Available online at www.sciencedirect.com

SCIENCE(CﬁDIRECT(@

Regulatory Toxicology and Pharmacology 38 (2003) 144-156

Regulatory
Toxicology and
Pharmacology

AT

ELSEVIE

www.elsevier.com/locate/yrtph

Long-term food consumption and body weight changes
in neotame safety studies are consistent with the
allometric relationship observed for other sweeteners and
during dietary restrictions

W. Gary Flamm,* George L. Blackburn,® C. Phil Comer,® Dale A. Mayhew,**
and W. Wayne Stargel®

& AAC Consulting Group, Vero Beach, FL, USA
b Department of Surgery, Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, MA, USA
¢ Graystone Associates, Inc., Macon, GA, USA
4 Regulatory Affairs, The NutraSweet Company, 1801 Maple Street, Evanston, IL 60201, USA
¢ Research and Development, The NutraSweet Company, Evanston, IL, USA

Received 7 April 2003

Abstract

In long-term safety studies with neotame, a new high-intensity sweetener 7000-13,000 times sweeter than sucrose, the percent
changes (%A) in body weight gain (BWG) in Sprague-Dawley rats were several-fold greater than the %A in overall food con-
sumption (FC). This study investigates the question of whether the changes in BWG were adverse or secondary to small, long-term
decrements in FC. The hypothesis tested in Sprague-Dawley rats was that the relationship between long-term %A in FC and %A in
BWG is linear and in a ratio of 1:1. The %A in FC were compared to %A in BWG after 52 weeks on study in one saccharin (825
rats), two sucralose (480 rats), two neotame (630 rats), and five dietary restriction (>1000 rats) studies. Non-transformed plotting of
data points demonstrated an absence of linearity between %A in FC and %A in BWG; however, log-log evaluation demonstrated a
robust (R?> =0.97) linear relationship between %A in FC and %A in BWG. This relationship followed the well-known allometric
equation, y = bx® where x is Yo AFC, y is %o ABWG, b is “%o)ABWG when AFC = 1, and a is the log—log slope. Thus, in Sprague-Dawley
rats at week 52, the long-term relationship between %A in FC and %A in BWG was determined to be: %ABWG = 3.45(%AFC*™)
for males and %ABWG = 5.28(%AFC*%) for females. Sexes were statistically different but study types, i.e., the high-intensity
sweeteners saccharin and sucralose versus dietary restriction, were not. The %A in BWG are allometrically consistent with the
observed %A in FC for these high-intensity sweeteners, including neotame. BW parameters are not appropriate endpoints for setting
no-observed-effect levels (NOELs) when materials with intense taste are admixed into food. An approach using objective criteria is
proposed to delineate BW changes due to toxicity from those secondary to reduced FC.
© 2003 Elsevier Science (USA). All rights reserved.
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1. Introduction subchronic, chronic, carcinogenicity, reproduction, tera-

tology and in utero/postnatal evaluations at doses in

Neotame is a dipeptide methyl ester derivative of as-
partame with a sweetness potency in humans 7000-13,000
times that of sugar. The safety of neotame was assessed in
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definitive studies up to 40,000 times 90th percentile esti-
mated human exposure (FDA, 2002). Regulatory review
of neotame safety studies has been completed by the Joint
FAO/WHO Expert Committee on Food Additives
(JECFA) and in Australia, New Zealand and the US
(ANZFA, 2001; FDA, 2002; WHO, 2003) and other
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reviews are ongoing. Neotame was well tolerated in
toxicology species including Sprague-Dawley CD rats,
CD-1 mice, beagle dogs, and New Zealand rabbits.

The most consistent findings in toxicology species
from neotame safety studies were reductions in food
consumption (FC), body weight (BW), and body weight
gain (BWG) compared to controls at doses requiring high
dietary concentrations (Mayhew et al., 2003). Typically,
when a test material having intense taste is admixed into
diets at high concentrations, toxicology species exhibit a
preference for basal diet. The maximum tolerable doses
(MTDs) of materials with intense taste are typically
limited by reduced palatability of diets containing high
concentrations of that compound. The operational defi-
nitions for terms including taste, preference, and palat-
ability are summarized in Table 1. For neotame, the
MTDs from subchronic studies were determined by doses
where decrements in BWG exceeded 10% of control, a
standard guideline for dose setting, e.g., US FDA ‘Red-
book’ Guidelines (FDA, 1982, 1993). BWG was reduced
more than 10% compared to controls in rats, mice, and
dogs when neotame concentrations exceeded approxi-
mately 35,000 ppm in food (Mayhew et al., 2003).

