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ABSTRACT
The small intestine plays a role in obesity as well as in satiation.
However, the effect of physical exercise on the morphology and function
of the small intestine during obesity has not been reported to date. This
study aimed to evaluate the effects of physical exercise on morphological
aspects of the rat small intestine during hypothalamic monosodium glutamate (MSG)-induced obesity. The rats were divided into four groups: Sedentary (S), Monosodium Glutamate (MSG), Exercised (E), and Exercised
Monosodium Glutamate (EMSG). The MSG and EMSG groups received a
daily injection of monosodium glutamate (4 g/kg) during the 5 first days
after birth. The S and E groups were considered as control groups and
received injections of saline. At weaning, at 21 days after birth, the
EMSG and E groups were submitted to swimming practice 3 times a
week until the 90th day, when all groups were sacrificed and the parameters studied recorded. Exercise significantly reduced fat deposits and the
Lee Index in MSG-treated animals, and also reduced the thickness of the
intestinal wall, the number of goblet cells and intestinal alkaline phosphatase activity. However, physical activity alone increased the thickness
and height of villi, and the depth of the crypts. In conclusion, regular
physical exercise may alter the morphology or/and functions of the small
intestine, reducing the prejudicial effects of hypothalamic obesity. Anat
C 2016 Wiley Periodicals, Inc.
Rec, 299:1389–1396, 2016. V

Key words: animal models; exercise; obesity; MSG; small
intestine

INTRODUCTION
Obesity is a multifactorial disease and the World
Health Organization estimated that, by 2015, 2.3 billion adults would be overweight and more than 700 million would be obese (Suzuki et al., 2010). The great
quantities of food consumed during growth (over nutrition) may also result in obesity in adulthood, resulting
in an increase in body fat storage (Von Diemen et al.,
2006).). In contrast to our ancestors, who walked a lot of
miles to find food, modern human life is characterized
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by sedentary behavior coupled with the availability of
fast food, which are also important risk factors for the
development of obesity (Armstrong et al., 2003; Kain
et al., 2003; Stubbs et al., 2004; Kalies et al., 2005).
This extra fat accumulation leads to serious hypothalamic neuroendocrine disorders such as insulin resistance, as observed in the metabolic syndrome of the type
2 diabetes (T2D), nonalcoholic fatty liver disease, noninsulin-dependent diabetes mellitus, heart diseases such
as atherosclerosis and stroke, and certain types of cancer
(Suzuki et al., 2010) . Therefore, obesity is widely studied in humans and also in animal models using different
approaches such as genetic changes, dietary manipulations or neuroendocrine disruption (Choi et al., 1999;
Von Diemen et al, 2006).
In rats, one strategy to create several neuroendocrine
changes in adulthood that are similar to those found in
obesity, is to induce the apoptosis of the neurons present
in the arcuate nucleus of the hypothalamus, which regulates the satiety process (Menendez et al., 1990, Mercer
et al., 1996, Cone et al., 2001) using progressive subcutaneous injections of monosodium glutamate (MSG) during
the first days of life (Bunyan et al 1976; Leibowitz et al.,
1981; Dawson et al., 1997; Bueno et al., 2005); this
method is therefore widely used in studies on obesity.
In rat, MSG also alters the production of growth hormone by the hypothalamic nucleus, reduces the development of different organs, such as the heart, lungs,
spleen, pancreas, kidneys, testes, brain and submandibular glands, and increases the size of the small intestine
(Hamaoka and Kusunoki, 1986). Additionally, the MSGobese condition may affect the enzymes present in intestinal epithelial cells, such as the intestinal alkaline
phosphatase (IAP). IAP is a localized brush border
enzyme, related to the transport of long-chain fatty acids
(Takase and Goda, 1990; Bernard et al., 1992), that has
been reported to be associated with the rhythm of food
intake, under normal conditions (Ishikawa et al., 1983;
Alpers et al., 1995; Zhang et al., 1996). Different models
for the study of obesity, however, have demonstrated
that IAP is also involved in detoxification of the lipopolysaccharide (LPS) (Koyama et al., 2002; Bates et al.,
2007; Geddes and Philpott, 2008) produced by the intestinal microbiota. In the MSG-obese rat model, where the
animals develop a hypophagic condition, IAP activity
has been found to be increased (Martinkov
a et al., 2000),
while in animals with a hyperphagic condition, IAP
activity is decreased (de La Serre et al., 2010). These different results for IAP demonstrate that others factors,
such as the circadian rhythm and different experimental
approaches may be involved in its expression regulation.
On the other hand, regular physical exercise may
change physiological parameters involved in the MSG
obesity condition, such as glucose and lipid homeostasis
(Scomparin et al., 2006; Andreazzi et al., 2009; Scomparin et al., 2009; Scomparin et al., 2011) . However, little knowledge is available regarding the effects of
physical exercise on the gastrointestinal morphology of
the MSG-obese rat model. As the small intestine is an
important peripheral organ involved in the regulation of
food absorption, under the circadian rhythm in normal
conditions, it is important to observe its function under
different experimental conditions, such as obesity and
following physical exercise. Therefore, the aim of this
study was to evaluate the effect of regular physical

