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RESUMO

Introducéo

O moderno estilo de vida, com abundancia de alioseatreduzida préatica de exercicio
fisico, resulta em um aumento dramatico das taga®drepeso e obesidade. Contudo, os
mecanismos que causam a obesidade sao desconh&eibsimanos obesos e modelos
experimentais de obesidade, a disfuncdo metabidsalta na deterioracdo da célula
beta. A administracdo neonatal de glutamate L-nm&ddiso (MSG) causa obesidade,
hiperinsulinemia e hiperglicemia em roedores adultoaracterizando resisténcia a
insulina. A hiperinsulinemia de jejum na obesid&d& relacionada com aumento na
secrecao de insulina, a qual é parcialmente atidbéi alta atividade do sistema
parassimpético e baixa atividade simpatica. Contuglovagotomia restabelece a
insulinemia de jejum e parcialmente reduz o acundigélagordura em roedores obesos.
Além disso, a ativacdo do sistema nervoso simpdt@o exercicio fisico aumenta o
conteludo de catecolaminas nas adrenais, reduzesinsiplinemia, a hiperglicemia e a
massa adiposa. O objetivo desse trabalho foi avafiaefeitos do exercicio fisico na
normalizacdo da fungdo da célula beta e na melldoracontrole glicémico de
camundongos obesos-MSG.

Material e Métodos

Camundongos receberam nos 5 primeiros dias deinjelgdes diarias subcutaneas, na
regido cervical, de uma solucédo de MSG na dosenuggdde peso corporal/dia. Os
animais do grupo controle receberam salina isosaéfios 21 dias de vida ocorreu o

desmame e animais do grupo MSG e controle foraoiledos ao acaso para iniciarem o



programa de natacdo. Os camundongos nadaram d@raeteanas, 3 dias por semana,
15 minutos por dia. Apés o desmame, 0 peso e auoanglimentar dos camundongos
foram avaliados semanalmente. Aos 90 dias de sdanamais foram sacrificados por
deslocamento cervical apés injecdo intraperitodeaknestésico pentobarbital de sédio
(5mg/100g de peso corporal). O sangue foi colepaaa posterior dosagem da glicemia e
insulinemia plasmaticas pelos métodos da glucogkase e radioimunoensaio,
respectivamente. As glandulas adrenais foram redasw pesadas. O conteudo total de
catecolaminas foi dosado pelo método espetrofiérioo do trihidroxindol. As
gorduras periepididimais foram removidas, lavadgsesadas. O teste de tolerancia a
glicose intraperitoneal (ipGTT) foi realizado apégim de 12 horas com injecdo de
glicose na dose de 2g/Kg de peso corporal. Asath@iancreaticas foram isoladas pela
técnica classica da colagenase. Grupos de 4 iliotasn pré-incubados por uma hora
com solucéo Krebs contendo 5.6 mM de glicose éeposmente, incubados com 16.7
mM de glicose em solucdo Krebs. Aliquotas das iac@bs foram utilizadas para
dosagem de insulina por radioimunoensaio.

Resultados

O tratamento neonatal com MSG aumentou 44% o acidwilgordura periepididimal
comparado ao controle. Entretanto, o exerciciedigliminuiu 30.9% os estoques de
gordura no grupo dos obesos e 37.9% no grupo dentBamundongos obesos-MSG
apresentaram significativo aumento na glicemia 2%5. e insulinemia (137.9%). O
programa de natacdo aboliu a hiperglicemia e aihgdinemia nos animais obesos. O
exercicio ndo alterou os niveis plasmaticos deogdice insulina dos camundongos

