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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?2,
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 report?, Chapter V and discussion of glutamate
receptor antagonists in Chapter VI, C).

c. What evidence is provided that specific ex-
citatory neurotransmitter 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, folliclestimulating 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 aspartate that are produced from

large orally-administered doses of MSG from so-
lutions (such as in clear soups) and the blood
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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 uM 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 upM. 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 M.

b.What is the probabllity of MSG ingestion
with foods influencing the release of pitultary
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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MSG glven in water produce a different plasma
level of glutamate than the same dose given in a
more complex food matrix contalning carbohy-
drates?

Evidence summarized in the full report2, 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 rcport2, 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 uM (at 60 mg
dose) to 718 uM (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 enteral MSG
challenge used the gavage method as opposed to
selfselection. No studies were found that com-
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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 sensitlvity 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 consommé (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 umol/L versus 62.4, 72.2, and 67.1
pmol/L; aspartate 7.0, 6.6, 4.3 pmol/L versus 12.5,
15.0, and 15.9 pmol/L at 0, 25, and 50 mg MSG/kg,
respectively). Peak infant glutamate levels at 25
mg/kg dose occurred at 15 minutes (106 pmol/L)
versus at 30 minutes in adults (102 pmol/L). Peak
aspartate levels occurred at 45 minutes in infants
(21.1 pmol/L) and 30 minutes in adults
(11.2 pmol/L). Similarly, at 50 mg/kg dose peak
infant glutamate levels occurred at 15 minutes
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(120 ymol/L) versus at 30 minutes in adults
(170 ymol/L). Peak aspartate levels occurred at
45 minutes in infants (22.9 ymol/L) and 30 minutes
in adults (14.0 umol/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 neurotoxic reactions? What are the
bases for thelr concluslons?

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 ( 2 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-
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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.

LITERATURE CITED

Ed. Note: this section contains a list of literature cited in
the Executive Summary of the report "Analysis of Adverse

Reactions to Monosodium Glutamate (MSG)." The text of

the full report includes a complete list of literature cited in
all sections and tables of the full report.?

Abbud, R. & Smith, M.S. (1991) Differences in the luteinizing
hormone and prolactin responses to multiple injections of
kainate, as compared to N-methyl-d,l-aspartate, in cycling rats.
Endocrinology 129:3254-3258.

Allen, D.H.; Delohery, J. & Baker, G. (1987) Monosodium Lglu-
tamate-induced asthma. J. Allergy Clin. Immunol. 80:530-537.

American Medical Association Council on Scientific Affairs.
(1992) Report regarding the inclusion of added L-glutamic
acid content on food labels. Report D (A-92). p.1-6.

Arslan, M.; Pohl, C.R. & Plant, T.M. (1988) DL-2-amino-5-phos-
phonopentanoic acid, a specific N-methyl-D-aspartic acid re-
ceptor antagonist, suppresses pulsatile LH release in the rat.
Neuroendocrinology 47:465-468.

Asnes, R.S. (1980) Chinese restaurant syndrome in an infant.
Clin. Pediatr. 19: 705-706.

Bock, S.A.; Sampson, H.A.; Atkins, F.M.; Zeiger, R.S.; Lehrer, S.;
Sachs, M.; Bush, R.K. & Metcalfe, D.D. (1988) Double-blind,
placebo-controlled food challenge (DBPCFC) as an office pro-
cedure: 2 manual. J. Allergy Clin. Immunol. 82:986-997.

Carlson, H.E. (1993) Personal communication on January 14 with
D. Raiten, Life Sciences Research Office, Federation of Amer-
ican Societies for Experimental Biology.

Carlson, H.E. (1994) Personal communication on October 14
with D. Raiten, Life Sciences Research Office, Federation of
American Societies for Experimental Biology.

Carlson, H.E.; Miglietta, J.T.; Roginsky, M.S. & Stegink, L.D.
(1989) Stimulation of pituitary hormone secretion by neuro-
transmitter amino acids in humans. Metabolism 38:1179-1182.

Carlson, H.E.; Wasser, H.L.; Levin, S.R. & Wilkins, J.N. (1983)
Prolactin stimulation by meals is related to protein content. ].
Clin. Endocrinol. Metab. 57:334-338.

Commission of the European Communities. (1991) Food - sci-
ence and techniques. Reports of the Scientific Committee for
Food. Twenty-fifth series. EUR 13416 EN. Luxembourg: Of-
fice for Official Publications of the European Communities.

