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Abstract. The mechanism of physical exercises increases heat shock protein 70 (HSP70) (a systematic review). Ayubi N., 
Wibawa J.C., Callixte C. This study aimed to analyze physical exercises in increasing the expression of heat shock protein 70 
(HSP70). This research is a systematic review involving searches from journal databases such as Pubmed, Web of Science, and 
Science Direct. Before starting the search, the study determines inclusion and exclusion criteria. The inclusion criteria were 
articles that discussed oxidative stress, physical exercises, and heat shock protein 70 (HSP70), and were published in the last 
five years (2018-2023). Meanwhile, the articles were excluded if they were published in non-reputable journals or were not 
indexed by Scopus and Web of Science. A total of 3211 articles from the Science Direct, Pubmed, and Web of Science databases 
were initially identified. Among them, ten articles met the inclusion criteria and thus were selected and analyzed for this syste-
matic review. For standard operations, this study follows the preferred reporting items for systematic reviews and meta-analyses 
(PRISMA) assessment. The results showed that physical exercises played a certain role in increasing HSP70 expression as a 
physiological reaction to exercises. The increase in HSP70 is good as it can reduce and prevent inflammation, which reduces 
cell damage due to physical stress. Additionally, HSP70 increases catalase and superoxide dismutase, the processes that can 
reduce reactive oxygen species (ROS) caused by physical exercises. This enzyme is also important in protein optimization based 
on requirements. Therefore, we recommend doing physical exercises to improve health and avoid degenerative diseases. 
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Human muscles can adapt to stress due to 
mechanical and physiological changes from exercises 
[1]. When doing exercises, the human body will pro-
duce more free radicals because the body responds to 
physical exercises to adapt physiologically [2]. The 
formation of free radicals can cause an increase in 
oxidative stress, which is the main cause of myo-
cardial ischemia damage and is the beginning of 
disorders related to heart attacks [3]. In submaximal 
physical exercises, the formation of free radicals be-
gins with muscle contraction during explosive force 
movements [4]. Muscle ischemia will occur during 
the action of an explosive force, and then the muscles 
will relax alternately [5]. Muscle contractions caused 
by this muscle movement limit blood flow. After that, 
ischemia-reperfusion occurs, which is a condition 
where the blood will flow easily, causing the release 
of electrons from the respiratory chain. This process 
ultimately produces free radicals or ROS (reactive 
oxidative species) [6]. An increase in ROS can basi-
cally lead to continuous inflammation and damage to 
the heart muscle. It can result in cell death, which will 
reduce the heart's capacity to pump blood [6].  

While exercises causes the body to produce more 
ROS as a physiological response, interestingly, it also 
causes the body to produce more antioxidants, such 
as glutathione peroxidase (GSH), superoxide dismu-
tase (SOD), and catalase. Guerrero et al. (2021) ex-
pressed that the body has compensatory mechanisms 
to compensate for the increase in oxidative stress 
caused by exercises [7]. Oxidative damage to 
proteins, lipids, and DNA in cells can also be caused 
by an imbalance in redox processes in cells [2]. 
Another marker of cell injury is the upregulation of 
HSP70 protein expression caused by oxidative stress. 
Therefore, generating reactive oxygen species (ROS) 
triggers oxidative stress to increase HSP70 
expression as a response and protective measure [5].  

HSP70 is a protein molecule required to repair 
cells and maintain homeostasis [8]. It is a protein type 
that increases rapidly after stress, including oxidative 
stress [9, 10]. When cells are frozen, HSP70 expres-
sion helps prevent cell death by enzymatically brea-
king down proteins involved in cell necrosis [11]. 
Exercises and self-care practices can impact 
metabolic regulation [12]. 

HSP70 strains are widespread, conserved, and 
required for all species to continue to exist [10]. It is 
a multifunctional protein that works with HSP90 and 
is responsible for the final folding and maturation of 
various substrate proteins and cellular degradation 
mechanisms in various activities related to protein 
quality control [13]. In addition, HSP70 protects cells 
from pathogenic conditions, age, and proteotoxic 
stress that can disrupt protein homeostasis [9]. 

An earlier study reported that eight weeks of 
interval training dramatically decreased caspase 3 
gene expression in the heart muscle of mice used in a 
heart attack model [6]. Although moderate-intensity 
exercises can modulate physiological characteristics 
by triggering internal recalibration of many systems, 
high-intensity exercises can overload physiological 
response mechanisms, allowing the organism to adapt 
to internal dysfunction or survive in an aggressive 
external environment [14, 15].  

