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INTRONDUCTION

In the past year we have generated considerable
information on plasma amino acid levels i{ollowing an
acute load of ASPARTAME administered to healthy adult male
and female subjects in the fasting state (1-4). Doses of
ASPARTAME ranging from 34 to 200 mg per kg body weight were
administered in orange juice. The volume of orange juice
varied from 70 to 500 ml. Under these conditions we have
observed a dose-related response to ASPARTAME load.ng for
plasma phenylalanine concentrations. Plasma concentrations
of aspartate show a threshold rather than a dose response (1l).
Peak concentrations in plasma phenylalanine and aspartate
occur within 60 to 90 minutes after loading.

We have observed that when monosodium glutamate (MSG)
is administered to three-day-old pigs or lactating women
in conjunction with a formula meal the time of onset of
peak concentration of plasma glutamate, glutamine or alanine
is delayed (5,6).

The metabolism of glutamate and aspartate is interrelated.
Glutamate loads produce a rise in plasma concentrations of
aspartate as well as glutamate (5-7). Conversely, ASPARTAME
loads produce a slight rise in plasma concentrations of
glutamate (l1-4).

It has been suggested that the addition of glutamate (MSG)
and ASPARTAME might produce a very rapid increase in plasma
glutamate and aspartate levels wlien administered with a

protein meal (8-10). This has led to the suggestion taat the
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metabolism of these two food additives might decrease when
ingested as part of a high protein load. Such conditions
were postulated to produce elevated glutamate and aspartate
levels and potential neurotoxicity (8,9).

In animal species which are susceptible to dicarboxylic
amino acid induced neuronal necrosis, the infant of the species
is most susceptible (11,12). The reason for this lies in
part in a decreased metabolic capability of the neonate to
handle glutamate and aspartate, resulting in higher blood
levels per unit dose (13). This is particularly true for the
most susceptible species, the neonatal mouse.

However the most critical animal species, the infant
subhuman primate, does not appear susceptible. 1Initial
reports of dicarboxylic amino acid induced neuronal necrosis
in the infant monkey by Olney and colleagues (14,15) have not
been confirmed in other laboratories (7,16-20). Our data
indicate that the neonatal primate tolerates enormous elevations
of plasma glutamate and/or aspartate levels without neuronal
necrosis (7,16).

The mouse data have raised questions about the ability of
man to metabolize large quantities of dicarboxylic amino acids.
However, even the sensitive neonatal mouse requires gross
elevations of plasma dicarbox..ic amino acid levels (113).

Thus, it is highly unlikely that toxic effects from dicarboxylic
amino acids will occur when plasma levels remain within post-

prandial limits.
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This report describes experiments designed to answer

the following questions:

1. What changes occur in the plasma aminograms of
normal adults following ingestion of a test meal
containing 1 gm protein/kg body weight?

2. What changes occur in the plasma aminograms of
normal adults following ingestion of *his meal
modified to contain MSG at 34 mg/kg?

3. What changes occur in the plasma aminograms of adults
following ingestion of this meal modified to contain
both ASPARTAME (34 mg/kg) and MSG (34 mg/kg)?

EXPERIMENTAL DESIGN

Study I:
This study was designed to determine the effect of a

high protein meal with and without additional monosodium
glutamate (34 mg/kg) upon plasma amino acid levels.

A total of 12 adult subjects were studied, 6 male and
6 female. Six subjects (3 male, 3 female) were fed the test
meal without any additions. These six subjects also par-
ticipated in Study II. The other six subjects were fed the
test meal to which 34 mg of monosodium glutamate per kg
body weight had been added. The test meal was given at
0800 hours following an overniqhg fast. Blood samples were
drawn at 0, 0.25, 0.50, 0.75, 1, 1.5, 2, 3, 4, 5, 6, 7, and
8 hours after the meal. After ingestion of the meal, no other
food was permitted for 8 hours, although water was a’lowed

ad libjtum.
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Blood samples for amino acid analysis were centrifuged
immediately to separate plasma and erythrocytes. The plasma
was deproteinized with sulfosalicylic acid (21) and either
analyzed ‘mmediately or stored at -70°C until analysis,
to prevent loss of glutamine and cystine (22,23). Amino acid
analyses were carried out on Beckman 121 M amino acid analyzers.

