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EFFECTS OF L-GLUTAMINE
SUPPLEMENTATION ON THE MYENTERIC
NEURONS FROM THE DUODENUM AND
CECUM OF DIABETIC RATS

Jacqueline Nelisis ZANONI, Eleandro Aparecido TRONCHINI, Sheila Alves MOURE and

I[van Domicio da Silva SOUZA

ABSTRACT - Context — Peripheral neuropathy is one of the chronic complications of diabetes mellitus and is directly related to

gastrointestinal consequences of the disease. Myenteric neurons are affected in some pathological conditions such as diabetic neuropathy.
The imbalance between cellular antioxidants and free radicals, leading to an increase in oxidative stress, is considered one of the
main factors responsible for neuronal damages in diabetes. Drugs that reduce the oxidative stress may play a significant role in the
treatment of neurological complications of diabetes mellitus. Objective — To evaluate the effect of L-glutamine supplementation on
the myenteric neurons from the cecum and duodenum of Wistar rats with streptozotocin-induced diabetes mellitus. Methods - The
animals were divided in four groups (n = 5): non-treated normoglycemics, normoglycemics treated with L-glutamine, non-treated
diabetics and diabetics treated with L-glutamine from the 4th day of diabetes induction on. The amino acid L-glutamine was added
to their diet at 1%. Giemsa’s technique was employed to stain the myenteric neurons. We determined the cell body area of 500 neurons
in each group studied. The quantitative analysis was performed by sampling in an area of 16.6 mm? in the cecum and 3.6 mm? in the
duodenum of each animal. Results - After the supplementation with L-glutamine in the duodenum, we observed a preservation of
neuronal density in groups normoglycemic and diabetic (P<0.05). We also observed a preservation of the cell bodies area in diabetic
animals (group treated with L-glutamine) (P<0.05). In the cecum, that preservation was not evident. Conclusion - Supplementation
with L-glutamine (1%) promoted a neuroprotective effect on the myenteric neurons from the duodenum of rats, both in terms of

natural aging and of diabetes mellitus.

Headings — Glutamine. Myenteric plexus. Diabetes mellitus, experimental. Diabetic neuropathies. Oxidative stress. Cecum. Duodenum.

Rats.

INTRODUCTION

The enteric nervous system (ENS), a division of
the autonomic nervous system, represents a neural
network distributed throughout the alimentary tract®.
Cells in ENS are organized as two major plexuses, the
myenteric and the submucous plexus, and their main
function is to control most of the gastrointestinal
functions®. Among these functions, we can mention
the regulation of enteroendocrine and paracrine
secretion, absorption of nutrients and fluids, vascular
tone, sensorial information and motility® -1,

Several studies have reported degenerative
characteristics in the nervous tissue of the gastrointestinal
tract caused by diseases that affect the digestive
canal or the ENS itself. For example, Monckton and
Pehowich®, described morphometric changes in the
myenteric plexus of diabetic rats. According to Lin
et al.?9, there was loss of myenteric neurons in rats

with induced colitis. Buttow et al.® and Zanoni et
al.®® found, respectively, a reduction in density of
myenteric neurons in the duodenum and in the cecum
of diabetic rats.

Diabetes mellitus is defined as a chronic disease
characterized by metabolic disorders in which
hyperglycemia and glucose intolerance are the main
characteristics®**?, Hyperglycemia disrupts the normal
metabolism of cells, inducing the formation of reactive
oxygen species, and also decreases the levels of cellular
glutathione, an endogenous antioxidant®?.

The metabolic abnormalities involve important
disorders of the metabolism of carbohydrates, lipids
and proteins. The main metabolic complications
are retinopathy, nephropathy, peripheral vascular
disease and neuropathy of peripheral and autonomic
nervous system®®.

Diabetic neuropathy is a heterogeneous group of
disorders that causes a variety of abnormalities®?,
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which may affect the autonomic and peripheral nervous
system harming quality of life!: 239, The most common
complications include dysphagia, reflux, constipation,
abdominal pain, nausea, vomiting, and diarrhea®*9, The
development and severity of diabetic neuropathy is related
to the duration of diabetes and reduction of metabolic
control®b.

