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Background: Environmental enrichment can enhance expression of species-specific behaviour. While foraging enrichment is encouraged in laboratory animals, its impact on novelty induced behaviour remain
largely unknown.
Purpose: Here, we studied behavioural response of mice to acute and subchronic oral monosodium glutamate (MSG) in an open field with /without foraging enrichment.
Methods: Adult male mice, assigned to five groups were administered vehicle (distilled water), or one of four
selected doses of MSG (10, 20, 40 and 80 mg/kg) for 21 days. Open field novelty induced behaviours i.e. horizontal locomotion, rearing and grooming were assessed after the first and last doses of MSG. Results were
analysed using MANOVA followed by Tukey HSD multiple comparison test and expressed as mean ± S.E.M.
Results: Following acute MSG administration without enrichment, locomotor activity reduced, grooming
increased, while rearing activity reduced at lower doses and increased at higher doses. Subchronic administration without enrichment was associated with increased locomotor activity and reduction in grooming,
rearing activity however still showed a biphasic response. Addition of enrichment with acute administration resulted in sustained reduction in locomotor and rearing activities with a biphasic grooming response.
Subchronically, there was reduction in horizontal locomotion, biphasic rearing response and sustained
increase in grooming activity.
Conclusion: Behavioural response to varying doses of MSG as observed in the open field is affected by
modifications such as foraging enrichment, which can reverse or dampen the central effects seen irrespective of duration of administration.
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Introduction
Environmental enrichment in laboratory
animals involves modifications to their
physical and social environment to mimic
a natural habitat. Such modifications improve well- being, enhance expression of
specie-specific behaviour1 and reduce the
incidence or severity of stereotypy.2
Researches on environmental enrichment focus on physical enrichment, which entails provision of complex inanimate and social stimulation to animals within their home cage,3 addition of
toys, exercise wheels, perches and climbing frames. Enrichment
protocols are known to induce behavioural modifications and
enhance neuroplasticity by increasing physical activity, learning
experiences, visual inputs and social interactions.4
Environmental enrichment can be classified into physical, social, sensory, nutritional and occupational enrichment. Nutritional/foraging enrichment involves modification to food, such
as introduction of novel foods and changes in food delivery
method,5 e.g. making the animals forage rather than feed ad
libitum from a food cup within the housing. This is close to the
natural environment, where rodents spend a great part of their
time foraging for food. Food items scattered in the floor or
bedding also encourages ambulation. Small treats of different
types can be used depending on the experimental conditions
and desired endpoints.
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Rodents exhibit a strong motivation to forage and rats readily work for the retrieval of food in the presence of freely accessible identical food.6 Carder and Berkowitz7 found that rats
preferred earned food to free food provided the work entailed
was minimal. Nutritional enrichment has been studied and
validated in other farm animals such as horses,8,9 cattle10 and
pigs,11,12 although the modalities and endpoints differ. Enrichment studies in mice have shown alteration in gene expression
and variability of behaviour regardless of time of exposure13
as well as alteration in genes coding for new synapses, reorganization of existing synapses and neurotransmitter release.14
Although a lot of research has been done on some types of
environmental enrichment, nutritional/foraging enrichment in
particular has not been adequately explored as evidenced by a
dearth of literature.
Monosodium glutamate (MSG) is a naturally occurring sodium
salt of glutamic acid; a commonly used flavour enhancer which
dissociates into sodium cations and glutamate anions.15 Glutamate is one of the most abundant amino acids in the brain and
a primary excitatory neurotransmitter in the brain. Studies have
shown MSG altering neurobehaviour and even orally administered low dose of MSG caused central inhibition in the open
field test.16 This study intends to assess the neurobehavioural
response to low doses of MSG in mice exposed in an enriched
open field paradigm, with an intention of bringing to light possible interactions between a known driver of central inhibition
and a behavioural model that encourages ambulation.
www.annalsofneurosciences.org
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Methods
Reagents and Drugs
Monosodium glutamate (99% purity) (Ajinomoto®) purchased
from the open market, was weighed and dissolved in distilled
water to get desired concentrations. MSG at the varying doses
(10, 20, 40 and 80 mg/kg) was administered orally using a
cannula.
Animals
Adult Swiss mice (Empire Breeders, Osogbo, Osun State, Nigeria) weighing 22.5 ± 2.5g were used. Mice were housed in
plastic cages measuring 16 x 12 x 10 inches (6 mice in each
cage). Housing was a temperature-controlled (22.5°C ± 2.5°C)
quarters with 12 hours of light. Mice had free access to food
and water except during the behavioural tests. All rules related
to animal safety and care were observed.
Experimental Method
The behavioural model used was the open field. Mice were
randomly assigned to 5 groups of 6 animals each. Respective
groups received vehicle (distilled water) or one of four doses
of monosodium glutamate (10, 20, 40 and 80 mg/kg/day) for
