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I. Introduction

FDA published notices in the Federal Register on February 10, 1998, and February 8, 1999
(63 FR 6762 and 64 FR 6100, respectively), announcmg that food additive petitions, FAP 8A4580
and FAP 9A4643, had been filed by Monsanto Co., Skokie, IL. 60077, ‘The petmons propose |
amending the food additive regulations to provide for the safe use of neotame as a nonnutritive
sweetener for tabletop use (FAP 8A4580) and for general—purpose use in food (FAP 9A4643) where
standards of identity ao not preclude such use. Subéequently, the rightS to the petitions were sold
to the NutraSweet Co., 699 North Wheeling'RdL;“su;ite 103, Mount Prospect, IL 60056. This

document grants the petitions via a regulation approving the general-purpose food use of neotame.
IL. Safety Evaluation

A. Chemistry and Intake Considerations of Neotame

Neotame is the common or usual name for the chemical N-[N-(3 ,3-dimethylbuty)-L-o-
aspartyl]-L-phenylalanine- 1-methyl ester (CAS Reg. No. 165450—17—-9) Itis synthe31zed by
reductive N-alkylation of L-phenylalanine-L- oc-aspanyl methyl ester with 3 3-

dimethylbutyraldehyde. Accordmg to the petitioner, neotame has a sweetening potency that is

lapproximately 7,000 to 13,000 times that of sucrose, depending on its food applioation (Refs. 1

and 2).

The peptidyl linkage in neotame is stabilized by the N-alkyl substituent and is resistant to

- hydrolysis under typical use and storage conditions. Additionally, the N-alkyl substituent effectively

prevents the common dipeptide cyclization reaction that results in the formation of a
diketopiperazine derivative. The data from stability smdies submitted by the petitioner show that
the degradation of neotalﬁe in aqueous solutions is pH-, time-, and temperature-dependent. Based
upon data from these stability studies on neotame, the agency concludes that minor decomposition

of neotame could occur in neotame-containing foods only when stored under conditions that are

- not considered typical for a commercial product (Refs. 1 and 2).
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The agency has determined the estimated daily intake (EDI) at the 90th percentilefor neotame
as a general-purpose sWeetener to be 0.10 milligram per kilogram (mg/kg) body wei ght per day
(bw/d) for consumers of all ages (eaters only) and 0.17 mg/kg bw/d for2to 5 year olds (eaters
only). The corresponding mean intakes are 0.04 mg/kg bw/d and 0.05 mg/kg bw/d, respectively
(Refs. 2 and 3).

B. Nature and Extent of Neotame Safety Studies Database

In support of the safety of neotame, the petitioner submitted, within the two petitions a
combined total of 113 preclinical, clinical, and special studies, plus an additional 32 exploratory
and screening studies in Food Master File No. 575. All plvotal preclinical studles were conducted

?,, €€

in compliance with FDA’s “good laboratory practtce regulatlons in 21 CFR part 58.

The preclinical (animal) studies include short-term, subchronic, and chronic dietary toxicity
tests in the rat, mouse, and dog; multi- generation reproduction and developmental studies in the
rat; teratology studies ink the rat and rabbit; and lifetime/carcinogenicity studies in the rat and mouse.
The genotoxicity of neotame, its metabolites, and decomposmon products, are also evaluated in
several tests using both in vitro and in vivo assay systems Extenswe metabolism and
pharmacokinetic measurements were .c,arrled out 1n all anlmal spec:les studled. The chmcal '(human) |
studies tested the response/acceptance to orally administered neotame in both men and women
during short-term (e.g., acute, smgle -dosing) and Ionger—term (e.g., up to 13 weeks, repeat—dosmg)
periods. Pharmacokinetic (PK) measurements also were camed out in a number of these studies

(Ref. 4).

Additionally, the petitioner proVided three poSition papers in response to FDA‘ questions. These
position papers address: (’l) The potential behavioral and neurotoxic effects of neotame, (2) the
significance of elevated serum (hepatic) alkaline phosphatase activity in neotame-treated dogs as
a measure of toxicity, and (3) body weight gain decrement in mice ingesting neotame. The key

aspects of these position papers are discussed, as appropriate.



C. Toxicology/Safety Assessment of Neotame

1. Metabolism and Pharmacokinetics of Neotame

As a component of the toxicological testing program on neotame, the petitioner conducted
an extensive series of nietabolism and PK studies. These studies were designed to assess: (1) The
absorption of neotame; (2) the elimin.'ation, distributiony, and potential tissue accumulation of
neotame; (3) the effects of neotame on drug metabolizing enzymes; and (4) the metabolites of

neotame in rodents (rats and mice), dogs, rabbits, and humans.

a. Absorption of neotame. In all species studied, irjcluding humans, the agency finds that the
absorption of ingested neotame occurs almost entirely in the"small‘intestine. In the animal studies,
the absorption of neotame was determined under fasting conditions using a dose level that was
approximately 150 times greater than the 90th percentile estimated daily intake (EDI) of neotame
for humans. Under these conditions, the amount of édministered dose absorbed is reported to range
from 18 to 38 percent in the rat, 15 to 44 percent in f.he rabbit, and 40 to 51 percent in the
dog. These studies also indicate that, when mixed with the diet, the absorption of neotame is
reduced. In the human clinical studies, the abSorptioh of? neotame approachés IOO pércént in healthy
male and female subjects when administered following an overnight fast and at dose levels ranging
from one to five times the 90th percentile EDI. Individual absorption levels range from 68 to

126 percent (Ref. 5).

b. Elimination, distribution, and potential tissue accumulation of neotame. The agency
estimates that approximat;ely 40 percent of the systemic elimination of ingested neotame and
metabolites occurs via the urine, and the remainder is eliminated via the fecal route. In a whole-
body radiography study in the rat, following a gavaged dose of radiolabled neotame and serial
sacrifice at timed intervals, pdst-dosing, the highest levels of radioactivity are associated with the
intestinai tract, the liver, énd the kidney. At final sampling, no residual radioactivity is detected

in peripheral tissues, with some residual activity associated with the intestinal tract. No organs
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or tissues, including the brain, eye, and skin, concentrate or store radiolabled neotame or its
metabolites. o |

Further evidence for the lack of éccumu]atioq of neotame at expected levels of human intake
is found in the analysié, of PK parameters evaluated during a 13-week dog‘ study. In dogs consuming
dietary neotame at dose levels of 1,200 to 2,000 mg/kg bw/d, there is an indication of saturation
of an elimination pathway that could lead to possible accumulétion. However, these levels are
at least 10,000 times greater than the 90th percentile EDI (0.1 mg/kg bw/d) of neotame for humans.
This effect is not seen in dogs from the next lower treatment group (600 mg/kg bw/d), a level
approximately 6,000 times above the 90th percentile EDI. Based on these findings, the agency
concludes there is no concern for possible accumulation of neotame or its metabolites at expected

human intake levels (Réfs. 4 and 5).

C. Effect of neotame on drug metabolizing enzymes. The rat is generally considered an
appropriate animal model to assess the effects of xenobiotics on phase I (i.e., cytochrome P-450
or mixed-function amine oxidase microsomal enzyme systemsl) and phase II (i.e., conjugation or
biotransformation reactidns involving glucuronidation, sulfation, acetylation, or glutathione-S-
transferase reactions) metabolism. Following a 14-day périod during which dietary neotame was
fed at O (control), 100, 300, or 1,000 mg/kg bw/d, rats were Sacriﬁced and in vitro assays performed
on isolated liver microsomal pellets. The agency concludes that, when compared against a positive
control (phenobarbital, a known enzyme inducer), neotame does not induce P—450 microsomal
mixed function oxidasé metabolizing enzymes at any dose level administered during the in vivo
phase of the study. In evaluating the effects of neotame on phase II metabolism, the agency notes
that livers from rats in the 1,000 mg/kg bw/d treatment group show a statistically significant

depression in phase II metabolism endpoints. However, at the next lower dose of 300 mg/kg bw/d,

! Sipes, I. G. and Gandolfi, A. J., “Biotransfomiation of Toxicants,” chapter 4, pp. 88—109, in Casarett and
Doull’s Toxicology: The Basic Science of Poisons, 41h ed., edited by M. O. Amdur, J. Doul, and C. D Klaassen,

McGraw Hill, Inc., 1993.




which is approximately 3,000 times the 90th percentile EDI for neotame for humans, there are
no effects on these same endpoints (Ref. 5). | |

d. Metabolites of neotame. The initial step in ihe inetaboﬁsm of neotaine in rats, dogs, fabbits,
and humans is de-esterification to N—[N—(3,3—dime§hylbuty1)5LgOg—aspartyl]ijphenyIalanine (DMB- _
ASp-Phe, coded in the oetition es NC——OO?S'I) by Ca*+-dependent pancreatic esterases or after
absorption by plasma esterases. De-esterification of neotame is similar in all species studied,
including humans, although in the rat and rabbit thie conversion occurs at a faster rate than in
the dog and human. The de-esterified metabolite (NC—OO751) i‘s rapidly cleared from the plasma
and excreted via the bile duct or in urine (Ref. 5). A small percentage of NC—-00751 may undergo
peptide-bond hydrolysis to form metabolites of dimethylbutylaspartate. The 3 3- dzmethylbutyl
portion of DMB-Asp-Phe is then oxidized to 3 3- dlmethyl butync a01d ThlS 18 followed by

conjugation with glucuronic acid or with carnitine (a rmnor pathway).

