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Aspartame is an o-methyl ester composed of phenylalanine and aspartic acid. After its jnal 
approval as a sweetener in 1981 1 a number of reports of adverse reactions to aspartame 
appeared in the literature. To explore the pathogenesis of such reactions, we initiated a study 
in July 1986 to identify subjects with hypersensitivi8 reactions to aspartame with blinded 
challenge procedures. The study was closed after 32 months. During that time, we advertised in 
local newspapers and worked closely with the local community of allergists and dermatologists 
in an attempt to recruit subjects with hypersensitivity reactions to aspartame. A total of 61 
self-referrals and physician referrals were screened, with 20 referrals evaluated in clinic. After 
this evaluation, 12 patients underwent single- and double-blind challenge with up to 2000 mg 
of aspartame. No subject with a clear& reproducible adverse reaction to aspartame was 
ident$ed. In summary. we found that it is d@cult to recruit study subjects with a history of 
hypersensitivity reactions to aspartame and that subjects who believed themselves allergic to 
aspartame did not have reproducible reactions. (J ALLERGY CLIN IMMUNOL 1991;87:821-7.) 

Aspartame is an o-methyl ester composed of phe- 
nylalanine and aspartic acid. It was discovered ser- 
endipitously in 1965 by a chemist working to find an 
inhibitor of gastrin with possible applications as an 
antiulcer agent.’ In 1973, G. D. Searle petitioned the 
FDA for its approval to market aspartame as a sweet- 
ener.’ In 1974, aspartame was approved for use in dry 
foods. In December 1975, the FDA stayed the ap- 
proval for marketing aspartame because of concern 
over problems noted in studies by Searle Laboratories 
(Chicago, Ill.) and because of allegations that aspar- 
tame was unsafe and could cause mental retardation 
and endocrine dysfunction. In July 1981, the FDA 
Commissioner reapproved aspartame as a food addi- 
tive, and marketing was started that same year. In July 
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1983, aspartame was approved for use in carbonated 
beverages. ’ 

Since its discovery, during the approval process, 
and after marketing occurred, there have been sev- 
eral reports of adverse reactions. Reports of allergic 
reactions to aspartame include those reported to the 
Centers for Disease Control and occurring between 
1982 and 1984. Of 199 patients reviewed in depth, 
65 had symptoms considered classic for food allergy, 
including gastrointestinal distress, urticaria, rhinitis, 
and wheezing.4 There have been two case reports 
of aspartame-induced urticaria reproduced by double- 
blind challenge,’ and one report of granulomatous 
panniculitis.h Other investigators have addressed the 
issue of aspartame and sensitivity to headaches’.’ as 
well as safety issues.“. ” Because of the Centers for 
Disease Control reports of allergic reactions to as- 
partame and the report of reproduction of aspartame- 
associated urticarial reactions by double-blind chal- 
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TABLE 1. Problems reported by respondents 
to arise from aspartame consumption 

No. of patients Symptoms* 

I6 Headaches 
16 Hives 
5 Diarrhea 
5 Dizziness 
4 Seizures 
3 Rhinitis 
3 Shortness of breath 
2 Abdominal discomfort 
2 Cramping, menstrual bleeding, 

vaginal itching 
2 Anaphylaxis 
I Numb hands and feet 
I Hyperreactivity 
I Blindness, intermittent 
1 Sexual urges 
I Nightmares. depression 
I Flu-like syndrome, “dopiness” 
I Basal cell carcinoma 
I Difficulty swallowing 
1 Itching. no rash 

*Sixty-seven complaints in 61 patients. 

lenge, we designed a protocol to examine aspartame- 
associated hypersensitivity of “allergic” reactions. 
The protocol spans a period of 32 months. from July 
1986 to February 1989. During this time, multiple 
efforts to recruit patients sensitive to aspartame were 
made through local newspapers and the local medi- 
cal community. This article details the results of this 
effort. 

