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ABSTRACT 
Dos-Santos, JW, de Mello, MAR. Endurance Swimming Periodized 
Training in Rats. JEPonline 2010;13(5): 29-43. The aim of this study was 
to develop an experimental protocol for endurance swimming 
periodization training in rats similar to high performance training in 
humans, and compare it to continuous training. Three groups of male 
Wistar rats (90 days old) were allocated to Sedentary Control (SC); 
Continuous Training (CT); and Periodized Experimental Training (PET) 
groups. PET and CT trained 5 days/week, over five weeks, CT: 
continuous training supporting a 5% body mass (bm) load for 40 
min/day; PET: training subdivided into basic, specific, and taper periods, 
with overload changed daily (volume-intensity, continuous, and interval 
training). Total training overload was quantified (% bm X exercise time in 
training session) and equalized for the two trained groups. Glucose 
([3H]2-deoxyglucose) uptake, incorporation to glycogen (synthesis), 
glucose oxidation (CO2 production), and lactate production from [U-
14C]glucose by soleus muscle strips incubated in presence of insulin 
(100µU/mL) were evaluated 48h after the last training session. The load 
equivalent at 5.5mM blood lactate concentration ([La-5.5]) was 
determined in the incremental test. Lactate production was similar in all 
groups. PET presented higher glucose uptake (59%) than SC, and 
higher glycogen synthesis (51 and 22%) and glucose oxidation (147 and 
178%) than SC and CT, respectively. CT presented higher glycogen 
synthesis rates (23%) than SC. Load [La-5.5] was similar between 
trained groups and higher than SC. PET presented higher values for 
glucose metabolism than CT and SC. These results open up new 
perspectives for studying training methods used in high performance 
sport through swimming exercise in rats. 
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INTRODUCTION 
 
High performance sport training is subdivided into periods and is organized according to overload 
variation (volume/intensity/recovery) to obtain maximal performance in competition. This method of 
organizing training during a season is called periodization, a concept initially introduced by Matveyev 
in the 1960s (23) and still in use now. However, intervention in high performance training for scientific 
research is quite difficult to attain. When possible, it is done in only part of the training periodization 
(9,20,25,35) or even longitudinally over a season (26).  
 
An alternative way of studying the effects of physical training is to use experimental protocols in 
rodents. Different aerobic evaluation and training protocols studied in humans have been reproduced 
in rats; these include intensive interval training (4,8,37,38), anaerobic threshold evaluation (31,39), 
maximal lactate steady state (11,22), and training prescription by maximal oxygen uptake (41) and 
anaerobic threshold (6). Recently, periodization training in running exercise was used in rats (7,18). 
However, the periodization model used in these two studies was a simple progressive endurance 
protocol with one day of recovery in the week. This partially reproduces the periodization model used 
in high performance sports training, as overload (volume/intensity/recovery) was not changed daily. 
To our knowledge, however, there are no studies that have reproduced high performance training 
periodization in a swimming exercise experimental model using rats. Obviously, muscle architecture, 
relative activation of individual muscles, biomechanics, and movement efficiency are different 
between humans and rats, however, similar training may present similar responses in both species. 
 
Several biomarkers can be used to verify the effects of endurance training. Of these, blood lactate 
response in an incremental test is one of the most commonly used in humans (15) and has also 
already been tested in rats (6). In experimental exercise rat models, several studies have shown that 
endurance training improves glucose metabolism, that is, glucose transport and uptake (40), 
glycogen synthesis, and lactate production (16). Muscle metabolism in vitro studies in rats allow the 
effects of training to be verified in more detail. However, comparison between different endurance 
training methods has not yet been studied in experimental exercise rat models. 
 
Since the organization of sports training is made through periodization training models and some 
aerobic evaluation and training protocols have been reproduced in experimental rat models, our 
hypothesis is that it is possible to develop a periodized experimental training model for swimming 
exercise training in rats and that this training protocol has the best effects on blood lactate response 
in the incremental test and on the muscle glucose metabolism. Thus, the aim of this study was to 
develop an endurance periodization experimental training model in rats and to compare it to linear 
continuous training though muscle glucose metabolism and blood lactate response evaluations. 
 
