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in contact lenses in amounts not to 
exceed the minimum reasonably 
required to accomplish the intended 
coloring effect. 

(2) Authorization for this use shall not 
be construed as waiving any of the 
requirements of sections 510(k), 515.and 
520(g) of the Federal Food, Drug, and 
Cosmetic Act with respect to the contact 
lens in which the color additive is used. 

,(c) Labeling. The label of the color / 
auditive shall conform to the 
requirements of § 70.25of this chapter. 

(d) Exemption/rom certification. 
Certification of this color additive is not 
necessary for the protection of the 
public health. and therefore the color 
additive is exempt from the certification 
requirements of section 706(c)of the act. 

§ 73.3119 7,16-Dlchlor0-6,15-dlhydro
5,9,14,1S-anthrazlnetetrone. 

(a)/dentity. 'The color additive is 7,16
dlchlorc-e.ts-dthydro-s.s.ts.ta
anthrazinetetrone (CAS Reg. No. 130
20-1). Colour Index No. 69825. 

(b) Uses and restrictions. (1) The 
substance listed in paragraph (a) of this 
section may be used as a color additive 
in contact lenses in amounts not to 
exceed the minimum reasonably 
required to accomplish the intended 
coloring effect. 

(2) Authorization for this use shall not 
be construed as waiving any of the 
requirements of sections 510(k). 515,and 
520(g) of the Federal Food. Drug, and 
Cosmetic Act with respect to the contact 
lens in which the color additive is used. 

(c) Labeling. The label of the color 
additive shall conform to the 
requirements of § 70.25 of this chapter. 

(d) Exemption from certification. 
Certification of this color additive is not 
necessary for the protection of the 
public health. and therefore the color 
additive is exempt from the certification 
requirements of section 706(c)of the act. 

§ 73.3120 16,17-Dlmethoxydlnaphtho 
[1,2.3-cd:3',2', 1'-1m]perylene-5,1o-ctlone. 

(a) Identity. The color additive is 
16.17-dimethoydinaphtho[1.2.3.-cd:3'.2',I' 
-lm]perylene-5.10-dione (CAS Reg. No. 
128-58-5), Colour Index No. 59825. 

(b) Uses and restrictions. (1) The 
substance listed in paragraph (a) of this 
section may be used as a color additive 
in contact lenses in amounts not to 
exceed the minimum reasonably 
required to accomplish the intended 
coloring effect. 

(2) Authorization for this use shall not 
be construed as waiving any of the 
requirements of sections 510(k). 515. and 
520(g) of the Federal Food, Drug, and 
Cosmetic Act with respect to the contact 
lens in which the color additive is used. 

(c) Labeling. The label of the color 
additive shall conform to the 
requirements of § 70.25 of this chapter. 

(d) Exemption from certification. 
Certification of this color additive is not 
necessary for the protection of the 
public health, and therefore the color 
additive is exempt from the certification 
requirements of section 706(c)of the act. 

Any person who will be adversely 
affected by the foregoing regulation may 
at any time on or before August 8. 1983 
file with the Dockets Management 
Branch (address above] written 
objections thereto. Objections shall 
show wherein the person filing will be 
adversely affected by the regulation. 
specify with particularity the provisions 
of the regulation deemed objectionable. 
and state the grounds for the objections. 
Objections shall be filed in accordance 
with the requirements of 21 CFR 71.30. If 
a hearing is requested. -the objections 

. shall state the issues for the hearing and 
,hall be supported by grounds factually 
and legally sufficient to justify the relief 
sought. and shall include a detailed 
description and analysis of the factual 
information intended to be presented in 
support of the objections in the event 
tha t a hearing is held. Three copies of all 
documents shall be filed and shall be 
identified with the docket number found 
in brackets in the heading of this 
document. Any objections received may 
be seen in the Dockets Management 
Branch, between 9 a.m, and 4 p.m., 
Monday through Friday. 

Effective date. This .regulation shall 
become effective August 9. 1983 except 
as to any provisions that may be stayed 
by the filing of proper objections. Notice 
of the filing of objections or lack thereof 

. will be announced by publication in the 
Federal Register. 
(Secs. 701(e). 706. 70 Stat. 919. as amended. 74 
Stat. 399-407 (21 U.S.C. 371(el. 3761) • 

Dated: July1. 1983. 
William F. Randolph, 
Acting Associate Commissioner for 
Regulatory Affairs. 
(FR Doc. 83-1B:l70 Filed 7-7"'3: S:45 am) 
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21 CFR Part 172 

[Docket No. 82F-0305] 

Food Additives Permitted for Direct 
Addition to Food for Human 
Consumption; Aspartame 

AGENCY: Food and Drug Administration. 
ACTION: Final rule. 

SUMMARY: The Food and Drug 
Administration (FDA) is amending the 
food additive regulations to provide for 

the safe use of aspartame in carbonated 
beverages and carbonated beverage 
syrup bases. The action responds to a 
petition filed by G. D. Searle lit CO. 
DATES: Effective July 8. 1983;objections 
by August 8. 1983.
 
ADDRESS: Written objections to the
 
Dockets Management Branch (HFA

305), Food and Drug Administration, Rm,
 
4-62, 5600Fishers Lane. Rockville. MD
 
20857.
 
FOR FURTHER INFORMATION CONTACT: 
Anthony P. Brunetti. Bureau of Foods 
(HFF-3~), Food and Drug 
Administration. 200 CSt.. SW.• 
Washington. D.C. 20204, 202~72-5690. 

SUPPLEMENTARY INFORMATION: 

I. Introduction 

Aspartame. the methyl ester of a 
digestible dipeptide. with a nutritive 
value of four calories per gram, was first 
approved as a sugar substitute for table 
use. and for use in certain dry food 
applications as a sweetener and flavor 
enhancer on July 26.1974 (39 FR 27317: 
correction published September 26.1974 
(39FR 34520)). The approval responded 
to a petition from G. D. Searle & Co. and 
the regulation became codified in 21 
CFR 172.804 (formerly 21 CFR 121.1258). 

