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Abstract 

Background and Objective: Nutrition and physical activity are two factors which 

affecting the control of body composition and cardiorespiratory fitness in the elderly 

population. Present study aimed to investigate the effects of continued training (CT) 

and high intensity interval training (HIIT) along with Citrus aurantium (Ca) on 

aerobic power and body composition of elderly rats. 

Material and Methods: In this experimental study, 42 elderly rats with mean age of 

14- 18 months were divided into 7 groups of 6 rats including: control, sham, HIIT, 

CT, HIIT+Ca and CT+Ca groups. During eight weeks, the Ca groups received 300 

mg/kg Ca peritoneally and CT groups ran on treadmill for five sessions per week 

with intensity of 85%- 100% of VO2max and speed of 15-25 m/min as well as HIIT 

groups ran on treadmill for five sessions per week with intensity of 65% of VO2max 

and speed of 20-25 m/min.  

Results: CT (P=0.04), HIIT+Ca (P=0.04), and CT+Ca (P=0.04) significantly 

increased aerobic power; HIIT+Ca (P=0.02) and CT+Ca (P=0.03) significantly 

increased heart weight and HIIT+Ca significantly decreased adipose tissue weight 

(P=0.01). 

Conclusion: Although CT can improve aerobic power in elderly rats, nevertheless it 

seems that CT and HIIT along with Ca administration can have more favorable 

effects on the body composition of elderly rats. 
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Introduction 

Aging is a destructive process that is 

associated with significant reductions in bone 

density, muscle mass, and brain tissue, as well 

as leading to physiological, functional, and 

metabolic disorders (1,2). Studies have shown 

that, with the growing population of the 

elderly in the 21st century, the medical 

community is facing new complexities and 

challenges in the diagnosis and treatment of 

age- related diseases (3).  

Aging can cause irreversible abnormalities in 

the cardiovascular system that manifest as 

chronic heart failure. This phenomenon can 

be prevented by modifying the lifestyle and 

its complications, such as disability and death, 

can be reduced. With increasing age, changes 

occur in all organs as well as in the 

cardiovascular system. Every decade, 

increasing age affects the entire 

cardiovascular system, even in the absence of 

pathological factors. These age-related 

changes in cardiovascular physiology are 

different from the pathological levels that 

increase to their maximum in old age (4).  

The structure and function of the 

cardiovascular system are significantly 

affected by the aging process; so that middle 

age and old age are associated with molecular 

changes in the heart muscle. Also studies 

have indicated that aging is associated with 

increase in apoptotic markers (5). By 

understanding the mechanism of aging and 

the factors that aggravate and modulate 

cardiovascular disorders, its process can be 

slowed down to some extent and undesirable 

complications can be prevented. Indeed 

exercise restores the physiological structure of 

the heart. This exercise- depending 

restructuring, is performed by multiple factors 

and different messaging pathways and 

requires a change in the activation of the 

expression of many genes involved in heart 

structure and function. In this regard, 

researches have shown that exercises improve 

the glucose transportation into muscle tissue 

(6) physiological conditions of increasing 

protein biosynthesis as well as increasing the 

strength, volume and function of muscle 

mass, hypertrophy of fast-twitch fibers and 

also reducing fat mass. Therefore, considering 

these positive physiological effects of 

exercise in the elderly people, it seems that 

the use of exercise will maintain or even 

increase muscle mass, increase muscle 

strength and reduce fat mass (7,8).  

On the other hand, the use of herbal 

supplements and medicines in the treatment 

of diseases and metabolic disorders has 

become widespread among the general public. 

