaN3 65.01 Sigma
18 | Sodium arsenite NaAsO; 129.9 Sigma
19 | Sodium hydroxide NaOH 40.00 Merck
20 | Sulfuric acid H,SO, 98.07 Sigma
21 | 1,1,3,3,tetramethoxy | (CH30),CHCH,CH 164.2 Aldrich
propane (OCHy),
22 | Thiobarbituric acid | C4H4N,0,S 144.1 Sigma
23 | Trichloroacetic acid | CCI;COOH 163.39 Merck

9. Reagent preparation

9.1 Reagent for preparation of red blood cells

9.1.1. 5 mM phosphate buffered saline, pH 7.4
Na,HPO,.7H,0 1.0616 g, NaH>PO4.H,0 0.14352 g and NaCl 8.5 g
were mixed with 800 ml of distilled water. The mixture was adjusted pH to 7.4 and

adjusted volume to 1000 ml with distilled water. This solution was kept at 4°C and

used within 3 months.

9.21

9.2 Reagents for malondialdehyde assay in the 50% red blood cells
Isosmotic phosphate buffered saline, pH 7.4

Na;HPO,.7H,O 1.5917 g, NaH,PO4.H,O 0.21561 g and NaCl
3.9447 g were mixed in distilled water 450 ml. The mixture was adjusted pH to 7.4
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and adjusted volume to 500 ml with distilled water. This solution was kept at 4°C and
used within 6 months.
9.2.2 2 mM sodium azide

Sodium azide 0.026 g was mixed in isosmotic phosphate buffer.
The solution was adjusted volume to 200 ml with isosmotic phosphste buffered saline.
This solution was kept at 4°C and used within 3 months.

9.2.3 0.068% hydrogen peroxide (H,0,)

22.67 wl of 30% H,O, was pipetted to 10 ml of isosmotic
phosphate buffered saline, pH 7.4 then mixed it well. This solution was prepared
freshly before assay 5-10 minutes.

9.2.4 TCA-arsenite

Trichloroacetic acid (TCA) 28 g was added to 40 ml of distilled
water and mixed by using stirrer. Sodium m-arsenite 1.299 g was added to 40 ml of
distilled water and also mixed by using stirrer. The TCA solution and sodium m-
arsenite solution were mixed together and adjusted volume to 100 ml with distilled
water. This solution was kept at room temperature in dark bottle and used within 3
months.

9.25 1M stock NaOH

Sodium hydroxide 4 g was added to 100 ml distilled water and kept

as stock solution at room temperature.
9.2.6 0.05M NaOH

25 ml of 1 M stock NaOH was added in 500 ml volumetric flask
that contained distilled water and then adjusted volume to 500 ml and mixed gently.
This solution was used as solvent to prepare 1% thiobarbituric acid (TBA).

9.2.7 1% TBA in 0.05 M NaOH

Thiobarbituric acid (TBA) 1 g was added to 90 ml of 0.05 M
NaOH. The beaker that contains this solution was protected by aluminium foil. The
solution was stirred on heat magenetic stirrer with heat at level 1. Then, this reagent
was adjusted volume to 100 ml in dark volumetric flask. This solution was kept in
dark bottle at room temperature and used within 2 months.
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9.3 Reagents for malondialdehyde (MDA) assay in the plasma by using
spectrofluorometer
9.3.1 1/12 M H,SO,

2.3 ml of absolute H,SO,4 was added in 1000 ml volumetric flask
that contained 500 ml of distilled water then adjusted volume to 1000 ml and mixed it
well.  This solution was titrated by using 0.1 N NaOH as standard base and
phenopthalein was the indicator for the titration.

9.3.2 10% phosphotungstic acid

Phosphotunstic acid 10 g was mixed with 50 ml of distilled water
and adjusted volume to 100 ml. This solution was kept at room temperature and used
within 6 months.

9.3.3 0.67% TBA

Thiobarbituric acid (TBA) 0.67 g was mixed with 80 ml of acetic
acid. The beaker that contains this solution was protected by aluminium foil. This
solution was stirred on heat magnetic stirrer with heat on level 1. The solution was
then adjusted volume to 100 ml and kept in dark bottle in the room temperature. This
solution was used within 2 months.

9.3.4 0.125 uM tetramethoxypropane

100 pl of 6 M tetramethoxypropane was added about 600 ml of
ditilled water, adjusted volume to 1000 ml and mixed it well. The concentration of
solution in this step was 0.6 mM. After that, 104 ul of 0.6 mM of diluted solution was
taken in distilled water and adjusted volume to 500 ml that the concentration of
standard in this step was 0.125 uM. This diluted standard was kept in 4°C and used
within 3 months.

9.4 Reagents for malondialdehyde (MDA) assay in the plasma by using HPLC
9.4.1 0.44 M phosphoric acid

2.95 ml of 95% phosphoric acid was added in 100 ml volumetric
flask containing milli-Q water 97.05 ml and then mixed it well. This solution was
kept at room temperature and used within 3 months.

9.4.2 0.05% butylated hydroxytoluene (BHT)
BHT 0.05 g was dissolved in 100 ml Milli-Q water and mixed it.

This solution was kept in room temperature and used within 3 months.
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9.4.3 42 mM thiobarbituric acid (TBA)

Thiobarbituric acid (TBA) 0.605 g was dissolved in 90 ml of milli-
Q water on a stirring hot plate at 50-55°C then this solution was adjusted volume to
100 ml in volumetric flask. This solution was kept in dark bottle at room temperature
and used within 2 months.

9.4.4 5 M potassium hydroxide (KOH)

Potassium hydroxide (KOH) 28.06 g was added to milli-Q water
and brought up to the volume of 100 ml. This solution was kept at room temperature
for 6 months.

9.4.5 50 mM potassium monobasic phosphate (KH,PO,)

Potassium monobasic phosphate (KH,PO,) 6.805 g was added to
900 ml milli-Q water and mixed it well by stirring. The solution was adjusted pH to
6.8 by using 5 M potassium hydroxide (KOH) and adjusted volume to 1000 ml with
milli-Q water. This solution was prepared freshly before assay.

9.46 40% ethanol

40.08 ml of 95% ethanol was diluted with milli-Q water then
adjusted volume to 100 ml. This reagent was kept at room temperature.

9.4.7 Serial dilution of standard MDA (1,1,3,3 tetramethoxypropane)

The standard MDA was diluted to the concentration of 5, 4, 2, 1,
0.5, 0.25,0.125 and 0 uM. 100 pl of 6 M of stock standard MDA was diluted in 10 ml
of 40% ethanol to get the concentration of 0.06 M. Then, 0.06 M of standard was
diluted to 0.05 mM by taking 20.8 ul of 0.06 M standard and adding to 25 ml of 40%
ethanol. 1 ml of 0.05 mM standard was added to 10 ml of 40% ethanol to get 5 uM of
standard. The 5 uM of standard was used to prepare the serial dilution to obtain

concentrations of 5, 4, 2, 1, 0.5, 0.25, 0.125 and 0 uM.

10. Sample analysis
10.1 Preparation of red blood cells
Ten milliliters of whole blood in EDTA tube were centrifuged at 800
X g, 4°C for 10 minutes to separate the red blood cells and plasma. The plasma was

collected and stored at —80°C until used for analysis. The buffy coat was removed
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then packed red cells were washed three times with 5 mM phosphate buffered saline
(PBS), pH 7.4 at 800 x g, 4°C for 10 minutes. The packed red cells were resuspended
in PBS to make 50% red cell suspension. This suspension was used for analysis of
MDA level in red blood cells.
10.2 Malondialdehyde assay
10.2.1 MDA level by thiobarbituric acid reaction (TBAR) method in the
50% red cell suspension
Principle
Malondialdehyde (MDA) as a secondary breakdown product of
fatty-acid peroxides was estimated in human red cells. The MDA formation was
exposed to hydrogen peroxide by the addition of a hydrogen peroxide solution. MDA
was extracted by trichloroacetic acid (TCA). The colored complex formed between
MDA and TBA in boiling water. The pink chromogen from MDA-TBA complex was
measured at 532 nm.
Procedure
50% of red blood cells were hemolyzed and adjusted hemoglobin
concentration to 10 g/dl. 1.5 ml of sample were preincubated with 1.5 ml of 2 mM
sodium azide for 1 hour at 37°C then incubated with 0.068% H,O; for 1 hour at 37°C
again. The reaction was then stopped by adding 1 ml of 0.1 M precipitating solution
(TCA-arsenite) and then centrifuged at 7270 x g at 4°C for 10 minutes. Supernatant
was kept at room temperature. 2 ml of supernatant was added with 0.5 ml of 1% TBA
and then heated in the boiling water for 15 minutes. After boiling, the samples were
cooled with tap water. The color of TBA-MDA adduct was measured at 532 and 600
nm by spetrophotometry. The wavelength at 532 nm was used for detection of TBA-
MDA adduct but at 600 nm was used for detection of interference products.
Calculation
From the equation A = &bc
When A = the different of the absorbance 532 and 600 nm
molar extinction of MDA at 532 nm = 1.56x10°

