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In vitro testing studies on the genotoxicity of aspartame and saccharin
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ABSTRACT: Objective To investigate the genotoxicity of two kinds of commonly used sweeteners, aspartame and
saccharin. Methods Liquid chromatography-tandem mass spectrometry (LC-MS/MS) techniques and high content
screening (HCS) techniques were used to detect the expression levels of the important biomarkers related to the DNA
damage repair pathway in cells after aspartame and saccharin exposure. The expression levels of important
biomarkers, i.e., p-H2AX, p-H3, RadS1, and p53, were examined for their quantitative and temporal relationships.

Results The LC-MS/MS results indicated that neither aspartame nor saccharin led to an increase in the expression
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of cellular y-H2AX and p-H3 at the tested concentrations, suggesting the absence of chromosome breakage and

spindle toxicity. The HCS assay revealed that saccharin did not affect any of 4 kinds of biomarkers. As for aspartame,

it did not significantly impact the expression of the three DNA damage response biomarkers of p53, y-H2AX and

p-H3. However, aspartame did cause a significant increase in the expression of the DNA homologous recombination

repair (HRR) protein Rad51, while this effect was not dose-dependent. Conclusion

This study shows that

aspartame and saccharin do not exhibit significant DNA damage genotoxicity when tested by two kinds of in vitro

genotoxicity test methods.

KEY WORDS: aspartame; saccharin; liquid chromatography-tandem mass spectrometry; high content screening;

genotoxicity
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T [ A BHOR R 15 RS0 2023 46 7 H 14 H, i
5L T4 4 24 (World Health Organization, WHO) T J& [ Prjg:
Eﬁﬁ%m*@(lnternational Agency for Research on Cancer,
IARC) 5 B A& KL A4 4H 2L dh S I B 5 % K Z& 0t 25
(Joint FAO/WHO Expert Committee on Food Additives,
JECFA)BK & % Aii 1 By 357 B2 3 X fke B 52 10 £ 9 i 48 2
TARC K BTty LR 26 n] BE X AR 20U Y 2B 241 (TARC
2B), R B KUK (HE = 7800 B2k 88, 55— 2 HEs
FAE, 2007 4F JECFA FHEK Y 2 4h 4 4 J&) (European Food
Safety Authority, EFSA)XTIL4¢ M i 47174k, Fzh# st
I HESE AR T 24 60 kg MIE T @R AR E HIRA 2.4 g B
W A, A SR BCRE, o TR R KA T
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WG A2 Jcty 28 B9 N RHBR S, i3 2 MR 19 300 18,
NG 85% 23 Bl W i 28 55 I A 408 2 5k FF gt 2% P i
O A B g e LA M R AR N A AT RE S BB
Fi, 1977 4 3% E 0 2 5 M5B 48 # R (Food and Drug
Administration, FDA)ZLSRAGHAE S M2 H . 1987 4F,
SRR S BON RIS M98 A e AN 2, TARC ¥ IH R

2B 2, JREkry R E EE AT, Wb ] R R R 5 AR
S5 (Ames) /N RAGIAZ SL 06 S5 25 S S BB PE . (I,
BRE 002 IR RAF e G, R FHJE & B AL H #
LSS 7 A