Methanol release results from the de—esteriﬁcationiof' neotame and occurs more rapidly in
the rat and rabbit than in the dog and human. The agency concludes that at the 90th percentile
EDI for neotame, exposure to resultant methanol w111 be insignificant, i.e., not more than
0.008 mg/kg bw/d. This exposure level is of no toxicological concern because humans are exposed

to much greater levels of methanol intake from their daily diets (Refs.’ 4 and 5).

Based on neotame metabolism studies in the rat and dog, FDA concludes that some intestinal
microvillar peptidase activity occurs in the gut, which results in the formation of other minor plasma
metabolites of neotame, including phenylalanine (Ref. 5). Further review indicates that
approximately 13 to 17 perCent of the total available phenylalanine in the ingested neotame is
released into the plasma after absorption; the remainder is eliminated ih feces and urine as DMB-
Asp-Phe. The agency has estimated the amount of phenylalamne presented to the body from the
ingestion of neotame. The phenylalanme content of neotame is 44 percent by weight. Given that

- the 90th percentile neotame EDI for a 60 kg adult is O.IOmg/kg bw/d or 6 mg/d, and for a 2
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to 5 year old (20 kg) child is 0.17 mg/kg bw/d or 3.4 mg/d, the estimated 90th percentile
phenylalanine intake is 2.6 mg and 1.5 mg, respectiveiy.

The agency notes that, for healthy adults, the daily dietary intake of phenylalanine may range
from 2.5 to 10 grams per person per day (g/p/d), while that for“a phenylketonuric (PKU)
homozygous child (20 kg) may range from 041006 g/p/d (Koch and Wenz2). Thus, the amouht
of phenylalanine from the 90th percentile intake of neotame is trivial compared to that from the
normal adult diet. Even for the PKU homozygotjs c‘hﬂd, the incremental amount of phenylalanine
intake that can be expected from neotame is insigniﬁcént, Le., equivalent to no more than 0.3 |
to 0.4 percent of the daily phenylalanine intake of the PKU homozygous child (Ref.' 5). The agenCy
concludes that the potential intake of phenylalanine'that may result from use of neotame as a
general-purpose sweetener does not pose any safety coﬁcern (Refs. 4 and 5).

Based on reviews of the metabolism and pharmacokinetic studies on neotame, the agency
concludes that the metabolism of neotame is qualitatively snmlar across all species ksk/t‘u_diegi.‘
Furthermore, there is no evidence that; at expected Ieveis of intake, neotame or its metabolites
will accumulate in the body or that ingestion of neotame Will have any adverse effect in the body
on Phase I and 11 metabolism. The metabolites of ne§tame are well characterized, and the potential
intakes of inetabolités, such as meth‘aknipl‘ and phenylalanine, are of no toxicological consequence.
Therefore, the agency’s ‘r’evi\ew of the metabolism and phaxmacokinetic studies of neotame does

not raise any safety concerns (Refs. 4 and 5).

2. Critical Toxicology Smdies and Issues
FDA reviewed all studies and supplemental information submitted by the petitioner. During
its review, the agency determined that certain studies were more important than others to a

regulatory decision on neotame. This determination was based on the nature of the endpoints

2Koch, R. and Wenz E. J., “Aspartarhe Ingestion by Phenylketonuric Heterozygous and Homozygous
Individuals,” chapter 30, pp. 593—603, in Physiology and Biochémi’ét;y, edited by Stegink, L. D. ahd L.J. Filer,

Jr., 1984.
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investigated in these studies (i.e., reproductive and deVelopmental effects, long-term exposure,
chronic toxicity, carcinogenic potentiel, and human tolerance), and on specific issues presented
by these studies. The critical studies and issues presented by the studies are: (1) The 2-generation
reproduction study in rats—neurotoxicity and behavioral effects, 2) the chronic (52-week) dog
study—toxicological si ignificance of increased serum (hepatic) alkaline phosphatase levels (3) the
104-week mouse carcmogemmty study——body Welght gain decrement effect, (4) the 104-week rat
carcinogenicity study——body weight gamk decrement effect at all dose levels tested, (5) the chronic
(52-week) rat feeding study——body weight gain decrement effect, and (6) the human clinical trials—
human tolerance to neotame. | | |

a. A 2-generation reproduction study in t’heyrk‘at’—~neur02‘0xicity and behavioral effects.

Reproductive performance and fertility'wefe assessed over two generations m CD (cesarean
derived) rats fed diets containing neotame at levels of 0 (control), 100, 300, or 1,000 mg/kg bw/d.
Each treatment group consisted of 28 males and 28 females. Animals were mated, the resultant
offspring weaned, and the F1 generation animals selected and allowed to mature for 10 weeks
and then mated. The F2 litters were terminated, post-weaning. Under the conditions of this study,
the agency concludes that neotame has no effects on the reproduction or fertility of rats exposed
to neotame at levels up to 1,000 mg/kg bw/d for two generatlons Nor are there any treatment effects A
on measures of physical development e. g pmna unfoldmg, hair growth tooth eruptlon or eye

opening (Refs. 4 and 6).

The 2-generation study included tests of motor éctitlity and cognitive function. General motor
activity was measured in F1 offspring by counting breaks in a pair of infrared light beams over
a 12-hour period, while cOg'n‘itive function was assessed by recording swim times up to 60 seconds
maximally in six consecutive trials p’et animal in a wgter;kﬁlled Y-maze (Ref. 7). While the
petitionerk concludes there Were nosignificant treatment effects on motor actiVity in F1 male and

female offspring, the agency’s analyses of pertinent data show a statistically significant reduction




10
in motor activity among F1 ma]es from the 1,000 mg/kg bw/d neotame treatment group. No effects

are noted on motor actwﬁy in F1 femaies at any dose level.

With regard to results from the swim-maze tests that were conducted in F1 offspring at
approximately 24 to 28 days of age, both the petmoner and the agency conclude that there is
a statistically 31gn1ﬁcant 1ncrease in mean sw1mm1ng tlme (an indicator of reduced performance)
to the “correct” arm of the Y—maze in F1 males from the 1,000 mg/kg bw/d group. Specifically,
this increased swim time is noted in two of six trials in the F1 males from the high dose greup‘.
While an increase in swim time is also noted for one of six trials in F1 males from the
300 mg/kg bw/d dose group, this singular observatien is not accompanied by any other indication
of treatment-related behavioral changes and therefore is not considered to be indicative of a
biologically relevant effect. As with motor acktivity, there are no effects on cognitive performance

(as measured by swim maze times) noted in F1 female offspring from any treatment group

The F1 offspring from the 2-generation reproduct1on study also were sub]ected to spec1ﬁc |
tests that measured the development of auditory and v1sua1 responses The agency’s evaluatlon
of results on auditory startle, pupil closure, and V1sual placmg show no treatment—re]ated effects H
in F1 males or females at any level of neotame tested.

The finding o'fkstatisti'cyally'signifieant effects on two separate behavieral ?tests (i.e., motor
activity and swim maze times) in Fl males from the 1,000 mg/kg bw/d dose group supports the
conclusion that this dose "is an effect level. Based on thetﬁndings from the studies of motor activity
and cognitive function, the agency considers the 300 mg/kg bw/d dose to be a no observed adverse

effect level (NOAEL) for these endpomts (Refs. 4 and 7)

Early in its evaluatioh of the neotame safety databas‘e, the ageney determined that the petitioner
should provide a more specific assessment addressing the potential neurotoxicity and behaviorakl
effects of neotame. In response to the agency S request the pentloner submitted a position paper
entxtled ‘Neotame Does Not Cause Any Behavioral or Neurotox1c Effects” (Ref. 8). This document V

contains summaries and discussions of data and information from two principal sources. The first
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_involves several “key” prechmcal studies (12 in all) and 4 chmcal studxes from the neotame studles
database. The second source of mformatlon dISCHSSGd in the posmon paper 1s a series of 20
publications that are primarily related to aspartame. Col]ectlvely, these 20 publications provide
little information that is relevant to the agency’s overall safety assessment of neotame and are

not discussed further.

With regard to the “key” animal studies, the petitioner states in its position paper that these
studies incorporated clinical observations/teSting enhancements as “effective procedures for
detecting neurotoxic effects.” During the ante mortem phase of the animal studies, these
enhancements included detailed physical, behavioral, and cliniéal Observations to detect signs of
neurologlcal dlsorder behav1oral abnormahty physmloglcal dysfunction, and other signs of nervous
system tox1c1ty Post mortem enhancements included extensive histopathological evaluations of

brain, spinal cord, and penpheral nerves.

