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This paper provides a scientific and safety review of sucralose, one of the more recent additions
to the category of no-calorie sweeteners. It is commercially available as SPLENDA® Brand
Sweetener and is the no-calorie sweetening ingredient in all SPLENDA® Sweetener Products.
McNeil Nutritionals LLC, a Johnson & Johnson company, markets nutrition and health related
products including SPLENDA® Sweetener Products. Tate & Lyle PLC sells sucralose as an
ingredient to food and beverage manufacturers.

The obesity epidemic, as well as the related rise in type 2 diabetes among adults and children,
makes it important to identify, assess and use a variety of weight management approaches. The
use of sucralose (SPLENDA® Brand Sweetener) may help patients control caloric intake. Sucralose
may also be a useful tool in the management of sugar intake for other health purposes, such as
not promoting tooth decay.

KEY POINTS

e Sucralose was the subject of extensive safety testing, representing over 20 years of research
and including more than 100 studies. Regulatory, health and food safety authorities from
around the world have concluded that sucralose is safe. Sucralose is approved for use in over
80 countries, and is used in more than 4000 products worldwide.

e The chemical structure of sucralose, a substituted (chlorinated) disaccharide, has features
key to its safety:
e Sucralose is a small, relatively inert molecule:
Stable in vivo:
«Is largely unabsorbed
« Is not broken down for energy or to smaller chlorinated compounds
« Does not dechlorinate

e Sucralose is highly water soluble and poorly soluble in fat:
« Does not bioaccumulate
« Is eliminated quickly

e Pre-approval and post-marketing intake assessments indicate that consumption levels are
well below long-term intake averages denoted as safe by regulators.

e Sucralose safety studies include multi-species, multi-generational, and environmental
research. Safety outcomes reflect the stability and poor lipophilic nature of sucralose.
Pharmacokinetics and safety research show the following:

e The vast majority (85%) of consumed sucralose is not absorbed and is excreted in the
feces unchanged. Limited absorption (approximately 15% of a consumed dose) is by
passive diffusion and not by active or facilitated uptake, as with digested
disaccharides.

e Sucralose is not a substrate for either oral bacteria or gut flora; thus, there are neither
dental consequences nor Gl side effects like those sometimes found with some
unabsorbed, but fermentable, substances (e.g., sugar alcohols).

¢ A small portion (2%) of consumed sucralose, which passively crosses to the blood
stream, is converted to two glucuronide conjugates. Those conjugates are readily
excreted in human urine and pose no safety concern.
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Radiolabel studies show that sucralose is also not actively transported from the
bloodstream across other membranes. Studies indicate that sucralose is not actively
transported into breast milk, across the placenta into the fetus or across the
blood-brain barrier into the nervous system.

e Additional studies have shown that the molecule does not bind to proteins, strictly
limiting potential for longer elimination times and/or reactivity. Sucralose is not a
protein and studies show no allergic potential.

e The chemical structure of sucralose dictates its distribution characteristics. Being a
rather small (MW 400) water-soluble molecule that is not lipophilic, the sweetener
follows body water and is quickly eliminated.

e Safe use is expected in all segments of the population, based on both acute and
long-term studies.

e No acute toxicity was found at doses up to 10 to 16 g/kg in rodents (equivalent
to the sweetness of 1000 pounds of sugar for a 175 pound adult).

e No chronic toxicity was found in repeated administration studies in which high
doses of sucralose (doses hundreds of times greater than maximum estimated
daily intakes and 800-1300 times greater than the Estimated Daily Intake [EDI])
were given daily for up to a lifetime. Repeated administration studies cover
all phases of life, from pre-conception through aging adulthood, and include
multi-generational research.

e No toxicity was observed relative to growth and development, hematology,
clinical chemistry, urinalysis, ophthalmologic evaluations, neurological
health, immunologic assessments, reproductive indices, gross evaluations
or microscopic evaluations, including full histopathology.

e Sucralose has been found to be non-carcinogenic. Lifetime studies were
conducted in two different species, mice and rats, both shown to be good
models for humans in terms of how the body handles sucralose. Both studies
utilized doses more than a thousand times the level that people would
consume on a daily basis and showed that sucralose is non-carcinogenic.

e Sucralose is safe for the environment, as demonstrated in studies in
invertebrate and vertebrate aquatic species and algae and microorganisms.