exercise on the morphology of the intestinal mucosa of
MSG-obese rats. The morphology, number of goblet cells
and IAP expression profile were evaluated. Findings
indicate that regular physical exercise causes considerable changes in the parameters evaluated in the intestinal mucosa, reducing some of the effects of MSGinduced obesity on the small intestine.

MATERIAL AND METHODS
Animal Experimental Groups
male Wistar rats with a mean weight of 25 g were
obtained from the UEPG animal house and the pups
were kept with their mothers until the beginning of the
experiments, on the 21th day. The rodents were maintained under conventional conditions with a 12 hr light/
dark cycle (lights on at 06:30 hr/lights off at 18:30 hr),
with a room temperature between 238C and 258C, and
received food (nutrition balanced ration from Nuvital,
Brazil) and water ad libitum. Twelve animals per group
were used for retroperitoneal deposit fat and Lee Index
analysis and 3 animals/group for the other parameters.
The animals were separated in four groups: one control
group, designated as sedentary (S), was not submitted to
treatments. The experimental groups submitted to treatments were designated as Monosodium Glutamate
(MSG), Exercised (E), and Exercised Monosodium Glutamate (EMSG). All experiments were performed in the
morning and after approval by UEPG’s Ethic Committee
for Animal Experimentation.

Treatments
From day 0 to day 5 of life, each rat in the MSG and
EMSG groups received a daily subcutaneous injection of
monosodium glutamate (4 g/kg of body weight) according
to Lima et al. (2014). The S and E groups received saline
injections during the same period of time. From weaning
day (21th day) until the 90th day, the E and EMSG
groups were submitted to swimming practice for 30
minutes three times a week, beginning at 17:00 h in a
swimming bath with water at 328C. To increase the load
during the experimental training period, one weight corresponding to 5% of body weight was tied to the tail of
each animal, according to Scomparin et al. (2006).

Determination of the Lee Index
On the 90th day, all rats were anaesthetized with halothane. The body mass and the length from head to caudal region were taken to estimate the Lee Index;
calculated as the ratio between the cubic body weight
(measured in grams) and skull-caudal length (measured
in centimeters) (Bernardis and Patterson, 1968).

Estimate of Retroperitoneal Fat Deposit
On the 90th day before collecting the small intestinal
fragments, the retroperitoneal fat was isolated for each
rat using manual scraping and immediately weighed;
the result was expressed in grams.

Processing of the Intestine
After the measurements had been taken to estimate
the Lee Index, three (3) rats were sacrificed by cervical
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Fig. 1. Mean 6 standard deviation of the retroperiotenal fat (g/100g) (A) and in (B) the Index Lee (g/
cm3). The full and doted lines indicate the significant differences (P < 0.05) among the groups obtained
by ANOVA and Tukey post test. S (sedentary), MSG (monossodium glutamate), E (exercised), and EMSG
(exercised monossodium glutamate).

dislocation and the jejunum was removed from each rat.
The jejunum was sliced into 2-cm long pieces and these
were immersed in 2% paraformaldehyde/0.1 M phosphate buffer at pH 7.2 for 48 hr. After fixation, the jejunum samples were dehydrated in an ascending sequence
of ethanol and embedded in paraffin. Semi-seriated sections per rat were collected and stained for (immuno)histochemical analysis, as described below. All sections
were counterstained with hematoxylin solution.

