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Abstract

AIM: To evaluate the effect of autoclaved diet on the
jejunum neurons of the myenteric plexus of rats during
their growth.

METHODS: The experimental groups were made up
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of rats going through weaning whose mothers received
either an autoclaved or a non-autoclaved diet during
gestation and lactation, and rats that were fed the
same diet as their mothers during the post-weaning
period. In order to measure the neurons’ body pro-
file and to quantify the number of neurons per area,
preparations were stained by the nicotinamide adenine
dinucleotide-diaphorase method.

RESULTS: No significant changes were observed in
rats’ body weight or in the number of neurons regard-
less of the diet used (P > 0.05). There was a decrease
in the jejunum-ileum length in rats treated with an
autoclaved diet (P < 0.05). An increase in the neuronal
cross-sectional area was seen in rats that had received
the autoclaved diet, an effect that was significant for
animals undergoing weaning. In addition, all observed
factors showed significant differences when related to
the age of the animals.

CONCLUSION: The autoclaved diet did not alter the
quantity of neurons, but increased their cell body area,
suggesting changes similar to those observed in pro-
tein deficiency.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

The nutritional makeup of the diet provided to labora-
tory animals and the procedutes used for its preparation,
storage, and sterilization must be evaluated not only to
ensure the proper development of the animal, but also to
avoid contamination with pathogenic microorganisms' ™,

Animal facilities have traditionally used the recom-
mended autoclaving conditions of 120 C for 15 min to
sterilize commercial diet, as this is an easy, safe and low
cost process'”. However, this exposure to high tempera-
ture may compromise the components of the ration,
destroying vitamins and proteins and affecting the nutri-
tional value of the diet™*”.

Proteins may become more chemically reactive after
autoclaving, leading to their degeneration or even to
reaction with other substances, and compromising their
digestibility, functionality and nutritional value™™,

These characteristics have been evaluated through
the KOH protein solubility test, which has been shown
to be a good indicator of the reduction of the amount
of protein in feed*”.

It is known that animal tissues are not homogeneously
affected by protein deficiency"’. Thus, tissues that show
low rates of metabolism or cell renewal are later com-
promised". Different conditions of protein malnutri-
tion have been shown to cause changes in the amount
and size of neurons in the myenteric plexus of the
segment of the gastrointestinal tract of rats of differ-
ent ages' >, The results indicated that factors such
as nutritional quality of the diet and animal age might
interfere with functional morphology of the myenteric
plexus, resulting in impairment of the function of the
digestive system and, consequently, the performance of
the animal.

For these reasons, in addition to the concern of main-
taining the composition of the diet provided to laborato-
ry animals, the integrity of nervous system elements that
control the activities of the digestive system, such as the
myenteric plexus, is important for animal nutrition and
production, since a structural impairment of this plexus
in animals with some type of protein deficiency should
not be ignored.

Thus, considering the key role of the jejunum (and
consequently the myenteric plexus) in the process of nu-
trient absorption!”, and the practice of autoclaving for
diet sterilization in the care of laboratory animals, the
myentetic neurons of the jejunum of rats fed autoclaved
rations during pre- and post-weaning periods were quali-
tatively and quantitatively evaluated.

MATERIALS AND METHODS

Animals and diet

Four female Wistar rats from the central animal facility of
the Maringa State University, were housed separately in
polypropylene boxes equipped with an automatic feeder
and drinker, kept in a temperature-controlled (22 C) and
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Figure 1 Percentage levels of soluble protein in KOH found in commercial
diet according to the autoclaving time.

Nutrients %
Dry matter 89.88
Crude protein 22.23
Crude Fiber 5.73
Calcium 0.92
Phosphorous 0.87
Crude energy (kcal/kg) 3976

Source: Laboratory of animal Nutrition from the Universidade Estadual de
Maringd, Maringa, PR, Brazil.

photoperiod regulated room (12 h of light and 12 h of
datrkness). They received commetcial water and food for
rats (Nuvilab” CR1-Nuvital) ad libitum. After an adapta-
tion period of one week, the animals were impregnated
and divided into two groups, where two females made
part of the control group (CG) and were maintained
with a non-autoclaved diet (ND) with a soluble protein
level of approximately 80.85% in KOH™ (Figure 1). The
remaining two females integrated into the experimental
group (EG) and were fed with the same diet, except that
the diet was autoclaved (120 C for 15 min), leading to
protein levels around 47.36% [autoclaved diet (AD)]. The
composition of the diet is shown in Table 1.

