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Abstract 
During prolonged exercise, fatty acids are mobilized from triglycerides (TG) and become an im-
portant energy source. But excess accumulation of TG in different tissues causes abnormalities in 
humans. Role of high fat diet in the distribution of TG is well established but the role of mixed die-
tary fat is not clear. In our study, exercised Swiss Albino mice were subjected to feed high fat diet 
and mixed fat diet (Saturated + Unsaturated fat enriched diet) for the period of four weeks to show 
the effect on average body weight, liver, adipose tissue and gastrocnemius muscles and the accu-
mulation of their triglycerides (TG) content. This study showed that both diets had little or no ef-
fect on average body weight, epididymal adipose tissue weight and liver TG but decreased liver 
weight. Here another remarkable feature was that high fat diet significantly reduced the accumu-
lation of TG in epididymal adipose tissue in comparison with mixed fat diet. The author demon-
strated that mixed fat diet induced accumulation of TG in gastrocnemius skeletal muscles of exer-
cised mice but decreased gastrocnemius skeletal muscles weight. Further research is required to 
clarify these phenomena. 
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1. Introduction 
Carbohydrate and fatty acid (FA) are the major energy sources for working muscles. During exercise, when 
carbohydrate sources are depleted, oxidation of fatty acids plays an important role in producing energy [1] [2]. 
Reduced physical activity and high fat diet promote excessive deposition of fat [3]-[5]. Excess accumulation of 
TGs in various tissues like adipose tissue, liver, muscle, heart etc. can cause abnormalities (e.g. obesity, insulin 
resistance, hyperlipidemia etc.) in humans [6]-[8]. It is well established that accumulation of intramuscular TGs 
is inversely associated with insulin action [9]-[13]. Rats fed a diet high in saturated fats and/or subjected to pro-
longed inhibition of fatty acid oxidation initiates intramuscular TG accumulation and insulin resistance (IR) [9]. 
On the other hand, long-chain n-3 polyunsaturated fatty acids (LC n-3 PUFA), such as docosahexaenoic acid 
(DHA; 22:6n-3) and eicosapentaenoic acid (EPA; 20:5n-3), help to reduce TG content in humans [14] [15]. 
Omega-3 polyunsaturated fatty acid rich diet causes hypolipidemia [16] [17] but sometimes it may alter lipid 
metabolism, thus it may also support lipid deposition. On the other hand, omega-6-rich diet with a small amount 
of eicosapentaenoic and docosahexaenoic polyunsaturated fatty acids improves the circulating lipid profile, but 
it does not prevent excess liver lipid accumulation [18]. A few studies in the rat comparing the effects of feeding 
Medium-chain triglyceride (MCT) and long-chain triglyceride (LCT) diets [19]-[22] have provided evidence 
that MCT diets lead to less deposition of body fat than LCT diets. It is well proved that high fat diet is an im-
portant biomarker for obesity [23] and it is also the main cause of hepatocellular necrosis formation on liver [24]. 
Skeletal muscle triacylglycerols (TG) also act as an important lipid pool. A negative correlation was found be-
tween intramuscular TG content and insulin sensitivity in rats and in humans. A high fat diet also induced insu-
lin resistance [25]. Physical exercise, especially prolonged exercise training, enhances insulin sensitivity and helps 
to inhibit the accumulation of TG in various tissues. Accumulation of adipocyte fat could not be protected in 
previously exercise trained rats although they fed with standard or high fat diet (HFD) [26]. Compared with 
freshly inactive and sedentary rats fed with HFD, higher body adiposity is observed in previously trained rats 
that have been inactive for a while [27]. However, it remains unclear whether TG content changes among vari-
ous tissues upon addition of mixed triglycerides to normal diet in random exercised mice. The aim of the present 
study is to investigate triglycerides content in various tissues in three groups of exercise trained mice—Normal 
diet (control), Saturated + Unsaturated fat enriched diet and Unsaturated + Unsaturated fat enriched diet.  

