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Neuroendocrine alterations impair enamel mineralization, tooth
eruption and saliva in rats
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ABSTRACT: Neo natalad ministration of monosodium glu tamate (MSG) in rats causes definite neuroendocrine dis tur-
banceswhich lead to al ter ations in many or gan sys tems. The pos si bil ity that MSG could affect tooth and sal i vary gland
physiologywasexaminedinthis paper. Male and fe male pupswere in jected sub cu tane ously with MSG (4 mg/g BW)
once a day at the 2", 4t gth g™ and 10" day af ter birth. Con trol an i mals were in jected with sa line, fol low ing the
same sched ule. Lower in ci sor erup tion was de ter mined be tween the 4"Mand the 10" postnatal days, and the erup tion
rate was mea sured be tween the 43™%and the 67" days of age. Pilocarpine-stim u lated sal i vary flow was mea sured at 3
months of age; pro tein and amy lase con tents were thereby de ter mined. The an i mals treated with MSG showed sig nif i-
cant re duc tions in the sal i vary flow (males, -27%; fe males, -40%) and in the weight of submandbular glands (about
-12%). Body weight re duc tion was only about 7% for males, and did not vary in fe males. Sa liva of MSG-treated rats
hadincreased concentrationsoftotal proteinsandamy laseactivity. Theeruptionoflowerincisorsoccurredearlierin
MSG-treated rats than in the con trol group, but on the other hand the erup tion rate was sig nif i cantly slowed down.
Thein ci sor micro hard ness was found to be lower than that of con trol rats. Our re sults show that neo na tal MSG treat-
ment causes well-de fined oral dis tur bances in adult hood in rats, in clud ing sal i vary flow reduction, which coexisted
withunalteredproteinsynthesis,anddisturbancesofdentalmineralizationanderuption. These data sup port the view
that some MSG-sen si tive hy po tha lamic nu clei have an im por tant modulatory ef fect on the factors which de ter mine
cariessusceptibility.

DESCRIPTORS: Sodiumglutamate;Hypothalamicdiseases; Dental physiology; Saliva; Rats.

RESUMO: Aadministracdoneonataldeglutamatomonossédico(MSG)emratosprovocadistirb iosneuroenddécrinos
queacarretamalteracdesemvariossistemasorganicos.Nestetrabalho,avaliamosasrepercussdesdessetratamento
sobredenteseglandulassalivares. Ratosmachosefé measrecém-nascidosforamin je ta dos com MSG (4 mg/g peso
cor poral, s.c.)umavez ao dia nos 2°, 4°, 6°, 8° e 10° dias apds 0 nas ci men to; o gru po con t rolerecebeusolucédosalina
nomesmoesquema.Omomentodaerupcaodoincisivoinferiorfoideterminadoentreo 4°e o0 10°diade vida, e o rit mo

deerupcéofoimedidoentreo43°eo067°dia. Ofluxodesalivaeoconteudosalivardeproteinaeamilaseforamdeter
minadossobestimulacaocom pilocarpinaaos3mesesdeidade. OsanimaistratadoscomMSGmostraramredu¢oes
significativas do fluxo salivar (ma chos: -27%; fé me as: —40%) e do peso das glan du las submandibulares (cer ca de
-12%). Ape nas em ma chos hou ve dis cre ta re du ¢ao do peso cor po ral (7%). A sa li va dos ani m a is tra ta dos com MSG

apresentouaumentonaconcentracdodeproteinastotaisenaatividadeamilasica.Aerupcaodosincisivosinferiores
ocor reu mais pre co ce men te nos ratos tratados do que nos con tro les, po rém ataxa de erupzdoapresentou-sesignifica
tivamentereduzida. Amicrodurezatambémfoimenornosanimaistratados. Nossosre sul tados mostramqueotrata
mentoderatosrecém-nascidoscomMSG causaumquadrodefinidodeal teragdesbuco-den taisnoanimaladul to, tra
du zi das por re du ¢do do flu xo de sa li va (sem re du ¢éo da sin te se pro téi ca) e dis tur bios de mineralizacdoeerup ¢cao
dentéarias. Essesdadosapontam paraoim por tante papel modulador que cer tos ndcle oshipotalamicos sensiveisao
MSG exercemsobreosfatoresqueregulamasuscetibilidadeacéarie.
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INTRODUCTION

