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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 lactatio n periods . Twent y pregnan t dam s wer e divide d i n fou r group s labele d accordin g t o th e kin d o f 
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 die t during prenatal and lactation periods. Histological analyses  were 
developed wit h proxima l colo n segment s usin g th e haematoxyli n an d eosi n stainin g method . Membran e 
preparations were stained by Giemsa's method. The statistical analysis has demonstrated no significant differenc e 
among the mean s o f neurons foun d i n the fou r studie d groups . I t was noticed tha t th e animal s unde r protei n 
deprivation durin g prenata l an d lactatio n period s presente d greate r quantit y o f larg e and strongl y basophili c 
myenteric neurons. This suggests that neurons have accumulated protein in the cytoplasm. 

KEY WORDS: enteric neurons, myenteric plexus, proteic deprivation, proximal colon, gestation, lactation. 

Reviewing the available data, it was found that many authors direct their studies to the effec t 
of undernutrition o n the central nervous system 3 , 1 6 , 1 8 , 1 9. Fe w were the studies found relatin g t o the 
effects of undernutrition on the peripheral nervous system, and fewer were the studies found concerning 
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Efeito da desnutrição protéica materna nos aspectos morfológico e  quantitativo dos neurônios do plexo 
mientérico do colo proximal de ratos 

RESUMO -  O objetivo dest e trabalho fo i estuda r o s aspectos morfológico s e  quantitativos do s neurônios d o 
plexo mientéric o d o col o proxima l d e rato s Wista r submetidos  a  desnutrição protéica , durant e a  gestação e 
lactação. Foram utilizados vinte animais, denominados de acordo com o período em que suas mães receberam 
ração com baixo teor de proteína: grupo NN (normoalimentados), grupo DN (ração hipoprotéica na gestação e 
normal n a lactação) , grup o N D (raçã o norma l n a gestaçã o e  hipoprotéic a n a lactação ) e  grup o D D (raçã o 
hipoprotéica n a gestação e lactação) . Amostras do colo proximal destinaram-se a  cortes histológicos , corado s 
pela hematoxilina-eosina e a preparados de membrana corados pelo método de Giemsa. O tratamento estatístico 
não demonstro u diferenç a significativ a entr e a s média s referente s a o númer o d e neurônio s encontrado s no s 
diferentes grupo s nutricionais . Verificou-s e qu e animai s qu e sofrera m deprivaçã o protéic a no s período s d e 
gestação e lactação apresentaram maio r proporção de neurônios mientéricos grandes e fortemente basofílicos , 
indicando portanto que estes acumularam materia l protéico em seu citoplasma . 

PALAVRAS-CHAVE: col o proximal , desnutriçã o protéica , neurônio s entéricos , plex o mientérico , 
gestação, lactação . 



the myenteric plexus neurons (MP)4 , 1 4 , 1 5 , 1 6. It was noticed that several researchers paid special attention 
to the effects o f undernutrition durin g the prenatal an d lactation periods , considering the y are the 
critical ones for the cellular development4 , 7 , 1 4 , 1 5 , 1 6. I t was observed that several researchers proceeded 
the sacrifice of the animals immediately after the malnutrition period, i.e., right after short period of 
recovery whe n they wer e fed a  normal protei n diet 4 , 7 , 1 6. I t was als o found th e extremes whe n th e 
sacrifice of the animals occurred after very long period of recovery.4 Considering that, it was decided 
to carry out a study with the purpose of analyzing the effect o f protein deprivation on the myenteric 
plexus neurons in rats. 

Initially, ou r researc h grou p studie d th e MP i n th e duodenum 14, but  a s i t i s known , eac h 
segment has its MP formed by different neuroni c populations2 ,8 ,9 ,17, thus malnutrition may affect thi s 
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 presen t investigatio n wa s performed i n the proximal colo n o f 20 laboratory animals , Rattus 

norvegicus, o f Wistar strain, from th e Centra l Vivarium of State University of Maringá. Pregnan t dam s wer e 
isolated in individual cage s and labeled according to the kind of nourishment they were given. 