FDA has reviewed thoroughly all of the prechmcal and chmcal studxes d1scussed in the’
position paper. With the exceptlon of the 2- generat1on rat reproductlon study in which statlstlcally
significant decreases in motor activity and statistically significant increases in swim times are
observed in F1 offspring males at 1,000 mg/kg bw/d, the prechmcal studxes do not show behav1oral

or neurotoxic effects associated with the ingestion of neotame

Based on available prechmcal and clinical mformatmn from the neotame studies database
the agency concludes that there is no concern for potent1a1 neurotoxic or behavioral effects in
humans from the i mgest10n of neotame as a general-purpose sweetener in foods. This conclusion
is reinforced further by the NOAEL of 300 mg/kg bw/d established for,motor activity and cognitive
performance in F1 males from the 2-generation reproduction study, a dose level that is at least N
3,000 times greater than the 90th percentile EDI of 0.1 mg/kg bw/d 'V(Re'fs Aand7).

b. Chromc (52-week) dog Study———toxzcologzcal szgnzﬁcance of elevated serum ( hepatlc)
alkaline phosphatase Beagle dogs Were fed dlets contalmng neotame at levels of 0 (control) 20

60, 200 or 800 mg/kg bw/d over a 52 Week penod Detaﬂed data were collected on ammal surv1vaI
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growth, food intake, clinical chemistries, hematology, urinalyses, and gross organ pathology and
histopathology. At the conclusion of the study, a limited number of dogs from the neotame
treatment groups were placed on a control diet for an addmonaI 4-week “reversibility period.”
During the agency’s review of this study, a questlon arose about the toxicological significance
of increased serum alkaline phosphatase (ALP) ]eve]s (of hepatic on'gin) noted in female dogs
from the 200 mg/kg bw/d dose group and in both sexes at the 800 mg/kg bw/d dose group. Other
effects noted were statlstlcally 51gn1ﬁcant dose-re]ated increases in absolute liver welghts and in
relative liver weights (liver to brain weight ratio) in female dogs in the 200 and 800 mg/kg bw/d
dose groups. There was no evidence of histopathological changes in the liver, brain, sciatic nerve,

and spinal cord or in other organs or tissues examined from neotame-treated dogs.

Because elevated serum ALP levels had also been observed in shorter duration studies(z-
week and 13-week) in dogs ingesting neotame containing diets, the agency requested that the
petitioner provide further clarification on this matter. In its ‘respon‘s'e, the petitioner submitted a
position paper entitled “Increases in Serum Alkaline Phosphatase in the Dog Are Not Associated
with Target Organ Toxicity,” together with se\?eral pyubliications related to hepatotoxicity and serum
ALP activity (Ref. 9). In this position paper, the petitioner ‘feasons that the increased serum ALP
levels observed in neotame-treated dogs are not due to at hepatotoxic response, but to a “nonspecific, |

physiological response” to the high doses of neotame.

FDA conducted further statistical analyses on the liver weight parameters mentioned
prev1ously Based on these analyses, the agency concludes that the means for these hver effects |
from the 200 and 800 mg/kg bw/d dose groups are stanstlcally mgmﬁcantly hlgher than the means
for the 0 (control), 20, and 60 mg/kg bw/d treatment groups Furthermore, there are no statistically
significant differences between the 0 (control) 20, and 60 mg/kg bw/d dose group means for any

of the liver weight parameters that were evaluated.

From the review of the data from the 52-week dog study and the supplemental information

submitted by the petmoner in its position paper, the agency concludes that the changes in serum’
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ALP levels are most likely due to a nontoxic response to the higher levels (200 and 800 mg/kg bw/d)
of administered neotame. This conclusion is based on the following: (1) There are no significant
effects from neotame on other liver enzymes (e.g., alanine arninotransferas'e, aspartate
aminotransferase, gamma glutamyl transferase), 2) serum albumin levels are not decreased in
neotame-treated dogs (a decrease would have been an indicator of chronic liver toxicity), (3) serum
bilirubin levels are nonnal in both sexes at high doses of neotame (an increase would have been
seen if cholestasis was ,occumng) and (4) the hver in both sexes and at all dose levels appears
normal on hlstopathologlcal examination. In this 52-week dog study, FDA establlshes a no observed
effect level (NOEL) of 60 mg/kg bw/d based on hver effects (e 2., serum (hepatlc) alkahne |

phosphatase and relatlve liver welghts) as the most sensmve endpomts (Refs. 4 and l())

c. A 104-week mouse carcmogenzczty study~——body wezght gain decrement effect. CD-1 mice
were fed neotame-containing diets for 104 weeks at levels of 0 (control), 50, 400, 2,000, or
4,000 mg/kg bw/d. Based on an evaluaition of the hjs;topnthological data from this carcinogenicity
study, FDA concludes that, under the conditions of the study, doses of neotame up to
4,000 mg/kg bw/d administered to male and female CD{I mice for up to 2 years did not induce

neoplastic lesions (Ref. 11).

Although there was no evidence of carcinogenicity in mice eXp"os’ed to neotame for 104 weeks,
_ during the agency’s review of other endpoints, we noted negative effects on body weight gain

(and thus body weight) inbotkh‘ sexes. ’Inlight yof only small decreases in cumulative food
consumption, the agency was 'con(:erned about the potential toxicological significance of the
decrease in body weight gain. In response to the agency’s request for further clarification on this
issue, the petitioner submitted a posmon paper entitled “In the Mouse Carcinogenicity Study Wlth
Neotame Small Changes in Body Weight Gain at Some Intervals in Female MICG at 50 mg/kg bw
Relative to Controls Are Due to a Decrease in Food Consumption” (Ref. 12). In its analysis, the
petitioner states that the mouse is not a relieble modelv‘for‘ determining the relationship between

body weight gain and food consumption. Reasons cited include the small differences in body weight




gain over a lifetime intymi‘ce‘,”‘both,in ’abSO}ute' terms and in proportion to initial body weights

at the start of a study, and well-known difficulties in obtaining accurate measures of food intake
for mice (e.g., mice frequently spill food from their food cups’ andkeontaminate their food with
feces and urine). The petitioner 'reitetated its belief that the body weight gain decrements noted
in mice during the 104-week study were due to a small but consistent reduction in food
consumption which is attributable to poor dietpalatabi{l’ity and should not be viewed as a
toxicological response ‘to neotame.

In further evaluation of this body gain‘weightdecr‘ernent issue FDA subjected the data on
body weight, body Welght gain, and adjusted (for neotame content) food intake to extensxve
statistical evaluation. Usmg an analysm of covanance model and pan'-Wlse dose compansons of
body weights and body weight gam, ‘the agency notes statlstlcally s1gn1ﬁcant effects for the 400,
2,000, and 4,000 mg/kg bw/d dose groups. Based on these analyses, the agency concludes that the
body weight gain decrement effect in both male and female mice in the three hlghest dose groups
is not accounted for by the small decreases in food consump‘uon However in the 50 mg/kg bw/d
treatment group, the effects on body Wexght and body welght gain are not statistically dlfferent

from controls. Based on the detailed statlstlcal evaluatlon of data pertment to the body welght

gain decrement noted in the 104-week dietary caremogenlmty study in mice, the agency estabhshes -

a NOEL of SOmg/kg bw/d for this endpomt (Refs 4 and 10)

d. A 104-week rat carcinogenicity study—-—body wezght gain decrément effect at all dose levels
tested. A 104-week rat carcmogemcny study (thh an 1n utero phase) was conducted during which
neotame was fed at 0 (control), 50 500 or 1 OOO mg/kg bw/d Based on a thorough evaluat1on
of the histopathological data from this carcmogemmty study, FDA concludes there is no ev1dence

of neotame-induced neoplastic lesions in rats lngestmg dlets containing neotame at levels up to

1,000 mg/kg bw/d for 104 Weeks (Ref 11)

During its review of the 104-week rat carcmogen1c1ty study, the agency noted effects on body

weight gain (and thus body welght) in both sexes of neotame treated rats at all dose leveIs tested




Statistically significant decreases in cumulative body weight gains were observed at various
intervals throughput the study. At week interval 0 to 52‘, cumulative body weight gains were 9
to 11 percent less and 13 to 19 percent less, respectively, in neotame-treated male and female
rats, than in control animals. Similar effects were noted at week intervals Oto78 and 0 to 104,
i.e, cumulative body weight gains ranging from 10 to, 13 percent less in treated males and 17
to 20 percent less in treated females. In re‘por‘ti‘ng this information, thepetitioner suggests that

the lower body weights and lower body weight garns among neotame-treated rats can be attnbuted |

to reduced food intake due to reduced palatabrhty of the diets contzumng neotame

The agency, however, based on an analysis of the food intake data concludes thatthe
decreases in adjusted (for neotame content) food mtake among the neotame—treated rats are small
and do not fully explain the magnltude of the dlfferences in body werght and body welght gam
observed in these animals at week 52 and thereafter up to week 104. In view of the 31gn1ﬁcant “
body weight gain decrement effect observed in all neotame treatment groups durmg the 104- Week
rat carcinogenicity study, a NOEL cannot be estabhshed Lackrng a suitable explanatlon for this
effect based on decreased food intake (as argued by the petitioner); the agency considered the |
body weight gain decrement effect unresolved by the 104-week rat study (Refs. 4 and 10).

e. Chromc (52- week) rat feedmg study—body wezght gam decrement eﬁect In order to resolve
the body welght gain decrement issue in rats, the agency carried out a thorough analysis of data
from a 52-week rat feeding study. This study emponed a wide range of neotame dose levels,
two of which were below the lowest dose tested n the 104 week rat carcmogemcrty study (as
discussed in section II.C. 2 d of this document). The results of thrs analysrs are presented in the |

following paragraphs.

