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Neurobiochemical Alterations Induced by the Antificial Sweetener Aspartame (NutraSweet).
COULOMBE, R. A., AND SHARMA, R. P. (1986). Taxicol. Appl. Pharmacol, 83, 719-85. The dipeptide
aspartame (NutraSweet) is a newly approved and widely used artificial sweetener in foods and
beverages. Consumption of aspartame (ASM) has been reported to be responsible for neurologic
and behavioral disturbances in sensitive individuals. Unfasted male CD-1 mice were dosed orally
with 13, 130, or 650 ma/kg ASM in com oil, while control animals received com oil
alone. Three hours after dosing, the animals were killed, and the concentrations of the catechol-
amines norepinephrine (NE) and dopamine (DA), catecholamine metabolites 3-methoxy=4-hy-
droxymandelic acid (VMA), homovanillic acid (HVA), and dihydroxyphenylacetic acid (DOPAC).
the indoleamine serotonin (5-HT), and its metabolite S-hydroxyindoleacetic acid (5-HIAA) were
determined by electrochemical high-performance liquid chromatography in six brain regions.
-ASM_cxerted its. primary effect on adrencrgic nﬂl;otg;nsmmrgﬁnous brain regiops. In the
hypothalamus, the region richest in NE, increases in NE corcentrations of 12, 49, and 47% were
found in_the low, medium, and high dose groups, respectively, relative to. eomrol §gmﬁml
“increases of NE in the medulla oblongata and. corpus striatum. were also. observed. Increases of
the catecholamine DA and catecholamine metabolites VMA, HVA, and DOPAC were seen in
various regions. The indoleamine serotonin and its metabolite S-HIAA were unaffected by ASM
treatment. These findings are consistent with ASM-induced increases in the brain catecholaming
precursor. amino acids phenylalanine and tyrasine..asreporied carlier. Such observed altemtions

in brain neurotransmitter concentrations may be responsible for the reported clinical and behavioral

effects associated with ASM ingestion.. © 1986 Academic Press, lnc.

Aspartame (L-aspartyl-L-phenylalanine
methyl ester; NutraSweet) is a dipeptide re-
cently approved by the U.S. Food and Drug
Administration for use as an artificial sweet-
ener. Aspartame (ASM) was discovered in
19635 and found to be 150-200 times as sweet
as sucrose on a weight basis (Mazur, 1984).
ASM is used in a variety of food products, but
most importantly in diet carbonated bever-
ages. Coincident with increased consumption,
sales of ASM reached ca. $600 million in 1983,

! NutraSweet is a registered wademark of G. D. Searle
& Co.

% Portions of this study have been presented previously
(The Pharmacologist 27, 931, 1985).

3 To whom all correspondence should be sent.

and are likely to increase dramatically in the
future. Shortly following approval for use in
carbonated beverages, reports of ASM-related
neurological disturbances such as headaches,
dizziness, mood alterations, alterations in
menstrual patterns, gastrointestinal symp-
toms, and allergic-type reactions began to ap-
pear (Mass, Med. Soc., 1984).

Recent reports have indicated that oral ad-
ministration of ASM_is associated with large
Jincreases_in whole-brain concentrations of
phenylalanine (Phe) and tyrosine (Tyr) in the
_rat (Fernstrom et al., 1983; Wurtman, 1983).
Furthermore, it has also been demonstrated
that when dietary carbohydrate is ‘adminis-
tered with ASM, the rise in brain Phe is
roughly doubled compared to the effect of
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ASM alone (Wurtman, 1983). Since Phe and
Tyr are precursors in _the biosynthesis of ad-

Ienergic peurotransmitters. such_as_norepis
_nephrine (NE) and dopamine (DA), much of,

_the research into possible health effects of ASM .

_has focused on related neurobiochemical pa-

_rameters, It has been postulated that con-
sumption O_A,S_M_may_mnmmuy_mnunb_the

_amounts of biogenic amines in the brain via
ASM-induced _increases .in Phe.and. Tyr
(Wurtman, 1983). However, Fernstrom e? al.
(1983) reported that there were no apparent
alterations in whole-brain concentrations of
NE, DA, or serotonin (5-HT) 60 min following
a single oral dose of 200 mg/kg ASM in rats,
although significant increases in serum. and
brain Phe and Tyr were seen.