Monosodium glu ta mate (MSG) is a widely used
food stuffflavouringcompound, especiallyinorien
tal food. In ratsand mice, the neonatalad ministra
tion of MSG leads to extensive damage of certain

hypothalamic nuclei, thus causing severe
neuroendocrine disturbances in adulthood. The
ab nor malities, firstob served by Olney™ (1969), in-
cluded growth im pair ment, marked obe sity (which
can developwith out hyperphagia) and re duc tion of
or gan weights, among others *°. Marked re pres sion
was observed in the ossification of developing
endochondral bone, with the persistence of
cartilagenous elements and chondrocytes®, re-
ducedratioof mineral de position, and slower bone
maturatiory®.

The formation, erup tion and growth of teeth are
processes under the concerted and timely influ-

ences of several hormones, such as growth hor-
mone (GH}*?*** and thyroid™, sex*, and adrenal
hormones ®. On the other hand, it is known that
the development and the function of rodent sal i

vary glands de pend upon neurohormonal factorss,

and that the salivary secretion in rats is under
stronghy pothalamicinfluences?®.

Since the process of tooth formation and the
dental microenvironmentare im por tantfactorsin-
fluencing caries susceptibility, the putative
modulatory role of hypothalamus in these pro-
cesses was eval u ated by study ing the tooth micro
hard ness, the sal i vary flow and the concentration
of pro teinand amy lase in sa liva of con trol or neo

natally MSG-injected rats.

MATERIAL AND METHODS
Animals and treatments

Ne o nate male and fe male Wistar rats were treated
with 5 sub cutaneousinjections of monosodium glu-
tamate (MSG, Sigma Co., 4 mg/g body weight) dis-
solved in physiological saline.Injections were done
once a day at the 2¢, 4, 6%, 8" and 10%" day of life.
Con trol an i mals were treated with the drug ve hi cle.
Volumeinjected was al ways 0.02 ml/g BW.

Rats were weaned at 21 days and put thereafter
onregu lar Purinaratchowandwateradlibitum. The
animalswere maintainedon routinelaboratorycare
conditions (12 h dark/light cycle, lights on
08:00a.m., 24 +2°C). Theex perimen tal proto col was
ap proved by the Ethics Committee on Animal Ex per
imentation, UNESP School of Den tistry, Aracatuba.

6

Tootheruption

Inferior incisors eruption day was determined
upondailyexamination fromthe 4" up to the 10t

day of age. The rate of normofunctional tooth erup-
tion was determined by examinationevery 2 days
of the su pe rior in ci sors in the pe riod from 43to 67

days of age. A starting mark at the gingival limit
level was made underlightetheranesthesiainthe

tooth enamel with a cylindrical bur and
mensurations were then carried out followingthe
method de scribed by Gerlach et al*°(2000).

Salivaryflow

At 90 days of age, after 12 h fasting, the rats
were anesthetized with sodium pentobarbital
(Hypnol®, Cristalia, 40 mg/kg BW, IP). Salivary se-
cretion was stimulated by pilocarpine nitrate
(Sigma, 5 mg/kg BW, IP). Whole saliva was then
collected* into preweighed ves sels and main tained
on crushed ice during 20 min afterthe first drop
had fallen. Vol umes were es ti mated by weight, as-
sum ing the specificgrav ity of salivatobe 1.0 g/ml.
After collection, the animalswere Killed by excess
pentobarbital anesthesia, and the parotid,
submandibular and sublingual salivary glands
were care fully dis sected out and weighed.

Proteinandamylasedeterminations in saliva

Total protein in saliva was determined by the
method of Low ryetal.”* (1951) and the sal i vary am y-
lase ac tiv ity by that of Caraway (1959). One unit of
amylase activity is referred to as the amount of en-
zyme needed to hy dro lyze 10 mg of starch in 30 min
at 37°C.

