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SUMMARY: Protein restriction implies the functional involvement of several systems and organs, including the skeletal muscle,
because it is a protein reservoir in the body. This study sought to analyze the morphological and morphometric featomescte the
fibers and neuromuscular junctions (NMJs) of the extensor digitorum longus (EDL) muscle in rats at 365 days of age, submitted t
maternal protein restriction during the gestation and lactation periods. Wistar rats were divided into two groups: a Goptrol Gr
mothers fed a normal-protein diet (17 % protein) during pregnancy and lactation; and a Restricted Group - mothers fedia et pro
(6 % protein) during pregnancy and lactation. The pups were kept with the mother throughout the lactation period (2érdelyieh aft
the offspring received a normal protein diet until 365 days of age. Histological (HE) and histoenzymological (NADH-TR)stedies
conducted on the muscle fibers. The muscle was subjected to Nonspecific Esterase reaction to stain the Neuromuscular Junctions.
Regarding the animals from the restricted group: the histologic analysis of the muscle fibers showed the presence df mecigalize
and a diminished area; the histoenzymological study showed the different types of muscle fibers were randomly distré&tet in th
muscle and the area of the Type lla muscle fiber was smaller; the ultrastructural study revealed disorganization of ainel Zhine,
presence of lipid droplets and vacuoles containing myelin figures in subsarcolemmal and intramiofibrilar regions; whileithefana
the NMJs exhibited no significant differences between the groups. Protein restriction in the pregnancy and lactation geaiad may
affected the development of skeletal muscle, producing a permanent muscle-fiber deficit in the EDL muscle of the offspring.
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INTRODUCTION

Protein-energy malnutrition (PEM) is a multi-situation in the elderly, as almost all the subjects had a low
nutritional problem that occurs secondary to deficiency @nergy intake and a high prevalence of an inadequate intake
one or more of the essential nutrients and is characterizaftprotein, vitamins and minerals. Deficiency of one or more
by clinical disorders caused by varying degrees of deficienegsential nutrients is associated with increased mortality and
(Colembergue & Conde, 2011). susceptibility to infections, leading to a reduced quality of

life in the elderly (Oteret al, 2002; Rezendet al., 2010).

The elderly are affected by non-transmittable chroni€he factors found to negatively interfere in energy intake
diseases that are often closely associated with food intakeere low income, isolation, medication use and physical
A study by Abreuet al (2008), showed a worrying food inactivity. PEM is mistakenly seen as a normal part of the
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aging process, and often ignored. Deaths from malnutritigmegnancy and lactation period were fed, following that
in the elderly more often appear as an associated cause thamod, with standard chow (normal protein) for rodents until
as an underlying cause (Otearbal.). the age of 365 d (n=5).

Malnutrition leads to functional impairment in several Restricted Group: the offspring of those mothers fed
systems and organ, including the skeletal muscle (Osn®low-protein diet (6 %) during the pregnancy and lactation
2007). Skeletal muscle tissue is sensitive to protejperiod were fed, following that period, with standard chow
malnutrition because it is a protein reservoir in the bod{normal protein) for rodents until the age of 365 d (n= 8).
Therefore, when there is a deficit of dietary protein, the tissue
becomes a target of depletion, causing changes in the growth, Food and water were offered ad libitum for both
function, and differentiation phases of muscle fibergroups throughout the experiment. The diets were isocaloric
(Brameld, 2004). and their compositions are shown in Table I.

