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In this preface, the benefits to be derived from Asm will be examined
briefly and weighed against risks to provide a2 summary statement of my conclu-
sions regarding the safety of Asm for uses proposed by the petitioner, G.D.
Searle. The main body of my prepared statement is concerned with risks and
is divided into three parts, each dealing with a separate type of risk posed
by Aspartame (Asm): (I} Aspartate/Glutamate Neurotoxicity; (II) Phenylalanine
and Mental Retardation; (III) Brain Tumors.

The petitioner, G.D. Searle, is seeking approval to market Asm for the
following uses: (1) as a coating for breakfast cereals, (2) as a dry-base
for Kool-Aid type beverages and gelatins, puddings and fillings, (3) as a
sweetener for chewing gum, (4) as a sweetener for dairy analog toppings (5) as
a "free-flowing™ table-top sweetener (packets), (6) as tablets for sweetening
coffee, tea, etc. The rationale behind this selection of uses is simply that
these are the largest matkets into which this sweetener, given its physical
properties, can be introduced. Asm breaks down to a non-sweet diketopiperazine
(DKP) molecule when stored in solution and, therefore, is not suitable for use
by the canned food and beverage industries (G.D. Searle's eventual goal, how-
ever, is to expand into these markets. One of Searle's strategies (97a) for
overcoming the instability of Asm is to use higher concentrations than are
necessary for sweetening so that the canned beverage or food will stay sweet
longer, even with substantial conversion of Asm to DKP).

One need not analyze these proposed uses in any depth to recognize that
children are targeted for heavy consumption of Asm. Children consume large
amounts of coated breakfast cereals, Kool-Aid, chewing gum, jello, puddings,
cake fillings, frostings and dairy togpings and while the tablets or packets
for free flowing use in the home may be intended primarily for adult use, it
requires no stretch of the imagination to picture thousands of children habi-
tually eating Asm tablets or packets from the table as candy for desserts and
treats.

Given the above, a cardinal question to be addressed in the evaluation of
Searle's proposal for mass marketing of Asm is whether benefits for the imrciure
hwnan outweigh tisks for the immature human. My major basis for objecting in
1974 to the FDA order approving Asm was that the safety of Asm for the immature
nervous system had not been appropriately evaluated despite the projected heavy
consurption of Asm by children and knowledge that both of the major moieties
of Asm (aspartate and phenylalanine) are potentially harmful for the develop-
ing nervous system. A risk-benefit analysis should be performed separately for
any population sub-group that might be particularly susceptible to harm (fetuses,
suckling infants, children, phenylketonurics) or that might potentially benefit
from the product (e.g., diabetics and the obese). It is important tc approach
risk-benefit analysis with such special groups in mind since it may lead to the
development of an intelligent plan whereby the product may be made available
to those who stand to benefit, without exposing those for whom it poses undue
hazard.

In 1974, I participated (60) in a National Academy of Sciences Forum on
Sweeteners, as did representatives of G.D. Searle, the Bureau of Foods and
numerous distinguished medical and dental authorities. Ome of the goals of
that Forum was to evaluate whether low-calorie sweeteners provide any benefits




[image: image3.png]Olney, Preface
il

that can be defined in health or nutritional terms. It would be accurate to
say that no one at the Forum developed a convincing or even strong argument
that low-calorie sweeteners per se contribute a substantial benefit to any
consumer group. It was argued that there may be a psychological benefit for
the obese person who, by using low-calorie sweeteners, is reminded that he is
{or should be) on a diet. Success in weight control, however, depends strict-
ly upon whether one adhers to one's diet, not upon whether one uses an arti-
ficial sweetener. The sweetener per se can best be described as a2 gimmick
that serves a reminder function. Obviously, various psychological aids to
dieting, even a nagging spouse, might be similarly described as a benefit to
the obese. It must also be acknowledged that the use of & low-calorie sweetener
backfires more often than not, i.e,, there is a strong tendency to use a low
calorie sweetener in coffee as license for an extra helping of cake. One
might add that the best way FDA could assist the artificial sweetener in per-
forming a reminder function is to make it available as a restricted weight-
control item so that the obese must specifically seek it .out and thereby be
more actively reminded of their weight problem than would be the case if they,
like every other man, woman and child in the society routinely, and often un-
wittingly, consume the sweetener as an item diffusely dispersed throughout the
food supply. If the benefits of Asm for the obese are to be defined in be-
havier modification terms, it must be recognized that mass distribution of
the sweetener is a counter-productive approach to weight control.

At the Forum, several medical authorities attempted to define the poten-
tial Tole of low-calorie sweeteners in diabetes management and the consensus
reached, as far as I could determine, was that the benefits must be defined in
terms of pleasure and convenience rather than health. If the diabetic uses
the sweetener judiciously in his coffee, dessert toppings, etc., he may be able
to satisfy his sweet tooth without increased sugar intake. Again, however,
diet plays an extremely important role and the low-calorie sweetener has at
least as much backfire potential for the over-weight diabetic as for the over-
weight non-diabetic. -

Dental authorities at the Forum acknowledged that sugar plays a role in
dental caries but pointed out that one could reduce sugar intake to < 5% of the
diet (which may be unhealthy) without significantly altering the incidence of
dental caries. Considerable emphasis was placed on the need to eliminate be
tween-meal candy and snack items that stick to the teeth. Unfortunately, Asm
is not a good sugar substitute for addressing this problem since it decomposes
when heated and, therefore, cannot be used in making the assorted sticky can-
dies and snacks which people of all ages insist upon abusing to the detriment
of their teeth. In essence, it was concluded that the incidence of dental
caries can be reduced only by completely changing our life style. The message
that came through most clearly to me was that the introduction of a low-calorie
sweetener into our children's diet without extensive changes inm other dietary
and living habits is merely a formula for mass exposure of children to the
risks associated with the sweetener, without reasonable expectation that
children will benefit.
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My understanding of the benefits associated with Asm ingestion, then, is
that obese and diabetic individuals may derive minor benefits from Asm which
are difficult to define in terms of health needs, but children will be exposed
more heavily than adults to Asm, and they will derive no benefit. It is of
interest that the recent Commissioner of FDA, Donald Kennedy, in taking a
stand on the saccharin issue, noted: (1) that no benefits for any consumer
group have been demonstrated; (2} that children are increasing their consump-
tion of saccharin at an alaming rate, and (3) that FDA has a special cbliga-
tion to protect children because they are not intellectually mature enough to
evaluate risk and make sound decisions for their own protection.

In Part I of my evaluation of risk, I will conclude that the aspartate
moiety of Asm, together with glutamate (Glu) and other excitotoxins in children's
foods, poses significant risk of damaging portions of the child's nervous sys-
tem that are not protected by blood brain barriers., I will point out that Glu
and Asm must be considered unsafe for combined intake by children in that the
ingestion of modest amounts of Glu + Asm by human adults (not tested in infants
or children) induces plasma Glu + Asp levels in the same range as those re-
quired to destroy neurons in the brains of young animals. In other words,
without conducting potentially dangerous Glu + Asm loading experiments on hu-
man children, we can be reasonably certain that there is no margin of safety
for the use of Asm in the child's diet.

In Part II, I will point out that a warning label addressed to those with
phenylketonuria (PKU) will not adequately protect unidentified homozygous PKU
children or the fetuses of homozygous PKU mothers and may not adequately pro-
test fetuses or nursing infants of heterozygous PKU mothers. Some individuals
in these categories will be liberally exposed to Asm and it will contribute,
as would an increased intake of phenylalanine from any source, to the incidence
and severity of mental retardation in these fetuses and children.

