Sport and Fitness Journal
E-ISSN: 2654-9182 Volume 12, No.1, January 2024: 1-8

EFFECT OF RESISTANCE EXERCISE IN INCREASING ENZYME
SUPEROXIDE DISMUTASE AND GLUTATHIONE PEROXIDASE IN
SKELETAL MUSCLE: A LITERATURE REVIEW

Liowina Hokky*", Ditha Subagiantara®, EIIisaZKoeswantol, Indira Juhanna?, Adiartha
Griadhi
'Biomedical Anti Aging Medicine Magister Program, Faculty of Medicine, Universitas
Udayana, Denpasar, Bali, Indonesia.
’Department of Physiology, Faculty of Medicine, Universitas Udayana, 80234, Denpasar,

Bali, Indonesia.
Email: eugenia.lidwina@yahoo.com

ABSTRACT

Free radicals are produced by skeletal muscles during contraction. Endurance exercise was known to
increase the expression of antioxidant enzymes. It is difficult to investigate resistance exercise due to
the complex protocol to make the model of resistance exercise. In this review, we would like to
concisely explain the effect of resistance exercise in increasing the activity of the antioxidant enzyme.
We performed literature searches in several online databases such as PubMed, EMBASE, CENTRAL,
and Google Scholar. We performed searching using keywords (resistance exercise) AND (antioxidant
enzyme) to find eligible literature. We create a narrative review to discuss the role of resistance
exercise in antioxidant enzymes. There were six articles included in this review. There were three
articles that reported that resistance exercise increase enzyme glutathione peroxidase. There were five
articles that reported an increase in enzyme superoxide dismutase. One article reported no difference
in Trx expression after resistance exercise. The duration of exercise was ranging from six to 21
weeks. Duration of 12 weeks was reported in three articles and duration of six, eight, and 21 weeks
were reported in one article for each duration. Resistance exercise enhances the expression of the
antioxidant enzymes, especially glutathione peroxidase and SOD.
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INTRODUCTION

The discovery of superoxide dismutase (SOD) acts as the root of the advancement of free
radical biology research. SOD is found widespread in human tissue which shows the essential
function of this enzyme to protect the cell from the damaging effect of superoxide radicals.* Besides
SOD, there are other enzymes that also act as an antioxidant that plays a role in eliminating free
radicals to protect the cells.
The skeletal muscles increase the production of reactive oxygen species (ROS) during contraction.’
However, the contraction of the skeletal muscle also enhances the expression and activities of several
enzymes that eliminate ROS.? Exercise like endurance exercise is reported to enhance the activities of
several enzymes, such as SOD, glutathione peroxidase, and catalase which act as antioxidants.*® On
the other hand, research investigating resistance exercise is limited and inconclusive due to the
difficulty of performing a model of resistance exercise. Regarding resistance exercise, there are
several research showing the role of resistance exercise in affecting the expression and activity of
antioxidant enzymes. In this review, we would like to concisely explain the role of resistance exercise
in increasing the expression of these enzymes.

METHODS

This was a narrative literature review study. Eligibility criteria were generated based on the
PICO framework. The population was adult males and females; the interest was resistance exercise;
the comparator was any comparator; and the outcome was the expression and activity of the
antioxidant enzymes following exercise. Based on the PICO framework, the keywords in this review
were (resistance exercise) AND (antioxidant enzyme) to perform literature searching. The online
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databases were PubMed, EMBASE, CENTRAL, and Google Scholar. We included studies comparing
resistance exercise and reported the expression and activity of antioxidant enzymes which were
published in English. There was no restriction regarding the year of publication. The findings were
narratively elaborated.

The initial literature search using predefined keywords result in 500 articles. After we
removed the duplicate articles, we performed title and abstract screening of these 500 articles. There
were eight articles that were eligible based on title and abstract screening. However, two articles were

excluded due to animal studies. Therefore, we obtained six articles that were eligible for this review.

RESULTS

As can be seen in Table 1, we provided a summary of the findings of included articles.

Table 1. Summary of findings of included articles

Author Sample Intervention Result
Brinkmann,  Sixteen non-insulin  Resistance exercise Resistance exercise twice a
etal. dependent overweight/obese included: leg presses, leg week for 3 months did not

and untrained type 2 diabetic extensions, lat pull-downs, alter PRDX1, 2, 3, 4, 6 in the

men, who declared to be free chest presses, abdominal skeletal muscle of type 2

of diabetic nephropathy, crunches, back extensions, diabetes mellitus patients, but

neuropathy, retinopathy and seated rows. significantly increased SOD2

cardiovascular (165.9%), GPX1 (162.4%),

complications. PRDX5 (137.5%), and HSP70
(148.5%).