S
b
¢ = the concentration of MDA (nmoles/g Hb)
Therefore, MDA (nmol/g Hb) =6.4102 x 10° (ODs3;-ODgoo)

slit wide of cuvette 1 cm
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10.2.2 Plasma MDA level by thiobarbituric acid reaction (TBAR) method
Principle
A simple method for the assay of lipid peroxide level in the form of
malondialdehyde (MDA) in plasma was used the thiobarbituric acid (TBA) reaction.
The lipids in plasma were precipitated along with proteins by phosphotungstic acid.
The TBA-MDA reaction in boiling and acetic acid condition avoid its reaction with
other substances such as sialic acid. The TBA-MDA reaction product is fluorescent
substance that can be measured by spectrofluorometry at 553 nm with excitation at
515 nm.
Procedure
20 pl of plasma was mixed gently with 4 ml of 1/12M H,SO, then
added 10% phosphotungstic acid and shaken up. The solutions were kept for 5
minutes at room temperature and then centrifuged at 1600 x g at room temperature for
10 minutes. The supernatant was removed and pellets were resuspended in 2 ml of
1/12M H,SO, and added 0.3 ml of 10% phosphotungstic acid. The solutions were
centrifuged at 1600 x g at room temperature for 10 minutes. The pellets were then
resuspended in 4 ml of distilled water, 1 ml of 0.67% TBA, and shaken up for 3-5
minutes. The sample mixtures were heated for 1 hour at 95°C in waterbath and then
cooled under tap water for 10 minutes. The TBA-MDA product was extracted with 5
ml of n-butanol. The n-butanol phase was separated by centrifuged at 1600 x g at
room temperature for 15 minutes. The fluorescence substances were measured by
spectrofluorometry with excitation at 515 nm and emission at 553 nm.
Calculation
The plasma MDA level was calculated by equation
MDA (nmol/ml) = 0.5 x f/F x 1.0/0.02 = f/F x 25
F = fluorescence intensity of standard solution
f = fluorescence intensity of sample
10.2.3 Plasma MDA determination by fluorometric-liquid
chromatography
Principle
Lipid peroxidation was assayed by measuring the formation of
malondialdehyde (MDA). Byproduct of lipid peroxidation, MDA is formed by
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peroxide polyunsaturated fatty acid and it is commonly measured by derivatization
with thiobarbituric acid (TBA) to form a pink chromogen. The TBA test is
intrinsically non-specific for MDA, non-lipid-related materials as well as fatty
peroxide-derived decomposition products other than MDA are TBA positive which
results in overestimating of MDA levels. High performance liguid chromatography
(HPLC) techniques were proposed for determining MDA in which condensation
compound of MDA and TBA is separated from interfering substances by
chromatography on a column of octadecyl silica gel then MDA is measured by using
fluorescente detector at 515 nm excitation.
Procedure

50 ul of plasma was added in the mixture solution that contain 50
ul of BHT and 400 ml of H3PO,4. 100 ul of TBA was then added in sample and mixed
it well. Samples tubes were capped tightly and heated for 1 hour at 100°C waterbath.
The samples were then placed on an ice-water for 5 minutes and 250 pl of n-butanol
was added in each sample tube for extraction of TBA-MDA complex. Samples were
vortexed for 5 minutes and centrifuged for 3 minutes at 14000 x g to separate the two
phases. 100 ul of n-butanol layer in each sample was removed and placed in HPLC
vials for analysis.

10 ul of each sample was injected at 1 minute intervals. Pump
flow-rate was 1.0 ml/min with mobile phase comprised of methanol-buffer in ratio of
40:60 (v/v). The column was a Hewlett-Packard Hypersil 5 ODS, 100 x 4.6 mm with
0.5 ODS guard column placed in a column warmer set to 37°C. The fluorescent
detector was set at an excitation wavelength of 515 nm and emission wavelength of
553 nm. Peak areas and all of chromatograms were determined using Empower

software.

11. Statistical analysis

Data were analyzed by using nonparametric test in SPSS program. Mann-
Whitney U test was used to examine differences between the means of various groups
and Wilcoxon’s signed rank test was used to examine the difference between months

in each group mean. Intraclass correlation was used to examine the agreement of 2
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methods that were used to measure in plasma. A p value < 0.05 was considered

statistically significant. Data were shown as mean + SD.
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CHAPTER IV
RESULTS

1. Characteristics of study patients

Hematological data of normal hemoglobin is shown in Table 5. Fourteen normal
subjects were recruited and the ages ranged between 24 and 49 years old. All of
normal subjects had normal hemoglobin typing (Hb AA;) and their hemoglobin level
were 14.0 + 1.6 g/dl (Table 5).

The beta-thalassemia patients were divided into 3 groups that group I: transfusion-
independent B-thalassemia patients treated with curcumin (n=8), group II: transfusion-
dependent B-thalassemia patients treated with curcumin (n=8), group IlI: transfusion-
dependent B-thalassemia patients treated with placebo (n=10). The hematological
values were presented as mean + SD. The blood’s patients were collected after
transfusion one month. Hematological data of all groups of p-thalassmia patient
before, during, and after medication were shown in Table 6-8. Transfusion-dependent
B-thalassemia group as clinically more severe but then, transfused, hemoglobin is
slight higher than transfusion-independent group (Table 9). After receiving curcumin
for 3 months, there is no significant change in hemoglobin level in all groups of
patients (p=0.575). In the group of transfusion-dependent B-thalassemia patients who
were treated with placebo, the hemoglobin level before and during placebo treatment
were not different (p=0.374).

2. Normal lipid peroxidation range: malondialdehyde (MDA) and storage effect

The end product of lipid peroxidation analyzed in the form of malondialdehyde
(MDA). The MDA level was represented as a biological marker for the oxidative
stress in body. The famous method to mesuring the MDA level was the reaction of
thiobarbituric acid (TBA) in the red blood cells by using spectrophotometry at 532 nm.

and in the plasma by using spectrofluorometry at 515 nm of excitation. HPLC was the
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Table 5 Hematological data of normal control.
Name Sex Age Hb WBC RBC MCV MCH | Platelet
M/F years old g/dl 10%/ml 10%/ml fl pg 10*/ml
R.S F 49 13.8 6.15 4.62 85.1 29.9 236
B.K F 24 13.4 6.44 4.28 92.5 31.3 334
AM F 25 12.6 75 4.47 83.9 28.2 260
Y.J F 26 12.9 5.09 4,17 89.7 30.9 274
N.W F 42 13.1 471 4.39 91.1 29.8 256
O.N M 25 16.6 5.28 5.23 91.2 317 353
D.S M 25 175 6.74 5.81 82.1 30.1 204
P.I F 26 13.1 6.45 4.42 91.0 29.6 155
K.L M 39 15.9 5.58 5.64 84.0 28.2 188
K.S M 33 13.0 3.86 4.28 93.9 30.4 244
0.S F 28 12.9 7.15 455 88.1 28.4 262
SR F 24 14.5 4.64 4.87 89.3 29.8 142
S.P F 27 12.8 6.54 4.36 89.7 29.4 297
N.P F 33 14.0 3.98 4,99 86.6 28.1 267
Mean + SD 140+1.6 | 5.72+1.16 | 4.72+0.52 88.4+3.6 29.7+1.2 | 248+ 60.7
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Table 6 Hematological data of B-thalassemia patients before receiving treatment.

Patients Age Type Frequency Hb WBC RBC MCV MCH
years old of g/dl 10*/ml 10%ml fl pg
tranfusion
Al 13 B/HbE - 6.0 * N * *
S.C 10 BIHbE - " 8.63 4.66 54.7 16.5
N.P 13 BIHbE - 5.2 90.96 2.67 77.9 19.5
S.G 13 BIHbE - 5.1 201.14 2.42 87.6 21.1
AK 14 BIHbE - 6.8 8.79 4.69 50.1 14.5
K.P 11 BIHbE - 6.9 20.55 4.13 59.6 16.7
AT 11 B/HbE - 6.3 12.11 3.63 66.4 17.4
S.B 9 B/HbE ¢ 8.2 6.31 4.60 56.5 17.8
Mean £ SD 12+ 1.8 6.5+1.1 49.8 £ 73.2 3.83£0.96 | 64.7£13.6 | 17.6 £2.1
P.G 16 gt 4 weeks 6.1 47.92 2.31 87.0 26.4
TP 15 B/HbE 4 weeks 8.7 19.14 3.58 77.7 24.3
W.N 12 prT2g™72 | 3 weeks 9.5 39.06 3.45 84.1 27.5
P.K 13 B/HbE 4 weeks 7.4 7.22 4.10 58.5 18.0
B.L 14 B/HbE 4 weeks 75 51.3 3.15 95.2 23.8
K.Pu 14 pIET2IRT™T2 | 4 weeks 7.7 22.61 2.72 91.4 28.2
SR 35 BIHbE 4 weeks 5.1 9.83 2.77 59.6 18.4
Y.S i BIHbE 3 weeks 6.8 67.61 2.95 75.6 23.1
Mean + SD 16 +7.7 73+14 33.1+21.7 3.13+0.57 78.6+13.7 23.7+3.8
P.B 17 BIHbE 3 weeks 7.4 46.3 3.25 77.2 22.8
AN 12 pH g 3 weeks 5.1 17.83 1.91 85.3 26.7
TG 13 g1t 4 weeks 2.4 41.63 1.02 85.3 23.5
S.K 11 BIHbE 4 weeks 8.5 7.66 4.22 62.6 20.1
P.P 11 BIHDE 4 weeks 8.1 5.50 2.89 76.8 28.0
S.Ko 12 BIHbE 4 weeks 6.7 7.93 3.81 76.1 17.6
TN 11 BIHbE 4 weeks 8.0 10.23 3.57 69.5 22.4
M.Pu 17 RIET2IR™2 | 4 weeks 6.9 83.64 2.55 83.9 27.1
N.C 28 BIHbE 4 weeks 6.0 5.79 2.76 67.0 21.7
K.S 9 B/HDE 4 weeks 7.6 31.62 2.74 83.2 27.7
Mean £ SD 1455 6.7+1.8 | 25.81 £25.42 2.87£093 | 76.7£8.1 23.8+35
Total 6.8+1.5 | 34.85+ 42.65 3.22+0.9 73.9+ 22+4.2
Mean £ SD 12.7

* no data
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Table 7 Hematological data of B-thalassemia patients during curcumin treatment

