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ABSTRACT

Objective: This study focuses on the chronic effects of various doses of radiation in the liver of albino Wistar rats subjected to irradiation using X-rays.

Materials and Methods: In the present study, albino Wistar rats were exposed to various doses of X-rays (4 Gy, 6 Gy, and 6.6 Gy) and the animals
were observed for 30 days, following which they were sacrificed and liver tissue, being one of the targets of radiation-induced damage was analyzed
for the oxidative stress markers, namely, reduced glutathione (GSH), superoxide dismutase (SOD), catalase and lipid peroxidation indicator, and
malondialdehyde (MDA). Histopathological studies of the liver were also performed.

Results: Indicated that there was a significant increase in GSH and SOD levels in the animals exposed to radiation compared to controls (p<0.05).
A decrease in these values was observed at 6.6 Gy compared to 6 Gy which was non-significant. However, there was a significant and consistent
decrease in catalase and a similar increase in MDA with increased doses of X rays (p<0.05). Damage in hepatic structural architecture and disruption
of central vein correlated positively with increased doses of X rays.

Conclusion: Our study strongly supports the hypothesis of the involvement of free radicals in radiation-induced damage to living systems.

Keywords: Radiation, Oxidative stress, Hepatic tissue.

© 2018 The Authors. Published by Innovare Academic Sciences Pvt Ltd. Thisis an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/) DOI: http://dx.doi.org/10.22159/ajpcr.2018.v11i2.21766

INTRODUCTION

lonizing radiation is defined as the energy that propagates in the
form of photons (X-rays and y) or in the form of subatomic particles
(a, B, neutrons, and protons) and are highly efficient cytotoxic agents.
Exposure to ionizing radiation produces oxygen-derived free radicals
termed as reactive oxygen species in the tissue which includes
hydroxyl radical (OH") and superoxide radical anion (0%°), as well as
other oxidants such as hydrogen peroxide (H,0,). These species could
arise on exposure to ionizing radiation [1,2] which is responsible for
increasing levels of lipid peroxides and alterations in enzyme activities.
Delayed effects are observed a month beyond acute exposure of
radiation, mainly affecting the digestive system, cardiovascular system,
eye, nervous system, reproductive system, urinary tract, respiratory
system, musculoskeletal system, and endocrine system [3]. In terms of
radiosensitivity, the liver ranks immediately below the kidney. It shares
with these organs the fact that its functional subunits are arranged in
parallel so that much larger doses are tolerated if only part of the organ
is exposed. Liver tolerance is dose limiting only if the whole organ is
irradiated, as in, for example, total-body irradiation before bone-
marrow transplantation. The lifespan of a hepatocyte is about 1 year
so that under normal conditions the cell renewal rate in the liver is
very slow. Even large doses apparently are tolerated for a few months,
but then hepatic function deteriorates progressively. Fatal hepatitis
may result from a fractionated protocol of only 35 Gy (3,500 rad) if the
whole organ is irradiated [4]. This work focuses on the chronic changes
in the parameters of oxidative stress and histological changes of liver
exposed to various dose of X-rays delivered through a linear accelerator.

MATERIALS AND METHODS

Irradiation
Animals were housed under standardized conditions for light and
temperature. A commercially prepared diet and clean drinking water

were provided ad libitum. All the animal experiments conducted in this
study were in accordance with the Institute Animal Ethics Committee.
Female albino Wistar rats of 8-10 weeks of age (150+10 g) were
placed in a well-ventilated Perspex box rectangular restrainer of size
24x18 cm and a wall thickness of 1 mm. Whole-body irradiation was
administered to the experimental animals by LINAC having a field size
of 40 cmx40 cm with a dose rate of 3.5 Gy/min and distance from the
source to subject of 100 cm. The dosimetry of LINAC was carried out
by the International Atomic Energy Agency, Dosimetry and Medical
Radiation Physics Section, Austria. The radiation exposure was
carried out at the Department of Radiotherapy, KMC Hospital, Attavar,
Mangalore. The rats which were not irradiated served as the control
(Group 1) and other irradiated groups were 4 Gy (Group 2), 6 Gy
(Group 3), and 6.6 Gy (Group 4) with five rats in each group.

Preparation of tissue homogenate and biochemical estimations
The rats were sacrificed after 1 month of post-radiation by
anaesthetizing with diethyl ether, the liver was carefully dissected out;
extracted; 1g of the tissue was weighed and homogenized with 10 mL of
0.4 M phosphate buffer pH (7.4). The homogenate is then centrifuged at
10,000 rpm, and 1 mL of the supernatant was used for the assay.

Reduced glutathione (GSH)

GSH was estimated by the method of Beutler et al. [5] where the
color produced by reaction of GSH with DTNB was measured
spectrophotometrically at 412 nm. Results were expressed as pmol/g
wet tissue.