a period of 21 days. Tests were carried out after the first and
last doses of MSG. At the beginning of the behavioural test,
each animal was placed in the apparatus and its behaviour was
videotaped for subsequent analysis.
Behavioural testing
Thirty minutes period of the following behavioural states; locomotion, rearing and grooming were observed and scored at
10 minutes interval. This was used to characterize behavioural
changes in the mice when placed in the open field. Animals
were tested with or without enrichment. Foraging enrichment
was achieved by incorporation of a tasty treat in the open field.
This was a simple home baked snack consisting of fine flour
and sugar to which the mice were already accustomed. About
twenty grams of the treat was ground into fine powder and
spread evenly on the floor of the field. The open field is a rectangular arena composed of a hard board floor measuring 36 x
36 x 26 cm and made of white painted wood. The floor was
divided by permanent red markings into 16 equal squares at
the bottom. Generally, spontaneous motor activity was monitored for 30 minutes in the open field as described by Ajayi
and Ukponmwan.17 After treatment as earlier explained, each
mouse was introduced into the field and the total locomotion
(number of floor units entered with all paws), rearing frequency (number of times the animal stood on its hind legs or with
its fore arms against the walls of the observation cage or free
in the air) and frequency of grooming (no of body cleaning
with paws, picking of the body and pubis with mouth and face
washing actions) within each 10 minute interval were recorded.
The arena was cleaned with 5% alcohol to eliminate olfactory
bias. A fresh animal was then introduced after the arena is dry.
Behavioural testing was done between 7.00 a.m. and 3.00 p.m.
Statistical Analysis
Data was analysed using Chris Rorden’s ezANOVA statistical
package for windows, version 0.98. Hypothesis testing was
performed using multifactorial analysis of variance (MANOVA).
MANOVA models were used to test effects of dose, enrichment and time on horizontal locomotor activity, rearing and
www.annalsofneurosciences.org
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grooming behaviours. Tukey HSD test was used for within
and between group comparisons. Results are expressed as
mean ± S.E.M, p values less than 0.05 were considered statistically significant.
Results
Horizontal locomotion
Monosodium glutamate’s effect on horizontal locomotor activity in mice was evaluated following 30 minutes of open field
exposure. A very significant main effect of MSG dosage (F =
14.5, p = 0.001), nutritional enrichment (F = 65.5, p = 0.001)
and time (acute or chronic) (F = 9.90, p = 0.002) was seen;
there were also significant interactions between MSG dosage
and the presence or absence of enrichment (F = 23.2, p =
0.001), MSG dosage and time (F = 36.2, p = 0.001), enrichment and time (F = 137, p = 0.001) and MSG dosage, enrichment and time (F = 55.6, p = 0.001).
Figure 1 compares locomotor response of mice to corresponding vehicle (distilled water) and acute and subchronic administration of varying doses of MSG with and without enrichment.
Following acute administration there was a reduction in locomotor activity at all doses of MSG, both with and without
enrichment, although statistically significant effects were only
seen at 10 (F = 4.31, p = 0.002), 20 (F = 3.41, p = 0.007) and
40 (F = 3.99, p = 0.003) in animals tested without enrichment
and at 20 (F = 13.02, p = 0.001), 40 (F = 3.07, p = 0.012)
and 80 mg/Kg (F = 5.09, p = 0.001) in animals tested with
introduction of enrichment. With subchronic administration of
MSG, locomotor activity increased significantly at all doses of
MSG {10 (F = 2.40, p = 0.037); 20 (F = 2.89, p = 0.016); 40
(F = 8.28, p = 0.001) and 80mg/Kg (F = 2.26, p = 0.047)}
without enrichment, with enrichment introduced, locomotor
activity decreased significantly at 10 (F = 13.45, p = 0.001), 40
(F = 18.82, p = 0.001) and 80mg/Kg (F = 12.22, p = 0.000). At
20 mg/kg however locomotor activity increased.
Effects of enrichment on locomotor activity following vehicle or
MSG administration was assessed. Following acute (F = 4.71,
p = 0.000) and subchronic (F = 6.80, p = 0.001) administration of vehicle, locomotor activity increased significantly with
enrichment compared to without enrichment Following acute
administration of MSG locomotor activity increased at {10 (F =
5.24, p = 0.001); 20 (F = 1.14, p = 0.2824), 40 (F = 8.05, p =
0.001) and 80 (F = 3.87, p = 0.003) with enrichment compared
to without enrichment with subchronic administration of MSG,
locomotor activity increased at 20 (F = 4.71, p = 0.001) mg/kg
and reduced at 10 (F = 4.67, p = 0.001), 40 (F = 25.77,
p = 0.001) and 80 (F = 5.87, p = 0.001) mg/kg with enrichment compared to without enrichment as shown in Table 1.
The effects of time (acute vs. subchronic) on administration of
vehicle or MSG was also analysed. With enrichment (F = 3.82,
p = 0.003) and without enrichment (F = 2.58, p = 0.079) locomotor activity decreased significantly with subchronic compared to acute administration of vehicle. With MSG; locomotor
activity increased significantly with subchronic compared to
acute administration at 10 (F = 5.42, p = 0.001), 20 (F = 4.47,
p = 0.001) and 40 (F = 13.21, p = 0.001) mg/kg; while at 80
no significant difference was seen, in animals tested without
enrichment, with enrichment a decrease in locomotor activity
was seen at 10 (F = 9.36, p = 0.001), 40 (F = 12.10, p = 0.001)
and 80 (F = 16.60, p = 0.001) mg/kg of MSG and an increase
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Fig. 1: Effect of Monosodium glutamate on horizontal locomotion in enriched and non enriched mice. Each bar represents Mean ± S.E.M, *p<0.05
compared to vehicle. n = 6; VEH: Vehicle.

