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PIZZI, W. J. AND J. E. BARNHART. Effects o f  monosodium glutamate on somatic development, obesity and activity in 
the mouse. PHARMAC. BIOCHEM. BEHAV. 5(5) 551-557, 1976. - Neonatal mice 1 and 5 days of age and older mice 25 
days of age were injected with an increasing dose of monosodium glutamate (MSG) for a ten-day period and observed for 
at least 150 days. Both male and female animals in the 1- and 5-day age group treated with MSG showed large increases in 
weight over controls along with a shortened body length. The MSG group also showed decreases in locomotor and 
exploratory behavior. The 25-day animals took much longer to show effects or failed to show any effects, indicating that 
the MSG-induced changes studied are age dependent. Possible methodological considerations accounting for conflicting 
reports in the MSG literature are discussed in light of the present findings. 

Monosodium glutamate Obesity Activity Developmental neurobiology 

RECENT reports have implicated monosodium glutamate 
(MSG) in neuronal damage of the central nervous system 
[12, 19, 20, 21, 22, 23, 24]. While these anatomical 
findings have not gone uncriticized [2, 4, 32], they have 
more often been supported, with neuronal damage most 
often being reported to occur in the arcuate nucleus of the 
hypothalamus [1, 7, 11, 12, 17, 19, 21, 24, 34]. The 
thorough study by Lemkey-Johnston and Reynolds [12] 
has demonstrated neuronal damage in other structures 
including the preoptic region, the rectum, the dorsolateral 
surface of the thalamus, the dentate gyrus of the hippo- 
campus, the habenular nucleus, the subfornical organ, and 
the cortex. Along with these CNS structures, the retina has 
been shown to be susceptible to damage by MSG [8, 14, 
20]. Concomitant with this CNS damage there have been 
reports of a number of developmental, physiological, and 
behavioral abnormalities including obesity [3, 16, 19], 
stunted skeletal growth [ 3, 16, 19 ], sterility in females [ 19, 
30], disruption of the electroretinogram [26],  decreased 
and increased activity levels [3,19],  and learning deficits 
[5,27]. 

The present study was designed to examine several of 
the developmental, physiological, and behavioral com-  
plications which have been reported following neonatal 
administration of MSG; namely, obesity, skeletal ab- 
normalities, and changes in activity levels. There have been 
a number of contradictory reports regarding MSG-induced 
obesity and changes in activity levels. Several studies [3, 16, 
19] have reported the development of obesity and stunted 
skeletal structure following administration of MSG to 
neonatal mice. Failure to find MSG-induced obesity has 
also been reported by a number of investigators [9, 13, 15, 

25, 29, 32, 33].  It should be pointed out that the studies 
reporting negative results differ in method of ad- 
ministration, age of treatment, and length of the followup 
period from those yielding positive findings. One in- 
vestigation [9] which failed to find significant weight gains 
in animals treated with MSG did report that the carcass fat 
content was increased to approximately twice that of 
control animals. A second study in that laboratory [10] 
found that MSG-treated animals expend significantly less 
energy than controls as measured by oxygen consumption 
and carbon dioxide production. This last finding seems 
consistent with Olney's [19] observation that animals 
treated with MSG as neonates were lethargic as adults, but 
inconsistent with Araujo and Mayer's [3] finding of 
increased activity. 

The experiments reported on in this paper will attempt 
to resolve the inconsistencies mentioned above by using 
animals at several stages of development and by the use of a 
battery of activity measures in the adult mouse. Further, 
these experiments will explore the possibility that MSG- 
induced abnormalities are an age-dependent phenonmenon. 
Based on earlier studies in this laboratory with oral 
administration of MSG in rats, an experimental obesity is 
predicted if the followup period is of sufficient length. 

METHOD 

Animals 

Animals were 178 albino mouse pups from 19 litters. All 
animals were born in the laboratory and housed in standard 
polycarbonate cages with their dams. Weaning and sexing 
was carried out when the animals reached 29 days of age 
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which  is cons idered  o p t i m a l  for  the  h e a l t h  of  the  mouse  
[ 3 5 ] .  All an imals  were fed a s t andard  l a b o r a t o r y  chow and 
given wate r  ad lib. Light ing was regual ted  at  12 h r  on  an 12 
hr  off  t h r o u g h o u t  the  e x p e r i m e n t .  

