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Abstract
Background and aims: Soluble or circulating form of Klotho (i.e., anti-aging and longevity protein) has biological effects on various body
cells and tissues. Considering the role of exercise training on protective proteins, the present study aimed to investigate and compare the
effects of short-term high-intensity interval training (HIIT) and moderate-intensity continuous training (MICT) on plasma levels of Klotho,
total antioxidant capacity (TAC), and malondialdehyde (MDA).
Methods: In this study, 24 male Wistar rats with a weight range of 250-300 g and 8-10 weeks old were randomly divided into control, HIIT,
and MICT groups. Training included five consecutive days on the treadmill. HIIT including 6×2 minutes high intermittence with 85%-90%
Vo2max and 5×2 minutes slow intermittence (active recovery) with 55%-60% Vo2max. MICT program was performed at 70% Vo2max that
total distance running was the same for the HIIT group. Then, the plasma levels of Klotho, TAC, and MDA were measured by ELISA assay.
Finally, one-way ANOVA and post-hoc Tukey tests were used for statistical analysis.
Results: Based on the results, a significant increase was observed in plasma levels of Klotho and TAC in both HIIT and MICT groups
compared to the control group (P < 0.001) while these changes were significantly more dominant in the HIIT group compared to MICT
group (P = 0.024). However, the results demonstrated no significant difference between the groups regarding MDA (P = 0.109). Contrarily,
the finding revealed a significant positive correlation between Klotho and TAC (r=0.79, 0.83, 0.79 in control, HIIT, and MICT groups,
respectively, P < 0.05), whereas a significant negative association between Klotho with MDA within all the groups (r= -0.78, - 0.86, and
-0.81).
Conclusion: In general, even short-term aerobic exercise training, especially HIIT increases circulating Klotho and TAC, therefore, this can
confirm the positive effects of the training-induced exercise.
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Introduction
Klotho is an anti-aging and lifespan protein which is
mainly expressed in the kidney and brain although lower
expression of Klotho is observed in other tissues such as
the pituitary gland, parathyroid, skeletal muscle, bladder,
ovary, testis, pancreas, thyroid gland, aorta, and blood
vessels (1-3). This protein exists in the membrane and
soluble forms (2-4). In addition, the circulating soluble
form of Klotho is a product of alternative mRNA splicing
(i.e., a secreted form of Klotho, 70 kDa isoform). Further,
such a soluble form is produced by the proteolytic cleavage
related to the extracellular domain of the membrane
form (130 kDa) and released into the blood, urine, and
cerebrospinal fluid, having biological effects on various
body cells and tissues (3,4). In fact, the soluble form of
Klotho acts as a hormone and regulates the functions
of cells and tissues which express no Klotho, so that

