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Objective: To analyze the impact of moderate physical exercise on the total and differential leukocyte counts
and red blood cell count of 36 sixty-day-old adult male Wistar rats subjected to early malnourishment.

Methods: The rats were divided in nourished (N - casein 17%) and malnourished groups (M - casein 8%) and these
groups were then subdivided in trained (T) untrained (U) creating four groups NT, NU, MT and MU. The NT and MT
groups were submitted to moderate physical exercise using a treadmill (60 min/day, 5 days/week for 8 weeks). On
the Ist day, before the training started TO and 24 hours after the last training day of the week (T1 until T8), a 1 mL
aliquot of blood was collected from the animals’ tails for analysis. The total leukocyte count was evaluated in a cell
counter with an electronic microscope. The cyanmethemoglobin technique was used to measure the hemoglobin level.
The hematocrit values were determined as a percentage using the micro-hematocrit technique with a microcapillary
reader and a cell counter was used to determine the red blood cell count. The t-test was used for statistical analysis
and a p-value < 0.05 was considered significant. Data are expressed as means + standard deviation.

Results: There was a significant difference in the total leukocyte count between the NT (9.1 + 0.1) and MT
groups (8.0 £0.1) from T1 and in neutrophils between the NT (22.1 +0.6) and MT groups (24.6 + 1.8) from T7
(p <0.05). There was no statistical significance in the hemoglobin, hematocrit and red blood cell count from T1 .

Conclusions: According to the results of this study, moderate physical exercise seems to have induced
physiologic adaptation in adult rats from T1.
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Introduction

Lack of protein results in several physiological and metabolic alterations, which have
been linked to depression of the immune system”. Thus, an adequate supply of nutrients is
essential for the growth of all body systems. Studies on protein malnutrition in the intrauterine,
neonatal and development stages have attempted, using animal models, to investigate the
effect of exercise on nutritional recovery (NR)®. As restoration of metabolic variables is slow,
exercise may improve NR®.

Moderate physical exercise (MPE) can trigger various biochemical, metabolic, hormonal and
immune responses®. For example, performing MPE can induce physiological changes such as the
release of inflammatory mediators, cytokines and the activation of leukocytes™. It may also favor
aerobiosis, improving the kinetics of oxygen uptake by promoting better pulmonary absorption,
oxygen transportation and its transference to cells®. Aerobic exercise training also promotes an
increase in the basal metabolic rate or energy expenditure thus inducing weight loss®.

Few studies using physical training protocols have analyzed weekly responses to physical
exercise on NR in patients who were submitted to malnutrition in the neonatal period.

Thus, the aim of this study was to analyze changes in leukocyte and red blood cell (RBC)
parameters and on the body weight related to MPE in rats submitted initially to malnourishment
during the neonatal period and subsequently NR.

Methods

Thirty-six male Wistar rats, bred in the Department of Nutrition of the Universidade Federal
de Pernambuco, were used in this study. The Central Animal House is maintained at a temperature
of 21 +2°C with a reversed 12-hour light cycle (light - 9:01 p.m. to 9:00 a.m. and dark - 9:01 a.m.
to 9:00 p.m.). In this vivarium, animals are bred in polypropylene cages with food and water ad
libitum.

For this study, adult animals were first kept in the animal house for a period of 15 days
to adapt to the reversed light cycle environment before being bred. A ratio of one male to two
females was used during breeding. On pregnancy, defined by an increase in size, female rats were
placed in individual cages until partum. The first day postpartum was defined as the beginning of
lactation at which time six male pups were placed with each mother. These groups were allocated
to malnourishment (a low-protein diet - 8% casein) and normal nourishment (normal protein diet -
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17% casein) regimens. The pups were fed the diet via the mother’s
milk.

From the twenty-second day of life (weaning) groups of
three pups were placed in cages, respecting the diet of the neonatal
period. The animals were then fed commercial Labina rat feed
which is used as a standard diet in the animal house because it
contains 23% mixed protein. This diet was administered until the
end of the experiment (Day 120).

