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(WL LR K== b 5 2AE) TRESBE, i 310018)

WE 3z AR E F RO ATRE T AL 4 IR IR 4m J(Caco-2 48 i0)AR 15 69 HLEE, VA 3
M i 4m 2 AR A% 47 (high content analysis, HCA)HX R 4 -F &, A7 B X+ £ 877 £ 57 h e a1k
83 M  ik . % B R & £ PCR(quantificational Real-time polymerase chain reaction, gRT-PCR)#=
Western blot4 # 7 ik st e i ATIR 7. R KU, MEF AR T A R E IpHCaco-24m 49
¥k, A2 T EER, IComH A 11.37£0.15 g/LA=1.2120.12 g/L. 5 Ak, BEAA S
I H MmN Ca* R E . F+ & 7%t A(reactive oxygen species, ROS)/K-F. 74|t idg s, 3 X
IR E M, AR AAR I W s, BRA2AE R N Ca” )R E.. ROS/K-F LA AWHEAER, £
KA B AL TAL R I A A AtE A . qQRT-PCRA=Western blot 2 =, FRA4H 2 % 4% Z Bax. /&
Fc(cytochrome c). RARKEE-3(caspase-3)5 3L B # & 3L, 5+ _LiflBaxA= T #Bcl-269%& @ /i K-F, F
RS @mREFc. 3T A RKEE-3(cleaved-caspase-3) 4 & & i /KT k47 #| Caco-24m L3 74,
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The Mechanism of Joint Toxicity of Sodium Cyclamate and

Lemon Yellow on Caco-2 Cells

Zhang Hui, Qu Daofeng, Feng Lifang, Han Jianzhong*
(College of Food and Biotechnology, Zhejiang Gongshang University, Hangzhou 310018, China)

Abstract The aim of this study is to investigate the mechanism of sodium cyclamate together with lemon
yellow on suppressing proliferation of Caco-2 cells, which is based on high content analysis (HCA), factorial design
experiment analysis of variance as the joint toxicity evaluation method, qRT-PCR and Western blot as technical
methods. The experiment indexes evaluated mainly include calcium concentration, reactive oxygen species (ROS)
accumulation and mitochondrial membrane potential. The results indicated that sodium cyclamate and lemon
yellow dose-dependently decreased the growth of Caco-2 cells with an ICs of 11.37£0.15 g/L and 1.21+0.12 g/L at
24 h, respectively. Compared with the high dose group, mix group could significantly decrease the cell number and
mitochondrial membrane potential, accompanied by the increase of membrane permeability, ROS accumulation and
calcium concentration. Both sodium cyclamate and lemon yellow have synergistic effect on calcium concentration,
oxidative stress and additive effect on mitochondrial membrane potential. The results obtained by qRT-PCR and

Western blot showed that mix group could inhibit Caco-2 cells proliferation by significantly increasing the mRNA
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levels of Bax, cytochrome c, caspase-3 and protein levels of Bax, cytochrome c, cleaved-caspase-3 and decreasing

the protein level of Bel-2.
Keywords

B A INFRIE R — A H AR T T2 N AT
e, et — Y ZREY. Bt E
s IS IR 22 A PR PR S 5 B — o) o A . 1
BRAMEHER, —MaEm A+ U285
PR s, SebrAe g, N RiEd & AR
ARG AT REIE B L HR L R B H R 2P, 3
— NG AE R E A FH 3 BBl 2 e 4= 1), H T LR
FIECEAE B, ATRer=A4 4000, hE. #HERE
YER . Bk, BRFTIFVE & S I B0 IEA 251, %
KEEMB AN ZeEHAAERE L. s
20 B 1545 53 HT(high content analysis, HCA)H; A J& —
Foh L FH v 40 2 B OB SR R 4, B (R 3RTS
I it R 440 B = A2 1) 22 24 ST AR R SIZ PR 1) AR ) 30087
=B, [R]INH2 AE AH KT A 22 AN R AR I 2
ot DhReEMHEARE BN, RS ZNH TR
SAE VDR 24 1) 0 10 A AN, 1R 22 R FHHC AP BT
25 I 4l Mo A ML IR BIE 7, GE B T LA RohE
JME S HERA T H A IE T, B E R AT R A
R BEPREIRAGMEA, R 5 RN AN
A v A L3 06 T3 P R B s R A FH B 0t
FUARIE, DRI, PR T P Fh B b s ) i AR FH sl
WAFIRA W AT DL AR I R g A
HCAEARAT-6 T Th 8258 77 2 50 i k&
5 VE RPN J5 925, B qQRT-PCR A Western blotkd: il
AHIGHE PR I8 AR Ak, AT AR 0 fl 2 25 A AT A B0t
Caco-24H i £ & B 1A F AL B

