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EFFECT OF MATERNAL PROTEIN DEPRIVATION ON
MORPHOLOGICAL AND QUANTITATIVE ASPECTS OF THE
MYENTERIC PLEXUS NEURONS OF PROXIMAL COLON IN RATS

EMERI V.S. LEITE-MELLO*, SANDRA REGINA STABILLE**, MARCILIO H. MIRANDA-NETO**

ABSTRACT - We have studied the morphological and quantitative aspects of the myenteric plexus neurons of
the proximal colon in rats (Rattus norvegicus of Wistar strain) submitted to a protein deprivation during prenatal
and lactation periods. Twenty pregnant dams were divided in four groups labeled according to the kind of
nourishment they were given: Group NN, normal diet; Group DN, low protein diet during prenatal period, and
normal diet during lactation period; Group ND, normal diet during prenatal period, and low protein diet during
lactation period; Group DD, low protein diet during prenatal and lactation periods. Histological analyses were
developed with proximal colon segments using the haematoxylin and eosin staining method. Membrane
preparations were stained by Giemsa’s method. The statistical analysis has demonstrated no significant difference
among the means of neurons found in the four studied groups. It was noticed that the animals under protein
deprivation during prenatal and lactation periods presented greater quantity of large and strongly basophilic
myenteric neurons. This suggests that neurons have accumulated protein in the cytoplasm.
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Efeito da desnutrigio protéica materna nos aspectos morfolégico e quantitativo dos neurdnios do plexo
mientérico do colo proximal de ratos

RESUMO - O objetivo deste trabalho foi estudar os aspectos morfolégicos e quantitativos dos neurénios do
plexo mientérico do colo proximal de ratos Wistar submetidos a desnutrigio protéica, durante a gestacio e
lactagdo. Foram utilizados vinte animais, denominados de acordo com o periodo em que suas maes receberam
ragdo com baixo teor de proteina: grupo NN (normoalimentados), grupo DN (ragdo hipoprotéica na gestagio e
normal na lactagdo), grupo ND (ragéio normal na gestagio e hipoprotéica na lactagdo) e grupo DD (ragdo
hipoprotéica na gestagdo e lactagdo). Amostras do colo proximal destinaram-se a cortes histolégicos, corados
pela hematoxilina-eosina e a preparados de membrana corados pelo método de Giemsa. O tratamento estatistico
ndo demonstrou diferenga significativa entre as médias referentes ao nimero de neurdnios encontrados nos
diferentes grupos nutricionais. Verificou-se que animais que sofreram deprivagdo protéica nos perfodos de
gestagdo e lactagdo apresentaram maior proporgéio de neurénios mientéricos grandes e fortemente basofilicos,
indicando portanto que estes acumularam material protéico em seu citoplasma.

PALAVRAS-CHAVE: colo proximal, desnutrigio protéica, neurdnios entéricos, plexo mientérico,
gestagio, lactagdo.

Reviewing the available data, it was found that many authors direct their studies to the effect
of undernutrition on the central nervous system*'¢'&1°. Few were the studies found relating to the
effects of undemutrition on the peripheral nervous system, and fewer were the studies found concerning
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the myenteric plexus neurons (MP)*141516_t was noticed that several researchers paid special attention
to the effects of undernutrition during the prenatal and lactation periods, considering they are the
critical ones for the cellular development*”14!516_It was observed that several researchers proceeded
the sacrifice of the animals immediately after the malnutrition period, i.e., right after short period of
recovery when they were fed a normal protein diet*”%. It was also found the extremes when the
sacrifice of the animals occurred after very long period of recovery. Considering that, it was decided
to carry out a study with the purpose of analyzing the effect of protein deprivation on the myenteric
plexus neurons in rats. )

Initially, our research group studied the MP in the duodenum®, but as it is known, each
segment has its MP formed by different neuronic populations?®*1, thus malnutrition may affect this
plexus in a specific way in each intestinal segment. For that reason, researches were followed studying
the morphological and quantitative aspects of the myenteric plexus neurons of the proximal colon in
rats submitted to protein deprivation during prenatal and lactation periods.

