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Neonatal monosodium glutamate treatment alters rat intestinal muscle
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Abstract

The following study is an investigation of the changes in the contractile reactivity of visceral muscles in response to agonists and
alterations in metabolic parameters after neonatal rat treatment with monosodium-L-glutamate. This treatment markedly sensitizes ileum

X Ž . Ž .and colon preparations to adenosine-5 -triphosphate ATP stimulation and also increases the colon activity to acetylcholine p-0.05 .
Response to bradykinin remained unchanged, while ileum activity to angiotensin II was characterized by a reduction in the maximal

Ž . Ž .tension E and an increase in the EC p-0.05 value. The responses of nonintestinal muscle preparations from monosodium-max 50

glutamate-treated rats to both ATP and bradykinin did not show a significant difference when compared to the controls. This treatment
Ž .diminished food intake, feces excretion and increased plasma insulin, nonesterified fatty acids and triglyceride concentrations p-0.001 .

These results suggest that the changes in intestinal muscle activity, in response to agonists, can be due to metabolic alterations as well as
the monosodium glutamate action on enteric neurons andror smooth muscle receptors. q 1999 Elsevier Science B.V. All rights reserved.

Keywords: Monosodium glutamate; Smooth muscle; Adenosine-5X-triphosphate; Acetylcholine; Bradykinin; Angiotensin II

1. Introduction

The administration of monosodium L-glutamate to
neonatal rats is known to induce anatomo-physiological
disturbances which can be associated with several neuroen-

Ždocrine, metabolic and behavioral abnormalities Dolnikoff
et al., 1988; Wong et al., 1997; Stricker-Krongrad et al.,

.1998 . Marked neuronal loss was shown in the hypothala-
Ž .mic arcuate nucleus Legradi et al., 1998 , in the medial

Ž .preoptic area Desjardins et al., 1992 and in the circum-
Ž .ventricular organs Rogulja et al., 1987 . Monosodium

glutamate treatment alters cholinergic neurotransmission
Žby decreasing acetyltransferase activity Ortuno-Sahagun

.et al., 1997 and increasing the number of muscarinic
Ž .receptors in the cerebral cortex Beas-Zarate et al., 1994 .

On the other hand, when compared to normal rats, the
immunoreactive somatostatin levels in the pancreas and
antral region of the stomach doubled in the monosodium-

Ž .glutamate-treated rats De Paolo and Steger, 1985 , while
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in the duodenum, jejunum and colon, no variation was
observed. Actually, little is known about the physiological
properties of the rat intestine following monosodium-
glutamate-induced disturbances in the central nervous sys-
tem.

This study was designed to examine if there is any
change in the responses of different visceral muscle prepa-

X Ž .rations to acetylcholine, adenosine-5 -triphosphate ATP ,
bradykinin and angiotensin II following neonatal treatment
with monosodium glutamate. Food intake, feces excretion
and some metabolic parameters were also evaluated.

2. Materials and methods

2.1. Animals

Male newborn Wistar rats were used. Monosodium-L-
glutamate was administered daily throughout the first 10

Ž . Ždays of life 4 grkg body weight Olney, 1969; Remke et
.al., 1988 . The protocol for the use of the research animals

was approved by the University Committee. The animals
became obese after being treated with monosodium gluta-
mate. Isotonic NaCl solution was injected in the control
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Ž .rats 1.25 grkg body weight . The rats were kept in
Ž .polystyrene boxes lean and obese separate under con-

Ž w x.trolled light 12 hours lightrdark phase 0700–1900 h
Ž .and temperature conditions 22"18C , with free access to

food and water. At the age of 75 days, control rats
Ž .298"5 g, ns6 and monosodium-glutamate-treated rats
Ž .295"5 g, ns6 were pair-weighed and placed in indi-
vidual metabolic cages. The daily food intake and feces
excretion were measured during the following days. After
15 days, the animals were decapitated and trunk blood was
collected. Plasma was separated by centrifugation at
15,000=g and 48C and kept at y208C until the analysis

Ž .for nonesterified fatty acids Miles et al., 1983 , triglyc-
Ž . Žerides Bucolo and David, 1973 , cholesterol Allain et al.,

.1974 and insulin. Glucose was assayed by a glucose
Ž .oxidase kit Boehring Mannheim, Mannheim, Germany

and insulin using the rat-specific radioimmunoassay kit
Ž .Novo Industry, Copenhagen, Denmark .