In the chronic (52-week) rat feeding study (wrth an in utero phase) rats rece1ved neotame

at 0 (control), 10, 30, IOO 300, or 1 OOO mg/kg bw/d. Except for body Werght and body Welght

gain, there were no statistically si gmﬁcant treatment-related effects of neotame durrng this 5_2— '




week feeding study. With respect to both body weight and'body weight gain, female rats appear
to be more sensitive thﬁan males. |

In regard to body weight, at the end of the 52-week study, body weights in females from
the 100, 300, and 1,000 mg/kg bw/d groups were statistically significantly lower than those of
control female rats. However the body weights of females from the 10 and 30 mg/kg bw/d groups
were not stattsttcally dlfferent from control females Among males, only the 100 mg/kg bw/d group
had statistically significant body werght dlfferences from controI male rats.

As for cumulative body Weight gains during the 0 to 52-week interVal, statistically significant
decreases are noted in treated females, compared to controls only from the 300 and
1,000 mg/kg bw/d treatment groups While the body weight gams in females from the
100 mg/kg bw/d are lower than in control female rats thrs dlfference 1s not statlstrcally srgmﬁcant
Compared with controls, there are no significant drfferences in cumulative body weight gains in
females from the two lowest treatment groups (10 and 30 mg/kg bw/d) for the 0 to 52- week mterval.
Cumulative body weight gams in male rats from the 30 lOO 300 and 1 OOO mg/kg bw/d neotame
treatment groups, while somewhat lower than controls are not statlstlcally dlfferent As noted in
the 104-week carcinogenicity study, female rats in the 52 week dletary study were more sensrtrve
to body weight gain decrement effects than males. k‘

- FDA performed a detailed analysis of the results from the 52-week dietary rat study and
concludes that this study provides an'adequate basis to assess the body weight gain decrement
effect noted in the 104-week carcrnogemcrty rat study for four reasons. First, the range of neotame
dose levels studled in the 52-week study is comparable to the doses tested in the 104-week study
Second, in each study, the female rat is more sensrtlve Thrrd a parallel companson of the 52-
week study and the first 52 weeks of the carcinogenicity study shows that the body weight gain
decrement effect was of a similar order of magnitude;in both studies Fourth, the magnitude of |
decrease in body welght gain occurring during week interval 0 to 52 in the 104-week study does N

not worsen during the last half of the study These observatrons add strength to the utrhty of
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the 52-week dietary rat study in resolving any concern about the body wei‘ght gain decrement
effect and in establishing a NOEL of 30mg/kg bw/d for this endpomt (Refs 4 and IO) B

f. Clinical studies assessments——human tolerance fo neotame. The petmoner subnutted the
results of six human chmcal trials that 1nvest1gated the ingestion of neotame under varied
conditions, includingacute-single exposure, acute"—i'epeat exposure, andvshOrt-term (2éweek) and
longer-term (13-week) daily exposure. Five of these trials employedhealthy adult subjects, while
one trial evaluated non-insulin dependent diabetes lnellitus (Type 1II diabetic) adult subjects. In
each of these trials, subject tolerance Lt‘o neotame intake was determined by physical examinations,
vital signs, ‘electrocardi,ograms, routine clinical laboratory measurements (e.g., hematology, clinical

chemistries, and urinalysis), and self-assessments of adVerse experiences.

The levels of neotame administered in these chmcal tnals ranged from 1 to 15 times the

90th percentile EDI level of 0. 1 mg/kg bw/d or 6 mg per person per day (mg/p/d)

The agency concludes that in all six trials there are no treatment-related effects reported for
any of the parameters examined. Although headache was the most frequently noted adverse
experience, the incidence of headache is comparable for the treated and control groups and is
not considered to be associated with neotame intake. Results from ancillary pharmacokinetic
measurements in several of the clinical trials do not raise any safcty concerns. In the tn’al with
Type 1I diabetic subjectsz, no ad,ver,se effects are noted in any of the subjects. Under the conditions
of that trial, the agency concludes that the ingestion of neotame at levels up to 1.5 mg/kg bw/d
does not produce significant changes in either fasting-state glucose or insulin levels in Type 11

_diabetic subjects. | k

Based on reviews of these clinical trials, the agency concludes that the ingestion of neotame
at levels up to 1.5 mg/kg bw/d (15 times the 90th percentlle EDI) for a penod as long as 13 weeks
is well tolerated by healthy male and female subjects The agency also concludes that i in the study
with Type II diabetic subjects, the intake of neotame at levels up to 1.5 mg/kg bw/d does not have

significant effects on fasting plasma glucose or insulin leyels in study subjects (Refs. 4 andl3).
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D. Estimating an Acceptable Daily Intake for Neotame
In determining an acceptable dally mtake (ADI) for a new food additive, the agency rehes
on a comprehensive evaluation of all relevant studres and information submmed by the petitioner.
As the agency’s evaluation of the neotame safety studles database progressed, four studies with
attendant issues emerged as having tlle greatest impact in reaching a safety decision; these studies

are highlighted in table 1 of this document.

TABLE 1 ——SUMMARY OF STUDY DATA P RT DAILY INTAKE VALUE FOR NEOTAME

Study lnformatlon Pivotal Endpoint NOEL (mg/kg bw/d) Safety FactorA” ADI {mg/p/d)

2-Generation Reproduction (Rat) i Motor Actnwty and Cognmve (300)B 1,000 18
Function in F1 Males .

52-week (Dog) Serum (Hepatic) ALP Levels 60 100 36
and Relative Liver Weights
in Females

104-week (Mouse) ‘Body Weight Gain’ Decrement 50 100 30
in Both Sexes

52-week (Rat) ‘ Body Weight Gain Decrement 30 100 18

- in Females

ASafety factors typlcaily applled by the agency in estabhshmg an ADI based on effects from a reproductlve tox;c;ty study or from a chromc study
are 1000 and 100, respectively. ‘
BThe value reponed is the NOAEL as discussed in Section 11.C.2.a of thrs document.

Based on the NOAEL or NOEL identified for the most sensitive endpoint in each of the
four studies, ADI values were determjn‘éd ranging ,from a high of 36 mg/p/d to a low of 18mg/p/d.
In taking a conservative approach, the agency ‘concludes that the appropnate ADI for neotame
is 18 mg/p/d (Ref. 4). This level is three times hlgher than the 90th percentile EDI for neotame
of 6 mg/p/d.

1. Comments

Thirty comments were submitted to FDA’s Dockets Management Branch in response to the |
filing of the two neotame food additive petitions (25 for FAP 8A4580 and 5 for FAP 9A4643)

The issues raised in the comments are 1dent1ﬁed and grouped into the followmg subject categories.
Aspartame

The majority of the comments compared neotame to aspartame. In these comparisons, the
comments assumed that neotame produces the same metabohc breakdown products as aspartame

and thus would be respon51ble for the same health effects they allege to be associated with
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aspartame, which is the Subject of a food additive }égﬁla{i’bn' (21 CFR 172804)Inresponseto

these comments, FDA pomts out that neotame 1S chemrcally and metabolically dlfferent (see section
II.A of this document and Ref 1 and section I1.C.1 of this document respectlvely) frorn aspartame H
even though they are structurally related. Therefore, the comments’ assertions about neotame are
without basis. Because the comments do not provide the agency with any information regarding

the safety of neotame, they will not be discussed further.
Estimated Daily Intake

Several comments objected to the tabletop useipetition on the basis thatthe petitioner’s EDI
for neotame is inaccurate, implying that it is too low. In determining an EDI, FDA makes
projections based on the amount of the }additive prop‘os_ed for use in particular foods and on data
regarding the consumptton levels of these particular foods, commonly using the 90th percentile
as a measure of high chronic exposure. The agency conjcludes that the 90th percentile EDI
calculated for neotame, as discussed in section IL.A of this document, accurately reflects the
exposure to neotame as a general-purpose sweetener in {all foods (except for meats and poultry),
including tabletop use (Ref. 2). | | | -

One comment noted that the petitioner assumes that neotame will replace 50 percent of
aspartame’s current applications and argued that thlS as’s:umption may be limited unduly and not
sufficiently conservative. FDA agrees with the comrnent on this point, and disagreey‘s' with the
petitioner’s use of the 50 percent replacement factor in their estimation of exposure to neotame.
The agency conservatively assumes that thlS new sweetener will replace all ex1st1ng uses of

aspartame (Ref. 14) and uses this estimate in its safety evaluatron
No Observed Effect Level, Body Weight, and Body ‘Weig;z'thainy Effects

One comment stated that there is no NOEL ‘e'stablis‘hed‘by the 104-week rat carcinoge‘nicit’y’
study for neotame, because all doses show ad,verse effects on growth. The comment also asserted

that the data contained in this study do not support the petitioner’s explanation that decreases

in body weights in the treated rats are due to reduced palatability of the neotame-containing diets.
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In addition, the comment 1nd1eated that the petrtroner did not supply any gavage parr-feedmg,
or dietary restnctlon studres to prove that the body weight gain decrements are due to palatabllrty
and not toxicity. The ciommevntal_s‘o claimed that a safe usage Ievel for neotame cannot be
determined from the safety database provided in the neotame food additive petitions.