Drug Treatment 

Mouse pups  1, 5, and  25 days of  age were in jec ted  
s u b c u t a n e o u s l y  for  10 days wi th  an aqueous  so lu t ion  (10% 
w/v)  of  m o n o s o d i u m  g lu t ama te  accord ing  to a mod i f i ed  
dose schedule  descr ibed by Po t t s ,  Modrel l ,  and Kingsbury  
[ 2 6 ] .  Animals  in jec ted  at  one  day of  age began at a dose of  
2.2 mg/g  b o d y  weight  wi th  doses  of  2.5, 2.8,  and  3.2 mg/g  
b o d y  weight  on  Days 2, 3, and  4 respect ively .  The dose on  
Days 5 t h r o u g h  17 s ta r ted  at  3.4 mg/g  b o d y  weight  and 
increased by  0.2 mg/g  b o d y  weight  to  5.8 mg/g  b o d y  
weight .  The  25-day group received ten  consecut ive  doses at 
5.8 mg/g b o d y  weight .  L i t t e r m a t e  con t ro l s  were in jec ted  
wi th  equal  vo lumes  of  bac te r ios t a t i c  water .  Fo l lowing  the  
in jec t ions  animals  were weighed every 5 days on  an 
e lec t ron ic  balance.  An imals  were placed in a paper  cup to 
reduce  m o v e m e n t s ,  and  weighed to a h u n d r e d t h  of a gram.  
G r o w t h  curves  were fo l lowed for  a m i n i m u m  of 150 days 
and  in some cases as long as 250 days. 

Activity 

Three  m e t h o d s  were used to record  act iv i ty :  (1)  the  
s t andard  ac t iv i ty  wheel ;  (2)  the  open  field m e t h o d ;  (3)  the  
Boissier and  S i m o n  Poke Test  [ 6 ] .  All act ivi ty  measures  
were t a k e n  b e t w e e n  150 and  200 days of  age unde r  ad lib 
food  and  wa te r  cond i t ions .  Each  an imal  was p laced in an 
act iv i ty  whee l  for  a 24-hr  per iod  wi th  food  and  wate r  
available.  No la ter  t h a n  five days fo l lowing th i s  first  
measure  the  same an imals  were tes ted  in the  open  field 
s i tua t ion .  This  measure  cons is ted  of  placing each m o u s e  in 
the  cen te r  of  a 76 x 76 cm b o x  which  was l ined of f  to  
make  up  36 squares.  The  measure  of  ac t iv i ty  was the  to ta l  
n u m b e r  of  squares  en t e r ed  in a 3-rain per iod.  The  c r i te r ion  
for en t r ance  in to  a square  cons is ted  of  the  an imal  pu t t i ng  
its two f ron t  paws in to  a par t icu lar  square.  The  appa ra tu s  
for  the  poke  tes t  was a m od i f i c a t i on  of t ha t  descr ibed by  
Boissier and S imon  [ 6 ] .  It consis ted  of  a b lack p l y w o o d  
board  of 37.5 × 37.5 × 1.3 cm in which  were located  16 
equ id i s t an t  holes  w i th  a d i a m e t e r  of 4.5 cm. The  board  was 
s u r r o u n d e d  by  walls which  suspended  it 35 .0  cm above  the  
f loor .  The  walls e x t e n d e d  20.5 cm above  the  poke  board  
surface.  Each  an imal  was placed in the  center  of  the  board  
and the  n u m b e r  of  pokes  r eco rded  over  a 5-min period.  A 
poke was def ined  as the  inse r t ion  of the  an imal ' s  head ,  past 
the  level of its eyes,  in to  any  hole.  At  the  conc lus ion  of  the  
e x p e r i m e n t s  the  an imals  were anes the t i zed  and body  leng th  
was ca lcula ted  as the  d is tance  f rom the  t ip of  the snou t  to  
the  anal  orifice.  

