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Abstract: Oxidative stress (OS) is defined as an imbalance between radicals and antioxidant defense. Presently
it is the topic of growing interest and known to connect with stress and pathophysiological mechanism of
different diseases. Thyroid hormones can target, control and modify the metabolism of almost every cell in the
body. Though much work has been done on the oxidative stress (OS) in relation to stress and diseases but very
little work has been done to point out the role of thyroid in induction of oxidative stress.
Therefore, the present study is aimed to examine the effect of levothyroxine (L-T4), vitamin E or both on
oxidative stress status in a propylthiouracil (PTU) induced hypothyroid mice. Swiss albino male mice (Mus
musculus) of approximately same weight were randomly selected and divided into five different groups.
Control, PTU+PTU+L-T4+PTU+Vit E, PTU+Vit E+L-T4. After 28 days of experiment animals were killed and
serum levels of triiodothyronine (T3), tetraiodothyronine (T4), thyroid stimulating hormone (TSH), superoxide
dismutase (SOD) and catalase (CAT) were estimated in each group. Results clearly reveal that both antioxidant
enzymes SOD and catalase (CAT) levels were significantly increased in all experimental animals treated with
PTU (hypothyroidism). However, treatment with L-thyroxine and Vit-E are found to be effective to combat the
oxidative stress in all experimental animals. The outcome this experiment concludes that levothyroxine
replacement therapy combined with vitamin E reduces cell damage by improving oxidative stress.
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Introduction: Oxidative stress (OS) arises when
highly reactive free radicals produce oxidative
damages to the DNA, proteins and membrane bound
lipids of the cell. Every cell has developed an
antioxidant defense mechanism which normally takes
care of surplus radicals and prevents subsequent
oxidative damage. In the presence of vast radicals if
the available antioxidant defense falls short and
unscavenged radicals remain free, which ultimately
oxidize necessary components of cell and results
oxidative stress [1]. This oxidative stress (OS) has
been linked with a variety of diseases like Cancer,
Diabetes Mellitus, Inflammation, Ageing, Ischemia,
Atherosclerosis, Liver Damage, etc.[2][3][4][5][6].
Antioxidant enzymes like Superoxide Dismutase
(SOD), Glutathione Peroxides (GPx) and Catalase
(CAT) are known as the first lines of defense against
O2 and H2O2 mediated injury [7], [8],[9]while
Glutathione (GSH), Vitamin C, Vitamin E (mainly aTocopherol), Uric acid, Albumin, Carotenoids, and
Flavonoids are known as radical scavenging
antioxidants and form second line of defense. [8], [9]
The thyroid gland is the largest and most sensitive
endocrine gland which secrets triiodothyronine (T3)
and thyroxin (T4) to regulate the metabolism of the
body. The disproportions of thyroid hormones can
have an intense effect on an individual's energy
levels. Thyroid hormones speed up cellular reactions
and increase oxidative metabolism by stimulating
enzymes of the active transport. Thyroid hormones
also stimulate protein synthesis and increase the rate
of lipolysis.