Consequently, concentrations greater than 35,000
ppm were not used during definitive safety studies with
neotame. Thus, the MTDs for neotame were determined
by poor palatability of neotame-containing diets and
were not associated with toxicity in any species tested
(Mayhew et al., 2003). The MTD for substances with
intense taste has been described as the ‘maximum pal-
atable dose’ (MPD); that is, the highest dose at which
animals will eat and drink sufficient quantities to remain
healthy (Chowaniec and Hicks, 1979).

Regulatory agencies reviewing neotame safety data
have alternately concluded either that the changes in BW
and BWG were due to a palatability related decrease in
FC (ANZFA, 2001; WHO, 2003) or that changes in BW
and BWG may not be fully explained by the observed
decreases in food intake (FDA, 2002). In addition to
the example cited for neotame, regulatory agencies
previously have arrived at different conclusions regard-

Table 1
Operational definitions

Taste is an inherent property of a material in solution resulting from
contact with sensory receptors. Perception of taste occurs within
the first few minutes following ingestion

Palatability is the sensory and physical attributes of a food that
determine whether and how much will be eaten when no other
choice is available

Preference is the selection of one food over another when more than
one food choice is available

Accuracy is used to mean the nearness of a measurement to the
actual value of the parameter being measured

Precision is used to mean the variability inherent in the measurement
of a parameter, such as variability introduced when repeated
measurements are required to approximate a parameter

ing the relationship between BW and FC from evalua-
tions of the same safety data for other high-intensity
sweeteners (FDA, 1988, 1998; WHO, 1983, 1991).

The percent changes (%A) in BWG in rats were sev-
eral-fold greater than the observed %A in overall FC in
long-term studies with neotame. In this report, this
effect is evaluated in terms of the relationship between
long-term changes in FC in Sprague-Dawley rats and
resultant changes in BW and BWG. Specifically, the
hypothesis tested is that the relationship between long-
term %A in FC and BWG in Sprague-Dawley rats is
linear and related 1:1. The relationship between FC and
BWG was evaluated by comparing results after 52 weeks
on study for available saccharin, sucralose, neotame, and
dietary restriction studies in Sprague—-Dawley rats.

In safety studies, a change in BW parameters can be the
result of either an adverse toxic effect of the compound or
an effect secondary to non-adverse reductions in FC.
However, the distinction between adverse effects on BW
and effects secondary to reduced FC, such as from re-
duced palatability of diets, often can be established from
careful evaluation of data from safety studies. An algo-
rithm is proposed using objective criteria to make critical
distinctions between adverse and non-adverse effects on
BW and BWG in long-term safety studies.

2. Methods

2.1. BWG and FC in Sprague—Dawley rats during
neotame safety studies

Neotame was subjected to extensive investigations in
toxicological studies following established protocols.
Neotame was administered in the diet because this route
of exposure is the most relevant to human consumption.
Diets were formulated and concentrations adjusted
weekly or biweekly in long-term studies to provide con-
stant dosages in mg/kg bw/day rather than as fixed per-
centages of neotame in the diet. Neotame studies included
design elements to enhance the accuracy of FC data
collection. These considerations included single-housing
of the test animals (with the exception of breeding pairs
and littered pups), assessment of spilled diet, and spe-
cially designed food containers to minimize spillage or
contamination. FC calculations for individual intervals
and individual animals were summed consecutively to
calculate overall FC where appropriate. The neotame
studies most pertinent to evaluating the relationship be-
tween long-term FC and BW parameters in Sprague—
Dawley rats were the one-year chronic study with in utero
exposure and the two-year carcinogenicity study with in
utero exposure. More complete methodology for these
studies is presented elsewhere (Mayhew et al., 2003).

