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INTRODUCTION

Monosodium glutamate has been using widely all around the world and contains 
78% of glutamic acid, 22% of sodium and water. It is consumed as a flavor en-
hancer or food additive and used in many commercially packed food and cook-
ing.1 Glutamic acid takes place in all cells of the body and acts in the intermediary 
metabolism and as a constituent of the proteins.

Learning is the process that modifies subsequent behavior. Memory is the ability 
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to remember past experiences. The application of MSG to rats and mice during 
the neonatal period caused obesity, learning difficulty, gonadal dysfunction, le-
sions of neural structures and of the retina.2-8 Systemic administration of MSG 
resulted in glutamate-induced cell death in the fetal hypothalamic neuronal cell 
line RCA-6 indicating the defect in specific brain regions, including hypothala-
mus and cerebellum.9 Indeed, neurotoxicity of MSG was found to be related with 
glutamate receptors activation, specifically N-methyl D-aspartate (NMDA) re-
ceptors.10-13 Numerous studies revealed evidences that the hippocampus had a 
critical role in the processes related to learning and memory in human and ani-
mal subjects.14-16 Barnes maze is one of the common applied maze tests and often 
employed to assess learning capacity and spatial memory for mice and rats.17-19

The oral lethal dose (LD50) for MSG is 15-18 g/kg body weight in rats and 
mice.20 The dose of 2 g/kg of body weight corresponds to 140 g of MSG intake 
in a 70 kg man. The toxic effects on central nervous system, adipose tissue and 
liver, reproductive organs and other systems have been shown when the MSG in-
take was between 3-6 mg/kg of body weight in rats and mice.21-23 However, there 
is no restriction to utilize in foods and cooking as additive by the Joint FAO/
WHO Expert Committee on Food Additives (JECFA).24 It has been decades the 
researches have been searching the effects of MSG on many aspects of metabo-
lism. However, the results of studies are still controversial.20,22

In the present study, we aimed to define the effects of maternal MSG intake on 
the learning ability and memory of offspring which had no MSG supplement. 

METHODOLOGY

Housing and feeding

Experiment was conducted on 30 female Spraque Dawley rats (6-8 weeks old) 
and on their pups (9 weeks old). Animals were obtained from the animal house 
of Istanbul Medipol University. Average weight of adult rats was 163.50±11.12 g. 
The animals were housed under controlled conditions. The room temperature 
was 23±2°C and air humidity 50±5%. The rhythm of light and darkness was es-
tablished (light phase from 6:00 a.m. to 6:00 p.m.). The female rats were housed 
in standard cages. They had free access to tap water and to standard laboratory 
chow pellets. After the two weeks adaptation period, the animals were divided 
into two groups each including randomly selected rats. Control group (N=10) 
received standard diet all through the experimental period. The defining of the 
animals was succeeded via coloring their tails in different dyes during the experi-
ment. All procedures on animals followed Guideline for work on experimental 
animals approved by Ethic Committee of Istanbul Medipol University.
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MSG supplementation

MSG (mw 169.11 g/mol, purity 99%) under the license of Ajinomoto co.INC. (To-
kyo, Japan) was bought in open market in Istanbul of Turkey.  The solution of 30 
g MSG/100 mL (1.77 M) was prepared in distilled water. The daily dose for MSG 
was based on the levels reported by previous studies.21-23 In the present study, the 
MSG supplementation (4 mg/g.bw) was applied orally by gavage. The experi-
mental group (N=20) was exposed MSG in every two days till the mating period 
(3 weeks). Due to their sensitivity, all animals had only standard chow and water 
ad libitum during one week of mating period. Then, MSG supplemented 20 rats 
were divided into two groups. Group I (N=10) had no MSG and group II (N=10) 
supplemented with MSG during pregnancy and lactation (6 weeks); Group I and 
group II have been also continued to standard feeding ad libitum. MSG was ex-
posed one in every 3 days during pregnancy and lactation. The pups had no MSG 
supplementation but standard diet all through the experimental period.

