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A. INTRODUCTION

In view of the public questioning of certain Searle
animal data, an internal data reassurance program to assure
by objective assessment the adequacy and accuracy of animal

safety study reports was established.

The data reassurance program consists of three major
phases. In the first phase (Step A), a senior pharmacologist
i{s assfigned to check the internal consistency and accuracy
of all data presented in the report. The pharmacologist and
qualified assistants compare the tables in the report with
the data presented in the appendices regarding accuracy and
completeness. This requires recalculation of mean values.
The narrative is also reviewed with special attention to
cross-check the Methods section against the Results section.
The protocol is also cross-checked against the Methods sec-
tion. A1l exceptions are fdentified and reviewed by a senfor
person in the Pathology/Toxicology department. A document
which identifies all of the exceptions is prepared. In some
cases, the original data files are checked as part of the
first phase, but this step is only performed in cases where

the data appended to the study report has raised a question.

In some cases, a second step {Step B) is recommended,
requiring all of the original data to be reviewed. 1In the
cases where the recommendation for 2 Step B revietw. is made,
it will be carried out when the Food and Drug Administration

unseals the files containing the original date.
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In the third phase (Step C), the Data Reassurance
Program Director (Dr. John Rust)'revieus the study report
and the documentation of the exceptions Feported in the Step
A document. The Program Director 1s responsible for deter-
@ining whether the conclusions reached in the study report
are valid, whether the protocols were followed, and whether

the study design was appropriate.
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B. "PIVOTAL" ANIMAL SAFETY STUDIES

In his testimony at a hearing of the u. s.
Senate subcommittee on Health chajred by Senator
Kennedy, Food and Drug Administratfon Commissioner
Schmidt identified several animal safety studies
as "pivotal” and others as containing "significant
findings*. The long term animal safety studies
which he mentioned in his testimony, as well as
several other studies, have been reviewed via the
data reassurance program outlined in the Intro-
duction section. These studies are listed on

the following pages.
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115-Week Oral Tumorigenicity Study in the Rat (of SC-19192,
Diketopiperazine) P-T 988573.

Two-Year Toxicity Study in the Rat (of SC-18862, Aspartame)
P-T B838H71. -

Two Generation Reproductfon Study in Rats (of SC-18862,
Aspartame) P-T 867H71.

52-Week Oral Toxfcity Study in the Infant Monkey (of SC-18862,
Aspartame) P-T 8560t70.

Lifetime Toxicity Study in the Rat (of SC-18862, Aspartame)
P-T 892H72.

A Supplemental Study of Rat Brain from Two Tumorigenicity
Studies (of SC-18862, Aspartame) P-T 838H71 & 892M72.

110-Week Toxicity Study in the Mouse (of SC-19192, Diketo-
piperazine) P-T 985H73.

104-Heek Toxfcity Study in the -Mouse (of SC-18862, Aspartame)
P-T 984H73.

A Supplemental Study of Dog Brains from a 106-Week Oral
Toxicity Study (of SC-18862, Aspartame) P-T 855570 & 1226.

An Evaluation of Embryotoxic and Teratogenic Potential in
the Mouse (of SC-18862, Aspartame) P-T 1218.

An Evaluation of Embryotoxic and Teratogenic Potential in
the Rabbit (of SC-18862, Aspartame) P-T 1201.

Acute Toxicity Studies in the Rat, Mouse, and Rabbit (of
$C-19192, Diketopiperazine) (E45).

Acute Toxicity Studies in the Rat, Mouse, and Rabbit (of
SC-18862, Aspartame) (E46). .

Two-Week Oral Toxjcity Study in the Mouse (of SC-19192,
Diketopiperazine) P-T 885570.

Two-Week Oral Toxicity Study in the Rat (of SC-19192, Diketo-
piperazine) P-T 884570. .

Toxficological Evaluation in the Neonatal Rat (of SC-18862,
Aspartame) P-T B93H71.

Segment 111 Perinatal Weaning Study in the Rat (cf SC-19192,
Diketopiperazine) P-T 1011H72.
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Two-Month Oral Toxicity in Dogs (of SC-18862, Aspartame)

P-T 720H68.

46-Week Oral Hamsters Study (of SC-18862, A<nartame)

P-T 852572. .

106-Week Oral Toxicity Dog Study (of SC-18862, -~2-tame)
P-T 855570.

Chick Embryo Study with SC-18862 (Aspartame) ana .. :r

Substances P-T 870H70.

Evaluation of Embryotoxic and Teratogenic Potential in the
Rat (of SC-18862, Aspartame) P-T 851S570.

Evaluation of Embryotoxic and Teratogenic Potential in the
Rat (of SC-19192, Diketopiperazine) P-T 997S72.
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C. OVERVIEW OF DATA REASSURANCE ACTIVITIES

The attached nenbrandum outlines the overview

of the reviews of the aspartame reports.
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April 5, 1976

MEMD TO: Dr. R. McConnell COPY TO: Dr. P. Klimstra
Dr. J. Potts
FROM: Dr. John H. Rust Dr. I. C. Winter
Director Dr. F. McIlreath
Data Reassurance Program Dr. W. Merino

SUBJECT: Report on the Step C Portion of the Data Reassurance Program
for Pathulogy-Toxicology Studies on Aspartame (APM or SC-15862)
and Diketopiperazine (DKP or SC-19192) conducted for the
Searle Laboratories (1976)

I have acted, during the past few months in my capacity as an
outside consultant, as a final reviewer in a program organized by the
Searle Laboratories to assure themselves, and the concerned regulatory
agencies, of the accuracy of their data and the correctness of their
assessments. My portion of the task is called Step C. Prior to my
receiving a report for review, an in-house tean under the leadership of
one or more of Searle's senior scientists, reviews the available data,
raw and treated, for its accuracy. They also review the original protocol
and ascertain whether or not it was adequately followed. Claims and
conclusions are checked to see whether or not they are justified by the
findings reported.

My task follows theirs and I determine whether or not the study was
appropriate, carried out effectively, and if the conclusions are supported
by the data developed. In conducting my part of the program, I have usumally
reexamined the data in another manner than was done by the original report
writers. I have drawn upon my training and experience in veterinary
pathology, laboratory animal medicine, and experimental phamacology and
toxicology in making my 2ssessment. Of the reports, 23 in number, two
were Tejected. In both cases it was because of an intercurrent disease.
In one hamster study there was an epizootic called 'Wet-tail,' a subacute
debilitating disease of young and juveniles. In one monkey study, infant
and juvenile monkeys had recurrent bouts with a subacute epizootic of
shigellosis.

. I could find no evidence for toxicity for either aspartame or
diketopiperazine in any study. Several animal species were used; mice,
rats, hamsters, rabbits, dogs, and monkeys. Cne passible exception to
the statement about toxicity was seen in the female rabbit. This will be
discussed later. Many dose schedules (I>w to very high) and time schedules
(acute, subacute and chronic patterns) were used. In all studies that I
teviewed the APM or DKP were administered in the food or in some few cases
by gastric gavage. Often, in the latter cases, the amount nearly reached
the maximum concentration of the test substance or the physical capacity
of the test animal in order that the animals be fully challenged by the
route by which APM and DXP would be ordinarily received.

et o T T
'

A N SRR AT ST R SR IR e M e e e e T T i -



Dr. R. McComell
April 5, 1976
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There was no evidence for carcinogenicity of aspartame or
diketopiperazine in any animal species tested in any of the studies
reviewed by me.

Two findings that bear reporting were observed. The first because it
was common and the second because it was uncommon. It was very common that
animals on a diet in which the aspartame or diketopiperazine was considered
to be high or very high, i.e., four or six grams per kilogram of body
weight daily of aspartame and approximately a similar amount for diketopipe-
razine, tended to have a2 depressed weight gain when campared with those
animals on a lesser dietary amount or the controls. If those fed lesser
amounts were similarly affected it was lost in the variance and could not
be detected. Several ideas have been tried to determine the cause. None
have been fully successful. These ideas are three; physical reduction
of available and useable feed; distaste for the heavy sweetness in the
high level diets; and, depression of appetite by the amino acids phenylala-
nine or aspartic °c1d. For the last two of these ideas there is no
supporting evidence. I have developed some data that suggest to me that
in some instances the actual reduction in useable feed was probably the
cause. I made crude approximations of Feed Efficiency Indices substracting
the mass of aspartame or diketopiperazine and foumd that no treated
animals suffer any reduction in feed efficiency, a2 sensitive means of
measuring chronic toxicity. The sinilarly corrected feed consuption per
wnit of body weight, also a sensitive chronic .toxicity detector, was not
altered by either substance in the djet up to the maximm erployed, i.e.,
six grams per kilogram body weight daily for up to two years in scme
cases. Also, I could find no clinical laboratory test that suggestsd any
adverse changes that could be attributed to or be related to the depression
in weight gain. Likewise, the negative necropsy and histopathology reports
made no positive contribution to the understanding. 1 believe that these
findings demonstrate that the depression of body weight gain was because
of the reduced consumption of useable dietary substances and it was not
a matter of toxicity.