Malondialdehyde (MDA)

MDA formed by the breakdown of polyunsaturated fatty acids serves as
a convenient index to determine the extent of lipid peroxidation reacts
with TBA to give a pink color which was read at 535 nm [6]. Results
were expressed as nmol/g wet tissue.
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Superoxide dismutase (SOD)

The estimation of SOD enzyme was carried out by Beauchamp and
Fridovich method. The substrate used for the assay consists of nitro blue
tetrazolium chloride which reacts with superoxide anions produced on
illumination of riboflavin in the presence of methionine as an electron
donor, to produce formazan which is a blue-colored complex [7]. The
activity of SOD was expressed in U/g protein.

Catalase

Catalase activity was measured in terms of the decomposition of
hydrogen peroxide (H,0,) into water molecule, which was measured as
decreased inabsorbance at 240 nm. The catalase activity was expressed
as U/g protein, i.e,, 1 pmole of H,0, converted into H,0 in 1 min [8].

Total protein of liver tissue by Lowry’s method

Protein estimation was carried out by the method of Lowry et al
Proteins react with alkaline copper reagent and Folin’s reagent to form
a colored complex which was measured after 30 min at 540 nm [9].

Histopathogical analysis

A part of the liver, kidney, and ovary was fixed in 10% formalin for
histological examination. The sections were stained with hematoxylin
and eosin (H and E) mounted with Canada Balsam and examined
microscopically.

Statistical analysis

Statistical analysis was performed using SPSS version 16.00. All data
were expressed as meantstandard error of the mean. Comparison
between the groups was performed by ANOVA, and intergroup was
done with GAMES HOWELL as post hoc test; p<0.05 was considered
as statistically significant. The histopathological damage of liver tissue
was scored as none, light, moderate, and severe.

RESULTS

Antioxidants and oxidative stress marker in liver

GSH: Significant increase in reduced GSH level was observed in Group 2,
Group 3, and Group 4 when compared to control groups (p<0.05).
Between the groups, there was a significant decrease as dose increased
to Group 2, Group 3, and Group 4 (p<0.05).

SOD: There was a consistent increase in SOD activity in Group 2 and
Group 3 when compared with control, butin the Group 4, level decreased
significantly when compared to Group 1, Group 2, and Group 3.

Catalase: A consistent decrease in the values of catalase activity with
an increase in radiation dose was found when compared with control
group which was found to be statistically significant (p<0.05), and there
was a significant decrease (p<0.05) between the groups.

MDA: There was consistent increase with increase in radiation dose
when compared with control group and also among the groups, it was
statistically significant (p<0.05).

A histopathological feature of control shows normal hepatic structural
architecture with proper central (Fig. 1) vein, but a mild disruption of
central vein (C) along with mild lymphocytic infiltration (I) was seen
in Group 2 (Fig. 2). In Group 3, a moderate disruption and dilatation
of central vein along with ballooned and disrupted hepatocytes were
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observed (Fig. 3) when compared to Group 4 (Fig. 4) hepatic tissue with
severe disruptions of central vein and hepatocytes along with irregular
sinusoids.

DISCUSSION

Tissue levels of antioxidants and oxidative stress marker

Liver

According to earlier studies involving exposure of living beings, especially
plants, to radiations, it was reported that, with an increase in the dosage of
radiation, the amount of free radicals produced proportionately increased,
thereby inducing the antioxidant production, resulting in a concomitant
increase in antioxidants [10]. In our study, we attempted to evaluate the
chronic effects of different doses of radiation on the enzymes involved in
neutralizing oxidative stress and also oxidative stress marker in albino
Wistar rat model. In the present study, GSH levels and SOD were found
to increase after total body irradiation (TBI) of 4 Gy and 6 Gy compared

Fig. 1: Control (Group 1) shows normal hepatic structural
architecture

Fig. 2: 4Gy-(Group 2) hepatic tissue shows mild disruption of
central vein (C), along with mild lymphocytic infiltration (I)

Table 1: Liver tissue levels of antioxidant and oxidative stress parameter in each group under chronic effects of radiation

Tissue levels Group 1 Group 2 Group 3 Group 4

Reduced GSH (ug/g of wet tissue) 1171.74+342.38 1959.98+92.25*a 5985.22+1670.78*b 3129.22+169.37*c
SOD (U/g of protein) 7.37£1.25 7.92+0.47 8.87+0.7* 4.03+0.16*c
Catalase (U/g of protein) 21.83+1.76 15.81+1.74*a 10.43+4.11* 6.97+1.59*c

MDA (n mol/g of wet tissue) 0.50+0.08 1.05+0.33*a 1.91+£0.05*b 2.43+0.23*c

*p<0.05 was significant groups versus control, a - Group 2 versus Group 3, b - Group 3 versus Group 4, ¢ - Group 2 versus Group 4, GSH: Glutathione, SOD: Superoxide

dismutase, MDA: Malondialdehyde
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Fig. 3: 6 Gy-(Group 3) a moderate disruption and dilatation of
central vein along with ballooned and disrupted hepatocytes

