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ABSTRACT ARTICLE HISTORY
The aim of this study was to (1) determine if the organochlorine artificial sweetener sucralose is Received 30 May 2018
metabolized in rat intestine with repeated dosing and (2) examine whether sucralose might Accepted 16 July 2018
bioaccumulate in rat adipose tissue. Sucralose was administered to 10 rats by gavage daily for

40 days at an average dosage of 80.4 mg/kg/day. The dosages were within the range utilized in

historical toxicology studies submitted for regulatory approval in North America, Europe, and Asia.

Feces and urine were collected individually from each animal for every 24-hr period during the 40-

day dosing period. Analysis of the urine and fecal extracts by ultra-high performance liquid

chromatography tandem mass spectrometry (UHPLC-MS/MS) revealed two new biotransforma-

tion products that have not previously been reported. These two metabolites are both acetylated

forms of sucralose that are less polar and hence more lipophilic than sucralose itself. These

metabolites were present in urine and feces throughout the sucralose dosing period and still

detected at low levels in the urine 11 days after discontinuation of sucralose administration and

6 days after sucralose was no longer detected in the urine or feces. The finding of acetylated

sucralose metabolites in urine and feces do not support early metabolism studies, on which

regulatory approval was based, that claimed ingested sucralose is excreted unchanged (i.e. not

metabolized). The historical metabolic studies apparently failed to detect these metabolites in part

because investigators used a methanol fraction from feces for analysis along with thin layer

chromatography and a low-resolution linear radioactivity analyzer. Further, sucralose was found

in adipose tissue in rats two weeks after cessation of the 40-day feeding period even though this

compound had disappeared from the urine and feces. Thus, depuration of sucralose which

accumulated in fatty tissue requires an extended period of time after discontinuation of chemical

ingestion. These new findings of metabolism of sucralose in the gastrointestinal tract (GIT) and

its accumulation in adipose tissue were not part of the original regulatory decision process for this

agent and indicate that it now may be time to revisit the safety and regulatory status of this

organochlorine artificial sweetener

Introduction United States market for artificial sweeteners and
sugar substitutes (Lerner 2009).

Sucralose first gained regulatory approval in
Canada in 1991 followed by approvals in
Australia in 1993, New Zealand in 1996, the
United States in 1998, and the European Union
in 2004 (Schiffman and Rother 2013). Regulatory
approval of sucralose was based upon early phar-
macokinetic and metabolism studies that sug-
gested the majority of orally ingested sucralose
(65-95% depending upon the species tested) was
not absorbed from the gastrointestinal tract (GIT)
but rather excreted unchanged in the feces (U.S.
Food and Drug Administration (US FDA) 1998).

The artificial sweetener sucralose is used globally
as a sugar substitute to sweeten foods, beverages,
and medications. Sucralose is a polar organochlor-
ine compound with the chemical formula
1,6-dichloro-1,6-dideoxy-p-D-fructo-furanosyl-4-

chloro-4-deoxy-a-D-galactopyranoside (Figure 1).
On a weight basis the sweetness potency of this
chemical is approximately 600-fold greater than
sucrose and thus contributes few or no calories
to the products in which it is incorporated as an
ingredient. Sucralose is currently used worldwide
to sweeten thousands of low-calorie foods and
beverages and has the dominant share of the
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Figure 1. Chemical structure of sucralose.

An additional conclusion was that the portion of
ingested sucralose absorbed from the GIT was
excreted unchanged in the urine or as a glucuro-
nide conjugate with no marked dechlorination or
degradative metabolism. These early metabolism
investigations on which regulatory approval was
based were ultimately published (Roberts et al.
2000; Sims et al. 2000).