Goblet Cell Estimate
The slides with sections were immersed in 0.5% periodic acid solution for 15 min and then immersed in
Schiff solution for 30 min. For each animal, twenty (20)
longitudinally and sectioned villi were selected to count
the number of the goblet cells stained on both sides of
each villus using a light microscope (Nikon) at a magnification of 50X. The result is expressed as the number of
goblet cells per villus. The number of the goblet cells
was considered a parameter to infer directly the goblet
cell differentiation processes and indirectly, the rate of
cell production in the intestinal epithelium in the different treatments.

Intestinal Alkaline Phosphatase (IAP)
Detection
The detection of IAP was used as a parameter to evaluate the functionality of the small intestine in the different treatments. Four (4) semi-seriated sections per rat
were submitted to immunohistochemical procedures
using a Detection System Kit (purchased from SIGMA
cod AM0100), according to the manufacturer’s instructions. Subsequently, the images for each section were
taken at a magnification of 50X, using a microscope and
software from Leica and the pixel intensity was determined in 24 areas obtained from the sections per animal
and treatment, using the color deconvolution plugin
from the Image J software 1.42 (public domain). This
plugin converts the immunostaining intensity to pixel
values from zero (0) to 255. Thus, for immunohistochemical interpretation, values close to 0 represent higher

staining intensities and values close to 255 represent
lower staining. Results are expressed as pixel density.

Estimate of Morphometric Parameters
The morphometric parameters were evaluated in
images of 10 villi and 10 crypts that were cut longitudinally and obtained from five semi-seriated sections per
animal/group, using a Leica microscope. The measurements were performed using the Image J software,
which was calibrated using a rule of 100 mm in which
the measurements taken in pixels were converted to
micrometers for use in all parameters evaluated. The
results were expressed in micrometers to estimate the
effect of treatments on the intestinal mucosa. The
parameters estimated were: (a) thickness of intestinal
bowel obtained by the distance from the base of the
crypt to the external margin of the longitudinal muscular layer; (b) height of villi, obtained by the distance
between the crypt villus junction and the villus tip; (c)
thickness of villi, obtained by the distance between the
external margins of the villus epithelium measured at
the crypt villus junction, and (d) depth of the crypt
obtained by the distance between the base of crypt and
the crypt villus junction.

Statistical Analyses
All parameters studied were analyzed with the Graphpad Prism software 3.0 using ANOVA with the Tukey
post test at P < 0.05.

RESULTS
Physical Exercise Significantly Reduces the
Retroperitoneal Fat Deposit and Lee Index (LI)
The retroperitoneal fat deposit and Lee index results
for the S, MSG, E and EMSG groups are shown in Fig.
1A,B, respectively. The E group presented a significant
reduction (P < 0.05) in the retroperitoneal fat deposit,
when compared to the other groups, including the
EMSG group. The retroperitoneal fat deposit in the
EMSG group was significantly decreased (P < 0.05)
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Fig. 2. Mean 6 standard deviation of the thickness of the intestinal
wall (mm) measured in the jejunum region. The full and doted lines indicate the significant differences (P < 0.05) obtained by ANOVA and
Tukey post test among the groups S (sedentary), MSG (monossodium
glutamate), E (exercised), and EMSG (exercised monossodium
glutamate).

compared to that in the MSG group. The LI was significantly increased in the MSG group (P < 0.05), when compared to the other groups. However, in the E group, the
LI was significantly reduced (P < 0.05), when compared
to the MSG and E-MSG groups.