2.2. Procedures

The distal ileum and distal colon were dissected, quickly
freed of any connective tissue and placed in Tyrode solu-

Žtion 137 mM NaClr2.7 mM KClr12 mM NaHCO r0.363

mM NaH PO r0.53 mM MgCl r1.36 mM CaCl r5.52 4 2 2
.mM glucose . For experiments with vas deferens, the

epididymal and prostatic portions were tested separately.
The preparations from control and monosodium-gluta-

mate-treated groups of rats were mounted isometrically in
a 5-ml organ bath at 378C filled with Tyrode solution and
continuously bubbled with air. The preparations were equi-
librated in this solution for 45 min with buffer changes
every 15 min, the resting tension being 1 g. At the

Žbeginning of each experiment, the response to KCl 40
.mM was tested as a control. Preparations from the control

and monosodium-glutamate-treated rats were challenged
with single concentrations of various drugs. The response
to agonists was recorded during 1.5 min and expressed as a
percentage of a 40-mM KCl-induced contraction for the

Ž .establishment of dose–response curves. A short 3.5 min
interval with repeated renewals of the bathing solutions
was allowed to elapse between one challenge and the next.
For angiotensin II, a 20-min interval between applications
was used. Only this interval provided reproducible re-
sponses and was thus selected to avoid tachyphylaxis
Ž .Paiva et al., 1974 .

2.3. Drugs

The following drugs were used: monosodium-L-gluta-
Ž .mate, ATP disodium salt from Sigma, St. Louis, MO,

USA and acetylcholine chloride from Merck Industries,
Quimicas, RJ, Brazil. The bradykinin and angiotensin II
used in the present study were synthetized in our labora-

Ž .tory as previously described Paiva et al., 1974 . Stock
solutions of all drugs were prepared in 0.9% NaCl. Salts

for the Tyrode solution were of analytical grade and were
obtained from Merck Industries, Quimicas, RJ, Brazil.

2.4. Data analysis

The EC values were calculated from the dose–re-50
Žsponse curves and expressed as logEC Flemming et al.,50

.1972 for the statistical analysis. Values of maximum
Ž .tension developed under agonist stimulation E weremax

obtained from the same curves and shown in the text as a
percentage of a 40-mM KCl-induced contraction. Nonlin-

Žear regression fit sigmoidal dose–response, variable slope,
.without weight was carried out using the Graf Pad Prism

Žv.2.01 computer program Graf Pad Software, San Diego,
.CA, USA . All the values found in the text, figures and

Table 1 are expressed as means"S.E.M., and n is the
number of observations. Significance was tested in all
experiments according to the nonparametric two-tailed

Ž .Mann–Whitney U-test p-0.05 or the Student’s un-
Ž .paired t-test p-0.001 as required.

3. Results

In this study, the animals were pair-weighed to avoid
body weight influence. Therefore, the control and
monosodium glutamate groups were found to have similar

Ž .body weight 296.5"5 g . As shown in Table 1, total
food intake and feces excretion diminished significantly
Ž .p-0.001, t-test, ns6 in rats following the treatment
with monosodium glutamate. Plasma insulin, nonesterified
fatty acids and triglyceride concentrations were higher in

Žmonosodium-glutamate-treated rats vs. control rats p-
.0.001 while there were no differences found in plasma

glucose and cholesterol concentrations between both groups
of animals.

Intestinal muscle preparations from monosodium-
glutamate-treated and control rats showed a dose-depen-
dent response to ATP, acetylcholine, bradykinin and an-

Ž .giotensin II Figs. 1A–D and 2A–D .

