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Abstract 

Background: In addition to being an important element related to thermogenesis, exercise is an 
excellent intervention to reduce obesity. Recent research indicates that "exerkines," or chemi-
cals released during physical activity, can change the Brown adipose tissue (BAT) activation 
and white adipose tissue browning. The compound processes by which BAT activation is af-
fected by peripheral variables brought on by exercise, however, are not well understood. More-
over, the impact effect physical activity on BAT activation is not well understood. One important 
protein in charge of both white and brown adipose tissue exhibit adaptive thermogenesis going 
through browning is Uncoupling Protein 1 (UCP1). Objective: This study aims to analyze the 
effect of physical exercise on increasing uncoupling protein 1 (UCP1) in mice.  
Materials and methods: We looked through a number of literature databases for our systematic 
review investigation, including Pubmed, Web of Science, and Science Direct. articles that ad-
dressed physical activity and UCP1 that were released within the last five years. The Web of 
Science, Pubmed, and Science Direct databases were used to locate 380 published articles. For 
this systematic review, ten papers that met the inclusion criteria were selected and reviewed. 
Systematic Reviews and Meta-Analyses' Preferred Reporting Items (PRISMA) were used in this 
study to assess standard operating procedures.  
Results: The findings of this study indicate that physical exercise has been shown to increase 
UCP1 expression.  
Conclusions: It has been demonstrated that physical activity increases UCP1 expression. The 
process of boosting metabolism and thermogenesis will be triggered by this rise. in order for 
the energy expenditure generated by adipose tissue to increase. 
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Resumen 

Antecedentes: Además de ser un elemento importante relacionado con la termogénesis, el ejer-
cicio es una excelente intervención para reducir la obesidad. Investigaciones recientes indican 
que las "exerkinas", o sustancias químicas liberadas durante la actividad física, pueden cambiar 
la activación del tejido adiposo marrón (BAT) y el oscurecimiento del tejido adiposo blanco. Sin 
embargo, no se comprenden bien los procesos compuestos por los cuales la activación del BAT 
se ve afectada por las variables periféricas provocadas por el ejercicio. Además, no se com-
prende bien el efecto del impacto de la actividad física en la activación del BAT. Una proteína 
importante a cargo de la termogénesis adaptativa que se produce durante el oscurecimiento 
del tejido adiposo blanco y marrón es la proteína desacopladora 1 (UCP1). Objetivo: Este estu-
dio tiene como objetivo analizar el efecto del ejercicio físico en el aumento de la proteína des-
acopladora 1 (UCP1) en ratones. 
Materiales y métodos: Buscamos en varias bases de datos bibliográficas para nuestra investi-
gación de revisión sistemática, incluidas Pubmed, Web of Science y Science Direct. Artículos que 
abordaron la actividad física y la UCP1 que se publicaron en los últimos cinco años. Se utilizaron 
las bases de datos Web of Science, Pubmed y Science Direct para localizar 380 artículos publi-
cados. Para esta revisión sistemática, se seleccionaron y revisaron diez artículos que cumplían 
los criterios de inclusión. En este estudio se utilizaron los elementos de informe preferidos de 
revisiones sistemáticas y metaanálisis (PRISMA) para evaluar los procedimientos operativos 
estándar.  
Resultados: Los hallazgos de este estudio indican que se ha demostrado que el ejercicio físico 
aumenta la expresión de UCP1. 
Conclusiones: Se ha demostrado que la actividad física aumenta la expresión de UCP1. El pro-
ceso de aumento del metabolismo y la termogénesis se desencadenará por este aumento, para 
que aumente el gasto energético generado por el tejido adiposo. 

Palabras clave 

Ejercicio físico; aptitud física; bat; ucp1; ácido graso.
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Introduction

Obesity has become a deadly global issue and a serious societal challenge in the healthcare system. 
Chronic diseases such as obesity are very complex that in the absence of prevention efforts will trigger 
damage to human tissues and lead to several conditions include diabetes mellitus, heart disease, and 
malignancies, which can greatly jeopardize the life expectancy of patients and their overall quality of 
life, besides obesity is also linked to substantial morbidity and mortality, encompassing human chronic 
diseases and early death (Koliaki et al., 2023). An unhealthy lifestyle that starts with overeating, inactive 
living style, inactivity, lack of exercise, and lack of mobility will trigger excessive weight gain and lead to 
obesity (Sugiharto et al., 2021). The energy imbalance triggered by the factors that cause obesity will 
cause dysfunction in energy formation, which results in the white fat tissue's activation (N. Kim et al., 
2018). In addition, the impact that occurs is less than optimal performance of fatty acid metabolism 
(Flouris et al., 2017).  