The test meal was a "sloppy joe" consisting of a bun with
lean ground beef and 150 ml of a vanilla-flavored milk shake
(Table 1). Monosodium glutamate (MSG) to provide 34 mg/kg
was added to the ground beef. No additions to the milk shake
were made. The individual loads of glutamate, aspartate and
phenylalanine in these meals are found in Table 2.

All subjects were screened within one week prior to
admission to the study. Screening tests included physical
examination, complete blood count, urinalysis, pregnancy test
(female subjects), SMA 12/60, SMA 6/60 and plasma aminograms.

The proposed study was explained to each subject, and
informed written consent was obtained. The protocol had been
reviewed and approved by the Committee on Research Involving
Human Subjects of the University of Iowa.

Study II:

This study was designed to evaluate the effect of added

monosodium glutamate (MSG) plus ASPARTAME (34 mg/kg each) upon

plasma amino acid levels.
’
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fhree male and three female subjects were studied 1n a
cross-over design, with crne feeding being a test meal, the
other a test meal containing ASPARTAME at 34 mg/kg and MSG
at 34 mg/kg. The test meal was given at 0800 hours following
an overnight fast. Blood samples were drawn at 0, 0.25, 0.50,
0.75, 1, 1.5, 2, 3, 4, 5, 6, 7, and 8 hours.

The test meal was a "sloppy joe" consisting of a bun
with lean ground beef and 150 ml of a vanilla-flavored milk
shake (Table 1). ASPARTAME to provide 34 mg/kg was added to
the milk shake and MSG to provide 34 mg/kg was added to the
hamhurger when those components were addeci. The test meal
with and without ASPARTAME plus MSG was presented to the
subjects on a randomized basis. The total protein load was
1l gm/kg body weight. The individual loads of glutamate,
aspartate, and phenylalanine found in these meals are shown
in Table 2.

All subjects were screened within one week prior to admission
to either study. Screening tests included physical examination,
complete blood count, urinalysis, pregnancy test (female subjects),
SMA 12/60, SMA 6/60, and plasma aminograms.

The proposed study was eaplained to ach subject, and
informed written consent was obtained. The protocol had been
reviewed and approved by the Committee on Research Involving
Human Subjects of the University of Iowa.

Blood samples for amino acid analysis were centrifuged

immediately to separate plasma and erythrocytes. The plasma
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was deproteinized with sulfosalicylic acid (21) and cither
analyzed immediately or stored at -70°C until analysis to
prevent loss of glutamine and cystine (22,23). Amino acid
analyses were carried out on Beckman 121 M amino acid analyzers.
RESULTS

Plasma amino levels in the subjects studied are found in
Tables 3-S. Table 3 contains levels noted in subjects after
ingestion of the "sloppy joe" meal alone. Table 4 contains
plasma levels in subjects after ingestion of the "sloppy joe”
meal containing an additional 34 mg of MSG/kg body weight.
Table 5 contains the plhsma levels in subjects after ingestion
of the "sloppy joe" meal to which both MSG (34 mg/kg) and
ASPARTAME (34 mg/kg) had been added. At the 1 gm/kg load of
protein studied, most plasma amino acid levels peaked b~tween
4-6 hours after ingestion of the load as illustrated for leucine,
isoleucine and valine in Figure 1. This figure compares the
values obtained after the meal alone and the meal plus
both ASPARTAME and MSG. The effects of the various meals on
plasma glutamate levels are shown in Figure 2. The addition
of MSG, or the addition of ASPARTAMZ plus MSG had no effect
upon the plasma glutamate curves. Particular attention was
given to the early phase of the meal, since Olney, (8,9)
proposed that the addition of MSG alone, and particularly
addition of ASPARTAME plus MSG would result in an early peak

elevation of plasma glutamate and aspartate levels. Olney
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associated such predicted elevations in the levels of gl :tamate
and aspartate with potential neurotoxicity. 1In our studies
Llood@ samples were obtained at 15 minute intervals for the
first hour after loading, and at 30 minute intervals until
two hours. The addition of MSG, or of MSG plus ASPARTAME
did not significantly alter the plasma amino acid levels
above those normal postprandial levels observed after ingestion
of the meal alone. Saimilar data for plasma aspartate levels
are shown in Pigure 3.