MATERIAL AND METHODS

The present investigation was performed in the proximal colon of 20 laboratory animals, Rattus
norvegicus, of Wistar strain, from the Central Vivarium of State University of Maringd. Pregnant dams were
isolated in individual cages and labeled according to the kind of nourishment they were given.

NUVILAB rat pellets (recommended by National Research Council & National Institute of Health,
USA) with 22% of protein content was given to the animals. By adding corn starch, its protein level was
reduced to 8%. The protein levels were tested according to semimicro Kjedahl method, and the low protein
nourishment was supplemented with B-12 complex vitamins and a mixture of mineral salts.

The animals were fed ad libitum. The groups were named according to the protein content of the
nourishment offered to the pregnant dams: NN, normal protein diet (22%) during the prenatal and lactation
periods; DN, low protein diet (8%) during the prenatal period, and normal nourishment (22%) during the
lactation period; ND, normal nourishment during prenatal period and of low protein content during lactation;
DD, low protein diet during prenatal and lactation periods.

Within 24 hours of birth, neonates exceeding 6 in each litter, as well as those under 6 were discarded.

After weaning (21 days), all pups were given normal nourishment. At 60 days of age, they were sacrificed.
Initially the rats were anesthetized through inhalation of sulfuric ether for about three minutes so that they did
not react to painful stimulation. Next the laparotomy was carried out, one minute being necessary to remove the
intestine and imerse it in Giemsa for the membrane preparings and 10% formol for the histological sections.
The animals were them killed on the room of histological routines between 8:00 and 9:00 AM. Membrane
stainings were carried out with the same group of stains. The samples were exposed to the Giemsa staim at
17:00 hs and removed at 10:00 AM the next day.

Morphological and quantitative study of the myenteric plexus of the nervous cells

Samples of proximal colon of 5 animals of each studied control group were submitted to elaboration of
membrane preparations using the Giemsa method, according to Barbosa.! It was avoided collecting samples from the
segment that was facing the mesocolic face. Some segments were submitted to a routine histological treatment of
Haematoxylin and Eosin Staining to clearly show the ganglia on the intestinal wall.

Quantitative analysis

To quantify the myenteric plexus neurons a sampling by counting was carried out. Each membrane preparation
was divided in four and, inside each one, ten fields of the microscope with 40X lens were chosen randomly. All
neurons of each field were counted, disregarding the half neurons of one field and considering them in the next.'* The
area of each microscopic field was equal 0.173 mm?.

Morphological analysis

The morphology of 250 neurons of each studied group was analyzed, making use of membrane preparations,
viewed on a microscope equipped with WF 10X ocular lens, micrometic disk attached, and a 40X system of lens. The
purpose was measuring the major longitudinal and transversal axes of the cellular body as demonstrated in Figure 2.
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Besides mensurations, the cytoplasm basophilic affinity, the nucleus position, the shape of the cells and
the number of nucleoli present in each neuron were also observed. Neurons with uniform dark blue cytoplasm
were classified as strongly basophilic. Neurons whose cytoplasm were showing multiple basophilic granules
interpolated with areas slightly basophilic, were considered as neurons of intermediate basophilic affinity. The
ones whose cytoplasm possessed few basophilic granules were classified as slightly basophilic neurons.

To classify the neurons as small, medium or large*'®, the mean and standard deviation of data resulting
to the addition of the major longitudinal and transversal axes'® of 250 neurons of the proximal colon of animals
from group NN were calculated. It was considered as medium neurons those whose addition of major longitudinal
and transversal axes resulted in values fitted among those obtained when adding or subtracting the standard
deviation to the mean. Neurons whose addition of major longitudinal and transversal axes resulted in values
inferior to the mean subtracted of its standard deviation, were considered as small. As large neurons, it was
considered those whose addition of major longitudinal and transversal axes resulted in values greater than the
sum of the mean and the standard deviation'. The photographic documentation was performed with the aid of
a WILD M20 photomicroscope.