The lack of fibroblasts and the sparseness of fibrous components define adipose tissue as a connective 
tissue (Said et al., 2022). Human body fat belongs to the category of loose connective tissue rather than 
dense connective tissue (De Sanctis et al., 2025). The majority of the cells in adipose tissue are called 
adipocytes (De Sanctis et al., 2025). The two functional types of adipose tissue are brown adipose tissue 
(BAT) and white adipose tissue (WAT) (Chou et al., 2024). BAT is indicated by elevated mitochondrial 
content and uncoupling protein 1 (UCP1) expression. UCP1 has the ability to without chills convert en-
ergy into heat through thermogenesis, increasing energy expenditure (Cohen & Kajimura, 2021).  

Adopting a healthy lifestyle and regular physical exercise can enhance brown fat tissue activation and 
fat oxidation metabolism (Sugiharto et al., 2021). Exercise is thought to be a highly effective strategy for 
preventing and lowering the incidence of overweight and obesity (Rodrigues et al., 2018). This is due to 
the fact that exercise can stimulate brown fat tissue and raise fat oxidation (Purdom et al., 2018) to more 
effectively stimulate the production of uncoupling protein-1 (UCP-1) (S. H. Kim & Plutzky, 2016). How-
ever, exercise can also raise oxidative stress and change the body's metabolism (Wibawa et al., 2021). 
Reduced protein expression in the mitochondrial membrane, increased white fat deposits in adipose 
tissue, and poor fat oxidation can result from this (Huh, 2018). On the other hand, proper intensity train-
ing can boost fat metabolism, allowing for the production of brown fat tissue triggered by the hormone 
irisin (Jabbour & Iancu, 2017).  

The increase in fat metabolism that occurs during exercise can also make the body healthier. Exercise is 
positively connected with several factors, including your body shape, according to numerous research 
(Said et al., 2022), physical fitness (Said et al., 2021), and cardiometabolic biomarkers (Leskinen et al., 
2023). Exercise and other lifestyle changes can increase metabolism, but many of the underlying mech-
anisms are still unclear. Norepinephrine and β-adrenergic receptors are activated by exercise to trigger 
beneficial tissue adaptations. This has the ability to prevent obesity and metabolic problems (Vidal & 
Stanford, 2020). Brown adipocyte lipolysis and mitochondrial respiration are initiated after adrenergic 
stimulation, which is dependent on UCP1 expression (Ikeda & Yamada, 2020). There is compelling evi-
dence thermogenic fat cells, such as the sympathetic nervous system (SNS) innervates brown and beige 
adipocytes, which can be triggered by exposure to cold and food (Chou et al., 2024). However, research 
about whether and how to work out controls thermogenic fat cells yields contradictory findings when 
contrasted with cold exposure (Garritson & Boudina, 2021). According to some studies, exercise itself 
does not increase thermogenesis by BAT and is a form of heat generation (Lehnig & Stanford, 2018). 
BAT is a thermogenic tissue involved in heat production and energy expenditure (Foster & Frydman, 
1979). Given that exercise also increases energy expenditure and heat production, it is not surprising 
that BAT is decreased by exercise to maintain body temperature. So this is still a matter of debate among 
researchers and needs further exploration.  