The total body weight (TBW) of the animals was measured
from the first day of life until the end of the experiment using
digital weighing scales with an accuracy of 0.1 g and a maximum
capacity of 4 kg (Marte, model S-2000). The experimental period
was divided into lactation (the first 21 days), weaning (22™ to 59
day) and training (60™ to 120™ day).

Atsixty days,the initial groups (nourished and malnourished)
were subdivided for physical exercise creating four groups:
trained and nourished (TN; n = 6), trained and malnourished
(TM; n = 6), untrained and nourished (UN; n = 6) and untrained
and malnourished (UM; n = 6).

The training groups (TN and TM) were submitted to a MPE
protocol on a treadmill (60 mins daily, 5 days/week for 8 weeks™”),
while the other two groups remained in their cages, which were
placed near to the treadmill at the time of the exercise period.

Analysis of red blood cell and leukocyte parameters

Before the start of training (T,) and 24 hours after the last
session of each training week (T, to T,), a small blood sample
(1 mL) was collected from the tail of animals under anesthesia.
A volume of 0.5 mL was used to measure RBC indices, such as
the RBC count, hemoglobin and hematocrit and 0.5 mL was used
for the total and differential leukocyte counts. The drawn blood
was placed in a 5 mL tube containing one drop (20 pL) of 3%
ethylenediaminetetraacetic Acid (EDTA) as anticoagulant.

The cyanmethemoglobin technique was used to measure
the hemoglobin level with 10 mL of blood being diluted in 5 mL
of hypotonic solution. Extrusion of hemoglobin is obtained by
erythrocyte lysis with the formation of cyanmethemoglobin, the
product resulting from a reaction between hemoglobin and cyanide.
The concentration was inferred by spectrophotometry (Beckman
DU-62) using a 540 nm filter and calculated in mg/dL using the
formula: Hb = OD of the sample x CF, where: Hb = hemoglobin
concentration, OD = optical density and CF = conversion factor.

The hematocrit values were determined as a percentage
using the micro-hematocrit technique with a microcapillary
reader. A 0.1 M sodium phosphate buffer solution (PBS) at a
ratio of 1:200 and pH = 7.4 was used for the RBC count in a
hemocytometer. For the total leukocyte count, blood samples
were diluted in Turk’s solution (3% acetic acid) at a ratio of
1:200® and counted using a hemocytometer. The differential
leukocyte count employed the blood smear technique stained
with Pandético Fast LB kit (Laborclin Ltd, Brazil).

This study was approved by the Research Ethics Committee
on Animal Experimentation of the Center for Biological Sciences,
Universidade Federal de Pernambuco (No. 76/07 Case No.
008226/2007-55) and followed the guidelines recommended by
the Brazilian Committee of Animal Experimentation (COBEA).
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Statistical analysis

The Normal distribution of the data was checked using the
Shapiro-Wilk and Bartlet tests. The Student’s t-test was used to analyze
variables within and between groups with the data being expressed as
means + standard deviation. Significance was set for a p-value < 0.05.

Results

Animals within each group were compared and no significant
differences in the variables were identified.

Body weight

Malnourished animals gained less weight than the nourished
animals from the 7" to the 120" day of life (p-value < 0.05) (Figure 1).

No significant differences were identified on comparing the
body weights between the animals of the TN and UN Groups and
between those of the TM and UM Groups. Thus, for this variable
the TN and UN Groups and the TM and UM Groups were
combined to form just two groups: Nourished and Malnourished.
On comparing these groups, the Malnourished Group gained
significantly less TBW (211.03 + 10.71 g) compared to the
Nourished Group (272.16 + 31.70 g) (p-value < 0.05) from the
first week of trainine (T. - Figure 2).
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Figure 1 - Lower total body weight gain in malnourished animals
compared to nourished animals from the 7th to the 120th day of life. Mean
+ standard deviation - Student t test, with p-value<0.05 *
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Figure 2 - Lower total body weight gain in malnourished animals
submitted to physical exercise compared to nourished animals submitted
to physical exercise over the 8-week training period. Mean + standard
deviation - Student t test, p-value < 0.05 *
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Total leukocyte count