Reported FC values were adjusted for non-caloric
neotame content. FC calculations for individual intervals
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and individual animals were summed for consecutive
intervals to calculate overall FC where appropriate. For
example, to calculate overall FC in long-term rat stud-
ies, FC data are summed from a large number of indi-
vidual weekly/biweekly intervals for each animal, each
interval having a number of repeated measures.

2.2. Comparison of FC and BWG data in other long-term
studies

From the published literature, studies were identified
that utilized dietary dosing of Sprague-Dawley rats for
26 weeks or longer with high-intensity sweeteners and/or
dietary restriction paradigms. FC and BWG data were
extracted for weeks 26, 52, and 78, where applicable,
from saccharin (Schoenig et al., 1985), sucralose (FDA,
1998; Mann et al., 2000), and neotame (Mayhew et al.,
2003) studies and a number of dietary restriction and or
dietary optimization studies involving restrained eating
in Sprague-Dawley rats (Christian et al., 1998; Dulffy
et al., 2001; Duffy et al., 2002; Hubert et al., 2000,
Keenan et al., 1994; Keenan et al., 1996; Laroque et al.,
1997; Nolen, 1972). FC was adjusted for content of non-
nutritive materials. From these data, the %A in FC and
the %A in BWG were calculated for each of these time
points. The week 52 time point was selected for further
analysis in that it was representative of “long-term”
dosing and was generally available from both chronic
toxicity and carcinogenicity study designs.

Resultant week 52 data points were plotted as
%ABWG versus %AFC and as log%ABWG versus
log %AFC. A regression was done on the non-neotame
log %ABWG versus log %AFC data in order to test for
differences in intercepts and slopes between the sexes
(male and female), study type (dietary restriction, sucra-
lose, saccharin), and the interaction between sex and type
of study. Where there were no significant differences be-
tween sexes, types of study, or a significant interaction (all
at p < 0.05), then a single model was used to fit the data.

Depending on the results from the above analysis, the
data were evaluated for goodness of fit to the allometric
model y = bx* where x is %AFC, y is %ABWG, b is
%ABWG when %FC = 1, and the exponent a is the slope
of the straight line when the data are plotted log—log.
Subsequent to the first stage of analysis, separate models
were used where the log-log regression indicated sig-
nificantly different intercepts and slopes.

3. Results

3.1. BWG and FC in Sprague—Dawley rats during
neotame safety studies

In the one- and two-year neotame studies in rats,
both with in utero exposures, overall FC was reduced in

treated groups but was within 5% of FC by controls
(Table 2). Although FC was measured throughout
dosing in the two-year study, FC beyond Week 78 was
not analyzed due to confounding by inter-current mor-
bidity and mortality in aging rats. Reductions in BW
and BWG in the one- and two-year rat studies were
quantitatively similar in all affected dose groups with no
dose response in either sex over a combined 20-fold
range of doses (50-1000 mg/kg bw/day).

3.2. Comparison of FC and BWG data in other long-term
Studies

The percent reduction in FC resulted in a corre-
spondingly greater percent reduction in BWG after 26, 52,
or 78 weeks of dosing with saccharin, sucralose, neotame,
or various degrees of dietary restriction in all studies
available for evaluation (Table 2). The greatest number
of data points were available at the 52-week interval;
thus, this interval was selected from Table 2 for further
analysis. These %AFC and %ABWG data were plotted
for males and females (Figs. 1 and 2, respectively). A one-
to-one relationship between %AFC and %ABWG would
be indicated by the dotted line in Figs. 1 and 2. In no case
was the relationship between %AFC and “%ABWG one-
to-one. The percent reductions in BWG were greater
than percent reductions in FC for all 52-week data points.

When 52-week data were plotted log-log as in Figs. 3
and 4 for males and females, respectively, the 52-week
%A data points assumed linearity on a log-log scale.
Excluding the 52-week neotame %A data, the log-log
linearity of %A data points demonstrated a goodness of
fit of R2=0.97, confirming an apparent allometric re-
lationship between %A in BWG and %A in FC for these
data from a number of different studies. Statistically
significant differences in the %A data occurred between
sexes but not between the type of study, i.e., sweetener
or dietary restriction.