METHODS 
Animals and Treatment 
Twenty-three male, 90-day-old, Wistar rats were kept in cages (37 x 31 x 16 cm), 3-5 rats per cage, in 
a controlled room with 12h light/dark cycles at 22±1ºC with free access to water and food (Purina 
rodent chow). Animal body mass was measured at the beginning of each week. Food uptake of each 
group was measured on first day of each week (difference between pre and post 24h in each cage) 
and in the last week 48h before the end of experimentation. The calculation made was based on an 
uptake of 100g per animal per cage and multiplied by the body mass of each animal and expressed in 
grams. The rats were subdivided into three groups: Sedentary Control (SC, n=9), kept inactive; 
Continuous Training (CT, n=7), and Periodization Experimental Training (PET, n=7). In the last week 
of the experiment, the animals performed an incremental test to determine aerobic fitness.  All 
animals were sacrificed by decapitation and CT and PET groups were killed 48h after their last 
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Figure 2. Daily training overload during the five weeks of specific training. 
Top figure: continuous training group (CT), bottom figure: Periodized 
experimental training group (PET). The total overload for both groups, CT 
and PET, was equal (4850 UT), considering all training sessions of five 
weeks in respective training protocols, and is expressed in arbitrary units of 
training (UT). In the days no bars on the X-axis there was not training. The 
training period began on first monday and was ended on last Sunday. The 
end of the experiment occurred on the last tuesday (48 h after last exercise 
session). 

training session. The experimental procedures were carried out in accordance with Brazilian 
College of Animal Experimentation (COBEA) 
guidelines and approved by the Science School 
Ethics Committee of Univ Estadual Paulista 
(Process nº: 1501/46/01/08).   
 
Training Overload Quantification 
Overload (OV) for each training session was 
adjusted at the beginning of each week according 
to body mass (bm) and expressed as percentage 
body mass (% bm). The daily training load in each 
training session consisted of a light fabric (tactel) 
“mini bag” with an adjustable elastic band fixed to 
the anterior part of animal’s thorax and a Velcro 
opening to add lead pieces (Figure 1). Attachment 
of the bag to each rat took between two and three 
seconds. This was done on dry land and the 
training session only began when all rats had their 
bags attached.  
 

                                                                                                                                                           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

All components of the load were simultaneously weighed in a semianalitic scale (Marte, AL500). 
Once the two training groups, CT and PET, carried out training protocols with different daily overloads 
(OV), the total overload of each training protocol was equalized between the two protocols (OVCT = 
OVPET). In studies with sedentary humans (12,30), and elite swimmer (25), the OV calculation was 

Figure 1. Characteristics of swimming exercise 
model in rats. A: graduated lead pieces (g) to 
increase the overload; B: backpacks with 
openings to insert load, and elastic band to fix it 
to the animal’s thorax; C: the rat with the 
backpack in swimming exercise position, with 
total overload, backpack and lead pieces. 
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done based on the relation of the exercise time and on the maximal oxygen uptake 2maxOV& or the 
blood lactate concentration ([La]), respectively. Therefore, we adapted the calculation of OV to the 
swimming exercise in rats, employing the total exercise time in the training session (ET, in minutes) 
and the intensity (%bm, in grams) to obtain the value of OV in each training session (OV = ET x 
%bm). The sum of OV of all of the training sessions of each protocol corresponded to the total 
overload of training (OVtotal), as follows: 
 
OVtotal = (ET1 x %bm1 + ET2 x %bm2 …+ ETn x %bmn) [UT] 
Where: OVtotal = total training overload during the five weeks of specific training; ET = total exercise 
time, in minutes; % bm = percentage body mass; UT = arbitrary units of training. 
 
Once training load for CT was the same everyday, PET load was adapted to have the same total 
overload as CT. The OVtotal for both groups, CT and PET, was 4850 UT, considering all training 
sessions in the five weeks for the respective training protocols (Figure 2).  
 
Training protocols 
The animals performed swimming training in tanks with individual partitions (25cm diameter PVC 
tubes); water depth was 45cm and temperature 31±1ºC. For 
PET interval training (IT) sessions, an apparatus was used 
to raise and keep the animals on the water surface during 
the recovery period. It consisted of two sets of six PVC tubes 
with a metal net on the bottom and a cable fixed in each set. 
It was raised manually using a pulley system where the two 
cables were fixed to a wooden handle. After elevation, it was 
kept in the raised position by a cable fixed to a hook at the 
base of the tank, the objective being animal recovery (Figure 
3). 
 
Both CT and PET groups trained 5 days/week over 5 weeks. 
Prior to the five weeks specific training, there were four 
weeks of adaptation training (progression training) with both 
groups. This adaptation period was to help prevent high 
stress, mainly in PET rats who performed intensity training. 
Briefly, the adaptation period was: first week, increasing 
exercise time 5 min/day (20-40 min); second and third 
weeks: exercise time kept constant (40 min) and intensity 
raised by 3.5 and 5% bm per week, respectively (5 min/day, 
i.e. 20 to 40min); fourth week: animals in both groups swam 
40 min/day with 5% bm. In the fifth week the animals in CT 
started receiving continuous and PET periodized training as 
per their respective protocols. The CT group protocol 
included continuous swimming exercise with a 5% bm load 
for 40 min/day (except the first day, Figure 2). In the last 
week, training days were changed (recovery on Wednesday-
Thursday and training on Saturday-Sunday), because of the 
TAPER week employed in the PET protocol (Figure 2). 
TAPER is a procedure used in human swimming training 
that consists of reducing the amount of training before 
competition to achieve peak performance in the competition 
(25). In PET, training sessions were mainly by interval 

 

Figure 3. The Tanks with individual 
partitions. A: position of the 
equipment during exercise. B: 
equipment raised for animal’s 
recovery during interval training 
carried out in PET group. 
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training (main training) ending with continuous training (complementary training) to equalize training 
overload with the CT group (Table 1). 
 
