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Abstract 

Background and objectives: Aging is a natural phenomenon associated with a 

decrease in physical fitness factors and increases in chronic pain. The present study 

aimed to investigate the effect of High Interval Intensity Training (HIIT) and 

Moderate Intensity Continued Training (MICT) with Citrus Aurantium (CA) 

consumption on pain threshold and motor balance in elderly rats.  

Material and Methods: Forty-nine elderly rats were randomly divided into 1) 

control, 2) MICT, 3) HIIT, 4) MICT+CA, 5) HIIT+CA, 6) CA and 7) sham groups. 

Groups 3 and 5 performed HIIT at a speed of 25-25 m/min, and groups 2 and 4 

performed MICT at a speed of 25-20 m/min; also, groups 4-6 received 300 

mg/kg/day CA peritoneally. The pain and motor balance tests were evaluated using a 

hot plate and rotarod devices respectively. The Kolmogorov-Smirnov test was used 

to investigate the normal distribution of findings and one-way ANOVA with Tukey’s 

post- hoc tests was used to analyze of findings (P≤0.05). 

Results: CA, MICT, HIIT, MICT+CA, and HIIT+CA significantly increased pain 

threshold and motor balance (P<0.05); MICT+CA (P<0.05) and HIIT+CA (P<0.05) 

significantly increased pain threshold compared to CA, MICT, and HIIT, and 

HIIT+CA significantly increased pain threshold compared to MICT+CA (P<0.05).  

Conclusion: Although CA, MICT, and HIIT alone can enhance pain threshold and 

motor balance nevertheless it appears that MICT+CA and HIIT+CA have a better 

effect on the increase of pain threshold, so the effects of HIIT+CA can be higher than 

MICT+CA. 

Keywords: Aging  [MeSH] , Citrus [MeSH], Exercise  [MeSH], Pain 

Threshold  [MeSH], Rotarod Performance Test [MeSH] 
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Introduction 

Recent studies have shown that with the growing 

aging population in the 21st century, the medical 

community is facing new challenges and 

complexities in the diagnosis and treatment of 

aging-related diseases (1, 2). Muscle atrophy is 

known as sarcopenia during aging, and with 

increased oxidative stress, deficiency of 

mitochondrial function in muscle cells, reduced 

muscle protein synthesis, reduced muscle fiber 

counts, reduces muscle strength, and reduced 

quality of life in older people (3).  

Researchers believe that motor problems are one 

of the challenges of old age and there is a 

significant relationship between disorders of the 

locomotor system (bones, muscles, and nervous 

system), the ability to walk, and the need for 

nursing services. In addition, disorders such as 

sitting, standing, and walking are known as motor 

disorders in the elderly and ultimately lead to 

muscle weakness, decreased balance, pain, and 

limited joint movement (4). 

In addition, aging by decreasing the number of 

motor neurons, deficiency in the Insulin-Like 

Growth Factor-1 (IGF-1) signaling pathway, 

increases circulating cytokines levels and 

oxidative stress, and in parallel, the number of 

muscle fibers decreases (5). Increased oxidative 

stress and inflammatory cytokines have also been 

associated with chronic pain in the muscles and 

joints of the elderly, potentially reducing the 

function and quality of life of the elderly (5, 6). 

Overall, muscle and neurological disorders 

increase the risk of falls in older people and cause 

irreparable damage to them, so a significant 

number of people in the United States have lost 

their normal lives (6). As a result, in recent years, 

the most important factors that increase the risk of 

falls are sedentary lifestyle, poor mental state, 

vision problems, hearing problems, high blood 

pressure, pelvic floor muscle weakness, 

medication use, and loss of balance (7). 

On the other hand, the positive role of physical 

activity and exercise in reducing the risks of 

muscle mass loss due to aging has been shown to 

improve muscle cell metabolism, increase insulin 

sensitivity, and increase mitochondrial capacity 

(8). Studies also show that although physical 

activity improves oxygen uptake, mitochondrial 

function, dynamic balance, and static balance in 

the elderly (9), based on the principle of training 

overload, training performance is linked to 

increased training intensity, so it seems that acute 

exercises and intense exercises, even in athletes, 

are associated with increased levels of active 

oxygen species, which these factors cause muscle 

pain by damage to muscle cells (10); In general, 

although studies have shown that exercises affect 

the treatment of many diseases and mechanisms 

have been identified to influence the pathways of 

exercise in muscle tissue, the action mechanism 

regarding the type, intensity, and duration on 

skeletal muscles (that are impaired by sedation 

and aging) is not fully understood (11).  

