
 Journal of Pharmacy and Nutrition Sciences, 2018, 8, 205-211 205 

 

 ISSN: 2223-3806 / E-ISSN: 1927-5951/18  © 2018 SET Publisher 

Caffeine Associated with Exercise Actions on Glycemic 
Metabolism and Insulin Resistance in Diabetic Animals 

Luiz Augusto da Silva1,4,*, Jéssica Wouk2
, Vinicius Muller Reis Weber3, Leandro Ricardo 

Altimari3, Antônio Carlos Dourado3, Carlos Ricardo Maneck Malfatti2 and Raul Osiecki4 

1Guairacá College, Physical Education Collegiate, Guarapuava, Paraná, Brazil 
2Midwest State University of Paraná, Guarapuava, Paraná, Brazil 
3Londrina State University, Physical Education and Sport Center, Londrina, Paraná, Brazil 
4Post-Graduation of Physical Education, Federal university of Paraná, Curitiba, Paraná, Brazil 

Abstract: Objective: evaluate glycemic metabolism and its relationship with insulin resistance in diabetic animals after 
caffeine consumption associated with exercise.  

Material and Methods: 48 animals, of 60 days, divided in four groups: Control, Diabetic, Control+Exercise, 
Diabetes+Exercise, Caffeine, Diabetes+Caffeine, Exercise+Caffeine and Diabetes+Caffeine+Exercise. Diabetes model 
was induced by intraperitoneal administration of 120 mg/kg of alloxan. On the test day, 6 mg/kg of caffeine were 
administrated 30 minutes before exercise and the animals performed a 60 minutes’ session of predominantly aerobic 
exercise, using an overload of 6% of their body’s weight. With 90 days old, the animals were submitted to an oral 
glucose tolerance test (OGTT) to verify their glycemic curve. During thirty days of aerobic exercise and/or caffeine 
treatment, the animals had their glycemia evaluated. At the end of the period, the OGTT was re-evaluated. So, the 
animals were sacrificed for biochemical analysis (glucose, muscle glycogen and hepatic) and hormonal (insulin). The 
animals were trained during 30 days by swimming tank, with 4% of extra weight a 40-minute session, daily.  

Results: Caffeine treatment increased plasma insulin concentration compared to healthy controls (95%, p <0.05). Insulin 
resistance also reduced for trained diabetic animals treated with caffeine compared to healthy animals (IRI, OGTT and 
HOMA-IR).  

Conclusion: Caffeine and training with aerobic exercise in healthy and diabetic animals’ improve biologic systems, 
increasing the physical ability of the body to resist situations seeking to adapt the tissues to better function. 
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INTRODUCTION 

The treatment of diabetes mellitus (DM) should be 
associated with lifestyle-modifying treatments, altering 
behaviors such as smoking, physical inactivity and poor 
eating habits [1], and using strategies to control rapidly 
or in the case of drug use. 

Physical exercise [2] and diet [3] are the first means 
of treatment for people diagnosed with DM. The control 
of some modifiable risk factors such as weight, habitual 
food consumption, tobacco use and physical activity 
showed a potential to reduce the risk of developing DM 
in individuals with a family history (88%) [4]. 

The glycemic control established by diet and 
physical exercise has important benefits in preventing 
hyperglycemia [2], frequently observed in diabetic 
patients, both before and after exercise. In addition, 
blood glucose control has a long-term positive impact 
 

 

*Address correspondence to this author at the Faculdade Guairacá, 
Guarapuava-PR, 85040-080, Brazil; Tel: +55-42-3621-1000;  
Fax: +55-42-3629-8165; E-mail: lasilva7@hotmail.com 

on the clinical profile of diabetic patients, delaying the 
process of tissue damage associated with this 
metabolic complication [5]. 

It is well accepted that physical exercise may be 
related to increased insulin sensitivity, Glut expression4 
and glycogen synthase activity in muscle cells in DM, 
and this stimulus may remain for up to 48 hours [6]. 
Physical exercise induces important changes in 
glucose homeostasis, which can rapidly decrease 
blood levels in people with diabetes. Reduced blood 
glucose levels should be monitored during the planned 
activity [7,8]. 