The conclusions of the published data, from
both rats (Sims et al. 2000) and humans (Roberts
et al. 2000), that ingested sucralose is excreted
unchanged (i.e. not metabolized) appear to be
premature. First, the assertion that sucralose is
not metabolized in the gut was based upon thin
layer chromatography (TLC) and linear radioac-
tivity scanner analysis of methanolic fecal extracts
obtained after oral administration of '*C-sucralose
to rats and humans. The TLC profiles of samples
extracted from feces using methanol as the extract-
ing solvent were reported to demonstrate that only
sucralose and no metabolites were detected in fecal
material (Roberts et al. 2000; Sims et al. 2000).
However, metabolites of sucralose might poten-
tially have occurred in the TLC profiles if solvents
other than methanol were utilized for extraction.
Some organochlorine compounds are only spar-
ingly soluble or even insoluble in methanol at
room temperature (Patel et al. 2012; US
Pharmacopeia 2018; Brooks 2018). Thus, any
methanol-insoluble metabolites of sucralose may
not have been detected in fecal methanol extracts
employed in the TLC analyses that were reported
in previous investigations (Roberts et al. 2000;
Sims et al. 2000). Secondly, the “major peak” in
the TLC traces from methanolic fecal extracts that
was noted to correspond solely to sucralose by
Sims et al. (2000) may actually have consisted of

several poorly resolved peaks (Schiffman and
Abou-Donia 2012; Schiffman and Rother 2013).
At present it has not yet been determined if these
multiple peaks represent compounds in addition
to sucralose or are simply due to peak-splitting as
a consequence of suboptimal experimental arti-
facts of the low-resolution linear radioactivity ana-
lyzers used in the historic studies. Examples of
potential confounding artifacts include overlaying
methanolic fecal extracts on the TLC plates result-
ing in differences in migration rate or limitations
in accurately quantifying the radioactivity on TLC
plates scanned with a linear radioactivity analyzer.

Another unresolved issue regarding the fate of
ingested sucralose is whether this organochlorine
sweetener bioaccumulates over time in fatty tissue
with repeated consumption. Organochlorine com-
pounds are well-known to accumulate in adipose
tissue (Botella et al. 2004; Cok and $atiroglu 2004;
Covaci et al. 2002; Skaare, Tuveng, and Sande 1988).
It is noteworthy that sucralose was found in human
breast milk at 0.04 ug/ml (0.1mM) (Sylvetsky et al.
2015) which exceeds the human sweet taste thresh-
old for sucralose of 0.013mM (Schiffman, Sattely-
Miller, and Bishay 2008). Previous metabolic studies
in rats and humans reported that a single dose of
sucralose was eliminated from the body within
5 days (Roberts et al. 2000; Sims et al. 2000). In rats
administered a single dose of radiolabeled sucralose,
3-15% was excreted in urine, predominantly within
the first 24 hr after dosing. The remainder of the
single dose was excreted in the feces within 5 days
(Sims et al. 2000). In humans treated with a single
dose of radiolabeled sucralose (1 mg/kg), 9-22% was
excreted in urine, predominantly within the first
24 hr after dosing with the majority excreted in
feces (Roberts et al. 2000). In humans, 92.7% of the
radioactive dose was excreted in urine and feces
within 5 days; however, 7.3% of radiolabeled sucra-
lose dose on average was not recovered in urine or
feces. No apparent sucralose was detected in adipose
tissue of rats by whole-body autoradiography at
15 min following a single intravenous (iv) dose of
100 mg/kg radiolabeled sucralose (Sims et al. 2000).
These single dose investigations in rats and humans,
however, did not address the potential retention and
accumulation of sucralose in adipose tissue after
multiple doses or recurring intake. Sucralose is an
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amphiphilic molecule that possesses lipophilic as
well as hydrophilic properties (Schiffman and
Rother 2013); hence it has the potential for bioaccu-
mulation with habitual consumption.

The purpose of the present study was 2-fold: to 1)
revisit the issue of whether sucralose is metabolized
in rat intestine during and after 40 days of conse-
cutive dosing with this compound, and 2) deter-
mine if sucralose might bioaccumulate in rat
adipose tissue. The rat was selected as the animal
model in this study because the United States Food
and Drug Administration (U.S. Food and Drug
Administration (US FDA) 1998) concluded that
this species was the appropriate animal model for
establishing the Acceptable Daily Intake (ADI) for
sucralose in humans. The same rat species was used
as in previous historical studies (Sims et al. 2000).