Previous studies of possible ASM-induced
neurotransmitter perturbations have involved
determinations of neurotransmitter concen-
trations in whole-brain homogenates, which
may not detect significant alterations in small
but critical brain regions, such as the hypo-

and subthalamus regions (Coulombe and Sharma. 1985).
Tissues were placed immediately in tared vials containing
several volumes, in relation to tissue weight. of ice-cold
0.05 M HClO, with 0.5% cysteine, then kept frozen at
-80°C until analyzed. To minimize possible diurnal vari-
ations in regional brain neurotransmitter concentrations.
all animals were sampled between 10 AM and 12 noon on
the same day.

Neurotransmitter analyses. Brain tissues were extrac-
ted and analyzed for concentrations of catecholamines.
indoleamines, and metabolites by methods previously
described (Mayer and Shoup, 1983: Coutombe and
Sharma, 1985). Perchloric acid (0.05 M HC10, with 0.5%
cysteine) extracts of individual samples were analyzed by
electrochemical high-performance liquid chromatography
(HPLC). The HPLC system consisted of a Bicanalytical
Systems (West Lafayette, Ind.) Model LC 150 electro-
chemical analyzer with a Model LC 3A amphoteric de-
tector, 2 Model LC 22A temperature controller, and a
Biophase ODS column. The mobile phase was prepared
as described (Mayer and Shoup, 1983; Coulombe and
Sharma, 1985) and allowed 10 equilibrate overnight before
sample analysis. Samples were eluted at 30°C at a flow
rate of 1.5 ml/min™!. The recovery of internal standards
by this technique was ca. 100%, and the correlation coef-
ficient of the standard curves was routinely >0.98. The
data were analyzed by one-way analysis of variance fol-
lowed by the least significant difference test, il the F ratios

thalamus. The purpose of the present study. . yere significant (Ott, 1977). A p < 0.025 was accepted as

_was 1o assess the effect of oral ASM_adminis-
tranon on neurotransmuter cow;_rgt;qg,un_

“discrete brain regions following_microdissec-
_lion of brain tissue.

METHODS

Chemicals. Aspaname, purchased from Sigma Chemical
Company (St. Louis, Mo.), was mixed with corn oil, then
homogenized gently to create a suspension. Corn oil was
used as a vehicle to avoid solubility problems of ASM.

Animals and treatment. Male CD-1 mice (Simonsen
Laboratories, Gilroy, Calif.) weighing 29-34 g were acclis
mated to the animal care facility, then randomly placed

in treatment groups prior (0 the beginning of the study.

The mice were maintained on rat chow (Wayne Products,
Chicago, lIl.) and water ad /ibitum, and housed four per
cage in a room maintained at 22 + 1°C and 50 £ 10%
humidity with a [2-hr light cycle.

Animals (four/group) received either 13, 130, or 650
mg/kg ASM in a volume of 0.25 mi; control animals re-
ceived the same volume of homogenized corn oil only.
Animals were killed 3 hr afier dosing by decapitation, and
the following brain regions were immediately sampled at
0°C: hypothalamus, medulla oblongata, cerebellum, cor-
pus striatum, cortex, and midbrain (Glowinski and Iversen,
1966). The midbrain included the hippocamus, thalamus,

statistically significant.

RESULTS

The regional concentrations of catechol-
amines and indoleamines in different brain
regions were within ranges expected for the
male CD-1 mouse as demonstrated from pre-
vious experiments (Sharma et al., 1985).

