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Abstract

Background: This work was performed to study the effect
of Quercetin on exercise tolerance in experimental hyperthy-
roidism in male albino rats.

The aim of this work is to study the effect of Quercetin
on exercise tolerance in experimentally induced hyperthyroid
male albino rats.

Methods: 40 male rats were divided into 4 groups 10 rats
each: (I) Euthyroid sedentary (ES), (normal control) group:
Received (0.5ml physiological saline daily Intra-Gastric (IG)
for 3 weeks). (II) Thyrotoxic Sedentary (TS), (thyrotoxic
control) group: Received exogenous thyroxine (T4), eltroxin
(50mg tablet) for induction of thyrotoxicosis in increasing
doses (50« g to reach 200« g/kg body weight daily by (IG)
administration, for 3 weeks. The rats were given 50 « g/kg
daily during the first week, 100« g /kg daily during the second
week and 200« g/kg daily during third week. (III) Thyrotoxic
adapted (TA) group: Received eltroxin in increasing doses
(50 g to reach 200« g/kg body weight daily 1G) for 3weeks,
as (TS) group. (IV) Quercetin Treated Thyrotoxic Adapted
(QTTA) group: Received eltroxin (50« g to reach 200« g/kg
body weight daily 1G) for 3weeks, they received also quercetin
at a dose of 25mg/kg, IG on alternate days throughout the
experimental period. These animals received the dose of
quercetin within 2 hours before submission to the Maximal
Swimming Time test (MST). All animals were submitted to
MST after induction of thyrotoxicosis. However, the animals
of group III, and group IV were submitted to the test after
performing swim session adaptation for 2 days before doing
the test.

Results: At the end of the experimental period all thyro-
toxic groups showed significant decrease in total body weight
compared to control group, at the same time, TS and TA
groups showed significant decrease in relative liver weight,
relative thyroid weight, and relative epididymal pad of fat
weight compared to control group, while, QTTA group showed
insignificant change compared to control group, but it showed
significant increase compared to TS and TA groups. All
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thyrotoxic groups also showed significant increase in serum
T3, T4 level, and significant decrease in serum TSH level
compared to control group. On the other hand, all thyrotoxic
groups showed a significant increase in liver, skeletal muscle
MDA, and catalase compared to control group, while TA
group showed significant increase in their levels compared
to TS group, however it showed significant decrease in their
levels after quercetin treatment. It also showed significant
decrease in liver and skeletal muscle glycogen in all thyrotoxic
groups compared to control group, similarly, it showed sig-
nificant decrease in TA group compared to TS group, but, it
showed significant increase after quercetin treatment. On the
other hand, TS and TA groups showed a significant decrease
in MST, while QTTA showed insignificant change compared
to control group, TA group also showed significant decrease
compared to TS group, while it showed significant increase
after quercetin treatment.

Conclusion: We concluded that quercetin can improve
exercise intolerance that occurs in hyperthyroidism through
its antioxidant effect.

Key Words: Quercetin — Exercise intolerance — Hyperthy-
roidism.

Introduction

DISTURBED muscle glycogen is the primary
reason for decreased endurance. Biochemical
changes with hyperthyroidism that would favor
enhanced flux through glycolysis may account for
this dependence on glycogen [1]. It has been be-
lieved that hyperthyroidism leads to oxidative
damage of various organs, resulted from an increase
in prooxidant to antioxidants ratio that promotes
accumulation of oxidatively damaged molecules.
It has been well documented that reactive oxygen
species would lead to oxidative damage of biolog-
ical macromolecules, including lipids, proteins,
and DNA, and oxidative stress also influenced to
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the body adipocyte results in decreases of body fat
masses and related body weight decreases [2].

Liver isamajor target organ for thyroid hor-
mone with important biological and medical thyroid
hormones are known as cell metabolism regulators,
being associated with different biological processes.
Thyroid dysfunctions are considered as the most
important endocrinopathies with hyperthyroidism
is recorded to be the most common endocrine
disease in women [3].