Microhardness

The up per and lower in ci sors were re moved and
dissected free from any foreign adherent tissue.
The right teeth were embeddedandlongitudinally
placed into acrylic resin; the left teeth were sec -
tioned and placed transversely into the resin®. In
both sections (longitudinal and transversal), two
in den tations were made, one on the crown and the
other on the root, at the me dian por tion of enamel
thickness. A microhardness tester Shimadzu
HMV-2000° cou pled to a Knoop-like penetrator set
was used with a 50 g load. Microhardnessresults
are given in terms of kgf/mm®x 10~

Statisticalanalysis

Weight and microhardness data were studied
by ANOVA and followed,wheneverappropriate, by
Kruskal-Wallis or non-parametric multiple com-
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parisons tests. A 2.01 version of the GraphPad
InStat® software was used for this purpose.

RESULTS

Ponderal data are seen in Graph 1. The insert
shows that neo na tal MSG treat ment caused a sig-
nificant impairment of body weight gain of male
rats, but this ef fect was not so clearly evi dentin fe-
males. The weights of salivary glands relative to
the body weight were differently influenced by
MSG treat ment, as it caused an about 12% re duc-

tion of both male and fe male submandibular gland
weights, a 21% reduction of male (but not of fe -

male) parotid glands, and did not in ter fere with the
weights of sublingual glands of ei ther sex.
Salivary function studies are summarized in

Table 1. MSG caused re mark able re duc tions in the
pilocarpine-stimulatedsalivary flow, both in male

(-27%) and in female rats £40%). On the other

hand, salivary contentsof total protein and amy-
lase ac tiv ity rose strongly, both in males (meanrise

31%) and in fe males (mean rise 49%).

The ef fects of neo natal MSG ad ministrationon
theeruptionofratincisorsareseeninTable2. The
total and daily rates of male rat tooth eruption
were faster than those of females, and this differ-
ence was maintained or even somewhat accentu-
ated as an ef fect of MSG. On the other hand, erup-
tionitselfoccurredsignificantly earlier in male or
female rats treated with MSG than in their
sex-matchedcontrols.

Table 3 shows the microhardness analysis of
ratteeth. Overall, micro hard nesswas sig nifi cantly
higher for male than for fe male teeth, what ever the
section or the anatomical region considered.
Micro hard nessval uesobtainedin tooth lon gi tudi-
nal sections were higher than those in transverse
sections, and also higher for the crowns when
compared to the roots. We observedthatneonatal
MSG treatment caused, in adulthood, an evenly
lowered tooth microhardness, thus maintaining
not only that sex dimorphism but also the differ-
ences previously seenregard ing the tooth sections
andanatomicalregions.
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GRAPH 1 -Bodyandsalivaryglandweightsofcon trolsor rats ne o natally treated with monosodiumglutamate (MSG).
Therelativeweights of sub mandibular (SM), parotid (P)and su blingual glands (SL) aregi ven as mean + SEM of 10 ani-

mals for every group. The in sert shows the body we ights at sa cri fi ce (mean + stan dard er rorof the mean (SEM), n = 10).

*p<0.01inrelation tothecorres pondingcon trol.
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DISCUSSION

The early postnatal administration of
monosodium glu ta mate (MSG) to rats is known to
permanentlydamageneuronsinthehypothalamic
arcuate nucleus. The ensuing inappropriate
brain-neuroendocrine-immune regulation was re-
cently demonstratedtoinfluence periodontal dis-
easesusceptibility and progressiort. Being so, in
this paper we examined the presumable conse
gquences of MSG treatment on salivary functional
characteristics and on dental mineralization,
which could con trib ute to den tal de cay.