Methods
Animals

Ten Sprague-Dawley rats (5 males and 5 females,
CD Strain 001) were obtained from Charles River
Laboratories, Inc. USA. The animals were housed
in individual metabolism cages (Ancare, Bellmore,
NY) for separate collection of urine and feces at
the animal facility of North Carolina State
University College of Veterinary Medicine,
Raleigh, North Carolina, USA. The animals were
allowed to acclimate for 9 days (control period)
before the sucralose dosing period began. At the
beginning of the 9-day control period, the males
ranged in weight from 160 to 405g, and the
females ranged in weight from 265 to 315g. At
the beginning of the sucralose dosing period, the
males ranged in weight from 306 to 446g, and
the females ranged in weight from 286 to 350g.
The animals had unrestricted access to water and a
purified, customized, uncontaminated rodent diet
(AIN-93G Growth Purified Diet, Purina, St. Louis,
MO). Animals were provided with white chew
bones (Nylabones, Neptune City, NJ) in their
cages to reduce any malocclusions. The water,
Nylabones and rodent diet were screened by
ultra-high performance liquid chromatography
tandem mass spectrometry (UHPLC/MS/MS) to
ensure that no chlorinated pesticide residues or
other chlorinated compounds were present that

might confound identification of sucralose and its
potential metabolites. The protocol was approved
by the Institutional Animal Care and Use
Committee (IACUC) at North Carolina State
University and was compliant with all animal
health and ethics standards.

Materials

Pure sucralose (analytic grade standard) was pur-
chased from Sigma-Aldrich (St. Louis, MO).
Sucralose was screened for impurities by UHPLC/
MS/MS, and none were present at or above the limit
of detection (LOD). Methanol (Pharmco, Brookfield,
CT), ethyl acetate (Alfa Aesar, Ward Hill, MA), acet-
onitrile (Pharmco, Brookfield, CT), acetone
(Honeywell, Muskegon, MI), water (Pharmco,
Brookfield, CT), formic acid (Honeywell, Muskegon,
MI), glacial acetic acid (Amresco, Solon, OH),
dimethyl sulfoxide, (Alfa Aesar, Ward Hill, MA),
and dichloromethane (Honeywell, Muskegon, MI)
were purchased from various US based vendors and
were either reagent grade or LC/MS grade. All were
tested by UHPLC/MS/MS for potentially interfering
chlorinated ingredients, and none were detected.

Treatment protocol

The 63-day experiment consisted of three phases: 1)
control period, 2) sucralose dosing period, and 3)
depuration and recovery. During the 9-day control
period (denoted as days —9 to —1), rats were allowed
to adjust to their new environment in the individual
metabolism cages and special lab diet. After the con-
trol period, sucralose was administered to each rat
once daily by gavage for 40 consecutive days (denoted
as days 0 to 39 where day 0 was first day of dosing
with the last dose administered on day 39). Sucralose
administration was withdrawn after 40 days for an
additional 14 days during the depuration period
(denoted as days 40 to 53). Feces and urine samples
were collected individually from each animal daily for
every 24-hr period throughout the three phases of the
63-day experiment. Feces were deposited in 50ml
sterile centrifuge tubes and urine in 50ml sterile cen-
trifuge tubes, and all samples were kept frozen after
collection until analysis. Animal body weights were
also recorded throughout the study. During the sucra-
lose treatment phase, body weights were determined
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prior to each dosing. On the 63™ day, 4 animals (2
males and 2 females) were randomly selected and
euthanized, and fat samples obtained from the ventral
abdomen. The remaining 6 animals were retained by
the College of Veterinary Medicine after completion
of the depuration period.

