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Effects of thyroid hormone supplementation on oxidative
stress after sleeve gastrectomy in rats
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Abstract

Aim: Sleeve gastrectomy has been used for the surgical treatment of morbid obesity. The aim of the present study was to determine
the effects of triiodothyronine supplementation on oxidative stress parameters in anastomotic tissue level.

Material and Methods: Twenty-four male Wistar albino rats were divided into control (n:12), and experimental (n:12) groups and
underwent sleeve gastrectomy. Experimental group rats received a single dose of triiodothyronine (400 mg/100 g) in the operation
day. Rats were sacrificed on postoperative day 7. Serum thyroid hormones were analysed. The supernatants were used to measure
total oxidant status, total antioxidant status, nitric oxide and malondialdehyde levels. All tissue parameters were analysed by
spectrophotometric methods. Oxidative stress index values were calculated.

Results: Thyroid stimulating hormone levels in both the control and triiodothyronine group did not significantly change on the 7th
postoperative day (p=0.663). Free triiodothyronine levels were significantly higher in triiodothyronine group rats than in control group
rats (triiodothyronine vs control: p=0.004). Although total oxidant status levels did not altered by thyroid hormone treatment (p>0.05),
total antioxidant status levels significantly decreased (p<0.05). Oxidative stress index values were not statistically different in tissues
(p>0.05). Tissue nitric oxide levels were also similar in both groups (p>0.05). Malondialdehyde levels increased in triiodothyronine
given rats compared with the control group (p<0.01).

Conclusion: This study showed that total oxidant status levels and oxidative stress index values were similar in both groups. However,
trilodothyronine supplementation induced lipid peroxidation by increasing tissue malondialdehyde levels that might deplete tissue
antioxidant level.
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INTRODUCTION

Morbid obesity is a well known cause of inflammatory
changes and oxidative stress with many clinical
complications (1,2). Sleeve gastrectomy is a surgical
option that is used for achieving appropriate weight loss
and improving the inflammatory profile in obesity (3,4).

Reactive oxygen species play role as an oxidizing agents
and lead to detrimental effects on macromolecules in
the cells which is known as oxidative stress (2,5-7).
Reactive oxygen species production directly linked to
metabolic effects of thyroid hormones which increase the
rate of many reactions in the cells (8). Respiratory rate
stimulation lead to more and more reactive oxygen species
production (9,10). This effect of thyroid hormones results

in change of cell antioxidant status and promote reactive
oxygen species production (11,12). The increase in thyroid
hormone levels has been shown to convert the structure
of membrane phospholipids (13,14). Unsaturation of
fatty acids of membrane phospholipids makes them
more susceptible to free radical attacks (15). However,
iodine compounds of thyroid hormones can also reduce
oxidative damage due to their molecular structure (16).
The effects of thyroid hormones in stress response and
sleeve gastrectomy has been demonstrated in previous
studies (17).

The purpose of this study was to scrutinise the effects of
triiodothyronine (T3) supplementation on oxidative stress
parameters in anastomotic tissue level.
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MATERIAL and METHODS

Twenty-four male Wistar albino rats weighing from 300
to 350 g were used, according to a protocol reviewed
and approved by the ethical board of Istanbul University
School of Medicine, Istanbul. The study was performed in
the Istanbul University Aziz Sancar Experimental Medicine
Research Institute and Istanbul Medeniyet University
Biochemistry Laboratories. All animals were managed in
accordance with the recommendations of the National
Institute of Health Guidelines for the Care and Use of
Laboratory Animals.

Animals and Experimental Design
The rats were randomized into two groups: Control (n=12),
Experiment (n=12) group.

Surgical Procedures and Postoperative Treatment

The animals were housed under controlled conditions.
Surgical procedure and postoperative treatments were
performed as described by Orman, et al. (18). Briefly;
rats were kept in 6 hour fasting period. Antibiotherapy
prophylaxis with Ceftriaxone 30 mg/kg was performed
before incision. Aseptic conditions were provided before
anesthesia. Stomach was exposed after midline incision.
Sleeve gastrectomy was carried out after defining the area
for resection (approximately, 70% of the stomach) with
vascular forceps to include most of the fundus (Figure 1).
The gastrorrhaphy was carried out using an invaginating
continuous hand-sewn suture. The laparotomy was
closed in single-plane. After postoperative treatment rats
were sacrificed on the 7™ postoperative day.

Figure 1. Image of sleeve gastrectomy; 70% of stomach was
resected

Biochemical analyses
Manufacturers' protocols were followed for the
measurement of samples. In T3 group, a single dose of

400 mg/100 g of T3 hormone (T2752; Sigma, St. Louis,
MO, USA) was given subcutaneously in the operative day,
whereas 400 mg/100 g 0.9 % NaCl was given to the control
group in the same manner. To obtain serum samples for
measuring TSH, FT3, and FT4, rat blood samples were
collected. Serum thyroid stimulating hormone (TSH),
free T3 (FT3), and free thyroxine (FT4) were analysed by
using by a Rat TSH ELISA kit (Elabscience Biotechnology
Co., Ltd, WuHan, PR.C.). Each tissue was homogenized
in ice-cold PBS (pH: 7.4) and centrifuged at 2,000 rpm for
20 minutes at 4°C to avoid contamination with cellular
debris. The supernatants were used to measure total
oxidant status, total antioxidant status, nitric oxide and
malondialdehyde levels. All tissue parameters were
analysed by spectrophotometric methods. Oxidative
stress index values were calculated.