In Part I1I, I will conclude that there is basis for concern that Asm
might have neuro-oncogenic potential, that currently available evidence on this
issue is contradictory,inconclusive and unreliable and that no decision should
be made until new evidence of good quality is available,

In summary, prudence dictates that Asm not be approved for any consumer
group until the question of its meurc-oncogenic potential is clarified. If
future studies demonstrate that neither Asm nor its biologically relevant
breakdown products have neuro-oncogenic potential, it behoves FDA, pursuant
to its health protection mission, to devise a plan for making Asm available to
diabetic and obese individuals without exposure of fetuses, nursing infants
and children.
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Introduction

Glutamate (Glu), aspartate (Asp) and certain of their structural snalogs
comprise a family of excitotoxic compounds (Figure 1), which are so-called
because they have the potential for either exciting (7, 18, 15, 19a, 32, 100,
104a) or destroying (1, 3-3, 9, 10, 13-17, 21, 22, 25-31, 33, 37-39, 41, 43-
48, 51-53, 55-59, 61-62b, 65-83b, &0, 96, 89, 101, 1B6) central neuroms. Ex-
citotoxins vary in potency, some of them being much more powerful than either
Glu or Asp (16, 18, 19a3, 34a, 59, 62, 65, 69, 71, 73, 74, 77, 82, 1, 104a),
which are equal in excitotoxic potency (19, 71). The sare order cf potencies
is deronstrable for the neurcexcitatory and neurotoxic activities of excite-
toxins (19a, 62, 71, 104a) and both activities appear to be exerted against
the dendrosamal surfaces of the neuron (19a, 45, §7, 71, 81). An excitatory
(membrane depolarization) mechanism is thought to underly the neurotoxic, as
well as neurcexcitatory, activities of these compounds (19a, 45, 71, 82, 10sa).
Because their toxic action is exerted against dendrosomal bur net axensl com-
ponents, excitotoxins are finding use as “axon-sparing" lesioning agents for
reroving neurons from various brain regicns without disturbing axens of pas-
sage (16, 17, 43-45, 58, 62, 67, 68, 75). Because they readily penetrate the
endocrine hypothalamus from blood and either excite or destroy specific neuro-
endocrine regulatory units, excitotoxins are also becoming recognized as useful
neurcendocrine research tools. Representative histopathological findings pertain-
ing to the excitotoxins are illustrated in the appendix (Figs. A-1 through A-32).
Research aspects have recently been reviewed extensively (34a, 53, 60, 61, 62a,
615, 75); therefore, I will limit my attention primarvily to specific information
iost relevant to the foed safety issues under consideration.

Certain Brain Regicons lack Blood Erain Barriers

bhen administered orally or subcutanecusly (sc), Glu and Asp destroy neu-
rons in specific regicns of brain lknown collectively as circumventricular or-
gans (CVO} (105), (Figure 2). Glu and Asp are prevented by blcod brzin barriers
from entering the brain proper (35) but comparable barriers do rot exist for
the protection of (VO neurons. It is a poorly wnderstood peculiariry of mam-
malian brain, including primate brain, that the vasculature serving CVO regions
is highly permeable to various blood borne substances, including not only exci-
totoxins (85) but acidic aniline dyes, heavy metal ions and even large protein
molecules (119, 84, 105)., The peculiar permeability of CVO bloed vessels, pagsi-
bly related to their fenestrated endothelial walls, is demonstrable in adult ani-
mals (105, 85) and, therefore, cannot be attributed to immaturity. Similarly,
excitotoxin-induced CVO damage is demonstrable in adult animals (see below and
Figs. A-15d, 23, 26, 27) and cannot be attributed to immaturity.

That excitotoxins circulating in the blood have free access to CVO reurons
has besn demonstrated autoradiographically (50a) and by quantitative regional
nicrohistochemistry (85, 85a). Pere: and Olney observed by the latter techniques
(Figure 3) that when Glu was administered sc to the suckling mouse it resulted
in rapid accumulation of Glu in the arcuate nucleus of the h)'pothalw (AH),

a CVO brain region that is highly vulnerable to Glu-induced damage; in contrast,
Clu concentrations rerained nomal in non-CVO brain regicns. The time course
of Glu acarulation in AH paralleled the time course of lesion formation in that
brain region (85, 55, 57).
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Fig. 1. Representative acidic amino acids known to have both neuroexcitatory
and neurotoxic activity. ODAP (8-N-oxalyl-l-oef-diaminopropionic acid} is an
excitotoxin found naturally in chick peas; it is thought to be the neurotoxic
factor responsible for the human crippling disease, neurolathyrisa (74). Alano-
sine is an antibiotic and antileukemic agent recently demonstrated to be both

& neurotoxin (65) and neurvexcitant (Curtis and Lodge, personal communication)
Cysteine-S-sulfonic acid is an excitotoxin associated with the neurodegenerative
metabolic disorder, sulfite oxidase deficiency (73). For detailed infcmmation
on other uncommon excitotoxins such as kainic, quisqualic, and ibotenic acids,
please consult ref, 46, Thus far, we have not tested any excitatory analog of
Glu and found it lacking in neurotoxic activity. The order of toxic potencies

as established in studies by us (58,60,65,69,71,75,74,77,80) or Coyle et al.

(16) for these compounds is kainic > quisqualic = ibotenic » DL-N-methyl Asp >
D-homocysteic = ODAP > alanosine = cysteine-S-sulfonic > L-homocysteic > cysteic =
cysteine sulfinic = cysteic = L-Asp = D-Asp = D-Glu = L-Glu. Without significant
exception, the same order has been described for the excitatory activities of
these corpounds (19, 19a, 104a).
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Fig. 2. Diagram of a midsagittal section of rat brain indicates the location
of the circuventricular organs (CV0). CVO include the area postrema (AP),
subcormissural organ (SCO), subfornical organ (SFO), orgamum vasculosum of the
lanina terminalis (QVLT) and the arcuate nucleus-median eminence (AH-ME).
Asterisks indicate CVOs most vulnerable to damage by systemically administered
excitotoxins.
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Fig. 3. (a) Sketch of a coronal section of mouse brain showing the locations. of
the arcuate nucleus (AH), ventromedial hypothalamus (WH) and lateral thalamus (LT)
from which our samples were micro-dissected and weighed by methods of O.H. Lowry
(J. Histochem, Cytochem. 1, 420, 1953), (b) Blood concentrations and regional
distribution of Glu in brains of 4 day old mice at various times after the subcu-
taneous injection of Glu, 2 mg/g body wt. Each point represents the mean of Glu
(moles/kg dry wt) for bilateral samples of AH, WH and LT from 4 mice at 0 (con-
trols) through 3 h, 12 mice at 6 h and 8 mice in each groug thereafter or, Glu

in plasma(mM) from 8 mice. Glu was measured as described by Young and Lo

(J. Neurochem. 13, 785, 1966). These data from Perez and Olney (85).
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‘Price, Olney and Lowry (Fig. 4) recently observed that sc administration
of either Glu or Asp to young mice results in rapid accumulation of either amino
acid in several CVO regions of brain but not in brain proper. They also found
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Figure 4. Glu or Asp (or Glu + Asp) were administered subcutaneously to

4 day old mice at a dose of 2 g/kg (a total dose of 4 g/kg for animals re-
ceiving Glu + Asp). Tiny samples (10-50 ng) of 3 CVO (AP, SFO, AH) and 3
non-CVO brain regions (anterior pre-optic, ventromedial hypothalamic and medial
thalamic nuclei) were microdissected from frozen-dried cryostat sections

(20 micron thick), weighed on a quartz fiber micro-balance and microassayed
for Glu and Asp in the laboratory of, and by the methods of, O,H. Lowry

(0.H. Lowry, Harvey Lectures, 58, 1, 1963; Young and Lowry, J. Neurochem. 13,
785, 1966). A single line describing the curve for the mean Glu or Asp concen- I
trations for the 3 CVO regions is given and data points are averaged for the
non-CVO regions to illustrate the.striking elevations of Glu or Asp in CVO
regions in contrast to no change in non-CVO regions. When Glu + Asp were ad-
ministered, both amino acids accumulated in each CVO region to a degree roughly
proportional to the dose administered but, even under these extreme circum-
stances, there was no significant accumulation of either Glu or Asp in non-

CVO regions (Price, M.T., Olney, J.W. and Lowry, O.H., unpublished).
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Oral Versus Parenteral Administrati...

Although it has sometimes been claimed, largely on the basis of conjecture,
that parenteral routes of administration are much more effective than the oral
route in producing the Glu/Asp type of brain damage, we have found that either
Glu (61) or Asp (70), when administered by feeding tube, are sbout 75% as effec-
tive as when administered subcutaneously (Table 1). OQur demonstration (61, 70)
that Glu is effective in destroying CVO neurons in the infant mouse beginning
at an oral dose of 0.5 g/kg has been confirmed by at least two other laboratories
(95a,106) and Ckaniwa et al. (S4a) recently demonstrated hypothalamic damage in
infant rats following oral administration of Asp at 0.44 g/kg. The several spe-
cies in which brain damage following oral administration of Glu has been demon-
strated are rats (10, 11, 54a, 106), mice (1, 11, 39, 61, 70, 106), guinea pigs
(106) and monkeys (81).