Sucralose dosing solutions were prepared by
Avazyme on a weekly basis, and the concentration
verified by UHPLC/MS/MS. Storage stability of the
dosing solutions for at least 1 month was demon-
strated prior to the beginning of the study by
UHPLC/MS/MS. The target concentration was
25mg sucralose/ml dosing solution for female rats
and 36.5mg sucralose/ml dosing solution for male
rats. These concentrations were selected on the basis
of expected growth rates of male and female
rats using normative growth tables. Sucralose in
aqueous solution was administered by oral gavage
daily at a constant dosing volume of 1ml/test animal,
that is, at daily doses of 36.5mg sucralose/animal for
5 male rats and doses of 25mg/animal for 5 female
rats. In all test animals body weights increased dur-
ing the course of the study. This resulted in a steady
decrease of the administered sucralose dose on a mg/
kg body weight basis for each test animal during the
course of the study. The mean daily dosage of sucra-
lose for the 10 animals over the 40 days of sucralose
administration was 80.4 mg/kg (Table 1).

Sample preparation, extraction, and UHPLC/MS/
MS analysis

Urine was analyzed directly after dilution with
water for UHPLC/MS/MS analysis. Feces (0.5 g)
were extracted with 1 ml water, methanol, ethyl

acetate, acetonitrile, acetone, dimethyl sulfoxide,
or dichloromethane, in a Geno/Grinder (two
4mm stainless steel beads, 1,000 RPM, 2 min),
centrifuged at 13,000 g for 10 min, 100 pl aliquot
placed in an autosampler vial and diluted with 900
ul methanol for UHPLC/MS/MS analysis. Adipose
fat tissue was weighed, extracted with a 1 X
volume of ethyl acetate in a Geno/Grinder (two
4mm stainless steel beads, 1,000 RPM, 2 min),
centrifuged at 13,000 g for 10 min, 100 pl aliquot
placed in an autosampler vial and diluted with 900
ul methanol for UHPLC/MS/MS analysis.
Analysis of biological samples and materials was
performed under Avazyme’s quality systems and
Standard Operating Procedures. The mass detector
was a Shimadzu 8050 triple quadrupole mass spec-
trometer with a Nexera UHPLC front end for the
liquid chromatography. A robust analytical
method for the detection of chlorine containing
potential metabolites and chlorinated parent mole-
cule sucralose was developed in the relevant
matrices of urine, feces, and adipose tissue. The
presence of biotransformation products of sucra-
lose was assessed using the 3-chlorine isotope pat-
tern in negative ion mode. For sucralose, this
isotope pattern consists of three base peaks with
masses of m/z 395, 397, and 399 and relative
heights of 1:1:0.34 respectively. These three peaks
are a consequence of the naturally occurring iso-
topes of chlorine *°Cl and *’Cl with relative nat-
ural abundance of 75.78% and 24.22% respectively.
The base peak of 395 represents the sucralose
molecule containing three *>Cl atoms with the
loss of a proton in negative ion mode (M-H) .
The ions as at 397 and 399 represent the isotopes

Table 1. Mean dosages of sucralose administered per rat weight (mg/kg) during the 40 days the rats received the treatment.

Mean sucralose dose per
animal weight over

Rat ID Gender 40 days of dosing (mg/kg/day)  Sucralose dose (mg/kg) on day 0  Sucralose dose (mg/kg) on day 39
1 Female 68.1 714 64.4
2 Female 814 85.6 776
3 Male 93.4 119.3 829
4 Male 787 833 74.2
5 Male 74.7 81.8 69.1
6 Male 94.2 118.5 81.8
7 Male 80.6 103.1 68.3
8 Female 76.7 78.6 74.8
9 Female 80.1 87.4 735
10 Female 76.3 80.6 726
Mean dosage over all 10 animals 80.4 91.0 739
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Table 2. MRM transitions monitored: collision energies and voltages.