1 MREREE
1.1 #gd

Caco-24H il #k H1 [ B 5 Be b i A= i B 5 40t
F¢ Bt 41 B FE $2 f; Fluo-4 NW Calcium Assay Kit.
HCS Mitochondrial Health Kit. CellROX® Oxidative
Stress ReagentJ H Thermo Scientific/A @); Trizol.
SYBR® Green I Master MixJ#J H Life Technologies
H); PCRG|I W H A T AR TR (B ) A A BR A A
& A B P ABaxs Bel-2. 4 g 2 2 c(cytochrome
c)~ MEAARME-3(caspase-3)  H v -3- 1k 2 1t & g
(GAPDH)— Hit MR 1 S0 A0 P i Fr 10 BT A — 9T

sodium cyclamate; lemon yellow; Caco-2 cell; joint toxicity; high content analysis

4 E Cell Signaling Technology /s w]; MTT4H ffd 3 5
T A i AR & B S S R AR
FRAT, St =, FrEEEE RESKAEDRE A
FRA A
1.2 SEWHE
12,1 mlasEinb LB ALEMARRE  Caco-24
J & T W BE 4 A, % 9% T £ 10% FBSHDMEM; 77
Wb, BN S ER. BERK100U/MmL, BT
37 °C. 5% COMI4N Ml 7246 H 5 7% . Frat e
T B I 2 80%IT, I N0.25% % 2R M i v 4k, T3
2~3 AfEARTIR, — MO A A ) At i 247 S5
FRIUE & Rl 2 2R 5T 5, 00 i T DMEME;
R, 0.22 pumPE FEIE I BR B, S O R AR
493.00. 6.00. 9.00. 12.00. 15.00 g/L50.20. 0.60-
1.00. 1.40. 1.80 g/L.
122 MTT# B K Caco-241 i,
PASx10%/4L(100 pL)#EFt F-96FLHR L, 7841 i 55 7546
HBE IR IR, S A A U B S RS IR, R
UF LR FE DN FE I, 4k 255 7= F8 T 45 7720 b5,
Fa B AR 7 & 1 15 B 23 0 I N O R IMIT TR R L 2
Formazani#s it . 1F B bm A L0 H & 5L 0 W e B
(DY[E (KM P K490 nm, ZH K570 nm), $& FHI2
XA H AR H R HH 2. FARERSD
SPATHE, SEI62H B et BRFLANSEIR AL, FR s F AL
(= A RE IR, A IN4HHD) .

2 M T 561 2. (% )=[(D1—D:)/(D1—D3)]¥ 100%

o DO R A IDAA; Do &R =22
MDA Do A 40 DA -
123 #mieB i R T A KA A g
PLIx10%FL(100 pL)#EFhF96FLARk L, R4 ks 740
HroRE 7R Ik R, S A 5E A I BE S I N A [R5 & 1 A
T, 4k 88555724 hfm, FHochest 33342(10 pg/mL)
5PI(10 pg/mL)W 4eCaco-241 iy, % & F 5% F 10 min
J&, FH 83 = R SR R G ATHA IR, v PR RS S
M RGHAT 4347
1.2.4 455 T REAN 15 FH A B -k BEAS I 3K
7)o DU 24 L P Ca® R B AR Ak, 4 T %o S A KO
(140 200 B 422 X 51 6 1 2 oK A4 10%/FL(100 pL)s 1
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96FLIR I, TEAN M IR A0 h 5 IR IR, S5 40 58 4
BEJE IS [FFRIE A, 4kalii 7724 hig, 1%
TR 7 P U I ON I B S S T g . falt S 4y
Prg R