FDA agrees that a NOEL cannot be established based on the 104-week rat eareirrogenieity
study, in view of the body weight gain (decrement) effect. The agency also notes that, while
neotame may have had some ’inﬂuenee on diet palatability, the decreases in food intake (adjusted
for neotame content) among neotame-treated rats of both sexes in the 104-week study are too
small to explain the magmtude of the body weight gam decrement that occurred in rats from the
neotame treatment groups (see section ‘II;C.Z.d‘o‘f 'th,is document and Refs. 4 and 10) FDA .
disagrees, however, about the necessny for additional testlng requested by the comment to resolve
the body weight gain decrement issue. Whlle the proposed studies might address mechamstlc
relationships between food consumptlon and Welght gain, the agency believes that they will not
provide meaningful date to eXpIain the magnjtude of differenCes in body weight and body weight
gain in neotame-treated rats frOm the 104-week study in view of the small decreases in food
consumption noted in these animals. In addition, FDA beheves that a safe usage level for neotame i
can be established from the database prowded by the petmoner As dlscussed insection [1L.C2.e
of this document, the results in the 52-Week rat dletary toxicity study provide a strong scientific
basis to resolve concerns over the body Welght gain decrement effect (Refs. 4, 10, and 15). Based
on the 52-week rat study and using body weight gam decrement as the most sensitive endpomt
for toxicity, the agency is able to establish a NOEL for- neotame of 30 mg/kg bw/d. From this o
NOEL, FDA derives an ADI for neotame of 18 mg/p/d (see table 1 in section IL.D of this document
and Ref. 4).

Serum Alkaline PhosphatdSé and Liver Toxzczty R

Several comments expressed cOncerns”re‘gar‘ding‘potentiallyadverse effects of neotame based

on changes observed in serum ALP levels in dogs eorrsmrlihg 'hi'gh doses of neotame (i.e.,
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200 mg/kg bw/d and higher) in both 13-week and §2-wee‘k fee,ding studies. Additionalcormnents ‘
suggested that neotamegis hepatotoxic,‘ as evidenced by effects on other endpoints, such as changes
in absolute and/or relative liver wei"ght, changeS‘in;'S‘erum“ choles,terol and triglycerides, and
neotame-related cholestasis. o |

The agency notes that most of these comments focused on effects observed in the 13 week
dog study. In its revrew of the subchromc (13-Week) dog study, the agency observed the hver |
effects referenced in the comments (Ref, 16). Ordinarily, in the absence of a longer duration study,
the agency would have given more weight to the results of the 13-week dog study. However,
a chronic (52-week) dog study was also submitted iinﬁsupport of the safety of neotame, and that
study provides for a more complete manifestation of the target‘organ’ toxicity in neotame-treated
dogs. |

While the agency considers the 13-week dogstudyuseful for obtammg prelinlinaik:'y';k

toxicological mformatlon (e, 1dent1ﬁcatlon of target organs) and for detemnmng the appropnate

range of doses of neotame that would be fed in the 52-week dog study, the 52- week study p rOVldesA e

a stronger basis for assessing the potentlal chronic tox1c1ty of neotame in the dog ‘Because the
results from this longer—term study supersede those of the 13 week study and because all of the
effects noted in the shorter-term study occurred at levels of exposure well above the NOEL
established by the 52-week study, the agency concludes that no further d1scuss10n is needed in

response to issues raised in comments concerning the 13—week dog study

Several comments asserted that elevated serum ALP Ievels observed in the'neotarne-treated i

dogs in the 52-week dog study indicate liver tokicity.ﬂ As discussed in section IL.C2b of this

document, FDA recognizes that in the 52-week dog study elevated serum ALP levels are observed

in both sexes of dogs from as"early“as 13 weeks untilithe end of the study at neotame dose levels
of 200 and 800 mg/kg bw/d However the agency dlsagrees with comments that these elevated
serum ALP levels are ev1dence of hepatlc toxicity. Whﬂe an increase in serum ALP may bean

indicator of liver tox;clty, such a conclusion ‘can;not be substantiated in the absence of additional




corroborative changesf”'”SpeCiﬁcaIIji,hhe]jatic damage mayresultmmcreasedIevelsof other liver
enzymes, such as alanine aminotransferase, aspartate aminotransferase, or gamma glutamyl
transferase. None of these liver enzymes w’as‘j’elevated in the neotame-treated dogs. Also, a decrease
in blood albumin levels may indicate chronic livetitokicity. Blood albumin ,'Ievels in dogs from

all neotame dose groups were normal and comparable to control values. Furthermore, an elevation

in serum bilirubin indicates cholestasis; serum bilirubin levels were unaffected by neotame

treatment.

~ Increased cholesterol levels are another indication of altered liver function. Plasma cholesterol

and triglyceride levels in dogs from the52—weekstudyalthoughsomewhat variable, were well
within the normal range for dogs and unaffected by neotame treatment. Addmonally,

histopathological examinations of hvers from dogs from the neotame treated groups did not reveal

any evidence of necrosis, blockage of bile ﬂow or any other abnormahtles that were not detected |

in control animals. CoHectlvely, these observatlons;suppqrt the agency s conclusmn that data from

the 52-week study do not show evidence of hepatic toiiéity in dt)gsadnﬁniste:red'neotame (Refs.

4,17 and 185" . e e
Several comments asserted that néotarhe—‘related liver toXiCity is not reversible, as is implied |

by the petitioner, based primarily on the increases in both serum ALP levels and relative liver

weights in the dog smdies The'agénéy*cancmaé‘s“ that ‘tﬁe;”reVersibitlity of these effect31s not o

in section IL.C.2.b of this document, that increases in serum ALP levels and relative liver welghts o
occur in dogs from the 200 and 800 mg/kg bw/d’ne‘o‘vtarhe groups in the 52-week study, neither

of these parameters is affected at the lower levels tested (20 or 60 mg/kg bw/d) By con51der1ng

serum ALP and relatlve hver Welghts as the most sensxtlve endpomts of potenttal neotame tox1c1ty,
the agency determines for the 52- Week dog study that 60 mg/kg bw/d is an appropnate NOEL (Refs.
4, 10, and 17).

Liver as a Target Organ for Neotame T oxicity



One comment emphasized the importanee of the liver in animal growth and glucose
homeostasis. This comment asserted, based on anai‘yseﬁs of the neotame séifety studies database,
that neotame affects growth in both rats and dégs,‘ émd: appears to affect glucosehomeostasis in
persons with diabetes. ;Base,d‘hp‘o'n these ﬁndmgsalong with the elevated serum ALP levels in
neotame-treated dogs and the structure of neotame, the comment concluded that it was;irkn‘pokrtant |
to rule out the liver as a target organ. |

In regard to the effect of neotame on body weight gain in the rat, the agency has established
a NOEL of 30 mg/kg bw/d, based on the 52-week rat feeding study, as summarized in section
I1.C.2.e of this document. We discuss our analyses of the 52-week rat feeding study and our
resolution of the body weight gairi"‘;e'ffeét'in "moié"dé’t’éijjﬁkéfs{ 10and15.

In regard to the effect of neot__eme on body Weiight' and body weight gain in the 52-week

dog feeding study, the effect occurred only in male dogs and only in the highest neotame dose

group (i.e., 800 mg/kg bw/d) during weeks 1 to 5 and 7 to 8 (Ref. 18). At all other dose leveis

tested (i.e., 20, 60, and 200 mg/kg bw/d), there Wer'e“no} statistically significant effects on body

weight or body weight gain in either sex. Furthermore, as discussed in section ILC.2b of this

document, the agency relies on more 'sensitive endpoints, i.e., serum ALP levels and relative liver
weights, for establishing a NOEL for "héefémwefr‘emmtﬁev52¥Week dog study. | |

The agency also dlsagrees with the comment s assertlon that neotame appears to affect glucose
homeostasis in persons w1th d1abetes We explain our basxs for concludmg that neotame does not
appear to affect glucose homeostasis in persons “with diabetes later in this document, in the
discussion entitled “Type Il Diabetes Study.” o

As for changes in serum ALP levels, the agency does not consider these to be a manifestation
of hepatic toxicity in the 52-week dog study. Ourreasons for dlscountlngthe toxicological

significance of the changes in serum ALP are 'diseusis;ed; previously (see section II.VC:.Z;b‘of this

document and the fourth subject category in section Il “Serum Alkaline Phosphatase and Liver

Toxicity™).
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The comment asserted that “[t]he structure of neotame suggests that the metabohc formatlon

of nitrosamines by gut Imcroﬂora is possible as WeH as formatlon in some food products » The

agency acknowledges that a number of nitrosamine compounds are potent hepatotoxms and
hepatocarcinogens. The agency also recogmzes that neotame contains a secondary amine that could
hypothetically form mtrosoneotame in the presence of a mtrosatmg agent. However, there isno
scientific evidence presented in this comment to demonstrate that the presence of neotame in food

leads to the formation of nitrosoneotame either through chemical reaction in food products or by

metabolic processes in the gut upon ingestion (Refﬁ 14). Furthermore, the petitioner addressed this

i1ssue using many maxumzmg assumpuons concermng the formanon and potency of the hypothetlcal
nitrosoneotame. In partlcular the petitioner assumed that mtrosoneotame would be formed and

that it would be as potent a carcinogen as dimethylnitrosamine. Based on this scenario, the
petitioner concluded that the amounts of nitrosamine that ’could be formed Wouldbeextremely
small, that any hypothetical risk wouldbetnwalandthat additional analyses were not necessary.