Some metabolic mechanisms have been shown 
after the administration of caffeine on DM. In the study 
by Guarino et al. [9], chronic consumption of caffeine 
(25 mg/kg) was shown to control glycemic and fatty 
acid levels and reversed age-induced insulin resistance 
in wistar rats. These effects were mediated by 
increased activity adenosine monophosphate kinase 
(AMPK) and glucose transporter type 4 (Glut4) 
translocation. 
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Thus, it becomes relevant to deepen the knowledge 
about the possible effects of caffeine associated with 
physical exercise on glycemic and hormonal control, 
since the literature has demonstrated isolated benefits 
of these strategies in maintaining a healthy life. Thus, 
the objective of the present study was to evaluate 
glycemic metabolism and its relationship with insulin 
resistance in diabetic animals after caffeine 
consumption associated with exercise. 

MATERIAL AND METHODS 

Animals 

Forty-eight male Wistar rats at 60 days of age were 
used in the study. The animals were kept in cages with 
controlled temperature (23 ± 2°C) and humidity (55 ± 
10% humidity), and a light/dark cycle of 12h. This study 
was approved by the Ethics Committee of research 
studies using animals (015/2015 Protocol).  

Diabetes Induction and Experimental Design 

The animals were divided into 8 groups: (1) Control 
(weights of 393 ± 44 g), (2) Diabetes (weights of 308 ± 
40 g), (3) Control+Exercise (weights of 398 ± 30 g); (4) 
Diabetes+Exercise (weights of 296 ± 24 g) (5) Caffeine 
(6 mg/kg) (weights of 395 ± 32 g); (6) 
Diabetes+Caffeine (6 mg/kg) (weights of 298 ± 23 g) 
(7) Exercise+ Caffeine (6 mg/kg) (weights of 392 ± 28 
g) and, (8) Diabetes+Exercise+Caffeine (6 mg/kg) 
(weights of 300 ± 19 g). Alloxan (ALX) (Sigma, St. 
Louis, USA) dissolved in sodium chloride solution 
(0,9%) was administered intraperitoneally (ip) (120 
mg/kg), after 12 h of fasting. Rats with fasting BG 
values between 150 and 250 mg/dL were considered 
diabetic. With 90 days old, the animals were submitted 
to an oral glucose tolerance test (OGTT) to verify their 

glycemic curve. During thirty days of aerobic exercise 
and/or caffeine treatment, the animals had their 
glycemia evaluated. At the end of the period, the OGTT 
was re-evaluated. So, the animals were sacrificed for 
biochemical analysis (glucose, muscle glycogen and 
hepatic) and hormonal (insulin).  

Effort Exercise Test and Training 

All animals were adapted to an aquatic environment 
to be able to swim during the test, through one daily 
session of 10 min, for seven days prior to the 
experiment, in a swimming tank with 40 cm in depth, 70 
cm in diameter, and water heated to 30 ± 1 oC, 
according to the protocol proposed by Gobatto et al. 
[10] During 30 days, the animals training by swimming 
tank, with an extra weight equivalent to 4% extra 
weight a 40-minute session, according to the protocol 
modified proposed by Scariot et al. [11]. Exercise 
sessions and laboratory procedures were always 
conducted at the same time of the day (08:00 am). 
Daily, the caffeine groups received 6 mg/kg during 30 
days, 30 minute before exercise. 

Oral Glucose Tolerance Test 

Blood was collected from the tail vein in animals 
that fasted for 12 h to a posterior glucose analysis. 
These animals subsequently received one single dose 
of glucose (1 mg/kg of body weight) by gavage, and 
new blood samples were collected at times 30, 60, and 
120 min. Blood glucose levels were determined in a 
glucometer (Accu-chek Advantage®). 

Hormonal and Biochemical Analyses 

Blood glucose doses were performed in a 
glucometer (ACCU-CHEK® Active®) using approxi-

 
Figure 1: Experimental design. OGTT Oral glucose tolerance test; HOMA-IR: homeostatic model assessment – insulin 
resistance; IRI: Insulin resistance index. 
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mately 25 µl of blood collected through caudal 
puncture, before and after of the effort test. The insulin 
levels were determined by radioimmunoassay (RIA). 

Estimates of Insulin Sensitivity 

The insulin sensitivity was calculated in two ways: 

HOMA-IR: insulin (µUI / mL) / glucose (mmol / L) x100 

Insulin resistance index (IRI): insulin (µUI / mL) X 
glucose (mmol / L) 

Muscle and Hepatic Glycogen Analyses 

The hepatic and muscular tissue was weighed, 
homogenized in 4 ml of trichloroacetic acid (TCA, 10%) 
and centrifuged (2000 g / 4 ° C / 10 min). For glucose 
dosage from tissue glycogen, we used the Glucox 
commercial kit (Doles, Goiás, Brazil). 