1.2.5 SAARGE B AR 8l FH AR A A 171
R N 200 L P A T LS AR A, e Ak T AR K
HH 1 4 M 42 3K 77 B0 A0 2R LS X 10%/4L(100 pL)$% Fh
T96FLM L, FEGHMLRS FRAR T IR, SR 5 4
T BE J= IDNAS [ S Ar A, 4R 82559724 hfa, 1%
R & 10 T I N i B R 2R AR IR LA
WG O RS AR

1.2.6 BAL A A58 FH AU R B0 A DU
41 B PN ¥ 14 %8 (reactive oxygen species, ROS) 7 & 1]
AL o A AL TR A A S P 4 2 R A SR DA
1x10%/4L(100 nL)BFhT96 7L L, 7541 355 7748
Br Rk i, S5 2 5 4 I B S I N AN (8] 791 5 1) AR5 0
Y, KSR 5724 b, $2 TR & U B I AROS %
. TS 7 Hr A

1.2.7 5 Bf % & % £PCR(quantificational Real-time
polymerase chain reaction, qRT-PCR)#&  H#4bT
o 5 A S ) 4 e b T 4 s SRR R, 7 4
FRAA TP EE IR A, S A0 5 A W BE FS N AS [R] 77 B
IR, 4k 223557724 hJa, WA+ B G 40 i, H
TrizoliAFHR L& 4L RNA, FFATTIRNA 246 5 J ik
FE, A% a7 RO, B R AE 9 E EPCRIGFIMY
BT SR T I, AN SEGAPDHEERIE Y
W2, L2 M5 AT R mRNA R AR XS R IA & o
FHOR H BB 51 e 51 WA= 1.

1.2.8  Western blotkal I 4H AR L2 Hu4m iy

*&1 ATqRT-PCRHISIHIFF
Table 1 Primers of qRT-PCR
LN A4 FK SR A)(5'—3")

Gene Primer sequence (5'—3")

GAPDH F: CGG AGT CAA CGG ATT TGG TCG TAT
R: AGC CTT CTC CAT GGT GGT GAA GAC
Caspase-3 F: GTG GAG GCC GACTTC TTG TA

R: GTC GGC ATA CTG TTT CAG CA
F: CAG TGC CAC ACC GTT GAA
R: GTT CTT ATT GGC GGC TGT G

Cytochrome ¢

Bax F: ATG GAG GGG TCC GGG GAG
R: TGG AAG AAG ATG GGC TGA
Bcl-2 F: CAG CTG CAC CTG ACG

R: GCT GGG TAG GTG CAT

S, FAIBCAERME A FRE. A ERR
AR 5 HE4T12% SDS-PAGE. FHR 0k &
o> TR ZPVDFE [, FITBSTIE M H15% i liE 2F 7
BT h, —Hi(1:1 000)4 °C I F it 7, TBSTHEME3
%, FEUX10 min, TBSPEE10 min; —$i(1:6 000) =5
T E L h, TBSTHEE3 X, £:X10 min. LA\GAPDH
NN Z 8 E i, ECLA G & 6 %% & ', Quantity One
A5 BT IR AR
1.3 BKEFMHITEN

AR S0 R AT RS2 56 7 22 4 AT BR G A
F 77 AT VRN 0 A KR R SRS H
ICsor 1Cos+ 1C, o HIE N B ) i A4 Hr
A KA, H SRR A 11.37, 7.20,
477 g/LF1.21, 0.42. 0.18 g/L; Bt & 41 % B %
K 5B % B MICSIC BIME RKFE S &
FEL K, LT B [ B 43 3 h2.87 7.20 g/LJ%
0.08. 0.42 g/L, #2> 247 K Be vt S5, X I & 20
[ 2K P2 it 2 RICsHT B B 1Cs(2.87+0.08) it 2
FICs+17 15 HEICs(7.20+0.08) it % RICsHT 1 B
1C55(2.87+0.42) 2 FRIC st A5 B1C,5(7.20+0.42)
A FREH I NPATHEAR, BT E T3,
1.4 SHEHE

S B H SR FHSPSS Statistics 19344 T B 47 &
FME 5 2 0 b, BiE 45 R FmeanS.D. & 7R, P<0.05
NZEF AT BENE, P<O0LNERWE % .