Consumption of foods containing flavonoids 

has reduced cardiovascular disease- induced 

mortality (9–11). Citrus aurantium (Ca) 

contains small amounts of alkaloids such as 

synephrine and octopamine. These substances 

are present in very low concentrations in Ca 

and are known as weight reducers. These 

alkaloids are claimed to act in a manner 

similar to ephedra alkaloids, but this has not 

yet been carefully studied in a clinical trial 

study. According to researches, flavonoids 

have a wide range of pharmacological effects, 

including inhibition of oxidation of low 

molecular weight lipoproteins, prevention of 

platelet aggregation and the stability of 

immune cells; therefore they are used in the 

treatment of mental disorders, viral infections, 

edema and allergies. Previous studies have 

shown that the consumption of Ca extract has 

antioxidant and free radical scavenging 

effects in cardiac muscle cells following 

hydrogen peroxide (H2O2)- induced cell 

damage (12).  
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Consumption of Ca hydro- alcoholic extract 

also reduced inflammatory factors in cardiac 

cells of rats with cardiac ischemia (13). Due 

to the fact that exercises with different 

intensities can have different effects on 

aerobic power and body composition, as well 

as the lack of studies on the interactive effects 

of exercises with different intensities and Ca 

consumption, the present study aimed to 

investigate the effect of continued training 

(CT) and high intensity interval training 

(HIIT) along with Ca on aerobic power and 

body composition of elderly rats. 

Materials and Methods 

Animals and treatments  

In this experimental study, 42 elderly rats 

with mean weigh of 270- 320 g and mean age 

of 14- 18 months were purchased from animal 

lab of Marvdasht Branch of Islamic Azad 

University and transferred to the laboratory 

for a one-week adaptation period. Then all 

rats divided into 7 groups of 6 rats including 

control, sham, HIIT, CT, HIIT+Ca and 

CT+Ca groups. During eight weeks, the Ca 

groups received 300 mg/kg Ca peritoneally 

(14) and CT groups ran on treadmill for five 

sessions per week with intensity of 85%- 

100% of maximum oxygen consumption 

(VO2max) and speed of 15-25 m/min and 

HIIT groups ran on treadmill for five sessions 

per week with intensity of 65% of VO2max 

and speed of 20-25 m/min (15). Forty- eight 

hours after the last training session and Ca 

consumption, the aerobic power of rats was 

measured by the maximum speed running test 

on rodent treadmill. Then 48 hours later, the 

rats were anesthetized with ketamine and 

xylazine (with overnight fasting) and the heart 

and adipose tissues were removed and 

measured by digital scale. All experiments 

involving the animals were conducted 

according to National Institutes of Health 

Guide for the Care and Use of Laboratory 

Animals. This study received introduction 

letters from Marvdasht Branch of Islamic 

Azad University with ethical code: 

IR.IAU.M.REC.1398.037. 

HIIT and CT protocols  

To perform HIIT and CT, rats at the 

beginning of each warm-up session ran on a 

treadmill for 3 minutes with intensity of 10 

m/min, and then HIIT performed with 

intensity of 85- 90% of VO2max, equivalent 

to seven 1-minute attempts and speed of 31 

m/min and active rest between intervals with 

6 attempts with speed of 15 m/min in the first 

week, which gradually increased with an 

average of 2 m/min per week to 10 1-minute 

attempts with speed of 55 m/min and active 

rest with 9 attempts of 1 minute (between 

intervals) at speed of 25 m/min in eighth 

week. Also, CT started with an intensity of 

65% of VO2max, which is equivalent to a 

speed of 20 m/min and a time of 15 minutes 

in the first week, which gradually reached a 

speed of 25 m/min and a time of 31 minutes 

in the eighth week. The training started with 

warming up for 3 minutes at an intensity of 

10 m/min and 2 minutes at an intensity of 15 

m/min and cooling down finished after 1 

minute running at an intensity of 15 m/min 

and 2 minutes at an intensity of 10 m/min 

(15).  

Measurement of adipose tissue weight and 

aerobic power  

To measure adipose tissue mass, the weight of 

adipose tissue in mesenteric, inguinal, and 

retroperitoneal as well as visceral organs 

including heart, liver, spleen and kidneys 

were measured. To measure the aerobic 

power, rats first warmed up for 5 minutes on a 

rodent treadmill at a speed of 6 m/min with 

zero-degree incline, then every 3 minutes, the 

speed increased by 3 m/min until the rats 
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became exhausted and could no longer 

continue. The criterion for reaching VO2max 

was the inability of the rats to continue the 

training protocol and three consecutive 

collisions with the end of the treadmill (in a 

period of 1 minute). Therefore VO2max of 

rats estimated based on running speed (16).  