NUVILAB ra t pellets (recommende d b y National Researc h Counci l &  National Institut e o f Health, 
USA) wit h 22 % of protein conten t wa s given t o the animals. By adding cor n starch , it s protein leve l was 
reduced t o 8%. The protein level s wer e tested accordin g to semimicro Kjedah l method , and the low protein 
nourishment was supplemented wit h B-12 complex vitamins and a mixture of mineral salts. 

The animal s wer e fe d ad libitum. The groups wer e name d accordin g t o the protein conten t o f the 
nourishment offere d t o the pregnant dams : NN, normal protei n die t (22% ) durin g the prenatal and lactation 
periods; DN, low protein die t (8% ) durin g th e prenatal period , an d normal nourishmen t (22% ) durin g the 
lactation period ; ND, normal nourishment durin g prenatal period and of low protein conten t during lactation ; 
DD, low protein die t 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 ethe r 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 fo r the histologica l sections . 
The animal s wer e the m kille d o n the room o f histological routine s betwee n 8:0 0 and 9:00 AM. Membran e 
stainings wer e carried ou t with the same group of stains. The samples wer e exposed t o 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.1 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.10 The 
area of each microscopic field was equal 0.173 mm2. 

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. 



Besides mensurations , th e cytoplasm basophili c affinity , th e nucleus position , the shape of the cells and 
the number of nucleoli presen t i n each neuron wer e also observed. Neuron s wit h unifor m dar k blu e cytoplas m 
were classified a s strongl y basophilic . Neuron s whos e cytoplas m wer e showin g multipl e basophili c granule s 
interpolated wit h areas slightl y basophilic , wer e considered a s neurons o f intermediate basophili c affinity . Th e 
ones whose cytoplasm possesse d fe w basophilic granule s wer e classified a s slightly basophilic neurons . 

To classify th e neurons a s small, medium o r large5 , 1 0, the mean and standard deviatio n o f data resultin g 
to the addition o f the major longitudina l an d transversal axes 1 0 of 250 neurons of the proximal colo n of animal s 
from group NN were calculated. I t was considered as medium neurons those whose addition of major longitudinal 
and transversa l axe s resulte d i n value s fitte d amon g thos e obtaine d whe n addin g o r subtractin g th e standar d 
deviation t o the mean . Neuron s whos e additio n O f major longitudina l an d transversa l axe s resulted i n value s 
inferior t o the mea n subtracte d o f it s standar d deviation , wer e considere d a s small . A s larg e neurons , i t wa s 
considered thos e whose addition o f major longitudina l an d transversal axe s resulted i n values  greate r tha n th e 
sum of the mean and the standard deviation 10. Th e photographic documentatio n wa s performed wit h the aid o f 
a WILD M20 photomicroscope . 

Statistical analysis 

The mean, standard deviation , an d variation coefficien t o f the number o f neurons foun d i n each anima l 
group, i.e., 200 fields per group, were calculated. The analysis of variance was applied to compare the differenc e 
among the means of the studied variable . 

The Chi-squar e ( x2) tes t wa s applie d t o analyz e th e significanc e o f dat a referring t o the frequenc y o f 
small, medium an d large neurons i n the different group s o f animals studied . Th e same test was applied fo r th e 
results o f the cytoplasm basophili c affinity . 

The level of significance use d fo r both tests was of 5%. 

RESULTS 
Morphology of  neurons and myenteric ganglia: shape and localization 
The nervous ganglia o f the myenteric plexus of the proximal colon were found mor e ofte n 

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 size s 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 an d 3). 

The small neurons usually presented central nucleus occupying the major par t 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 nuclei were dense and spherical 
like, independent o f the cellular body shape , which was  determined by it s cytoplasmatic conten t 
(Figs 2 and 3). Oval, circular and elongated cellular bodies were seen. The elongated ones differe d 
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 whe n 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, whe n 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 amon g groups. 