Breeding was succeeded with the ratio of 1 male/3 females (harem) in a large 
cage. Each group of pregnant rats were taken off separate cages. Pregnant fe-
males were not housed with non-pregnant/non-breeding females. One week 
prior to birth, females were housed in a separate cage and rat chow and tap wa-
ter continuously available. Females were checked daily by a veterinary for the 
birth of pups. A week after birth, mothers and their pups were placed in the 
experimental cages. All pups were lactated. At the end of lactation period ran-
domly selected 7 female pups per group were subjected to Barnes maze test. Af-
ter completed weaning term (3 weeks) the mother rats and the rest of the pups 
were sacrificed under 100 µL/kg of Ketarum (1.2 mL Ketasol 100, (Graeub), 0.8 
mL Rompun 2% solution, (Bayer) diluted in 8 mL 0.9% NaCl, (Bichsel)).

Barnes maze test

Adult rats (11-13 weeks old, before mating) and their offspring (9 weeks old) 
underwent testing in the Barnes maze task to evaluate the spatial learning and 
memory.17 This dry-land maze consisted of a circular platform at a height of 140 
cm, with 20 holes along the perimeter. In this test, the animal was placed in the 
center on an open elevated platform and allowed to search for an escape box 
beneath one of the holes. Aversive stimuli sound (85 dB) was used to induce 
searching and finding the target box.  Once the animal entered the target box, 
the stimulus was disabled. 

In pre-training trial, the rat placed in the middle of the maze under a dark color-
ed box allowing the rat to be in random orientation before each trial. After 10 
seconds loud voice, the chamber was removed off and the rat was allowed to ex-
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plore the maze. During the trials, rats from each group were randomly assigned 
to locate the target box. During acquisition and testing the number of false trials 
and the duration of trials were recorded. False trials were defined as nose pokes 
and head deflections over any hole that did not have the target box. The duration 
of trial was defined as the time it took to locate target box. The location of the 
goal hole was fixed across all trials and days.

Rats were trained for four trials per day with an inter-trial interval of at least 
15 minutes till the average training duration reached less than 10 seconds. The 
number of trials, the number of false trials and the duration of trials were re-
corded for each rat.  Following each trial, the entire maze was cleaned with 70% 
alcohol. A week after the group of rats reached less than 10 seconds, a probe 
trial was conducted to evaluate long-term memory retention without any train-
ing during the week before probe trial. Learning ability in the Barnes maze was 
assessed by the total numbers of false trials committed before entering the target 
box and the duration of trials. Memory was determined by the probe measure-
ments. Experienced observers recorded the experimental data for each rat. 

Statistical analysis

The quantitative variables were expressed as means ± standard deviation. The 
values at <10 seconds were also given as median ± IQR (interquartile range). All 
statistical analyses were performed using the SPSS statistical software (version 
22.0). The study has a power of 80% involving 10 rats in each group with large 
effect size at the level of 5% error.

RESULTS

The Barnes maze task was applied to evaluate cognitive deficits in learning and 
memory of MSG exposed mother rats and their pups which had no MSG through 
the experimental period. The duration of trials and the number of false trials 
during training and probe trials were placed in Table 1. 
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Table 1. Barnes maze testing results of mother rats and their offspring

 

Mother rats Offspring

Control group (N=10) MSG treated groupa 
(N=20) Control group (N=7) Group Ib(N=7) Group IIc(N=7)

Day Number of 
trials

Duration 
of trial 

(second)

Number 
of false 
trials

Duration 
of trial 

(second)

Number 
of false 
trials

Duration 
of trial 

(second)

Number 
of false 
trials

Duration 
of trial 

(second)

Number 
of false 
trials

Duration 
of trial 

(second)