MATERIAL AND METHODS 
Subjects 

We advertised for individuals who believed they might 
be sensitive to aspartame four times in the NIH Record 
(circulation 1800) and five times in the W~shingron Posr 
Health Section (circulation 781,000) during the duration of 
the protocol. A typical Washington Pm? advertisement un- 
der the volunteers listing in the Health Section was: “Na- 
tional Institutes of Health seeks normal volunteers and peo- 
ple who get hives and other allergic reactions from products 
containing Nutrasweet and who are between I8 and 50 to 
participate in a study of aspartame (Nutrasweet). Call Dr. 
Margarita Garriga: (Tel. no.).” The local community of 
allergists and dermatologists were informed of the protocol. 
both by letter and during local meetings, and asked for help 
in referring patients they believed had a problem with as- 
partame sensitivity. Members of the Washington, D.C. AI- 
lergy Society and the Washington, D.C. dermatology group 
received such direct mailings. Announcements of the pro- 
tocol were posted on bulletin boards at NIH and in local 
hospitals. Letters and announcements were fult page and 

included information on where aspartame could be found 
and listed a full spectrum of possible allergic rzactiore 
Subjects who experienced various adverse rcal~tirln\ C~X 
tacted us by telephone. Subjects with complamts <it ;I PI:\ 
sible allergic nature were referred for a clinic ..‘:-~t I~) LIC 
termine if they were candidates for aspartame ch:tllzng~ 

Volunteers had no history of reactions to aq~~~nrc anJ 
included normal (one male and four female \olunttlcrs) ,md 
atopic (four female and two male voluntccrc) \ub;ccts rang. 
ing in age from 27 to 42 years. Both volunteer\ and subject.< 
with a history of allergic reactions associated with aspartame 
ingestion were entered into the study after informetl conczn! 
(NIH protocol No. 86-l-09). 

Laboratory studies 

Skin testing was performed by the prick skin method to 
various aeroallergens. including ragweed. grasses. trees, 
molds, mites. and dust, and Aspergil1u.v; scmme i‘oods. in- 
cluding peanuts, crab. cod. cows’ milk, egg whltc and egg 
yolk, fish mix, lobster. pecans, scallops, jcsamc. shrimp. 
and tuna: and aspartame, DKP. monosodium glutamate. and 
sulfites. All allergen extracts and additives ivcce prepared 
in a suspension with glycerol-saline I :2t) wt: voi cxccpt 
aspartame, which was prepared with glycero!-sallnc I : IO0 
wtivol. Histamine (1 mg/ml) and glyccrinatcd saline served 
as positive and negative controls, respectively On cvalua- 
tion at IS to 20 minute!,. those skin test MX with a nei 
wheal diameter that was ?3 mm larger than the whcitl 
diameter at the negative control \itc were consldercti pas- 
itive. 

A complete blood count with differcntlal. glucose. clec- 
trolytes. serum glutamic oxaloacetic tfansammssc. berum 
glutamic pyruvic transaminase. calcium. blood urea nitro- 
gen, creatinine, and cholesterol, and quantitative I@ and 
IgE were performed on all subjects. Plasma histamines wcrc 
determined with a moditication of a single isotope radiocn- 
zymatic assay in which hixtaminc was radiolabeled with Li 
tritiated methyl group by N-methyl transfcmsc and subse- 
quently determined as H, methylhistamine hy thin-layer 
chromatography (upper 95% confidence limit ior normal 
subjects. 617 pgiml).” Appropriate tests ~~crr: ~~ompletetl 
to determine if the patient had a physical disorder that might 
explain a complaint of “‘food allcrpy” or the tsportcd scn-- 
sitivity to aspartame. 