Table 1 shows the total leukocyte counts (TLC) of
the four groups of rats over the 8 weeks of MPE. There
was a significant difference between the malnourished
and nourished animals at T (effect of malnutrition) and
between the TM and TN groups at T, T, - T, (effect
of training - p-value < 0.05). Moreover, the TLC was
significantly higher in the TM compared to the UM
Group from the first week of training T, (p-value < 0.05).
However, a significant increase in the TLC of the TN
Group compared to the UN Group was only observed from
T, (p-value < 0.05).

Differential leukocyte counts

Table 2 shows the differential leukocyte counts for the
different groups over the 8 weeks of MPE. No significant
difference was observed in the lymphocytes of malnourishment
compared to nourished animals at T, (effect of NR) and between
the TM and TN groups from T,. However, a significant increase
was observed on comparing the TM with the UM Group (effect of
training) from T, (p < 0.05), and between the TN and UN Groups
(effect of training) from T, (p < 0.05).

For neutrophils, there were no significant differences between the
malnourished and nourished animals at T, (effect of the NR) or between
the TM and TN Groups up to T,. However there was a significant
difference between the TM and TN Groups at T, and T (p < 0.05).

Table 1 - Analysis of total leukocyte count (x 10%/pL) in peripheral blood of adult rats within and between nourished and malnourished groups

during the eight weeks of moderate physical exercise

Weeks of training

T() Tl TZ T3 T4 TS T(n T7 T8
NU 79+02 78+0.2 7.1+£02 76+04 73+04 76+03 80+04 79+02 73+04
NT 80+0.2 9.1+0.1 75+03 74+03 90+04 9.7+0.1* 104 +0.2 10.7+0.2¢ 109 +0.1*
MU 6.6 +0.4¢ 63+04 64+05 6.7+0.5 6.7+04 68+0.2 6.8 +0.1 69+0.1 6.8+0.1
MT 6.7+0.1¢ 8.0+0.1° 7.7+0.6 7.5+0.4% 7.9 +0.5% 7.8 £0.4° 8.1 +0.3% 8.0+0.2% 7.7+0.3%

T, to T, - Before the start of training to the eighth week of training; NU - Nourished untrained; NT - Nourished trained; MU - Malnourished untrained; MT -

malnourished trained; Mean + standard deviation. Student’s t test (p-value < 0.05); a - Significant difference between nourished groups (NT and NU) b - Significant

difference between malnourished groups (MT and MU); ¢ - Significant difference between trained groups (MT and NT)

Table 2 - Analysis of differential leukocyte counts in peripheral blood of adult rats within and between nourished and malnourished groups

