
Volume 3 | Issue 3 | 1 of 5Diabetes Complications, 2019

Effect of Physical Exercise to FFA, Pancreatic Beta Cell Function and 
Expression of GLUT4 in Diabetic Rats

Department of Internal Medicine, Division of Endocrinology and 
Metabolism, Saiful Anwar Hospital / University of Brawijaya 
Malang, Indonesia.

*Correspondence:
Lindawati, Department of Internal Medicine, Division of 
Endocrinology and Metabolism, Saiful Anwar Hospital / University 
of Brawijaya Malang, Indonesia.

Received: 13 June 2019; Accepted: 09 July 2019

Lindawati*, Aywar, Yensuari, Putu Moda Arsana and Achmad Rudijanto

Diabetes & its Complications
ISSN 2639-9326Review Article

Citation: Lindawati, Aywar, Yensuari, et al. Effect of Physical Exercise to FFA, Pancreatic Beta Cell Function and Expression of GLUT4 
in Diabetic Rats. Diabetes Complications. 2019; 3(3): 1-5.

Keywords
Type 2 Diabetes, Hyperglycemia, Metabolic diseases, Insulin.

Introduction
Type 2 Diabetes Mellitus is a metabolic disease characterized by 
insulin resistance and pancreatic β cell deficiency, which decreases 
insulin levels so that glucose remains high in the blood which 
lasts chronic. Initially as high glucose compensation in the blood, 
the pancreas will produce more insulin so that hyperinsulinemia 
occurs, but over time there is fatigue and damage to the pancreas 
so that it is unable to produce enough insulin to control glucose 
to remain normal in the blood. As a result there is a decrease in 
insulin levels and glucose remains high in the blood [1-3].

Hyperglycemia and hyperinsulinemia at the beginning which then 
becomes a decrease in insulin levels will also affect the levels of 
FFA (Free Fatty Acid) in the blood of people with type 2 DM. 
In this condition there is an increase in FFA in the blood and 
accumulation of fat metabolites (Fatty acyl-CoAs, Diacylglycerols 
and ceramides) that arise due to a decrease in fatty acid oxidation 
in the cell. This fat metabolite will activate PKC (Protein Kinase 
C) which inhibits phosphorylation (tyrosine will decrease, serine 
will increase) and inhibit activation of IRS-1 (Insulin Receptor 
Substrate), so GLUT4 (Glucose Transporter 4) cannot translate to 
the surface of the cell membrane to enter glucose into the cell. This 
long-acting glucotoxicity and lipotoxicity will pose a risk to all 
organs ranging from the brain, cardiovascular, liver, kidneys, eyes, 
extremities and others so that it will endanger lives [2-4].

Management of Type 2 Diabetes Mellitus begins with Life style 
Education, arranges Diet, Exercise, Anti Diabetes Medicine, 
to replace the pancreas, which aims to control blood glucose 
by reducing insulin resistance and improving pancreatic β cell 
function. Besides that the role of physical exercise in Type 2 

Diabetes Mellitus can also improve insulin resistance through 
5-AMPK (Adenosine Monophosphate Protein Kinase) activation 
and phosphorylation of AS 160, so that later it will increase the 
expression and translocation of GLUT4 to the membrane surface 
to enter glucose into muscle cells. Physical exercise will also 
reduce the accumulation of fat metabolites in muscle cells, and 
reduce levels of FFA in the blood [5-9].

In clinical Practically to assess the presence of pancreatic beta 
cell damage in type 2 diabetes mellitus can be done by examining 
HOMA B. HOMA B can be used to determine whether there is 
an improvement in pancreatic β cell function. Normal value of 
HOMA B is 70% - 150%. If HOMA B is found below 70%, it 
shows that there has been a decline in function in pancreatic β 
cells [10-12].

Can Physical Exercise improve HOMA B, reduce FFA, increase 
Expression of GLUT-4 in skeletal muscle cell membranes of 
diabetic rats and improve insulin resistance? In 4 studies carried 
out in humans and 1 study conducted in mice, with the ivGTT 
method that inserted glucose and insulin through an IV tube to 
measure insulin sensitivity, proved that physical exercise improved 
pancreatic beta cell function and insulin resistance. The 5 studies 
did not see the mechanism for improving pancreatic beta cells 
and insulin resistance [13-17]. The aim of this study is to prove 
that physical exercise will improve HOMA B, improve insulin 
resistance by decreasing FFA levels and increasing GLUT-4 
expression on diabetic skeletal muscle cell membranes.

Material and Method
This research is Experimental Laboratories, where in this study 
allows researchers to measure the effect of intervention in group 
I and II experiments and determine the extent of the change, by 
comparing the two groups. 10 male Wistar Novergicus rats aged 
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6-8 weeks with a weight of 150 - 300 grams, were treated first for 
7 days aiming for rats to adjust to the environment such as changes 
in their cages and meal times. During adjustment / adaptation all 
rats were given standard feed with a composition of chicken feed / 
PARS 66.6% and wheat flour 33.4%, and rats were put in one cage. 
Room temperature is 22˚C - 25˚C, and light is given for 12 hours 
alternating 12 hours in dark conditions.