controles. A glicemia dos camundongos obesos s&tentfoi significativamente maior



durante o ipGTT comparado aos animais normais. dlculp da area sob a curva da
glicemia no ipGTT, os MSG sedentarios tiveram ummewnto de 39.6% em relacdo aos
sedentarios controles. A natacdo completamenteaurest a glicemia nos obesos
exercitados. Em baixas concentracdoes de gluco8enbl, a secrecdo de insulina das
ilhotas dos animais obesos foi 2.12 vezes maioraquieservada nos animais controles. O
exercicio ndo causou altera¢des na secrecao dm@estimulada por 5.6 mM de glicose
tanto nas ilhotas de animais obesos quanto de @nigmtroles. Aumentando a
concentracdo de glicose para 16.7 mM, as ilhotsygorelem secretando mais insulina,
3.75 e 2.97 vezes comparado a secrecdo induzidaapa concentracdo de glicose em
camundongos controles e MSG, respectivamente. Acaatprovocou um aumento de
1.9 vezes na secrecéao de insulina estimulada p@rm@ nas ilhotas dos camundongos
obesos; contudo, ndo houve alteragdao no grupoatergxercitado.
Conclusoes

Os resultadosevelam que o programa de treinamento fisico id&ifbbgo no
desmame é capaz de inibir consideravelmente dapatada obesidade induzida durante
o inicio da lactacdo em camundongos. Este efeitooiwelacionado a atividade do eixo
simpatoadrenal. O exercicio moderado também alalhiperglicemia e recuperou o
controle normal da secrecéo de insulina e a séidsithe dos tecidos periféricos a acdo da

insulina dos animais que foram tratados com MSG.

Palavras-chaves: obesidade, glutamato L-monossésiiooecdo de insulina, glicemia e

exercicio fisico.
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SUMMARY
Introduction
Modern lifestyle, with abundant nutrient supply aretluced physical activity, has
resulted in dramatic increases in the rates ofwveerght and obesity. Unfortunately, the
mechanisms that cause obesity, including early inpbesset, are not yet revealed;
however, in obese human and experimental anintdigsi been observed that metabolic
dysfunction can be expressed by deteriorating paicr beta cell function. Postnatal
administration of monosodium L- glutamate (MSG)uods obesity, hyperinsulinemia
and hyperglycemia in adulthood rodents, thus suggeshe presence of insulin
resistance. Fasting hyperinsulinemia in obesityefted with insulin oversecretion,
which is partially attributed to a high parasymdithactivity, while sympathetic tonus is
decreased. Vagotomy on obese rats restores fastsugjnemia and partially reduces
tissue fat accumulation. Indeed, activation of sgthptic nervous system by exercise
induces increase of catecholamine content and asese hyperinsulinemia,
hyperglycemia and fat accumulation. Therefore dime of this work was to investigated
whether moderate swimming training, applied to M&&aned mice, besides the
reduction of tissue fat accumulation, is able tonmaize beta cell function and improve
glycemic control.
Material and Methods
During the first 5 days after birth, MSG (4mg/g podveight) was injected
subcutaneously on cervical area of the young ntmtrol animals were injected with
saline solution. The animals were weaned on tfig@&tnatal day and control and MSG-

treated males were randomly chosen for exercisee [ivam for eight weeks, during 15
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min a day, 3 days a week. One group of sedentarg did not swim at all from 21 to 90
days old. After weaning, mice from all groups wemeighed and the food intake
determined every week from the not ingested chaweValuate obesity onset, all 90 days
old mice trained or untrained were anaesthetizedabyintraperitoneal injection of
pentobarbital sodium (5mg/100g body weight) antedilby cervical dislocationTotal
blood was collected to measure fasting plagiueose and insulin by glucose-oxidase
technique and radioimmunoassay, respectively. Adreglands were removed and
weight. Trihydroxyndole fluorescence method was leyexdl to measure total
catecholamine content. Periepididymal fat padsewemoved, washed and weighed.
Intraperitoneal glucose tolerance test (ipGTT) wadormed by injecting glucose (2g/kg
body weight) intraperitoneally in overnight-fastmice. Pancreatic islets were isolated by
collagenase technique. Batchs of 4 islests weranpubated for 60 min in 5.6 mM
glucose Krebs solution and then incubated in glecb8.7 mM with Krebs. Aliquots
from incubations were used to measure insulin catinggon by radioimmunoassay.
Results

MSG treatment increased 44% periepididymal fat pemght compared with
control mice. However, exercise decreased 30.98 tigsue in MSG-animals compared
to untrained; while, exercise reduced the fat #sby 37.9% in MSG-untreated mice.
MSG-obese mice presented a significant increagdasma glucose (45.2%) and insulin
(137.9%) concentration. Swim programming abolishiedth hyperglycemia and
hyperinsulinemia in MSG-animals. Exercise did nbamge glucose and insulin blood
levels in MSG-untreated mice. MSG-sedentary anirpadsented higher glycemia than

