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ABSTRACT

Objective: L-thyroxine is used for control and prevention of many thyroidal diseases, though it may cause damages in thyroid hormone-sensitive
organs, namely, liver and kidney. Reports on the protective effects of any antioxidants in L-thyroxine induced oxidative stress are scanty. Thus,
L-thyroxine induced oxidative stress and its prevention by Vitamin E supplementation have been studied in the present investigation.

Methods: Adult, male Wister rats were divided into four groups of six animals each, and L-thyroxine (T,) (0.3 mg/kg body weight) was administered
intraperitoneally in the treated group. Similarly, L-thyroxine (T,), at the above-mentioned dose, and Vitamin E acetate (100 mg/kg of body weight/
day orally) coadministered simultaneously (T,+V ) in the next group. Third group was administered only with Vitamin E, and the remaining group
kept as control. Treatment continued regularly for 15 and 30 days. Animals were sacrificed after completion of treatment. Lipid peroxidation (LPO)
level, superoxide dismutase (SOD), catalase and glutathione peroxidase (GPx) activities were assayed in liver and kidney along with their histology.
Obtained results were interpreted statistically against their respective control groups.

Results: Body weight was significantly decreased and relative kidney weight was increased after L-thyroxine administration as compared to control
(p<0.05). LPO level, SOD and catalase activities were significantly enhanced in L-thyroxine treated groups, whereas GPx activity was decreased.
However, LPO level and the activities of those enzymes along with body weight and organ weights were almost restored their normal in L-thyroxine
and Vitamin E coadministered group treated for 15 days and 30 days, respectively.

Conclusion: Exogenously administered L-thyroxine causes oxidative stress in liver and kidney that in turn generates reactive oxygen species resulting
cell damages. Vitamin E acetate supplementation reduces these adverse effects on liver and kidney and thus acts as a beneficial health management
agent.

Keywords: Catalase, Glutathione peroxidase, Lipid peroxidation, L-thyroxine, Reactive oxygen species, Superoxide dismutase, Thyroid hormone-
sensitive organs, Vitamin E.
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INTRODUCTION

Now a days, use of antioxidants is a general health management
criterion in different diseases as well as during stress conditions.
Human-made or natural substances used as antioxidants may prevent
or delay stress and cell damages. Antioxidants are generally found in
many foods stuff, including fruits, vegetables, and natural products.
They are also available as dietary supplements. However, identification
of certain vitamins, like Vitamin E as antioxidants revolutionized
the field and led to the realization of the importance of antioxidants
in the biochemistry of healthy, living organisms [1]. Lifestyle habits
sometimes produce substances called reactive oxygen species (ROS)
that damage healthy living cells and organs [2]. Thus, antioxidants, in
general, either prevent these reactive species from being formed or
remove them partially before they can damage vital components of the
cell [2,3]. Vitamin E refers to a group of eight fat-soluble compounds
thatinclude both tocopherols and tocotrienols [4]. Of the many different
forms of Vitamin E, a-tocopherol is the most biologically active form of
Vitamin E. This variant can be found most abundantly in wheat germ
oil, sunflower, and safflower oils [4,5]. As a fat-soluble antioxidant, it
stops the production of ROS formed when fat undergoes oxidation [6,7].
Vitamin E has many biological functions, the antioxidant function being
the most important and best known [8]. As an antioxidant, Vitamin E
acts as a peroxyl radical scavenger, preventing the propagation of free
radicals in tissues, by reacting with them to form a tocopheryl radical
that is reduced by a hydrogen donor and return to its reduced state
[9]. Due to its solubility, it is incorporated into cell membranes, which
protects them from oxidative damage.

Prolonged administrations of exogenous L-thyroxine on thyroid
as well as different thyroid-sensitive organs produce free radicals.
The present investigation has been thus undertaken to evaluate
the ameliorating effect of Vitamin E on L-thyroxine-induced
oxidative damages in different thyroid hormone-sensitive organs of
experimental animals.

