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Abstract

Heart autonomic ganglia are known to play an important role in cardiac rhythm control, protecting against
certain arrhythmias due to their parasympathetic activity. Cardiac disorders may arise following starving
states during pregnancy; cardiac performance and cardiac fibers have been shown to suffer deleterious effects
under starvation. Morphology of these plexuses may suffer interference of extrinsic factors, but data is still
lacking about the effects of low protein diet during pregnancy and early postnatal period on subepicardial
neuron structure. Two groups of pregnant Wistar rats were submitted to different diets according to its
protein content, normal and 5% casein, until 21 days after delivery. The oftspring was divided in two groups,
D and N, according to their mother’s diet, low and normal protein respectively, and then sacrificed. The
atrial neurons were identified by B-nicotinamide adenine dinucleotide (NADH) and adenine dinucleotide
phosphate diaphorase (NADPH-d) staining. Profile areas of the nerve cell bodies were measured. NADH
staining did not show significant differences between groups but NADPH- d profile areas of nerve cell bodies
from group D were smaller than in control group. Ultrastructural changes were observed in group D rats:
agglomerated ribosomes, increase in nucleoli density and irregular chromatin.Low-protein diet in rats at early
developmental stages interferes in size, and ultrastructure of subepicardial neurons. Even though underfeeding
during perinatal period did not produce neuronal death, neuron development is delayed and permanent

changes can supervene in long term.
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1 Introduction

Afferent (sensorial), efferent (motor), and interneurons
control atrial ganglia activity in rats (CHENG, POWLEY,
SCHWABER et al., 1997; ARORA, ARDELL and
ARMOUR, 2000; WILSON and BOLTER, 2002).
Autonomic heart ganglia have intrinsic activity and work as
an interdependent feedback control system. Thus, loss of
central stimuli does not prevent independent ganglia activity
(ARORA, ARDELL and ARMOUR, 2000). Subepicardial
ganglia play an important role in cardiac rhythm regulation
(CALARESU and STLOUIS, 1967; PARDINI, PATELI,
SHMID et al., 1987; BURKHOLDER, CHAMBERS,
HOTMIRE etal., 1992). Knowledge of normal morphology
of the subepicardial nervous plexuses and its alterations
in pathological conditions is crucial for understanding
mechanisms of cardiac rhythm control (STEELE, GIBBINS,
MORRIS et al., 1994; EDWARDS, HIRST, KLEMN et al.,
1995; KENNEDY, HARAKALL and LYNCH, 1998).
A subpopulation of NADPH-d reactive neurons displays
a specific function of cardiac neurons (RICHARDSON,
GRKOVIC and ANDERSON, 2003). Despite the unclear
role of nitrous oxide (NO) in neuronal function, data suggest
it may act as a neuromodulator (SCHOLZ, LABENIA, DE
VENTE et al., 2002), signaling and regulating cardiac vagal
activity (CONLON AND KIDD, 1999; TAKIMOTO,

AOYAMA, TANAKA et al., 2002). In addition, NO causes
atrial myocardial relaxation (TANAKA, TAKAYAMA,
HAYAKAWA etal., 2001), inhibits sympathetic stimuli to the
heart (SEARS, CHOATE and PATERSON, 1998) and locally
controls cardiac function under normal and pathological
conditions (ARMOUR, SMITH, LOSIER et al., 1995).

Extrinsic factors such as aging can influence morphology
of this plexus (AKAMATSU, DE SOUZA and LIBERTI,
1999). On the other hand, it is well known that low weight
and size at birth, secondary to malnutrition at different
gestational ages, are related to cardiovascular diseases in
adulthood (BARKER, GLUCKMAN, GODEFREY, et
al., 1993; SINGHAL, COLE, FEWTRELL et al., 2004).
Considering the increased growth rate in the first weeks after
conception, factors that can alter growth such as malnutrition,
can also presumably affect developmental program
permanently (SINGHAL, COLE, FEWTRELL etal.,2004).
Some studies have shown on the effect of malnutrition on
cardiac performance (DROTT and LUNDHOLM, 1992).
However, none has analyzed the effects of low-protein diet
on the structure of the subepicardial neurons. Given the
importance of these neurons, the present study aims to
analyze the effects of pre and postnatal protein malnutrition
on the morphology of subepicardial neurons.
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2 Material and methods