Statistical Analyses  

All results are presented as mean ± E.P.M. 
Statistical analysis was performed using a T Student 
test for unpaired sample or one-way MANOVA. Values 
were considered statistically significant based on P< 
0.05. The post hoc Student-Newman-Keuls test was 
used, when appropriate, to identify differences between 
groups. 

RESULTS 

Figure 2 depicts weekly blood glucose during the 4 
weeks of caffeine training and/or treatment. The weekly 

glycemia of the animals was significantly higher for the 
diabetic control groups with and without caffeine 
training and / or treatment compared to healthy control 
groups throughout the experiment (388%, F(7.41) = 
49.426; <0.001). 

Figure 3 represents serum insulin in the different 
groups after training and / or treatment with caffeine. 
The values of insulin after caffeine treatment and / or 
training were higher for the control groups (231%, F 
(7.41) = 9.993, p = 0.001) compared to the diabetic 
groups. A significant increase in plasma concentrations 
in the caffeine group (95%, F (7.41) = 9.993, p = 0.029) 
and in the Exercise + Caffeine group (56%, F (7.41) = 
9,993, p <0.004) compared to Control and Exercise 
groups. 

Figure 4 depicts blood glucose during OGTT in the 
different groups before and after training and / or 
treatment with caffeine. Before training and / or 
treatment with caffeine, diabetic animals had the 
highest glycemia compared to healthy animals 
throughout the analysis at their 30, 60 and 120 min 
times. The glycemic curve was significantly higher for 
the diabetic groups compared to the values related to 
the control groups at 30 minutes (175%, F (7.41) = 
11.077, P <0.001) and 60 minutes (150%, F 7.41) = 
13142, p <0.001). However, at 120 minutes the mice 
Diabetes + Exercise and the mice Diabetes + Exercise 
+ Caffeine did not differ significantly with the control 
animals, both the animals trained and / or treated with 
caffeine (66%, F (7.41) = 6.626 , P = 0.138), whereas 
animals from the Diabetes and Diabetes+Caffeine 

 
Figure 2: Weekly glycemia before and during caffeine training and/or treatment in control rats (○), diabetic rats (Δ), control + 
exercise rats (●), diabetic rats + exercise (▲), control + caffeine rats (□), diabetic rats + caffeine (◊), control rats + exercise + 
caffeine (■) and diabetic rats + exercise + caffeine (♦). The data are presented in mean ± SEM, n = 6, different letters (a, b, c) = 
P <0.05 (Tukey after one-way MANOVA). 
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groups had higher values compared to control animals 
(233%, F (7.41) = 6.626, P <0.001), but without 
significant difference for Diabetes+Exercise and 
Diabetes+Exercise+Caffeine groups (33%, F(7.41) = 
6.626, P = 0.782). 

Figure 5 represents the glycogen values observed 
in the hepatic and muscular tissues of the animals after 

training and / or treatment with caffeine. No significant 
differences were observed for both hepatic glycogen 
(F(7.41) = 1.407) and muscle glycogen (F(7.41) = 
1160). 

Figure 6 represents the ratio of homeostasis and 
insulin resistance (HOMA-IR) and the insulin resistance 
index in the different groups after training and/or 

 
Figure 3: Plasma levels of insulin after training and/or treatment with caffeine. The data are presented in mean ± SEM, n = 6, *, 
$ and & = P <0.05 when compared to the other groups (Tukey after MANOVA). 

 

 
Figure 4: Oral glucose tolerance test (A) before and (B) after training and/or caffeine treatment in control rats (○), diabetic rats 
(Δ), control + exercise rats (●), diabetic rats + exercise (▲), control + caffeine rats (□), diabetic rats + caffeine (◊), control rats + 
exercise + caffeine (■) and diabetic rats + exercise + caffeine (♦). The data are presented in mean ± SEM, n = 6, different letters 
(a, b, c) = P <0.05 (Tukey after one-way MANOVA). 
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treatment with caffeine. The values related to HOMA-IR 
increased for the groups Diabetes and Diabetes + 
Caffeine after training and/or treatment (78%; F(7.41) = 
3.927; p = 0.016) compared to Control, Exercise and 
Diabetes + Exercise groups. The values for the group 
Caffeine, Exercise + Caffeine and Diabetes+Exercise+ 
Caffeine had a significant increase (50%, F(7.41) = 
3.927, p = 0.006) compared to the Diabetes and 
Diabetes + Caffeine groups, and a significant increase 
compared to Control, Exercise and Diabetes + 
Exercise (120%, F(7.41) = 3.927, p = 0.006). 