the systemic effects of the Klotho are mainly due to the
circulating form of this protein (4,5).
Furthermore, the membrane form of the Klotho protein
acts as a fibroblast growth factor 23 co-factor and is
involved in several functions including the regulation of
calcium/phosphate and vitamin D metabolism (2,3,6,7).
However, the findings of recent studies demonstrated
that the performance of the soluble form of Klotho varies
from the membrane form and includes regulating multiple
ion channels (2,8,9), down-regulating Wnt, tumour
necrosis factor alpha (TNFα), transforming growth
factor beta (TGFβ), Interferon gamma (IFNγ) signaling,
decreasing inflammation (3,5,10,11), regulating IGF-1/
insulin signaling, attenuating reactive oxygen species and
thus the suppression of oxidative stress, and increasing
the antioxidant defense, anti-aging action, and NO
production in endothelium (2,9-12). A decrease in the
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circulating Klotho levels occurs in chronic kidney disease,
cardiovascular disease (12-14), hypertensive and diabetic
patients, and even normal aging (1,4,5). Therefore, it can
be associated with functional and cognitive impairment,
sarcopenia (7), endothelial dysfunction, vascular
calcification, atherosclerosis, and osteoporosis (1,14).
These findings suggest that reducing the levels of soluble
Klotho can be a primary biomarker for diagnosing various
cardiovascular disorders and pathological conditions (15).
However, the mechanisms by which Klotho improves the
function of various tissues is somehow unclear while recent
studies indicated that this can be related to the lower levels
of stress responses (5).
Considering the importance of Klotho, an effort to
identify the interventional factors for its alteration and the
discovery of its physiological and biochemical functions
are of great importance. Additionally, regarding the role of
exercise training and its similar effects, along with Klotho
on antiaging, antioxidant, and antiapoptotic pathways
(16-18), it seems that exercise training is one of the most
effective applied approaches which has a positive and a
protective role through increasing Klotho, followed by
an increase in the antioxidant capacity and a decrease
in oxidative stress. However, studies about changes in
this protein following exercise training and its effective
mechanisms are limited and therefore, further studies
are needed to understand the mechanisms involved in
increasing the Klotho by exercise training.
In addition, determining the types, duration, and
intensity of effective exercise training is required to increase
its positive outcomes. The intensity of exercise training is
considered an important factor in the effectiveness of the
exercise training program and many studies represented
that cardiovascular, muscular, and metabolic adaptations
in healthy and patient populations depend on the intensity
of exercise training. These studies (19,20) reported more
beneficial effects of high-intensity interval training (HIIT)
compared to moderate-intensity continuous training
(MICT). Further, it was found that even short-term training
sessions (e.g., 3-5 sessions) can improve molecular and
physiological adaptation and increase Cardioprotection
(21-24). However, despite limited evidence that indicates
the positive impact of moderate-intensity aerobic training
on the Klotho levels (11,18,25), it is unclear whether or
not high-intensity interval aerobic training can have such
an advantage. Or is there any difference between these
types of training programs? Investigating the effects of
these exercise training, as well as recognizing the role of
skeletal muscles as the regulators of Klotho is important
and can lead to the development of physical activities
and prevention and rehabilitation programs in order to
counteract the effects of aging and disease. Therefore, due
to the importance of selecting the correct and appropriate
training programs, the current study sought to evaluate
and compare the effects of short-term HIIT and MICT
26

on the plasma levels of Klotho, antioxidant capacity, and
lipid peroxidation.
Materials and Methods
Animals and experimental design
A total of 24 male Wistar rats (8-10 weeks old) with a
weight range of 250-300 g were purchased from the
Pasteur Institute of Iran (Tehran, Iran). After adaptation
to the new standard environment for at least 10 days
(temperature of 22±2°C, relative humidity of 55%, 12:12
light-dark cycle, and free access to water and food), the rats
were randomly categorized into control, HIIT and MICT
groups. At the beginning of the study, the training groups
were homogenized based on VO2max.
Exercise protocols
After a familiarization period (3-4 days) on the treadmill
at a gradual increase in running times and speeds, rats
performed a VO2max test according to the protocols of
previous studies (26,27). Then, after 72 hours of rest, the
animals conducted 5 consecutive days of exercise training.
The HIIT sessions included 5 minutes warm-up (50%
Vo2max), 6×2 minutes high intermittence with 85-90%
Vo2max and 5×2 minutes slow intermittence (active
recovery) with 55%-60% Vo2max and 5 minutes cool
down (50% Vo2max). Furthermore, the training program
was performed based on the pilot study and the changes
in the intensity of the training protocol implemented
in previous research (21). Additionally, the intensity of
exercise training was modified based on previous studies
(26,27).
The MICT program included 5-minute warm-up (50%
Vo2max), then running on the treadmill at 70% VO2max
(28) that total distance running was the same as the HIIT
group, and finally, 5 minutes cool down (50% Vo2max).
The control group participated in no exercise program
while they were placed on the immobile treadmill for 1520 minutes per session to create the same conditions for
all the subjects
Klotho, TAC, and MDA plasma level determination
After 24 hours from the training period, blood samples
were collected from the heart of the rats after anesthesia
and poured into EDTA tubes in order to prevent clots.
Then, the samples were centrifuged at 3000 rpm, for
20 minutes and plasma was separated. Next, the plasma
level of Klotho was determined by Rat Klotho enzymelinked immune sorbent assay (ELISA) kit based on
the Biotin double antibody sandwich technology (Cat.
NO: E1206Ra, BT: bioassay technology laboratory,
Shanghai crystal day biotech Co, LTD, Shanghai,
China). In addition, in order to measure plasma levels of
total antioxidant capacity (TAC) and malondialdehyde
(MDA), ZellBio GmbH assay kits were used including
MDA/TBARS assay kit based on the colorimetric method
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[Cat No. ZB-MDA96A, V405], and TAC kit based on
the oxidation-reduction colorimetric assay [Cat No. ZBTAC96 ZellBio GmbH, Germany].
Statistical analysis
After determining data normality, one-way ANOVA and
post-hoc Tukey tests were employed for analyzing the
data and investigating the differences between the groups.
Further, the Pearson correlation was used to determine
the correlation between Klotho with TAC and MDA.
Eventually, the obtained data were analyzed by the SPSS
software, version 16. All data were presented as means ±
SD and P < 0.05 was considered statistically significant
in all tests.

