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ABSTRACT 

Abnormal fat deposition has been identified as an important mechanism of obesity-associated with insulin 
resistance. Literature data also indicate that exercise can improve insulin action. The heme pathway enzyme δ-
Aminolevulinate Dehydratase (δ-ALA-D) is a good marker for oxidative stress and this sulfhydryl enzyme is 
inhibited in such oxidative pathologies diabetes. The aim of this study was to evaluate the effects of physical 
exercise in mice fed high sucrose (20% in drinking water), on aspects of insulin resistance, profile of oxidative 
status in different tissues and influence on δ-ALA-D activity. Glucose (p<0.003), insulin (p<0.01) plasma 
levels and abdominal fat index (p<0.001) were significantly higher in mice fed the sucrose in the water when 
compared to control group. Not have difference on these parameters between exercised mice fed the sucrose 
and control group. Hepatic, ALA-D activity and TBARS from liver, kidney and brain, of sucrose fed animals 
with and without exercise were not different than that of control group. The results of the present study 
possibly indicate that the sucrose administration in the water, cause marked insulin resistance and that the 
physical exercise showed efficient in increase insulin sensibility in mice with insulin resistance. 
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1. INTRODUCTION 

Insulin resistance of skeletal muscle glucose transport 
represents a major defect in the normal maintenance of 
euglycemia (Henriksen, 2002). This insulin resistance is 
frequently accompanied by a variety of metabolic and 
cardiovascular abnormalities, including hypertension, 
glucose intolerance, Type 2 diabetes, dyslipidemia, 
atherosclerosis and central obesity, a condition referred 
to as “syndrome X” or the “insulin resistance syndrome” 
(Henriksen, 2002; Reaven, 1993). The link among these 
disorders has been attributed to hyperinsulinemia, a 
consequence of the insulin resistance (Henriksen, 
2002).The obese rat is an animal model of severe skeletal 
muscle insulin resistance that is also characterized by 

marked hyperinsulinemia, glucose intolerance, 
dyslipidemia and central adiposity (Henriksen, 2002) and 
therefore is a suitable animal model of the insulin 
resistance syndrome. In a similar way to humans, feeding 
animals chronically with diets containing high proportion 
of rapidly absorbable glucose or with a high proportion 
of fat promotes the development of insulin resistance 
(Folmer et al., 2002). 

Elevated levels of circulating glucose can produce 
permanent chemical alterations in proteins and increase 
lipid peroxidation in a variety of experimental models of 
hyperglycemia (Folmer et al., 2002). In line with this, 
overproduction of Reactive Oxygen Species (ROS) and 
antioxidant depletion have been associated with the onset 
of diabetes (Folmer et al., 2002). Oxidative stress has 
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been implicated as a contributor to both the onset and the 
progression of diabetes and its associated complications 
(Styskal et al., 2012; Rains and Jain, 2011). 

Furthermore, the deleterious effects of hyperglycemia 
on the properties of physiologically abundant proteins 
such as hemoglobin, albumin and collagen have been 
investigated (Soares et al., 2006). 

Physical exercise induces a series of normal 
physiological and biochemical adaptations. Several 
metabolic factors can contribute to the improvements in 
glucose homeostasis that are seen after acute or chronic 
exercise and exercise training in individuals with insulin 
resistance (Henriksen, 2002). These adaptive responses 
include enhanced insulin action on the skeletal muscle 
glucose transport system, normalization of glycemia, 
normalization of an abnormal blood lipid profile 
(Henriksen, 2002; James et al., 1983) and decrease in 
oxidative stress (Senturk et al., 2001; Atalay and 
Laaksonen, 2002). 

δ-ALA-D is an essential enzyme for all aerobic 
organisms because it participates in the biosynthesis 
pathway of tetrapyrrole molecules, which constitute 
prosthetic groups of physiologically important proteins 
such as hemoglobin and cytochromes (Jaffe et al., 1995; 
Sassa, 1998). δ-ALA-D is a sulfhydryl-containing 
enzyme; consequently, its activity is highly sensitive to 
the presence of prooxidant elements, which can oxidize 
its-SH groups (Barbosa et al., 1998; Soares et al., 2002; 
Maciel et al., 2000). Of particular importance is the 
impairment of the heme synthetic pathway in porphyria. 
The frequent coexistence of diabetes mellitus and 
porphyria disease has been reported in humans and 
experimental animal models (Scassa et al., 1998); this 
can be causally linked to the inhibition of this enzyme 
that occurs in diabetics (Caballero et al., 1995; 
Fernandez-Cuartero et al., 1999).  