PET Intensity Levels 
In PET, training protocols were classified at five different intensity levels, according to aerobic 
demand (A-1, A-2 and A-3), and anaerobic metabolism (AN-1 and AN-2) adapted from swimming in 

humans (21). For aerobic training a 5-6% bm load was used as reference, as it represents maximal 
lactate steady state (11) and anaerobic threshold (39), in rat swimming exercise; this intensity was 
called A-2. Intensities A-1 and A-3 were classified as below and above the anaerobic threshold as 1-
3% and 8-10% bm, respectively. These aerobic intensity levels were used in more than one training 
protocol. Anaerobic training AN-1 corresponded to 25% bm for 1.5 min exercise with 5 min of 
recovery (8). In the four anaerobic training sessions AN-2 consisted of 0.5 min exercise with 3.0 min 
of recovery and only numbers of repetitions (3-6 repetitions) and intensity (45 or 50% bm) varied 

Table 1. Characteristics of the periodized experimental training (PET) in each daily training session, according 
to aerobic (A-1, A-2, A-3) and anaerobic (AN-1 and AN-2) intensity level, including the number of repetitions, 
exercise time, recovery time and the training overload. 

Training 
Periods Week Days 

Daily training session 

Main training  Complementary training 

Intensity 
level 

Rep x time x rec 
 

Overload 
(% bm) 

 Intensity 
level 

Time 
(min) 

Overload 
 (% bm) 

BASIC 

Mon A-1 1 x 20 x (-)  2.5  - - - 
Tue A-2 1 x 30 x (-) 6.0  A-1 20 2.5 
Wed A-3 6 x 4.0 x 1.5 8.0  A-1 15 2.5 
Thu A-1 1 x 60 x (-) 3.0  - - - 
Fri A-2 4 x 6.0 x 0.5 6.5  A-1 20 2.5 
Sat-Sun Off training 
Mon A-2 1 x 35 x (-) 6.0  A-1 25 2.5 
Tue A-3 6 x 4.0 x 1.5 8.0  A-1 25 2.5 
Wed AN-2 6 x 0.5 x 3.0 50  A-1 30 2.5 
Thu A-3 6 x 2.5 x 1.0 9.0  A-1 30 2.5 
Fri A-2 6 x 6.0 x 0.5 6.5  A-1 30 2.5 
Sat-Sun Off training 

SPECIFIC 

Mon AN-1 4 x 1.5 x 5.0 25  A-1 20 3.0 
Tue A-2 5  x 6.0 x 0.5 8.0  A-1 20 3.0 
Wed A-3 5 x 2.5 x 1.0 10  A-1 25 3.0 
Thu AN-2 6 x 0.5 x 3.0 50  A-1 30 3.0 
Fri A-2 5 x 6.0 x 0.5 8.0  A-1 20 3.0 
Sat-Sun Off training 
Mon A-2 3 x 6.0 x 0.5 8.0  A-1 15 2.5 
Tue AN-1 4 x 1.5 x 5.0 25  A-1 15 2.5 
Wed A-3 4 x 2.5 x 1.5 10  A-1 15 2.5 
Thu AN-2 4 x 0.5 x 3.0 50  A-1 20 2.5 
Fri A-2 4 x 5.0 x 0.5 8.0  A-1 15 2.5 
Sat-Sun Off training 

TAPER 

Mon AN-2 3 x 0.5 x 3.0 45  A-1 10 2.0 
Tue A-3 3 x 2.5 x 1.5 10  A-1 10 2.0 
Wed A-2 4 x 6.0 x 0.5 8.0  A-1 20 2.0 
Thu-Fri Off training 
Sat A-3 3 x 3.0 x 0.5 9.0  A-1 20 2.5 
Sun A-2 1 x 4.0 x (-) 8.0  A-1 14 1.0 

Microcycles = cycles of training (5-9 days); Rep = repetitions; Exe = exercise; Rec = recovery, expressed in minutes; 
(-) = without recovery, continuous training. The complementary training was carried out only by continuous training, 
in A-1 intensity. Note: In most of the PET training sessions the interval training was the main training and it was 
complemented immediately with continuous training (complementary training). 
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Table 2. Absolute and relative total overloads of the PET group, in 
arbitrary units of training (UT), in each intensity level (A-1, A-2, A-3, AN-1 
and AN-2). 
Overload A-1 A-2 A-3 AN-1 AN-2 TOTAL 