Physical Exercise Significantly Increases the
Intestinal Wall Thickness
Figure 2 shows the thickness of the intestinal wall for
the different experimental groups. In general, the intestinal wall thickness was significantly reduced in the
MSG, E and EMSG groups (P < 0.05), in comparison to
the S group. However, comparison of the treatment
groups showed that the wall thickness in the E group
was higher than that in the EMSG and MSG groups.
The MSG group presented the thinnest small intestinal
wall thickness among the experimental groups.

Physical Exercise Alters Villus Height
Figure 3 depicts the height of villi in the small intestine of rats. In the E group, the villus height was significantly higher (P < 0.05) than that of the other groups.
No significant difference in villus height was found
between the S and MSG groups, whereas the villus
height was significantly increased in the E group
(P < 0.05), when compared to the S, MSG, and EMSG
groups. Comparison of all groups revealed a significant
reduction in villus height in the EMSG group.

Physical Exercise Increases Villus Thickness
and Crypt Depth
Figure 4A shows that villi were slightly thicker in the
E group although this difference was not significant
when compared to the MSG and S groups; however, the
villus thickness was notably increased (P < 0.05) in the
EMSG group, when compared to the E, MSG and S
groups. As far as crypt depth is concerned, the E group

Fig. 3. Mean 6 standard deviation of the height of villi measured for
the jejunum region and expressed in micrometer (mm). The full and
doted lines indicate the significant differences (P < 0.05) obtained by
ANOVA and Tukey post test among the groups S (sedentary), MSG
(monossodium glutamate), E (exercised), and EMSG (exercised monossodium glutamate).

demonstrated a significantly higher crypt depth
(P < 0.05), when compared to the EMSG, MSG, and S
groups. The crypt depth in the EMSG group, in turn,
was even higher than that in the MSG group and was
significantly deeper (P < 0.05) than that in the S group.

Physical Exercise Reduces the Number of
Goblet Cells
Figures 5A,B show estimates of the number of goblet
cells in all groups studied. The number of goblet cells
was significantly reduced (P < 0.05) in the E group, compared to the S, MSG, and EMSG groups. The number of
goblet cells in the MSG group was significantly
increased (P < 0.05), when compared to all groups. Nonetheless, the number of goblet cells in the EMSG group
was significantly increased (P < 0.05) compared to the E
group.

Physical Exercise Decreases Intestinal Alkaline
Phosphatase
Figure 6A shows the intestinal alkaline phosphatase
(IAP) activity, expressed as pixels, in the different experimental groups. Figure 6B visually confirms these pixel
analyses. In the MSG group, the IAP pixel intensity was
significantly decreased (P < 0.05), when compared to the
S group. However, in the EMSG group, the IAP pixel
intensity was significantly reduced (P < 0.05), when compared to the other groups.

DISCUSSION
The effect of hypothalamic obesity, induced in rats by
continued injections of monosodium glutamate during
the first days after birth, causes an increase in the Lee
Index and body adiposity in adulthood life, as already
established in the literature (Bernardis and Patterson,
1968). Our retroperitoneal fat deposit and Lee index
analysis confirmed previous reports regarding the MSGobese rat model (Bernardis and Patterson, 1968; Mozes
et al., 2000, 2004) . The present study also demonstrated
that the introduction of regular physical exercise in
MSG-obese rats, immediately after weaning, was able to
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Fig. 4. Mean 6 standard deviation of the villi thickness (A) and depth of crypt (B) measured for the jejunum region and expressed in micrometer (mm). The full and doted lines indicate the significant differences
(P < 0.05) obtained by ANOVA and Tukey post test among the groups S (sedentary), MSG (monossodium
glutamate), E (exercised), and EMSG (exercised monossodium glutamate).