Some web misinformation exists regarding the effects of sucralose on certain tissues. This,
however, appears to be related to incomplete and/or erroneous characterization of safety studies
conducted. Trusted sources can be accessed to provide reliable information, such as
www.SPLENDAtruth.com , www.SPLENDA.com and the detailed FDA preamble discussion
(http://www.cfsan.fda.gov/~lrd/frg80403.html) that accompanies publication of the regulations*
for sucralose.

Conclusion: SPLENDA® Brand Sweetener (sucralose) can be used safely by all segments of the
population, including, but not limited to, women who are pregnant or nursing, children and
people with diabetes.

*http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&sid=d9c370a3a322d9e2df34d4f52fdc608a&rgn=div8&view=te
xt&node=21:3.0.1.1.3.9.1.20&idno=21 and http://www.fda.gov/OHRMS/DOCKETS/98fr/081299b.pdf
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INTRODUCTION

No-calorie sweeteners have been available in the U.S. since 1903 with the introduction of
saccharin, and there are currently five no-calorie sweeteners permitted for use by FDA, including
acesulfame potassium, aspartame, neotame, saccharin and sucralose.*> No-calorie sweeteners
have long been a means of helping people reduce sugar intake and the calories from sugar.
However, recent trends reflecting increased sugar intake may make it important for both
consumers and healthcare providers to consider additional strategies to reduce intake of added
sugars in the diet.

The average added sugar intake in the U.S. is currently estimated to be approximately 300
calories per day,*+ a significant portion of the average daily diet. Excessive caloric intake along
with insufficient caloric expenditure are key factors in the development of overweight. The USDA
guidelines state: “Beverages with caloric sweeteners, sugar and sweets, and other sweetened
foods that provide little or no nutrients are negatively associated with diet quality and can
contribute to excessive energy intakes, affirming the importance of reducing added sugar intake
substantially from current levels.”s

Overweight and obesity are currently major public health concerns in the U.S. and throughout the
world. In the U.S., over 60% of adults are overweight,® and worldwide, over 300 million people are
obese (BMI > 30).” Increased risks of developing diabetes, heart disease, certain types of cancer,
and several other serious chronic health conditions are well documented.® In the U.S., related
healthcare costs have also become a significant economic burden.>

Pediatric obesity is now recognized as a major medical and public health problem throughout

the world.*»= Children who are overweight are also at increased risk of being overweight as
adults, and are at increased risk of certain health complications even while still in childhood.®
Notably, the current dramatic increase in type 2 diabetes among children is related to the
increase in childhood overweight.* Recent research also indicates that 20-25% of non-diabetic,
very obese children have pre-diabetes.”” Children who are overweight are also at significant risk of
suffering from lower self esteem.®

The seriousness of the risks of overweight and its current prevalence demand close attention to
all possible strategies for both excess weight prevention and weight reduction. Children may be a
critical audience to address to help prevent overweight in adulthood.

In addition to potential assistance in calorie management, management of sugar intake through
no-calorie sweeteners may be helpful in dental health and in carbohydrate management for
people with diabetes.

People are increasingly turning to healthcare providers for answers to issues regarding weight
management and diabetes, and have questions regarding the use and safety of no-calorie
sweeteners. More and more people rely on sources of information that are not always credible,
such as the Internet, including websites and chat rooms. These sources may have misleading and
erroneous information, resulting in unnecessary patient concerns.

This paper provides a detailed scientific and safety review of the no-calorie sweetener, sucralose.
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BACKGROUND

SPLENDA® Brand Sweetener (sucralose) was the subject of extensive safety testing, representing
more than 20 years of research and including more than 100 studies. Regulatory, health and food
safety authorities from around the world have concluded that sucralose is safe.

In 1991, the Health Protection Branch of Health and Welfare, Canada was the first national
regulatory body to permit sucralose for use. Similarly, every other reviewing agency has similarly
concluded that sucralose is safe for use as a sweetener, including authorities such as the United
Nations’ Joint (Food and Agricultural Organization/World Health Organization) Expert Committee
on Food Additives (JECFA), the U.S. Food and Drug Administration (FDA), the Scientific Committee
on Food of the European Union (SCF), and Food Standards Australia-New Zealand (FSANZ).