Table 1
Some metabolic parameters of monosodium-glutamate-treated and control
rats
Values presented are means"S.E.M.; ns6 ratsrgroup.

Parameters Control Monosodium
glutamate

Ž .Body weight g 298"5 295"5
UŽ .Food intake gr100 grday 12.07"0.2 8.77"0.2

UŽ .Feces excretion gr100 grday 1.98"0.07 1.41"0.06
Ž .Glucose mMrl 7.6"0.2 7.8"0.3

UŽ .Insulin nMrl 389.8"20.6 531.0"25.0
UŽ .Nonesterified fatty acids mM 284.0"32.0 448.0"26.0
Uy3Ž .Triglycerides g=10 rdl 87.5"4.1 134.0"11.8

y3Ž .Cholesterol g=10 rdl 87.8"2.9 90.9"3.7

U Ž . Ž .Significantly different vs. control rats p-0.001 Student’s t-test .
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Ž . Ž . Ž . Ž . Ž .Fig. 1. Dose–response curves of ATP A, B and acetylcholine C, D for ileum A, C and colon B, D muscle preparations from control B and
Ž .monosodium-glutamate-treated I rats. Agonists were applied in a near-cumulative manner during 1.5 and 3.5 min interval between application with

intensive washing. ATP — adenosine-5X-triphosphate. The contractile responses to agonists were expressed as percentage of the maximum response
elicited by 40 mM KCl at the beginning of experiment. Each symbol and vertical bar represents the means"S.E.M. of 9–12 experiments. U p-0.05
Ž .Mann–Whitney U-test . For details, see text.

Dose–response curves of ATP and acetylcholine for
ileum and colon preparations from monosodium-gluta-
mate-treated rats and control rats are shown in Fig. 1A,B

where it can be seen that ATP curves for both ileum and
colon obtained for monosodium-glutamate-treated rat
preparations shift to the left as compared to controls. A

Ž . Ž . Ž . Ž . Ž .Fig. 2. Dose–response curves of bradykinin A, B and angiotensin II C, D for ileum A, C and colon B, D muscle preparations from control B and
Ž . Žmonosodium-glutamate-treated I rats. In experiments with bradykinin, a near-cumulative protocol 1.5 min for drug application; 3.5 min between
. Ž .injections with intensive washing was used. The same protocol but with longer intervals 20 min between applications was used for angiotensin II to

avoid tachyphylaxis. The contractile responses to agonists were expressed as percentage of the maximum response elicited by 40 mM KCl at the beginning
U Ž .of experiment. Each symbol and vertical bar represent the means"S.E.M. of 6–10 experiments. p-0.05 Mann–Whitney U-test . For details, see text.
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Ž .significant decrease p-0.05 in the EC value of this50
Ž y3agonist regarding ileum from 0.54"0.13=10 M, ns

9 in control to 0.23 " 0.0510y3 M, n s 10 in
.monosodium-glutamate-treated rats and colon prepara-

Ž y3tions from 0.84"0.33=10 M, ns10 to 0.28"0.08
y3 .=10 M, ns11 was observed. The maximum tension

developed by the ileum preparations from monosodium-
glutamate-treated rats under ATP stimulation did not
change as compared to controls, while the E of ATP-max

Ž .induced responses of the colon was significantly p-0.05
Žpotentiated in monosodium-glutamate-treated rats 53"

. Ž .5%, ns11 with respect to the controls 30"3%, ns10 .
Acetylcholine produced no difference in EC and E50 max

values in the ileum between monosodium-glutamate-treated
Ž .rats and control rats Fig. 1C,D . However, EC of acetyl-50

choline in colon preparations decreased markedly from
1.2"0.3=10y7 M, ns10 in controls to 0.5"0.1=

10y7 M, ns10 in monosodium-glutamate-treated rats and
E was increased from 120"11%, ns10 to 143"max

Ž .14%, ns10, respectively p-0.05 .
Dose–response curves of bradykinin and angiotensin II

for intestinal muscle preparations from control and
monosodium-glutamate-treated rats are shown in Fig. 2.
This treatment induced a nonsignificant increase in EC50

Ž y9of bradykinin in ileum from 43"9=10 M, ns9 to
y9 .60"8=10 M, ns7 as well as in colon preparations

Ž y9 y9from 47"7=10 M, ns7 to 62"9=10 M, ns
.10 . Maximal responses to bradykinin also showed a non-

significant decrease in the ileum from monosodium-
Žglutamate-treated rats from 78"6%, ns8 to 69"6%,

. Ž .ns6 and colon from 77"9%, ns6 to 61"7%, ns9
Ž .as compared to controls Fig. 2A,B .