Absolute (UT) 1406.5 1776.0 900.0 300.0 467.5 4850 
Percent (%) 29.0 36.6 18.6 6.2 9.6 100 
 

(Table 1). Unlike aerobic training protocols, animals performing anaerobic exercise protocols did 
not swim the whole time on the surface of the water. Training was carried out with jumps, due to high 
overload. We counted number of jumps in one AN-1 (4 x 1.5 min with 5 min of recovery and 25% bm) 
and AN-2 (5 x 0.5 min with 3 min of recovery and 50% bm) training session. Animals performed most 
jumps impelled by all four paws. They performed 38±3 jumps per set (CV=18%) in AN-1 and 16±1 
jumps per set (CV=19%) in AN-2. All PET training sessions are shown in Table 1. The proportion of 
the aerobic and anaerobic training at the five intensity levels is presented in Table 2. Total aerobic 
and anaerobic training were 84.2% and 15.8%, respectively. 
 
The experimental periodized training protocol was based in the Matveyev’s classical model (24), with 
a basic preparation period (BPP) and a specific preparation period (SPP), two weeks each. After the 

preparation period, a taper 
microcycle (TAPER) was 
performed as used in human 
swimming training (21,25) to 
obtain “peak performance” at 
the end of the experiment. 
During the first week of BPP, 
there was an increase in 

volume and a small increase in intensity (introductory microcycle); in the second week, peak volume 
reached 66 min in one training session (development microcycle). In SPP, week three, there was a 
small reduction in training volume but intensity was increased reaching its peak. This week had 
greater training overload (shock microcycle). In the fourth week, both intensity and volume decreased 
to provide recovery (recovery microcycle). The final PET period was in the last two weeks (9 days). 
This was proposed to provide training supercompensation and to reach peak performance (TAPER); 
it consisted of a reduction in total training volume (10.3%), AN-2 (10%), and A-1 (24%) training, and 
maintenance of A-2 and A-3 training (Figure 2). 

 
Aerobic Fitness Test 
At the end of the experiment animals performed an aerobic test to determine the load (% bm) 
equivalent to a blood lactate concentration of 5.5mM ([La-5.5]). Evaluation consisted of an 
incremental test with four stages of three minutes, separated by five minutes of recovery. The 
sedentary animals performed the test with loads of 0.7, 2.3, 3.9 and 5.5% bm and trained animals 
with loads of 5.0, 7.5, 10.0 and 12.5% bm. One blood sample was collected immediately after each 
stage for lactate analysis. Aerobic fitness was determined by the load (% bm) equivalent to a blood 
lactate concentration of 5.5mM [La-5.5] from the lactate vs load curve, through linear regression with 
the two points closest to [La-5.5], as [La-5.5] corresponded to maximal lactate steady state intensity 
in rat swimming (11). Linear regression was used because the lactate vs load curve did not present 
exponential growth, but demonstrated a linear response in most animals (sedentary = 55% and 
trained = 36%). 
 
Blood Collection and Lactate Analyze 
Blood samples (25 µL) for lactate analysis were collected from a cut at the tip of the tail, diluted in 
50µL NaF (1%), frozen (-20ºC), and subsequently analyzed. Concentrations were determined by an 
electrochemical method in a lactate analyzer (YSL 1500 STATS, USA). 
 
Soleus Muscle Glucose Metabolism in vitro  
Glucose metabolism evaluated was as previously described (27). The soleus muscle was isolated 
with the minimum possible lesion and longitudinal strips weighing 25-35mg (wet weight) were first 
incubated for 30 min at 37ºC in a Dubinoff water bath (FANEN, MODEL 145), inside glass scintillation 
vials containing 1.5mL of Krebs bicarbonate buffer (NaCl 0.9%; HEPES 6.64mM; KCl 0.032%; CaCl2 
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Table 3. Body mass at the beginning and at 
the end of the experiment of sedentary 
control (SC), continuous training (CT) and 
periodized experimental training (PET) 
groups. 

Groups 

Body Mass (g) 

Initial End 

SC (n=9) 368.3 ± 5.2 437.2 ± 5.9* 
CT (n=7) 367.9 ± 12.2 447.6 ± 13.6* 
PET (n=7) 370.7 ± 3.8 450.6 ± 7.3* 
Values are means ± SEM. *Significant difference 
between the initial and end of experiment 
(ANOVA two-way, p = 0.001). 
 