METHODS

Reagents

L-thyroxine (T,) (T-2501) was purchased from Sigma-Aldrich,
Germany. Vitamin E acetate (Di-alpha tocopheryl acetate; V) was
purchased from E-Merck, Mumbai, India. Bovine serum albumin
(BSA), thiobarbituric acid (TBA), nicotinamide adenine dinucleotide
phosphate (NADPH), Triton X, triethanolamine, diethanolamine,
and ethylenediaminetetraacetic acid (EDTA) were purchased from
Sigma Chemical Company, Steinheim, Germany. Disodium hydrogen
phosphate (Na,HPO,), sodium dihydrogen phosphate (NaH,PO,),
sodium acetate, SODIUM azide, potassium iodide (KI), potassium
chloride (KC), trichloroacetic acid (TCA), glacial acetic acid, hydrogen
peroxide (H,0,), sucrose, sodium chloride (NaCl), magnesium
chloride (MgCl,), hydrochloric acid (HCI), potassium dihydrogen
phosphate (KH,PO,), ammonium molybdate, sodium bicarbonate
(Na,CO,), copper (II) sulphate (CuSO,), sodium potassium tertarate,
formaldehyde, haematoxylene, eosin, paraffin wax (58°C-60°C),
sodium metabisulphite, etc., were purchased from MERCK, Germany.
Other necessary chemicals were purchased from SISCO Research
Laboratory (SRL), Mumbai, India.
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Maintenance of animals

For the present study, 48 mature, adult, male albino rats (Rattus
norvegicus) of Wister strain weighing about 170+10 g were obtained
from register breeder, Kolkata (Registration No. 1443/PO/b/11/
CPCSEA). The animals were caged in well ventilated hygienic Terson
cages (25°C+2°C with plenty of air and light) under 12 h lightand 12 h
dark cycle. The rats were maintained on a standard diet (20% protein)
made of locally available wheat (70%), Bengal gram (20%), fish meal
powder (5%), dry yeast powder (4%), refined till oil (0.75%) and shark
liver oil (0.25%), and water was provided ad libitum [10]. The animals
were acclimatized to housing conditions for at least 1 week before
experiment and then were divided into following four groups of 6 on
each - control, L-thyroxine (T,) treated, L-thyroxine-Vitamin E- (T,+V,)
treated and only Vitamin E (V) treated groups. L-thyroxine (T,) treated
rats were fed with normal diet with daily administration of 0.3 mg/
kg of body weight L-thyroxine [11] intraperitoneally. On the other
hand, Vitamin E treated rats were also fed with normal diet along with
oral administration of Vitamin E acetate (100 mg/kg of body weight)
[12-14] while L-thyroxine- Vitamin E treated group, L-thyroxine was
administered intraperitoneally and Vitamin E orally at the above
mentioned doses. The treatments as mentioned continued for 15 and
30 days, respectively.

At the end of the experimental periods of 15 days and 30 days, after
recording the body weight, animals were sacrificed 24 h after the last
treatment following standard protocol and ethical procedure. Just
after sacrifice, blood samples for hormone assay were collected from
the hepatic portal vein. Liver and kidneys (pair) were taken out after
removing the fats; these were weighed and preserved to assay different
enzyme activities as well as histological studies mentioned earlier.
Approval for the animal study was provided by the Institutional Ethical
Committee (IAEC/PROP/AC-3/2010, dated 16.11.2011), Department
of Physiology, University of Calcutta.

Histological study

Immediately after the removal, liver lobes and kidney of the rat were
fixed in 10% neutral buffered formalin, embedded in paraffin and block
was prepared. The sections were cut and stained with Hematoxylin and
Eosin and examined under light microscope.

Measurement of lipid peroxidation (LPO) level (in liver and
kidney)

It was measured following the method of Ohkawa et al. [15] and
modifying method of Buege and Aust [16] using TBA-TCA-HCI reagent.
The level of LPO in the homogenate was measured based on the
formation of TBA-reactive substances. Malondialdehyde (MDA) forms
adducts with TBA, which was measured spectrophotometrically at
532 nm against the blank containing 50 mM phosphate buffer (pH 7.4).
MDA, a product of LPO, was used as a standard. An extinction coefficient
of 156,000 M~! cm™! was applied for calculation.