Patients | Treatment Hb Het WBC RBC MCV MCH Platelet
g/dl % 10%ml 10%/ml fl Pg 10%/ml
Al C 6.3 18.4 12.57 3.37 54.6 18.7 447
S.C C 7.6 21.2 8.78 4.66 455 16.3 359
N.P Cc 5.8 19.1 113.58 2.63 72.6 221 714
S.G Cc 8.3 251 96.32 3.44 73.0 241 836
AK © 7.0 214 6.48 4.71 45.4 14.9 288
K.P C 6.8 20.7 22.13 3.93 52.7 17.3 729
AT C 6.3 18.6 10.70 3.34 55.7 18.9 227
SB c 9.2 23.8 7.81 4.66 51.1 19.7 282
Meant SD 7.1+1.1 21+2.4 34.8+43.81 3.84+0.78 56.3+10.8 19+3 485+239
P.G Cc 7.3 4 * * = * *
T.P © 6.9 = o * % * *
W.N C 6.1 18.2 53.38 2.17 83.9 28.1 566
P.K G 6.6 19.3 8.06 3.42 56.4 19.3 256
B.L c 7.8 26.4 60.78 8153 74.8 221 778
K.Pu Cc 6.5 20.0 40.66 2.34 85.5 27.8 633
SR o 10.1 29.9 14.42 4.86 61.5 20.8 119
Y.S c 6.3 21.3 83.31 2.79 76.3 22.6 840
Mean + SD 7.2£1.3 22.5+4.6 43.44128.6 3.19£0.99 | 73.1£11.8 23.543.7 5324288
P.B P 9.1 29.8 87.69 4.5 66.2 20.2 397
AN P 7.4 21.9 17.62 2.76 79.3 26.8 319
T.G P 7.3 * * * * * *
SK P 8.3 27.3 9.29 4.46 61.2 18.6 479
P.P P 6.3 * * * * * *
S.Ko P 6.9 20.4 7.09 3.92 52.0 17.6 286
T.N P 7.8 * * * * * *
M.Pu P 5.3 16.8 129.92 2.01 83.6 26.4 204
N.C P 6.98 48.2 4.76 6.98 69.1 235 85
K.S P 7.6 235 53.68 2.92 80.6 25.9 611
Mean + SD 73£1.0 | 26.8+104 | 44.29+£48.63 | 3.94+1.63 | 703+£11.5 | 22.7+3.9 | 340175
Total 72+1.1 23.4+6.8 40.43 +£40.08 | 3.69+1.17 | 65.8+13.2 21.6+3.9 450 =238
Mean + SD

C = curcumin treatment , P = placebo treatment

* no data
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Table 8 Hematological data of B-thalassemia patients after withdrawal treatment for 3

months
Patients Treatment Hb Het WBC RBC MCV MCH Platelet
gldl % 10%/ml 10%/ml fl pg 10%/ml
P.G C 75 21.9 39.12 2.71 80.8 27.7 895
TP c 7.6 25.7 32.07 3.12 82.4 24.4 460
W.N c 75 23.0 19.64 2.58 89.1 29.1 619
P.K ¢, 8.5 25.6 9.69 4.49 57.0 18.9 298
B.L C 6.2 23.8 77.18 3.09 77.0 20.1 820
K.Pu C 7.4 22.5 26.72 2.86 78.7 25.9 791
SR C 5.4 17.4 7.18 2.81 61.9 19.2 176
Y.S c 6.3 20.8 68.94 2.68 77.6 23.5 754
Mean + SD 71x1 22.6+2.7 | 35.07£25.84 3.04 + 0.61 75.6+£10.7 | 23.6+3.9 | 602 +264
P.B P 6.4 o1 47.44 3.16 69.9 20.3 480
AN P 3.8 11.2 26.12 1.56 71.8 24.4 482
T.G P 8.7 26.0 27.81 3.44 75.6 25.3 719
S.K P 7.6 22.9 11.80 4.09 56.0 18.6 533
P.P P 49 15.2 5.73 2.10 72.4 23.3 117
S.Ko P 7.5 21.8 6.65 431 50.6 17.4 271
T.N P 8.5 25.7 12.30 3.70 69.5 23.0 223
M.Pu P 6.3 19.3 70.95 2.71 71.2 23.2 560
N.C P 6.1 18.3 6.12 2.62 69.8 23.3 195
K.S P 7.4 24.6 39.67 2.80 77.1 26.4 576
Mean £ SD 6.7 £1.5 20.7+4.8 25.46 £ 21.7 3.05+0.87 68.4+84 22.5+29 | 416199

C = curcumin treatment , P = placebo treatment
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Table 9 Hematological data of normal and p-thalassemia patients
Case Period Hb Hct WBC RBC MCV MCH Platelet
g/dl % 10*/ml 10%/ml fl pg 10*/ml
Normal 140+16 | 41.6+36 | 572+1.16 | 472+052 | 88.4+36 | 29.7+12 | 248+ 61
p-thalassemia | Before 65+1.1 | 235+1.9 | 49.78+73.19 | 3.83+0.96 | 64.7+13.6 | 17.6+2.1 | 557 +247
(non-transfusion)
treated with | Treatment 71+11 | 210424 | 348+4380 | 3.84+078 | 563+10.8 | 19.0+3.0 | 485+239
curcumin for 3 months
(n=8)
Before 74+14 | 243+46 | 33.08+21.69 | 3.13+0.57 | 786+13.7 | 23.7+3.8 | 596 + 261
B-thalassemia
(transfusion) | Treatment 72+13 | 225+4.6 | 43.43+286 3184099 | 73.1+11.8 | 235+3.7 | 532+288
treated with for SR
curcumin
(n=8) e 71+1 226+2.7 | 350742584 | 3.04+061 | 756+10.7 | 23.6+3.9 | 602+ 264
withdrawal
for 3 months
Before 67+18 | 21.5+58 | 2581+2542 | 287+093 | 76781 | 238+35 | 505225
B-thalassemia
(transfusion) | Treatment 73+10 | 26.8£10.4 | 4429+48.63 | 3.94+163 | 70.3+115 | 22.7+3.9 | 340+175
treated with for 3 months
placebo
_ After 6.7+15 | 207+48 | 2546+21.7 | 3.05+087 | 684+84 | 225+29 | 416+199
(n=10) .
withdrawal
for 3 months
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excellent technique to measure MDA level and eradicate the interfering products.

The MDA levels were determined in erythrocyte and in plasma of 14 normal
subjects by using 3 different methods and they were represented as mean = SD in
Table 10.

The results were expressed as nanomoles per gram Hb (nmol/gHb) for MDA in
erythrocyte by using spectrophotometry, as micromoles per liters (umol/L) for MDA
in plasma by using spectrofluorometry, and as nanomoles per liters (nmol/L) for MDA
in plasma by using HPLC. MDA level in erythrocyte in normal subjects was 682.36 +
113.27 nmol/gHb. The plasma MDA by using spectrofluorometry and HPLC in
normal were 3.42 + 0.97 umol/L and 0.76 + 0.2 nmol/L, respectively (Table 10).

Storage effects at different temperatures on erythrocyte MDA were determined in
3 normal subjects. Storing erythrocyte MDA at -80°C, the MDA level increased
continually (day 1 = 709, week 1 = 814, week 2 = 836, week 4 = 990 nmol/gHb) but
there was not significantly different (p>0.05) (Table 11 and Figure 7-8). The similar
results obtained when stored at -20°C, the MDA level continued to increase with
increasing storage time (day 1 = 1107, week 1 = 1713, week 2 = 2299, week 4 = 2560
nmol/gHb) but there was no significantly different. In contrast, the erythrocyte MDA
stored at -20°C was significantly higher than stored at -80°C (p=0.0041) (Table 11
and Figure 7-8). Therefore, the MDA assay from erythrocytes should be done within
2 weeks when stored at -20°C. The temperature of -80°C was suitable for storage of
erythrocyte MDA.

After storage for 1, 2, and 4 weeks at -80°C, -20°C, and 4°C, the plasma MDA
level determined by spectrofluorometry in week 4 was significantly higher than day 1
(p<0.05) (-80°C: from 2.12 to 3.49; -20°C: from 2.41 to 3.47; 4°C: from 2.67 to 4.2
umol/L) (Table 12 and Figure 9-10). There was no temperature effect but there was
time effect on plasma MDA by this technique.

Table 13 and Figure 11-12 showed the storage effect of plasma MDA by using
HPLC. After storage for 1, 2, and 4 weeks at -80°C, -20°C and 4°C, the plasma MDA
level determined by HPLC in week 2 was significantly higher than day 1 (-80°C: from
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Table 10 The erythrocyte and plasma MDA levels in normal subjects.
Plasma MDA
Subjects Hb Erythrocyte MDA spectrofluorometry HPLC
(n=14) (g/dl) (nmol/gHb) (umol/L) (nmol/L)
R.S 13.8 676 4.21 0.75
B.K 134 832 3.22 0.41
AM 12.6 856 251 0.73
Y.J 12.9 753 4.82 1.06
N.W 13.1 593 3.7 0.92
O.N 16.6 647 1.95 0.63
D.S 17.5 609 3.78 0.79
P.1 131 596 3.15 0.54
K.L 15.9 894 4.49 0.77
K.S 13.0 686 4.11 0.91
0.s 12.9 491 1.62 0.62
SR 145 628 2.74 1.12
S.P 12.8 638 4.43 0.6
N.P 14.0 654 3.15 0.8
Mean £ SD 14.0 £ 1.6 682.36 £ 113.27 3.4210.97 0.76 £ 0.2
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Figure 7 Scattergram of storage effect on erythrocyte malondialdehyde (MDA) levels
at —80°C (®) and —20°C (o ) of normal subjects
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Figure 8 Scattergram of relative percent change of erythrocyte malondialdehyde
(MDA) levels of normal control subjects after storage at —80°C ( ® ) and —20°C ( 0)

for 4 weeks
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Figure 9 Scattergram of storage effect on plasma malondialdehyde (MDA) levels
analyzed by spectrofluorometry in —-80°C ( @ ), —20°C ( © ) and 4°C ( A ) of normal

subjects.
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Figure 10 Scattergram of relative percent change of plasma malondialdehyde (MDA)
levels of normal control subjects analyzed by spectrofluorometry after storage at
-80°C (@), —-20°C (0), and 4°C ( A) for 4 weeks.
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Figure 11 Scattergram of storage effect in plasma malondialdehyde (MDA) levels by
using HPLC in -80°C ( @), —20°C ( ©) and 4°C ( A) of normal subjects.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biochemistry) / 63

