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B A RRAG, Ye R IR AR I G B 0 AR T =, PSRRI, MUK IE IR E] 2.5 mmol - LA, [Comim][ClX ¥ 24 BLA AL 8k
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Genotoxic Effects of Ionic Liquid Chloride 1-Octyl-3-methylimidazolium
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Abstract; The aim of this study was to explore the genotoxicity of imidazole ionic liquid chloride 1-octyl-3-
methylimidazolium ([Cgmim][C1]). Endothelial cells (EC) and root tip cells (RTC) of onion were treated with
[C,mim][C1] at the variable concentrations for 8 hours (2.5, 5, 10 and 20 mmol-L™). Cells were also treated
with [Cymim][C1] at the concentration of 10 mmol-L" for different time period of 4, 8, 12 and 24 hours, respec-
tively. The effect of [C,mim][C1] on onion nucleus was observed, mitotic index was calculated and chromosome
aberration of RTC were detected after the treatment of [C,mim][C1]. The results showed that [Cymim][Cl] expo-
sure induced the location change of onion epidermal cell nucleus. In addition, [C,mim][Cl] caused the decrease
of mitotic index of RTC and the increase of chromosome aberration ratio. These results demonstrated that the
genotoxicity of [Cymim][Cl] on EC and RTC is in a dose- and time-dependent manner when the [C,mim][Cl]
concentration reaches 2.5 mmol-L™.
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B WK (fonic liquids, TLs) B A 4 215 B HE
PEWNRIE K m A E e R G R Bl R —
BRI BT U R SRR R MUE AR A
B G AL I T A4 AR 202 N R R T
B hr RO R AT 5 HE B AT AR
FERME AR T RE A IR RIS RS R R TS
Y Ae R iR rh AT s 4 BN B RS A ik
ARG R A D ER S PR S A T
AR BUEA IR 2B 9E T B FIAR 2 shiy |
Y ED RS BT IRF IR Z WA
) A= PR A 3 1 22 S b e K, oot e e e — 2
WFFE, b4 VA B WA 1) B M BRI o AR 3
KIS B AR o B L A e Sz i — 2R B
TR, A S50 7 S AL 127 5E-3-F LK e ([Cymim ]
[CI) AR IE B TR s, AN 5T
FEE NSRS SR A A R 225y S0 B AEE R
PEA RIS bR 1 F FH IR PR B A 224 s 14 1
PEREIN 5 3%, B R R PR R, B A
SEHFFE T [Cmim [CLIXT ¥ 24 DA K 4t L ) 52 0] of
T AR AN 53 SR 28 G o0 1A IR 2 1) 2 ) 3 3k
52 [Cy mim [ CLIXF 5 20 9 33 4% 2 1, B 3 [Cy mim]
[CL A= 4 A 1 25 | hy 4 T DA 285 1 AR 17 2
PEAET KA

1 ##l57 % (Materials and methods)
1.1 SEE A

LI A (Allium cepa), W B #T £ ik AT,
[C,ymim][CI], 4L A 99.5% , W H Wi LA fk T4 FR
OS], FHEEEK LA 1 mol - L™ BRI,
1.2 fgba

Pk e BT KNI S i e 2 5 I, gL
HNREZ, RBREM  FEE T T K h a5 SR N
Hisfk,
1.3 RIFIREE [ Cgmim ] [ CL] X4 280 P4 38 B 400
e

YIBC 1 em® 2245 B P 38 B T, S [ vk B
(2.5.5.10 A120 mmol - L™")[Cymim][CI] 1 4ZbHE 8 h, %}
MR A koK, ADIREE A IR R R i 2T 0L T
Yy R R 8 O S R T SRV AN 3R
B AMALTE A A B AR AL, Bk i 5~ 10 4>
PP WEL 1000 200, TR 4N A %, 4
W A% 58 55 T 40 A% 30 2 Ak 20 R i o 40 A S kY
B,

1.4 [ Cgmim | [ C1] AN [m] &b JH R[] X5 ¥ 24 9 35 B 40
JaA% B9 VE

IR 1 em® ZE A PE AN R AT, A 10
mmol+ L' [Cmim][CI]H 4L P, 7E 4 h .8 h 12 h il 24
h B IRORE , A R R I i T G TR S o Ay R e
g B, TR A A% IR R R
1.5 ARMEER [ Comim | [ Cl1] X PRI 40 A
2253 45

BOEH A KR KN 2 em BITEZL, B A [A]HE
J#(2.5.5 .10 F120 mmol-L™")[Cymim][CI]HFALFH 8 h,
ST HRLEAE FH A K, Kb BRSSO S K B OE B RS 3R 24
h, BTHUR S R & 5E 24 h AR-AE T 4 °C . 70% (1K
BUMBOCEE R, Yot TR R, 76 Bl T AR A
AR AEA 2253 24RO, 53 P4 A0 ML AL AR w0 ] |
S R ITE A, it 1 000 A2 A Y
IR TR 2 BRI, AL SR =
o3 SN MBI ER A0 R (%)™
1.6 [ Cymim ] [ C1] A [] 4h B[] X6 7 280 AR 22 41 it
225 B0

