
2902S SUPPLEMENT

both adult and immature animals to more precisely
define threshold levels of MSG neurotoxicity.

13. Are there any studies conducted in vivo dur
ing the 1980's or 1990's that provide additional
Insight concerning the capacity of orally-admin
istered MSG to mediate acute damage (lesion) of
the arcuate nucleus of the anterior hypothala
mus or of other clrcumoentrlcular structures In
the CNS ofnonhuman primates?

No. The Expert Panel was unaware of any studies
performed within the last 15 years that have directly
addressed the ability of orally ingested MSG to pro
duce lesions in nonhuman primates. Several studies
have documented the impact of parenterally admin
istered MSG on the hypothalamic morphology in
nonhuman primates. (See also full report2, Chapter

VI, B, 2.)

14.a. What evidence Is available concerning the
ability of exogenously administered MSG to me
diate changes In pituitary function following
acute oral orparenteral dosing?

The evidence linking glutamate challenge with
changes in pituitary function was found in the ex
tensive literature on parenteral exposure of animal
models, primarily rodents, but also in monkeys (see
full report^, Appendix Table 7). Two classes of

pituitary response to parenteral glutamate have
been observed: chronic changes following neonatal
glutamate-induced lesions of the hypothalamus,

and acute effects following glutamate challenge
later in development. The former have been stud
ied only in rodents. With regard to the latter, which
do not appear to involve the neurotoxic actions of
glutamate, numerous studies have demonstrated
discrete elevations in gonadotropin, prolactin,
ACTH, and growth hormone in rodents and non-
human primates consequent to s.c., i.p., or i.V. ex
posure to glutamate. Good evidence exists to indi
cate that the ability of glutamate to elicit pituitary
hormone secretion is mediated largely by an indi
rect action on the hypothalamus where the amino
acid stimulates hypophysiotropic neurons to release
their release/release-inhibiting hormones into the

hypophyseal portal circulation.
The Expert Panel found no studies in which levels

of pituitary hormones (or hormones from the target
glands) were assessed in enterally challenged ro
dents or nonhuman primates (See full report^, Ap
pendix Tables 4 and 5). However, in rodents, en-

teral challenge has been associated with behavioral
changes such as decreased activity levels, cognitive
deficits, neurochemical changes, convulsions,
changes in appetite regulation, and increased pitu
itary gland weights. While several of these findings
would presumably involve neuroendocrine

changes, no studies have been found that have
specifically documented anomalies in neuroendo-
crine function, e.g., changes in circulating hormone
levels, in enterally challenged rodents.

Carlson et al. (1989) examined the potential of
several amino acids including 10 g of glutamic acid
and 10 g aspartic acid (aspartate and glutamate
challenges given on separate days) to influence pi
tuitary function in humans (see summary in full
report^, Appendix Table 10). In addition to groups
receiving glutamate and aspartate (n=l 1 and 9, re

spectively), subjects received taurine capsules, and
two doses of cysteine (5 and 10 g) also in gelatin
capsules. Subjects were challenged with these amino
acids on separate days. As the intention was to assess
the impact on prolactin, which normally peaks at
midday, no attempt was made to maintain an over
night fast prior to the challenges (Carlson, 1993).

Carlson et al. (1989) reported significant in
creases in both serum prolactin and cortisol after
glutamate challenge. They observed that the time of
peak levels relative to challenge coincided with peak
plasma glutamate concentrations. Mean baseline
values of prolactin (6.6 ng/ml) and cortisol (6.6
nmol/dL) increased to peaks of 12.9 ng/ml and
12.6 fimol/dL, respectively, 1 hour post-challenge
with glutamate. Carlson et al. (1989) observed no
changes in serum levels of growth hormone, TSH,
or LH following either glutamate or aspartate chal
lenge. Similarly, no changes in either cortisol or
prolactin were noted after aspartate.

