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INTRODUCTION

Incidence of cancer of oral cavity

Santosh Kumar Barman®

ABSTRACT

Background: Radiotherapy has an important role in treatment of oral cancer,
but it causes some deleterious effect on healthy cells. Radiation produces free
radicals which cause lipo-peroxidation, alteration of protein, and DNA
damage, and eventually cell death. This study is designed to evaluate
protective role of antioxidants in oral malignancies treated with radiotherapy.
Methods: This study is conducted in patients of oral cancer treated with
radiotherapy. Patients were divided into two groups, control (n=7) and test
(n=9). Patients in control group treated with radiotherapy alone and in test
group were supplemented with oral antioxidants throughout the radiotherapy
course. Pre and post radiotherapy levels of MDA, SOD and Glutathione
reductase were measured in blood and cancerous tissue in both groups and
statistically compared. TNM staging before and after radiotherapy and side
effects of radiotherapy were also compared in both groups.

Results: On statistical comparison of mean difference values of MDA, SOD
& GR of control v/s test group, it was noticed that there was a significant
reduction in MDA (p<0.05) and significant increase in GR levels (p<0.05) but
non significant increase in SOD levels (p>0.05) in test group in comparison to
control group for both blood and tissue levels. TNM status of patients
improved significantly after radiotherapy in test group. Comparison of side
effects between both groups indicated that there was reduction in side effects
in test group after radiotherapy.

Conclusion: These findings indicated the protective role of antioxidants
against free radicals produced in oral malignancies treated with radiotherapy.

Keywords: Free radical scavengers, Malonyldialdehyde (MDA), Superoxide
dismutase (SOD), Glutathione reductase (GR), Radiotherapy

and radiation therapy.* So radiotherapy is the mainstay of
treatment of cancers of oral cavity along with surgery.

is increasing

worldwide. Cancer of oral cavity is one of the most
common malignancies in Indian subcontinent. Smoking,
use of alcohol, smokeless tobacco products, and HPV
infections are the major risk factors for oral cavity cancer,
with smoking and alcohol having synergistic effects.'

Early cancers (stage | and stage II) of the lip and oral
cavity are highly curable by surgery or by radiation
therapy.® Most patients with stage 111 or stage IV tumors
are candidates for treatment by a combination of surgery

www.ijbcp.com

Free radicals or reactive oxygen species (ROS) are
generated during radiotherapy which besides killing the
tumor cells may damage the healthy cells also.’ These
ROS cause lipid-peroxidation of plasma membrane and
cell ~organelles, inactivation of enzymes, de-
polymerization of polysaccharides & DNA damage that
eventually cause cell death. There are some antioxidant
defence in biological systems, non-enzymatic (beta
carotene; vitamins- C, E; glutathione etc.) as well as
enzymatic  (Superoxide dismutase SOD; catalase;
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glutathione reductase etc.) which protect the cells from
damage induced by free radicals.

It is well known that Reactive Oxygen Species (ROS)
mediate cytotoxic tumor activity and antioxidants
mediate anticancer activity, by modifying the cellular
homeostatic redox balance. Lipid peroxidation is an
indicator of free radical metabolism and oxidative stress
in living beings. Malonyldialdehyde (MDA) a by-product
of lipid peroxidation (LPO), which inherent in
carcinogenesis showed discrepancies in its serum values
in radiation treated malignant cases of earlier research
studies. Various study results indicates significant
increase ®’; no difference®, and significant decrease® in
lipid peroxidation or MDA levels in oral cancer patients
than healthy controls.

The present study was designed to ascertain the variations
in the levels of serum & tissue MDA, a marker of oxidative
stress that determines an extent of lipid peroxidation and
concentration of serum & tissue superoxide dismutase
(SOD) and glutathione reductase, antioxidant enzymes
that determines status of antioxidant defence of cells in
patients of oral cancer treated with radiotherapy.

METHODS

The study was conducted in the Department of
Pharmacology & Therapeutics and Biochemistry
Department, GSVM Medical College, Kanpur and JK
Cancer & Research Institute. Approval of institutional
ethics committee was taken and study was conducted in
accordance with the guidelines provided by ICMR. In the
present study diagnosed cases of oral cancer attending the
JK Cancer Institute for radiotherapy were selected as the
study group. Study group was further subdivided into
Test group & Control group.

