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Repeated UVB Radiations Induced Thyroid Alteration 
and Oxidative Stress in Male Swiss Albino Mice
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Abstract

Due to the ozone layer depletion an increased global warming observed, which allows UVB radiation to penetrate the atmosphere 
and have deadly effects on people. It is thought that UVB short- and long-term radiation are exposed to daily has biological effects 
on organisms and humans. Concerning effect of radiations, we examine the automatic mechanism by which a specific amount of 
radiation induces oxidative stress and hyperthyroidism. For these examinations 12 adult male albino mice were divided into two 
groups: control group, UVB exposed group (2hrs/day). Mice were radiated daily for 15 consecutive days. Specimens of the thyroid 
gland were processed for hormonal, biochemical, histological and immunofluorescence examinations. A morphometric study and 
statistical analysis of the findings were performed for different groups. Compared to the control group, the specimens of the UVB 
exposed mice showed alteration in mean height of the thyroid follicular epithelial cells and caspase-3 expression. 
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Introduction
Radiation from several sources is always present around all 

living things on Earth. Irradiation of the entire body damages 
cellular, physiological, and biochemical reactions within living cells. 
Radiation effects are influenced by various factors, including age, 
gender, exposure time, and affected tissue. These radiations are 
emitted and transmitted by various sources and are absorbed by 
the animal body. UV rays are non-ionizing rays ranging from 200nm 
to 400nm. UV radiations are found in sunlight and have enough 
energy to easily penetrate body cells, causing changes in chemical 
and biological activities. Thyroid hormones regulate metabolic and 
energy homeostasis, thermogenesis, and the transcription of genes 
that control cell proliferation and basal metabolic rate to control 
an organism’s growth throughout [1]. UVB radiation has a wide 
range of effects on all living things on Earth, including the infliction 
of cancer [2]. The amount of ozone in the stratosphere determines 
the amount of UVB radiation that reaches the Earth’s surface. 
Animals and humans may be harmed by biological reactions to 
changes in UVB radiation. The United Nations has conducted 
regular assessments of the effects of UVB radiation on people and 
the environment [3].

Changes in body weight, thyroid weight, hormonal alterations, 
biochemical changes and expression of antibodies were studied 
in this study. Furthermore, radiations were used for the first time 
to demonstrate the direct free radical scavenging potential of this 
flavonoid in thyroid tissue. 

Methods and Materials 
Chemicals

Analytical-grade chemicals and reagents were utilized. In 
Mumbai, India, Himedia Laboratories Pvt. Ltd. sold naringin 
(C27H32O14). NBT, NADPH, Methionine, Reduced Glutathione, 
and the remaining chemicals were acquired from Central Drug 
House (P) Ltd, New Delhi, India. Thiobarbituric Acid, Hematoxylin, 
Eosin, and the other chemicals were acquired from Himedia, India, 
Caspase-3 antibodies were purchased from science emporium. 

UVB Irradiations

The UVB light, produced in Germany with a wavelength of 280 
nm, was used to expose the Swiss albino mice. For 15 days, the 
irradiance was set at two hours each day [4].
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Study Animals

We bought male Swiss albino mice from Mhow, India’s College 
of Veterinary Sciences and Animal Husbandry, measuring 22-28 
grammes. Animals were acclimated to the housing at a temperature 
of 20 to 25 °C, relative humidity of 50 to 55 %, and a cycle of 12 
hours of light and 12 hours of darkness. 

Ethical Statement

Institutional animal ethics committee, Dr Harisingh 
Gour Vishwavidyalaya, Sagar (M.P.) (A Central University) 
(Approval No.:379/CPCSEA/IAEC-2021/004), at Department 
of Pharmaceutical Sciences, provided its ethical endorsement. 
International standards were followed in the handling and usage 
of laboratory animals.

Study Test Design

The animals were randomly divided into four groups with six 
mice in each group. 

a) Group 1: The animals received standard food and water 
ad libitum for 15 days (control group).

b) Group 2: The animals was exposed to UVB irradiation at 
280nm for two hours every day for 15 days.

Throughout the therapy, body weight and daily food and drink 
intake were noted. Animals were starved overnight and then killed 
by cervical decapitation after the study period. After the connective 
tissues around the thyroid gland were removed, the thyroid gland 
was removed through a transverse abdominal incision and weighed.

Sample Collection

After being extracted, whole blood samples were put in 
evacuated tubes containing an EDTA anticoagulant solution. The 
plasma obtained after centrifuging the second tube at 2200rpm 
for 15 minutes was stored at -20°C until the levels of the thyroid 
hormones were determined. 

