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Lipid peroxidation and antioxidants status in patients
with papillary thyroid carcinoma in India
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The levels of lipid peroxidation products (TBARS), non-enzymatic antioxidants and enzymatic antioxidants
activity were investigated in plasma and erythrocytes of twenty clinically diagnosed stage Il papillary thyroid
cancer patients and an equal number of age and sex matched healthy subjects. An increase in the levels of lipid
peroxidation products, decrease in non-enzymatic antioxidants levels and enzymatic antioxidant activities in
plasma and erythrocytes were detected in papillary thyroid cancer patients as compared to healthy subjects.
Impairment in antioxidant defence mechanisms are responsible for enhanced lipid peroxidation observed in
plasma and erythrocytes of papillary thyroid cancer patients.
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Introduction

Thyroid cancer, the most common endocrine cancer, is a
cancerous tumour or growth located within the thyroid
gland. The annual incidence rate of thyroid carcinoma
varies from 0.5 to 10 cases per 100,000 in different parts
of the world." Thyroid cancer accounts for 64% of deaths
attributable to malignant endocrine neoplasms, more than
all other endocrine cancers combined’ Papillary carci-
noma and follicular carcinoma are the most common
types respectively accounting for about 70% and 15% of
cases’ In the USA, about 18,000 new cases of thyroid
cancer and 1,200 deaths are reported to occur every year.*
The pattern of thyroid cancer in India is different from
that seen in Western countries. In Bombay, North India,
the thyroid cancer incidence was found to be at the lowest
level in both sexes and it is about three times more
frequent among women than men’ In Chennai, South
India, thyroid carcinoma constitutes about 1-2% of all
cancers” Thyroid cancer occurs two to three times more
frequently in women than in men.

Free radicals are highly reactive species generated in
vivo as by-products of normal metabolism. Although free
radicals are utilized by the immune system to kill
microbes, free radicals are toxic when generated in
excess. Free radicals can damage proteins, lipids, carbo-
hydrates, and nucleic acids. Plasma membranes are
critical targets of free radical reactions. Lipid pero-
xidation is a complex process occurring in aerobic cells
and reflects the interaction between molecular oxygen
and polyunsaturated fatty acids. Lipid peroxidation has
been implicated in the pathogenesis of a variety of
diseases including cancer.”* The continuous production of
oxidants, are however, balanced by equivalent synthesis

of antioxidants. Antioxidants act as radical scavengers,
hydrogen donors, electron donors, peroxide decomposers,
singlet oxygen quenchers, enzyme inhibitors and metal-
chelating agents. The antioxidant defence system includes
antioxidant enzymes (superoxide dismutase, catalase, glu-
tathione peroxidase) and small molecule antioxidants
(vitamin E, vitamin C and reduced glutathione)”'°
Studies have demonstrated altered levels of lipid pero-
xides and antioxidants in tumour tissues of thyroid cancer
patients.'"'? However, the altered pattern of lipid pero-
xidation products and antioxidants have not been well do-
cumented in plasma and erythrocytes of papillary thyroid
cancer patients. Hence, the present study was undertaken
to analyse the levels of lipid peroxidation products and
antioxidants in plasma and erythrocytes of papillary
thyroid cancer patients.

Methods and Patients

Twenty clinically diagnosed stage II papillary thyroid
carcinoma (tumour size >1cm) patients from Raja Muthiah
Medical College and Hospital, Annamalai University,
Annamalai Nagar, India, who had not undergone any
previous treatment for their tumours were chosen for the
study. An equal number of age and gender matched
healthy subjects were also investigated. The patients and
healthy subjects were from both genders ranging in age
from 40-60 years.
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Table 1. Blood picture of healthy subjects and papillary
thyroid cancer patients

Table 2. Plasma, erythrocytes and erythrocyte membranes
TBARS levels in healthy subjects and papillary thyroid
cancer patients

Parameters Healthy Papillary thyroid
subjects cancer patients

RBC count 5.35+0.53 4.83+0.48"

(10° cells/uL)

WBC count 11.3£1.3 10.08 +1.35

(10° cells/uL)

Haemoglobin 14.8 +1.35 1101+ 1.12°

(g/dL)

Parameter Nomal Papillary thyrmd
subjects cancer patients

Plasma TBARS 2.89+0.30 6.57+0.7°
(nmol/ml)
Erythrocytes TBARS 3.2040.32 6.63+0.6"
(pmol/mg Hb)
Erythrocyte 0.37 +0.03 1.07 +0.06"
membranes TBARS

(nmol/mg protein)

Values are expressed as mean +S.D; N =20; " Significantly
different from healthy subjects, P <0.001

The healthy subjects were free from any systemic di-
seases. The red and white blood cells and blood haemo-
globin levels were significantly reduced in papillary
thyroid cancer patients as compared to healthy subjects
(Table 1).