during 8 weeks of MPE

Weeks of training

T T T

T T T T T T

0 1 2 3 4 5 6 7 8
Lymphocytes (x 10°/L)
NU 720+26 713+27 703+15 69.1+19 688+14 69119 68109 678+x19 670=x2.1
NT 715+33 710+22 71124 70127 710+2.1 725+26° 741+18 760+08" 785%13"
MU 70.1+29 708+23 710+26 688+29 680+x14 678+x17 680x15 680x14 678=+1.7
MT 70327 70.1x26 695+17 T1.1x27 725+29° 730+25" 735+45" 745+£59° 750+43°
Neutrophils (x 10°/L)
NU 20114 200=x1.1 19510 18016 190+20 189+2.1 190+2.1 201+x19 19.1x1.6
NT 191+£13 19313 18816 186=+1.1* 198+15 200+12* 207+15 221x06* 225=x1.7°
MU 19817 200=+1.1 188=«1.1 195+18 188+25 181+2.1 18.6+20 188+19 19.1x1.6
MT 19512 200=+1.1 210+08 21.5+25" 22.1+23" 230+2.8 238+22" 2418 255+£2°
Monocytes (x 10%/L)
NU 5321 55+2.1 6008 58+13 55+18 66x13 65+1.0 58+1.7 5814
NT 5518 58%1.6 6008 70=x1.1 68+04 73+12* 80x06* 90+06*° 95+08°
MU 48=+13 46+08 5014 48+0.7 38+1.1 38+09 4.1+0.7 38+07 41=+1.1
MT 51+x09 55+08 55+1.6 6.0x2.1 68+09° 6612 70x14 75+x18 80+22°
Eosinophils (x 10°/L)
NU 23+08 31+13 3512 2510 30+0.6 38+0.7 28+0.7 28+0.7 28+09
NT 3111 40+0.8 3513 3510 38+1.1 38+0.7 40+0.8 41+0.7 4.1+09
MU 3510 38+09 4.1+0.7 38+09 3510 30+08 38+0.7 3113 28+0.7
MT 3510 40+0.8 38+1.1 36x08 40+0.8 3510 43+08 38+09 40+0.8

T, to T, - Before the start of training to the eighth week of training; NU - Nourished untrained; NT - Nourished trained; MU - Malnourished untrained; MT -

malnourished trained; Mean + standard deviation. Student’s t test (p-value < 0.05); a - Significant difference between nourished groups (NT and NU) b - Significant

difference between malnourished groups (MT and MU); ¢ - Significant difference between trained groups (MT and NT); d - Significant difference between

malnourished and nourished groups (MT + MU and NT+ NU - effect of malnutrition)
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Table 3 - Analysis of the red blood cell (RBC) indices in peripheral blood of adult rats within and between nourished and malnourished groups

Weeks of training

T, T, T, T, T, T, T, T,
Hemoglobin (g/100mL)
MU 115+05¢ 11.8+09 108+06 11.1+08 11506 11004 11604 121+02 11.8+02
MT 112+04¢ 125+04° 119x1.1 12209 128+0.6° 130+0.1° 129+09° 132+0.7° 13.6+05°"
NU 120+03 119+x04 125+05 11907 12010 121+x04 119+x05 124+05 126+05
NT 122+04 13.6+0.6* 124+05 126+06 130+ 10 134+x09* 13.6+05* 140+£0.6* 141+0.6"
RBC x10°/L
MU 72+04¢ 74+0.7 70+02 75+04 73+05 69+0.5 7.1+02 73+03 75+0.6
MT 75+01¢ 78+03¢ 73+04 76+04 85+02° 78+03°> 8.1+0.1° 82+04b 85+0.1°
NU 79+02 84+0.1 8.1+02 82+0.1 80+03 7502 76+02 78+02 8.1+0.2
NT 82+02 8.6+0.2 82+02 83+0.1 82+04 8.1+02* 83x02*" 86+x02a 88x04?
Hematocrit (%)
MU 47049 465+44 49.1+3.1 48621 483+27 463+6.1 493+37 513x16 50.1+23
MT 473+6.1 436+98 48139 480+49 503+25 506+x13 500+23 496+25 533+18°
NU 48.6+5.1 49.1+56 388+72 475+33 450+48 455+39 486=x15 520+£20 523=%19
NT 518+1.6 49.1x14 526+17* 515+25* 530+£33°* 518+24* 520+1.7* 425+27* 553+1.7°

T, to T, - Before the start of training to the eighth week of training; RBC - red blood cell count; NU - Nourished untrained; NT - Nourished trained; MU -
Malnourished untrained; MT - malnourished trained; Mean + standard deviation. Student’s t test (p-value < 0.05); a - Significant difference between nourished
groups (NT and NU); b - Significant difference between malnourished groups (MT and MU); ¢ - Significant difference between trained groups (MT and NT);
d - Significant difference between malnourished and nourished groups (MT + MU and NT+ NU - effect of malnutrition)

From T, there were significant differences between the TM and UM
Groups and between the TN and UN Groups from T, (p <0.05).