Table 1: Effects of enrichment on horizontal locomotion
Dose

Acute Non Enriched
Mean ± S.E.M

Acute enriched
Mean ± S.E.M

F

Tukey HSD

P value

VEH

212.33 ± 14.6

289.83 ± 7.61

65.5

4.71

0.001*

10

147.33 ± 5.86

268.17 ± 11.32

”

5.24

0.001*

20

153.17 ± 9.38

165.67 ± 5.75

”

1.14

0.282

40

147.33 ± 7.21

250 ± 10.52

”

8.05

0.001*

80

202 ± 11

246.83 ± 3.67

”

3.87

0.003*

Dose

Subchronic Non Enriched
Mean ± S.E.M

Subchronic Enriched
Mean ± S.E.M

F

Tukey HSD

P value

VEH

165.67 ± 10.72

251.33 ± 6.6

65.5

6.8

0.001*

10

197 ± 7.46

162 ± 0.73

”

4.67

0.001

20

198.67 ± 3.94

261.33 ± 12.7

”

4.71

0.001*

40

264.8 ± 5.1

119.67 ± 2.32

”

25.77

0.001

80

191.83 ± 4.35

157.33 ± 3.95

”

5.87

0.001

®

®
®

Mean ± S.E.M, VEH: Vehicle. * p<0.05 Comparison of means between enriched and non enriched mice, n = 6.
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at 20 (F = 6.86, p = 0.000) mg/kg following subchronic compared to acute administration as shown in Table 2.

we also found significant interactions between MSG dosage
and the presence or not of enrichment (F = 29.6, p = 0.001),
MSG dosage and time (F = 4.69, p = 0.002) and between MSG
dosage, enrichment and time (F = 48.6, P = 0.001), there was
however no significant interaction between the presence or
not of enrichment and time.

