International Journal of Anatomy and Research,
Int J Anat Res 2019, Vol 7(3.2):6793-99. ISSN 2321-4287

SALIVARY ANTIOXIDANT STATUS FOLLOWING RADIOTHERAPY IN
PATIENTS WITH HEAD AND NECK CANCER

Vinay Kumar .V.

Professor, Department of Anatomy, K.S. Hegde Medical Academy, Nitte (Deemed to be University),
Deralakatte, Mangaluru, Karnataka, India.

ABSTRACT

Background: Head and neck cancer (HNC) represents 3% of all the malignant tumours. It is the sixth most common
human malignancy. Patients with head and neck cancer receiving radiotherapy are exposed to ionizing radiation
which may damage normal tissue located in the field of radiation. The present study aims to determine the
changes in antioxidants status of pre and post RT saliva samples of HNC patients

Materials and Methods: The pre and post radiotherapy saliva samples were collected from every patient with
head and neck cancer. The changes in the antioxidant levels of saliva in pre and post radiotherapy saliva
samples of head and neck cancer patients was determined.

Observation: The three biochemical parameters levels Malondealdehyde, Glutathione peroxidase,
Myeloperoxidase decreased following radiotherapy. But the decrease was not statistically significant for
Glutathione peroxidase and Myeloperoxidase and highly significant for Malondealdehyde.

Conclusion: The Total Antioxidant Capacity increased following radiotherapy and it was observed that after
radiotherapy their increased levels were statistically not significant.

KEY WORDS: Saliva, Antioxidants, Radiotherapy, Head and neck cancer.

Address for Correspondence: Dr. Vinay Kumar .V, Professor, Department of Anatomy, K.S. Hegde
Medical Academy, Nitte (Deemed to be University), Deralakatte, Mangaluru, Karnataka, India.
Ph:+917795767676. E-Mail: dr7795767676@gmail.com

Access this Article online Journal Information

Quick Response code International Journal of Anatomy and Research

[CV for 2018\ ISSN (E) 2321-4287 | ISSN (P) 2321-8967
https://www.ijmhr.org/ijar.htm
90.30
L) ev-ic-ss |

DOI-Prefix: https://dx.doi.org/10.16965/ijar

Article Information

Received: 15 May 2019 Accepted: 08 Jul 2019
Peer Review: 15 May 2019 Published (O): 05 Aug 2019
DOI: 10.16965/ijar.2019.227 Revised: None Published (P) 05 Aug 2019
INTRODUCTION RT is usually recommended as the primary

Head and neck cancer (HNC) represents 3% of treatment or as an adjunct to surgery, in
all the malignant tumours. It is the sixth most combination with or without chemotherapy, or
common human malignancy [1]. About 48% of 23S @ palliative measure in the management of
the tumors cases are within the oral cavity,and HNC. The dose of radiation necessary for
90% of these cases are squamous cell carcinoma Cancer treatment depends upon the location, the
(SCC), which affects the lips, mouth, tongue, type of malignancy and whether or not RT is the
nasopharynx, oropharynx, hypopharynx, larynx sole treatment or is to be given in combination
and paranasal sinuses [2,3]. Annually, more than with other modalities. Majority of the patients
5 lakhs new cases of SCC are diagnosed world- receive a total dose between 50 and 70 Gy,
wide [4]. High rates of morbidity and mortality usually given over a 5 to 7 week period™
are observed. With the advancement in the use  treatment being given once a day, five days a
of chemotherapy & RT the survival has substan-  Week, with 2 Gy per fraction [6].

tially improved [5]. In addition to the antitumor effects of ionizing
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radiation it may also damage normal tissue
located in the field of radiation. The oral cavity
has many complex areas with dissimilar
structures that respond differently on exposure
to ionizing radiation, e.g., mucosal lining, skin
covering, submucosal connective tissue, salivary
gland tissue, teeth, and bone/cartilage. The RT
produces early changes in the oral mucosa (oral
mucositis), skin (erythema, desquamation),
salivary glands (hyposalivation), taste buds
(decrease acuity) and teeth (radiation caries)
[7-11]. Changes is also observed in all tissues
at a later stage [12,13], especially of gingival
and periodontal changes, including loss of
attachment at the radiation sites are also
observed [14,15].

