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KANAREK, R. B.,J. MEYERS, R. G. MEADE AND J. MAYER. Juvenile-onset obesity and deficits in caloric regula-
tion in MSG-treated rats. PHARMAC. BIOCHEM. BEHAV. 10(5)717-721, 1979.—Caloric regulation and the development
of obesity were examined in rats which had received parenteral injections of monosodium glutamate (MSG) as neonates.
Rats were injected with either 2 mg/g or 4 mg/g MSG on alternate days for the first 20 days of life. Lee Indices of obesity
were calculated at 22, 70, and 130 days of age. Animals in the 4 mg/g group were significantly more obese than controls at all
three ages. However, both food intake and body weight of this group were significantly lower than those of controls. In
adulthood, the ability to regulate caloric intake was tested by allowing animals access to diets of varying caloric densities.
While control animals maintained relatively constant caloric intakes across dietary conditions, MSG-treated animals
demonstrated an inability to respond to caloric challenges. Treated animals decreased caloric intake on a diluted diet and
consumed more calories than controls when presented with a calorically dense diet. This inability to regulate caloric intake
is compared with regulatory deficits observed in animals sustaining lesions of the ventromedial hypothalamus. The value of
an animal model of juvenile-onset obesity is also discussed.
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BASED on their own findings as well as previous reports
indicating that monosodium glutamate (MSG) produced
brain damage when injected systemically in infant mice,
Arees and Mayer [2] suggested an increase in the research
effort aimed at delineating the effects of MSG on the mam-
malian central nervous system. Initial experiments on MSG-
induced neuropathology reported only damage to cells in the
inner retina [8,14]. However, the observation that MSG-
treated mice became obese led Olney [16] to look for neural
damage in the region of the hypothalamus. Using electron
microscopy, he found lesions in the arcuate nucleus and
median eminence of the hypothalami of infant mice which
had received a single subcutaneous injection of MSG [16].
Similar lesions were observed in adult mice, injected with
MSG either as neonates or adults, and in adult rats which
had received the drug during infancy [16].

To examine the obesity associated with these hypo-
thalamic lesions more carefully, Olney [16] gave daily
subcutaneous injections of MSG to neonatal mice from Day
1 to Day 10 of life. In adulthood, although animals which had
received MSG weighed more, they consumed less food than
controls which had received saline injections as neonates.
The increase in body weight was accompanied by stunted
skeletal growth and extensive accumulations of adipose tis-
sue. Subsequent studies have confirmed that MSG adminis-
tration in rodents during the first ten days of life results in a

syndrome characterized by hypothalamic lesions, obesity,
arrested skeletal development, hypophagia, and endocrine
abnormalities (e.g. [1, 6, 15, 18, 19, 24]).

The development of obesity despite a decreased food in-
take in MSG-treated animals suggests that animals given
MSG may be hypoactive. However, results from studies
which have examined this question are contradictory. For
example, while both Olney [16] and Pizzi and Barnhart 18]
noted that MSG-treated mice were less active than controls,
Araujo and Mayer [1] reported hyperactivity in MSG-treated
mice. In rats, Nicoletseas [15] found no significant differ-
ences between animals which had received MSG and con-
trols. Procedural differences in measuring activity levels, as
well as species differences may explain some of the dis-
crepancies among these studies.

Before MSG-induced obesity can be compared to obesity
associated with other types of hypothalamic damage, it is
necessary to elaborate the MSG syndrome. To this end, the
present study examined both the pattern of development of
obesity, and the relation between obesity and the dose
of MSG. Also, as previous work has found that hypo-
thalamically-obese animals respond differently than
lean animals to dietary manipulations (e.g. (7, 17, 23]), the
effects of varying the caloric density of the diet were studied
in adult animals which had received neonatal MSG treat-
ment.
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METHOD
Animals

Seventy-two male and female Sprague-Dawley rats were
used. These animals were born in the laboratory to nine
dams purchased from Charles River Breeding Labs (Wil-
mington MA). At birth, litters were reduced in size so that
there were eight pups in each litter. All animals were housed
in a temperature-controlled room (22°C) maintained on a
12-12 hr light-dark cycle (lights on: 0800 hr).