Fig. 5. Mean 6 standard deviation for the number of the goblet
cells/villi (A) where the full and doted lines indicate the significant differences (P < 0.05) obtained by ANOVA and Tukey post test among
the groups S (sedentary), MSG (monossodium glutamate), E (exercised), and EMSG (exercised monossodium glutamate). B shows

representative photomicrograph of the goblet cells in the jejunum
region identified by magenta staining on the villi and into the crypts.
Observe that in the MSG and EMSG groups show an increase of the
goblet cell while it is reduced in E group.

reduce the retroperitoneal fat deposit and Lee index in
adulthood, in accordance with results obtained by
Ribeiro et al. (2004). These results indicate that, even
after neurons of the arcuate nucleus have been damaged
during the first days after birth, physical exercise may
stimulate adjustments in the central nervous system in
order to minimize the effects of this neuronal injury.

However, the exact mechanisms for this adjustment are
not well understood yet.
The small intestine is directly involved in the absorption of nutrients and, as it is a peripheral organ, it is
also involved in the circadian rhythm. The influence of
food on the transition between the suckling diet to a solid diet has been demonstrated during the weaning to
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Fig. 6. Mean 6 standard deviation of the IAP, expressed in pixel
density (A). In B, representative photomicrograph for IAP of the villus
of the jejunum region. V 5 villi; C 5 crypt; M 5 muscular layer. In (A) the
full and dotted lines indicate the significant differences (P < 0.05)

obtained by ANOVA and Tukey post test among the groups S (sedentary), MSG (monossodium glutamate), E (exercised), and EMSG (exercised monossodium glutamate).

adulthood phase (Soares et al., 2009). Thus, during this
transition phase, several hormones produced by different
parts of the digestive system can affect the hypothalamus, the control of satiety and the growth hormone production (Suzuki et al., 2010). Although the exact
mechanism is not understood, previous results from
Hamaoka and Kusunoki (1986) revealed an increase in
cell proliferation in the small intestine of MSG-obese
rats. In the present study, determining the goblet cell
numbers allowed us to infer about the cell proliferation
in the small intestine. The number of goblet cells was
increased in the MSG group, but no concomitant
increase in villus height or crypt depth was observed. In
terms of cell kinetics, it is possible that in conditions of
obesity, the cell proliferation occurring in the crypts
leads to an increase in the length of the small intestine,
as proposed by Hamaoka and Kusunoki (1986). Therefore, the present results suggest that in MSG obesity, a