The ionizing radiation damages DNA, including
single & double-strand breaks, base damage,
and DNA-protein cross links. As a consequence,
a second tumor may develop immediately or
years after the primary tumor treatment [16-18].

Attempts have been made to evaluate the
changes in the total antioxidants (TAC) in the
saliva of patients with HNC before and after RT.
The present study aims to determine the
changes in antioxidants status of pre and post
RT saliva samples of HNC patients.

MATERIALS AND METHODS

The study population included a group of HNC
patients without any prior treatment (RT and/or
CT) scheduled to receive RT at the department
of RT. The study was performed after approval
from institutional ethical committee. A signed
informed consent was obtained from each
subject. The details about the age, gender,
occupation & the history regarding tobacco and
alcohol consumption were collected from each
subject. The Inclusion criteria was

1. Patient above the age of 18 years.

2. Patient having HNC of stage Il to stage IV,
according to TNM classification.

3. The radiation dose received by patient should
be greater than or equal to 60 Gy, delivered in
30 fractions, over a period of 7 weeks.

4. At least one third of the oral cavity mucosa
should be included in the RT field.

The Exclusion criteria were

1. Patients having open mouth sores before RT.
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2. Patients who had undergone prior RT or CT.

3.Patients with HIV infections, diabetes
mellitus or hyperthyroidism.

4. Those patients who died during the treatment
period or moved to another RT centre.

Collection of Saliva sample for analysis: The
subjects were advised to rinse their mouth with
normal saline, then about 5ml of saliva were
collected in a sterile container from each
patient and labeled.

The Pre Radiotherapy (RT) samples were
collected before initiation of RT. All the patients
received a megavoltage therapy (4 MeV) using
a source to skin distance of 100 cm. The doses
ranged from 45 to 70.4Gy, delivered in daily
fractions of 2.0Gy, 5 days per week for 5-7
weeks. At the end of 7*" week a Post RT sample
was collected.

The saliva samples collected were examined for
Total Antioxidant capacity (TAC), Malondial-
dehyde (MDA), Glutathione peroxidase (GPx)
and Myeloperoxidase (MPO).

Estimation of Total antioxidants capacity
(TAC) by Phosphomolybdenum method:

This is a based on the principle of conversion of
Molybdenum by reducing agents like antioxi-
dants to molybdenum, which further reacts with
phosphate under acidic pH resulting in the
formation of green coloured complex. The
intensity of the green coloured complex is read
spectrophotometrically at 695nm [19].

Calculations: The concentration of the total
antioxidants in the saliva was obtained by
plotting the absorbance of the test against the
standard graph, and the concentration is
expressed as pug/mL.

Estimation of Malondialdehyde (MDA):

About 250pL of saliva is diluted to 500uL with
distilled water. To this diluted sample 1mL of
TCA- TBA-HCI reagent was added. The sample
was kept in boiling water bath for 15 minutes.
The reaction mixture was cooled and centri-
fuged. The supernatant was taken and the
optical density of the pink colour formed was
read at 535nm. The concentration of malondial-
dehyde in the sample was obtained by plotting
the obtained absorbance against the standard
graph. The optical density of the pink colour
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formed is directly proportional to the concen-
tration of malondialdehyde in the given sample
[20].

Calculation: The optical densities of the test
samples is directly proportional to the concen-
tration of MDA in the sample and calculated by
the plotting against the standard graph and
multiplied by the respective dilution factors. The
final concentration is expressed as uM/L.

Estimation of Glutathione peroxidase (GPx):
The free radicals are continuously produced in
vivo and there are a number of protective anti-
oxidant enzymes for dealing with these toxic
substances. GPx is one of the free radical scav-
enger enzymes, which is reduced progressively
due to exposure to heavy metals. Therefore, this
enzyme is an indicator of such contamination.

