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Abstract

Aspartame as a synthetic sweetener is a dipeptide composed of aspartic acid and
phenylalanine. It is 180 -200 times more sweetener than sucrose, which is made by
two enzymatic and non-enzymatic methods and was first discovered randomly in
1965. The high sweetening power and low calorie of aspartame was prompted food
industry that it used as a good alternative compared to sugar in sweet foods such as
all types of beverages and sweets for people with diseases that associated with
glucose homeostasis.

In several years ago, some studies have shown that aspartame has been considered
as a reason for induction of oxidative stress, metabolic syndrome, nervous system
diseases, modifier of gastrointestinal microflora, and complications that related to
these and even cancer. While, in the other studies, aspartame is still considered as a
safe compound and an alternative compared to sugar for prevention of diseases
such as obesity, diabetes and weight loss.

Despite of contradictory studies, food safety organizations such as the FDA, the
FAO, and the EFSA, are still authorizing daily use of aspartame at an acceptable
daily intake (DAI) for all individuals with the exception of people with
phenylctonuria disease.
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Summary of in vitro genotoxicity studies with aspartame.

Test system Target cells Concs. tested Test conditions Results Reference
Bacterial mutation  S. typhimurium TA1535, 105000 pg/plate Pre-incubation method — No toxicity: no significant Molinary (1978
(Ames) assays TA1537, TA98, TA1538, TA100 & + S9in 2 independent expts.  increases in revertant counts
S. typhimurium TA98, TA100 502000 pg/plate Plate incorporation — & + S9in  Nosignificant increases in TA98  Rencuzogullari
2 independent expts., though revertant counts; small et al. (2004
data from only 1 expt. reported  increases (max. 1.4-fold, not
dose-related) in TA100
revertants not considered
biologically significant
S. typhimurium TA1535, 100-10,000 pg/plate  Pre-incubation method ~S9 Negative results in TA100, NTP (2005
TA1537, TA98, TA97, TA100 and with 10% hamster liver S9;  TA1535, TA1537 and TA98
30% hamster liver S9; 10% rat  under all test conditions. At
liver S9 and 30% rat liver $9; 2 10,000 pg/plate in TA97 (30%
independent expts. rat liver $9) a 1.4-fold increase
in revertants was judged
equivocal.
S. typhimurium TA97a, TA100 10-1000 pg/plate Plate incorporation method ~  No toxicity: no increases in Bandyopadhyay
& + 9, single experiment revertant counts et al. (2008
Chromosomal Human peripheral blood 500-2000 pg/mL 24 or 48 h treatment in the Statistically significant Rencuzogullari
aberrations (CA)  lymphocytes from 2 male & 2 absence of S9 inducing upto 34 increases in CA frequency atall et al. (2004
female donors or 56% mitotic inhibition; 3 test concentrations after both
400 cells/conc. scored for CA treatment periods
Micronuclei (MN) Human peripheral blood 5002000 pg/mL 24 or 48 h treatment in the A small (1.9-2.2-fold) but
lymphocytes from 2 male & 2 absence of $9; cytochalasin B statistically significant increase
female donors present for the final 24 h; 8000 in MN frequency seen at
binucleate cells/conc. scored for 2000 pg/mL for both treatment
MN periods.
Unscheduled DNA  Cultured hepatocytes from 5and 10 mM 20 h treatment; 150 cells/conc.  Net nuclear grain counts all Jeffrey and
synthesis (UDS)  male Sprague-Dawley rats. scored for autoradiographic <zero, so no induction of UDS ~ Williams (2000
grains
Mitotic Aspergillus nidulans diploid 100-12,000 yg/mL 6 days treatment; 30-69 Increases in the occurrence of ~ Gebara et al
recombination strain UT448/UT196 mitotic haploids per link haploid mitotic segregants and (2003

interval at each conc.

mitotic recombination at concs.
of 800 and 1000 pg/mL
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Summary of in vivo genotaxicity studies in somatic cells with aspartame.