The aim of this study was to evaluate the effects of 
physical exercise in mice fed high sucrose (20% in 
drinking water) on aspects of insulin resistance, profile 
of oxidative status in different tissues (brain, liver, 
kidney) and influence on δ-ALA-D activity. 

2. MATERIAL AND METODS 

2.1. Chemicals 

5-Aminolevulinic Acid (ALA), DL-Dithiothreitol 
(DTT) and Malondialdehyde (MDA) were obtained from 
Sigma (St. Louis, MO). Mono-and dibasic potassium 
phosphate, acetic acid, orthophosphoric acid, Tris buffer, 
sucose, trichloroacetic acid and sodium chloride were 
obtained from Merck (Rio de Janeiro, RJ, Brazil). 

2.2. Animals and Diets 

Male mice (3-month-old) weighing 25-30 g from our 
own breeding colony were maintained under controlled 
conditions of room temperature (20-25°C) and under 
natural lighting. The animals were divided in four 
groups: Control group (cont), control exercised 
(Cont+Exer), sucrose exercised (Sucr+Exer) and sucrose 
(Sucr). Groups III and IV received a solution of 20 % 
sucrose as water ad libitum. Commercial diets and water 
were given ad libitum and consume was measured daily.  

2.3. Training Program 

A special swim-training model was used. Mice 
were adapted to swim at 30°C at 4 d/wk (rest on 
weekends and Wednesday) for 4wk before 
experimental training. During week 1, mice swam 15 
min. During week 2 to 4, mice swam for 20, 30 and 40 
min respectively with an extra weight fixed to the tail 
(3% of the animal’s body weight). After this 
adaptation period, only the exercised groups were 
subjected to swim training for 26 wk at 30°C for 40 
mim, 4 d/wk (rest on weekends and Wednesday) with 
the tail weight (3% of the animal’s body weight). 

2.4. Tissue Preparation 

Mice were killed by decapitation. The liver was 
quickly removed, placed on ice and homogenized in 
seven volumes of cold 0.2 mM BHT +0.9% NaCl. The 
homogenate was centrifuged at 4000×g at 4°C for 10 
min to yield a low-speed supernatant fraction (S1) that 
was used for biochemical assay.  

2.5. Biochemical Assay 

2.5.1. All Experiments were Performed in 
Duplicate 

δ-ALA-D activity was assayed by the method of 
(Sassa, 1982) by measuring the rate of Product (PBG) 
formation except that 84 mM potassium phosphate buffer, 
pH 6.4 and 2.4 mM ALA were used (Emanuelli et al., 
1996; Rocha et al., 1995). All experiments were carried 
out after 10 min of pre-incubation. The reaction was 
started 10 min after the addition of the enzyme 
preparation by adding the substrate. Incubation was 
carried out for 1 h at 39.C the reaction product was 
determined using modified Ehrlich’s reagent at 555 
nm, with a molar absorption coefficient of 6.1×104 
M.1 for the Ehrlich-PBG salt. The reaction rates were 
linear with respect to time of incubation and added 
protein for all experimental conditions. 
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Thiobarbituric Acid Reactive Species (TBA-RS) 
were determined according to Ohkawa et al. (1979). 
Briefly, the reaction mixture contained 100 µL 8.1% 
SDS, 200 µL low-speed supernatant fraction (S1), 750 
µL 1.267 moL/L acetic acid, 270 mmoL/L HCl, pH 3.5 
and 750 µL 0.8% TBA. TBA-RS were quantified by 
adding S1 directly to the above reaction medium. 
Samples were incubated at 100.C for 60 min and then 
centrifuged at 1000×g for 15 min at 4.C. The amount of 
TBA-RS produced was measured at 532 nm, using MDA 
to construct standard curves. 

Protein was measured by the method of Bradford 
(1976) using bovine serum albumin as standard. 
Following collection, blood samples were transferred to 
polypropylene tubes containing EDTA (12 mg mL−1) and 
stored on ice. Plasma samples were harvested by 
centrifugation and stored frozen until the time for assay. 
Glucose was measured with commercial kits using 
enzymatic methods (Labtest, Minas Gerais, Brazil) and 
plasma insulin was measured by radioimmunoassay 
(Linco Research, St. Charles, MO). 

2.6. Statistical Analysis 

Data were analyzed by one-way ANOVA, followed 
by Duncan’s multiple range test when appropriate. 
Differences between groups were considered to be 
significant when p≤0.05. 