Skeletal muscle adapts to a variety of stimuli, 
including growth hormones, mechanical stress, 
exercises, and nutrition [16, 17]. Although Heat 
Shock Proteins (HSP) may help avoid metabolic 
diseases, a detailed discussion of how HSP70 is 
expressed after physical exercises has not been 
reported in depth [18]. This study aims to fill this gap 
by analyzing the potential of physical exercises in 
increasing the expression of Heat Shock Proteins 70.  

MATERIALS AND METHODS OF RESEARCH  

This research is a systematic review involving 
searches from journal databases such as Pubmed, Web 
of Science, and Science Direct. Before starting the 
search, the research determined inclusion and exclusion 
criteria. The inclusion criteria were articles that discus-
sed oxidative stress, physical exercises, and Heat Shock 
Protein 70 (HSP70), which were published in the last 
five years (2018-2023). Meanwhile, articles were exclu-
ded if they were published in non-reputable journals or 
were not indexed by Scopus and Web of Science.  

The research was conducted in accordance with the 
principles of bioethics set out in the “Universal Decla-
ration on Bioethics and Human Rights” (UNESCO). 

The process of searching literature in this 
research involved several stages. Before screening, 
articles’ titles, abstracts, and full text were saved and 
stored in Mendeley software. This is to help the 
researchers navigate thousands of articles and screen 
them faster. To begin with, a total of 3,211 articles 
were initially identified. These articles were filtered 
in the second stage, yielding 1,250 based on the 
suitability of the title and abstract. In the third stage, 
these articles were verified, and 128 items were 
generated for further processing. At this stage, we 
filtered the articles based on the overall suitability. 
Then, in the final stage, ten articles were selected 
because they met the inclusion criteria prede-
termined earlier. They were observed and systema-
tically analyzed using established standard opera-
tional procedures called Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines. The process of the literature 
screening using PRISMA is illustrated in Figure 1. 
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Fig. 1. PRISMA flowchart of the article selection process 

 
 
RESULTS AND DISCUSSION 

 

Results of physical exercises that increases HSP70 

Author Sample Characteristics Study Design Intervention Results 

(Harahap et al., 
2021) [5] 

Twenty non-smokers and 
athletes participated in the 
study. They did not take any 
vitamins or antioxidants for 
two weeks before or during 
the program. The sample 
was also divided into two 
groups. Group B received 
submaximal physical 
exercises with dragon fruit 
juice, while Group A 
received submaximal 
physical exercises without 
antioxidants. 
 

Experimental The participants did 
physical exercises by 
running on a treadmill for 
30 minutes at an intensity of 
between 80 and 85 percent 
of their maximum heart 
rate, without inclines or fast 
steps. Then, they cooled 
down for three to five 
minutes. The intervention 
was given for four weeks, in 
which the treadmill was 
used three days a week. 
 

The study found an 
increase in HSP70 
expression during 
submaximal physical 
exercises without 
antioxidants. 
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Author Sample Characteristics Study Design Intervention Results 

(Cumming et 
al., 2021) [19] 

A 12-week functional, 
control strength training, or 
strength training group, was 
randomly assigned to 38 
seniors as a group. Then, 13 
teenagers without any 
training performed strength 
training for eleven weeks to 
compare the young and old. 
 

Experimental Over 12 weeks, training, 
including hiking and 
aerobics, was completed 
with senior participants. 

A greater increase in 
HSP70 expression was 
found in the older group. 

(Pouzesh Jadidi 
et al., 2022) [6] 

A total of 30 male Wistar rats 
(body weight: 200–250 grams, 
age: 16 weeks) were randomly 
divided into three groups: 
myocardial infarction training, 
MI (myocardial infarction) 
controls, and healthy controls. 

Experimental The samples received eight 
weeks of HIIT training (five 
sessions per week), with ten 
running sessions (4 minutes 
each) at 85–90% VO2max 
and two-minute rest 
intervals at 50–60% 
VO2max each session. 
 

The group that received 
HIIT training 
experienced the most 
significant increase in 
HSP70 expression. 