Age Differential in Vulnerability

While there is ample evidence that adult animals are susceptible to excito-
toxin-induced brain damage (39, 54a, 55, 61, 68a) it is clear that they are less
vulnerable than infant animals, since it requires a 4-fold higher dose of Glu or
Asp, by either oral or sc administration, to destroy a given number of CVO neu-
yons in adult compared to infant brain (Table 1). It is important to recognize,
however, that there are several age intervals between neonates and edults in
both experimental animals and man. Vhen mice were studied at four ages (10, 21,
45 and 60 days) they were found (61) to have a gradually increasing threshold
for susceptibility to excitotoxin-induced brain damage (Table 1). It is not
clear whether this reflects primarily: (a) age-related differences in gastro-
intestinal absorption of acidic amino acids (b) an age differential in the rate
at which these amino acids are metabolically cleared from bloed, or (c) an age-
related increase in the efficiency of mechanisms operative in CVO brain tissue
for temminating the excitotoxic activity of these agents. In any event, all
age-comparative data support the following conclusions: (1) orally administered
excitotoxins destroy CVO neurons at any age (2) immature animals are most vulnera-
ble and (3) the toxic threshold increases only gradually between birth and adult-
hood (illustrated in Fig. A-26)

Table 1. ORAL VERSUS SUBCUTANECUS TOXICITY OF L-GLU AT SEVERAL AGES

x oral % __S.C.
Age LED LED
(days) (mg/g) (mg/g)
10 0.50 0.35
21 1.00 0.80
45 1.50 1.20
60 2,00 1.50

*The lowest effective dose (LED) at any given age was established by ad-
ministering L-Glu either orally or s.c. to mice over a range of doses
end determining histologically the lowest dose which, in > 50% of the
animals treated at that dose (n = 6), produced at least 5 necrotic neu-
ronal profiles in a representative section cut through the AH at its
point of maximal damage. From Olney, Ref. #61, For comparable data
on rats treated orally or intraperitoneally at various ages with Asp,
see Okaniwa et al. (S4a).
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Asm Has Glu/Asp Neurotoxic Properties

As FDA was approving Asm in 1974, we cbtained a sample of Asm through the
generosity of G.D, Searle and demonstrated (histological evidence submitted in
a letter to Cormissioner of FDA, August 16, 1974) that it induces the Glu/Asp
type of brain damage when administered by feeding tube to either infant or
weanling mice (Fig. A-25). Soon thereafter, Searle sponsored studies (95a)
which revealed that an oral dose of Asm (1 g/kg) administered to 6 day old mice
induced the typical Glu/Asp type of lesicn in the hypothalamus, Asp comprises
roughly 50 percent of the Asm molecule so that the dose of Asp contained in a
1 g/kg dose of Asm is approximately 0.5 g/kg. Since the lowest effective oral
dose of Asp for destroying AH neurons in the immature mouse is 0.5 g/kg, these
data suggest that Asp is as efficient in producing neurotoxic effects when ad-
ministered as Asm as when giver in free aminoc acid fom. Thus, it must be recog-
nized that Asm does have the same neurctoxic properties as either Glu or Asp and,
on a mg/kg body wt basis, it is approximately S0 percent as potent in neurctoxic
activity as Glu or Asp.

The Species Specificity Question

Over the past decade it has been demonstrated that systemically administered
Glu destroys neurons in the central nervous system of mice (1, 3, 4, 10, 11, 15,
29, 38, 39, 47, ss-S7, 70, 83, 84, 90), rats (3, §, 10, 11, 13, 21, 22, 26, 33,
51, 52, 54, 106), rabbits (25), chicks (99), guinea pigs (72, 106), hamsters (37,
101) and monkeys (59, 75, 70, 81). Lesions in mice, rats, chicks and monkeys are il-
lustrated in Figs. A-1 through A-28). Although industry-sponsored researchers have
claimed that one species or another, including mice (82b), rats (82b), and mon-
keys (1, 53a, 82b, 95b), lacks susceptibility, an FDW scientific advisory panel,
the FASEB SCOGS Cormittee, recently ccncluded (98) that the morphologic changes
reported in all three species are "real and reproducible’. Nevertheless,
Reynolds et al. continue to insist that the primate is not susceptible and their
negative claims will undoubtedly be pressed at these hearings since they have
recently extended them, under Searle sponsorship, to include failure to fird
brain lesions in Asm-fed monkeys (95a), This dispute, having already endured
for 10 years, cannot be dealt with in a few words. To preserve the continuity
of ry presentation, I have elected to give separate attention to the merits cf
the ReyTolds et al. claims at a later point in these hearings. Ircnically, as
is pointed out below, the interminsble dispute about monkey susceptibility may
be largely irrelevant since oral Glu tolerance curves for man are more closely
related to those for mouse than for ronkey and the tost preblematic cbservaticn
of all is the fact that it only requires small oral loads of Glu to produce plas-
ra Glu levels in man which are higher than plasma Glu levels required to induce
brain damage in either mouse or morkey (Fig. 7).

The Silent Nature cf the Glu/Asp Neurotoxic Svndrome

It is sometimes argued that Glu and Asp are safe focd additives because hu-
mans have been exposed to these caipounds in one form or ancther for many years
without sustaining apparent harm. This argument overlocks the fact that brain
damage from Glu ot Asp is a silent phenomenon; when infant animals are given brain
damaging doses of Glu or Asp, they fail to manifest overt signs of distress as QVC
neurcns are acutely degenerating and there are no obvious changes in the animals
appearance or behavior wntil he is nearly of adult age. If a human infant or child
sustained hypothalamic damage from Glu or Asp, delayed sequelae such as cbesity and
subtle disturbances in the neurcendocrine status of the individual are the types
of effects to be expected and it would not be until adolescence or perhaps early
adulthood that such effects would become evident.
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Neurcendocrine Sequelae of (VO Brain Damage

An extensive literature now exists (2, 4a, 5, 9, 12-14, 20, 27, 29-31, 3§,
37, 38, 46, 49, 51-55, 63, 64, 84, 86-89, 92, 96, 101, 104) documenting the
multifaceted neuroendocrine deficiency syndrome that predictably develops when
neurcns of the arcuate hypothalamic nucleus (AH) are deleted by systemic adminis-
tration of Glu in infancy (reviewed in 34a, 62a, 75, 78). The syndrome (Fig. A-29)
includes obesity, skeletal stunting, reproductive failure and hypoplasia of the adenc
hypophysis and gonads, together with abnormally low hypothalamic, pituitary or plasm:
levels of luteinizing hormone (LH), growth hormone (GH) and prolactin (prl). This
syndrome has been reproduced in mice, rats and hamsters but has not, to my knowledge,
been tested for reproducibility in other mammalian species. It is relevant to note
that Asp has been found as effective as Glu in inducing this neurocendocrine defici-
ency syndrome (88, 96, Fig. A-30).

Neuroendocrine Perturbations without Brain Damage

It was recently reported that a sub-toxic dose of Glu {about 25 percent of
the dose required to damage AH neurons), administered sc to adult male rats in-
duces a rapid elevation of LH (Fig. A-31) and Prl and a depression of pulsatile
output of GH (63, 64, 102). It was subsequently shown (91) that the more potent
excitatory analogs of Glu, when administered sc in subtoxic doses, mimic the LH
releasing action of Glu and have the same order of potencies for this Glu-mimetic
activity as for their neuroexcitatory and neurotoxic activities. It is of partic-
ular interest, in relation to the topic of this inquiry, that a potent analog of
Asp, N-methyl aspartate (NMA), is an especially effective IH-releasing agent
(51, 91a, 91b, Fig. A-31) and is rapidly becoming recognized as a useful tool
for studying gonadotrophin regulatory pathways. Schainker and Cicerc (36a) have
confirmed the striking LH-releasing action of MMA and have postulated a suprasellar
locus of NMA action based on failure of the excitant to induce release of LH
in vitro from pituitary tissue. Very recently it was observed that c«-amino
adipate, an effective antagonist of the excitatory action of NMA, blocks both
its neurotoxic action on AH neurons and its IH releasing action (68a, 753). These
data are highly relevant to the safety issue confronting us in that they suggest
that excitotoxins, in sub-toxic doses, can induce acute perturbations in several
hormonal parameters by penetrating CVO zones and activating AH neurons that regu-
late pituitary hormonal outputs. This kind of neuropathological mechanism, al-
though more subtle than brain damage, cannot be ignored in the safety evaluation
of Glu or Asm, since repetitive perturbations in plasma hormone levels in pre-
adult consumers could exert adverse influences on growth and development. Van-
Gelder (104a) has, in fact, reported stunted skeletal development of mice raiéed
on a diet supplemented with 0.5% Glu (Fig A-32). A recent study by Searle (Searle
data submission, item A 12) reveals that the administration of Asm to adult male
or female ovariectomized rats in modest intragastric doses for 10 days does appcar
to cause dose-related changes in plasma and pituitary 1H levels and in the mass of
the ventral prostate.