Compound/adduct Precursor m/z Product m/z Q1Pre Bias(V) Collision Energy Q2 Pre Bias(V)
Sucralose (M-H)- 395.0 395.0 14.0 13.0 12
Sucralose (M-H)- 395.0 143.0 14.0 15.0 12
Sucralose formate adduct 441.0 395.0 14.0 13.0 12
Sucralose formate adduct 4410 359.0 14.0 15.0 12
Metabolites (M-H)- 437.0 401.0 14.0 13.0 12
Metabolites (M-H)- 437.0 377.0 14.0 15.0 12
Metabolites formate adduct 483.0 437.0 14.0 13.0 12
Metabolites formate adduct 483.0 377.0 14.0 13.0 12

of sucralose containing one or two *’Cl atoms
respectively.

UHPLC analysis was performed with a
Shimadzu Nexera system including LC-30AD
pumps, a SIL30AC autosampler, and a CTO-
20A column oven. A Phenomenex Luna
Omega C18 (100 A, 50 mm x 1.2 mm,
1.6 um) UHPLC column was used. Buffer A
was 2% acetonitrile, 98% water, and 0.1% for-
mic acid. Buffer B consisted of 2% water, 98%
acetonitrile, and 0.1% formic acid; flow rate was
500 ul/min. The gradient elution from 2%
Buffer B (held 0.5 min) reached 35% B at 4
min which produced separation of sucralose
from the metabolites. The gradient continued
to 100% B at 4.5 min (held 1 min) then
dropped to 2% B (held 2 min). The mass detec-
tor was a Shimadzu 8050 triple quadrupole
mass spectrometer operated in ESI+ APCI
(DUIS) negative ion mode with a nebulizing
gas flow of 3 L/min, heating gas flow of 10 L/
min, and a drying gas flow of 10 L/min. All gas
flows were nitrogen. Quantitative analysis was
performed with MRM (multiple reaction mon-
itoring) transitions optimized for the [M-H]™
and [M+ formate-H] ions of sucralose. The
MRM transitions, voltages and collision ener-
gies are listed in Table 2.

Results
Body weights and dosage

All animals gained weight during the three phases
of the study. Growth curves for each of the 10 rats
during the study are presented in Figure 2. The
initial body weights and subsequent growth curves
of the females were more uniform than for males.
The effect of sucralose treatment on growth rate

was outside the scope of this study and was not
calculated.

The dosages of sucralose administered per rat
weight (mg/kg) during the 40-day sucralose treatment
for each animal are presented in Table 1. Daily
dosages varied because a constant concentration was
administered daily for males (36.5mg sucralose daily)
and females (25mg daily) throughout the treatment
period but body weights increased from the beginning
to the end of the sucralose treatment period. Overall,
the dosages decreased from Day 0 to Day 39 as
animals gained weight. The mean dosage for males
over 40 days of sucralose administration was 84.3 mg/
kg. The mean dosage for females over 40 days of
sucralose administration was 76.5 mg/kg. The mean
dosage for males was 101.2 mg/kg at the beginning of
the sucralose treatment and 75.3 mg/kg at the end of
treatment. The mean dosage for females was 80.7 mg/
kg at the beginning of sucralose treatment and
72.6 mg/kg at the end of treatment. On the last day
of the treatment period (Day 39), there was no statis-
tical difference in the mean dosage between the males
and females.