Relative %change of MDA level

40
] A A
30 A
1 O
20 A ® A 20 ¢
O A
_ ° 0
10 .O O A é
0 00OA ) Py
o
-10 ]
20 O
-30 T T - T j
Day 1 Week 1 Week 2 Week 3 Week 4 Period

Figure 12 Scattergram of relative percent change of plasma malondialdehyde (MDA)
levels of normal control subjects analyzed by HPLC after storage at —-80°C (@ ),

—20°C (o) and 4°C (&) for 4 weeks.
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0.77 to 1.04; -20°C: from 0.77 to 1.11; 4°C: from 0.89 to 1.33 nmol/L). There was
temperature effect and time effect on plasma MDA by HPLC technique (p<0.0001).
These results from the storage of plasma MDA indicated that MDA in plasma
must be assayed within 2 weeks after blood was drawn and the suitable temperature
for storage plasma was at -80°C.
In conclusion, both erythrocyte and plasma MDA should be stored at -80°C and

measured within 2 weeks.

3. Effect of curcumin on lipid peroxidation; malondialdehyde (MDA) in
transfusion-independent B-thalassemia patients

Table 14-15 showed the MDA level in 8 transfusion-independent B-thalassemia
patients. The MDA levels before curcumin treatment were 2814.13 + 1449.03
nmol/gHb, 4.45 + 3.04 umol/L and 1.41 £ 0.55 nmol/L as measured in the red blood
cells by spectrophotometry, in the plasma by spectrofluorometry, and in the plasma by
HPLC, respectively. The erythrocyte MDA levels of 8 transfusion-independent
B-thalassemia patients before curcumin treatment were significantly higher than
normal controls (p<0.0001) (Figure 13).

As the similar result, plasma MDA determined by HPLC was significantly higher
than normal controls (p=0.002) (Figure 14) while plasma MDA analyzed by
spectrofluorometry was not different from normal (p=0.946) (Figure 15).

The correlation between hemoglobin level and MDA level in transfusion-
independent [B-thalassemia patients before curcumin treatment was moderate
(R?=0.593) (Figure 16).

After receiving curcumin 500 mg daily for 3 months in transfusion-independent

B-thalassemia patients (Table 16-19 and Figurel7-19), the erythrocyte MDA level and
plasma MDA by HPLC revealed 1464.38 + 967.79 nmol/gHb and 1.1 + 0.39 nmol/L,
respectively and these data were significantly decreased (p=0.01) as compared to
baseline. The plasma MDA determined by spectrofluorometry was decreased from
4.45 + 3.04 to 2.57 + 0.93 umol/L but it was not stastictically significant (p=0.076).

The correlation between hemoglobin (Hb) level and MDA level in transfusion-
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Table 14 MDA levels in B-thalassemia patients with no blood tranfusion before

curcumin treatment

Plasma MDA
Patients Hb Erythrocyte MDA | spectrofluorometry HPLC

(n=28) g/dl (nmol/gHb) (umol/L) (nmol/L)
Al 6.0 2750 2.36 1.49
S.C 1.7 878 3.01 0.75
N.P 5.2 4612 8.73 2.37
S.G 9.1 3263 5.54 1.65
AK 6.8 4362 1.71 0.83
K.P 6.9 2917 9.21 1.13
AT 6.3 3151 3.26 1.90
S.B 8.2 580 1.77 1.13

MeanxSD | 6.52+1.1 2814.13 +1449.03 4.45 + 3.04 1.41 £ 0.55
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Table 15 Oxidative stress in the form of MDA level in normal subjects and

B-thalassemia patients before receiving treatment

B-thalassemia patients
Receiving curcumin Receiving placebo
MDA Normal " " .
non-transfusion transfusion transfusion
(mean+SD) ") n=8 n=10
Erythrocyte MDA | 682 + 113 2814 + 1449 2 1650 +1093" 13249 +712°
(spetrophotometry)
(nmol/gHb)
Plasma MDA 3.42 £0.97 4.45 + 3.04 4,22 +2.09 2.73+1.09
(spetrofluorometry)
(umol/L)
Plasma MDA 0.76 £ 0.2 1.41+055° 1.82+1.01° 14+05°
(HPLC)
(nmol/L)
2p < 0.0001 ®p=0.0026 °p=0.002
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Figure 13 Scattergram of the levels of malondialdehyde (MDA) in red blood cells
of normal controls (N), non-transfusion (NT), and transfusion (TF) B-thalassemia

patients before curcumin treatment
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Figure 14 Scattergram of the levels of malondialdehyde (MDA) in plasma of normal
controls (N), non-transfusion (NT), and transfusion (TF) B-thalassemia patients before

curcumin treatment determined by spectrofluorometry.
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Figure 15 Scattergram of the levels of malondialdehyde (MDA) in plasma of normal
controls (N), non-transfusion (NT), and transfusion (TF) pB-thalassemia patients before

curcumin treatment determined by HPLC.
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Figure 16 Correlation between hemoglobin (Hb) level and malondialdehyde (MDA)

in erythrocyte of B-thalassemia patient before treatment.

1 =transfusion-independent B-thalassemia patients treated curcumin
2 = transfusion-dependent B-thalassemia patients treated curcumin

3 = transfusion-dependent B-thalassemia patients treated placebo
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Table 16 The levels of malondialdehyde (MDA) in transfusion-independent

B-thalassemia patients after curcumin treatment for 3 months.

MDA level
Period of curcumin Red blood cells Plasma
treatment (nmol/gHb) Spectrofluorometry HPLC
(months) (umol/L) (nmol/L)
@ 2814.13 £ 1449.03 4.45 +3.04 1.41 + 0.55
3* 1464.38+967.79 2 2.57 +0.93" 1.10+£0.39°
*n=8
p=0.01 P°p=0.076
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Table 17 Relative percent change of malondialdehyde (MDA) in the red blood cells of

B-thalassemia patients after treatment for 3 months.

MDA (nmol/gHb)
Patients Treatment Period of medication treatment (months) % change
0 3
Normal 682 + 113.28
Non-transfusion
Al G 2750 929 -66.22
S.C & 878 609 -30.64
N.P G 4612 2859 -38.01
S.G C 3263 2195 -32.73
AK © 4362 962 -77.95
K.P © 2917 824 -71.75
AT C 3151 2744 -12.92
S.B © 580 593 2.24
Mean £+ SD n==8 2814.13 + 1449.03 1464.38 + 967.79 -41.00+28.76
Transfusion
P.G c 3548 2692 -24.13
T.P C 1231 1083 -12.02
W.N C 728 712 -2.20
P.K C 3045 2010 -33.99
B.L C 1125 1955 73.78
K.U C 1920 2381 24.01
SR & 820 1478 80.24
Y.S C 782 965 23.10
Mean £ SD n==8 1649.86 = 1093.16 1659.5 £ 711.35 16.11£42.77
P.B P 1032 862 -16.47
AN P 1058 1167 10.30
T.G P 2817 1349 -52.11
S.K P 776 686 -11.60
P.P P 910 763 -16.15
S.0 P 1548 2218 43.28
T.N P 624 699 12.02
M.P P 2099 1833 -12.67
N.C P 676 955 41.27
K.S P 1708 1238 -27.52
Mean £ SD n=10 1324.8 £ 712.19 1177 £ 509.56 -2.97 £29.89
Total n=26 1883.08 + 1234.74 1413.89 + 734.83 -8.79 £40.12

C = curcumin treatment, P = placebo treatment
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Table 18 Relative percent change of malondialdehyde (MDA) in the plasma of

B-thalassemia patients determined by spectrofluorometry after treatment for 3 months

MDA (pmol/L)
Patients Treatment Period of medication treatment (months) % change
0 3
Normal 3.34£0.99
Non-transfusion

Al C 2.36 2.05 -13.14
S.C (€ 3.01 2.36 -21.59
N.P C 8.73 4.13 -52.69
S.G (C; 5.54 3.76 -32.13
AK C 1.71 1.49 -12.87
K.P @ 02T 2.23 -75.79
AT © 3.26 2.73 -16.26
S.B C 1.77 1.82 2.82

Mean = SD n=38 4.45 +3.04 2.57 £ 0.93 -27.714£25.32

Transfusion
P.G C 5.14 4.57 -11.09
T.P C 4.36 3.72 -14.68
W.N Cc 3.83 3.60 -6.01
P.K C 4.96 3.04 -38.71
B.L C 1.64 1.33 -18.90
K.U C 8.35 8.29 -0.72
SR € 341 3.60 5.57
Y.S C 2.09 1.87 -10.53

Mean £+ SD n==8 4.22 +2.09 3.75+£2.11 -11.88+13.33
P.B P 291 2.97 2.06
AN P 2.99 3.17 6.02
T.G P 5.55 5.59 0.36
S.K P 2.59 2.79 7.72
p.P P 2.10 2.62 24.76
S.0 P 2.30 2.35 217
T.N P 1.52 151 -0.66
M.P P 2.33 2.23 4.29
N.C P 212 3.01 41.98
K.S P 2.86 2.86 0

Mean £+ SD n=10 2.73 £ 1.11 2.91 £ 1.06 7.94 £14.41
Total n=26 3.72£2.21 3.07 £ 1.46 -8.77 £ 23.24