Statistical analysis of data 

Shapiro– Wilk, one way ANOVA with 

Tukey’s post- hoc tests were used for analysis 

of data (P≤0.05).  

Result 

Aerobic power, weight of rats, heart and 

adipose tissue are presented in figure 1- 4. 

The results of one way ANOVA test showed 

that there were significant difference in 

aerobic power (P=0.005), weight of heart 

(P=0.001) and weight of adipose tissue 

(P=0.001) in research groups nevertheless 

there were no significant different in changes 

of weight in research groups (P=0.31). The 

results of Tukey’s post- hoc test showed that 

aerobic power in CT (P=0.04), HIIT+Ca 

(P=0.04) and CT+Ca (P=0.04) groups was 

significantly higher than control group (Fig. 

1); weight of heart in HIIT+Ca (P=0.02) and 

CT+Ca (P=0.03) groups was significantly 

higher than control group also in CT 

(P=0.01), HIIT+Ca (P=0.005) and CT+Ca 

(P=0.01) groups was significantly higher than 

sham group (Fig. 2) also weight of adipose 

tissue in HIIT+Ca group was significantly 

lower than control (P=0.01), sham (P=0.004), 

Ca (P=0.002), CT (P=0.001), HIIT (P=0.02) 

and CT+Ca (P=0.01) groups (Fig. 3).  

 

 
Figure 1: Aerobic power levels in research groups. Data were presented as mean ± SD. Statistical analyses were made 

using the one-way ANOVA with Tukey’s post- hoc tests. Ca: Citrus aurantium, CT: continued training, HIIT: high 

intensity interval training 
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* P≤0.05 significant increase compared to control group 

Figure 2: Weight of heart in research groups. Data were presented as mean ± SD. Statistical analyses were made using 

the one-way ANOVA with Tukey’s post- hoc tests. Ca: Citrus aurantium, CT: continued training, HIIT: high intensity 

interval training 

* P≤0.05 significant increase compared to control group 

+ + P≤0.01; + P≤0.05 significant increase compared to sham group 

  

 

 

Figure 3: Weight of adipose tissue in research groups. Data were presented as mean ± SD. Statistical analyses were 

made using the one-way ANOVA with Tukey’s post- hoc tests. Ca: Citrus aurantium, CT: continued training, HIIT: 

high intensity interval training 

*** P≤0.001 significant decrease compared to CT group 

+ + P≤0.01 significant decrease compared to control, sham, Ca, and CT+Ca groups 

# P≤0.05 significant decrease compared to HIIT group 
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Figure 4: Weight of rats in research groups. Data were presented as mean ± SD. Ca: Citrus aurantium, CT: continued 

training, HIIT: high intensity interval training 

 

 

Discussion 

Findings of the present study showed that CT 

for two months significantly increased the 

aerobic power of elderly rats. However, CT 

and HIIT had no significant effect on the 

heart weight of elderly rats. Consistent with 

the findings of the present study, Azarian et 

al., (2019) reported that eight weeks of 

endurance training significantly increased the 

aerobic power of rats with Alzheimer's 

disease (17), nevertheless regarding to 

ineffectiveness of HIIT on aerobic power, 

inconsistence with the findings of the present 

study, Constans et al,. (2020) reported that 

eight weeks of HIIT increased the aerobic 

power of rats (18). One of the reasons for the 

inconsistency of the reports of the Constans et 

al., (2020) with the present study is the type 

of subjects so that in the noted study used 

adult rats; however, the subjects of the present 

study were healthy rats. Consistent with the 

findings of the present study regarding the 

ineffectiveness of HIIT and CT on heart 

weight, Raufi et al., (2020) reported that eight 

weeks of resistance training had no significant 

effect on heart weight and left ventricular 

weight in obese rats (8). The results of the 

present study also showed that HIIT for two 

months had no significant effect on adipose 

tissue weight and body weight of elderly rats. 