Number 
of false 
trials

1 1 77.87 
±58.75

5.20 
±5.88

83.57 
±58.90

6.90 
±5.18

128.82 
±41.29

11.33 
±2.94

136.40 
±62.90

11.29 
±8.71

139.24 
±62.31

9.57 
±4.96

2 5 32.60 
±16.91

7.70 
±4.85

51.83 
±49.19

10.65 
±11.33

12.80 
±8.72

2.67 
±3.44

36.96 
±23.50

4.43 
±1.90

45.73 
±53.24

6.57 
±5.29

3 9 17.69 
±10.64

2.30

±2.31

36.40

±25.31

7.45

±5.47

30.57

±26.49

8.00

±6.16

43.55

±41.96

9.29

±7.59

26.03

±13.88

5.29

±2.06

4 13 18.77 
±9.48

5.10

±4.58

34.40

±40.62

8.35

±6.39

11.24

±11.31

2.67

±4.68

27.32

±15.27

4.57

±4.04

38.41

±37.20

9.00

±10.21

4 15 - - - -
7.78 
±4.22 
(6.64 
±4.04)

1.50 
±1.76 
(1.00 
±1.25)

18.51 
±13.65

3.57 
±3.41

24.00 
±17.18

5.29 
±3.09

5 17 18.14 
±10.60

2.90 
±2.84

19.91 
±10.88

4.90 
±3.31 - - 22.66 

±18.75
4.86 
±5.15

49.14 
±62.67

7.29 
±5.99

6 21 15.72 
±11.61

4.80 
±4.80

14.45 
±8.08

3.30 
±2.70 - - 12.54 

±7.36
2.71 
±1.98

20.53 
±22.55

4.71 
±7.97

6 22
9.88 
±6.12 
(7.78 

±10.70)

2.00 
±2.49 
(1.00 
±2.00)

13.22 
±8.78

3.60 
±3.10 - - - - - -

6 24 - - 15.08 
±12.69

3.10 
±3.83 - - - - - -

7 25 - - 14.35 
±10.12

4.00 
±3.46 - - 10.71 

±8.22
2.14 
±2.19

21.70 
±13.97

4.86 
±2.79

7 27 - - - - - -
9.42 
±6.6 
(7.70 

±13.27)

2.43 
±2.30 
(2.00 
±2.00)

21.04 
±23.42

6.29 
±9.59

8 29 - - 18.31 
±6.73

5.10 
±3.87 - - - - 24.72 

±24.61
5.00 
±4.47

8 32 - -
9.89 
±5.86 
(7.80 
±9.73)

1.60 
±1.50 
(1.00 
±2.75)

- - - - - -

9 33 - - - - - - - - 16.89 
±12.81

4.43 
±5.50

9 34 - - - - - - - -
6.87 
±2.96 
(8.92 
±5.55)

1.29 
±0.95 
(1.00 
±1.00)

11 Probe - - - - 11.78 
±15.36

3.00 
±4.00 - - - -

13 Probe 7.20 
±5.06

1.40 
±2.11 - - - - - - - -

14 Probe - - - - - - 16.67 
±11.60

6.71 
±4.35 - -

15 Probe - - 11.47 
±6.45

2.65 
±3.17 - - - - - -

16 Probe - - - - - - - -
 

aMother rats supplemented MSG during 3 weeks before mating and then divided into two 
groups. bGroup I: the offspring of MSG treated rats for 3 weeks before mating. cGroup II: the 
offspring of MSG treated rats for 3 weeks before mating and during pregnancy and lactation. 
Probe was recorded after 7 days of reaching the duration of trial time <10 seconds. The 
duration and the number of trials where the scores reached less than 10 seconds were written 
bold. Data were presented as mean of the group ± standard deviation. The values at <10 
seconds were also given as median ± IQR (interquartile range).



112 Acta Pharmaceutica Sciencia. Vol. 56 No. 4, 2018

Training continued as four trials per day till the average training reached less than 
10 seconds which referred the maximum learning of rats. Among four measure-
ments the first value on each trial day was reported in the Table 1. Control group 
reached >10 seconds at the 22nd trial (6th day) whereas the rats administered 
MSG for 3 weeks before mating reached at the 32ndtrial (8th day). On days 13 (for 
control group) and 15 (MSG administered group) probe trials were conducted 
to evaluate long-term memory retention.  Control mother rats arrived to target 
box in 7.20±5.06 seconds with 1.40±2.11errors while MSG treated mother rats 
arrived in 11.47±6.45 seconds with 2.65±3.17 errors. MSG treated mother rats 
(n=20) showed weaken long-term memory compared with control rats (n=10). 
Starting from the pre-training day, control rats had shorter duration of training 
time for each trial day.