Assay of catalase activity (in liver and kidney)

Catalase activity was determined following the method of Aebi [17]. The
tissue was homogenized with sucrose (0.25 M) solution at 4°C. It was
centrifuged, and post-mitochondrial supernatant (PMS) was prepared.
100 pL of tissue sample containing PMS and phosphate buffer (50 mM,
pH 7.8) were mixed in a cuvette and decrease in the absorbance was
recorded at 240 nm for 5 min over a 60 s interval before the addition of
60 mM H,0,. The change in absorbance was the measure of the catalase
activity and was expressed as nmoles/mg of protein/sec. The extinction
coefficient of H,0,at 240 nm was 40 M cm™.

Assay of superoxide dismutase (SOD) activity (in liver and kidney)
SOD activity was assayed by the method of Marklund and Marklund [18],
slightly modified by Paoletti and Mocali [19]. 100 mg of tissue was
mixed with phosphate buffer (50 mM and pH7.8) solution and tissue
homogenate was prepared at 4°C. Tissue homogenate was centrifuged at
10,000 rpm for about 25 min. Supernatant was taken in a cuvette and the
assay volume contain 100 mM triethanolamine - diethanolamine - HCI
buffer (pH 7.4) along with 7.5 mM NADPH, 100 mM EDTA- 50 mM
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MnCl, (pH 7.0). Then, the solution was kept at room temperature for
about 5 min to stabilize. The decrease in absorbance was noted at
340 nm for 20 min over a 5 min interval at 25°C after the addition of
10 mM mercaptoethanol. In this assay system, 1 unit of SOD activity is
defined as the amount of enzyme required to inhibit the rate of NADPH
oxidation of the control by 50%.

Estimation of glutathione peroxidase (GPx) (in liver and kidney)
GPx was measured by the method described by Ahrens [20]. Briefly,
tissue homogenized in 50 mM phosphate buffer (pH7.8) and tissue
homogenate was prepared. Tissue homogenate was centrifuged at
2000 rpm for about 10 min. Supernatant was taken for GPx activity with
the supernatant. Then, 0.4 M sodium phosphate buffer (pH 7.0), 10 mM
sodium azide, 4 mM reduced glutathione (GSH), and 2.5 mM hydrogen
peroxide was mixed. The contents were incubated for 10 min at 37°C
and 0.5 ml 10% TCA was added to stop the reaction. Mixture was again
centrifuged at 1500 rpm for 10 min. The supernatant was assayed for
GSH content using 0.3 M disodium hydrogen phosphate and Ellman’s
reagent (5, 5-dithiobisnitrobenzoic acid dissolved in 0.1% sodium
citrate). The color developed was read at 412 nm against reagent blank.
The activities were expressed as p moles of GSH consumed/min/mg
protein.

Protein estimation
Proteins were estimated by the method of Lowry et al. [21] using BSA
as the standard protein.

Statistical analysis

Results were expressed as the mean * standard deviation (SD). One-
way analysis of variance (ANOVA) test was first carried out to test for
any differences between the mean values of all groups. If differences
between groups were established, the values of the treated groups were
compared with those of the control group by a comparison t-test. A value
of p<0.05 was interpreted as statistically significant [22]. Statistical
analyses were performed MS-Office Excel 2007 software packages.

RESULTS

Body weight and organ weight

In L-thyroxine-treated group, body weight was decreased (4.37%
for 15 days treatment and 8.39% for 30 days treatment) and relative
kidney weight was increased as compared to control group (p<0.05).
However, in Vitamin E supplemented L-thyroxine cotreated group, the
body weight was not regained to normal, but the trend was to become
normal and was higher in only Vitamin E treated animals (11.64% for
15 days treatment and 13.08% for 30 days treatment). Inconsistent
with this, in Vitamin E supplemented L-thyroxine cotreated group, the
weight of kidney was significantly reduced, and the trend was also to
become normal. However, in the Vitamin E supplemented group, kidney
weight was almost at normal or at euthyroid level (Table 1).