ISBN 978-93-84124-81-6

Previous reports suggest that the hyperthyroidism is
associated with increases in free radical production
and lipid peroxide levels, [10], [11] whereas the hypo
metabolic state induced by hypothyroidism is linked
with a decrease in free radical production [11], [12]
and in lipid peroxidation products. [13] Fernandez et
al [14] found significant increase of lipid peroxidation
in the liver of hyperthyroid rats. Besides, the reaction
of the antioxidant systems to both hypothyroidism
and hyperthyroidism is still unclear. The changes in
the levels of the scavengers a-Tocopherol [15] [16] and
activities of antioxidant enzymes [15] in various
tissues were found to be improper and often
opposite. Conversely, an array of materials capable of
scavenging the different species of free radicals hence
it is difficult to understand the overall protective
effectiveness of the cellular defense system. Earlier
reports suggest that hyperthyroidism increases
oxidative stress (OS) and causes immune suppression
while treatment with L-thyroxine may reverse the
effect. [1], [2].All these evidences suggest that
oxidative stress (OS) in any diseased condition or
stressed condition may be mediated through the
thyroid gland. Therefore, it is considered that the
thyroid gland plays a vital role in generating oxidative
stress in pathological condition. Thus, the present
study is aimed to assess the levels of oxidative stress
(OS) in the mice treated with PTU and L-T4 and/or
Vit E replacement therapy.
Material and Methods:
Chemicals:
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· D1–α-Tocopherol acetate (Vitamin ‘E’) C31H52O3.
Obtained from the Loba Chemicals, private
limited Mumbai.
· RIA Kits: The thyroid status of the treated animals
was confirmed by serum thyroid hormone levels
measured by radioimmuno assay (RIA) KITS
supplied by the Board of radiation and isotope
technology (BRIT) [Vashi], Mumbai, India.
· Both L-T4 (THYROX 50) and PTU was obtained
from Macleods Pharmaceuticals Pvt Ltd. Marol
Church Road, Andheri (East), Mumbai - 400059,
India.
Animal treatment and sample collection: Forty six
male swiss albino mice (Mus musculus) weighing
40±2.0g, were procured from Veterinary college of
Mhow, Indore (M.P) acclimatized to laboratory
conditions for one week. Protocols for animal care,
maintenance, and experiments were approved by the
Institutional Animal Ethics Committee. Mice of
approximately same size, sex and weight were
randomly divided into five groups, a control group
(n=8) and other four groups (n=32). The control
group was fed standard diet and drinking water ad
libitum. Mice in the experimental groups were treated
with 0.05% (w/v) PTU in drinking water for 21 days.
Then after mice were randomly divided into four
groups and administered PTU.
1. Group I: Animals in the PTU group I (n=10)
continued to receive PTU for another 21 days;
2. Group II: PTU+L-T4 group (n=8). L-T4 (2 μg/100
g per day in 1 mL vehicle) at 8:00 AM.
3. Group III: PTU+L-T4+Vit E (n=8) L-T4 (2 μg/100
g per day in 1 mL vehicle) at 8:00 AM and Vit E (20
mg/100 g per day in 1 mL vehicle) at 6:00 PM.
4. Group IV: PTU+Vit E (N=8).
Mice of other groups were treated with vegetable oil
for 28 days. T4 and Vit E were administered by intra
muscular route. By the end of the study period (4
weeks) some rats were died during intra muscular
administration. So there were 6 mice in control
group, 5 in PTU group, 6 in PTU+L-T4 group, 5 in
PTU+Vit E group and 6 rats in PTU+L-T4+Vit E
group respectively. After 28 days of the experiment,
all animals were carefully weighed in the morning
before killed by anesthesia (0.3 mL of chloral hydrate
/100 g body weight, i.p.). Blood samples were
collected by abdominal aorta puncture and
centrifuged at 3000 rpm for 10 min. Serum was
separated and stored into EDTA-containing tubes at
4 °C until assessment of T3, T4 and TSH
concentrations.
Measurement of serum thyroid hormone levels:
Serum T3, T4, and TSH concentrations were
measured by radioimmunoassay, using reagents
supplied from North Institute of Biological
Technology (Beijing, China), as previously described
(Yang et al. 2012). The detection ranges of the assay
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were 0.2−4 nmol/L for T3, 20−320 nmol/L for T4, and
0.15−60 μIU/mL for TSH. Blood samples were
obtained between 09:00 and 11:00 AM in a
randomized fashion.
Measurement of enzymes: Catalase (CAT)
Activity: Serum catalase (CAT) activity was estimated
by the method of Aebi [17] by calculating the rate of
breakdown of H2O2 at 240 nm. An aliquot of blood
was homogenized in potassium phosphate buffer, pH
7.0. The spectrophotometric determination was
initiated by the addition of sample into an aqueous
solution of hydrogen peroxide 0.3mol/L. The change
in absorbance at 240nm was measured for 2 min. CAT
activity was calculated using the molar extinction
coefficient (0.0436 cm2/μmol), and results were
expressed as U/g Hb.
Superoxide Dismutase (SOD) Activity: The activity
of enzyme superoxide dismutase was measured by
the method described by McCord and Fridovich [18].
In this method, SOD present in the sample competes
with the detection system for superoxide anion. A
unit of SOD is defined as the amount of enzyme that
inhibits the rate of adrenalin oxidation by 50%.
Adrenalin oxidation leads to the formation of the
colored product, adrenochrome, which is detected
spectrophotometrically. SOD activity is determined
by measuring the rate of adrenochrome formation,
observed at 480 nm, in a reaction medium containing
glycine-NaOH (50mM, pH 10.0) and adrenalin (1mM).