Another factor that leads to neuronal degeneration is
the accumulation of sorbitol and its metabolites, due to
an increase in the activity of aldose reductase enzyme on
polyol pathway as a result of hyperglycemia®!-3>40, The
excessive activation of the polyol pathway decreases the
nicotinamide adenine dinucleotide phosphate (NADPH)
in the cytosol, once it is consumed in the conversion
of glucose into sorbitol®¥. Because of the elevated
consumption of NADPH, there is a reduction in the ratio
NADPH:NADP*. The conversion of oxidized glutathione
into reduced glutathione, by glutathione reductase, is
compromised with this NADPH reduction. For this
reason, during DM there are low levels of glutathione®?,
which increases the susceptibility of endothelial cells
to oxidative stress!”. Since glutamine is a precursor of
glutathione, its supplementation may possibly maintain
the levels of glutathione in order to prevent oxidative
stress damages®.

L-glutamine is the most abundant free amino acids in
the body being mainly stored in skeletal muscle, promoting
and maintaining the function of various organs and cells,
such as: kidneys, intestines, heart, neurons, lymphocytes,
macrophages?. L-glutamine is metabolized by glutaminase
resulting in L-glutamate and ammonia®?. Glutamate is
transported to the cytosol and can be used in the synthesis
of glutathione® thus, keeping glutathione concentration in
the cells.

The objective of this work was to evaluate the effect
of L-glutamine supplementation on the quantitative and
morphometric aspects of the population of myenteric neurons
in the duodenum and cecum of rats with streptozotocin-
induced DM.

METHODS

All experiments described in this study were reviewed
and approved by the Committee of Ethics in Animal
Experimentation of Universidade Estadual de Maringa,
PR, Brazil. Twenty-five 90-day-old male Wistar rats
(Rattus norvegicus ) were used. At 88 days-old the animals
were transferred to the sectorial vivarium, kept under
controlled temperature (22 + 2°C) and light (12 h light/
dark). At 90 days-old, the animals of diabetic group (D)
and diabetic group treated with L-glutamine (DG) received
streptozotocin (35 mg/kg of body weight, IV) for induction
of diabetes, starting the experimental period. Glycemia®
of animals in groups D and DG was evaluated on the
4th day after diabetes onset, resulting in a mean value of
486.9 + 14.25 mg/dL.

v. 48 — no.1 — jan.Imar. 2011

The animals were then distributed in four groups, each
one containing five animals: normoglycemic group (C),
normoglycemic group treated with L-glutamine from the 4th
day of the trial period on (CQG); diabetic group (D); diabetic
group treated with L-glutamine from the 4th day of the trial
period on (DG). L-glutamine was added (1%, w/w) to the
diet of groups CG and DG.

It was measured the intake of water and food, as well
as the volume of eliminated urine, for comparison among
the groups. These data were collected in 5 consecutive days
every month, considering an experimental period of 120 days
(equivalent to 4 months).

At 210 days-old, the animals were weighed, anesthetized
(with sodium thiopental, 40 mg/kg of body weight) and killed.
Duodenums and cecums of these animals were collected,
washed out and fixed with Giemsa’s fixative. [t was performed
the outlining of the cecums on a piece of paper and the
drawing obtained (corresponding to the area of the median
longitudinal section of the cecum) was measured using the
image analysis software Image-Pro Plus 4.5.0.29 (Media
Cybernetics, Silver Spring, MD, USA). The region of the body
of the cecum was separated and cut in the mesocolic fold and
in the medial line opposite to it (anti-mesocolic), resulting in
two equal membrane samples per animal. Duodenal-jejunal
flexure was considered as a final delineator to duodenum.

Whole-mount preparations were made by microdissection
under stereomicroscope, removing mucous and the submucous
layers. In order to mark the general population of myenteric
neurons in tunic muscle, the staining technique described by
Barbosa® which is based on Giemsa’s stain, was employed.
Slides for microscopy were mounted with synthetic resin
(Permount®).

Quantitative and morphometrical analysis

Cecum whole-mount slides were divided in three
regions, with the aid of a ballpoint pen, and neurons were
quantified in the two regions proximal to the anti-mesocolic
line. In duodenum, the quantification was performed in
the intermediate region (60°-120° and 240°-300°) of the
duodenal circumference of each animal, considering 0°
as the mesenteric insertion®). The quantitative analysis
was performed by sampling as much microscopic fields as
necessary to obtain a coefficient of variation below 30%.
Quantification was performed in 16.6 mm? and 3.6 mm? of
tissue for the cecum and duodenum, respectively. Results
were presented as mean number of neurons per 1 cm?2.