LPO level in liver and kidney

LPO level was significantly increased (p<0.05) in liver and kidney
of L-thyroxine treated rats as compared to their respective control
group (Fig. 1). LPO level in those organs was found to be ameliorated
significantly in L-thyroxine and Vitamin E coadministered group (Fig. 1).

Antioxidant enzyme activities in liver and kidney

Figs. 2-4 demonstrates antioxidant enzyme activities, namely,
catalase, SOD, and GPx in liver and kidney, respectively. L-thyroxine
administration caused a statistically significant (p<0.05) stimulation in
the activity of SOD and catalase, whereas a decrease in GPx activities
over their respective control values. However, the activities of those
enzymes were almost restored to their normal levels in L-thyroxine
and Vitamin E coadministered groups treated for 15 days and 30 days,
respectively (Figs. 2-4).

Histopathological studies of liver and kidney

Histological assessments performed on studied organs from the
different groups are presented in plates (Plates 1-4). Liver section of
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Fig. 1: (a and b) Changes in lipid peroxidation level in liver and kidney in control, L-thyroxine administered, L-thyroxine and Vitamin
E coadministered and Vitamin E supplemented rats at different durations for 15 days and 30 days, respectively. Values are expressed
as mean * standard deviation, n=6. Those bearing superscripts are significantly different by analysis of variance followed by multiple
comparison t-tests. p<0.05 when compared with 15 days control. ’p<0.05 when compared with 15 days thyroxine-treated group. *p<0.05
when compared with 30 days control. Yp<0.05 when compared with 30 days thyroxine-treated group
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Fig. 2: (a and b) Changes in catalase activities in liver and kidney in control, L-thyroxine administered, L-thyroxine and Vitamin E
coadministered and Vitamin E supplemented rats at different durations for 15 days and 30 days, respectively. Values are expressed
as mean * standard deviation, n=6. Those bearing superscripts are significantly different by analysis of variance followed by multiple
comparison t-tests. p<0.05 when compared with 15 days control. ’p<0.05 when compared with 15 days thyroxine-treated group. *p<0.05
when compared with 30 days control. Yp<0.05 when compared with 30 days thyroxine-treated group

25 9 SOD activity in Liver 359 SOD activity in Kidney
g g N
g 20 £ 20 b ) v
3 L
2 2
2 15 g 15
= -
5 10 o 10
E g
- =
= | =
0 +— L8 ] 0
DControl (150)  ®@ T4 (15D) @ T4+VE (15D) § VE (15D) BControl (150) @ T4 (15D) @ T4+VE (15D) § VE (15D)
E @ Control (30D) @ T4(30D) M  T4+VE (30D) VE (30D) E Control (30D) @ T4(30D) M  T4+VE (30D) VE (30D)

Fig. 3: (a and b) Changes in superoxide dismutase activities in liver and kidney in control, L-thyroxine administered, L-thyroxine and
Vitamin E coadministered and Vitamin E supplemented rats at different durations for 15 days and 30 days, respectively. Values are
expressed as mean * standard deviation, n=6. Those bearing superscripts are significantly different by analysis of variance followed by
multiple comparison t-tests. 2p<0.05 when compared with 15 days control. >p<0.05 when compared with 15 days thyroxine-treated group.
*p<0.05 when compared with 30 days control. Yp<0.05 when compared with 30 days thyroxine-treated group