The uncormon second finding occurred in a teratology study with
, rabbits at high doses of phenylalanine and of aspartame (four grams per
" kilogram body weight daily during early pregnancy) given by gastric gavage.
It was observed that about half of the female rabbits in a teratology-
embryotoxicity study had a severe adverse scmatic response - same dying -
some that had failed to conceive; some aborted stillborn pups; some had
resorption sites in excess nimbers; and, there were more than the expected
malformations in the fetuses. The remainder of the same greup, while they
showed sore minor adverse responses, carried their pups to term. The
pups were within the usial ranges, of this laboratory, for the teratogenic
and embryotoxic parameters that were measured. The biphasic nature of the
response called to mind a pharmacogsnetic pattern which is considered to
be evidence of a gene poly=morphism within a pcpulaticn. Data of a bio-
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ASPARTAME is a dipeptide whose structure is shown below. The molecule




Dr. R, McConnell
April 5, 1976
Page 3

chemical nature in an expleoratory study demonstrated a high phenylalanine
to tyrosine ratio in four pregnant female rabbits, with macerated fetuses
or stillbom pups, out of five in the study. The studies were too small
to set a population genetic ratio but an estimate made from the £0 females
_ in the teratology study suggested that about ons-half were affected. All
& were from a single rabbit breeder with a relatively high consanguinity

;

index.

e The immediate concern was whether or not this occurred in other
S animals and most particularly in man. An inspection of the data for other
SRR animal species gave no direct or indirect evidence that the pharmacogenetic
R trait existed in those populations. Other rabbit pcpulations are krown by
B direct evidence to be free of the trait. No evidence for a polymorphic

B, av Y biphasic patterns of such a nature for phenylalanine could be developed

by from any data, for any other animal species, including other fazmilies o°

. & K rabbits.

There was available some data derived from human volunteers who were
fed a placebo and aspartame in doses ascending from 0.6 grams to 8.1 grams
daily. The phenylalanine to tyrosine ratios were determined for these 69
male and female subjects. As roted above, this is a key parzueter which
becae high in the pregnant rabbits that were demonstrating the adverse
response. It was found that the phernvlalanine to tyrosine ratios in human
males and ferales, without respect o the challenge by aspartane, were
clustered around 1.00 on a histogram. After & suitable statistical test
indicated that none of the groups differed, the data were pooled.

These data to be used for a histogram were developed:
Phenylalanine to Tyvrosine Ratios (Sexes and Treatment Combined)

Decade of Ratio Mumber of Subjects in Decade
0.80 1
0.90 6
1.00 15
* 1.10 12
1.20 10
1.30 7
1.40 6
1.50 3
1.60 2
1.70 3.
1.80 3
1.90 1
N =69
v - - - v =
r--' 4 -2-
;-.;__'-. 11 saino acids are required to produce the lesion (2). The effects of glutamate
’ <2 ( and aspartate are additive in producing neuronal necrosis (3). Although
_-._._a....o Olnev and his enlleacues have renartad asurnnal nerencic aftap alutamate R O




Dr. R. McConnell
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Page 4

It can be seen that the curve describing these data is skewed to the
right. The most frequently occupied decade of ratio is at 1.00. The
curve is platykurtotic, 2s are most ncrmal curves of this nature, and
skewed to the infinite side. It 'is a ¢lassic monophasic curve with no
hint of the biphasic polymorphic curve that was clearly associated with
the unique rabbits which came fram the rabbit breeder.

Based upon this evidence, I have judged that the specizl rabbit
population in question was not following the Hardy-Weinberg Law for a
stable mutation in a large population; a possibly hazardous situation. On
the contrary, it was following the Sewall Wright Postulation; genetic drift
within a small population. These most frequently become extinct in time
and affect small isolated populations. It is believed that if such a
mutation has ever occurred in man it has not stabilized and has a very low
probability of occurrence. Most likely it is on its way to extinction from

any small human populaticn in which it may have occurred. This js—¢
most common consequence of the Sewall Wright Postulation.

Jo, . t, D.V.M., Ph.D.
rector
Data Reassurance Program
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"REVIEW OF METABOLISM STUDIES

Even though the metabolism studies have
not been challenged by the FDA, the reports have
been reviewed and submitted to an outside expert

{Dr. Edwin Mertz) for evaluation. Or. Mertz's

conclusions as well as tHe documentation of the

errors found upon internal review are summarized

in the attached letter. -

dafly ingestion, IM A SINGLE LOSE.

"The plasza and erythrocyte free aa;ino acid levels found in these



PURDUE UNIVERSITY

PEPARTMENY DF DIOCHWEMISTAY
WEST LAFAVETYTE. INDIANA 47907

. March 29, 1976

pr. R. E. Ranney, Director

Department of Drug Metabolism and Radiochezistry
Searle laboratories

Box 5110

Chicago, IL 60680

Deaxr Dr, Ranney: .

I have read every page of the original docuxents which you
submitted to the Food and Drug Administration on your new sweetening
agent, Aspartame, and have also read each of the corrected pages of
your Food Additive Petition.

‘T bave coopared the corzoctione with the origiacl sukmissicsn ond 4t
ig my opinion that the corrections do not change any of the interpretations
in the original docuceats.

In wy opinion, the data in the original documents provide convincing
evidence for the interpretations presented in the Food Additive Petition.
The data show that Aspartame is digested in all species in the same way
as are natural constituents of the diet, and the end-products of
Aspartame digestion follow the normal metabolic pathways known to exist
in animals and can, .

As I read through the original document and the corrected pages I
noted several typographical errors, and I am enclosing a correction sheet
containing these errors.

Sincerely yours,
&4‘-.‘ S /77 ) P&D .

Edwin T, Mertz
Professor of Biochemistry

[ Ad
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As shown fn Figure 7, plasma phenylalanine and tyrosine levels were not {
o s altered after aspartate ingestion. However, ASPARTARME ingastion resulted in .'l‘ sl Q
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vol.| Report page Line Table Figure is Action/should be
1 1 14 17 L-phe was added L-phe were added
Ref, 4 . Nautre Nature
Ref, 9 Telphy Tephly
Ref, 16 Inglx Check spelling
II I11-2 13 organleptic organoleptic
v 1v-2 1, para, 3 © plamsa plaspa
v v-2 2 cellusolve cellosolve
V-1 66.78 66.78
v v-5 3 (Table VI-B) no such table
. VI vi-1 5 were then was then
6, paga, 2 et cetra et cetera
vi-8 need footnote on units '
vII vii-4 . why was page retyped?
vIII-6 glucose-analine glucose-aniline
VII] vIiIi-i1 | 11, para, 2 analagous analogous
12, para. 2 analagous analogous
1 @ 1x-5 1, para. 3 procede proceed
XIV X1v-2 3, para, 1 methyl cellusolve mcthyl cellosolve
2, para, 2 methyl cellusolve methyl cellosolve
XIV-7 8, para, 2 anaylzed analyzed
2 b 4'p4 xVI-2 8 mathyl cellusolve methyl cellosolve
xXvi-4 2 dired ° dried
‘ xvi-7 4, para, 3 asaprtic aspartic
. Ref, 36 *in rat liver® *on rat liver”
XViI-4 5, para, 2 concomnttant concomitant
XVIiIi-2 20 cellusolve cellosolve
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3 I I-7 S para, 2 dtsicator desiccator
x1-8 2 para, 2 . hydrolized hydrolyzed
XXI-10 |6 para, 1 {Table XxX1-7 (Table XXI-7)
XX1-10 |21 para 3 unhydrolized unhydrolyzed
3 para, 3 hydrolized hydrolyzed
1 para, 4 diacernable discernible
DAII-9 S para, 3 desicator desiccator
AXII-10 |2 para, 2 hydrolized hydrolyzed
3 X0II AII=-30 hydrolized(title) hydrolyzed (title)
to 24
XXII-53 tables
XXIII | XXI1I-12|5 para, 2 desicator desiccator
XIII-13|1 para, 2 . unhydrolized unhydrolyzed
2 para, 2 hydrolized hydrolyzed
XXIII | XXIII-35 23 hydrolized * hydrolyzed
to tables
XXI11-57
4 Index ? IXVIIX aminotic asniotic
Expanded summary 2 IVIII aminotic amniotic
XXVIIY | XXVIII-5|3para. 2 Longnecker Longeneckar
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alanine levels increased, but with the increases being lower than those
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Diketopiperazine) P-T 1011H72.

PROGRESS ' REPORT ON ASPARTAME STUDIES

March 24, 1976

. -TO

G. D. Searle & Company
Chicago, Illinois

FROM
L. D. Stegink, Ph.D.
L. J. Piler, Jr., M.D., Ph.D.
. George L. Baker, M.D. 2
Roy M. Pitkin, M.D. 4
S ] Oniversity of Iowa College of Medicine 2
Iowa City, Iowa 52242
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PROGRESS REPORT ON ASPARTAME STUDIES
PART A: HUMAN STUDIES

EFPECT OF ASPARTAME LOADING UPON PLASMA AND ERYTHROCYTE
FREE AMINO ACID LEVELS IN NORMAL ADULT SUBJECTS
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INTRODUCTION

ASPARTAME s a dipeptide whose structure is shown below. The molecule
is an aspartyl-phenylalanyl-methyl ester, and it is between 180-200 times
sweeter than sucrose. It is metabolized in the intestinal mucosa to its
compone.nt anino acids a1d methanol which are handved in a manner similar

to those arising from dietary protein and methylated polysaccharides.