The study was conducted according to current legislation
on animal experiments of the Biomedical Science Institute of
the University of Sio Paulo. Young male and female Wistar
rats (200-240 g body weight) were mated. After conception,
which was assumed to have occurred when vaginal plugs or
sperm were found, the females were placed in individual
cages. The nourished mothers received an AIN-93G normal
protein diet and the undernourished mothers received the
AIN-93G diet with 5% casein (Rhoster Indutstria e Comércio
Ltda, Sio Paulo, Brazil), according to the protocol of
Reeves (REEVES, NIELSEN and FAHEY, 1993). The
rats were maintained under standard conditions at 21 °C,
with a 12 hours light-dark cycle, and supplied with water
ad libitum. Following delivery, adult rats and their offspring
received the same diet the mother had during pregnancy.
There were two experimental groups according to their diet:
low (D) and normal protein diet (N). Experimental groups
were kept for 21 days and then weighed and sacrificed with
a single intraperitoneal dose of pentobarbital (HYPNOL®
Fontoveter) 30 to 40 mg.kg™! at the left inferior quadrant
(WAYNFORTH and FLECKNELL, 1992). The thoracic
wall was opened and their heart and basal vessels were
removed for examination.

2.1 Histochemical method

2.1.1 B-nicotinamide adenine dinucleotide
(NADH) reaction

Five animals from each group (N, D) were submitted
to this technique. Demonstration of neurons by NADH
diaphorase histochemical technique was previously described
(GABELLA, 1987). Animals were perfused with Krebs
solution and the thoracic cavity was opened. The heartlung
blockswereisolated and, subsequently, the atriawere separated
from the ventricles by careful dissection with stereoscopic
microscope. Subepicardical fatty tissue was removed using
ophthalmologic instruments. Atria were then removed
and kept in Krebs solution for 30 minutes and afterwards
immersed in Triton-X 3% solution for 10 minutes, to facilitate
staining medium penetration and washed in Krebs solution.
Samples were kept for 45 to 60 minutes in a solution of
Nitro-Blue Tetrazolium (NBT-Sigma) 0.5 mg.mL™, sodium
phosphate buffer (0.1 mol.L; pH 7.3) and 0.5 mg.mL™
of B-nicotinamide adenine dinucleotide (NADH-Sigma)
in reduced form. The staining reaction was interrupted
by immersing the atria in a formalin fixative solution 10%
in sodium phosphate buffer (0.1 mol.L™'; pH 7.3) for a
period of 1 to 3 days. At the end of this period atria were
processed as whole mount preparations under stereoscopic
magnification and assembled on slides in glycerin solution.
The profile areas of the nerve cell bodies were measured by
examining the whole-mount preparations under a binocular
microscope at 400x magnification.

2.1.2 B-nicotinamide adenine dinucleotide phosphate
diaphorase (NADPH-d) reaction

Also five animals from each group (N, D) were studied with
this technique. Neuronal NADPH-d staining was obtained
following the protocol described by Santer (1994). Atria
were fixed in 4% paraformaldehyde in phosphate buffered
saline (PBS) pH 7.2 solution at 4 °C for 30 minutes. After
washing in phosphate buffer (2 times during 10 minutes at
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room temperature ), atria were incubated and homogeneized
for 60 minutes at 37 °C in specific medium for NADPH-d
demonstration: b-NADPH (0.1 mg.mL™') in reduced
form (Sigma) and nitro-blue tetrazoliun (Sigma) solution
(0.5 mg.mL™") in phosphate buffer containing 0.2% Triton
X-100.

2.2 Morphometry of subepicardic nenrons

The neuronal profile area was determined in 100 neurons
randomly chosen and respective nuclei on each of the total
membrane specimens (100 neurons of each of the five animals
per group) by means of a computerized image acquisition
method for morphometric analysis (KS 300-Zeiss). Neuronal
profile of acquired images was automatically measured by
the software.

2.3 Statistical analysis

All data (neuronal profile area) were presented as
means * SD. The results of morphometric studies were
statistically analyzed using Student’s t test. The level of
significance was set at p < 0.05. Data analyses were performed
using SPSS for Windows (Version 15.0).