3. RESULTS 

3.1. Body Weight Gain 

The body weight of the mice fed with solution of 
sucrose was significantly greater than that of the mice of 
the control group after the 6-wk up to 26-wk (p<0.001). 
After the 10-wk up to 26-wk experiment the body weight 
of the mice from exercised and exercised+sucrose groups 
were lower than that of the mice of the control group 
(p<0.001) Fig. 1. 

3.2. Food Consumption 

The consumption of food by the mice groups on 
sucrose were significantly lower than that of the mice of 
the control group after the 4-wk experiment and this 
persisted until the final period of experiment (p<0.001 
for Suc or Suc+Exc groups) Fig. 2. 

3.3. Insulin and Glucose Levels 

The insulin plasmatic levels was significantly higher 
in mice fed the sucrose in the water than in those groups 
that did not receive sucrose (p<0.001). The insulin levels 

in exercised mice fed the sucrose in the water was 
similar to that of control groups (Cont and Cont-Exer) 
Fig. 3A. Similarly, glucose plasmatic levels in mice fed 
with high sucrose in the water was significantly higher 
than those of mice of control (Cont and Cont-Exer) and 
Sucr-Exerc groups (p<0.01) Fig. 3B. 

2.4. Abdominal Fat Index 

The mice feeding with solution of sucrose presented 
abdominal fat index significantly greater than that of the 
mice of the other groups (Cont, Cont-Exer and Sucr-
Exer) (p<0.001) Fig. 4. 
 

 
 
Fig. 1. Weight gain in mice of the control group (Cont ○), 

exercised (Cont+Exer ●), fed high sucrose and 
exercised (Sucr+Exer▲) and only fed high sucrose 
(Sucr ∆) diets for 26 wk. Values are means ± SD, n = 10 
per group. *Different from control, (p<0.00) 

 

 
 
Fig. 2. Consumption of feed in the mice of the control group 

(Cont ○), exercised (Cont+Exer ●), fed high sucrose and 
exercised (Sucr+Exer ▲) and only fed high sucrose 
(Sucr ∆) diets for 26 wk. Values are means ± SD, n = 10 
per group. *Different from control, (p<0.00) 
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 (a) 
 

 
 (b) 
 
Fig. 3. Plasma insulin (3A) and glucose (3B) concentrations in mice after a 12-h period of starvation. Animals of the control group 

(Cont), exercised (Cont+Exer), fed high sucrose and exercised (Sucr+Exer) and only fed high sucrose (Sucr) diets for 26 wk. 
Results are expressed as mean ± SD. for ten animals per group (*p<0.001 and **p<0.01) 

 

 
 
Fig. 4. Abdominal index fat in the mice of the control group (Cont), exercised (Cont+Exer), fed high sucrose and exercised (Sucr+Exer) and 

only fed high sucrose (Sucr) diets for 26 wk. Values are means ± SD, n = 10 per group. *Different from control, (p<0.00) 
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Fig. 5. δ-ALA-D activity in liver in the absence or the presence of DTT (2 mmol/L). Data are expressed as mean ± SD for 8-10 

animals per group 
 

 
 
Fig. 6. Basal tba-rs levels in liver, kidney and brain tissues of mice of the control (Cont), exercised (Cont+Exer), fed high sucrose 

and exercised (Sucr+Exer) and only fed high sucrose (Sucr) diets for 26 wk. Results are expressed as mean ± SD. for ten 
animals per group 

 

 
 
Fig. 7. Levels of NPSH groups from liver, kidney and brain tissues of mice of the control (Cont), exercised (Cont+Exer), fed high 

sucrose and exercised (Sucr+Exer) and only fed high sucrose (Sucr) diets for 26 wk. Results are expressed as mean ± SD for 
ten animals per group 
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3.5. δδδδ-ALA-D Activity 

Liver δ-ALA-D activity of sucrose fed animals with 
and without exercise was not different from that of 
control groups. Addition of DTT (2 mmoL) increased δ-
ALA-D activity; however, this increase was similar for 
all groups Fig. 5. 

3.6. Tissues Tba-rs Levels 

Basal tba-rs levels in hepatic, renal and cerebral 
tissues of mice fed with sucrose in the water with and 
without exercise were not different from that of control 
groups Fig. 6. 

3.7. Tissues Non-Protein SH Groups Levels 

Non-protein SH groups from liver, kidney and brain 
tissues of mice was similar among the different treatment 
groups Fig. 7. 