Principle: This procedure is based on the reac-
tion between leftover glutathione in the follow-
ing reaction with 5, 5'-dithiobis-2-nitrobenzoic
acid (DTNB) to form a compound, which absorbs
maximally at 412nm

2GSH + H,0, —» GSSG +2H.0
Reagents:

1. 0.4M sodium phosphate buffer (pH 7.0)
2.10mM sodium azide

3.4mM reduced glutathione

4.2.5mM hydrogen peroxide (Prepare fresh so-
lution from the stock bottle, stored refrigerated)
5.10% TCA

6.0.3M disodium hydrogen phosphate solution
7. DTNB: Dissolve 40mg in 100ml of 0.3M
disodium phosphate solution

8. Reduced glutathione standard (100ug/mL):
5mg of reduced glutathione is dissolved in 50
mL of distilled water.

9. Enzyme extract: Prepare 10% tissue homoge-
nate in 0.4M sodium phosphate buffer (pH 7.0).
Centrifuge at 10,000rpm for 15 minutes at 4°C.
Use the supernatant for the assay.
Standardisation

Distilled | Conc.Of | Phosphate DTNB | O.D.at
SLNo. | GSH(mL) ;
water (mL) | Std. (ug) | solution (mL) | (mL) 412nm
Blank 0 0.5 0 0
1 0.1 0.4 10 0.042
2 0.2 0.3 20 0.156
2 0.25
3 03 0.2 30 0.262
4 0.4 0.1 40 0.357
5 0.5 0 50 0.463

Int J Anat Res 2019, 7(3.2):6793-99. ISSN 2321-4287

Procedure: About 0.4ml of buffer, 0.1 ml Sodium
azide, 0.2 ml of Reduced Glutathione, 0.5ml of
enzyme extract and 0.1ml of hydrogen peroxide
are pippetted into a test tube. With the distilled
water the final volume is made upto 2 ml with
distilled water. Then the tube is incubated at
37°C for 30 minutes. About 0.5ml of 10% TCA is
added to stop the reaction. To determine the
unused/residual glutathione content, centrifuge
the content, save the supernatant and 0.5ml of
this, add 2ml of disodium hydrogen phosphate
and 0.25ml of DTNB reagent and read the
absorbance at 412nm. Set a blank with only
disodium hydrogen phosphate and DTNB
reagent.The activity is expressed as ug of
glutathione consumed/min/mg protein [21].
Estimation of Myeloperoxidase (MPO):
Principle: MPO, a heme containing peroxidase
abundantly found in neutrophils enzymatically
produces powerful antioxidant (hypochlorous
acid) and show antimicrobial activity in tissues.
Myeloperoxidase activity is estimated by the
Malheston et al. method and is measured
spectrophotometrically at 510nm using
4-aminoantipyrine as hydrogen donor [22].
Reagents:

- 50mmol/I of sodium phosphate buffer (pH 6.7)

- 4-aminoantiyprine solution: 0.5mg of
4-aminoantipyrine/ml solution in 0.17M phenol.

Procedure:

- Pipette out following into the cuvette

1. 4 aminoantipyrine / phenol solution - 1500yl
400pl

3. 1-7 mmoles/L hydrogen peroxide - 100ul

2. sodium phosphate buffer -

o 100pl of the enzyme extract was added and
the increasing absorbance at 510nm for 30
seconds intervals for 5 minutes was recorded
using kinetic mode of spectrophotometer.

o Increase in absorbance by each lysate sample
was recorded

o For calculation the molar extinction coefficient
of 6580 for quinomiamine at 510nm was
considered.

o The unit of MPO activity of blood was
expressed in units per pico moles /dl of the
blood and in units per ml of blood.

o The units of the MPO activity of the tissues
were expressed in units per milligrams of weight.
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Statistical analysis: All the data were expressed
in mean and standard deviation. The results
obtained in all the above parameters were
statistically analyzed to obtain a P value that
concludes the difference between the means of
population involved in the study. Statistical
analysis is done using student t test. P (prob-
ability) < 0.05 was considered significant.