Statistical analysis

The mean, standard deviation, and variation coefficient of the number of neurons found in each animal
group, i.e., 200 fields per group, were calculated. The analysis of variance was applied to compare the difference
among the means of the studied variable.

The Chi-square () test was applied to analyze the significance of data referring to the frequency of
small, medium and large neurons in the different groups of animals studied. The same test was applied for the
results of the cytoplasm basophilic affinity.

The level of significance used for both tests was of 5%.

RESULTS

Morphology of neurons and myenteric ganglia: shape and localization

The nervous ganglia of the myenteric plexus of the proximal colon were found more often
among longitudinal and circular layers of the muscular tunica. Some of them could be found among
the muscular fibers of the circular layer or immediately below the serosa layer where the longitudinal
layer was not present. The ganglia were seen in different sizes and arrayed as a network (Fig 1).

It was observed that the ganglia were constituted by neurons of small, medium and large sizes
(Figs 1, 2 and 3).

The small neurons usually presented central nucleus occupying the major part of the cellular
body where it was observed only one nucleolus or just grumes in the nucleoplasm (Figs 2 and 3). Only
two neurons showed nuclei with two nucleoli, which corresponds to 1.6% of the studied neurons.

In the medium size neurons as well as in the large ones, the muclei were dense and spherical
like, independent of the cellular body shape, which was determined by its cytoplasmatic content
(Figs 2 and 3). Oval, circular and elongated cellular bodies were seen. The elongated ones differed
from the ovals, for presenting a transversal axis smaller than the longitudinal in size, and for possessing
sharp pointed borders. Regarding to the nucleus position, it could be named as polar when it was
found in one of the extremities of the cell and enveloped by small quantity of cytoplasm that was
concentrated in the nucleus opposite pole; peripheral, when the nucleus was seen in one of the cell’s
border with the cytoplasm equally distributed between its extremities; or, central, when the cytoplasm
was found arrayed in a very regular manner, around the nucleus (Fig 2).

Most of the nuclei presented only one nucleolus. Among the medium neurons the duplicity
was found in 7% of the nuclei. In the large neurons it was observed that 17% and 2.52% of the nuclei
carried two or three nucleoli respectively.

Frequency of the myenteric plexus neurons of the proximal colon

Table 1 presents the frequency of neurons found in the animals of each studied group. For the
data analysis of the means, analysis of variance was employed. Its results revealed no statistically
significant difference among groups.
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Fig 1. Membrane preparation stained by Giemsa's method displaying a group of
nervous cells forming the ganglia of the myenteric plexus of the proximal colon.

Fig 3. Membrane preparation stained by Giemsa's method displaying a myenteric
plexus ganglion of an animal from Group DD. Notice: large neuron (1) and small
neuron (2).

Morphometry of the myenteric plexus neurons of the proximal colon

Summing up the major longitudinal and transversal axes of the neurons, measurements varying
from 13.10 pum to 60.24 um were obtained. The small neurons were seen at 13,10 ym and 18.33 ym
interval; the medium neurons were seen at 20.95 ym and 34.05 um interval, and the large neurons at
36.66 um and 60.24 pm interval. Table 2 shows the frequencies of the small, medium and large
neurons found in the different studied groups.

_ Analyzing the frequencies reported on Table 2, no statistically significant difference was
obtained applying the Chi-square test when comparing the four nutritional groups as a whole (3*=
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Fig 2. Membrane preparation stained by Giemsa's method displaying a myenteric
plexus ganglion of an animal from group DN. Notice: strongly basophilic neurons
(1), slightly basophilic (2), and of intermediate basophilic affinity (3). Lines L and
T indicate the major longitudinal and transverses axes.