Rearing activity
Secondly, we assessed the effect of monosodium glutamate on
rearing activity in mice. A very strong main effect of MSG dosage (F = 2.48, p = 0.001), enrichment (F = 13.7, p = 0.001)
and time (acute or subchronic) (F = 4.70, p = 0.033) was seen;

Figure 2 compares the rearing response of mice following acute
and subchronic administration of varying doses of MSG with or

Table 2: Effects of duration of administration (Time) on horizontal locomotion
Dose

Acute Non Enriched
Mean ± S.E.M

Subchronic Non Enriched
Mean ± S.E.M

F

Tukey HSD

P value

VEH

212.33 ± 14.6

165.67 ± 10.72

9.90

2.58

0.078

10

147.33 ± 5.86

197 ± 7.46

“

5.42

0.001*

20

153.17 ± 9.38

198.67 ± 3.94

“

4.47

0.001*

40

147.33 ± 7.21

264.8 ± 5.1

“

13.21

0.001*

80

202 ± 11

191.83 ± 4.35

“

0.86

0.410

Dose

Acute Enriched
Mean ± S.E.M

Subchronic Enriched
Mean ± S.E.M

F

Tukey HSD

P value

VEH

289.83 ± 7.61

251.33 ± 6.6

9.90

3.82

0.001®

10

268.17 ± 11.32

162 ± 0.73

“

9.36

0.001®

20

165.67 ± 5.75

261.33 ± 12.7

“

6.86

0.001*

40

250 ± 10.52

119.67 ± 2.32

“

12.1

0.001®

80

246.83 ± 3.67

157.33 ± 3.95

“

16.6

0.001®

Mean ± S.E.M, VEH: Vehicle. * p<0.05 Comparison of means between acute and subchronic administration of Monosodium glutamate, n = 6.

Fig. 2: Effect of Monosodium glutamate on rearing activity in enriched and non enriched mice. Each bar represents Mean ± S.E.M, *p<0.05 compared
to vehicle. n = 6; VEH: Vehicle.
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without enrichment respectively to corresponding vehicle (distilled water). Following acute administration without enrichment, rearing activity decreased at 10 (F = 3.69, p = 0.004)
and 20 (F = 0.47, p = 0.648) mg/kg of MSG and increased at
40 (F = 2.20, p = 0.053) and 80 (F = 2.29, p = 0.045) mg/kg
though, significant effects occurred only at 10 and 80 mg/kg,
with introduction of enrichment, rearing activity reduced at all
doses of MSG, {10 (F = 0.29, p = 0.777), 20 (F = 11.52, p =
0.001), 40 (F = 1.62, p = 0.137) and 80 (F = 3.66,p = 0.004)},
with significant effects at 20 and 80. Following subchronic
administration of MSG without enrichment, rearing activity
decreased significantly at 10 (F = 7.96, p = 0.001); 20 (F =
9.82,p = 0.001) and 80 (F = 5.80, p = 0.001) mg/kg MSG, with
enrichment introduced, increased significantly at 20 (F = 6.30,
p = 0.001) mg/kg, at 10 and 40 mg/kg a reduction in rearing
occurred while at 80 mg/kg an increase is seen although this
effect was only visual.
The effect of enrichment (non enriched vs. enriched) on rearing activity following either vehicle or MSG was assessed. Following acute (F = 4.71,p = 0.001) administration of vehicle
rearing increased with enrichment compared to e without,
while with subchronic (F = 3.20, p = 0.006) administration
enrichment resulted in a reduction in rearing; with acute administration of MSG, introduction of enrichment resulted in a
significant increase in rearing at 10 (F = 3.31, p = 0.008) mg/
kg, and reduction at 20 (F = 4.13, p = 0.001) and 80 (F = 5.27,
P = 0.001) mg/kg compared to without, following subchronic
administration however, rearing increased significantly with introduction of enrichment at 10 (F = 4.81, p = 0.006) and 20
(F = 18.58, p = 0.001) and reduced at 40 (F = 4.80, p = 0.001)
and 80 (F = 5.14, p = 0.001) mg/kg compared to without as
shown in Table 3.
The effects of time (acute vs. subchronic) was also compared.
Following administration of vehicle without enrichment (F =
3.34, p = 0.008) rearing increased significantly following subchronic compared to acute administration, in the enriched
(F = 3.50, p = 0.006) paradigm decreased significantly. Following MSG without enrichment rearing increased at 10 (F = 4.47,

