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ABSTRACT - The aim of present study was to evaluate the number and basophily of cell bodies of myenteric
neurons in the ileum of rats with diabetes mellitus induced by streptozotocin. Four groups of rats were used:
diabetes was induced in two (D) whereas the other two worked as controls (N). Animals were sacrificed six (6N,
6D) or nineteen (19N, 19D) weeks after diabetes induction. A segment of the terminal portion of the ileum of
each rat was obtained and stained with Giemsa’s solution, for whole-mount preparation studies. Forty fields
were analyzed in each animal, and the number and basophily intensity of cell bodies were recorded. After counting,
the following mean numbers of neurons/mm2 were obtained: 6N=593.1 ± 95.75, 6D=639.1 ± 130.8, 19N=580.1
± 175.6 and 19D=402.0 ± 144.8. The analysis of basophily shown that highest frequency of neurons with weak/
intermediary basophily was verified in 6D group (55.3%), whereas the groups 6N, 19N e 19D presented 38%,
36% e 40% respectively. The statistical analysis showed that a long period is necessary to decrease the number of
neurons/mm2 in the rat ileum after diabetes induction, and that there was a reduction in basophily intensity in
diabetic rats after 6 weeks of treatment, and such cells do not recover after a longer period (19 weeks).
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A duração do diabetes induzido por estreptozootocina é importante para determinar as mudanças no
número e basofilia dos neurônios mientéricos

RESUMO - O objetivo deste estudo foi avaliar o número e basofilia dos corpos celulares dos neurônios mientéricos
no íleo de ratos com diabetes mellitus induzido por estreptozootocina. Quatro grupos de ratos foram usados. O
diabetes foi induzido em dois grupos (D), enquanto outros dois eram controles (N). Os animais foram sacrificados
6 (6N, 6D) ou dezenove (19N, 19D) semanas após a indução do diabetes. Preparados totais de um segmento do
íleo terminal, de cada rato, foram corados com solução de Giemsa. Foram contados 40 campos em cada animal,
e o número e a intensidade de basofilia citoplasmática foram registrados. Após a contagem, as seguintes médias
no número de neurônios/mm2 foram obtidos: 6N=593,1 ± 95,75, 6D=693,1 ± 130,8, 19N=580,1 ± 175,6 e
19D=402,0 ± 144,8. A análise da basofilia mostrou que a maior frequência de neurônios com basofilia fraca e
intermediária foi verificada no grupo 6D (55,3%), enquanto os grupos 6N, 19N e 19D apresentaram 38%, 36%
e 40% respectivamente. A análise estatística mostrou que um longo período é necessário para que ocorra a
redução no número de neurônios/mm2 no íleo de ratos, após a indução do diabetes. Também demonstrou uma
redução na intensidade da basofilia citoplasmática 6 semanas de tratamento com estreptozootocina, e que estas
células não se recuperam após um longo período de tempo (19 semanas).

PALAVRAS-CHAVE: plexo mientérico, estreptozootocina, diabetes mellitus, íleo.

Among the many effects of diabetes in the human gastrointestinal tract, those which affect
the intestine are of major importance to the patient1. Diabetic diarrhea, and intestinal constipation
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are the most frequent symptoms, and autonomic neuropathy is a probable cause1-3. However, no
clear association has been established between gastrointestinal dysfunction and diabetes4. Usually,
the morphological alterations of the autonomic nervous system in diabetes, either in rats or humans,
are reported to be related to degenerative processes observed in the nervous fibers and their myelin
sheaths5-7. Electrophysiological and morphological studies suggest that the axon is the initial site of
damage in the peripheral nerve8.

The morphology of the intramural plexus has been poorly studied in diabetic patients9-11.
Ultrastructural analysis did not show significant changes in the acute stage of the disease in diabetic
rats. However, degenerative alterations were reported in axons, from 7 days to 6 weeks of diabetes
induction. By the end of this period, some axonal regeneration was observed5.

In response to axonal injury, the perikaryon of the lesioned neuron undergoes a cascade of
biochemical and physiological processes, and one of these cellular reactions is chromatolysis, i.e.
the dispersion, and later redistribution of Nissl bodies. Morphologically, such process represent the
disintegration of the granular endoplasmic reticulum, and functionally, the transformation of the
polyribosome signal to transmiter-related proteins and membrane-associated or cytoskeletal proteins12.
In simpathetic ganglia of diabetic rats, chromatolysis becomes apparent as a degenerative change,
two weeks after the induction of the disease by streptozotocin5. Immunohistochemical techniques
have revealed differential responses to diabetes in nerves containing neuropeptides in enteric plexuses
of streptozotocin-diabetic rats4,13. Such results have not yet elucidated the real origin of the neuropathy,
but demonstrated that the diabetes-induced neuropathy “is not selective, and it involves other factors,
besides neurotransmitters” 13.