Because of the extremely small percentage changes in
FC in neotame studies and the inherent variability
within data for long-term measures of overall FC,
‘goodness of fit" was not a meaningful parameter for
neotame data alone. Nonetheless, when %A in FC and
%A in BWG from the 12 applicable data points from the
one- and two-year rat studies with neotame were in-
cluded, the overall goodness of fit for the 52-week data
points for all the sweeteners including neotame and di-
etary restrictions did not change (R> = 0.97). Therefore,
the neotame %A data points were included with other
available %A data points in solving the antilog trans-
formation for the linear log—log relationship between
52-week %A in BWG and %A in FC as,

%ABWG = 3.45(%AFC"™) for male rats and

%ABWG = 5.28(%AFC"®) for female rats.
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Fig. 1. Reductions in BWG (%) and overall FC (%) for male Sprague—
Dawley rats at 52 weeks in long-term studies. Dotted line indicates a
theoretical ‘one-to-one’ relationship between changes in FC and BWG.
Centerline indicates “best fit” of data according to the allometric
formula, %ABWG = 3.5(%AFC%74). Outer lines indicate range of “best
fit” +£2.5% AFC; the precision of FC measurements in long-term ro-
dent studies is assumed to be within 5% of actual FC.

Female Best Fit is:
% BWG = 5,3(% FC**)
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Fig. 2. Reductions in BWG (%) and overall FC (%) in female Sprague—
Dawley rats at 52 weeks in long-term studies. Dotted line indicates a
theoretical ‘one-to-one’ relationship between changes in FC and BWG.
Centerline indicates “best fit” of data according to the allometric
formula, %ABWG = 5.3(%AFC%%). Outer lines indicate range of “best
fit” £2.5% AFC; the precision of FC measurements in long-term ro-
dent studies is assumed to be within 5% of actual FC.

4. Discussion

4.1. BWG and FC in Sprague—Dawley rats during
neotame safety studies

In the one- and two-year neotame studies, FC, BW,
and BWG are lower than controls in groups dosed with
neotame at 50-1000 mg/kg bw/day. Dietary concentra-
tions of neotame in dose groups showing changes in
BWG range from approximately 930-24,000 ppm dur-
ing the latter parts of these studies. The long-term %A in

Male Best Fitis:
%, BWG = 3.5(%, FC)*"

Reduction In Bodywelght Gain (Log %)

* % FC minus 2.5%

1 0 100

Reduction in Overall Food Consumption (Log %)

Fig. 3. Reductions in BWG (log %) and overall FC (log %) in male
Sprague-Dawley rats after 52 weeks in long-term studies. Linear
centerline describes allometric “best fit” (R>=0.97) of data,
%ABWG = 3.5(%AFC%™). Curved outer lines plot “best fit” for
AFC £2.5%; the precision of FC measurements in long-term rodent
studies is assumed to be within 5% of actual FC. Log—log scale for
AFC +£2.5% demonstrates the physiological allometric principle that
small initial changes of a variable result in larger relative responses
than do progressively greater changes.

100
£
g )
3 Femae Bost Fit is:
= %| BWG = 5.3(%|FC*™)
8

Best Fit Is aflometric relationship y = bx"

Female - Week 52

In Total B

& Sucralose Studies
Nectame 1000 mgfg

& Nectame 50-500 mg/kg

# Food Restriction Studies

%|FC minus 2 5%
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Reduction in Overall Food Consumption (Log %)

Fig. 4. Reductions in BWG (log %) and overall FC (log %) in female
Sprague-Dawley rats after 52 weeks in long-term studies. Linear
centerline describes allometric “best fit” (R2=0.97) of data,
%ABWG = 5.3(%AFC*®). Curved outer lines plot “best fit” for
AFC £ 2.5%; the precision of FC measurements in long-term rodent
studies is assumed to be within 5% of actual FC. Log—log scale for
AFC 42.5% demonstrates the physiological allometric principle that
small initial changes of a variable result in larger relative responses
than do progressively greater changes.