Hyperthyroidism is associated with apparent
exercise intolerance, although the mechanism by
which they are linked is still controversial. Thyroid
hormones produce an overall increase in the basal
metabolism of the human body, accompanied by
greater tissue oxygen consumption, owing both to
vasodilation and the concomitant increase in cardiac
output, which are facilitated by enhanced chronotro-
pism and inotropism [4] . In spite of the enhanced
cardiovascular support in hyperthyroidism, dyspnea
and exercise intolerance are common in hyperthy-
roid patients. Several lines of evidence have impli-
cated implications, and serious liver damages
accompanied to the thyroid hormone imbalances
regardless of hyperthyroidism or hypothyroidism
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Quercetin is a naturally occurring flavonoid,
with the highest antioxidant capahility. Quercetin
presents in significant amountsin a variety of plant
foods, and has a broad spectrum of bioactive effects
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Administration of antioxidants was proved to
be beneficial in reversing oxidative stress produced
by exercise, hypothyroidism and cold induced
hyperthyroidism [2]. Deviations from normal thy-
roid function, and the ensuing exercise intolerance,
reguire appropriate medical therapy to attain eu-
thyroid status. So the purpose of this study was to
monitor the potential protective effect of a naturally
occurring flavonoid, Quercetin, on exercise toler-
ancein L-thyroxin treated male ahbino rats, awell-
established experimental model of hyperthyroidism

(3.

Material and M ethods

Animals:

This study was carried out on 40 local strain
male albino rats weighing (150-200g). The rats
were housed in isolated animal cages, fivein each
cage, in astandard animal laboratory room in

Faculty of Medicine Tanta University and had free
access to water and food ad libtium all over the
period of the work, and were kept at room temper-
ature. All procedures were done according to the
Ethical Committee of Tanta University. The work
was done from April 2016 to Nov. 2017.

Chemicals;

- Quercetin preparation: Quercetin was obtained
from Sigma-Aldrish Co as a powder and dissolved
by addition of normal saline.

- Drug preparation: Each tablet of eltroxin was
dissolved in physiological saline, the solution
concentration was (10« g/1ml).

Sudy design:
Rats were divided into four main groups. Each
consisting of 10 animals.

Group |: Euthyroid Sedentary (ES), (normal
control): They received (0.5ml physiological saline
daily Intragastrically (1G) for 3 weeks.

Group II: Thyrotoxic Sedentary (TS), (thyro-
toxic control): They received Eltroxin (50 « g to
reach 200« g/kg body weight daily 1G) for 3 weeks,
(50« g/kg daily during the first week, 100« g/kg
daily during the second week, and 200« g/kg daily
during third week [7].

Group I11: Thyrotoxic Adapted (TA) group:
They received Eltroxin (50« g to reach 200« g/kg
body weight daily IG) for 3 weeks. After induction
of thyrotoxicosis these animals submitted to max-
imal swimming time test [g].

Group IV: Quercetin Treated Thyrotoxic Adapt-
ed (QTTA) group: They received Eltroxin (50« g
to reach 200« g/kg body weight daily 1G) for 3
weeks they received aso Quercetin (25mg/kg, 1G),
within two hours before submission to the maximal
swimming time test, on alternate days throughout
the experimental period [5].

Sample collection and analysis:

All animals were weighed every 3 days starting
one day before Eltroxin till the end of experimental
period. At the end of experimental period, all
animals were anesthetized by diethyl ether, then
the animals were sacrificed by cervical decapitation,
and blood sample will be taken for analysis of
serum total tri-iodithyronine (T3), thyroxine (T4)
concentration and Thyroid Stimulating Hormone
(TSH) were assayed as described by Das et d., [9].
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The liver, the gastrocnemius muscle, thyroid
gland, and epididymal pad of fat were dissected
and weighed then prepared for determination of
glycogen in the liver and skeletal muscle tissue
according to the method described by Russell et
al., [10], liver and skeletal muscle malondialdehyde
(MDA) according to the method described by
Ohkawaet al., [11], liver and skeletal muscle cata-
lase activity according to the method described by
Martin et al., [12], the relative epididymal pad of
fat weights: (mg/g body weight) will be calcul ated
(absolute weight mg/g body weight at sacrifice)
by the method of Johnson et al., [13] and the thyroid
gland and liver relative weights (mg/g body weight)
will be calculated (absolute organ weight mg/g body
weight at sacrifice) according to the method of
Behnkeet al., [14].

Adaptation to water:

The purpose of adaptation to the water was to
reduce water stress without promoting physiological
adaptations to physical training. The adaptation to
the water environment consisted of a 10-min ex-
posure, at atemperature of (35 +1°C) daily, for 2
daysin awater tank (diameter, 40cm; depth, 70cm)
[15].