Homergism Among Excitotoxins

We have administered various excitotoxins in combination with one another
and have found consistently that each adds to the neurctoxicity of another in
direct proportion to its own excitotoxic potency, Of particular relevance to
these hearings, we reported in 1970 that when Asp and Glu are given orally by
feeding tube to 10 day old mice they add to one anothers toxic action on hypo-
thalamic neurons (70). bMore recently we have demonstrated (Fig, 4) that when
Glu and Asp are administered in combination, each agent accumilates in CVO re-
gions of brain in concentrations proportional to the doses administered (Price,
M.T., Olney, J.W., Lowty, O.H., unpublished). We have also demonstrated (58a)
that when as many as four excitotoxins are administered simultaneously, each in
1/4 its ninimal toxic dose (MID), the typical CVO brain damage:-occurs (1/4 MID
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X 4 =1 MID). Compoudws which we have found to have Humergistic neurotoxicity
by this mode of testing include L and D-Glu, L and D-Asp, L and D Cysteic acid,
DL-cysteine sulfinic acid, DL-homocysteic acid and DL-N-methyl aspartic acid
(58a, 68a, Fig. A-28),

Of the excitotoxins depicted in Fig. 1, at least 3 may be highly relevant
to this inquiry. Approval is sought to use Asm in foods ingested heavily by
young children. Glu is already being added liberally to many foods ingested by
children; Asp is also a GRAS food additive and so are protein hydrolysates which
are rich in both Glu and Asp in free form. A more occult problem is the fact
that cysteine-S-sulfonic acid (CSS), an excitotoxin that is .-10 X more potent
than Glu or Asp (73), is apparently generated de novo in foods because of the
sulfite that is added during processing. Sulfite, which is used as a chemical
additive by nearly all branches of the food industry (100a), promotes rupture
of cystine-55-bonds and combines with the cysteine thus formed to produce the
patent excitotoxin, CSS. As the practice of adding Glu, Asp and CSS to the
food supply becomes more and more routine and widespread, the greater are the
chances that this standard combination will be joined by other, as yet undis-
covered, excitotoxins in natural food sources, the net effect being to convert
apparently innocuous meals into subtle heurotoxic feedings that can silently de-
stroy nerve cells in CVO regions of a child's brain. As will be discussed be-
low, there is basis for concern that the Glu being currently added to foods may,
by itself, pose a significant risk for young children and there is evidence that
substantial concentrations of Asp, in forms other than Asm, are sometimes added
to commercial food or beverage products. ’

Oral Tolerance Tests

Having encountered credibility problems in relation to their claims that
primates are invulnerable to Glu-induced brain damage, industry researchers have
attempted to establish by other means, primarily biochemical, that despite the
cbvious neurotoxicity of Glu for many animal species, Glu is safe for humans,
These efforts have not been notably successful, The most relevant information
comes from oral Glu (or Asp) tolerance studies in which the role of such varia-
bles as food accompaniment, species and age have been studied.

Food Accompaniment: After we demonstrated 10 years ago (55, 70) that Glu
was nearly as erfective in destroying CVO neurons of the mouse when administered

orally (by feeding tube) as when injected sc, it was noted that we had adminis-

tered the Glu in aqueous solution and the proposal was immediately advanced that

Glu, when mixed with food, would not be toxic. This proposal was soon tested.by

Mclaughlin et al, (4Sa), who found that Glu plasma levels rose rapidly to high

peak values following tube feeding of Glu in aqueous solution to rats and reached

equally high pezk values when the same Glu dose was mixed in 2 meat suspension,

This is consistent with the observation years ago by Himwich et al, (28a) that

ingestion of Glu (200 mg/kg) in tomato juice resulted in a rapid 20-fold eleva-

tion of plasma Glu in the adult human. Very recently Stegink et al. (95¢) re-

plicated the Himvich et al, experiment and confirmed high plasma Glu pesks following b
ingestion of Glu in tomato juice, We have demonstrated the typical Glu-type

hypothalamic lesion in infant monkeys given Glu orally (lg/kg) mixed in cows’

milk (81 § Figs. A-4 to A-10)}. Also it should be mentioned that our first demon-

stration (70) of brain damage by oral administration of Glu involved introducing the

Glu (0.5 g/kg) by feeding tube into the milk-filled stomach (visible through the ab-

dominal wall) of suckling mice. Thus, there is ample basis for rejecting the

hypothesis that food accompaniment per sz protects against oral Glu neurotoxicity.

Stegink et al. (99c), however, have developed evidence in support of the more
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specific hypothesis that when Glu is ingested with sugars or starches that

yield an abundance of glucose in the gut, a lower percentage o

is absorbed as Glu. The problen \-'ithguthis finding},’eif con%im.gbgtf ﬁuﬁig:;d
it does little to assure the safety of Glu as a food additive since Glu is
u%e.d most extensively in meats, vegetables and soups - foods which are not
Tich sources of glucose. Yhether sugars and starches play a similar role in
the oral tolerance to Asp has apparently not been studied but certainly it
would te bizarre to argue thz: the low calorie sweetener, Asm be approved on

the restricted basis that it rust always be eaten with large amounts of sugars
oT starches,

Species and age differences in Glu tolerance:
Is there any basis for oelieving tnat man has a
biochemical or metabolic advantage over labora-
tory animals that makes him less vulnerable to
Glu~induced brain damage? Ko, all evidence sug-
gests the opposite., 1Iwenty years ags, Himvich
et al. (282) dermcnstrated that gastrointestirnal
gbsorpticn of Glu in human adults is character-
ized by extrece individual variation with scre
irdividuals having striking elevaticns of plas-
ma Glu (up to 238 wroles/dl) following ingestion
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of moderately high loading deses of Glu (150- 123 :0&51 234
200 mg/kg body wt). Stegink et al, (98c) re- "
cently studied the tolerance of human adults to e e G ad e
slightly lower doses of Glu (100-150 mg/kg) tycical adult male subject ingesting MSS

and confirmed both the wide rznge of individual dissalved in *ﬂr;" 3 1C0 or 153 mg g
variation and the strikingly high plasza Giu ,’;;f‘g“gg'c)( rom Stegink et al.,
levels in some subjects. The lower dose (100 T

rg/kg) induced a 19-fold inctease in rean plasna

Glu levels (from 2,69 & 0.88 to 50 & 24.moles/dl)

in the six adult human subjects studied; although 100 rr——T—T——— -

irdividual Glu tolerance data were not given, the
wide SEM's shown suggest that some individual .
subjects may have had very high peak values -
perhaps in the range of S0 times basdl levels.
Stegink et al. (99¢) reported that plasma Glu
reached mean peak levels of 72 + 36 wkole/dl
following ingestion of 150 mg Glu/kg body wt
(Fig. 6 ) and separately illustrated the tol-
erance curve peaking at 127 umoles/dl (Fig.s)
for a "typical" adult human ingesting this

dose of Glu. When the response of adult man,
ronkey and mouse to this load of Glu is com-
pared, the startling observation emerges that
man has a mean 20-fold increase in plasma Glu
compared to a mean 4-fold increase for the mouse
and no mean increase for the monkey (Figs. 6
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. FIG 6. Piasma gitamate (GLUT) leve's n
Stegink et al. ($9b) have performed oral Glu acull mice [mea?\'. monkeys, and funans
tolerance tests in both infant and adult mice and ‘J‘s’gl :wSEM)N?Am:;\?!f;:? 1(53 mq
rmonkeys using a wide range of loading doses (100- 9 By we gt dissalved mndier.

2000 mg/kg), and in adult himans with the top (From Stegink et al., Ref, 9¢t
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PLASMA GLU {wmoles/dl)

ORAL DCSE CF GLU (me/hg)

Fig. 7. Oral dose-response data for infant and adult wonkeys or mice and adult humarn.
with hypothetical data peints (connected by dashed lines) inserted for human infants
and for higher doses than have been tested on hunan adults. The data for mice and
monkeys are from Gtegink et al. (99b). The data for adult humans at 60 mg/kg are
from Bizzi et al. (Toxicol. Letters L, 123, 1977), at 100 and 150 mg/kg from Stegirnk
et al. (99¢) and at 200 mg/kg from Himvich et al. (28a). It should be noted that the
data peints given for adult humans are means and that there were striking individual
variations noted in each study. Thus, the curve for some individual humans woild

be much steeper than is shown here. The oral dose (500 mg/kg) and plasma Glu concen-
tration (60-100 umole/dl) at which infant mice begin to sustain brain damage is
indicated as the toxic threshold (dashed line).

loading dose restricted (wisely) to 150 mg/kg. Their findings, which are summar-
jzed graphically in Fig. 7, reveal that each species has a separate and distinct
dose-response profile with monkeys and mice being more similar to one another than
humans are to either. Mice are less tolerant than monkeys (higher plasma Glu values
from a given load), infants of either species are less tolerant than adults and

the adult human is far less tolerant than either mice or monkeys of any age (Fig. 7).
Since an age differential is clearly evident for both mice and monkeys, with the
infant animal consistently developing higher plasma Glu levels than the adult from
any given load, one must assume that a similar age differential exists for man

such that the response curve for the infant would be shifted even farther to

the left and its slope would be even steeper than for the human adult. In Fig, 7

I have drawn a hypothetical dose-response curve for the human infant and shaded

the area between the curves for the human infant and adult to indicate where himan
children haplessly fall.
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Table 2. MODERN MAN’S FOLLY VERSUS THE WISDQM OF MATERNAL PHYSIOLOGY

Baby Food Mothers Milk
(one 4% oz. jar) (one 44 oz. feeding
Approximate weight of food 130 g 130 g
Free Glu concentration 0.6% * 0.02% **
Total free Glu 780 mg 26 mg
mg/kg load for 6 kg infant 130 mg/kg 4.3 mg/kg
Margin of Safety*** <4 fold >100 fold

* Maximum concentration of Glu being added to baby foods as determined by a Nation-
al Academy of Sciences Committee in 1970 (S0).