(Mazhari et al., 
2024) [20] 

Three groups of nine mice 
were randomly divided into 
control, calorie restriction, 
and calorie restriction 
combined with high-intensity 
interval training. 

Experimental For eight weeks, the high-
intensity interval training 
(HIIT) used in this study 
involved five sessions per 
week on a treadmill, at an 
intensity of 85%–90% 
VO2max and active rest. 
Throughout the training 
period, the treadmill incline 
remained zero, but the 
training intensity increased 
gradually until the eighth 
week by varying the treadmill 
speed by 0.02 m/s. Each 
session began with a ten-
minute warm-up at a speed of 
five meters per second, which 
was performed before the 
main training section. 
 

The group undergoing 
HIIT combined with 
calorie restriction 
experienced the greatest 
increase in HSP70 
expression. 

(Wang et al., 
2019) [21] 

Male Wistar rats weighing 
270±30 g were divided into 
two groups, namely the 
control group (C) and the 
aerobic exercises group 
(AE). 

Experimental For five weeks, six days a 
week, mice in the AE group 
received treadmill aerobic 
physical training with 
increasing loads. The running 
speeds of the first to fifth 
weeks were 10, 15, 18, 21, and 
21 meters per minute. 
Meanwhile, the training 
durations were 10, 20, 30, 40, 
and 40 minutes respectively.  
 

There was an increase in 
HSP70 expression in the 
group given aerobic 
exercises intervention. 

(Medica et al., 
2021) [22] 

In this study, twelve healthy 
horses (six females and six 
males) with an average body 
weight of 480±50 kg and an 
age ranging from 3 to 6 years 
were kept stable.  

Experimental The horses were taught 
according to a conventional 
training program, involving 
two high-intensity training 
sessions per week (2 bouts of 
5 minutes at an average speed 
of 10 m/s) on a 1,800 m long 
sand track. 3600 m warm-up 
slow run (6.0–6.5 m/s), 1800 
m run (10.5–10.7 m/s), 10-
minute walk, and 1800 m 
sprint (8.5-8.7 m) were all 
part of the first training 
session. The second session 
consisted of a warm-up 
3600 m slow run (6.0–6.5 m/s), 
an 1800 m run (10.5–
10.7 m/s), a 10-minute walk, 
and a sprint, where all of 
these were part of the sand 
track sprint race.

The group participating 
in the training session 
experienced the most 
significant increase in 
HSP70. 
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Author Sample Characteristics Study Design Intervention Results 

(Goh et al., 
2020) [23] 

Men in good health (N = 7) 
who were free from 
respiratory, metabolic, or 
cardiovascular conditions 
were selected from the 
general population and 
participated in the study. 
Each subject did physical 
exercises in their free time, 
doing sport or exercises for 
at least half an hour, three 
times a week. 

Experimental The samples receive three 
weeks of non-stop sports 
training, consisting of three 
training days a week. Each 
participant warmed up in 
week 1 by running for five 
minutes on a treadmill. 
After that, they ran for five 
minutes at a speed 
equivalent to 80% of their 
maximum heart rate. After 
using the treadmill, there 
was a break for two 
minutes.  
 

HSP70 levels increased 
after three weeks of 
physical exercises.  

(Lu et al., 2023) 
[24] 

Eight-week-old male 
Sprague-Dawley rats (n=45) 
were divided into three equal 
groups (n=15/group): group 
C was the control group, the 
EE group was the group that 
underwent total exercises, 
and the HIIT+EE group was 
the group that underwent 
total exercises, did a full 
HIIT+ workout. 

Experimental In this study, rats in Group 
EE ran at a speed of 0% 
and 25 m/min on a treadmill 
until exhausted. Meanwhile, 
rats in the HIIT + EE group 
ran on a treadmill for four 
periods of ten minutes each, 
with ten minutes of rest in 
between, at a speed of 28 
m/min and a speed of 0%. 
This was done so the mice 
approached 80% of their 
maximum oxygen 
consumption. 
 

The exercises to 
exhaustion (EE) group 
showed increased 
expression of HSP70. 

(Min et al., 
2020) [25] 

Pre-submaximal exercises 
(running for 30 minutes at 
70-80% maximum heart 
rate) and post-submaximal 
exercises were performed by 
six healthy men and 12 male 
professional volleyball 
players. 

