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breast-feeding in the offspring of pregnant Wistar rat$

Efeito da administracdo de glutamato monossédico durante a gestacéo e
amamentacao na prole de ratdistar prenhes

Vinicius von Diemen, Manoel Roberto Maciel Trindade"
'Fellow Master degree, Post-Graduation Program, Federal University of Rio Grande do Sul (UFRGS), Brazil.
' Associate Professddepartment of Sgery UFRGS, Chef of Digestive Syegry Unit, Clinics Hospital, Portélegre-RS, Brazil.

ABSTRACT

Purpose Determine the effects of the MSG (monosodium glutamate) in the offspring of pregnant rats through the comparison o
weight, NAL (nasal-anal length) and (Index of Lee) at birth and with 21 days of liiéethods: PregnanWistar rats and their fsfpring

were divided into 3 groups: GC, G10 and G20. Each of the groups received 0%, 10% and 20%espastEely from coupling until the
end of the weaning perioResults Neither weight nor NAL were different among the groups at birth. The group G20 at birth had an |
lower than the group GC (p<0,05) and with 21 days of life presented weight and NAL lower than the groups G10 and this lower thg
GC (p<0,01). Otherwise the G20 at 21 days of life had the IL similar to the other two groups. The weight profit percentage from birth t
21stday of life was lower in the G20 regarding the other two groups (p<0,01). The G20 had a NAL increase percentage from birth 1
21 day of life lower than the G10 and this lower than the GC (p<0fif)clusions MSG presented a dose-dependent relation in the
variables weight and NAL. It caused a decrease in the growth pattern as well as in the weight gain pattern eintéytloé Xe. The

IL of the group 20% had an increased in relation to the control group after 3 weeks of follow up.
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RESUMO

Objetivo: Avaliar o efeito do glutamato monossadico (GMS) nos fetos de ratas prenhes por meio da comparacéao do peso, compri
nasal-anal (CNA) e indice de Lee (IL) ao nascimento e com 21 dias dsletdalos Foram utilizadas ratas prenhes da linhaljéistar
distribuidas em trés grupos: grupo controle (GC), G10 e G20. Estes, respectivamente, foram alimentados com ragdo contendo 0, 1
de GMS desde o periodo de acasalamento até o final da amameRésgdimdos O peso e o CNA nao foram diferentes entre os grupos
ao nascimento. O grupo G20, ao nascimento, teve IL menor que o grupo GC (p < 0,05) e, aos 21 dias de vida, apresentou pesc
menores que o grupo G10, o qual foi menor que o GC (p < 0,01). O grupo G20, aos 21 dias de vida, teve IL semelhante aos outr
grupos. O percentual de ganho de peso do nascimento ao 21° dia de vida foi menor no G20 em relag&o aos outros dois grupos (p
O grupo G20 teve percentual de aumento de CNA do nascimento ao 21° dia de vida menor que o grupo G10, e este menor que o g!
(p < 0,01).Conclusdes O GMS nas concentra¢gfes de 10 e 20% na racdo de ratas pMstaesapresentou uma relacdo dose-
dependente nas variaveis peso e CNA. Houve diminui¢do no padréo de ganho de peso e de aumento de CNA do nascimento ac
de vida com uso de GMS. O IL na prole do grupo G20 aumentou em relacdo ao do grupo GC apds 3 semanas de acompanhame
Descritores Obesidade. Glutamato de Sodio. Gravidez. Ratos.

'Research performed at the Experimental Research Celitécs Hospital, Portdlegre-RS, Brazil.

Introduction

Obesity can be defined as excess weight with a body maspublic health, including Brazil. Obesity rates have triplicated
index (BMI) higher than 30 kg/mMorbid obesity is a much more when we analyze data from 1980, collected in Néntierica, United
serious condition. Itis usually correlated with 170% higher weigkingdom, Oriental Europe, Middle East, Pacific Islaiisstralia
than the ideal weighor, yet, a BMI higher than 40 kgfmiThe  and Chin&®. TheWorld Health Oganization dicially states that
number of individuals with weight above the normal is reachingbesity is responsible for 2 to 6% of the total cost of health care in
epidemic proportions around the world, causing serious heaéveral developing countries.” The Brazilian situation can be best
damage and shorter longevityhe etiology of obesity is multifac- visualized through the social communication report of ¥2/2604
torial and, in many countries, it is already considered as a problefhe Brazilian Institute of Geography and Statistics (IBGE), in
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which the 2002-2003 Research of Family Budgets was publistadeady known, but little is known from when it is administered
showing that the excess weight in the Brazilian population is atally’%2