Exercise tolerance:

Exercise tolerance was indicated by the maximal
swimming time, that was measured as the total
amount of time from the beginning of swimming
with the weights until fatigue (indicated as the rats
could not again return to the surface of the water
10 seconds after sinking [16] .

Maximal Svimming Time (MST) (acute forced
swimming):

Thistest was used to assess the anaerobic phys-
ical capacity under thyrotoxic condition [1].

The maximum swim time in rats subjected to
acute forced swimming was measured by forcing
the animals to swim against load (5% of body
weight) attached ~2 inches from the end of the tail.
The swimming time (in minutes) was measured,
then the animals were helped out of the water and
returned to their home cage for recovery [§].

Satistical analysis:

The data were shown as the mean * standard
deviation. Data from the study were analyzed using
by one-way Analysis of Variance (ANOVA) fol-
lowed by Tukey's test to assess the significance.
The p<0.05 were considered as statistically signif-
icant. Using SPSS for windows (Version 23.0).
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Results

Effect of thyroid status on body weight and
relative organs weight:

Biochemical results from the present work re-
vealed that, all thyrotoxic groups showed significant
decrease in the total body weight when compared
to control group, while thyrotoxic sedentary, and
thyrotoxic adapted groups showed significant de-
crease in relative weights of liver, thyroid, and
epididymal pad of fat when compared to control
group. However, quercetin treated thyrotoxic adapted
group, showed insignificant change when compared
to control group, but it showed significant increase
when compared to thyrotoxic sedentary, and thyro-
toxic adapted groups. As showed in (Table 1) and

Fig. (1).

Thyroid hormones levels (T3, T4and TSH in all
studied group:

Asshowed in (Table 2) & Fig. (2): There were
significant increase in serum T3, and T4 levelsin
all thyrotoxic groups, but significant decrease in
serum TSH level when compared to control group.

Liver and skeletal muscle MDA and catalase
levelsin all studied groups:

As presented in (Table 3), Fig. (3): The result
showed that all thyrotoxic groups showed a signif-
icant increase in liver and skeletal muscle MDA,
and catalase levels when compared to control group.
While thyrotoxic adapted group showed significant
increase in their levels when compared to thyrotoxic
sedentary group. However it showed significant
decrease in their levels after Quercetin treatment.

Liver and skeletal muscle glycogen levelsin all
studied groups:

Table (4) & Fig. (4) showed that there were
significant decrease in liver and skeletal muscle
glycogen levelsin all thyrotoxic groups when com-
pared to control group. Similarly, they showed
significant decrease in thyrotoxic adapted group
when compared to thyrotoxic sedentary group, but,
they showed significant increase after quercetin
treatment.

Maximal swimming timein all studied groups:

As showed in Fig. (5), the thyrotoxic sedentary
and thyrotoxic adapted groups showed a significant
decrease in maximal swimming time, while quercetin
treated thyrotoxic adapted showed insignificant
change when compared to control group. At the
same time thyrotoxic adapted group showed signif-
icant decrease when compared to thyrotoxic seden-
tary group, while it showed significant increase after
guercetin treatment.
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Table (1): Effect of thyroid status on body weight and relative organs weight.

Group (1) Group (I1) Group (I11) Group (IV)
Body weight (g):
Initial weight 169.5£8.32  179.5+14.62 1795+1117  172+15.49
Final weight 184+9.37 104.5+ 10.66* 96+ 12.65# 97+7.89&
Relative liver weight (mg/g) 3.76+£0.39 2.21+0.31* 2.21+0.28* 3.57+0.47#&
Relative thyroid weight (mg/g) 3.11+0.203  25+0.27* 2.46+0.31* 3.01+0.28#&
Relative epididymal pad of fat weight (mg/g) 143+0.12 0.58+0.07* 0.59+0.05* 141+0.17#&

* p<0.05 vs. initial weight in group |.
# p<0.05 vs. initial weight in group I11.
& : p<0.05 vs. initial weight in group 1V.

Table (2): Tota serum T3 (ng/ml), T4) ( po/ml) and serum TSH ( gllLL&l) in all studied groups.