MSG-untreated mice during ipGTT. Calculating theaamunder the curve of blood
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glucose concentration throughout ipGTT sedentaryGMfice present an increase of
39.6% compared to MSG-untreated ones. Swimmingnitrgicompletely restored the

glycemic levels in MSG-mice. At low concentratiohgtucose, 5.6 mM, it was observed
2.12 fold increased insulin secretion to isletsnfrdSG-mice when compared to

untreated ones. Exercise did not caused any changhs insulin secretion induced by
5.6 mM of glucose to MSG treated and untreated alsimincreasing glucose

concentration to 16.7 mM, islets respond secretiage insulin; 3.75 and 2.97 times
compared to secretion response to low glucosedensary MSG-untreated and -treated
mice, respectively. Insulin secretion stimulated 18,7 mM of glucose to islets from

exercised MSG-untreated mice show no alterationnwt@mpared to sedentary ones.
However, islets from 21-90 days-old exercised MSiGensecreted 1.90 time more
insulin than MSG-sedentary. Neonatal treatment MG caused a 42.6% reduction in
the catecholamine content of the adrenal gland wbempared to normal mice. However,
MSG-mice which were submitted to swim training afwweaning increased their

catecholamine storage by 50% compared to sedeM&@-mice. In normal animals

during the same period, there was a 42.5% catediidaincrease.

Conclusion

In conclusion, our results show that moderate stkaming, started at weaning is able to
considerably inhibit the obesity onset induced bgmatal treatment with monosodium L-
glutamate. The effect of exercise training wasteeldo sympathoadrenal axis activity.
Moderate exercise had also ability to abolish tyy@ehglycemia; insulin secretion control
and tissue insulin sensitivity were restored insebmnice.

Key Words: obesity, monosodium L-glutamate, insgicretion, glycemia and exercise.
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Abstract

Exercise has been recommended to reduce excesgsighlt gain and improved
the metabolic disorders that accompanied overweigttobesity; while the mechanisms
that underwent the obesity onset is not fully ustieyd, nor are the effects of exercise on
body weight control. A swim training applied to w&ag pups, but not in young adult
mice, was able to inhibit hypothalamic obesity dresel to recover sympathoadrenal axis
activity. In the present work, swim training appliat early age was used to observe
glycemic control in hypothalamic-obese mice produd® neonatal treatment with
monosodiuni-glutamate (MSG). MSG-treated and normal mice sv@m5 min/day, 3
days a week, from weaning up to 90 days old (E>d€dentary MSG and normal mice
(SED groups) did not exercise at all. Animals weaerificed at 90 days of age. MSG-
obese mice presented fasting hyperglycemia and rimgodinemia and glucose
intolerance. Beyond the inhibition of tissue fatration, exercise caused normalization
of glycemic control. Pancreatic islets from obeseenwho present failure to glucose-
induced insulin secretion, were functionally rea@ekeafter swim program. We conclude
that attenuation of MSG-hypothalamic obesity onsetcaused, at least in part, to
sympathoadrenal axis activity modulation imposecdeasly exercise, which may lead to

glucose metabolism improvement.

Key words: MSG-obese mice, exercise, insulin secretion, paticraslets, glycemic

control, sympathoadrenal axis
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Introduction