BWG, generally ranging from 5 to 20%, are several-fold
greater than the small %A in FC, generally ranging from
1 to 5%. Although there is evidence of reduced FC, the
question is whether very small long-term reductions in
FC can result in relatively larger long-term changes in
BWG.
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The small reductions in FC are due to reduced pal-
atability of diets at concentrations of neotame required
for dosing these groups (Mayhew et al., 2003). The
changes in FC, BW, and BWG are not dose-related
over this 20-fold range of doses. The absence of dose—
response over a large range of doses demonstrates a
change is not due to either pharmacologic or toxic
effects. Dose-response is an inherent characteristic of
toxicological and pharmacological responses; that is,
severity of response increases with increasing dose
(Eaton and Klaassen, 2001).

Further supporting the conclusion that changes in
BW and BWG are not adverse in neotame safety studies
is that food assimilation and utilization, as assessed by
food conversion efficiency (FCE) calculations, are not
altered during Weeks 1-13 of dosing, the period of ac-
tive growth in rats (Mayhew et al., 2003). Thus, neotame
does not affect the ability of animals to utilize energy
from the diets. Careful evaluation of all study parame-
ters and endpoints, including the absence of adverse
findings from clinical observations and physical exam-
inations, in clinical pathology parameters, on morbidity
and mortality, and the lack of identifiable organ toxicity
and absence of adverse macroscopic or microscopic
findings, all further confirm the conclusion that the
changes in BW and BWG in long-term safety studies
with neotame are not adverse (Mayhew et al., 2003).
Based upon these considerations for neotame, a con-
servative approach using objective criteria is proposed
to delineate changes in BW and BWG observed in safety
studies as due to toxicity or secondary to non-adverse
changes in FC (Table 3).

Table 3
Algorithm to establish body weight effects as not adverse®

4.2. Comparison of FC and BWG data in other long-term
Studies

When comparing changes in FC and BWG across
long-term studies for high-intensity sweeteners and die-
tary restriction paradigms, statistically significant dif-
ferences occur between sexes but not between the study
types, i.e., sweetener or dietary restriction. The relatively
smaller changes in FC and BWG observed from reduced
palatability of diets containing high concentrations of
high-intensity sweeteners are allometrically equivalent
to the much larger changes in FC and BWG observed
after marked dietary restriction. These relationships
between changes in FC and BWG are clearly consistent
throughout a wide range of reduced FC with the well-
known allometric model of y = bx* where x is %AFC, y
is ABWG, b is %ABWG when AFC =1, and the ex-
ponent a is the slope of the straight line when the data
are plotted log-log. Specifically, the very small long-
term reductions in FC observed in Sprague-Dawley rats
in neotame safety studies allometrically account for the
several-fold greater reductions in BWG.

A common misconception is the assumption that re-
ductions in FC result in linear reductions in BWG on a
“one-to-one” quantitative basis. However, in no case
from the long-term neotame safety studies or from the
other available long-term studies in Sprague-Dawley rats
is the relationship between %A in FC and %A in BWG
‘one-to-one.” Percent reductions in BWG are always
greater than the percent reductions in FC. This observa-
tion is in contrast with the stated position of some regu-
latory agencies including the FDA (1998, 2002).

No

Is There Evidence of Reduced Food Consumption {(FC)? |

LYes

No_| Is There Evidence of Preference or Palatability Effect on FC? |

lYes

No Dose-Response Over > 10-Fold | True

Conclusion: Range of Doses for 4 in BW/BWG Conclusion:
J BWBWG Likely Adverse. and/or FC IBW/BWG is a Non-Adverse
Set NO_EL and ADI on Adverse False Event. NOEL and ADI Not
End-Point Appropriate Endpoints
Evaluate Study Parameters/Endpoints for:
dinFCEin young growing animals?
Any adverse clinical observations?

If One or More Present
at Same Doses as
BW/BWG Effect

Adverse physical examinations?
Adverse clinical pathology parameters?
Effect on water consumption?
Morbidity or mortality?

Identifiable organ toxicity?
Macroscopic findings?

Microscopic findings?

If Not Present

#MTD for long-term studies from subchronic studies (up to 5% in diet (FDA) or |BWG not more than 10%).