The production of the releasing protein UCP1, which accelerates electron transport and generates heat, 
is the best studied mechanism of adipocyte thermogenesis (Desai et al., 2024). Due to its role in non-
shivering thermogenesis, releasing protein 1 (UCP1) is found in the inner mitochondrial membrane 
(Porter, 2017). When UCP1 is activated, it enables large proton conductance in the inner membrane. 
This unleashes respiration and mitochondrial fuel oxidation of ATP production (Porter, 2017). The sub-
stantial negative association between the amount of thermogenic adipose tissue and the risk of meta-
bolic diseases has drawn attention to the need to understand the mechanisms behind the development 
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and maintenance of UCP1-expressing adipocytes in humans (Becher et al., 2021). Most of the research 
on how to control thermogenesis is done in mice, where catecholamines released upon exposure to cold 
increase UCP1 transcription (Collins, 2022). In addition, increased UCP1 expression is also triggered by 
exercise (Sugiharto et al., 2021). There is still much to learn about the underlying mechanics. The signal 
transduction steps that lead to an increase in UCP1 during exercise are important to understand in order 
to demonstrate the thermogenic mechanisms of exercise. As a result, this systematic review will thor-
oughly examine the cellular mechanisms and effects of physical exercise on the rise in UCP1. 

 

Materials and method 

Study Design 

Researchers perform a thorough search through journal databases like Science Direct, Web of Science, 
and Pubmed for this kind of systematic review investigation. These venues are regarded as the best in 
the world for gathering papers with a significant effect and a solid scientific foundation. This initial 
search technique eliminates duplicate articles. The search results are further filtered using pre-estab-
lished inclusion and exclusion criteria. 

Eligibility Criteria 

The inclusion criteria for this study were made by looking at publications from the previous five years 
that discussed physical activity and UCP1 expression and also involved samples must be mice and no 
intervention other than physical exercise intervention. So the keywords we used were physical activity 
and UCP1 expression to find the papers we wanted to search for. In addition, exclusion criteria that were 
not included in our review analysis were papers that did not comply with scientific validity guidelines 
or were not listed in reliable search indexes such as Web of Science, Pubmed, or Science Direct. So they 
were not included in our study, in addition, the criteria if human samples were not included in our anal-
ysis. 

Procedure 

Following verification and review, the publications' full text, abstract, and title were added to the Men-
deley database. Using the databases Science Direct, Pubmed, and Web of Science, 380 publications were 
located in the first phase. Following title suitability screening, 314 papers that satisfied the criteria were 
chosen for the second screening stage. 47 papers were found in the third stage after the title, abstract, 
and keywords were read. After reading the entire paper, we made the following decisions based on suit-
ability: the study should be experimental, the intervention should be physical activity, the biomarker 
should be UCP1 gene expression, and the sample should be mice. We now arranged the products accord-
ing to their general suitability. Following a rigorous review and observation process, ten papers that 
satisfied the inclusion criteria were chosen for analysis. The Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) evaluation served as the operational criterion for this study. 
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Figure 1. PRISMA flowchart of the article selection process 

 
 
Results 

 
Table 1. Summary of the design and intervention of the studies 

Author Design Participants Participants Age Intervention Outcome 

(Kianmehr et 
al., 2020) 

Randomized con-
trolled trial 

Forty-five adult 
male Wistar al-

bino rats in good 
health (Rattus 

norvegicus) 

8 weeks old 

1. Mice were introduced to 
running on a treadmill for 1 week. 

2. Animals are exercised on 
a motorized treadmill running at 9 

meters per minute. 
3. Exercise was performed 

per session for 20 minutes. 
4. Intervention was done 

5x a week for 2 weeks of treatment 
5. The rats were trained for 
10 minutes daily on the first day of 

exercise at a speed of 11 m/min. 
6. The speed increased 

gradually until it reached 26 
minutes per day in the second 

week. 

1. In the group with ex-
ercise intervention, UCP1 ex-
pression levels increased signifi-
cantly. 

(Chou et al., 
2024) 

Randomized con-
trolled trial 

Fifty male mice 5 week old 

1. All groups had a week of 
exercise adaptation prior to 

treatment. 
2. For 40 minutes at 0% 
inclination, the aerobic exercise 
group was instructed to run on a 

motorized treadmill at a pace of 15 
m/min. 

3. Resistance exercise was 
performed by climbing stairs while 

holding weights. 
4. Rats warmed up on a 

treadmill without elevation for ten 
minutes at a speed of five to seven 
meters per minute for HIIT. After 

that, they alternated between 
running for one minute at a pace of 

18–20 m/min (about 80% MRS) 
and two minutes at a pace of 10–12 

1. The HIIT group in-
creased UCP1 expression signifi-
cantly higher than the no exer-
cise intervention group. 
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m/min (40–50% MRS) for ten 
rounds every day. 