HMIE S Y AR IR AR FH AL AT 4324 DNA $514%5 F1dl: DNA
BUTRE, T2 50 BAT EAER S DNA MR,
HEYIAREINE R DNA #5145 3L R B SR RS MR 16 A,
n y-H2AX /& DNA i Ewin &y, 24 DNA KA
Wiz (double strand breaks, DSBs)Z % DNA i {5 1 ZHL
?ﬁIJ(DNA damage response, DDR), H2AX ) 139 N7 22 S FR %
SR BERRAL, TE A -H2AX! 1, p-H3 R AN AT 24535
HILEYIREY), 25 WRECIMEMNMESEZ RN, 2AE%
SR AR RO R AR RADST 22— S DSBs f&
BEYIMX W E AR, AR K E 4% E (homologous
recombination repair, HRR)H & HEH . ERIN ) ps3
B—MHRET, S5HMAMET IR, 2 EZ 840 a5
T2, N L3545 40 ML Ak 25 3 4T i MhIge, pS3 BRI Y 3Rk
TR FIEE IR 5 AR RS RTAE S I 6 97 S N AT ) A=
WS A F I N T —FhE B0 M DNA 45 1E
ARG BB ML 2 11 p-H2AX F p-H3 (95038 )5
2, AR TR AR B B A AR
R L BUEE R RSN TR K 2 bR B N
PR AT AN RS LIRE S, TR TR p-H2AX Al
p-H3 415 P T 0 & (high content screening, HCS)/ #1715,
S FH 5 DR B A R O A U DR, A SR R
HH {23 - 5 B 5T 3% (liquid  chromatography- tandem mass
spectrometry, LC-MS/MS) # A K o W & 1T A U5 210 Jig
HepG2 £ Bl B S ARG 2tk 2 2t 2 s S AR
y-H2AX 1 p-H3; [F]ISR A5 HCS i, A5
HepG2. Rad51-EGFP-SW480 Fll A549 &5 3 Ffi 41 gtk 28 fnf
WOF Mg REENERRGAEYIREY
p-H2AX, p-H3. Rad51 il p53, F-HZZHEHCHR, N
SR AT R A PR AR ) BT 0T ECL SRR AR Y 35 IR B 1 2 L
FRARAE IS
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1.1 Zhm. RFIFREENE

3 PR B BObR v S (B A . B A
TEEHRTF 99%, HE a2 ah s e e pe); sZidik
B YRR UE S BT R (LB 99%, JbRUREFERMA R
Al); A S YRR ARG (ZEE 99%, _LifFIR It AR MRt
HABRA R, PEIRE Hoechst 33342, /MEBTA y-H2AX
PAHT . p-H3 H40 . p53 HHT M Alexa Fluor 488 Fric BT
/N PL(3E [ Life Technologies /A 1]); HIBR(LERE 98%) . fif
I AL . 4 1L P12 (bovine serum albumin, BSA)., Triton
X-100( 3% [# Sigma-Aldrich 72> 7]); KB ATQASQEY Al
ATQApSQEY % [C3,°N]ATQASQEY #1 [“C3,"N]
ATQApSQEY . fikBf KSTGGKAPR #il KpSTGGKAPR K
[*C3,"NJKSTGGKAPR F1["C3,"N]KpSTGGKAPR(F5 5 7%
A A R A, kB B 3 K 55 5% 56 (Dulbecco’s
modified eagle medium, DMEM)}% 3% 4 | BEFREE 2% vh I 1K
(phosphate buffer solution, PBS). JifiZf IfiL3i (fetal bovine
serum, FBS)(3 [# Thermo Fisher Scientific 2> F]); 4 ffdA% 2
BO i &bt R R ARAR), —H MR (L
100%) . NER(STHTEt) . BilR .« Bt R (DR 2l ] 24 4E 1A )
AR A L] W 9 1 B (B S B2 14963 U/mg,
W HTE B 2 AR AR, B A TR0 R R e 1 ) G 1
FCHIZ5A R, Cos BB LR A BR AR, ZE
(faibal, 5 Merck A Hl)o

155 PR 8 2R 45 (32 [# PerkinElmer 23 F]); CO, 1537 4H
(% [E Thermo Fisher Scientific 2 #l); 2 I fk B b (X
SpectraMax M5(3% [E Molecular Devices 23 ) &% TAE &
DL-CJ-IND-II(ZR B SR 43035 il 3t 5 PR 71); s 2 B0 AL
5418(f&[E Eppendorf /A ri]); Q-TRAP 5500 %I = & DU fT-
BT BRI RS (32 E AB Sciex A H]); ACQUITY B &
AR 5 1% (X (3 [ Waters 24 ); Milli-Q A10 R Al7K
b F48(EE Millipore 221]); EIRIRZ /KB HZQ-F160(H;
+ Gingko 2~ F]); CKX41 '8 &5t (H 4% Olympus 23 Fl);
3k30 =25 A R B HL(EE [E Sigma-Aldrich A 7)); ACQUITY
UPLC BEH Cjg (100 mmx2.1 mm, 1.7 pm)( F IR RN
R