Blood samples were collected by venous arm puncture
into heparinised tubes and the plasma was separated by
centrifugation at 3000 rpm for 15 minutes. After plasma
separation, the buffy coat was removed and the packed
cells were washed thrice with physiological saline.
Known volumes of erythrocytes were lysed with
hypotonic phosphate buffer at pH 7.4. The hemolysate
was separated by centrifugation at 10,000 rpm for 15
minutes at 20° C. The erythrocyte membranes were iso-
lated according to the procedure of Dodge et. al.,"”* with a
change in buffer according to Quist.'* The erythrocytes
remaining after the removal of plasma were washed three
times with 310mM isotonic tris- HCI buffer (pH 7.4).
Haemolysis was performed by pipetting out the washed
erythrocytes suspension into polypropylene centrifuge
tubes which contained 20mM tris- HCI buffer (pH 7.2).
The erythrocyte membranes were sedimented in a high-
speed centrifuge at 10,000 rpm for 40 minutes. The
supernatant was decanted and erythrocyte membrane
pellet was made up to known volume by using 0.2 M
isotonic tris- HCI buffer (pH 7.4). Aliquots from these
preparations were used for the estimation of thiobarbituric
acid reactive substances (TBARS) and vitamin E.

Lipid peroxidation was estimated as evidenced by the
formation of TBARS. Lipid peroxides in plasma were
assayed by the method of Yagi'’ Plasma was depro-
teinised with phosphotungstic acid and the precipitate was
treated with thiobarbituric acid at 90°C for 1 hour.
Absorbance of the pink coloured complex formed was
measured at 535nm. TBARS in erythrocytes and erythro-
cyte membranes was estimated by the method of
Donnan.'® Absorbance of the pink chromogen formed by
the reaction of thiobarbituric acid with breakdown pro-
ducts of lipid peroxides was read at 535 nm.

Vitamin E was estimated by the method of Desai'” The
method involves the reduction of ferric ions to ferrous
ions by the tocopherol and the formation of a pink
coloured complex with bathophenanthroline orthophos-
phoric acid. Absorbance of the stable chromophore was
measured at 536nm. Vitamin C level was estimated by the
method of Omaye et al'® The dehydroascorbic acid

Values are expressed as mean + SD; N = 20; *Signiﬁcantly
different from healthy subjects P <0.001

formed by the oxidation of ascorbic acid by copper, forms
a coloured product on treatment with 2,4 dinitro phenyl
hydrazene, which was measured at an absorbance of
525nm. Reduced glutathione was measured at an absor-
bance of 412nm according to the method of Beutler and
Kelley."” The method was based on the development of
yellow colour, when 5,5’-dithio-bis-2-nitrobenzoic acid
(DTNB) was added to compound containing sulphydryl
groups.

The activity of glutathione peroxidase was estimated
according to the method of Rotruck er al”® A known
amount of hemolysate preparation was allowed to react
with H,0, in the presence of reduced glutathione for a
specified time period, and the remaining reduced glu-
tathione content was measured at an absorbance of 412nm
according to the method of Beutler and Kelley." Super-
oxide dismutase activity was assayed at 520nm by the
method of Kakkar er al*' The assay was based on the
inhibition of NADH — Phenazine methosulphate nitroblue
tetrazolium formation. The activity of catalase was
assayed by the method of Sinha®® based on the utilization
of H,0, by the enzyme. The colour developed was read at
620nm.

Statistical analysis

The values are expressed as mean = SD. Statistical
comparisons were done by Student’s t-test. The null
hypothesis was rejected for P<0.05. The relationship
between lipid peroxidation and antioxidants in plasma and
erythrocytes were determined using Karl Pearson’s corre-
lation coefficient.