(de Melo et al., 
2022) 

Randomized con-
trolled trial 

Swiss mice 8 week old 

1. Prior to the exercise in-
tervention, the rats were adapted. 
2. There were 20 climbing 
series in each workout, with 70% 
workload and 60–90 second rest 

periods in between sets. 
3. The animals received 
training for five days in a row. 

1. There was a signifi-
cant increase in UCP1 expression 
after the physical exercise inter-
vention. 

(Xiao et al., 
2023) 

Randomized con-
trolled trial 

68 male Sprague 
Dawley rats 

Five week old 

1. Exercise adaptation is 
done for 1 week. 

2. After 1 week of adaptive 
training, the rats in the training 
group underwent the following 

training program 5 times a week for 
10 weeks: 4 sessions of 1 min of 

high-intensity exercise (18 m/min) 
with 10.5 min of interval training (9 
m/min) in the first 2 weeks, and 12 
sessions of 1 min of high-intensity 
exercise (30 m/min) with 2.5 min 
of interval training (18 m/min) in 

weeks 3 to 10. 

1. There was a signifi-
cant increase in UCP1 expression 
in the HIIT intervention group. 

(Yin et al., 
2022) 

Randomized con-
trolled trial 

24 male mice 6 week old 

1. Before training, the ad-
aptation process is carried out first. 
2. The exercise group un-
derwent daily physical exercise on 

the walking wheel system for 1 
hour/day, 5 days/week for 8 weeks 

of intervention. 
3. In the first week, the ex-

ercise rats started running at a 
speed of 4 m/min, which was then 
increased daily by 0.2 m/min and 

reached 5.2 m/min at the end of the 
first week on the rat walking wheel 

system (SANS, China). 
4. In the following weeks, 

the rats ran at a speed of 5.2 m/min 
for 1 hour/day. 

1. There was a signifi-
cant increase in UCP1 expression 
in the group with exercise inter-
vention. 

(Khalafi et al., 
2020) 

Randomized con-
trolled trial 

Forty male Wistar 
rats 

Seven week old 

1. Mice were first subjected 
to exercise adaptation. 

2. Physical exercise inter-
vention was conducted 5x a week 

for 12 weeks. 
3. Running is done on a 

treadmill. 
4. The MICT protocol re-

quired constant operation between 
65% and 70% of its top speed. 

5. From 12 m/min in the 
first week to 16 m/min in the tenth 
week, the treadmill speed was grad-

ually increased and then main-
tained for the last two weeks. 

6. Ten 4-minute high-inten-
sity running sessions lasting 85% to 
90% of maximal speed were part of 

the HIIT program, which also in-
cluded a 2-minute active rest inter-

val at 50% maximal speed. 
7. Over the course of ten 

weeks, the interval speed was pro-
gressively raised and held steady 

for the final two weeks. 
8. Consequently, the tread-
mill speed rose from 17 m/min in 
week 1 to 26 m/min in week 10. 

1. The HIIT and MICT 
groups had a significant increase 
in UCP1 expression than the con-
trol group. 

(Takaishi et al., 
2021) 

Randomized con-
trolled trial 

33 male rats Four week old 

1. The training group of 
rats spent 12 hours a day, from 

20:00 to 8:00, in individual cages 
with freely accessible running 

wheels. 
2. Mice could use the 

running wheel to run whenever 
they wanted. 

1. There was a signifi-
cant increase in UCP1 expression 
in the group with physical exer-
cise intervention. 
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3. Running distance and 
time over a 12-hour period were 

used to capture voluntary running. 

(de Carvalho 
Picoli et al., 

2020) 

Randomized con-
trolled trial 

Thirty Swiss male 
mice 

45 days old 

1. The rats spent three days 
in a row becoming used to the 

treadmill prior to exercise. 
2. Thereafter, the rats un-

derwent an additional test to deter-
mine the peak speed customized for 

the rat, repeated weekly to adjust 
the exercise load. 