)
e
Test system Target cells Concs. tested Test conditions Results Reference |W =
Micronuclei Bone marrow of male F344/  500-2000 mg/kg/ 3 daily doses; marrow sampled  No clear evidence of bone marrow toxicity;  NTP (2005 m
(MN) N rats (5 males/group) day by gavage 24 h after last dose; 2000 PCE/  no increases in MN frequency in treated .IJU v 1%
rat scored for MN animals v g
Peripheral blood of male &  3125-50,000 ppm 9 months dosing; 2000 NCE/ No significant increases in MNNCE in TgAC ~ NTP (2005 w/ m
female Tg.AC hemizygous,  indiet mouse scored for MN hemizygous or Cdkn2a deficient mice, or in PN m
p53 haploinsufficient, and male p53 haploinsufficient mice. Small but .b o
Cdkn2a deficient mice (12 statistically significant increase and —_ =
~15 mice/group) significant trend test for MNNCE at w ks
50,000 ppm in female p53 haploinsufficient : . =
mice —~
Bone marrow and blood of 2501000 mg/kg  Single dose; animals sacrificed ~ MN frequencies increased significantly (>3- - k
Swiss albino mice (group by gavage 24,48 & 72 h after dosing; 2000  fold) in the 455 mg/kg group at 24 h, but r/vu/\ :
size not given) PCE/animal from bone marrow  showed a dose-response at 48 and 72 h,
or blood scored for MN reaching >4-fold in the 1000 mg/kg group.

A similar pattern of results was seen in
blood, although significant increases in MN
frequency were seen in the 500 and

a4 aS el ool ULAJ‘ )...; \_iJjaLuo LngL;)L"'"’ &‘54‘
..\_oSL,’.o)_u.u u.u)‘ $ oo )5135)& ‘)5 ‘50‘|).‘>w
Lo;\w)l.o.a.auupéjsénm \e (Sb ;..M.Q 3).,).)
Pl ol oS5 e 03,55 i o TolSis ol S

Ly Jy=sS 9,5 ¢
s 5L S Camaz aols 5lii (@RT-PCR)
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2 oyleS olws eldg ,Sie Ol 3L Al el i leS

1000 mg/kg groups at 24 h
Chromosomal  Bone marrow of Holtzman  400-1600 mg/kg/ 5 daily doses; bone marrow No statistically significant increases in CA ~ Bowles (1970
aberrations  strain rats (10 males/group) day by gastric sampled approx. 29 h after the
(CA) intubation last dose; 500 cells/group
scored for CA
Bone marrow 15and 150 mgfkg 5 daily doses; no other detail No clastogenic response, but no details Durnev et al. o
(unconfirmed) of C57BL/6 by oral route established 1995) — paper Al
mice in Russian JMJ 20 |Alf . 2% K M =2y
Bone marrow of Swiss 3.5-350 mg/kg of  Single dose; mice sacrificed 2-fold increase in CA in the top dose group  Mukhopadhyay —_ (w/ w - a o D /\WJ
Albino mice (5 males/ aspartame, but 18 h after dosing; 250 cells/ but was not statistically significant and et al. (2000 Mu Q W;v 9 w/ . fo Mw .
group) combined with 1.5 group scored for CA probably fell within the normal range. The 6 m ) : .f ro
~150 mg/kg of overall conclusion was that the mixture of N JU “u : — X
‘ ) i \n u :
acesulfame K; oral sweeteners was not clastogenic. . d " . \,_u =, .wz #
route S u/ : P 3 — ) 9 =
Bone marrow of Swiss 250-1000mg/kg  Single dose; animals sacrificed  Significant increases in CA frequencies at Kamath et al. A = %4 K5 — "u q
albino mice (group size not by gavage 24,48 & 72 h after dosing; the top 3 dose levels at 24 h and at all dose (2010 MOJ m o~ . Re) WJ s N .w/ VA N =13
given) 100 cells/animal scored for CA  levels at 48 and 72 h Q Wz H R : 2 X o
Bone marrow of Swiss 35-350 mg/kg by  Single dose; animals sacrificed  Some small reductions in Ml seen possibly ~ AlSuhaibani e < -3 . Jb Ju /M.u o) =3 Mm
albino mice (5 males/ gavage 24 h after dosing; 250 cells/ indicating bone marrow toxicity; 2010 * 6 E “u : N - v o m »U
group) group scored for CA statistically significant increases in CA s m —_, . .I.w - w/ ,\f Aw Y -
frequency at 35 mg/kg (2x control) and S uu N M 9 : s =
350 mg/kg (25« control) B MM" 3 ,mh S ,\w/ ]
DNAdamage  Glandular stomach, colon, 2000 mg/kg: oral Single dose; animals sacrificed  No increases in DNA migration were seenin  Sasaki et al. M o J/ M \M Q /M lm .b a
(alkaline liver, kidney, urinary route 3 & 24 hafter dosing; 50 nuclei/ any of the 8 tissues 2002 ) = R T I RN ._u by
comet) bladder, lung, brain and organ/animal scored for comet > . wu —_ % sy i M M/ 1) °
assays bone marrow of ddY mice (tail length) < w qu 1 R : R ./O. @/ wv\/
(4 males/group) : : ¢ \ W ) — 7
Bone marrow cells of Swiss  7-35 mg/kg by Single dose; animals sacrificed  Small but statistically significant increases ~ Bandyopadhyay M _ Mz wu 2 MM
albino mice (4 males/ gavage 18 h after dosing; 50 cells/ in % tail DNA (22-fold) and tail length (>10- et al. (2008 e d H . S e N
group) animals scored (% tail DNA &  fold) in top dose group éu ¢ o N /J/ “w °
tail length) J =.F 2 @u >
k6! %) w/v ~ 2 ~
~ /\f . A cw\/ uN
195135242 ¢
. ¢ . w\\
) J M 9 3
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Summary of carcinogenicity studies of aspartame.