Table 1. The Body Weight of Rats in Experimental Groups
Control
Mean ± SD
Body weight (g)

HIIT
Mean ± SD

282.57±13.04 275.12±14.31

Discussion
The results of the present study indicated that even
short-term HIIT and MICT increase plasma levels of
Klotho although a significant difference between these
two training groups represents a greater effect of HIIT
compared to MICT. The result of the current study is in
line with the results of Avin et al (25) and Matsubara et al
(11) who found a positive effect of aerobic training on the
blood levels of Klotho. In addition, the results of research
indicating the higher levels of Klotho in healthy trained
groups compared to the untrained groups (12,18,29)
can confirm the positive effect of aerobic training on the
blood levels of Klotho. However, despite the evidence that
demonstrates the positive effects of aerobic training on the
levels of Klotho in young and old healthy (11,18,25), as
well as patients with heart disease (30), no research was

0.4
0.35
TAC (mM)

Results
There was no significant difference between the groups
concerning the weight at the beginning of the training
(Table 1). As displayed in Figure 1, the results of this
study indicate a significant increase in plasma levels of
Klotho after both HIIT and MICT (2.34±0.34 and
1.94±0.28, respectively, P<0.001). However, the increase
in Klotho is significantly higher in HIIT group compared
to MICT group (P = 0.024). Furthermore, based on the
data illustrated in Figure 2, the TAC significantly increases
after both of the training protocols compared to the
control group (0.31±0.031 in HIIT and 0.27±0.029 in
MICT groups vs. 0.22±0.033 in control group; P < 0.001)
whereas it is significantly higher in the HIIT group

compared to MICT (P = 0.033). Contrarily, as depicted
in Figure 3, there is no significant difference between the
groups respecting MDA (P = 0.109). Additionally, the
results reveal a significant positive correlation between
Klotho and TAC whereas a negative correlation between
Klotho with MDA among the groups. The results of the
correlation are represented in Table 2.
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Figure 2. Plasma Levels of TAC in experimental groups. Plasma levels of
TAC in both training groups are significantly higher compared to the control
group. Further, TAC in HIIT group is significantly higher than that of MICT
group. Data are expressed as mean±SD. The level of significance between the
two compared groups are *P = 0.033, **P = 0.028 and ***P = 0.0001

2.5
2

35

1.5

30

1

MDA (μM)

Plasma levels of Klotho (ng/ml)

3

**

0.3

Abbreviation: HIIT: High intensive internal training; MICT: Moderate
intensity continuous training