1.2 {ApEIE S

# HepG2. Rad51-EGFP-SW480 1 A549 4 143 %
J & 10% FBS 1 1640, 2 10% FBS () DMEM 535 541
£ 10% FBS ) F-12K $532 3T 37°C, 5% CO, B354 15
I%, EIHAE,
1.3 fmpaSE

HepG2 447114, A & FEEEERmER
1x10° 4~/mL, #RNT 96 fLARH, BT 37°C. 5% CO, HIZH

MUBEFRAA T EETR 24 h, WOILEEFREE, AR RV B Al
Y, dKSeHESR 24 h, PBS el Ve EEALIA 100 pL i
CCK8 K, ARSAERFRAE I & 2 ho fEHIEFFR{XAE 450 nm
P NI E RO (ODYH . SEgv R 3 Wk, RAEILG 5 &
RN R 25 M 2 T332 Hom i ¥k B2 (half maximal inhibitory
concentration, ICso){E, UAZ(1)FTR.

N o 2ttt ~ OD ety 0, (1)
Dz — ODzsepygn
1.4 LC-MS/MS S£3§
141 ‘apaz

SV R W K N (dimethyl  sulfoxide,
DMSO)43 I i s B A 28 AZ B, Bl 0.01 mol/L BRI,
FERTC MG R TR R, Foii 22, 0.1 pmol/L
FEA A 1 pmol/L SEAZEEVE AR J FHPEXT IR, 0.1%
DMSO M FINE N2 IR IRAL . G I3 55 7 3 05 i i
P30 L T A R, B 10.0,5.0 F1 2.5 mg/mL %5 3 AN FR ik
FERRRE; FAJC IS B R S OIS 7 TR, 12 & 3.00,1.50
F10.75 mg/mL 45 3 PMITRRERRE . BIMAIIA 6 mL Ak
FEZARMEAYIERL, 37°C . 5% CO, B 540 P E 24 he

WA M2 R 0.1 pmol/L MY E B AN 0.1 pmol/L
SRS g BT IR, 0.1% DMSO FUVEFINE s (% IR
4, 37°C. 5% CO, F A HIFT 24 ho Wik 7w &R 5
fi% %2 0.75 mg/mL, BilHTELHET 58 24555 B AR % 2.5 mg/mL,
FMANA 6 mL ZILE PR, 37°C. 5% CO, Ki et h
EHLRIEE 7 d.

1.42 4% G 4R BB AT RR H) &

S SCHRTTA 5 i, R 40 A 3 Bt ) & e e
M, BRAMIRTEIREA R . 2R TR TN B R R v
F 40 pL 50 mmol/L NH,HCO; i, 553l B DI e F i
o A 7 45 J 26 11 B, 37°CI A 1, A 20%BE AR
LBV R R . 4 Cg-Stage-tips JiEh, B0 =T, LU
0.1%HF BRI, MALRWE N 50 ng/mL HIRE
NFRIEIR, TRAIREI

H3 BAAT R T 2N BHEAN B, fR4F pH 8.0 4B
AN AR (B N R P =1:3, V)i AL B HIA TR,
51°CHFE 20 min, H25 B0 R RE, A NBELIR,
51°CH¥ & 20 min,

143 &#E%

HPLC ffi¥#}: 5y ACQUITY UPLC BEH C;5 (100 mmx
2.1 mm, 1.7 pm); FEiR 40°C; Hishl A N 0.1%H RIFH,
FBhA B NN, ERERRY 10 uL; K 0.25 mL/min; 6
BRI L 0~8.0 min, 1%~30% B; 8.0~8.5 min, 30%~80%
B; 8.5~10.1 min, 80%~1% B; 10.1~120.0 min, 1% B,