R E S U L T S  

Obesity and Somatic Development 

Figure 1 shows the  m e a n  b o d y  weights  of the  MSG- 
t rea ted  mice versus the  con t ro l s  p l o t t ed  each 10 days over 
the  tes t  per iod.  The MSG-t rea ted  an imals  showed  a greater  
weight  gain in every group wi th  the  e x c e p t i o n  of  the  25-day 
females.  While an imals  were assigned r a n d o m l y  to the  MSG 
and con t ro l  groups ,  i t  shou ld  be n o t e d  tha t  none  of  the  
MSG groups  weighed more  at 30 days of  age. The p a t t e r n  

of weight  gain was charac te r i zed  by  being slow and s teady,  
and showed  no  signs of aba t ing  at  200  days of age. An 
A N O V A  was p e r f o r m e d  on the  last 80 days of  each group  
in Fig. 1. The neona t a l  groups  showed  highly  s ignif icant  
we igh t  d i f fe rences  (1-day males,  F ( 1 5 , 2 8 0 ) = 1 1 . 6 9 2 ,  
p < 0 . 0 0 1  ; 1-day females,  F ( 1 5 , 2 3 1 ) = 7 . 3 0 5 ,  p < 0 . 0 0 1  ; 5-day 
m a l e s ,  F (1  5 , 1 9 2 ) = 5 . 1 9 0 ,  p < 0 . 0 0 1 ;  5-day females,  
F ( 1 5 , 1 5 1 ) = 9 . 3 3 7 ,  p < 0 . 0 0 0 1 ) ,  while the  m a t u r e  animals  
showed  mixed effects  (25-day males,  F ( 1 5 , 1 2 8 ) = 1 . 8 5 4 ,  
p < 0 . 0 5 ;  25-day females,  F ( 1 5 , 1 2 0 ) = 1 . 5 7 5 ,  p = NS). 
Fu r the r  analyses ut i l ized a pr ior i  con t ras t s  [ 1 8 ] .  The 
dashed vertical lines in Fig. 1 ind ica te  the  po in t  at  which  
the  MSG-t rea ted  animals  became  s igni f icant ly  heavier.  It 
shou ld  be emphas i zed  tha t  every pair  of  po in t s  to  the  r ight  
of the  dashed vert ical  lines show a s ignif icant  d i f ference  as 
d e m o n s t r a t e d  by  a pr ior i  con t ras t  analysis.  No line is shown  
for the  25-day males since only  two pairs of po in t s  were 
found  to be s igni f icant ly  d i f fe ren t  - these  were at 190 and 
210 days of  age. Thus,  animals  in jec ted  at an earlier age 
t ended  to show obes i ty  sooner  t han  those  injected at an 
older age. The l -day  groups  t o o k  an average of l l 0  days 
fo l lowing the  first in jec t ion  to display s ignif icant  dif- 
ferences in weight ,  while  the  5-day groups  averaged 135 
days, and the  male 25-day group showed  signif icance only  
af te r  190 days. The 25-day MSG-female  group failed to 
reach  signif icance or even equal  the  con t ro l  an imals '  
weights  a f te r  250  days. Figure 2 shows a con t ro l  female  
mouse  f rom the 1-day group  and  a represen ta t ive  obese 
female mouse  t rea ted  wi th  MSG from day one to day ten. 

Table 1 shows the  mean  b o d y  lengths  for  MSG-t rea ted  
and con t ro l  animals  in the  various age and sex groups.  All 1- 
and 5-day MSG-t rea ted  groups,  b o t h  male and female,  were 
s ignif icant ly  shor t e r  in body  length.  The 25-day groups  
failed to show a s ignif icant  decrease in body  length.  

Morb id i ty  rates were calcula ted f rom the  first day of  
in jec t ion  to 250 days of  age for  each of the  three  age 
groups  of  MSG and con t ro l  animals .  Results  showed  tha t  
animals  in jec ted  with MSG at 1 day of age exh ib i t ed  a 
25.5% m o r b i d i t y  rate.  MSG animals  in jected at 5 days of 
age showed  a m o r b i d i t y  rate of  30.0%, and those  adminis-  
tered MSG at 25 days of  age showed  a 1 0 . 5 ~  m o r b i d i t y  
rate.  The m o r b i d i t y  ra te  of all three  age groups  of 
l i t t e rma te  con t ro l  animals  was relat ively h o m o g e n e o u s  at 
a p p r o x i m a t e l y  10%. 