Exclusion criteria for patients

1. Patients who were candidates for only surgical
resection.

2. Patients who required surgical resection as
primary treatment and radiotherapy as an
adjuvant therapy.

3. Patients who required chemotherapy and/or
targeted therapy.

4. Patients who required multiple modalities
(surgery/chemotherapy/targeted
therapy/radiotherapy) as treatment.

Inclusion criteria for patients

1. Patients with small tumor mass (Stage-1 & 11)—
who were candidates for radiotherapy as sole
treatment (radiotherapy was sufficient for cure).

2. Patients with large tumor mass (Stage-lll &
IV)—who required radiotherapy as neo-adjuvant
therapy to shrink the large tumor mass for ease
of surgical resection.

3. Patients with advanced cancer who required
radiotherapy as palliative therapy to relieve
symptoms.

Parameters to be compared

1. Biochemical markers— Superoxide dismutase
(SOD), Malonyldialdehyde  (MDA) &
Glutathione reductase (GR) levels in blood and
tissue (biopsy), pre and post radiotherapy in both
groups.

2. TNM staging— pre & post radiotherapy in both
groups.

3. Side effects— of radiotherapy in both groups.

Experimental protocol

In control group seven diagnosed cases of oral cancer
selected for radiotherapy were included and treated with
radiotherapy only (without antioxidants).

In test group nine patients of oral cancer included and
supplemented with a combination of oral antioxidant;
multivitamin and multimineral tablets once in a day
starting one week prior to radiotherapy and continued
throughout the course of radiotherapy.

The patients in both groups were treated with the
standard dose of radiations depending upon the grade and
stage of malignancy.

The first venous blood sample was collected from the
patients before initiation of radiotherapy and the second
venous blood sample after completion of radiotherapy
course. In same way first cancerous tissue sample taken
by punch biopsy before initiating radiotherapy and the
second sample was taken after radiotherapy.

Blood & tissue samples were used for estimation of
MDA, SOD & Glutathione reductase (GR). TNM staging
& side effects of radiotherapy were studied in both test &
control groups.

Collection of samples

Blood sample— 5 ml of venous blood was drawn in vial
containing heparin and kept at 2°-8°C.

Tissue sample— A piece of cancerous tissue taken from
oral growth by punch biopsy forceps, kept in vial and
stored in freezer afterwards a 10% wi/v tissue homogenate
was prepared in 1.5% buffered KCI solution (pH=7.4) for
the estimation of MDA, SOD & GR.

Biochemical investigations

Assay of lipid peroxidation— Malonyldialdehyde (MDA)
and assay of antioxidant enzymes- Superoxide dismutase
(SOD) and Glutathione reductase (GR) was done as per
standard techniques.’**?
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Statistical analysis

Results were presented as Mean + SD. The statistical
significance of observed difference in the parameters
between the various groups was determined by the
student’s ‘t’ test. P<0.05 was considered as significant.

RESULTS

Blood & tissue MDA levels (as marker of lipid
peroxidation)

In control group mean blood MDA level was observed to
be increased after radiotherapy as compared to pre
radiotherapy. The difference was noticed to be
statistically significant (p < 0.05). While in test group
mean blood level of MDA was found to be significantly
lowered (p < 0.001) after radiotherapy. In tissue also

mean MDA level was higher after radiotherapy in control
group and difference was statistically significant (p <
0.05), while in test group mean tissue MDA level was
found to be significantly lowered (p < 0.05) after
radiotherapy (Table 1).

Blood & tissue SOD & GR levels (as markers of
antioxidant activity)

In control group blood SOD level was lowered
significantly after radiotherapy as compared to the levels
pre radiotherapy (p < 0.001), while in test group mean
value was significantly raised after radiotherapy (p <
0.001). In tissue also SOD level was decreased after
radiotherapy as compared to pre-radiotherapy level in
control group and the difference was statistically
significant (p < 0.05), while in test group post radiotherapy
level was found to be significantly raised as compared to
the pre radiotherapy level (p < 0.05) (Table 1).

Table 1: Statistical comparison of levels of biochemical markers MDA, SOD & GR in control & test groups before
and after radiotherapy.