Measurement of Body Weight and Thyroid Weight

Body weight was recorded on the beginning, sixth, eleventh, and 
fifteenth days of the trial. Thyroid weight was assessed following 
exsanguinations. An electronic weighing balance (Sartorius BP 
210S) was used to measure thyroid weight.

Tissue Homogenization

The thyroid gland was removed for biochemical testing, cleaned 
with PBS solution, and kept at -20oC until needed. The thyroid gland 
extract was made with homogenization in 0.02 M Tris-Cl (pH 7.4). 
After centrifuging homogenate tissue at 12500 rpm for 30 min at 
4°C, the supernatant was kept at -20°C for the biochemical tests.

Hormonal Analysis

Using an enzyme-linked immunosorbent test kit given by The 

Calbiotech Inc. (California, USA), serum samples were examined for 
T3, T4 and TSH levels [5].

Analysis of Enzymatic and Non-Enzymatic Assays

The remaining part of testis was used for biochemical analysis to 
measure Lipid peroxidation [6], Catalase [7], Superoxide dismutase 
[8], GSH [9], Hydrogen peroxide (Sinha, 1972), Glutathione 
Reductase [10] and Nitric oxide [11] levels in all the above groups.

Histopathological Analysis

Through the heart, 0.02M phosphate-buffered saline (PBS) and 
4% PFA were used to perform whole-body perfusion (Stefanini et 
al., 1967). After being removed, the thyroid gland was placed in the 
fixative for two days. For haematoxylin and eosin staining, fixed 
tissues were treated, dried, and cut into 5µm slices from paraffin-
embedded thyroid. 10X and 40X magnification microscope analyses 
of images.

Immunofluorescence 

Caspase-3 immunoreactivity was detected in the thyroid by 
immunofluorescence by using method of Niranjan & Srivastava, 
2019 with slight modifications. Paraffin sections of thyroid samples 
were deparaffinized and rehydrated. Antigens were retrieved by 
incubating the sections in a microwave oven in sodium citrate 
buffer (10 mM; pH 6.0) for 15 min. Sections were brought to room 
temperature and rinsed with PBS. Sections were incubated with 
primary antibodies overnight at 4˚C. Antibodies against caspase-3 
(cat. no. BS-0081R) was used. Slides were incubated with the 
secondary antibody FITC for 60 min at 4˚C. The sections were 
counterstained using DAPI for 4 minutes at RT, then slides were 
mounted by glycerine-based media. The immunofluorescence 
images were taken using EVOS 5000 Invitrogen fluorescent 
microscope. For semiquantitative analysis of caspase-3, the 
immunoreactive cells were analysed with Image J software. 

Statistical Analysis

All statistical data analyses employed one-way ANOVA (analysis 
of variance), and the results are presented as mean SE (standard 
error). The irradiated and control groups were compared using 
Dunnett’s test. The threshold for significance was established at, 
correspondingly, *p<0.05, **p<0.01, and ***p<0.001.

Result
Body and Thyroid Weight

The body weight measured over the study period was analysed 
using the body weight mean. Body weight differences between 
the UVB-irradiated group and the control group were found to 
be statistically significant (p<0.01). In comparison to the control 
group, the thyroid weight in the UVB-irradiated groups reduced 
considerably (p<0.01), according to the findings (Figure 1).
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Figure 1: Effect of UVB irradiation on body weight (A) and thyroid weight (B). Values are presented as mean ± SE (n=6). Significant difference 
from control group (*p < 0.05, **p<0.01).

Effects of UVB Irradiation on Thyroid Hormones

Thyroid hormone levels are noticeably higher in the UVB-
irradiated group compared to the control group. T3, T4 levels 

significantly increased in the UVB-irradiated group compared to 
the control group, while TSH levels significantly decreased (Figure 
2).

Figure 2: Effect of UVB irradiation on Hormonal Parameters i.e., (A) T3 (B) T4 (C) TSH (D) FT3 (E) FT4. Values are presented as mean ± SE 
(n=6). Significant difference from control group (*p < 0.05, **p<0.01, ***p<0.001).
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Effect of UVB Irradiation on Enzymatic and Non-
Enzymatic Assays

a) LPO Estimation- Thyroid MDA levels in the UVB-
irradiated group were considerably higher than those in the control 
group (Figure 3A).

b) SOD Estimation- In comparison to the control group, 
the UVB-irradiated group’s SOD activity was significantly higher 
(Figure 3B).

c) Catalase Activity- The UVB-irradiated group had 
significantly more catalase activity than the control group (Figure 
3C).

d) H2O2 Activity- When compared to the control group, the 
H2O2 activity seen in the UVB-irradiated group was significantly 
higher (Figure 3D).

e) NO Activity- NO activity was substantially higher in the 
UVB-irradiated group than it was in the control group (Figure 3E).

f) GR Activity- In comparison to the control group, the 
GR activity was significantly higher in the UVB-irradiated group 
(Figure 3F).

g) GSH Activity- When compared to the control group, the 
GSH activity seen in the UVB-irradiated group was significantly 
lower (Figure 3G).