ASPARTAME
o)

% n ot Ql -
NH3-CH-C INH-CH-CiOCH3

CHp CHo
C=0 'H 4C\C \

-

f
HC_ _CH

- -
.

ASP PHE MET-OH

Questions about ASPARTAME safety' have risen because of concern about
the potential toxic effects of fts component amino acids, phenylalanine and
aspartate. Each of these coxmponents, 1ike all chemical substances, may
ex'ert toxic effects at high levels, although species and age susceptibility
vary.

Aspartate:

The dicarboxylic amino acfds glutamate and aspartate produce neuronal
necrosis in the hypothalamus of the infant mouse when administered in large
doses efther orally or by injection (1). Older mice are also susceptible to

‘Q dicarboxylic amino acid-irduced neuronal necrosis, but much higher levels of

= A S —————r—
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saino acids are required to produce the lesion (2). The effects of glutamate
end aspartate are additive fn producing neuronal necrosis (3). Although

Olney and his colleagues have reported neuronal necrosis after glutamate

acainistration to the neonatal primate (4,5), other fnvestigators have been

unable £o produce the lesion fn the neonatal primate (6-10). This failure

occurs despite demonstration that enormous elevations in the blood glutamate

levels occured in the neonatal animals studied (10). No lesions were seen

when glutamate was injected into the orimate fetus in utero (11).

In the most susceptible animal species, the neonatal mouse, we have

shown that plasma glutazate plus aspartate levels must reach 60-70 usoles/d)

before the first signs of neuronal necrosis are noted (12). In the infant

monkey, plasma glutaczate plus aspartate levels up to 500 umoles/dl did not

result in neuronal! mecrosis (10).

In sumary: Plasma glutamate plus aspartate levels of up to 50 umoles/dl

d1d not produce neuronal lesions in the most susleptible species, the neo-

natal mouse. Plasza levels of 60-70 umoles/dl did produce minimal neuronal

necrosis. In contrast, neuronal necrosis was not noted in infant primates

even in the presence the plasma glutamate plus aspartate levels of 500 umoles/dl.

Phenylalanine:
A geqetic disorder called phenylketonuria results from efther the

ab;ence. or the presence of an inactive enzyze(s) required for the conver-

sfon of phenylalanine to tyrosine. In the children with so-called "classical

phenylketonuria®, plasza levels of phenylalanine exceed 180 umoles/dl (30 mgZ)

and range from 180 to 650 umoles/dl (303-1C0 zg3) (14-16). These levels of
phenylalanine are associated with mental retardation. To prevent retardation,
the infants cust be placed on diets lcw in phenylalanfne content to decrease

blood phenylalanine levels. The exact cause(s) of the =ental retardation in

o ————————
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children with classical phenylketonuria is not clear, but is thought to result
from both high levels of phenylalanine, and metabolites of phenylalanine such
as phenylpyruvate, on brain metabolism (14-18).

Although some investigators feel that there is no benign persistent
phenylalanemia, and recommend diet.therapy for any patient with phenylalanine
levels ranging from 10-20 mg% (60-120 umoles/d1), most investigators now feel
that dietary therapy is not needed when blood phenylalanine levels are below
10 mg% and excess phenylalanine metabolites are not present. This assumption
is based largely on the clinical records of children with phenylalanemia
(PKU-Variants) who have persistent blood phenylalanine levels of 6-10 mg%
without 111 effect (14-16).

In summary: Plasma phenylalanine levels of up to 60 umoles/d1 (10 mg%)
appear tc be relatively benign. Conditions which cause continued elevations
of phenylalanine markedly above this level tend to be associated with mental

»

retardation.
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EFFECT OF ASPAQRTZME LOADING AT 34 MG PeR K5 BOOY WEIGHT LPCN BLOOD LEVELS
i 0R2AL YOLUNTEERS

In considering potentfal toxic effects of ASPARTAME in man, it is
obvious that such effects would require extreme elevations of aspartate and
phenylalanine blood Tevels. To eu:iﬂne potential hazard, we adminfistered efther

ASPARTAME or aspartate to normal volunteers and deterwmined the effect of
such fngestion upon plasma and erythrocyte amino acid levels.

A total of 12 subjects were studied, 6 male and 6 female. ASPARTAME
{34 mg/kg body weight) or equimolar quantities of aspartate (13 =2g/kg body
weight) were dissolved in orange juice and administered to fasting subjects
at 8 MM. The order of adminfistration was randomized in a latin square
design. Subjects remafned fasting throughout the 8 hour perfod, with only
water permitted. Blood samples for amino acid Snalyses were obtained at 0,
0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 8 and 24 hours after loading.

As 11lustrated in Table I, the load of ASPARTAME adainistered to these
subjects fs considerable. A 70 kg man may be considered to have a requirement
for about 2500 Calories per day to maintain body weight. Approximately 172
of these calories are ingested as sucrose. Thus, sucrose ingestion for the
day is about 1.5 ga/kg body wefght. Considering the range of ASPARTAME
sweetening power to be 189-200 times that of sucrose, {f such an individual
1n'gested a1l the sucrose suzetening power as ASPARTAME, ASPARTAME {ntake would
be between 7.5-8.5 z=g/kg per day. Similarly, 1f we assume total carbohydrate
intake to be 50% of total calories, about 313 gms of carbohydrate are ingested.
If all of this carbohydrate were ingested as sucrose, the subject would ingest
about 4.5 gm/kg per day. If the sweetening equivalent of this amount of
sucrose were Ingested as ASPARTAME, an intake of 23-25 ©g/kg ASPARTAME per
kg body weight would be ingasted over the course of the entire day. In this
study, we acministered ASPARTAME at 34 mg/kg, w21l over the 99th percentile of
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daily ingestion, IM A SINGLE COSE.

"The plasma and erythrocyte free amino acid levels found in these
subjects with time are contained in the computer print-out sheets labeled

Exhibit 1 and Exhibit 2.

A brief surmary of these data is found in the following paragraphs.

Figure 1 shows the response of plasma aspartate, asparagine, glutamate
and glutamine to both ASPARTAME and aspartate load. !llo significant changes
were noted in plasma aspartate, asparagine and glutamine levels with either
compound. A small, nonsignificant rise in plasma glutamate levels was noted
with either ASPABTAME or aspartate. This rise may reflect the conversion of
some aspartate to glutamate. This effect may also be due to the stress of
catheter inserticn for blcod sazpling. Heath et al. (19) have reported
stress may result in glutamate release. In any case, all levels remained
within t. 2 normal fasting range for plasma glutihate values.

Figure 2 demonstrates that plasma taurine, methionine and cystine levels
are not affected. Figure 3 shows similar results for threonine, histidine
and lysine. Figure 4 shows the absence of effect upon plasma serine, glycine,
citrulline, omithine and arginine levels.

Plasma levels of the branched chain amino acids, valine, 1soleucine and
leucine, decrease slightly with time after loading (Figure 5) but return
to initial values within 4 hours. No difference betwsen ASPARTAME and aspar-
tate loading was noted.

Plasma levels of alanine and proline increased after both ASPARTAM
and aspartate loads as shcwn in Figure 6. However, a similar response was
notad in subjects receiving lactose (50 mg/kg) in orange juice and is not

considerad ts be due to the ASPARTAME or aspartate.

4
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As shown in Figure 7, plasma phenylalanine and tyrosine levels were not
altered after aspartate ingestion. However, ASPARTAHE ingastion resulted in
an increase of phenylalanine levels from fasting levels (6 + 3 umoles/dl)
to the normal postprandial range (12 * 3 umoles/d1). Plasma phenylalanine
levels were close to fasting leve]s‘by 4 hours after the load and were at
fasting levels 8 hours after load. Plasma tyrosine levels increased slightly
after Aspartame load, as expected, from the conversion of phenylalanine to
tyrosine.

Erythrocyte amino acid levels were also measured with time after loading.
In view of recent data indicating that amino acids may be transported in
the red cell, under some circumstances, to a greater extent than in plasma
(20-22), we felt that it was important to determine ;f ASPARTAME had any
effect upon erythrocyte amino acid levels not reflected in the plasrma.

In contrast to rost amino acids, glutamate and aspartate levels are
normally much higher in the erythrocyte than in the plasma, as shown in
Table 2. ° )

Erythrocyte levels of asparagine, aspartate and glutamate were not
affected by either aspartate or ASPARTAME ingestion (Figure 8). The data
in Figure 9 demonstrate no effect upon plasma erythrocyte glutamine levels.

A small increase in erythrocyte alanine and proline levels was noted, as
expected from the increases in plasma levels (see Figure §). Erythrocyte
phenylalanine and tyrosine levels were not affected after aspartate loading
(Figure 10). This was expected in view of a lack of effect on plasma levels
(Figure 7). Phenylalanire levels and tyrosine levels were increased in
subjects acministerad ASPARTAME (Figure 10). The increases were similar to
those noted in piasne.