Metabolic syndrome increases as obesity growingldwade, scaring public
health authorities. Although a number of differaets of diagnostic criteria have been
proposed for this syndrome, insulin resistance, ehyflgcemia, dyslipidemia,
hypertension and central obesity are generallyesite be the five key features [1].
More disaster from this pandemic is an increasehifi metabolic syndrome. These
young people can present obesity or overweight witksulin resistance,
hyperinsulinemia, hypertension and hypercholinestemia; and some of them develop
non insulin dependent diabetes mellitus (NIDDM). [Epidemiologic findings indicate
that there are a straight relationship between igbes childhood and metabolic
syndrome onset in adult life [3]. Unfortunatelyetimechanisms that cause obesity,
including early obesity onset, are not yet revealedwever, in obese human and
experimental animals, it has been observed thaalroét dysfunction can be expressed
by deteriorating pancreatic beta cell function Béta cells’ functions are impairethd
glucose-induced insulin release is enhanced in itybesvhich contributes to
hyperinsulinemia [5]. Peripheral insulin resistanalserved in obesity demands an
extreme effort to beta cell produce and releaseeased amounts of insulin, which
should be allow to decrease high blood glucoseeanation; however, without decrease
hyperglycemia, beta cell loses their capacity gulate insulin secretion, and high blood
glucose levels still uncontrolled.

As glucose, other nutrients, such as aminoacidsadals and their metabolites
stimulate also insulin secretion on pancreatic loefs. These secretagogues induce an

increase in cell metabolism and subsequent ATPymtaxh. Potassium ATP sensitive
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channels (Krp) are inactivated by an increase in ATP/ADP ratdembrane
depolarization and subsequently the activation epemident C& channels-voltage
induce a quick increase on intracellular calciumnaamtration. High cytosolic free
calcium is an intracellular signal that triggerssulin secretion events. However,
experimental evidences indicate that glucose mey laé stimulating insulin secretion by
alternative pathways to Afr channels [6]. Besides these mechanisms that iavolv
stimulation of metabolism, beta cells are also sttechto neural control. Pancreatic cells
are equipped with several receptors to neurotratemsi and neuropeptides. These
receptors are stimulated by efferent signals friwe ¢entral nervous system (CNS),
which include autonomic nervous system (ANS), tiglowut their neural ends for
pancreatic beta cells [7]. During glucose blooctlenscillations, beta cells receive inputs
from the parasympathetic and sympathetic systenadi@lycemia regulation. Overall,
acetylcholine released from parasympathetic endsnptes potentiation of glucose-
induced insulin secretion, whereas noradrenali@ased from sympathetic terminals and
adrenaline secreted from adrenomedulary cells biniti[8]. It has been observed that
neural control of insulin secretion and glycemialanaged in obesity [9]. An imbalance
of ANS has been observed in obese human and rodéni®?]. Fasting hyperinsulinemia
in obesity is related with insulin oversecretiorhieh is partially attributed to a high
parasympathetic activity, while sympathetic torsudecreased [13-15].

Administrations of monosodium L- glutamate (MSG)rtments’ suckling pups
promote the death of neurons in hypothalamic ar@ad induce changes in the
development of the CNS [16,17]. Indeed, adult M&&-iand mice exhibit disturbances

in body weight, which lead to increased adiposibyperinsulinemia and insulin
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resistance [15,18-20] Unlike other obese rodenish @s those from genetic origin or
from other lesions in CNS, overeating in MSG-rodedbes not occur [21,22]. While

adult (90 days-old) MSG-rats are normoglycemic, ltagnice who were neonatally

treated with MSG present hyperglycemia [5,15]. limsoversecretion and altered ANS
activity were registered in these MSG-obese rodgt8415], as well as in other animal

obese models [9,23,24]. Our laboratory has beewath that MSG-obese mice present
also impairment in sympatoadrenal axis activityeiflthromaffin adrenal cells released
low amounts of catecholamines and its biosynthesisduced [21,25].

Recently, we showed also that a moderated swimpriagram started at weaning
was able to reestablish the catecholamine produatio adrenal medullae cells and
inhibited the MSG-obesity onset in adult mice [26Human and animals with metabolic
syndrome submitted to physical exercise improved thlood insulin and glucose levels
[27-29]. Whereas, it is known benefit of physicaercise, the mechanisms that are
involved in the amelioration on metabolism stilldebate, at least in part, the stimulation
of sympathoadrenal axis activity is one candidatdé involved it [26]. The effect of
physical exercise on metabolism is blockedelan animals with adrenal demedullation
[30]. Moderate swimming program applied at micelwd@0 days-old, for 30 days, is not
able to restore the sympathoadrenal axis functi@hta inhibit the MSG-obesity onset,
as do when exercise is started at weaning, 21 didy§6]. The current work was
designed to verify whether moderate swimming tragniapplied to MSG-weaned mice,
besides the reduction of tissue fat accumulatisrgble to normalize beta cell function

and improve glycemic control.
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Methods