144 Jig&p
WomigE s 22 KW Wi (multiple reaction monitoring,
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MRM) B 50, 8 F IR BB 55 B T JR (electro  spray
ionization, ESI), 1F&F#E; B FIRIERE: 500°C; <
(Gas1)[EJ7: 276 kPa; FHBIINATI#(Gas2)[ % J1: 414 kPa;
fill 5 2= 1 10 B3, H (collision cell exit potential, CEX): 15 eV,
A [ Hi J (entrance potential, EP): 10 eV, MRM J #5040
1R,
1.5 HCS 33§
1.5.1 tmjg s

SRR I 8 3 B A ) BT R R,
BEE 2.5, 5.0 A 10.0 mg/mL %5 3 MFEHREEARRE, FJCIM
R SR I R e RS VA TR, R 0.75 . 1.50 F11 3.00 mg/mL
B3SRBS B 96 FLIE SR FLIINA 100 pL
ZIREW, FH 3 AL, A 37°C. 5% CO, H5 54 i
H 24 ho PAPEXTERSY 1 0.1 pmol/L fOERHR, . LEAZEEFI
BAMT, AT EA AR ERYL, YT 37°C. 5% CO, K%
FEAHIEE 24 he

W R R SR FH I I I 355 35 22 43 31 ik By 44 E2L f A
RS 2 2.50 F0 0.75 mg/mL, ZFEAIM, F 37°C. 5% CO, 1%
FAE P ARELIEFR 7 d, B WHCEESE, HCS KAlET 16 h, LI%E
AL 1.5%10*~2x10* 4 41 A A0 2 B e b T TR S35 96 FLAR .
1.52 #\feAz, yp-H2AX, p-H3. Rad51 = p53 #m)

HepG2 il A549 A5 R H 4% 2 5 H (200 pL/AL)
[ E MM, 3T =IRET 15 min, EEE, 100 pL/AL
i) PBS ¥ESLAR 2 W &5, A 200 pL/ALME BT
1% TritonX-100 [ PBS)ZEE IR TIHFE 15 min 2 iE )5,

200 pL/ALAY PBS PEIANIE 2 Ko SR INA S R GA
5% FBS [ PBS)(200 pL/fL)ZEIRMEH 1 h, DLEEGRIARRER
PEHUALS G - BB R, FILMA 50 pL —HiE R
(% 0.5% H2AX/p-H3/p53 —HiHI PBS IFHK), =iFHE 2 he
WE IR, BHR PRI, F PBS VEERILAL 2 k. BEJE A
50 pL & A 96 Hi F1 Hoechst 33342 DNA 4Lk PBS %
(LT 0.2% i1 0.01% Hoechst 33342), 251 R0
WE 1 ho WEHIG, 4 PBS ¥t 2 J5, JIA 200 pL PBS
B

Rad51-EGFP-SW480 4ilfifi F 4%Z R H (200 pL/AL)
FEIRMWFE 15 min &5, A 100 pL/ALE PBS BEEFLR
2 IR, A Hoechst 33342 Y} PR 1 h, WH
J&, FPBS ¥l 2 W SRJEIIA 200 pL PBS _EHLEZ
153 BABKRES5HH

i FH HCS 40 R 40 KA B k0 R 1%, It
{8 Harmony 5.1 31T 50 #r . 7681 1 HPAEIE DNA
PG (Hoechst 33342), LIXSEIGANM; Mg 2 i
W EARE (VR EK . EiE 1 RAENIEZYE o6, 8
1 2 RSO y-H2AX, p-H3, Rad51 8 p53 4eft,,
1.6 HIEAIE

FifT LB B AFATEE 3 Ko Fraaib& i
p-H2AX | p-H3. Rad51 E{ p53 AY5¢ 000 3 45 544 i
GraphPad Prism 8 {4741 T2200 M, HEAEIERS
3N, 2B LR AR R Ry 22501, WALLLECR A ¢
K. P<0.05 RAREFAFHI¥EL.