2.4 Ultrastructuve of intracavdiac nenrons

For this part of the study, the technique described by
Bozzolaand Russel (1991 ) was employed. Atria and ventricles
of three animals per group (N, D) were perfused with a
2% glutaraldehyde fixative solution in sodium phosphate
buffer (0.1 mol.L™!, pH 7.3). Then, atria were removed and
dissected as previously reported and immersed in the same
fixative solution. Two millimeters fragments close to the
basal pulmonary and cava veins, where cardiac neurons are
located, were dissected and kept for two hours in the same
fixative solution at room temperature. Then, specimens were
washed in sodium phosphate buffer (0.1 mol.L!, pH 7.3)
and post fixed in a 2% osmium tetroxide solution for two
hours at 4 °C. Specimens were then washed in saline and
immersed in a 0.5% aqueous solution of uranyl acetate for
a period from 8 to 12 hours. Dehydration of specimens was
obtained through serial baths in progressive concentrations
of alcohol (from 70 °GL to absolute). After two baths of
propylene oxide for 15 minutes, specimens were embedded in
oxipropylene resin (1:1) from 8 to 12 hours, before inclusion
in Araldite. Semi thin sections 1um thick were obtained and
stained with toluidine blue. Ultra fine sections were stained
with a saturated alcoholic solution of uranyl acetate and lead
citrate (REYNOLDS, 1963). Specimens were then analyzed
in a transmission electronic microscope (JEOL, 1010).

3 Results

3.1 Neuronal profile

Area of the neuronal profile reactive to NADH was
212.05 £ 24.41 pm? in group N and 166.59 + 32.79 um?
in group D, without significant difference between groups
(p > 0.05). The mean size of the neuron nuclei was
72.82 £ 13.13 pm? in group N and 55.06 + 9.88 um? in
group D, also without significant difference between groups
(p > 0.05) (Figure 1). The profile area of neurons reactive
to NADPH-d was 230.57 £ 68.10 pm? in group N and
100.05 + 28.88 pm? in group D, representing a statistically
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Figure 1. Distribution frequency of the area of the subepicardial
neurons and their nuclei in animals from groups N, D stained
by NADH and NADPH-d techniques. For each group n = 5
*p<0.051p<0.05

Figure 2. Subeplcardlal neurons of groups N (a, ¢) and D (b, d) stained by NADH (a, b), NADPH-d (¢, d) histochemical techniques.

significant decrease of 57% (Figure 2). The mean nuclear arca
observed were 77.89 £22.10 pm? and 39.10 + 10.98 um?,
respectively in groups N and D, a significant decrease of
49%. The ratio between cell and nuclear area was the same in
both groups (Figure 1).

3.2 Movphology and ultrastructure of intracardiac
neuvons

NADH diaphorase technique demonstrated subepicardial
ganglia located at the subepicardic connective tissue of the
external surface of both atria musculature. The ganglia
presented elongated, starry, polygonal, or round patterns and
some variations in staining intensity were observed, mainly
with the NADPH reaction (Figure 2¢, d). Also, neurons
had different sizes (small, medium and large), with oval,
spindle, and pear-like forms. The nuclei were spherical and
predominantly found at the peripheral area of the cytoplasm.
In all groups, ganglia presented a thin capsule of connective
tissue constituted by collagen fibers irregularly arranged
(Figure 3e, j). The endoplasmatic reticulum in group N

N o

In group N and D the area of the neuronal profile reactive to NADH (a, b) shows no difference between groups. In all groups and
both reactions some variations in staining intensity were observed. In C and D only 2 to 4% of the ganglion neurons in rats’ heart
are NADDPH-d reactive, Bars = 50 um (a, b) and, Bars = 10 pm (c, d).
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Figure 3. Electron micrographs of subepicardial neurons of group N (a, b, ¢, d, ) and group D (f, g, h, i, j). In H, it can be seen,

a ribosomes agglomerate, and in I, chromatin disorganization. In E and J collagen fibers form the ganglion capsule. b, ¢, d, g, h,
i (Bars = 500 nm) e, h, j (Bars = 100 nm) a, ' (Bars = 100 micra).

showed a great number of ribosomes aligned at the external
surface of its membranes in a regular pattern (Figure 3c¢).
In group D, ribosomes were disposed in agglomerates with
the membranes not so evident (Figure 3h) and irregular
chromatin (Figure 3i). In this group, nucleoli appeared to
be more electrondense (Figure 3g).