Challenge procedure 

Oral aspartame challenges were performed on sut+ts 
who were between the ages of IX and 65 years. mcluding 
normal and atopic volunteers as well as individuals with 
suspected hypersensitivity reactions to aspartame. Advcrsc 
reactions considered were nausea. difficulty \wallowinp, 
vomiting, abdominal pain. diarrhea, abdominal distention, 
flatulence. urticaria. angioedema. pruritus. cutaneous flush- 
ing, eczema. rhinitis. asthma, hypotension. syncupc. dnd 
headache. Only headaches that met the standard criteria of 
an immediate hypersensitivity reaction (within minutes to 
1 hour, reproducible with each exposure) were considered. 
Pregnant women and individuals with significant cardio- 
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vascular, neurologic, pulmonary, renal, or gastrointestinal 
diseases were excluded by the protocol. 

The aspartame challenge consisted of administration of 
placebo flactose) or food-grade aspartame (G. D. Searle, 
Co.. Chicago. Ill.) in opaque capsules. The patient observed 
an overnight fast before challenge. Antihistamines were 
stopped for at least ‘72 hours before challenge. No patients 
were receiving steroids, B-agonists, or long-duration anti- 
histamines in proximity to study. The subjects were seated 
in a clinic room with an intravenous line in place. In patients 
with a history of severe reactions, the capsutes were ad- 
ministered while the patient was under a doctor’s close 
supervision. The capsules were administered in a single- 
blind manner to both control subjects and patients suspected 
of having aspa~ame-induced hy~rsensitivity reactions. 
This challenge procedure was performed with increasing 
dosages of aspartame (0, IO, 100, 500, 1000. and 2000 mg) 
at 30-minute intervals or at intervals that exceed the reaction 
time reported by history. Before each dose. or with a re- 
action. blood was collected in a purple-topped tube (con- 
taining heparin) and immediately placed on ice (later to 
measure plasma histamine). The FEV was obtained before 
each dose or with a reaction with a Panasonic multispiro 
PC machine (Senior Partner). 

A positive challenge was defined as reproduction of the 
historical complaint. an obvious allergic reaction (hives, 
edema. flushing, vomiting. diarrhea. and hypotension), or 
a decrease in FEV, >20%. (A change of 20% or less 
was considered within normal limits in relationship to as- 
partame administration.) Patients who had a positive rc- 
sponsc (not life-threatening) were next examined no sooner 
than 2 weeks later in a double-blind, placebo-controlled 
fashion. receiving either five capsules of aspartame (2000 
mg) or live capsules of placebo followed by the alternative 
regimen in which the number of placebo capsule challenges 
approximated the number of aspartame-containing capsule 
challenges. Patients who had no response to aspartame cap- 
sulcs were administered an aspartame-containing diet soda. 

RESULTS 

Through the various recruitment efforts, we re- 
ceived a total of 61 phone calls. Initial symptoms 
reported by respondents are detailed in Table I. Of 
these calls, 19 had complaints that were not considered 
due to immediate hypersensitivity reactions to aspar- 
tame (e.g., anxiety, depression, menstrua1 abnormaI- 
ities, and intermittent blindness). Six individuals were 
excluded because of an underlying disease that pre- 
vented entry into our protocol (one with thyroid dis- 
ease, two with seizures, one with lupus, and hyper- 
tension, one with heart block, and one individual re- 
ceiving therapy for depression). In three individuals, 
complaints attributed to aspartame did not always oc- 
cur after aspartame ingestion. Eleven potential sub- 
jects rejected the idea of being studied, saying that 
their problem was too minor to justify the time in- 
volvement (Fig. I). Not illustrated in Fig. 1 are a 

61 Calls 

/\ 
22 Scheduled for Clinic 39 Not a Candidate or 

Did Not Wish to Participate 

2 Failed to Report 

+ 
20 Patmts Evaiuated 

8 Not Interested in Challenge or. 
on Re-Evaluation, Complaint 
Not Related to Aspartame 

12 Chklanged 
Single-Blind 

r-----b 
3 Positive 9 Negative 

+ 
Challenged Diet Soda 

Double-Blind 

c 1 Positive* 
3 Negative 8 Negatwe 

c 
Diet Soda 

I 
3 Negative 

FIG. 1, Disposition of aspartame-related calls and outcome 
of recruitment and challenge;’ questionable positive re- 
action (see text). 

number of calls from people who were interested in 
what adverse reactions aspartame might cause or who 
wanted to be paid to be studied. One person, for 
instance, said he was not sure if he ever had a flu- 
like syndrome from aspartame but, if we paid him to 
undergo challenge, he would know. Twenty-two sub- 
jects were scheduled for clinic. Two patients failed to 
report. When they were called, they stated they were 
no longer interested in participating in the study be- 
cause their suspected problems were not significant 
enough to warrant participation. 