With reference to the above, there are few reports Animal Euthanasia. The rats were sedated in a £O
the literature of studies involving aged rodents. Thus, tlehamber, weighed and subsequently decapitated using a
aim of this study was to evaluate the morphological arglillotine. The animal was then placed on the operating table
morphometric characteristics of the muscle fibers arnid dissect the extensor digitorum longus (EDL). The skin
neuromuscular junctions (NMJs) of the extensor digitorurand the anterior tibialis muscle were folded back from the
longus (EDL) muscle of rats at 365 d of age, submitted teft and right antimeres of the hind limbs, to allow removal
maternal protein restriction during the pregnancy anaf the EDL muscle. Once removed, the muscle was weighed
lactation periods. and measured with the aid of a digital caliper (Digirfiess
Sao Paulo, Brazil). The right antimere was collected for
histological study; the left antimere was sectioned for
MATERIAL AND METHOD immunohistochemical study of the end-plates and
ultrastructural analysis of the muscle fibers. Soon after, the
visceral (VF), retroperitoneal (RF) and epididymal (EF) fats
Animals. Male and female Wistar rats from the animal houseere collected and weighed.
of the Department of Anatomy, Institute of Biosciences,
UNESP - Botucatu were used and kept under standaéstologic and Morphometric Study of the Muscle Fibers
lighting conditions (12/12 h light/dark cycle) and aFor histological analysis of the muscle fibers, muscle
temperature around 23 °C. This study was approved byfragments from the EDL were removed and fixed in
the Ethics Committee on Animal Experimentation (CEEAKarnovsky (2.5 % sodium phosphate buffer 0.1 M). After
for "fetal programming by maternal protein restriction irfixation, these fragments were washed in PBS buffer to
rats”, under the protocol certificate No. 264-EAEC. remove any excess fixative and subsequently embedded in
Paraplast. The muscle was embedded in the vertical position
Mating the Animals. At the beginning of the experiment, to permit later cross-sectioning, with the aid of an embedding
two females and one male of reproductive age (12 week®nter (EasyPath CydghiSao Paulo, Brazil). Five-micron-
were housed in breeding boxes overnight for pairing. In ord#rick sections of the muscle samples were obtained using a
to verify the presence of sperm, in the morning followingnicrotome (RM2165, Leica Wetzlar, Germany). The
pairing the male was removed from the box and the femaleistological sections were mounted on previously silanized
underwent vaginal smear testing. The presence of spernslitles and submitted to hematoxylin-eosin (HE) staining to
the vaginal smear marked day 0 of pregnancy. Upon detectimveal the general morphology of the muscle fibers.
of pregnancy, the females were moved to individual cages.
For the morphometric analysis of the muscle fibers
On the day of birth, the offspring were weighed andheasurements of the area were taken using the cross-section
eight pups were kept per mother rat during lactation, wf the rat EDL muscle prepared for the histological study.
maintain the equal availability of food among all the pupS.he Nuclei and muscle fibers were quantified and the area
The pups were kept with the mother during the lactatioof each muscle fiber was measured. For each animal from
period (21 d). After weaning, the male rats received statite control and restricted groups, 20 fields were randomly
dard solid rodent diet until aged 365 d. chosen from images captured with a 40x objective, in a light
microscope Zeiss - Primo Star, coupled to a AxioCam ERc5s
Experimental Groups. Control Group: the offspring of camera, using the AxioVision Rel.4.8 program. The mate-
those mothers fed a normal protein diet (17 %), during thial was analyzed using Image-Pro Plus 6.0 software.
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Table I. Feed composition offered to the animals during pregnancy and lactatiwgre removed from the fixative and washed in

Components* Normal protein Low protein 0.1M phqsphate bUf:rer (pH 7.3). Thgn, the ma-

(17 % of protein) (6 % of protein)  terial was immersed in osmium tetroxide for two
Casein (84% protein)** 202.00 71.50 hours and washed in distilled water. After
Corn Starch 397.00 480.00 washing, the samples were immersed in 0.5 %
Dextrin 130.50 159.00 uranyl acetate in water for about 2 h and
Saccharose 100.00 121.00 subsequently carried dehydrated in an increasing
Soybean Oil 70.00 70.00 series of acetone (50 %, 70 %, 90 % and 100 %)
Fiber (microcellulose) 50.00 50.00 and finally embedded. After which, the material
Mixture of Minerals *** 35.00 35.00 was sectioned in ultrathin sections
Mixture of Vitamins *** 19.00 .00 (approximately 90 nm). The sections were
L-cystine - il contrasted with saturated uranyl acetate in 50 %
Choline Chlorine 2.50 2.50

alcohol for 20 min and lead citrate for 10 min.

* Diet for gestation stage in rodents - AIN-93G.

** Values corrected according to the protein content of the casein. . .
wex According to AIN-93G. The material was photographed in a

transmission electron microscope (CM100,
Philips, Eindhoven, The Netherlands).