*»+' From Stegink et al., Proc. Soc. Exp. Biol. Med. 149, 838-841, 1972.

*4%  Comparing LIED""m1 for destroying CVO neurons in the infant mouse (S00 mg/kg)
with the mg/kg load of Glu in baby food or milk.

Although Stegink et al. are inclined to deny that the shove findings have
any implications for the safety of Glu in human use, the data actually can only be
described as frightening - if not for human adults, certainly for infants and
children. More than 50,000,000 infants in the United States over the last few
decades were raised on strained baby foods containing up to 0.6% added Glu (50). A
single jar of such food provides a human infant with a load of added Glu in the
range of 130 mg Glu/kg body wt. (Table 2), Although baby food manufacturers
quit adding Glu per se to baby foods in 1970 and quit substituting Glu + Asp
in the form of protein hydrolysates in 1975-76, human infants and children
continue to be exposed indiscriminately to substantial loads of Glu as it is
currently used in restaurants, processed foods and home cooking (see below).

Oral Asp Tolerance: Relatively few data are available on oral tolerance to
Asp but Searle scientists (82a) have demonstrated that an oral dose of 1 g/kg

induces much higher plasma Asp levels in young (15 day o0ld) than in adult mice.

They attributed the difference to a more rapid or complete gastrointestinal ab-

sorption of the ingested load in the young animal. Since similar loading ex-

periments have not been conducted in monkeys or man, species comparisons cannot

be made. However, in view of the many metabolic similarities between Glu and

Asp, it seems likely that man is the least tolerant of the 3 species to Asp

as he is to Glu; and, of course, the immature human is probably at the far

end of the human tolerance spectrum. Stegink et al (Searle submission, Vol.

V, item 5 and A 1) administered Asm to human children and adults in oral doses

containing an Asp load up to 47 mg/kg (children) or 94 mg/kg (adults). Technical ]
problems in specimen collection make their data on children uninterpretable.

From their adult data, it appears that a given dose of Asp (delivered as Asm)

is less effective in elevating plasma Asp or Glu levels than is a comparable

dose of Glu., The most secious concern, however, is not with the Asp content of

Asm in and of itself, but with its ability to augment the neurotoxic potential

of the substantial loads of Glu that are currently being added to the diets of

young children.
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Glu + Asm Tolerance: Recently Stegink
et al (Gearle submission, Vol. 4, Item 13)
began administering Glu and Asm in combi-
nation to human subjects, apparently in an
effort to establish oral tolerance data
relevant to my criticism (1974) that Asm
was being approved as a sweetener for
childrens foods without any effort having
been made to determine what effect the
combined intake of Asp + Glu might have
on plasma levels of these amino acids in
children. Because high concentrations
of Glu are currently in use in commerci-
ally available soups (Table 4) and absorp-
tion of either Glu or Asp might be max-
imized by ingestion of these agents to-
gether in non-carbohydrate liquids, they
did a soup/beverage study in which they
measured plasma Glu + Asp levels induced
by ingestion of S0 mg Glu/kg body wt in
soup + 34 mg Asm/kg in beverage. These
experiments, although a step in the right
direction, are not fully responsive to my
criticism since they were performed on
adults rather than children and the load-
ing doses employed are rather modest com-
pared to those children will be ingesting
(see below). They measured plasma Glu +
Asp following the soup/Bev. meal with only
Glu added or with both Glu and Asm added
and claimed that inclusion of Asm made
very little difference; however, their
data teveal otherwise. In Fig. 8a I have
plotted the plasma Asp + Glu curves for
one of their subjects (KH) whose Asp + Glu
plasma levels increased from 7.1 to 23
umele/dl (an increment of 15.9 wmole/dl)
following the meal with only Glu but peaked
at 39.6 ymoles/dl (an additional increment
of 16.6 ymoles/dl) following the meal with
both Glu § Asm. Since the latter incre-
ment is larger than the former, the in-
fluence of Asm can hardly be considered
neglibible. Moteover, since 39.6 ymoles/dl
Tepresents a 5 to 6 fold increase above
resting levels and Stegink et al, estimate
that it Tequires only a 6-10 fold elevation
to destroy neurcns in the mouse hypothala-
mus (99a), it is surprising that they see
no Tisk in the combined ingestion of Glu +
Asm for young children. It cannot be
claimed that subject KH is unique since
6 of 9 subjects had similar response pat-
terns (Table 3) and three were nearly
jidentical (Fig. 8b). It must alsoc be

Olner, Part 1

*

Table 3. GLU + ﬁr‘r’ng e?@s -\] PEAKS
Subject a a a )

Glu Glu §

Asm

KH 2.1 23.0 39.6

o 6.3 26.7 35.5

JA 7.3 21.0 34.2

PH 3.5 17.9 31.9

H 5.8 21.9 28.6

RK 6.1 18.5 24.6

* Soup/Bev. study (Stegink et al.,
Searle submission, Vol. 4, Item 1°
Human adult subjects received the
soup/Bev. meal with or without
Glu(S0 mg/kg) or Glu(50 mg/kg) &
Asm(34 mg/kg).
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Fig. 8. These data pertain to the
soup/Bev. study by Stegink et al de-
scribed under Table 3. (a) The plas

Glu + Asp curves are given for one ;
subject (KH). Note that inclusion ¢

Asm in the meal markedly augmented
the Glu + Asp plasma peak values.
(b) lfeak plasma Glu + Asp levels
are given for 3 subjects (KH, JA, P=
under each loading condition. Note
that the response patterns for the
3 subjects are almost identical.
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AMOINTS OF GLU ADDED TO SOHE ORMON CIMMERCIAL SOUPS*

Brand and nazc

Serving sie

Glu per sewinx'

Wyler's Chicken Flavored Fico
Enorr-S«iss Crean Style Chicken
Wyler's Noodle with Chicken Broth
tipten Cup-A-Soup Crean Style

Lipton Vegetable Beef

Lipten Chicken Rice )

Lipton Chicken Noodle with Chicken meat
Enorr-Seiss Cream Style Vegetable

6 o:

R R N R o -

1300 mg
1250
1120
1120
1090
1090
1042
1010

SFroa (onsumer Reports, hov. 1975, cited in data suesssion oy L.D. Sesrle, Tol. 4,4

recognized that
this kind of response pattern

cven if stbject KH were the only individual in the study to exhibit
it would be inappropriate to ignore the finding since

a major purpese of acute loading experiments is to ascertain irdividual differences
in respanse pattemns so that pepulation sub-greups at high risk will not be overlecks.

In =y estimaticn, it weould be imprudent to
conduct Asm » Glu loading experiments on young
children, but it is easy to conseive of the ex-
perimental design required to test the issue con-
fronting us, Young children, about 2 years of
age (12-15 kg), might be given o medium-sized
bl of soup (6 o:§ containing 1300 mg of Glu
(Table 4) together with Kool-Aid containing
about 1000 mp of Asm. This would provide 100
mz Clu plus 76 mg Asm per kg for a 13 kg child.
It might be argued that 1000 mg Asm is unrealis-
tic since this is cnough to sweeten 5 glasses of
Kool Aid with 200 mg Asm per glass. But what if
the child were fed lemonade made of home-squeesed
lemons and free flowing Asm. Wiereas 200 mg of
Asc might be used to sweeten & glass of Kool Ald,
it might take more to counteract the sourmess af
lemons, especially if one allows for individal
varistion in taste for sweetness. Of course, it
is alsc pessible that 3 child might ingest an
entire package of Asm-sweetened Fool-Ald in dry
powder form (1000 mg Asz) and since Asm tastes
50 goed to children, sose will routinely eat it
like candy from the table. Several Asm cheweys
{tablets) might be just the thing a child would
like for dessert, Further, since 6 o: of soup
and 3 hand-full of Asa cheweys is pot very fil-
1ing, the child would probably be given some fish
sticks, welners, Col Sanders chicken or canncd
vegetables, etc. - all loxded with Glu - in the
same =e3l. So far, neither the Clu industry,
G.D. Scarle nor anyonc else has performed any
tests designed to clarify how 3 young child
night tolerate such an excitotoxin frast. In
Fig. 9 1 have plotted soee hypothetical data
gamts to suggest the excursien a child's com-

ined plaszs Clu « Asp curve would take after
a soup/Bev. challenge at 100 pg Glu ~ 70 g3
Asr por kg body wt,
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Soup n' C-Fop Challenge: Recently I found my young child in the kitchen mixing
an instant beverage Irom an aluninum foil packet bearing the trade name “C-Pop”.
As he drank it, I examined the list of contents on the packet. Among other natural
and inherently safe added ingredients was aspartic acid (Fig. 10). The sweetener
employed in this dry-base beverage was fructose. 1 reasoned that as soon as Asm is
available for marketing, the manufacturer
2 health foods entepreneur - will make Asm
the sweetener for C-Pop, Therefore, I
asked my colleague, M.T. Price to analyse
a batch of C-Pop and we found it to con-
tain 313 of aspartic acid per packet
(6 oz se ). Sweetening this with Asm
(200 mg) would raise the aspartic acid
content to > 400 mg which, for a 13 kg
child, is about 32 mg Asp per kg (the
equivalent of 70 mg Asm per kg). Feeding
a child one bowl of soup and 1 glass of