After evaluating the petitioner’s reasoning, FDA agrees with this conclusion (Refs. 1 and 14).

Furthermore, as noted in sections II. C 2.c and I.C2.d of this document ‘there is no evxdence of

chronic liver toxicity or pre-neoplastlc or neoplastlc hver lesions in lifetime carcmogemclty feeding

studies in rats and mice mgestmg neotame in amounts up to 1,000 mg/kg bw/d and

4,000 mg/kg bw/d, respectively. Thus, the agency conCiudes that the hypothetlcalformanon of T

nitrosamine compounds from neotame poses no’ safety concerns

Finally, the agency recognizes that one cannot. absolutely rule out the liver as a target organ
for the toxic effects of neotame when it is ingested at exaggerated dose levels. However, as
discussed in the agency’s resp'onse to ﬂﬁs‘cémme*ﬁ{ and elsewhere i’n’ this document " vthe agency

toxic effects to the liver.

Systemic Exposure/Body Weight Gain'®~



25
One coi‘nm'ent stated that “[t]he long-term studles conducted in the dog spemes show def nite
signs of toxicity thch through close mspectlon of the pharmacokmetlc data generated in the study -
and specific PK metabolism studies, is shown to be related to systemlc exposure of the parent -
compound.” Subsequently, the comment referred to “a non- lmear increase in’ systermc exposure -
of the parent compound aud 1ts “metapeﬂhte‘({)’yetétheydese ”rauge studied.” The comment asserted
that this ndnlinear increase in systemic exposure to the parent compound and its metabolite is

related to decreases in body weight gain in the dog.

In response, the agency notes that the analysis‘of PK parameters (i.e., area under the curve,
and maximum concentration) discussed in the commient is based on data from the 13-week deg ’
study, which the agency does not consider to be a Ieng;terrn study as claimed in the comment.
dogs of both sexes at dietary neotame intakes of ,600 and 2,000 rng/kg bw/d (the 2,000 mg/kg bw/d
dose level was reduced on day 15 to 1,200 mg/kg bv;v/dffor the 'ryer\nz‘ii‘hderef the 13¥week study) |
These extremely high dose levels are 6,QOO to 20,0QO times greater thapthe 90th percentile EDI
for neotame. At lower levels of neotame intake ('i'.e’.y,:6k(y)f and 200 mg/kg bw/d), there were no effects
on body weight gain in either sex. In considering the PK parameters derived from blood
concentration data from the dogs fed these lower levels of neotame, the agency concludes (Ref.’

19) that there was no evidenceof increased systemie exposure t(‘),tneetame or its metabolites. (It |
should be noted that PK measurements in the dog were evaluated euly i‘nt}fie 13}week subchronic
stady) o R

Moreover, as mentioned in Refs. 4, 10, and 17, a chronic (52-week) h"ediaihé'dog'féediﬁg o
study was conducted. Beeause of its longer duration, fthe! 52-week study is more deﬁmtlve than
the subchronic (13-week) dog study for assessmg the tox101ty of neotame In the 52 Week dog
study, decreased body welght gains were noted only at the highest dose tested (800 mg/kg bW/d)
and not at any of the lower dose levels (20 60 and 200 mg/kg bw/d) -

x i

Bile Salt Metabolism and Excretton e e
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One comment pomted out that neotame produced discolored feces (whlte and gray) at the |
highest doses tested (200 and 800 mg/kg bw/d) in the 55 week dog study This comment suggested
that the change in fecal color was due to neotame’ s effect on bile salt metabohsm and excretion.
The agency agrees that dogs from the 800 mg/kg bw/dtreatmen_t group frequently excreted gray
or white feces. However, there were only two incidences of gray feces from animals in the
200 mg/kg bw/d treatment group (a female on day 322 and a male on day 328) and no changes ‘
in appearance of feces from dogs in the 20 or 60 mg/kg bw/d tre eatn e_ nt g -oup Thv e was also -
one incident of white feces observed for a female in the control group on day 70 of the study.
Based on this evidence, as well as information ‘in section I1.C.2.¢ of this document, the agency
concludes that there is no evidence to support a correlauon between fecal color and liver tox1c1ty

in dogs fed neotame-containing diets durmg the 52- week study (Ref 20)
Developmental ( Teratology) Studzes k
One comment claimed that the dose levels of "n;‘eotarne tested in the definitive rabbit

developmental (teratology) study were too Iow.'The:agency disagrees. FDA’s evaluation of this

study shows that there are statistically significant decreases in feed consumption and maternal body

weights during the gestation period. Thus, the hlghest dose in the study (500 mg/kg bw/d) was
sufficient to achieve maternal tox101ty (Refs. 4 and 6) In addition, FDA notes that thlS study |
satisfies dose selection criteria recommended in the agency s Redbook gu1delmes (Ref 21)
Another comment raised concern over poSt—imp}antation effects of neotame based ona
maternal toxicity range-finding study in the rabbit. Biecause of the study’s Iimitations, the agency
does not share this concern. While a range-finding study may aid in identifying a compound’s
potential target organ effects, the primary objective of such a study is to establish apnronriate |
dose levels to be further evaluated in a more definitive toxicity study. In the study in question, .

the agency notes that only six animals were used in each dose group, too few for an adequate

assessment of the developmental (teratogemc) potenttal of a compound (Ref 21) In the deﬁmuve' /' k

rabbit developmental (teratology) study, a total of 25 mated fema]es were assigned to the control
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and high-dose groups, and 20 each in the low- and nnd dose groups (Ref 6) Thrs Iarger number -
of animals allows for a more accurate assessment of the teratogemc potentral of neotame in the
rabbit as well as increasing the statistical power of thestudy. In the deﬁnitive rabbit teratology |

study, there were no significant dose-dependent, post—implantation effects due to neotame treatment.

One comment argued that neotame-induced effects on post-implantation loss, fetal srze and
limb development in rabbits in the teratology study may be masked by the quality of the study
and the high background incidence of these effects.,, The comment drsagreed with the petitioner’s
interpretation of the data on post-implantation and other fetal observations. In particular, the
comment asserted that the petitioner’s interpretation of data was SCientifically 'ﬂawed;because the
petitioner made comparisons between treatment groups and the concurrent control group whose
incidence percentages, accordrng to the comment were hrgher than those 1nc1dence percentages

typically seen in hlstorrcal control data.

FDA disagrees with this assessment By usrng concurrent control ammals the study avoided
the inherent variability that may be mtroduced into data analyses When hrstoncal control data are
used in place of concurrent control data. Potentral sources of varrabrhty from the use of hrstoncal
control data include: ( 1 Drfferences i animal husbandry and anlmal room environiment, (2)
differences in diet composrtrons (3) drfferences in tlmes of study conduct, (4) differences in the |
sources of nutrients in animal diets, (5) differences m skﬂls and ¢ expenence of techm01ans or -
scientists, and (6) genetic drifts, as drscussed in Haseman et al., 19893 and Roe, 1994.4 Therefore ‘
the agency concludes that, within the definitive rabblt study, in the absence of compellmg evidence |
to the contrary, it is more appropriate to compare results between treated and concurrent control

animals than to compare fresu1ts betweefn_‘treated ani‘mialsiand historical control data’.The? agency o

3Haseman J K Huff J E Rao G. 'N., and Eustrs S.I, “Sources of Vanabrhty in Rodent Carcmogencrty,” R
Fundamental and Applied Toxicology, vol. 12(4), pp. 793——804 1989
4Roe, F. J. C “Hxstoncal Hlstopathologlcal Control Data for Laboratory Rodents Valuable Treasure or '

Worthless Trash?” Laboratory Anzmals vol. 28(2) pp 148-154 (London) 1994
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also notes that the study followed the Redbook guidelines. Additionally, the agency finds no dose-
dependent effects on post~implentation data when this study’s treated and concurrent control groups
are compared (Refs. 6 and 21). i e e e it S

In further response to this comment, the agency conciudes that the manner in Wh]Ch the |
comment has analyzed the data from the rabbit developmental study is incorrect. More specrﬁcally,
the comment compared control and treated groups on a per—fetus rather than on a per—htter
incidence basis. As recogmzed by authoritative sources56 7 the maternal anrmal not the developing |
organism, is randomly and 1ndependently assigned to control and treatment groups dunng the
gestation period. Therefore, the analyses of effects should be reported as 1nc1dence -per-litter or
as number and percent of litters with particular endpoints. Because the comment’s analysis is based
on inappropriate per-fetus comparisons, its conclusrons are inherently ﬂawed Furthermore the
agency finds that the COmparrsons between the concurrent control and treated groups, on a percent
per-litter basis, show no treatment-related effects on the litter incidence of any fetal endpomt
examined in the rabbit developmental (teratology) study (Refs 6 and 21).

One comment focused on the dosimetric and phannacokinetic aspects of the rabbit
developmental (teratology) study. The comment asserted that if a higher dose level, e.g.,
1,000 mg/kg bw/d, rather than.SOO“mg/kg bw/d, had been used as the top dose in this definitive
study, higher systemic ei(posnr”e‘“ﬁaﬁd greater toxicity would have occurred in the neotame-treated
rabbits. As noted earlier with regard to the levels of neotame tested in this study, the agency

- finds that overall study design and dose selection were sufficient to achieve maternal toxicity.