Basal measurements to calibrate the assay were
performed in a reaction medium containing 1mL of
glycine-NaOH (50mM, pH 10.0) and 17 μL of
adrenalin (1 mM). This was used to determine the
concentration in samples. The results were expressed
as U/mg Hb.
Results: Results are summarized in Table 1. Results
clearly shown that mice treated with PTU
(hypothyroidism) had significantly higher TSH with
normal Free T4 range than the control group (Table
1). Serum T3 and T4 levels were significantly
decreased, whereas TSH levels were significantly
increased in Group IV treated with L-T4 or/and Vit E.
SOD levels in the PTU and PTU+LT4 groups were
significantly lower than the control group (p<0.05).
However, SOD levels were significantly increased in
PTU+Vit E and PTU+L-T4+Vit E group compared to
the PTU group (p<0.05).But catalase activity is
increased in all experimental groups compared to
control.
Discussion: Thyroid hormones are essential for
normal growth and development. The condition of
hypothyroidism during development alters brain
function and impairs behavioral performance.[19]
Changes in T3, T4 and TSH level in the different
thyroid state of oxidative stress (OS) can induce
antioxidant enzymes to fight with the oxidative stress
and protect the organism from cellular damage and
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apoptosis. Oxidative stress (OS) can put the body in a
state of weakness and also enhance the toxic effects
of pathogenic factors that can cause occurrence of
various diseases and induce point mutations[20] The
methods involved in oxidative stress (OS) mediated
cell apoptosis might be endoplasmic reticulum stress
[21] and mitochondrial pathway. [22] Therefore,
thyroid hormones have an important role in general
oxidative stress.[1] High metabolic state in
hyperthyroidism is along with increasing of free
radical production and lipid peroxide levels. [11]
Hypothyroidism is distinguished by failure of the
redox potential that leads to free radicals chain
reaction and metabolic suppression of antioxidant
capacity.
The
antioxidant
depletion
in
hypothyroidism may refer to increased production of
free radicals in the inner membrane of mitochondria
during electron transport. The cells of experimental
animals are damaged due to prolonged oxidative
stress that overpasses the animal’s organs capacity for
antioxidant molecules synthesis or their synthesis
from extracellular sources. [23]
Recent reports confirm that thyroid dysfunctions
increase lipid peroxidation (LPO) reactions and ROS
leading to oxidative destruction of cellular
membranes which can lead to cell death.[24] It also
cause the production of toxic and reactive aldehyde
free
reactive
oxygen
species
(ROS)
like
malondialdehyde (MDA) that would lead to oxidative
damage of cellular molecules like lipids, proteins, and
DNA. [24] [25] [26]
SOD and CAT are the first line of cellular defense
against oxidative injury and known as free radical
scavenging enzymes. They decompose O2 and H2O2
before interacting to form a more reactive hydroxyl
radical (OH). These enzymes protect the red blood
cells against O2- and H2O2-mediated lipid
peroxidation. [27] In the present investigation we
have detected an increased activity of both SOD and
CAT in the mice of all PTU treated groups. But in
contrast, few studies have stated no changes in CAT
activity in hypothyroid conditions [24], [27]. Pan et al
[28] also found that PTU-induced hypothyroid rats
reveal reduced learning ability and increased
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oxidative stress. SOD also plays a significant role in
antioxidant system and is involved in the protection
of organism. [29],[30] The elevated levels of SOD and
CAT in the hypothyroid mice indicate that oxidative
stress and antioxidant defense system might be
involved in neural cell damage caused by
hypothyroidism. The fat soluble antioxidant, Vitamin
E, can be integrated into cell membranes and can
protect the cell membrane against oxidative
damage.[31] In the present investigation we found a
significant impact of vitamin E on antioxidative
stress. [32] Previous studies have also found that
vitamin E has inhibitory effect on cell apoptosis and
protect the cell from oxidative stress. [33] [34]
However, it requires further studies with large sample
size and for longer duration to confirm our results.
T4 can prevent the activation of apoptosis pathway,
while T3 is involved in regulating cell proliferation
and differentiation. Our study showed that
levothyroxine significantly increases the levels of this
hormone but decreases the level of SOD. In the
present study, we found oxidative damage of mice in
hypothyroid condition and showed that the level of
antioxidant enzymes was positively related to
hypothyroidism.
Moreover, levothyroxine replacement therapy
concurrently reduced CAT levels but Vit E
supplementation had no direct effect on
hypothyroidism though it reduces the level of
oxidative stress (OS) in the experimental animal.
Thus we advocate that thyroid hormone replacement
therapy combined with Vit E supplementation might
improve cognitive injury by reducing of oxidative
stress.
In conclusion, our research work confirms an
increase in the oxidative stress biomarkers in the
circulation of experimental animals with subclinical
hypothyroidism. The high presence of plasma lipids
can be considered as an oxidation substrate for the
oxidative stress. However, more investigations are
necessary to assess with different animals with a
longer duration for the assessment of thyroid
hormones role in oxidative stress.