Given the limited data regarding the effects of 

exercise on the skeletal muscles of the elderly, 

recent research by sports scientists has focused on 

the administration of antioxidants along with 

exercise. Merry and Ristow (2016) suggested that 

antioxidant supplementation along with long-term 

moderate to intense endurance training as well as 

High-Intensity Interval Training (HIIT) can 

improve muscular strength and exercise-induced- 

pain relief through the mechanism of reducing 

active oxygen species, increasing antioxidant 

capacity, mitochondrial biogenesis and insulin 

sensitivity. Citrus Aurantium (CA) is used in the 

treatment of some diseases (with compounds such 

as synephrine and flavonoids) because of its 

antioxidant effects (12). Researchers have shown 

the antioxidant effects of CA in PC12 neurons 

damaged by glutamate (13) in patients with 

Highlights  

 Aphthous stomatitis is a multifactorial disease, 

the exact cause has not yet been determined. 

 The interaction of exercise training and 

antioxidant supplements such as Citrus 

Aurantium has beneficial effects in improving 

neuromuscular function. 
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Alzheimer's and Parkinson's diseases (14). Also, 

the anti-nociceptive effects of CA on moderate to 

severe knee pain (15) as well as reducing 

inflammatory factors, increasing antioxidant, and 

anti-apoptotic factors in smooth muscle have been 

reported (16).  

Given the limited information on the type, 

intensity, and duration of desirable exercise in the 

elderly skeletal muscles and chronic pain as well 

as the role of sedentary on muscle weakness and 

falling in the elderly; it seems that reviewing the 

effect of training simultaneously with CA 

administration can provide more information in 

this area; Therefore, the present study aimed to 

investigate the effect of eight weeks of Moderate 

Intensity Continued (MICT) and HIIT with CA 

consumption on pain threshold and motor balance 

in elderly rats. 

Materials and Methods 

Animal preparation 

First, due to higher muscle weakness, loss of 

mineral mass, and higher risk of falls in women 

than men (17,18), in this experimental study, 49 

elderly female rats (over 14 months of age and 

270- 320 g average weight) purchased and were 

kept in Islamic Azad University of Marvdasht 

branch animal laboratory one week. This study 

also followed the guidelines of the International 

Association for the Study of Pain on ethical 

standards for the investigation of experimental 

pain in animals.  

It is noteworthy that all the ethical principles of 

working with laboratory animals in this study 

were carried out based on the Helsinki Agreement 

and under the supervision of the ethics committee 

of the Islamic Azad University of Marvdasht. 

Also, during the study period, rats were kept in 

standard conditions of a quiet environment with a 

temperature of 22-24° C, relative humidity of 55-

65%, 12-12 hours of the light-dark cycle, and ad 

libitum access to water and food for rats. 

Grouping and drug administration 

Subsequently, rats were randomly divided into 

seven groups including 1) control, 2) MICT, 3) 

HIIT, 4) MICT + CA, 5) HIIT + CA, 6) CA and 

7) sham (normal saline). During eight weeks 

groups, 2- 5 ran on a treadmill with prescribed 

intensity and duration as well as groups 4- 6 

received daily 300 mg/kg CA peritoneally. 

Experimental design 

For performing HIIT and MICT protocols, all rats 

ran on a treadmill for 5 minutes at a speed of 10 

m/min for warming up, then the HIIT groups ran 

on the treadmill for 7 trail (each trial lasted 1 

minute with the speed of 31 m/min) with 6 

intervals (each interval 1 minute at a speed of 15 

m/min) in the first week which gradually 

increased to 10 trails (each trial lasted 1 minute 

with the speed of 55 m/min) with 9 intervals (each 

interval 1 minute with the speed of 25 m/min) in 

the eighth week (19). Also, the MICT groups ran 

on the treadmill for 15 minutes at a speed of 20 

m/min in the first week which gradually reached 

31 minutes at a speed of 25 m/min in the eighth 

week. At the end of each training session, all rats 

ran 5 minutes at a speed of 10 m/min for cooling 

down (16, 20, 21). The CA groups received daily 

300 mg/kg CA peritoneally (22).  

Behavioral tests 

The motor balance test and pain test were 

evaluated using a rotarod device (18) and hot 

plate device, respectively (23, 24). The motor 

balance is measured by using the Rotarod device. 

It has a rolling rack with a rotating speed range of 

0-40 rpm. The rolling rack speed could be 

adjusted by relocating the device belts. For the 

animals to become familiar with the device, they 

were initially placed on the Rotarod rolling rack 

so that they could learn how to move on it 

according to the major protocol (10 rpm rotating 

speed with 7rpm2 velocity). After 30 minutes, we 

were ready to start the motor balance test. In this 

study, the speed was considered to be 10 rpm and 

the velocity was 7rpm2 which was equal to 10-11 

rounds per minute. The amount of time that the 

animal was able to keep its balance and resist the 

rolling rack’s movement was recorded as its 

resistance time. The maximum time of 

investigation for each animal in the test was 300 

seconds (23). The pain threshold was measured by 
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using the hot plate device. The hot plate device 

was set at 52 C and the animal was placed on this 

hot plate, and the reaction time or time required 

for the animal to respond to the stimulus was 

measured in seconds. The reaction time refers to 

the time when the animal bites its paws or jumps 

out of a plastic container on a hot plate (24). 