The drink thats GOOLor you, with
Vitamin C a2 Minsral Ascorbates

Asm-sweetened C-Pop, then would roughly re- UME-ORANGE -LEMON
produce the hypothetical child challenge FLAVOR
featured above (100 mg Glu and 70 mg Asm Freons v

per kg). Thus, when Stegink et al, admin- i hapasn Sar wart

ister a soup/Bev. meal containing S0 mg
Glu and 34 mg Asm/kg and claim they are

testing extreme conditions of use, they c- ro.p

are merely challenging an adult with 4 )

the Glu + Asp load that would be inges- vt by femh et Brartbi

ted by a child in one meager serving of ; Sapactste complosts. suppiring:

soup n' C-Pop. To establish the safety [, 1500 mg. S00n 0000

of Asm "in use', we must recognize what "&‘:‘ N v

"in use' means; it means that a child,  jugesn Hoe un

in one setting, may ingest soup, C-Pop, O uay -
Glu-laced meat § vegetables, Asm-sweetr- A Thvsoun CLIE - S,
ened jello Etc. and a hand-full of Asm lismmgiinaormmt s iy e
cheweys., Also, it means that the Glu + i;“m_:gt,l e HCLY g dem

Asm child challenge described on pg 13 el Al i oM i -
duplicates mgly mode‘:iaszl -hmt 'elxti'eme - %&ﬁm“’“"“‘“
conditions of use an e hypothetical o o M0A PERee

Glu + Asp curve given in Fig. 9 is not D ot wg o Attt Sasm ot
exaggerated, but rathr:l:l- is overly co;al :m - u:n':'-n’u:::—nm
servative. It is wo reiterating t ; - ——

Asp, like Glu, enjoys GRAS status at prop ey o m byl e
present which means it can be used in T o

any amounts, in any foods for any age 8 s ment ined e .

group. 1 have mentioned *C-pop” here -

and Glu, protein hydrolysates and cys- —_—
steine-S-sulfonic acid (CSS) above - Fig. 10. Package describing the con-
as representative examples of the way tents of "C-Pop". Analysis reveals
excitotoxic amino acids will continue 313 mg Asp per package (Price, M.T.
to creep into foods in increasing and Olney, J.VW., unpublished). Both
amounts from all directions for as Glu and Asp are being used with in-
long as FDA persists in sanctioning creasing frequency today in "tonic"
their unregulated use as food addi- preparations such as this.

tives,
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Margin of Safety Considerations

Traditionally a 100-fold margin of safety has been the accepted standard
for approval of a food additive for human use. While industry representatives
often complain that the margin need not be so wide, it is important to recog-
nize that the margin must be wide enough to accomrodate a number of contingen-
cies which may be either partially or totally unforeseen. Species variation is
usuglly given as the basis for observing a 10-fold safety margin and individual
variation as basis for another 10-fold factor; multiplying one factor by the
other yields the 100-fold standard. In the case of Glu, we see that the oral
Glu tolerance varies between man and either mouse or monkey (Fig. 7) by approxi-
mately a 10-fold factor so that it is not unreasonable to abserve a 10-fold safe-
ty margin to accomncdate species variation. We also see that there are mzrked
irdividual differences azcng normal human adults in their plasza Glu levels follow-
ing an oral Glu load and this dzes not even begin to take into consideration ab-
normal conditions such as enzvme deficiencv states which could occur either on
a genetic or environmental basis. For example, individuals with primary gout are
reportedly subject to hyperglutamatemia (24a) and Feigin et al. (21c) have reported
that a subclinical viral infection can result in a 10-fold elevation in plasma Glu
levels by virtue of a transient poisoning of the glutamine syntherase (GS) enczyme
system. Clearly, if an individual who is prone to develop high plasma Glu elevaricns
on the basis of genetic variation were also infected with 2 GS-poisoning virus, the
100-fold safety factor is not in excess of that required for his protection.
Of course, a GS-poisoning virus is merely one example of the many diseass con-
ditions which conceivably might compromise an individuals Glu, Asp (or phenyl-
alanine) metabolic capabilities. For meaningful protection against the full
range of disease possibilities, a wide safety margin is essential.

Youth is arother very important factor to be considered. A young infant
or child does not have fully developed protective mechanisms and his body mass
is only a fraction of the adult mass; yet, he may ingest considersble quanti-
ties of foods or beverages containing excitotoxins so that the mg/kg burden
of excitotoxin may be much higher than for adults eating the same food. Also,
of course, a child's limited defenses are very easily overwhelmed by diseases,

Adding to the above the fact that multiplé excitotoxins are finding their
way into foods from varicus directions today and that these agents add to one
another's toxic potential when ingested in combination, it is not unreasonable
to insist that a 100-fold margin of safety be observed for the use of excito-
toxins as food additives and that the total burden of excitotoxin in the food
supply be taken into corsideration in the margin of safety calculation.

It warrants special emphasis thatr excitotoxins act by an acute but silent
mechanism such that it requires only a single exposure to toxic concentrations
for CVO neurons to be quietly destroyed. Sound regulatory policy, therefore,
requires keeping the total burden of excitotoxins in the food supply very low
so that on no occasion will a young child ingest a toxic load. The importance
of holding the collective excitotoxin burden in our food supply at a low level
is further underscored by evidence suggesting that even subtoxic loads, if re-
peatedly encountered, might induce repetitive perturbations in neuroendocrine
function which, without damaging brain, could adversely affect growth and de-
velopment of the pre-adult censumer. With these realities in mind, I consider
it imperatvive that we proceed in a methodical manner to develop a quantirative
assessment of the margin of safety for the use of Asm in foods, given the fact
that our food supply is already heavily impinged upon from several directions
by excitotoxin input. In Table 5 I have provided the framework and the kinds
of specific assumptions that I believe should be employed in making a margin
of safety determination. While there may be room for minor disagreement
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regarding the assumptions to employ within this framework, I would consider
it a serious mistake to reject the framework.

Table 5. MARGIN OF SAFETY EVALUATIONS

Additive(s) Excito- Diet Wt. of Conc. Wc. of Potency Toxic
toxin{s) items food % toxin factor activity
(g) (mg) units (mg)
MSG Glu Soup 200 0.8 1600 1 1600
MSG + HVP  Glu/Glu + Asp Meat/Veg. 200 0.5 1000 1 1000
Sulfite css Various®  z00 0.65 100 7 700
Asm + Asp Asp C-Fopb 180 0.23  >300 1 400
Asn Asp Cheweys® 0.6  47.0 <300 1 300
Total= 4000

a. I assume thar sulfite is added to various caregories of food items listed in
the table for a total of 200 g of fcod. The concentration (0.05%) of CSS
generated is a totally arbitrary estimate, Since other, as yet undiscovered,
excirotoxins might be present in food, this entry can be viewed as a general
provision for occult excitotoxins.

b. I assume that children will ingest excirotoxins in “C-Pop" or similar prepar-
ations for as long as FDA sanctions such concoctions by keeping Asp and Glu
on the GRAS list.

c. In addition to eating Asm in jello, fillings, frostings, etc., I assume child-
ren will ingest Asm like candy since conditions of approval do not discourage
but rather tend to invite such use.

d. Margin of safety may be calculated as follows:

(1) Youngest consumer group = 12 kg child

(2} Mg/kg load = 4000 mg/12 kg = 333 mg/kg.

(3) Minimum brain damaging oral dose in animal of comparable
age (21 day old weanling mouse) = 1000 mg/kg (Table 1).

(4) Safety margin = 1000:333 = 3:1.

