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ABSTRACT: The low-calorie sweetening agent, aspartan'ie is broken down in the small intestine into three moi-
eties: aspartic acid, methanol and phenylalanine. Acute loading studies have been performed in human beings
who received up to six times the 99th percentile of the projected daily intake {6 x 34 = 200 mg/kg). No evidence
of risk to the fetus was developed. Aspartate does not readily cross the placenta. Small elevations of blood meth-
anol following such abuse doses of aspartame did not lead to measurable increases of blood formic acid, which
is the product responsible for the acidosis and ocular toxicity in methanol poisoning. Phenylalanine is concen-
trated on the fetal side of the placenta. Aspartame in abuse doses up to 200 mg/kg in normal subjects, or to 100
mg/kg in PKU heterozygotes, did not raise blood phenylalanine levels to the range generally accepted to be as-
sociated with mental retardation in the offspring. It is concluded that, under foreseeable conditions of use, aspar-

tame poses no risk for use in pregnancy.

INTRODUCTION
ASPARTAME (NUTRASWEET®, SEARLE) IS A

low-calorie sweetening agent discovered in

1965 by Searle chemist James M. Schlatter.! It
is 180-200 times sweeter than sucrose. The use of
aspartame in certain foods was approved by the U.S.
Food and Drug Administration {FDA) in 1974, but the
approval was subsequently stayed pending delibera-
tions of a Public Board of Inquiry,2 which eventually
took place in 1980. Thereafter, the FDA approved the
use of aspartame in certain dry foods in 19813 and,
later, in carbonated beverages in 1983.4 Since that
time, the sweetener has been marketed world-wide in
a variety of products.

Chemically, aspartame is.L-aspartyl-L-phenylalanine
methyl ester. The dipeptide ester is metabolized into
three moieties in the small intestine,’ so that studies
on the safety of aspartame are essentially studies of
aspartic acid, phenylalanine and methanol.

Any discussion of safety must refer to the concept

of dose. It has been estimated that an aspartame dose

. of 34 mg/kg represents the 99th percentile of the

projected intake for an entire day when aspartame
replaces all dietary sucrose and saccharin on a sweet-

ness basis.® An aspartame dose of 34 mg/kg yields the

following approximate amounts: aspartic acid 14
mg/kg, phenylalanine 17 mg/kg, methanol 3.3 mg/kg.
The allowable or acceptable daily intake (ADI) of
aspartame, based upon animal and human safety
studies, has been set by the FDA at 50 mg/kg.” For a
50-kg individual,* this ADI represents a dozen 12-
ounce cans of 100%-sweetened soda or approximately
62 cans of soda sweetened with a blend of aspartame
plus saccharin. The ADI also represents the aspartame
content of approximately 71 packets of Equal® for a
50-kg person (one packet contains 35 mg of aspartame,
which is equivalent in sweetness to two teaspoons of
sucrose).

With the foregomg considerations in mind, it is of
interest to review each of the three digestion products
of aspartame as they relate to safety in pregnancy.
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Aspartic acsa :

Ne“h?' #partic acid nor glutamic acid, the two dicar-
boxylic attsiny, acids, readily crosses the placenta.? In
humasn ‘b’cmgt administered aspartame, dissolved in
OTange Juis. at single doses up to 200 mg/kg, plasma
aspartate levels rone during the two hours after inges-
tion. but were o6l wel] below normal postprandial
a§pfle beveds 9 This dose, administered at a single
sitting, 18 apgroximately six times the 99th percentile
of the estirmateq projected daily intake. In near-term,
pregnant rhug,, monkeys, aspartate was given in-
travenously {11 ¢ne hour at a rate of 100 mg/kg/h.!®
While maternal plasma aspartate levels increased to
approximately /) ymole/d], fetal levels rase only to 1
pmole/d], thys Arsnonstrating the relative impermea-
bility of the placenta to aspartate.® It has been con-
cluded that “jt j, virtually impossible for humans to
Ingest aspartary,s i, quantities sufficient to increase
maternal plasyy,, apartate levels to values that would