p = 0.001), 40 (F = 3.41,p = 0.011) and 80 (F = 5.27, p =
0.001) mg/kg and decreased it at 20 (F = 4.03, p = 0.002) mg/kg
with subchronic compared to acute administration, with enrichment rearing decreased significantly at 10 (F = 3.98, p = 0.003)
and 40 (F = 5.54, p = 0.000) mg/kg of MSG and increased at
20 mg/kg (F = 3.98, p = 0.001) with subchronic compared to
acute administration as shown in Table 4.
Grooming behaviour
Lastly we assessed the effect of monosodium glutamate on
grooming behaviour in mice. Multifactorial ANOVA analysis revealed very strong main effect of MSG dose (F = 12.6,
p = 0.001) and time (acute or subchronic) (F = 45.0, p = 0.001)
and the lack of a main effect of the enrichment (F = 0.04,
p = 0.841); we however found significant interactions between
MSG dosage and enrichment (F = 21.4, p = 0.001), drug
dose and time (F = 47.3, p = 0.001), enrichment and time
(F = 84.6, p = 0,001) and between MSG dose, enrichment and
time (F = 45.1, p = 0.001).
Figure 3 compares the grooming response of mice following
acute and subchronic administration of varying doses of MSG
with or without enrichment respectively to corresponding vehicle (distilled water). Following acute administration without
enrichment there was a significant increase in grooming at 10
(F = 12.67, p = 0.001), 20 (F = 8.87, p = 0.001) and 40 (F =
5.51, p = 0.001) mg/kg of MSG, with introduction of enrichment, there was a significant reduction in grooming at 10 (F =
5.42,p = 0.001) and a significant increase at 20 (F = 3.98, p =
0.003), increments seen at 40 and 80 were only visual. Following
subchronic administration of MSG without enrichment, grooming decreased significantly at 10 (F = 7.84, P = 0.001); 20 (F =
10.92,p = 0.001) and 40 (F = 8.58, p = 0.001) mg/kg, with enrichment introduced, grooming increased significantly at all doses of MSG {10 (F = 7.16, p = 0.001); 20 (F = 7.76, p = 0.001);
40 (F = 10.13, p = 0.001) and 80 (F = 9.28, p = 0.001)} mg/kg.
The effect of enrichment (non enriched vs. enriched) on grooming behaviour was compared. Following acute (F = 2.00,
p = 0.073) administration of vehicle grooming increased with