Valls, etal.  Twenty-eight volunteers 12 weeks of explosive-type Resistance exercise caused a
were randomly assigned to resistance exercise, two days significant decrease of TrxR1
either control or trained per week on alternative in the training group (PRE vs.
groups. The average age was days. The kind of resistance POST: TrxRI1/B-actin ratio,
72+ 1. exercise were leg curl, leg 0.61+0.06 Vs.

extension, chest press, low 0.28+0.07,p<0.05), while
row, countermovement jump no change of Trx1 and Trx2
power, 6 meters walking, 6 expressions (p>0.05).

meters walking loaded, stair-

climbing, stair-climbing

loaded

Garcia- Thirty-two healthy middle- The 21-week whole-body mMRNA levels of catalase,

Lopez, etal. aged men. None of them had resistance  exercise ~was glutathione peroxidase (GPx),
any background in resistance carried out, under mitochondrial superoxide
exercise and not taking any supervision, twice a week, dismutase (MnSOD) and
medication known to affect with a special emphasis on cytosolic superoxide
hormonal or  metabolic the lower body. Therefore, dismutase (CuzZnSOD) were
responses to exercise. each exercise session increased after 21 weeks of

included two exercises for resistance exercise.
the leg extensor muscles and
one exercise for the leg
flexors.
Mesquita, et Thirteen males aged 64 = 9 Full-body resistance exercise Resistance exercise
al. years. twice a week for 6 weeks. significantly increased the
Each session was composed mMRNA expression of all
of leg press, leg extensions, assayed antioxidants

leg curls, barbell bench

press, cable pulldowns.

(SOD1:p= 0.018, 95% CI
(0.22, 1.82); SOD2: p = 0.027,
95% CI (0.10, 1.28); CAT: p =
0.032, 95% CI (0.07, 1.13);
GPx-1:p= 0.022, 95% ClI
(0.10, 1.59)) except for GSR,
which presented a trend to
increase but did not reach
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statistical significance (p=
0.092, 95% CI (—0.11, 1.12)).
Parise,etal. Twelve men with the Resistance exercise was Resistance exercise resulted
average age of 71.2 + 6.5 performed three times in a significant increase in
years, with an average Wweekly on non-consecutive CuzZnSOD (pre—7.2 + 4.2,
weight of 88.8 + 11.3 kg, an days  for 12 weeks. post—12.6 + 5.6; p = 0.02)
average height of 147.7 + Resistance exercise for each and catalase (pre—8.2 + 2.3,
4.8 cm, and an average body ~Session consisted of 3 sets of po5t 149 + 7.6; p = 0.02)
fat of 21.4 + 3.6%. 10  repetitions each of i not MNSOD activity.
unilateral leg press and leg
extension.
Azizbeigi, et Thirty untrained males with The resistance exercise SOD significantly increased
al. no experience of formal protocol was performed with by 9.54% (p=0.032). The
physical activity volunteered progressive loading three MDA  level significantly
to participate in this study times/week on decreased by 32% in the
and were assigned to one of nonconsecutive days for 8 resistance group (p = 0.025)
three homogeneous groups: weeks, and included circuit
resistance (n=10), training. The movements
endurance (n=10), and included were chest press,
concurrent (n = 10). lateral pull down, leg
extension and flexion, biceps
and triceps curl, squat, and
sit-ups (with 90- and 180-
second intervals between
sets and cycles,
respectively).
DISCUSSION

The contracting skeletal muscle is known to enhance the production of ROS in the skeletal
muscle itself.?” The primary free radicals that are increased after the skeletal muscle contraction are
nitric oxide (NO) and O, .*®* The NO production by skeletal muscle is facilitated by nitric oxide
synthases.® Furthermore, the production of O, is facilitated by xanthine oxidase (XO), phospholipase
A2 (PLA2), and nicotinamide adenine dinucleotide oxidases (NOX)."0*

The source of ROS after the skeletal muscle contraction is not from the mitochondrial rather it
is associated with NOX with the transverse tubules and plasma membrane.'®** In skeletal muscle,
there are two isoforms of NOX which are NOX2 and NOX4. The location of NOX2 is specifically in
the sarcolemma, while the location of NOX4 is in the mitochondria and reticulum sarcoplasm.*® The
ROS production during skeletal muscle contraction is mainly mediated by NOX2.'%*?