To perform morphometrical analysis, images of the
two segments analyzed were captured by a high-resolution
camera (Olympus QColor 3, Melville, NY, USA) coupled to
a light microscope (Olympus BX 41, Tokyo, Japan) at 400X
magnification, digitalized in a microcomputer using the
software QCapture Pro 5.1.1.14 (Media Cybernetics) and
recorded in flash drive. The image analysis software Image-
Pro Plus was used to perform morphometrical analysis. It
was measured 500 myenteric neurons cell bodies in each
group of each segment.
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Statistical analysis

Data were statistically analyzed using Statistica 7.1 (StatSoft,
Tulsa, OK, USA) and GraphPad Prism 5.01 (GraphPad
Software, San Diego, CA, USA) and were expressed as mean
+ standard error. Morphometric data were set in delineation
blocks followed by Tukey’s test. For all the other data, we
applied one-way analysis of variance (ANOVA) followed by
Tukey’s test. Values of P<0.05 were considered statistically
significant.

RESULTS

Hyperglycemia was confirmed in groups D and DG (P<0.05)
when compared to normoglycemics (C and CG). At the end
of the experiment, the animals in diabetic groups (D and
DG) had lower body weight (P<0.05) than normoglycemic
animals (C and CGQG). The diabetic syndrome could also
be confirmed by their metabolic consequences such as:
polydipsia, polyphagia and polyuria (P<0.05). L-glutamine
supplementation did not restore the physiological normality
of these symptoms (Table 1).

By measuring the area of median longitudinal sections
of cecums, we observed that animals in groups D and DG
presented a higher area than that of animals in groups C
and CG (P<0.05). This result suggests an expansion of the
cecum due to diabetes (Table 2).

In the cecum, we found a reduction of 46.0% and 36.9%
in the neuronal density of diabetic animals (group D) when
compared to animals in groups C and CG, respectively
(P<0.05). In this segment, L-glutamine treatment was
unable to significantly prevent the neuronal loss in group
DG (P>0.05). In the duodenum, we observed a higher
neuronal density in treated normoglycemic animals (group
CG) when compared to animals of group C (P<0.05). In
animals of group DG we observed a preservation of 29%
in their neuronal density (P<0.05) when compared to
group D (Figure 1).

We found an increase in neuronal cell body area (P<0.05) of
diabetic animals (group D) when compared to normoglycemic
animals (group C), both in the cecum and duodenum (Table 3).
L-glutamine treatment prevented the cell body area increase
in the duodenum of animals in group DG (P<0.05) when
compared to group D (Table 3).

Most neurons in the duodenum showed an area ranging
from 100 to 200 um” whereas in the cecum this range was
between 100 and 300 um?. We observed that the neuronal
cell body area in duodenum ranged from 44 to 525 um?and
in the cecum from 9 to 982 um? (Figure 2).

TABLE 2. Area of median longitudinal section of cecums from the groups:
normoglycemic (C), normoglycemic treated with L-glutamine (CG), diabetic
(D) and diabetic treated with L-glutamine (DG). All the results were
expressed as mean * SE. n = 5 animals per group. The means followed by
different letters in the same line are different by Tukey’s test (P<0.05)

C CG D DG
6.7 +0.49* 6.4 =0.64* 10.8=0.35" 10.0+0.38"

Area (cm?)

TABLE 3. Neuronal cell body area (pm?) of duodenum and cecum from
groups: normoglycemic (C), normoglycemic treated with L-glutamine
(CG), diabetic (D) and diabetic treated with L-glutamine (DG). All the
results were expressed as mean = SE. n = 5 animals per group

C CG D DG
Duodenum 171.6 2.6 161.7 2.7 193.9+3.3% 1822 =
3.3%%
Cecum 266.5 6.3 289.8+7.1 293.4x7.2% 286.8x0.2

# P<0.05 when compared to group C. ¥*¥P<0.05 when compared to group D

18000
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0

C CG D DG

Oduodenum cecum

* P<0.05 when compared to group C

## P<0.05 when compared to group D

FIGURE 1. Neuronal density (neurons/cm?) of duodenum and cecum from
groups: normoglycemic (C), normoglycemic treated with L-glutamine
(CG), diabetic (D) and diabetic treated with L-glutamine (DG). All the
results were expressed as mean *= SE. n = 5 animals per group