Group (1) Group (I1) Group (I11) Group (1V)
Total serum T3 (ng/ml). 0.49+0.04 1.52+0.06* 1.49+0.04* 1.48+£0.03*
Total serum T4 (T4) ( poloal). 39.43+3.24 152.34+7.23* 152.83+£5.43* 149.32+3.29*
SerumTSH) ( glUaml). 1.55+0.03 0.55+0.07* 0.53+0.06* 0.53+0.06*

*: p<0.05 vs. group I.

Table (3): Liver and skeletal muscle MDA and catalase levelsin al studied groups.

Group (1) Group (I1) Group (111) Group (1V)
Liver MDA (nmol/g). 1.54+0.08 2.94+0.16* 3.76+£0.09*# 2.77£0.12* #&
Skeletal muscle MDA (nmol/g). 0.35+0.01 0.44+0.02* 0.52+£0.04*# 0.40£0.01*#&
Liver catalase (U/G). 0.021+0.0015 0.034+£0.00 1 0* 0.039+£0.0002* # 0.031+£0.0007* #&

Skeletal muscle catalase (U/G). 0.041+0.0008 0.046+0.0014* 0.049+0.0011*# 0.042+0.00 12*#&

* 1 p<0.05 vs. group I.
# Pp<0.05 vs. initial weight in group I11.
& : p<0.05 vs. group IV.

Table (4): Liver and skeletal muscle glycogen levelsin all studied groups.

Group (1) Group (I1) Group (I11) Adapted Group (1V)
Liver glycogen ( pg)-a 27.97+0.51 15.45+0.68* 13.42+0.49* # 19.15+ 1.14*#&
Skeletal muscle glycogen (pgla  3.02+0.18 1.96+0.02* 1.60+£0.07*# 2.30+0.09*#&
* 1 p<0.05 vs. group I.
# Pp<0.05 vs. initial weight in group I11.
& : p<0.05 vs. group IV.
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Fig. (2): Total serum T3 (ng/ml), T4) ( pe/nll), and serum TSH
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0
Control ~ Thyrotoxic Thyrotoxic Quercetin
group | sedentary adapted treated
group II group III thyrotox
adapted
group IV
*: p<0.05 vs. group L.
=20
£ #&
E 8
o 16 *
E 14
on #
g 12
g 10
E 8
)
g 4
.5 )
=0 . . .
Control ~ Thyrotoxic Thyrotoxic  Quercetin
group | sedentary  adapted treated
group II group 111 thyrotox
adapted
group IV

Fig. (5): Maximal swimming time (min) in all studied groups.

*: p<0.05 vs. initial weight in group 1.
&: p<0.05 vs. group IV.

#: p<0.05 vs. group III.

Discussion

The results of the present work revealed that
all thyrotoxic groups showed significant decrease
in the total body weight when compared to control
group. While in thyrotoxic sedentary, and thyrotoxic
adapted groups the relative liver weight, the relative
thyroid weight, and the relative epididymal pad of
fat weight showed significant decrease when com-
pared to control group.

The significant decrease in total body weight,
and relative organ weights is in agreement with
the study of Peterson, et al., [17] who showed
decrease in total body weight, the relative liver
weight, the relative thyroid weight, and the relative
epididymal pad of fat weight after induction of
thyrotoxicosis.

The decrement in body weight could be ex-
plained by that hyperthyroidism accelerates the

#: p<0.05 vs. group III.

&: p<0.05 vs. group IV.

whole body protein turnover and catabolizes muscle
tissue. This leads to muscle mass loss, which has
long been known as an important clinical feature
in thyrotoxic patients [18]. Another mechanism is
reported by Mittag, et al. [19] who stated that
hyperthyroidism exerts an important catabolic
effects on adipose tissue. Thyroid Hormones (THs)
stimulate both lipolysis and lipogenesis, however
when their levels are increased, the net effect is
fat loss. THs stimulate BMR by increasing produc-
tion of ATP for metabolic processes and by gener-
ating and maintaining ion gradients. THs stimulate
metabolic cycles including glucose, fat, and protein
catabolism and anabolism, but these are little
contributions to BMR [20]. THs affect key metabolic
pathways that control energy balance by regulating
the energy storage and expenditure. THs control
metabolism primarily through their actions in the
liver, skeletal muscle, white fat, brown fat, brain
and pancreas [21].