ready a problem of greater magnitude than malnutrition. Owing  We conducted an unpublished study in rats when we ad-
mainly to these reasons, the interest to move forward towardsinistered MSG since the initial period of coupling and throughout
wider and more advanced knowledge on the mechanisms involtrezlgestational period including the breast feeding period.

in the emegence, maintenance and increase of the wsooloésity The objective of this study was to evaluate the effect of
has increased. MSG in the fetuses of female pregnant rats during the pregnancy

Hermanusseat al’, in an observational study held in Gerand the weaning period/e compared the weight, nasal-anal length
many provided evidence that morbid obese young women arg(HAL) and the Lees index (IL) at birth and with 21 days of life of
inferior stature than the average population. The same study #heoofspring of female rats fed with ration supplemented with MSG
evidenced that the mean height of newly born babies in Germany is
progressively shorter when the motlsd8MI is higher than 38 kg/ Methods
nv.

Monosodium glutamate is a non-essential amino acid found = The Commission of Research and Ethics in Health approved
in food with great amounts of protein, such as meats, fishes, chettgescontrolled experimental studyhich was held in connection
and vegetables. When detected by the taste buds, it signalsaitfethe Group of Research and Post-Graduate Program of the Clin-
protein presence in the diet. MSG is artificially added to food itws Hospital of Portélegre.We followed the technical standards
provide an expansion and extension of taste (it stimulates reaamd international guidelines for research on animals.
tors located in taste bud8)MSG is considered a flavorizing agent, Twenty nine animals of theattus novegicus albinuspe-
being used thoroughly in industrialized food. Its production icies were used of thWistar lineage, being 20 female rats and nine
creased from 200.000 tons/year in 1969 to 800.000 tons/year in 26@Hle rats in reproductive age (older than 60 days of life), coming
which reflects its crescent use in the food indddtnGlutamic from the Center oAnimal Reproduction and Experimentation of
acid (GLU), a metabolite of MS@cts in the intermediary metabothe Laboratory of the Institute of Basic Sciences of the Health
lism and as a constituent of the proteins in all the cells of the bo@yFRGS). The study was conducted in the Center of Research of
besides acting in the brain as an excitatory neurotransriitier the Clinics Hospital of Portélegre. The rats were individually
largest amount of GLU daily ingested by humans mainly comssttled in plastic boxes in a regimen of lights on and off every 12
from the proteins of the digh small amount is present in food a$iours. The feeding of the rats was made through triturating stan-
the free glutamate and the M3&ther this is a natural constituentdard ration for rats with MSG being added in the concentrations of
of some foods, or it is added artificially as a flavorizing agent0, 10 and 20%. The rats were divided into three groups, in accor-
Researchers from around the world have been endeavoring effdatsce with the ration that they received: group control (GC), group
seeking the understanding of the physiopathology of ob&¥ity 10% (G10) and group 20% (G20). The ration was presented to the
of the obesity theories is related to M3Gis known, through rats in small “coach-houses” made for such purpose. The ration
experimental studies in rats that MSG administered subcutaneoaslg water consumption bothfefed freely was measured during
in newborns leads to lesion of the hypothalamic nuéiéu$vhen the whole experimenffter 7 days of coupling, the female preg-
MSG is administered orally in female pregnant rats, it might as wedint rats were placed in separate boXksentary and water con-
cause alterations in the hypothalamus of the offspring with itel became individual and daily until the date of the birth, always
consequences, such as a decrease in the secretion of GH andabibeon.
sity, among others® The theory of obesity related to MSG is On the day of the birth and until thesay of life, weight,
corroborated by many factors such as the great increase onNAk and consumption of water and ration checks were conducted.
world’s production of MSG over the last decades, its growing aAtithe end of this period, the nestlings were anesthetized with
indiscriminating use in industrialized food, the increase in its caseflurané* for new checks and submitted to euthanasia through
sumption and also the progressive increase of the obesity r#tes<CG chamber
throughout the continerits®2 It is believed that pregnant women
are exposed to this substance, which means that they are consum-
ing MSG more and more during the gestational period, and this  The quantitative variables were described by the mean and
could have a connection with a future obesity of the newborn, wiigndard deviation. These variables were compared among the
would have suffered some kind of hypothalamic lesion while insiggyups by the test of variance analysis (ANQY¥ollowed by the
the uterusA consensus on MSG from 200%tates that the Tykey test to conduct multiple comparisofiseANOVA test for
placentary barrier controls the passage of GLU from the matergieated measures compared the means through time and the vari