TABLE 1. Glycemia (Gl), initial and final body weight IBW and FBW), daily consumption of water (DCW), daily food intake (DFI) and daily urine
elimination (DUE) in groups: normoglycemic (C), normoglycemic treated with L-glutamine (CG), diabetic (D) and diabetic treated with L-glutamine
(DG). All results were expressed as mean = SE. n = 5 animals per group. Means followed by different letters in the same line are different by Tukey’s

test (P<0.05)
C CG D DG

Gl mg.dL-! 158.1 £9.3* 1432+ 7.1* 649.6 £ 6.5° 524.7 + 4.8°
IBW.g"! 330.6 = 8.5 300.3 * 9.3 314.8 £9.2° 328.0 8.2
FBW.g"! 480.3 £ 0.7° 406.4 = 3.4° 309.3 £ 7.7¢ 292.1 £0.9¢
DCW.mL"! 54.35 £ 2.6 49.2 +1.35* 185.7 = 1.7° 213.3 +7.0°

DFl.g" 32.1 £0.75* 28.77 £1.1* 50.8 £ 2.1° 54.82 = 1.2°
DUE.mL"! 12.82 +1.7* 10.7 £ 1.6 101.7 £5.5° 127.0 = 7.0¢
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FIGURE 2. Relative frequency distribution of neuronal cell bodies area
of duodenum

DISCUSSION

The metabolic abnormalities found (polyuria, polydipsia,
polyphagia and weight loss) are consistent with the literature,
in the case of diabetic animals”*), When the potential for
glycogen storage of the kidneys is exceeded, the high glucose
level in blood promotes glucosuria. This glucosuria, on the
other hand, leads to intense osmotic diuresis (polyuria) with
great loss of water and electrolytes. The excessive elimination
of water, associated with high plasma osmolarity due to
hyperglycemia, stimulates the thirsty center in order to restore
the osmotic balance (polydipsia). Insulin deficiency, on its
turn, causes changes in the catabolic metabolism of lipids
and proteins, resulting in an energetic imbalance, which
enhances appetite (polyphagia). However, weight loss is
eminent, since the proteolysis and lipolysis are very wide®®.
The experimental model employed was efficient, since we
observed hyperglycemia and the characteristic symptoms of
the syndrome in the diabetic groups (P<0.05).

Macroscopic analysis of the cecum of the animals in
groups D and DG allowed us to infer that the diabetic
condition promotes the expansion of this segment (P<0.05),
which may contribute to the deleterious effects of DM on the
homeostasis of the gastrointestinal tract. Zanoni et al.®¥ also
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found a similar expansion in the cecum of rats after 2 and §
months from the administration of streptozotocin.

The Giemsa’s staining method, adapted by Barbosa®,
was used in this experiment to stain the myenteric neurons.
This method reveals the general population of myenteric
neurons and consists in the reaction of methylene blue with
the polyribosome complex (Nissl bodies) in the perikaryon
of myenteric neurons.

In this study, the cecum (2131.25 + 433.68 neurons/cm?) and
duodenum (7944.44 + 164.8 neurons/cm?) presented a neuronal
density reduction of 46% and 15% in D, respectively, when
compared to control group, confirming diabetic neuropathy
condition (P<0.05). Diabetic neuropathy has been much studied
in recent years, once, due to its onset, diabetic patients have a
range of symptoms that cause great morbidity and mortality.
Our research group has been studying different segments
of the gastrointestinal tract for enteric neuropathies due to
DM: Buttow et al.® found a neuronal loss of 29.9% in the
duodenum after 60 days of diabetes; in the ileum, Zanoni et
al.“Yobserved a neuronal reduction of approximately 25% after
4 months of diabetes; finally, Zanoni et al.®® found a neuronal
loss of 34.6% in the cecum of rats submitted to 8§ months of
DM. There are several mechanisms that causes myenteric
density reduction in function of diabetes and hyperglycemia,
we can list: 1) the elevated production of sorbitol, since it
causes cell death by increasing the osmolarity in the neuron
leading to edema and to a reduction in the transmission of
nerve impulses® '; 2) the auto-oxidative glycosylation® and
non-enzymatic glycation®, that increase oxidative stress;
3) lipid peroxidation, which destroys the cell membranes©?,
and finally, 4) the metabolic process described above, when
coupled with frequent inflammatory responses, which help
to generate reactive oxygen species® 2. The neuropathy, in
diabetic condition, develops when the natural antioxidant
systems cannot overcome the oxidative stress.