RESULTS

The mean TAC was higher in saliva of patients
post RT when compared to that of pre radio-
therapy samples. The mean TAC was
0.66+0.43mM/L in saliva of pre RT samples and
in post RT the mean TAC was 0.75+0.39mM/L.
The p value was not significant (p value 0.44)
(Table 1).

The mean MDA was higher in pre RT saliva
samples than post RT saliva sample. The mean
MDA in pre RT was 0.008+0.0018uM/L and post
RT samples was 0.006+0.015uM/L. The p value
was < 0.0001) and statistically highly significant
(p value <0.0001) (Table 1).

The mean GPx was higher in pre RT samples of
saliva than in post RT sample of saliva. The
mean GPx was 2.85+0.63U/ml in pre RT saliva
sample and 2.70£ 0.65 U/ml. The p value (0.41)
was not statistically significant (Table 1).

The mean MPO of pre RT saliva sample was less
when compared to that of post RT saliva sample.
The mean MPO was 27.758.49 pico/L in pre
RT and 26.40+7.06 picoM/L in post RT saliva
sample. The p value was 0.54 and was not sta-
tistically significant (Table 1).

Table 1: Showing the statistical calculations for the various parameters.

MINIMUM MAXIMUM MEAN SD P Value
Pre Radiotherapy 0.24 1.81 0.66 0.43
0.44
1 |TAC (uM/L) -
Post Not significant
i 0.26 1.98 0.75 0.389
Radiotherapy
, MDA Pre Radiotherapy 0 0.09 0.008 0.018 <0.0001
M/L Highly significant
(WM/L) Pos 0 0.07 0006 | 0.015 'ghly signitican
Radiotherapy
Pre Radiotherapy 0 3.13 2.85 0.63
0.41
3 GPx (U/mi) Post Not significant
ros 0 321 2.7 0.65 g
Radiotherapy
. MPO Pre Radiotherapy 11.89 36.83 27.75 8.49 0.54
icoM/L Not significant
(picoM/L) Post 14.08 41.01 26.4 7.06 ot stgnitican
Radiotherapy
DISCUSSION

MNA: The micronucleus (MN) represents chro-
mosome fragments or whole chromosomes
which fail to get incorporated into main nuclei
at mitosis. The MN consequently appear onlyin
cells that undergo nuclear division [23].

The MNA in buccal mucosal cells is an innova-
tive genotoxicity technique, which holds prom-
ise for the study of epithelial carcinogens. MN
are suitable internal dosimeters for revealing
tissue specific genotoxic damage in individuals
exposed to carcinogenic mixtures.

Casartelli et al. observed the frequency of MN
in buccal mucosal cells of normal mucosa, pre-
cancerous lesions and squamous cell carcinoma.
They observed a gradual increase in MN counts
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from normal mucosal to precancerous lesions
to carcinoma suggested a link of this biomarker
with neoplastic progression [24].

RT plays an important role in the treatment of
many cancers, but it also produces genetic
damage. Many studies have been done on MN
in buccal cells of patients undergoing RT for HNC
treatment. The most striking increase in
cytogenetic damage (150-300 MN/1000 cells)
was observed in an early study of three patients
exposed to a cumulative dose of 3400-4000cGy
[25].

Some authors reported 68 MN/1000 cells after
2000 cGy [9] and 16 MN/1000 cells after treat-
ment with 1000 cGy for 3 weeks [26].

Moore et al., [27] observed more than 16 fold
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increase in MN frequency shortly after the
initiation of RT, followed by return to baseline
12 weeks later and 3 weeks after cessation of
the RT.

Many studies have shown that there is a statis-
tically significant increase in the MN frequency
in buccal mucosal cells after exposure to
genotoxic agents. The MN frequency decreases
after micronutrient supplementation or
chemoprevention, but the magnitude of changes
is usually relatively small [28].