No changes were noted in the levels of other arythrocyte amino acids.
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Summary:

The administration of ASPARTAME at 34 mg/kg body weight in a single
dose to normal male and ferale subjects resulted in: (A) no change in
plasma or erythrocyte glutamate or aspartate levels; and (B) increased
phenyl§1anine levels from normal fasting levels to the postprandial range.
Phenylalanine levels returned rapidly to normal.

We conclude that no risk arises from ASPARTAME ingestion at 34 mg/kg
body weight. Plasma aspartate levels are unchanged (0.2-0.8 umoles/dl1).
Even the most susceptible species, the neonatal mouse, does not sustain
neuronal necrosis until plasma levels reach 50-70 umoles/dl (12). The
infant primate does not sustain damage at plasma levels of 500 umoles/dl (10).
Phenylalanine levels were maintained within normal postprandial ranges set
for this laboratory (23,24). Phenylalanine levels are considered toxic only
at levels far above this level. Children with variants of phenylketonuria

have blood phenylalanine levels 3 to 5 times thé normal postprandial levels

- .with no- apparent i1l effects (14,15).




EFFECT OF ASPARTAME OR LACTOSE INGESTION AT 50 MG PER KG BODY WEIGHT UPOM

PLASHA, ERYTHROCYTE AND BPEAST MILK AMINO ACID LEVELS IN LACTATING WOMEN

At the present time about 38% of women who have babies in the United

States breast feeq their infants. Present data indicate that this trend
will increar:. About 1 of 5 mothers in this country continues to breast
feed her infant beyond two months of age. This study was designed to
determine 1f ASPARTAME ingestion will have any significant effect upon the
breast milk of lactating women.

We examined the response of the plasma, erythrocyte and breast milk
amino acid levels in established lactating women after ASPARTAME loads of
50 mg/kg body weight. The subjects were also studied after administration
of an équiva1ent quantity of lactose in a cross-over design. ASPARTAME or
lactose were administered in 300 ml cold orange juice to fasting subjects
in a randomized manner. The subjects were fasted for the 4 hours following
administration of the test substance. Plasma aqd erythrocyte free amino
acid lgvels were measured at 1, 0.25, 0.5, 0.75, 1, 1.5, 2, 3 and 4 hours
after administration. Breast milk samples were obtained at 0, 1, 2, 3, 4,
8, 12 and 24 hours after loading.

In view of the results of ASPARTAME ingestion at 34 mg/kg body weight
showing no effect upon aspartate levels in plasma or erythrocyte, it was
decided to determine the effect of ASPARTAME ingestion at 50 mg/kg body
;eight. As noted in Table 1, ASPARTAME ingestion would be about 25 mg/ kg
dafly if: (a) all carbohydrate calories were ingested as sucrose; and (t)
the equivalent sweetening power were ingested as ASPARTAME. The level used
in this study is twice that amount and was given as a single dose rather
than being ingested across the entire day.

The detailed plasma, erythrocyte and breast milk free amino acid levels

are found in the attached computer print-out sheets labeled Exhibits 3 and 4.

d 4Ol wadimaata st gL




-9-

A brief summary of the most important data is given in the following
paragraphs.

Effects On Plasma Amino Acid Levels: No significant effect of either

ASPARTAME administ;ation or lactose administration were noted upon plasma
aspartate levels as shown in Figure 11. As expected, plasma phenylalanine
levels were increased to a peak value of 17 * 2 umoles/dl after ASPARTAME
ingestion but were not affected by lactose. The level of phenylalanine

noted was only slightly higher than those noted postprandially (12 + 3
unoles/d1) in adults and infants (23,24). Small increases in plasma tyrosine
levels were also noted after ASPARTAME ingestion as the result of phenyl-
alanine conversion to tyrosine. Tyrosine levels did not exceed the normal
postprancial range for this laboratory of 12 + 3 umoles/dl (23,24).

A small increase in plasma glutamate levels‘was noted after ASPARTAME
ingestion, but not after lactose ingestion. This increase likely represents
some copversion of the aspartate in ASPARTAME to glutamate. Glutamate levels
were still well within the normal postprandial range for this laboratory
(23,24). The increase in plasma glutamate levels was similar to that noted
after ASPARTAME ingestion at 34 mg/kg and aspartate ingestion at 13 mg/kg.

As noted in the previous study, plasma proline and alanine levels were
increased after both ASPARTAME and lactose ingestion at 34 mg/kg and aspar-
tate at 13 mg/kg bcdy weight. The effect on other amino acids was not signi-
ficant and was similar to that noted in the previous study (see Figures 1-10).

Effect On Erythrocyte Levels: No significant differences were noted

between lactose or ASPARTAME ingestion for most amino acids, including
glutamate, aspartaze, asparagine or glutamine. As expected, erythrocyte
phenylalanine and tyrosire levels increased afier ASPARTAME load, but to a

lesser degree than that noted in plasma. Similarly, erythrecyte proline and
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2lanine levels increased, but with the increases being lower than those
found in plasma.
Breast Milk Levels: Comparison of the breast milk aspartate and phenyl-

alanine levels in the subjects studied indicate 2 small increase in both
phenylalanine and 2spartate levels in the subjects acministered ASPARTAME
(Figure 12). Breast milk levels of phenylalanine increased from 0.5 umoles/dl
to about 2 umolez/dl, while aspartate lev:=1s increased from 2 umoles/dl to
about 4.7 umoles/d1. However, the levels of aspartate and phenylalanine
observed were not significant’l'y higher than levels of these amino acids
observed in another group of patients given lactose previously (13). In

any case, the quantity of increased amino acids in the milk is not a signi-
ficant portion of the total dafly intake. !nfarlits fed ad 1idbitum with a
milk-based forrula providing the same caloric content as human breast milk
(67 kcal/100 n1) may ingest about a mean of 171 ml/kg/day. Infants ingesting
the milk at this level might ingest an increase .of about 3.2 umoles/kg
phenylal.anine per day (0.53 mg/kg) compared to the total normal requirement
of about 120 mg/kg/day phenylalanine. Similarly, about 4 umoles (0.64 mg)
more aspartate would be ingested per kg per day. This is only a trace portion
when compared o the total quantity of aspartate ingested from the protein
of breast oilk, which would be 109 mg/kg/day (26).

In summary: No significant fncreases in breast milk phenylalanine and

aspartate were noted.

L
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EFFECT OF ASPAPTAME LOADING AT 100 MG PER KG BODY WEIGHT UPQ' PLASMA AND
ERT TRACCYTE Frzz mdlad A wiPARIE00 CF SOLUTIGH S SLLRRY

In previous stud’es, we had failed to demonstrate an increase in plasma
or erythrocyte aspgrtate levels after ASPARTASE ingestion at 34 or 50
»g/kg body weight. In those studies, ASPARTAME had been dissolved in 300 at
of cold orange juice. In future studies, we wished to determine the effect
of high doses of ASPARTAME. Animal studies suggested that slurry adminis-
trations of ASPARTAME were less well absorbed. This study was designed to

. determine the effect of ASPARTAME ingestion at 100 mg/kg upon blood amino
acid levels and to determine the effects, §if any, of ingestion of abuse
doses of ASPARTAHE in solution or in slurry.

Six normal adult subjects were studied, 3 male and 3 female. The
subjects were acainistered ASPARTAME (100 mg9/kg body weight) either dis-
solved in 500 m1 of cold orange juice or as a slurry in 1.2 ml of orange
Juice per kg body weight.i'n a cross-over design, The order of acministration
of ASPARTAME in solutfon or sluTry was randoaized. Blood samples were
obtafned at 0, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 5, 6, 7, 8 and 24 hours
after administration for plasra and erythrocyta amino acid analysis.

The detailed amino acid analyses are found in the computer print-out
sheets labeled Exhibits § and 6. A brief suamary of the most {zportant points
is, found in the following paragraphs.

Effect On Plasma Levels: ASPARTAME ingestion at 100 og/kg 1n solution

R
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had 1ittle statistical effec: upon plasza aspartate levels as shown in the
orange line of Figure 138. shen ASPARTAME was ingested in slurry form (green
:line. Figure 133), an increase in plasma aspartate levels was noted, with a
peak value of about 1.5 woles/d) noted. However, variation in the individual
responses of the § subjects to the slurry form was noted. Four of the 6

o subjects studied had no change in plas=a aspartate levels, and the values
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obtained for these subjects were fdentical to the curves obtained when
ASPARTAME was given in solution (orange line {n Figure 138). However, two
subjects showed a very rapid increase in plasma aspartate levels (Figure 13A)
reaching peak values of 3.6 to 5.8 umoles/dl. These subjects apparently had
a very rapid gastric eaptying with slurry ingestion. ASPARTAME adninistration
in solution resulted in an increase of plasma phenylalanine levels to approx-
imately 25 umoles/dl as shown in Figure 14 (dashed line). ASPARTAME adminis-
tration in slurry form resulted in the separation of the 6 subjects into 3
distinct groups of two subjects eac... The first group had a rapid gastric
esptying (solid line), with rapid peaking of plasma phenylalanine levels.
These two subjects also showed a rapid increase in plasma aspartate levels
(Figure 13A). The second group (dashed line, Figure 14) had a response
fdentical to that of the subjects ingesting ASPA;ITA‘-E in solutfon. The third
group had a delayed gastric exptying time (dotte_d 1ine, Figure 14). Phenyl-
alanine levels rose core slowly, and the peak was lower and broader.