No significant difference was observed for monocytes between
the nourished and malnourished animals at T, (effect of the NR) or
between the TM and TN Groups from T,. However on comparing
the trained and untrained animals, there was a significant increase for
the TM compared to the UM Group (effect of training) from T, and
between the TN and UN Groups (effect of training) from T, (p <0.05).

Eosinophils did not change significantly with NR or with
training; although there were slight increases in their count, no
significant differences were observed between nourished and
malnourished animals with training.

Red blood cell indices

Table 3 shows the changes in RBC indices over the 8 weeks
of training. There were no significant differences between the
hematocrit levels of the nourished and malnourished animals at
the start of training (T, - effect of the NR) or between the TM and
TN Groups from T,. However a significant increase was observed
for the TN Group compared to the UN Group from T, (p <0.05); a
significant increase in the TM Group compared to the UM Group
occurred at Ty (p < 0.05).

There were statistical differences for hemoglobin between
the nourished and malnourished animals at T, (effect of
malnutrition) and between the TM Group and TN Group at T,
(p < 0.05). However, this difference was not significant from T,.
A significant increase in hemoglobin was observed in the TN
Group compared to the UN Group at T, (effect of early training -
break in homeostasis) and from T, (p < 0.05); the difference was
significant between the TM and UM Groups from T, (p < 0.05).
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In respect to the RBC count, there was a statistical difference
between the nourished and malnourished animals at T (p <0.05 -
effect of malnutrition). Between the trained groups (TN and TM),
there was a significant difference at T, (p < 0.05). However, this
difference was not observed from T, to T,. On comparing TN
with UN and TM with UM there were significant increases from
T, and T, respectively (p <0.05).

Discussion

This study analyzed physiological changes induced by
MPE on the leukocytes and RBCs of the peripheral blood
and on the morphology (TBW) of adult male rats submitted
to early malnourishment. The total and differential leukocyte
counts (neutrophils, lymphocytes, eosinophils and monocytes)
were evaluated as were the RBC count and the hematocrit and
hemoglobin concentrations. To identify the impact of MPE and NR
on animals that had been submitted to malnourishment and those
that had not, these variables were measured at the end of each week
of training (T, to T,) and compared both with basal measurements
(T,) and between the different experimental groups.

Before the start of training (T0)

At T,, the total lymphocytes, and hemoglobin and
Hematocrit concentrations of malnourished animals were lower,
even following NR, compared to the nourished animals; however,
there were no significant differences in the other variables. It is
likely that NR was not effective for these specific variables. These
results may be a consequence of the period when malnutrition was
applied. At this stage, there is a greater demand for calories and

Rev Bras Hematol Hemoter. 2012;34(4):285-91
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proteins for cell function and to provide energy for the neonatal
metabolism®. The cellular changes caused by malnourishment
seem to impact on the formation of lymphoid organs?, as well
as on leukocyte expansion during adulthood™V.

There is a relationship between the low biological value
of dietary protein and iron intake and alterations in the RBC
parameters?. Malnourishment may change the structure
of hematocrit and hemoglobin reducing concentrations and
function"?. The lack of iron can alter oxygen transport, thereby
reducing the maximum oxygen consumption (VO, ), one of the
parameters used to analyze performance in physical exercise®.
Malnourishment may have altered the protein content of the milk
provided to the offspring thereby impacting the TBW!? keeping
the weight down from the 7™ day of the neonatal period until the
end of the experiment (120" day).

This work corroborated, in some respects, to another study
that did not observe changes in the monocyte and eosinophil
counts of malnourished compared to nourished animals, however,
there was a significant reduction in total leukocyte count during
this period and in the TBW of the animals from the 5" day of
life"®. The effects of restricted protein consumption during the
neonatal period were also seen in rats from day 5. In the study
by Barone et al.!"? it is possible that the differences in the other
variables are due to specific physiological responses to the type
of training (swimming), as the experiment designs were similar.