Statistical Analysis

The Number Cruncher Statistical System 2007 (NCSS,
Kaysville, UT, USA) program was used for statistical
analysis. When evaluating the study data, Mann Whitney U
test was used to compare descriptive statistical methods
(Mean, Standard Deviation, Median, Minimum, Maximum)
as well as the two groups of variables that did not show
normal distribution in the comparison of the quantitative
data. A p value of <0.05 was considered statistically
significant.

RESULTS

Although tissue total oxidant status levels did not
altered by thyroid hormone treatment (p=0.083; p>0.05),
total antioxidant status levels significantly decreased
(p=0.026; p<0.05). Oxidative stress index values were
not statistically different in tissues (p=0.322; p>0.05).
Tissue nitric oxide levels were also similar in both groups
(p=0.137; p>0.05). Malondialdehyde levels increased in
T3 given rats compared with the control group (p=0,002;
p<0.01) (Table 1).

Table 1. Comparison of TAS, TOS, NO, MDA ve 0SlI levels

Control Experiment P

TAS Min-Max 1.25-1.61 1.28-2 0.026*
(nmol/mg)

MeantSD  1.4440.14 1.67+0.25
TAS Min-Max  78.75-294.3  183.46-325.07 0.083
(nmol/mg)

MeantSD  194.38+73.06 250.31+47.4
NO Min-Max 10.02-31.27 9.48-23.99 0.137
(nmol/mg)

Mean+SD  20.3417.61 15.443.96
MDA Min-Max 3.04-7.28 1.31-6.06 0.002*
(nmol/mg)

MeantSD  5.43+1.69 2.66%1.35
oS Min-Max 62.9-186.4 102.2-183.55 0.322

MeantSD  132.21+41.3 151.01+23.31

2Mann Whitney U Test, TAS: Total Antioxidant Status, TOS: Total Oxidant

Status, NO: Nitric Oxide, MDA: Malondialdehyde, OSI: Oxidative Stress
Index, ‘p<0.05, *p<0.01
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TSH levels in both the control and T3 group did not
significantly change onthe 7t postoperative day (p=0.663).
FT3 levels were significantly higher in T3 group rats than
in control group rats (T3 vs control: p=0.004).

DISCUSSION

Instability between reactive oxygen species and
antioxidant systems results in oxidative stress and
cell injury. Although reactive oxygen species plays
physiological functions in the cell, they can also react with
cell components and can cause oxidative damage (19).
Circulating parameters of oxidative stress were evaluated
in previous studies (20,21).

Obesity is a well known cause of oxidative stress
(1,2). Adipocytes aggregate during morbid obesity
and reduce blood flow. Hypoxia is inevitable under
these circumstances. This process triggers the pro-
inflammatuary cycle between adipocytes and monocytes
(22). The releases of cytokines induce more reactive
oxygen species production. Many pathological conditions
alongside with obesity, such as cardiovascular diseases
and other inflammatory processes are the results of
reactive oxygen species induced oxidative stress (5, 23).

Thyroid hormones play crucial role in stress response.
Their metabolic effects on anastomotic healing were
studied before (17-25). T3 activates respiratory genes in
the cells and increase the production of reactive oxygen
species which leads to activation of the transcription
factors. As a response, cytokines trigger the expression
of antioxidant enzymes (26). Another effect of thyroid
hormones is improving the lipid peroxidation (27). Early
and late recovery of cardiac functions after myocardial
infarction and improvement after liver and renal surgery
is strongly associated with correction of T3 levels (28,
29). The role of thyroid hormones in wound healing
has been widely investigated. Although contradictory
results have been reported, in general, its utility seems
to be out-weighted (30,31). Both hypothyroidism and
hyperthyroidism have role in oxidative stress (32). Thyroid
hormones change the lipid composition of rat tissues and
therefore results in oxidative stress (33). A slightly lower
thyroid tone seems to exert some kind of protective effects,
probably related to reduce oxidative stress (34). It is well
known that hypothyroidism related oxidative stress in
the clinical course of cardiovascular diseases. In a study;
patients with primary hypothyroidism was with elevated
nitric oxide and malondialdehyde levels, while superoxide
dismutase was not different from controls (35-37).

In this study, we used 400 mg/100 g of T3 as the treatment
dose (38,39). There was a significant decrease in FT4
levels in the T3 group compatible with other studies. This
finding may be related to the overdose of exogenous T3,
which may have a negative feedback mechanism on T4
(40,41).

We observed an improvement in the antioxidant capability
and a decrease of total antioxidant status and increase
of malondialdehyde levels after T3 usage in sleeve

gastrectomy surgery. Although total oxidant status levels
and oxidative stress index values were similar in both
groups, T3 supplementation induced lipid peroxidation
by increasing tissue malondialdehyde levels that might
deplete tissue antioxidant level. It seems thyroid hormone
replacement therapy have strengthening and protecting
affects on the sleeve gastrectomy cut surface line
regarding the results of this experimental oxidative stress
study's outcomes.

The present study has some limitations. The effect of
thyroid hormone therapy on oxidative stress after long
term results of weight loss could not be studied. T3
supplementation seems to play a crucial role in oxidative
stress. Despite these confines, our results are encouraging
and provide a new perspective in this field for future
experimental studies.

CONCLUSION

Thyroid hormones have important role in the regulation of
oxidative stress systems. It will be better to understand
and clarify the molecular mechanisms associated
with thyroid hormone therapies and oxidative stress.
Appropriate treatments with best patient selection may be
possible after replacement therapies.
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