Taking into account the diabetic complications on sympathetic and parasympathetic divisions
of the autonomic nervous system and peripheral nerves, as well as the lack of studies on the
morphological abnormalities of the myenteric plexus in rats with induced diabetes, this study aims
to evaluate the number and the cytoplasmic basophily of the cell bodies of myenteric neurons in rats
with diabetes mellitus induced by streptozotocin, 6 and 19 weeks after its induction.

METHODMETHOD

Animal treatment

Twenty male Wistar rats (70-d-old, around 200-250 g) were used from the Central Biotery of Universidade
Estadual de Maringá. Ten animals received a single i.v. streptozotocin injection (35 mg/Kg b.w., Sigma, USA)
and ten animals were used as control counterparts. They were all distributed in 4 groups of five rats as follows:
6D (sacrificed 6 weeks after diabetes induction) 6N (control group); 19D (sacrificed 19 weeks after diabetes
induction; 19N (control group). Animals received water and chow (Nuvital®) ad libitum.

All animals were anesthetized with thyonembutal (35 mg/kg) (Abbott®). Blood glucose was measured
by the glucose-oxidase method14, which was performed immediately after sacrifice, in order to confirm that a
diabetic condition had been induced.

A midline abdominal incision was made and the small intestine was removed. After washing the lumen
with 0.9% saline, the intestine was distended for 1 minute in Giemsa’s fixative solution. For that procedure, a
tension of 5g was applied at distal end and the intestine was filled with a fixative solution. The volume was
enough to induce a mild distension of the intestinal wall, similar to that promoted by the alimentary bolus.
Afterwards, the ileum was taken (based on ileum-caecal junction), and the final 3cm were discarded.

The intestinal segments were fixed in Giemsa’s solution for 24 hours, and then, samples from the mesenteric
and anti-mesenteric sides were removed with the aid of circular metal sectioner (23.15 mm2). These reduced
samples were submitted to whole-mount preparations of the muscularis, that were prepared by dissecting away
the mucosa and the submucosa and staining with Giemsa’s staining liquid (azur-eosine-methylene blue solution)15.
The whole-mounts were dehydrated, diaphanized and mounted on slides. After this procedure, the whole mounts
were measured with aid of a Mitutoyo pachymeter, and retraction was calculated. The mean retraction observed
was 29.82% ±1.2, resulting in the area of 16,2mm2.
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Analysis of cytoplasmic basophily

Six hundred neurons (150 from each group) were classified according to cytoplasmic staining intensity,
which is determined by the affinity of Nissl bodies to Giemsa’s liquid. Neurons presenting dark homogenous
blue staining were classified as deeply basophilic; those which showed many basophilic granules interspersed
with weakly stained areas were considered to have intermediary basophily; neurons which presented few basophilic
granules were classified as weakly basophilic.

The chi-square test was used to compare the basophily in neurons. In this analysis, the intermediary and
weakly basophilic neurons were grouped in a single category, which was tested against the deeply basophilic
group. Significance level was set at p<0.05.

Quantitative analysis

The cell bodies of myenteric neurons were counted by sampling under light microscope (Olympus CBB,
using a Bausch & Lomb WF x10/18 eyepiece and x40 objective). To determine the microscopic area, we considered
the retraction calculated and shown above. Each preparation was visually divided into quadrants, in which fields
were counted at random. Myenteric neurons were identified and counted in these fields. Half-seen neurons were
counted on alternate fields. In that way, forty fields (0.166 mm2 each) were quantified in different ileum whole-
mount preparations, making up a total area of 6.64 mm 2 for each animal. Results are expressed as neurons/mm2.

Student’s t test was used to compare the number of neurons between the groups and significance level
was set at p<0.05.

RESULRESULTSTS

Diabetic condition - The concentration of glucose in blood was around 130mg/dl in control
rats, whereas in the streptozotocin-treated group it was at 400 mg/dl, assuring the diabetic condition.

Cytoplasmic basophily - The basophily in the cell bodies of myenteric neurons was visualized
as shown in Figure 1. Table 1 presents the results on the frequencies of deeply and intermediary/

Fig 1. Cell bodies of myenteric neurons showing the different degrees of basophily: (d) deep; (i) intermediary/
weak. (1600X).
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weakly basophilic neurons. The χ2 test showed that the 6D group is significant different from the
others.