In the present study, the frequency of MN
increased from 9.96 in pre RT samples to 22.72
MN/100cells in post RT samples which was
statististically significant. The extent of DNA
damage evaluation by the comet assay in
peripheral blood cells is perfectly reflected by
the MNA on oral exfoliated epithelial cells, and
MN frequency can be used with the same
effectiveness and greater efficiency in early
detection of oral premalignant conditions.

TAC: The measurement of TAC in human saliva
helps in assessing the oxidative stress during
disease states [29]. Oral carcinoma is more
prevalent in old aged people due to the
reduction in the salivary antioxidant activity or
due to an increase in reactive oxygen species
or reactive nitrogen species causing DNA
aberrations [30]. Soheila M et al., [31] observed
that the TAC was significantly low in pre RT
samples, than in post RT and control group. There
was statistically significant increase in TAC in
post RT samples compared with that of pre RT
samples.

The present study also showed an increase in
the TAC levels in post RT saliva samples than in
pre RT saliva samples. But the increase in TAC
was not statistically significant. RT caused a
reduction in lipid peroxidation and an improve-
ment in the TAC in HNC patients. The post RT
level of TAC did not reach the TAC level asamong
groups but the increase in TAC level was vital
for survival and for improved quality of life [32].

The results of TAC may be markedly different
depending on the assay performed [33].

MDA: RT induces lipid peroxidation by inacti-
vating the antioxidant enzymes, thereby render-
ing the system inefficient in management of the
free radical attack, the degree of radiation
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affects the extent of the depression of the anti-
oxidant enzyme activities and increases lipid
peroxidation. MDA is formed only by fatty acids
with three or more double bonds and is used as
a measure of lipid peroxidation. MDA produced
by peroxidation can cause cross linking and
polymerization of membrane components [34].

MDA is produced by peroxidation can cause
cross linking and polymerization of membrane
components [34,35]. This can alter intrinsic
membrane properties, such as deformability, iron
transport, enzyme activity and the aggregation
state of cell surface determinants. Because MDA
is diffusible, it will also react with nitrogenous
bases of DNA. All of these effects may explain
why MDA is mutagenic and carcinogenic [36].
The mean level of serum MDA was
0.008 LM/L in Pre RT saliva samples with stan-
dard deviation of £ 0.018 iM/L. The mean level
of serum MDA was 0.006iM/L in Post RT saliva
samples with standard deviation of
+ 0.015KM/L. This decrease in level of MDA in
Post RT samples were statistically highly when
compared with Pre RT samples. This result was
similar to studies done by Lobo et al.,*” Oral
cancer patients showed significantly higher
MDA level in saliva when compared to controls.
One week after RT, there was significant increase
in MDA in oral cancer patients. After the comple-
tion of RT of six weeks, MDA level decreased
restoring the values near-to-controls. The
pattern of change in MDA was similar between
blood and saliva [37].

But in the study done by Mahendra RP et al.,
the mean serum MDA level was high in the oral
squamous cell carcinoma patients as compared
to the healthy individuals. This level further
increased after the RT indicating more damage
to the cellular structure from free radicals which
lead to oxidative stress [38].

GPx: GPx is a selenium-containing antioxidant
enzyme that effectively reduces H,0, & lipid
peroxides to water & lipid alcohols, respectively,
& in turn oxidizes glutathione to glutathione
disulfide. Reduced glutathione plays a major role
in the regulation of the intracellular redox state
of vascular cells by providing reducing equiva-
lents for many biochemical pathways. In the
absence of adequate GPx activity or glutathione
levels, hydrogen peroxide and lipid peroxides are
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not detoxified and may be converted to OH-
radicals and lipid peroxyl radicals, respectively,
by transition metals (Fe?*). The GPx/glutathione
system is thought to be a major defense in
low-level oxidative stress. GPx an enzyme
dependent on the micronutrient selenium (Se),
plays a critical role in the reduction of lipid and
hydrogen peroxides [39].