Formal objections to this regulation, 
based on safety concerns arising from 
toxic effects of certain amino acids. in 
animals. resulted in the establishment of 
a Public Board of Inquiry (the Board) to 
investigate the safety questions. A 
comprehensive audit of the authenticity 
of selected toxicological studies on 
aspartame was also undertaken. and the 
regulation authorizing the marketing of 
aspartame was stayed pending the 
findings of these inquiries (40FR 56907; 
December 5. 1975). In the Federal 
Register of July 24.1981 (46FR 38285; 
correction published September 18. 1981 
(46FR 46394)), the Commissioner of 
Food and Drugs reviewed in detail the 
contested aspects of aspartame's safety 
and issued his final decision on Searle's 
petition for the food additive use of' 
aspartame ("Commissioner's decision"). 
The Commissioner's decision concluded 
that aspartame had been shown to De 
safe under section 409 of the Federal 
Food. Drug. and Cosmetic Act (the act) 
(21U.S.C. 348). and vacated the stay of 
the original regulation, effective October 
22,1981 (46 FR 50947; October 16.1981). 

In a notice published in the Federal 
Register of October 15. 1982 (47FR 
46140). FDA announced that a petition 
(FAP 2A3661) had been filed" by the 
Searle Research and Development 
Division of G. D. Searle lit Co.•4901 
Searle Parkway, Skokie. IL 60077. 
proposing that § 172.804 Aspartame be 

http:dlchlorc-e.ts-dthydro-s.s.ts.ta


Federal Register / Vol. 48, No. 132 / Friday, July 8, 1983 / Rules and Regulations 31377 

amended to provide for the additional 
safe use of aspartame (l-methyl N-L-a
aspartyl-L-phenylalanine) as a 
sweetener in carbonated beverages. 

II. Petition for Use in Carbonated 
Beverages 

The proposed use of aspartame in 
carbonated beverages required the 
current petition to address the new issue 
of the stability of aspartame in a liquid 
medium. In addition. the petition had to 
address the issue of the dietary 
exposure to aspartame resulting from its 
use in carbonated beverages, as well as 
from other regulated uses. Safety data, 
in the form of clinical studies with 
various human subpopulations, were 
also provided to support the safe use of 
aspartame at the highest estimated 
exposure levels. These issues are 
discussed below. 
A. Stability ofAspartame in Beverages 

Studies on aspartame's stability in 
carbonated beverages and syrup 
concentrates were provided by Searle in 
the current petition to demonstrate the 
safety and functionality of the 
sweetener in carbonated beverages 
during typical storage periods (up to 52 
weeks), and over a range of 
temperatures 5° to 55° C (41° to 131° F). 
These stability data were submitted 
under section 409(b)(2)(C) of the act 
which requires that a food additive 
petition contain data bearing on the 
physical or technical effect the additive 
is intended to produce. Sensitive 
chromatographic analyical techniques 
were used to identify and quantify 
aspartame and its decomposition 
products in the aged carbonated 
beverage preparations. Taste panel tests 
also verified that taste characteristics 
were retained for typical shelf-life 
periods. For example, levels of 
aspartame remaining in carbonated 
beverages stored for 8 weeks at 20° C 
(68°F) were shown to be between B4 
and 89 percent of the original amount. 
The lost aspartame is degraded to 
diketopiperazine (DKP) and its 
component amino acids. aspartic acid. 
phenylalanine, plus aspartyl-l
phenylalanine (the deesterified 
dipeptide), and methanol. The DKP 
formed was 3 to 4 percent of the added 
aspartame. Approximately one-third of 
the decomposition products were in the 
form of DKP,a result which was shown 
to be relatively consistent for four 
flavors of carbonated beverages as well 
as for the syrup concentrates. At 
average aspartame use levels, 67 
milligrams (mg) per 100 milliliters (mL) 
of carbonated beverage, the level of 
DKP formed was demonstrated to be 

approximately 2 mg/l00 mL under these 
conditions. Storage at 5° C (41°F) for 52 
weeks results in residual aspartame 
levels similar to the above. After 6 
weeks at 5° C. aspartame levels were 90 
percent of the amounts added. -

Storage tests at 30° C (86° F) for 8 
weeks resulted in 62 percent of the 
added aspartame remaining in a cola
type beverage, with 12 percent of the 
residue in the form of DKP. At 
temperatures above 30° C the stability 
drops off markedly. The petition shows 
that storage at 40° C (104° F) and 55° C 
(131° F) results in less than one-half of 
the added aspartame remaining after 9 
weeks and 3 to 4 weeks, respectively. 
The agency believes. however, that 
storage at these times and temperatures 
can be avoided by attention to handling 
and distribution. More important, 
although this lack of stability might 
result in a marginally acceptable 
product, it would not lead to an unsafe 
product. Any concern over possible 
toxic effects from DKP has been 
eliminated as a result of long-term 
animal studies conducted using DKP 
itself as the test compound. These 
studies are discussed below in greater 
detail under "Safety Issues." 

B. Consumption Levels 

The additional use of aspartame in 
carbonated beverages is expected to 
increase the projected average daily 
consumption of the sweetener. Safety 
issues relating consumption levels of the 
sweetener to potential toxic effects from 
its component amino acid have been 
comprehensively reviewed in the 
Commissioner's final decision of July 24, 
1981 (46 FR 38285). In the safety analysis 
of consumption levels described therein, 
estimates of the maximum possible daily 
intake of aspartame were computed by 
several methods (46 FR 38290). 
Significantly, these aspartame 
consumption estimates included 
calculations based on: (a) Substitution 
of aspartame for all sucrose in the diet 
of an average 60-kilogram (kg) 
individual (8.3mg/kg body weight of 
aspartame per day), or substitution of 
aspartame for all dietary carbohydrate 
(25 mg/kg body weight per day); and (b) 
market survey data of actual dietary 
records for foods which could contain 
aspartame (data compiled by Market 
Research Corp. of America (MRCA)). 
The estimates based on the MRCA 
survey covered two groups of products: 
"Group A" products were those which 
are now approved for addition of 
aspartame (21 CFR 172.804); and "Group 
B" products include seven additional 

food categories for which aspartame has 
marketing potential, including 
carbonated beverages. The _ 
Commissioner thus considered use of 
aspartame in carbonated beverages in 
estimating its potential consumption. 