UHPLC/MS/MS analysis of feces and urine

The results of UHPLC/MS/MS analysis of a fecal
sample extracted with ethyl acetate are provided in
Figure 3. The chromatogram in Figure 3a illustrates
the presence of two metabolites that were extracted
along with sucralose. The retention time between
injection of fecal extract and detection of sucralose
was 2.4 min. The retention time was 3.2 min for
metabolite 1, the less abundant metabolite, and
3.5 min for metabolite 2. These two metabolites were
also identified in chromatograms of fecal samples
extracted with acetonitrile, dimethyl sulfoxide, metha-
nol, acetone, and dichloromethane although the
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Figure 2. Growth curves of individual female and male rat weights in grams per day during study period. Sucralose was
administered daily for all 10 rats starting at Day 0, with the last dose occurring at Day 39.
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Figure 3. a) UHPLC/MS Chromatogram of a fecal sample extracted with ethyl acetate showing the retention times (horizontal axis) and
absorbance (vertical axis) for sucralose at 2.4 minutes and two metabolites. Metabolite 1 elutes at 3.2 minutes and metabolite 2 at
3.5 minutes. b) The negative ion mass spectrum of the molecular ion region for sucralose showing mass to charge (m/z) ratio (horizontal
axis) and relative abundance (vertical axis). The 3-chlorine isotope pattern is observed for sucralose (m/z 395/397/399) and for the typical
electrospray negative ion adducts of chloride (m/z 431/433/435) and formate (m/z 441/443/445). ¢) The negative ion mass spectrum of the
molecular ion region for metabolite 2. The 3-chlorine isotope pattern is observed for metabolite 2 (m/z 437/439/441) and for the typical
electrospray negative ion adducts of chloride (m/z 473/475/477) and formate (m/z 483/485/487). d) The negative ion mass spectrum of the
molecular ion region for metabolite 1. The 3-chlorine isotope pattern is observed for metabolite 1 (m/z 437/439) and for the typical
electrospray negative ion adducts of chloride (m/z 473/475/477) and formate (m/z 483/485/487).



JOURNAL OF TOXICOLOGY AND ENVIRONMENTAL HEALTH, PART A e 919

abundance was significantly less than extracts with
ethyl acetate.

Figure 3b, 3¢, and 3d demonstrate the three-chlor-
ine isotope patterns in the mass spectrum formed by
passing sucralose and the two metabolites respec-
tively through the ionization chamber of the mass
spectrometer. In Figure 3b, the characteristic three-
chlorine pattern beginning at 395 represents the
sucralose molecule with the loss of a proton in nega-
tive ion mode [M-H)]". The chlorine isotope pat-
terns at 431 and 441 represent adducts formed with
chlorine in the fecal material as well as formic acid
used in the UHPLC buffer. The relative abundance
of the formic acid adduct was greater than for sucra-
lose itself. Figure 3¢ and 3d show the molecular ion
regions for both metabolites display a 3-chlorine
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isotope pattern at m/z 437/439/441 in the mass spec-
trum using the negative ion mode. The isotope pat-
terns for the two metabolites were similar but
relative abundance differed between the two. The
mass change of 42 amu relative to sucralose (437-
395 = 42) indicates that the metabolites are two
different acetylation metabolites. The chlorine iso-
tope patterns at 473 and 483 represent adducts
formed with chlorine in fecal material as well as
formic acid employed in the UHPLC buffer.

Figure 4 shows the relative abundance of sucra-
lose and metabolite 2 over the 3 phases of the
study. No chlorinated compounds were found in
any fecal or urine samples of any animal during
the initial 9-day control period. However, sucra-
lose and the metabolites were detected in urine
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Figure 4. Mean sucralose and sucralose metabolite in female and male rat feces and urine during study period. The abscissa
represents the day of the study period that the sample was obtained relative to the 1st dose, and the ordinate represents the
relative abundance of sucralose or sucralose metabolite in each sample over the samples tested. a) Sucralose/mg in feces extracted
with ethyl acetate; b) sucralose metabolite 2/mg in feces extracted with ethyl acetate; c) sucralose/ml in urine; d) sucralose

metabolite 2/ml in urine.
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and feces throughout the chemical dosing period.
The variability in the abundance of sucralose and
metabolites was due to biological variations in the
consistency of the feces and volume of urine over
the 40-day organochlorine agent administration
period. The presence of sucralose metabolite 2,
but not parent itself, was detected in urine
11 days after oral chemical delivery on day 50.

UHPLC/MS/MS analysis of adipose tissue

The samples of adipose tissue obtained 14 days
after sucralose withdrawal were extracted with
ethyl acetate. Sucralose was found in all 4 adipose
samples as presented in Table 3. Sucralose was
found in adipose tissue on the 14™ day of depura-
tion even though it could no longer be detected in
the feces and urine. The metabolites were not
detected in the adipose tissue.