3.5

*
***

0.5
0

Control

HIIT

MICT

Figure 1. Plasma Levels of Klotho in experimental groups. Plasma levels
of Klotho in both training groups are significantly higher compared to the
control group. In addition, the increase in Klotho is significantly higher in
the HIIT group compared to MICT group. Data are expressed as mean± SD.
The level of significance between the two compared groups are *P=0.024,
**P = 0.004, and ***P = 0.0001
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Figure 3. Plasma Levels of MDA in experimental groups. There is no significant
difference between the groups (P = 0.109). Data are expressed as mean ± SD
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Table 2. Correlation between circulating levels of Klotho, TAC, and MDA in the groups
Control

HIIT

Klotho

TAC

MDA

-

r=0.79
P=0.018

TAC

r=0.79
P=0.018

MDA

r=-0.78
P=0.022

Klotho

TAC

MDA

r=-0.78
P=0.022

-

r=0.83
P=0.010

-

r=-0.73
P=0.038

r=0.83
P=0.010

r=-0.73
P=0.038

-

r=-0.86
P=0.005

conducted in the field of different forms and intensities
of training regarding investigating its greater effectiveness.
There is only one study, to the best of our knowledge,
which compared Klotho levels between aerobic and
anaerobic athletes and the results revealed that, unlike
aerobic exercise, an anaerobic exercise is not considered a
strong stimulus to increase soluble Klotho levels (31).
Due to the limited number of studies respecting the
effect of exercise training on the expression of Klotho
protein, the mechanisms responsible for the increase in
soluble Klotho following exercise training have not yet been
elucidated. As a result, it is not yet clear whether muscle
contraction increases the expression and local production
of this protein or some myokines increase the expression of
this protein in other tissues such as the kidneys and brain
(25). Changes in circulating concentrations of Klotho may
be due to the increase in the secreted form of Klotho or an
increase in the degradation of the extracellular domain of
its membrane form. Therefore, aerobic training is likely
to increase the soluble Klotho concentration through the
intervention in these pathways while its mechanisms are
still unknown (11).
Further, factors such as an increase in the transcription
factor of peroxisome proliferator-activated receptor γ
(PPAR-γ), a decrease in angiotensin II type I receptor
signaling, and the reduction of oxidative stress following
exercise training affect the increase in the expression of
Klotho mRNA and protein (11). Accordingly, the increase
in circulating Klotho is probably the result of the abovementioned factors. However, further research is needed to
understand the effective mechanisms.
Furthermore, based on the findings of the present study,
it is likely that more stimulation of peroxisome proliferatoractivated receptor gamma coactivator 1-alpha (PGC1α)
and PPAR-γ expression and maybe more hypoxia following
HIIT are regarded as a greater stimulus to increase the
Klotho compared to MICT. However, the expression of
PGC1α and PPAR-γ have not been investigated and need
to be studied. Additionally, due to different cardiovascular,
muscular and metabolic responses, and adaptations
of these two protocols, probably different patterns in
blood flow and shear stress, changes in vasodilation and
endothelial biomarkers, and an increase in antioxidant
capacity following exercise training can be considered
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MICT