For the product Groups A and B 
combined, the consumer group with the 
highest intake (young children. ages 2 to 
5) had a calculated mean potential 
exposure of 11.1 mg/kg body weight per 
day, and a corresponding 90th percentile 
value of 25.0mg/kg. Members of the 
Board, as well as the Commissioner, 
used an intake value of 34 mg/kg per 
day in their analysis of possible risk. 
This figure was the highest obtained 
from any estimate of potential 
consumption and exceeds the 99th 
percentile consumption (25 mg/kg) for 
all-age groups combined from the MRCA 
survey. Subsequent safety calculations 
relating to the maximum risk from 
elevations in blood plasma levels of 
aspartame's component amino acids' 
were referenced to this "loading dose" 
of aspartame consumption (46 FR 38304). 
The corresponding minimum elevation 
in plasma levels of amino acids that 
could be suspected of being neurotoxic 
was taken to be 100 micromoles per . 
deciliter (dL), the cautiously-estimated 
"toxic threshold" value adopted for 
human risk assessment purposes (46 FR 
38291). 

Referring to the projected maximum 
aspartame consumption estimate Of34 
mg/kg per day and the threshold plasma 
level. the Commissioner concluded that 
all the evidence available established 
that aspartame intake from the 
maximum projected consumption of 
aspartame, which included beverage 
use. was "far, far below any level even 
suspected of being toxic" (46 FR 38303). 
After the Commissioner's decision was 
issued. the MRCA survey was updated 
with more recent data. Present 
consumption estimates based on the 
agency's analysis of the most recent 
MRCA survey compilations for products 
approved for aspartame use (and 
carbonated beverages) yield values 
comparable to those found by the 
Commissioner when aspartame was 
approved: mean intake in the 2- to 4
year age group is 12 mg/kg, and 24 mg/ 
kg for the 90th percentile eaters in this 
group. The 99th percentile estimate for 
all age groups combined is 25 mg/kg. 
Current estimates of aspartame 
consumption are consistent with 
previous estimates and, therefore. the 
agency concludes that the maximum 
projected consumption of aspartame, 
including the use of aspartame in 
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carbonated beverages, is not regarded 
as being of toxicological concern. 

C. Comments 

FDA has received three comments in 
response to the October 15, 1982 notice 
of filing for Searle's new petition 
proposing the additional use of 
aspartame as a sweetener in carbonated 
beverages. These comments are 
discussed immediately below and the 
agency's response to them is satforth in 
Part III, "Safety Issues," 

The first comment raised the . 
following three issues: (1) Whether 
aspartame is sufficiently stable for 
liquid beverage use. (2) whether the 
resulting increase in consumption of 
aspartame and its component amino 
acids, phenylalanine and aspartic acid, 
would result in blood levels of amino 
acids which exceed previously "implied 
margins of safety," and (3) whether 
phenylalanine and aspartic acid have an 
adverse effect on neurotransmitter 
activity at concentrations and durations 
of exposure well below those involved 
in classical toxicological testing. 

The second comment questioned the 
safety of aspartame for both carbonated 
beverage use and the currently 
approved uses. The letter contained an 
anonymous report (the anonymous 
report), authored by a-vconcerned 
scientist and citizen,"with the stated 
purpose o(reviewing aspartame's 
"unresolved" safety issues. No 
significant data or literature references 
were presented in the anonymous report 
other than a reference to unpublished 
results from a reproductive study with 
DKP.The safety issues relative to the 
use of aspartame, which the anonymous 
report identified as "unresolved" or 
"new areas of concern," were as 
follows: Risks to the general public. 
including brain cancer, possible toxic 
reaction products, nitrosation potential 
of aspartame and!or DKP;risks to 
children, including brain damage. 
phenylketonuria (PKU), and methyl 
alcohol; risks to the fetus and pregnant 
women. including mental retardation 
and induced resorptions; and risks to 
individuals already physiologically 
compromised. including persons with 
liver disease, diabetics, and the geriatric 
population. 

A third comment raised a concern 
about possible adverse behavioral 
effects resulting. from a diet consisting of 
high levels of aspartame in combination 
with high levels of carbohydrate. The 
comment argued that such an unusual 
dietary pattern, particularly after an 
overnight fasting period, ·could elevate 
plasma-phenylalanine levels while 
simultaneously depressing the 
concentration of other neutral amino 

acids in the blood. The plasma 
concentration ratio of phenylalanine to 
the sum of the other neutral amino acids 
is generally believed to be indicative of 
the corresponding brain levels of 
phenylalanine. 

The comment claimed that the 
reported elevations in the plasma
phenylalanine ratio due to the unusual 
dietary regimen would lead to elevated 
brain levels of phenylalanine which may 
affect brain enzymes influencing the 
production of neurotransmitters in the 
brain, and this change in 
neurotransmitter production may 
ultimately lead to behavioral effects. 
The comment acknowledged, however. 
that any transient perturbations in brain 
amino acid metabolism caused by 
dietary exposure, such as the 
experimentally administered 
combination of high aspartame and high 
sucrose. are unlikely to lead to 
neurotoxicity. The comment also noted 
that the observed elevations in the 
plasma-phenylalanine ratio are much 
less than those which accompany 
phenylketonuria. The comment included 
a summary of results from preliminary 
experiments with five human subjects. 
These limited data showed an expected 

. increase in the plasma-phenylalanine 
ratio, although the agency has not had 
access to the complete experimental 
data. 