In discussing its sucralose regulation (FDA Talk Paper T98-16, 1998), the FDA states: “In
determining the safety of sucralose, FDA reviewed data from more than 110 studies in humans
and animals. Many of the studies were designed to identify possible toxic effects including
carcinogenic, reproductive and neurological effects. No such effects were found, and FDA’s
approval is based on the finding that sucralose is safe for human consumption.”=

Similarly, from the Opinion of the Scientific Committee on Food of the European Commission on
Sucralose: “There is adequate evidence, [for sucralose], that there are no concerns about
mutagenicity, carcinogenicity, development or reproductive toxicity.”*

More than 8o countries now permit the use of sucralose, all without any requirement for any type
of warning label. Sucralose has been in use since 1991 and, internationally, no regulatory
concerns have developed.

A panel of 16 independent, well recognized, non-governmental scientific experts also reviewed
the sucralose safety database and concluded it to be safe for its intended use.> This panel
represented significant expertise across a wide range of health and safety disciplines, including
areas such as general toxicity, reproductive toxicity, mutagenicity, carcinogenicity,
pharmacokinetics, immunotoxicity and neurotoxicity.

Much of the sucralose safety data is the subject of peer-reviewed publications discussed herein,

and all of the data, including the independent panel assessment, is available through the
sucralose food additive petition filed with FDA and other regulatory agencies.
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DESCRIPTION

Chemical structure

Sucralose is a white crystalline solid, made from a process that starts with sugar (sucrose) and
selectively substitutes three atoms of chlorine for three hydroxyl groups on the sugar molecule,
which involves inversion of the configuration at carbon-4 from the gluco- to the galacto-
analogue.> (Figure 1) The resulting molecule, 1,6-dichloro-1,6-dideoxy-B-D-fructofuranosyl-4-
chloro-4-deoxy-a-D-galactopyranoside, like sucrose and other disaccharides, is small (MW ~400)
and highly water-soluble. It is not lipophilic.

CH,o0H CH20H|/ ‘/ CH,0H CHZCI‘/
0 o cl 0 o
OH HO OH HO
0o v o v
Vo CHoOH CHCI
OH OH OH OH
Sucrose (C12H22011) Sucralose (C12H19Cl30g)

(Figure 1)

Taste
Sucralose has been shown to have a taste similar to sugar* without the bitter aftertaste that has
been associated with some other no-calorie sweeteners, such as saccharin and acesulfame K.+

A recent study also suggests that sucralose interacts with sweet taste receptors similarly to
natural sugars by interaction with the same two sweet taste receptors with which sugar
interacts.”

Although recognized by the same sweet taste receptors, sucralose, like other popular no-calorie
sweeteners, is intensely sweet, about 600 times sweeter than sugar. In comparison, aspartame,
saccharin and acesulfame K are about 200 times sweeter than sugar, while neotame, an
aspartame-derivative, is about 8,000 to 12,000 times sweeter than sugar.* Intense sweetness
means that intake will be substantially less on a weight-for-weight basis compared to sugar.

Stability

To derive energy from sucrose and other disaccharides, all mammals begin digestion in the
gastrointestinal tract. Disaccharidases hydrolyze the central oxygen bond that links the two
component monosaccharides. This bond is called the glycosidic linkage (see Figure 1). Upon
hydrolysis, the resultant monosaccharides are quickly taken up into the bloodstream, typically by
facilitated or active transport.»

The presence of the chlorine at the specific sites on the sucralose molecule stabilizes the
glycosidic linkage to such enzymatic hydrolysis. This is demonstrated in in vitro studies of a wide
range of disaccharidases. /n vivo radiolabel studies also show that no monosaccharide derivatives
are formed; that any sucralose absorbed is absorbed only by passive diffusion; and that
sucralose is not otherwise broken down for energy and is, therefore, non-caloric. Radiolabel
studies also show that sucralose is not dechlorinated.
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While some no-calorie sweeteners can quickly lose sweetness with heat, sucralose has excellent
stability to the high heat of cooking and baking, and even to ultra-high temperature (UHT)
pasteurization.>® Thus, foods and beverages made with sucralose do not lose their sweetness
over time or with cooking and baking. SPLENDA® No Calorie Sweetener products, however, do not
possess all the characteristics of sugar in cooking and baking. For example, sucralose does not
caramelize like sugar, so it will not produce the browning characteristic of some baked goods.
Patients can be referred to the manufacturer’s website for information on cooking and baking, for
optimal product satisfaction.

CLINICAL AND PRE-CLINICAL SAFETY EVALUATIONS

A large number of standard and unique safety studies were conducted to evaluate the safety of
sucralose. These studies provide a picture of the safety of sucralose at doses hundreds, if not
thousands of times, the level of projected human consumption.