The Expert Panel was aware that the study by
Carlson et al. (1989) had been preceded by a study
in which similar results, i.e., elevations in serum
prolactin and cortisol, had been elicited by dietary
protein (Carlson et al., 1983). While it would be a
simple matter to attribute the rise in cortisol and
prolactin to protein or generically to amino acids,
the Expert Panel noted that no such rise occurred
following aspartic acid or any of the other amino
acids tested by Carlson et al. (1989). Consequently,
while it is possible that the effect on cortisol and
prolactin could be a result of protein consumption,
it is also possible that the effect seen by Carlson et
al. (1983) was due to the glutamate content of the
protein meal. As noted by Carlson (1994), "It is

difficult to reach a definite conclusion, since in no
study was there a direct comparison of the cortisol
responses to glutamate and to mixed or protein
meals in the same subjects." Carlson (1994) also

acknowledged that similar responses in both serum
cortisol and prolactin have been documented fol
lowing physical and mental stress.

The Expert Panel concluded that the report by
Carlson et al. (1989), while not definitive proof of a
direct neuroendocrinological response to ingested
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MSG, does offer evidence for the potential for such
a reaction. Consequently, this possibility must be
considered plausible in the absence of contradictory
evidence, particularly in light of the irrefutable evi
dence supplied by the animal studies of an effect of
parenterally administered MSG on these hormones.
The Expert Panel strongly recommends that future
studies be designed to replicate and further explore
this effect in humans.

b. What controls were used to demonstrate
that this effect was specific to MSG and not
related to nonspecific changes in such factors
as plasma pH or osmolarity?

The Expert Panel was convinced that MSG given
parenterally to neonatal animals at sufficient doses
(between 2 and 4 g MSG/kg body weight in rodents
and > 6 g MSG/kg body weight in hamsters, in single
repeated daily doses) will cause long-term changes
in the neuroendocrine axes governing pituitary hor
mone secretion. In addition, equally convincing
evidence is available demonstrating that parenteral
glutamate administration to adult animals (mon
keys and rodents) stimulates the secretion of many
pituitary hormones. The majority of studies have
used isomolar concentrations of saline to control
for the potential effects of sodium in the MSG
challenge and have clearly established that the ef
fects are due to the glutamate and not the sodium
or changes in osmolarity or pH (see full report^,

Appendix Tables 6 and 7). Also, acute pituitary
hormone release in response to glutamate and re
lated amino acid analogs may be blocked by con
comitant administration of specific glutamate re
ceptor antagonists (see response to question 14c, below;
full report2, Chapter V and discussion of glutamate

receptor antagonists in Chapter VI, C).

c. What evidence is provided that specific ex
citatory neurotransmltter receptors are In
volved In any effect observed?

Numerous studies in rodents and nonhuman
primates have made the link between release of
hormones, including luteinizing hormone, prolac-
tin, hypothalamic gonadotropin-releasing hor
mone, follicle-stimulating hormone, and specific
excitatory neurotransmitter receptors, particularly
the NMDA receptor (Abbud and Smith, 1991;
Arslan et al., 1988; Gay and Plant, 1987; Gay and
Plant, 1988; Plant et al., 1989; Wilson and Knobil,
1982). The Expert Panel found this evidence con
vincing and conclusive.

15.a. What are the comparative blood levels of
glutamate and aspa/tate that are produced from
large orally-administered doses of MSG from so
lutions (such as In clear soups) and the blood

levels Inducing the release of luteinizing hor
mone In nonhuman primates?

Following large orally administered doses of
MSG in humans, elevations in blood glutamate lev
els with maximal concentrations of approximately
600 nM have been reported (Carlson et al., 1989).
In the monkey, intravenous glutamate injections of
48 mg MSG/kg body weight, and greater, have
been reported to elicit luteinizing hormone release.
Although plasma glutamate levels achieved follow
ing the threshold dose of 48 mg glutamate/kg body
weight were not measured, an intravenous injection
of 150 mg glutamate/kg body weight in this species
produced circulating levels of glutamate between
4,000 and 6,000 nM. Therefore, if intravenous glu
tamate dose and circulating glutamate concentra
tions are linearly related, it may be suggested that
an estimate of threshold circulating glutamate con
centration for luteinizing hormone release in the
monkey is 1,000 to 2,000

b.What Is the probability of MSG Ingestion
with foods Influencing the release of pituitary
hormones?