Experimental Everyone ran for thirty 
consecutive minutes at 
submaximal heart rate (70–
80% of maximum heart 
rate) at 20oC and 60% 
humidity on the day of 
testing. Every day, twelve 
male professional volleyball 
players trained for at least 
two hours. At a temperature 
of 20ºC and humidity of 
60%, participants ran on a 
treadmill for thirty minutes 
at a speed between 70 and 
80% of their maximum 
heart rate. 
 

In the training group, 
there was an increase in 
HSP70 expression. 

(dos Santos et 
al., 2020) [26] 

250 Wistar mice and 86 
Knockout Transgenic mice 
were involved in this study. 

Experimental Treadmills for rodents were 
used for training (Insight). 
Initially, the day before 
instruction, each animal was 
placed on a treadmill and 
allowed to walk for five 
minutes at a slow speed of 
five meters per minute. The 
rats were then allowed to 
run for forty minutes at 
increasing speeds: five 
meters per minute for the 
first five minutes, ten 
meters per minute for the 
fifteenth, fifteen meters per 
minute for the thirty-first, 
and seventeen meters per 
minute for the forty 
minutes.  

The study foun that  
HSP70 levels increased 
most 8 hours after 
physical exercises 
intervention. 

 
Scholars argue that homeostatic imbalances in the 

body can be triggered by situations of instability 
caused by oxidative stress during and after exercises 
[27]. They also add that tissue hypoxia, a state in 
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which cell pressure and oxygen content are lower 
than normal, can act as a catalyst, leading to increased 
production of heat shock proteins (HSPs) [27, 28].  

In this systematic review, a study was found to 
have an increase in HSP70 expression, especially 
among individuals who did physical exercises three 
times a week for four weeks with interventions, such 
as running on a treadmill for 30 minutes with an 
intensity of 80-85% of the maximum heart rate [5]. 
Another finding in this review also reported similar 
results on mice. The study found that mice that 
received five weeks of aerobic exercises on a 
treadmill experienced increased expression of HSP70 
[21]. Like humans and mice, another study reported 
that healthy horses physically trained for competition 
have been shown to express more HSP70 when 
competing [22]. There are two main elements that 
trigger the physiological activation of the Heat Shock 
Response (HSR): conditions that threaten proteo-
stasis and metabolic stress [29]. These factors may 
not be mutually exclusive since a metabolic balance 
known as “caloristasis” may determine which factors 
are more common [30].  

The primary function of the Heat Shock Response 
(HSR), a highly evolutionarily conserved physiolo-
gical manifestation, is to restore cellular homeostasis 
following a stressful event [30]. For example, the 
present study found that a 12-week study showed that 
a training program, including hiking and aerobics, 
could increase HSP70 expression [19]. Another study 
reported that eight weeks of high-intensity interval 
training (HIIT) with five sessions per week consisting 
of ten running sessions lasting four minutes each at 
85-90% VO2max and a two-minute rest period at 50–
60% VO2max per session could increase HSP70 ex-
pression in Wistar rats [6]. According to Zhang (2022), 
exercises, heat stress, ischemia, oxidative stress, and 
metabolic stress are some of the factors that cause HSP 
expression. The present study also found that eight 
weeks of high-intensity interval training (HIIT) on a 
treadmill with five sessions per week at an intensity of 
85% to 90% VO2max and active rest increased HSP70 
expression [20]. These findings confirm earlier studies 
which reported that treadmill training for three weeks 
with a frequency of three times per week was proven 
to increase HSP70 expression [23].  

Research has shown that Heat shock factor 1 
(HSF1), heat shock protein 1 (HspBP1), and HSP70-
ATPase are some factors that activate HSP70 [31]. 
Although the biological significance of HspBP1 is not 
well understood, it is involved in the group of 
chaperones that activate HSP70 [32]. Within the cell 
membrane, HSP70 (iHSP70), which is initially 
located within the cell, is transferred to the circulation 
via mechanisms such as cell membrane apoptosis or 

ATP-binding transporters [33]. This HSP is known as 
eHSP70, or extracellular HSP70. iHSP70 exerts anti-
inflammatory effects through the pancreatic reti-
culum. In contrast, eHSP70 can reduce pro-inflam-
matory cytokines and is associated with insulin 
resistance in type 2 diabetes [34]. Therefore, it is 
recommended to use the ratio of eHSP70 to iHSP70 
as a further testing biomarker [34].  