ADME - A series of studies evaluating the Absorption, Distribution, Metabolism, and Elimination
(ADME) of sucralose was assessed in both human and animal studies. The data from these
studies clearly reflect the stability and poor lipophilic nature of sucralose -- key attributes to
sucralose’s safety.

e The absorption of sucralose in humans is limited, with approximately 15% of the consumed
dose passively absorbed from the Gl tract.> There is no active transport across the brush
border. Although absorption levels can vary considerably between individuals, observed
absorption levels for humans are bracketed by the range of absorption levels seen in animal
model studies, with rats, mice and dogs absorbing, on average, 10%, 30%, and 35%,
respectively.>> Pharmacokinetic evaluations across all species tested, including rats, dogs and
humans, showed that the rapid, albeit small, elevations in blood level following consumption
are consistent with upper Gl absorption,* although diffusion across large intestinal
membranes has also been observed.> The absorption characteristics of sucralose are
consistent with a small molecular weight, non-reactive and hydrophilic molecule.

e The chemical structure of sucralose also dictates its distribution characteristics, it being a
rather small (MW 400), water-soluble molecule that is not lipophilic.> Radiolabel studies
show that sucralose passively follows body water and is distributed to essentially all tissues.
There is, however, no evidence of active transport. Radiolabel studies also specifically
indicate that the small amount of sucralose that enters the circulation is not selectively or
actively transported into milk or across the placenta into the fetus or across the blood-brain
barrier into the nervous system.323

e Sucralose is not metabolized for energy in any tested mammalian species33337 and is,
therefore, non-caloric. Further, studies show that sucralose is not perceived by the body as a
carbohydrate:

e Sucralose is not a substrate for, nor does it interfere with the activity of, numerous
types of disaccharidases.3

e Specialized carbohydrate metabolism studies in rats with varying routes of
administration and doses, including intravenous doses up to 500 mg/kg, showed no
effect on insulin levels, utilization and steady state levels of glucose and/or fructose,
lactate synthesis and use, and other measures.»
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¢ High-dose, repeated administration studies in both normoglycemic individuals and
people with diabetes demonstrate no effect of sucralose on glycemic status or control,
as measured by insulin or c-peptide (validated in vivo marker for insulin secretion)
levels, post-prandial or fasting blood glucose levels, or percent glycosylated
hemoglobin (HbA1c).«+

e Sucralose is a substrate for neither oral bacteria®* nor gut flora.>*+ Radiolabel studies
also show no adaptation of gut flora over time.

A small portion (approximately 2%) of consumed sucralose is converted to two glucuronide
(sugar-acid) conjugates.>*»» Like unchanged sucralose in the bloodstream, these
conjugates are readily excreted in human urine (see Elimination below), and studies show
that they pose no safety concern.>

e Elimination of sucralose is similar for humans and the relevant animal models.3*33:353%45 |
humans, the vast majority (85%) of consumed sucralose is excreted in the feces unchanged,
without any Gl effects.

® The absence of Gl effects could be anticipated because: 1) unabsorbed sucralose is
not metabolized by gut flora to yield gaseous by-products, and 2) because of its highly
intense sweetness, overall sucralose intake is so low that the potential for any adverse
osmotic effect in the gut is self-limiting. (Sucralose is approximately 600 times sweeter
than sugar, so that average excessive intakes are in the range of about -1.5 to 2.4 mg/
kg. This means that for a 175-pound adult, unabsorbed sucralose would only be about
80-200 mg.)

Of the small amount of sucralose that crosses into the bloodstream, which is excreted largely
as unchanged sucralose (see Metabolized, page 7), all is eliminated via the urine, consistent
with sucralose’s hydrophilicity. In all species tested, including humans, over 95% of the
consumed dose is excreted either in the feces (unabsorbed fraction) or urine (absorbed
fraction) as unchanged sucralose. The experimental findings also indicate that sucralose has
a relatively rapid elimination, reaching peak plasma level in 1.5 to 3 hours with an effective
half-life of approximately 13 hours, precluding accumulation. In a 13-week study in humans,
with ascending doses of 1, 3, and 7 mg/kg/day for 3, 4,and 6 weeks, respectively, there was
no trend towards increasing plasma concentration.

