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Our four-year study, conducted on isolated rat stomach and rectum strips
from adult rats of the same brood in five series, demonstrated for the first
time notable variations of the responsiveness of the gut smooth muscles to
glutamate, the findings that point to strong variability of glutamate contrac-
tile action which could lead to inconsistencies and should be taken into ac-
count in the future research.
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Contractile effects of glutamate were demon-

strated for the fist time on isolated guinea pig ileum

16 years ago [5]. However, several later attempts

[2, 8] only partially shed the light on the mecha-

nism of that action. Consequently, the physiologi-

cal significance of glutamate contractile effect is

completely unknown.
Among various novel contractile agents, which

have been simultaneously investigated in our labo-

ratory, we noticed that glutamate and basic gluta-

mate receptor agonists also contracted smooth

muscle strips from rat gut [3]. We perform more

detailed pharmacological analysis on the basis of

larger pooled data set comprising several experi-

mental series. Surprisingly, the statistical analysis

revealed that glutamate-evoked contractile re-

sponses remarkably varied between subsequent ex-

perimental series. These findings, demonstrated for

the first time, may have remarkable impact on the

future studies concerning glutamate and smooth

muscle contractility.
In our experiments, the brood of Albino-Oxford

rats from external laboratory animal farm (Military

Medical Academy, Belgrade, Serbia) was used as a

source of isolated preparations of gut smooth mus-

cles. Healthy adult rats (~2 months old) were ran-

domly supplied in series (~15–20 animals). After

supplying, in our laboratory farm the animals were

managed for further 2–3 months, under the condi-

tions approximately similar to those at the source

farm. The procedures with animals followed the

protocols approved by the University of Kraguje-

vac Laboratory Animal Care and Use Committee.

After fasting (12 h), the rats were killed by cervical

dislocation and exsanguinated. The laparotomy

was performed and the parts of the gut were re-

moved, sunk in Krebs’ solution (in mM: NaCl 94.7,

KCl 4.7, MgSO( 1.2, CaCl' 2.52, KH'PO( 1.18,

NaHCO) 24.88 and glucose 11.7) and used for fur-

ther procedure. The same researcher, following

well-known guidelines for studying isolated smooth

muscles, performed all experiments.
The method was described previously in detail

[3]. In short, the preparation of isolated strips of rat

stomach fundus were constructed according to

Vane (full-wall thickness preparations, 40 × 1.5 mm),

and the isolated rectum according to Magnus (op-

posite ends of the intestine segment wall were tied

to the bottom and the lever, respectively) and

placed in organ bath (Krebs’ solution, 95%O',

5%CO', 37°C). All strips were loaded (with 1.0 g),
and amplitudes of tonic contractions were recorded.
After some equilibration, the vitality of a prepara-
tion was examined with acetylcholine and then the
tested drug was added cumulatively. After its last
dose, drug-free period (30 min) was allowed before
the next cumulative drug doses. The concentration-
response curves of glutamate were constructed using
linear regression according to least-squares analy-
sis, and significance of shifting the concentration-
response curves was evaluated [1]. Additional sta-
tistical testing was performed as needed (level of
significance was p � 0.05). Acetylcholine hydro-
chloride and L-glutamic acid monosodium salt
(glutamate) were supplied from Sigma Chemical
Co., St. Louis, USA and the substances used for
preparation of Krebs’ solutions were from Zorka,
Sabac, FR Yugoslavia. Chemicals were stored and
always freshly prepared according to the manufac-
turers’ recommendations.