As.expected. plasma tyrosine levels {ncreased to a mean of about 10
umoles/dl, still well within normal postprandfal 1imits. Increases in plasma
glutamate, alanine and proline were similar to those noted at Tower ASPARTAKE
doses.

Effect On Erythrocvte Levels: Mo effect upon erythrocyte aspartate,

asparagine, glutamine or glutamate levels was noted. Erythrocyte phenylalanine,
tyrosine, proline, and alanine levels fncreased as expected from the observed
increases in plasma levels. Increases in the erythrocyte were lower than
those noted fn the plas=a. ]

Suwrary: Adnin{stration of ASPARTAME at 100 e£9/kg resulted in a s2all
fncrease in plas=a assar2ale levels in 2 of the § subjects receiving it in

slurry fora. Aspartate levels were rot affected in the other four subjects

M s o P
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ingesting ASPARTAYE in a slurry form or in the 6 subjects ingesting ASPARTANE
in solution. The peak aspartate levels noted are far below the toxic levels
in even the most sensitive species, the neonatal mouse. Aspartate levels

pust reach 60-70 umoles to produce an effect in this animal (12). Mean plasma
phenylalanine levels ¢id not diffe; greatly between the slurry and solution.
A peak level of about 20-25 umoles/d1 (4 mgZ) was noted. This value is far
below any toxic level of phenylalanine. However, the variability in blood
levels was very large when given as a slurry. Future high dose studies will

) be carried out by suspending the dose in 500 o' of orange juice to avoid this

effect.
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EFFECT CF ASPART/™Z LOADINS AT 150 ™5 PER ¥G 200Y WTIGHT UPON PLASMA AND
ERYTHROCYTE FREZE AMINO ACID LeWELS (7 NCrM™AL ADULT YGLUATZe3s

The purpose of this study was to investigate the effect of high dose
Tevels of ASPARTAME upon plasma and erythrocyte amino acid levels to deter-
mine hazard, §f any, froa abuse level ingestion of the product.

AS;PARTAHE (150 og/kg body weight) was suspended in S00 ml of cold
orange juicc and administered to fasting subjects at 8 AM. Six subjects were
studied, 3 male and 3 fezale. The subjects were fasted (water permitted) for
the 8 hours following ingestion. Blood sazples for amino acid analysis were
obtained at 0, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 5, 6, 7, 8 and 24 hours
after loading.

The detaiied amino acid analyses are found in the computer priant-out
sheets labeled Exhibit 7. A brief summary of the most icportant points
follows.

Effect Ucon Plassa A=ino Acid Levels: Very-°small changes {n plasma

aspartate levels woere noted after ASPARTAME ingestion as shown in Figure
15 (blue line). Because of the sensitivity of the Beckman 121M amino acid
analyzer, small differences in plasma aspartate levels are detected. Kote,
bowever, that these levels are still below t.hose‘ noted postprandially in
young fnfants fed forzula diets (23,24). Plasma phenylalanine levels increased
to a peak of about 35 umoles/dl after loading (blue line, Figure 16), and
plasma tyrosine levels increased to a peak of about 11 uwoles/d) (blue line,
Figure 17). As in previous ASPARTAME studfes, a small increase in plasma
glutazate to about 6 u=nles/d! was noted. '

Effect Uoon Ervihrocvee Lavels: Erythrocyte levels of glutamate and

aspartate are unchangsd (Figu~2 18). Erythrocyte levels of phenylalanine and

tyrosine increase to levels nearly icentical to thcse fourd in the plasma
{Figure 19).
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In Suzmary: ASPARTAME ingestion at 150 mg/kg body weight n2d only a
minimal effect upon plas=a aspartate levels and no effect upon erythrocyte
levels. The levels obtained are still very much below those required to
produce any damage in the sost sus'ceptible species, the neonatal mouse.
Phenylalanine levels reached a peak level of 35 umles/dl (5.8 mgZ). This
concentration is also well below that which would cause any toxic effect.
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doses efther orally or by injection (1). Older mice are also susceptible to

dicarboxylic amino acid-irduced neuronal necrosis, but auch higher levels of

EFFECT OF ASPEITAYE LOAJING AT 200 #'G PIR %5 S00Y WEIGHT UPOM PLASHMA AND
ERYTHROCYTE ASIN0 ACYD LeVELS I G0AHAL ACLLT $.3J:Ci5

The purpose of this study was to investicate the effect of ASPARTAME
fngestion at 200 mg/kg body weight upon blood as3ino acid levels. The inges-
tion level of 200 mg/kg s considered to be the maxizss abuse level of the
product This would be the potential Jose received by a 3-year-old child

accidently ingesting the entire contents of the fazily jar of ASPARTAME

coffee sweetener. A similar level of ingestion was calculated for a soldier

- in the tropics ingesting his entire water intake for the day (27 liters max-
imm) as ASPARTAC sweetened beverage.
ASPARTAXE (200 mg/kg body weight) was suspended in 500 m1 of cold
orange juice and adsin{stered to fasting subjects at 8 AM. Six subjects

were studied, 3 male and 3 female. The suojects were fasted (water permitted)

for 8 hours following ingestion. Blood samples for aafno acid analysis were
) @ obtained at 0, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4; 5, 6, 7, 8 and 24 hours
sfter leading.

The detafled amino acid analyses are found in the computer print-out
sheets labeled Exhfbit 8. A brief sumary of the sost fmportant points

follows.

Effect uvpon plasma anmino acid levels: Very saall changes in plasma

aspartate levels were noted after ASPARTAME ingestion as shown in Figure 15

(green 1ine). The small differences in aspartate levels noted are still

well below those noted postprandially in young infants fed formula diets (23,24).

Plasna phenylalanine levels increased to a mean of about 49 mofes/di (8 mg%)

after loading, and cecreased rapidly (Figure 16--green line). Plasza tyrosine

levels increased to 8 cean of about 14 umoles/dl (Figure 17--green 1ine) after

Toading. As in all previous ASPARTAE studies, a small fncrease in plas=a

o glutamate levels (6 u=oles/d1) was obs:rved.

-
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the fnfants cust be placed on diets lew in phenylalanine content to decrease

blood phenylalanine levels. The exact cause(s) of the =ental retardaticn in

17

Effect uoon nlasmy amino 2cid levels: Erythrocyte levels of glutazale

and aspartate were not altered. Erythrocyte levels of phenylalanine arnd tyrosine
increased to values close to those noted in plasma.

Sucmary: ASPART':.".E ingestion at.an acute abuse level of 200 og/kg
body weight had only a minimal effect upon plas=a aspartate levels, and
no effect upon erythrocyte levels. The concentrations achieved are far
below those required to produce neuronal damage in even the acutely sensitive
neonatal couse. Phenylalanine levels reached a mean peak of 48 umples/dl,
wvith one subject reaching about 72 umoles/dl. These levels are also below
those which would cause any toxic effect upon such short ters elevatfon
of blood levels.
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sucrose were {ngesled as ASPARTAYZ, an intake of 23-25 m9/kg ASPARTAME per

kg body weight would be fngested over the course of the entire €ay. In this

study, we acministered ASPIRTAME at 34 eg/kg, vell over the 99th percentile of

ASPARTAE LOADING AT 34 ¥G PER ¥G BOOY WEIGHT IN FEMALE SUBJECTS PRESZED
t HeleRULYOD) R TLAZTOHUR

Individuals affected with the disease phenylketonuria fail to metabdolize

phenylalanine effectively, resulting in abnormally elevated plasma and eryth-
rocyte phenylalanine levels. It s known that pregnant females with phenyl-
ketonuria whose phenylalanine levels are not controlled give birth to retarded

children whether or not those children have phenylketonuria. The incidence

rate for the hetarozygote of phenylketonuria is estimated at about 1:50. It
§s Vikely that such heterozygote subjects would ingest ASPARTAME. This raises

two questions: First, do such heterozygote subjects metabglize ASPARTZME {n

a normal manner? Second, if unusual metabolism of ASPARTAME is noted, would

the levels of phenylalanine produced be detrizental to the fetus in utero
if the individual deccxes pregnant?

To answer these questions, a total of four female subjects known to be
heterozygotes for phenylketonuria were studied. Subjects were admin{stered

ASPARTAAE dissolved in orange jJuice at 34 mg/kg, and plasma and red cell
2ino acid levels were followed with tize. Blood sacples we— cbtained at

0, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, & and B hours after ASPARTAME ingestion.

The detailed 2aino acid analyses are found in the computer print-out

sheets labeled Exhibit 9. A brief sucmary of the sost {oportant pofints

followrs.

Effect Upon Plasma A=ino Acid Levels: Plasma amino acid effects were

very similer to those noted in nor=al subjects ingesting ASPARTAME at 34

mg/kg (see page 4 of this report). Plaszma aspartate levels were not affected.

Plasna phenylalianire levels were slightly higher ia the phenylketonuric

heterozygotes than in tre 12 normal sudjects studied previously (Figure 20).

The helerozy5otes showsed 2 droader 2dsorptisn curve than the normal sudjects.