2 HR
2.1 IHEZMITERITCaco-2RRaIEFERIINHITER
T 25 2T A5 35 35 ] P00 Caco- 2401 it 1) 184 4,
H 20 B R N Ok R(EITAFEB). #1715
B0 Caco-24H i ¥ #1111 8 /) K T-f % & . HHSPSS
AR5, B2 R IICs N 11.3720.15 /L, ¥k
FIICsoN1.21£0.12 g/Lo 43 B LCH 401, Bk A 4L xt
Caco-24H i 3 5E 1 400 ) 22 3% st 4L i 7, JE
F& e 7T B A AL (2 R ICos+H7 1 B51C,5) % Caco-2
1 498 B PR 0 1) SRR B T 57.01%, Bb i A s A
(FH 28 F1C 505 1715 FK1C o) XiF Caco-24H A 14 4 ) 11 ]
R 1 14.02%, UG 2 L 58l 4E X Caco-2 4
601 164 5 A B e () A
2.2 HHEZSITEEX Caco-2 AT IS N
B 2] %0, 5 ER2AM L, P 2B, K2C
T 4 B 2D M AZ 350 43 4 4, 320 5 23 AN
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Concentration (g/L)
A: THE R (3.00~15.00 g/L)F /124 hJ HCaco- 240 UG B I, B: F7153£(0.20~1.80 g/L)FE 1124 hJi5 HICaco- 240U B I K, C: R B R 547
BRI A 1 FH 24 WG [ Caco- 221 I FE AN 28, SC: FIHH 3R, LY: A B R P HEbRE %
A the proliferation of Caco-2 cell inhibited by the treatment of sodium cyclamate (3.00-15.00 g/L) for 24 h; B: the proliferation of Caco-2 cell inhibited
by the treatment of lemon yellow (0.20-1.80 g/L) for 24 h; C: the proliferation of Caco-2 cell inhibited by the treatment of sodium cyclamate and lemon
yellow for 24 h, among them, SC and LY represents sodium cyclamate and lemon yellow, respectively. The data are represented as mean+S.D..
El1l EHERSITERI Caco-2 4 fILTE AR

Fig.1 The effect of sodium cyclamate and lemon yellow on the proliferation of Caco-2 cells

Lemon yellow
401 Sodium cyclamate
B Mix

Apoptosis rate (%)
%}
[

24 48
Time (h)
A~D: M5 EOM IR L B R AT A B 24 hAHMIAL; E~H: 20 Ao EOR IR AE L B AL AT IR 4 L GG 424 halfE AR
FRR=100 pm; I &5 4] 5 & 2HAL B Caco- 240112 24 548 h/m 4RI T2 2R (AR Ak; Hodl s Pt Hhr il 2.
A-D: effects of control group, sodium cyclamate group, lemon yellow group and mix group on cell nucleus of Caco-2 cells for 24 h; E-H: effects of
control group, sodium cyclamate group, lemon yellow group and mix group on cell apoptosis of Caco-2 cells for 24 h; Scale bars=100 um; I: effects of

high dose sodium cyclamate group, lemon yellow group and mix group on apoptosis rate of Caco-2 cells for 12, 24 and 48 h. The data are represented
as mean+S.D..

El2 FHEZRSITHEEI Caco-2 AR STURAT RIS

Fig.2 Effect of sodium cyclamate and lemon yellow on cellular morphology and apoptosis of Caco-2 cells
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(IR . i — 2538 id Hochest 33342-PIXU 4t &K I, 5
X REZH(BI2E)RA EL, Sl 2 KI2F . E2GUN I % 5
TRE, A TR BN, s R A, i
RN GBEHTEM12 b5, Caco- 24l F T35 4)
TIN8.72%40.73%- 7.28%+0.59% 11.73%+0.66%; AbHE
24 hJ&, TR 5358 19.72%+0.89%-  17.06%+1.07%-
23.58%+0.54%; AbFE 48 h , T4 A 34.64%+
1.24%- 31.22%+0.79%. 41.73%%2.47%.
2.3 FHEZESITERERNCaco- 2405 S FiKER
A