The agency believes. that the majority 
of the safety questions posed in these 

. comments are the same questions that 
were examined and evaluated 
previously by the agency and the Board. 
The Commissioner's final decision 
which discusses these issues in detail 
was published in the Federal Register of 
July 24,1981 (46 FR 38284) and 
transcripts of all of the expert testimony 
before the Board, all of the scientific 
data. and agency memoranda and 
correspondence associated with these 
past safety decisions on aspartame are 
part of the public record available for 
review at the Dockets Management 
Branch (address above). Because of the 
availability of this record, the agency 
concludes that it is not necessary to 
respond again in detail to these issues. 
The agency has. however, responded 
briefly to these comments below. using 
references where appropriate. 

III. Safety Issues 

A. Brain Damage 

The Commissioner's decision 
approving the food additive petition for 
aspartame found that there was no 
reasonable expectation that aspartame 
ingestion could influence either of two 
distinct types of brain damage. 
Specifically. the Commissioner found 

that there was a reasonable certainty 
that aspartame: (1) Does not cause brain 
tumors in rats and (2) does not pose a 
risk of contributing to mental 
retardation. brain lesions, or 
undesirable effects on neuroendocrine 
regulatory systems in humans. 

The comments on the use of 
aspartame in carbonated beverages 
raised these same issues. The comments 
argued that the Commissioner's decision 
was incorrect regarding aspartame's 
potential for causing brain tumors. 
relying on the Board's disagreement 
with the Commissioner on this issue. 
The comments further argued that, in 
requiring post-market surveillance to 
confirm aspartame consumption levels. 
the agency had indirectly admitted that 
there is a potential risk of brain damage 
of the type described in item (2) above. 

The comments did not. however, 
present any significant new information 
concerning the probability of toxic 
responses in humans due to the 
ingestion of aspartame. 

l Aspartame's Potential for Causing 
Brain Tumors. Interpretation of the 
results of the chronic rat feeding studies 
designed to determine aspartame's 
potential for causing brain tumors was 
one of the major scientific issues before 
the Board, and consequently one of the 
most comprehensively deliberated 
issues relative to aspartame's safety. 
The Board found that the results of these 
tests were not sufficiently conclusive 
and recommended that approval of 
aspartame be withheld pending results 
from further oncogenic studies with the 
additive. The-Commissioner disagreed 
with the Board's findings and, as noted 
above, concluded that there was a 
reasonable certainty that aspartame 
does not cause brain tumors in rats. One 
of the comments contends that the 
Board's findings. rather than the 
Commissioner's, were correct. The 
comment did not. however, submit any 
new data on this issue. 

An account of the record with regard 
to the positions of the Board and the 
Commissioner on the brain tumor 
studies, and a-presentation of the 
reasons for the Commissioner's 
exceptions to the Board's findings, have 
been clearly stated in the 
Commissioner's final decision (46 FR 
38295). This decision is fully supported 
by the record which included not only 
the three chronic studies before the 
Board, but also negative results 
observed in subsequent animal studies 
not available to the Board. Furthermore, 
the comments fail to acknowledge that 
two of the three members of the Board 
later concurred with the Commissioner's 
rebuttal of their evaluation, even though 
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the concurrence of these Board members 
is expressed in the same published 
article (Science, August 28, 1981)upon 
which the comment relies. 

The adininistrative record shows that 
the regulatory approval of aspartame is 
supported by a complete series of 
toxicological tests in animals. These 
studies have been thoroughly reviewed 
by FDA scientists. Based on that review 
and for the reasons stated in the 
Commissioner's decision. the agency 
reaffirms the conclusion that there is a 
reasonable certainty that aspartame 
does not cause brain tumors in rats. 

2. Aspartame's Potential for C,ausing 
.Mental Retardation. Brain Lesions, and 
Other Effects. The major concerns about 
toxic effects from aspartame 
consumption are the possibility of 
adverse responses to its component 
amino acids. phenylalanine and 
aspartate. Because these amino acids 
are also constituents of normal dietary 
protein, any risk from aspartame 
ingestion must be considered in the 
context of the resulting increase in 
exposure to these amino acids compared 
with the exposure from the normal diet. 
The potential toxicity of these amino 
acids is discussed below. 

. a. Aspartate. High blood levels of 
aspartic and glutamic acids have been 
associated with focal brain lesions in 
animals after parenteral (non-dietary) 
administration of large doses of 
aspartate or glutamate (46FR 38291). 
One of the comments on this issue 
contended that. in requiring postmarket 
surveillance of aspartame, the 
Commissioner indirectly admitted 
aspartame's potential to cause brain 
damage. 

This contention is incorrect. Prior to 
the approval of a food additive petition. 
the agency is required to fmd that there 
is a reasonable certainty of no harm _ 
from the proposed use of a substance. as 
judged by competent scientists (21 CFR 
170.3(i)). The Commissioner found that 
the evidence in support of aspartame's 
safety met this standard. The 
postmarketing survey was required to 
ensure the accuracy of estimates of the 
consumption of aspartame. not because 
of any doubts about its safety. 

In determining the potential risk of 
aspartic and glutamic acids. the 
Commissioner and members of the 
Board did accept the assumption that a 
combined plasma level of 100 
micromoles/dL of the amino acids 
glutamate and aspartate may be toxic in 
humans. It must be understood. 
however, that this assumption was 
made to permit potential risk . 
comparisons to be made under assumed 
worst case exposure conditions. There is 
~o evidence establishing that these 

levels are toxic in healthy humans. nor 
has it been shown that amino acid levels 
can attain this "threshold" 
concentration by ingestion of large 
doses of aspartame. 