The phenylalanire content of the meal with added MsSG
and ASPARTAME is apprcximately one and one-half times that
of the meal alone (Table 2). However, plasma pherylalanine and
tyrozcine levels noted after ingestion of the meal plus MSG
and ASPARTAME were only slightly higher than those noted
after ingestion of the meal alone. All levels were within
the normal postprandial limits reported for young infants (31).

DISCUSSION

The quantity of MSG and ASPARTAME used in this study 1is
considerable. The data accumulated by the Committee on GRAS
List Survey--Phase II1I (24) indicates that the mear daily
intake of MSG approximates 100 to 225 mg for persons two
years of age and over.

The data (Table 6) accumulated by the Committee on GPAS

List Survey--Phase II1I (24) indicate that the expected mean

daily intake of MSG was 6.8 mg/kg/day for the age group 1nuns5% o
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the largest quantity of MSG on a per kg basis (12-23 months
of age). Their data indicate a daily inteke of 30 mg/kg
at the 90th percentile, and an intake of 61 mg/kg at the
99.9th percentile in this group. I1f we assume that this MsSG
is ingested over the course of three meals, an individual at
the 99.9th percentile would ingest approximately 20 mg added
MSG/kg/meal. Thus, the load tested (34 mg/kg) is large.

Similarly, as summarized in Table 7, the ASPARTAME
load is also large. A typical 70 kg man may be considered
to have an energy requirement of about 2500 kcal per day.
Approximately 17% of these kcal are ingested as sucrose (25).
Thus, sucrose ingestion per day is about 1.5 g/kg. This is
equivalent to 7.5 to 8.3 mg/kg ASPARTAME, considering sweetening
power to be 180 to 200 times that oftlucrose.

If the total carbohydrate intake of our subject is assumed
to be 508 of total calories, about 313 g of carbohydrate are
ingested. If all this carbohydrate is ingested as sucrose,
the subject would ingest 4.47 g/kg over the entire day. 1If
the sweetening equivalent of this amount of sucrose were
ingested as ASPARTAME, the subject would ingest 22-25 mg/kg
ASPARTAME over the course of the entire day. 1In the present
study, ASPARTAME was administered at 34 mg/kg in a single dose.
This dose is estimated to represent the 99th percentile of
daily intake when ASPARTAME replaces dietary sucrose (26) .

The results of the prescnt study clearly demonstrate that
plasma glutamate and aspartate levels are not elevated beyond

usual poatprandial concentrations despite the administration
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of large doses of MS5 AND ASPARTAME.

The potential toxicity of the dicarboxylic amino acids,
glutamate and aspartate, is particularly controversial. There
is no doubt that large doses of these amino acids administered
to the voung rodent produce markedly elevated plasma levels
of these amino acids (13,27) and hypothalamic neuronal necrosis
(11,12) . These amino acids will also produce a lesion in
the adult mouse (12), but much higher doses are required, at
least in part, because of the increased ability of the adult
animal to Fandle giutamate and aspartate (13). The results
in the neonatal primate are controversial. Olney and colleagues
reported that high doses of glutamate resulted in neuronal
necrusis (14,15). However, four other laboratories have failed
to duplicsate these results (7,16-20), even the presence of
markedly elevated plasma glutamate and aspartate levels (7).

In the noonital mouse, th: animal species most sensitive
to dicarboxylic amino acid indu.ed neurcnal necrosis, marked
elevations in plasma levels must be attained before toxic
effects are noted. Stegink et al. (1)) reported that plasma
dicarboxylic amino acid levels must reach 50-70 umoles/dl before
toxic effects are noted in the 10-day old mouse. In the infant
monkey, by contrast, plasma dicarboxylic amino acid levels of
500 umoles/dl failed to produce neuronal necrosis (7). Thus,
the failure to elevate aspartate or glutamate levels beyond
nermal postprandial limits at the high dose levels of ASPAPTAML

and MSG administerad indicates no hazard, since even the hinh. .
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sensitivelmouse experiences no effect with the levels noted
in this study.
The rapid metabolism of ingested glutamate and aspartate
is not surprising. Windmueller and Spaeth reported very rapid

metabolism of glutamate and aspartate by the intestine

in vivo (28,29). In addition, dietary protein contains large
quantities of aspartate and glutamate which are readily met-
abolized (30).