Activity 

Visual i n spec t ion  of the  MSG-t rea ted  animals  b o t h  in 
the i r  h o m e  cages and  on  a flat surface ind ica ted  tha t  they  
were lethargic.  Figure 3 shows the  resul ts  of th ree  fo rmal  
measures  of act ivi ty  and exp lo r a to ry  behavior .  The  1-day 
group t rea ted  wi th  MSG showed decreases  in act ivi ty  on all 
three  measures ;  however ,  on ly  the  MSG-t rea ted  males  
showed  a decrease  on  the  wheel  r unn ing  test .  Inspec t ion  of  
Figure 3 shows the  l -  and  5-day groups  t r ea ted  wi th  MSG 
always show lower  m e a n  scores on  the  wheel  r unn ing  
measure ,  bu t  due to the  large var ia t ions  wi th in  groups,  these 
d i f ferences  were no t  s ignif icant .  In the  open  field test  b o t h  
male and  female  animals  t r ea ted  wi th  MSG star t ing at 1-day 
of age showed  decreased ac t iv i ty  and exp lo ra to ry  behav io r  
( p < 0 . 0 0 1 ,  two-ta i led) .  No s ignif icant  d i f fe rences  were 
found  in animals  t rea ted  wi th  MSG at 5 or 25 days of  age. 

All 1-day and  5-day groups  t rea ted  w i th  MSG showed 
decreased exp lo ra to ry  behav io r  on  the  Boissier Poke Test 
(p< 0 .001,  two-ta i led) .  The  25-day males t r ea ted  w i th  MSG 
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FIG. 2. A. Randomly selected female mice from the one-day age group. The control female mouse (right) was treated with the control vehicle 
from Days 1-10,  while the obese mouse (left) was treated with MSG from Days l 10. This particular pair of mice do not show the reduced 
body length referred to in this paper. B. Male mice from the 1-day age group following the treatment described above. The MSG-treated 

animal (left) shows an extreme accumulation of adipose tissue and reduced body length. 

T A B L E 1  

MEAN BODY LENGTHS (IN MM) OF MSG-TREATED AND CON- 
TROL ANIMALS MEASURED FROM THE TIP OF THE SNOUT TO 
THE ANUS (ALL MEASURES TAKEN BETWEEN 259 AND 269 

DAYS OF AGE) 

Sex N Control N MSG-treated 

1-Day M 19 106.7 (_ 1.05) 17 100.8 (_+ 1.60)? 
F 11 108.6 (_+ 0.63) 14 102.0 (_+ 1.31)$ 

5-Day M 7 103.1 (+ 1.40) 7 98.1 (_+ 1.51)* 
F 7 98.4 (_+ 1.13) 10 92.9 (_+ 1.89)* 

25-Day M 8 110.4 (_+ 1.84) 10 109.2 (_+ 0.94) 
F 8 111.3 (_+ 1.09) 7 108.0 (_+ 2.57) 

*p <0.05. 
tp<0.01. 
:~p <0.001. 
Number in parenthesis = SEM. 
All probability values are two-tailed. 

also showed a significant decrease on this task (p<0 .01 ,  
two-tai led).  The pa t t e rn  of  ef fec ts  in this expe r imen t  are 
similar to those  found  in the first expe r imen t ,  wi th  the  
animals t rea ted  at an earlier age more  readily showing an 
effect .  

DISCUSSION 

The data gathered in this s tudy suppor t  the findings of 
those invest igators who  have repor ted  increased weight  gain 
and decreased b o d y  length fol lowing neonata l  adminis- 
t ra t ion of  MSG. All animals t rea ted  at 1 or 5 days of  age 
whe the r  male or female showed the effect .  Those animals 
t reated later in the course of deve lopment  showed the 
weight gains much  later or not  at all. In those  studies failing 
to repor t  increased weight gains [25, 31, 35] or those  in 
which depressed weights are seen [13, 15, 25] ,  the length 
of  t ime for which the animals are fol lowed becomes  the 
impor t an t  factor.  During the initial adminis t ra t ion  of MSG 
and for  a per iod of  t ime thereaf ter ,  the animals lose weight;  
however ,  the p h e n o m e n o n  is t ransient  and is fo l lowed by a 
slow steady weight gain leading to obesi ty.  The growth  
curves must  be fo l lowed for several mo n t h s  to see this 
effect .  Fu r the rmore ,  if the p h e n o m e n o n  is age dependen t ,  
as these exper imen t s  suggest, then m e t h o d  and age of  MSG 
t r ea tmen t  are critical factors.  In those studies using rat 
chow with various amoun t s  of  MSG added [15, 31, 33] ,  
one would not  expec t  to see an effect  since adult  animals 
are b e y o n d  the critical age and mouse  and rat pups do no t  
begin to eat solid foods  until  af ter  they have passed the 
critical age. A n u mb e r  of  s tudies [15, 28, 29] in which 
physiological  and endocr ine  factors  were of pr imary con- 
cern have repor ted  the initial weight  loss but  then failed to 
follow the growth  curves for a suff icient  length of  t ime for 
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the obes i ty  to manifes t  itself. The length  of  t ime for which 
the animals must  be fo l lowed will p robab ly  vary f rom s tudy 
to s tudy  due to di f ferences  in the strain of  animal and 
general l abora tory  procedures  such as loca t ion  and type  of 
food,  l ighting schedules,  and housing condi t ions .  However,  
the fo l lowup per iod  for  invest igat ions of  MSG-induced 
obes i ty  should  p robab ly  be set at a m in imum of  120 days. 