i EI3A~E3D AT A, 5 REZH (B3 A)VFA L, &%
KA. MEEA S HANS S TR EHE -
T+, KU L E R 575 B S 1 Caco-241
Mapy Ca ¥R A AT EFF. B E3ERT A, &% R S5
FEACTHAN 24 b, B S IEE T EAMLE, &5
FCaco-241 il N Ca™ Wk FE (1) Wik 3 T =1 (P<0.05), H.2
—EFIERBC R KFIRAF, E XA SHE
T AL TR MI24 hE, A0 AR P Ca® W B (1) e 58 o L
23 5l ok HE 4H F1104.43%+2.18% 106.37%£1.82%.

g 2 b, R R S R R 2 4 N Catik
JEE (1) e ¢ 6 5 EE 4 i) o 0 HRLZH 19106.17%+1.56%
108.30%+2.24%. =71l 4, & % A 575 %
2 41 P P Ca® R B 1 A 5% O 3 43 il e S RV )
106.95%+2.69%- 111.50%%3.75%.

M PRAE T S 56 U7 22 4 M e B, B G BB Re 1
Ca"WRERE T m. FEaRAtE, 6585
2 R (P<0.01). HTHRT7Z 0t KW, W#E 2 HAEH
2 E(P<0.01). 3 —2 2 T BcA 24 X6 Ca” iR FE 521
(A T S35 50, o D0 A i 2 B 5 551 i 1 38 KT
78 5, 19 HE5 e N RIE H (BI3F)

2.4 FHEZESITEEN Caco-2 AR R IAIER
FE#E

i K4A~EAD AT &1, 5 %) I 4 KAARH L, 25
T AR 2 S B 2 4 B 2R e A EL A 2
55 I W) N PRI, SR WA 220 i 2 3 BT IR T A B
23 5| 2 Caco-24M fi 42 R M4 IS AT B AIG . i I4E~ ]
AU 51, S5 R AR L, B3 R A, FrigiRd
S 4L ) — S 40 i N DNASS 50 W 8 BT, %

(E) S Sodium cyclamate
] 1.2 727} Lemon yellow sk *x
3 A gk **7;7
2 N
S 1.0 ™ %7 7 ‘\
e
> &
235 08
g 7 N\
30
E R 06
8 =
82 0.4
Q= .47
c: )
59
Eo § 0.2
2 7
3 Control  IC,, IC,, IC,,

Concentration (g/L)

Estimated marginal means

(F) Estimated marginal means of the fluorescence intensity of calcium concentration

Lemon yellow (g/L)
92 000.00. p —ie,

IC, IC,,
Sodium cyclamate (g/L)

90 000.00.

88 000.00.

86 000.004

84 .000.00:

82 000.00:

80 000.00:

A FEXTIEA24 h Ca> W JE; B: B HK424 h Ca WJ¥; C: #7E#52H24 h Ca> WK, D: BEG2H24 h Ca> WK ; #5X=100 um; E: Caco-241Ji1 4> 5!
DL 8 E AT #(IC 0. 1Cos. ICso)1E 24 hIF 4Kk I Fluo-4 NW dye mix %t (7 )5 (RICa> W AR, F: i35 3 S48 35 56 & 1 B4 Caco-241 i
Ca?" W Fma Ak THA S8R o BRI bR E 2 . #P<0.05, **P<0.01, 5%F BRZHAH L

A: Ca® concentration of Caco-2 cells in control group for 24 h; B: Ca®" concentration of Caco-2 cells in sodium cyclamate group for 24 h; C: Ca*"

concentration of Caco-2 cells in lemon yellow group for 24 h; D: Ca®' concentration of mix group for 24 h; Scale bars=100 um; E: Caco-2 cell treated

with different doses of sodium cyclamate and lemon yellow (ICio, ICss, ICso) at 24 h, respectively, and then stained with Fluo-4 NW dye mix; F:

estimated marginal means of the effect of sodium cyclamate and lemon yellow on Ca”" release in Caco-2 cells. The data are represented as mean+S.D..