The addition of ASPARTAME (34 mg/kg) to the meal increased
the phenylalanine content from 43 to 64 mng/kg (Table 2).
The increased phenylalanine content did result in increased
plasma phenylalanine and tyrosine levels, as shown in Figure 4.
Although levels of these amino acids were significantly greater
in the early time periods (first two hours), the curve was a
smooth one, and no rapid spiking of phenylalanine or tyrosine
values was noted. The values observed fit predicted curves.
Phenylalanine derived from ASPARTAME is already in peptide form,
and accessible to the peptide absorptive sites in the intestinal
mucosa (32,33). Thus, we expected slightly increased phenylalanine
levels in the early part of the time curve where the phenylalanine
derived from the protein fraction is not as available because
of limited proteolysis.

The increased phenylalanine levels noted after ASPARTAME
addition to the meal are well within the normal postprandial
range which we have observed in term infants after normal

fornula feedings (31). The levels observed are markedly
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below those phenylalanine levels associated with toxicity
in the young infant. 1In children with "classical phenyl-
ketonuria® plasma phenylalanine levels exceed 180 umoles/d}
(30 mge) and range up to 600 vmoles/dl (34,35). Lower
phenylalanine levels, 30-60 umoles/dl (5 to 10 mgi), have
been noted in the variant forms of phenylalaninemia, but are
not associated with mental retardation (34,35). 1In the present
study, phenylalanine levels were within normal postprandial
limits (12 ¢ 3 ymoles/dl) after addition of ASPARTAME to a
high protein meal at 34 mg/kg. This indicates little hazard
from the phenylalanine associated with ASPARTAME ingestion at
this level.
SUMMARY

The data obtained indicate that the addition of MSG
alone, or of ASPARTAME Plus MSG to a high protein meal at
the levels tested had little effect upon the plasma aminogram,
Plasma levels of aspartate, glutamate, phenylalanine and tyrosine
did not show an early rapid rise resulting from the administration
of MSG and ASPARTAME. These data conclusively disprove suggestions
made by Olney (8,9) and Reif-Lehrer (10) about the effects of
ASPARTAME and MSG added together to food systems.

PUBLICATION

The data from this study will be presented at the April,
1977, meeting of the American Institute of Nutrition and has been
published in abstract form:
Baker, G.L., Piler, L.J., Jr., and Stegink, L.D.:
“Plasma and erythrocyte amino acid levels in normal adults
fed a high protein meal: Effect of added monosodium glutamate
(MS5G) or monosodium glutamate plus ASPARTAME." Fed. Prcceed.
36, 1154, 1977,
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Figure 1: Plasma levels of leucine, isoleucine and
valine (mean ¢ 1 standard deviation) in normal adult
subjects after ingestion of a high protein meal

(1 gm/kg) alone *=e or with 34 mg/kg MSG plus 34 mg/kg

ASPARTAME ®--+@ added.
the same six subjects

The values are obtained from
in a cross-over study.
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in normal subjects after ingestion of a high protein meal alone
or with 34 mg/kg MSG added or with 34 mg/kg zwo plus 34 my/kg
ASPARTAME added.
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Figure 4: Plasma phenylalanine and tyrosine levels
(mean ¢t 1 standard deviation) in normal Rubjects after
ingestion of a high protein meal (1 gm/kg) alone or with
34 mg/kg MSG plus 34 mg/kg ASPARTAME added.
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Figure 3: Plasma aspartate levels (mean t 1 standard deviation)

in normal subjects after ingestion of a high protein meal (1 gm/kg)
alone or with 34 mg/kg MSG added or with 34 mg/kg MSG plus 34 m3/kg

APM added.
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Table 1
COMPOSITION OF TEST MEAL FOR A 70 KG ADULT
Component Quantity Protein Fat CHO Energy
gm gm gm gm kcal
Hamburger 222 6l 25.5 0 346
Bun 50 4.5 1.5 25.5 133
Milk 100 3.5 3.5 5 66
Ice Cream 50 2 5 11 95
Total 442 71 35.5 72 640