Besides NOX, PLA2 also has a role in increasing the production of ROS in contracting
skeletal muscle following exercise."***> XO is also reported to enhance ROS production during the
contraction of skeletal muscle. Actually, the location of XO expression is not in the skeletal muscle
fibers but within the capillary endothelial cells which surround the muscle fibers. The contraction of
the skeletal muscle itself causes activation of XO and produces O, radicals surrounding the muscle
fiber.®!" In capillary endothelial cells, NOX4 also increases ROS production during skeletal muscle
contraction.’® The O, radicals are transformed into H,O, by SOD in the extracellular and are able to
cross the sarcolemma and cause a prooxidative reaction in muscle fibers.*

The antioxidant is a molecule that prevents or lowers the oxidation rate of the substrate.*
There are two layers of antioxidants which are small non-enzymatic molecules and antioxidants
enzyme. The small non-enzymatic molecules are including glutathione and uric acid as non-dietary
antioxidants and vitamins E and C as dietary antioxidants. However, dietary antioxidants are unable to
effectively overcome the reaction rate of oxidation.”® Therefore, the additional defense to prevent
oxidative damage is antioxidant enzymes.?* The location of key cellular antioxidant enzymes is in
various compartments of the cell to remove the oxidants in various locations.™

The source of all ROS in cells is eventually the O, radical. Actually, the O, radicals are not
super reactive but these molecules can be transformed into highly reactive radicals including H,0,
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and peroxynitrite. The H,O, could diffuse over a long distance and produce high reactive species and
causing oxidation. Therefore, to protect the cells from oxidation, the removal of O, radical and H,0,
is essential ™

SOD is the enzyme to facilitate the dismutation and transforms the O, radicals into hydrogen
peroxide." SOD enzyme is further divided into three isoforms and all of them require transition metal
to activate the enzyme activity in the active site.”? SOD1 and SOD2 are located intracellularly while
SOD3 is in the extracellular space. Furthermore, the location of SOD1 in intracellular is specifically in
the cytosol and mitochondrial intermembrane space. Meanwhile, the location of SOD2 in the
intracellular is specifically only in the mitochondrial matrix. SOD1 needs copper and zinc to activate
the enzymatic activity, while SOD2 needs manganese as a cofactor.”> SOD 3 requires similar
transition metal as SOD 1 as a cofactor, which includes copper and zinc.?**

Enzyme glutathione peroxidase is divided into eight isoforms. All of the isoforms require the
transition metal of selenium to activate the enzymatic activity. The GPX uses reducing equivalents of
glutathione to transform H,O, and organic hydroperoxides into H,O or alcohol.**** The location of
each isoform is different and compartmentalized so this enzyme can reduce the peroxides in multiple
locations.™ The location of GPX1 is specifically in the muscle cell's cytosol and mitochondria. The
location of GPX2 is in the cytosol of muscle cells, only while the location of GPX3 is specifically in
the cytosol of muscle cells and extracellular space.”® Further, the location of GPX4 is only in
mitochondria and specifically works to reduce lipid peroxide.”®

Enzyme catalase plays a role in the reduction of H,0, into water and oxygen.” Catalase needs
iron as a cofactor but does not require reducing equivalents similar to GPX to remove H,0,. Catalase
is unable to reduce organic hydroperoxides. Catalase is located in several compartments of cells
which include peroxisomes, cytosol, and mitochondria.®

Peroxiredoxins (PRDXs) an enzyme that removes peroxides in the cells.*> PRDX does not
require transition metal as a cofactor to activate the enzyme activity. Rather, this enzyme uses
cysteine residues for the catalysis process.’**® The expression of PRDXs is high in the cells.
Therefore, most of the peroxide in the cytosol (99%) and mitochondria (90%) are reduced by this
enzyme.*” So it can be concluded that the removal of peroxides in the cells is facilitated by catalase,
GPX, and PRDX where PRDX is the dominant one."

There are six isoforms of PRDX, which include PRDX1 to PRDX6. They use electrons that
are provided by thioredoxin to reduce H,O,, alkyl peroxides, and peroxynitrite. The PRDXs are
located in the mitochondria, cytosol, peroxisomes, and nucleus to reduce H,0O,, alkyl peroxides, and
peroxynitrite in various compartments of the cell.®

Thioredoxin (Trx) is a low-molecular-weight antioxidant protein that is expressed in all cell
types. This protein cause reduction of many target enzyme including PRDXs.** Thioredoxins system
consists of two components which include Trx and Trx reductase (TrxR). TrxR is further divided into
TrxR1, TrxR2, and TrxR3. The location of TrxR1 is in the cytosol and the location of TrxR2 is
specifically in the mitochondria.** The location of TrxR3 is exclusively in the testes.* The function
Trx is transferring electrons to the enzyme which leads to the reduction of cellular enzymes. Then, the
TrxR reduces the oxidized form of Trx using electrons from NADPH and makes Trx a redox
modulator.**

Trx also has function as an antioxidant. It is done by transferring electrons to methionine
sulfoxide reductase and acts as protein disulfide reductase. The Trx activity as protein disulfide
reductase is essential in the process of regenerating the oxidized proteins. Trx also has a role in
targeting the antioxidant gene expression through the regulation of transcription factors activity
including P53, AP-1, and nuclear factor kappa B (NF-kB).?