W.G. Flamm et al. | Regulatory Toxicology and Pharmacology 38 (2003) 144156 153

Evidence that the higher concentrations of neotame
used in safety studies reduce palatability of food is clear
(Mayhew et al., 2003). This is also the case for high con-
centrations of other intense sweeteners such as sucralose
(Mann et al., 2000) and saccharin (Chowaniec and Hicks,
1979; Schoenig et al., 1985). The concentrations of high-
intensity sweeteners, including neotame, used in animal
studies are many 100-1000-fold greater than those in-
tended for human use, thus specific qualities of taste and
palatability at such high concentrations are not relevant
to human exposures. Nonetheless, palatability of diets
containing the very high concentrations required for
dosing in safety studies is critical to study outcome when
the material administered has intense taste.

This analysis of long-term FC and BWG data in
Sprague-Dawley rats demonstrates that the relationship
between changes in FC and changes in BWG follows an
allometric relationship. Allometric relationships are
common to a wide variety of physiological responses
including metabolic activity, biological growth within
the individual, changes in size across a population, and
comparisons of size and body surface area across species
(Andresen et al., 2002; Blaxter, 1986; Huxley, 1932;
Paxton, 1995; Reeve and Huxley, 1945). Along an al-
lometric curve, a physiological variable (x) and a phys-
iological response y can appear to approximate 1:1
linearity, but only after large changes in the response ()
have already occurred. However, the small initial
changes in a variable x result in much larger relative
changes in the response y. As a corollary, the smallest
change that can be precisely and accurately measured in
variable x will always result in the largest relative re-
sponse y that will be observed. This paradoxical rela-
tionship is predicted by the allometric model for relating
changes in biological size, y = bx?, where b is the value
of y when x = 1, and « is the slope of the data plotted
log—log (Huxley, 1932; Reeve and Huxley, 1945).

The allometric relationship observed between
%ABWG and %AFC in Sprague-Dawley rats at
week-52 is %ABWG = 3.45(%AFC"™) for males and
%ABWG = 5.28(%AFC"®) for females. Consequently,
these formulae predict a long-term decrement of 1% in
FC in females would result in a 5-fold greater decrement
in BWG of 5.28%; a long-term decrement in FC of 10%
in these same animals would result in a 2.5-fold greater
decrement in BWG of 25%. However, it is not meth-
odologically possible to accurately or precisely measure
a 1% change in FC over a long period of time in a safety
study. Nonetheless, a 1% change in FC would theoret-
ically result in a 5% change in BWG that could be
measured accurately and precisely. It is interesting to
note sexual dimorphism in allometric growth has been
previously reported for Sprague-Dawley rats (Stewart
and German, 1999). These authors attributed the adult
dimorphism to consistently different patterns of growth
between the sexes. Males had a higher rate of growth

that occurred later in time than did growth in females,
and males also had a longer duration of growth (Stewart
and German, 1999).

The slopes of 0.74 for male rats and 0.68 for female
rats reflected by the allometric rate exponents for %A in
BWG and %A in FC are consistent with the accepted
allometric scale of W?/* which relates body mass to
basal metabolic rate (Brown et al., 2000). This slope
constant of W3/* relating body mass and basal meta-
bolic rate has been characterized as one of the few well-
established universal principles of biology (Shiner and
Uechlinger, 2001). Other allometric slope constants ap-
proximating the 3/4 power include pharmacokinetic
dosing between pediatrics and adults (Anderson et al.,
1997) and physiological volume rates such as cardiac
output, ventilation and oxygen uptake (Lindstedt and
Schaeffer, 2002). The allometric rate constants found
relating %A in BWG and %A in FC appear to have a
robust physiological basis.