4. DISCUSSION 

Chronic intake of diets with a high proportion of 
rapidly absorbable glucose promotes the development of 
insulin resistance (Folmer et al., 2002). In the present 
study, the insulin and plasmatic glucose levels were 
significantly higher in mice fed the sucrose in the water 
than in those that did not receive sucrose. Similarly, a 
high fat abdominal index was encountered in this 
group. These parameters characterize a classical index 
of insulin resistance. Visceral and intramuscular fat 
accumulation have been implicated in the development 
of insulin resistance in obese and type 2 diabetes 
subjects and, in line with this, literature data indicate 
that visceral fat excess is a good marker for insulin 
resistance (Wolfgram et al. 2014; Pavankumar and 
Nicola, 2013; Greco et al., 2002; Gutierrez et al., 2014; 
DM, 2014; Zhang et al., 2014; Snel et al., 2012).  

Physical exercises have been reported as an important 
factor that can increase insulin responsiveness by tissues 
(Snel et al., 2012; Stuart et al., 2013; Hecksteden et al., 
2013). The results of the present investigation clearly 
demonstrated that exercise re-established all the 
alterations caused by a high sucrose diet and returned to 
control levels the abdominal fat, glucose and insulin in a 
mice model of diet-induced insulin resistance.  

The results are essentially similar to those from 
human studies in which physical exercise has invariable 
beneficial effects causing decreased in body weight and 
visceral fat accumulation in relatively short time 
intervals (Henriksen, 2002; Stuart et al., 2013). 
Furthermore, the present results are also somewhat 
similar to those showing that physical exercise causes 

weight-loss and reduces the incidence of Type 2 diabetes 
in overweight men with impaired glucose tolerance 
(Stuart et al., 2013). 

The aerobic exercise can significantly lower plasma 
glucose levels, owing to normal contraction induced 
stimulation of GLUT-4 glucose transporter translocation 
and glucose transport activity in insulin-resistant skeletal 
muscle. In fact, training induced enhancement of insulin 
action is associated with up regulation of specific 
components of the glucose transport system in insulin-
resistant muscle and includes increased protein 
expression of GLUT-4 and insulin receptor substrate-
1(Henriksen, 2002; Stuart et al., 2013).  

Previously, we have observed that exhaustive 
exercise associated with selenium deficiency caused an 
inhibition of the sulfhydryl-containing enzyme δ-ALA-D 
(Soares et al., 2002). The enzyme inhibition could be a 
consequence of oxidation of critical thiol groups of 
enzyme by ROS produced during exercise (Soares et al., 
2002). Since there are indications in literature that high 
sucrose diets can induce oxidative stress in rodents, we 
sought to determine whether an association between 
exercise and sucrose could lead to an inhibition of the 
enzyme. However, we did not observe increase in 
lipoperoxidation cerebral, renal and hepatic tissues of 
mice fed high sucrose with or without exercise compared 
with those that did not receive sucrose in the water. In 
the same way, δ-ALA-D activity and NPSH groups from 
hepatic tissue was not decreased by sucrose feeding or 
by exercise. The absence of effect of high sucrose 
feeding on liver ALA-D activity is accordance with 
previous observation from our laboratory. 

Although physical exercise may acutely induce 
oxidative damage (Soares et al., 2011), regular training 
appears to enhance antioxidant defenses and may reduce 
oxidative stress after exercise and in some animal 
studies, it has been associated with a decreased lipid 
peroxidation (Atalay and Laaksonen, 2002; Laaksonen, 
2003; Stanković and Radovanović, 2012). To maximize 
the benefits of exercise, it is important to understand the 
effect of acute and long term physical exercise on 
oxidative stress and antioxidant defenses in diabetes 
(Atalay and Laaksonen, 2002; Stanković and 
Radovanović, 2012). Some evidence also supports a role 
of physical fitness in decreasing lipid peroxidation 
(Laaksonen, 2003). If regular physical exercise can be 
shown to have a protective effect against oxidative stress 
(Stanković and Radovanović, 2012), this may have direct 
impact on the use of physical exercise as a safe 
therapeutic modality in diabetes (Atalay and Laaksonen, 
2002; Laaksonen, 2003). 
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5. CONCLUSION 

The present results clearly indicated that moderate 
chronic exercise had favorable influence on the 
insulin resistance caused by feeding mice a high-
sucrose diet. The present results strongly indicate that 
exercise can be considered a good practice for obese 
subjects or for those that consume high quantities of 
free-sugar in the diet.  
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