5 FDA Gurdehnes for Developmental Toxrcrty Studies,” chapter IV.C.b, section III D Redbook 2000 o

Toxicology Principles for the Safety of F ood Ingredzents (http //www cfsan fda gov/~redbook/red1vc96 htm])

6TyLR. W.and M. C. Merr Devc]opmental Toxrcity Testmg—Methodology, chapter7 ppP- 217 Handbook

of Developmental Toxzcology, edited by R. D. Hood CRC Press, New York NY 1997
7Kimmel, C. A. and G. L Krmmel “Pnncrp]es of Developmental Toxxcrty R]Sk Assessment » chapter 21 pp

67 1-672, Handbook of Developmental Toxzcology, edited by R D Hood CRC Press New York NY 1997
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FDA beheves that it is xrrelevant if greater tOX]Clty were to occur at a hlgher dose level than
the highest dose used in the rabblt deveIOpmental (teratology) study The hxghest dose used was

sufficient to achieve maternal tox1c:1ty, based on stanstlcally s1gmficant decreases in both feed mtake

and body weight gain, at the 500 mg/kg bw/d dose level Furthermore there is an appropnate NOEL

for these effects (Refs. 6 and 21).

This comment also suggested that decreases in food intake and maternal body welght gam
noted in the dams from the 500 mg/kg bw/d dose group were due to (tissue) accumulation of
neotame. Based on a review of the PK data from the deﬁmtwe rabblt developmental study, thek
agency concludes that these data do not suggest that bioaccummation of neotame or ’its metabolites
would occur even at a dose level of 500 mg/kg bw/d (Ref. 22). With fegard to a possible relationship
between (tissue) accumulation of neotame and decreases in feed intake and maternal body weight
gain, the agency finds that a mechanistic explanation isunnece‘ssai'y for an adequate evaluation
of the study because the agency has determined an appropnate NOEL for these effects As noted
previously in section I.C.1.b of thlS document based on the evaluatlon of other neotame feeding
studies in the rat and dog, FDA concludes that there ,’is no concern for the potential bioaccumulation

of neotame or its metabolites at expected human intake levels.
Type II Diabetes Study

One comment criticized several aspects of the Type I dlabetes study. The comment stated
that the design of this study was not adequate to detect small dlfferences resultmg from neotame
treatment in the parameters examined. It cited the fol]owmg 1nadequa01es Limited statlst1cal power
parameters measured only under the qu1escent metabohc COndlthIl of extended fastmg, short :
duration, and no meal test. Despite these deﬁcxenmes, the comment recommended 1nc’1us10n of |
the Type II diabetes study in the Safety eyaluation, ‘be:cau:s_e no other studies in the neotame safety
database investigated the effects of neotame on glucos“e ‘homeostasis i'n"'patients or animals with

diabetes. Finally, the comment concluded that results from the Type II diabetes study were strongly

suggestive of a treatment»related effect of neotame on fastmg glucose control.

e
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FDA agrees that although the expenmental desrgn of the Type II diabetes study limits its
utility for assessing’ the potential effects of neotame on glucose homeostasrs in Type I drabeucs,
it should be included in the safety evaluation of neotame (Ref 23) Based on fi ndmgs obtamed
during a directed chmcal 1nvest1gator srte 1nspect10n and audrt of study records at the facrhty
responsible for this chmcal trial, FDA concludes that the study Was well executed 1rrespect1ve
of prevrously noted desrgn hrmtatrons (Ref 23) |
The agency disagrees with the comrnent’s conclusion that results from the trial with T ype
H1 diabetic subjects are strongly suggye‘stive ofa treatrnent~related’eft;ect of neotame on glucose |
control. FDA performed a detailed evaluation of the study data on 'vfastin}g glucose
pharmacodynamic parameters including: (1) Area u‘nder the effect curve, (2) area under curve,
(3) percent perturbation, and (4) normal variations in glucose concentrations. "Based on these
~analyses, the agency finds that under the conditions of the study, there were no srgmfrcant changes
in these parameters in study subjects that are attnbutable to neotame (Ref 23) Overall, FDA
~concludes that under the conditions of the Type II dlabetrc study, blood glucose concentratrons‘
in Type II drabetrc sub]ects followrng neotame treatment (at levels rangmg from 5to 15 trmes
the 90th percentile EDI of 0.1 mg/kg bw/d) are comparable to those n the same subjects when ”
given a placebo, and that any changes noted are within the normal range of variation and not

the result of neotame treatment (Ref. 23).
Methanol and Phenylalanine Formation =

‘Several comments expressed concern that harmful levels of methanol and phenylalamne may
result from rngestmg neotame—contarmng foods and beverages FDA drsagrees with these comments.
Methanol release results frorn the de-esterification of neotame, Wthh occurs more raprdly in the
rat and rabbit than in the dog and human (see sectron II C 1.d of th1s document) The agency |
concludes that, at the 90th percentlle EDI of neotame the resultant exposure to methanol would ‘
be extremely low, approximately 0.008 mg/kg bw/d (Ref 5). Humans are exposed to much h1 gher

levels of methanol intake from their daily diet. For example the methanol content of frurt jUICGS
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ranges from 64 mg/liter (L) in orange juice to 326 mg/L .in apricot juiCe; In contrast, the‘methanol
content of neotarne—sweetened carbonated beverages is estrmated to be 1.37 mg/L
Similarly, FDA concludes ‘that the potentral 1ntake of pheny]alanme from the use «ot’ neotame
will be extremely low in comparison to that present in the daily diet. Based upon data cited by

Koch and Wenz, 1984 (see footnote 2 in sectlon II C 1.dof this document) the agency notes

that the daily dietary intake of phenylalanme for a healthy 1nd1v1dual may range from 2 5 to IO o

g/p/d. The daily intake of phenylalamne for a PKU homozygous Chﬂd Wlth a body wei ght of
20 kg is reported to range from 0.4 to 0.6 g/p/d or 400 to 600 rng/p/d (Ref 5)

Using a conservatrve approach (Refs 4 and 5) the agency calculates that the amount of
phenylalanine exposure expected from the 90th percentlle intake (0.1 mg/kg bw/d) of neotame (Ref
2) by a 60 kg adult is 2. 64mg/p/d FDA finds thrs amount of exposure tnvral in contrast to that
expected from the normal adult diet. For the PKU homozygous child, the addltlonal phenylalamne
intake expected from the 90th percentile ingestion of neotame (i.e.’, 0.17 mg/kg bW/d) (Ref. 3) by |

a 20 kg individual is 1.50 mg/p/d, an incremiental amount that is equivalent to no more than 0.3

to 0.4 percent of the PKU homozygous child’s normal daily phenylalanine intake. From these

conservative estimates, the agency coticludes that the potent;ial intake of phenylalanine that may
result from use of neotame as a general-purpose sweetener does not pose any safety concern (Refs.

4 and 5).

IV. Conclusion

The agency has evaluated all the data and other mformatron subnntted by the petltroner in
support of the safe use of neotame as a general—purpose sweetener and concludes that there is
a reasonable certainty that no harm will result from the use of neotame as proposed In accordance
with a memorandum of understandrng (MOU) between the Food Safety and Inspectron Servrce |
(FSIS), United States Department of Agrrculture and t;DA (65 FR 51758, August 25, 2000),a

restriction from use 1n meat and poultry appears in the neotarne regulatron Thrs restnctron is

required when the petmoner does not specrfy whether the food ‘additive is intended for such use.
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At this time, FSIS has not made a determination on the use of neotame in or on meat or poultry

Therefore, FDA concludes that the food additive regulations should be amended as set forth in
this document.

In accordance with § 171. I(h) (21 CFR’ 171 l(h)) the petitions and the documents that FDA
considered and relied upon in reaching its dec1s1on to approve the petitions are avaﬂable for
inspection at the Center for Food Safety and Apphed Nutrition by appomtment wrth the 1nformat1on |
contact person. As prowded in § 171.1(h), the agency wﬂl delete from the documents any materials N

that are not available for public disclosure before making the documents avaﬂable for 1nspect10n

V. Environ‘mental Effects |

The agency has carefully considered the potential ;environrnental effects of this action. FDA
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 signiﬁcant
impact and the evidence supportlng that finding, contained n an env1ronmental assessment, may
be seen in the Dockets Management Branch (see ADDRESSES) between 9 a.m. and 4 p.m., Monday
through Friday. o

VI. Paperwork Reduction Act of 1995
This final rule contams 10 collection of 1nformation Therefore clearance by the Ofﬁce of

Management and Budget under the Paperwork Reduction Act of 1995 is not required.