Study of the Neuromuscular Junctions
Histoenzymological Study of the Different Types of Muscle (NMJs). A fragment of the EDL muscle was re-
Fibers. For the histoenzymological study of the muscle fibers, thoved and fixed in Karnovsky’s solution, kept
EDL muscle was dissected and kept at room temperature for 30a#@oom temperature and cut longitudinally in
min. After which, the samples were coated with neutral talc to pagree or four slices with stainless steel blades.
serve the tissue, frozen in liquid nitrogen for two minutes and storgle histological sections were subsequently
at -80°C in a Biofreezer. The frozen muscle segments weggbjected to Nonspecific Esterase reaction
transferred to the cryostat chamber at*@@nd maintained for 30 (Lehrer & Ornstein, 1959).
min. Then, each segment was attached by one end to a metal support
using Tissue Freezing Medium (Lef¢aNussloch, Germany). The Microscopic observations and photo
muscles were sectioned (thickness= seven microns) and the seci@isumentation were conducted under an
obtained were subjected to reaction with Nicotinamide-Adenim®lympus BX60 light microscope coupled to an
Dinucleotide - Tetrazolium Reductase - (NADH-TR), according t@lympus DP71 camera and, with the aid of the
the Pearse technique (1972) as modified by Dubowitz & Brookgp Controller 3.2.1 276 program.
(1973).
Two slides from each animal were used
The microscopic observations and photo documentation wegg the morphometric study of the NMJs. In each

conducted using a Zeiss-Primo Star, light microscope, coupled tos@iidied animal, the area and the major and minor
AxioCam ERc5s camera, with the aid of the AxioVision Rel.4.8iameter of 50 were determined. The images
program (Zeiss, Microlmaging Inc., Germany). were captured using 20x magnification under a
light microscope (Olympus BX-60, Tokyo,
Measurements of the amount and the cross-sectional areg#ffan), coupled to a camera (Olympus DP71,
each muscle fiber type present in the EDL muscle of the rats wgtkyo, Japan), with the aid of DP Controller
conducted, based on the histoenzymological study. For each anigial1 276 program. The measurements were
from the control and restricted groups, three fields were randongdken with the aid of Image-Pro Plus 6.0 soft-
selected from images captured with a 20x objective, under a ligiéire. (Media Cybernetics, Maryland, USA).
microscope (Primo Star, Zefs®Oberkochen, Germany) coupled to
a camera (Axiocam ERCc5s, Zéis§ottingen, Germany), with aid Statistical Analysis Data were expressed as
of the AxioVision Rel.4.8 program. The material was analyzed usifgean+ Standard Deviation. The results for body
Image-Pro Plus 6.0 software. weight, muscle weight and length, weight of
adipose tissue as well as the area and the major
Transmission Electron Microscopy (TEM) Study. For the and minor NMJs diameter were compared using
ultrastructural study, the muscles were removed and reduced todlgdent’s t test. The Mann Whitney non-

longitudinal pieces (approximately 1 mm wide), fixed in Karnovsky'sarametric test was used in the case of non-
solution and subjected to TEM. In preparation for this, the samplggussian distribution.

398



JERONIMO, L. C.; CONFORTIM, H. D.; CENTENARO, L. A.; BRANCALHAQ, R. M. C.; PINHEIRO, P. F. F.; MATHEUS, S. M. M. & TORREJAIS,M . M. Morphological and
morphometric study of the muscle fibers and neuromuscular junctions of the extensor digitorum longus in aged rats suheigttedl forotein restrictiomt. J. Morphol., 34(1B96-403, 2016.

RESULTS compared with the control group. Regarding the muscle
length, in the restricted group the length was shorter than in
the control animals.

Body Weight and VF, RF and EF WeightsTable Il shows

the data related to body weight and the VF, RF and B#orphological Study of the Muscle Fibers In the control

weights which were expressed as mean and standgrdup, the general architecture of the skeletal muscle fibers

deviation. The results showed a reduction in body weightas preserved; arranged in fascicles surrounded by

and VF, RF and EF weights in animals from the restrictazbnnective tissue of normal appearameifmysiun). Each

group when compared to those in the control group. fiber had a polygonal or rounded shape, with a peripheral
core, surrounded by connective tissaadomysium(Fig.

Weight and Length of the EDL Muscle The EDL muscle 1A). In the restricted group of animals, the appearance of

weight and length data were expressed as mean and sthn-muscle fibers was similar to that of the control group,

dard deviation (Table II). The results showed there wasasthough several nuclei were observed in the central position
reduction in muscle weight in the restricted group whefFig. 1B).

Table 1l. Body weight, VF, RF and EF weights, weight and length of the EDL muscle of

365-day-old rats. The results regarding the

muscle fiber area, fiber count and

Parameters Group Control Group Restricted .