plasma to the fetus, metabolizing it before it reaches the fetal cifggh in the time of the groupa. 5% significative level was used.
lation. In a study with pregnant rhesus monkeys, it was shown that

it would be necessary a very high serum maternal concentration of
GLU, of about 2.800 pmol/l, in order for the passage of GLU from
the mother to the fetus to take pl#ce

The great similarity and homology among the genomes
the rodents and of the humans turn the animal models intoF4gH"e 1- o ) ) e
important tool for the study of conditions that affect us and that We|gh (ing) and NAL(in cm) on the day of the_b|rth W'th_'ts
can be simulated in rats. The hypothalamic lesion caused byrﬁ%)ectlve means and standard deviations can be visualitzdalén

parenteral administration of MSG in rats, which leads to ohésity

Statistical analysis

Results

After 20 females were placed in coupling, we obtained 14
fgmale pregnant rats and a total of 121 births, in accordance to
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1. There was no difference in these parameters at birth in the c?5m2-7) and 313.3 (4,6t birth, there were only diérences among

parison among the groups. the groups GC and G20, in accordancéaole 1 and Figure 2

. The_welght (ing) and NAL (in cm_) on theaday of life with X Tr?e weight increase percentage from birth to ?I‘f&alaﬂ of

its respective means and standard deviations were: 25,2 (3,14); %%mong the three groups presented difference among the group:
(2,08) and 16,6 (1,97) (p < 0,01) and 9,4 (0,44); 9,1 (0,26) and 8,1 (03&) and G10 compared to G20 (p < 0,01), which had lower gain
(p <0,01) in the respective groups GC, G10 and &2€.compari- percentage than the others, as summarized in Figure 3.

son of the groups in pairs (Tukey test), we verified that the three  The NAL increase percentage from birth to th& @dy of
groups are different from one another and they present decrealifig@mong the groups evidences a decreasing gain percentag

values for weight increase and NAL in the following order: groqﬁg tggdgwtz%rroelfspesngcicd,iﬁ}:?gﬁg (220' respectively (p <0,01), accord-

GC, G10 and G20, accordingTable 1. The ration consumption had mean and standard deviation
of 22,6 g (7,25); 24,8 g (6,49) and 22,4 g (5,92) in the groups GC, G10
and G20, respectively éble 2) There was no statistical tifence
among the groups.

The average consumption (standard deviation) of water in
mlwas of 42,1 (12,02); 62,8 (10,77) and 73,0 (23,71), respeciively
the groups GC, G10 and G20 (p < 0,01). The consumption of water
was increasing among the groups GC, G10 and G20, in thatasder
Group 20% data presented ifable 2.

0 Females coupling
with 9 Males

Group 10%
6 females

Control Group

5 females 9 females

All five got Four gotpregnant — Five got pregnant —
pregnant— 49 30 offspring were 42 offspring were Control Group
offspring were born born born

— Group 20%

L Euthanasia on the
21% day of life

FIGURE 1 - Fluxogram with the formation of the groups with the Leel Birth ' Lt
number of rats which coupled, the number of pregnant rats and the
number of offspring which had been born

FIGURE 2 - Lee Index at birth (Lee | Birth) (p < 0,05) and at 21
. . . days of life (Lee | 21 days) (p = 0,179) of the offspring of rats with
TABLE 1 -Weight, NALand ILat birth and at 21 days of life of themSG being added in the concentrations of 20% (Group 20%) and

offspring of rats which had a consumption of ration with MS@ure ration (Control Group)
being added in the concentrations of 20% (Group 20%), 10% (Group
10%) and pure ration (Control Group)