1.14mM; KH2PO4 0.015%; NaHCO3 0.19%; MgSO4 0.03%) equilibrated with a mixture of 95%O2-
5%CO2, pH7.4. Then the muscle strips were transferred to new glass scintillation vials (outer vials) 
containing 1.5mL of Krebs bicarbonate buffer supplemented with glucose 5.5mM, containing 
[U14C]glucose (0.25mCi/mL) and [3H] 2-deoxiglucose (2DG, 0.5mCi/mL) and insulin (100µU/mL). 
Inside these outer vials, other glass vials (inner vials), which were formed like a scoop with an 
upwards-directed straight shaft, containing 700mL of thiamine 10-x were installed. The shafts of the 
inner vials were squeezed about 1cm through a small hole in a round rubber membrane. The outer 
vials were sealed with the rubber membrane and locked with plastic rings. This system, containing 
the muscle strips, was incubated in the Inoffensive water bath for 60 min. The release of CO2 was 
stimulated by injecting 200mL of trichloroacetic acid (TCA) 25% into the outer vials and CO2 was 
trapped in thiamine 10-x during a further 3h incubation at 37ºC. Lactate production was determined 
by measuring the radioactivity of the 14C in the outer vial incubation medium after separating the 
substrate using Dowex-2 ion exchange columns. Glucose incorporation to glycogen (glycogen 
synthesis) was determined by measuring the radioactivity of the 14C in precipitate obtained during the 
muscle glycogen extraction process (34). Glucose oxidation was estimated by measuring the 
radioactivity of 14C in the inner vial liquid. Glucose (2DG) uptake was evaluated in the alkaline phase 
obtained during muscle glycogen extraction process, by measuring the radioactivity of 3H. All 
radioactivity measurements were carried out in a PACKARD Patrica 2100 scintillation counter, in a 
TRITON X-100 toluene-based scintillate. The experiment was concluded with n=9, n=7 and n=7 in 
groups SC, CT and PET, respectively. However, two slices of the soleus muscle were removed of 
one of the animal from Group SC (9 +1) and three animals from Group CT (7 + 3) and PET (7 + 3). All 
animals were chosen randomly. Thus, the incubation process was made with 10 slices of soleus 
muscle from each group (n =10).  
 
Statistical Analyses 
Data normality was verified by the Shapiro-Wilk test. Therefore, parametric analysis was made for 
glucose uptake, glycogen synthesis, lactate production, glucose oxidation, [La-5.5] load, food uptake 
in the whole experiment and in the last week by one-way analysis of variance (ANOVA). The 
difference between body mass was analyzed by two-way ANOVA. Overload assessment in the two 
training protocols not presenting normality and it was analyzed by non-parametric statistical (Mann-
Whitney test). Significant difference was determined by Newman-Keus pos-hoc, when appropriate. 
Based on the results of a pilot study previous, an a priori power analysis indicated that a sample size 
of 30 slices of soleus muscle resulted in a statistical power value of 0.97 for increases in glucose 
uptake. We used 10 slices of soleus muscle for each 
group. We beginning the experiment with 10 rats per 
group, but the experiment was conclude with n=9, n=7 
and n=7 in groups SC, CT and PET, respectively. 
However, the incubation process was made with 10 
slices of soleus muscle from each group (see above the 
Soleus Muscle Glucose Metabolism in vitro session). In 
the present study power values for glucose uptake, 
glycogen synthesis, lactate production, glucose 
oxidation and [La-5.5] in aerobic fitness test were 0.56, 
0.99, 0.58, 0.87 and 0.99, respectively. Results are 
reported as means ± SEM, and the significance level 
adopted was p<0.05. All calculations were performed 
using Statistica 7.0 software. 
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Table 4. Food uptake during all the 
experiment and at last week, 48 h before 
experimentation, of sedentary control (SC), 
continuous training (CT) and periodized 
experimental training (PET) groups. 

 Food uptake  (g) 

Groups 
Mean of all 
experiment 

Last week 

SC (n=9) 18.7 ± 1.2 20.5 ± 0.2 
CT (n=7) 20.1 ± 0.8 20.6 ± 0.6 
PET (n=7) 21.0 ± 1.2 20.2 ± 0.4 
Values are means ± SEM of each group, 
calculated on one day of each week.  
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RESULTS 
 
Body mass did not present significant difference between groups at the beginning and end of the 
experiment. The three groups differed only between the start and end of the experiment (Table 3). 
Food uptake was similar between groups throughout the experiment as well as in the last week, 48h 
before experimentation (Table 4). Mean weekly training overload values did not differ between 
training protocols (PET = 970 ± 130 and CT = 970 ± 30 UT, p = 0.97) and total OV in the two 
protocols was 4850UT for five weeks of specific training. 
 

The load equivalent to [La-5.5] did not differ between 
the two trained groups (PET = 6.6 ± 0.8 and CT = 7.4 ± 
0.7% bm, p = 0.43) and both were higher than the 
sedentary group (SC = 2.9 ± 0.6% bm, p = 0.002 and p 
= 0.001, respectively). This confirms the efficiency of 
both training protocols. 
 
There was a significant improvement in PET group 
glucose metabolism compared to the other groups. The 
PET group presented higher glucose uptake rates than 
the SC group, and higher glycogen synthesis and 
glucose oxidation rates than both SC and CT groups. In 
the CT group, only glycogen synthesis rates were 

higher than the SC group (Figure 4). 
 