Acute Toxicity — Acute toxicity was assessed in gavage studies, which allowed for extremely
high doses of sucralose at a single intake. These studies showed no adverse effect of
sucralose in rats or mice at the highest doses tested, or approximately 10-16 g/kg.* This
amount of sucralose is equivalent in sweetness to about 13 lbs of sugar/kg, or 1000 pounds
of sugar-sweetness, for a 175-pound adult. For a child of 40 pounds, this amount is equivalent
in sweetness to about 240 pounds of sugar at a single intake. These data are useful in
providing confidence that no toxicity would likely occur due to an accidental consumption of a
large amount of sucralose.

Subchronic and Chronic Toxicity — As described above, numerous subchronic and chronic
toxicity studies in relevant animal models were conducted, covering all phases of life and at
doses hundreds to thousands of times greater than both average and maximum estimated
daily intakes in humans. Additional animal studies supported these general toxicity
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assessments and include specific studies in such areas as diet palatability, immune function,
allergenic potential, and neurological health. As discussed below, safety is supported by
these assessments and also by all levels of clinical studies conducted (see Clinical Studies,
page 11).

Subchronic toxicity was generally assessed in two relevant species: rats and dogs.* These
studies showed no direct adverse effects of sucralose. There were some indirect effects
observed in extremely high-dose dietary studies conducted in rats, which were considered
related to effects on diet palatability.>>+ Studies showed that rats would find such extremely
sweet diets less palatable than the control diet.3>4s° Poor diet palatability was found to result
in lower food intake and body weights compared to control animals and, in turn, some effects
on organ weight, function and histopathologic appearance were observed. Gavage studies in
which sucralose was administered by stomach tube, and isocaloric pair-feeding studies,
however, confirmed that these were not toxic effects of sucralose, but the consequences of
poorer diet palatability and lower food consumption 324554 When sucralose was given by
gavage, thus bypassing the taste receptors, at the same doses (over a thousand times the
estimated daily intake) and for the same comparable durations, rats ate as much food, gained
as much weight and had none of the anticipated palatability-related effects on food
consumption or body or organ weight seen in the dietary studies, and there was no evidence
of toxicity. Similarly, when control rats were pair-fed to sucralose-treated rats, i.e., with the
same reduced caloric intake, there were no meaningful differences between groups in food
consumption, body or organ-weights or any other relevant measures of safety at these same
high dose levels.

Other subchronic investigations included a study in primates to evaluate potential neurologic
toxicity, including electron micrograph evaluations,ss and studies in rats to assess such things
as allergenicity potential and potential for effects on immune function and/or response to
stress.>*s® In all these studies, conducted at doses hundreds of times greater than the
estimated daily intake, sucralose had no adverse effects. In particular, allergenicity was not
predicted based on the nature of sucralose: sucralose is neither a protein nor a large or
otherwise reactive molecule and does not bind to proteins. Immune function tests also
showed that sucralose evokes no increases in immunoglobulin concentrations, including
IGE.®

Chronic toxicity was assessed in two relevant species, rats and mice, at doses more than a
thousand times the EDI.5*»* Blood and urine sampling and ophthalmologic examinations were
made at regular in-life intervals, and terminal assessments were made on all animals. These
included both gross and microscopic evaluations of over 40 tissue types, as well as any tissue
with an observed abnormality, including full histopathology. Chronic toxicity assessments
show that sucralose has no adverse effects on:

e general health,

e growth and development,

¢ hematology and blood chemistry,
e urinalysis,

e ophthalmologic evaluations,

¢ neurologic health,

e immune function,

e organ and tissue appearance, or
e survival.
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Reproduction, Growth and Development — Numerous studies were conducted to evaluate the
potential for effects on fertility or reproduction, sperm glycolysis, teratogenic potential, and
growth and development.«s*o¢ One of the most important of these studies was a multi-
generational reproduction and fertility study conducted in rats. In this study, adult male and
female rats were fed a diet containing high levels of sucralose (equivalent to 1,500 mg/kg/day)
for ten weeks (males) or two weeks (females) prior to mating to provide exposure during gamete
maturation. They were then mated and remained on a sucralose diet throughout gestation,
parturition and lactation in order to evaluate all levels of reproductive health and performance.
Pregnancies were carefully followed and full assessments made on gestational health, duration
of gestation, and pup health and development. The 1st generation (F1) pups were raised by their
mothers and then weaned to the same diets that their mothers consumed. As with the parental
generation, randomly selected male and female F1 pups were raised to adulthood while still
consuming a sucralose diet, and mated to produce a subsequent generation of offspring (F2).
Once again, all evaluations of mating, fertility, reproductive health and pup health were assessed.
The two generations produced showed no adverse effect of sucralose on any of these parameters.