Number of myenteric neurons - Figure 2 shows the mean number of cell bodies of ileum
myenteric neurons. Rats from 6N group showed a mean number of 593.1 ± 95.75 neurons/mm2,
whereas group 6D had 639.1 ± 130.8 neurons/mm2. In the 19N and 19D groups, the mean numbers
of neurons were 580.1± 175.1 and 402.0 ± 144.8 neurons/mm2, respectively. Significant differences
(P<0.05) were found between groups 6D and 19D.

DISCUSSIONDISCUSSION

The Giemsa’s staining technique used in this study allowed us to classify the cell bodies of
myenteric neurons according to cytoplasmic staining intensity, which was determined by the affinity
of the rough endoplasmatic reticulum to the stain. Thus, we found the frequency of neurons based
on the cytoplasmic basophily in the different experimental groups.

The frequency of basophilic neurons in 6D group was significantly different when compared
to the other groups. Our results indicated that these neurons have probably begun a chromatolysis
process, without going through degeneration, as shown by the maintainance of the number of neurons
per mm2. The disappearance of the chromatolytic substance could indicate a decline of cell metabolism
in the acute stage of the disease16. Although chromatolysis typical features have not been observed
in the 6th week of diabetes, the neurons possibly did not re-establish their Nissl bodies, as shown by
the cytoplasmic basophily. On the other hand, the low frequency of intermediary/weakly basophilic
neurons in the 19D group should not be regarded as a recovery of cytoplasmic basophily, since we
have to consider that by this age, the total number of neurons per mm2 has been reduced by the
treatment.

The statistical analysis of our results did not show significant differences in the number of
neurons of 6N and 6D groups, suggesting that the streptozotocin-induced diabetes did not alter the
number of neurons per mm2 in the ileum of the rats. These results also indicated that there was no
neuronal loss related to the toxicity of streptozotocin in this period, although it is a critical stage
when the diabetes inducing drug could lead to neuron degeneration5.

By comparison of the mean number of neurons from 6N group to the 19N group, no significant
difference was found. This result suggests that the aging process in non-diabetic animals is not
enough to induce a decrease in the number of myenteric neurons per mm2 in the ileum after 19

Table 1. Frequency of basophilic myenteric
neurons in the ileum of diabetic (6D, 19D)
and control rats (6N, 19N). Basophily was
classified as weak/intermediary and deep
(100%=22.6 neurons/mm2).

Basophily

Groups Weak/Intermediary Deep

6N 38.0% 62.0%

6D* 55.3% 44.7%

19N 36.0% 64.0%

19D 40.0% 60.0%

* P< 0.05 when compared to 6N and 19D groups

Fig 2. Number of myenteric neurons/mm2 observed in the ileum
of rats. Values are represented as means ± SD. Diabetic (D)
and control (N) animals were sacrificed after 6 (6N, 6D) and
19 weeks (19N, 19D). *P< 0.05 when compared to 6D group.
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weeks. On the other hand, when 19D group was compared to 6D group, there was a significant
reduction in the number of myenteric neurons per mm 2 in the ileum, showing that the
pathophysiological mechanisms of this disease probably accelerate the neuronal loss in the myenteric
plexus17.

It should be considered that the diabetes mellitus induces pathological complications such as
cardiovascular diseases and arteriosclerosis, which are similar to what happens during aging18. Aging
itself is correlated with a decrease in the number of neurons in both small and large intestines19-21.
We found a 30-37% reduction in myenteric neurons in the ileum, by comparing 19D group to the
others. In rats, comparative values of 40, 64 and 42% were observed, in the small intestine, colon
and rectum, respectively21, whereas reductions of 40 and 60% were found in the small intestine of
old guinea-pigs, in relation to the young ones20.

Although the difference in the number of myenteric neurons per mm2 in the ileum of the 19N
and 19D rats did not reach the significance level, it is very close to it. This fact suggests that the
smaller number of neurons is related to the pathological condition, and not to the age.

We conclude that: a) the streptozotocin-induced diabetes leads to the decrease of cytoplasmic
basophily of myenteric neurons in ileum of the 6D group; b) intermediary and weakly basophilic
neurons are major lost along the treatment; c) chronic diabetes leads to a significant reduction in the
number of neurons per mm2 in the ileum.

We believe that the current results can be added to other studies, which worked with different
techniques, but that also aimed to find the major factors that contribute to the development of
neuropathy, either in clinical or experimental diabetes.
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