Weight Body (2) 56302966 15690135 number of nuclei for the control and

Weight of VF, RF and EF (g) 5.262+2.353 4.540+1.605" restricted groups are shown in Table
Weight muscle () 0.022+£0.009 0.012+0.004" IIl. The analysis of the area showed a
Length muscle (mm) 1.519+0.679 2.631+0.930 significant decrease in the restricted

Values expressed as MearStandard Deviation. **p <0.01 and ***p <0.001 represent statistical group when compared with the con-
significance. trol group.

Morphometric and Histoenzymologic Study of
the Muscle Fibers Staining for NADH-TR
activity showed the presence of type | muscle
fibers (small diameter and intense oxidative
activity); type lla muscle fiber (intermediate
diameter and moderate oxidative activity) and type
IIb muscle fibers (large diameter and low oxidative
activity). These reactions indicate the EDL muscle
showed a random distribution of the different types
of muscle fibers (Figs. 1C and 1D).

The results for the muscle fiber areas in
the control and restricted group animals are shown
in Table IV. The area of type Ila muscle fiber was
statistically lower in the restricted group compared
to the control group. Regarding the fiber count,
there was no significant difference between the
groups (Table 1V).

Fig. 1. Photomicrographs of cross-sections of the EDL
muscle of 365-day-old rats stained with HE (A and B)
and NADH-TR (C and D). A: Control group. Normal
general architecture; peripheral nuclei (thin arrows). B:
Restricted group. Note the presence of centralized nuclei
(thick arrow) and peripheral nuclei (thin arrows). Bar=
20 um. B and C: Control and restricted groups
respectively. Fiber types I, lla and IIb. Bar=|20.
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Ultrastructural Study of the Muscle Fibers.

In the control animals, two types of muscle fibers
were identified. Type | fibers presented a wide
and dense Z line, and evident M line and A, |
and H bands. The mitochondria formed
intermyofibrillar chains, in addition to being
present in the sarcomeres and subsarcolemmal
aggregates. These fibers exhibited oxidative
metabolism, are resistant to fatigue and twitch
more slowly (Fig. 2A).

Another type of muscle fiber found was
the type I, which showed a thin Z line and
evident M line and A, | and H bands. The
mitochondria were always arranged in pairs on
each side of the Z line and | band, were smaller
and did not form aggregates or columns. These
muscle fibers have a glycolytic metabolism, are
poorly resistant to fatigue and are fast twitching
(Fig. 2B).

In the animals from the restricted group,
the Z line was disorganized (Fig. 2C) in various
regions and in some spots the myofibrils were
. X disorganized. There were notably fewer lipid

_ o - e droplets (Fig. 2D) and myelin figures. Some cell

ol CHRD i oses ——iie nuclei were seen to be fragmented.

Fig. 2. Transmission Electron micrographs of longitudinal sections of the EDL
muscle of 365-day-old rats. A: Control group. Type I fiber, band A (A), Z lindlorphological and Morphometric analysis of
(thick arrow) and intermyofibrillary chains of mitochondria (thin arrow). Barthe Neuromuscular Junctions The NMJs

2 pm. B: Control group. Type Il Fiber, A band (A) Z-line (thick arrow) andpresent in the EDL muscle from both studied

mitochondria in pairs on each side of the Z line (thin arrow). Bgqun2C: roups showed classical plate-like morphology.
Restricted group. Note the disorganized Z line (thin arrows). Bar= 500 nm. éing oval, round or elliptical in shape '

Restricted group. Lipid droplet (thick arrow). Bar= 500 nm. Variations such as open, irregularly shaped or

compact junctions were observed and
characterized polymorphisms in these structures
seen in several muscles (Figs. 3A and 3B).

Table 1ll. Area, number of muscle fibers and number of nuclei of the EDL
muscle of 365-day-old rats.

Parameters Group Control Group Restricted

Fi 1 nt 2086990. 1912+1009™ .

F;EZ:: 23:212 ﬁiéé‘r ) 39876 7198058 23 6.4 f 5099 6 The results of the analysis of the area and

Nuclei number 658 '3i5é ) 726 6i] 16 ) major and minor NMJs diameter are shown in
Values expressed as Meaistandard Deviation. ***Represent statistical significance Table V. There was r_lo significant difference
(p <0.001). between the groups in terms of the area, the

major and minor NMJs diameter.