Weight loss in patients with hyperthyroidism
may be due to exaggerated thermogenesis that
mediated by uncoupling of the oxidative phospho-
rylation caused by THs [22]. Weight loss in spite
of increasing hunger can be contributed to the fact
that either the calorie intake was not sufficient to
tide over the exaggerated (BMR), or some other
factors like adipocytokines might be mediating the
weight loss that occurs in hyperthyroid patients
[23].

However, quercetin treated thyrotoxic adapted
group showed insignificant change in relative organ
weights when compared to control group, but it
showed significant increase when compared to
thyrotoxic sedentary, and thyrotoxic adapted
groups. The increase in relative organ weight after
quercetin treatment explained by Lekic, et al. [24]
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who stated that flavonoids including quercetin
have an important ameliorating effect on the hyper-
thyroidism and related organ damages caused by
eltroxin, through their antioxidant effects.

The result also showed significant increase in
serum T3 & T4 levels, with significant decrease
in serum TSH level in thyrotoxic sedentary, thyro-
toxic adapted, and quercetin treated thyrotoxic
trained groups when compared to control group.
Thisis explained by Bowers, et al., [25] who stated
that hypothalalmic pituitary thyroid axis mainly
acts to keep normal circulating level of THs that
isimportant for the biological function of all body
tissues including cardiovascular regulation, liver
function, brain development, bone, food intake,
and energy expenditure between many others.

The result showed a significant increase in
liver, skeletal muscle MDA, and catalasein al
thyrotoxic groups when compared to euothyroid
group. THs are the most important regulator of the
oxidative metabolism and basal metabolic state.
However, when their levels increase in hyperthy-
roidism they cause increase oxygen consumption,
mitochondrial respiratory chain dysfunction, ele-
vation of intracellular ATP consumption, and in-
creased production of ROS. The extent of oxidative
stress produced by THs differs widely between
tissues, with the largest effects on the cell types
which are more responsive to THs such as red
oxidative muscle fibers, liver, heart, and lymphoid
tissue [26] .

The results also showed a significant increase
inliver, skeletal MDA and catalase level in thyro-
toxic adapted group when compared to thyrotoxic
sedentary group. There are various mechanisms of
intracellular and extracellular Reactive Oxygen
Species (ROS) production in skeletal muscle during
exercise. The primary mechanisms include NADPH
oxidase, xanthine oxidase, NO synthase, and ara-
chidonic acid release from cell membranes by
phospholipase A2, whereas mitochondrial electron
leak is suggested to contribute only during muscular
contraction [27].

The result also showed significant decreasein
liver, skeletal MDA and catalase level after quer-
cetin treatment. Quercetin reduces tissue injury
caused by oxidative stress by interfering with
inducible nitric oxide (NO) synthase activity. The
higher concentration of NO produced by NO syn-
thase in macrophages can cause oxidative damage.
S0, the activated macrophages increase their simul-
taneous production of both nitric oxide and super-
oxide anions. NO reacts with free radicals, produc-
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ing high damaging peroxynitrite. Peroxynitrite can
oxidize LDLs causing irreversible cell membranes
damage. Quercetin causes scavenging of free rad-
icals; therefore can no longer react with (NO),
causing little damage. NO may be viewed as radical
itself and can directly be scavenged by flavonoids
[29].

Konrad, et al. [29] reported that quercetin has
an enzyme inhibitory action that extends to phos-
pholipases which catalyses the release of arachi-
donic acid from cell membranes phospholipids.
Arachidonic acid considered as a key substrate for
substances such as leukotrienes, thromboxane, and
inflammatory prostaglandins. Quercetin inhibits
Lipooxygenase and cyclooxygenase that catalyses
the conversion of arachidonic acid to its metabo-
lites.

The present work also showed a significant
decrease in liver, and skeletal muscle glycogen in
thyrotoxic sedentary, thyrotoxic adapted, quercetin
treated groups when compared to control group.

Liver and skeletal muscles are the principal
regulators of peripheral glucose homeostasis. The
hyper-metabolic state of hyperthyroidism needs
an increase in glucose metabolism for additional
energy supply to the muscle. During thyrotoxicosis,
insulin in muscle tissue cannot stimulate glycogen
synthesis properly, resulting in an overall depletion
of glycogen store. So the skeletal muscle glucose
use is €elevated to overcome the reduction in gly-
cogen stores aiming to increases in oxidative and
non-oxidative metabolic pathways [23].