Table 3: Effects of enrichment on rearing activity
Dose

Acute Non Enriched
Mean ± S.E.M

Acute Enriched Mean
± S.E.M

F

Tukey HSD

P value

VEH

64.60 ± 7.60

93.17 ± 4.17

13.7

3.31

0.008*

10

35.50 ± 1.98

91.50 ± 3.91

“

12.77

0.001*

20

60.50 ± 9.3.19

44.67 ± 0.56

“

4.31

0.002®

40

81.50 ± 1.41

85.17 ± 2.65

“

1.22

0.251

80

82.26 ± 2.226

64.67 ± 6.56

“

5.27

0.001®

Dose

Subchronic Non Enriched
Mean ± S.E.M

Subchronic Enriched
Mean ± S.E.M

F

Tukey HSD

P value

VEH

94.00 ± 4.49

70.50 ± 4.95

13.7

3.52

0.006®

10

51.83 ± 2.82

68..00 ± 2.92

“

4.81

0.001*

20

41.00 ± 3.00

103.00 ± 1.46

“

18.58

0.001*

40

115.50 ± 10.73

61.50 ± 3.35

“

4.8

0.001®

80

191.83 ± 4.35

78.50 ± 0.22

“

5.41

0.001®

Mean ± S.E.M, VEH: Vehicle. *® p<0.05 Comparison of means between enriched and non enriched mice, n = 6.
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Table 4: Effects of duration of administration (Time) on rearing activity
Dose

Acute non Enriched
Mean ± S.E.M

Subchronic Non Enriched
Mean ± S.E.M

F

Tukey HSD

P value

VEH

64.60 ± 7.60

94.00 ± 4.49

4.70

3.34

0.008*

10

35.50 ± 1.98

51.83 ± 2.82

“

4.74

0.001*

20

60.50 ± 3.19

41.00 ± 3.00

“

4.03

0.002®

40

81.50 ± 1.41

115.50 ± 10.73

“

3.41

0.011*

80

82.26 ± 2.226

191.83 ± 4.35

“

5.27

0.001*

Dose

Acute Enriched
Mean ± S.E.M

Subchronic Enriched
Mean ± S.E.M

F

Tukey HSD

P value

VEH

93.17 ± 4.17

70.50 ± 4.95

4.70

3.5

0.006®

10

91.50 ± 3.91

68.00 ± 2.92

“

3.98

0.003®

20

44.67 ± 0.56

103.00 ± 1.46

“

37.31

0.001*

40

85.17 ± 2.65

61.50 ± 3.35

“

5.54

0.001®

80

64.67 ± 6.56

78.50 ± 0.22

“

2.11

0.061

Mean ± S.E.M, VEH: Vehicle. *®p<0.05 Comparison of means between acute and subchronic administration of Monosodium glutamate, n = 6.

Fig. 3: Effect of Monosodium glutamate on grooming in enriched and non enriched mice. Each bar represents Mean ± S.E.M, *p<0.05 compared to
vehicle. n = 6; VEH: Vehicle.
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enrichment compared to without, with subchronic (F = 9.98,
p = 0.001) administration grooming decreased with enrichment
introduced compared to without. Following acute administration of MSG, grooming reduced significantly at 10 (F = 17.45,
p = 0.001) and 20 (F = 3.55, p = 0.005) mg/kg, and decreased
significantly at 80 (F = 4.01, p = 0.003) mg/kg with enrichment
compared to without enrichment. Following subchronic administration of MSG there was a significant increase in grooming at
10 (F = 5.68, p = 0.001), 20 (F = 9.29, p = 0.001) and 40 (F =
8.20, p = 0.001) mg/kg with enrichment compared to effects
seen without enrichment as shown in Table 5.
The effects of time (acute vs. subchronic) was compared. Following administration of vehicle with (F = 3.99, p = 0.03) and
without (F = 9.70, p = 0.001) enrichment grooming increased
significantly with subchronic compared to acute administra-

tion., following MSG without enrichment grooming decreased
at 10 (F = 11.33, p = 0.001), 20 (F = 8.89, p = 0.001) and 40
(F = 3.63,P = 0.01) mg/kg and an increased at 80 (F = 7.97, P
= 0.001) mg/kg with subchronic compared acute administration, with enrichment grooming increased at 10 (F = 14.88,
p = 0.001) 20 (F = 3.72, p = 0.004) and 80 (F = 7.12, p =
0.001) mg/kg with subchronic compared to acute administration as shown in Table 6.
Discussion
This study set out to test the interactions that exist among three
main factors (MSG dose, enrichment and time i.e. repeated dosing) in mice. The results showed the existence of very strong
association and interactions among these factors, with each
capable of acting as a positive or negative reinforcement. The