Table 1: Comparison of antioxidant enzyme level and serum thyroid hormone levels in mice treated with PTU,
PTU + L-T4, PTU + Vit E, and PTU + Vit E + L-T4.
Parameter
Control PTU treated PTU + L-T4, PTU + Vit E, Vit E + L-T4.
Serum TSH (μIU/mL) 2.8
36.2
9.1
34.1
7.5
Serum T4 (nmol/L)
50.3
17.4
51.2
8.1
52.6
Serum T3 (nmol/L)
0.95
0.31
1.0
0.32
1.31
CAT, U/g Hb
110.1
172.1
154.1
163.2
108.2
SOD, U/mg Hb
0.8
1.4
1.0
1.1
1.8
Data are expressed as mean ± SD, a p < 0.05 compared to the control group; b p < 0.05 compared to the PTU
group.

ISBN 978-93-84124-81-6

ͻ

Engineering Sciences International Research Journal : Volume 4 Issue 1 (2016)

ISSN 2320-4338

References:
1. Kale MK, Bhusari KP, Umathe S.N. Role of thyroid
hormones in the generation of widespread
oxidative stress. J Cell Tissue Res 2007; 7(1): 871876.
2. Kale M.K, Umathe S.N. Bhusari K.P.2016.
http://www.positivehealth.com/issue/issue-119january-2006.
3. Irshad M. Spectrum of viral hepatitis in
thalassemic children receiving multiple blood
transfusions. Indian Journal of Gastroenterology.
21(5): 183-4. 2002.
4. Cheesseman KH, and Slater TF. Free radicals in
Medicine. British Medical Bulletin. 49 (3): 481-491.
1993.
5. Serbecic, N. and Beutelspacher, S.C., 2005. Antioxidative vitamins prevent lipid-peroxidation and
apoptosis in corneal endothelial cells. Cell and G
Rajendar , Dr. Basavaraja Banakara , Obadhya
John Raj.K, New Algorithm for Capacitor
Placement to Improve Voltage Stability Using Lindex Sensitivity Matrix; Engineering Sciences
international Research Journal: ISSN 2320-4338
Volume 3 Issue 1 (2015), Pg 68-76
6. Hallineck B and Gutteridge. The antioxidants of
human extracellular fluids. Arch Biochem
Biophys. 280: 1-8. 1990.
7. Riley JC & Behrman HR. Oxygen Radicals and
reactive oxygen species in Reproduction: Proc Soc
Exp Biol Med. 198 (3): 781-91. 1991.
8. Chen BX et al. Oxygen free radical in human
osteoarthritis. Clin Med J. 102 (12): 931-3. 1989.
9. Valko, M., Jomova, K., Rhodes, C.J., Kuča, K. and
Musílek, K., 2016. Redox-and non-redox-metalinduced formation of free radicals and their role in
human disease. Archives of toxicology, 90(1), pp.137.
10. A.Sofi, B.R.Phanikumar, Tarun Sama, Mechanical
Properties of Concrete Containing High Volume
Pond-Ash and Steel Fibre; Engineering Sciences
international Research Journal: ISSN 2320-4338
Volume 3 Issue 1 (2015), Pg 77-81
11. MatÉs, J.M., Pérez-Gómez, C. and De Castro, I.N.,
1999.
Antioxidant
enzymes
and
human
diseases. Clinical biochemistry, 32(8), pp.595-603.
12. Fernandez V, Llesuy S, Solari L, Kipreos K, Videla
LA and Boveris A.1988. Chemiluminescent and
respiratory responses related to thyroid hormoneinduced liver oxidative stress. Free Radical
Research Communications. 5: 77-84.
13. Asayama K, Dobashi K, Hayashibe H, Megata Y
and Kato K. 1987.Lipid peroxidation and free
radical scavengers in thyroid dysfunction in the
rat: a possible mechanism of injury to heart and
skeletal
muscle
in
hyperthyroidism.
Endocrinology. 121: 2112-2118. 1987.