Our re sults showed that male rats neo natally tre -
a ted with MSG not only had body we ight gain re duc-
tionbutalsolowersubmandibular gland (SMG) we -
ights (Graph 1). Especially in rodents, it is well
establishedthat SMGdevelop mentanddifferentiati
on are undertheinfluen ceofamulti hor monal con-
trol’®, which plays a decisive role on its sexual di -
morphism. Since 70% of total saliva are from the
SMG", the hormonal imbalance triggered by MSG
could ex plainthe re duction of SMG we ight (Graph 1)
and the impaired salivary response to pilocarpine
stimulation (Table 1). In addition, it is conceivable

TABLE 1 - Salivaryfunctionsof male and fe malerats. Re sults for con trolsand rats neonatally treatedwithmonosodi
um glu tamate (MSG). Re sults are mean = stan dard er ror of the mean (SEM) of 16 ob ser va ti ons throug hout.

Groups Salivary flow Total protein content Amylase activity

b (W/min per 100 g BW) (mg/ml) (U/ml x 10?)

Males 17.60+ 0.50° 8.39+ 0.28° 14.70 + 0.47°
Control

Females 23.40+0.60° 8.13+0.34° 15.03 + 0.38°

Males 12.80 + 0.50 10.32 +0.47° 20.39 + 0.60"
MSG-treated

Females 1410 + 0.60° 12.18+0.24° 2229 +0.26°

Me ans fol lowed by dis tinct su pers cript let ters are sig ni fi cantly dif fe rent from each ot her (ANOVA, p < 0.05).

TABLE 2 - Eruptionoftheincisorsof maleandfe malerats. Re sultsfor con trolsand rats neo natally treated withmonec
so di um glu ta mate (MSG). Re sults are mean + stan dard er ror of the mean (SEM).

G Eruption rate (mm) Eruption observed (% of the litter)
roups
P Total Per day Atthe8" day At the 9" day
Males 11.859 + 0.100° 0.566+0.0050° i) &
Control
Females 11.488+0141°  0.549 +0.0068 4 %6
Males 11.416 + 0.085° 0.542 +0.0045 53 47
M SG-treated
Females 10.841 + 0.071¢ 0.517+0.0036 67 33

Means fol lowed by dis tinct su pers cript let ters are sig ni fi cantly dif fe rent from each ot her (ANOVA, p< 0.05). For the
erup tion rate and erup ti on day, data are from 16 ob ser va ti ons for every group.

TABLE 3 - Mi cro hard ness of in ci sor ena mel of male and fe ma le rats. Re sults for con trols and rats neonatallytreated
with mo no so di um glu ta ma te (MSG). Re sults are mean + stan dard er ror of the mean (SEM) of determinationscarried

out in 56 te eth for every group.

Microhardness (kgf/mnt x 1 07?)

Groups

Transverse

Longitudinal Crown Root
section section
Control Males 271.84+2.26" 259.98 +3.39¢ 273.98+ 2.07 257.84 + 3.4%3
Femaes 262.62 +2.02 253.85+2.75 263.44+ 2.07 253.03+2.6%
Males 262.78+2.12 253.79+2.49 265.24+ 1.76 251.33+2.50
M SG-treated
Femaes 25752+1.1> 245.08 £ 2.23 256.01+ 1.99 246.59+ 2,51

Me ansfollowed by dis tinctsu pers criptletters are sig nifi cantly dif fe rentfrom each ot her (Krus kal-Wal lis, p < 0.05).

8



SassakiKT, Delbem ACB, Santos OAM dos, ShimabucoroCE,NakamuneACdeMS, Bedran-de-CastroJC, Oliveira-FilhoRM.Neuro
endocrinealterationsimpairenamelmineralization,tootheruptionandsalivain rats. Pes qui Odon tol Bras 2003;17(1):5-10.

that some re duc ti on in the den sity and/or res pon si-
veness of autonomic muscarinic receptors of the
gland could con tri bu te to the al te red res pon se.

As a part of the histomorphological and biochem-
i cal sex ual di mor phismofthe salivaryglandsinvari-
ous mammal species®, the number of muscarinic
and f-adrenergic receptors in the SMG can be
25-51% higher in fe male than in male rats’, and this
could ex plain the higher sal i vary flow of our con trol
fe males (Ta ble 1). On the other hand, this sex dif fer-
ence dis ap peared in our MSG-treated an i mals, pre-
sumably as a function of the drug-induced al ter-
ations of cir cu lating lev els of go nadal steroids"".