Diabetes in rats can be induced by giving a high-fat diet for 9 weeks 
before STZ injection, with the composition of the mixture: 50% 
PARS cofeed, 25% flour, 5% duck egg yolk, goat fat 18.01, coconut 
oil 1.89% and colat acid 0.1%, with a composition of 58% fat, 25% 
carbohydrate, and 17% protein from total calories. Total calories 
needed (total calories = 4.73 kcal/g). Streptozotosine injection 
(STZ) 30 mg / kgBB (0.1 M citrate buffer, pH 4.5) intraperitoneal 
(IP) every week, for 2 weeks (week 4 and week 5) and a high-fat 
diet is still given until the week 9. At the end of week 9, at night 
the rats were fasted for 8-12 hours and blood samples were taken 
through the orbital vein for fasting insulin levels, fasting glucose 
levels and fasting FFA levels. TTGO was performed by giving 
glucose fluid load of 2 grams / kg body weight, blood glucose 
level was checked at 0, 30, 60 and 120 minutes with Easy Touch 
GCU Glucose Test Strips through a tail stabbed with lancet, after 
administering a liquid glucose load of 2 grams / kg. Diabetes is 
established based on the results of blood glucose levels fasting ≥ 
140 mg / dL and / or random glucose levels ≥ 200 mg / dL or blood 
glucose level ≥ 200 mg / dL after OGTT [18-21]. 10 male Wistar 
Novergicus rats of type 2 diabetes mellitus were divided into two 
groups: Group I was treated sedentary, group II was given physical 
exercise treatment using a treadmill rat (rodent-treadmill).

Chronic exercise is a physical exercise done in stages by running 
on the rodent treadmill for 10 weeks. Whereas Moderate Intensity 
Physical Exercise is physical exercise with flat running without 
inclination (tilting) on rodent treadmills 6 days a week, starting 
with a speed of 10 meters per minute for 10 minutes per day and 
increasing gradually every 2 weeks to reach 1 hour per exercise 
day with a speed of 27 meters per minute [13,15,17,22-24].

Blood sugar levels and FFA levels were fasting blood sugar levels 
and fasting blood FFA taken at week 9 and week 19, then measured 
using the Fluorometry method. Whereas blood insulin levels are 
fasting blood insulin levels were also taken at week 9 and week 19 
then measured by blood insulin levels using the ELISA method. 
HOMA B is a parameter to measure the strength of the function of 
pancreatic beta cells that produce insulin and is calculated by the 
formula = (360 x fasting insulin levels) / (glucose - 63)%. Normal 
value of HOMA B is 70% - 150% [10-12].

Rats killed (euthanasia) by means of cervical dislocation and 
surgery for blood and muscle sampling required. Blood samples 
are taken through a cardiac puncture for examination: fasting 
insulin levels and fasting blood glucose, FFA levels of fasting 
blood.
Expression of GLUT4 is GLUT4 expressed on the surface 
of the muscle tissue membrane of Gastrocnemius limb and 

abdominal rectus muscle. Calculation of GLUT4 expression 
using immunohistochemical methods. GLUT4 expression 
measurement with Convocal Laser Scanning Microscope (CLSM). 
Immunohistochemistry using primary antibodies and secondary 
antibodies, and paint with FITC then observed using the CLSM 
Olympus FV-1000. The results are reported as unit arbitrage which 
is the luminous intensity in the area of ROI minus luminescence on 
the background of ROI.

Statistical Analysis
Data measured by fasting blood sugar levels, fasting blood insulin 
levels, fasting FFA levels, HOMA B calculations and GLUT4 
expressions are shown in mean ± SD. If the data distribution is 
normal, the comparison hypothesis test uses paired T test. However, 
if the data distribution is not normal, after the transformation of the 
comparative hypothesis test data using Mann Whitney test is done. 
All data is analyzed and statistical test significance if the value is 
p <0.05.

Result
In DM rats which received treatment for 19 weeks, an increase in 
fasting blood glucose levels from 186.63 mg / dL to 216.48 mg / 
dl, and a decrease in blood glucose levels in DM rats that received 
physical training from 242.26 mg / dL becomes 222.03 mg / dL 
(Table 1, Figure 1).

Group of rats KGD Pre (mg/
dl) Mean ± SD

KGD Post (mg/dl) 
Mean ± SD p

Sedentary Diabetes 186.63 ± 7,9 216.48 ± 80,62 0.42

Physical Exercise Diabetes 242.26 ± 50,48 222.03 ± 9,64 0.63

Table 1: Fasting Blood Glucose in Diabetic rats.

In table 2, figure 2, there has been a slight decrease in fasting 
blood insulin levels. Then after physical exercise in Diabetic rats 
there was a decrease in fasting blood insulin levels. In sedentary 
Diabetic rats it was found a significant increase (p = 0.049) fasting 
blood FFA levels. After 10 weeks of physical exercise there was 
a decrease in fasting blood FFA levels in Diabetic rats (Table 3, 
Figure 3).