DISCUSSION 
 
Our main objective was to design a 
periodized experimental training (PET) 
model to improve endurance in rats. 
Despite the existence of other periodization 
models and coaching concepts, e.g., 
Tschiene’s intensity load, Aroseiev’s 
pendulum, and Verkhoshansky’s block 
periodization models (23), for swimming 
exercise conditions in rats, we chose for 
our endurance periodized experimental 
training, to adapt and combine Matveyev’s 
classic periodization model (24) with 
procedures used in human swimming 
(21,25). Our PET protocol consisted of a 
basic (increase in volume) and specific 
(reduction in volume and increase in 
intensity training) preparatory period. After 
this preparation period, we had a taper 
microcycle (TAPER), the same as in human 
swimming training (21,25), to obtain “peak 
performance” at the end of the experiment. 
The specific period lasted five weeks. 
However, before that, there was a four-

Figure 4. Glucose uptake (GU), glycogen synthesis (GS), 
lactate production (LP) and glucose oxidation (GO) rates 
(in mmol·g-1·h-1) by isolated soleus muscle for sedentary 
control (SC), continuous training (CT) and periodized 
training (PET) groups. Values are means ± SEM of isolated 
muscle striped from the soleus muscle (n=10 slices per 
group). Significant difference (p < 0.05): † ? SC; § ? CT. GU: 
PET vs SC (p = 0.03); GS: PET vs SC (p = 0.0002); PET vs 
CT (p = 0.01) and CT vs SC (p = 0.04); GO: PET vs SC (p = 
0.02) and PET vs CT (p = 0.01). 
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week adaptation period. We did not determinate the effects of adaptation period because our 
objective was to develop an experimental protocol and evaluate its efficiency. We suggest that future 
experiments evaluate the effects of the adaptation period as well as studying other load progression 
models, e.g., using a shorter period.  
 
The TAPER was proposed to provide a training supercompensation period and to reach peak 
performance at the end of experiment (simulating competition), in which there was a reduction in total 
training volume (10.3%), AN-2 (10%), and A-1 (24%) training, and maintained levels of A-2 and A-3 
training. Evidence shows that TAPER improves swimming performance (25). The effects of TAPER 
were not separately tested in our study, nor were the basic and specific preparation periods; however, 
we believe that TAPER, in part, might have collaborated to the success of the PET protocol. 
Furthermore, it is interesting to note that the reduction in training overload over nine days did not 
impair aerobic fitness. 
 
In PET, training protocols were classified at five different intensity levels, according to aerobic 
demand (A-1, A-2 and A-3), and anaerobic metabolism (AN-1 and AN-2). This was adapted from 
human (21,25) to rat swimming (8). A-2 aerobic training (5-6% bm) represents maximal lactate steady 
state (11) and anaerobic threshold (39) in swimming rats. Training at A-3 intensity level (~60% above 
the anaerobic threshold =8-10% bm) was used to simulate an intensity close to 2maxOV& , in the same 
way as is in human swimming. A-1 training intensity was used in PET because it is often used in 
competitive human swimming to complement training volume at the end of training sessions, to 
facilitate lactate removal after intensity training and muscle relaxation. To attain these objectives all 
PET A-1 intensity training sessions ended with 10-20 min at 1-3% bm load, called here 
complementary training.  
 
The AN-1 and AN-2 protocols combined swimming exercise with jumps, due to high overload. This 
can be seen as a limitation in the rat swimming training, but we do not see a problem in this 
procedure. Dry-land strength training and in-water resisted training (10) are used in human swimming 
training. There are also auxiliary training sessions in other sports using auxiliary equipment and 
performed in different places to those where the specific training and competitions occur. We counted 
the number of jumps in one training session in each AN-1 and AN-2 protocol. In AN-1 training (1.5 
min sets) 38 jumps were performed and in AN-2 training (0.5 min sets) 16 jumps were performed. It is 
difficult make a relationship between intensity relative to overload and the jumps because the animal 
jumps according to its own volition. There was a high variation in the numbers of jumps during sets 
(CV =18 and 19%, respectively). Possibly, protocols standardizing numbers of jumps instead of fixed 
times could better quantify overload. For example, from our results we can suggest one training 
protocol for lactate production (4 x 30-35 jumps with 5 min recovery at 25% bm) and one for power 
training (3-6 x 10-12 jumps with 1-3 min recovery at 50% bm). One protocol with jumps in-water with 
a fixed numbers of jumps (4 x 10 jumps with 1 min recovery at 50% bm) was proposed by Rogatto 
and Luciano (33) in our laboratory. This has been used in others studies with positive responses, i.e., 
it induced an increase in number of monocytes in diabetics rats (29), and increased immune function, 
and decreased tumor growth and cancer cachexia (19). 
 