Table 5: Effects of enrichment on grooming
Dose

Acute non Enriched
Mean ± S.E.M

Acute Non Enriched
Mean ± S.E.M

F

Tukey HSD

P value

VEH

6.00 ± 0.86

8.00 ± 0.52

0.04

2

0.0734

10

22.17 ± 0.95

4.67 ± 0.33

“

17.45

0.0001®

20

18.83 ± 1.17

13.00 ± 1.15

“

3.65

0.01®

40

14.50 ± 1.28

11.33 ± 1.61

“

1.54

0.155

80

4.33 ± 0.56

9.337 ± 1.12

“

4.01

0.003*

Dose

Subchronic non Enriched
Mean ± S.E.M

Subchronic Enriched
Mean ± S.E.M

F

Tukey HSD

P value

VEH

15.83 ± 0.54

10.17 ± 0.17

0.04

9.98

0.0001®

10

10.17 ± 0.48

14.33 ± 0.56

“

5.68

0.0002*

20

7.33 ± 0.56

19.00 ± 1.13

“

9.29

0.0001*

40

9.50 ± 0.50

15.00 ± 0.45

“

8.2

0.0001*

80

17.83 ± 1.60

20.83 ± 1.14

“

1.53

0.157

Mean ± S.E.M, VEH: Vehicle. *® p<0.05 Comparison of means between enriched and non enriched mice, n = 6.