VII. References
The following references have been placed on d1sp1ay in the Dockets Management Branch .

(see ADDRESSES) and you may revrew them between 9 a.m. and 4 p m., Monday through Friday

1. Memorandum from DiNovi, D1v1sron of Product Manufacture and Use Chemistry Revrew Team

to Anderson, Division of Product Pohcy, March 31 1998

2. Memorandum from DiNovi, Division of Product Manufacture and Use Chennstry Revrew Team A

to Anderson, Division of Product Policy, August 12, 1999 addendum memorandum to the August 12
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1999, memorandum from D1N0v1 Dmsron of Blotechno]ogy and GRAS Notrfrcatron Revrew to Anderson
Division of Petition Rewew February 28, 2002 B |
3. Memorandum from DiNovi, Division of Product Manufacture and Use Chermstry Revrew Team

to Anderson, Division of Product Pohcy, December 14 2000

4. Memorandum from Brdd]e Lm Whrtesrde Drvxsron of Health Effects Evaluatron to Anderson .
Division of Product Policy, Ja anuary 31, 2001 addendum memorandum to the ] anuary 31 2001
memorandum from Whiteside, Division of Petition Revfew, to Anderson,‘D'ivj‘sion of Petition Review,

February 28, 2002.

5. Memorandum from Blerberg, Drvrsmn of HeaIth Effects Eva]uatron to Anderson Dlvrsron of |

Product Policy, January 31, 2001 addendum memorandum to the January 31 2001 memorandum from k f

Biddle, Division of Petition Revrew to Anderson D1v1sron of Petmon Revrew February 28, 2002
6. Memorandum from Welsh, Scientific Support Branch, to Anderson, 'D”iviS‘i‘on of Product Pblicy, b
January 31, 2001.

7. Memorandum from Mattia, Scientific Support Branch, to Anderson, Division of Product Policy,

January 31, 2001; addendum memorandum to the January 31,2001, memorandum from Bldd]e DlVlSlOI] -

of Petition Review, to Anderson Division of Petrtlon Revrew Apnl 12 2002

8. Position paper from The NutraSweet Co “Neotame Does Not Cause Any‘Behavroral or Neurotoxrc '
Effects.” .

9. Position paper from The NutraSweet Co Increases m Serurn AIkahne Phosphatase 1n the Dog

Are Not Associated With Target Organ Toxrcrty e

10. Memorandum from Whiteside, D1V1310n of Hea]th Effects Evaluatlon to Anderson Dwrsron of
Product Policy, January 21, 2001
11. Memorandum of Conference from the Center for Food Safety and Apphed Nutntron——-Cancer o

Assessment Committee, August 16 2000
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12. Position paper from The NutraSweet Co “ In the Mouse Carcmogemc]ty Study Wrth Neotame

Small Changes in Body Welght Gain at Some Intervals in Female Mrce at 50 mg/kg bw Relatrve to Controls

are Due to a Decrease i m Food Consumptron
13. Memorandum from Chen, Scientiﬁc Support E‘raﬁéﬁ,‘ toAndersonDlvrsmnofProduct Pohcy | o
July 19, 2000. N
14. Memorandum from DiNovi, DlVlSIOﬂ of Product Manufacture and Use, Chemrstry Review Team
to Anderson, Division of Product Policy, January 10, 2001 | . |
15. Memorandum from Whrte31de varsron of Health Effects Evaluatlon to Anderson, ‘vai‘sion,’of%

Product Pohcy, January 31 2001.

16. Memorandum from Ikeda D1V151on of Health Effects Evaluatlon to Anderson D1vrsron of Product ’

Policy, May 28, 1999,

17. Memorandum from Ikeda,‘Di“\}i's;ionof Health EffectsﬂEvaluatiOn,“ to B]ddle Drvrsron of Health o
Effects Evaluation, January 31, 2001. |

18. Memorandum from Ikeda, Dwrsron of Health Effects Evaluatron to Anderson D1v1s10n of Product
Policy, June 16, 2000; addendum memora"ndum to the June 16 2000 memorandum from Whrtesrde -
Division of Petition Rev1ew to Anderson DlVlSlOIl of Petttron Revxew February 28 2002 o

19. Memorandum from Blerberg, Division of Health Effects Evaluatlon to Anderson Dlvrsmn of
Product Policy, February 5, 2001. o

20. Memorandum from Ikeda, Division of Health Effects Evaluatron to Anderson D1v1sron of Product t‘
poticy: Febniaey 3 2001 oo i

21. Memorandum from Shackleford Division of Heath Effects EvaIuatron to Anderson Dlvrslon of

Product Policy, February 12 2001

22. Memorandum from Roth D1v1sron of Health Effects Evaluauon to Anderson Drvrsron of Product
Policy, February 28, 2001.
23. Memorandum from Park Roth, and Klontz Drvrsron of Health Effects Evaluatlon to Anderson -

Division of Product Policy, January 30 2001.
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VIIL Objections o
Any person who will be adverse]y affected by thls regulatlon may at any time fﬂe wrth the

Dockets Management Branch (see ADDRESSES) wntten ObjeCtIODS by [znserz date 30 days aﬁer

date of publication in the Federal Reglster] Each objectlon shall be separately numbered and
each numbered objection shall specify with part1cu1anty the prov151ons of the regulauon to Wthh

objection is made and the grounds for the obJecnon Each numbered objectlon on whrch a heanng

is requested shall spec1ﬁcallv so state. Failure to - aes 2 h mﬂ g }“o1 any particu 1 objection

shall constltute a waiver of the nght to a hearmg on that objection. Each numbered objectlon |

for which a hearing is requested shall mclude a detarled descnptron and analysis of the spec1ﬁc |
factual information intended to be presented in support of the ob)ectlon in the event that a heanng

is held. Failure to mclude such a descnpuon and analysm for any partlcular objection shall constltute
a waiver of the nght toa hearmg on the objection. Thre‘e copies of all documents are to be

submitted and are to be 1dent1ﬁed Wlth the docket number found in brackets in the headrng of

this document. Any ob]ectlons recelved in response to the regulatlon may be seen in the Dockets

Management Branch between9 a.m. and 4 p.m., Monday through Friday.

Food additives, Incorporation by reference Reportmg and recordkeepmg requrrements

Therefore, under the Federal Food Drug, and Cosmet:rc Act and under authonty delegated

to the Commissioner of Food and Drugs 21 CFR part 172 is amended as follows

PART172——-FOODADDITWE S PERMITTE| | JTIONTOFOODFOR .

HUMAN CONSUMPTION ™

1. The authority citation for 21 CFR part 172contmues to read as follows:

Authority: 21 U.S.C. 321, 341, 342, 34

2. Section 172.829 is added to subpart I to read as follows:
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§172.829  Neotame.

(a) Neotame is the chemical N- []V (3 3 chmethylbutyl) L—a aspartyl] L- phenylalamne—l methyl

ester (CAS Reg. No. 165450-17-9). 3
| .3
(b) Neotame meets the following spe01ﬁcat10ns when itis tested accordmg to the methods A%rm

described o referenced in the document entitled “Spemﬁcatlons and Analyncal Methods for P;f Spu\j

afed april 3, 2001, e M (4\/
Neotame” by the NutraSweet Co., 699 North Wheeling Rd., Mount Prospect, IL. 60056, which-

T ha; A ofBw :rém Fedeml Ceister s approved the VN COrPorats pn /m/ regerence. of

in accordance with 5 U.S.C. 552(a) and 1 CFR 'part 51. Copies are ),
Direchy f the N 15

available from the Office of Food Additive Safe'fy (ﬁgFSZ-” )0), Center for Food Safety and Applied 6/2

Nutrition, 5100 Paint Branch Pkwy . College Park, MD 20740. Copies may be e;czmmed atthe =~ W
- 00
Center for Food Safety and Apphed Nutrmon S lerary 5100 Paint Branch Pkwy College Park, %,&hm
A .

MD 20740, or at the Ofﬁce of the F edera] Reglster 800 North Capltol St. NW suite 700 §u san

P i L B G35 8 0 L i Pt e
Washington, DC 20001~ o OFF ¢

(1) Assay for nebta;rne, not less than 97.0 percent and not more than 102.0 percent ona

dry basis.

(2) Free dipeptide a“cid(N-‘[N-'(3,3“;ai‘ﬁiéthyisﬁ‘&ljit:&;és‘ﬁéﬁy‘l]':’r:-ishénylalaniﬁé), notmore
than 1.5 percent. |

(3) Other related siibs'tances? not more than 2.0 ip‘er;c‘ent‘.

(4) Lead, not more ihan"zf.'O" milligrams per kﬂogram -

(5) Water, not more than 5.0 percent.

(6) Residue on ignition, not more than 0.2 percent

(7) Specific rotation, determined at 20 °C {oc]D'::'—yél().O" to 43.4° calculated on a dry basis.
(c) The food a’dditit}e neotame may be safely used as a ‘SWeetening‘agent”and :ﬂéi‘{rorenhancﬂer .
in foods generally, except in meat and pbultry ‘in 'aceord‘an‘ce with ’cur‘re'nt good manufacturing

practice, in an amount not to exceed that reasonably reqmred to accomphsh the mtended techmcafw R

effect, in foods for wh1ch standards of 1dent1ty estabhshed under section 401 of the Federal Food S

Drug, and Cosmetic Act do not preclude such use. =~~~

G




37 | |
(d) When neotame is used as a Sugar substxtute tablet L Ieucme may be used as a Iubncant -

in the manufacture of tablets at a Ievel not to exceed 3.5 percent of the welght of the tablet




, o
(e) If the food contammg the addmve purports to be or is represented to be for spemal dletary .

use, it shall be labeled in comphance Wl'[h part 105 of thls chapter

Dated: 7/2/ <
July 2, 2002.

g/ 7

Margaret M. Do}tzel .
Associate Commissioner for Policy.
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