Most training protocols used in intensity training levels this study were tested by dos Santos (8) and 
presented similar [La] to the respective exercise intensities proposed by Maglischo (21) for swimming 
training in humans. Therefore, the training protocols used in this study can be applied as a good 
reference for studying the effect of different intensities in aerobic and anaerobic training in rats. 
 
We compared PET with linear continuous training (CT) in swimming rats, because this model is often 
used in rat exercise models with several objectives; we suggest that the linear training model is not 
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the best training protocol for increasing endurance in swimming rats. In fact, the PET used in this 
study was more efficient in improving glucose metabolism than the CT protocol, both with equalized 
overload. This can be confirmed by the significantly higher glucose uptake rates observed in PET 
compared to SC (p<0.05). The PET group also displayed higher, but not significant, values than CT 
(32%). Other parameters that show the efficiency of the PET protocol are the higher values of 
glycogen synthesis and glucose oxidation compared to the SC and CT groups. CT also presented an 
improvement in glycogen synthesis (p<0.05) and glucose uptake (20%) compared to SC. There was 
a small, but not significant, reduction in lactate production in both trained groups. Body mass and 
food uptake did not differ between groups. In part, these parameters may also demonstrate the 
efficient organization of the PET protocol, because, despite several sessions of intensity training in 
PET, there were no differences in body mass and food uptake between groups. In humans, loss of 
body mass and depressed appetite are some of the symptoms of overtraining (36), a syndrome 
caused by excessive exercise training associated with inadequate recovery. Food uptake was 
analyzed only in the last week to verify whether it had any implications on performance and the 
interpretation of other results. Food uptake did not influence any parameter because analyzing it in 
the last week also found no difference between groups.  
 
Recently, periodized training was used in running exercise to verify its effects on dendritic cells in rats 
(7,18). In these two studies, the training protocol raised intensity once a week, which in part 
reproduces the periodization model used in high performance sport training, since the overload 
component (volume/intensity/recovery) were not changed daily. This periodization model is similar to 
the so called linear periodized training (32), and very close to the continuous training protocol used in 
our study. In both cases, the load was raised once a week, except for the day in periodized training 
when intensity was reduced for recovery (7,18). In the same studies (7,18), periodized training 
presented better results than the sedentary control group, but it was not compared to another training 
protocol, which leaves questions as to its efficiency in comparison with other training model. In our 
study, complex non-linear periodized training (PET) was performed, in which the load varied daily 
throughout the whole training period. In human strength training, non-linear periodized training also 
presented better results than linear periodized training (32). Thus, in spite of the differences in 
exercise type and species, there is evidence that non-linear periodized training can also have better 
effects than the linear periodized training in swimming rats. 
 
Improvements in glucose uptake (37,40), glycogen synthesis (16,37), and lactate production (16) 
were also observed in other in vitro studies. However, it is necessary to consider some 
methodological differences, such as the type of muscle evaluated (slow or fast twitch), the exercise 
intensity (aerobic or anaerobic), and the insulin concentration used in the incubation medium. 
 
When comparing high-intensive interval training (10 x 20s with 10s recovery and 14% bm load) and 
low-intensity continuous training (2 x 3h with 45 min recovery and 2% bm load), glucose transport and 
GLUT-4 content in epitrochlearis muscle were higher than the control sedentary group, however, both 
trained groups presented similar results (37). In contrast, our periodized training presented better 
results than continuous moderate training, carried out separately. 
 
The difference in insulin sensitivity in endurance and sprint trainings was studied in soleus muscle 
(21) and results showed that endurance training increased insulin responsiveness, glycogen 
synthesis, and lactate production, which did not occur in sprint training (16). One intensity interval 
training protocol in swimming rats, 45 min supporting 15% bm load and 30s:30s exercise:recovery 
ratio, also did not increase soleus muscle glucose uptake (4). Together, these results suggest that 
endurance training has a greater effect on the glucose metabolism than sprint training. However, the 
addition of aerobic and anaerobic intensity interval training did not impair the efficiency of PET 
training on glucose metabolism in our study. 
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Insulin concentration is determinant in glucose transport and in studies where an increase in insulin 
sensitivity was verified (21,40), insulin concentrations, 500µU/mL and 10,000µU/mL, respectively, 
were higher than in our study, 100µU/mL. In the study that used the same insulin concentration as 
our study, exercise training did not improve lactate production and glycogen synthesis (17).  
 