control rats showed normal liver lobules and central vein, but cellular components should be adequate to protect against oxidative damage.
damage and oval cells accumulation were seen in liver sections in However, the balance may be interrupted when free radical production
L-thyroxine treated group. Renal capsular damage, shrinkage of islarge. Vitamin E is such a kind of antioxidant which scavenges the free
glomerulus and hemolysis were seen in L-thyroxine-treated group, radicals to protect the cells from oxidative damage. In the present study,
but control kidney showed its normal appearance. Liver lobules and it has been found that after L-thyroxine administration, body weight
renal tubular damages were significantly reduced when L-thyroxine was decreased after 15 days treatment, but the diminution was more in
was coadministered with Vitamin E as noted in histological sections of the group treated for longer duration (30 days) post-treatment groups
liver and kidney. Ameliorative changes were much more prominent in (Table 1); while at the same duration, body weight of control group
30 days treatment group as compared to 15 days treatment group. was increased progressively. The result was almost similar with the

earlier observations found by earlier researchers [23,24], where body
DISCUSSION weights were significantly decreased after L-thyroxine administration.

Administration of excess L-thyroxine may lead to the development of
The health benefits of antioxidants have been studied extensively hyperthyroid state in rats. Development of the hyperthyroid state in
in humans and animal models since past few decades. The range of vertebrates elevates basal metabolic rate due to increments in the rate
antioxidant defense systems available within the cell and extracellular of 0, consumption in target tissues [25]. Alterations of thyroid hormone
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Fig. 4: (a and b) Changes in glutathione peroxidase activities in liver and kidney in control, L-thyroxine administered, L- thyroxine and
Vitamin E coadministered and Vitamin E supplemented rats at different durations for 15 days and 30 days, respectively. Values are
expressed as a mean * standard deviation, n=6. Those bearing superscripts are significantly different by analysis of variance followed by
multiple comparison t-tests. 2p<0.05 when compared with 15 days control. >p<0.05 when compared with 15 days thyroxine-treated group.
*p<0.05 when compared with 30 days control. Yp<0.05 when compared with 30 days thyroxine-treated group

Table 1: Changes in body weight and relative kidney weights in control, L-thyroxine administered, L- thyroxine and Vitamin E
coadministered and Vitamin E supplemented rats at different durations for 15 days (A) and 30 days (B), respectively

Groups Duration Body weight (g) (pre-treatment) Body weight (g) (post-treatment) Body weight Relative kidney weight
gain (%) (g/100 g of body weight)
Control A 174.5549.41 190.55+11.27 9.17 0.772+0.02
B 173.33+9.10 198.45+16.21 14.49 0.851+0.12
T, treated A 172.77+9.74 165.22+10.74° -4.37 1.027+0.03?
B (pre-treatment) 161.44+12.19* -8.39 1.145+0.07*
176.22+8.11 (pre-treatment)
T,+VE A 177.33+7.85 (pre-treatment) 168.33+8.55*° -5.08 1.001+0.032
treated
B 175.2148.16 (pre-treatment) 169.78+11.51*Y -3.09 0.975+0.06*Y
Only V, A 172.41+8.22 (pre-treatment) 192.47+8.22% 11.64 0.817+0.02*°
treated
B 174.49+9.47 (pre-treatment) 197.31+£9.29%Y 13.08 0.926+0.06*Y

Values are expressed as mean+SD, n=6. Those bearing superscripts are significantly different by ANOVA followed by multiple comparison t-test. ®p<0.05 when compared
with (A) 15 days control. °p<0.05 when compared with (A) 15 days thyroxine-treated group. *p<0.05 when compared with (B) 30 days control. ¥p<0.05 when compared
with (B) 30 days thyroxine-treated group. SD: Standard deviation, ANOVA: Analysis of variance