Separate studies specifically examined the potential effect of sucralose on embryo-fetal
development by feeding high sucralose diets to pregnant rats and rabbits during the period of
embryogenesis (from implantation through closure of the palate). Fetuses removed by C-section
were extensively evaluated for normal development, not only by external observation, but also by
examining all internal soft tissues and skeletal development for each and every fetus. These
studies on hundreds of fetuses revealed no birth defects or any other effect that would
compromise normal embryo-fetal development, and confirmed that sucralose has no teratogenic
potential. The combination of these fertility and teratogenicity studies demonstrate that
consumption of sucralose has no effect on normal reproductive, fetal or neonatal health.

These results are also supplemented by the carcinogenicity studies in which rats were exposed to
sucralose from conception (via exposed mothers) through to aging adulthood for their entire
lifespan with no adverse effect. These combined studies show that sucralose poses no risk to
general health, growth and development.

Carcinogenicity — The potential for new products to induce or promote neoplasia is a serious
concern, and numerous approaches are taken to evaluate that potential. Short-term tests for
carcinogenic potential (genetic toxicity) were conducted early in the sucralose safety assessment
program.«+ These results indicated that the product was not genotoxic, i.e., that sucralose did
not cause mutations or chromosome damage. Carcinogenic potential was subsequently assessed
in more definitive in vivo studies.

Two lifetime carcinogenicity studies were conducted on sucralose, one in the mouses® and one in
the rat.s* Both species are generally good physiologic models for humans, and are good models

in terms of how the body handles sucralose (see ADME, page 7). Together, they are good predictors
of human carcinogenesis. In addition, proper conduct of carcinogenicity studies requires that they
be performed at the maximum tolerated dose, or at doses at least 1000 times the estimated
human consumption level, to maximize the potential of the agent to cause cancer or other
lesions. Both sucralose carcinogenicity studies utilized sufficiently high dose levels with average
lifetime daily intakes of 1,500 mg/kg/day in the rat and 3,000 mg/kg/day in the mouse. They also
included detailed histopathologic analysis of all abnormalities.
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Both of these rigorous lifetime studies showed that sucralose is non-carcinogenic. At doses more
than a thousand times the EDI, sucralose did not promote tumor formation, affect the time to
natural tumor onset, or adversely affect survival rates and/or lifespan.

Clinical Studies in Adults, Adults with Diabetes, and Children

Tolerance — Clinical studies were done to supplement the standard safety assessments conducted
in appropriate animal models that are required by regulators. The pharmacokinetics of sucralose
in humans was also assessed to validate the utility and appropriateness of the animal models
used. In humans as in animals, sucralose is largely unabsorbed and relatively rapidly excreted.
There is no bioaccumulation or trend for increasing plasma levels over time with repeated use
(See ADME, page 7). The fate of sucralose in humans is consistent with its high water solubility,
poor solubility in fat, stability to enzymatic hydrolysis and dechlorination and general non-
reactivity.

Tolerance was specifically assessed in a 13-week ascending dose study in both males and
females and in a 12-week study conducted in normoglycemic men.# Safety was also assessed

in a three-month, follow-up multi-center study in people with type 2 diabetes.« These studies
showed that sucralose was well tolerated at the doses given (2-4 times the maximum EDI) and
not meaningfully or significantly different from controls in reported adverse health events,
concomitant medications, including diabetes therapy, hematology, blood chemistry and urinalysis.
Additionally, these studies did not indicate any overall health concerns from any other measures
taken.

A study in overweight children looking at the potential utility of sucralose in a ‘small-steps’ diet
and exercise program showed at 6 months that significantly more children maintained or lowered
their BMI-percentile-for-age when engaged in this program. Although vigorous safety
assessments were not included as a part of the study, there were no obvious indications of safety
concerns based on compliance or known adverse events.®

Sucralose has also been used as a potential clinical diagnostic tool in patients with impaired
gastrointestinal permeability.>+¢ |n these studies, sucralose was reported to be given at bolus
doses in amounts far above amounts ever anticipated with food intake (up to 5 g/dose reported).
Urinary or blood sucralose levels were evaluated compared to control as a marker of impaired
permeability. With impaired permeability, there is the potential for increased, dysregulated solute
crossing from the Gl lumen to the bloodstream, resulting in increased exposure to many different
solutes. Studies in the published literature indicate no overt safety concerns with the potential
diagnostic tool, although safety of the diagnostic tool does not appear to be a measured
endpoint.
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Glycemic Control — Potential effects of sucralose on glucose control were evaluated in both
normoglycemic individuals and in people with diabetes.