4 Discussion

Malnutrition produces severe underdevelopment in
many behavioral aspects of experimental animals, such as
locomotion, feeding, mounting, and prancing (MASSARO,
LEVITSKY and BARNE, 1977). Motherly behavior also
changes, like taking inadequate care of the brood (SMITH,
SECKL, EVANS et al., 2004). This may be particularly
important to physiological heart functions, especially after
weaning, when the animal should be physically independent
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and needs larger cardiovascular request for survival, a
fundamental role of subepicardical neurons that control
heart beats and blood pressure.

Whole-mount preparation is a 3-dimensional technique
whose advantage over sections is that one can view; make
measurements of neuron somata and compare regions of the
entire intracardiac plexus all in one preparation. The neuron
cell profile area studied by nicotinamide adenine dinucleotide
(NADH) diaphorase staining, were not stastistically different
between N and D groups, even though body weight in
group D animals were significantly lower than control ones.
This finding differs from what is observed in aging where
subepicardial neuron cell profile area in rats (AKAMATSU,
DE SOUZA and LIBERTI, 1999) and cardiac neurons
in dogs (PAUZA, PAUZIENE, PAKELTYTE et al,
2002) are of a bigger size. This data suggest that there
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is no direct correlation between malnutrition and aging
regarding morphofunctional patterns, even though both
are recognized as stressing factors to nervous cell survival.
Interestingly, neuron cell profile area studied by Her, Fu,
Li et al. (2000) using NADH diaphorase staining in cardiac
ganglia neuron in cell culture showed cell areas varying from
100 to 450 um? after 6 days and 200 to 300 pm? after 7 days.
In our study, the mean size of the cells were similar, variation
were different (group N, 40 to 529 um? and group D,
20 to 529 pm?), suggesting that culture medium does
not reproduce natural organ environment. Nevertheless,
profile area of NADPH-diaphorase positive neurons was
significantly lower in the undernourished group if compared
to controls. Klimaschewski described that only 2 to 4% of
the ganglion neurons in rats” heart were NADPH-d reactive
(KLIMASCHEWSKI, KUMMER and MAYER, 1992),
fact that is supported by our findings of NADPH-d reactive
neurons. Considering the fact that complete cardiac neuronal
development occurs at the third week and that no changes
appear after this period (HORACKOVA, SLAVKOVA and
BYCZKO, 2000), neuronal size was affected by malnutrition,
probably as a consequence of a maturation delay in neurons
reactive to NADPH-d. Horackova demonstrated that
hearts of newborn rats are able to mediate reflex changes in
cardiac activity and that the intrinsic cardiac neurons in rats
change during the first post natal month (HORACKOVA,
SLAVKOVA and BYCZKO, 2000). These changes are
related to the development of the extrinsic nervous control
of the heart. Thus, variations in NADPH-d reactive neurons
profile areas until 21 days are due to a vulnerability of the
nervous system to malnutrition.

The results of several studies strongly support the
hypothesis that nitrous oxide released from neuronal sources
has an important facilitator action on the vagal control of the
heart (CONLON, COLLINS and KIDD, 1998; CONLON
and KIDD, 1999; MARKOS, SNOW, KIDD et al., 2002).
Elvan, Rubart and Zipes (1997) demonstrated that NO has
a stimulatory effect in mediating vagal neurotransmission
and modulation of sympathetic effects and an inhibitory
role in sympathetic neurotransmission. In addition,
prior pharmacological studies in guinea pigs suggest that
NO facilitates the negative chronotropic effects of vagal
stimulation (CONLON, COLLINS and KIDD, 1998;
SEARS, CHOATE and PATERSON, 1998; CHOATE
and PETERSON, 1999; HERRING, GOLDING and
PATERSON, 2000; HERRING and PETERSON, 2001).
Danson and Paterson (2003) investigated whether enhanced
cardiac vagal responsiveness elicited by exercise training
was dependent on neuronal nitric oxide synthethase.
It was suggested that the mechanism of action of NO
might be facilitation of acetylcholine release, either at the
preganglionic- postganglionic or at postganglionic-muscle
synapse (CONLON and KIDD, 1999; HERRING and
PETERSON, 2001).