Group of rats Insulin Pra (mg/
dl) Mean ± SD

Insulin Post (mg/
dl) Mean ± SD p

Sedentary Diabetes 26.64 ± 1,50 26.02 ± 1,06 0.47

Physical Exercise Diabetes 25.6 ± 1,47 24.456 ± 0,42 0.132

Table 2: Fasting Blood insulin in Diabetic rats.
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Group of rats FFA Pre (mg/dl) 
Mean ± SD

FFA Post (mg/dl) 
Mean ± SD p

Sedentary Diabetes 20.46 ± 1,63 30.66 ± 6,66 0.049

Physical Exercise Diabetes 27.19 ± 1,26 28.38 ± 0,86 0.164

Table 3: Fasting Blood FFA in Diabetic rats.

In table 4, figure 4, HOMA B in sedentary diabetic rats shows a 
significant decrease, which means that there is deterioration in 
pancreatic beta cell function from 94.83% to 61.05% (p = 0.033). 
Then after physical exercise there was a significant improvement 
in pancreatic beta cells as indicated by the increase in HOMA B 
from 47.06% to 65.86% (p = 0.005).

Group of rats HOMA B Pra 
(%) Mean ± SD

HOMA B Post (%) 
Mean ± SD p

Sedentary Diabetes 94.83 ± 22,01 61.05 ± 19,36 0.033

Physical Exercise Diabetes 47.06 ± 10,05 65.86 ± 4,11 0.005

Table 4: HOMA B in Diabetic rats.

Figure 4: HOMA B in diabetic rats.

Expression of GLUT 4 on the membrane surface of skeletal muscle 
tissue in Diabetic rats was examined by the CLSM method. In 

GLUT 4 expression there was a significant increase in the number 
of GLUT4 expressions after receiving physical exercise (p =0.017) 
(Table 5, Figures 5 and 6).

Groups of rats GLUT4 (Arbritrasi unit) 
Mean ± SD P

Sedentary Diabetes 247,96 ± 130,6
0,017

Physical Exercise Diabetes 455,01 ± 387,8

Table 5: GLUT4 expression in Diabetic rats by CLSM method.

Figure 6: GLUT4 expression in Diabetic rats by CLSM method.

Discussion
Diabetes mellitus is characterized by a decrease in fasting insulin 
levels, increased fasting glucose levels, increased levels of FFA 
in the blood, decreased GLUT4 expression to the surface of cell 
membranes and pancreatic beta cell dysfunction / damage that is 
characterized by a decrease in HOMA B.

In this study in Sedentary DM rats were found to increase blood 
glucose levels, a slight decrease in blood insulin levels and a 
significant increase in blood FFA levels (p = 0.049). This proves 
that in diabetes there is insulin resistance, hyperlipidemia and 
hyperglycemia. This lipotoxicity and glucotoxicity give rise 
to dysfunction / damage to beta cells of the pancreas which is 
characterized by a decrease in HOMA B in sedentary DM rats (p 
= 0.033).

Physical exercise can improve pancreatic beta cell function and 
insulin resistance. This is characterized by increased insulin 
secretion, decreased FFA levels and improved GLUT4 expression 
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so that glucose uptake will improve followed by a decrease in 
blood glucose levels.

In this study it was found that physical exercise reduced blood 
glucose levels, which was caused by a significant increase in the 
number of GLUT4 expressions (p = 0.017) which caused glucose 
uptake into the cells to improve. Physical exercise in diabetic 
rats in this study has been shown to improve pancreatic beta cell 
function / damage as evidenced by a significant increase in HOMA 
B (p = 0.005).

In physical exercise there is an improvement in insulin resistance 
which is marked by a decrease in the level of FFA in the blood. 
Then Physical Exercise will also improve pancreatic beta cells, 
which is characterized by an increase in the amount of insulin in 
the blood. But this research did not find the above. Where there 
is a slight decrease in insulin levels and even a slight increase in 
the level of FFA in the blood. The possibility of this is due to an 
improvement in insulin sensitivity and improved insulin resistance 
so that pancreatic beta cell damage is also reduced. Lipolysis 
that occurs is also small, which means that there is little insulin 
resistance. How the exact and clear mechanism of the above needs 
further research.

This study proves that physical exercise is one of the DM treatments 
that must be done in all DM patients to be able to improve insulin 
resistance and prevent damage to pancreatic beta cell function.

Conclusion
In sedentary DM rats there was a decrease in blood insulin levels, 
an increase in blood glucose levels, a significant increase in FFA 
levels (p = 0.033) and worsening of HOMA B (pancreatic beta cell 
damage) which was significant with p = 0.033, whereas physical 
exercise in DM rats occurred decrease in blood insulin levels 
decreased blood glucose levels, increased blood FFA levels and 
significant improvement in HOMA B (p = 0.005), which meant a 
significant improvement in pancreatic beta cell function).

Physical exercise in DM rats decreased blood glucose levels, 
significant improvement in HOMA B (p = 0.005) and a significant 
increase in the amount of GLUT4 expression on the surface of 
muscle tissue membranes. Physical exercise is recommended as 
one of the treatments for diabetes mellitus that should be done 
regularly and continuously.
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