Table 1. Frequency of myenteric plexus neurons found in a 0.173 mm? area of membrane preparations of proximal
colon of rats submitted to different nutritional treatment.

Groups
Animal NN DN ND DD
1 2639 2030 2605 2434
2 2296 2368 1960 2388
3 2229 1707 3009 2434
4 2483 2896 2960 3086
5 1916 2260 1479 2589
Mean 2312.6 22522 2402.6 2586.2

NN, normal diet; DN, low protein diet during prenatal period, and normal diet durinf lactation period; ND,
normal diet during prenatal period, and low protein during lactation period; DD, low protein diet during prenatal
and lactation periods.

10.75 for a critical value equal to 12.6). When comparing groups two by two, statistically significant
differences were verified between group DD and other groups (Table 4).

Concerning affinity by staining, for large neurons the following results were obtained: 63.5%
of them presented cytoplasm strongly stained, showing intense basophilic affinity; only 9.5 were
slightly stained, while 25% showed intermediate staining. For the neurons of medium size, it was
observed that 40.5% stained intensely; 18.9% slightly, and 40.6% showed intermediate staining. As
for the small neurons, it was observed a proportion of 38.4% of strongly basophilic; 19.2% with low
basophilic intensity, and 42.4% of the neurons were of intermediate basophilic affinity.

The basophilic aspects of the neurons found in each nutritional group is shown on Table 3.
The comparative results obtained using the Chi-square test are demonstrated on Table 4.
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Table 2. Frequency of small, medium and large neurons in the myenteric plexus of proximal colon of rats from
different nutritional groups.

Variable Small Neurons Medium Neurons Large Neurons Total
Groups (%Lin.) (%Lin.) (%Lin.) (%)
NN 37 182 31 250
(14.80) (72.80) (12.40) (100)

DN 27 188 35 250
(10.80) (75.20) (14.00) (100)

ND 31 180 39 250
(12.40) (72.00) (15.60) (100)

DD 30 166 54 250
(12.00) (66.40) (21.60) (100)

NN, normal diet; DN, low protein diet during prenatal period, and normal diet during lactation period; ND, normal diet during
prenatal period, and low protein diet during lactation period; DD, low protein diet during prenatal and lactation periods.

Table 3. Frequency of myenteric neurons of proximal colon of rats from different nutritional groups according to
different intensities of basophilic affinity shown.

Basophilic Low Intermediate Strongly Total
affinity / Groups (%Lin.) (%Lin.) (%Lin.) (%)
NN 39 103 108 250
(15.60) (41.20) (43.20) (100)

DN 54 91 105 250
((21.60) (36.40) (42.00) (100)

ND 45 103 102 250
(18.00) (41.20) (40.80) (100)

DD 36 90 124 250
(14.40) (36.00) (49.60) (100)

NN, normal diet; DN, low protein diet during prenatal period, and normal diet during lactation period; ND, normal diet during
prenatal period, and Jow protein diet during lactation period; DD, low protein diet during prenatal and lactation periods.

Table 4. Values obtained by “Chi-square” (x2) test referring to the comparison of classes of neurons regarding
size and basophilic affinity in the four animal groups studied.

Values of %2 to frequency of neurons

Compared Groups Small, medium and large Slightly, intermediate and
strongly basophilic affinity

NN X DN 4.60 3.99

NN X ND 3.01 1.92

NN X DD 9.14 4.50

DN X ND 1.61 4.09

DN X DD 7.74 6.67

ND X DD 6.15 4.60

NN, normal diet; DN, low protein diet during prenatal period, and normal diet during lactation period; ND, normal diet during
prenatal period, and low protein diet during lactation period; DD, low protein diet during prenatal and lactation periods.
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DISCUSSION

Our studies indicate that the maternal protein deprivation during prenatal or postnatal periods
does not affect the arrangement nor the shape of the myenteric plexus ganglia considering that in the
four groups of animals studied, the mentioned ganglia were found among muscular layers, agreeing
with the description of several authors®1%-4,