Protein - 38% of total energy

For the 70 kg person, the meal supplies about 1 gm/kg body

weight as protein. Quantity of the hamburger in each meal

was varied with each individual so as to provide protein at

1l gm/kg body weight.
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Table 2

March 7, 1977

ESTIMATED INTAKE OF PROTEIN, ASPARTIC ACID,

GLUTAMIC ACID AND PHENYLALANINE IN MEAL STUDIES

Study Protein Aspartate Glutamate Phenylalanine
g/kg mg/kg mg/kg mg/kg

Hamburger-

Shake 1.0 90 171 43

Hamburger-~

Shake with 1.0 90 198+ 43

MSG

Hamburger-

Shake with 1.0 103 19g* 64

APM &MSG

*Corrected for the sodium content
MSG

(78% of MSG is glutamate).

and water of

hydration of



MEAL CNLY "

PLASHA AMINO ACIDS, DOSE o 0 & SUBJECTS » [ ) ¥

TIVE (MIN) 0. 15. 3o. 45, 60. 90. 120. 180, 240, 34J. 360. 420. 480,
TAURINE 5.19 4. 44 4.05 $.22 6.01 "~ 6.89 " T7.24 6.38 6.27 3.95 3. 70 S.88 5.30

Std. Dev. 0.¢7 0.6 0.73 1.19 1.53 1.96 1.40 0.96 1.04 1.61 2.28 2.94 1.088

ASPAR) 0.32 2.32 0.36 0.43 0.42 0.40 0.66 0.83 0.7¢ 0.68 0.5¢ 0.37 0,32
Std. Dev. 0.15 0.12 0.22 0.27 0.32 0.31 0.35 0.33 0.39 0.3 0.39 0.26 0.27

éu EON 16,18 15.67 17.29 18.91 19.08 19.91 21.69 22.50 22.45 20.90 18.91 16.90 15.16
. Dev. 3.7  3.97 4.08 4.84 5,10 3.82 5.71 S5.86 5.50 . S.62 4.29 3.06 3.3

SEAINE 10.44 11.93 13.97 15,62 14,90 14.96 16.92 14,79 15.63 13.61 12.24 11.19 11.30
Std. Dev. .40 3. 13 4.32 4.9% 4,50 3. 92 3.1 2.51 4.069 3.26 2.87 2.%0 2.5%6

ASPARAGN 3.87 4,32 S.41 6.52 $.49 .74 7.95 7.3%0 7.33 6.067 $.60 4.26 “. 19
Std. Dev. 3.31 2.32 1.73 1.00 1s22 1.04 1.30 1.99 2.06 2.4) 1.30 1.57 0.52

SLUTANMIN 60.08 57.76¢ 62.7T4 63.33 64.20 67.49 68,70 66.38 68.25 62.90 61.846 58.35 52.95
Std. Dev. 1.97 8.65 6.36 8. 74 8.22 8.T6 12.90 9.61 9.59 13.25 13.99 13.¢5 .60

LGLUTA MAY 4.02 S.¢1 5.12 Tall 6.92 6.20 .18 923 7.83 T.60 T.16 5.69 4.52
std. Dev. 1.8% 2. 089 3.25 3.80 4.46 2.61 .04 3.77 3.15 2.81 3.39 2.04 1.22

PROL I NE 1877 19.74 21.32 24.95 25.16 27.03 268.68 20.37 27.03 25.53 21.95 19.3¢ 18,65
Std. Dev. 6.83 S5.1¢0 3,29 6.06 $5.39 4.5% 95.01 T.81 $.93 6.96 5.3 3.9 3.2}

CITAULLN  © 2.90  2.85  2.62  2.45 2.34 1.99  2.46 2,83 2,91 3.26 2.81 2.31  l.51
Std. Dev. 1222 1.16 0.91 0.65 0.97 0.96 1.05 0.74 1.36 1.25  1.10 0.9¢ 0.9

GLYCINE 23.90 24.08 26.27 28.04 28.17 30.2) 131,66 29.42 28.59 24.73 22.33 20.83 20.47
td. Dev. 3.08 2.02 2.90 4.23 3.56 3.58 4.4) S. 49 .62 4,40 2.92 Led6 ¢.00