Morphometry of  the myenteric plexus neurons  of the proximal colon 

Summing up the major longitudinal and transversal axes of the neurons, measurements varying 
from 13.1 0 @@m##m to 60.24 @@m##rn were obtained. The small neurons were seen at 13.10 @@m##m and 18.33 @@m##m 
interval; the medium neurons were seen at 20.95 @@m##m and 34.05 @@m##m interval, and the large neurons at 
36.66 @@m##m and 60.2 4 @@m##m interval. Table 2 shows the frequencies o f the small , medium an d large 
neurons found i n the different studie d groups. 

Analyzing th e frequencie s reporte d o n Tabl e 2 , no statisticall y significan t differenc e wa s 
obtained applying the Chi-square test when comparing the four nutritional groups as a whole (x2= 



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 significan t 
differences wer e 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 strongl y stained , showing intens e basophilic affinity ; onl y 9.5 wer e 
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 i n each nutritional grou p is shown on Table 3. 
The comparative results obtained using the Chi-square test are demonstrated on Table 4. 





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 6 , 1 0 - 1 4. 

As mentioned in our results , in the enteric neurons there is a  predominance of cell s wit h 
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 degenerate6,12. 

In our study it was observed that 63.5% of the large neurons possessed strongly basophili c 
cytoplasms. Other authors found strongl y basophilic cytoplasms in 77.3% of the large neurons of 
the ileum 10 and in 100 % of the large neurons of the duodenum 14. Strongl y basophilic cytoplasm s 
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. I t was also observed that among the large neurons the nuclei with multiplicity of 
nucleoli are in great number, as it is mentioned by several authors1 0 , 1 4. The multiplicity of nucleoli is 
the indication o f highe r rat e o f protei n synthesis , whic h i s confirme d b y th e intense cytoplas m 
basophilic affinity. I t is known that neurons with greater synthesis activity possess greater quantity 
of granular endoplasmatic mesh and free polyribossomes6,12. These structures due to their affinity b y 
basic staining, are responsible fo r th e cytoplasm staining . When i n great quantity , they resul t i n 
intensely stained cytoplasm, and when in smaller proportion, the cytoplasm gets slightly stained 6 ,12. 

Although th e animals fro m group s N D and DD had presente d measurement s numericall y 
superior than group s NN and DN , no statistically significan t differenc e wa s revealed amon g th e 
means of neuron's quantity in the four studied groups. In a previous research carried out with animals 
submitted t o the same conditions , the number o f neurons i n the duodenum o f th e animals fro m 
groups ND and DD was significantly greate r than in the animals from groups NN and DN1 4. 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 group s ND and DD. The animals from group s 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 o f 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 14, wher e 88 % of th e neurons wer e large . The referred author s relat e the greate r 
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 agreemen t wit h thi s proposition , addin g t o tha t th e fac t tha t th e animal s fro m grou p D D 
showed greater percentage of neurons with strongly basophilic cytoplasm. The fact that the animals 
from grou p DN presented no differences whe n compared to group NN suggests that malnutrition 
during gestation perio d does no t affec t th e cells morphology o f the pups myenteri c plexus . This 
proposition agrees with histochemical studies which showed no alteration in the enzymatic activity 
of the myenteric neuron s o f rat s whose mother s wer e submitte d t o a  protein deprivatio n durin g 
prenatal period 16. Thes e data , however , ar e opposed t o othe r observation s carrie d ou t o n rats 1 8, 
humans19 and guinea pigs3 when reduction in number and size of the central nervous system neurons 
after pre and postnatal malnutrition was found . 



CONCLUSION 

The result s described in this paper when compared to reports of Natali 13 indicate that the 
effects o f protei n deprivation during prenatal and lactation periods cause less intense alterations 
on the myenteric neurons of the proximal colon than as verified o n the myenteric plexus of the 
duodenum o f animal s submitte d t o identica l treatment . I t wa s possibl e to conclud e tha t th e 
undernutrition i n the mentioned periods does not alter the frequency o f neuron s 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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