As mentioned in our results, in the enteric neurons there is a predominance of cells with
their nuclei positioned in the periphery of the cellular body. Thus, the nucleus peripheral position
does not constitute an indication of a degenerative process as it happens with the central nervous
system neurons which possess central nucleus that dislocates itself to the periphery when the cell
starts to degenerate52, '

In our study it was observed that 63.5% of the large neurons possessed strongly basophilic
cytoplasms, Other authors found strongly basophilic cytoplasms in 77.3% of the large neurons of
the ileum'® and in 100% of the large neurons of the duodenum™. Strongly basophilic cytoplasms
were also found in 40.5% of the medium neurons and in 38.4% of the small neurons. Weakly basophilic
cytoplasms were found in 9.5% of the large neurons, in 18.9% of the medium neurons, and in 19.2%
of the small ones. This clearly indicates that among large neurons predominates cytoplasms of intense
basophilic affinity. It was also observed that among the large neurons the nuclei with multiplicity of
nucleoli are in great number, as it is mentioned by several authors'®", The multiplicity of nucleoli is
the indication of higher rate of protein synthesis, which is confirmed by the intense cytoplasm
basophilic affinity. It is known that neurons with greater synthesis activity possess greater quantity
of granular endoplasmatic mesh and free polyribossomes$'2, These structures due to their affinity by
basic staining, are responsible for the cytoplasm staining. When in great quantity, they result in
intensely stained cytoplasm, and when in smaller proportion, the cytoplasm gets slightly stained®!2,

Although the animals from groups ND and DD had presented measurements numerically
superior than groups NN and DN, no statistically significant difference was revealed among the
means of neuron’s quantity in the four studied groups. In a previous research carried out with animals
submitted to the same conditions, the number of neurons in the duodenum of the animals from
groups ND and DD was significantly greater than in the animals from groups NN and DN*, In the
likeness of these authors, we presumed that the greater number of neurons is due to a lower growth
rate of the animals from groups ND and DD. The animals from groups NN and DN had a better
development reaching greater augmentation of their intestines, consequently, contributing to a lower
neuron density per area. Therefore, the results indicate that the malnutrition in the studied periods
does not provoke reduction on the number of myenteric plexus neurons of the proximal colon.

It was found that in group DD, the frequency of large neurons was greater than in the other
groups. However, more significant values were found in the duodenum of animals submitted to the
same treatment", where 88% of the neurons were large. The referred authors relate the greater
frequency of large neurons to a possible compensatory mechanism that might lead undernourished
animals to store protein in the cell’s cytoplasm when resuming normonourishment. The results obtained
are in agreement with this proposition, adding to that the fact that the animals from group DD
showed greater percentage of neurons with strongly basophilic cytoplasm. The fact that the animals
from group DN presented no differences when compared to group NN suggests that malnutrition
during gestation period does not affect the cells morphology of the pups myenteric plexus. This
proposition agrees with histochemical studies which showed no alteration in the enzymatic activity
of the myenteric neurons of rats whose mothers were submitted to a protein deprivation during
prenatal period'. These data, however, are opposed to other observations carried out on rats's,
humans' and guinea pigs*® when reduction in number and size of the central nervous system neurons
after pre and postnatal malnutrition was found.
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CONCLUSION

The results described in this paper when compared to reports of Natali'* indicate that the

effects of protein deprivation during prenatal and lactation periods cause less intense alterations
on the myenteric neurons of the proximal colon than as verified on the myenteric plexus of the
duodenum of animals submitted to identical treatment. It was possible to conclude that the
undernutrition in the mentioned periods does not alter the frequency of neurons per area of the
myenteric plexus of the proximal colon. It was also found, that in the animals of group DD there
was a storage of protein in the cytoplasm of the myenteric plexus neurons, increasing the quantity
of large and strongly basophilic neurons.
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