However, the differences betu«2en ¢roups are very s=all and the ¢ifferences
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are not sufficient to pose 2 risk either to the heterozygsote or, in the

oy
¥

event of pregnancy, to the fetys.

Effact Upon Erythrocyta Levels: Erythrocyte levels are similar to those

noted in normal subjects.

Summary: Aspartate levels are.not affected by ASPARTAME ingestion at
34 og/kg. Plasma phenylalanine levels are slightly higher in the PXU hatero-
Zygote than in the normal subject, but the level is still well below that
which would present any hazard. Normal postprandial phenylalanine Tevels

are 12 + 3 umoles/di (23,24), and the levels obtained are close to this value.
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GENERAL SUMMARY OF MIPAN DATA O EFFECTS OF
100, 150 and 203 ¥G PZR &. I L0 AL J0LUAT

_ASPARTAME LOADING AT 34, SO,
HES

ad

The toxicity of ASPARTAMI centers upon its effect on the blood levels

of its constituent components: aspartate, phenylalanine and methanol. Each

of these components may exart toxic effects, although species and age suscep-

tibility vary.

I. Aspartate:

There is no doubt that the dicarboxylic amino acids will produce

neursnal necrosis in the infant mcuse when given in large doses. The abitity

of the dicarboxylic amino acids to produce neurcnal necrosis in the neonatal

primate is highly controversial. Although Olney and his colleagues have

reported neuronal necrosis after glutamate administration to the neonatal

primate (4,5), other investigators have been ynable to produc~ the lesion

in the primate with glutamate (6-9). This failure occurs despite demonstra-

tion that enormous elevations in blood glutamaté levels occured in the

neonatal animals stuc::d (10).

In the most susceptible species, the neonatal mouse, we have shown that

plasma glutamate plus aspartate levels must reach 60-70 umoles/dl before the

first signs of neuronal necrosis are noted (12). In the infant monkey, plasma

glutamate plus aspartate levels up to 500 umoles/dl did not result in neuronal

necrosis (10).

Experimental Data: We have undertaken studies in which ASPARTAME,

dissolved in orange juice, was administered to normal volunteers at 34, 50,

100, 150 and 200 mg/kg. Plasma and red cell levels of all amino acids were

measyred with tice to determine if potentially toxic levels were attained.

At 34 and 50 xg/ks load levels, essentially no change vas not~1 in plasma

or red cell aspartate levels. Mean plasma aspartate levels increased slightly
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-2l

from 0.20 um/dl to about 0.35 umoles/dl, but the changes were not statis-
tically significant. At higher dose levels of ASPARTAME, slightly larger
charnges in plasma aspartate levels were noted (Figure 15). At 100 mg/kg
(solution) aspartate levels increased to about 0.4 umoles/dl, and at dose
lavels of 150 to 200 mg/kg body weight, mean plasma aspartate levels reached
0.6 to 5.0 umales/d1. A1l of these levels are below normal postprandial plasma
aspartate levels in young infants fed conventional infani formulas. Plasma
aspartate levels may reach 2 to 4 umoles/d] in such infants. Even the levels
attained at 150 to 200 mg/kg ASPARTAME are far below those required (60 to
70 umoles/d1) for the production of a lesion in the acutely sensitive neo-
natal mouse (12).

At ASPARTAME loading of 100 m§7kg, the effects of administration as a
solution or slurry were cempared. Greater elevations in plasma aspartate
levels were noted when ASPARTAME was administered as a slurry (Figure 13B).
When ASPARTAME is administered as a slurry, consicerable variation in gastric
emptying occurs. This results in large variations in the absorption curves.
Of the 6 subjects studied with ASPARTAME slurry at 100 mg/kg, 2 exhibited
rapid gastric emptying with peak levels reached at about 45 minutes, 2
exhibited curves exactly lika subjects given 100 mg/kg in solution, and 2
had delayed gastric emptying with peak levels being reached much later.

In. those subjects with rapid absorption, plasma aspartate levels reached 4
to 6 umoles/dl (Figure 13A). This is reflected in the slightly increased
aspartate levels noted after administration of ASPARTAME as a slurry (Figure
138). It would be expected that higher loads (200 mg/kg) administered as a
slurry would produce similar variations in such individuals, and that levels
of 8-12 umoles/dl might be attained. .

Glutamate and aspartate have effects upon each otha:-'s metabolism. Our
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studies of glutemate metabolism in man have shown that glutamate loads
produce a rise both in plasma glutamate and aspartate (13). Similar effects
were noted in our studies of ASPARTAME. ASPARTAME administration at all
levels studied produced a very small increase in plasma glutamate levels.
Plasma concentrations increased frém approximately 3.8 umoles/dl at baseline
to peak values of about 5.5 to 6 umoles/d1 (Figure 21A). This small increase
was not proportional to increasing APH loads. N

Studies from other laboratories have demonstrated that the dicarboxylic
amino acids may be carried by the red cell to a greater extent than plasma
{20,21,22). In such situations increased glutamate levels are noted in the
red cell but not in the plasma. No changes in red cell glutamate or aspartate

levels are noted at any level, as shown in Figure 18 for individuals given

ASPARTAME at 150 uig/kg.

In summary: Aspartate levels are not significantly increased in the

blood after ASPARTAME loading. ’

II. Phenylalanine:

A genetic disordar called pheﬁy]ketonuria results from either the absence
or ihe presence of an inactive enzyme required for the conversion of phenyl-
alanine to tyrosine. Other children have a dacreased ability to metabolize
pthy1a1anine because of decreased quantities of a transaminase enzyme. In
the children with "classical phenylketonuria”, plasma levels of phenylalanine
exceed 180 um/dl (30 mg%) and range from 30-100 mg% (14). These levels are

associated with zental retardation. Lower phenylalanine levels (30-60 um/dl

or 5 to 10 mg%) noted in the variant forms of phenylalanemia are not associated

i

with mental retardation.

- e

Data Obtainod: Plasma and red cell phenylalanine levels were followed =

with time in normal adult volunteers administered ASPARTAME dissolved in orange -;. ]




Juice at 34, 50, 100, 150 and 200 mg/kg body weight in an attempt to determine
whether potentially toxic phenylalanine levels would be obtained at acute or
chronic abuse levels.

A dose-related response of plasma phenylalanine levels to increasing
levels of ASPARTAME was noted (Figﬁre 16). In the absence of ASPARTAME,
phenylalanine levels did not fncrease in the time period studied. As expected,
plasma tyrosine levels also increase (Figure 17). The peak levels of phenyl-

alanine and tyrosine observed are listed below:

APM Dose Phenylalanine Tyrosine
(mg/kg) (umoles/d1) (Umoles/d1)
0 6 5.5
34 n 6.5
50 15 8.0
100 20-26 ’ " 9.5-10.8
150 35 11.0
200 49 . 13.6

At 34 mg/kg body weight, phenylalanine levels approached the levels noted
after a meal (12 + 3 umoles/d1). At higher dose levels, APM loads produced
higher and broader curves (Figure 14).

At the highest dose studied (200 mg/kg), mean plasma phenylalanine
levels were 49 umoles/dl (8 mgZ). Although this is a considerable phenylalanine
copcentration, this level is well within the range permitted in phenylketonuric
subjects during diet therapy (16). Considerable variation in peak phenylalanine
levels were noted at the 200 mg/kg level, with peak values ranging from 30
to 70 umoles/dl.

As mentioned in the discussion of aspartate results, the physical form
in which ASPARTAME is administered affects absorption and peak levels. This
is readily demonstrated frcam plasma phenylalanine levels obtained after

ASPARTAME loading at 100 mg/kg in which the effects of slurry vs. solution

P T, oy

e i 3 AL

e




were tested (Figure 14). Note three distinct groups of absorption patterns.

However, mean peak phenylalanine levels for the slurry group as a whole

were similar to those noted when the subjects received ASPARTAME in solution
{ficure 16).

Rgﬁ cell levels of phenylalanine and tyrosine were similar to those

found in plasma, as expected (Figure 19).

Maternal Phenvlketonuria: In children with classical phenylketonuria,

_elevated phenylalanine levels are associated with mental retardation. In

such chil4=2n phenylalanine levels vary between 30-100 mg% or 180-600

umoles/dl. = ever, a number of children have been indentified whose phenyl-

alanine levels range from 10-20 mg% or 60-120 umoles/dl who are not normally

mentally retarded.

The exact cause(s) of the mental retardation in children with PKU is

not clear, but may result from the effects of metabolites of phenylalanine

such as phenylpyruvate on metabolism.

Although some investigators feel that there is no benign persistent

phenylalanemia and recczmend dietary therapy for any patient with a phenyl-

alanine lavel ranging from 10-20 mg3 (60-120 umoles/dl1), most investigators

do not treat patients with phenylalanine levels below 10 mg% (60 umoles/d1)

if excess phenylalanine metabolites are not present (14-16).

In the pregnant female with PKU, the large elevations in maternal phenyl-

alanine levels are amplified by the placenta, concentrating the levels on

the fetal sice. The placenta maintains a gradient of most ¢mino acids of

about 2:1 toward the fetal circulation. Thus, maternal phenylalanine levels

of 30 mg% (180 umoles/dl) will result in fetal levels of 50-65 mg3. In view

of these findings, it is not surprising that normal or heferozygote children

born to such mothers are mentally retarded.
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As a result of these findings a few attempts have bezn made to control
o the mother's phenylalanine levels during pregnancy in an attempt to spare
the fetus.