~mographically, the volunteers and patients eval- 
uated in clinic were of similar ages and education. 
There were three men and eight women in the control 
(normal and atopic) group and eight men and 12 
women in the suspected aspartame-sensitive group 
(Table II) screened in clinic. 

Initial laboratory tests in the control group were 
largely unrevealing. We did note, for instance, one 
elevated plasma histamine value before challenge in 
one atopic volunteer and an elevated IgE in a second 
atopic volunteer. Five of 11 control subjects had pos- 
itive skin tests to one or mote extracts. As was an- 
ticipated, no normal volunteer had an adverse reaction 
to aspartame or the challenge procedure itself. Pul- 
monary function tests remained unchanged. More im- 
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TABLE II. Demographic characteristics of suspected aspartame-sensitive patients evaluated 
in clinic ____-..-__ _ _ ~- 

Me Symptoms attributed to 

Patient No. WI Sex Occupation aspartame 
-- 

F 
F 

M 
F 

M 
M 
F 

F 
M 

F 
M 
M 
F 
F 

F 
M 
M 
F 
F 
F 

Lawyer 
Acct~unt~nt 

Administrator 
Student 

C(~inputcrs 
Administrator 
Attorney 

M~r~etil~~ 
Business 

Administrator 
Scientkt 
Student 
Administrator 
Psychologist 

Psycholqist 
Biomedical engineer 
Administrator 
Government worhcr 
Program analyst 
Public iIlf~~rrn~tion 

- 

portantly, plasma histamines remained within the nor- She did not react to a regular soda but had this reaction 
mal range (data not presented). at times when she was not exposed to aspartame. 

Of the 20 subjects studied for aspartame sensitivity. 
IgE was elevated in three subjects (Table III). Eleven 
of 20 suspected aspartame-sensitive patients had one 
or more positive skin tests. After initial evaluation of 
eight of these individuals not interested in challenge 
or on reevaluation, the complaint was not related to 
aspartame ingestion. Of the 12 patients with com- 
plaints attributed to aspartame and who completed the 
study, nine patients had negative single-blind chal- 
lenges (Table IV). One patient (No. 9) developed hives 
during the single-blind challenge. Two subsequent 
double-blind challenges were negative. One patient 
(No. 13) complained of questionable “throat tight- 
ness” during single-blind challenge. There were no 
complaints during double-blind challenge. One patient 
(No. 19) developed rhinitis during single-blind chal- 
lenge. Nasal stuffiness and nasal discharge occurred 
during double-blind challenge both after receiving pIa- 
cebo or aspartame. In all cases, there was no change 
in blood pressure or pulmonary function tests. Plasma 
histamine values remained within the normal range. 

In summary, no reproducible reactions to aspartame 
were observed in I2 patients challenged with aspar- 
tame complaining of hive5 alone (Nos. 9 and 20). 
hives plus anaphylaxis andior asthma (Nos. 4 and 
I 1). gastrointestinal complaints with or without head- 
ache (Nos. 2 and 18). symptoms suggestive of hy- 
potension (No. 3). laryngeal edema (No 13). head- 
ache (No. 6). or rhinitis (Nos. 5. IO, and 19~. It should 
be noted that headache wa\ an infrequent complaint 
in patients undergoing challenge in that only headache 
occurring in close proximity to. and clearly related in 
a consistent fashion to. aspartame ingestion were con- 
sidered as possibly allergic. Under these specific se- 
lection criteria. only one patient (No. 6) with head- 
aches alone was studied. and these did not reproduce. 
More detailed studies of aspartame and its relationship 
to headaches arc to bc found in the literatureJGJ rn 
which repeated doses of’ aspartame were administered 
during usual activity. 