Ultrastructural changes were observed in neurons of the
peripheral nervous system by some authors. Irregular nuclei
were observed with aging in the spinal ganglia (AMENTA,
1993). Myeloid bodies as well as electron lucent vacuoles
and axon terminals displaying degenerating changes were
observed in the cytoplasm of subepicardial neurons in
ischemic heart. This is an indication of the effects on the
functional integrity of this final common regulator of cardiac

function in disease states (HOPKINS, MACDONALD,
MURPHY etal., 2000). Our results showed a disarrangement
of the chromatin and presence of agglomerated ribosomes in
the cytoplasm of the neurons in the group submitted to a
low protein diet. Some features related to malnutrition found
in this study include the organization of the endoplasmatic
reticulum, nuclear chromatin distribution and electrondensity
of some vesicles. Similarly, Yamano, Shimada, Uamasaki et al.
(1980) observed that embryonic cerebral cortex had delayed
neuronal maturation, including dendritic branching; yet
relationship between areas of neuronal and nuclear profile
area showed no changes. In general, nutritional strain in
human adult hearts does not lead to functional deficits
(CHAUHAN, NAYAK and RAMALINGASWAMI, 1965).
However, the same strain during the developmental period
of life can produce, in the long term, permanent changes or
even death. It is necessary to have further studies with a larger
observation time and to assess the impact of renutrition in
these neurons.

References

AKAMATSU, FE., DE SOUZA, RR. and LIBERTT EA. Fall in the
number of intracardiac neurons in aging rats. Mechanisms of Ageing
and Development, 1999, vol. 109, p. 153-161.

AMENTA, E. Aging of the Autonomic Nervous System. Boca Raton:
CRC Press Inc, 1993. p. 54-60.

ARMOUR, JA., SMITH, FM., LOSIER, AM., ELLENBERGER,
HH. and HOPKINS, DA. Modulation of intrinsic cardiac
neuronal activity by nitric oxide donors induces cardiodynamic
changes. American Journal of Physiology, 1995, vol. 268, no. 37,
p- R403-R413.

ARORA, RC., ARDELL, JL. and ARMOUR, JA. Cardiac
denervation and cardiac function. Current Interventional Cardiology
Reports, 2000, vol. 2, p. 188-195.

BARKER, DJP., GLUCKMAN, PD., GODFREY, KM.,HARDING,
JE., OWENS, JA. And ROBINSON. JS. Fetal nutrition and
cardiovascular disease in adult life. Lancet, 1993, vol. 341, no. 10,
p. 938-941.

BOZZOLA, JJ. and RUSSEL, LD. Electron microscopy principles
and techniques for biologist. Boston: Jonen and Bartlett publisher,
1991.

BURKHOLDER, T., CHAMBERS, M., HOTMIRE, K,
WURSTER, RD., MOODY, S. and RANDALL, WC. Gross and
microscopy anatomy of the vagal innervation of the rat heart.
Anatomical Record, 1992, vol. 232, p. 444-452.

CALARESU, FR. and STLOUIS, AJ. Topography and numerical
distritbution of intracardiac ganglion cells in the cat. Journal of
Comparative Neurology, 1967, vol. 131, p. 55-66.

CHAUHAN, S., NAYAK, NC. and RAMALINGASWAMI, V.
The heart and skeletal muscle in experimental protein malnutrition
in rhesus monkeys. Journal of Pathology and Bacteriology, 1965,
vol. 90, p. 301-309.

CHENG, Z., POWLEY, TL., SCHWABER, JS. and DOYLE IIL, EJ.
Vagal afferent innervation of the atria of the rat heart reconstructed
with confocal microscopy. Journal of Comparative Neurology, 1997,
vol. 381, p. 1-17.

CHOATE, JK. and PETERSON, DJ. Nitric oxide inhibits the
positive chronotropic and inotropic responses to sympathetic nerve
stimulation in the isolated guinea-pig atria. Journal of the Autonomic
Nervous System, 1999, vol. 75, p. 100-118.