If GPx activity is decreased, more hydrogen
peroxide is present, which leads to direct tissue
damage and activation of nuclear factor-kB-
related inflammatory pathways [40,41]. A study
was done by Manasaveena Vetal., [42]in 2014,
to evaluate the magnitude of oxidative stress
and levels of enzymatic antioxidants in Oral
Squamous cell carcinoma (OSCC) patients receiv-
ing RT and chemo radiotherapy (CRT). The
GPx levels were found to be 65.713 pg/dl in
healthy control group, 13.81g/dl in disease con-
trol patients, 16.49 pg/dl in the group which
recieved RT, 34.2 pg/dl in chemo and RT
received group.

In the study done by Demirciet al., on antioxi-
dant status in 35 cervical cancer patients, there
was no significant differences in the levels of
GPx pre-RT and post-RT [43]. The mean GPx was
higher in pre RT samples of saliva than in post
RT sample of saliva. The mean GPx was
2.85+0.63U/ml in pre RT saliva sample and
2.70% 0.65 U/ml. The p value (0.41) was not
statistically significant.

MPO: MPO is a peroxidase enzyme most
abundantly present in azurophilic granules of the
neutrophils and released by a degradation
process. MPO reacts with hydrogen peroxide
converted from the extra oxygen consumed in
the respiratory burst to form hypochlorous acid
- a complex that can oxidize a large variety of
substances [44].

This oxidative damage to biomolecules such as
DNA, proteins and lipids may form the first step
in carcinogenesis. MPO has also been impli-
cated in the activation of carcinogens present
in tobacco smoke, one of the major etiological
factors in oral cancer.

CONCLUSION
The three biochemical parameters levels

Malondealdehyde (MDA), Glutathione peroxi-
dase (GPx), Myeloperoxidase (MPO) decreased
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following RT. But the decrease was not statisti-
cally significant for GPx and MPO and highly
significant for MDA. The TAC increased follow-
ing RT and it was observed that after RT their
increased levels were statistically not signifi-
cant. However the profile can also be influenced
by the patients by their history of smoking, drink-
ing and others factors. Further investigation is
necessary to confirm and expand these findings.

Conflicts of Interests: None

REFERENCES

[1].  Mitra D, Malkoski SP, Wang XJ. Cancer stem cells in
head and neck cancer. Cancers (Basel) 2011;3:415-
427.

[2].  Argiris A, Karamouzis MV, Raben D, Ferris RL. Head
and neck cancer. Lancet. 2008;371:1695-1709.

[3]. Jemal A, Center MM, Ward E, Thun MJ. Cancer
occurrence. Methods Mol Biol. 2009;471:3-29.

[4]. Ferlay J, Shin HR, Bray F, Forman D, Mathers C,
Parkin DM. Estimates of worldwide burden of can-
cer in 2008: GLOBOCAN. 2008. Int J Cancer.
2010;127:2893-2917.

[5].  Pulte D, Brenner H. Changes in survival in head and
neck cancers in the late 20th and early 21st cen-
tury: a period analysis. Oncologist. 2010;15:994-
1001.

[6]. Dobbs J, Barret A, Ash D. Practical radiotherpy
planing. 3™ Ed, London, Arnold: Oxford university
press™~ 1999.

[7].  Handshel J, Prott FJ, Sunderkotte C, Metze D, Meyer
U, Joos U. Irradiation induces increase of adhesion
molecules and accumulation of beta2 integrin ex-
pressing cells in humans. Int J Radiat Onco Biol
Phys. 1999;45:475-81.

[8]. Taylor SE, Miller EG. Preemptive pharmacologic
intervention in the radiation induced salivary dys-
function. Proc Soc Exp Biol Med. 1999;221:1426.

[9]. Nagler RM. The enigmatic mechanisms of irradia-

tion induced damage to major salivary glands. Oral

Dis. 2002;8:1416.

Spielman Al. Chemosensory function and dysfunc-
tion. Crit Rev Oral Bio Med. 1998;9:267-91.

Anneroth G, Holm LE, Karlsson G. The effect of ra-

diation on teeth: A clinical, histological, and mi-

croradiographic study. Int J oral Surgey.

1985~14:269-74.

[12]. Steel CG. Basic clinical radiobiology. 3™ edition,

London, Arnold: Oxford university press~ 2002:231-

40.