Control (n=7)
Parameter

Test (n=9)

Pre-radiotherapy ~ Post-radiotherapy  Pre-radiotherapy  Post-radiotherapy
1. MDA in blood (nmols/ml) 3.2 +0.216 3.71 + 0.3503* 3.1+0.39 2.22 + 0.24***
2. MDA in tissue (nmols/ml)  7.26 + 0.489 8.49 £ 0.67* 7.03£0.89 4.98 £ 0.74*
3. SOD in blood (U/gHb) 301.71+£7.25 288.71 £5.96***  296.22 + 11.75 308.22 £ 7.51***
4. SOD in tissue (U/ml) 27.82 £ 0.64 26.46 + 0.86* 27.35+1.08 28.44 + 0.69*
5. GR in blood (U/gHb) 1.81 +0.073 1.61 + 0.065** 1.76 £ 0.24 2.85 £ 0.35***
6. GR in tissue (U/ml) 234.80 + 21.00 209.25+ 20.80***  228.06 + 33.03 369.92 + 45.13**

*»<0.05; **p<0.01; ***p<0.001

In control group post radiotherapy level of GR in blood
was observed to be significantly decreased as compared
to pre radiotherapy in both blood (p < 0.01) & tissue (p <
0.001). While in test group there was statistically
significant increase level of GR after radiotherapy as
compared to pre-radiotherapy in both blood (p < 0.001) &
tissue (p < 0.01) (Table 1).

On statistical comparison of mean difference values of
MDA, SOD & GR of control v/s test group, it was
noticed that there was a significant reduction in MDA (p
< 0.05) and significant increase in GR levels (p < 0.05)
but non significant increase in SOD levels (p > 0.05) in
test group in comparison to control group for both blood
and tissue levels were observed.

TNM staging

It was observed that in control group after radiotherapy
out of 7 patients only one patient had complete response,
three had moderate, two had mild response & one patient
had no response in tumor growth but showed
improvement in lymph node status (Table 2). While in
test group out of 9 patients 3 had complete, 4 had
moderate and 2 patients had mild improvement in tumor
size & lymph node status after radiotherapy (Table 3).

Side effects
Comparison of side effects between control & test group

indicated that there was reduction in side effects in test
group after radiotherapy (Table 4 & 5).
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Table 2: TNM staging in control group before & after Table 3: TNM staging in test group before & after
radiotherapy. radiotherapy.
S. TNM staging TNM staging S. TNM staging TNM staging
N re-radiothera Post-radiothera NO. (Pre-radiotherapy) (Post-radiotherapy)
1 TN M, T.NoM, 1 T3NoMy ToNoMy
2 T3N;M, TNoM, 2 T2N:M; T2NoM
3 T34NoMo T34NoMg
3 TZNOMQ TONOMO 4 T3N1MX T]_N]_Mx
4 T3NoMy T1NoM 5 T3NoMg ToNoMg
5 T3N1Mx TlNoMX 6 TZNOMO T1N0M0
7 T4N2aMx TlNlMx
6 T4N;M T3NogM
M - 8 T.NoM, T3sNoMy
7 T3N1MQ TleMo 9 TleMo ‘|'0N0|\/|0

Table 4: Side effects after radiotherapy in control group.

Do Lol vgaiis b LSO PO opregia S
1 + + + +
2 + + +
3 + + +
4 + + +
5 + + +
6 + + +
7 + + +

Table 5: Side effects in test group after radiotherapy.

O LSO st boral LSS P ppnegia S0
1 + +
2 + +
3 + + +
4 + +
5 + +
6 + + +
7 + +
8 + +
9 + +
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DISCUSSION

The role of free radicals in cancer & radiation injury has
been extensively studied. Major therapeutic effect of
radiation is due to free radical production.”® Radiation
and chemotherapy, damage both healthy and malignant
cells by oxidative process i.e. by generation of free
radicals.** Cancer cells do not absorb antioxidants as
efficiently as healthy cells. It may be possible to support
normal tissue with antioxidants while making the
oxidative process selectively toxic to malignant cells.'

The idea of using antioxidants in patients of oral cancer
treated with radiotherapy emerged from previous studies
showing that use of antioxidants supports the normal cells
and makes the malignant cells more vulnerable to
radiation induced oxidative damage and reduce the toxic
& side effects of radiotherapy on normal tissue. Although
a few negative studies had also been reported showing
decrease in therapeutic efficacy of radiotherapy due to
use of antioxidants in treatment of malignancies.

Antioxidant nutrients and precursors such as vitamin A,
C and E, selenium, copper, zinc and N-acetyl cysteine
may offer protection to healthy cells against oxidative
injury by antineoplastic therapy.*®

There are various methods for detection of generation of
free radicals; one such method is to study the indicators
of oxidative stress such as MDA and antioxidant defence
such as SOD & glutathione reductase. Theoretically,
MDA should increase while the other two should
decrease following free radical generation.