C = curcumin treatment, P = placebo treatment
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Table 19 Relative percent change of malondialdehyde (MDA) in the plasma of

B-thalassemia patients analyzed by HPLC after treatment for 3 months

MDA (nmol/L)
Patients Treatment Period of medication treatment (months) % change
0 3
Normal 0.74+0.2
Non-transfusion
Al G 1.49 0.79 -46.98
S.C C 0.75 0.67 -10.67
N.P © 2.37 1.86 -21.52
S.G C 1.65 142 -13.94
AK G 0.83 0.83 0
K.P © =3 0.94 -16.81
AT c 1.90 1.20 -36.82
S.B @ kit 1.06 -17.19
Mean £ SD n=8 1.41 £ 0.55 1.1+0.39 -20.49+14.89
Transfusion
P.G © 211 2.03 -3.79
R C W32 1.2 -9.09
W.N c 2.94 2.84 -3.40
P.K © 1.27 1.15 -9.45
B.L C 1.04 0.71 -31.73
K.U C 3.65 3.27 -10.41
SR C 1.50 1.25 -16.67
Y.S C 0.7 0.61 -12.86
Mean £ SD n=38 1.82 £ 1.01 1.63 £ 0.98 -12.1849.03
P.B P 1.99 1.76 -11.56
AN P 1.74 2.07 18.97
T.G P 1.97 2.30 16.75
S.K P 1.29 1.29 0
P.P P 1.05 1.10 4.76
S.0 P 0.95 111 16.84
T.N P 0.60 0.83 38.33
M.P P 1.95 1.7 -12.82
N.C P 0.97 1.06 9.28
K.S P 1.51 1.49 -1.32
Mean + SD n=10 1.40 = 0.50 1.47 £ 0.48 7.92 £15.54
Total n=26 1.54 £ 0.71 1.41 £0.67 -7.0 £ 18.11

C = curcumin treatment, P = placebo treatment
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Figure 17 Scattergram (A) and relative percent change (B) of erythrocyte

malondialdehyde (MDA) levels of transfusion-independent -thalassemia patients (4)

during curcumin treatment for 3 months.
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Figure 18 Scattergram (A) and relative percent change (B) of plasma

malondialdehyde (MDA) levels of transfusion-independent p-thalassemia patients

() during curcumin treatment for 3 months analyzed by spectrofluorometry.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biochemistry) / 77

(A)
MDA level (nmol/L)

2.6

N
~
>

2.2 7

2]
1.8 7
1.6 7
1.4 7
1.2 7

1 |
0.8 ] i
0.6 1

0.4 1 ®

0.2 7
0 I T T I
Normal 0 1 2

i«

» >rrr >
> >

months

Y.

Treatment period

(B)

Relative %change of MDA level

10
0 A
-10 3

P> >

-20 ]
-30

>

-40 ]
-50 7]
-60 ]
-70 ]

'80 T T T T
0 1 2 3 months

< . >
Treatment period

Figure 19 Scattergram (A) and relative percent change (B) of plasma
malondialdehyde (MDA) levels of transfusion-independent -thalassemia patients (4 )

during curcumin treatment for 3 months analyzed by HPLC.



Anchalee Mahathein Results / 78

independent p-thalassemia patients during curcumin treatment was low (R*=0.21)
(Figure 20).

4. Lipid peroxidation; malondialdehyde (MDA) of transfusion-dependent

B-thalassemia patients

All of transfusion-dependent [-thalassemia patients were double-blinded,
randomized for receiving treatment for 3 months. The MDA level of transfusion-
dependent B-thalassemia patients before treatment were shown in Table 20. The
erythrocyte MDA in transfusion dependent p-thalassemia patients was significantly
higher than normals (p=0.0026). Eight transfusion-dependent p-thalssemia patients
received curcumin 500 mg per day for 3 months. The MDA level before curcumin
treatment of 8 transfusion-dependent [-thalassemia patients were 1650 + 1093
nmol/gHb, 4.22 + 2.09 umol/L and 1.82 + 1.01 nmol/L as measured in the red blood
cells by spectrophotometry, in the plasma by spectrofluorometry, and in the plasma by
HPLC, respectively. There was no correlation between Hb level and MDA level in 8
transfusion-dependent B-thalassemia patients before curcumin treatment (R*=0.055)
(Figure 16).

After curcumin treatment for 3 months (Table 21), the erythrocyte MDA level was
1659.44 +711.55 nmol/gHb (Figure 21) and the erythrocyte MDA level in 8
transfusion-dependent [-thalassemia patients was not different from baseline
(p=0.575).

However, the plasma MDA level determined by 2 assays of 8 transfusion-
dependent p-thalassemia patients were significantly decreased (spectrofluorometry
p=0.025, HPLC p=0.012) after receiving curcumin (Table 21 and Figure 22-23) and
the levels were 3.75 + 2.11 umol/L in spectrofluorometry and 1.63 + 0.98 nmol/L in
HPLC. The correlation between Hb level and MDA level in transfusion-dependent
B-thalassemia patients after receiving curcumin was poor (R?=0.019) (Figure 20).
After that, the 8 transfusion-dependent 3-thalassemia patients stopped taking curcumin
for 3 months as withdrawal period.

In withdrawal period, the erythrocyte MDA levels were 1908.24 + 1043.29
nmol/gHb which were not different (p=0.208) from baseline (Table 22). The plasma



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biochemistry) / 79

Hb level (g/dl)

105

2 R*=0.019, p = 0.7475

1 R*=0.21,p =0.2535

3 R*=0.276,p = 0.1185
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Figure 20 Correlation between hemoglobin (Hb) level and malondialdehyde (MDA)

in erythrocyte of B-thalassemia patients after treatment for 3 months

1 =transfusion-independent B-thalassemia patients treated curcumin
2 = transfusion-dependent B-thalassemia patients treated curcumin

3 = transfusion-dependent B-thalassemia patients treated placebo



Anchalee Mahathein Results / 80

Table 20 MDA levels in B-thalassemia patients with blood tranfusion before

receiving treatment

Plasma MDA
Patients Treatment Hb | Erythrocyte MDA | spectrofluorometry HPLC

2l (nmol/gHb) (pmol/L) (nmol/L)
P.G € 7.5 3548 5.14 211
T.P C 7.6 1231 4.36 1.32
W.N C 7.5 728 3.83 2.94
P.K C 8.5 3045 4.96 1.27
B.L © 6.2 1245 1.64 1.04
K.U C 7.4 1920 8.35 3.65
SR € 5.4 821 341 1.50
Y.S C 6.3 782 2.09 0.76

Mean £+ SD 71£1 1650 £1093 4.22 +2.09 1.82 £1.01
P.B P 6.4 1032 291 1.98
AN P 3.8 1058 2.99 1.74
T.G P 8.7 2817 5.55 1.97
S.K P 7.6 776 2.59 1.29
P.P P 4.9 910 2.1 1.05
S.0 P 7.5 1548 2.3 0.95
T.N P 8.5 625 1.52 0.6
M.P P 6.3 2099 2.33 1.95
N.C P 6.1 676 212 0.97
K.S P 7.4 1708 2.86 1.51

Mean = SD 6.7 £1.5 1324.9 £ 712 2.73 £1.09 14£05
Total 6.9 £1.3 1469.4 £ 887.71 3.39+£1.73 1.59 £ 0.77

C = curcumin treatment, P = placebo treatment
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transfusion-dependent

B-thalassemia patients after curcumin treatment for 3 months and withdrawal for 3

months.

MDA level
Period of i
CHOR O curen g Red blood cells plasma
treatment
(nmol/gHb) Spectrofluorometry HPLC
(months)
(umol/L) (nmol/L)
0* 1649.86 + 1093.16 4.22 +2.09 1.82+1.01
3* 1659.5 + 711.35 3.75£2.11° 1.63+0.98°
Withdrawal
6* 1908.24+ 1043.29 456 +1.52 2.04+0.88
*n=8

*p=0.025 "p=0.012
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Figure 21  Scattergram (A) and relative percent change (B) of erythrocyte
malondialdehyde (MDA) levels of transfusion-dependent -thalassemia patients who

received curcumin for 3 months and withdrawal for 3 months.
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Figure 22  Scattergram (A) and relative percent change (B) of plasma

malondialdehyde (MDA) levels of transfusion-dependent B-thalassemia patients who

received curcumin for 3 months and withdrawal for 3 months determined by

spectrofluorometry.
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Figure 23 Scattergram (A) and relative percent change (B) of plasma
malondialdehyde (MDA) levels of transfusion-dependent B-thalassemia patients who

received curcumin for 3 months and withdrawal for 3 months determined by HPLC.
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Table 22 Relative percent change of malondialdenyde (MDA) in the red blood cells

of transfusion-dependent p-thalassemia patients after withdrawal for 3 months.

MDA (nmol/gHb)
Patients Treatment Period of medication treatment (months) % change
treatment withdrawal
Normal 682 +113.28
P.G C 2692 2856 6.09
T.P C 1083 638 -41.09
W.N C 712 683 -4.07
P.K 1C; 2010 3041 51.29
B.L G 1955 2577 31.81
K.U G 2381 2920 22.63
SR @ 1478 1440 -2.57
YES @ 965 1112 15.23
Mean £ SD n=38 1659.5 £ 711.35 1908.38 + 1043.36 9.92 +27.64
P.B P 862 1077 24.94
AN P 1167 1013 -13.2
T.G P 1349 2567 90.29
SK P 686 1000 45.77
P.P P 763 1298 70.12
S.O P 2218 1888 -14.88
T.N P 699 1551 121.89
M.P P 1833 2189 19.42
N.C P 955 785 -17.8
K.S P 1238 965 -22.05
Mean £ SD n=10 1177 £ 509.56 1433.3 £598.72 30.45 £50.49
Total n=18 1391.44 + 637.72 1644.44 + 834.89 21.32£42.13

C = curcumin treatment, P = placebo treatment
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MDA by spectrofluorometry and HLPC (Table 23-24) were 4.56 + 1.52 umol/L and
2.04 + 0.88 nmol/L and these were not different (spectrofluorometry p=0.575, HPLC
p= 0.208) from baseline. The Hb level and MDA level in withdrawal period of 8
transfusion-dependent B-thalassemia patients was not correlated (R?=0.074) (Figure
24).