2. Methods 
2.1. Animals 
Swiss albino mice were collected from Animal House, Icddr’b, Dhaka, Bangladesh. The age of these mice was 6 
(six) weeks and the average initial body weight was approximately 27.2 g. Mice were housed in a cage in a 
temperature-controlled room at 23˚C with a 12:12-h light-dark cycle. These mice were divided into 3 groups: 
one group was taken as control group and others were high fat diet group and mixed fat diet group (each group 
contain eight mice in which four mice were male and four were female). All groups of mice were fed a balanced 
diet (purchased from Animal House, Icddr’b, Dhaka, Bangladesh) and the experimental group’s diet were mixed 
with saturated and unsaturated fatty acids like ghee, soybean and tisi. Body weight and food intake were meas-
ured at regular intervals throughout the feeding intervention i.e. four weeks. Duration of treadmill exercise also 
recorded regularly. All experiments conducted in this study were approved by the Animal Care Committee of 
the Faculty of Science and Technology, Islamic University, Bangladesh. 

2.2. Diet 
The composition of normal or balanced diet for both mice was: Wheat flour (30%), Wheat bran (21%), Rice 
polish (20%), Protein source (Fish-meal) (10%), Oilseed cake (10%), Molasses (5%), Soybean oil (2%), Com-
mon salt (1.5%) and Vitamins (0.5%). The experimental diets were normal diet mixed with 5 g saturated and 
unsaturated fatty acids/day.  

2.3. Exercise Protocol 
All mouse (both control and experimental) were exercised regularly through a rolling treadmill in the laboratory. 
From the beginning (first week), they were exercised 5 min/day and next 2nd, 3rd and 4th week this exercise ses-
sion were 6 min/day, 7 min/day and 8 min/day respectively. 
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2.4. Anatomical Procedure and Tissues Sampling 
After four weeks observation, the mice were analyzed. The mice were anesthetized with an intraperitoneal injec-
tion of pentobarbital sodium (5 mg/100 g body weight; Abbott, IL, USA). Tissues (Liver, Adipose tissues and 
skeletal muscles) were sectioned and after wrapping with aluminum foil, tissues were stored at −20˚C. 

2.5. Biochemical Measurements 
Triglycerides of different tissues (adipose tissue, liver & skeletal muscle) were measured using commercial kits 
through following standard method. All this experiments were done at the laboratory of the Applied Nutrition & 
Food Technology of Islamic University, Kushtia.   

2.6. Determination (Procedure) of TG Content in Tissues 
TG contents within tissues were determined by following a standard protocol (Chul-Hee et al., 2003). Briefly, 
certain amount of tissues (~25 mg) were extracted with CHCl3/CH3OH (1:2 vol/vol) and homogenized. Homo-
genates were centrifuged at 1500 rpm for 30 minutes at 4˚C, washed with 500 µL ice-cold phosphate buffered 
saline (PBS) and centrifuged as above. After the addition of 2 ml H2SO4, the tubes were vortexed and centri-
fuged at 1500 rpm for 10 minutes at 4˚C. The upper phase was discarded, and 100 mg Na2S2O3 was added to the 
lower phase. The samples were vortexed and centrifuged at 1500 rpm for 5 minutes at 4˚C. The upper phase was 
removed, and the lower phase was evaporated under N2. The samples were dissolved with 70% isopropanol for 
10 seconds, and then TG was measured in triplicate using a commercial kit (GPO-POD. Liquid kit; Atlas Medi-
cal; Unit 4, William James House, Cowley Rd, Cambridge, CB4 OWX). 

2.7. Calculation of GPO-POD Method 

( )
( ) ( )

 Sample
200 Standard . mg dl

 Standard
A

conc
A

× =  

Triglyceride in the sample. 
Conversion factor: mg/dl × 0.0113 mmol/l. 

2.8. Data Analysis 
Values represent the mean ± SE. The significance of differences between means was assessed by the Scheffe test 
after analysis of variance had been performed to establish that there were significant differences between the 
groups.  