higher rate of cell production in the crypts could produce
an increase in differentiated goblet cells, as observed in
the villi. An increase in the number of goblet cells - and
consequently in mucus - during obesity may be important for protective functions, according to previous
reports. Maynard et al. (2012) reported that mucus in
the small intestine may protect against microbiota products. These authors suggested that the presence of
MAMP lipopolysaccharide or peptidoglycan stimulates
mucus production, with different compositions, in germfree mice. Butyrate, produced by benign constituents of
the microbiota, also promotes increased mucin release,
providing a positive-feedback loop for maintenance of
the mucus barrier and its colonization by butyrateproducing commensals. The importance of the mucus
layer is evident in mucin-deficient mice (deficient in
Muc2); these mice have increased translocation of commensal and pathogenic bacteria and spontaneously
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develop colitis (Maynard et al., 2012). Thus, the increase
in the number of goblet cells observed in the MSG group
may be related to their protective effect against some
microbiota products during obesity.
Importantly, the present study showed for the first
time that physical exercise decreases the number of goblet cells in the small intestine; this finding is perhaps
not unexpected since a larger number of absorptive cells
(enterocytes), compared to goblet cells, are required during physical activity. However, when physical exercise
was associated with obesity, the number of goblet cells
remained decreased, indicating that physical exercise
had a positive effect on the cell kinetics of the intestinal
epithelium. Taken together, data suggest that physical
activity stimulates cell proliferation into the crypts and
the differentiation of absorptive cells instead of goblet
cells, possibly contributing to the increase in crypt depth
and villus thickness observed in our results. We postulate that the increase in crypt depth and villus thickness
may occur when the steady state of cell kinetics in the
intestine is lost. This would be possible if the loss of a
few cells from the villi is compensated by a concomitant
increase in cell proliferation into the crypts. As such,
cell migration to the crypt villus junction may have led
to the increased villus thickness observed, as the small
intestine is an organ that undergoes physiological adaptation according to the diet during its growth, altering
cell proliferation, migration and circadian rhythm
(Gomes and Alvares, 1998; Wille et al., 2004; Gomes
et al., 2005; Soares et al., 2009). In addition, we suggest
that the reduction in goblet cell numbers, caused by
physical exercise, may also be related to a change in
microbiota in the small intestine that could differ
between states of obesity and exercise; however, the
hypothesis that physical exercise may change the microbiota of the small intestine needs to be further explored.
Intestinal alkaline phosphatase activity was found to
be reduced in both the obesity and physical exercise
groups since our data were obtained during the light/
daytime period in all groups. The IAP activity in the
small intestine observed in the MSG group during the
light period, was in accordance with data obtained by
Martinkov
a et al. (2000), who demonstrated that there
is a circadian rhythm for IAP activity in the small intestine of MSG-obese rats, with higher activity during the
dark period of the day and decreased activity during the
light period.
This study is the first to demonstrate reduced IAP
activity by physical exercise during obesity. This observation may be explained by the function of IAP, as
recently described by Koyama et al. (2002), Bates et al.
(2007), Geddes and Philpott (2008), and Maynard et al.,
(2012), since it is thought to be related to the microbiota
present in the intestinal lumen. According to these
authors, IAP breaks down the lipopolysaccharides produced by different microbiota present in the lumen of
the small intestine, protecting the body against their
absorption. The lipopolysaccharides, after passing across
the intestinal epithelium, induce a local inflammation,
and the subsequent cytokine production augments insulin resistance, leading the body towards a condition of
obesity (Ley et al., 2005; Armougom and Raoult, 2008;
Ducan et al., 2008; Herbert and Arthur, 2011). We
hypothesize that a possible change in the intestinal
microbiota, induced by physical exercise, could also
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reduce IAP activity, indicating a protective effect of
physical exercise against microbiota products during
obesity.
Finally, our results demonstrate that physical activity,
alone or in association with obesity, reduces fat deposits,
body mass index, goblet cell numbers and IAP activity.
We conclude that regular physical exercise may modulate, via an unknown mechanism, the functional relationship between the small intestine and the
hypothalamic center in the MSG obesity model.

ACKNOWLEDGEMENTS
The authors thank Miss Laıs Costa Ayub and Dr Nicola
Conran for performing English review, the histology laboratory of UEPG and CNPq for the scholarship available
for the medicine student. The authors have no potential
conflicts of interest.

LITERATURE CITED
Alpers DH, Zhang Y, Ahnen DJ. 1995. Synthesis and parallel secretion on rat intestinal alkaline phosphatase and surfactant-like
particle protein. Am J Physiol 268:E1205–E1214.
Andreazzi AE, Scomparin DX, Mesquita FP, Balbo SL, Gravena C,
De Oliveira JC, Garcia RM, Grassiolli S, Mathias PC. 2009.
Swimming exercise at weaning improves glycemic control and
inhibits the onset of monosodium L-glutamate-obesity in mice.
J Endocrinol 201:351–359.
Armoungom F, Raoult D. 2008. Use of pyrosequencing and DNA
barcodes to monitor variations in Firmicutes and bacteroidetes
communities in the gut microbiota of obese humans. BMC Genomics 9:576.
Armstrong J, Dorosty AR, Reilly JJ, Emmett PM. 2003. Coexistence
of social inequalities in undernutrition and obesity in preschool
children: population based cross sectional study. Arch Dis Child
88:671–675.
Bates JM, Akerlund J, Mittge E, Guillemin K. 2007. Intestinal
alkaline phosphatase detoxifies lipopolysaccharide and prevents
inflammation in zebrafish in response to the gut microbiota. Cell
Host Microbe 2:371–382.
Bernardis LL, Patterson BD. 1968. Correlation between ’Lee index’
and carcass fat content in weanling and adult female rats with
hypothalamic lesions. J Endocrinol 40:527–528.
Bernard A, Caselli C, Blond JP, Carlier H. 1992. Diet fatty acid
composition age and rat jejunal microvillus enzymes activities.
Comp Biochem Physiol A 101:607–612.
Bueno AA, Oyama LM, Estadella D, Habitante CA, Bernardes BS,
Ribeiro EB, Oller Do Nascimento CM. 2005. Lipid metabolism of
monosodium glutamate obese rats after partial removal of adipose
tissue. Physiol Res 54:57–65.
Bunyan J, Murrell EA, Shah PP. 1976. The induction of obesity in
rodents by means of monosodium glutamate. Br J Nutr 35:25–39.
Choi S, Sparks R, Clay M, Dallman MF. 1999. Rats with hypothalamic obesity are insensitive to central leptin injections. Endocrinology 140:4426–4433.
Cone RD, Cowley MA, Butler AA, Fan W, Marks DL, Low MJ.
2001. The obesity in rats. Acta Cir
urgica Brasileira 21:425–429.
Dawson R, Pelleymounter MA, Millard WJ, Liu S, Eppler B. 1997.
Attenuation of leptin-mediated effects by monosodium glutamateinduced arcuate nucleus damage. Am J Physiol Endocrinol Metab
273:E202–E206.
de La Serre CB, Ellis CL, Lee J, Hartman AL, Rutledge JC,
Raybould HE. 2010. Propensity to high-fat diet-induced obesity in
rats is associated with changes in the gut microbiota and gut
inflammation. Am J Physiol Gastrointest Liver Physiol 299:
G440–G448.