Procedure

Preweaning period. Three days after birth, neonates were
divided into three groups of three litters each. Pups in Group
1 received subcutaneous injections of 2 mg/g body weight of
the monosodium salt of L-glutamic acid (MSG) (Sigma
Chemical Co., St. Louis MO). Pups in Group 2 were injected
with 4 mg/g body weight MSG. Pups in Group 3 received
injections of distilled water. MSG was dissolved in distilled
water. Drug concentrations were adjusted such that each
pup received 0.01 mi of solution per gram of body weight.
Injections were given on alternate days from Day 3 to Day 19
of life. Rats remained nursing with their mothers throughout
the injection period.

Postweaning period. At weaning, 22 days of age, all rats
were separated from their mothers and housed individually
in standard laboratory cages equipped with Wahmann
(Timonium, MD) LC-306A food cups. Female animals were
used in an experiment which investigated the effects of MSG
on reproductive behavior, to be reported elsewhere. The
forty-two male rats were used for the following investiga-
tions of the effects of neonatal MSG on growth and consum-
matory behaviors. There were 14 animals in the group which
had received 4 mg/g MSG, 17 animals in the group which had
received 2 mg/g MSG, and 10 animals in the group which had
received water. Body weights, and food (ground Purina Ro-
dent Chow 5001) (3.6 kcal/g), and water intakes were meas-
ured every other day until the animals reached 92 days of
age. Measurements were then taken daily for the remainder
of the experiment. On Day 100, the animals in each of the
preweaning treatment groups were divided into an experi-
mental and a control group, matched on the basis of body
weight. The animals in the experimental groups were given a
calorically diluted diet (2.7 kcal/g) as their sole source of
food for ten days. This diet contained 75% ground Purina
Rodent Chow and 25% celluflour (General Biochemicals,
Chagrin Falls OH). At the end of this period, experimental
animals were returned to the standard ground Purina diet for
24 days. On Day 135, experimental groups were given a high
fat diet (5.4 kcal/g) containing 67% ground Purina Chow and
339% vegetable fat (Crisco). Animals remained on this diet for
two weeks. Animals in the control groups were maintained
on ground Purina Rodent Chow throughout the experiment.

Lee Indices of obesity (*/body weight (g)/maso-anal
length (cm), which have been shown to correlate well with
carcass fat content [3,13], were calculated for all animals at
22, 70 and 130 days of age.

Statistical comparisons among groups employed one-way
analyses of variance for unequal groups. A posteriori com-
parisons between groups were made in accordance with
Scheffe’s procedure [21].
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FIG. 1. Mean body weights as a function of age for groups of animals

receiving injections of either 4 mg/g MSG, 2 mg/g MSG or water as

neonates. Dashed vertical line indicates the earliest age at which

body weight of 4 mg/g group was first significantly lower than that of
the other two groups.

RESULTS
Developmental Effects of MSG Administration

No differences in body weight were observed among the
three groups at the time of weaning (Fig. 1). Body weights of
animals given injections of either 2 mg/g MSG or water as
neonates continued to remain similar throughout the experi-
ment. Animals which had received 4 mg/g MSG, however,
gained substantially less weight than animals in the other two
groups. Body weights of the animals in the 4 mg/g MSG
group were significantly lower (»<0.01) than those of ani-
mals in the other two groups by 33 days of age. At 100 days
of age, mean body weight of the 4 mg/g MSG group was only
86% that of controls.

On the three occasions when Lee Indices of obesity were
computed, animals which had been injected with 4 mg/g
MSG had significantly greater Indices than animals injected
with water (Table 1). This difference indicated that animals
in the 4 mg/g MSG group had more body fat than controls. At
70 and 130 days of age, Lee Indices also were significantly
greater for animals given 4 mg/g MSG than for animals given
2 mg/g MSG. Lee Indices were significantly greater at wean-
ing and 130 days of age in the 2 mg/g group than in the water
group.

While there were no differences in body lengths at wean-
ing, at both 70 and 130 days of age, the 4 mg/g MSG group
was significantly shorter than the 2 mg/g MSG group, which
in turn, was significantly shorter than the water group (Table
1.

The difference in Lee Indices observed among groups
cannot be solely accounted for by differences in body length,
as the 4 mg/g MSG group was not only shorter, but also,
weighed less than controls.