In relation to the insulin resistance index, there were 
increases for the groups Diabetes, Exercise + Caffeine, 
and Diabetes + Exercise + Caffeine (50%, F(7.41) = 
4.029, p = 0.014) after training and / or treatment 
compared to the Control, Exercise, Diabetes + 
Exercise and Diabetes + Caffeine groups. In addition, 
the caffeine group had a significant increase compared 

to the groups Diabetes, Exercise + Caffeine, and 
Diabetes + Exercise + Caffeine (55%, F(7.41) = 4.029, 
p = 0.005) Diabetes + Exercise and Diabetes + 
Caffeine (77%, F(7.41) = 4.029, p = 0.005). 

DISCUSSION 

In the long term, studies have shown that caffeine 
did not alter [12] or even increased glucose tolerance 
[9], insulin sensitivity [13] and control [13], as well as 
reduced concentrations of catecholamines (epinephrine 
and corticosterone) [14]. 

As for the unmodified levels of glycogen, both 
hepatic and muscular, they may have been influenced 
by the effect of physical exercise 48 hours before the 
sacrifice of the animals, which tends to reduce or 
deplete the glycogen stores in the tissue, due to their 
energy needs. 

 
Figure 5: Concentration of (A) muscle hepatic and (B) muscle glycogen after training and / or treatment with caffeine. Data are 
presented in mean ± SEM, n = 6, * = P <0.05 when compared to the other groups (Tukey after MANOVA). 

 
Figure 6: Reason for insulin resistance (HOMA-IR) (A) and Insulin Resistance Index (B) after training and / or treatment with 
caffeine. The data are presented in mean ± SEM, n = 6, * or # = P <0.05 when compared to the other groups, & = P <0.05 when 
compared to: Control, Control + Exercise, Diabetes + Exercise, Caffeine (Tukey after MANOVA). 
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The DM demarcates metabolic changes on the 
consumption of energy substrates that are used for the 
maintenance of energy and cellular life. Caffeine intake 
resulted in changes in diabetic rats, improving glucose 
tolerance after OGTT and increasing hepatic and 
muscle glycogen, but maintained postprandial plasma 
glucose values increased compared to diabetic control 
animals. These effects bring metabolic responses on 
energetic substrates, such as increased fatty acid 
mobilization, increased glycerol, and increased uptake 
and glucose tolerance, as seen in the OGTT and in the 
hepatic and muscular glycogen concentration. 

Studies showing the action of caffeine on glycemic 
and fatty acid behavior in relation to changes in 
catecholamines, insulin sensitivity and glucose 
tolerance in humans, evaluating the mechanisms and 
events in homeostasis of energy metabolism, may be a 
way of coping with conditions of glucose intolerance, 
insulin resistance and diabetes mellitus in the clinical 
area. 

Training and treatment with caffeine altered 
metabolic values after 4 weeks of intervention. The 
values of weekly, postprandial, and OGTT fasting 
glucose demonstrate that exercise improves plasma 
glucose control by increasing glucose tolerance to be 
captured by skeletal muscle, and when combined with 
caffeine, the results are similar for glucose tolerance. 

Caffeine training and treatment reversed high 
albumin values in diabetic animals, demonstrating that 
a possible dehydration caused by the disease was 
controlled and could be related to a better energy 
efficiency resulting from a higher amount of substrate 
stored after caffeine consumption. greater use by 
physical exercise. 

In this context, caffeine showed a significant 
decrease in glycemia, acting on glycemic metabolism. 
Different doses compared to different intensities of 
exercise can alter the glycemia metabolism. Thus, the 
need for more studies evaluating low doses of caffeine 
against moderate-intensity exercises, within its varied 
types (eg swimming, walking, weathering), is 
reinforced. 

Still, the work with different doses should be 
performed, because the dose-response curve may be 
different, as well as smaller values can be significant, 
achieving satisfactory values in glycemic control, and 
may be interesting in the treatment of diabetes mellitus. 

CONCLUSION 

This work showed which caffeine and training with 
aerobic exercise in healthy and diabetic animals’ is an 
important animal glycemic control tool because it can 
improve systems essential for metabolic balance as 
skeletal muscle, which plays an important role both in 
motion, increasing the physical ability of the body to 
resist situations seeking to adapt the tissues to better 
function. 
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