and Eosin - stained rat liver sections (400x) showing (a) liver and Eosin - stained rat liver sections (400x) showing (a) liver
section from control animals of 15 days vehicle-treated group. section from control animals of 30 days vehicle-treated group.
(b) Liver section from L-thyroxine treated animals for 15 days. (b) Liver section from L-thyroxine treated animals for 30 days.
(c) Liver section from T, + V_ treated animals for 15 days. (c) Liver section from T, +V_ treated animals for 30 days. (d) Liver
(d) Liver section from only V_ treated animals for 15 days section from only V, treated animals for 30 days
levels can be one of the main physiological modulators of in vivo significantly decreased [27]. The observed decrease in body weight
cellular oxidative stress due to their known effects on mitochondrial could be due to the direct effect of stress on the food intake behavior
respiration [26]. It has also found that L-thyroxine treatment causes of the rats [28]. Stress might have increased the protein catabolism
some short of hazardous effects on different organs which lead and impaired the food consumption during the stress period, thereby
to oxidative stress [11]. During oxidative stress, body weight was causing a decrease in body weight.
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Plate 3: Photomicrographs of paraffin-embedded Hematoxylin
and Eosin - stained rat kidney sections (400x) showing (a) kidney
section from control animals of 15 days vehicle-treated group.
(b) Kidney section from L-thyroxine treated animals for 15 days.
(c) Kidney section from T,+V, treated animals for 15 days.

(d) Kidney section from only V, treated animals for 15 days

Plate 4: Photomicrographs of paraffin-embedded Hematoxylin
and Eosin - stained rat kidney sections (400x) showing (a) kidney
section from control animals of 30 days vehicle-treated group.
(b) Kidney section from L-thyroxine treated animals for 30 days.
(c) Kidney section from T,+V, treated animals for 30 days.

(d) Kidney section from only V, treated animals for 30 days

It has also been found in our experiment that relative kidney weight
was increased significantly in L-thyroxine treated group when
compared with control. It might be due to development of renal
hypertrophy in rats due to L-thyroxine administration. L-thyroxine
administration possibly augmented the generation of stress in kidney,
which is the main cause for the renal hypertrophy. This result is in
agreement with the earlier studies which have reported that renal
hypertrophy takes place after the generation of stress in kidney [29,30].
The mouse kidneys are enlarged after the administration of thyroxine,
and this influence is not mediated through androgens [31]. The
administration of excess thyroxine increased the weight of kidney not
only by direct mechanism but also stimulates the activity of adrenals
indirectly and evokes hyperadrenocorticism which could be related
to the action of adrenocortical steroids on kidney function and kidney
growth [31]. The kidney weight was increased in our experiment due
to the generation of stress by L-thyroxine administration. Vitamin E
acetate coadministration along with L-thyroxine, body weight and
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kidney weight were recovered toward normal range for the extra
protective mechanism of this antioxidant. It has also been reported that
daily supplement of Vitamin E with diet reduces age-related muscular
degeneration [32] which in turn helps in the growth of those organs.
Thus, body weight and weight of the kidney almost regained their
normal size and weight with the increment of the muscle mass after
Vitamin E supplementation along with L- thyroxine.

It has been observed that the use of oxygen as part of the process for
generating metabolic energy produces ROS [33]. Superoxide dismutase
(SOD) and catalase (CAT) together constitute an important defense
against ROS. Catalase catalyzes hydrogen peroxide to water and
oxygen, thus removing the toxic H,0,. SOD catalyzes the conversion
of superoxide anion free radical to H,0, through dismutation
reaction [34]. Inadequate removal of ROS results in oxidative stress
which can damage the biological tissue system [35]. These conditions
determine a higher consumption of cellular antioxidants or inactivation
of antioxidant enzymes, thus inducing oxidative stress [36,37] with
the concomitant increase in hepatic LPO and protein oxidation [25]
along with the increase of SOD and catalase activities [38]. For this
reason, in this study, LPO level along with SOD and catalase in liver
and kidney were significantly raised in L-thyroxine-treated both
the groups under treatment for 15 days and 30 days (Figs. 1-3),
respectively, in contrast, to control group (p<0.05). This data have also
been supported in our earlier study that during L-thyroxine-induced
oxidative stress, SOD and catalase activities were also increased due
to higher consumption of antioxidant enzymes along with increased
LPO [39]. On the other hand, antioxidants may offer resistance against
the oxidative stress by scavenging the free radicals, inhibiting the LPO
or oxidative stress [40].Vitamin E is the most important lipid-soluble
antioxidant in the membrane [41] and blood plasma [42] that acts as
a potent antioxidant in different tissues [43]. It has been reported that
Vitamin E protects the cells against oxidative stress and inhibit the DNA
damage [44]. In this study, it has been observed that LPO, SOD, and
catalase activities in liver and kidney almost regain at this normal level
in L-thyroxine and Vitamin E cotreated group as compared with control
due to its potent antioxidant effects. In one of our earlier study, it has
been reported that Vitamin E acts as an ameliorating agent against the
oxidative stress [45]. Hence, it might be depicted that Vitamin E acetate
supplementation in L-thyroxine-treated rats prevents the adverse toxic
effects of free radicals by inhibiting oxidative stress.