Daabees, T.T.; Finkelstein, M.W.; Stegink, L.D. & Applebaum,
A.E. (1985) Correlation of glutamate plus aspartate dose,
plasma amino acid concentration and neuronal necrosis in
infant mice. Food Chem. Toxicol. 23:887-893.

Food and Drug Administration (1992) Analysis of adverse reac-
tions to monosodium glutamate (MSG); announcement of
study; request for scientific data and information; announce-
ment of open meeting. Fed. Reg. 57:57467-57469.

Gann, D. (1977) Ventricular tachycardia in a patient with the
"Chinese restaurant syndrome”. South. Med. J. 70:879-881.

Gay, V.L. & Plant, TM. (1987) N-methyl-D,L-aspartate elicits
hypothalamic gonadotropin-releasing hormone release in pre-

GTOZ ‘TT Ae\ uo 1senb Aq Bio uonuinu-ul wolj papeojumoq


http://jn.nutrition.org/

JN THE JOURNAL OF NUTRITION

2906S

pubertal male rhesus monkeys (Macaca mulatta). Endocrinol-
ogy 120:2289-2296.

Gay, V.L. & Plant, T.M. (1988) Sustained intermittent release of
gonadotropin-releasing hormone in the prepubertal male rhe-
sus monkey induced by N-methyl-DL-aspartic acid. Neuroen-
docrinology 48:147-152.

Goldberg, L.H. (1982) Supraventricular tachyarrhythmia in asso-
ciation with the Chinese restaurant syndrome. Ann. Emerg.
Med. 11:333.

Institute of Food Technologists, Office of Scientific Public Affairs.
(1992) Monosodium glutamate: an Institute of Food Technol
ogists scientific perspective. Food Technol. 46:34.

International Glutamate Technical Committee. (1991) Scientific
literature review on glutamates. Atlanta, GA: The Glutamate
Association.

Joint FAO/WHO Expert Committee on Food Additives. (1987)
L-glutamic acid and its ammonium, calcium, monosodium and
potassium salts. In: Toxicological evaluation of certain food
additives and contaminants. New York: Cambridge Univer-
sity Press. p.97-161.

Kenney, R.A. (1979) Placebo-controlled studies of human reac-
tion to oral monosodium Lglutamate. In: Filer, L], Jr.;
Garattini, S.; Kare, M.R.; Reynolds, W.A.; Wurtman, R J., eds.
Glutamic acid: advances in biochemistry and physiology. New
York: Raven Press. p.363-373.

Krukar, RJ. (1993) Champlain Industries, Inc. Clifton, NJ. Let-
ter submitting data on the glutamate content of hydrolyzed
protein.

Kwok, R.H.M. (1968) Chinese-restaurant syn.drome. N. Engl. J.
Med. 278:796.

McDonald, J.W. & Johnston, M.V. (1990) Physiological and
pathophysiological roles of excitatory amino acids during cen-
tral nervous system development. Brain Res. Rev. 15:41-70.

Metcalfe, D.D. & Sampson, H.A. (1990) Workshop on experi-
mental methodology for clinical studies of adverse reactions
to foods and food additives. J. Allergy Clin. Immunol. 86:421-
442.

Moneret-Vautrin, D.A. (1987) Monosodium glutamate-induced
asthma: study of the potential risk in 30 asthmatics and review
of the literature. Allerg. Immunol. 19:9-35.

Moore, C.A. (1993) Letter and submission, May 12, to Life
Sciences Research Office.

O’Hara, Y. & Takasaki, Y. (1979) Relationship between plasma
glutamate levels and hypothalamic lesions in rodents. Toxicol.
Lett. 4:499-505.

Olney, J.W. & Ho, O.L. (1970) Brain damage in infant mice
following oral intake of glutamate, aspartate or cysteine. Na-
ture 227:609-611.

Olney, J.W.; Ho, O.L. & Rhee, V. (1973) Brain-damaging poten-
tial of protein hydrolysates. N. Engl. J. Med. 289:391-395.

Olney, J.W.; Sharpe, L.G.; & Feigin, R.D. (1972) Glutamate-in-
duced brain damage in infant primates. J. Neuropathol. Exp.
Neurol. 31:464-488.

Patti, R.A. (1993) International Hydrolyzed Protein Council. Let-
ter submitting data to the Life Sciences Research Office,
Federation of American Societies for Experimental Biology.