In another study, malnourishment caused significant changes
in rats from the 21* to the 60" day of life”. This result is different
from the current study, as although the objectives were similar, the
malnourishment continued beyond the neonatal period. This does
not change the effectiveness of the model utilized, but may hinder
the identification of some cellular responses that are affected
specifically during the neonatal period’®!V. In another model,
the red and white blood cell variables of undernourished rats
administered with saline did not differ from those administered
lipopolysaccharides however, the body weight during adulthood
was different to rats that were breastfed!”.

The results in the current study differ from a study that
administered an endotoxin (lipopolysaccharides) in the neonatal
period™ as we did not use exogenous pro-inflammatory stimuli
during the experimental period. Malnourishment in the neonatal
period reduces the immunocompetence and may cause damage
to structures and functions of organ systems such as the nervous,
endocrine and immune systems®'”. NR may re-establish these
losses, but the process is slow" and physical exercise may help
to reduce the effects caused by malnourishment.

1+t week of training (T)

During this period, the purpose of the training was to
break the organic homeostasis of the animals'®; some variables
responded with values above baseline, albeit sometimes
without significance. It was also observed that malnourishment
significantly affected the total leukocyte count and hemoglobin
and hematocrit concentrations even with the start of training. It is
possible that these variables are not responsive to short sessions
(5 minutes) of MPE"?, which altered the responses of other
variables, creating an increase in the number of blood cells®.

Rev Bras Hematol Hemoter. 2012;34(4):285-91

The first week of MPE triggered physiological and metabolic
responses similar to those of acute training, despite the moderate
intensity. These changes induced homeostatic adjustments®”,
either as a response to physical stress®? or as pre-disposition of
changes to training. The physical exercise in acute conditions
can change the count, distribution and functional capacity of
some cells"?. These conditions were observed in the significant
increase in the total leukocyte count of animals that performed
moderate physical exercise for 5 minutes compared to light
physical exercise for 5 minutes!?.

A short period of physical exercise can be compared to
sudden physical stress as it also induces changes in RBCs.
Animals, but not humans, are capable of storing large quantities
of RBCs in the spleen and expel them into circulation when the
oxygen transport system is under stress'?. In the current study,
the first week of MPE seems to have induced a higher demand
of energy from the cardiovascular system thereby improving
VO, as shown by the increased hematocrit and hemoglobin
concentrations. Thus, the lack of nutrients does not appear to
have changed the chemiosmotic coupling process of aerobic
energy production in the mitochondria®!?.

The energy production in the mitochondria results in
changes that appear to be related to increased metabolism
during physical exercise, and thus, the TBW has been used to
evaluate this®. During the entire period of training (T, to T,)
there were significant differences in the TBW between training
groups, however, there were no differences within groups. This
result of the TM Group demonstrates that NR was efficient, as
energy expenditure and the catabolic phase are more intense with
the association of physical exercise and protein deficiency®,
inducing a greater reduction in TBW.

In a study that used swimming with this animal model, a
smaller weight gain was observed in rats from the 5" week of
physical exercise compared to a control group that did not
swim('?. Although the periods and type of exercise were different,
the results are similar, however, in the current study the rats were
first submitted to malnourishment and later to NR. It is possible
that the differences in methodology contributed to the differences
in the outcomes.

2 and 3" week of training (T, and T))

This stage of the physical training was characterized by a
transition between the breakdown of homeostasis to stability,
which led to some responsive variables. Malnourishment did not
impede significant increases in the total leukocyte and neutrophil
counts of the TM compared to UM animals, and the total
leukocyte count in relation to the TN Group. Important, albeit
non-significant, increases were observed for the other variables
both between the groups of malnourished animals and compared
to the nourished rats. It is possible that these responses occurred
due to the MPE, which, combined with NR, induced physiological
adaptations in cells thereby minimizing the expected differences.

