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Abstract

Background: Selenium as an antioxidant minimize the macromolecular damages and the interrelation between the
deteriorative effect of free radicals on membrane structural integrity in the blood of oral squamous cell carcinoma (OSCC)
patients. Objective: ‘Oxidative stress’ implicated in oral carcinogenesis gets aggravated during radiation treatment.
Selenium serves as a vital cofactor for glutathione peroxidase and is well known for its free radical-quenching effect.
Materials and Methods: Study comprised of Group I (normal) ,Group II( untreated oral cancer patients), Group IIa
(radiation treated) and Group IIb (radiation treated + selenium supplemented). Result: Increased degree of free radical
content, lipid peroxidation, protein oxidation, DNA single strand scissions and DNA-protein cross link levels were
observed in cancer and radiation treated cases. Selenium supplementation decreased all of these macromolecular damages
and the incidence of apoptosis. The erythrocyte membrane showed a marked decrease in the activities of Na+

, K+,
Ca2+,Mg2+ ATPases in oral cancer and radiation group patients were found to be enhanced in their activities following
selenium supplementation. Conclusion: Our observations highlight the protective effect of selenium in cancer and
radiotherapy associated oxidative stress on the normal cells and the activities of membrane bound ATPases, thus proving
selenium as a potent antioxidant.
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Introduction

The interaction of ionizing radiation with biological
matter generate a variety of molecular lesions that
occur in essentially every organelle or sub
compartment of the cell (1). Radiation produces 3

major classes of structural changes in DNA:
a) DNA-protein crosslinks; b) Breaks in the DNA
sugar-phosphate backbone ; c) Alterations in sugar
and alterations like base loss; base damage.
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Free radicals formed in close proximity with
nucleic acids induce structural changes through
formation of covalent bond adduct with normal
host DNA. This results in DNA strand breaks,
leading to misreading of DNA bases formation of
micronuclei, damage to histones, aberrant signal
transduction(2).

Cellular membranes are the second important
radiation target in the cells. Radiation damage to
membranes may impair important cellular functions
such as the regulation of permeability, intracellular
compartmentalization, and intercellular
communication(3). Abundant reactive oxygen
species (ROS) generation ultimately degrade the
poly unsaturated fatty acids of the biomembrane(1).

Selenium, an essential nutrient, has been into focus
by many researchers as a natural antioxidant.
Selenium is a co-factor of Glutathione peroxidase.
Selenium has been reported to exert therapeutic
effectiveness in pathologies where free radicals are
the major cause. Studies have proved that selenium
acts as a potent antioxidant for reverting free radical
mediated damage in cancer condition (4). In this
context, we seek to gain information about the
possible role of selenium as an antioxidant in
minimizing macromolecular damages and the
interrelation between the deteriorative effect of free
radicals on membrane structural integrity in the
blood of oral squamous cell carcinoma (OSCC)
patients.

Materials and Methods

Study Design

Oral  cancer patients (Stage III) were taken into the
study as approved by ethical committee (Ethical
standards of Hospital Ethics committee on human
experimentation (Permission letter No.
49541/E1/99-1, Department of Health,
Directorate of Medical Education, India)).

The study was divided into 2 major groups, namely,
Group I: Normal healthy individuals, (n=45) Group
II: Untreated oral cancer patients. (n=63). Group II
was further subdivided into Group IIa : Oral
cancerpatients who have undergone radiotherapy
(n=27) and Group IIb: Oral cancer patients  who
have undergone radiotherapy and supplemented
with selenium (n=36). Both Group IIa and IIb were
followed up for 6 months.

Treatment : Patients were treated by radical
radiotherapy was delivered with a tele-cobalt
beam using anterior and lateral wedge pair or
lateral parallel portals (Theratron-780-60Co;
phoenix -60Co; Gammatron-60Co) at a dosage of
6000 Gy (200 cGy/day) in five fractions per week
for a period of six weeks. Selenium Supply:
Selenium (Sodium selenite) capsules were
supplied by the Cassel Research Laboratories
(Chennai, India). Per capsule contained 400 μg of
selenium. Patients under the selenium group were
given 400 μg selenium/d for period of 6 months.
Subjects were dispensed with selenium capsules
at every month to ensure regular intake of the
selenium capsules.