In safety studies, BW can be measured with great
accuracy and precision. The calculated mean for overall
BWG has good accuracy and minimal variability; thus,
differences in BWG of less than 5% will likely be sta-
tistically significant. FC is generally determined for ei-
ther weekly or biweekly intervals depending on study
duration and requires a number of measurements and
calculations for each interval. The precision of the FC
measurement is subject to the variability contributed to
the data by repeated weighings and calculations re-
quired to derive FC for an interval. Thus, the accuracy
and precision of FC data are never as great as that for
BWG data. Consequently, a 5% difference in FC be-
tween dose groups for any particular interval is not
likely to be statistically significant. Overall FC is the
best available indication of how much food the animals
have consumed over a long period of time. However,
considering the effect on accuracy and precision from
summing FC for individual intervals, over the long-
term, the numbers derived for overall FC are likely only
approximations of actual FC within 5%, i.e., £2.5%
(Flamm, 2002). Nonetheless, it is important to evaluate
overall FC in long-term safety studies when determining
whether lower FC is the cause of observed changes in
BWG.

The magnitude of the small changes in FC observed
in the long-term neotame safety studies adequately ex-
plains the relatively larger changes in BWG in these
studies. No neotame dose group had more than a 5%
reduction in overall FC from that of controls. The long-
term neotame studies in rats included design consider-
ations to enhance the accuracy of weekly or biweekly
FC measurements, such as, single-housing of animals,
assessment of spilled diet, and specially designed food
containers to minimize spillage or contamination.
Consequently, the small magnitude of change in overall
FC observed in neotame rodent studies is likely the
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smallest that can be measured during long-term safety
studies with accuracy or precision.

The approach proposed in Table 3 uses objective
criteria to differentiate changes in BW parameters due to
toxicity from those secondary to reduced FC in safety
studies. As is illustrated with the example of neotame,
the data required to determine the relationship between
BWG and FC are available from the safety studies. Due
to the lack of appreciation for the allometric relation-
ship between FC and BWG, the resolution of questions
regarding long-term changes in BW parameters in die-
tary safety studies has traditionally involved more data
collection from additional studies of shorter duration.
Typically, the additional studies have followed gavage
or pair-feeding dosing paradigms; both of these ap-
proaches have the limitation of being less predictive of
human exposure than the ad libitum dietary adminis-
trations in long-term safety studies.

Gavage administration of large amounts of test ma-
terial is not physiologically equivalent to dietary ad-
ministration of test materials, nor is the duration of
typical gavage studies representative of long-term die-
tary dosing. Bolus dosing contributes confounding
variables to the study design that are not found in die-
tary studies, such as, differences in pharmacokinetics,
metabolism, fluid balance, water consumption and hy-
dration, potential osmotic changes, and changes in
gastric transit time. Further, gavage dosing is generally
more physically stressful and contributes additional
morbidity and mortality due to accidental dosing errors.

It is not experimentally possible to replicate small
changes in FC in pairedfeeding studies. Inherent to FC
measurements is variability that compromises the pre-
cision of overall FC data. A targeted reduction in FC of
less than 10% is difficult to achieve in a paired-feeding
experimental design. For example, as is illustrated in
Table 2, in a recent well-designed paired-feeding study
with the high-intensity sweetener, sucralose, the pair-fed
group targeting a 5% dietary restriction consumed 9 and
11% less food than did controls (males and females,
respectively), and the pair-fed group targeting a 10%
dietary restriction consumed 12 and 14% less food than
did controls (females and males, respectively). Conse-
quently, the traditional regulatory approach of re-
questing additional gavage or pair-feeding data may
prove more confounding to the distinctions between
adverse and non-adverse effects on BW parameters than
does following the objective criteria proposed here.

4.3. Regulatory considerations

In contrast to the findings presented here, the stated
position of US FDA is that a unit decrement in BW
should be accompanied by an equivalent unit decrement
in FC to resolve concerns over changes in BW param-
eters (FDA, 1998; FDA, 2002). However, other regula-

tory agencies have not considered changes in BWG to be
adverse or of concern when associated with lower
FC, such as those accompanying reduced palatability of
diets. Thus, changes in BWG due to lower FC have
not been used to establish no-observed-effect-levels
(NOELs) by other international agencies such as the
JECFA. For example, JECFA did not use lower BWG
when setting the acceptable daily intake (ADI) for
high-intensity sweeteners, including neotame, aspartame,
sucralose, and acesulfame-potassium.
Specifically, JECFA (WHO, 1987) states,