Discussion

Analysis of fecal and urine extracts from rats
dosed daily with sucralose for 40 days revealed
new biotransformation products previously not
reported (Roberts et al. 2000; Sims et al. 2000) or
in data submitted to regulatory agencies (U.S.
Food and Drug Administration (US FDA) 1998;
Union 2004). An extract of the feces with the polar
aprotic solvent ethyl acetate identified two new
molecules with a 3-chlorine isotope pattern of a
molecular ion in the mass spectrum using negative
ion mode at m/z 437/439/441 at retention times
significantly longer than the retention time of
sucralose. Data indicate that these new biotrans-
formation products are less polar and likely more
lipophilic than sucralose. With a mass change of
42 amu, this would be consistent with two differ-
ent acetylation metabolites of sucralose, where
hydrogen on a hydroxyl group of sucralose was
replaced with an acetyl group (CH;CO). Most
likely, two different hydroxyl groups were acety-
lated to form two different isomeric sucralose

Table 3. Sucralose Concentrations in Rat Adipose tissue.
Rat # Gender

ug/g adipose tissue

1 Female 7.2
4 Male 1.5
6 Male 1.5
10 Female 0.5

metabolites. These acetylated compounds were
also extracted with a non-polar solvent (dichloro-
methane) and three additional polar aprotic sol-
vents (acetone, acetonitrile, and dimethyl
sulfoxide). Extraction with dichloromethane
(CH,Cl,) and acetonitrile (CH3CN) was a confir-
mation and verification that these are biotransfor-
mation products and that they are not artifacts
formed during the UHPLC/MS/MS analysis
because neither solvent contains reagents or mole-
cules associated with acetylation. Further, acety-
lated sucralose was not present in the highly
purified sucralose that was administered to the
rats. These putative acetylated metabolites were
also found in the urine without the need for
extraction.

The historical rat and human toxicity studies
(Roberts et al. 2000; Sims et al. 2000) failed to detect
the presence of these acetylated metabolites of sucra-
lose in urine or feces for several possible reasons. In
the early rat and human experiments, the polar pro-
tic solvent methanol was used for the fecal extrac-
tions. Upon extraction into methanol, the acetylated
metabolites may have undergone transesterification
to produce sucralose and methyl acetate. Although
the mobile phases employed for separation in the
early TLC studies did contain several polar aprotic
solvents including ethyl acetate, the sucralose meta-
bolites may not have been detected if the methanolic
fecal extracts applied to the TLC plates did not con-
tain the metabolites as a result of transesterification.
The acetylated metabolites were also not described in
the historical analyses of urine of either humans or
rats (Roberts et al. 2000; Sims et al. 2000). In human
urine studies, the residue applied to the TLC plates
was obtained from a methanol eluate obtained after
urine was passed through an XAD-2 column. Similar
to fecal studies, the metabolites may have undergone
transesterification in the presence of methanol.
Unlike the human studies, rat urine samples were
not extracted with methanol. The TLC trace from rat
urine samples reported by Sims et al. (2000) exhib-
ited a large broad “peak” attributed to sucralose and
several smaller peaks that represent compounds
more polar than sucralose and considered glucuro-
nide adducts of intact sucralose. However, the large
“peak” in the TLC trace was truncated in the
Figure by Sims et al. (2000) so it is not known if
there were multiple peaks in the broad TLC trace
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that may have included the acetylated metabolites.
Other possible explanations for absence of acetylated
metabolites in early toxicity studies include low solu-
bility of the metabolites in methanol as well as sensi-
tivity and resolution limitations of the linear
analyzers used in the historical studies, especially
when compared to UHPLC/MS/MS used in the pre-
sent study.