Additional MSG administration during pregnancy and lactation to rats (group 
II) affected the learning ability in their offspring more than the rats had no MSG 
at mentioned periods (control group and group I). The numbers of trials to reach 
less than 10 seconds were 34 trials for group II, 27 trials for group I and 15 trials 
for control group. 

When the duration of trials of offspring reached less than 10 seconds the numbers 
of false trials for control group, group I and group II were 1.50±1.76, 2.43±2.30 
and 1.29±0.95 respectively. Probe trials of offspring were 11.78±15.36 seconds 
for control group, 16.67±11.60 seconds for group I and 11.06±5.48 seconds for 
group II with the number of false trials of 3.00, 6.71 and 3.71 respectively. 

The number of false trials and the duration of trials were graphed on Figure 
1. The MSG treated mother rats had better Barnes maze learning in compari-
son with the control mother rats. The similar attitude was observed for their 
offspring. The duration of training of pups involved multiple daily trials spread 
over 4 to 9 days. The longest trial days for Barnes maze learning plotted for the 
pups which their mothers were exposed MSG for 3 weeks before mating and ad-
ditional supplementation during pregnancy and lactation (group II). The learn-
ing ability of offspring in control group was found the lowest in comparison with 
the pups in other groups. 
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 Figure 1. Number of trials vs number of false trials and duration of trials. 

I: Control mother rats; II: MSG exposed mother rats for 3 weeks before mating; III: Offspring 
of control rats; IV: Offspring of MSG exposed mothers for 3 weeks before mating; V: Offspring 
of additional MSG exposed mothers during pregnancy and lactation.

DISCUSSION

Although Joint FAO/WHO Expert Committee on Food Additives (JECFA) de-
clared no restriction to utilize MSG in foods and cooking as additive the effects 
of MSG intake in human and animal based studies have been evaluated for dec-
ades.24 Moreover, toxic effects of MSG on central nervous system, adipose tis-
sue, hepatic tissue, reproductive organs, liver and kidney functions were studied 
by several researchers.22,25-27 In the studies on humans, there have been many 
unequal experimental conditions resulting methodological limitations, such as 
difficulties to apply isocaloric diet, complexity of combination of diet, etc. The 
animal studies are preferable because of their similarity to humans and short 
life cycle to study whole life span or across several generations. Tough, the doses 
of MSG for animals are not similar that of human intake outcome of the related 
studies may shed some light on the effects of dietary MSG. 
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In present study, MSG administered in 4 mg/g.bw of adult rats for 3 weeks de-
creased learning ability and memory. When MSG supplementation elongated to 
pregnancy and lactation periods (group II), their offspring were affected more 
than that of control group (no MSG intake), and group I (MSG intake for 3 weeks 
before mating). It should be important to notice that the pups were not given 
MSG during experimental period. The observed effects of MSG on the learning 
ability and memory of offspring may arise from the maternal MSG intake. When 
high quantities of MSG were administered to mammals during the neonatal pe-
riod it has been shown to promote a neuroendocrine dysfunction. The maternal 
transportation to fetal brains and kidneys following the glutamate supplementa-
tion to pregnant mice was shown by studies with radiolabeled 3H-glutamate.28 