Hall EJ. Radiobiology for the radiobiologist. 5 th Ed,

Philadelphia: Lippincoat Willams and Wilkins~

2000:453-6.

[14]. Yosuf ZW, Bakri MM. Severe progressive periodon-
tal destruction due to radiation tissue injury. J
Periodontol. 1993;64:125-38.

[15]. Epstein JB, Lunn R, Le N, StevensonMooreP. Periodon-
tal attachment loss in patients after head and neck
radiation therapy. Oral Surg Oral Med Oral Pathol
Endod. 1998;86:673-7.

[10].

[11].

[13].

6798



[16].

[17].

[18].

[19].

[20].

Vinay Kumar .V. SALIVARY ANTIOXIDANT STATUS FOLLOWING RADIOTHERAPY IN PATIENTS WITH HEAD AND NECK CANCER.

Engels H, Wambersie A. Relative biological effec-
tiveness of neutrons for cancer induction and other
late effects: a review of biological data recent. Re-
cent Results Cancer Res. 1998;150:54-87.

Kaiser HE, Nasir A, Groger A, M., Link, C., J., Jr. The
etiology of second primary neoplasms. In vivo.
1998;12:89-93.

Perel Y, Leverger G, Carrere A, Caudry M, Garabedian
EN, Ansoborlo S, Vergnes P. Second thyroid neo-
plasms after prophylactic cranial irradiation for
acute lymphoblastic leukemia. Am J. Hamatol.
1998;59:91-94.

Prieto P, Manuel P, Miguel A. Spectrophotometric
guantitation of antioxidant capacity through the
formation of phosphomolybdenum complex: spe-
cific application to the determination of vitamin E.
Analytical biochemistry. 1999;269(1):337-341.
Buege JA, Aust SD. Microsomal lipid peroxidation.
Methods Enzymol. 1978;52:302-10.

[21].Rotruck, JT, Pope AL, Ganther HE, Swanson AB,

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].

Hafeman DG & Hoekstra WG. Selenium: Biochemi-
cal role as a component of Glutathione peroxidase,
purification and assay. Science, Biochemical meth-
ods, 3" Edition. Sadasivan S, Manickam A.
1973;179:588-598.

Malheston N R, Wong PS, Travis J. Biochem. Enzy-
matic inactivation of human alpha 1 proteinase
inhibitor by neutrophil myeloperoxidase.
1982;20:325-330.

Fenech M, Morley AA. Measurements of micronu-
clei in lymphocytes. Mutat. Res. 1985;147:29-36.
Casartelli G, Bonatti S, De Ferrari M, Scala M, Mereu
P, Margarino G, et al. Micronucleus

frequencies in exfoliated buccal cells in normal
mucosa, precancerous lesions and squamous cell
carcinoma. Anal Quant Cytol Histol. 2000~22:486-
92.

Stich HF, San RH, Rosin MP. Adaptation of the DNA
repair and micronucleus tests to human cell sus-
pensions and exfoliated cells. Ann N Y Acad
Sci.1983~407:93-105.

Sarto F, Finotto S, Giacomelli L, Mazzotti D, Tomanin
R, Levis AG. The micronucleus assay in exfoliated
cells of the human buccal mucosa. Mutagenesis.
1987~2:11-17.

Tolbert PE, Shy CM, Allen JW. Micronuclei and other
nuclear anomalies in buccal smears: A field test in
snuff users. Am J Epidemiol 1991~134:84050.
Moore LE, Warner ML, Smith AH, Kalman D, Smith
MT. Use of the fluorescent micronucleus assay to
detect the genotoxic effects of radiation and arsenic
exposure in exfoliated human epithelial cells.
Environ Mol Mutagen. 1996~27:176-84.

Bina K, Padala SR. Micronuclei assay of exfoliated
oral buccal cells: Means to assess the nuclear
abnormalities in different diseases. Journal of Can-
cer Research and Therapeutics. 2012;8(2):184-191.
Koracevic D, Koracevic G, Djordjevic V, Andrejevic
S, Cosic V. Method for the measurement of antioxi-
dant activity in human fluids. J Clin Pathol. 2001;
54: 356-61.