During four years, the effects of glutamate were
examined on total of 80 animals of both sex (29 male,
51 female), 102 ± 5 days old (the mean ± SEM) and
weighing 215 ± 6 g. Animals were divided into five
series (see Tab. 1), starting at day 0, 143, 627, 1047
and 1332, respectively, from the beginning of the
study. The isolated preparations from rat gastric
fundus did not show spontaneous (phasic) activity.
On the other hand, the majority of the isolated rat
rectum preparations showed spontaneous contrac-
tions with moderate amplitude (~10 mm) and fre-
quency of 3–6 cycles per minute. Four and three
isolated preparations of rat stomach and rectum, re-
spectively, showed unsatisfactory contractions by
preliminary repeated acetylcholine treatment (1.83
× 10./ M to 1.63 × 10.0 M) and consequently were
excluded from further analysis. Glutamate (4.0 ×
10.1 M to 1.4 × 10.' M) evoked concentration-de-
pendent contractions of 52 out of 76 examined iso-
lated rat gastric fundus preparations. Glutamate did
not induce spontaneous activity of the isolated
preparations. Across the series, responsiveness of
the isolated preparations to glutamate significantly
decreased. Both an increase in the subset of non-
reacting preparation and a decrease in the maximal
absolute responses (measured as amplitudes of
maximal tonic contractions) were noted (Tab. 1, re-
gular font). When the maximal absolute responses
(contractions in millimeters) (n = 52) were plotted
against the time [starting from the first (0) to the
last day (1410) of the experimentation] then a sta-
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tistically significant regression line with a negative
trend could be calculated, Y = –0.011*X + 31.849
(p < 0.001). Finally, the isolated preparations sensi-
tive to glutamate were nested within a series and
five glutamate concentration-response curves and
their EC0* values were calculated (Tab. 1). These
lines did not differ, except in case of the second
one, where the leftward shifting was statistically
significant (p < 0.05) (Fig. 1). The two lines also sig-
nificantly differed from the common curve, derived
from pooled data (n = 52, y = 5.3 + 20.2*x, EC0* =
162.30 ± 1.16 �M): the second one to the left
(p < 0.01) and the fifth one to the right (p < 0.05).

Glutamate (4.0 × 10.1 M to 1.4 × 10.' M)
evoked concentration-dependent contractions of 31
out of 57 examined isolated rat rectum prepara-
tions. Glutamate moderately potentiated spontane-
ous activity of the isolated preparations. Like in the
case of the previous organ, across the series respon-
siveness of isolated rectum to glutamate signifi-
cantly decreased (Tab. 1). However, in this type of
isolated preparation, the decrease was so pronoun-
ced that the last series were almost non-responsive.

Consequently, the statistically significant regres-
sion (trend) line could not be established. Again,
isolated preparations sensitive to glutamate were
nested within a series and three glutamate concen-
tration-response curves with their EC0* values were
calculated. The second line showed mild but statis-
tically significant leftward shifting from two others
(p < 0.05) (Tab. 1; Fig. 1) but this trend did not
reach the significance from the common curve
(pooled data, n = 31, y = 21.2 + 18.1*x, EC0* =
38.95 ± 1.27 �M).

There were no statistically significant differ-
ences in terms of the mean age and the weight as
well as sex distribution of animals between experi-
mental series. Subgroup statistical analyses between
reactive and non-reactive preparations within an as-
say excluded the age, weight and sex as the causes
of the observed variations for both types of pre-
parations. No significant variation of the effects
of acetylcholine confirmed intrinsic consistency of
cholinergic mechanisms. For the purpose of space
preserving, these data have been withheld in the
source file.
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Table 1. The effects of glutamate on the isolated preparations of rat stomach fundus (regular) and rectum (italic) across experimental
series