F 1 H2AX BKEZFN H3 BRER#RE S MRM 757588
Table1 MRM method parameters for H2ZAX peptide and H3 peptide standards

JiINEZ 227 BEeg ¥ TET LR /eV Tl 4% i, e /e V I B4 B5f ] /ms
182.1 100 15 100
ATQASQEY 449.2
526.2 100 15 100
182.1 100 15 100
['*C3,""N]JATQASQEY 4512
526.2 100 10 100
182.1 100 16 100
ATQApPSQEY 489.2
526.2 100 16 100
s 182.1 100 20 100
['*C3,""NJATQApSQEY 491.2
442.1 100 15 100
829.5 70 19 100
KSTGGKAPR 5353
241.1 70 20 100
526.2 70 18 100
KpSTGGKAPR 575.3
2412 70 22 100
839.5 80 18 100
['*C3,""N]KSTGGKAPR 540.3
242.1 80 18 100
531.3 70 24 100
[C3,°N]JKpSTGGKAPR 580.5

919.3 70 24 100
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2.1 YRS MENLER

Wit CCKS8 SEH XA A bl U EHEF T HepG2 il
FEA, 2051/ 0.01, 0.03, 0.10, 0.30. 1.00, 3.00,
10.00 mg/mL B3 &1 030, 1.00, 3.00. 10.00. 30.00.
100.00 mg/mL HPR54L 3 HepG2 4l 24 h J5, FH CCKS izt
PG N AR . RIS SN 1 BT R, RS A BE X
HepG2 ZH i f7iE S5, L 1Cso (524 3.32 mg/mL; B
B HXF HepG2 4iME R 1Cso fH-M 12.56 mg/mL.
2.2 LC-MS/MS g5 R

PR E T Y LC-MS/MS 72 3 i Fl 47
Vb HH JEORE 2 Hh 5 R A M R Y O A R I, 38 A A
P-H2AX IFRIE KT LAFRAETFA N- A 38 e (4 A7 A S =
SR IR A BT AL (1 p-H2AX il p-H3,

1

-1.0 05 0 0.5 1.0 1.5 2.0

W% /(log,, mg/mL)

SR AR T 2L G RIS AR TR AL S Wk I 2
TR PR AR 0 R A O A A4 20, B A R U
16 0.1 pmol/L FR B A 0.1 umol/L LA M5 72 T Bl al 46 )
F| y-H2AX K p-H3 S BUPHESE SR o R A 58 38 i 0 2
A 8 MO0 AT S0y U OB A 2 R A0 P S 1) R TR B A AR
P-H2AX Al p-H3, DIFTHEEF M
22.1 ZiRAEYERREES p-H2AX 4= p-H3 K T AL
ABFFE LT MSHAR S T 45 2.5.5.0.10.0 mg/mL
3 ol R v BE A T R RE AT 0.75, 1,50, 3.00 mg/mL 3 R T
VR AORS VARORE 7 24 h S B p-H2AX il p-H3 7KEAE 1,
e 2 pron, 5 RA B, BT O RS S ok AR
y-H2AX Fl p-H3 (4 R,r {1, BB ELEERUBRS A 5 0 41
p-H2AX I p-H3 Mk 7KF. IR SMART 450004 57 fy 3
PRI FE T A A ol B B 4 5 P e i 25 SR A 204 45 A 3
4 p-H2AX KPR TR IR 1.3 £, Wil 3 fioR, #
Tofr R WA ) BT T LR RIOBE RS 09 bk R R G 45 0 R

1.0

HNMLAFIG 3

-1 0 1 2 3
¥ /(log,, mg/mL)

AL BTHTELEE B ORIPRE, K2, 4 [,
B 1 BRI X HepG2 419 1 (452 0
Fig.l  Effects of aspartame and saccharin on HepG2 cell activity
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Fig.2 Dose effect analysis of acute exposure to aspartame and saccharin induced expression levels of y-H2AX and p-H3 in HepG2 cells
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y-H2AX 5 p-H3 R KA W0 . A BRI o R T
75 S G P B S I PPA B iy £ ) S R mE A, IR R B By £
FHTE 1Cso E@%%/K&T%%I;ﬁkiﬁlﬂéﬁiﬂ@ L RRICREREN Tty
% (chromosome aberration, CA)RYHE int! .25 B K i 2 3 )
ARG Y R BT R AT R A — o R
{RRA $ 4548 BTy T AN 2 S BUH R G o R S 4 1
NP ) HAE Ames SLIRH OB AR TE Y, WA 5E
RN AR TR .. R RRET/NREN, BRE
5 R HA—% DNA Btk (Are 250k E
MR SEEE B0 Ames FIRAZ S SR50 D, WS4 2RI B ML,
R, FEARSNCIERF AR, SARM LS R —5, Rk
AT MERG TCHE R Bk
222 ZRMESHEEHEEE p-H2AX #= p-H3 &k
PRI ELEH 2.5 mg/mL FUBEAS 0.75 mg/mL %55 HepG2