Treatment with L-glutamine promoted neuroprotection
in duodenum by avoiding the loss of myenteric neurons as a
consequence of natural aging (group CG: 14638.8 + 1779.72
neurons/cm?). Group CG presented a neuronal density 35.9%
higher (P<0.05) than group C (9383.33 £4525.22 neurons/cm?).
We also observed this neuroprotection effect in group DG in
the duodenum. In this case, neuronal preservation was positive
once the neuronal density was higher than that observed in
groups D (P<0.05) and C (P>0.05). These effects were not
observed in the cecum (P>0.05). Glutathione is related to an
important endogenous mechanism of antioxidant defense.
During diabetic condition, this antioxidant system is impaired
because the availability of glutathione is reduced. L-glutamine
has proved to be very efficient in neuronal preservation since it
is used by cells as a source for glutathione biogenesis, restoring
its deficiency®??. Flaring et al.® reported that supplementation
with glutamine attenuated glutathione depletion in skeletal
muscle of humans. Our group has observed that the loss of
myenteric neurons as a consequence of diabetic neuropathy
is not similar throughout the entire digestive tube, for
instance, the colon is one of the most affected segments®+?.
It is possible that some segments have a better antioxidant
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protection than others. In this study, we observed that the
neuroprotection afforded by elevated levels of glutathione,
due to L-glutamine supplementation, was more effective in
the duodenum than in the cecum.

Our research group previously verified that probably
due to the diabetic condition there is an increase in the cell
body area of some specific neuronal subpopulations, like the
submucous VIP-ergic neurons and the myenteric nitrergic
neurons®?, This increase is probably related to an excessive
production of neurotransmitters. However, in this study we
cannot affirm that there was an increase in the synthesis
of any type of neurotransmitter due to the nature of the
technique employed.

The results observed allow us to conclude that the
experimental model was effective, considering that

hyperglycemia and metabolic abnormalities, such as:
polyuria, polydipsia and polyphagia, were observed.
The technique used allowed us to stain all the neuronal
populations, consequently, we could observe the diabetic
neuropathy through the loss of neuronal density of the
diabetic groups in relation to the control groups, both in
the cecum and in the duodenum. At the same time, the
L-glutamine supplementation promoted the neuronal
protection in CG and DG treated groups, as well as the
preservation of the cell body area of DG group in the
duodenum. This protection and preservation were not
observed in the cecum of the CG or DG animals.

We conclude that L-glutamine supplementation presented
better effects in the duodenum than in the cecum, because it
preserved the myenteric neurons both in number and size.

Zanoni JN, Tronchini EA, Moure AS, Souza IDS. Efeitos da suplementa¢ao com L-glutamina sobre os neurdénios mioentéricos do duodeno e jejuno de
ratos diabéticos. Arq Gastroenterol. 2011;48(1):66-71.

RESUMO - Contexto — Os neurénios entéricos sao afetados em condi¢des patoldgicas, como a neuropatia diabética. A neuropatia periférica ¢ uma das
complicacdes cronicas do diabetes mellitus e esta diretamente relacionada com as manifestagdes gastrointestinais da doenga. O desequilibrio entre
antioxidantes celulares e radicais livres, com o consequente aumento do estresse oxidativo, é considerado um dos principais responsaveis pelas alteragdes
neuronais provocadas pelo diabetes. Drogas que reduzem o estresse oxidativo podem ter papel relevante no tratamento das complicagdes neurologicas
do diabetes mellitus. Objetivo - Avaliar os efeitos da suplementagido com L-glutamina sobre os neurénios mioentéricos do ceco e duodeno de ratos
Wistar com diabetes mellitus induzido pela estreptozootocina. Métodos - Os animais foram divididos em quatro grupos (n = 5): normoglicémicos,
normoglicémicos suplementados com L-glutamina, diabéticos, diabéticos suplementados com L-glutamina a partir do 4° dia da indugao do diabetes.
O aminoacido L-glutamina foi adicionado a ra¢ao na quantidade de 1%. A técnica de Giemsa foi utilizada para evidenciar os neurénios mioentéricos.
Foram avaliadas as areas de corpos celulares de 500 neurdnios em cada grupo estudado. A analise quantitativa foi realizada em uma area de 16,6
mm?no ceco e 3,6 mm?no duodeno de cada animal. Resultados - Apos suplementagdo com L-glutamina verificou-se no duodeno a preservagao da
densidade neuronal tanto nos animais normoglicémicos quanto nos animais diabéticos (P<0,05), e também o restabelecimento da area do corpo
celular nos animais diabéticos (P<0,05). No ceco esta preservagao e restabelecimento ndo foram evidenciados. Conclusdo - A suplementagdo com
L-glutamina (1%) teve efeito neuroprotetor sobre os neuronios mioentéricos do duodeno tanto em condigdes de envelhecimento natural como no
diabetes mellitus.

DESCRITORES: Glutamina. Plexo mientérico. Diabetes mellitus, experimental. Neuropatias diabéticas. Estresse oxidativo. Ceco. Duodeno. Ratos.
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