Procedures

Blood samples from all the groups were collected
with EDTA. The level of lipid peroxides was
assayed(5). Protein carbonyl content was
determined(6). Free radicals were detected by
electron spin resonance(7) using ESR-
Spectrometer JES-TE 200 ESR spectrometer
(Japan electronics Datun Co., Osaka, Japan).
DNA damage was assessed by using alkaline
single cell gel electrophoresis (comet assay)(8).
The extent of DNA-protein crosslinks was
assayed(9). Agarose gel electrophoresis was
carried out for the analysis of DNA fragmentation
in the DNA of leucocytes..Apoptotic cells were
enumerated by acridine orange and ethidium
bromide, which stains the cell nuclei with
modifications (10).

Erythrocyte membrane was isolated and modified
(11).  The level of membrane lipid peroxides was
assessed (12). Aliquots of the reconstituted
membrane preparation were taken for the assay of
membrane- bound enzymes. Membrane bound
Na+K+ATPase was assayed by the method of
Bonting. Ca2+ and Mg2+ ATPase was estimated(13).
Detailed procedure of the methods are published
elsewhere.

Statistical analysis

Statistical significance of differences between all
the groups were determined by students t-test . (The
levels of significance were evaluated as p<0.001).
Values are expressed as mean ± SD for each group.
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Group II was compared with Group I. Group IIa
patients were compared with Group II. Group IIb
were compared with Group IIa to assess the
efficacy of selenium supplementation.

Results

Macro molecular damages

A highly significant increase for plasma lipid
peroxidation (Group II) was also observed in
comparison to normals. Radiation group showed
further increase in LPO by 14% (2 months), 10%
(4 months) and showed a non significant increase
at 6 months (Figure 1). Interestingly, selenium

supplementation significantly attenuated the
plasma LPO levels by 23% for 2 months, 31%
until 4 months and by 34% for 6 months (Group
II b1, b2, b3 compared with Group II a1, a2, a3)
The levels of protein carbonyl in plasma of
normal, untreated oral cancer, radiation treated
and selenium supplemented groups (Figure 2).
When compared with normal, increase in levels of
protein carbonyls was observed in cancer patients
by 131% (Group II). In radiation group, the
carbonyl content increased significantly by 12%
at 2 months and was found to be unaltered until 4,
6 months on comparison with untreated oral
cancer patients.

Figure 1: Levels of Plasma lipid peroxides in normal and study groups
Group I – Normal, Group II – Untreated oral cancer patients
Group II a1, a2, a3 – Radiation treated – 2, 4, 6 months respectively
Group II b1,b2,b3 - Radiation treated + selenium supplemented - 2,4,6 months respectively
Values are expressed as mean ± SD
XGroup II compared with Group I; y

1Group IIa1 compared with Group II; y
2 Group IIa2 compared with

Group II; y
3 Group IIa3 compared with Group II; z

1Group IIb1 compared with Group IIa1; z
2Group IIb2

compared with Group IIa2; z
3Group IIb3 compared with Group IIa3

Statistical significance are expressed as *p ˂0.05;#p ˂0.01; $p˂ 0.001
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Figure 2: Plasma protein carbonylation in normal and study groups
Group I – Normal, Group II – Untreated oral cancer patients
Group II a1, a2, a3 – Radiation treated – 2,4,6 months respectively
Group II b1,b2,b3 - Radiation treated + selenium supplemented - 2,4,6 months respectively
Values are expressed as mean ± SD
XGroup II compared with Group I; y