DISCUSSION 

When patients were challenged with diet sodas. 
only one patient (No. 2) reacted (twice). Her com- 
plaint was feeling bloated and abdominal distention. 

After the release of aspartame for general use. sev- 
eral studies suggested that aspartame might lead to 
allergic reactions in some individuals.’ ’ Particularly 
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TABLE III. Results of initial tests or subjects suspected of aspartame sensitivity before challenge 

Patient No. Skin tests 
Laboratory 

tests PFTS Plasma histamine 

1 

6 

7 

8 
9 

10 
11 
12 

13 

14 

I5 

16 

17 

18 

19 

20 

Plus grasses, ragweed, molds, 
crab 

Negative 
Plus crab, lobster 
Plus aspartame, lobster 
Plus aspartame, dust, mite, 

Aspergillus, peanut, pecan, 
soybean, shrimp 

Negative 
Plus dust, trees, ragweed, 

shrimp, Aspergillus. crab, 
cod, milk, egg, lobster, 
peanut, pecan, soybean, 
sesame, MSG, aspartame, 
DKP 

Plus dust, mites 
Plus ragweed, grasses, dust, 

mite, Aspergillus. crab. 
cod, shrimp, scallop. 
lobster 

Negative 
Plus trees, grasses, dust 
Plus ragweed, mold, dust. 

mite 
Negative 
ND 
ND 
WNL 
ND 
Plus dust 
Plus trees, ragweed, mold, 

dust, mite, lobster 
Negative 

WNL 

WNL 
WNL 
WNL 
t I@ 

t Hgb WNL WNL 
t kE ND ND 

WNL WNL WNL 
t I.@ WNL WNL 

t BS WNL WNL 
t Uric acid WNL WNL 

f BS ND ND 

WNL WNL WNL 
ND ND WNL 
ND ND ND 

t chol WNL WNL 
ND ND ND 

WNL WNL WNL 
WNL WNL WNL 

WNL ND ND 

ND ND 

WNL WNL 
WNL WNL 
WNL WNL 
WNL WNL 

- 
fFTs, !Wmonary function tests; WNL. within normal limits: ND. not done; Hgh. hemoglobin; B.S. blood sugar 

intriguing was the study that aspartame could be dem- 
onstrated to be responsible for hives in two subjects 
by double-blind challenge procedures.’ Because of 
these studies, we initiated a study to identify people 
who believed themselves allergic to aspartame, to re- 
produce such reactions by double-blind procedures, 
and to study the pathogenesis of such reactions. 

As detailed in this article, after approval of a clinical 
protocol to study aspartame hypersensitivity, we at- 
tempted to recruit aspartame-allergic subjects by re- 
peated newspaper advertisements and interactions 
with local allergists and dermatologists. This effort 
resulted in 61 phone calls (Table I) during 33 months. 
Initial screening was performed to select subjects 
whose complaints were possibly allergic in nature, 
and they had appointments scheduled to our clinic. 

Our difficulty in recruitment in and of itself we believe 
to be instructive. If aspartame sensitivity were a com- 
mon problem, we would have expected more response 
to our recruitment effort. Previously, with less effort, 
we successfully recruited patients for study who had 
immediate reactions to foods. “. ” 

Of those respondents selected for clinical evalua- 
tion, we thoroughly screened those whose complaints 
appeared to be allergic in nature. Of these responders, 
11 did not wish to take time to participate in the study 
or to diagnose their condition (Fig. 1). From these 
3 1 responders, six had underlying diseases that made 
them unsuitable for study (thyroid disease, seizures, 
lupus, hypertension, heart block, and receiving med- 
ication for depression). From the remaining 25 re- 
sponders, three had symptoms that were not repro- 
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TABLE IV. Challenge results 

Patient No. Capsule SB 

Challenge 

Capsule DB Diet soda 
Symptoms 

signs 

Results 
-.-._--...--.. .~ ~. 