At birth, the offspring of each female were equalized
to five young males, which were divided into the following
groups according to diet and periods of life: (1) CG21,
21-day-old animals whose mothers were maintained with
ND during pregnancy and nursing; (2) EG21, 21-day-old
animals whose mothers were maintained with AD during
pregnancy and nursing; (3) CG70, animals whose mothers
were maintained with AD during pregnancy and nursing
and were then maintained with the same diet until 70 d of
age; and (4) EG70, animals whose mothers received AD
during pregnancy and nursing and were then maintained
with the same diet until 70 d of age.

After weighing, the animals were euthanized by cervical
dislocation and laparotomized in order to remove the jejunum.
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Group Body weight (g) No. of neurons  Cell body area (um?)

CG21 468 +1.6' 1061.0 + 50.72" 230.0 +10.9"
EG21 472+1.7" 1168.0 + 71.42' 2821 +7.0°

CG70 237.4 +10.3> 881.4 + 38.96> 3474 +13.4°
EG70 2524 +11.17 969.4 + 82.03> 3774+ 22.0°

Average and standard deviation of body weight (g), number of neurons
and cell body area of reactive NADH-diaphorase myenteric neurons
present in 8.96 mm2 of prepared membrane of the jejunum of rats during
weaning periods (21 d), whose mothers received non-autoclaved rations
(CG21) and autoclaved rations (EG21) during periods of pregnancy and
nursing and of rats during post-weaning periods (70 d) fed with auto-
claved feed (CG70) and non-autoclaved feed (EG70). Average followed
by different numerals 1, 2, 3 in the same column differ (P < 0.05) by the
Kruskal-Wallis test.

Nicotinamide adenine dinucleotide-diaphorase
histochemical technique

The jejunum was initially washed in Krebs solution, li-
gated with cotton threads at its extremities and its lumen
was filled with a syringe needle until slightly distended.
After incubation in Krebs solution at room tempera-
ture for 15-30 min, the specimens were transferred to a
permeabilizing agent (0.3% Triton-X in Krebs solution)
for 60 s and then submitted to three 10 min washes in
Krebs solution.

The specimens were then incubated for 60 min at 20
min in 20 mL of a medium containing 0.5 mg/ mL nitro
blue tetrazolium (Sigma-Aldrich) in distilled water (5
mL), 0.1 mol/L sodium phosphate buffer (5 mL, pH 7.3),
distilled water (10 mL) and 0.5 mg/mL B-nicotinamide
adenine dinucleotide (reduced form)®'.

The reaction was stopped by immersion in 10% buff-
ered formalin solution in which the viscera were fixed
(24 h minimum). Fragments of each jejunum about 1 cm
in length were opened longitudinally. The mucosal and
submucosal layers of these fragments were removed and
the specimens were thoroughly washed in distilled water.
Finally, whole-mount preparations were laid in glycerol
on a microscope slide and sealed with Entellan (Merck
KGaA, Darmstadt, Germany).

Morphoquantitative analysis

The neuronal density and the profile areas of the nerve
cell bodies were measured by examining the whole-
mount preparations under a binocular microscope at
400x magnification. For each specimen, all neurons
present in 40 microscopic fields (0.224 mm” each) were
counted (total area of 8.96 mm®). The profiles of 80
random nerve cell perikarya from each specimen were
obtained on a semiautomatic device for morphometry
analysis (Image pro Plus, 3.01). The data were expressed
as means = SD and compared by Kruskal-Wallis test.
The level of significance was set at P < 0.05.

Bioethics
All experimental procedures wete reviewed and approved
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by the Bioethics Committee of the School of Medicine
and Veterinary of the University of Sao Paulo.

RESULTS

The animals fed with an autoclaved diet (EG21 and
EG70) showed an increase in body weight of 0.83% and
6.3%, respectively, compared to animals in the CG21
and CG70 (Table 2). However, there was no statistically
significant difference (P > 0.05) when comparing groups
of same age (21 d and 70 d).

Through the nicotinamide adenine dinucleotide
(NADH)-diaphorase reaction, it was verified that the
myenteric plexus was organized in elongated ganglia
containing neurons of different sizes in all studied
groups. These ganglia were scattered and arranged in
parallel in the same direction as the muscle bundles of
the circular layer of the muscular coat of jejunum.