1Group IIa1 compared with Group II; y
2 Group IIa2 compared with

Group II; y
3 Group IIa3 compared with Group II; z

1Group IIb1 compared with Group IIa1; z
2Group IIb2

compared with Group IIa2; z
3Group IIb3 compared with Group IIa3

Statistical significance are expressed as *p ˂0.05;#p ˂0.01; $p˂ 0.001

The decline in the levels of protein carbonyls in
the 2nd, 4th and 6th month (Group II b1, b2, b3)
following selenium supplementation in
comparison to radiation groups (Group II a1, a2,
a3) was found to be 25%, 30%, 36% respectively.
(Figure 3) represents the DNA single strand
breaks in leucocytes of normal, untreated oral
cancer, radiation treated and selenium
supplemented groups. (Figure 4) summarizes the
level of DNA damage in leucocytes of normal,
untreated oral cancer, radiation treated and
selenium supplemented groups. Significant
increase in single strand breaks were detected in

leucocyte DNA of cancer patients by four fold in
untreated cancer cases when compared with
normal (Group II versus Group I) and also in
radiation treated groups at 2, 4, 6 months (Group
IIa1, a2, a3) compared with untreated oral cancer
cases. The remarkable decrease in DNA-strand
scissions by 23%, 34% and 41% for 2, 4, 6
months was observed in selenium groups (Group
II b1, b2, b3) when compared with radiation
groups at 2, 4, 6 months respectively. Remarkable
decrease of strand scissions was observed on long
term selenium supplementation (Compare II b3
with II a3).
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Figure 3: Leucocyte DNA-Strand breaks by Comet Assay in Normal and study groups

Figure 4: Distribution of DNA migration (Comet tail length) in normal and study groups

Group I – Normal, Group II – Untreated oral cancer patients
Group II a1, a2, a3 – Radiation treated – 2,4,6 months respectively
Group II b1, b2, b3 - Radiation treated + selenium supplemented - 2,4,6 months respectively
Values are expressed as mean ± SD
XGroup II compared with Group I; y

1Group IIa1 compared with Group II; y
2 Group IIa2 compared with

Group II; y
3 Group IIa3 compared with Group II; z

1Group IIb1 compared with Group IIa1; z
2Group IIb2

compared with Group IIa2; z
3Group IIb3 compared with Group IIa3

Statistical significance are expressed as *p ˂0.05;#p ˂0.01; $p˂ 0.001
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The level of DNA-protein cross links in
leucocytes of normal, untreated oral cancer,
radiation treated and selenium supplemented
groups is depicted (Figure 5). Untreated oral
cancer groups in comparison to normal showed
threefold increase in the level of cross links
(Group II). Radiation groups (Gp IIa1, a2, a3)
showed a slight increase (p< .01) after 2 months
while there was no significant increase in protein

cross links at 4 & 6 months when compared with
untreated oral cancer cases. Selenium treatment
proved to be more effective in suppressing
carcinogen induced and radiation induced cross
links. The decrease in crosslinks increased with
the selenium supplementation for 2, 4 and 6
months by 17%, 33%, 45% respectively (Group II
b1, b2, b3) in comparison to radiation groups.

Figure 5: DNA-protein cross links levels in leucocytes of normal and study groups

Group I – Normal, Group II – Untreated oral cancer patients
Group II a1, a2, a3 – Radiation treated – 2,4,6 months respectively
Group II b1,b2,b3 - Radiation treated + selenium supplemented - 2,4,6 months respectively
Values are expressed as mean ± SD
XGroup II compared with Group I; y

1Group IIa1 compared with Group II; y
2 Group IIa2 compared with

Group II; y
3 Group IIa3 compared with Group II; z

1Group IIb1 compared with Group IIa1; z
2Group IIb2

compared with Group IIa2; z
3Group IIb3 compared with Group IIa3

Statistical significance are expressed as *p ˂0.05;#p ˂0.01; $p˂ 0.001

Apoptotic cascade

Figure 6 depicts the DNA fragmentation from
leucocytes of normal, untreated oral cancer,
radiation treated and selenium supplemented
groups. In (Group II) leucocyte DNA was found
to be fragmented as evidenced by the DNA ladder

formation upon agarose gel electrophoresis (lane
2).  Typical  fragmentation was observed in
leucocyte of radiation group (group II a3) (lane
3), while selenium supplemented group had no
ladder formation (group II b3 ) after 6  months
(lane 4).
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Figure 6: Agarose gel electrophoretic pattern of leucocyte DNA in normal and study groups