3. Aerobic exercise lasted 
for 8 weeks, at 70% intensity. 

4. 4. With a 0° slope, ses-
sions lasted 30 to 40 minutes in 

week one, 35 to 50 minutes in week 
two, 50 to 60 minutes in week 

three, and 60 minutes in weeks four 
through eight. 

5. Total training 5 sessions 
a week for a total of 40 training ses-

sions. 
6. Rats in the endurance 
training group experienced stair 
climbing for three days in a row. 

7. The training load was re-
adjusted based on the maximal 

weight lifted during the incremen-
tal test following the adaptation pe-

riod. 
8. The eight-week workout 

regimen included four series of 
climbing that were based on 50%, 
75%, 90%, and 100% overload, al-
lowing for eight to twelve dynamic 

movements (repetitions). 

1. There was a signifi-
cant increase in UCP1 expression 
in the group with physical exer-
cise intervention both resistance 
training and aerobic exercise. 

(Guo et al., 
2023) 

Randomized con-
trolled trial 

Male mice 4 week old 

1. Before the physical exer-
cise intervention, all rats in the ex-

ercise group were adapted for 1 
week. 

2. Rats were trained to 
swim for 60 minutes every day, five 
days a week, for eight weeks with-
out any physical activity starting in 

the second week. 
3. In endurance training, 
rats used weights to climb stairs. 

4. Up until the eighth week 
of the intervention, the load was 

progressively raised. 
5. An animal treadmill was 

used for aerobic exercise.. 
6. The exercise began at 8 
m/min for 10 minutes on the first 

day and was increased to 15 m/min 
for 60 minutes on the fifth day. 

7. The pace was kept at 15 
m/min and running for 60 minutes, 

five days a week, for eight weeks 
starting in the second week. 

8. For eight weeks, HIIT ex-
ercise was conducted five times a 

week on a treadmill with a 25° 
slope. 

9. The rats began the 8-
week training with a 10-minute 
warm-up at a speed of 5 m/min. 
HIIT comprised 10 sessions of 4 

min high-intensity treadmill run-
ning, separated by 2 min total rest. 
10. Over the course of eight 

weeks, the HIIT speed increased 
steadily from 16 to 26 m/min. 

1. Aerobic training and 
HIIT groups were shown to sig-
nificantly increase UPC1 expres-
sion. 

(H. J. Kim et al., 
2022) 

Randomized con-
trolled trial 

Male mice 
8 week 

old 
1. As an aerbic exercise, 
mice voluntarily ran on wheels. 

1. The exercise group 
had significantly higher UCP1 ex-
pression than the control group. 
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2. The exercise group per-
formed this activity daily for four 

weeks. 
3. Daily running lengths 

were tracked using an activity 
wheel running counter (STARRLife 

Science, PA, USA).. 

 
 
Discussion 

This study's objective was to determine how exercise can increase the expression of UCP1. Based on the 
results of a systematic review that has been analyzed, it proves that engaging in physical activity can 
boost UCP1 expression. Other research results are shown by Kianmehr et al., 2020 proved that mice that 
have been given aerobic traning interventions performed Five times a week for 20 minutes each session 
and carried out for two weeks proved to significantly p<0.05 can increase UCP1 expression. The findings 
of additional research also demonstrate that mice that have been given resistance training interventions 
weight training with climbing done using stairs and carried out for 5 consecutive days proved to signif-
icantly p<0.05 increase UCP1 (de Melo et al., 2022). Similarly, research has shown that HIIT exercise can 
significantly increase UCP1 expression (Chou et al., 2024). Thus, exercise has been shown to significantly 
increase UCP1 expression. 

The results of another study proved that HIIT training performed 4 sessions a week for 10 weeks in rats 
was shown to significantly increase UCP1 expression p<0.05 (Xiao et al., 2023). Research results from 
Yin et al., 2022 that physical exercise performed 5x a week for 8 weeks of intervention given to mice 
proved significant p<0.05 can increase UCP1 expression. Both the intervention of both high-intensity 
interval training and moderate-intensity continuous exercise are crucial for raising UCP1 in mice (Kha-
lafi et al., 2020). Furthermore, aerobic exercise and resistance training that have been given to mice for 
8 weeks significantly p<0.05 proved to increase UCP1 expression (de Carvalho Picoli et al., 2020). There 
is also an increase in UCP1 in mice after physical exercise from the study by (Takaishi et al., 2021).  