Aspa ;gme ingestion _induced significant
increases in catecholamine neurotransmitters

.in several brain regions. The effects were often
maximal at 130 mg/kg with no further in-

creases apparent at the highest dose. Aspar-
tame exerted its greatest effect on NE in var-
ious brain regions (Table 1). In the hypothal-
amus, the brain region with the greatest
concentration of NE, significant ASM-induced
increases of 49 and 47% were found relative
to control in the medium and high dose
groups, respectively. A 12% increase in hy-
pothalamic NE was also found in the low dose
group, although this finding was not signifi-
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cant. Significant increases in NE concentra-

- N} 00 Y W0
§ S § § z § E § tions were found in other brain regions such
H H b Had H g as the medulla oblongata and corpus striatum,
SR88 S888 but not in the cerebellum, midbrain, and cor-
ccce e-ce tex (Table 1). Likewise, there were significant
increases in hypothalamic DA in the medium
. and high dose groups, but no effects on DA
=238 2888 concentrations were found in ‘other brain
:‘: 33 : ;3: compartments (Table 1). The apparent de-
O e @I AN creases of DA in the medulla oblongata and
ph Bt i B v cerebellum (Table 1) were not significant as
calculated by analysis of variance.
Concomitant with the observed increases in
3385 =838 hypothalamic concentrations of NE and DA
oSS 333 S (Table 1), concentrations of the major cate-
gena naces cholamine metabolites were found to likewise
s333 338 § increase, primarily in the high dose groups
(Table 2). Concentrations of 3-methoxy-4-hy-
- B e ot droxy mandelic acid (VMA) significantly in-
§_ 9838 82888 creased in the hypothalamus (Table 2), the re-
i vl gion in which significant increases in the par-
nEog =ond ent catecholamine NE were observed (Table
Saae 83353 1). Similarly, significant increases in the con-
centration of homovanillic acid (HVA) in the
medium dose group were seen in the hypo-
mSnd cann thalamus (Table 2), presumably as a conse-
23 é g 88 § § quence of the increased parent catecholamine
HHHH HHHAHA DA in that region. Furthermore, the concen-
B3B3 8532 tration of dihydroxyphenylacetic acid (DO-
SSoc ssee PAC) in the medulla oblongata was signifi-
cantly increased in the high dose group.

.. o Aspartame-related perturbations appeared
NEZ2 3289 «i 1o be confined to the catecholamine neuro-
gdds Sscos ;S transmitters, since the concentrations of the
2980T 29SS g \; indoleamine serotonin (5-HT) and its metab-
8553335 | 884  olite S-hydroxy-indoleacetic acid (5-HIAA)

' g % % were unaffected (Table 3).
£8

Za s ~ DISCUSSION
Engs :—'-; naQ 2 §§ The doses employed in this study were cho-
S 98 T¥°| SFL sen toclosely approximate average intake as
Z5E  wellas potential “overuse” amounts of ASM.
4 E £ The mean potential intake of ASM in the 2-
“§&  tod-yearage group is |2 mg/kg (Federal Reg-
528 ister, 1983). The acceptable daily intake (ADI)
w = LR T OfASMis 40 my/gfor aduls (Segik, 1984)
Z a ><4@  Since it has become apparent that ASM con-
sumption by a large segment of consumers is




TABLE 2

EFFECT OF ASPARTAME ON REGIONAL CONCENTRATIONS OF THE BRAIN CATECHOLAMINE METABOLITES 3-METIHOXY-4-HYDROXY MANDELIC ACID (VMA),
HOMOVANILLIC ACID (HVA), AND DiHYDROXYPHENYLACETIC ACID (DOPAC)

Concentrations as pg/g wel weight®

Aspaname dose®
Brain amine (mg/kg) Hypothalamus Medulla oblongata Cerebelium Midbrain Corpus siriajum Contex

VMA Conurol 0.395 £ 0.017 0.381 £ 0.017 0.388 + 0.020 0.43] £0.033 0.484 + 0,051 0.402 + 0.033
13 0.449 £ 0.022 0.418 2 0.028 0.458 + 0.035 0.523 + 0.056 0.694 +0.186 0.333 + 0.083

130 0.412£0045 0.402 = 0.010 0.391 £ 0.011 0.526 £ 0.055 0.505 + 0.050 0.403 £ 0.017