allow transfer of yignificant quantities of aspartate to
the fetal circulsticy, 6

ll_ethanol

The ".’dha'""l resulting from the hydrolysis of aspar-
tame is oxidize() iy, primates to formaldehvde by alco-
hol ‘dehydf"%rhaw.” The formaldehyde is then very
rapidly oxidizedt 1, formic acid, which is responsible
b‘.thc.mbnlu acidosis and ocular toxicity when in-
WOXICANG domes, o)f methanol aré given.!2 When a sin-
gie oral dose (f aspartame, 200 l;ls’kg (equivalent to
:::‘; ':::;""' prr kg), was adminisﬁgﬁ_&!’.ﬁﬂ@?
whuch 18 . rihanol rose to only 2.6 mg/dl at 2 h
S B2 antly below any level associated with
::::yh u::a hadl returned to baseline by 24 h.!¢
€ way unchanged. while urine formate

as .
was signdcanny teased, indicating that the rate of

temate synth,
o Thes th,
Ve & Mrthy,

thid not exceed the rate of its excre-
'* sprcars to be little risk from aspar-
'onlent at the doses studied. "8 The

oo :‘:.:" 200 mg/kg is equivalent to the con-
aehs $OOR ..":'“ AMUing of fitty 12-ounce cans of
R R ! With aspartame, or of 250 cans
P S *\artame-saccharin blend. The
vt IS Sy ™ thanol from 100%-aspartame-
™ Loy . Mg/l 4 is generaly less than

**~vwded for fruit juxes's 16 and
gy V-

Phenylalanine

In contrast to aspartic acid, phenylalanine is concen-
trated on the fetal side of the placenta, with a ratio of
1.3 to 1.!® Maternal blood phenylalanine levels below
60 umole/dl have not been associated with decreased -
intelligence in the offspring, while levels above 110
pmole/d]l usually have been associated .with mental
retardation.!® The latter is the situation in
phenylketonuria (PKU), where maternal blood levels
range from 120 to 600 umole/dl.® An important factor
to remember is that it is a sustained high blood level
of phenylalanine that causes mental retardation in the
offspring, not merely acute elevations.

When normal subjects were given aspartame at a
dose of 10 mg/kg every 2 h for atotal of three doses,
peak phenylalanine levels did not exceed the normal
postprandial range. The same was true for a single
dose of 34 mg/kg.6 PKU heterozygotes displayed peak
levels of 14 and 16 umole/dl, following the 30 mg/kg
divided dose and the 34 mg/kg single dose, respec-
tively. Following aspartame at 100 mg/kg, the blood
level of normal subjects peaked at 20 and that of PKU
heterozygotes peaked at 42 pmole/dl. With a dose of
200 mg/kg, only normal individuals were tested. Their
peak levels averaged 49 umole/dl.® Thus, all of these
acute blood levels fell far short of the 110 umole/dl
sustained blood level at which evidence suggests a risk
of mental damage to the offspring.!?

In actual use, aspartame usually would be consumed
together with natural protein, which would also con-
tribute phenylalanine. In experiments involving the
administration of aspartame, 34 mg/kg, with a
hamburger-milk shake meal (1 g protein/kg), peak
phenylalanine levels were somewhat less than ex-
pected and still far below the safety limit.6:20

It should be noted that changes in erythrocyte
phenylalanine paralleled the changes in plasma
phenylalanine in the foregoing studies.

Pitkin® has c¢oncluded that, "'it seems highly un-
likely that customary intakes [of aspartame] in normal
pregnancy could raise fetal levels close to a neurotoxic
range. Theoretically, abuse levels of intake [e.g., 200
mg/kg) in a PKU heterozygote might approach a zone
w_hgere fetal toxicit'y would be possible” [i.e., >60
umole/dl], were such levels to be sustained.