J. Morphol. Sci., 2010, vol. 27, no. 2, p. 82-87



Low protein diet and subepicardial neurons

CONLON, K. and KIDD, C. Neuronal nitric oxide facilitates vagal
chronotropic and dromotropic actions on the heart. Journal of the
Autonomic Nervous System, 1999, vol. 75, p. 136-146.

CONLON, K., COLLINS, T. and KIDD, C. The role of nitric oxide
in the control by the vagal nerves on the heart of the anaesthetized
ferret. Experimental Physiology, 1998, vol. 83, p. 469-480.

DANSON, EJF. and PATERSON, DJ. Enhanced neuronal nitric
oxide synthase expression is central to cardiac vagal phenotype
in exercise-trained mice. Journal of Physiology, 2003, vol. 546,
p. 225-232.

DROTT, C. and LUNDHOLM, K. Cardiac effects of caloric
restriction-mechanisms and potential hazards. International Journal
of Obesity, 1992, vol. 16, no. 7, p. 481-486.

EDWARDS, FR., HIRST, GDS., KLEMN, MF. and STEELE, PA.
Difterent types of ganglion cell in the cardiac plexus of guinea-pigs.
Journal of Physiology, 1995, vol. 486, no. 2, p. 453-471.

ELVAN, A., RUBART, M. and ZIPES, DP. No modulates
autonomic effects on sinus discharge rate and A-V nodal conduction
in openchest dogs. American Journal of Physiology, 1997, vol. 27,
p. H263-H271.

GABELLA, G. The number of neurons in the small intestine of mice,
guinea-pig and sheep. Neuroscience, 1987, vol. 22, p. 737-752.

HER, W-Y., FU, Y-S, LIU, T-S. and LIU K-M. Morphological
study of cultured cardiac ganglionic neurons from different postnatal
stages of rats. Auton Neurosc: Basic and Clinical, 2000, vol. 84,
p. 89-97.

HERRING, N. and PETERSON, DJ. Nitric oxide--cGMP pathway
facilitates acetylcholine release and bradycardia during vagal nerve
stimulation in guinea pig in vitro. Journal of Physiology, 2001,
vol. 535, p. 507-518.

HERRING, N.;, GOLDING, S. and PATERSON, DJ. Pre-synaptic
NO-cGMP pathway modulates vagal control of heart rate in isolated
adult guinea-pig atria. Journal of Molecular and Cellular Cardiology,
2000, vol. 32, p. 1795-1804.

HOPKINS, DA., MACDONALD, SE., MURPHY, DA. and
ARMOUR, JA. Pathology of intrinsic cardiac neurons from ischemic
human heart. Anatomical Record, 2000, vol. 259, p. 424-436.

HORACKOVA, M. and SLAVKOVA, ]J. BYCZKO Postnatal
development of the rat intrinsic cardiac nervous system: a confocal
laser scanning microscopy study in whole-mount atria. Tiss Cell,
2000, vol. 32, no. 5, p. 377-388.

KENNEDY, AL., HARAKALL, SA. and LYNCH, SW. Expression
and physiological actions of neuropeptide Y in guinea-pig
parasympathetic cardiac ganglia. Journal of the Autonomic Nervous
System, 1998, vol. 71 no. 2-3, p. 190-195.

KLIMASCHEWSKI, L., KUMMER, W. and MAYER, B. Nitric
oxide synthase in cardiac nerve fibers and neurons of rat and
guinea pig heart. Circulation Research, 1992, vol. 71, no. 6,
p. 1533-1537.

MARKOS, F., SNOW, HM., KIDD, C. and CONLON, K. Nitric
oxide facilitates vagal control of heart rate actions in the cardiac
parasympathetic ganglia of the anaesthetized dog. Experimental
Physiology, 2002, vol. 87, no. 1, p. 49-52.

MASSARO, F., LEVITSKY, DA. and BARNE, RH. Protein
malnutrition induced during gestation: its effects on pup
development and maternal behavior. Developmental Psychobiology,
1977, vol. 10, no. 4, p. 339-345.

PARDINI, BJ., PATELL, KP., SHMID, PG. and LUND, DD.
Location, distribution and projections of intracardiac ganglion cells
in the rat. Journal of the Autonomic Nervous System, 1987, vol. 20,
p. 91-101.