CONTROL GROUP GROUP ANOVA 4'ﬂ'ﬁ 1
GROUPS 16% 20% r @ i
Mean (SD*) Mean (SD)  Mean (SD) E"
Weight birth 6,08(0,52) 6,03(0,61) 5,84(0,49) 0,091 E
: P
NAL birtth 4,98(0,27) 5,03(0,21) 5,02(0,24) 0,61 E_ 300 — |-
=
IL! birtth 307(17,2p* > 361,4(9,2) 358,8(12,2)¢ < 0,05 E
Weight 21d* 25,2 (3,14 23,2(2,08)" 16,6(1,97) < 0,01 g‘ Z{}D - f
=
NAL321d 9,4(0,44)2 9,1(0,26)¢ 8,1(0,34) < 0,01
IL 21d 311(9,65) 314,8(5,27) 313,3(4,6) 0,179 1{}0 } }
Comparison of the groups with ANOVA followed by Tukey for multiple comparisons, where ** azb#c G C G 1 u G zu
for p <= 0,05.
*ST=standard deviation G'IQI.IPS

1 =index of Lee, 2 = days, 3 = nasal-anal length in cm

_ _ _ _ _ FIGURE 3 - Percentage of weight gain from birth until thé' 8y
IL is equivalent in rats to the BMI used in humatsirth  of life of the offspring of rats which had a consumption of ration
and with 21 days of life for the groups GC, G10 and G20 with m&gfih MSG being added in the concentrations of 20% (G20), 10%
and standard deviation, the values ofwere, respectively367 0) and pure ration (GC), where GC and G10 groups showed

(17,2); 361,4 (9,2) and 358,8 (12,2) (p < 0,05) and 311 (9,65); 31%9 er weight gain percentage than the G20 group (p < 0,01)
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the small magnitude of the measure (tenth of grams) and relatively
small size of the sample.

-] Weight and NALdata besides being analyzed separately
£ 100 T were also assessed through IL and through the increase percen
E 90 |» age from birth to the 2'lday of life. IL is equivalent, for rats as the
= BMI used in humans, which takes into consideration the mass
: 80 + |- distribution through the body surface. IL in rats is calculated
0 through the cubic root of the weight (in g) divided by the height (in
2 70+ cm) (nasal-anal distance - NAL) and multiplied by 1880IL at
e }» birth in the GC is significantly larger than the one in the G20 (p <
o 60 0.05). Howeverwhen we followed these rats until the'2thy of
g . . life, we noticed that the growth (NAL) and the weight increase do
30 ' ' not occur in the same way in those two groups, because IL with 21
GC G10 G20 days is similar among them, in other words, in this period the group
Groups G20 gained more body mass, related to its body surface, in com-

parison to group GC. This shows an increase in the IL in the rats of

. ! ) 0 ;
FIGURE 4 - Percentage of NAL increase from birth until the @y mothers fed with ration supplemented with 20% of MSG until the

of life of the offspring of rats which had a consumption of r<';1tio%1$‘_day of life. Stretchl_ng these data to the future, we would have
with MSG being added in the concentrations of 20% (G20), 1G% increase tendency in the IL of rats of the group G20 throughout
(G10) and pure ration (GC), decreasing among the groups GC, @hitXime.

and G20, respectively (p <0,01)

TABLE 2 - Weight and NALincrease percentage from birth until th& @ay of life of the dipring

of rats which had a consumption of ration with MSG being added in the concentrations of
20%(Group 20%), 10% (Group 10%) and pure ration (Control Group). Consumption of ration and
water of pregnant rats on the gestational period among Group 20%, Group 10% and Control Group

GROUP GROUP GROUP ANOVA
CONTROLS 16% 20% P
Mean (ST%) Mean (ST)  Mean (ST)
Ration consumption in g! 22,6(7,25) 24.8(6,49) 22,4(5,92) 0,14
Water consumption in mI2 42.1(12,02) 62,8(10,77)  73,0(23,71)° < 0,01

Comparison of the groups with ANOVA followed by Tukey for multiple comparisons, where **
azb#c for p < 0,05.