PFTS Histamine 

----.. -.-.---._ 
SB, Single blind; DB, double blind; PFTx, pulmonary function test\: WNL. wIthIn n~xm;~l 111nlt\ 
*Not considered to be an allergic reaction. 
tRhinitis also receiving placebo. 

IO 

11 

13 

18 

19 

20 

X 

X 

X 

x 

X 

x 

‘i 

k 

ducible, leaving 22 of whom two failed to report to 
clinic and 20 were observed in clinic. Of these re- 
sponders, one was found unsuitable for study because 
his headaches were not clearly related to aspartame, 
and seven decided that they did not want to continue 
in the study. 

Seventeen patients were skin tested to aeroaller- 
gens, selected foods, aspartame, and DKP (Table III). 
Three of these 16 patients (Nos. 4, 5, and 7) had a 
positive skin test to aspartame,‘” although in each case 
the reaction was only 4 to 5 mm greater than the 
reaction at control site. Neither patient 4 or patient 5 
had a positive challenge (Table IV). Patient 7 was not 
challenged. None of the normal subjects had a positive 
skin test to aspartame. In the absence of a clear and 
reproducible immediate reaction to aspartame. it is 
impossible to evaluate the accuracy of skin testing 
with aspartame in predicting clinical aspartame sen- 
sitivity. 

Of I I subjects uho had no history 01 ;tspartamc 
sensitivity and were challenged. none had a rcqonhc. 
Plasma histamines remained unchanged. Thus. the 
nature of the protocol itself did not yield Pahe-positive 
results. 

We completed challenges in I2 patients ( l‘ublc IL’). 
We were unable to identify a single paticni with ;I 
reproducible reaction to aspartame and in whom we 
could study the pathogenesis of such a rcxxion. WC 

thus conclude that it is difficult to tind and study 
aspartame-sensitive patients and that. in our serie\ and 
on blinded oral challlenpe. symptoms in those patient\ 
who believed themselves allergic to aspartame wcrc 
not reproducible. The failure to identify patient\ with 
aspartame sensitivity is consistent with the bioloq ot 
the aspartame molecule. “’ ’ It is a dipeptidc, does not 
appear to act as a hapten. and is rapidly degraded at 
the brush border. It might thus be expected to rarely 
induce an IgE response. 
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Aspartame itself does not directly degranulate mast 
cells, nor does it enhance the release of mast cells to 
IgE-mediated stimuli. ” It does remain possible that 
aspartame breakdown products induce IgE-mediated 
responses. This could be the basis for the hives re- 
ported associated with aspartame administration. We, 
however, identified no such individuals. It should 
be noted that the aspartame used in challenge pro- 
cedures contains 98% pure aspartame (a-aspartyl- 
phenylalanine methyl ester) and a small percentage 
of breakdown products, including 0.17% a-aspartyl- 
phenylalanine, 0.56% aspartyl-phenylalanine DKP, 
0.32% P-aspartyl-phenylalanine methyl ester, and 
small quantities of other conversion products, such 
as P-aspartyl-phenylalanine and phenylalanine methyl 
ester.’ This would result in the administration of 6.1, 
20.2, and 11.6 mg, respectively, of each breakdown 
product during the initial single-blind challenge series. 
No reactions were observed. 

We thus conclude that it is difficult in our geo- 
graphic area to recruit patients with aspartame allergy. 
This conclusion is based on attempts to recruit subjects 
and the results of the challenge of 12 individuals. A 
negative study does not eliminate the possibility that 
some individuals may become allergic to aspartame. 
If sensitivity is suspected, avoidance procedures may 
be initiated. If this is necessary and when this is safe 
for the patient, aspartame sensitivity can be examined 
through the application of blinded challenge proce- 
dures 
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