Table IV. Area and count the muscle fibers in EDL 365-day-old rats.

Parameters Group Control Group Restricted
Area - Muscle Fibers Type I (unf) 1350+281.7 1301+£243.4
Area - Muscle Fibers Type Ila (unt) 2302+406.3 2085+334.2""
Area - Muscle Fibers Type IIb (unf) 3925+726.4 3819+667.7
Count - Muscle Fibers Type I 79.2+16.5 82.0+18.5
Count - Muscle Fibers Type Ila 40.0+14.4 55.8+16.7
Count - Muscle Fibers Type IIb 73.7+6.3 65.0£15.7

Values expressed as Meaistandard Deviation. **Represent statistical significance (p < 0.001).
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pregnancy and lactation affected the
long-term development of skeletal
muscle in the offspring. Bedit al
(1982) reported that protein energy
restriction, when occurring after the
lactation period, can be recovered
with normalization of the nutritional
status, but the changes caused by
protein-energy restriction during the
period of pregnancy and lactation can
cause permanent deficit. Thus, it is
Y N believed that the normal protein diet
— ¥ (17 % protein) offered to the offspring

' in_the period following and into
Fig. 3. Photomicrographs of the EDL muscle of 365-day-old rats after reaction for Nonspe%ﬂﬁlth O(F)) d was insuffici er?t to promote
e

Esterase. A: Control group and B: Restricted group. Note the polymorphism of the NMJS .
group group polymorp recovery of muscle weight. Rats

t
malnourished during pregnancy and
lactation presented reduced weight in

Table V. Area, major e minor NMJs diameters of the EDL muscle of 365-day- the anterior tibialis muscle (Ventrucci
old rats. et al, 2004; Alveset al., 2008).

Although a different muscle, this is a

between the studied groups. Bar= 100.

Parameters Group Control Group Restricted

Area (unt) 908.7+413.2 923.54681.7 fast twitch muscle similar to that used

Major diameter (um) 49.9+12.2 49.1+13.6 in this study. The reduction in muscle

Minor diameter (zm) 20.6+6.9 20.8+7.7 mass was probably due to the loss of
Values expressed as Mearstandard Deviation. tissue proteins (Alvesgt al). By

contrast, Cabeco, using the same diet protocol, but with
protein restriction only during the gestational stage, found
DISCUSSION no differences in EDL muscle weight at 30 d and 16 w of
age. This divergence in weight in relation to the present study
may be explained by the amount of protein supplied to the
The body weight of the animals from the restrictedffspring during the lactation period and after weaning being
group was lower than that of the control group. Accordingufficient to recover the weight of the EDL muscle.
to Torun & Chew (1994), decreased body weight is a clinical
parameter that characterizes PEM. In the literature, studies  In the morphological study of the muscle fibers, there
using rats (Almeida & Mello, 2004; Toscarbal, 2008) was a notable presence of many nuclei in a central position.
also found lower weight in the offspring of mothers subjecteglith migration from the nucleus to the center of the muscle
to protein restriction during pregnancy and/or pregnancy afider being a common event in muscle disorders. In this study,
lactation. However, there are reports that contradict theg® presence of centralized nuclei in the restricted animals
results, where the animals subjected to protein restrictiomay be related to the fact the protein restriction period
did not show significant differences in body weight (Oliveiraccurred at a critical stage in development of muscle tissue.
etal, 1999; Cabeco, 2011). These differences may be related
to the duration of protein restriction, the type of diet and the The morphometric analysis of muscle fibers in the
age of the animals. histological study showed the fiber areas from the animals
in the restricted group were significantly smaller than those
The diet used in this study affected the body weiglftom the control group. Other studies with rats subjected to
of the animals even after the change of diet followingrotein restriction have also reported a smaller areas in all
weaning (normal protein diet — 17 %) and the deficifiber types (Nascimentet al, 1990; Silvado & Werneck,
remained in the adult animal. 2006; Yaret al, 2012). The literature indicates that protein
restriction can compromise the area of type Il fibers more
In this experiment, there was a reduction in the weiglthan that of type | fibers (Bedi al; Chopraet al, 1987;
of the EDL muscle in animals from the restricted groupdilson et al, 1988; Dwyer & Stickland, 1992; Oliveiet
This finding is in agreement with descriptions in the literatural.; Alves et al). In this research, the histoenzymological
(Toscanoet al) where maternal protein restriction duringstudy showed a decreased area in the three types of fibers,
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but there was a reduction in the number of nuclei in t gtersecciones neuromusculares del masculo extensor largo de
restricted group, indicating a reduction in muscle Cek‘PS dedos de ratas de edad avanzada sometidas a la restriccion