GPx is an important selenium-containing antioxidant enzyme [46]
involved in protection against oxidative stress and uses GSH as a
substrate. GSH participates in amino acid transport through the plasma
membrane, scavenges hydroxyl radical and singlet oxygen directly,
detoxifying hydrogen peroxide, and lipid peroxides by the catalytic
action of GPx [47]. GPx is also a free radical scavenging enzyme and
known to inactivate LPO reactions and oxidative damage [48]. It
inhibits free radical-mediated LPO [49]. Decreased activity of GPx in
L-thyroxine treated group (Fig. 4) as observed in this study might be
due to free radical-mediated inactivation of the enzyme which was
clearly reported by Asayama et al. [50]. At the same, the inactivation
was withdrawn to a certain extent when Vitamin E coadministered with
L-thyroxine. Therefore, after Vitamin E supplementation, GPx activity
was almost normalized during stress [51]. Smoking-induced GPx
activity was restored to normal after Vitamin E supplementation [52].
Thus, Vitamin E supplementation has beneficial effects on hepatic
and renal GPx activities under the influence of exogenous L-thyroxine
exposure.

The microphotographs showed the liver lobules were disintegrated
in L-thyroxine induced groups when compared with control (Plates 1
and 2). Oval cell accumulation occurs in L-thyroxine-treated groups in
liver as observed, shown by arrows, which has also been evidenced by
Roskams et al. [53]. Distorted renal morphology, loss of renal tubular
structure and abnormal lumen were also observed in L-thyroxine-
treated group as a contrast to control group (Plates 3 and 4). In addition,
it has been noted that renal hemolysis occurred in L-thyroxine-treated
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group, as shown by arrows, and this renal morphological alteration
was supported by other authors [54]. Renal morphology was altered
during oxidative stress [55]; in our earlier study, it was found that after
amiodarone exposure (excess iodide containing drug) there developed
oxidative stress that in turn had shrinked glomerulus of renal tubule
and disrupted the architecture of kidney [56]. All these changes were
neutralized when Vitamin E acetate cosupplemented with L-thyroxine.
There are reports that Vitamin E acts as an antioxidant and improve
the histology of male rat liver and kidney following cadmium-induced
toxicity [57]. Sajitha et al. [58] also reported that administration
of Vitamin E has protected the histopathological and biochemical
alterations induced by lead (Pb) intoxication in female Sprague-Dawley
albino rats. Thus, Vitamin E improved the histological changes in
L-thyroxine-induced liver and kidney of the experimental rats acting as
a potent antioxidant.

All the observations as observed in this study may lead to the
conclusion that exogenous L-thyroxine induces oxidative stress in
different organs including liver and kidney, while Vitamin E acetate
supplementation prevents such stress-induced condition to an extent.
As a result, improvement found in the histological structure of those
organs, which further substantiate the beneficial antioxidant properties
of Vitamin E. Pathologically people sometimes expose or treated
with excess L-thyroxine which causes organ toxicity and enzymatic
imbalance. In such condition, supplementation of Vitamin E acetate
regularly reduces these harmful effects on thyroid hormone-sensitive
organs, namely, liver and kidney and may act as a beneficial health
management agent.
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