Concentrationsoftotal proteinsandofamylase
activityin salivaof MSG-treated rats were signifi-
cantly higher than those found in controls(Table
1). How ever, if these val ues are taken as a func tion
of the salivary flow, such differences are blunted
(for example, control males = 0.148 + 0.004 and
MSG-treated males = 0.132 £ 0.005 mg pro tein se-
creted/min per 100 g BW; p > 0.1). These results
suggest that the net synthesis and/or release of
salivary proteins were not affected by the drug,
and only the fluid pro duc tion was in fact re duced.
On the other hand, the magnitude of protein in-
crease in saliva was undistinguishable from that
showed by am y lase, thus sug gest ing that the spe-
cific pro tein which in creased as an ef fect of MSG
treatment was largely amylase.

Regarding enamel mineralization, as observed
inother tis sues and functions, areasonabledegree
of sex dimor phism exists in the micro hard ness of
the tooth enamel, that of males be ing higher than
that of females. Though MSG treatment was able
to significantly diminish both crown and root
microhardness, those sex differences were not
abolished (Table 3).

Among other fac tors pos si bly in volved, the hor
monal im bal ances due to MSG treat ment con ceiv-
ably play a very important role. Pre- or postnatal
hypothyroidism slows down dental development,
leading to defects in the enamel which are ob -
served later in life”. Interference with the growth
hor mone (GH) could also im pair the for mation and
mineralization of the teeth, since GH receptorsare
presentindividingcells, preameloblasts, dif fer en-
tiating preodontoblasts, and in secreting amelo-
blasts and odon to blasts of 45-day rat in ci sors and
molars®. In ad di tion, GH de fi ciency re duces rRNA
expression in preameloblasts and pre-odonto-
blasts® and the synthesis of two proteoglycans,
decorin and biglycan, thus impairing the correct
tooth for mation and mi nera lization".

Over all, the hor monal al ter ations caused by nec
natal treatment of rats with MSG most presumably

interfered with several steps of tooth formation, in-
cludingtheintestinalabsorptionofCa?, and the syn-

thesis of pro teins and proteoglycans which built up
the extracellular ma trix and play a fur ther role in the
process of dental mineralization. Also, the enzymes

involved in amelogenesis could also be affected.
Inferiorincisorseruptionboth inmaleandfe male

rats oc curred at the 9" postnatal day in con trols and
at the 8" day in MSG-treated an i mals (Ta ble 2). The
limiting factor to dental eruptionisthe re sorp tion of
alveolar bone, which forms a path for eruptionand
depends upon the formation and activity of
osteoclast cells?’. The processas a whole, me di ated
through the expression of osteoprotegerin, is regu-
lated by adel i cate hor monal bal ance be tween syn er-
gis tic (parathyroid hor mone, glucocorticoids)** and
antagonistic influences (estrogens, GHf. Although
the exact mechanism by which neonatal MSG
caused an accelerated rat incisors eruption is at
present an unresolved question, this might be the
result of multifactorial-dependent, increased os-
teoclasticactivity.

The rates of incisor eruption were found to be
slower in fe male than in male rats; neo natal MSG
treat ment caused a global re duc tion in these rates
but did not interfere with the observed sex differ-
ence (Table 2). Itis known thaterup tionreg u lation
in rats depends upon the balanced activity of

cementoblasts and of periodontal ligament cells,
which in turn are stim u lated by GH and inhibited

by parathyroid hormone (PTH)*. Even though in
this experimental model the serum levels of PTH
have not been stud ied yet, and the par tici pation of

corticoid hor mones can not be discarded®, our re-
sults can be par tially ex plained by the re duc tion of

GHcirculating lev els caused by MSG®.

CONCLUSION

In conclusion, neonatal MSG treat ment causes
a series of oral dis tur bances in adult hood in rats,
includingsalivaryflowreductionandincisorsmin-
eralization and eruption disturbances. Our data
sup port the view that the cohort of hor monal im-
balances caused by hypothalamic malfunctioning
can be ac counted for by many (if not all) of the al-
terations reported herein, and may culminate in
highercariessusceptibility.
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