Animals: All animal protocols were approved by the Ethic Qoittee of the State
University of Maringa. Sets of three female and orade Swiss mouse, 50 days old, were
mated. After one week the pregnant mice were stgghr®©n delivery the litter was
corrected to six to assure the milk amount to appgp[31]. During the first 5 days after
birth, MSG (4mg/g body weight) was injected subnetausly on cervical area of the
young mice. Control animals were injected withrsakolution. The day before weaning
(21* day), males were selected and all females werehaiged. Control and MSG-
treated mice were randomly chosen for exercisemats received water and commercial
diet (Nuvital, Curitiba, Brazil) ad libitum and during all protocol they were placgedin
environmentally controlled room [23 = 3 °C and Iduhlight / dark photocycle (07:00-

19:00 h.)]

Snvim training: Mice, untreated and MSG-treated were trainedreg swimming
in a glass tank (30 x 35 x 30cm) filled by tapedewat 32+3C. Mice swam for eight
weeks (EXE), during 15 min a day, 3 days a weekn8ce from each group were placed
simultaneously into the pool at 17:00 hour. Toueesthat animals were in constant
swimming activity a plumb weight, which was corresged to 2.5% their body weight
was attached on the tail tips. One group of sedgmtéce did not swim at all from 21 to
90 days old (SED). All groups comprise mice thatenmeeated neonatally with MSG and
control ones that were drug untreated. This swingnmrogram should be consider as a
moderate exercise because the animals presentfrbaif their maximal velocity of
oxygen consumption, VQ [32]. After each exercise session mice were dviitth

paper towel and placed back in their respectivebamtil the next swimming session.
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Obesity: To evaluate obesity onset, all 90 days old na@méd or untrained were
anaesthetized by an intraperitoneal injection aftplearbital sodium (5mg/100g body
weight) and killed by cervical dislocatiorReriepididymal fat pads were removed,

washed and weighed to estimate obesity induced $ Meatment [26].

Food intake: After weaning, mice from all groups were weighed ¢éhe food intake
determined every week from the not ingested chdw. fdod intake was calculated by body
weight from each animal at the time when the chaotakie was measured. The total area
under the curve of development of food consumpti@s calculated from weekly food

intake [21]

ipGTT: Intraperitoneal glucose tolerance test (ipGTT$ warformed by injecting
glucose (2 g/kg) intraperitoneally in overnightttad mice. Blood glucose levels were
determined prior (0) the injection and 30, 60, 8@ 420 min afterwards. Blood samples
were obtained from the tail vein. Obtained plasmase used to measure glucose
concentration by glucose oxidase method (Kit-Biadmostic Chemistry Industry®).

The total area under the curve of ipGTT was caledla

Glucose-induced insulin release in pancreatic idets: Collagenase technique was
used to isolate pancreatic islets from mice desdritreviously [33], with modifications.
Briefly, intact mice from all groups, were deeplyeathetized. The abdominal wall was

cut and open. The whole pancreas was isolated,edasfth a Hank’s buffered saline
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solution (HBSS), weighted and quickly chopped. Sna&nt solution was discharged
after precipitation of pancreas peaces. Suspeng@iincubated with HBSS containing
collagenase type IV (0.7 mg/ml of pancreas peagggension, Sigma Chemical CO., St.
Louis, MO) at 37°C. Suspension was then filtereth\wi0.5mm metal mesh and washed
with HBSS, containing 0.12% bovine serum albumaction V (BSA), in 5 continuous
washings. Islets were collected with the aid ofierascope. At least 8 mice were used to
obtain a pancreatic islet pool for each animal grdaroups of 4 islets placed on plastic
cover slips were pre-incubated for 60 min in 1.0ofKrebs-Ringer bicarbonate-buffered
solution containing 0.12% (wt/vol) bovine albumifration V), and glucose 5.6 mM, pH
7.4. The solution was equilibrated against a miiir CQ (5%) and Q (95%). After the
adaptation to a low glucose concentration solutisiets were submitted to incubations
for further 60 min in glucose 5.6 and 16.7 with BseRinger solutions. Islets used to
observe insulin secretion were obtained from atstle@ different mice to each
experimental group Aliquots from incubations weresedi to measure insulin

concentration by radioimmunoassay [34].