1396

GOMES ET AL.

Ducan SH, Lobley GE, Holtrop G, Ince J, Johnstone AM, Louis P,
Flint HJ. 2008. Human colonic microbiota associated with diet,
obesity and weight loss. Int J Obes 32:1720–1724.
Geddes K, Philpott DJ. 2008. A new role for intestinal alkaline
phosphatase in gut barrier maintenance. Gastroenterology 135:8–
12.
Gomes JR, Pereira AA, Barth L, Silva JS, Leite ML, Wille AC,
Soares MA. 2005. Circadian variation of the cell proliferation in
the jejunal epithelium of rats at weaning phase. Cell Prolif 38:
147–152.
Gomes JR, Alvares EP. 1998. Cell proliferation and migration in the
jejunum of suckling rats submitted to progressive fasting. Braz J
Med Biol Res 31:281–288.
Hamaoka K, Kusunoki T. 1986. Morphological and cell proliferative
study on the growth of visceral organs in monosodium Lglutamate-treated obese mice. J Nutr S
oci Vitaminol (Tokyo) 32:
395–411.
Herbert T, Arthur K. 2011. Gut microbiome, obesity, and metabolic
dysfunction. J Clin Invest 121:2126–2132.
Ishikawa Y, Suzuki M, Ono A Nakabou Y., Hagihirah 1983. Memory
of the rhythmic change in activity of duodenal alkaline phosphatase in rats. J Nutr Sci Vitaminol 2 9:85–90.
Kain J, Vio F, Albala C. 2003. Obesity trends and determinant factors in Latin America. Cad Sa
ude P
ublica 19:S77–S86.
Kalies H, Heinrich J, Borte N, Schaaf B, Von Berg A, Von Kries R,
Wichmann HE, Bolte G; LISA Study Group. 2005. The effect of
breastfeeding on weight gain in infants: results of a birth cohort
study. Eur J Med Res 10:36–42.
Koyama I, Matsunaga T, Harada T, Hokari S, Komoda T. 2002.
Alkaline phosphatases reduce toxicity of lipopolysaccharides in
vivo and in vitro through dephosphorylation. Clin Biochem 35:
455–461.
Leibowitz SF, Hammer NJ, Chang K. 1981. Hypothalamic paraventricular nucleus lesions produce overeating and obesity in the rat.
Physiol Behav 27:1031–1040.
Ley RE, B€
ackhed F, Turnabaugh P, Lozupone CA, Knight RD,
Gordon JI. 2005. Obesity alters gut microbial ecology. Proc Natl
Acad Sci USA 102:11070–11075.
Lima CB, Soares G, de S, Andrade-da-Costa BL, Castellano B,
Guedes RC. 2014. Spreading depression features and Iba1 immunoreactivity in the cerebral cortex of developing rats submitted to
treadmill exercise after treatment with monosodium glutamate.
Int J Dev Neurosci 33:98–105.
Martinkov
a A, Lenhardt L, Mozes S. 2000. Effect of neonatal MSG
treatment on day-night alkaline phosphatase activity in the rat
duodenum. Physiol Res 49:339–345.
Maynard L, Elson CO, Hatton RD, Weaver CT. 2012. Reciprocal
interactions of the intestinal microbiota and immune system.
Nature 489:231–241.