Mean daily food intake from weaning to 100 days of age,
averaged 26.0 g, 29.8 g, and 29.8 g respectively for the 4 mg/g
MSG, 2 mg/g MSG, and water groups. While food intake was
similar in the 2 mg/g MSG and water groups, animals in the 4
mg/g MSG group consumed significantly less food than other
animals (p<0.01).

It is interesting to note, that although animals given 4
mg/g MSG ate less, their fluid intake was greater than that of
controls or of the 2 mg/g MSG group (Table 2). This differ-
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TABLE 1

MEAN BODY WEIGHTS, BODY LENGTHS, AND LEE INDICES AT WEANING AND 70 AND 130 DAYS OF AGE
FOR ANIMALS GIVEN WATER OR MSG AS NEONATES

Age Neonatal Body Weight (g) Body Length (cm) Lee Index
Treatment
Water 53.7 12.0 0.314
].05
Weaning 2 mg/g MSG 57.6 NS 11.8 NS 0.326 .05
4 mg/g MSG 55.9 11.7 0.326 _l
Water 390.3 24.2 7 0.302
.05 —l -l
70 days 2 mg/g MSG 3729 .01 23.5 .01 0.307 .01
].01 01 J .01 J
4 mg/g MSG 316.1 21.4 0.316
Water 535.1 26.77 0.304
.05 .01
130 days 2 mg/g MSG 533.8 .01 25.7 4 .01 0.316 .01
].01 J 01 J .01 J
4 mg/g MSG 479.3 23.8..‘ 0.328
TABLE 2
DAILY WATER INTAKE OF ANIMALS GIVEN INJECTIONS OF MSG OR WATER AS
NEONATES
Neonatal Mean Daily Water Intake (ml)/ Water Intake (ml)/
Treatment Water Intake (ml) g Food Intake 100 g Body Weight
Water 46.2 1.55 9.71
2 mg/g MSG 43.6 1.52 9.44
4 mg/g MSG 47.4 1.81 11.81

ence was even more pronounced when water intake was
expressed as a function of either body weight or food intake.

Effects of Neonatal MSG Administration on Responses to
Dietary Manipulations

Animals injected with water as neonates increased food
intake when given the calorically diluted diet and decreased
intake when given the calorically dense diet. As a function of
these compensatory changes in food intake, total daily
caloric intake remained relatively constant across dietary
conditions (Fig. 2—top). In contrast, animals injected with
MSG did not increase food intake when given the
celluflour-diluted diet, resulting in a decrease in caloric in-
take. While MSG animals did decrease food intake slightly
on the high-fat diet, the reduction in intake was not sufficient
to compensate for the increase in the caloric density of the
diet (Fig. 2—middle and bottom panels). In comparison to
their caloric intake from Purina Chow during the 14 days
prior to dietary manipulations, animals which had received 2
mg/g MSG decreased caloric intake by 16% on the
celluflour-diluted diet and increased caloric intake by 169 on
the high-fat diet. The corresponding manipulations in the 4

mg/g MSG group resulted in a 9% decrease in caloric intake
on the diluted diet and a 44% increase on the high-fat diet.

Within the water-injected group, there were no differ-
ences in body weights between animals given the experi-
mental diets and animals maintained on Purina Chow. Fluc-
tuations in caloric intake in the MSG-injected groups re-
sulted in experimental animals gaining less weight than con-
trols on the calorically diluted diet, and more weight than
controls on the calorically dense diet. The changes in body
weight in the MSG-treatment groups accurately reflected the
observed variations in caloric intake.

DISCUSSION

The presence of obesity with a concomitant decrease in
body weight and food intake in rats given MSG as neonates
is consistent with results of previous studies [15,19]. In addi-
tion, the present results indicate that the syndrome as-
sociated with neonatal administration of MSG is not an
all-or-none phenomenon, but is related to the dose of MSG.
This dose-related effect was evidenced by the differences
observed in Lee Indices of obesity and body length. Animals
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FIG. 2. Mean(*SE) daily caloric intakes of ground Purina Chow (3.6
kcal/g), the calorically diluted diet (2.7 kcal/g), and the high fat diet
(5.4 kcal/g), for groups of animals receiving injections of either
water, 2 mg/g MSG or 4 mg/g MSG as neonates. Dashed horizontal
line in each panel indicates the caloric intake of animals in that group
maintained throughout the experiment on ground Purina Chow.

in the 4 mg/g group consistently had higher Lee Indices and
were shorter than animals in the 2 mg/g group, which had
higher Lee Indices and were shorter than animals in the
water group.