The mechanism by which sucralose is acetylated
is not known. Sucralose may be acetylated by the
host (rat) by transfer of the acetyl group of acetyl
coenzyme A (acetyl CoA) to a hydroxyl group.
Alternatively, this organochlorine agent may be
acetylated by commensal bacteria in the GIT.
Intestinal bacteria are known to acetylate xenobio-
tic compounds (Deloménie et al. 2001; Dull,
Salata, and Goldman 1987), and studies of sewage
and different soils noted that sucralose is metabo-
lized by microorganisms including bacteria
(Labare and Alexander 1994). Further, a newly
isolated bacteria from the phylum Firmicutes,
Bacillus amyloliquefaciens WZS01, was recently
shown to be capable of both acetylating as well as
deacetylating sucralose (Sun et al. 2017). Sucralose
was previously found to alter bacterial composi-
tion in the rat intestine as well as interact with
components of first pass metabolism (Abou-Donia
et al. 2008).

Another major finding of this study was that
sucralose persisted in adipose tissue two weeks
after cessation of use even though it had mostly
cleared from urine and feces by 5 days. The reten-
tion of sucralose in adipose tissue during or after
cessation of repeated chemical administration was
not examined previously. Roberts et al. (2000)
claimed that sucralose had a “lack of bioaccumu-
lative potential” primarily due to its “hydrophilic
nature”. However, this reasoning was incorrect
because sucralose is an amphiphilic compound
(Schiffman and Rother 2013) with both lipid and
water solubility and consequently partitions into
adipose tissue as reported here. The fact that
sucralose is an amphiphilic compound was con-
firmed in this study because it was extracted with
both polar protic and aprotic solvents as well as a
non-polar solvent. The finding that the sucralose
metabolites, which are more lipophilic than sucra-
lose, were not found in adipose tissue after a two-
week withdrawal of sucralose administration may

be due in part to their uptake in cell membranes of
the intestines and other tissues prior to reaching
abdominal fat. Cell membranes act as a sink or
repository for many chemicals including organo-
chlorine compounds (Vauquelin 2016).

The finding that sucralose remains in the body for
an extended period of time after termination of
administration is consistent with exposure to other
organochlorine compounds that exhibit long-term
storage in adipose tissue (Jackson et al. 2017).
Adipose tissue is involved in a large number of meta-
bolic and regulatory processes including endocrine
functions (Greenberg and Obin 2006; Jansen et al.
2017). Organochlorine compounds were found to
modulate adipose tissue metabolism including
increasing preadipocyte proliferation (Chapados
et al. 2012). The chemical safety and health impacts
of sucralose retention in fat tissue have yet to be
evaluated in controlled human studies. Further stu-
dies are needed to determine if there are long-lasting
effects of sucralose retention in adipose tissue and to
low level, long-term release.

The mean sucralose dosage in this study was
80.4 mg/kg/day which is 16-fold greater than the
acceptable daily intake (ADI) of 5 mg/kg/day set
by the U.S. Food and Drug Administration (US
FDA) (1998) and 5.3 times higher than the ADI of
15 mg/kg/day approved in the European Union
(2004). The establishment of ADI for sucralose
by regulatory agencies was based on the metabolic
profile in the rat which was considered the appro-
priate model for humans. A 100-fold safety factor
was applied to historical sucralose toxicity data to
establish the ADI. If one were to apply a 100-fold
safety factor to the biological effects reported in
the present study, that is, metabolism and bioac-
cumulation at 80.4 mg/kg/day, this would lower
the ADI for sucralose to less than 1 mg/kg/day.

Conclusions

In conclusion, data demonstrated that sucralose is
metabolized in rats to compounds that are less polar
and thus more lipophilic than the parent com-
pound. Further, sucralose was retained in adipose
tissue two weeks after cessation of intake. The find-
ings of this study do not support the claims pre-
viously submitted to regulatory agencies that
sucralose is a stable compound that (1) is not
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metabolized in vivo, (2) excreted unchanged in the
feces, and (3) clears the body within a few days.
These new observations of metabolism of sucralose
in the GIT and accumulation of the compound in
adipose tissue were not part of the original regula-
tory decision process for this organochlorine artifi-
cial sweetener. Data indicate that it may now be
time to revisit the regulatory status of sucralose.
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