Figure 3: Effect of UVB irradiation on Enzymatic and Non-Enzymatic parameters i.e., (A) LPO (B) SOD (C) CAT (D) H2O2 (E) NO (F) GR (G) 
GSH. Values are presented as mean ± SE (n=6). Significant difference from control group (*p < 0.05, **p<0.01, ***p<0.001).
LPO (Lipid per Oxidation), SOD (Super oxide Dismutase), CAT (Catalase), H2O2 (Hydrogen per Oxide), NO (Nitric Oxide), GR (Glutathione 
reductase), GSH (reduced glutathione)
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Effect Of UVB Irradiation on Histology of Thyroid Gland

The thyroid follicular structure was shown in the control group 

to have a normal histological appearance, but the UVB-irradiated 
group showed disruption of the follicular structure (Figure 4). 

Figure 4: Effect of UVB Radiation on Thyroid histology. TS of the thyroid gland of the control group (A1&A2), UVB exposed group (B1&B2). (A) 
photograph showing H &E staining (100X and 400X), (B) Graph of the diameter of thyroid follicles, and the values represent Mean±SE (n=6). 
Colloidal fluid (C) and Thyroid follicular (TF). 

Immunofluorescence Expression of Caspase-3 In 
Thyroid Gland

Caspases are a group of genes that play a role in maintaining 
homeostasis by regulating cell death and inflammation [12]. The 
fluorescence expression of Caspase-3 was seen to be increased in 
case on UVB irradiated group as compared to control (Figure 5). 

Discussion
In order to provide hopeful evidence for a link between 

exposure to EMF and an increased prevalence of health risks, 
possible impacts of EMF on biological systems were widely 
examined [13]. Numerous in-depth studies have been conducted 
over the last few decades to examine the potential biological effects 
of electromagnetic fields (EMF) on various human systems. The 
endocrine system, namely the pineal gland, has received the most 
attention out of all the researched systems [14]. Effects from low 
radiation doses are more challenging to forecast and analyse. There 
is no limit to how efficient adaptive mechanisms promote cellular 
protection. As a result, it is impossible to draw a firm judgement 
concerning exposure to low radiation levels [15,16]. Due to 
the sensitivity of the thyroid gland to EMFs, this exposure led to 
morphological modifications and a decrease in blood T4 and T3 
levels. These alterations remained over the whole trial, proving that 
normal thyroid function takes more time to rebound after exposure 
to EMFs.

Loss of body weight is typically linked to hyperthyroidism 
[17]. Our findings were consistent with previous studies in that 
UVB irradiation resulted in considerable thyroid and body weight 

loss [18,19]. The thyroid gland is impacted by UV radiation, and 
long-term radiation exposure predominantly targets many genes, 
proteins, and lipids and leads to cancer [20]. We discovered that 
UVB radiation-induced oxidative stress produced free radicals 
and induced hyperthyroidism. Hormonal parameters such as 
T3, T4 were all considerably higher in hyperthyroidism, whereas 
TSH was much lower. By causing damage to crucial components, 
including body protein and thyroid tissue, UVB irradiation was 
shown to dramatically diminish the body weight and thyroid 
weight of the experimental mice. In vivo cellular oxidative stress is 
thought to be modulated by any fluctuation in circulatory thyroid 
hormones. Reactive oxygen species are produced due to increased 
mitochondrial respiration, which is thought to be the primary 
mechanism of this physiological/pathological alteration [21].

We observed that Swiss albino male mouse thyroid glands 
exposed to hyperthyroidism experienced a heightened rise in ROS. 
Other investigations have revealed elevated levels of oxidative 
stress in several organs, including the testis, skeletal muscle, 
heart, pancreas, and brain, which is mediated by the hyperthyroid 
condition [22,23]. Physiological levels of ROS are created during 
typical cell metabolism. However, excessive ROS production 
can result in cell apoptosis, necrosis, or autophagy in several 
pathological circumstances, including inflammatory bowel disease, 
diabetes, cancer, or obesity (Niture et al., 2014). Organisms have 
complete, integrated endogenous enzymatic repair mechanisms 
to deal with ROS damage. Important non-enzymatic antioxidants 
include glutathione (GSH), vitamin E, vitamin C, h-carotene, 
and uric acid, which are either ingested with food or produced 
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endogenously. The endogenous enzymatic antioxidants are 
represented by Cu2+, Zn2+ and MnSODs, catalase, and GPx [24]. The 
decrease in antioxidant capacity in hyperthyroid patients is most 
likely due to increased free radical production. Increased enzyme 
activity in hyperthyroidism patients is likely due to increased ROS 

production [25]. In the mouse thyroid, exposure to UVB significantly 
increased the level of lipid peroxidation. Earlier research on lipid 
peroxidation showed a similar impact (Jagetia et al., 2003,26). Lipid 
peroxidation is inversely related to oxidative stress, reducing some 
defensive systems effectiveness. 