IMRF Journals

14. Swaroop A and Ramasarma T. Heat exposure and
hypothyroid conditions decrease hydrogen
peroxide generation in liver mitochondria.
Biochemical Journal. 226: 403-408. 1985.
15. Daketi Srinivas, Architecture and Culture: the
Dynamics of the Changing House-form in Rural
Settlements of Andhra Pradesh; Engineering
Sciences international Research Journal: ISSN
2320-4338 Volume 3 Issue 1 (2015), Pg 82-87
16. Paller, M.S., 1986. Hypothyroidism protects
against free radical damage in ischemic acute
renal failure. Kidney international, 29(6), pp.11621166.
17. Fernandez V, Barrientos X, Kipreos K, Valenzuela
A and Videla LA.1985. Superoxide radical
generation, NADPH oxidase activity, and
cytochrome P-450 content of rat liver microsomal
fractions in an experimental hyperthyroid state:
Relation to lipid peroxidation. Endocrinology. 117:
496-501. 1985.
18. Neradilova M, Hruba F, Novakova V and
Blahosova I. Investigations of the relationship
between thyroid function and á-Tocopherol
concentration of serum and in some organs of the
rat. International Journal for Vitamin and
Nutrition
Research.
43:
283-290.
1973.
20.
19. Mano T, Sinohora R, Sawai Y, Oda N, Nishida Y,
Mokuno T, Kotake M, Hamada M, Masanuga R,
Nakai A and Nagasaka A. 1995. prevents oxidative
stress and cognitive deficit in experimental
hypothyroidism. Endocrine 43: 434–439. redox
signaling 14: 2013–2054.
20. Suja A, Sivakumar S, Ramkumar P.S, Modified
interleaved Buck Converter Implementation for
Higher Step-Down Conversion Ratio; Engineering
Sciences international Research Journal: ISSN
2320-4338 Volume 3 Issue 1 (2015), Pg 88-93
21. Aebi H. 1983. Catalase in methods of enzymatic
analysis. 3rd ed. Vol. 3. Academic Press. New York.
pp. 273-286.
22. McCord JM, Fridovich I. 1969.Superoxide
dismutase.
An
enzymic
function
for
erythrocuprein (Hemocuprein). J Biol Chem 1969;
244:6049-55.
23. Rivas M, Naranjo JR (2007). Thyroid hormones,
learning and memory. Genes Brain Behav 6: 40–
44.
24. Beck MA (1999). Selenium and host defense
towards viruses.Proc Nutr Soc 58: 707–11.
25. Lalrinthara Pachuau,
Zaithanzauva Pachuau,
Comparison of Health Symptoms Faced By
inhabitants Exposed to High and Low Mobile
Phone tower Radiation; Engineering Sciences