J. Morphol. Sci., 2010, vol. 27, no. 2, p. 82-87

PAUZA, DH., PAUZIENE, N., PAKELTYTE, G. and STROPUS,
R. Comparative quantitative study of the intrinsic cardiac ganglia
and neurons in the rat, guinea-pig, dog and human as reveal
histochemical staining for acetylcholinesterase. Annales D’anatomic
Pathologique, 2002, vol. 184, no. 2, p. 125-136.

REEVES, PG., NIELSEN, FH. and FAHEY Jr GC. AIN-93 purified
diets for laboratory rodents: final report of the American Institute
of Nutrition ad hoc writing committee on the reformulation of
the AIN-76A rodent diet. Journal of Nutrition, 1993, vol. 123,
p- 1939-1951.

REYNOLDS, ES. The use of lead citrate at high pH as an electron
opaque stain in electron microscopy. Journal of Cell Biology, 1963,
vol. 17, p. 208-212.

RICHARDSON, RJ., GRKOVIC, I. and ANDERSON, CR.
Immunohistochemical analysis of intracardiac ganglia of the rat
heart. Cell and Tissue Research, 2003, vol. 314, no. 3, p. 337-350.

SANTER, RM. Survival of the population of NADPH-diaphorase
stained myenteric neurons in the small intestin of aged rats. Journal
of the Autonomic Nervous System, 1994, vol. 49, p. 115-121.

SCHOLZ,NL.,LABENIA, JS., DE VENTE, J., GRAUBARD, DK.
and GOY, MF. Expression of nitric oxide synthase and nitric oxide-
sensitive guanylate cyclase in the crustacean cardiac ganglion. Journal
of Comparative Neurology, 2002, vol. 454, no. 2, p. 155-167.

SEARS, CE., CHOATE, JK. and PATERSON, DJ. Effect of
neuronal nitric oxide synthase inhibition on the sympatho-vagal
contro | of heart rate. Journal of the Autonomic Nervous System,
1998, vol. 73, p. 63-73.

SINGHAL, A., COLE, TJ., FEWTRELL, M., DEANFIELD,
J. and LUCAS A. Is lower carly growth beneficial for long-term
cardiovascular health? Circulation, 2004, vol. 109, p. 1108-1113.

SMITH, JW., SECKL, JR., EVANS, AT., COSTALL, B. and
SMYTHE, JW. Gestacional stress induces post-partum depression-
like behaviorand alters maternal care in rats. Psychoneuroendocrinology,
2004, vol. 29,no. 2, p. 227-244.

STEELE, PA., GIBBINS, 1., MORRIS, J. and MAYER, B. Multiple
populations of neuropeptidecontaining intrinsic neurons in the
guinea-pig heart. Neuroscience, 1994, vol. 62, no. 1, p. 241-250.

TAKIMOTO, Y., AOYAMA, T., TANAKA, K., KEYAMURA, R,
YUI, Y. and SASAYAMA, S. Augmented expression of neuronal
nitric oxide syntase in the atria parasympathetically decreases heart
rate during acute myocardial infarction in rats. Circulation, 2002,
vol. 105, p. 490-496.

TANAKA, K., TAKAYAMA, A., HAYAKAWA, T., MAEDA,
S. and SEKI, M. The intrinsic origin of nitric oxide synthase
immunoreactive nerve fibers in the right atrium of the guinea pig.
Neuroscience Letters, 2001, vol. 305, no. 2, p. 111-114.

WAYNFORTH, HB. and FLECKNELL, PA. “Specific surgical
operations”. In WAYNFORTH, HB. and FLECKNELL, PA,
editors. Experimental and surgical technique in the rat. 2™ ed.
London: Academic Press, 1992. p. 203- 312.

WILSON, §J. and BOLTER, CP. Do cardiac neurons play a role in
the intrinsic control of heart rate in the rat? Experimental Physiology,
2002, vol. 87, no. 6, p. 675-68.

YAMANO, T., SHIMADA, AM., UAMASAKI, S., GOYO, M.
and OHOYA, N. Effect of maternal protein malnutrition on the
developing cerebral cortex of mouse embryo: an electron microscopic
study. Experimental Neurology, 1980, vol. 68, p. 228-239.

Received May 25, 2010
Accepted August 22,2010

87