Figure 5: Immunofluorescence expression of Caspase-3. TS of the thyroid gland of the control group, UVB exposed group. (A) Photograph 
showing DAPI staining and arrow indicate the expression of Caspase-3 antibody in thyroid gland (100X and 200X), (B) Graph of the fluorescence 
intensity in thyroid follicles, and the values represent Mean±SE (n=6).

Whole-body UVB exposure reduces an organism’s cellular 
potential for general antioxidant defence and depletes known 
antioxidants like GSH [24]. Mice exposed to UVB radiations exhibited 
significantly reduced thyroid GSH activity. It has been observed 
that GSH depletion enhances lipid peroxidation since it is known to 
impair glutathione peroxidase activity both in vitro and in vivo. The 
current study shows a similar relationship between the decrease 
in GSH and the rise in lipid peroxidation. According to our study, 
thyroid Glutathione Reductase (GR) activity significantly increased 
due to UVB exposure. According to some authors, the thyroid 
hormone impact directly contributes to the enhanced activity of 
glutathione reductase, and administration of peroxidative products 
to rats has been shown to dramatically promote the activity 
of several detoxification enzymes [27,28]. Catalase, hydrogen 
peroxide, and superoxide dismutase activity were significantly 
increased throughout our research. According to Messiah et al., 
hyperthyroid rats hearts and erythrocytes had greater SOD, CAT, 

and H2O2 activity levels [29]. The expression of antioxidant enzymes 
may be impacted by hyperthyroidism depending on the cell type, 
mitochondrial activity, and ROS concentration inside the cell [30]. 

The alterations in thyroid gland function in the exposed group 
were further supported by the histological examination of the thyroid 
follicles in the current investigation, which exhibited glaring light 
microscopic and ultrastructural abnormalities. In many instances, 
these follicles were disorganised and lost. While some follicles 
seemed to have involuted walls, others had fragmented follicular 
walls. While other cells had vacuolated cytoplasm, the follicular 
cells lost their epithelial covering in the lumina. Additionally, some 
follicular cells possessed darkly coloured nuclei, and interfollicular 
septa had cellular infiltration. The deficiency of TSH’s gland-
stimulating actions and hypoactivity might be employed to explain 
the thyroid follicles’ histological alterations. Morphometrical data 
supported the changes in epithelial height. 
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Immunofluorescence revealed increased amounts of cells 
positive for Caspase after UVB exposure. In the present study, the 
enhanced Caspase-3 expression was detected in thyroid follicular 
cells in the UVB exposed group. To date, little information exists on 
the effect of UVB radiation on caspase-3 expression. In the present 
study, UVB radiation induced significant increase in caspase-3 
expression indicating UVB provokes apoptosis in the thyroid 
follicular cells. Apoptosis is a physiological process of selected 
cell deletion. As an antagonist of cell proliferation, apoptosis 
contributes to keeping the cell number in thyroid tissue and helps 
to remove superfluous and damaged cells, but excessive apoptosis 
could cause destruction of thyroid tissue [31]. In a similar study 
in China to explore the effects of expressions of caspase-3 in 
mice testes at different concentrations and time of lead acetate, it 
increased the expressions of caspase-3, which induces apoptosis 
of germ cells [32-40]. The occurrence of thyroid cell apoptosis and 
the expression of caspase-3 in the adult male mice following UVB 
radiation administration were investigated. Compared with the 
control group, the protein levels of caspase-3 were significantly 
higher in UVB exposed group. Furthermore, UVB exposure 
led to inflammation in the thyroid follicular cell apoptosis, as 
demonstrated in the DAPI-FITC assay. These results suggested that 
thyroid follicular cells are affected by UVB radiation.

Conclusion
Our findings conclusively demonstrate that UVB irradiation-

induced hyperthyroidism caused an inclined in thyroid hormone 
levels. UVB exposure has significant negative impacts on thyroid 
function and weight. The results also showing the negative 
impact over the antioxidant mechanisms. Our study’s result is 
novel to demonstrate how repeated UVB radiations induced 
hyperthyroidism and caused deformation of thyroid follicles and 
the alterations in the expression of caspase-3 antibody.
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