Contrary to the findings of the present study, 

Keikhosravi et al., (2020) reported that eight 

weeks of HIIT significantly decreased adipose 

tissue weight and body weight in elderly 

ovariectomized rats (19). Exercise has been 

reported to be associated with increased 

aerobic power, physiological changes such as 

changes in heart rate, increased blood volume 

and hemoglobin, decreased blood pressure, 

blood distribution, and decreased lactic acid. 

Therefore, endurance training with this 

mechanism may increase aerobic power and 

increase lipolysis and ultimately lead to 

weight loss (20). Many studies have shown 

that exercise is the best way to prevent and 

combat aging- induced sarcopenia by 

improving the physiological function of 

skeletal muscle tissue. Therefore, considering 

these positive physiological effects of 
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exercise in the elderly, it seems that exercise 

can maintain or even increase muscle mass, 

increase muscle strength and ultimately 

reduce or prevent the prevalence of 

sarcopenia in these individuals. Also, 

regarding to the effect of exercise on cardiac 

hypertrophy, it has been reported that long-

term exercises lead to cardiac hypertrophy 

through the mTOR/Akt pathway, so that 

moderate-intensity exercise is more effective 

than intense exercise (21). Studies have 

shown that Akt1 is the major isoform in the 

regulation of exercise-induced physiological 

cardiac hypertrophy (22). The mechanism of 

HIIT-induced cardiac hypertrophy, as with 

other exercises, has been shown to be 

dependent on the PI3K/Akt/mTOR signaling 

pathway.  

In the present study, Ca administration for 

two months had no significant effect on 

aerobic power, heart weight, adipose mass 

weight and body weight of elderly rats. The 

antioxidant, anti-apoptotic and anti- 

inflammatory effects of Ca have been 

reported in various studies. In fact, Ca is used 

in the treatment of some diseases due to its 

compounds such as flavonoids, 

cyclooxygenases, synephrine, as well as its 

antioxidant effects (23). Ca has been reported 

to contain bioflavonoids that play important 

roles in cell biology. Researchers have shown 

that the ingredients in this herb, such as 

synephrine and pectolinarigenin, are among 

the most effective antioxidant, anti-

inflammatory and anti-cancer flavonoids. 

However, studies on the mechanism of action 

of Ca on aerobic power and body composition 

are very limited and have not yet been fully 

understood. Regarding the effects of Ca on 

the process of apoptosis, researchers believe 

that Ca by modulating autophagy and 

modulating the AMPK-mTOR signal pathway 

has good biological effects on the cell, and 

also inhibits cell death. In vivo and in vitro 

studies have also shown that citric acid and L-

malic acid derived from fructose of this plant 

reduce caspase-3 levels (24,25).  

Regarding the interactive effects, the results 

of the present study showed that HIIT and CT 

simultaneously with Ca administration 

significantly increased aerobic power and 

heart weight; also HIIT along with Ca 

significantly reduced adipose tissue weight, 

nevertheless did not change body weight. 

Therefore, it seems that interval training along 

with Ca administration has a more favorable 

effect on increasing aerobic power and heart 

weight as well as reducing adipose tissue 

weight than either alone. Enabling to study 

the effects of different doses of Ca, 

measurement of calorie intake and calorie 

consumption in rats were the limitations of 

the present study; Therefore, it is suggested 

that in future studies, in addition to 

considering the limitations of the present 

study, the inflammatory and anti-

inflammatory factors that are expressed in 

cardiac muscle tissue and adipose tissue be 

measured. 

Conclusion  

Regarding to results of present study, 

although CT can improve aerobic power in 

elderly rats, nevertheless it seems that CT and 

HIIT along with Ca administration can have 

more favorable effects on the body 

composition of elderly rats. 
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