Searle's petition for carbonated 
beverage use of aspartame specifically 
addressed the issue of the potential 
glutamate and aspartate toxcity through 
the submission of new clinical safety 
studies. In \hese studies. the effects on 
amino acid blood levels resulting from 
the acuteadrninistration of high doses of 
aspartame were observed on different 
human subpopulations: normal adults, 
adolescents and children. diabetics. 
lactating mothers. infants. and obese 
and glutamate-sensitive individuals. 
These studies demonstrated that. when 
ingested aspartame doses are. several 
multiples of the highest projected daily 
intake levels, only one-tenth. i.e.•10 
micromoles/dL. of the conservatively 
derived toxic threshold value noted 
above is attained in humans. This 
margin of safety is considerable and 
adds additional support to the 
Commissioner's conclusion that the 
proposed use of aspartame, either alone 
or in combination with glutamate, will 
not cause focal brain lesions under 
conditions of use that include use of 
aspartame to sweeten carbonated 
beverages (48FR 38294). 

b. Phenylalanine. Sustained 
elevations of plasma-phenylalanine. 
resulting from the genetic disorder 
known as phenylketonuria (PKU). can 
lead to mental retardation in those. 
infants who are homozygous for the 
gene coding for the deficient form of the 
enzyme. phenylalanine hydroxylase. 
One comment expressed concern that 
the proposed use of aspartame would 
increase the incidence of the-particular 
form of mental retardation associated 
with sustained elevations of plasma
phenylalanine levels. Both the Board 
and the Commissioner agreed that such 
an increase in mental retardation would 
'not be expected (46 FR 3829()-91). 
Because no significant new evidence has 
been submitted concerning this issue, 
the agency has decided that the 
Commissioner's conclusion was correct 
for the reasons stated in his decision 
(id.). 

Another comment expressed concern 
that extreme dietary patterns 
(aspartame and carbohydrate) may 
enhance the potential adverse effects of 
elevated plasma-phenylalanine levels 
by causing an increase in the 
concentration of phenylalanine and a 
concomitant decrease in the sum of the 
concentrations of other neutral amino 
acids in the blood. Resulting increases in 
the ratio of these quantities is postulated 
in the comment-to be proportional to 

increased phenylalanine levels in the
 
brain.
 

The comment provided limited details 
of experimental observations made on 5 
human subjects. The subjects had 
received large doses of aspartame 
(about. 1 gram (g)) in 2 quarts of 
beverage followed by a confection 
containing 200 g of sucrose. 
administered after overnight fasting. 
Increases were measured in the plasma 
phenylalanine ratio. It is difficult. 
however. if not impossible. to interpret 
the significance of the experiments in 
terms of normal eating habits and in the 
absence of a control experiment feeding, 
only aspartame. 

The comment maintains that toxic 
effects would not be anticipated from 
transient increases in the plasma 
phenylalanine ratio. but the concurrent 
changes in neurotransmitter activity due 
to expected changes in brain 
metabolism may be sufficient to affect 
human behavior, performance. and 
subjective feelings. The agency believes 
that the comment's conclusion regarding 
potential phenylalanine induced 
changes in neurotransmitter function 
appear to bennwarranted . 
extrapolations. Even though elevated 
plasma amino acid ratios may produce 
similar elevations of the amino acid in 
the brain as claimed, recent detailed 
studies in the rat by Fernstrom. et, al., 
the best evidence submitted to FDA thus 
far. does not support the view that 
neurotransmitter activity is altered (Ref. 
1). In one study, serum and brain levels 
of amino acids were measured in rats 
given up to 200 mg/kg of-aspartame by 

. gavage. The results of this work indicate 
that the elevations in phenylalanine 
plasma ratios and brain levels are not 
sufficient to influence either the levels 
or the rate of turnover of catecholamine 
or indole amine neurotransmitters in the 
brain of the rat. Thus. perturbations in 
phenylalanine plasma ratios greater 
than those caused by the extreme 
dietary manipulation in the human study 
failed to produce the effects predicted 
by the comment on the levels of 
monoamines which are acepted 
indicators of neurotransmitter function. 

To test the aspartame-carbohydrate 
dietary hypothesis. the person 
submitting these comments recently 
repeated the work of Fernstrom. et a1. In 
addition to the 200 rng/kg ofaspartame 
used by Fernstrom. fasted rats were first 
fed 3 g/kg of carbohydrate (as glucose). 
The agency has reviewed the results of 
these studies. The brain levels of the 
neurotransmitter serotonin and its 
metabolite 5-hydroxyindole acetic acid 
were assayed.Inthe rats fed the 
aspartame/carbohydrate diet. the levels 
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of these substances linked to 
serotenergic neurotransmitter function 
were essentially the same as those of 
the control group. 

In conclusion, the agency finds that 
the data supplied with this comment do 
not provide support for its hypothesis 
that the ingestion of aspartame and 
carbohydrate will alter the brain levels 
of neurotransmitters, and thereby 
produce behavioral modification. 

Further support for the safety of 
aspartame with respect to its 
contribution to additional dietary 
phenylalanine comes from previously 
submitted studies with infant monkeys 
(macaques) (Ref. 2). These animals were 
fed up to 3,000 mg/kg of aspartame or 
1.650 mg/kg of phenlalanine in a liquid 
formula for 9 months. Postprandial blood 
levels of phenylalanine ranged from 180 
to 300 micromoles/dL. Although these 
infant macaques were exposed to 
extremely high levels of phenylalanine 
(with phenylalanine-plasma ratios well 
in excess of those in the human study), 
the animals grew and developed 
normally. In addition, none of the 
treated or control animals showed 
electroencephalographic abnormalities 
or behavioral seizures. 

Subsequent to the withdrawal of the 
macaques from the high aspartame/ 
phenylalanine diets, the animals were 
also subjected to behavioral testing 
consisting of a series of a standardized 
primate tests. No differences were 
observed in the test scores between. any 
of the. treatment groups. These results 
support the conclusion that prolonged 
exposure to extremely high plasma 
levels of phenylalanine produced no 
long-term or irreversible changes in the 
physical or mental development in the 
primates. 

The petitioner has also submitted 
studies in which aspartame has been 
administered to humans in acute doses 
of 34. 50, 100, and 150 mg/kg. No 
evidence of effects on mood or mental 
performance was observed (Ref. 3). 
Nausea was reported in subjects 
following ingestion of 200 mg/kg of 
aspartame, a result attributed to the 
extreme sweetness 'of aspartame. (The 
sweetness of 200 mg/kg of aspartame is 
comparable to eating 5.5 pounds of 
sucrose in a single serving.) Thus, the 
agency concludes, based on a review of 
all the relevant scientific data available, 
that the ingestion of aspartame, either 
alone or in combination with-high levels 
of carbohydrate, will not result in 
behavorial modification even under the 
dietary extremes cited in the comment. 