The Expert Panel concluded that it is unlikely,
but possible, that ingestion of MSG with foods could
cause the release of pituitary hormones. Studies
have been performed in both animals and humans
that support the contention that glutamate given in
a liquid medium, i.e., water or clear broth, to a
fasted subject will result in higher circulating con
centrations of glutamate than when glutamate is
given with a mixed meal or food matrix, e.g., liquid
formula (see full report?, Chapter IV, Table 5). No

studies have been performed that have attempted
to link blood levels to effects other than hypotha
lamic lesions in neonatal animals. Few of the paren
teral challenge studies have linked the lesions or
neuroendocrinological effects observed to circulat
ing levels of glutamate. Moreover, no studies have
been found that have measured both blood levels
of glutamate and related amino acids and either
luteinizing hormone or any other neuroendocrine
parameter in nonhuman primates orally exposed to
MSG.

Any conclusions expressed by the Expert Panel
about the relationship between ingestion of MSG
with food and alterations in the release of pituitary
hormones in nonhuman primates would be specu
lation. The data available to the Expert Panel were
insufficient to support the contention that eleva
tions in plasma glutamate concentrations per se are
the sine qua non of adverse effects from glutamate.

16.a. What are the relative effects of treatment
conditions, or circumstances of oral Ingestion,
on the plasma concentrations of MSG, e.g., does
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AfSGgiven in water produce a different plasma
level of glutamate than the same dose given In a
more complex food matrix containing carbohy
drates?

Evidence summarized in the full report^, Chap
ter IV, Table 5 and Appendix Tables 2 and 3, clearly
demonstrates that the composition of the challenge
vehicle and the conditions of challenge, e.g., fed
versus fasted, significantly impact on changes in
circulating glutamate in response to an oral chal
lenge. The extent of the rise in plasma concentra
tions of glutamate and related amino acids is af
fected by a number of factors including the size of
the dose (increase with increasing dose); the nature
of the challenge vehicle (e.g., water causes greater
rise than mixed meal); the temporal proximity of
food consumption (fasted subjects have greater re
sponse than those challenged with a meal); and
macronutrient composition of concurrent food
(carbohydrate and mixed meals have an attenuating
effect compared with fasting or protein). The Ex
pert Panel noted that no data are available on the
impact of a 15- to 20-minute delay between chal
lenge in a liquid broth as would be consumed in the
beginning of a meal and consumption of a mixed
meal on blood glutamate concentrations or mani
festation of adverse effects.

As summarized in the full report^, Chapter IV,
Table 5, available data do support an incremental
increase in plasma glutamate concentrations conse
quent to increasing doses of MSG in water in adult
humans. A total of five studies were identified in
which adults received MSG in water only. Doses in
these studies ranged from 60 to 150 mg MSG/kg
body weight and responses in terms of peak gluta
mate concentrations ranged from 155 nM (at 60 mg
dose) to 718 nM (at 150 mg/kg).

b. What Influence does strength of MSG con
centration and mode of administration (human
sipping versus animal gavage) have on plasma
levels of glutamate?

The Expert Panel was unaware of any studies
examining potential adverse effects of MSG in hu
mans that have addressed the impact of the mode
of administration (e.g., sipping) on circulating glu
tamate concentrations. Similarly, no studies have
been performed that compare relative impact of
sipping in humans versus gavage in animals. How
ever, it should be noted that the majority of the
human studies reviewed by the Expert Panel en
deavored to ensure that subjects consumed the
challenge vehicle within a prescribed time limit. In
animals, the vast majority of studies of enterai MSG
challenge used the gavage method as opposed to
self-selection. No studies were found that com

pared different routes of administration of MSG
either within or between animal species.

17. What evidence Is available concerning the
relative rates of MSG metabolism In Infants,
children, and adults? What Is the evidence for
altered sensitivity of the CNS to circulating lev
els of glutamates?

Based on the limited data set, particularly in humans,
the Expert Panel has concluded that insufficient evidence
exists to answer this question at this time. Moreover, since
blood glutamate levels may not be the only factor in
predicting some responses to ingested glutamate, future
efforts should be focused on identifying additional and
appropriate parameters for the study of glutamate metab
olism and response in infants and children.

Only two published reports evaluated the meta
bolic response to ingested glutamate in human in
fants (Stegink et al., 1986; Tung and Tung, 1980).
As the report by Tung and Tung (1980) contained
highly variable data sets in a sample of infants that
included two premature infants, the Expert Panel
concluded that the study by Stegink et al. (1986)
contained more useful information. Stegink et al.
(1986) randomly assigned 8 infants (mean age 10
months) to receive consommÃ©(with 56 mg MSG/8
oz or 4.1 mg/kg when 160 ml is fed to a 9.1 kg
infant) containing either 0, 25, or 50 mg MSG/kg
at 1-week intervals. All challenges occurred at 0800
hours after an overnight fast.