During resistance exercise, free radicals are produced through the pathway of xanthine
oxidase, neutrophil burst, autooxidation of catecholamine, ischemia of muscle cells, and
transformation of weak superoxide into strong hydroxyl radicals which mediates by lactate. The
strong hydroxyl radicals cause oxidative stress.*’

The electron donation to oxygen leads to the formation of reactive oxygen (superoxide)
anions in the mitochondria. SOD cause dismutation which transforms the superoxide radicals into
H,0,. The enzyme glutathione peroxidase and catalase could transform the H,O,to H,O. On the other
hand, the Fenton reaction can alternatively cause the formation of OH radicals from the hydrogen
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peroxide. The superoxides and OH radicals cause the proteins and lipids oxidation in the cell which
further leads to cell damage.®

Even can cause cellular damage, ROS also has a function in the regulation of signaling for
growth, differentiation, proliferation, and apoptosis of the cell. During exercise, mitochondrial
biogenesis is an important process to saturate energy depletion. ROS also regulates transcriptional
coactivators such as PGC-1o which is required for mitochondrial biogenesis.*

In skeletal muscle, ROS activates the nuclear factor kappa-light-chain-enhancer of activated
B (NF-«xB) and p38 MAPK which leads to the activation of PGC-lo. when phosphorylated.
Furthermore, ROS also has a function in the regulation of Ca®* signaling where Ca?* signaling has an
autoregulation function of PGC-1a via MEF2.**" There is a network between PGC-1o and ROS,
where ROS regulates PGC-1o. production, and PGC-1a regulates ROS production.”*® As has been
described, the production of ROS in skeletal muscle is increased during exercise. On the other hand,
the production of PGC-1a is also increased and PGC-1a could activate antioxidant enzymes to reduce
the ROS.*

The expression of enzyme GPx1 and SOD2 in skeletal muscle is increased along with the
increased expression of PGC-1a. These antioxidant enzymes removed the superoxide and hydrogen
peroxide.**® The PGC-lo has a function in regulating the antioxidant enzyme, especially in the
glutathione system and MnSOD.* On the other hand, antioxidants also can affect PGC-1a expression.
It is shown by increasing the PGC-1a expression following the glutathione depletion after the exercise
through p53.%

Endurance exercise is known to increase the expression cellular antioxidant defense system.*®
However, there are only a few articles investigating the effect of resistance exercise on the expression
of cellular antioxidant enzymes.”? It is because of the difficulty to performed resistance exercise
protocol in the animal model. The resistance exercise in rats model is reported to enhance the
expression and activity of antioxidant enzymes such as SOD, SOD1, and total GPX in skeletal
muscles.*®*? However, resistance exercise has no role in increasing the activity of catalase in skeletal
muscle.”®>? Furthermore, resistance exercise increases the activity of the antioxidant enzyme in
skeletal muscle in type Il diabetes mellitus, middle-aged men, and older adults.”**" Resistance
exercise also increases the mRNA levels and the activity of catalase, GPX, SOD1, and SOD2 in
skeletal muscle in humans.>**>*" Resistance exercise increases the activities of PRDX5, glutathione
reductase, and TrxR1 in skeletal muscle.>***

Azizbeigi et al. reported that SOD increase by 9.54% from the baseline following resistance
exercise. The MDA level was also significantly decreased by 32% following resistance exercise.*®
Garcia-Lopez et al. also reported upregulation of mMRNA levels of the catalase, GPX, and SOD in
middle-aged men following 21 weeks of resistance exercise.> The training intensity did not affect the
protective effect of resistance exercise to oxidative stress because different training intensities led to
similar decreases in MDA levels and increases in glutathione.*® Besides that, resistance exercise also
increases the total antioxidant capacity.® In the elderly, Parise et al. reported that a resistance exercise
program within 12 weeks increases the activity of SOD and catalase.*

The limitation of this review is we were unable to describe specific resistance exercises to
increase antioxidant enzymes because we did not find any article describing this. Therefore, future
studies should investigate which specific resistance that provides the most for enhancing the
antioxidant enzyme.

CONCLUSION

Resistance exercise ranging from six to 21 weeks increases the expression of antioxidant
enzymes following exercise. However, the specific resistance exercise which increases the antioxidant
enzyme is still inconclusive. The PGC-1a plays an important role in increasing the expression of
SOD and glutathione system antioxidants following resistance exercise.
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