Plant, T.M.; Gay, V.L.; Marshall, G.R. & Arslan, M. (1989) Pu-
berty in monkeys is triggered by chemical stimulation of the
hypothalamus. Proc. Natl. Acad. Sci. USA 86:2506-2510.

Rosenzweig, P.; Brohier, S. & Zipfel, A. (1993) The placebo effect
in healthy volunteers: influence of experimental conditions on
the adverse events profile during phase I studies. Clin. Phar-
macol. Ther. 54:578-583.

Schnackenberg, D.D.; Carlson, D.; Vogel, J.A.; Johnson, R.; Szlyk,
P.C,; Francesconi, R.P. & Hubbard, R.W. (1986) Combat field

SUPPLEMENT

feeding system - Force development test and experimentation
test report. U.S. Army Combat Developments Experimenta-
tion Center, Ft. Ord, CA and U.S. Army Research Institute of
Environmental Medicine, Natick, MA. Report No. CDEC-TR-
85-006a.

Select Committee on GRAS Substances. (1978a) Evaluation of
the health aspects of certain glutamates as food ingredients.
SCOGS-37a. Prepared for the Food and Drug Admininstra-
tion under contract No. FDA 223-75-2004 by the Life Sciences
Research Office, Federation of American Societies for Exper-
imental Biology. Available from: Special Publications Office,
FASEB, Bethesda, MD.

Select Committee on GRAS Substances. (1978b) Evaluation of
the health aspects of protein hydrolyzates as food ingredients.
SCOGS-37b. Prepared for the Food and Drug Adminstration
under contract No. FDA 223-75-2004 by the Life Sciences
Research Office, Federation of American Societies for Exper-
imental Biology. Available from: Special Publications Office,
FASEB, Bethesda, MD.

Select Committee on GRAS Substances. (1989a) Evaluation of

the health aspects of certain glutamates as food ingredients.
SCOGS-37a-supplement. Prepared for the Food and Drug
Admininstration under contract No. FDA 228-75-2004 by the
Life Sciences Research Office, Federation of American Socie-
ties for Experimental Biology. Available from: Special Publi-
cations Office, FASEB, Bethesda, MD.

Select Committee on GRAS Substances. (1980b) Evaluation of
the health aspects of protein hydrolyzates as food ingredients.
Supplemental review and evaluation. SCOGS-37b-supple-
ment. Prepared for the Food and Drug Adminstration under
contract No. FDA 223-75-2004 by the Life Sciences Research
Office, Federation of American Societies for Experimental
Biology. Available from: Special Publications Office, FASEB,
Bethesda, MD.

Sgrensen, H.T.; Nielsen, B. & Nielsen, J. (1989) Anaphylactic
shock occurring outside hospitals. Allergy 44:288-290.

Stegink, L.D,; Filer, L.J., Jr. & Baker, G.L. (1985) Plasma gluta-
mate concentrations in adult subjects ingesting monosodium
L-glutamate in consommé. Am. J. Clin. Nutr. 42:220-225.

Stegink, L.D.; Filer, L]., Jr.; Baker, G.L. & Bell, EF. (1986)
Plasma glutamate concentrations in l-year-old infants and
adults ingesting monosodium L-glutamate in consommé.
Pediatr. Res. 20:53-58.

Stegink, L.D,; Filer, L]., Jr.; Baker, G.L.; Mueller, S.M. & Wu-
Rideout, M.Y.-C. (1979) Factors affecting plasma glutamate
levels in normal adult subjects. In: Filer, L], Jr.; Garattini, S.;
Kare, M.R.; Reynolds, W.A.; Wurtman, RJ., eds. Glutamic
acid: advances in biochemistry and physiology. New York:
Raven Press. p.333-351.

Stegink, L.D.; Shepherd, J.A.; Brummel, M.C. & Murray, LM.
(1974) Toxicity of protein hydrolysate solutions: correlation
of glutamate dose and neuronal necrosis to plasma amino acid
levels in young mice. Toxicology 2:285-299.

Tung, T.-C. & Tung, K.-S. (1980) Serum free amino acid levels
after oral glutamate intake in infant and adult humans. Nutr.

Rep. Int. 22:431-443.
Wilson, R.C. & Knobil, E. (1982) Acute effects of N-methyl-DL-as-

partate on the release of pituitary gonadotropins and prolactin
in the adult female rhesus monkey. Brain Res. 248:177-179.

GTOZ ‘TT AeN uo 1sanb Ag Hiouonuinu-ul woly papeojumoq


http://jn.nutrition.org/