Infants were randomly assigned to one of two
blood collection schedules 0, 30, 60, and 120 min
utes and 0, 15, 45, and 90 minutes; each group had
four infants. Infant data were compared with the
adult data from Stegink et al. (1985). Whereas in the
previous study with adults given 15 minutes to con
sume the challenge soup (mean time of consump
tion was 7 minutes), infants in this study took a
mean of 18 minutes to consume the soup.

Infants had significantly higher baseline levels of
both aspartate and glutamate and demonstrated a
different pharmacokinetic response to challenge
with both 25 and 50 mg MSG/kg when compared
with previously studied adults. Baseline glutamate
and aspartate levels were significantly lower in
adults at all levels of challenge (glutamate: 36.9,
39.3, and 37.7 fimol/L versus 62.4, 72.2, and 67.1
nmol/L; aspartate 7.0, 6.6, 4.3 nmol/L versus 12.5,
15.0, and 15.9 Mmol/L at 0,25, and 50 mg MSG/kg,
respectively). Peak infant glutamate levels at 25
mg/kg dose occurred at 15 minutes (106 nmol/L)
versus at 30 minutes in adults (102 nmol/L). Peak
aspartate levels occurred at 45 minutes in infants
(21.1 jimol/L) and 30 minutes in adults
(11.2 nmol/L). Similarly, at 50 mg/kg dose peak
infant glutamate levels occurred at 15 minutes
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(120 jimol/L) versus at 30 minutes in adults
(170 nmol/L). Peak aspartate levels occurred at
45 minutes in infants (22.9 fimol/L) and 30 minutes
in adults (14.0 jimol/L). No changes in erythrocyte
glutamate or aspartate levels relative to baseline
levels were noted in the infants at any dose level.

No data were provided with regard to method of
infant feeding, i.e., breast- versus bottle-fed. Differ
ences in the timing of consumption of the soup and
blood sampling between the infants and adults
could have been reflected in the pharmacokinetic
differences in this report, i.e., glutamate levels
peaked sooner and aspartate levels peaked higher
and later in infants than in adults. There were no
reported adverse effects.

Results of animal studies indicate that sensitivity
to CNS effects of exogenous MSG decreases follow
ing the neonatal period; however, large doses given
parenterally can induce CNS damage in juvenile
and adult animals.

18. What have other authoritative organiza
tions concluded regarding the potential of MSG
to elicit neurotoxlc reactions? What are the
bases for their conclusions?

None of the previous reports by other authorita
tive organizations has made the distinction between
adverse effects associated with peripheral and/or
CNS effects of MSG and those resulting specifically
from neurotoxicity, i.e., effects associated with le
sions. The conclusions of these organizations, as
outlined in the response to Question 6, imply an
absence of data to support a neurotoxic effect from
MSG at levels required to produce a flavor-enhanc
ing effect. The response to Question 6 includes a
discussion of the basis of the conclusions of these
organizations.

With regard to a role of MSG in producing
adverse effects in humans, the Expert Panel con
cluded that there is sufficient evidence to support
the existence of a subgroup of the general popula
tion of otherwise healthy individuals who may re
spond to large doses ( > 3 g) under specific condi
tions of use (see Questions 1 and 2). In addition,
there may be a small subgroup of previously diag
nosed unstable asthmatics who also may respond to
large doses of MSG under specific conditions of use
(see Questions 1, 2, and 3). The mechanisms of
these reactions are unknown at this time; however,
no evidence exists to support the ability of orally
ingested glutamate to produce neurotoxic or lesion-
ing effects in humans.

The Expert Panel noted that any differences in
its conclusions from those reached by other author
itative organizations are based on the documented
exhaustive nature of its literature review (see full
report2, Literature Cited). As opposed to organiza

tions other than the SCOGS Committee, who per
formed a similarly thorough review of the existing
literature, the Expert Panel relied solely on its own
interpretations of the extant data. Differences be
tween the conclusions of the SCOGS and the Expert
Panel are due to the publication of literature since
1980 that is related to the evolving knowledge about
glutamate neurobiology and neurophysiology.
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