Ten transfusion-dependent B-thalassemia patients received placebo 500 mg daily
for 3 months. The MDA level of 10 transfusion-dependent B-thalassemia patients
before placebo treatment were 1324.9 + 712 nmol/gHb, 2.73 + 1.09 umol/L and 1.4 +
0.5 nmol/L measured in the red blood cells by spectrophotometry, in the plasma by
spectrofluorometry, and in the plasma by HPLC, respectively (Table 25 and Figure 25-
27). The correlation between Hb level and MDA level in this group of patients before
placebo treatment was poor (R?=0.439) (Figure 16). After placebo treatment for 3
months, the MDA levels were 1177.04 £+ 509.64 nmol/gHb in erythrocyte, 2.91 +1.06
umol/L and 1.47 + 0.48 nmol/L in plasma as determined by spectrofluorometry and
HPLC, respectively. During placebo treatment, the erythrocyte MDA was not
different (p=0.508) from baseline and plasma MDA did not change
(spectrofluorometry p=0.051, HPLC p=0.139) from baseline in 10 transfusion-
dependent p-thalassemia patients. The correlation between Hb level and MDA level
after placebo treatment was poor (R?=0.276) (Figure 20). In withdrawal period, 10
transfusion-dependent B-thalassemia patients stopped taking the placebo for 3 months,
the erythrocyte MDA level was 1433.32 + 598.8 nmol/gHb which was not different
(p=0.169) from baseline.

In contrast, the plasma MDA of transfusion-dependent [-thalassemia patients
treated with placebo in withdrawal period measured by spectrofluorometry was
significantly increased (p=0.007) from baseline (from 2.73 to 3.55 umol/L) and the
plasma MDA by HPLC was significantly elevated (p=0.028) from baseline (from 1.47
to 1.8 nmol/L). The correlation between Hb level and MDA level of 10 transfusion-
dependent B-thalassemia patients in withdrawal period was poor (Figure 24)
(R?=0.207).

Figure 28-30 concluded the erythrocyte and the plasma MDA in transfusion-

dependent B-thalassemia patients.
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Table 23 Relative percent change of malondialdenyde (MDA) in plasma of

transfusion-dependent p-thalassemia patients after withdrawal for 3 months by

spectrofluorometry.

MDA (pmol/L)
Patients | Treatment Period of medication treatment (months) % change
treatment withdrawal
Normal 3.34+0.99

P.G & 4.57 4.38 -4.16
T.P C 3.72 4.12 10.75
W.N C 3.60 5.29 46.94
P.K C 3.04 451 48.36
B.L C fi#33 4.53 240.6
K.U Q 8.29 7.68 -7.36
SR C 3.60 3.61 0.28

Y.S (C 1.87 2.36 26.2

Mean = SD n=38 3.75+£2.11 4.56 + 1.52 45.2 £ 81.9

P.B P 2.97 2.88 -3.03
A.N P 3.17 4.03 27.13
T.G P 5.59 6.31 12.88
S.K P 2.79 2.92 4.66

P.P P 2.62 4.87 85.88
S.0 R 2.35 2.96 25.96
T.N P 151 2.42 60.26
M.P P 2.23 3.24 45.29
N.C P 3.01 2.5 -16.94
K.S P 2.86 3.37 17.83

Mean = SD n=10 2.91 %+ 1.06 3.55+1.22 25.99 + 30.76
Total n=18 328+ 1.62 3.99 £ 1.42 3453 £ 57.96

C = curcumin treatment, P = placebo treatment
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Table 24 Relative percent change of malondialdenyde (MDA) in plasma of

transfusion-dependent -thalassemia patients after withdrawal for 3 months by HPLC.

MDA (nmol/L)
Patients Treatment Period of medication treatment (months) % change
treatment withdrawal
Normal 0.74£0.2
P.G C 2.03 2.57 26.6
T.P C 1.2 1714 -5
W.N C 2.84 2.87 1.06
P.K 1C; 1.15 1.8 56.52
B.L C 0.71 2.14 201.41
K.U G B2 3.40 3.98
SR @ 1.25 1.51 20.8
YES @ 0.61 0.87 42.62
Mean £ SD n=8 1.63 £ 0.98 2.04 £ 0.87 43.5+67.21

P.B P 1.76 243 0.38
AN P 2.07 2.59 0.25
T.G P 2.30 3.37 0.47
S.K P 1.29 0.84 -0.35
P.P P 1.10 181 0.65
S.O P 111 1.36 0.23
T.N P 0.83 0.83 0

M.P P e, 2.27 0.34
N.C P 1.06 1.03 -.03
K.S P 1.49 151 0.01

Mean £ SD n=10 1.47 £ 0.48 1.80 £ 0.85 0.19 £ 0.29
Total n=18 1.54 £ 0.73 1.91 +0.84 19.44 + 48.48

C = curcumin treatment, P = placebo treatment
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Figure 24 Correlation between hemoglobin (Hb) level and malondialdehyde (MDA)

in erythrocyte of B-thalassemia patient after withdrawal for 3 months

1 = transfusion-dependent B-thalassemia patients treated curcumin

2 = transfusion-dependent B-thalassemia patients treated placebo



Anchalee Mahathein

Results / 90

Table 25 The levels of malondialdehyde (MDA) in transfusion-dependent

B-thalassemia patients after receiving placebo for 3 months and withdrawal for 3

months.

MDA level
Period of curcumin
treatment Red blood cells Plasma
(months) (nmol/gHb) Spectrofluorometry HPLC
(nmol/L) (mol/L)
0* 1324.8 £ 712.2 273+ 1.11 1.4+05
3* 1177.04 £ 509.56 2.91+1.06 1.47 £0.48
Withdrawal
6* 1433.32 +598.8 355+1.21° 1.80+0.84°
*n=10

4p =0.007, °p =0.028
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Figure 25  Scattergram (A) and relative percent change (B) of erythrocyte
malondialdehyde (MDA) levels of transfusion-dependent B-thalassemia patients who

received placebo for 3 months and withdrawal for 3 months.
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Figure 26 Scattergram (A) and relative percent change (B) of plasma
malondialdehyde (MDA) levels of transfusion-dependent B-thalassemia patients who
received placebo for 3 months and withdrawal for 3 months analyzed by

spectrofluorometry.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Biochemistry) / 93

(A)
MDA level (nmol/L)
4
3.5 A A
3 -
2.5 7
A %
2 1 A A
A V'Y
W5 A
| 3 ; 2
i A
11 A ry 4
0.5 1 A
0 T T T T T T T T
Normals 0 1 2 3 4 5 6 months
<
Treatment period Withdrawal period
(5)
Relative %change of MDA level
100 1

80

40 A
20 A
0 & * A
] A
_20 T T T T T T T
0 1 2 3 4 5 6 months
| >« -
Treatment Withdrawal
period period

Figure 27 Scattergram (A) and relative percent change (B) of plasma
malondialdehyde (MDA) levels of transfusion-dependent -thalassemia patients who

received placebo for 3 months and withdrawal for 3 months analyzed by HPLC.
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Figure 28 The erythrocyte MDA level in transfusion-dependent B-thalassemia
patients treated with curcumin ( © ) and placebo (® ).
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Figure 29 The plasma MDA level analyzed by spectrofluorometry in transfusion-

dependent pB-thalassemia patients treated with curcumin ( © ) and placebo (® ).
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Figure 30 The plasma MDA level analyzed by HPLC in transfusion-dependent

[-thalassemia patients treated with curcumin (o ) and placebo (® ).
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5. Correlation of plasma malondialdehyde (MDA) measured by using
spectrofluorometry and HPLC

The correlation of plasma MDA analyzed by spectrofluorometry and HPLC was
presented in the statistical form of correlation coefficient (R?) and they were shown in
Figure 31-33.

Figure 31 showed the correlation of plasma MDA level in transfusion-
independent B-thalassemia. Before curcumin treatment, the correlation coefficient
(R?) of transfusion-independent p-thalassemia was 0.198 but after curcumin treatment
the R* was 0.756.

The moderate correlation of plasma MDA level between measuring by
spectrofluorometry and HPLC in before, during and withdrawal curcumin treatment of
transfusion-dependent B-thalassemia patients were 0.61, 0.699, and 0.781, respectively
(Figure 32).