Chemicals: Human Recombinant Insulin (Humalog) was purchds=d Eli Lilly
(Indianapolis, IN). [I*] Human insulin was acquired from Pharmacia (Saad?8R).

Routine reagents were purchased from Sigma, uatbsswise specified.

Satistical analysis: All results are presented as mean + SHM< 0.05 was

considered statistically significant. One-way ANOW&ith Bonferroni post-test and



21

student’s-t test were performed using GraphPadnPnersion 4.00 for Windows

(GraphPad Software, San Diego California USA).

Results

As shown in figure 1 (left panel), MSG treatmemiuced 44% enhancement of
periepididymal fat pad compared to untreated arsr(@t0.001). Swim training started at
21 days old induced 30.9% fall in the fat tissu8Gdays old MSG-animals compared to
untrained (p<0.001); while, exercise reduced theissue by 37.9% in MSG-untreated
mice. Figure 1 show (middle and right panel) alsat MSG treatment induced increases
of 45.2% and 137.9% in glucose and insulin bloodcentration, respectively, when
compared to MSG-untreated ones (p<0.001); howeswitn programming abolished
fasting hyperglycemia, as well as the hyperinsufiize Exercise did not change glucose
and insulin blood levels in MSG-untreated mice.

Mice from all groups were responded to glucose Idaring ipGTT, showing
transient blood glucose concentration increaseshasvn in upper panel of figure 2.
MSG-sedentary animals presented higher glycemian tMESG-untreated mice; in
addition, at the test end the blood glucose leware 45% more elevated than those of
fasting (p<0.001). Swimming program applied to M8i&e reduced the glucose level
oscillations to the same concentrations presentdd3G-untreated animals; whereas, no
alterations were registered to normal mice subnhitte exercise. Calculating the area
under the curve of blood glucose concentrationughout ipGTT sedentary MSG-mice
present an increase of 39.6% compared to MSG-uatiteanes (p<0.001), as shown in

the lower panel of figure 2. Swimming training cdetply restored the glycemic levels
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in MSG-mice; while, in normal mice exercise did nalter the blood glucose
concentration.

Figure 3 show that MSG treatment did not geathe diet consumption. It is
also show that swimming program not cause anyaditer in food intake to MSG-treated
or untreated mice.

At low concentration, 5.6 mM, glucose stimulatedulin release in islets from
normal as well as from MSG-mice; while, it was absd 2.12 fold increased insulin
secretion to islets from MSG-mice when comparedriveated ones (p<0.001). Exercise
did not caused any changes in the insulin secrehdaced by 5.6 mM of glucose to
MSG treated and untreated animals. Increasing gkiconcentration to 16.7 mM, islets
respond secreting more insulin; 3.75 and 2.97 tinweapared to secretion response to
low glucose to sedentary MSG-untreated and tremied, respectively, as shown in the
right panel of figure 3 (p<0.001). Insulin secratstimulated by 16.7 mM of glucose to
islets from exercised MSG-untreated mice show neraion when compared to
sedentary ones; however, islets from 21-90 dayseré&icised MSG-mice secreted 1.90
time more insulin than MSG-sedentary (p<0.001).

Figure 5 shows the total catecholamine stores ite mdrenal glands.
Neonatal treatment with MSG caused a 42.6% reduatidhe catecholamine content of
the adrenal gland when compared to normal mice.(840). However, MSG-mice which
were submitted to swim training after weaning iased their catecholamine storage by
50% compared to sedentary MSG-mice (p<0.001). hmabanimals, exercise caused a

42.5% catecholamine increase (p<0.001).
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Discussion