At the present time, apparently normal children have been born to
phenylketonuric mothers whose blood phenylalanine levels were maintainad
between 3-6 mg3 during pregnancy. This has led to the suggestion that mental
retardation may be prevented by maintaining maternal phenylalanine levels
between 3-8 mg3. These data are in line with recent studies indicating

) that PKU children treated with diets maintaining phenylalanine levels between

5-9.9 mg% were not significantly different from children in vwhom phenylalanine

levels were maintained between 1-4 mg%Z. The data suggest that phenylalanine

levels below 10 mg% are not detrimental under most circumstances (14-16).

These data can be applied to our present kréwledge of ASPARTAME. Under
acute abuse loads of 200 mg/kg, mean peak plasma phenyldlanine levels are

° 8 mg% (49 umoles/d1) and ranged from 6-12 mg% or 35-75 umoles/d1 over the

course of a few hours. Since the developing infant appcars to tolerate
continued exposure to phenylalanine levels in this range, it would appear
that little danger, if any, is involved even upon acute abuse ingestion with
its relatively short exposure time.

In summary: ASPARTAME adninistered at 34 mg/kg increased plasma phenyl-

alanine levels only slightly, from fasting to postprandial levels. Doses of

ASPARTAME which might be ingested under acute toxicity conditions (200 mg/kg)
produced a mean phenylalanine level of abcut.49 umoles/dl (8 mgl), with a

range of 30-75 umoles/dl. o toxic effects would be expectad at this level.

111, Methanol:
ASPARTA%E is a methyl ester. As such, methanol is released upon Jigestion

3 0 and is absorbad. Plasma methanol levels have been m2asured in all normal




subjects aZzinistered ASPARTAME to date through the 200 mg/kg level (Figure

22). Mean peak methanol levels are as follows:

ASPARTAME Load Peak Methanol Leve)
ng/kg mgs

. 0 ' 0.25

1 34 0.53
50 ' 0.78

100 1.55

150 2.33

. 200 3.40

According to the studies of Tephly and others (27-30), the toxic effects

of methanol ingestion appear to be due to formate accumulation. In studies of

the primate, no acidosis is noted until formate levels reach 30 to 40 mg%.

A blood methanol level of 200 to 300 mgZ is present when the atove levels

of formate are reached. Thus, an approximate methanol-to-formate ratio of

8:1 is noted. From these datz we may predict the, following:

Blood Methanol (ma%) Blood Formate Predicted (mg%)

1 0.125
2 0.25
4 0.5
8 1.0

Based on sur experizents to date, we expect acute abuse loads of 200 mg/kg

ASPARTAME to produce blood methanol levels of about 3-4 mgZ. Formate levels

of 0.5 mg% might then be predicted. We have looked for formate in the blood

and urine of subjects receiving ASPARTAME at 150 2nd 200 mg/kg without success.

This was expected, however, since the 1init of the assay 1s 1 mg3.

In suwmary: There appears to be no danger frcm the cethanol produced

from ASPARTATE hydrolysis in the gut. 'lo cetectadle quantities of formate

are noted.
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PLACENTAL TRANSPORT OF ASPARTATE IN THE PREGNANT PRIMATE

During pregnancy, most amino acids are found at higher concentrations
in the fetal plasma than in maternal plasma. This gradient is maintained
by the placenta so that most amino acids are present at about 2 times the maternal
level in fetal plasma. In certain conditions this 1s detrimental. Pregnant women
who are homozygous for phenylketonuria have markedly elevated phenylalanine
levels. These levels are amplified by the placenta so that the fetus is
exposed to enormous elevations of this amino acid. It is not surprising
therefore that normal or heterozygote children born to such mothers are
mentally retarded.

We had previously shown that the amino acid glutamate is an exception
to such concentration by the placenta, since it does not cross the placenta
unless enormous elevations of maternal glutamate Tevels occur (31).

It has been suggested that ingestion of large quantities of ASPARTAME by the
pregnant wozan might result in elevated maternal aspartate levels and that

these increases would be multiplied by the placenta to increase fetal

) aspartate levels. To test this possibility, we have infused pregnant rhesus

monkeys with sodiun aspartate at three levels and followad maternal and fetal
amino acid levels witn time. The aspartate was infused at either 0.1 gm/kg,
0.2 gm/kg or 0.4 gn/kg over the course of one hour.
In animals infused at 0.1 ¢v/kg, maternal aspartate leveis increased from
0.5 vmole/dl to betwween 35-73 umales/d] at the end of the hours infusion (Figure 23).

As the infusion was terminated, maternal aspartate levels rapidly returned

]
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p to normal. During this time period a very slignt elevation in fetal aspartate
level was detected, rising from 0.15 umcle/dl to 0.5-0.9 urole/dl. As the
maternal levels decreased, fetal levels fell rapidly to normal. This level
has no effect upon the fetus. For example, the newborn infant commonly has
postprandial aspartate levels of 1 to 2.5 umoles/dl. In the animal infused
at 0.2 gn/kg, maternal levels increased to about 100 umoles/dl, and fetal levels
briefly reached 3 umoles/dl (Figure 23). Thus, we seem to be approaching
2 point at which a small amount of transfer is permitted when maternal
levels reach 100 umsles/dl.

In 2nimals infused with aspartate at 0.4 gm/kg, maternal aspartate levels
increased from 0.5 umoles/d1 to between 400 to 800 umoles/dl at the end of
the infusion (Figure 24). As the infusion was terminated, maternal aspartate
levels fell rapidly toward normal. _At the same time, fetal aspértate levels
increased from 0.2 umoles/dl to between 70 to 90 umoles/dl. Again, these levels
fell rapidly toward baseline levels upon termiration of the infusion. This
indicates ready metabolism of aspartate by the fetus.

These data demonstrate t: 't aspartate, unlike most amino acids, is not
concentrated toward the fetal circulation, and that in fact a barrier toward
its transfer to the fetal circulation exists, requiring enormous increases
in maternal aspartate levels before aspartate in even small amounts reachss
the fetal circulation.

In view of the minimal changes produced {n plasma aspartate levels upon
RSPARTAYE Toading of normal volunteers at 200 mg/kg (see page 16 of this report),
these data conclusively dezonstrate no risk to the fetus from the aspartate
content of ASPARTAME. iote that maternal aspartats levels of ¢9-75 umoles/dl
cause only a barely perceptible rise in fetal aspartate levels. The maxirum
levels we have observed in =2n after 150 or 20C =g/xg ASPARTAZ loads has been

only 5 umgles/dl.
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In view of our mouse toxicity data (12) suggesting that dicarboxylic amino
acid levels of at least 60 umoles/d] are necessary to produce minimal neuronal
necrosis in the highly susceptible infant mouse, {t would appear that loads

of ASPARTAME which produce maternal aspartate levels in excess of 400 umoles/dl
must be attained beforu: any effects would be noted on even the acutely
sensftive neonatzl rodent. It {s virtually impossible for an indfvidual to be
force fed the quantity of ASPARTAME which would produce this level (see studies

with neonatal priczate force fed 2 gm/kg fn next section).
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ASPARTAME NEUROTOXICITY STUDIES: AMINO ACID LEVELS IN NEONATAL PRIMATES STUDIED
BY DR. W. A/l1 REYHOLDS [ LZU=JPATHOLCSY STUDIES.

Dr. Reynolds has been studying the effects of ASPARTAME administration
upon the brain of the infant primate. These studies are being carried out
at dose levels of 2 on/kg ASPARTAME, and dose levels of 2 gn ASPARTAKE plus
1 g» wonosodium glutamate per kg. Olney and colleagues (4,5) have reported
that the neonatal primate develops neuronal necrosis after glutamate acainistration
to the neonatal primate. Although other investigators have fafled to reproduce
this neuronal necrosis in the infant primate (4-10), Olney contents that the

addition of ASPARTAME to the food supply poses an additional "risk" because of

fts additive effect with glutamate (32).

We have collaborated with Dr. Reynolds of the Universfty of I1linois Medical
Center to determine the blood levels which are atta%ned in neonatal primates
administered high doses of ASPARTAME and ASPARTAME plus glutamate.

‘a’ Current estimates of ASPARTAME intake suggest that a dose of 20 mg, kg body
weight represents the 90th percentile of daily usage. We have already demonstrated
that no fncrease of biological significance in plasma or erythrocyte aspartate
.levels at 10 times this dose (200 mg/kg) as noted on page 16 of this report.

In the absance of alterations in blood aspartate levels, no hazard from

aspartate occurs. In this study, we have examined the effect of ASPARTAME
ingestion at 100 times this 90th percentile figure in the neonatal primate.

These studies were also carried out in the presence of added glutamate (1 gm/kg).