Statistical analysis 

The Shapiro-Wilk test was used to evaluate the 

normality of the distribution of findings. Due to 

the normal distribution of the findings, a one-way 

analysis of variance was used to examine the 

differences between the groups, and Tukey's post 

hoc test in GraphPad Prism 8.3.3 was used to 

determine the places of differences between the 

groups (P≤0.05). 

Results 

The levels of pain threshold and motor balance 

are presented in Figures 1- 2, respectively. The 

results showed that there were no significant 

differences in pain threshold (P=0.99) and motor 

balance (P=0.25) levels between the control and 

sham groups. 

The pain threshold levels in the CA (P=0.001), 

MICT (P=0.001), HIIT (P=0.003), MICT+CA 

(P=0.001), and HIIT+CA (P=0.001) groups were 

significantly higher than the control and sham 

groups; in the MICT group, the levels were 

significantly higher than the HIIT group 

(P=0.006); in the MICT+CA group, the levels 

were significantly higher than the CA (P=0.001), 

MICT (P=0.02) and HIIT (P=0.001) groups; also, 

in the HIIT+CA group, the levels were 

significantly higher than the CA (P=0.001), 

MIACT (P=0.001), HIIT (P=0.001) and 

MICT+CA (P=0.001) groups (Fig. 1). 

The motor balance levels in the CA, MICT, HIIT, 

MICT+CA, and HIIT+CA groups were 

significantly higher than in the control and sham 

groups (P=0.001); in the MICT and HIIT groups, 

the levels were significantly higher than in the 

CA, MICT+CA and HIIT+CA groups (P=0.001); 

also, in the HIIT group, the levels were 

significantly higher than the MICT group 

(P=0.01) (Fig. 2). 

Fig 1. Pain threshold in the seven groups of study. Data are presented as mean ± SEM. *** P<0.001 Significant 

increase compared to the control and sham groups; # # P<0.01 Significant increase compared to the HIIT group; +++ 

P<0.001 Significant increase compared to the CA and HIIT groups; $$$ P<0.001 Significant increase compared to the 

MICT and MICT+CA group; & P<0.05 Significant increase compared to the MICT group (CA: Citrus aurantium; 

MICT: moderate-intensity continued training; HIIT: high interval intensity training) 
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Fig 2. Motor balance in the seven groups of study. Data are presented as mean ± SEM. 

*** P<0.001 Significant increase compared to the control and sham groups; +++ P<0.001 Significant increase 

compared to the CA, MICT+CA, and HIIT+CA groups; # P<0.05 Significant increase compared to the MICT group 

(CA: Citrus aurantium; MICT: moderate-intensity continued training; HIIT: high interval intensity training) 

 

Discussion 

The results showed that HIIT and MICT 

significantly increased pain threshold and motor 

balance. Also, MICT compared to HIIT had better 

effects on the increase of pain threshold; 

nevertheless, HIIT compared to MICT had better 

effects on the increase of motor balance. The role 

of regular exercise in improving aging-related 

diseases is well known today so researchers have 

shown that exercise can improve central nervous 

system metabolism and health. This leads to 

increased self-esteem and encourages elderly 

people to exercise; exercise also increases muscle 

strength, enhances the quality of life, and reduces 

chronic pain the elderly people (25). Researchers 

have suggested that aerobic training can increase 

endorphin levels by the mechanism of increased 

blood flow, in which endorphin binds to opioid 

receptors of pain and can reduce pain sensation by 

blocking the transmission of the pain message to 

the central nervous system. Another effect of 

training on pain can be attributed to greater levels 

of enjoyment of training and physical activity, 

which can itself be attributed to increased levels 

of serotonin and dopamine, and reduced fear of 

movement, which may themselves reduce the 

stimulation of pain transmitting nerves (26); 

However, reducing pain and increasing pain 

tolerance threshold is highly dependent on the 

initial pain mechanism, as previous studies have 

suggested that training with the intensity of 50- 

60% of maximal heart rate is a safe method for 

reducing pain in people with chronic pain (27). 

Polaski et al., (2019) in a meta-analysis study 

indicated that duration-dependent training has 

positive effects on pain relief and increased pain 

tolerance as well as there is a significant 

relationship between the increase in training 

intensity and reduction in pain sensation in 

individuals with chronic pain (28). In another 

meta-analysis study, Owen et al., (2019) reported 

that low-intensity aerobic training had more 

favorable effects on mental health, reduced pain, 

and increased balance than intense aerobic 

training and resistance training in elderly people 

with chronic pain (29). 