Klotho

Klotho

TAC

MDA

r=-0.86
P=0.005

-

r=0.79
P=0.018

r=-0.81
P=0.014

-

r=-0.80
P=0.015

r=0.79
P=0.018

-

r=-0.87
P=0.005

r=-0.80
P=0.015

-

r=-0.81
P=0.014

r=-0.87
P=0.005

-

the mechanisms of more prominent changes following
HIIT compared to the MICT. However, different training
protocols and possible mechanisms should be investigated
in order to clarify this effect and its related mechanisms.
Various studies indicated that soluble Klotho can
inhibit the phosphorylation of IGF1/insulin receptors
and downstream signaling under physiological conditions.
Thus, soluble Klotho inhibits Forkhead box O (i.e.,
FOXO, transcription factors) phosphorylation while it
increases its activity which leads to an increase in MnSOD expression and antioxidant enzymes, and ultimately
facilitates the removal of reactive oxygen species, increases
resistance to oxidative stress, and protects the tissues
(2,32). In addition, Klotho increases FOXO3a (i.e., a
negative regulator of mitochondrial ROS synthesis) and
can inhibit the oxidative stress while its deficiency increases
the production of endogenous ROS and oxidative stress
(5,32). Therefore, although the mechanisms through
which Klotho improves the function of different tissues is
not completely clear, recent studies suggest that it can be
related to lower levels of the stress response and resistance
to oxidative stress (2,5). Several studies (32-34) reported
that Clotho reduces oxidative stress, the expression of Bax
protein, apoptosis, mitochondrial DNA fragmentation,
superoxide synthesis, lipid peroxidation, NADPH
oxidase-2 activity (Nox2), and 8-OHdG (DNA oxidative
marker). Further, the evidence indicates that klotho plays
a protective role and increases resistance against oxidative
stress by activating the AMP signaling, producing NO,
as well as increasing SOD expression and antioxidant
capacity (35). In the present study, the increase in TAC
and its association with the enhancement of Klotho and
correlation between Klotho and TAC and MDA in study
groups can confirm these findings and highlight the role of
Klotho as a regulator of oxidative stress.
Furthermore, the intensity and duration of exercise are
important variables which can interfere with oxidative
stress and antioxidant status. Research revealed that
exercise, especially long and intense exercise can increase
ROS, oxidative stress, and lipid peroxides enhancing
the activity of catecholamines, prostanoids, NADP (H)
oxidase, the activity of macrophages (36), oxidative
phosphorylation, the rate of oxygen exchange in the
electron transport chain (37,38), while reducing local

Journal of Shahrekord University of Medical Sciences, Volume 21, Issue 1, 2019

Exercise training increases Klotho

blood flow to the muscles at the beginning of the activity,
namely, ischemia-reperfusion process in the muscles (38).
However, there are some studies which emphasize the role
of regular aerobic exercises, even HIIT, controlling the
oxidative stress indices and preventing lipid peroxidation
(39,40). Based on the findings of the current study, despite
an increase in MDA in the training groups, no statistically
significant difference was observed between the groups
after 24 hours. These results demonstrated that exercise
training could make adaptations to attenuate exerciseinduced oxidative stress and lipid peroxidation. Moreover,
the increase in Klotho and antioxidant defense following
exercise training can remove active oxygen species
produced by the exercise training and confer resistance
against oxidative stress. Therefore, it can be claimed that
even short-term aerobic exercises (e.g., HIIT and MICT)
created antioxidant adaptations which increased TAC in
order to cope with oxidative stress.
The results of this study stressed the role of aerobic training
in enhancing antioxidant capacity and controlling oxidative
stress indices. Additionally, mechanisms responsible for
the increase in the amount and activity of the antioxidant
system following exercise training can include the increase
in adenosine as a result of ATP consumption (41), as well
as the activation of MAPK (adenosine monophosphateactivated protein kinase), NF-κB (transcription factors)
pathway, and FoxO transcription factor (42). In addition,
exercise-induced ROS production acts as the signals which
activate MAPKs (p38 and ERK1/2) and thus, activate NFκB and upregulate the expression of antioxidant enzymes
(43). Further, based on the results of the present study,
the increase in Klotho levels after exercise training can
be an effective mechanism since Klotho has antioxidant
properties and can act as a protective protein by activating
the FOXO and increasing antioxidant enzymes, especially
SOD (31,32). As a result, the increase in TAC and the
relationship between Klotho and TAC following exercise
training can confirm the effect of Klotho on increasing
the antioxidant capacity and positive results of exercise
training.
Conclusion
In general, the findings of the current study suggest that
even short-term aerobic exercise training (both HIIT and
MICT) increases plasma levels of Klotho and antioxidant
capacity and regulates oxidative stress. Therefore, it can
have a positive effect on the body since an increase in this
protein has clinical importance in the health of organs
and the pathophysiology of various diseases. Although
the result of this study helps to clarify the further effect of
HIIT compared to MICT, different training protocols and
possible mechanisms should be investigated to identify
such an effect in order to select the appropriate exercise
training program.
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