Another study found that eight weeks of HIIT led to more positive adaptations in cardiometabolic health 
in overweight/obese individuals compared to MICT. Most of the positive effects of the HIIT protocol 
were also found to be longer lasting and maintained after cessation of high-intensity interval running 
for 4 weeks (Gripp et al., 2021). This could be indicated by higher UCP1 expression levels in HIIT training 
than MICT training. However, further research is needed to confirm this.  

Thus, physical exercise was shown to significantly increase fat burning through the expression of UCP1, 
which is key in activating burning in adipose tissue. However, more details must be discussed regarding 
the underlying mechanism. Here we discuss in depth the response and physiological mechanism of 
physical exercise to increase UCP1 expression. 

Overview of UCP1 Gene Expression 

Uncoupling protein, also referred to as UCP, is an important transmembrane protein present within the 
mitochondrial membrane. UCP is also a member of the mitochondrial anionic transporter family (Rams-
den et al., 2012). UCPs perform and contribute to many things, from oxidative phosphorylation to ther-
mogenesis (dissipating energy through heat), and are crucial in controlling the potential of the mito-
chondrial membrane (Liu et al., 2006). The molecular mass of these proteins usually ranges from 31 to 
34 kDa. The five UCP isoforms, which range from UCP1 to UCP5, are also found in a variety of taxa and 
tissues, including fungi, plants, mammals, and protozoa (Klingenberg et al., 1999). Up to 10% of the mi-
tochondrial protein is found in brown adipose tissue (BAT), where UCP1 is mostly expressed (Ko et al., 
2014). UCP1 is expressed in white adipose tissue (WAT) in addition to brown adipose (Okamatsu-Ogura 
et al., 2013). 

In the majority of cell types, cellular respiration and ATP generation are interconnected processes that 
don't happen independently. However, proton conductance, which is mediated by a fatty acid/H+ im-
port pathway, determines BAT's ability to produce heat. Release protein 1 (UCP1), which is only ex-
pressed in this tissue, mediates this process (Fedorenko et al., 2012). Physical activity, necessary energy 
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expenditure (needed to perform cellular processes), and adaptive thermogenesis are some of the pri-
mary components of energy expenditure. We call this final procedure adaptive energy dissipation. It 
mostly happens in beige and brown adipocytes in response to eating too much or changing the temper-
ature (Roesler & Kazak, 2020).  

BAT activation boosts fatty acid oxidation and glucose absorption, which enhances the body's energy 
production (Bartelt et al., 2011). The expression of the BAT-specific protein coupling release protein 1 
(UCP1) is crucial for BAT's thermogenic function (Wang & Seale, 2016). UCP1 uncouples oxidative phos-
phorylation from ATP production and transfers protons that are located in the mitochondrial mem-
brane. This releases energy as heat, allowing protons to leave the mitochondria (Fedorenko et al., 2012). 
During cold acclimatization, mice lacking UCP1 exhibit intolerance to cold and rely on thermogenesis, 
or shivering, to keep their bodies warm (Golozoubova et al., 2001). Moreover, mice deficient in UCP1 
were fat in thermoneutral (30 °C) environments (Feldmann et al., 2009). Prior research has demon-
strated that UCP1-deficient animals have aberrant mitochondrial crest architecture and a decreased 
quantity of electron transport chain components in cold-induced BAT (Kazak et al., 2017).  

Significant insight into the mechanisms underlying BAT thermogenesis can be gained by comprehend-
ing the molecular mechanisms governing UCP1 expression. In BAT, UCP1-mediated non-shivering ther-
mogenesis is crucial for maintaining energy balance and controlling body weight in both humans and 
rodents (Chouchani et al., 2019). Treatment for obesity and other metabolic disorders may focus on 
UCP1-activated thermogenesis (Su et al., 2025). Therefore, it is imperative to find functional enhancers 
that regulate UCP1 expression and elucidate how chromatin circles regulate UCP1 expression. Knowing 
the molecular mechanisms responsible for the transcriptional regulation of UCP1 may offer new goals 
to address obesity and other metabolic disorders. The sympathetic nervous system allows brown adi-
pocytes to perform metabolic activities in response to cold-induced norepinephrine release. There, they 
use the energy stored in lipids and carbohydrates to generate heat. One important mechanism for boost-
ing energy expenditure and heat generation is UCP1, whose overexpression is linked to weight loss and 
heightened cold sensitivity (Kozak & Anunciado-Koza, 2008).  