Animals given MSG were more obese than controls at
weaning. This finding has since been replicated several times
in this laboratory. To our knowledge, this is the earliest age
at which obesity has been reported following physiological
manipulations. In other studies employing preweaning phys-
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iological intervention, the onset of obesity has not been
noted until much later in development [9, 15, 16, 18]. For
example, Fisher er al. [9] found that obesity did not develop
until at least 80 days of age in animals hypothalamically
(VMN) lesioned as preweanlings. In other experiments in
which MSG was administered neonatally, the existence of
obesity was not determined until animals were adults (e.g.
[15, 16, 18]). Age of onset is an important variable in the
study of obesity. Differences in physiological characteristics
are noted between juvenile and maturity obesity in both hu-
mans and experimental animals (e.g. [5,20]). For example, in
general, juvenile-onset obesity is associated with hyperplasia
of adipocytes, whereas, maturity-onset obesity is accom-
panied by hypertrophy of these cells [5,20]. At the present
time, it is not known whether the obesity associated with
MSG administration is the result of an increase in fat cell
number and/or an increase in fat cell size, however, the early
age of onset suggests a hyperplastic obesity.

Although animals given 4 mg/g MSG were more obese
than controls, the MSG animals, in fact, weighed less than
controls. This difference in body weight was significant by 33
days of age. Other studies on MSG-induced obesity in rats
also have found that the body weights of treated animals are
lower than those of controls [15,19]. In contrast, experi-
ments employing MSG treatment in mice, consistently re-
port not only increased adiposity, but also increased body
weights in treated animals [1, 16, 18].

The present data, as well as results of previous studies,
question the utility of body weight as a measure of obe-
sity. For example, whereas in the adult ventromedial
hypothalamically (VMH) lesioned animal obesity is corre-
lated with increased body weight, in the weanling animals
VMH lesions result in obesity without a concomitant in-
crease in body weight [4, 10, 11, 12]. Additionally, as pre-
viously mentioned, depending upon species, obesity may or
may not be accompanied by increased body weight in ani-
mals given neonatal MSG treatment. Thus, increased body
weight is not indicative of obesity. In fact, as the present
results demonstrate, increased adiposity may occur with
lowered body weights.

Although on an absolute basis, the 4 mg/g MSG group was
hypophagic compared to controls and the 2 mg/g MSG
group, when caloric intake was calculated on a per gram
body weight basis this difference was eliminated. The differ-
ence in percent body fat between MSG animals and controls,
however, suggests that more of these calories are stored in
the carcasses of MSG animals. Direct measurements of body
composition are necessary to determine more precisely utili-
zation of calories consumed. These determinations are in
progress in this laboratory.

The failure of MSG-treated animals to control energy in-
take when given diets of varying caloric densities is simi-
lar to the behavior observed in VMH-lesioned animals (e.g.
[7,17]). It is unclear whether the fluctuations in caloric intake
result from a true regulatory deficit or are a function of diet
palatibility. In the VMH-lesioned animal, the inability to
regulate intake seems to be primarily due to the orosensory
properties of the diets. This may be deduced from the obser-
vations that while VMH animals given powdered diets do not
maintain constant caloric intakes, they accurately regulate
energy consumption when provided with either liquid {25] or
pelleted diets [22]. Unpublished data from this laboratory
indicate that MSG animals, like VMH-lesioned animals, may
be more responsive to changes in diet palatability than nor-
mal animals. MSG-treated animals were more sensitive to
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quinine adulteration of the diet than controls. The ability of
MSG-treated animals to control intake on both pelleted and
liquid diets is currently being investigated to determine if the
lack of caloric regulation is specific to powdered diets.

The discovery that MSG treatment resulted in increased
adiposity as early as weaning was unexpected. This treat-
ment, thus, provides a paradigm for elucidating the influence
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of juvenile-onset obesity on behavior. Prior to this time,
juvenile-onset obesity in animals has been detailed only in
genetically obese rodents. Comparisons now can be made
between physiological and genetic forms of obesity in
juvenile animals. Further, behavior differences between
juvenile and later onset obesity may be examined in animals
of similar genetic constitutions.
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