Results

Table 2 shows the levels of TBARS in plasma, ery-
throcytes and erythrocyte membranes of healthy subjects
and papillary thyroid cancer patients. The TBARS levels
were significantly increased in thyroid cancer patients as
compared to healthy subjects. Table 3 shows the levels of
dietary antioxidants (vitamin C, and E) in plasma and
erythrocyte membranes of healthy subjects and papillary
thyroid cancer patients. The vitamin C and E levels were
significantly decreased in plasma and vitamin E was
decreased in erythrocyte mem-branes of thyroid cancer
patients as compared to healthy subjects. Table 4 shows
the level of reduced glutathione and activity of gluta-
thione peroxidase, in plasma and erythrocytes of healthy
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subjects and papillary thyroid cancer patients. The level
of glutathione and glutathione peroxidase activity was
decreased in thyroid cancer patients as compared to
healthy subjects. Table 5 shows the activities of super-
oxide dismutase and catalase in erythrocyte lysate of
healthy subjects and papillary thyroid cancer patients.
The superoxide dismutase and catalase activities were
significantly decreased in thyroid cancer patients as
compared to healthy subjects. Table 6 shows Karl
Pearson’s correlation coefficient for lipid peroxidation
and antioxidants in plasma, erythrocyte lysate and ery-
throcyte membranes in papillary thyroid cancer patients.
Statistically significant negative correlation was observed
between lipid peroxidation against vitamin E, SOD, and
CAT in patients with papillary thyroid cancer. Although
negative correlation was observed between lipid pero-
xidation against vitamin C, reduced glutathione and glu-
tathione peroxidase in papillary thyroid cancer patients,
the values were statistically insignificant.

Discussion

In the present study, we observed an increase in lipid
peroxidation products (TBARS) and decline in anti-
oxidants status in plasma, erythrocytes and erythrocyte
membranes of papillary thyroid cancer patients as com-
pared to healthy subjects. Durak ef al,* have reported an
increase in malondialdehyde (MDA) levels and decrease
in the activities of enzymatic antioxidants as compared to
non-cancerous tissues. Sadani and Nadkarni'? have
reported that the higher production of reactive oxygen
species is responsible for the elevated lipid peroxidation
in adenomas and carcinoma of thyroid tissues. Mano et
al."' have reported an increase in lipid peroxidation and
disturbed antioxidant enzymes in thyroid tumour tissues
of patients with papillary carcinoma. They suggested that
the lipid peroxides are not completely scavenged in
papillary carcinoma tissues and therefore these substances
affect some role in cell function of thyroid tissues.

The reactive oxygen species play a crucial role in the
pathogenesis of tissue damage in many pathological
conditions via a peroxidation of membrane phospholipids.
Gutteridge** has focused lipid peroxidation and anti-
oxidants as biomarkers of tissue damage. Lipid peroxides
that are generated at the site of tissue injury could be
transferred through circulation to other organs and tissues

Table 3. Plasma and erythrocyte membranes dietary
antioxidant levels in healthy subjects and papillary
thyroid cancer patients

Parameter Normal Papillary thyroid
subjects cancer patients
Plasma .
vitamin C (mg/dl) 1.56 £0.15 0.64 £0.06_
vitamin E (mg/dl) 1.41£0.13 0.85%0.08
Erythrocyte membranes .
vitamin E 2.08£0.19 1.58£0.14
(ug/mg protein)

to provoke damage by propagating lipid peroxidation.
Elevated levels of lipid peroxides have been reported in
the erythrocytes and erythrocyte membranes of various
cancer patients™>° Our results lend credence to these
observations. Hence, the observed increase in plasma
TBARS in papillary thyroid cancer patients may be
related to over production of lipid peroxides in erythro-
cytes, erythrocyte membranes or tumour tissues itself
with consequent leakage into plasma.