3. Results 
In this study, Figure 1 showed that there was no change in body weight when both saturated ghee or unsaturated 
soybean were mixed with another more unsaturated dietary fat tisi. Whereas, Figure 2 represents that both satu-
rated ghee and unsaturated soybean accompanied with more unsaturated tisi decreased liver weight in exercise 
trained mice. 

Figure 3 also represents that only tisi together with soybean but not tisi with ghee decreased gastrocnemius 
muscle weight in exercise trained mice. Neither saturated nor unsaturated dietary fats could change epididymal 
adipose tissue weight (Figure 4). 

Figure 5 also showed that both saturated and unsaturated dietary fats could not change liver triglycerides 
content in the exercise trained mice. Whereas, Figure 6 depicts that tisi together with saturated or unsaturated 
dietary fat decreased triglycerides content in the epididymal adipose tissue of exercise trained mice. Here anoth-
er remarkable feature is that TG in the adipose tissue decreased significantly in tisi plus ghee group of mice 
compared to tisi plus soybean (Figure 6). Only tisi together with soybean but not tisi with ghee increased ga-
strocnemius muscle weight significantly in exercise trained mice (Figure 7). 

4. Discussion 
For many years it has been debated whether triacylglycerols located in the muscle are utilized during exercise  
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Figure 1. Effects of mixed dietary fat on the body weight of Swiss albino mice. Body weight from Normal diet (control), Ti-
si + Ghee + Normal diet (experimental) and Tisi + Soybean + Normal diet (experimental) consumed mice were measured. 
The bar graphs represent the body weight of three groups; data are expressed as mean ± SEM. *P < 0.05 or less vs. Control.        

 

 
Figure 2. Effects of mixed dietary fat on the liver weight of Swiss albino mice. Liver weight from Normal diet (control), Tisi 
+ Ghee + Normal diet (experimental) and Tisi + Soybean + Normal diet (experimental) consumed mice were measured. The 
bar graphs represent the liver weight of three groups; data are expressed as mean ± SEM.*P < 0.05 or less vs. Control.           

 

 
Figure 3. Effects of mixed dietary fat on the gastrocnemius muscle weight of swiss albino mice. Muscle weight from Nor-
mal diet (control), Tisi + Ghee + Normal diet (experimental) and Tisi + Soybean + Normal diet (experimental) consumed 
mice were measured. The bar graphs represent the gastrocnemius weight of three groups; data are expressed as mean ± SEM. 
*P < 0.05 or less vs. Control.                                                                               
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Figure 4. Effects of mixed dietary fat on the epididymal adipose tissue weight of swiss albino mice. Adipose weight from 
Normal diet (control), Tisi + Ghee + Normal diet (experimental) and Tisi + Soybean + Normal diet (experimental) consumed 
mice were measured. The bar graphs represent the adipose weight of three groups; data are expressed as mean ± SEM. *P < 
0.05 or less vs. Control.                                                                                   

 

 
Figure 5. Effects of mixed dietary fat on triglyceride content in liver of swiss albino mice. Liver TG from Normal diet (con-
trol), Tisi + Ghee + Normal diet (experimental) and Tisi + Soybean + Normal diet (experimental) consumed mice were 
measured. The bar graphs represent the liver TG content of three groups; data are expressed as mean ± SEM. *P < 0.05 or 
less vs. Control.                                                                                         

 

 
Figure 6. Effects of mixed dietary fat on triglyceride content in the epididymal adipose tissue of swiss albino mice. Epidi-
dymal adipose TG from Normal diet (control), Tisi + Ghee + Normal diet (experimental) and Tisi + Soybean + Normal diet 
(experimental) consumed mice were measured. The bar graphs represent the epididymal adipose TG content of three groups; 
data are expressed as mean ± SEM. *P < 0.05 or less vs. Control.                                                  
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Figure 7. Effects of mixed dietary fat on triglyceride content in the gastrocnemius muscle of swiss albino mice. Gastrocne-
mius muscle TG from Normal diet (control), Tisi + Ghee + Normal diet (experimental) and Tisi + Soybean + Normal diet 
(experimental) consumed mice were measured. The bar graphs represent the gastrocnemius TG content of three groups; data 
are expressed as mean ± SEM.*P < 0.05 or less vs. Control.                                                       