Figure 7 exhibits the apoptotic index of the
leucocytes and (Figure 8) represents the apoptotic
cell death in leucocytes of normal, untreated oral
cancer, radiation treated and selenium
supplemented groups. Untreated cases (Group II)
in comparison to normal showed seven fold
increase in the amount of apoptotic bodies. When

compared to untreated group this was found to be
reduced by 27% following radiation after 6
months (Group II a3). Selenium supplemented
group showed much more reduction by 43%
(P<0.001) in apoptotic bodies (GroupII b3
compared with Group II a3).
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Figure 7: Apoptotic cell death in leucocyte nuclei of normal and study groups

Figure 8: percentage of apoptosis in leucocytes of normal and study groups
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Effect over Membrane structural integrity

Figure 9 shows the free radical levels in
erythrocyte, erythrocyte membrane of normal,
oral cancer patients, radiation treated and
selenium supplemented groups. Free radical
levels appeared to be remarkably enhanced as
evidenced with the increased spin concentration
denoting over production of reactive oxygen
species during carcinogen metabolism in
untreated oral cancer patients. Several fold
increase in free radical levels was observed in
erythrocyte and erythrocyte membrane of
untreated oral cancer patients (Group II). Free
radical levels increase by 28%, 12% for 2 months
and non significant increase for 6 months was
observed in erythrocyte and erythrocyte
membrane of radiation treated group when
compared with oral cancer patients (Compare
Group II a1, a2, a3 with Group II). Selenium

reduced the free radical content in erythrocyte and
erythrocyte membrane by 37% and 24% for 2
months, 34% and 35% for 4 months and around
45% for 6 months respectively when compared
with 2, 4 and 6 months of radiation treated group.
Based on the results showing high significance at
6 months, the studies below were carried out only
on 6 months follow up of radiation and selenium
supplemented groups (Group II a3 and Group II
b3).Comparison of lipid peroxidation in membrane
of oral cancer patients with and without selenium
supplementation (data not shown) showed typical
results as that of plasma LPO. Selenium
administration for 6 months brought down the level
of membrane lipid peroxides significantly in the
oral cancer patients of Group IIb in comparison to
untreated and radiation treated patients, Group IIa
(P<0.05).

Figure 9; Free radical levels in erythrocyte, erythrocyte membrane in normal and study groups

Group I – Normal, Group II – Untreated oral cancer patients
Group II a1, a2, a3 – Radiation treated – 2,4,6 months respectively
Group II b1,b2,b3 - Radiation treated + selenium supplemented - 2,4,6 months respectively
Values are expressed as mean ± SD
XGroup II compared with Group I; y

1Group IIa1 compared with Group II; y
2 Group IIa2 compared with

Group II; y
3 Group IIa3 compared with Group II; z

1Group IIb1 compared with Group IIa1; z
2Group IIb2

compared with Group IIa2; z
3Group IIb3 compared with Group IIa3

Statistical significance are expressed as *p ˂0.05;#p ˂0.01; $p˂ 0.001
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Table 1 illustrates the activities of erythrocyte
membrane bound ATPases (Na+K+, Mg2+, Ca2+) of
normal, untreated oral cancer, radiation treated and
selenium supplemented groups. Compared with
normal (Group I) minimal activation of
Na+K+ATPase was noticed in cancer patients
(Group II) (P < 0.001). Slightly increased activation
of Na+K+ ATPases was seen with radio therapy
group at 6 months (p<0.05) (Group IIa compared
with Group II). Maximal activation of Na+K+

ATPase was seen in selenium-supplemented group
after 6 months (P<0.001) (Group IIb versus Group
IIa). Mg2+ ATPase activity was significantly
lowered in Group II than in Group I (p<0.001).

Mild increase in Mg2+ ATPase in Group IIa was
observed in comparison to Group II (p<0.05).
However, selenium supplemented group (Group IIb
versus Group IIa) showed moderate increase in
Mg2+ ATPase activity (p<0.001). There was a
significant decrease in Ca2+ ATPase in untreated
OSCC compared to normal (p<0.001) (Group II vs
Group I). Though radiation treated patients of
Group IIa showed little increase of Ca2+ ATPase
(p<0.05) than Group II comprising of untreated oral
cancer patients, a significant increase was noticed
following selenium supplementation Group IIb
(p<0.001) when compared to Group IIa.