Antioxidants have been reported to protect cell against
cancer. Antioxidants play an important role in scavenging
lipid peroxides that are generated at the site of tumours.
The antioxidant capacity is determined by dynamic
interactions between nonenzymatic antioxidants and
antioxidative enzymes”’ a-Tocopherol is known to have
the greatest biological activity of the various stereo-
isomers of the vitamin E. In vivo o tocopherol is the most
abundant lipid soluble antioxidant and acts as an impor-
tant inhibitor of membrane lipid peroxidation®® Mano et
al.,” reported an increase in vitamin E concentration in
thyroid tumor tissues as compared to normal tissues.
Vitamin C, the most important antioxidant in the plasma,
scavenges a variety of oxidants. Dumitrescu ef al.,*” have
reported a decrease in plasma MDA level after one month
of vitamin C administration in patients with differentiated
thyroid cancer who have undergone surgery and are being
treated with Iodine.”' Hence, the decreased levels of
vitamin E and C observed in the present study can be
correlated to elevated plasma lipid peroxidation or
utilization of these antioxidants by tumour tissues to
scavenge excess lipid peroxides that are generated in the
tumour tissues.

Glutathione peroxidase, superoxide dismutase and cata-
lase are most important enzymes of the cell antioxidant
defense system. Glutathione peroxidase, catalyses the
decomposition of H,O, to H,O and reduces organic

Table 4. Levels of reduced glutathione and activity of
glutathione peroxidase, in plasma and erythrocyte lysate
of healthy subjects and thyroid papillary cancer patients

Parameter Normal Papillary
subjects thyroid cancer
patients
Plasma GSH (mg/dl) 48.7+3.76 38.2+3.02"
Erythrocytes GSH 52.6 £4.1 393426
(mg/ d)
Plasma GPx (U/L) 222.68+28.8 186.13+8.44"
Erythrocyte lysate GPx 34.06+3.5 26.6+2.48"
(U/g Hb)

Values are expressed as mean = SD; N = 20; *Signiﬁcantly
different from healthy subijects P <0.001

Table 5. Activities of superoxide dismutase and catalase in
erythrocyte lysate of healthy subjects and papillary thyroid
cancer patients

Parameter Normal Papillary thyroid
Erythrocyte lysate subjects cancer patients
SOD (U/mg Hb) 2.14+£0.24 1.64+0.16
CAT (U/mg Hb) 5.86 £0.58 4424038

Values are expressed as mean = SD; N = 20; *Signiﬁcantly different
from healthy subjects P <0.001

Values are expressed as mean + SD; N =201; *Signiﬁcantly different
from healthy subiects P <0.001
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Table 6. Karl Pearson’s correlation coefficient for lipid
peroxidation and antioxidants in papillary thyroid cancer
patients

Parameters Papillary thyroid
cancer patients
Plasma
TBARS-Vitamin E - 0.546*
TBARS-Vitamin C -0.339"
TBARS-Glutathione -0.238™
TBARS-Glutathione peroxidase -0.120™
Erythrocyte lysate
TBARS-Glutathione -0.226™
TBARS- Glutathione peroxidase -0.172™
TBARS-Superoxide dismutase - 0.537*
TBARS-Catalase - 0.454%*
Erythrocyte membranes
TBARS-Vitamin E - 0.465*

*Values are statisticallv sienificant at P < 0.05: “Not sienificant

peroxide to corresponding alcohols. The decrease in glu-
tathione peroxidase activity has been reported in thyroid
cancer tissues as compared to normal tissues’' Reduced
glutathione, an important intracellular antioxidant, acts
both as cofactor for glutathione peroxidase and as a direct
active scavenger to remove reactive species such as hy-
droxyl radical, peroxynitrite, carbon centered radicals and
singlet oxygen. Reduced glutathione also play a very
effective role in the protection of erythrocyte from oxi-
dative damage™ Lower levels of reduced glutathione in
plasma and erythrocytes have been reported in various
pathological conditions including cancer® Hence the de-
creased activities of plasma and erythrocytes glutathione
peroxidase in papillary thyroid cancer patients may be
due to lowered level of reduced glutathione observed in
plasma and erythrocytes.

Decreased activities of catalase and superoxide dis-
mutase have been demonstrated in various pathological
diseases including cancer™® Decreased activity of super-
oxide dismutase and unaltered activity of catalase has
been reported in thyroid tumour tissues’® Lowered
activities of these enzymes observed in erythrocytes of
thyroid cancer patients can be related to enhanced lipid
peroxidation observed in the erythrocytes of papillary
thyroid cancer patients. Hence, we feel that significantly
impaired enzymatic and non enzymatic antioxidant de-
fence systems are responsible for the elevated lipid pe-
roxidation products in plasma and erythrocytes of papi-
llary thyroid cancer patients.
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