Neonatal treatment with MSG causes fast hypeiimsolia in adult rodents
[13,15,18]. Hyperinsulinemia was recorded in MSGeniaccompanied for high blood
glucose concentration. MSG treatment lesioned m@ifgignt number of neurons localized
in the hypothalamic arcuate nucleus (ARC), disayiraj an important area involved in
body weight [35] and glycemic control [36]. Obesgérinsulinemic rodents, who have a
genetic defect relate to ARC function, such as 2Zuafats, and ob/ob and db/db mice,
presenting hyperphagia [22,35]; however, curreria ddhow that MSG-mice did not
increase food intake, confirming other authors 38, Whereas, presenting
normophagia, MSG-mice accumulate increased faenmepididymal pads, which leads
to estimation total fat tissue content and to alldvaracterize the obesity, as showed in
the current research and by other authors [19,P6388sent swimming program did not
disturbed the food intake to MSG-treated or to emtted mice. It has been shown that
exercise did change food intake [39]. Although atecrease in food consumption,
exercise training caused decrease in fat tissuenadation in both animal group;
however, the fat reduction observed in exercisedsM@ce lead the fat accumulation to
the same levels from normal sedentary mice. These suggest that the swimming
program is able to inhibit MSG-obesity onset; hogrevt can not conclude that this kid
of exercise training cause complete blocking ofsitgeonset, because exercise was also

able to reduce significantly the fat accumulatioh MSG-untreated mice. We have
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observed that adult MSG-mice (90 days old) who swa#fter weaning for 30 or 70 days
presented less fat accretion than sedentary onBES@-mice who started swimming at

60 days of age [26].

Swimming program was also capable to normalize dlansulin levels.
Hyperinsulinemic human and rodents submitted téeiht types of exercise training
show reduction of blood insulin levels; while thegnitude of decrease is dependent on
time and intensity of the training [40,41]. It calso suggest that decrease in fat tissue
accumulation is related to normalization of fastingulin levels. Insulin levels had been
identified as an adiposity signal, like leptin [38hcreases in fasting blood insulin
concentration accompany rises in fat tissue contglt].  Fasting significant
hyperinsulinemia, as showed in MSG-mice, can atslicate a failure in tissue insulin
action, which leads to peripheral insulin resiseaf#2]. It was demonstrated a decreased
of the stimulatory effects of insulin on glucosansport in adipocytes from MSG rats
[18]. MSG rodents possess lower content of gludcmesporter (GLUT4) protein in fat
cells, skeletal and cardiac muscles and in browpoaé tissue [20,43]. However, during
the development of obesity in MSG mice, the GLUDBhtent was increased in white
adipose tissue and it may play a key role in théidaue accumulation observed in MSG-

mice [44].

Physical activity can reduce insulin resistance iamatove glucose intolerance in obesity
[30,45]. A single bout of exercise increases the od glucose uptake into the contracting
skeletal muscles, a process that is regulateddyémslocation of GLUT4 to the plasma
membrane [46]. Furthermore, exercise trainingaases expression of GLUT4 protein

in muscle [47]. Exercise and insulin action utilidéferent signaling pathways, both
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allow activation of glucose transport, which pemhapxplain why humans and
experimental animals with insulin resistance cagrease muscle glucose transport in
response to an acute bout of exercise [48](Hayeislai., 1997). A mechanism that
participates on insulin-independent pathway by Whmuscle contractions stimulate
glucose transport is the release of?C&rom sarcoplasmic reticulum; another one
involves the AMP-activated protein kinase (AMPKP[4Swimming program was able
to normalized fasting glycemia and improved gluctoderance of MSG-mice. These data
indicate that glucose uptake on peripheral tissuas activated by exercise training;
however this effect can not be attributed onlyrsulin-independent pathway, because
exercise also reduce insulin levels and fat tisdaeage, which can suggest an increase in
insulin tissue sensitivity. Indeed, in results sbhbwn insulin resistance was observed in

MSG-mice and it was abolished by swimming training.