Glycogen synthesis in our trained animals, CT and PET groups, was higher than in SC, which 
confirms results from another study (16). However, it is necessary to highlight that PET also 
presented higher glycogen synthesis than CT. Increase in glycogen synthesis seems to have a direct 
relation to insulin sensitivity (16), and glucose transport (14). This was observed in our results, mainly 
in the PET group which presented higher glucose uptake than SC and CT, and higher glycogen 
synthesis than SC. On the other hand, the slight increase (no significance) in CT glucose uptake CT 
compared SC, can be verified by the significant increase in CT glycogen synthesis. The main 
difference between the two training protocols was the aerobic and anaerobic intensity training in PET. 
AN-1 and AN-2 training were more intense and were performed with jumps. This was one differential 
in PET. However, it is not possible to attribute the success of PET training just anaerobic training 
alone. PET used different training sessions on each day and for this reason we believe that the higher 
glycogen synthesis, as well as the other improved parameters in PET, was caused by combination of 
stimulus (change in volume/intensity, combination of aerobic and anaerobic training, and adequate 
recovery).  
 
Lactate production did not present any differences between the groups studied. The anaerobic (AN-1 
plus AN-2 = 15.8%) and in part, the aerobic intensive training (A-3 = 18.6%) used in the PET group, 
stimulated the anaerobic glycolytic pathway, as the A-3 intensity training protocols presented [La] =6-
7mM (8), but this was not enough to raise soleus muscle lactate production. Most of the training 
sessions in the PET group were performed using light and moderate aerobic training (A-1 plus A-2 = 
65.6%), which presented [La] <4mM (8). However, the CT training protocol has submaximal 
characteristics, [La] ~3.5mM (8), and has little stimulating effects on anaerobic glycolysis. The aerobic 
characteristics of the soleus muscle, a slow twitch muscle (2) with a higher capacity for lactate 
oxidation (3), and of the CT and PET protocols, may partly explain why lactate production was not 
altered in groups CT and PET. In spite of this, it is not possible to discard the hypothesis that the PET 
group did not have anaerobic metabolism or fitness altered, as intensive trainings were performed in 
the PET group. It is possible that evaluation of fast twitch fibers,  e.g., extensor digitorum longus, 
epitrochlearis, or white gastrocnemius muscles could add more information about the anaerobic 
alterations. 
 
Complete glucose oxidation (CO2 production) was increased in PET, but not in CT. Just as in CT, an 
intensive interval training with 15% bm load, exercise:recovery ratio of 30s:30s, isolated performance, 
also did not increase the glucose oxidation rate (4). This demonstrates the efficacy of PET in 
comparing to these two exercise training models: linear continuous and intensive interval training. In 
studies with humans, well trained subjects presented a higher glucose oxidation rate than not so well 
prepared individuals during aerobic intensity exercise (5,28). In our experimental periodization model, 
we included 15.8%  of anaerobic interval training (AN-1 and AN-2) and 55.2% of aerobic intensive 
interval training (A-2 and A-3), because training intensity in human studies shows stronger correlation 
with performance than training volume or frequency in swimmers (26) and the introduction of 
intensive training (~15%), improves performance in 40Km cycling (20,35), 10Km running (1), and 
skier rankings (9). Obviously, besides the differences between humans and rats, there are limitations 
in comparing results from the in vitro animal experimental model and in vivo exercise training studies 
in humans. However, if there is relationship between higher muscle glucose oxidation in vitro and 
higher glucose oxidation rates in aerobic exercise trained humans, we do not know. We can only 
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speculate that the higher glucose oxidation rate in the PET group may indicate a better aerobic 
fitness.  
 
We did not determine performance in our study; however we carried out an incremental test to 
determinate the load equivalent to [La-5.5] (aerobic fitness). In humans, effort intensity equivalent to 
4.0mM blood lactate concentration represents the anaerobic threshold and has been used to verify 
the effects of aerobic training (13). However, in swimming rats, Gobatto et al. (11) verified that the 
[La] equivalent for maximal lactate steady state is 5.5mM. The [La-5.5] equivalent loads for both 
trained groups were higher than sedentary group load; this did not differ between the PET and CT 
groups. It is interesting to observe that the [La] kinetics did not present the same pattern as seen in 
the incremental test in humans (15) and in running rats (31), i.e., a point of abrupt rise in [La]. The 
blood lactate vs load curve presented a linear response in most animals. Possibly, the incremental 
test in swimming rats is not sensitive enough to discriminate effects between animals with a similar 
training level, just as occurred in evaluation of the glucose metabolism.  

 
Considering some limitations of swimming rats, it was possible to standardize a periodized training 
protocol (PET) for swimming exercise in rats, in the same way it is applied to high performance 
athletes. Although CT improved some aspects of the glucose metabolism, PET performed with the 
same total overload as CT (OVtotal = 4850 UT), and organized in basic, specific, and taper periods 
combining aerobic continuous, and aerobic and anaerobic intensive interval training, was more 
efficient than continuous linear training, CT.  
 
CONCLUSIONS 
 
Both CT and PET work load at an intensity equivalent to [La-5.5] were similar and than SC. However, 
the periodized training PET presented better results for glucose metabolism compared to the SC and 
CT group. Therefore, the results of the PET group open up new perspectives for the study of different 
exercise training methods and periodized training through the experimental exercise model in rats, 
aiming at performance training or health fitness. 
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