*P<0.05, **P<0.01 compared with control group.

B3 FHERSHEEN Caco-240fCa* iR E RIS M

Fig.3 Effect of sodium cyclamate and lemon yellow on Ca*" release in Caco-2 cells
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22 3 i 2 2R BORT 5 B Ak B0 S 22 5l 2 Caco-2 4
o 0 5 M ) AR . El AR 4] R, R R
Frig s A PR 024 hfg, FRMZH 50 A LA,
e 701 R 2H 1) e S 3 A 1K R A T F A, 1S OK 4 i
JIEE 388 375 11 (P<0.05), T # 2 — & A E KB R, K
A E A, E R A S AR A AL P4 24 hE,
YT i 2 Rz A R FEL AN 114 S 76 Y 5 0 Al e R 2L 1)
79.96%+2.80% 81.95%+1.94%, 11 4H o fis 33 175 P
AR AR R 40 L N DNA S 19 72 5 B2 43 Jall S ol ELAH 1)
108.40%%3.37%- 106.04%+2.97%. =4,
B F A S A P 2 A T 2 A S LA . % Y i
JEE 43 ) X6 HRAH 1 72.74%+1.53% 72.21%+1.19%,

=

2 ME 20 P F 3 57 4 AR 4 1 41 AL PUDNAE 1 7% %
9 4y ) 6 I A 121.66%+3.62% 109.29%+
3.75%. il E A, i ERA S A AN
i 28 7 R EEL AN 1 0 Y i By ) O xS R A 1)
60.24%+2.69% 58.37%=£1.91%, 11 2H o fi 38 375 P
7 AX (1) 4 JfL A DNAUEL ) 26 D 5 B2 23 il 7 ot L4 1Y)
126.83%+2.94%. 112.38%%3.01%.

B PR Vvt S 56 7 22 0 i AR W, BKA AL RE W [
IRLR bR AL, [ 2 X BT L, A 5 38 1k 2
R(P<0.01). HTHT7 2504, PiE L BEAEHA R E
(P>0.05)o 33E— 2573 BT -G 2 0) 28 7 1 5 FL 437 5 i
I THA I EE, RILH ML AT, 145

I J . (K Estimated m':r‘g:zalnrcxzs‘:‘fc ::ercll:sr:;c;lut: intensity of
(E,)]OO — E}%‘ SI_%(:I‘;T;JILIL‘&M[L n(é )140 E\!\g i(;?;g?ycgﬁgwmtc** e 55 000,00 tochondris) merobrans porent ‘Lem"?((‘}?lnw (/L)
2 £580 &) o Z 2100 7 QZ”% %f/ £
ES N\ 27 3E N\ \?3 \% z
T35 l§ %3 i"i *x s g 30 \ 4 \/‘ / £ 45000.004
« YA N B \ §% B
NWA \V// 5560 N 1 N\ 3 0o
40 N N N Nk
ké §§‘Zi ké g E 40 §/ \/ \% g 35000.00{
20 k% §Zi N 1 N %z %;
N // ﬁi\\?% NN/ = N/ \\\\% N 30000.001
5% OCommol 1, ' IC, 1¢, 3 O Comwol IC, ic,  IC, c Tl
k Concentration (g/L) ;’3 Concentration (g/L) Sodium cyclamate (g/L)

A~D: PRI AR, AR RA. Al

BEA5 2024 hAN AR B AL, E~H: 23y R IRAL . BHEERAL. Araddl. Bad24 h

AN BRI IE T ; $50X=100 pum; I: Caco-22H 1 43 75 LA %5 2 FIAT A5 35 (1C 10 ICas~ ICso)F FHH 24 h T4 Ik Fii MiitoHealth stain €2 J5 {0 28R4 5 B A7 A2 1k ;
J: Caco- 241 73 51l AEH % R AIFTAF 35 (IC10+ 1Cos+ 1Cso)/FEFH24 hIFAK VK FH Image-iT® DEAD Green™ viability stain¥s 5 (19I5 I8 i AR 1k K B %
5P A R I X Caco-2 4 A ZR A AR L B A SEMA A A D G305 . Bl R A P B HEZ . *P<0.05, **P<0.01, 50 IR AL A LA