B. Decomposition and Reaction
 
Products
 

1. Diketopiperazine (DKP). Aspartame 
is known to decompose at elevated 
temperatures, and in solution it 
decomposes at a rate that is dependent 
on the pH of the solution and its 
temperature. The decomposition 
products consist primarily of its 
component amino acids (phenylalanine 
and aspartic acid), methanol, and its 
DKP derivative. Of these products, only 
DKP is an uncommon constituent of 
foods. Amino acids are the subunits of 
all proteins. and methanol is a common 
metabolite of methyl esters found in a 
variety of foods. The original aspartame 
regulation. allowing use in dry foods. 
relied on data in the petition and the 
related master file demonstrating that 
the additive was sufficiently stable to be 
efficacious as a sweetener in such 
products. In these dry food uses DKP 
normally comprises less than two 
percent of added aspartame. 

The comments objecting to the use of 
aspartame in liquid foods expressed 
concern about the toxicity of its 
decomposition products. particularly 
DKP. Subsequent to the original 
approval (1974) of aspartame for use in 
dry foods, the petitioner completed a 

. series of toxicological tests on DKP. 
These studies included reproductive, 
mutagenic, and chronic bioassays in two 
rodent species. After evaluating these 
studies, the agency derived a no effect 
level of 3,000 mg/kg body weight to 
DKP. Based on these results. the 
acceptable daily intake of DKP exceeds 
any dietary exposure that is likely to 
result from aspartame consumption at 
the 99 percent level (25 mg/kg), even if 
total conversion to DKP is assumed. 

One comment also contended that 
recent animal studies with DKP. 
conducted at the University of Louvain 
in Belgium by Professor Lederer and 
coworkers, have shown DKP to have 
adverse effects on fetal development. 
Although the agency has not had access 
to the complete experimental data 
resulting from this work. 
correspondence from Professor Lederer. 
as well as a summary report of the 
investigation, discloses that the authors 
conclude that no teratogenic effects 
were observed. Contrary to the 
implication made in the anonymous 
report submitted with one of the 
comments, no decrease in the number of 
implants or increase in the number of 
resorptions were observed which could 
be attributed in a dose-related manner 
to the maternal administration of DKP. 
Decreases in the number of implants, 
seen at the 1 percent DKP level relative 
to control animals, were not observed in 

the corresponding group fed at the 
highest level, 3 percent dietary DKP for 
20 days of gestation. Consequently, the 
agency finds that its conclusion on the 
safety of DKP with regard to potential 
embryotoxicity need not be reexamined. 
Furthermore, the only dose-related 
effect observed in Lederer's study was a 
slight reduction in embryo (fetal) 
weights at the highest dose level of DKP. 
Prior to the original approval of 
aspartame, the agency also reviewed a 
series of four reproductive studies with 
DKP and DKP/aspartame mixtures. Two 
of these studies were in the rabbit and 
two studies were in the rat. No 
embryotoxic or teratogenic effects were. 
demonstrated in these studies. In 
addition, there was no evidence of 
decreased pup (fetal) weight in these 
studies. Levels of DKP up to 2.4 percent 
of the diet were fed to the rat, equivalent 
to 2.4 g/kg body weight. 

It should also be noted that a 
knowledge of experimental factors, such 
as the source and purity of DKP fed the 
animals, as well as the likelihood of 
effects that may be specific to the 
particular .strain of rat used, is important 
in making meaningful comparisons of 
results from different laboratories. 
However, based on all the evidence 
available from reproductive studies, the 
agency concludes that pregnant women 
and their developing fetuses will not be 
harmed by exposure to DKP resulting 
from the decomposition of aspartame. 

2. Methanol. One comment alleged 
that methanol, derived from the 
hydrolysis of the methyl ester in 
aspartame represents a serious health 
risk. The agency concludes that the level 
of dietary exposure to methanol is not of 
prime importance in the assessment of 
the safe use of aspartame. Methyl esters, 
which yield methanol on digestion, are 
not uncommon in foods. Dietary 
methanol also arises from fresh fruits 
and vegetables. It is estimated that a 
liter of beverage sweetened with 
aspartame would contain a maximum of 
56 mg of methanol, if the aspartame 
were completely hydrolyzed. This is 
about one-third of the average methanol 
level that might be derived from a 
similar quantity of fruit juice. Clinical 
studies have shown that measurable 
blood levels of methanol are not 
detectable until single aspartame doses 
substantially exceed projected 99th 
percentile exposure levels (34 mg/kg) 
(Ref. 4). Thus, the agency finds no cause 
for concern from the levels of dietary 
methanol resulting from the highest 
projected levels of aspartame 
consumption. 

3. Other Reaction Products. One 
comment questioned the safety of 
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aspartame for use in cooking on the' 
grounds that all possible reaction 
products of aspartame and its 
derivatives have not been investigated 
for toxicity. Particular reference is made 
to possible nitrosamine derivatives of 
DKP or aspartame. The commentalso 
argues that a more prominent label 
statement advising against cooking with 
aspartame is necessary. 

FDA notes that Searle conducted a 
series of studies on potential nitrosation 
reactions as part of their original food 
additive petition (Ref. 5). These studies 
indicated that stable nitrosation 
products were not formed. The agency 
also concludes that the allegation that 
all possible reaction products have not 
been tested for safety is not a tenable 
issue in terms of regulatory food 
additive safety evaluation. Such a 
requirement for the demonstration of 
safety would necessitate an unlimited 
amount of experimental data. Scientific 
judgment is relied upon to identify 
potential areas of concern. such as the 
case with nitrosation products. Outside 
of these nitrosation derivatives, the 
agency has no basis for suspecting that 
potentially toxic derivatives could arise 
when aspartame is combined with food. 
Aspartame is structurally similar to a 
variety of natural dietary proteins which 
are customarily cooked and interact 
freely with other constituents of food. 