Menendez JA, McGregor IS, Healey PA, Atrens DM, Leibowitz SF.
1990. Metabolic effects of neuropeptide Y injections into the paraventricular nucleus of the hypothalamus. Brain Res 516:8–14.
Mercer JG, Hoggard N, Williams LM, Lawrence CB, Hannah LT,
Morgan PJ, Trayhurn P. 1996. Coexpression of leptin receptor
and preproneuropeptide Y mRNA in arcuate nucleus of mouse
hypothalamus. J Neuroendocrinol 8:733–735.
 Lenhardt L, Martinkov
M
ozes S,
a A. 2000. Alkaline phosphatase
activity of duodenal enterocytes after neonatal administration of
monosodium glutamate to rats. Physiol Res 49:269–277.
Ribeiro BL, de Mello MA, Gobatto CA. 2004. Continuous and intermittent exercise: effects of training and detraining on body fat in
obese rats. Arch Latinoam Nutr 58–65.
Scomparin DX, Grassiolli S, Gomes RM, Torrezan R, de Oliveira
JC, Gravena C, P^
era CC, Mathias PC. 2011. Low-intensity swimming training after weaning improves glucose and lipid homeostasis in MSG hypothalamic obese mice. Endocr Res 36:83–90.
Scomparin DX, Grassiolli S, Marçal AC, Gravena C, Andreazzi AE,
Mathias PC. 2006. Swim training applied at early age is critical
to adrenal medulla catecholamine content and to attenuate monosodium L-glutamate-obesity onset in mice. Life Sci 26;79:2151–
2156.
Scomparin DX, Gomes RM, Grassiolli S, Rinaldi W, Martins AG, de
Oliveira JC, Gravena C, de Freitas Mathias PC. 2009. Autonomic
activity and glycemic homeostasis are maintained by precocious
and low intensity training exercises in MSG-programmed obese
mice. Endocrine 36:510–517.
Soares MAM, Okada MA, Ayub CLSC, Gomes JR. 2009. Effects of
fasting at different stages of lighting regimen on the proliferation
of jejunal epithelial cells during rat pup weaning. Anat Rec 292:
955–959.
Stubbs RJ, Hughes DA, Johnstone AM, Horgan GW, King N,
Blunderll JE. 2004. A decrease in physical activity affects appetite, energy, and nutrient balance in lean men feeding ad libitum.
Am J Clin Nutr 79:62–69.
Suzuki K, Simpson KA, Minnion JS, Shillito JC, Bloom SR. 2010.
The role of gut hormones and the hypothalamus in appetite regulation. Endocrine J 57:359–372.
Takase S, Goda T. 1990. Effects of medium-chain triglycerides on
brush border membrane-bound enzyme activity in rat small intestine. J Nutri 120:969–976.
Von Diemen V, Trindade EN, Trindade MR. 2006. Experimental
model to induce obesity in rats. Acta Cir Bras 21:425–429.
Zhang Y, Shao J-S, Xie Q-M, Alpers DH. 1996. Immunolocalization
of alkaline phosphatase and surfactant-like particle proteins in
rat duodenum during fat absorption. Gastroenterology 110:478–
488.
Wille AC, Oliveira FA, Soares MA, Gomes JR. 2004. Cell cycle time
and rate of entry of cells into mitosis in the small intestine of
young rats. Cell Prolif 37:189–194.