A-D: effects of control group, sodium cyclamate group, lemon yellow group and mix group on mitochondrial membrane potential of Caco-2 cells for

24 h; E-G: effects of control group, sodium cyclamate group, lemon yellow group and mix group on membrane permeability of Caco-2 cells for 24 h;

Scale bars=100 pum; I: Caco-2 cell treated with different doses of sodium cyclamate and lemon yellow (IC;o, ICss, ICso) at 24 h, respectively, and then

stained with MitoHealth stain; J: Caco-2 cell treated with different doses of sodium cyclamate and lemon yellow (IC;o, IC»s, ICso) at 24 h, respectively,

and then stained with Image-iT* DEAD Green™ viability stain; K: estimated marginal means of the effect of sodium cyclamate and lemon yellow on

mitochondrial membrane potential in Caco-2 cells. The data are represented as mean+S.D.. *P<0.05, **P<0.01 compared with control group.
E4 HEZSHERFSCaco-2 M5 EMMAALNFIRBA, RBEMTHE

Fig.4 Imaging of cell mitochondrial membrane potential and membrane permeability of

Caco-2 cells induced by sodium cyclamate and lemon yellow



5K OVESE: B E RIS AT X Caco- 2 M #E MEN LR WP IR AL 407

Estimated marginal means of the fluorescence intensity of reactive oxygen species

Lemon yellow (g/L)
N Sodium cyclamate 55000.00 .

J 7/} Lemon yellow ’T&

()
=1
S

250 000.00

sk

% b
45000.00

40000.00
| / 3 35000.00
30000.00

O Control T IC, IC,

£ IC, IC,.
C oncgntratlon (g/L) Sodium cyclamate (g/L)

.
g 2

®
S

oxygen species (% of control)

\\\:]L s
*
Estimated marginal means

IS
=

Ratio of fluorescence intensity ol'reaclive

A: FEXTIRZI24 h ROS/KT; B: it % 224024 h ROS/KF; C: #7145 #4124 h ROS/KF; D: BEA 4124 h ROS/KF; $5J8=100 pm; E: Caco-24 1 43
LA 2 AR #E(IC 0. 1Coss ICso)fEFH24 hI4% ¥ FICellROX® Deep Red reagent¥fe {8 )5 IROS/K VA5 4 F: 2 2 15 7 b5 o B A 6 A X
Caco- 24 IROSFE MG M (4l tHA S EIE . B N PIEEAREZE . *P<0.05, **P<0.01, 15X HEALAH LU
A: ROS accumulation of Caco-2 cells in control group for 24 h; B: ROS accumulationof Caco-2 cells in sodium cyclamate group for 24 h; C: ROS
accumulationof Caco-2 cells in lemon yellow group for 24 h; D: ROS accumulation of Caco-2 cells in mix group for 24 h; Scale bars=100 um; E:
Caco-2 cell treated with different doses of sodium cyclamate and lemon yellow (ICyo, ICss, ICs0) at 24 h, respectively, and then stained with CellROX®
Deep Red reagent; F: estimated marginal means of the effect of sodium cyclamate and lemon yellow on reactive oxygen species in Caco-2 cells. The
data are represented as mean+S.D.. ¥*P<0.05, **P<0.01 compared with control group.

&5 HEZSiTEETCaco-240EROSHIFZ N

Fig.5 Effect of sodium cyclamate and lemon yellow on reactive oxygen species release in Caco-2 cells
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The mRNA and protein levels of Bax, Bcl-2, cytochrome c, caspase-3 and cleaved-caspase-3 in various groups were analyzed by qRT-PCR (A) and
Western blot (B). GAPDH was used as aloading reference. The data are represented as mean+S.D.. *P<0.05, **P<0.01 compared with control group;
"P<0.05, "P<0.01 compared with sodium cyclamate group and lemon yellow group.
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Fig.6 Effect of sodium cyclamate and lemon yellow on related gene mRNA andprotein levels in Caco-2 cells
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