650 0.534 + 0.060° 0.438 + 0.028 0.412 £ 0.006 0.393 £ 0.082 0491 0021 0.376 £ 0.014

HVA Control 0.144 1 0.012 0.051 = 0.002 0.034 + 0.004 0.205 £ 0.058 0.901 + 0.081 0.190 + 0.03)
13 0.147 £ 0.026 0.060 + 0.006 0.034 £ 0.002 0.169 + 0.020 0.830£0.119 0.188 £ 0.036

130 0.234 £ 0.024¢ - 0.048 + 0.008 0.034  0.004 0.143 £ 0.030 1.108 £ 0.104 0.184 £ 0.018

650 0.214 £ 0.005 0.058 £ 0.006 0.029 £ 0.002 0.125 £ 0,040 0914 £ 0.077 0.176 £ 0019

DOPAC Contro! 0.166 + 0.031 0.074 +£ 0.008 0.047 £ 0.004 0.181 £ 0.011 0957 + 0.098 0.191 £0.027
13 0.127 £ 0.015 0.071 = 0.002 0.049 + 0.003 0.179 + 0.026 0.756 £ 0.129 0.177 £ 0.032

130 0.231 £ 0.036 0.065 x 0.003 0.05) £ 0.002 0.147 £ 0.023 1.169 + 0.092 0.182 £ 0.017

650 0.206 £ 0.013 0.093 £ 0.003¢ 0.053 + 0.003 0.155 £ 0.021 0921 £0.110 0.190 £ 0.01}

“* Values are X x SE of four animals each.
¢ Animals killed 3 hr afier a single oral dose.
¢ Significantly different relative 10 controls, p < 0.025.
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Hypothalamus

EFFECT OF ASPARTAME ON REGIONAL CONCENTRATIONS OF SEROTONIN (5-HT) AND 5-HYDROXYINDOLEACEIIC ACID (5-HIAA)
(mg/kg)

Aspartame dose®

Brain amine
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GO 0 probably higher than these values (Wurtman,
23 S§ 2828 1983), the doses used in this study are a rea-
2555 9555 sonable representation of these conditions. In
=8 N2 8883 u3e current study, corn oil was used as a ve-
doos acsea hicle, and it is conceivable that ASM in an
‘ aqueous vehicle may have produced greater
biological effects due to a more rapid absorp-
852385 3285 tion
=238 38383 .
a5 v e by The observed neurotransmitter increases,
%283 3358 exclusively in the regional concentrations of
=358 8333 NE, DA, and their metabolites, suggest a spe-
cific ASM-induced perturbation in the adren-
ergic biosynthetic pathway. The changesin NE
2282 3853 concentrations in- the hypothalamus were
:::: :3 :: highly signiﬁcafxt at‘ the 133 gnd. 650 mg/kg
TnTe e dosw. of ASM, in spite of the limited number
22528528 of animals in each group. Similar trends have
been observed in other experiments in our
laboratory with a similar protocol. Further-
VI M W=NmMm .
33335 8333 more, increases in the adrenergic metabo-
2:33 :‘:f‘f‘ lites HVA, YMA, and DOPAC (Table 2)
VXaq NeAs strengthen the validity of these results. Because
Soss ssas concentrations of NE and DA are controlled
by the amounts of the precursor amino acids
Phe and/or Tyr (for review, see Wurtman ef
2833 3388 al., 1980), it is likely that the observed in-
f" ::: 3: 3 3 creases of NE and DA, as well as of the cate-
Teqag gy cholamine metabolites VMA, HVA, and DO-
3585 3323 PAC, resulted from an ASM-caused increase
in brain Phe, a component and an important
degradation product of ASM. '
2855 5853 This hypothesis is supported by recent
§ ss2 § 332 studies demonstrating that oral administration
:' b : H H : HH § of ASM (200 mg/kg) in rats induced large in-
IRNS IA58 S  creasesin whole-brain Phe and Tyr (Wurtman,
-S--oo3s( B  1983; Fernstrom et al., 1983). Since Phe is
5 -§ rapidly converted to Tyr—at least half of the
'g a Phe in protein is converted to Tyr in each pas-
= 3 g @ sage through the hepatic circulation (Elwyn,
£°23 2088 53 1970)—subsequent conversion of Tyr to cat-
S T°8 T°| &3 echolamines in the brain may proceed shortly
o &=  after ASM ingestion. Furthermore, it is also
4 3 knownthatdietary supplementation of Phe at
By Z ‘relatively low concentrations (1%) is respon-
§ é sible for significant increases in locomotor ac-
- P 3 E  tivity in rats, presumably via concomitant in-
= z > < creases in brain NE and DA (Thurmond er
al., 1977).
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It should be emphasized that the observed
ASM-induced increased concentrations of
catecholamine neurotransmitters and their
metaholites should be corroborated with the
direct measurement of their turnover rates.