The number of myenteric neurons present in 8.96
mm” of jejunum differed between the 21- and 70-day-
old animals, with lower amounts present in the 70-day-
old animals (P < 0.05) (Table 2). However, when com-
paring the same age groups, (CG21 and EG21; CG70
and EG70), the number of neurons was shown to not
change after use of autoclaved diet. Animals from the
EG21 and EG70 groups showed an increase of 9.2%
and 9% in the number of neurons when compared with
the CG21 and CG70 groups, respectively, but this in-
crease did not reach statistical significance (P > 0.05).

The area of the neuron cell bodies ranged from 105.1
pm’ to 553.9 um’ in the CG21 group and from 101.1
pm” to 640.7 um” in the EG21 group. In the CG70
group, the dimensions ranged from 95.2 ;,Lmz to 713.2
pm” and from 97.3 pm? to 843 pm? in the EG70 group.

The average size of myenteric neurons was smaller
(P < 0.05) for younger animals (CG21 and EG21) com-
pared to the 70-day-old animals (CG70 and EG70). The
neurons from the CG70 and EG70 groups showed an
inctrease in their average area of around 51% and 33.8%,
respectively, when compared to their control groups
(CG21 and EG21) (Table 2).

Statistically, it was found that the average area of the
neuronal cell body differed between animals from the
CG21 and EG21 groups (P < 0.05), with higher values
for animals from EG21, whose mothers received an
autoclaved diet during pregnancy and nursing (Table 2).
Although it was verified that neurons in the CG70 group
showed a cell body average area smaller than that ob-
served in EG70, the differences in this parameter between
the two groups were not significant (P > 0.05) (Table 2).

DISCUSSION

After autoclaving, the quality of the protein was altered
in the diet sterilization procedure, reducing the usable
protein content and indicating that animals in the EG21
and EG70 groups received feed with a lower protein
quality than those in their respective control groups
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(CG21 and CG70).

Regardless of whether the diet was autoclaved, ani-
mals gained body weight during the experiments because
of the natural growth and development from birth to
adulthood. Although not statistically significant (P > 0.05),
animals in the EG21 and EG70 groups had weight gain
0.85% and 6.3% higher than their respective controls
(CG21 and CG70). In contrast, studies that examined rats
of various ages and during different periods of protein
malnutrition reported a decrease in body weight!”""**,
These differences are justifiable since the autoclaving
temperature of the feed used in this study does not sig-
nificantly alter the performance of rats in pre- or post-
weaning periods. The compromise in animal performance
is seen after autoclaving feed at temperatures higher than
those used in our study”’. Thus, the change in protein
quality of the autoclaved ration given to animals in this
study was not sufficient to influence a significant varia-
tion in animals’ body weight.

The reactive NADH-diaphorase myenteric neurons
of the jejunum were organized predominantly in a dis-
persed ganglion distributed parallel to the direction of
muscles fibers of circular layers of the muscular coat, as
described for the myenteric plexus of rats™

In the quantitative analysis, although animals from
the experimental groups (EG21 and EG70) had respec-
tive increases of 9.2% and 9% in the quantity of neu-
rons compared to their controls (CG21 and CG70), the
number of myenteric neurons present in 8.96 mm” of
jejunum in animals that were fed with an autoclaved diet
did not change, since the average amount of neurons
observed did not differ (P > 0.05) among animals from
the CG21 (1061 £ 50.72) and EG21 (881.4 £ 38.90)
groups, and even among animals from CG70 (881.4 *
38.96) and EG70 (969.4 * 82.03).

On the other hand, the number of myenteric neu-
rons present in 8.96 mm’ of jejunum differed (P < 0.05)
among 21- and 70-day-old animals, with lower values
seen in 70-day-old animals. The decrease of 16.9%
among the 21-day-old animals and 17% among 70-day-
old animals indicates that the quantity of neurons was
not influenced by the provided diet. It is believed that
the numbers of neurons does not decrease, but increases
during the animals’ growth period, and the observed
decreases are only related to the greater dispersion of
neurons in the organ*,

In the morphometric analysis, we verified that the
average area of cell body of reactive NADH-diaphorase
myenteric neurons varied and differed (P < 0.05) during
nursing and post-weaning periods. In general, the cell
body atea of neurons increased in animals from the CG70
(347.4 £ 13.4 um®) and EG70 (3774 + 22 pm?) groups
when compared to animals from the CG21 (230 £ 10.9
pm?) and EG21 (282.1 7.0 pm?) groups, respectively.