It should also be noted that the 
current petition is solely for the use of . 
aspartame in carbonated beverage. a 
use that is unlikely to result in 
aspartame being heated. In addition, the 

, original approval attempts to avoid 
conditions under which aspartame 
would be used in cooking by limiting the 
types of products it can be used in and 
by requiring a label advisory not to use 
'it for cooking or baking. The label 
statement, which is required on 
aspartame packaged for use as a sugar 
substitute and instructs that the product 
not be used in cooking or baking. is to 
inform users that the sweetener may not 
.be efficacious for these uses. It is not a 
safety-related requirement. Certain label 
statements are necessary to ensure safe 
use, such as the warning to 
phenylketonurics (21 CFR 172.604(e)(2». 
Other labeling provides information to 
aid in the efficacious use of the additive. 
as does the notice not to use aspartame 
in cooking or baking (21 CFR 
172.804(e)(3). This latter labeling 
requirement does not mean that all uses 
in cooking are without efficacy. It is 
impossible for a petitioner to explore all 
possible cooking combinations. The 
requirement does mean that the agency 
has concluded from the data available 
that the sweetener is not generally 

efficacious when used in foods exposed 
to high temperature cooking conditions. 
The agency. therefore, cannot agree that 
more prominent labeling to caution 
against cooking uses is warranted on the 
basis of safety concerns about harmful 
decomposition products. 

'c. Other Clinical Studies 

To ensure further that the safety 
concerns expressed about potential 
adverse effects from additional 
exposure to aspartame are fully 
examined, the petitioner presented 
significant clinical studies on the use of 
aspartame, in carbonated beverages. To 
assess the toxic potential of single high 
doses of aspartame; the substance was 
administered to patients in the fasting 
state so that peak plasma levels of 
amino acids would be accentuated. 
Doses given were upto 8 times greater 
than the highest estimated levels of 
daily intake resulting from all regulated 
food uses of aspartame plus its potential 
use in carbonated beverages. Combined 
blood levels of aspartic and glutamic 
acid did not exceed 10 micromoles/dL, a 
level far below that which results in 
acute hypothalamic lesioning in even 
the most sensitive animal species. the 
neonatal mouse (which requires about 
60 micromoles/dL). Thus. even under 
extraordinary conditions of high 
aspartame ingestion over II. short period 
of time (conditions which optimize peak 
plasma levels. but do not correspond to 
normal food intake which occurs 
throughout the daily waking period), the 
agency concludes that the plasma levels 
of aspartic acid, phenylalanine. and 
glutamic acid achieved do not indicate a 
potential for toxicity. 

In addition to studies performed by 
Searle to evaluate the effects of acute 
administration of aspartame on plasma 
concentrations of free amino acids. the 
petitioner also monitored the influence 
of high continuous levels of aspartame 
on the day-to-day physiological 
processes of human subjects. In a study 
on long-term tolerance of aspartame on 
adults, doses as high as 135 mg/kg per 
day for 8 weeks resulted in no adverse 
clinical effects in a group of 50 adults. 
Ingestion by 126 children of 39.5 to 58.1 
mg/kg per day (varying with age) of 
aspartame for 91 days showed no 
adverse clinical effect. Thus, regular 
ingestion of aspartame at dose levels far 
In excess of projected 99th percentile 
daily exposure (25 mg/kg) did not result 
in the occurrence of clinical anomalies 
or disorders. 

Concern was also expressed by one 
comment about diabetic and geriatric 
populations that may be exposed to 
aspartame. The agency notes that the 
petitioner submitted the results of II 

clinical study performed on 39 insulin
dependent (14 male, 25 female) and 36 
insulin-dependent (9 male, 27 female) 
diabetic subjects (ages 21 to 70 years). 
These subjects received 1.8 gm aspartame 
or (30 mg/kg) per day for 90 days. 
During the course of the study, no 
preexisting disease condition worsened. 
and neither aspartame nor placebo 
treatment produced changes or 
deterioration in the degree of diabetic 
control of any of the test subjects. 
Although none of the clinical studies 
performed were specifically directed at 
testing geriatric populations, the study in 
the diabetic population included elderly 
subjects. None of the subjects 
manifested any compound-related 
effects when administered up to 1.8 gm 
(30 mg/kg) per day of aspartame for 13 
weeks. 

Finally, the comments expressed 
concern about possible adverse affects 
of aspartame ingestion on other 
impaired individuals, such as 
individuals (e.g.•alcoholic cirrhotics) 
whose liver function is severely 
compromised. Some clinicians believe 
that there is a relationship between the 
impaired ability to metabolize aromatic 
amino acids [e.g., phenylalanine) and 
the occurrence of a state of toxic 
encephalopathy. This toxic 
encephalopathy can lead in its extreme 
presentation to coma and even death. 
Patients with seriously impaired liver 
function would have their dietary 
intakes for all foods carefully monitored 
and controlled by a physician because 
of the high amino acid content in normal 
foods. The agency notes that the label 
on aspartame-contalning products 
includes a statement which indicates 
phenylalanine content. If phenylalanine 
is a threat to these individuals, then the 
agency concludes that current labeling 
requirements should provide adequate 
warning. 

IV. Environmental F'mdings 

The agency has considered the 
potential environmental effects of this 
action and has concluded that the action 
will not have a significant impact on the 
human environment and that an 
environmental impact statement is not 
required. The agency's finding of no 
srgnificant impact and the evidence. 
supporting that finding may be seen in 
the Dockets Management Branch 
(address above), between 9 a.m, and 4 
p.m., Monday through Friday. 

V. Conclusions 

FDA, having evaluated the data in the 
petition and other relevant material. 
concludes that the proposed food 
additive use is safe and that the 
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regulations should be amended as set
 
forth below.
 

The administrative record shows that 
the regulatory approval is supported by 
more than 100 studies on the safety of 
aspartame and its decomposition 
products. These studies include an 
extensive program of clinical testing in 
various human subpopulattons, as well 
as a complete series of toxicological ' 
tests in animals. All of these studies 
have been thoroughly reviewed by FDA 
scientists and the agency finds no basis 
upon which to alter the Commissioner's 
conclusions regarding the potential of 
aspartame to cause toxic effects, 
including brain tumors. 