Flamant, et al. [30] has been reported that in
hyperthyroidism, the increased rates of glycolysis
in skeletal muscle will lead to increased plasma
lactate concentrations, increasing Cori-cycle activ-
ity. Increased Cori-cycle activity would consume
alarge amount of energy, since the resynthesis of
glucose in the liver needs the expenditure of large
amount of ATP than is produced from glycolysis
in muscle.

The result also showed significant decrease in
thyrotoxic adapted group when compared to thy-
rotoxic sedentary group. Muscle glycogen is rec-
ognized as the primary fuel source for the sustained
contractile activity in human skeletal muscle.
Muscle glycogen content is related to the physio-
logical statusit is degraded during exercise and
re-synthesized during the periods of recovery [31].

While the results showed significant increase
in liver and muscle glycogen in quercetin treated
thyrotoxic adapted group when compared to thy-
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rotoxic adapted group. Quercetin modulates insulin
sensitivity by up-regulating the expressions of
glucose transporter and insulin receptor, also by
inducing the glucose metabolism in peripheral
tissues [32].

Zheng, et a. [33] reported that quercetin stimu-
lated glucose uptake in cultured skeletal muscle
by an insulin-independent mechanism including
adenosine mono-phosphate-activated protein kinase
(AMPK). AMPK is considered a key regulator of
energy homeostasis of the whole body. AMPK
activation of in primary culture of hepatocytes was
shown to decrease the gene expression of glucone-
ogenesis enzymes and to inhibit hepatic glucose
output. Hence, quercetin has the potential to de-
crease glucose production by liver. Finaly, decreas-
ing liver gluconeogenesis, glucose production by
liver can also be improved by increasing the storage
of glucose in the form of glycogen [34].

The results reveaed that the thyrotoxic seden-
tary, thyrotoxic adapted groups showed a significant
decrease in MST, while quercetin treated thyrotoxic
adapted showed insignificant change when com-
pared to control group. One of the primary effects
of thyroid dysfunction is decrease tolerance to
physical exercise, due to itsimplications including
cardiovascular systems and the skeletal muscle.
Thisinterferes directly in the ability of patientsto
perform the daily activities, so decreasing his
quality of life [35]. Cardiac ATPase composed of
two heavy-chain proteins, apha (a) and beta (b),
and this enzyme isinvolved in the energy produc-
tion for cells. The (a) chain has a high ability to
dephosphorylate ATP, while the (b) chain has a
low ability. The expression of the a-chain gene
increases in the presence of TH, so it improves the
contractility of myocardium. However, thisim-
provement in contractile force occurs only with
dlight elevation of TH level, as excessive levels of
it induce catalysis of the contractile protein. So
the hyperthyroid patients have exercise intolerance
[26].

Various metabolic changes may be noticed in
both hypothyroid and hyperthyroid patients. In
hypothyroid state, fatigue is related to decreased
action of THs. In the latter, the cause is mainly
depletion of muscle energy substrate due to high
metabolic demand [36].

The results a so showed significant decrease
in MST in thyrotoxic adapted group when compared
to thyrotoxic sedentary group. Nathan, et al. [37]
has demonstrated that exhaustive exercise causes
oxidative stress, inflammatory response, and struc-

tural damage to muscle cells, evidenced by an
increase in the plasma activity of cytosolic enzymes,
namely, Lactic Dehydrogenase (LDH) and Creatine
Kinase (CK), so antioxidant supplementation such
as guercetin seems to be a strategy to reduce or
prevent tissues damage in active muscles.

Another study explained that quercetin can
improve glycolytic flux, this demonstrated by its
effect on blood lactate immediately after exhaus-
tion. The elevated blood lactate level s were con-
sidered an indication of enhanced glycolysis and
lactate production in the skeletal muscle. There
are other possible causes could result in an in-
creased lactate production as psycho-stimulant
effects of quercetin might increase effort at high
intensities [39].

Conclusion:

These findings highlight that Quercetin has
antioxidant capability which attenuates the oxida
tive stress produced by both exercise and the in-
duced hyperthyroidism. So we may useit asa
protective drug in exercise intolerance that occurs
in hyperthyroidism.
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