Fig. 4: 6.6 Gy-(Group 4) severe disruptions of central vein and
hepatocytes along with irregular sinusoids

to the control (Table 1). This is in agreement with results obtained by
Yamaoka et al. [11] and Kojima et al [12]. There is an increase in GSH
within the cells which may play an important role in protection against the
oxidant and ionizing radiation-induced DNA damage and in preserving
nuclear proteins in a reducing environment for gene transcription during
the cell cycle progression and therefore may provide a protection against
free radical-mediated damage and oxidative stress in liver.

It has been reported that radiation causes SOD activity to be increased
to eliminate superoxide radicals in the liver and kidney; the resulting
H,0,, if not neutralized, may undergo Fenton/Haber-Weiss reaction or
may react with NOe leading to the formation of OHe and ONOO- radicals,
respectively, which are known for their detrimental effect on the biological
system. The H,0, has higher reactivity causing increased activity of GSH
peroxidase. This high circulating H,0, leads to a cascade of other free
radicals which caused cell damage. To protect this lethal damage, the
tissue synthesizes more of endogenous GSH. The increase in SOD and GSH
in chronic irradiated conditions reflects the resultant oxidative damage.

Cellular GSH peroxidase and GSH reductase are part of redox system
of GSH and remove hydrogen peroxide generated from cytoplasm
and mitochondria by oxidizing tripeptide GSH to form Oxidised
glutathione (GSSG) which in turn gets converted to GSH for further
scavenging of the free radicals. Results of GSH and SOD with respect
to liver tissue support this hypothesis up to a dose of 6 Gy, thereafter
a decrease in both parameters is observed at 6.6 Gy which indicates
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that the maximum oxidative damage occurs at this dose range [13]. The
activity of catalase a scavenger of H,0, is also found to be least at 6.6 Gy.

Radiation may have induced the production of SOD, but a similar
induction is not observed with respect to catalase. There is a significant
decrease in the activity of catalase in Group 2, Group 3, and Group 4
compared to control. This is in contradiction with results obtained by
Shridharan and Shyamaladevi [14], but similar results of decreasing
activity were obtained by Anjali et al. GSH-Px (GSH peroxidase), Activity
may be higher in liver tissue as compared to the activity of catalase
which indicates the sparing action of GSH-Px over catalase as both
enzymes share the same function of detoxifying H,0,.

On comparing, GSH levels and activity of SOD were found to decrease
significantly in the liver in Group 4 along with a significant decrease in
the activity of catalase. These changes are also in agreement with the
previous studies on Syrian hamsters done by Feurgard et al. [15] and
on mice as reported by Agrawal et al. [16].

Lipid peroxidation is believed to be an important cause of destruction
and damage caused to cell membranes. It has been suggested to be
a contributing factor to the development of tissue damage. In the
literature, increased levels of MDA are used as a marker of lipid
peroxidation. In our study, we detected increased levels of MDA which
is significantly high in liver tissue. MDA concentration has significantly
increased following increased dose of radiation. An increase in MDA
levels shows the development of oxidative stress by ionizing radiations.
This observation is in agreement with the study of Kumar et al. [17].

The histological results obtained in the liver tissue show a maximum
damage at 6.6 Gy. Histological changes observed in the liver of reptile
Uromastix hardwickii after exposure to three doses (i.e. 2.25, 4.50,
and 9.00 Gy) of gamma radiations from Cobalt-60 source included
cytoplasmic degranulation, swollen hepatocytes, pyknosis, and increase
in bile pigmentation [18].

The tissue levels of MDA, a marker of lipid peroxidation, are also found
to be maximum at 6.6 Gy. Therefore, oxidative damage is well correlated
with tissue damage, but a similar correlation is not observed with respect
to antioxidant defense mechanisms. Although a rise is seen in GSH and
SOD at 4 Gy and 6 Gy, the rise is not consistent at 6.6 Gy, instead a further
decrease is observed at 6.6 Gy. The destruction seen beyond exposure to
6 Gy may reflect a post-threshold functional breakdown of the existing
antioxidant system within the cellular milieu. The hepatocellular
damage caused by radiation is reflected by the pronounced activity of
aminotransferases, phosphatases, lactate dehydrogenases, and creatine
kinase in the blood plasma, which are all indicative of cellular leakage
and loss of functional integrity of the liver cell membrane [14].

CONCLUSION

In this study, Wistar albino rats were exposed to increasing doses of
single fraction TBI. Following TBI, increased oxidative stress was
noted, as reflected by increased MDA levels with increasing doses of
radiation which correlated well with tissue damages as observed by
histopathology.
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