[32].

Hershkovich O, Shafat |, Nagler RM. Age related
changes in salivary antioxidant profile: Possible
implications for oral cancer. J Gerontol A Biol Sci
Med Sci. 2007. 62: 361-366.

[33]. Soheila M, Farid A, Iraj MD, Roya K, Mostafa E, Afshin

[34].

[35].

A. Alteration of Lipid Peroxidation and Total Anti-
oxidant Capacity in Patients With Head and Neck
Cancers Following Radiotherapy. J Arch Mil Med.
2015; 3(4): e30431.

Malathi M, Vijay M, Shivashankara AR. The role of
oxidative stress and the efect of radiotherapy on
the plasma oxidantantioxidant status in head and
neck cancer. J Clin Diagnos Res. 2011; 5(2): 249-51.
Rubio et al., Spectrophotometric assays for total
antioxidant capacity (TAC) in dog serum: an update.
BMC Veterinary Research, 2016; 12: 166.

[36].Hochstein P, Jain SK. Association of lipid peroxi

[37].

[38].Mukai

[39].

dation and polymerization of membrane proteins
with erythrocytes ageing. Feed Prodct, 1981; 40: 183-
87.

Nielsen H. Covalent binding of peroxidized phos-
pholipids to protein: Reaction of individual phos-
pholipids with different proteins. Lipids. 1981; 16:
21-25.

RH. Goldstein BD. Mutagenecity of
malondialdehyde: A decomposition product of
polysaturated fatty acids. Science.1976; 9: 86-88.
Lobo, Aswin DA. Effect of radiation therapy on lipid
peroxidation and total antioxidant capacity of
blood and saliva in oral cancer patients. Proceed-
ings of the thirty third annual conference of Indian
Association of Biomedical Scientists and interna-
tional symposium. 2012; 44: 15.

[40].Mahendra RP, Mody RN. Estimation of Serum

Malondialdehyde before and after Radiotherapy in
Oral Squamous Cell Carcinoma Patients Undergo-
ing Antioxidant Therapy. Journal of Indian Acad-
emy of Oral Medicine and Radiology. 2011; 23(4):
563-568.

[41]. Arthur JR. The glutathione peroxidases. Cell Mol Life

[42].

[43].

[44].

[45].

[46].

Sci. 2000; 57: 1825-1835.

Meyer M, Pahl HL, Baeuerle PA. Regulation of the
transcription factors NF-kappa B and AP-1 by redox
changes. Chem Biol Interact. 1994; 91: 91-100.

Yu BP, Chung HY. Adaptive mechanisms to oxidative
stress during aging. Mech Ageing Dev. 2006; 127:
436-443.

Manasaveena V, Krishna KA, Sangram V. A compara-
tive evaluation of enzymatic antioxidant levels in
pre and post therapy patients with oral cancer. In-
ternational Journal of Pharmacy and Pharmaceuti-
cal Sciences. 2014; 6 (11): 52-56.

Demirci S, Ozsaran Z, Celik HA, Aras AB, Aydin HH.
The interaction between antioxidant status and cer-
vical cancer: a case control study. Tumori. 2011;
97: 290-5.

Lai WM, Chen CC, Lee JH, Chen CJ, Wang JS, Hou YY, et
al. Second primary tumors and myeloperoxidase
expression in buccal mucosal squamous cell car-
cinoma. Oral Surg Oral Med Oral Pathol Oral Radiol.
2013; 116: 464-73.

How to cite this article: Vinay Kumar .V. SALIVARY ANTIOXIDANT STATUS FOLLOWING RADIOTHERAPY IN
PATIENTS WITH HEAD AND NECK CANCER. Int J Anat Res 2019;7(3.2):6793-6799. DOI: 10.16965/ijar.2019.227

Int J Anat Res 2019, 7(3.2):6793-99.

ISSN 2321-4287

6799