The data r epo r t ed  in this s tudy  conf i rm the f indings by  
others  [3, 16, 19] of  shor tened  body  length  in the 
MSG-treated animals.  A cursory inspec t ion  of  several x-rays 
of ma tched  exper imenta l  and cont ro l  animals failed to 
show any severe skeletal deformit ies .  

The increase in act ivi ty r epor ted  by Araujo and Mayer 
[3] was not  conf i rmed  in this s tudy.  Several investigators 
have repor ted  MSG-treated animals to be lethargic based on 
informal  observat ions .  This observat ion  was indirect ly  
suppor t ed  by the observat ions  of  Djazayery and Miller 
[ 1 0 ] ,  who  found  that  MSG-treated animals expended  
significantly less energy as measured  by oxygen  con- 
sumpt ion  and carbon dioxide  p roduc t ion .  The present  
s tudy uti l ized a ba t t e ry  of  activity measures which showed 
the MSG-treated animals to have lower  levels of activity and 
exp lo ra to ry  behavior.  Again the age at which the animals 
are t rea ted  with MSG seems to be a factor .  The animals 
t reated at 1 day of  age showed an effect  on all three  
measures of  activity wi th  the  excep t ion  of  the females  on 
the wheel  running  test. The poke test  best  demons t r a t ed  
the d i f ference  be tween  MSG-treated animals and controls .  
The animals t rea ted  with MSG at 1 and 5 days of  age 
showed highly significant decreases in activity on this test .  
The 25-day males t rea ted  wi th  MSG showed a decrease,  but  
the 25-day females  did not .  The results of  these tests 

conf i rm the informal  observat ions  of o the r  investigators 
that  MSG-treated animals are lethargic and hypoact ive .  

Several in terest ing ques t ions  are raised by the MSG 
li terature and the data repor ted  above. The mos t  immedia te  
ques t ions  concern  o ther  physiological  and behavior  
impai rments  which may be induced  by MSG adminis tered 
during the neonata l  period.  There  have been brief repor t s  of 
endocr ine  dys func t ion  and steril i ty in female organisms 
t reated wi th  MSG [19,30] along wi th  several repor t s  of  
impaired learning [5 ,27] .  The data indicating that  MSG 
disrupts  the e lec t rore t inogram exempli f ies  the need for 
behavioral studies at various dose levels and stages of 
deve lopment .  Each of  these topics  deserves expanded  s tudy 
and quant i f ica t ion .  

Finally,  there  arises the ques t ion  as to whe the r  MSG- 
induced obes i ty  represents  an example  of  regulatory or 
metabol ic  obes i ty .  The slow steady pa t t e rn  of  weight  gain 
along wi th  a number  of repor t s  which  failed to show any 
evidence of hyperphagia  lend suppor t  for  a metabol ic  
in te rpre ta t ion .  However,  Araujo and Mayer [3] caut ion 
that  one-quar te r  of  a gram of  chow per day could account  
for  a l-g per week weight increase,  and that  this might  be 
missed by the food-moni to r ing  sys tems current ly  em- 
ployed.  This along wi th  the fact that  MSG-induced brain 
lesions can be found  in the a rcuate-vent romedia l  hypo-  
thalamic region requires that  a careful investigation be 
made of  these alternative explanat ions .  
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