Table  1: Activities of Na+K+, Ca2+, Mg2+ ATPases in erythrocyte membrane of normal, untreated oral
cancer, radiation treated and radiation treated + selenium supplemented oral cancer patients

Normal
(Group I)

Untreated
Oral Cancer
(Group II)

Radiotherapy alone
Radiotherapy +

Selenium
supplemented groups

6 months
(Group II a3)

6 months
(Group II b3)

Na+K+ ATPase 0.557 ± 0.061 0.387 ± 0.038x$ 0.412 ± 0.041y
3

* 0.451 ± 0.042z
3
#

Ca2+ ATPase 0.252 ± 0.023 0.187 ± 0.019x$ 0.2 ± 0.021y
3
* 0.221 ± 0.021z

3
$

Mg2+ATPase 0.781 ± 0.081 0.533 ± 0.056x$ 0.570 ± 0.057y
3

* 0.683 ± 0.086z
3
$

Na+K+ ATPase, Ca2+, Mg2+ ATPases - μmoles of pi liberated/mg protein/min

Group I – Normal; Group II – Untreated oral cancer patients; Group I a3 – Radiation treated – 6 months
Group II b3 – Radiation treated + selenium supplemented – 6 months

Values are expressed as mean ± SD
x -Group II compared with Group I; y3Group IIa1, IIa2, IIa3 compared with Group II
z3 - Group IIb3 compared with Group IIa3.

Statistical significance are expressed as * p<0.05; #p<0.01; $p<0.001

Discussion

Macromolecular damages

Free radicals and Lipid peroxidation

A higher level of LPO in plasma of oral cancer
patients might be due to iron dependent ROS
generation for antioxidant system which could
ultimately degrade the PUFA of the
biomembrane. Radiation toxicities cause
antioxidant enzyme deficiencies in the erythrocyte
of radiation treated oral cancer patients which

may render the defense system inefficient to
manage free radical attack Erythrocytes are
continuously exposed to oxidative stress when
subjected to radiation(14). Although the reducing
capacity of the normal erythrocyte is greater than
its oxidizing potential, the lack of antioxidants
might have led to an increase in membrane LPO
during the study. In the present study, selenium
supplemented groups showed diminished levels of
LPO, which could be attributed to  the metal
chelating24 and antioxidative and antiapoptotic
property(15) of selenium.
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Epidemiological studies have demonstrated a
clear causal association between oxidative stress
and increased risk for oral cancer. The increased
free radical content might be due to pro oxidant
and antioxidant imbalance in oral cancer
cases,(16) . The primary event for radiation
induced reactions in membrane is a result of the
oxidative damage of membrane protein bound –
SH to disulfides and its consequent alterations in
protein metabolism(17). Diminished levels of free
radicals might be related to the free radical
scavenging and antioxidant enhancing property of
selenium. Since selenium is endowed with
favourable capacity to enter into erythrocytes via
diffusion(18), high retention of it, might
contribute to elimination of free radicals.

Protein oxidation

ROS-mediated reactions lead to the formation of
protein carbonyl groups which serves as a
molecular indicator of cancer(19). In the present
finding, protein carbonyl levels increased
markedly in the cancer and radiation treated
patients. This may be attributed to accumulation
of oxidatively damaged proteins reflecting
increased rate of ROS generation. Oxidatively
damaged protein is known to compromise the
mechanisms of cellular regulation and signal
transduction. On supplementation of selenium
(Group II b1, b2, b3) for 2, 4 and 6 months, a
maximum decrease in protein  carbonyls owed to
the property of selenium to decrease free radical
production and thereby decrease protein
oxidation.

DNA Damage

Most mutagens and carcinogens are thought to
induce genetic changes by interacting with
DNA(20). In the present study, the DNA strand
breaks  was  found to be high in leukocytes of oral
cancer cases as well as in radiation cases may be
due to increased generation of H2O2, as well as
inefficient DNA repairing capacity associated in
the inactivation of DNA polymers. DNA strand
breaks, which are produced by direct interaction
of the hydroxyl radical (OH.) with chromatin can
be noted in cancer associated cellular and
physiological processes(21). Inefficient DNA

repairing capacity enhanced damage to the DNA
in radiation treated cancer patients. Selenium
treated group decreased DNA strand breaks
possibly by (i) reducing the breakage of chemical
bonds that occurs during ionization, (ii)
preventing the interaction of free radicals with the
macromolecule and (iii) providing support to the
repair mechanism of DNA. Selenium protects
against carcinogen induced chromosomal damage
by enhancing the DNA repair process(22).