Further, the agency does not agree 
with the comments asserting that 
aspartame consumption beyond 
currently regulated uses will lower the 
margin of safety based on a toxic 
threshold of 100 micromoles/dL of 
combined aspartate and glutamate in 
blood, or that abnormal 
neurotransmitter activity might occur. 
Rather, the agency concludes that, 
because: (1) Ingestion of aspartame at 
high but conceivable amounts does not 
result in toxic plasma levels of amino 
acids, (2) these aspartame constituents 
are food-like and well-characterized ' 
with respect to metabolic fate and 
demonstrate no evidence of metabolic 
overload, and (3) clinically, no 
subpopulaticns. except homozygous 
PKU individuals or other individuals 
needing to control phenylalanine intake. 
have been identified that can suffer ill 
effects from long-term or excessive . 
aspartame ingestion. the comments on 
the proposed addition of aspartame to 
carbonated beverages do not provide a 
basis for refusing to approve the 
petition. 

In accordance with §l71.1(h) (21 CFR 
171.1(h)), the petition and the documents 
that FDA considered and relied upon in 
reaching its decision to approve the 
petition are available for inspection at 
the Bureau of Foods (address above) by 
appointment with the information 
contact person listed above. As 
provided in 21 CFR 171.1(h)(2), the 
agency will delete from the documents 
any materials that are not available for 
public disclosure before making the 
documents available for inspection. 
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List of Subjects in 21 CFR Part 172 

Food additives. Food preservatives. 
Spices and flavorings. 

Therefore, under the Federal Food. 
Drug, and Cosmetic Act [sees. 201(s), 
409.72 Stat. 1784-1788 as amended (21 
U.S.C. 321(s), 348)) and 'under authority 
delegated to the Commissioner of Food 
and Drugs (21 CFR 5.10), Part 172 is 
amended in § 172.804by adding new 
paragraph (c)(6) to read as follows: 

PART 172-FOOD ADDITIVES 
PERMITTED FOR DIRECTADDITION 
TO FOODFORHUMAN CONSUMPTION 

§ 172.804 Aspartame. 

(c)· • • 
(6) Carbonated beverages and 

carbonated beverage syrup bases. 

Any person who will be adversely 
affected by the foregoing regulation may 
at any time on 'or before August 8, 1983, 
submit to the Dockets Management 
Branch (address above) written 
objections thereto and may make 81. 

written request for a public hearing on 
the stated objections. Each objection 
shall be separately numbered and each 
numbered objection shall specify with 
particularity the provision of the 
regulation to which objection is made. 
Each numbered objection on which a 
hearing is requested shall specifically so 
state; failure to request a hearing for any 
particular objection shall constitute a 
waiver of the right to a hearing on that 
objection. Each numbered objection for 
which a hearing is requested shall 
include a detailed description and 
analysis of the spectfic factual 
information intended to be presented in 
support of the objection in the event that 
a hearing is held; failure to include such 
a description and analysis for any 
particular objection shall cons-titute a 
waiver of the right to a hearing on the 
objection. Three copies of all documents 
shall be submitted and shall be 
identified with the docket number found 
in brackets in the heading of this 
regulation. Received objections may be 
seen in the office above between 9 a.m, 
and 4 p.m., Monday through Friday. 

Effective date. This regulation shall 
become effective July 8; 1983. 

(Sees. 201(s), 409. 72 Stat. 1784-1788, as 
amended (21 U.S.C. 321(s). 348)) 

Dated: June 29, 1983. 
Mark Novitch, 
Acting Commissioner ofFood and Drugs. 
[FRDoc, 83-18193 Filed 7-1-ll3; 11:49 am] 

BILLING CODE 4160-G1-M 

21 CFR Parts 175 and 178 

[Docket No. 83F-0042] 

Indirect Food Additives: Adhesive 
Coatings and Components; Adjuvants, 
Production Aids, and SaniUzers 

AGENCY: Food and Drug Administration. 
ACTION: Final rule. 

SUMMARY: The Food and Drug 
Administration (FDA) is amending the 
food additive regulations to provide for 
the safe use of 2,2'-ethylidenebis(4.6-di
tert-butylphenol) as a component of 
adhesives and as an antioxidant and/or 
stabilizer in acrylonitrile-butadiene
styrene copolymers and rubber-modified 
(high impact) polystyrene. This action 
responds to a petition filed by 
Schenectady Chemicals, Inc. 
DATES: Effective July 8. 1983; objections 
by August 8, 1983.
 
ADDRESS: Written objections to the
 
Dockets Management Branch (HFA

305), Food and Drug Administration, Rrn.
 
4-62, 5600 Fishers Lane, Rockville, MD
 
20857.
 
fOR FURTHER INFORMATION CONTACT: 
Vir Anand, Bureau of Foods (HFF-334), 
Food and Drug Administration, 200 C St. 
SW., Washington, DC 20204,202-472
5690. 

SUPPLEMENTARY INFORMATION: In a 
notice published in the Federal Register 
of March 4,1983 (48 FR 9376),FDA 
announced that a petition (pAP 3B3691) 
had been filed by Schenectady 
Chemicals, Inc., P.O. Box 1046, 
Schenectady, NY 12301, proposing that 
the food additive regulations be 
amended to provide for the safe use of 
2,2'-ethylidenebis (4,6-di-tert
butylphenol) as a component of 
adhesives and as an antioxidant and/or 
stabilizer in acrylonitrile-butadiene
styrene copolymers and rubber-modified 
(high impact) polystyrene. 

FDA has evaluated data in the 
petition and other relevant material and 
concludes that the proposed food 
additive use is safe and that the 
regulations should be amended as set 
forth below. 

In accordance with § 171.1(h) (21 CFR· 
171.1(h)), the petition and the documents 
that FDA considered and relied upon in 
reaching its decision to approve the 
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