The dose–response curves of angiotensin II for ileum
and colon preparations from monosodium-glutamate-

Ž .treated rats were shifted to the right Fig. 2C,D . The EC50
Ž .of angiotensin II increased significantly p-0.05 in the

Ž y9ileum from 7.0"2.1=10 M, ns9 to 17.0"1.8=
y9 .10 M, ns10 and was nonsignificant in the colon

Ž y9 y9from 12.2"3.7=10 M, ns9 to 17.8"5.5=10
.M, ns10 preparations. The maximum tension developed

in the ileum preparation from monosodium-glutamate-
Žtreated rats under angiotensin II stimulation 41"8%,

. Žns10 was smaller than that of the controls 66"10%,
.ns9 .

In order to compare the effect of neonatal monosodium
glutamate treatment on intestinal and nonintestinal muscle
preparations in response to ATP and bradykinin, we car-
ried out experiments with prostatic and epididymal por-
tions of the rat vas deferens. Bisected nonintestinal muscle
preparations from monosodium-glutamate-treated and con-
trol rats responded to agonists in a dose-dependent manner.
Monosodium glutamate treatment induced no differences

Ž y3in the EC value of ATP for prostatic 4.2"0.6=1050

M, ns7 from control and 5.0"1.1=10y3 M, ns7
.from monosodium-glutamate-treated rats and epididymal

Ž y3 y36.9"1.2=10 M, ns6 and 6.7"0.6=10 M, ns

.6, respectively preparations. Bradykinin also did not show
marked changes in responses of vas deferens preparations
from monosodium-glutamate-treated rats as compared to
controls. Actually, the EC values of this agonist in50

Žmonosodium glutamate vas deferens prostatic 136"29=
y9 . Ž y910 M, ns7 and epididymal 100"16=10 M,

.ns6 portions were approximately equal to the controls
Ž y9prostatic — 97"15=10 M, ns6; epididymal —

y9 .113"16=10 M, ns7 .

4. Discussion

Neonatal monosodium glutamate treatment has been
Žreported to cause hypothalamic lesions Legradi et al.,

.1998 , which affect food intake and alter the feeding
Žpatterns Wong et al., 1997; Stricker-Krongrad et al.,

.1998 in rodents. The disturbances in the rat intestinal tract
may be mediated by specific alterations in hormone secre-

Žtion including the gastroenteropancreatic system De Paolo
.and Steger, 1985 andror the changes in intestinal muscle

reactivity.
Food intake is diminished in monosodium-glutamate-

Ž .treated animals as found by Stricker-Krongrad et al. 1998 .
For the first time, we now show that feces excretion was
reduced significantly in the monosodium-glutamate-treated
rats when compared to the controls. The hypothalamic
arcuate nucleus destruction promoted by the neonatal
monosodium glutamate treatment decreases the hypothala-

Ž .mic neuropeptide Y content Nemeroff et al., 1978 that
Ž .stimulates food intake Taylor et al., 1990 . Thus, the

reduced food intake and feces excretion can be explained
by the lack of neuropeptide Y stimulation. However, the
relationship between the amount of feces excreted and the
amount of food intake cannot be ruled out.

Plasma glucose and cholesterol concentrations in
monosodium-glutamate-treated rats were similar to that of
controls; however, plasma concentrations of nonesterified
fatty acids, insulin and triglycerides increased. It was
shown that high insulin in vitro can modify both the
motility responses of rat intestine and the neuropeptide

Ž .release from these segments Allescher et al., 1991 .
Therefore, present data suggest that hyperinsulinemia in
monosodium-glutamate-treated rats could be a possible
mechanism which mediates the specific intestinal distur-
bances.