Comment: This margin of safety calculation means that there is only a 3-fold
difference between the mg/kg oral load of excitotoxin that will be ingested by
children and that which destroys neurons in animal brain. In other words, if
the human child is physiologically identical to the young animal, he is pro-
tected by a 3-fold safety factor. But, since all available evidence suggests
that humans are physiologically disadvantaged such that they develop much higher
plasma Glu levels from a given load of Glu, it is erroneous to_think in temms
of the human child being “protected” by even a slim safety margin - it is
entirely possible that he is ingesting toxic levels of these compounds un-
der present conditions of use and msy be quietly sustaining loss of hypotha-
lamic neurons.
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Miscellaneous Arsuments

Substance versus child abuse: Representatives of both FDA and Industry
make Trequent reference to certaln estimates of daily intake of Glu which the
NAS/NRC Food and Nutrition Board made available in 1976 (based on information
supplied by Industry)., The FASEB SCOGS Committee also relied heavily upon these
estimates in their recent evaluation of the safety of Glu as a food additive (99).
Industry representatives often cite the 99.9 percentile intake figure as an extreme
intake level, the implication being that this is the highest intake conceivable
under current conditions of use. When these or larger doses are used in safety
tests, they refer to them as "abuse" levels, the implication being that an
heroic effort is being made to test doses much higher than any reasonable con-
sumer would use. How do these representations hold up under scrutiny? In the
NAS/NRC table of estimates used by the FASEB Comittee (Table 6), humans from
ages 2 to 63+ years are lumped together as a group and the 99.9 percentile
daily intake is given as 38 mg Glu/kg body wt/day. Compare this putatively
extreme exposure level with the fact that a 2 year old child (13 kg) ingesting
a single bowl (6 0z) of Wylers Chicken-rice soup containing 1300 mg added Glu
(Table 4) has an acute Glu intake(instantaneous rather than daily) of 100 wg/kz
and since 6 oz of soup is not very filling, he might ingest substantial amounts
of other Glu flavored foods in the same meal. It would appear that the NAS/NRC
daily intake estimates are a grossly unreliable reference for safety evaluation
purposes and, instead of blaming the child for abusing the additive, it may be
more appropriate to consider how the additive might be abusing the child.

Table 6. ESTIMATES OF DAILY INTAKE OF ADDED GLUTAMATE BY AGE GROUP*

Age group Mean intake 90th Percentile 99th Percentile 99.9 Percentile

0-5 mo 0.3 mg/kg 0 mg/kg 11 mg/kg 25 mg/kg
6-11 mo 1.9 1.9 % 16
12-23 mo 6.8 30 43 61
2-65+ yr 2.1 8 2 38

* NAS/NRC estimates as presented on pg. 9 of FASEB Report on Glu (98).

Safe as Mothers® Milk: L. D. Stegink and R. J. Wurtman argued at recenr
FASEB Hearings (98) that Glu can be considered a safe additive for baby foods
because mothers’ milk contains very high concentrations of free Glu. Relying on
NAS/NRC daily estimates of Glu intake, for example, Dr. Wurtman stated,"I think
it is easy to document that a newborn infant that is consuming all or most of its
food as mother's milk would be in the 90th percentile of glutamate use in this
country because the free glutamate concentration of milk is so high." (107a)

The spuriousness of this argument becomes cbvious when the relatively 'high’ con-
centrations of Glu in human wothers' milk are compared with the 30 times higher
concentrations that food manufacturers have been inclined to use for flavoring
of baby foods (Table 2}. One can easily accept the premise that the Glu con-
centration in mothers' milk is safe for human infants and it would seem logical
to use this concentration (0.02%) as the standard for the amount of Glu to be
allowed in processed foods for babies. It is puccling, however, that nutritioral
authorities would draw the monstrously illegical conclusion that a 0.02% con-
centration of Glu in breast milk serves as justification for food processors to
expose millions of babies to Glu concentrations 30 times in excess of this
maternal standard.
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Neurons to Spare: It is sometimes argued that Glu can be considered a safe
additive tor because the nervous system is redundantly populated with
expendable neurons that will not be missed if eliminated by a neurotoxic food
additive during development. At recent FASEB hearings on Glu, for example(1072),
R.J. Wurtman stated, ‘'There is enormous redundancy in the Central Nervous System.
Each neuron teceives inputs from many other neurons. And there is an enommous
capacity for neurons to take over. So as a neuroscientist, I would not be so
worried about silent lesions." I do not regard this as an argument for the
safety of Glu but rather as the expression of an attitude which I do not believe
rost physicians or neuroscientists would share with Dr. Wurtman.

Hvperosmotic Opening of Blood Brain Barriers: Summing-up a meeting (21a)
sponsored Dy the food and Glu industries, Wurtman (107) recently conjectured
that ©VO brzin regions actually have blood brain barriers and that Glu or Asp
cannot damage CVO neurons unless given in such high doses that they induce a
hyperosmolar cpening of such barriers. He estimated that serum osmolarity
would have to be increased from the normal range of 300 m0smoles/1 to approxi-
mately 380 m0smoles/l in order to open blood-CVO barriers in the rocdent and
reasoned that Glu is safe for the human who would become comatose and stop
eating before his serum osmolarity reaches barrier-opening levels. Stegink,
on the other hand, who is convinced Glu is safe because he believes Glu neuro-
toxicity to be species-specific for the mouse, acknowledges (99a) that it re-
quires only a 6-fold increase in serum Glu levels to destroy CVO neurons in
the mouse, i.e,, an increase in serum Glu from 0.1 to 0.6 mmoles/1. This would
increase serum osmolarity (if at all) from 300 to 301 mOsmoles/1 - hardly the
80 mOsmoles/1 boost that Wurtman's hyperosmolar argument requires. Not only
do Glu and Asp damage CVO neurcns when given in doses that only negligibly
influence serum osmolarity, the potent Asp analog, N-methyl aspartate mimics
this neurotoxic action with great efficiency when given in the miniscule dose
of 10 mg/kg (71 and Fig. 22). Since one can demonstrate for any excitotoxin
that it destroys CVO neurons in the absence of senum hyperosmolavity, it is not
tenable to maintain that excitotoxin-induced CVO damage is dependent upon hyper-
osmolar opening of blood brain barriers.

Only the Newborn: When FDA approved Asm in 1974 they acknowledged that
Asp had béen shown to induce brain damage in neonatal animals but dismissed Asp
neurotoxicity as irrelevant on grounds that the approved uses of Asm do not
include feeding it to newborn humans (21a). Their argument can be reduced.to
the following syllogism: (a) only necnates are susceptible to Glu/Asp neuro-
toxicity: (b) Asm will not be fed to neonates; (c) Glu/Asp neurotoxicity is
irrelevant to the safety of Asm. Syllogisms that begin with false premises
lead to false conclusions. The first report of Glu-induced brain damage (55)
clearly documented that both infant and adult mice are susceptible (Fig. A-27).
More recently (61) we studied dose-response characteristics of Glu neurotoxi-
city by both oral and subcutaneous administration at various ages and found,
by either route of administration, that animals of any age are susceptible
(Fig. A-26 and Table 1). Okaniwa et al. (54a) recently published almost iden-
tical findings in rats treated with Asp. Furthermore, we have found the po-
tent Asp analeg, N-methyl Asp to be the agent of choice, among all excitotoXins
studied, for either destroying AH neurons in adult animals (68a) or reversibly
exciting them to induce an out-pouring of luteinizing hormone (91, Sla, 91b).
Interestingly, the threshold for NMA neurotoxicity also shifts gradually up-
ward with age from about 10 mg/kg in infant rodents (71) to 50 mg/kg in adults
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(68a). Clearly, there is no basis for the assumption that only newborn animals
are susceptible to the Glu/Asp type of brain damage. Animals at any age are sus-
ceptible because (VO brain regions at any age (and in any species, including the
human) lie on the blood side of blocd-brain-barriers where they are selectively
accessible to blood borne excitotoxins.

"Natural” and '"Safe" are Synonymous: It is sometimes argued that Glu is
safe because there are a few natural food sources such as certain cheeses
which contain free Glu in concentrations cormparable to those used for flavor-
ing foods. This is not logical. In the first place, the mere fact that a
substance can be found somewhere in nature in high concentrations does not
make the substance safe to eat in such concentrations. The excitotoxic analogs
of Glu, ibotenic acid and QDAP, are fournd naturallv in toxic concentrations in
amanita muskrooms and lathyrus peas respectively, and are recognized as neuro-
toxic poisons that make these foods unsafe for human consumption. It must also
be recognized that human infants or children are not likely to eat cheese as a
large percentage of any given meal whereas the foods to which Glu is added often
do comprise the entire meal except for beverage and dessert which it is now
propesed will be sweetened with Asm. In view of the demonstrable neurotoxicity
of Glu and the oral tolerance data summarized in Figs. 7-2, it is much more
reasonable to argue against feeding Glu-rich cheeses to infants and children
than to argue in favor of supplementing their entire diet with free Glu + Asp in
concentrations far exceeding those in the vast majority of natural food sources.