ͻͺ

Engineering Sciences International Research Journal : Volume 4 Issue 1 (2016)
international Research Journal: ISSN 2320-4338
Volume 3 Issue 1 (2015), Pg 94-99
26. Tabas I, Ron D (2011). Integrating the mechanisms
of apoptosis induced by endoplasmic reticulum
stress. Nat Cell Biol 13:
27. Deryabina, Y., Isakova, E., Sekova, V., Antipov, A.
and Saris, N.E.L., 2014. Inhibition of free radical
scavenging enzymes affects mitochondrial
membrane permeability transition during growth
and aging of yeast cells. Journal of bioenergetics
and biomembranes, 46(6), pp.479-492.
28. Komosinska-Vassev, K., Olczyk, K., Kucharz, E.J.,
Marcisz, C., Winsz-Szczotka, K. and Kotulska, A.,
2000. Free radical activity and antioxidant defense
mechanisms in patients with hyperthyroidism due
to Graves’ disease during therapy. Clinica Chimica
Acta, 300(1), pp.107-117.
29. M. Messarah, A. Boumendjel, A. Chouabia et al.,
“Influence of thyroid dysfunction on liver lipid
peroxidation
and
antioxidant
status
in
experimental rats,” Experimental and Toxicologic
Pathology, vol. 62, no. 3, pp. 301–310, 2010.
30. S.Nirmala Sri Devi, E.K.Girija., Effect of Acids on
Growth and Characterization of L- Valine;
Engineering Sciences international Research
Journal: ISSN 2320-4338 Volume 3 Issue 1 (2015),
Pg 100-104
31. N. Nanda, Z. Bobby, and A. Hamide, “Oxidative
stress and protein glycation in primary
hypothyroidism. Male/female difference,” Clinical
and Experimental Medicine, vol. 8, no. 2, pp. 101–
108, 2008.
32. M. L´opez-Torres, M. Romero, and G. Barja,
“Effect of thyroid hormones on mitochondrial
oxygen free radical production and DNA oxidative
damage in the rat heart,” Molecular and Cellular
Endocrinology, vol. 168, no. 1-2, pp. 127–134, 2000.
33. N. Nanda, Z. Bobby, A. Hamide, B. C. Koner, and
M. G. Sridhar, “Association between oxidative
stress and coronary lipid risk factors in
hypothyroid women is independent of body mass
index,” Metabolism: Clinical and Experimental,
vol.56, no. 10, pp. 1350–1355, 2007.

ISSN 2320-4338

34. Pan, T., Zhong, M., Zhong, X., Zhang, Y. and Zhu,
D., 2013. Levothyroxine replacement therapy with
vitamin E supplementation prevents oxidative
stress and cognitive deficit in experimental
hypothyroidism. Endocrine, 43(2), pp.434-439.
35. Buettner GR (2011). Superoxide dismutase in redox
biology: the roles of superoxide and hydrogen
peroxide. Anticancer Agents Med Chem 11: 341–
346.
36. Dr. R. N. Khapre, Mr. Gaurav Gulhane, Ms. Jyoti
Chouhan, Dr. Chetana Makade, A Comparative
Study on Finite Element Models of Hero,
Protaper, Mtwo & Quantec Endodontic File
Segments; Engineering Sciences international
Research Journal: ISSN 2320-4338 Volume 3 Issue 1
(2015), Pg 110-116
37. Holley AK, Dhar SK, St Clair DK (2010).
Manganese superoxide dismutase versus p53: the
mitochondrial center. Ann N Y Acad Sci 1201: 72–
78.
38. Alzoubi KH, Gerges, NZ, Aleisa, AM, Alkadhi KA
(2009). Levothyroxine restores hypothyroidisminduced impairment of hippocampus- dependent
learning
and
memory:
behavioral,
electrophysiological, and molecular studies.
Hippocampus 19: 66–78.
39. Zakharova IO, Sokolova TV, Avrova NF (2013). ΑTocopherol prevents ERK1/2 activation in PC12
cells under conditions of oxidative stress and its
contribution to the protective effect. Bull Exp Biol
Med 155: 44–47.
40. Wambi C, Sanzari J, Wan XS, Nuth M, Davis J, Ko
YH, Sayers CM, Baran M, Ware JH, Kennedy AR
(2008).
Dietary
antioxidants
protect
hematopoietic cells and improve animal survival
after total-body irradiation. Radiat Res 169: 384–
96.
41. Asha Bhardwaj , Jean-Louis Auguste , Jean-Marc
Blondy , Frederic Gérôme, Solid Optical Fibers
Containing Pbs Quantum Dots for Fiber Laser
Applications; Engineering Sciences international
Research Journal: ISSN 2320-4338 Volume 3 Issue 1
(2015), Pg 105-109tissue research, 320(3), pp.465475.

***
Reddy/ P.B/ Kanushri Ranawat/ Mohini Sahasrabuddhe/ Razia Khan Mew/ Department of Biotechnology/
Government PG College/ Ratlam/ M.P/ India/

ISBN 978-93-84124-81-6

ͻͻ