This study was carried out to observe the effect of
radiotherapy and then the effect of antioxidant with
radiotherapy on levels of MDA, SOD and Glutathione
reductase in blood as well as tissue alongwith TNM
staging and side effects.

Parameters in blood and tissue

After radiotherapy blood level of MDA, which was used
as the parameter of oxidative stress was found to be
significantly elevated in control group as compared to
pre-radiotherapy level. This signifies that radiation leads
to generation of free radicals, free radicals reacts with
unsaturated lipids of cell membrane, a phenomenon
known as membrane lipid peroxidation (MLP) to produce
highly cytotoxic endoperoxides, MDA is an intermediate
product of MLP and an increase in its level denotes
enhanced generation by free radicals. Similar findings
were reported by Sabitha et al (1999)'” & P. Sangeetha et
al (1990)* who reported that levels of MDA showed a
significant increase in oral cancer patients untreated &
treated with radiotherapy.

The level of MDA in blood, in test group (treated with
antioxidants) was found to be significantly decreased
after radiotherapy as compared to pre-radiotherapy

levels. That means antioxidants given to the patient
react with free radicals (reactive oxygen species; ROS)
generated by radiotherapy and convert them into non
reactive state and decreases the lipid peroxidation, in
other terms suppress the oxidative stress.® A similar
study by Wedleigh showed that vitamin E & C along
with glutathione act on cellular level by protecting cell
membrane and prevent lipid peroxidation which in turn
indicate that MDA value decreases due to intake of
antioxidant by the patient.?

In the present study the blood levels of SOD, which was
used as parameter for antioxidant defence was found to
be significantly decreased in control group after
radiotherapy as compared to before radiotherapy. This
indicates that endogenous antioxidants consumed during
the process of scavenging the ROS. These findings were
in accordance with findings of Sabitha et al (1999)" & P.
Sangeetha et al (1990).*

The level of SOD in blood in test group was found to be
significantly increased after radiotherapy as compared to
pre-radiotherapy level. This indicates that antioxidant
was successful in preventing consumption of SOD by
free radicals, by decreasing production of free radicals
and/or scavenging them. This finding was in accordance
with the findings of Nagler et al.**

In the present study level of glutathione reductase, which
serves as another parameter for antioxidant defence
showed significant decrease in control group after
radiotherapy as compared to before radiotherapy. These
findings were in accordance with the findings of Sabitha et
al (1999).” However the level of glutathione reductase in
test group was significantly increases after radiotherapy as
compared to pre-radiotherapy. This indicates that
antioxidant was successful in preventing
consumption/suppression of SOD by free radicals, by
decreasing production of free radicals and/or by
scavenging them. This finding was in accordance with
findings of Henneken (1984)*? & Machlin et al (1987).%

In present study we also found that tissue levels of MDA,
SOD & Glutathione reductase was also altered in similar
way as in blood levels.

Other parameters

In present study on comparison of TNM staging between
control & test group we found that reduction of tumor size
due to radiotherapy was more in test group (77.7%
responded well; 22.3% responded poorly or not at all) than
control group (57.9% patients had responded well and
42.1% had none or poor response).”>**? Tumour size and
stage are significant predictors of overall and disease-free
survival for patients with oral malignancies.®®® So,
indirectly our results indicates towards better survival of
antioxidant and radiotherapy treated patients than patients
treated with radiotherapy only. On comparison to side
effect between control & test group there was reduction in
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the side effects in test group after radiotherapy.®?** The
results of our study have provided strong evidence that
antioxidants can decrease free radical production due to
effect of radiation and can also enhance antioxidant status
of body. Antioxidant supplementation in patients receiving
radiotherapy may prolong the survival time and it may
increase tolerability to therapy.

CONCLUSION

It is evident from the present study that free radical
scavenger significantly reduces the oxidative stress in
patients of oral cancer after radiotherapy by limiting lipid
peroxidation and/or scavenging reactive oxygen species
generated due to irradiation. When antioxidants used in
combination with radiotherapy in oral malignancies as
treatment it not only contributes to favourable outcome
and better survival but it also decrease propensity of side
effects and toxicities of radiotherapy and increase its
tolerability in cancer patients.
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