Type of study Strain & species (number Route/dose/duration Parameters evaluated Carcinogenic Findings Comments Reference ) R
per group)
Searle Studies
Oral feeding ICR Swiss Mice (36/sex/ Diet/0, 1000, 2000, 4000 mg/kg  Appearance, behavior, body weight,  No increases in tumor incidences  NOAEL highest dose tested Searle E7S,
carcinogenicity study  group) bw/day/104 week food consumption, survival, (Searle, 1974a)
in mice (72/sex/control) hematology, blood chemistry, urine v

Wl DNA g 6b )L (o (gigm JoSid 51 o558

0,5 o Jl,DNA L5 ;o a5 Hoechst 33258.%,

analysis, ophthalmoscoplc exam, gross
necropsy, organ weights,
histopathology, tumor incidence
Oral feeding Charles River Albino rats Diet/0, 1000, 2000, 4000 or Appearance, behavior, body weight,  No increases in tumor incidences  Sporadic findings of intracranial neoplasms:  Searle E33-34

WA e Y oylas (Y8 0y55 15l uSl.‘l'.IH ogle alan

2 65 B sle hles bl Yl 5 aas e,

S5 Slg—imo g pblwl B ymao bLI |

~
2
~
g
)
)
D
carcinogenicity study  (40/sex/group) 6000-8000 mg/kg bw/day/104  food consumption, survival, astrocytoma; astrocytoma + ependymal; (Searle, 1973) A\ * )
in rats (60/sex/control) weeks hematology, blood chemistry, urine oligodendroglioma; ependymoma; meningeal |I\_
[high dose was given 6000 mg/  analysis, ophthalmoscopic exam, gross Sarcoma; unclassified glioma ﬁU ls)
kg bw/day from week 0 (of pathology, organ weights, 6
study) to 16, 7000 mg/kg bw histopathology, tumor incidence d/
from week 16-44 and 8000 mg/ Ve \v\/
kg bw/day from week 44-104) A
Oral feeding Charles River Albino rats Diet/0, 2000, 4000 mg kg/day/in  Appearance, behavior, body weight,  No Increases in tumor incidences  Sporadic findings of Intracranial neoplasms:  Searle E70 R *
carcinogenicity rat (40/sex/group; 60/sex/ utero, lactation, 104 weeks food consumption, survival, astrocytoma, ependymoma, menigeoma (Searle, 1974b) .
study from fetal ife to  control) hematology, blood chemistry, urine .
104 weeks analysis, ophthalmoscopic exam, gross S *
pathology, organ weights, -
histopathology, tumor incidence & ['e
liver phenylalanine hydroxylase . - . _
activity M 4 W .vb ,.I\M I|%J w/ w 3
Oral feeding study in rats - SLC Wistar rats (86/sex/ Diet/0, 1, 2, 4 g/kg/day Survival, gross pathology, and No increase in brain tumor Sporadic findings of astrocytoma, atypical Ishil, 1981 .*b H \ . w £y a g *J 3
limited to brain cancer  group) Interim sacrifice 10/sex/group at  histopathology focused on brain incidence astrocytoma, oligodendroglioma, > 29 lw M n
6 weeks of age 26 weeks tumors ependymoma. ey m : n,..ui a_ ia) b
16/sex/group at 52 weeks Tumors were primarily identified in rats that .vJ . o s . y
59 or 60/sex/group at 104 weeks had died during the study or were terminated \— [G ﬁ = 4 \...) A M w .Wv
(] : :
In extremis. : .
NTP transgenic mouse u kS a "o G 6 |w . /b ha K
Oral feeding Genetically modified Tg.AC  Diet/0, 3125, 6250, 12500, Clinical observations, body weight, NTP concluded that aspartame did  Transgenic mouse model Is more susceptibleto  NTP, 2005 N Rl . N Illv ﬁ N 6 ‘wj
study mice (15/sex/ ppm/40 weeks feed consumption, survival, organ not cause cancer develop tumors and at an early stage b&—l M . e} u B} R ﬁ
in transgenic mice group) weights, gross necropsy, ) \u) M ) pe)
histopathology .uJ b M/ . J ro $ aN
Oral feeding Genetically modified Diet/0, 3125, 6250, 12500, Clinical observations, body weight, NTP concluded that aspartame did  Transgenic mouse model Is more susceptible to  NTP, 2005 u . ¢ MJ N J «Wv AR\