*ST= standard desviation

1 = grams and 2 = milliliters

These data are in accordance to what one would expect to find in
the literaturé?2” Hermanusseet al’, administering MSG on the
Data analysis shows that both weight and NAL of the ofpfd week of gestation, has shown similar results with lower weight
At birth and with 30 days of life in the intervention group, using a
of 5g of MSG orallyrhis dose is close to the one we used in

Discussion

spring with 21 days of life are significantly lower when G20 is co

pared to G10, and this is compared to GC. These two meas I 20%. that q d 224 of rati ¢
present alterations according to the concentration of MSG on tthe group o that consumed aroun g of ration pathay.

25 i i i
diet, in other words, according to the increase of MSG (10 and 204”0 g of MSG Nakagawzt al used MSG |_ntraper|toneal |n.the
ewly born and assessed at 10 weeks of life. They also evidencec

there was a decrease on the weight and NAL at 21 days of life

. : . .. lower weight and stature and higher IL in relation to the controls.
Weight and NALat birth among the three groups did nofedif Souzaet al?, using MSG subcutaneously in newly born, found,

significantly. Howevey in the gross analysis of the data, we Cacﬂready in the 30th day of life, lower NAL and higher IL in the
observe that the weight at birth of G20 seems lower than the Omf’érvention group in relation to the control

groups. Perhaps that difference has not been demonstrated due to
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The NAL increase percentage from the day of birth to the Olney?, using subcutaneous injection of MSG in newly born
21%day of life evidences that the G20 group has significantly lowsts, related sterility of the femald$ngxi Yu et al?® administered
growth than the G10 and this is lower than the &€ observed a MSG orally for pregnant female rats in the end of gestation and did
dose-dependent curve in relation to MS@ce the growth per not find alteration in the fertility of the offspring. Stegiflevalu-
centage of the G10group, besides being different from G20 and @tthg the placentary transfer of MSG in monkeys, showed that the
presents an intermediate value among them (Figure 4). placenta would be virtually MSG proof and it would just allow the

According to weight increase percentage, we verified a tggassage of its metabolites. Howevadoses 70 times beyond the
dency that can also have a dose-dependent relationship. In gpitenal, about 2.800 pmol/l resulted in transfer to the fetal circula-
of there not being statistical difference between G10 and the otti@n. In spite of some conflictive data in aniniaf§ the consensus
groups, G10 has an intermediate absolute value between GCaniyISG claims to be a rational safety on the use of MSG during
G20, which are statistically different (p<0,01) (Figure 3). These fingestation in humangVe used a small number of pregnant females
ings are similar to the ones from Hermanusseal’, that found in order to state there are some interference omejductive
difference in the weight of mothers nestlings fed with concentapparatuérom the use of MSGHowever from the gross data point
tions between 2,5 and 5g of M3G already mentioned above, weof view, we observed that the success percentage on coupling wa:
used doses of MSG in this study very close to the ones usedday different from GC (100%) in relation to the G10 and G20groups,
Hermanusseat al” TheTingxi Yu et al?® study on the other hand, respectively66 and 55%. In relation to G20, in which four female
did not find dose-dependence relationship in the fetuses on riis were not pregnant, a possible explanation, at least, ety
two used doses, which were around 0.62 and 1g of MSG onfiet that three of those were came from the same box, in other
female pregnant rats from the"b the 21 day of gestation and words, they were exposed to the same male rat.
during the whole gestational period.

Findings in literature analyzing MSG and the consumption Conclusions
of ration are conflictive. Some studies demonstrate decrease on the
ration consumption in the group that uses MS&and in oth- The monosodium glutamate presented a dose-dependent
ers, an increase on the consumption is S€@rirticles, which relation in the variables weight and nasal-anal length. It caused a
demonstrate hypophagia with the use of M&&&d neonatal sub-decrease in the growth pattern as well as in the weight gain patterr
cutaneous administration and evaluated the appetite after 10 wmd the 2 day of life. The Index of Lee of the group 20% had an
20 weeks or after 30 to 150 days of interverifigti® Those that increased in relation to the control group after three weeks of fol-
evidenced higher consumption used MSG oralhd Dinizet al®  low up.
began the intervention with 21 days of life and assessed the con-
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