Thus, MSG is believed to involve the glutamate-induced degeneration of certain 
areas of the immature neonatal brain. However, in another study MSG was giv-
en at a late stage of pregnancy. Supporting our findings, Y-maze discrimination 
learning of 32- and 52 days old filial mice from mothers treated with MSG was 
significantly less than that of the control.29 JECFA in 2007 and 1988 defined 
that glutamate did not transport through fetal circulation and did not pass the 
placental barrier. 24,30 However in a study with pregnant rhesus monkeys, it was 
shown that it would be necessary a very high serum maternal concentration of 
glutamate, of about 2.800 µmol/L, to transfer of glutamate from the mother to 
the fetus to take place.31 As a result, the JECFA allocated an “acceptable daily in-
take (ADI) not specified” to glutamic acid and its salts. In addition, no additional 
risk to infants was indicated. In a contradiction, our data indicated the slow 
learning ability for offspring of MSG treated rats. When we compared the learn-
ing ability and memory of pups from rats which were administered MSG before 
mating (group I) and plus during pregnancy and lactation (group II), the adverse 
effect of MSG was more in group II. The numbers of trials to drop less than 10 
seconds were the highest for group II (33 trials) then for group I (27 trials) and 
the least for control group (15 trials) indicating the defect of maternal MSG in-
take on learning ability of the pups. In a same manner, the average number of 
false trials reached up to 1.50 (day 4) for control group, 2.43 (day 7) for group I 
and 4.43 (day 9) for group II. There are several studies to explore the influence 
of MSG directly given to adult rats or to their pups. However, our study, the first 
time, showed that there is an adverse effect of maternal MSG intake on learn-
ing ability of pups which did not take dietary MSG. In other words, MSG may 
transport from mother to fetus and cause brain damage. Leon et al. suggested 
that glutamate administered to pregnant rats modulates adenosine A1 receptor 
signaling pathways in both maternal and fetal brain, showing an adenosine A1 
receptor down-regulation in fetal brain, and desensitization in maternal brain.32
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MSG in high doses caused neuronal necrosis in hypothalamic arcuate nuclei in 
neonatal rats.33 MSG (4 mg/g. subcutaneously on postnatal days 1, 3, 5 and 7) led 
to prefrontal cerebral cortex changes including fewer neurons, shorter and less 
ramified dendritic processes and loss of cortical cell number from postnatal day 
8-14 compared to control rats.34,35 Increased proopiomelanocortin mRNA lev-
els and adrenocorticotropic hormone concentration in the adenopituitary have 
been found in neonatal MSG-treated rats compared with controls (4 mg/g per 
bw, administrations intraperitoneally).36 Furthermore, it was shown that neo-
nates treated with MSG exhibited neuronal cell death with reduction of photore-
ceptor and glial cells.37-39 Indeed, there are several studies to reveal controversial 
results about the effects of MSG administered in late pregnancy in animals. For 
instance, the effect of maternal oral administration of MSG (2.5 mg/g or 4.0 
mg/g bw) at 17-21 days of pregnancy on developing mouse fetal brain showed 
that there was no significant difference in spatial learning between the experi-
mental animals and controls. However, subneurotoxic doses of MSG (2 mg/g 
for 10 days) given per orally to rat neonates decreased learning performance at 
the 90th post–dosing day indicating the influence of early-life MSG exposure on 
behavioral aberrations in adulthood.40

The study has several limitations. First, the mothers and pups were not paired 
for the comparison of learning and memory abilities. Ten mother rats for each 
group were included to study. However, we randomly selected seven female 
pups from each group of rats. So, the mother of each pup was not definite. As 
a result, we could not able to detect the learning and memory behaviors of the 
mother and its pup as a pair. Second, the duration and the number of trials were 
recorded for each tested animal. However, the data evaluated through the mean 
values and the standard deviations of the rats in each group. When the mean of 
the duration of trial reached less than 10 seconds, it was accepted as the exact 
number of trials for learning of group. The learning and memory abilities of rats 
were evaluated as a group but not individually. 

CONCLUSION

Barnes maze learning test revealed that the duration of trials and the number of 
false trials increased in MSG exposed mother rats for 3 weeks before mating. The 
additional intake of MSG during pregnancy and lactation influenced learning 
ability of pups. The learning ability of offspring was measured by the number of 
false trials till the average training duration less than 10 seconds. The numbers 
of false trials increased in the order of control group (no MSG intake), group I 
(maternal MSG intake for 3 weeks before mating) and group II (maternal MSG 
intake additionally during pregnancy and lactation). In conclusion, we hypoth-
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esized that maternal MSG intake of Spraque Dawley rats (4 mg/g.bw) affected 
learning ability of their offspring although the pups had no MSG during whole 
experimental period.
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