The correlation between insulin resistance, type 2 
diabetes, and HSP70 is thought to increase with 
T2DM, and HSP70 targets may be modulated by 
interventions such as physical exercises [35]. In 
addition, a study revealed that in patients with ad-
vanced diabetes, HSP70 increased in vascular en-
dothelial cells during the inflammatory phase, and 
there was a significant relationship between serum 
HSP70 levels and systolic blood pressure in newly 
diagnosed hypertensive patients [36]. As mentioned 
previously, cells are known to secret HSP70 when 
under stress [34]. In conclusion, low levels of iHSP70 
impair the capacity of cells to prevent NF B transloca-
tion, which is critical for reducing inflammation [37]. 

HSP70, a significant molecular chaperone, can 
confer substrate selection specificity on the auto-
phagy pathway in response to stress, a process known 
as selective chaperone-assisted autophagy that may 
have a mediating role in upstream processes to 
regulate this process [38]. In addition to its assistance 
in substrate breakdown via the autophagy pathway, 
HSP70 is also involved in protein refolding and 
disaggregation. It is likely that increasing HSP70 
suppresses degradation caused by autophagy after 
being given priority to maintain appropriate protein 
structure and restore cellular homeostasis [39]. 
Through its interaction with selective autophagy, 
upregulation of the HSP70 chaperone complex in 
response to exercises-induced myofibril damage may 
promote repair and limit apoptosis [24]. 

As mentioned earlier, the body will increase 
oxidative stress when doing physical exercises to 
respond to the physical stress that occurs by increa-
sing ROS (reactive oxygen species) [2]. Research 
findings in this systematic review showed that mice 
that received the intervention of jogging on a 
treadmill until exhausted at a speed of 0% and 25 
m/min had higher HSP70 expression [24]. Although 
a small amount of heat shock proteins (HSPs) are 
produced constitutively, most are molecular chape-
rones that are usually overexpressed by cells in 
response to stimuli that can denature these stress 
proteins, such as heat, starvation, oxidative stress, 
viral infection, ischemia, exercises, and bacterial in-
fections [40]. This HSF1 response will provide a 
signal to express HSP70 [41]. SOD and CAT levels 
may increase in response to increased HSP70 
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expression. They act as a physiological mechanism to 
increase endogenous antioxidants, which will impact 
the actual reduction in ROS [42, 43]. The results of 
another study reported that individuals who ran for 
thirty consecutive minutes at submaximal heart rate 
(70–80% of maximum heart rate) in 20 ºC weather 
with 60% humidity experienced increased expression 
of HSP70 [25]. It has been demonstrated that HSP70 
regulates inflammation both inside and outside cells 
[36]. HSP70 interacts with transcription factors, 

including inflammation-causing factors, such as 
nuclear factor-kappaB (NF-kB), which consists of 
p65 and p50 heterodimers. The results of a study 
report that HSP70 can reduce NF-kB activity [44]. 
Additionally, reduced ROS generation and decreased 
tumor necrosis factor-alpha (TNF- ) release have 
been associated with increased iNOS in inflammatory 
and heat-stressed cells [44]. These findings and their 
intercorrelations are illustrated in Figure 2 below. 

 

 
Fig. 2. Mechanism of physical exercises increases heat shock protein 70 (HSP70)  

 

CONCLUSIONS 
1. This study concluded that physical exercises 

plays a role in increasing the expression of Heat 
Shock Protein 70. It functions as a physiological 
response to physical exercises. 

2. Heat Shock Protein 70 can reduce and prevent 
inflammation, which can further reduce cell damage 
due to physical stress.  

3. In addition, Heat Shock Protein 70 increases 
catalase and superoxide dismutase, two processes that 
can reduce reactive oxygen species caused by phy-
sical exercises. Heat Shock Protein 70 is also impor-
tant in protein optimization based on needs. Although 
these findings seem promising, this study still has 
limitations because it only discusses how Heat Shock 
Protein 70 is expressed during physical exercises.  

4. Therefore, further research is needed to inves-
tigate the expression of other Heat Shock Proteins, 

which are closely related to cellular processes that 
occur during physical exercises. In this way, everyone 
is aware of the many cellular processes that occur, 
especially those related to heat shock proteins. In 
addition, this study recommends that people do phy-
sical exercises and maintain a healthy lifestyle to im-
prove their health and prevent degenerative diseases. 
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