In the transfusion-dependent p-thalassemia patients treated placebo, the modurate
correlation of plasma MDA level between measuring by spectrofluorometry and
HPLC in before, during and withdrawal placebo treatment were 0.439, 0.536, and
0.569 respectively (Figure 33).
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Figure 31 Correlation between plasma malondialdehyde (MDA) analyzed by
spectrofluorometry and HPLC of transfusion-independent p-thalassemia patients

before (® ) and during (A ) curcumin treatment.
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Figure 32 Correlation between plasma malondialdehyde (MDA) analyzed by
spectrofluorometry and HPLC of transfusion-dependent -thalassemia patients before

(@), during, ( 4 ) and withdrawal ( A ) curcumin treatment.
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Figure 33 Correlation between plasma malondialdehyde (MDA) analyzed by
spectrofluorometry and HPLC of transfusion-dependent 3-thalassemia patients before

(®),during, (a ) and withdrawal (A ) placebo treatment.
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CHAPTER V
DISCUSSION

Aldehydes are biologically active and relatively stable break-down products of
lipid peroxidation, formed by the reaction of superoxide or hydroxyl radical with
cellular membranes. Aldehydes are employed as marker and evidence for recent free-
radical mediated reaction in vivo. One of lipid peroxidation products that used as
marker for lipid peroxidation was malondialdehyde (MDA). Malondialdehyde
(MDA), a three-carbon compound formed by scission of peroxidized polyunsaturated
fatty acids (PUFAs), mainly arachidonic acid, is one of the main products of lipid
peroxidation. Since MDA has been found to be elevated in various diseases and
thought to be related to free radical damage, it has been widely used as an index of
lipid peroxidation in medical sciences (100). The measurement of MDA can be made
both in the erythrocyte and plasma. So, the concerning of the oxidative stress in the
red blood cells was seen as disarrangement of red blood cell membrane and
erythrocyte MDA formation. In other molecules, peroxidation of membrane lipid acts
as a result of oxidative stress in cells and the product of lipid peroxidation in these
molecules are easily detected in blood plasma in the form of plasma MDA. The most
common method of MDA determination was based on spectrophotometric or
spectrofluorometric measurement of the condensation product formed from MDA and
2-thiobarbituric acid (TBA) (101). For this study, we used 3 TBA tests for the
determination of MDA level. First, erythrocyte MDA measured in 50% red blood
cells (RBCs) by using spectrophotometry. Second, plasma MDA was measured in
plasma by using spectrofluorometry and the third, plasma MDA was measured by
using HPLC.

The storage effect of MDA in erythrocyte and plasma was carried out in this
study. The erythrocyte MDA level in healthy normals was tended to increase in 4
weeks when stored at —80°C and —20°C. At -80°C, the percent change of erythrocyte
MDA from day 1 to week 1, week 2, and week 4 were 14.81%, 17.91% and 39.63%,

respectively, but they were not significantly change. Moreover, the percent change of
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erythrocyte MDA in day 1 between -80°C and -20°C was 56.13%. So, it was shown
that at —20°C, the red blood cells (RBCs) may be produced the autoxidation more than
when stored at -80°C. Therefore, the erythrocyte MDA storage have the temperature
effect (p=0.0041), it should be stored at -80°C before assay and it had to be measured
within 2 weeks. However, none of the previous works had been studied the storage
effect of erythrocyte MDA.

Hong YL et al (102) showed that the plasma MDA storage at —85°C up to 3
months did not affect total MDA levels but the storage effect of plasma MDA in our
study showed the different results from the previous studies. The plasma MDA levels
measured by spectrofluorometry in healthy normals was significantly increased
(p=0.0014) in 4 weeks when they were stored at —80°C, -20°C, and 4°C, so they have
the temperature effect. The percent change of plasma MDA by spectrofluorometry in
day 1 between -80°C and -20°C was 13.68% and between -80°C and 4°C was 25.94%.
So, the plasma MDA levels at -20°C and 4°C were higher than -80°C but they were
not significantly different (p=0.2145).

For HPLC method, the plasma MDA was significantly increased in 2 weeks. At
-80°C, -20°C, and 4°C, the plasma MDA levels changed 35%, 44%, and 49%,
respectively as compared to day 1 and week 2. So, the plasma MDA analyzed by
HPLC had the time effect. The plasma MDA in week 1 at 4°C was 1.11 nmol/L
which was equal to -20°C in week 2 and it was higher than -80°C in week 4 about 3%.
Moreover, the plasma MDA in week 2 at 4°C was 1.33 nmol/L which it was higher
than week 4 at -80°C and -20°C about 24%. At -20°C, the plasma MDA in week 2
was 1.11 nmol/L which was higher than at -80°C in week 4 about 3%. Therefore, the
plasma MDA level stored at -80°C, -20°C, and 4°C was significantly different
(p<0.0001). These data suggested that the plasma MDA determined by HPLC had the
temperature effect too. The increasing temperature caused the plasma MDA to
increase because the plasma stored at high temperature can be more autoxidized than
low temperature. Therefore, the plasma should be stored at -80°C for up to 2 weeks
without affecting MDA level.

Beta-thalassemia arises as a consequence of decreased or absent synthesis of the

B-hemoglobin chains. The B-thalassemia red blood cells (RBCs) had increased the
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oxidative stress which results from multifactors. As a result of the altered of
B-hemoglobin synthesis, the concentration of the ap2-hemoglobin tetramer (HbA) is
substantially reduced or absent, and a pool of unpaired a-hemoglobin chains is
observed in erythroid precursors and, to a lesser extent, peripheral blood erythrocytes.
A consequence of these excess a-hemoglobin chains coalesce to form Heinz bodies
then Heinz bodies tend to precipitate in the red blood cell and shortened erythrocyte
survival (103). The major damage to the integrity of the erythroid cell is the potential
ability of oxidative product to interact and damage membrane components. This leads
to the potentiation of premature hemolysis both in the marrow as well as in the
peripheral blood (104). The degradation products of hemoglobin are heme and iron so
the p-thalassemia presented the iron overload. A generalized iron overloading in
various organs is presented in [B-thalassemia patients who are associated with
increased body iron because of iron intestinal absorption and therapeutic frequent
blood transfusion (2). Iron is known to be involved in several chemical reactions that
generate ROS and thereby to change the cellular redox state. Trace amounts of “free”
iron can catalyse production of a highly toxic hydroxyl radical via Fenton/Haber-
Weiss reaction cycle. Under various pathological conditions associated with iron
overload, there is evidence of an increase in low molecular weight iron in serum and in
the intracellular transit pool of iron, these conditions promote peroxidative damage to
cell and organelle membrane in organs. The excess iron deposits in the liver, spleen,
heart, pancreas, etc result in organ failure (27).

In this study, 26 pB-thalassemia patients were divided into 3 groups as follows: 8
transfusion-independent p-thalassemia patients receiving curcumin for 3 months, 8
transfusion-dependent B-thalassemia patients receiving curcumin for 3 months, and 10
transfusion-dependent -thalassemia patients receiving placebo for 3 months. Before
treatment, the erythrocyte MDA in all B-thalassemia groups was higher than normal
healthy volunteers. This result was similar to the report of Laksmitawati DR et al
(105) that non-transfused thalassemia intermedia patients exhibited slight signs of
oxidative stress and increased hemoglobin degradation but no significant indication of
tissue damage. Scott MD et al (106) also reported that the biochemical changes in
thalassemia patients correlated to the increased lipid peroxidation in erythrocytes and
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other molecules such as LDL and HDL, etc. The membrane-free iron caused RBC
oxidative damage beyond the primary defect owing to a-globin precipitation. The
total malondialdehyde (MDA) level increased in thalassemia red blood cells subjected
to oxidative stress. By measuring the generation under oxidative stress of MDA, it was
elevated twofold in the B-thalassemia in comparison to the controls (107). The plasma
MDA level determined by HPLC in B-thalassemia patients before treatment were
significantly higher than normal healthy volunteers (p=0.002) in our study. The
oxidation of polyunsaturated fatty acids (PUFAS) was considered to be an important
initiating factor in the alteration of LDL (108). The plasma MDA was taken into
account as a biomarker of oxidative stress in lipoprotein. The plasma MDA correlated
positively with low-density lipoprotein-conjugated diene lipid peroxide (LDL-CD) in
thalassemia patients, an interesting suggestion from their analysis was that this plasma
lipid peroxidation marker could be useful for predicting the potential cytotoxicity of
thalassemic LDL. The plasma of thalassemia patients have MDA level twofold to
threefold higher than controls (109). In B-thalassemia, such conditions as alteration of
iron hemostasis, in reactions between ruptured erythrocytes and LDL, depletion of
antioxidant defenses, and decrease of HDL particle might promote oxidative damage
to circulating LDL (110, 111).

On the contrary, the plasma MDA level analyzed by spectrofluorometry were not
different between p-thalassemia patients and normal healthy volunteers. This may be
due to the age difference between the normals and the patients. Our results were
supported by the study of Rodriguez-Martinez MA et al (112), showing that in healthy
normal, the plasma MDA increased with age because of the alteration enzyme level
with response to rising lipid peroxidation.

Since the TBA tests were not specific for MDA and often overestimates MDA
levels, then the sensitivity of the assay could be increased by combining it with high
performance liquid chromatography (HPLC). HPLC techniques were proposed for
determining MDA in which the condensation compound of MDA and TBA (MDA-
TBA) was separated from interfering substances by chromatography on a column of
octadecyl silica gel (113, 114). So the plasma MDA measurement by HPLC in our

study could identify the differentiation between healthy normal and p-thalassemia
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patients. The plasma MDA measurement by using HPLC might be more sensitive and
gave better result than spectrofluorometry.

Eight transfusion-independent [-thalassemia patients were supplemented with
curcumin at the dosage of 500 mg daily for 3 months. The results showed that the
erythrocyte and the plasma MDA levels in transfusion-independent B-thalassemia
patients were significantly decreased after curcumin treatment. The erythrocyte MDA
was reduced about 41% and the plasma MDA level was reduced about 25% after
curcumin treatment for 3 months in transfusion-independent B-thalassemia patients.
These results was similar to the results of Wichit A et al (12) and Insain P et al (115).
They showed that the erythrocyte MDA level in B-thalassemia/Hb E patients
significantly decreased after curcumin treatment and curcumin promoted the
antioxidant activity. Furthermore, curcumin might also improve quality of life of
B-thalassemia/Hb E patients. The correlation between hemoglobin level and
erythrocyte MDA level in transfusion-independent B-thalassemia patients moderate
(R? = 0.593) before curcumin treatment but it was low (R? = 0.21) after curcumin
treatment for 3 months. The decrease in correlation may be due to the effect of
curcumin in reducing of erythrocyte MDA.