CONCLUSIONS

At intake levels at least three times the 99th percen-
tile of the projected daily intake of aspartame, there
is no experimental evidence to suggest a risk to the fe-
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tus from the aspartic acid, methanol or phenylalanine
moieties resulting from digestion of the aspartame

molecule.
REFERENCES

1. Stegink LD, Filer L], Jr, {eds): Aspartame physiology and
biochemistry. Marcel Dekker, New York, 1984.

2. Sturtevant FM: Aspartame, a new sweetening agent.
Toxicological questions discussed at a scientific hearing.
Trends Pharmacol Sci 1:X, 1980.

3. 46 Federal Register 38285-38308, july 24, 1981.

4. 48 Federal Register 31376-31382, July 8, 1983.

5. Oppermann JA: Aspartame metabolism in animals.
Pages 141-159 in LD Stegink & L] Filer, Jr, (eds): Aspar-
tame physiology and biochemistry. Marcel Dekker, New
York, 1984.

6. Stegink LD: Aspartame metabolism in humans: Acute

10.

11.

dosing studies. Pages 509-553 in LD Stegink & L] Filer,

Jr (eds): Aspartame physiology and biochemistry. Marcel -

Dekker, New York, 1984.

. 49 Federal Register 6672-6682, Feb. 22, 1984.
. Pitkin RM: Aspartame ingestion during pregnancy.

Pages 555-563 in LD Stegink & L] Filer, Jr. (eds): Aspar-
tame physiology and biochemistry. Marcel Dekker, New
York, 1984.

Stegink LD, Filer L}, Jr, Baker GL: Plasma and erythro-
cyte concentrations of free amino acids in adult humans
administered abuse doses of aspartame. J Toxicol Eviron
Health 7:291,1981.

Stegink LD, Pitkin RM, Reynolds WA, et al: Placental
transfer of aspartate and its metabolites in the primate.
Metabolism 28:669, 1979.

Tephly TR, McMartin KE: Methanol metabolism and

12.

13.

14.

15.
16.

17.

18.
19.

20.

toxicity. Pages 111-140 in LD Stegink & LJ Filer, Jr.,
{eds): Aspartame physiology and biochemistry. Marcel Dek-
ker, New York, 1984. ’
Martin-Amat G, McMartin KE, Hayreh SS, et al: Meth-
anol poisoning: Ocular toxicity produced by formate.
Toxicol Appl Pharmacol 45:201, 1978.

Delbriick W-R, Kluge A, Taiiber U: The effect of meth-
anol in man and animals {Translation from the German
original). Deutsche Gesellschaft fir Mineralolwissenschaft
und Kohlechemie E.V., Hamburg, 1982.

Stegink LD, Brummel MC, McMartin K, et al: Blood
methanol concentrations in normal adult subjects ad-
ministered abuse doses of aspartame. J Toxicol Environ
Health 7:281, 1981.

Francot P, Geoffroy P: Le méthanol dans les jus de
fruits, les boissons fermentées, les alcools et spiritueux.
Rev Ferment Ind Aliment 2:279, 1956.

Urban R, Tutsch-Bauer E, Schuck M, et al: Begleit-
stoffanalyse nach Genuss von Fruchtsiften mit und
ohne Zusatz von Athylalkohol. Blutalkohol 21:65, 1984.
von Fellenberg T: Uber den Nachweis und die Bestim-
mung des Methylalkohols, sein Vorkommen in den ver-
schiedenen Nahrungsmitteln und das Verhalten der
methylalkoholhaltigen Nahrungsmittel im Organismus.
Biochem Z 85:45, 1918.

Levy HL, Lenke RR, Koch R: Lack of fetal effect on
blood phenylalanine concentration in maternal
phenylketonuria. J Pediatr 104:245,1984.

Levy HL, Waisbren SE: Effects of untreated maternal
phenylketonuria and hyperphenylalaninemia on the fe-
tus. N Engl ] Med 309:1269, 1983. - :
Stegink LD, Feler L], Jr, Baker GL: Plasma amino acid
concentrations in normal adults fed meals with added
monosodium L-glutamate and aspartame. J Nutr
113:1851, 1983.

Int J Fertil 30