 
[28] because conflicting results have been appeared. The main reason for these contradict result is the intensity 
of exercise and its duration. It also depends on training status i.e. trained or untrained. To interpret the role of 
intramuscular triglyceride (IMTG) as a potential energy source during exercise, these matters have to be taken 
into consideration. It is controversial whether IMTG hydrolysis and utilization during exercise is increased by 
training. Only a few studies have been demonstrated by applying muscle biopsy technique i.e. trained rats have 
higher IMTG utilization during the absolute intensity exercise in compared with the untrained situation whereas 
other studies were unable to obtain a training-induced increase in IMTG utilization in males or in females at the 
same absolute or relative work load. A lot of factors are responsible for the accumulation of lipid in the liver but 
hepatic insulin resistance may be an important factor for the development of hepatic lipid accumulation. So, ex-
ercise has a potential effect on regulating/preventing hepatic lipid accumulation [29]. 

Several scientists have studied the effects of high fat diet with random exercise upon the body triglycerides In 
most cases, high concentration of lipid was deposited in the skeletal muscle, lipid or adipose tissue [30] [31]. 
The predominant causes for lipid deposition were lifestyle modification, lack of exercise, chronic over con-
sumption of calories coupled with deleterious intakes of saturated or trans-unsaturated fatty acids or insulin re-
sistance [31]. However, it remains unclear about the fate of TG concentration among the various tissues when 
mixed dietary fats are added to normal diet in random exercised mice. Therefore the aim of the present study is 
to investigate triglycerides content in various tissues in three groups of exercise trained mice—Normal diet 
(control), Saturated + Unsaturated fat enriched diet and Unsaturated +Unsaturated fat enriched diet. The expe-
riment was designed with Swiss Albino mice subjected to random exercise for 4 weeks and fed high fat diet. 
One group was named control group which received normal diet. The mixed fat diet was of two kinds—soybean 
plus tisi and ghee plus tisi. After 4 weeks of exercise training the weight of the body, liver, adipose tissue and 
skeletal muscles were measured from the three groups of mice. Triglyceride content from liver, epididymal adi-
pose tissue and gastrocnemius skeletal muscles were also measured from the same groups of mice. 

As seen in the present study, body weight undergoes no alteration owing to the effect of neither saturated ghee 
nor unsaturated soybean when used with another more unsaturated dietary fat tisi. Both saturated ghee and un-
saturated soybean accompanied with more unsaturated tisi decreased liver weight in exercise trained mice. Only 
tisi together with soybean but not tisi with ghee decreased gastrocnemius muscle weight in exercise trained mice. 
Neither saturated nor unsaturated dietary fats could change epididymal adipose tissue weight in the exercise 
trained mice. Neither saturated nor unsaturated dietary fats could change liver triglycerides content in the exer-
cise trained mice. Tisi together with saturated or unsaturated dietary fat decreased triglycerides content in the 
epididymal adipose tissue of exercise trained mice. Here another remarkable feature is that TG in the adipose 
tissue decreased significantly in tisi plus ghee group of mice compared to tisi plus soybean. Only tisi together 
with soybean but not tisi with ghee increased gastrocnemius muscle weight significantly in exercise trained 
mice. 
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5. Conclusion 
The author demonstrates that mixed TG induces accumulation of TG in both epididymal adipose tissue and ga-
strocnemius skeletal muscles of exercise trained mice. The weight of skeletal muscle increased but weight of 
adipose remained unaltered. Although no TG accumulation occurred in liver of exercise trained mice, weight 
increased significantly. Further research is required to clarify these phenomena. 
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