DNA - Protein Crosslinks

The cross-linking of certain amino acids present
in proteins to DNA may be attributed  to the
increased DNA-protein cross-links. Ionising
radiation and free radicals have been shown to
cross-link certain amino acids (23). Selenium
greatly decreased the DNA-protein crosslinks,
indicating the role of selenium in declining the
oxidative attack over DNA suggest that oxidative
DNA damage resulting from endogenous free
radical attack, contributes to the etiology of
cancer and selenium might thus reduce the
interaction of vicinal free radicals on DNA strand
and adjacent protein and confer protection against
cancer.

Apoptotic Cascade

DNA fragmentation profile was observed in the
leucocyte of oral cancer and radiation treated
cases might be attributed to the enhanced activity
of caspase-3. Administration of selenium reduced
DNA fragmentation of blood leucocytes than
radiation treated oral cancer cases. Following
selenium administration apoptotic cell count
decreased to greater extent. On selenium
supplementation a decrease in apoptotic count
was observed which indicates the radical
scavenging action of the antioxidant selenium
through suppression of TNF-.

Membrane structural integrity

Membrane lipids succumb easily to the devastating
actions of reactive oxygen species. Lipid
peroxidation initiates the disruption of membrane
fluidity facilitating the leakage of Ca2+ ions into the
cell and thereby potentiate extensive membrane
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damage. Selenium, an antioxidant mineral is
endowed with favorable capacity to pass through
membranes, enter into erythrocytes via diffusion
(24), therefore high retention of it, might contribute
to the elimination of free radicals. Thus it protects
cells against oxidative stress caused by ROS by
substantial reduction in LPO products scavenging
the debilitating consequences of free radicals. This
may also be attributed to the favorable capacity of
the antioxidant mineral to directly reduce GSSG to
GSH and maintain its ratio(25).

A decline in Na+K+ATPase,  Ca2+ ATPase  and
Mg2+ ATPase activities  observed in oral cancer
and radiation treated groups denote oxidative
assault and increased level of lipid peroxidation.
This is attributed to the leakage of K+ ions into the
extra cellular medium.  The disruption of
membrane permeability and fragmentation of the
membrane leads to increased Ca2+ level in the
intracellular compartment. This may in turn affect
ionic channels and thiol-dependent membrane-
bound enzymes and that’s how the net transport of
ions by Mg2+ ATPase associated with the
hydrolysis of ATP is hindered .

Selenium compounds can act as free radical traps,
scavenging it and converting them to stable
products. By preventing leakage of Ca2+ ions into
the cell, Selenium exhibited a significant
cytoprotective effect against an increase of
cytosolic free calcium caused by peroxides. It may
exert scavenging action, to preserve the ATPase
enzyme activity by increasing membrane - SH
content. Administration of selenium increases GPx
synthesis by enhancing de novo synthesis of this
enzyme in the erythroid precursors of red blood
cells(26). Therefore the multifold increase in GPx
activity on selenium treatment may be the reason
for decreased oxidative stress which in turn there is
enhancement in the activities of ATPases.
Administration of selenium might have protected
membrane lipids from peroxidation and thereby
prevent the loss of various ATPase activities(27)
through its antioxidant property, and thereby
maintain stabilization of cell membrane integrity .

Conclusion

The imbalance in cellular redox status in oral
cancer patients undergoing radiotherapy resulted
in the functional impairment of the normal cells.
Abundant free radical generation during
radiotherapy go hand in hand with cancer
mediated radical generation which is furthermore
debilitating and at times overwhelming. In this
point of view the study results show that selenium
may represent a form of controlling
macromolecular damages and offer protection to
cell membrane by eliminating free radicals. So
there is a clinical interest for cancer patients
undergoing radiation treatment to have this
selenium supplementation. Further studies indepth
are required to understand the usage of other
selenium compounds too.
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