Table 6: Effect of duration of administration (Time) on grooming
Dose

Acute non Enriched
Mean ± S.E.M

Subchronic Non Enriched
Mean ± S.E.M

F

Tukey HSD

P value

VEH

6.00 ± 0.86

15.83 ± 0.54

45.0

9.7

0.0001*

10

22.17 ± 0.95

10.17 ± 0.48

“

11.33

0.0001®

20

18.83 ± 1.17

7.33 ± 0.56

“

8.89

0.001®

40

14.50 ± 1.28

9.50 ± 0.50

“

3.63

0.005®

80

4.33 ± 0.56

17.83 ± 1.60

“

5.27

0.003*

Dose

Acute Enriched
Mean ± S.E.M

Subchronic Enriched
Mean ± S.E.M

F

Tukey HSD

P value

VEH

8.00 ± 0.52

10.17 ± 0.17

45.0

3.99

0.003*

10

4.67 ± 0.33

14.33 ± 0.56

“

14.88

0.0001*

20

13.00 ± 1.15

19.00 ± 1.13

“

3.72

0.004*

40

11.33 ± 1.61

15.00 ± 0.45

“

2.2

0.052

80

9.337 ± 1.12

20.83 ± 1.14

“

7.22

0.0001*

Mean ± S.E.M, VEH: Vehicle. * p<0.05. Comparison of means between acute and subchronic administration of Monosodium glutamate, n = 6.
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presentation of a reinforcer contingent on its effect on behaviour resulting in increases or reduction in the rate of this behaviour is called positive or negative reinforcement8.
Acute administration of monosodium glutamate without
foraging enrichment caused a reduction in locomotor activity and an increase in grooming, rearing activity also reduced at lower doses but increased at higher doses. With
subchronic administration however, locomotor activity increased, grooming decreased while rearing still showed a
biphasic response.
In the enriched open field, we saw a sustained reduction in
locomotor activity both acutely and sub chronically, although
acutely, higher locomotor activity was seen with the effect lost
with subchronic administration; in the case of rearing activity, a
decrease was noticed with acute administration and following
subchronic administration a biphasic effect is seen, grooming
behaviour resulted in a biphasic response acutely and a sustained increase sub chronically.
The results of this study cannot be compared against any of the
other studies on enrichment because the methodology applied
is unique, that being said, earlier studies on environmental enrichment have shown that mice from enriched environments
explored the open field more compared to controls19 and this
is similar to results from our study, although some other researchers have reported a reduction in locomotor activity in rodents exposed to enriched environment.20 Ryan Scauzillo21 also
studied the impact of foraging enrichment on behaviour and
he reported that foraging did not significantly affect behaviour,
although in the open field there was a trend towards reduction
in locomotor activity.21
Reduction in open field exploration has been reported following administration of certain chemicals such as monosodium
glutamate (MSG) in rodents. Acutely administered MSG at low
doses (0.5, 1.0 and 1.5 mg/kg) caused a reduction in horizontal
locomotor activity and rearing16 similar to some of the acute
effects seen in the present study. MSG dissociates to yield glutamate after ingestion and its behavioural effects are attributable to glutamate’s effect on inhibitory neurotransmitters like
gamma amino butyric acid (GABA)22 and its interaction with
dopamine receptors.23
After administering MSG in the open field without enrichment;
in the acute behavioural studies, locomotor activity was reduced, grooming activity increased, while rearing activity reduced at lower doses and increased at higher doses. Response
seen with horizontal locomotion was similar to that seen in earlier studies with MSG as said above; even though in this study,
MSG is being given using a set of doses that differ from many
of such studies. This probably establishes the fact that acute
MSG has a central inhibitory effect in the open field across a
wide range of doses. Same can be said regarding rearing effects, albeit only at the lower doses, as inhibitory effect appears
to be lost at higher doses.
Subchronic administration without enrichment was associated with increased horizontal locomotor activity and reduction in grooming, rearing activity however still showed a
biphasic response. Behavioural tests after subchronic administration showed a reversal of behavioural effects seen after
acute dosing, especially regarding horizontal locomotion and
grooming, also rearing response was increasing significantly at
www.annalsofneurosciences.org
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higher doses. This trend suggests that at least the behavioural
responses seen with MSG are not cumulative following continuous administration. What remains to be understood is the
exact mechanism that may underlie this apparent reversal of
behavioural response.
Foraging enrichment of the behavioural area with acute
MSG administration resulted in reduction in locomotor and
rearing activities with a biphasic grooming response. However, the total horizontal locomotion and rearing (for some
doses) were significantly higher compared to those seen in
the non-enriched arena. With grooming, this effect was seen
only with controls and at the highest dose. On exposure to
an enriched arena, we see the central inhibitory effects of
MSG being dulled possibly by a strong exploratory override
induced by foraging. Subchronically, there was reduction in
horizontal locomotion, biphasic rearing response and sustained increase in grooming activity. Subchronically in an enriched field, mice continue to exhibit the reduced response to
MSG in the presence of enrichment especially for grooming
behaviour but less so for horizontal locomotion and rearing.
Food is essential for survival, so it is imperative that multiple
pathways and physiological systems exist to ensure that adequate energy intake is achieved, also food has both central and peripheral influences in the brain.18 Dopamine is a
known mediator of locomotory response to food.24 In this
context, food in the arena is a psychostimulant that induces
locomotion through stimulation of the dopaminergic system.
Dopamine has been shown to act on both presynaptic and
postsynaptic signalling25 and thus can influence downstream
behavioural rhythms.26 Dopamine is also known to affect
glutamatergic signalling through ionotropic glutamate receptors. Finally, dopamine influence on grooming behaviour
and how experimental conditions may influence this is also
seen. Dopamine is particularly involved in grooming and it
is known that lesions in brain regions rich in dopaminergic
inputs significantly influence the implementation of grooming syntax.27 In the study, by comparing non enriched to enriched groups, the increased dopaminergic signalling that is
believed to have occurred due to presence of food was seen
to translate to increased grooming at some doses acutely and
across all doses subchronically.
The responses observed in the current study represent the endpoint of two influences leading towards opposite behavioural
outcomes. Food-induced, locomotion/grooming-stimulating
dopaminergic influence versus locomotion-inhibiting and longterm-grooming inhibiting MSG influence.
Conclusion
Behavioural response to MSG in the open field can be significantly influenced by environmental enrichment as shown in the
study.
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