As described in Or. Peynolds previous report to Searle, neonatal primates
were adninistered either ASPARTAME (2 gm/kg) or ASPARTANE (2gm/kg) plus monosodiua

glutemate (1 gn/kg). The test compound was adainistered as a 205 slurry

i | e -




A small amount of water follows the

to unanesthetized infants by stomach tube.

dose to clear the feeding tude. Following dosing, each infant {s returned to

‘an jncubator and observed closely over the ensuing 60 minutes for any sign

of vomiting, cyanosis, tremors etc. In those instances in which sequential
dlood samples are obtained, the infant is 1ightly tranquil‘zed with phencyclidine
and secured on a warming pad for the duratfon of the experimental period.

A listing of the primates st.died and their identification nunbers s found

in Table 3 for ASPARTAME treated animals, and in Table 4 for animals administered

ASPARTAME plus glutamate.
Or. Reynoids informs me that no lesions have been observed in any primate

studied either with ASPARTA'E or ASPARTAME plus glutamate.

Plasma amino acid levals: Plasma glutamate and aspartate levels in

2 anfzals administered ASPARTAME at 2 gm/kg are shown in Figure 25. As expected,
a substantial porticn of the aspartate present in ASPARTAHE 1s converted to
glutamate. Smaller increases in plasma aspartate Jeveis were noted. In oost
anicals aspartate levels did not exceed 25 umoles/dl, although fn animal A-5
a more rapid response occurred with plasma levels reaching about 80 umoles/dl.
Figure 26 shows plasma glutarate and aspartate levels in animals studied after
administration of ASPARTANE (2 gn/kg) and glutamate (1 gn/kg). As expected,
plasma glutamate levels increased to about 200 wwoles/dl and aspartate levels
increased to 80-100 umoles/d1. A considerable veriation in absorption curves
was noted. Thus undoudbtedly reflects the fact that ASPARTRYZ must be adainfstered
as aslurry to achieve this cose level. As our studies fn man have shom
(see page 11 of this report), slurry administration arocuces differences in
gastric erotying--zhsorpticn rates leading to a variety of blood response curves.
Plasza phenylalanine levels for both srouas of animals are found in Figure 27.

hjain, variadbility in the atsorsticn curves §s noted, with phenylalanine levels

TABLE 4 (Cont.)
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ranging from 100-200 umoles/dl in most animals. One animal (A-10) exhibited a
higher and broader absorption curve. Examination of the plasma aspartate
curve of this aniral (Figure 26) indica:es a normal curve, thus the dose
appears to be correct. It seens likely that this animal has a decreased ability
to metabolize phenylalanine. Erythrocyte phenylalanine levels paralled those
in plasma.

Summary: The studies of Dr. Reynolds indicate no neuronal necrosis in
any animal. As expected, moderata increases in plasma aspartate levels
occurred. Even the acutely sensitive neonatal mouse requires dicarboxylic
amino acid levels of about 60-70 uroles/dl to produce the first signs of
toxicity (12). Thus, in most of the neoratal primatss studied with ASPARTAME
at 2 gn/kg, plasza glutamate plus aspartate levels barely reached this
threshold value. %e have shown that the neonatal p;inate tolerates
much higher blood levels of the dicarboxylic amino acids (at least 500 woles/dl)
without neuronal necrosis (10), in contrast to the rodent. The data presented
here agree with those findings. First, no neuronal nscrosis was noted in any animal,
even in animals given ASPARTAMZ plus glutamate. Secondly, the blood levels of
glutamate plus aspartate are well within the range'which we have previously

decons’rated give no effect in the neonatal primate (10).
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Data Obtaincd: Plasrma and red cell phenylalanine levels were followed fs readily

with time in normal adult volunteers acministared ASPARTAME dissolved in orange ASPARTAME 1

TABLE 1

'ESTIMATE OF ASPARTAME INTAKE IN THE 70 KG MAN

CALORIC REQUIREMENT 2500 CAL/DAY

SUCROSE INTAKE (17% OF CALORIES)

CALORIES SHUCRNSE SUCROSE INTAKE ASPARTAME EQUIVALENT
425 104 ons 1500 MG/x6 7 .5-8.5 m6/xe
TOTAL CARBOIIYDRATE [INTAKE (50% OF CALORIES)
CALORIES CARBONYDRATE "SHCROSE EQUIVALENT ASPARTAME EQUIVALENT
1250 313 cMms 4470 me/xe 23-25 mM6/KG
1
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of these findings, it is not surprising that normal or neterozygote cniigren ASPAI

bern to such mothers are mentally retarded. and is abe

TABLE 2

COMPARISON OF FASTING PLASMA AND ERYTHROCYTE GLUTAMATE AND ASPARTATE LEVELS

AMINO ACID PLASHA ERYTHROCYTE
GLUTAMATE - 4,5 + 2.7 proLes/bL 202 + 7.8 pHoLES/DG
ASPARTATE 0.3 +0.18 22.9 + 6.0
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are noted.

TABLE -3

ASPARTAME MONKEY EXPERIMENTS PROGRESS SHEET

]
Treatment ‘
Age Height (Via Stomach Hypothalamus Perfusfon |
nkey # (Days) Sex Species (q) Tube) Processing Sections Comments Perfusfon Corments Date
PARTAME ONLY:
740 22 0’ M. mlatta 530 2 g APNkg samples aood fix; no le- perfusion went very well, 10/15/7 ‘
A-1) from 2 sion, dark stain- brafn yellow, no blood
blocks: 57 {inq and large, me-
. slides dium dark staining
) cells, blebs (oho-
tos)
'746 3 M. arctoides 476 2 gAPM /kq samples Targe dark cells, fluorescein eye studins; 10/18/?
A-2) from 3 blebs (ohotos) large blood vessels prom-
blocks; 113 inent and red in cerchral
slides cortex; tissue firm but
not hard
742 8 M. fascicularis 280 2 g APWkg  in per- none good perfusion; cerebral  10/22/°
A-3) fusate cortex surface firm but
not yelluw
747 1 ‘M. arctoides 430 2 g APWkg in per- none qood perfusion; cerebral 11/ 4/7
A-4) fusate cortex surface firm but
not yellow
758 1172 Q H. mulatta 370 2 9 apwkg 1 block, fix - decent, went well, intubation via 11/ 5/ |
A-5) 10 slides very large ven-  tracheostomy, fix patchy (in

wquentfal blood samples obtained throughout for amino acid analysis

O

tricle, sections
rostral to ar-
cuate nucleus so
far

spots brain is pink}, ven-

tricle quite large, opens far

rostral to optic chiasm

S
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TASLE 3 (Cont.)
ASPARTAME MONKEY EXPERIMENTS PROGRESS SHEET
Treatment
Aae Weiqht (Via Stomach Hypothalamus Parfus
lonkey # (Days) Sex Species (g) Tube) Processing Sections Comments Perfusfon Comments Date
ASPARTANFE ONLY (Continued):
1 2836 5 9 M. arctoides 500 2 g APWkq 1 block, bilateral cell vent very well, brain yel- 1/1
*(A-12) 120 micro- disruption in Jow and hard
4 slides; arcuate area, -
] . color pro- some larae dark
! jection cells, blebs,
slides cell clusters
1 2839 2 d( M, arctoides 430 2 g APHYkq  in per- none brain hard but not all yel- 1/:
4 (A-13) fusate low, some areas had blood in
superficial vessels
2159 20 Q M. mulatta 410 2 qAPYkq inoer- ~ none brain firm and bloodless 1/:
‘(A=14) fusate
* Sequentfal blood samples obtained throughout for amino acid analysis
3 -
b
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ASPARTAME MONKEY EXPERIMENTS PROGRESS SHEET
Treztment
Age : Weight (Via Stomach Hypothalamus Pe=fusic
Honkey # (Days) Sex Species (9) Tube) Processing Sections Comments Perfusfon Comments Date
ASPARTAME & MSG:
2823 1 d M. mulatta 40 2qApu &1 samples no lesfon, bled cyanotic episode, vomiting, 12/ 4
*(a.g6) qQ MSG/kg from 2 redosing; probably died be-
. blocks; fore fix administered, fix
100 slides not very qood
2796 1 d’ H. arctoides 450 29 AP & samples no lesion, nuclef dehydrated 12/1
*(A-7) Vg MSG/kg  from 2 clustered in homo- (blood fluid not replaced);
“ blocks: gencous matrices, good perfusion
114 slides cell clusters,
multiple cell
types in larae
bleb underlaid
with blood vessels
2822 2 Q M. arctoides 380 2qgAPMR in per- none very good perfusion, no TRV S
*(A-8) ) 1 g MSG/kg fusate blood fluid replacement;
. plasma orange before dosing,
. later noticed white nre-
cipitate In it: brain nice
and yellow with no blood on
surface
2832 2 Q M. mulatta 370 2 g APHR in per- none resuscitated severely de- 371/
*(A-9) 1 g MSG/kg  fusate oressed infant, nerfused
with old fixative 1 1/2
. hours after dosing
2831 3 d M. mulatta 380 294 8 in plastic none _ good perfusion but brain not 1/ 3,
*(A-10) 1 g MSG/kg  blocks as yellow as would 1ike but

- uniformly firm and bloodless

uential blood samples sbtained throughout for amino acid snalysis @
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gastric emptying--2hsorpticn rates leading to a variety of blood response curves.
’ " Plasza phenylilanine levels for both groups of animals are found fn Figure 27.
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