The curcumin used in this study showed the antioxidant properties were in good
agreement with the previous reports (116). They showed that the simultaneous intake
of 1.6 mg/kg of ZCL4 extract of C longa in the diet of experimental atherosclerosis in
rabbit resulted in a decreased oxidation of serum LDL-cholesterol. The chain of lipid
peroxidation was blocked by curcumin antioxidant. Since the animals treated with the
extract showed higher levels of conjugated dienes with low level of hydroperoxides
than the non-treated controls, which suggested that curcumin antioxidants were active
one step above that of the action of vitamin E. Furthermore, it was seen that the
extract had a vitamin E-sparing effect, since the level of this vitamin in the serum of
rabbits receiving the extract were even higher than those found in the animals
receiving a diet enriched with vitamin E. The thoracic arota suffered a model
atheroma plaque formation process in the animals treated with the curcuma extract
than those receiving the control diet. This experimental work and other data showing
a tumeric-induced decrease in lipoprotein in mouse blood and liver (117) were

followed by preliminary clinical research on healthy human volunteers. A daily dose
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of 200 mg of curcuma extract was administered to men ranging in age from 27 to 67
years. At the end of a treatment period of 45 days there was a significant decrease in
the level of serum lipid peroxides. The effect of phenolic and non-phenolic active
principles of common spices such as curcumin and capsaicin on copper ion-induced
lipid peroxidation of human low density lipoprotein (LDL) was also measured the
formation of thiobarbituric acid reactive substance (TBARS). Curcumin, quercetin,
and capsaicin at 10 uM produced 40-80% inhibition of LDL oxidation while non-
phenolic antioxidant allyl sulfide was less potent in inhibiting oxidation of LDL.
Furthermore, the curcumin significantly inhibited both initiation and propagation
phase of LDL oxidation. These data suggested that curcumin and the other spices are
effective antioxidants and offer protection against oxidation of human LDL (89).

The erythrocyte MDA level of transfusion-dependent (-thalassemia patients in
baseline was higher than in healthy normals but it was lower than transfusion-
independent B-thalassemia patients. The B-thalassemic patients had high reticulocyte
count and nucleated RBC in the peripheral blood. These immature RBCs had higher
capacity to generate ROS as compared to mature RBCs (118). In the non-transfused
B-thalassemia intermedia patients also shown also a significant difference from normal
donors. In polytransfused patients, they were unable to differentiate between the
patients’own RBCs and the donor’s RBCs. They suggested that normal transfused
RBCs had higher ROS status than normal RBCs prior to transfusion and possibly
caused from patient’s environment such as iron overload and other factors (118).
After receiving curcumin for 3 months, the erythrocyte MDA level of transfusion-
dependent p-thalassemia patients did not change and in the group of patients treated
with placebo, erythrocyte MDA level was comparable to baseline. These data
suggested that most of measurable erythrocyte MDA in transfusion-dependent
B-thalassemia was the normal donor’s RBC MDA and only little amount was the
patient’s own RBC MDA. In contrast, the plasma MDA in transfusion-dependent
B-thalassemia patients was significantly decreased after curcumin treatment for 3
months and the percentage of reduction was about 12%. However, the percentage of
reduction of plasma MDA after curcumin treatment for 3 months of transfusion-

dependent [B-thalassemia patients was lower than transfusion-independent
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B-thalassemia patients. This may be due to more iron loading in plasma of
transfusion-dependent B-thalassemia patients. This result was similar to the report of
Rachmilewitz EA et al (119). Since the effect of iron overload as an initiator of
oxidative stress, B-thalassemia patients with the most marked lipid abnormalities
would have the shortest intervals between transfusion. However, the lipid membrane
abnormalities were found to be more significant in p-thalassemia patients with the
longest intertransfusion interval and a small proportion of donor blood. Instead, the
time interval and the number of transfusion were indirect reactions to produce the lipid
peroxidation for membrane damage in p-thalassemia (119). The transfusion-
dependent thalassemia major patients exhibit tremendous iron overload and cell
damage so this was even worsened in long term-transfused patients (105). For our
study, the plasma MDA level in blood transfusion-dependent in 3-thalassemia patients
did not change after placebo treatment for 3 months.

After withdrawal curcumin for 3 months, the erythrocyte MDA in transfusion-
dependent p-thalassemia was not different from baseline but that plasma MDA level
increased in withdrawal period. An increase in plasma MDA level during withdrawal
showed that the iron was not chelated at that period. Therefore, curcumin had the
potential properties of chelating iron, scavenging free radical, and inhibiting lipid
peroxidation. These curcumin properties were similar to the previous study of
Tonnesen HH et al (120) showing that curcumin promoted the chelating iron property.
It plays an important role in inhibiting iron catalyzed lipid peroxidation. Moreover,
curcumin exerts a catalytic effect on the formation of hydroxyl radicals from hydrogen
peroxide and it can also act as a scavenger of oxygen radicals (120). The p-diketone
moiety and the phenolic OH group of curcumin appear to be the part of molecule
involved in the scavenging of oxygen radicals (121). Curcumin was also tested for its
antioxidant effects on red blood cells (RBCs) (90). They suggested that the curcumin
protective effect on the RBC membrane might be attributed to lower reactivity of free
ion towards H,O, due to the formation of iron-curcumin complex that it inhibits lipid
peroxidation and lysis of human RBC.

In placebo treatment group, the transfusion-dependent B-thalassemia’s erythrocyte

MDA did not change in withdrawal period but the plasma MDA level was
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significantly increased when compared to baseline. It suggested that this patient group
had the accumulation of iron and the excess of reactive oxygen species (ROS) so the
ROS and iron could not be chelated and so the lipid peroxidation was continually
increased in their bodies. The repeated blood transfusions that thalassemia patients
undergo cause severe iron overload and a serum low molecular weight iron fraction,
not bound to transferrin, known to generate oxygen free radical and peroxidative tissue
injury in detectable in these patients (122).

The correlation between erythrocyte MDA level and hemoglobin level in
transfusion-dependent p-thalassemia patients was low in both curcumin and placebo
treatment group. These results showed that hemoglobin level measured in these
patient groups might belong to donor’s blood so the correlation was lower than the
transfusion-independent B-thalassemia group.

The protein-bound MDA obtained from the study of Hong YL et al (102)
accounted for about 92% of the total plasma MDA. Free MDA did not correlate with
total MDA or with bound MDA. On the contrary, bound MDA and total MDA level
was highly correlated.

The MDA measured by spectrofluorometry was the protein-bound MDA since the
protein was precipitated by phosphotungstic acid before TBA reaction. Another assay
using HPLC, the plasma MDA level could refer to as total plasma MDA that it was
equivalent to free MDA plus protein-bound MDA because protein was not
precipitated. In addition, the HPLC could be separated TBA-MDA adduct from other
chromogens forming with TBA at excitation of 515 nm. The measurement of protein-
bound MDA by spectrofluorometry and total MDA by HPLC in the plasma was
moderately correlated, which was different from previous study (102). The TBA-
MDA adduct seperated by HPLC was from the blood without challenging with H,O5,

therefore, the amount obtained from this method was much less than others.
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CHAPTER VI
CONCLUSION

1. The B-thalassemia produced the excess a-hemoglobin chain so a pool of unpaired
a-hemoglobin chain was autoxidized, released heme, and generated the reactive
oxygen species. Interaction between these reactive oxygen species and iron has
been shown to result in a Fenton reaction that catalyzes the production of the
hydroxyl radicals (*OH) and reactive lipid radicals. In addition, the reactive lipid
radicals detracted the membrane by the process of lipid peroxidation that could be
measured in the form of malondialdehyde (MDA). B-thalassemia patients showed
high MDA level.

2. The erythrocyte MDA of healthy normals stored at —80°C was lower than at -20°C
and erythrocyte MDA at both temperatures were continually increased in 4 weeks.
So the appropriate conditions to store the erythrocyte for measuring the
erythrocyte MDA level were at -80°C and the assay should be done within 2
weeks.

3. The storage effect of plasma MDA in normal was carried out in 2 different
methods using spectrofluorometry and HPLC. The plasma MDA was significantly
increased in 2 weeks and 4 weeks when it was measured by spectrofluorometry
and HPLC, respectively. Therefore, the plasma was kept at —-80°C for up to 2
weeks without affecting plasma MDA.

4. The erythrocyte MDA level was reduced about 41% and the plasma MDA level
was reduced about 25% in transfusion-independent B-thalassemia patients after
curcumin treatment. Therefore, the curcumin has the antioxidant and iron
chelating properties due to phenolic OH group and p-diketone moiety.

5. In transfusion-dependent B-thalassemia patients, the erythrocyte MDA level did
not change after curcumin treatment. Therefore, the most of erythrocyte MDA

measured from these patients got from donor’s RBCs while only small amount was
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10.

11.

12.

from patients’ own RBCs. The normal transfused RBCs had higher lipid
peroxidation status than general normal RBCs.

In the transfusion-dependent p-thalassemia patients, the plasma MDA reduced
about 12% after curcumin treatment. The percentage of the reduction was lower
than that of transfusion-independent p-thalassemia patients because of higher iron
status in this patient group.

The erythrocyte and the plasma MDA level in the transfusion-dependent
B-thalassemia patients did not change after placebo treatment so there was no
placebo effect.

The plasma MDA from the transfusion-dependent [-thalassemia treated with
placebo was continually increased in the third and the sixth month. This might be
due to high iron storage in these patients so the lipid peroxidation continually
increased.

The plasma MDA in B-thalassemia patients analyzed by spectrofluorometry and
HPLC was moderately correlated.

The B-thalassemia patients may inherently have higher free MDA compared to
normals

The plasma MDA measured by spectrofluorometry was protein-bound MDA while
the plasma MDA measured by HPLC was total MDA (free MDA and protein-
bound MDA)

The HPLC-based TBA test was recommended method because of its sensitivity

and specificity for the measurement of plasma lipid peroxides in human body.
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