Attaslut 29.13 32,45 35.27 40.10 42.05 46.10 47,33 43.72 41.56 36.94¢ 31.30 27.92 21.47
std. Dev. 28 1.19 9.76 10.75 11.31 T.76 11.03 13.93 6.81 7.31 Q.26 1.20 6.29

A _AMI NGB 1.76 2. 064 2.07 2.19 2.36 2042 247 2.45 2.80 3.09 3.09 il 2.87
Std. Dev. 0.63 1.02 1.00 1.00 1.20 1.12 1.32 1.09 0.8t 1.96 .64 1.76 1.78

TABLE 3: Plasma amino acid levels (umoles/dl) in normal adults fed a high protein meal
containing protein at 1 gwkg.




MEAL CwLY .

PLASHMA ANMING ACIOS, DOSE » 0 0 SUBJECTS » ¢

Time (MIN) 0. 15. 30. 9. 60. 9%0. 120. 100. 240, 3Joo. 3Je0. 420.
VALINE 19.90 21.93 26,72 25.52 25.57 26.89 30.26 33.50 33.09 34,26 33.90 30,31

td. Dev. £.35 6.86 7.62 ToTl  Te86  $.5%  9.47 7,20 5.47 .71 T.60  6.)9

%‘:’a”'&v 8.2% 9.17 9.6l 971 9,30 %.76 10.07 9.40 0.81 %10 8. 09 T 77
* b 1.3¢ 1.76 2.393 1.97 2.11 2.66 2.70 2.88 2.04 2.19 L6 1.596

uwuun 2,93 3.22  3.06 4,16  4.49  S5.07  3.88  4.46 8.2 5.9 4,93 "4.06
Std. Dev. 0.3& 0.46 0.62 0.80 0.93 0.1 0.85 0.86 0,79 1,02 1.3¢ 1.1}

é)tg.EUCN .49 8.0) 9.69 10.37 10.76 10.58 1276 L14.66 15.346 16.98 14,176 12.39%
. Dev, 2.9 1,80 2.318 2.32 2.63 2.90 3.%0 2.10 3.74 2,09 2.3% 337

LEUCINE 12.62 14,13 16.88 17.87 18.21 18.52 21.8% 235.09 29,73 27.10 23.66  19.09
Std. . 3.3} 2.9 3.99  4.92 4.66 3.9 6.26 K02 4.32 4,52 5. 33 S.12

TYROS (NE 4,96 5.36  6.36 600 676 T.2¢ 0,21 0.76 9.31 9.03 .70 6.9
Std. Dev. 1.09 3.% 1.42 1.56 1.92 lele  2.82 2.29 2.26 1.8 0.9} 1.31

¥

Négﬂl.AL .72 3.04 3.00 9.90 5.93 6,24 6.01 6. 02 Tel4 " Tel2 %3.99 $.30
Std. Dev. 0.52 0.6 0.63 0.70 0.66 0.47 le4b 1.28 0.02 0.98 0.3) 0.6)

gtﬁ”"“ T.73  6.98 0.90 8.74 9.22 .99 9.0 9.9 10.83 11.09 10.21 .76
. Dev. 2.40 2.9 4.00 3. 49 3.44 3.99 3.7 1.50 2.49% 2.37 1.92 1.08%

LYSINE 18.53 21.99 264.31 27-26 29.41 31.71 35.30 37.86 37.23 36.88 30.38 24.3)
td. Dev. 5.1 6.38 S.73 0.07 8.07 4.27 9,82 5,93 T.00 T.84 9,02 6.89

HISTIDIN 8.72 8.33  8.49 9,89 10.357 11.72 13.09 13.29 13.17 12.05 10.350 9.21
Std. Dev. 1.86 1.66 1e65 2,66 2,63 2,76 2.12 1.79 2.2% 2.78 226 2.2}

A‘ﬁluﬂ 9.01 10,49 11,33 12.81 13.73 16,69 18,28 17,11 16.87 15.70 12.6% 10.31
std. Ve 1.93  1.99 2.6 2.43 3.00 2.59 3. 09 456 4.38 3.00 2.0% 1.993

TABIE 3: Plasma amino acid levels (umoles/dl) in normal adults fed a high protein meal
containing protein at 1 gw/kg.
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