Ofien. ASM-induced increases in various
neurotransmitters seemed to peak at the me-
dium dose with no further increases-apparent
at the highest dose. A possible explanation for
this trend may be end-product inhibition of
tyrosine hydroxylase. However, it has never
- been shown that brain catecholamine concen-
trations can increase sufficiently to inhibit ty-
rosine hydroxylase, except when animals are
treated with 2 monoamine oxidase inhibitor
{(Wurtman et al.. 1980).

The precise health implications of increased
brain NE and DA following ASM ingestion
remains unclear, However, of the many neu-
rotransmitters known to exist in the central
nervous system, the catecholamines NE and
DA have most ofien been linked to the be-
havioral pathology of a number of disorders
(Antelman and Caggiula, 1977). Alterations
in brain NE and DA have been

: 1978). Pharmacologically active agents such

a5 tetrahydrocannabinol and methamphet-
amine are often associated with increases in
brain NE and DA (Poddar er al., 1976; Koda
and Gibb, 1973). Furthermore, basic activities
such as eating (Antelman and Caggiula, 1977:
Barnett, 1980), reproductive behavior (Gessa
and Tagliamonte, 1974), stress-related aggres-
sion (Geyer and Segal, 197%), ang locomotor
function (Thurmond et al., 1977} appear to
be frediated by brain concentrations of NE
and/or DA. In addition, thie general modulat-
ing effect of NE and DA on the central nervous

Goldman, 1982).

Many of the above roles of central NE and
DA in behavior appear to arise due to the in-
volvement of these catecholamines in the hy-
pothalamic secretion of hypophysiotrophic

hormones. For example, hypothalamic con-
centrations of NE and DA, either directly or

indirectly. have important modulating effects
on vasopressin., oxytocin. prolactin. lutcinizing
hormone (LH), growth hormone. and thyroid-
stimulating hormone (TSH) (Reichlin &1 al..
19778 Hutchinson, 1978: Krulich. 1979). Thus
many of the aforementioned syvmpioms re-
portedly related to ASM consumption. i.e..
headaches, dizziness. mood alterations. and
menstrual pattern alterations, may be attrib-
utable to increases in regional brain catechol-
amine concentrations.

To our knowledge, the effects of ASM on
neurotransmitters in various brain regions.
have not been investigated. Fernstrom er al.
(1983) showed that although ASM (200 mg/
kg) caused large increases in blood and brain
Phe and Tyr in the rat. no significant changes
in brain NE, DA. 5-HT. DOPAC, HVA, and
5-HIAA were detected. However. since the
analyses were performed in whole-brain ho-
mogenates, significant alterations in minute
brain compartments. e.g.. the hypothalamus.
may have been masked and. therefore. un-
detected. It is evident that neurotransmitier
determinations in microdissected brain tissue
are essential when one is interested in screen-
ing for potential perturbations of these chem-
icals.

Concentrations of regional brain neuro-
transmitters are important in the modulation
of behavior, particularly in light of the critical
regulatory role of the hypothalamus. the brain
regions where the observed effects of ASM
were most profound. It is therefore possible
that ASM consumption may produce neuro-
biochemical and behavioral effects in humans.
particularly in children and susceptible indi-
viduals. Based on the foregoing. there is a need
for additional research on the safety of this
food additive. ‘
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