However, animals that received an autoclaved diet
(EG21) during pregnancy and lactation had a significant
increase in neuron cell body area (22.65%) (P < 0.05)
during the suckling period. On the other hand, there was
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an increase of 8.65% in the cell body atea of neurons
for animals from the EG70 group compared to animals
from the CG70 group, but this effect was not statistically
significant. These data suggest an effect of autoclaved
diet on the area of myenteric neurons during the suck-
ling period, which is different from the effect shown in
the other studyﬂs], which observed a small reduction in
the size of neurons in the myenteric plexus under severe
protein restriction.

Thus, an increase in the area of the cell body of myen-
teric neurons could be a response to nutritional deficiency
associated with exposure time or the level of this defi-
ciency. The increase in cell body area was mainly seen in
animals from the EG21 group, whose mothers received
an autoclaved diet during the pregnancy and lactation
period, and this could be a neuronal response in order
to remedy possible deficiencies. Neurons can increase
metabolic activities to compensate for the decrease in
protein quality of the ration, but our results could indi-
cate neurons’ lower ability to achieve maximum expected
development during the growth process.

The increase in neuronal size during animal growth
is expectedml. However, the fact that the neurons of
animals that received an autoclaved diet during the post-
weaning period had a growth level of 33.8% (lower than
the 51.5% seen in CG70 animals) may suggest that an
autoclaved diet causes a nutritional deficiency that inhib-
its the normal development of neurons during the post-
weaning period. However, tests must be conducted to
confirm this assumption.

Based on the solubility analysis of the protein in ani-
mal feed in KOH, it was found that the protein solubility
level was 47.36% after autoclaving and 80.85% before au-
toclaving, indicating a decrease in the protein digestibility
of 33.49%". This means that the autoclaved diet had a
usable protein level of 10.52% compared to the 17.97%
of non-autoclaved diet, which falls below the 15% sug-
gested by the National Research Council (NRC)® for
rats undergoing pregnancy, lactation and growth.

Despite the low level of usable protein in the auto-
claved diet (10.52%)), it is still higher than the 8% used
in some studies examining protein deficiency'*'*!"*,
However, as the NRC? establishes a minimum protein
level of 15% for rats during reproduction, pregnancy,
lactation and growth periods and a level of 5% for
maintenance phase, autoclaving the feed decreases the
quality of the protein and may have interfered in neuro-
nal development. This fact is corroborated by the size
of neuronal cell bodies of animals that did not receive
an autoclaved diet and those that did. Thus, although
autoclaving the feed is more desirable, based on cost and

M its use must

safety, than other sterilization processes
be considered when the objective of the research is to
evaluate the nervous system.

In summary, the use of an autoclaved diet during
pregnancy, lactation and post-weaning does not alter the
quantity of reactive NADH-diaphorase myenteric neu-

rons in the jejunum but does interfere with the increase
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in cell body area of neurons, preventing the neuron cell
body from reaching a size similar to that observed using
a non-autoclaved diet, suggesting a lower metabolic ac-
tivity for those neurons.
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COMMENTS

Background

Neurons morphological characteristics influence their functional performance.
Most of these characteristics develop early in neuron development, and there-
fore may be influenced by external factors such as nutritional quality, which
must be well known and controlled.

Research frontiers
The exposure to high temperature may compromise the components of the
ration, destroying vitamins and proteins and affecting the nutritional value of
the diet. It occurs during the autoclaving process, altering the expected perfor-
mance of the provided diet.

Innovations and breakthroughs

Recent studies indicate that factors such as nutritional quality of the ration and
animal age may interfere with the morphofunctional aspects of the myenteric
plexus compromising digestive system function, and consequently the animal’s
performance.

Applications

Changes in the nutritional values of autoclaved diets may be considered to cor-
rect possible tissue loss during animal growth and development.
Terminology

The identification of myenteric neurons by the nicotinamide adenine dinucleo-
tide (NADH)-diaphorase histochemical technique occurs through formation of
formazan granules from an artificial electron acceptor (nitro blue tetrazolium),
allowing the evaluation of respiratory activity of neurons, which provides evi-
dence of their metabolic activity.

Peer review

This manuscript is an interesting article in an attempt to evaluate the effect of
autoclaved diet on the jejunum neurons of the myenteric plexus of rats during
their growth phase. The results suggest that changes similar to those observed
for protein deficiency occur in rats that have been fed with an autoclaved diet,
but that this occurs to a lesser degree than for true protein deficiency.
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