carcinogenicity study  [B6.129-Trp53™* (NS) 50000 ppm/40 weeks feed consumption, survival, organ not cause cancer develop tumors and at an early stage 2 ru T N - . [—
in transgenic mice haploinsufficient) mice (15/ weights, gross necropsy, a Avu : 3 b y N -
sex/group) histopathology o) B N 6 Q 3 R =
Oral feeding Genetically modified Diet/0, 3125, 6250, 12500, Clinical observations, body weight,  NTP concluded that aspartame did  Transgenic mouse model is more susceptibleto  NTP, 2005 . 2 B EN u N - %
carcinogenicity study  [B6.129-Cdkn2a Deficlent] 50000 ppm/40 weeks feed consumption, survival, organ not cause cancer develop tumors and at an early stage 3. -—_ N N m A
in transgenic mice mice (15/sex/group) weights, gross necropsy, ....U \\w * »u Ry m
histopathology _ ~ " s * U . |IM " =1
Dooley etal., 5 T3 3 » 4 9 RN = i
w7 N @ =D = Mg 92 £
%r SRR S B N \ 2
: . ) o) =
gl 29 <3 57 E
: N Y T A
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R EEE T
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o “ :o
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Type of study Strain & speces (oumber  Route/dose/duration Parameters evaluated Carcinogenic Findings Comments Reference
per group)
Oral feeding Sprague-Dawley Rats Diet - ad libitum/0, 80, 400, Clinical observation, body weight,  carcinomas of renal pelvis and
carclnogenicity study  (100-150/sex/group) 2000, 10000, 50000, drinking water and feed consumption,  ureter (positive trend In F);
in rats 8§ weeks old at study 100000 ppm complete necropsy, histopathology,  malignant Schwannomas of
Initlation (~0, 4, 20, 100, 500, 2500, survival peripheral nerves (positive trend
5000 mg/kg bw/day) In M- observed in 9 treated F vs. 0 2006
Lifetime (untll spontaneous F control);
death; last animal died at 159 lymphomas-leukemias (positive
weeks). trend in M, sign. Increase in high
dose F)
Oral feeding Sprague-Dawley rats Diet/0, 400, 2000ppm (0, 20, Clinical observation, body weight,  Lymphomas/leukemia (sign.
carcinogeniclty rat  (70-95/sex/group) 100 mg/kg bw/day) drinking water and feed consumption,  Increase high dose M; sign. trend
study from fetal life to /Prenatal (from GD 12) to complete necropsy, histopathology,  In F; sign. Increase high dose F)
natural death spontaneous death (last animal  survival Mammary cancer (sign. trend; sign
died at 144 weeks) Increase high dose F)
Oral feeding Swiss mice (62-122/sex/  Diet/0, 2000, 8000, 16000, Clinical observation, body weight,  Hepatocellular carcinomas (sign.
carcinogeniclty mouse  group) 32000ppm (0, 242, 987, 1919,  drinking water and feed consumption, trend in M, sign. ncrease at two
study from fetal life to 3909 mg/kg bw/day)/Prenatal  complete necropsy, histopathology,  highest doses M)
natural death (from GD 12) to 139 weeks survival Alveolar/bronchiolar carcinomas

Oral drinking water
carcinogenicity mouse
study from fetal life

CS7BL/6 Elal-Tag Mice
(12 M aspartame; 13 M
control)

Drinking water/0 or 0.035%\/
utero (GD no specified) to 21
weeks of age

Focused on pancreatic cancer as time
o first tumor, tumor growth rate;
assessment based on MRI

(sign. trend M; sign. Increase high
dose M), 0o sign. findings In F
No effect on pancreatic acinar
carcinoma development

Research papers from the Ramazzini lab also tallied total number of benign and malignant tumors regardless of origin or site, to repoet on total tumor bearing animals.
bw = body weight; F = female; GD = gestation day, M = male; NOAEL = no observed adverse effect level.
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