When analysing a toxicological study and setting a no-ob-
served-effect level, a distinction must be drawn between revers-
ible changes that are due entirely to normal physiological
processes or homeostasis-maintaining mechanisms, and to toxic
responses themselves. .. Examples of the former include. .. de-
creased growth rate and food consumption related to the die-
tary administration of an unpalatable substance. And,

The procedures followed by JECFA for determining an
ADI demand that a no-observed-effect level should be estab-
lished. For this level to be established, it is necessary to establish
an effect level and, when all else has failed, a generalized decre-
ment in weight gain has been used for this purpose, provided
reduced food intake is not the obvious cause... And,

The determination of an adverse effect in a particular study
depends on... the ability to distinguish between real adverse
effects and false positives ... In addition, a reduction in body-
weight gain coupled with decreased food consumption is diffi-
cult to interpret as an adverse effect, because palatability of
the chow (food) might be affected by the presence of high levels
of the test compound.

For these reasons, in the absence of toxicity, JECFA
has concluded that changes in BWG are not appropriate
for establishing NOELs when they are associated with
lower FC. It is the normal practice of JECFA to recognize
when BW is affected by reduced palatability of food
containing high concentrations of test material. For ex-
ample, JECFA noted that lower BWG for sucralose at the
high dose in the long-term rat study (1500 mg/kg bw/day)
was due to poor palatability of diet and did not consider
this finding adverse when setting the NOEL and an ADI
of 0-15mg/kg bw/day (WHO, 1991). Similarly, the
highest dose of acesulfame-potassium, 1500 mg/kg bw/
day, was likewise associated with lower BWG. JECFA did
not consider this an adverse finding when establishing an
ADI for acesulfame-potassium of 0-15mg/kg bw/day
(WHO, 1991). The applicable changes in FC and BWG
for sucralose are included in the data plotted in Figs. 1-4;
the long-term studies with acesulfame-potassium were
not done using the Sprague—Dawley strain of rats.

After a thorough review of safety data for neotame,
the Australia New Zealand Food Authority (ANZFA,
2001) in their approval of neotame agreed with the
general principles set forth by JECFA. ANZFA con-
cluded that changes in BW and BWG are the result of
poor palatability of food containing high concentrations
of neotame and, thus, are not adverse,
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...Neotame is well tolerated in all species (rats, mice and dogs)
with little evidence of treatment-related adverse effects. The
most significant finding in these animal species was a decrease
in bodyweight and bodyweight gain at the higher dose levels
that is accompanied by a decrease in food consumption. These
findings are considered to be related to decreased palatability of
the neotame-containing diet rather than to toxicity ...

Thus, the ADI for neotame set by ANZFA is not
based on changes in BW or BWG.

In the absence of any toxicological or adverse find-
ings over at least a 20-fold range of doses in neotame
safety studies, the effect on BW and BWG can clearly be
considered a non-adverse effect secondary to reduced
palatability of food containing high concentrations of
neotame. Careful consideration of the prudent criteria
outlined in Table 3 further confirms the conclusion that
the lower BW and BWG observed in neotame studies
are not due to toxicity. The magnitude of lower FC in
long-term neotame safety studies adequately explains
the changes in BWG relative to controls observed in
neotame safety studies. Thus, BW and BWG in animal
safety studies are not relevant for setting NOELs for
high-intensity sweeteners, including neotame; neither are
BW parameters relevant to human exposure when
establishing an ADI.

5. Conclusion

Lower BW and BWG were the only consistent findings
in neotame safety studies. These changes are consistent in
magnitude with small reductions in FC during long-term
neotame safety studies according to the allometric rela-
tionship between changes in BWG and changes in FC
previously reported for other high-intensity sweeteners
and dietary restriction studies in the same sex and strain
of rats. The relationship between long-term changes in
FC and BWG is not one-to-one as is the stated position of
some regulatory agencies. Rather, changes in BWG after
changes in FC follow an established allometric relation-
ship, %ABWG = b(%AFC“). The relatively small chan-
ges in FC and BWG observed in neotame safety studies
fit the allometric model for larger changes in FC and
BWG previously reported for other high-intensity
sweeteners and dietary restrictions. Consequently, BW
parameters are not appropriate endpoints for setting
either NOELs or ADIs for high-intensity sweeteners,
including neotame.
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