Mechanisms by which Physical Exercise Increases UCP1 Gene Expression 

Type 2 diabetes, obesity, and additional metabolic conditions are examples of chronic illnesses that can 
be prevented through non-drug approaches such as exercising regularly (Dewal & Stanford, 2019). A 
healthy lifestyle with frequent exercise ought to be mandatory in order to avoid chronic diseases from 
occurring (Müller et al., 2016). In addition, exercising regularly can control bodily processes and energy 
balance (Garneau et al., 2020). Significant reductions in early demise and chronic disease can be 
achieved through regular exercise (Leal et al., 2018). Previous studies found that exercise increases 
UCP1. In essence, UCP1 activation in white and brown fat cells can be triggered by stimuli like cold, 
exercise, and medications. This activation can enhance circumstances like obesity and promote heat 
production. The location and mass of WAT and BAT fat in both healthy and obese individuals are stimuli 
that impact UCP1 expression (Gong et al., 2024). The ability of brown or brite adipocytes to thermogen-
ically respond requires UCP1 activation (Kajimura et al., 2015). 

UCP1 plays a significant part in the heat production of beige adipocytes and classical BAT, but due to an 
intrinsic inhibitory mechanism, UCP1 does not secrete heat at all (Li & Fromme, 2022). One way to in-
crease BAT heat consumption is by activating UCP1. During exercise, a number of metabolites such as 
succinate, acetate, creatine, and FFA are produced which affect fat thermogenesis and browning. Vigor-
ous exercise increases lipolysis, releases FFA bound to UCP1, and directly increases thermogenesis (Fe-
dorenko et al., 2012). FFAs also activate the nuclear receptor HNF4alpha. The liver then produces acyl-
carnitine, which helps brown fat thermogenesis occur (Simcox et al., 2017). Creatine metabolism in mus-
cle and adipose tissue creates more creatine, which in turn generates mitochondrial ATP and creatine, 
which in turn produces ADP and PCr in a 1:1 stoichiometry. Since ATP is heavily used to generate energy 
during acute exercise, the PCr pool promotes ADP phosphorylation at the substrate level to produce ATP 
(Zhu et al., 2022). There is proof that the metabolism of arginine and creatine is what causes the cream-
colored adipose marks (Kazak et al., 2015). 

The electron transport chain produces a proton gradient that is eliminated by UCP1 when activated 
(Chouchani et al., 2019). Exercise-induced increased activation of peripheral proliferator-activated re-
ceptor 1-alpha (PGC-1α) gene in human skeletal muscle promotes the development of UCP-1 (Reisi et 
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al., 2016). PGC-1α increases a protein with five fibronectin type III domain 5 (FNDC5) that is split and 
released into the bloodstream as irisin. On the other hand, PGC-1α drives various complex gene regula-
tory networks that regulate transcription, which are involved in the control of mitochondrial tissue con-
tent resulting in the production of brown adipose tissue (BAT) (Dinas et al., 2017). Muscle contraction 
and sympathetic nerve stimulation are impacted by exercise intensity (Aldiss et al., 2018). Stronger 
muscles during exercise result in improved metabolism, which encourages the growth of PGC-1α; this 
happens at high intensity as opposed to moderate intensity (Shirvani & Arabzadeh, 2020). PGC-1α reg-
ulates oxidative metabolism and mitochondrial biogenesis, including cell type, which increases the pro-
duction of UCP-1 (Dinas et al., 2017), in both short-term and long-term exercise (Gorski et al., 2018). 
Physical activity, which is triggered by the PGC-1α co-activator, raises FNDC5 in muscle, which causes 
irisin to be released, which raises thermogenesis gene stimulants in adipocytes. Additionally, irisin con-
trols the signaling of energy secretion from muscle, which interacts directly with adipose tissue and 
results in browning. This raises the metabolic profile of white adipose tissue (WAT) and increases the 
generation of (Qiu et al., 2018). 