A 12-week study in normal males was conducted as this population was considered to be the
optimal model for detection of possible effects on perturbations in glucose control.> (Figure 2)
Healthy, normal weight males, without history of diabetes, were selected to eliminate the
complications of normal estrus-related hormonal variation in females, and diminish the potential
effects of inherent metabolic aberrances with overweight or diabetes family predisposition, that
could potentially make small changes in insulinemic response more difficult to detect. The study
assessed both fasting status after daily repeated exposure to sucralose (1000 mg/day) and the

metabolic response to
oral glucose tolerance
tests. The primary
endpoint was c-peptide,
the optimum
measurement of insulin
response, while glucose,
HbA1c and direct insulin
measures were also
taken. At doses four
times the maximum

EDI, no perturbations in
insulin sensitivity were
shown and there was no
impact on glucose
control.

Fasting Serum C-Peptide (pmol/ml)

12-Week Study in Healthy, Normoglycemic Subjects

Fasting Serum C-Peptide
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(Figure 2)

The effect of sucralose in people with diabetes was initially assessed in a single exposure,
high-dose study in males and females with either type 1 or type 2 diabetes.« (Figure 3) In either

opulation type (type 1 - - - : .
(F))rz diabetez)p th(eyrz Single Dose Study in Subjects with Type | or 2 Diabetes
o g ’ Mean Plasma Glucose—Type | Subjects
was no significant 300
difference between 275 | = Placebo
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. . ® 250 —
subjects in the 2 —
metabolic response to g 225
a standardized meal. g 200 7
g 175 —
& 150 —|
= 125 —
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Time (mins)

(Figure 3)
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A 3-month, multi-center study was later conducted in individuals with type 2 diabetes.
(Figure 4) Doses were approximately 7.5 mg/kg/day of sucralose, or about three times the
maximum EDI. This study demonstrated no effect of sucralose on glycemic control, fasting
blood glucose, HbA1c or c-peptide. The power to detect a clinically meaningful change in
the primary endpoint, % HbA1c change from baseline (0.6 between-group difference),

was >99%. Additionally, the study showed that the consumption of sucralose would not
interfere with patients’ usual diabetes therapy.

The studies designed to detect the potential for effects on glucose control and other
research have also shown that sucralose has no effect on the monitoring of either glucose
(in blood or urine) or HbA1c. Like disaccharidases (see Stability, page 6), the enzymes
involved in glucose and HbA1c assay methodologies do not recognize sucralose as a
substrate, so there is no effect on monitoring.s7
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(Figure 4)
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Use in Caloric Control — Other research has shown that no-calorie sweeteners can be used to
achieve caloric reduction and, within a healthy diet and exercise program, help to achieve lower
body weights.®7” People using no-calorie sweeteners may also have improved micronutrient
intake vs. those who do not.” A ten-week study in overweight adult subjects also showed that
those using diets containing no-calorie sweeteners vs. those who did not had improved body
weight, fat mass, and systolic and diastolic blood pressure.”

These studies did not include use of products containing sucralose, but are supportive and
logically related to use of sucralose.

A study in overweight children was conducted assessing the utility of a lifestyle modification
program, including small changes in both physical activity (increase of 2,000 steps/day) and diet
(target caloric decrease of 100 kcal/day). Subjects were given direction to achieve calorie
decreases primarily by decreasing sugar intake through the use of SPLENDA® No Calorie
Sweetener retail products and/or reduced calorie beverages sweetened with SPLENDA® Brand
Sweetener.® Initial (six-month) data indicate that the program may be used successfully in some
children to help maintain or lower BMI-percentile-for-age. (Figure 5) The significance of these
results is enhanced by the known risks of overweight and the benefits of decreasing risk by
preventing and/or decreasing excess body weight.
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SPECIAL TOPICS