The leukocyte counts of malnourished and nourished rats
progressively increased at T, and T, compared to T, and T ,
suggesting a physiological leukocytosis in response to this type
of stress®. This increase seems to be an adaptive response to
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MPE, as in the interval between T and T,, there was a mean
total leukocyte count of 9.340/mm?, a lower value than what is
suggestive of inflammatory leukocytosis®®.

An increase in the lymphocyte count was observed in a
group of rats after swimming to exhaustion® and in another
group submitted to 8 weeks of MPE on a treadmill™®. In another
experiment, regular exercise sessions at submaximal intensities
did not alter the lymphocyte count®. However, leukocytosis and
lymphocytosis was identified in rats subjected to 5 and 15 minutes
of moderate and acute physical exercise®”. Despite the similarity, it
is difficult to compare the results of this study with the literature, as
here the changes in weight each week were compared to T,,.

Physical exercise seems to have influenced the increase in
RBC indices in the period from T, to T, compared to the period of
malnourishment. This increase in oxygen transportation may have
improved the VO, ., thereby improving the aerobic capacity
of the animals in the trained group. These results, in principle,
suggest that the TM group did not suffer from a lack of nutrients
such as iron, responsible for transporting oxygen and co-factor
disorders such as anemia®”. There is a possibility of a reduction
in the RBCs with training, which would cause pseudoanemia®”.

The hematocrit and hemoglobin concentrations and RBC
count of Wistar rats submitted to swimming for 6 weeks, did
not change statistically®. It is possible that the type of exercise,
the environment and diet given in the neonatal period may have
corroborated to the differences found compared to this work.
Increases in hematocrit and hemoglobin concentrations were
observed in another study that used psychological stress employing
restraint®®. These results corroborate the current work, even though
another type of stress and conditioning was used.

Animals are able to retain RBCs in the spleen and release
them into circulation when the oxygen transport system is under
stress®. This mechanism, via the sympathetic nervous system,
results in a contraction of the smooth muscles of the spleen
reducing its volume®. Thus, chronic physical stress, as in the
current study, may have caused changes in oxygen supply, with
possible increases in the concentrations of 2,3-diphosphoglycerate
in RBCs®. This compound binds to hemoglobin, reducing its
affinity to oxygen thereby making it available to the tissues.

From the 4" to 8" week of training (T, to T,)

This period was described as the beginning of the period of
physiological adaptation to training. Most variables tended to have
moderate increases in their values. NR helped to consolidate the effects
caused by the MPE on the TM Group for almost all study variables
except for the eosinophil count. This, despite the changes throughout
the period of training, was not responsive to MPE. As the eosinophil
count did not differ within the groups or between groups, the oxidative
stress to overtraining was minimized®. These responses observed in
the study variables were similar in the TN Group.

In this work, malnourishment did not change, in general,
the leukocyte, hematological and morphological responses in the
group of malnourished animals in respect to physical exercise
during adulthood. These results corroborate other trials that did not
observe significant cellular changes induced by malnourishment in
adult females, even using the same malnutrition during pregnancy
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and lactation, weaning at 30 days and swimming as MPE®?. It may
be noted that important variables such as gender and low-protein
diet during pregnancy did not influence the results.

The influence of malnourishment on linear and muscle
growth was also studied in young rats and children during NR?”.
It was observed that groups subjected to light physical exercise
improved in terms of anthropometric indices of growth®. It
seems that the recovering organism preserves the homeostatic
mechanisms that guarantee physiological adaptations to physical
exercise, which stimulate linear growth®. Our results, in line
with other publications®**?, tend to suggest a possible interaction
between NR and physical exercise in response to malnourishment.

The effects of NR and MPE attenuated possible
consequences of malnourishment in trained rats, establishing
for some variables, significantly higher increases compared to
well-nourished rats. The MPE seems to have induced adaptations
of leukocyte and RBC variables of adult male Wistar rats that
were submitted to early malnourishment as well as attenuated the
reduction in their TBW.
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