To study other pathways for the effect of monosodium
glutamate treatment on intestinal muscles, we tested the
ileum and colon responsiveness to ATP and acetylcholine

Žwhich are transmitter substances in these tissues Burns-
.tock et al., 1970 and also evaluated muscle responses to

the main gastrointestinal myotropic peptides — bradykinin
and angiotensin II.

We found that monosodium glutamate treatment sensi-
tizes ileum and colon preparations to ATP by a 2.4–3.0-fold
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Ž .significant decrease in EC p-0.05 and 1.2– 1.6-fold50
Ž .significant increase in E p-0.05 , respectively, andmax

colon preparations to acetylcholine as well. However, no
effects were observed with ATP stimulation in vas defer-
ens preparations from monosodium-glutamate-treated rats
as compared to controls. Similar to our data, Wong et al.
Ž .1988 , using other nonintestinal muscle preparations, have
shown no alterations in response to acetylcholine.

Monosodium-glutamate-treatment-induced facilitation in
response to agonists can be mediated by appropriate
changes in receptor number andror binding affinity of
muscle cells to agonist molecules. Taking into account the
participation of these substances in neuromuscular trans-
mission, we reasoned that membrane alterations are play-
ing a compensating, secondary role in response to hor-
monal disturbances in the intestine and, probably, in the
decrease of the neurotransmitters released from the intra-
mural nervous system. A significant decrease in choline
acetyltransferase activity and an increase in the number of
muscarinic receptors was observed in the brain of
monosodium-glutamate-treated rats also as a result of neu-

Žronal loss in the arcuate nucleus Beas-Zarate et al., 1994;
.Ortuno-Sahagun et al., 1997 . Therefore, it is quite reason-

able to conclude that the neonatal monosodium glutamate
treatment induces changes in the sensitivity of the ileum
and colon smooth muscles to several neurotransmitters and
hormones. Since we found no alterations in reactivity of
vas deferens to agonists, it is suggested that the mentioned
compensating events have a specific intestinal localization.

It is important to note that this treatment sensitizes the
colon preparations to ATP and acetylcholine more when
compared with the effect on the ileum. These data may be
explained in terms of the difference in cholinergic and

Žpurinergic innervation of the rat ileum and colon Driel
.and Drukker, 1973; Boeckxstaens et al., 1990 andror by

the difference in origin of the sympathetic nerves supply-
Ž .ing this region Belai et al., 1991 .

The monosodium glutamate treatment of rats did not
alter the characteristics of intestinal responses to bradykinin
and induced the shift to the right of the dose–response
curve for angiotensin II in the ileum. Bradykinin and
angiotensin II evoked responses in the rat intestinal smooth

Žmuscle via intracellular pathways Zagorodnyuk et al.,
. Ž1998 mediated by different receptor types Schinke et al.,

.1991; Calixto, 1995 . Therefore, our data may be due to
Žsome changes in cell membrane properties such as de-

crease in the number andror affinity of angiotensin II
.receptors rather than to alterations in the contractile appa-

ratus of these muscles. No analysis of this machinery was
done in the present study, although the gross structure of
the monosodium-glutamate-treated colon and ileum was
similar to that of the control. Since it was shown that the
high plasma insulin level attenuates angiotensin-II-stimu-

Ž .lated vascular contraction Saito et al., 1993 , present data
also suggest a direct effect of high insulin on the respon-
siveness of intestinal smooth muscles to angiotensin II.

5. Conclusion

Neonatal monosodium glutamate treatment provokes
hormonal alterations and specific intestinal changes in
smooth muscle reactivity to agonists. We suggest that
gastrointestinal disturbances are mediated by the changes

Žin the intramural nervous system neuronal loss or de-
.crease in neurotransmitter release andror specific alter-

ations in smooth muscle receptor level.
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