Dental Caries — Because of its close chemical relationship to sugar, clinical studies were conducted
on sucralose to determine if sucralose could have an impact on dental caries. /n vitro and caries
animal model studies preceded clinical studies, demonstrating no effect on bacterial metabolism
and no ability to induce or promote dental caries. Subsequently, three clinical studies on the pH of
human plaque in vivo were performed, concluding that sucralose is not acidogenic, and is therefore
non-cariogenic.* Sucralose was approved by FDA for a non-cariogenic dental health claim on
March 29, 2006.%

Chlorine — As discussed earlier (see Description, Stability and ADME, pages 6-7), sucralose is
made from sugar by the substitution of chlorine atoms for hydroxyl groups on the sugar molecule.
Chemically, then, sucralose is a substituted (chlorinated) disaccharide and it is sometimes
referred to as a chlorinated carbohydrate. A very different class of compounds, called chlorinated
hydrocarbons, such as PCB, is known to exert toxic effects. Because of the similarity in names,
sucralose is sometimes confused as one of these types of compounds. However, sucralose is not
at all like these substances, which are highly fat soluble, accumulate in body fat stores, and build
up in the food chain leading to their toxic effects. Sucralose, in contrast, is extremely poorly
soluble in fats, does not bioaccumulate either in fat stores or in the food chain, is environmentally
safe, and has been shown to be safe for use in people at extremely high doses. As previously
discussed (see ADME, page 7), sucralose also does not undergo dechlorination and is not broken
down to smaller chlorinated compounds in vivo.

Acceptable Daily Intake (ADI) — Although regulators in different jurisdictions may use slightly
different strategies in how they calculate ADI, they always set it significantly below levels found

to be safe in the relevant animal models.””#2 Thus, ADI is not a toxicity threshold. Rather, it is a
level shown to be safe by a wide margin, and, in all cases, represents a 100-fold safety factor for
sucralose. This safety factor is employed to account for possible differences between species and
between individuals. For sucralose, regulatory officials around the world have set the ADI from 5
(U.S.) to 15 (EU, Australia) mg/kg bodyweight per day. Importantly, ADIs are also based on chronic
consumption. For example, a child progressing from 50 pounds to 100 pounds would need to
consume about 3 to 8, eight-ounce glasses of diet drink daily and up to 6 to 16, eight-ounce
glasses of diet drink daily to reach the 5 to 15 mg/kg/day ADIs set by regulators around the
world. And, this level of sucralose consumption would not exceed the levels found to be safe both
in animals and people. Intake studies and analyses also indicate that actual average intakes are
well below the ADI. Occasional daily intakes in excess of usual intakes or in excess of ADI levels
are not considered to be a safety concern, based on both chronic and acute toxicity tests (see
Acute Toxicity, page 8).

Environment — Sucralose is safe for the environment, based on a full environmental impact study
conducted as part of the regulatory approval process. This evaluation included studies in
invertebrate and vertebrate aquatic species and algae and microorganisms.®

Internet — Only trusted sources of information should be used as a reference for responsible
information. The manufacturers of SPLENDA® Products are a credible source of information (e.g.,
www.SPLENDAtruth.com, www.SPLENDA.com) as well as other sources such as the detailed FDA
preamble (http://www.cfsan.fda.gov/~Ird/frg80403.html) discussion that accompanies
publication of the regulations* for sucralose.

*http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&sid=d9c370a3a322d9e2df34d4{52fdc608a&rgn=div8&view=te
xt&node=21:3.0.1.1.3.9.1.20&idno=21 and http://www.fda.gov/OHRMS/DOCKETS/98fr/081299b.pdf
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CONCLUSIONS

Sucralose has undergone significant research, testing and scrutiny by the developing company,
as well as noted scientific experts and regulatory agencies. The data demonstrate and the experts
agree that sucralose is a safe no-calorie sweetener appropriate for all consumers and patients,
including but not limited to adults, children, breastfeeding mothers, pregnant women, and
patients with diabetes, with no restrictions due to medical reasons or otherwise.

Compared to other FDA-approved, no-calorie sweeteners, sucralose provides a unique
combination of both a sugar-like taste without a bitter aftertaste, and good stability in foods and
beverages, even with cooking and baking.

As such, sucralose, commercially available as SPLENDA® Brand Sweetener, is one additional
easy-to-adopt tool to help reduce the calories from added sugar, which now represents a
significant percentage of the average American’s caloric intake. SPLENDA® Sweetener Products
may be a useful adjunct to health management strategies both for controlling calories and added
sugar intake.
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