In addition, brown adipose tissue serves as a metabolically active tissue that contributes to thermogen-
esis through activating UCP-1, while adipose tissue remains active for energy metabolism (Khalafi et al., 
2020). In contrast, the hypothalamus is responsible for thermogenetic processes. Therefore, thermosen-
sory reactions are triggered in the dorsomedial hypothalamus when body temperature changes. Thus, 
the hypothalamus controls adaptive thermogenesis through this process (Morrison, 2016). A study of 
rats exposed to cold found that sympathetic nerve activity increased as a result of dorsomedial hypo-
thalamus (DMH) stimulation via thermos sensory input through the median preoptic (Fuller-Jackson & 
Henry, 2018). 

Increased catecholamine secretion during high-intensity exercise may have an impact on elevated UCP-
1 expression (Sanchez-Delgado et al., 2015). Adrenergic receptors cause lipolysis and UCP-1 production, 
activate protein kinase A, and increase catecholamine secretion after raising cyclic adenosine mono-
phosphate (Rodrigues et al., 2018). Noradrenaline binds to adrenergic receptors 3, 1, and 2. Noradren-
aline increases the production of signals that interfere with lipolysis, thermogenesis, and gene expres-
sion. UCP-1, an unrelated protein in mitochondria that is in charge of proton translocation across the 
heat-generating respiratory chain, is thereby activated by prolonged beta-adrenergic stimulation from 
BAT. Furthermore, prolonged BAT adrenergic stimulation causes signals to be produced that raise met-
abolic rate (De Queiroz et al., 2012) and lessen ROS (reactive oxygen species). (Brondani et al., 2012). 

Compared to moderate-intensity exercise, stronger skeletal muscle structures increase UCP-1 levels in 
high-intensity activities (Huh, 2018). The intensity of muscle construction has an impact on increasing 
energy demand, oxygen uptake, increasing AMPK and active PGC-1α, and increasing thermogenesis 
(Khalafi et al., 2020). Thermogenic enhancement caused by expansion of mitochondrial content and 
UCP-1 expression in white adipose tissue (WAT) due to irisin release (Mai et al., 2020). Energy expendi-
ture also triggers upregulation of muscle PGC-1α transcription, UCP-1 expression, increased heat pro-
duction, increased iron release, increased protein-membrane FNDC5, and biogenesis in mitochondria 
(Moienneia & Attarzadeh Hosseini, 2016). Even without a significant increase in temperature, the en-
ergy expenditure profile of high-intensity exercise is broader than that of moderate-intensity exercise 
(Sugiharto et al., 2019). Physical exercise is the best therapy in increasing UPC1 expression, especially 
in obese patients. So it is highly recommended to do physical exercise regularly. In this systematic re-
view there are still limitations in the discussion only focusing on the paper on physical exercise on in-
creasing UCP1 expression. However, in the future, further research is needed that discusses specific 
types of exercise such as the interaction between diet, exercise, and UCP1 expression in humans or re-
search that explores how various types of exercise affect thermogenesis in humans specifically is needed 
to improve the understanding of the mechanisms related to exercise and UCP1. 
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Figure 2. Physical exercise mechanism increases UCP1 expression 

 
Strenght and Limitations 

The advantage of this systematic review is that it only looked at randomized controlled trials, which is 
the most reliable type of scientific evidence as there is no possibility of an ambiguous causal relation-
ship. In addition, the samples taken were focused on rats that were given physical exercise interventions 
so that all samples could show homogeneous data and not be mixed with other categories such as human 
or other animal samples. 

The limitation that we encountered was the lack of discussion and discussion related to how physical 
exercise in increasing UCP1 expression through physiological review and how the mechanism underly-
ing the increase in UCP1 expression. Therefore, this study is considered important to do in order to add 
insight and repertoire of knowledge related to how the effect of physical exercise in increasing UCP1 
expression and how the underlying mechanism theoretically and scientifically so that the results of the 
study can be a recommendation to always do physical exercise regularly. 

 

Conclusions 

Based on the related articles we found, it can be said that regular physical exercise has been shown to 
increase UCP1 expression. Thus increasing mitochondrial biogenesis which will trigger increased en-
ergy production. 
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