Series 1 Series 2 Series 3 Series 4 Series 5 � or p

n� 11 17 14 17 17 76

8 15 17 10 7 57

n� 11 13 10 13 5 52

7 13 6 3 2 31

n�/n� 1 0.76 0.71 0.76 0.29� p < 0.05�

0.88 0.87 0.35� 0.33� 0.29� p < 0.05�

x (mm) 27.5 32.8 26.7 19.3� 14.4� p < 0.01�

23.6 26.3 20.2 12 11 p = 0.059�

SEM 3.7 2.0 4.1 1.1 1.5 –

3.6 3.1 1.1 0.6 0 –

EC�� (�M) 268.1 51.3� 182.1 223.6 313.7 p < 0.05�

49.4 27.9� 59.9 – – p < 0.05�

CI 1.4 1.4 1.4 1.2 1.3 –

1.8 1.3 1.5 – – –

n� – total number of preparations examined; n� – isolated preparations sensitive to glutamate; x – the mean of maximal contractions;
SEM – standard error of the mean; CI – confidence interval; p – probability of H�; * – an individual data set which differ significantly
(p < 0.05); � – ��-test; � – one way ANOVA (analysis of variance); � – according to Bowman and Rand [1]



As far as we are aware, the studies concerning

the contractile effects of glutamate examining pos-

sible variations within an experimental model are

lacking. A set of our results showed that the effects

of glutamate gradually diminished for both types of

isolated smooth muscle preparations, particularly

for rat rectum: the proportion of unresponsive

preparations rose, the mean absolute responses de-

clined, and statistically significant regression-line

showed negative trend. However, in responding

preparations the sensitivity to glutamate was usu-

ally preserved and even might be increased (the

leftwards shifting for the second data sets). It seems

that the contractile actions of glutamate in our

study were governed rather by variable than by per-

manently declining pattern, despite some statistical

parameters favoring the later ones. Therefore, the

word “variation”, better than “decrease”, describes

the nature of glutamate contractile action, which

varied widely from excellent to unsatisfactory re-

sulting in its important inconsistency. The devia-

tions from the common curves as well as subtle dif-

ferences between two preparations strongly suggest

a natural event rather than simple experimental

variation or artefact.

Some studies brought evidences that point to
a possible important experimental variance within
the same bioassay, if months or years measured the
time periods between the experimental series (as
seen in our study). The results with L-365,260,
a competitive cholecystokinin (CCK') receptors
antagonist, are the most representative. Its effects
were periodically studied in the same laboratory
over a five-year period using three isolated tissue
assays, from which replicate data sets were obtained
[7]. Contrary to the some assays (rat stomach secre-
tion and guinea pig stomach contraction), in a mo-
del of acid secretion (mouse stomach) some indi-
vidual data sets significantly varied. This resulted
in non-competitive behavior of the antagonist in
those assays, with the wide variations of individual
Schild plots and pA' values.

It is very surprising that the precise mechanisms
of the contractile action of glutamate are poorly un-
derstood. The action had been discovered [5] long
before the role of glutamate in enteric neurons
started to be investigated [4] and soon pretty well
characterized [6]. Other authors might have experi-
enced the changeable nature of the glutamate con-
tractile effects, but because of limited series did not
recognize it, which disturbed their efforts.
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Fig. 1. Left. The effects of glutamate (0.4 �M to 14 mM) on the isolated rat gastric fundus across the experimental series from 1 to 3.
Each data point is the mean ± SEM of 11, 13 and 10 different isolated preparations, respectively. The second line was significantly
shifted leftwards (p < 0.05). Right. The effects of glutamate (0.4 �M to 14 mM) on the isolated rat rectum across the experimental se-
ries from 1 to 3. Each data point is the mean ± SEM of 7, 13 and 6 different isolated preparations, respectively. The second line was
mildly but significantly shifted to the left (p < 0.05)



In conclusion, our results demonstrated that the
responsiveness of the gut smooth muscles to gluta-
mate could be variable in some species. Future in-
vestigation could offer exact explanation of this
phenomenon but, at the moment, it seems to be
linked with the current status of the brood of ex-
perimental animals. Some factor(s) out of control
of the investigators (e.g. changing of animal food
type in the external animal farm) might seem re-
sponsible for causing, for example, the variations
of glutamate receptor expression. In any case, in
future studies concerning glutamate contractile ac-
tion carried out on the experimental animals from
the same brood, one should take into account the
effect described in this study. Especially, if the du-
ration of a study encompasses several years.
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