Dietary intake is non-toxic: The manufacturers of Glu and Asm frequently
reiterate that Glu and Asm are non-texic when administered in the diet of ex-
perimeatal animals by ad 1ib feeding - an observation which they believe estab-
lishes the safety of their products for food additive use - and they express
great disdain for "gavage’” and ''force feeding" experiments. This argument belies
a studious misunderstanding of the nature of Glu neurotoxicity and of the funda-
mental purpose of animal experimentation. Glu (or Asp) neurotoxicity occurs by an
acute mechanism - it only requires a single toxic elevation of plasma Glu or Asp
to acutely destroy CVO neurons. Fov the protection of human children, we want to
learn, without harm to children, how much Glu + Asm must be ingested acutely by a
child to induce brain damage. Animal loading experiments can give valuable insigh:s
into this question provided species differences between man and animal are taken intc
account. As far as we know from available information, the blood level of the excitc
toxin is the single most important index of acute risk, and we see that even when ue
dose animals by gavage with very large loads of Glu or Asp, they are relatively re-
sistant to developing high plasma Glu or Asp levels (Fig. 7). In striking contrast,
high plasma Glu levels develop in the human adult (comparable data on children are
unavailable) following modest oral loads of Glu. This species difference is further
exaggerated in the human by extreme individual variability in oral Glu tolerance
curves. Moreover, adding Asm to the oral load of Glu markedly augments Glu + Asp
plasma levels in human adults. It must also be recognized that the human does not
eat like the rat or mouse. He ingests his food "all at once' about 3 times per day
rather than in nibbles spread over the 24 hr period, an eating pattern that tends
to augment acute plasma Glu + Asp elevations. His hazard is further increased by
a habit,not shared by rats,of ingesting (on an empty stomach) sizeadle volumes of
soups and beverages loaded with Glu and Asp; his rapid ingestion of these items is
quite comparable to receiving them by gavage. Experiments designed to preclude
Glu/Asp intake except through ad lib nibbling by experimental animal species tha:
are resistant to developing high plasma Glu/Asp levels, even from gavage, are simply
an irrelevant, misleading and unreliable way to assess human risk in relation to
the acute neurotoxicity of Glu and Asp. Also, it sheuld go without saying that
gavage is the only really acceptable way of assuring accurate dose control in acute
cral toxicity experiments.
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Summary and Conclusions

1. Glu, Asp and several of their structural analogs (excitotoxic amino acids)
have well established brain damaging and neurcendocrine disruptive effects when ad-
ministered systemically to various animal species. When excitotoxins, including
Glu and Asp, are administered in combination, they add to one anothers excitotecxic
potential. Animals of any age are wulnerable, but young animals are vulnerable a:
lewer doses than adults. Sub-toxic doses of these compounds stimulate (excite)
hypothalamic neurons, thereby inducing acute perturbations in plasms hormore lavels
which, even in the absence of brain damage, might influence growth and developrent
were such perturbations to occur repetitively during the formative years.

2. Orally administered Glu and Asp damage brain because these neurotoxins
have free access from blood to certain brain regicns that lack bleed brain barriers;
therefore, a crucial datum for assessing risk asseciated with using both Glu and Asn
as food additives is the corbined Glu + Asp plasma levels generated bv such usa.

The cral telerance for these agents is such that humans develop much higher Glu »
Asp plasma levels from a given intake load than do experimental animals and ycung
aninals develop higher levels than adults. Thus, humans as a species, and young
hurans especially, must be considered potentially at high risk for either brain
damage or neurcendocrine perturbations without brain damage.

3. The gist of my protest, first voiced in 1974, is that Searle’s safety
evaluation ¢f Asn has been characterized by an avoidance of the tests reguired to
determine whether Asm, when ingested with Glu, has the potential of destroying
neurons in CVO regicns of brain or of adversely influencing neurcendocrine systems.
Their safety evaluation up to 1974, when Asm was approved, was conspicuous for its
omission of tests designed to clarify the safety of Asm (+ Glu} for the immature
human, despite their intention of adding Asm to a children's food supoly which is
already heavily laden with added Glu.

4. Post-1974 developments:

a. We demonstrated in Aug. 1974 and Searle subsequently confirmed tha:
oral administration of Asm to infant mice results in the Glu-type lesion in QU0
regions of brain. Minimal loading doses required to destroy central neurons were
in the range of 1 g Asm/kg, i.e., about 0.5 g Asp/kp (which is the minimal oral
dose of Asp for destroying neurons when Asp is given as Asp).

b. Searle claims that Asn does not damage monkey brain based on Searle-
spensored experiments by Reynmolds et al., a group who for ten years has steadfas:ly
denied the occurrence of Glu-type pathological brain changes in Glu-treated monkevs
on the basis that such changes cannot (in their hands) be distinguished from fixa-
tion artifact. 1 will give sepavate attention to the merits of the Reynolds et al.
position elsewhere at these Hearings.

c. In a soup/beverage study by Stegink et al. (Searle submission, Vcl. &,
#13) on human adults, it was shown in several subjects that the addition of Asm
(33 mg/kg) » Glu (%0 mg/kg) results in much higher plasma Glu + Asp levels than when
only Glu was added. These experiments do not directly or adequately address the chil.
safety issue since they were conducted on adults rather than children and involve < &
the maximum acute levels of Glu + Asm that luman children will be ingesting. Never-
theless, inclusion of Asm did markedly augment peak Glu + Asp plasma concentrations
and the peak concentrations recorded (6-fold above resting levels) approached those
known to destrov neurons in immature mouse brain, These experiments, therefere,




[image: image26.png]21 Olney, Part-I
strongly reinforce my contention that feeding Asm to children whose foods are
already heavily fortified with Glu will substantially increase their risk of
sustaining brain damage or neurcendocrine disturbances. Indeed, the fact that
Searle researchers stopped short of testing Glu + Asm on young children and
limited exposure of their adult subjects to < % the doses children wil} be
ingesting, suggests that they too have reservations about the safety 'in use"
of Asm + Glu.

d. Approaching the brain damage issue in a traditional manner by calculating
a margin of safety (comparing the lowest toxic dose in animals with the expected
maximal acute exposure level for human children) reveals quite clearly that there
is no margin of safety for the addition of Asm to the massive amounts of Glu al-
ready being incorporated into foods ingested by children.

e. None of the recent Searle-sponsored experiments involving acute oral
intake of Glu + Asm in humans included any effort to measure plasma hormone re-
sponses, although such measurements would have been easy to include since the
protocol involved drawing blood samples at sequential intervals after Glu + Asm
loading. This is regrettable, since such measurements would have provided di-
rect evdidence in humans pertaining to the acute neurcendocrine changes I postulate
these agents may induce when ingested by humans. Once again, Searle appears to

have omitted gathering the kind of data required to establish the safety "in use"
of their product.

£. A rat study by Searle which, because of design defects, represents only
a faint effort to test the neurcendocrine issue, does reveal apparent dose-depen-
dent changes in both plasma and pituitary concentrations of luteinizing hormone
and in the mass of the ventral prostate following 10 daily intragastric doses of
Asm given to the adult rat (Searle submission, A 12). Since Searle researchers
tested only Asm (not Asm + Glu), focussed on adult rather than pre-adult animals,
measured plasma hormones at irrelevant post-treatment intervals and employed sub-
standard methods incapable of detecting basal levels of plasma LH in adult male
rats, this can hardly be considered an adequate effort to evaluate the neuroendo-
crine issue I have raised. However, in that the changes observed by Searle were
all referrable to the gonadotrophic axis, i.e., the axis we have found most reactive
to the excitatory amino acids, the Searle findings do lend credence to my concemn
that chronic Glu + Asm ingestion may exert significant influence over this axis
and to my contention that additional, more appropriately designed, studies are
required to adequately evaluate this risk factor.

S. I conclude that despite Searle's persistent tendency to avoid performing
experiments of appropriate design to clarify the safety of the Asp moiety of Asm
under '"use' conditions, the few items of relevant evidence they have generated
since 1974 serve to reinforce my position that Asm, together with Glu, does pose
significant risk of destroying neurons in childrens' brains and exerting adverse
influence on neuroendocrine systems. Certainly the studies performed, thus far,
do not even begin to refute, disprove or rule out the brain damage and neuroendo-
crine risks I have defined and documented with extensive evidence, nor do they
demonstrate that there is an adequate safety margin for the use of Asm (plus Glu)
in childrens' foods. Searle has failed, therefore, to establish the safety of
their prpduct for use in childrens' foods. . . :

)
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