ﬁ)teica materndnt. J. Morphol., 34(1B896-403, 2016.

proliferation. Perhaps the increased numbers of nuclei aPm
of fibers found in this study is related to the significant RESUMEN: La restriccién proteica implica compro-

decrease in the area of the fibers. miso funcional de diversos sistemas y 6rganos, entre ellos, el
musculo estriado esquelético, por ser una reserva de proteina

In the ultrastructure analysis of the muscle fibers idel organismo. De esa forma, el presente trabajo procuré anali-

the animals from the restricted group, some changes wege las caracteristicas morfologicas y morfométricas de las fi-
observed, such as the disorganization of the Z line ahtRs musculares y de las intersecciones neuromusculares

myofibrils and the presence of few lipid droplets. To th&€INMs) del musculo extensor largo de los dedos (EDL) en ra-
best of our knowledge, in the literature there are no studi@$ de 365 dias de edad, sometidas a resriccion proteica mater-

dealing with this subject with animals at 365 d of age, a durante los periodos de gestacion y lactancia. Las ratas Wistar

these alterations in the offspring may well have occurred geron separadas en dos grupos: El grupo Control - madres ali-

. D . nientadas durante la gestacion y lactancia con racion
a result of the effects of protein restriction during pregnan(a/ormoproteica (17 % de proteina) y Grupo con restriccion —
and lactation periods.

madres alimentadas durante la gestacién y lactancia con raciéon
hipoproteica (6 % de proteina). Las crias permanecieron con la
Regarding the analysis of the area, and the major apfhdre durante todo el periodo de lactancia (21 dias) y después
minor NMJs diameters, there was no significant alteratiafe este periodo la prole recibié racion normoproteica hasta los
in these parameters when the groups were compared. T86§ dias de edad. Se realizé un estudio histolégico (HE) e
result was probably due to the polymorphism of the NMJystoenzimolégico (NADH-TR) de las fibras musculares. Para
in the EDL muscle. la marcacion de las JNMs, el musculo fue sometido a la reac-
cion de Esterasa Inespecifica. El andlisis histoldgico de las fi-
The results presented in this paper and thelﬂras musculares de los animales del Grupo con restriccion mos-

. . - . {ro la presencia de nucleos centralizados y una disminucién del
assessment permit the following conclusions: a) The

d d bod iaht in th tricted animal Ereaen el grupo con restriccion. En el estudio histoenzimolégico,
ecreased body weight In the restricted animals may B, gscylo EDL presento una distribucién aleatoria de los dife-

related to maternal protein restriction, which may hav@ntes tipos de fibras musculares y el area de las fibras muscu-
affected fetal growth and development, because even Wifles del tipo Ila fue menor en el grupo con restriccion. En rela-

change in diet in the period up to 365 d of age, the defigjisn al estudio ultraestructural, en los animales del grupo con
persisted; b) The alterations to the weight of the EDL musalestriccién se observo desorganizacién de la linea Z, presencia
in animals from the restricted group may have come abaig pequefias gotas de lipidos y vacuolas que abrigaban figuras
because the amount of protein offered to animals in tige mielina en las regiones subsarcolemal e intramiofibrilar. En
gestational period and lactation, being sufficient to affe€ analisis de las JNMs no hubo diferencias significativas. La
the development of the muscle in the offspring, with lon estriccion proteica impuesta en el periodo de gestacién y lac-

term consequences since the supply normal protein diet:dcia puede haber afectado el desarrollo del musculo esquele-
tico, produciendo un déficit permanente en las fibras muscula-

365 d was not sufficient to recover muscle weight; ¢) The .
. s res del musculo EDL de la prole.

maternal protein restriction may have produced a permanent

deficit in the muscle fibers of the offspring, when observed PALABRAS CLAVE: Morfologia; Morfometria;

under light microscopy; d) The ultrastructural changes foungestriccion proteica; Musculo extensordigitorum longus

in the muscle fibers from the restricted animals may be dggyta.

to maternal protein restriction.
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