In the present study, CA had a significant effect 

on the increase of pain threshold and motor 

balance. Studies have shown that the arachidonic 

acid-induced increase in prostaglandins, 

cyclooxygenase 1 and 2 caused an increase in the 

sense of pain and inflammation in the human 

body; On the other hand, various herbal remedies 

such as aromatherapy and other techniques like 

oral; appear to reduce pain and relaxation by 

stimulation of the nervous system 

neurotransmitters and inhibition of prostaglandins 

(25). In line with the present study, aromatherapy 
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with CA significantly reduced labor pain (25, 26); 

also CA administration significantly reduced 

moderate to severe knee pain (14), inflammatory, 

antioxidant, and anti-apoptotic factors in smooth 

muscle (15). Also, it has been noted that CA and 

citrus family, with their powerful antioxidant 

effects, reduce oxidative stress in the human body, 

and by inhibiting caspase- 3 and 8, inhibiting 

inflammatory and apoptotic factors, can increase 

nitric oxide, brain-derived neurotrophic factor, 

activity, and synthesis of tropomyosin, and brain 

metabolism (27). Although the antioxidant effects 

of CA have been dose-dependent in previous 

studies, such that 100 and 300 mg CA extract 

have a significant effect on the increase of 

antioxidants in chromium-poisoned lung tissue 

(28) as well as 1000 mg CA could reduce fat 

mass, increase strength, and improve quality of 

life in overweight elderly (29).  

In the present study, MICT+CA and HIIT+CA 

significantly increased pain threshold and motor 

balance; also MICT+CA and HIIT+CA compared 

to CA, MICT and HIIT alone had better effects on 

the increase of pain threshold, so the effects of 

HIIT+CA were higher than MICT+CA. 

According to the results of previous studies, it 

seems that exercises, regardless of the type of 

training, can improve balance in elderly people 

through increasing antioxidant factors, muscle 

protein synthesis, and muscle strength (20), 

nevertheless, CA (at high doses) increases muscle 

strength through increasing anti-inflammatory and 

insulin-like growth factors (15, 27, 30); thus it can 

be said that exercises and CA can have a 

synergistic effect on increasing motor balance 

through separate signaling pathways. On the other 

hand, a higher-intensity and longer-duration 

periods of training may have anti-nociceptive 

effects in the elderly with increased endorphins 

and neurotransmitters (21), whereas CA has anti-

nociceptive effects through reduction of 

prostaglandins and inhibition of inflammatory 

factors and cyclooxygenases (25, 31-34). 

Therefore, it seems that higher effects of 

HIIT+CA compared to MICT+CA on the increase 

of pain threshold can be attributed to different 

signaling pathways. 

High-Intensity Interval Training (HIIT) in the 

initial stages appears to be associated with an 

increase in reactive oxygen species and an 

increase in inflammatory agents (35, 36); but in 

the long run, by adapting, this type of training 

increases endogenous antioxidants as well as 

increase total antioxidant capacity, while this type 

of training increases oxidative stress after each 

training session (36). However, higher intensity 

training with antioxidant supplementation can 

increase the expression of antioxidant enzymes in 

mitochondria and cell DNA through the same 

interactive pathways including increasing cyclic 

AMP, AMPK NRF1 / 2, and PGC1α (19); 

therefore, it seems that the interactive effect of 

HIIT and CA in improving pain tolerance 

threshold is due to the interactive effect of both 

factors in increasing antioxidant capacity and 

improving inflammatory factors. However, in 

justifying the higher effect of CA over HIIT 

training, it can be stated that although there are 

conflicting studies on the effect of higher intensity 

training on oxidative stress and inflammation, CA 

with isoflavones, synephrine, monoterpene 

hydrocarbons, adenosine, asparagine, valine, 

isoleucine, and alanine has a very strong 

antioxidant effect and no harmful effect of it has 

been reported even at doses of 1000 and 2000 

mg/kg (37). 

The lack of measurement of physiological 

variables of muscle strength and balance as well 

as the lack of measurement of prostaglandins and 

antioxidants (to be sure of the results of the 

present study) are the limitations of the present 

study. It is therefore suggested that these factors 

should be evaluated in future studies along with 

motor balance and pain threshold. Also, since 

studies have shown that high doses of CA can 

have more favorable effects, the lack of 

measurement of this aspect can be another 

limitation of the present study. It is therefore 

recommended in future studies that different 

doses and different administration periods of CA 

be evaluated. 
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Conclusion  

Although CA, MICT, and HIIT alone can enhance 

pain threshold and motor balance in elderly rats 

nevertheless it appears that MICT+CA and 

HIIT+CA have a better effect on the increase of 

pain threshold so that the effects of HIIT+CA can 

be higher than MICT+CA. 
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