BREFEHARLTIE p-H2AX F p-H3 Y SE P8, Bp
LC-MS/MS il 2 BB 25 5, 3 WA 0 e 0y £ i 2 2
Jo A S I o AR BT 2L G AR M . IR B ke FxT
TEENE S FR .
2.3 HCS #&MZER

5L Gk A 3L F R iR A e, HCS HA £
S8, WmEE. WA, TSNS, RSN
FEHEYEY) R SRS TR L. H AR E A5
i 3 57 H) 3 R B M HCS 43 BT 35 7€ 0.1 pmol/L 3 1 i
F10.1 pmol/L 2542 B 2 8% T B AT & £ p-H2AX M p-H3
SR, HAE 10 umol/L & & M+ Al 0.1 pmol/L
B AR R BV AT A ] Rad51 A1 p53 By E MR AL
R AW 5T 0 1% HCS $0R, K il 1 41 i vh A8 [5]) DNA

A7 R, K FERY p-H2AX Rl p-H3 MOS0, S5SNI 4 03 6 523 B0 AR A5 9-H2AX L p-H3 | pS3
Fe7s o 5 BAPEXT BEZHAR BE, Bl 307 B SHERIDBRRS B AR ) i Rad51 M FRiLAE k.
A B
6.0x10° 8.0x10° 8.0x106 6.0x10°
%%40”04 Méoxloa %( 6.0x10° &f’( 4.0x105 k4
- 2.0x10° ﬁ40x103 2 40x10° 5 R
= 20x103 T 2.0x10° & 20q0

12345678
{3 84 it a] /min

0 123456738
A B4 i 8] /min

T334 567 s
{3 B8 B ] /min

0 12345678
{3 85 15} 8] /min

6.0x10* 8.0x10° 8.0x10° 6.0x10° =

B ox10t B 6.0x10° 6.0x106 = )

i 4.0x10 = 6. : ﬂ 4.0x105} 2

gzo - 4:\4.0x103 4.0x10° | B
= 2 .0x = s -
= = ox10° 2.0%106 & 20410

0 0 0 ol b

12345678 123456738 12345678 012345678
£ B4 B[] /min A B3 it ] /min {5 B2 i 1] /min {582 1} 8] /min

6.0x10° 2 Ox10° 8.0x10° 6.0><105 '
% 4.0%10¢ & 6.0x10° 2 soxiosf 4'0x105 i -
B o g 4.0x10° j;f‘ 4.0x105 20X105_ g
= 2.0x10° 2.0x10° l '
0 0 ol et o

0
0123456738 012345678 0123456738 012345678

B 347 L
T 107 56

K

W 375

£ R B8] /min £ BR8] /min {5 B3 5 1] /min R B i} 8] /min
6.0x10* 8.0x10° o S0 6.0x10°
g %‘40“04 % 6.0x10° % 6.0x10° %: 4.0x10°
5 = 4.0x10° = 6 =
e Ez.ono“ E g 40410 E 2.0%10° L
E 2.0x10° 2.0x10° ' *
0

0123456738
1 B i 8] /min

489.2>182.1 (m/z)

123456738
585 i 18] /min
575.5>811.3 (m/2)

00 12345678
PR ER B[] /min
449.2>182.1 (mlz)

0 12345678
5 B8 it 8] /min

535.5>241.2 (m/z)

TE: A. ATQASQEYHIATQA(p)SQEY; B. KSTGGKAPRHIKpSTGGKAPR »
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