There are several experimental evidences that M8@ents present low
sympathetic activity [14,26,50]. Studies in ourdedtory have shown reduced secretory
capacity of adrenal medullary chromaffin cells frodSG mice, coupled to low
catecholamine stores and reduced expression dirtgrchydroxylase (TH), a limiting
enzyme to catecholamine biosynthesis [21,25]. Aand long term exercise training
stimulate sympathetic driving. Catecholamines bldedels and their turnover are
increased by exercise [51]. Moderated swimming pog started at weaning
reestablished the catecholamine production on atimeedullae cells and inhibited the
MSG-obesity onset in adult mice [26]. In results sBhown the same exercise training
was able to enhance the TH protein expression iGMgce. We also show, in the

current research, that exercise training recoveadcholamine content from adrenal
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gland of MSG mice and this may contributed to ndization “in vivo’ of insulin
oversecretion and it allow to restore normoinsutiiee Epinephrine, released from
adrenal medulla, and norepinephrine released frben sympathetic nerve endings,
inhibits insulin release via stimulation @f-adrenergic receptors on the beta cells of the
islets of Langerhans [24].

Our laboratory [15] showed that islets from MSG eneere able to increased the
overall insulin secretion 14 times from 5.6 mM t6.2. mM glucose perfusion, while
islets from control mice increased to 28 times. Tdw secretion in response to high
glucose concentration may indicate dysfunctiongancreatic beta cells, which can lead
to development of type 2 diabetes in these micesdt research also observes failure in
insulin secretion control of beta cells from MSGice insulinotropic effect of high
glucose concentration is low in MSG-obese mice crexb to lean ones. Exercise
training was able to induce in islets from MSG-maceincrease insulin release stimulate
by high glucose dose greater than lean mice. Tressdts indicate that training program
induces a recovery of the ability to respond tocgke concentration changes in
pancreatic beta cells from MSG-mice.

In conclusion, our results show that moderate stk@iming, started at weaning is
able to considerably inhibit the obesity onset cetli by neonatal treatment with
monosodium L-glutamate. The effect of exercisentng was related to sympathoadrenal
axis activity. Moderate exercise had also abildyabolish the hyperglycemia; insulin
secretion control and tissue insulin sensitivityreveestored in obese mice. We suggest
that exercise training may interfere on central tadnof energy expenditure by

autonomic nervous system activity, among other meisims, which allow it to
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reestablish the tissue insulin sensitivity and lzeth insulin secretion control; however;

further studies must be conduct to clarify thesehaaisms.
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Figure 1. Effect of MSG treatment and swim training on fat acumulation on
epididymal pads (left panel), plasma glucose (middl panel) and insulin (right
panel).

Bars represent the mean obtained with 10-12 anifoaksach group. Lines at the top of
the bars represent the SEM. The letters over the tegresent significant differences
with p<0.05 between groups: a- C SED; b-C EXE ; 8®/SED and d-MSG EXE.

Figure 2. Effect of MSG treatment and swim training on ipGTT.

In the upper panel, at the left, symbols repreti@nimean of blood glucose concentration
during IpGTT registered to 10-12 mice for each grolines on the symbols represent
the SEM. In the lower panel, bars represent thenmoéarea under the curve of glycemia
during all ipGTT period obtained with 10-12 animfs each group. Lines at the top of
the bars represent the SEM. The letters over the tegresent significant differences
with p<0.05 between groups: a- C SED; b-C EXE ; 8®/SED and d-MSG EXE.

Figure 3. Effect of MSG treatment and swim training on food ntake.

Bars represent the mean obtained with 10-12 anifoaksach group. Lines at the top of
the bars represent the SEM.

Figure 4. Effect of MSG treatment and swim training on insuln secretion
stimulated by low (5.6mM) and high (16.7mM) glucoseoncentration.

The islets were obtained from a pool of 10 micedach group. Bars represent the mean
obtained with 24 batches of islets. Lines at the @bthe bars represent the SEM. The
letters over the bars represent significant difiees with p<0.05 between groups: a- C
SED; b-C EXE ; c-MSG SED and d-MSG EXE.

Figure 5. Effect of MSG treatment and swim training on total catecholamine
content from adrenal medullae

Bars represent the mean of catecholamine content &drenal medullae isolated from
10-12 animals for each group. Lines at the tofhefldars represent the SEM. The letters
over the bars represent significant difference$ w#0.05 between groups: a- C SED; b-
C EXE ; c-MSG SED and d-MSG EXE.
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