BUEHAKBREK R 2 om WA, B AEA
10 mmol - L' [Cymim][CIAY/INGERR T ZEALBE 4 h 8
h 12 h 124 h BPERE YRS IE 54555 24 h, BYHUR
P, RV AE 24 h, /A7 T 4 °C 70% (K350 2
fErp, Yefn R, 7 BAMEE TSP A AR RN A
22 BURDL TR 2257 R %R
1.7 [Cgmim ][ CI] AL PR o % o (AR IR AL ) 5 )

THEARIRAN M AT 22 57 2446 50U | VLS YL (o (R g
AAENL; FAT RGeS RN iy e e R g AR
B, BB G2 300 A0 S4AH TR YL o R AR
R Yea R AR 6 = Y (8 A I AR 5053 AT Y e £ iR
S (%0)™
1.8 GLit=eorth

SCEBAE ] x+s #75, % M Graph Pad Prism 6
Bk AT 58 1 2% 43 B, 45 4 ) L 3] One-Way
ANOVA , UL P<0.05 WESFAH GRS,

2 43R (Results)
2.1 RIRRBERY [ Comim ] [ CL] X200 % 1% 41
HIYE

AL [Cymim ] [ClAh PR 14 7 28 P9 36 e A0 MU AZ I 2
EH B OB, AT o 8RR A WS 4
A [Comim][CIIAE B 8 h J& , 4 A% TP 2538 ¥ A= 7%
50T HLREE R BE A B, A0 B & A b ik, A £ AR
VA% B B4 ™, X IR 4 A0 R R R R R
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6.5% ,2.5.5 .10 A1 20 mmol - L' [C, mim][Cl1]4b ¥
ZNFR AN 8 h 5, A A% S AR N 21.5%
25% \27% 1 35% , 5 X HE 41 #H Lo 2= 57 P 3% (P<

0.05)( 1),
2.2 [ Cgmim | [ C1] A [F] 4k B[] % 5 240 PN 26 Bz 4
A% A

[C s mim[C1&b s (8] X 20 PN 2% B2 240 A% i 7%
HIRZ I AEAE 25 5 , i %5 [Cymim][ Cl]ﬁLfﬁEBTIETJE’JLk
K, EREIENE, 1

A B B E R, AR

mmol - L' [Cgmim][CI]4b ¥ 4 h 8 h 12 h F124 h J5 40
MIAZ RS RN 19% 27% 32% i1 53% , 4 4b B
ZHAH bE 22 S 2 (P<0.05)(K] 2),
2.3 AW A [ Comim | [ C1] X PE M 22 40 i A7
225y 405
[Comim][Cl]iE B T V2 MU MIAT 22 73 544651
(IR ARG, %o B2 AR SR 40 L A 22 53 2448 80R 16.4% ,
2.5.5.10 #1120 mmol- L™ [Cymim][CI]Ab BE P 20 AR 42
8 h Ji , A2 BRI N 15.1% 13.9% .10.9%

40~

(%]
(=]
*
*

NS}
(=]

—
(=]

AN FE /%
Nuclear migration ratio/%

(=)
1

Q e 5 Q BN
[C mim][C1]¥& EE/(mmol - L)

Concentrations of [Comim][C1]/(mmol + L)

B 1 FERE[Cymim] [ Cl] 3t iF R AR K HMEIZIRER BN

WA BB T a9ES, K a,0 mmol-L' ;b,2.5 mmol-L!

;¢,5 mmol-L;d, 10 mmol-L"' ;e,20 mmol-L"',

B AU A AL o, SXF AL, ¥ P<0.05,*% * P<0.01,* * * P<0.001, F[A,

Fig. 1

Effects of [C;mim][CI]] at different concentrations on nuclear morphological change of onion endothelial cells

Note: A. Onion endothelial cells imaged by microscope; a, 0 mmol-L"; b, 2.5 mmol-L"'; ¢, 5 mmol-L"'; d, 10 mmol-L"'; e, 20 mmol-L"'.

B. Quantitative analysis of nuclear morphological change of onion endothelial cells; asterisk denotes a response that is significantly

different from the control (*

2

P<0.05, * * P<0.01, * * * P<0.001). The same below.
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Nuclear migration ratio/%

(=)
1

b‘ ® N A
[Cymim][C1]4bFRHT ]/

Treatment time of [Comim][C1]/h

[ Cymim ] [ C1] 4032 R[] B [8) 3o 3 28 A 3% B2 4 R A% 4 7% B 22 1)

A BB FAES, Hida,4 h;b,8 h;e,12 h;d,24 h, B 40k mAL B =AL BT .

Fig. 2 Effects of [Cymim][Cl] on nuclear morphological change of onion endothelial cells for different treatment time

Note: A. Onion endothelial cells imaged by microscope; a, 4 h; b, 8 h; c, 12 h; d, 24 h.

B. Quantitative analysis of nuclear morphological change of onion endothelial cells.
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T 4.6% , B EE (3N, A 225y 248 B0 Wik, 5
X BRZH M FL , 459 B A BR A A 22 0 SA4E B B
SEE 24 F(P<0.05)(A 3),
2.4 [ Cymim ] [ C1] AN [] A s i) X6 3 280 MR 20 400 g
A 2257 55

[Cymim][CLIAb A [ B [E) %o AR IR A 225354
R EAW R AR, 43 4 h 8 h 12 h il 24 h
o A 22y A B IR F 15.3% 12.6% . 8.5% Fl
4.1% ,BEAE b PR ] A3 K, A 22 53 2498 805 W
%, X HRZAAH L, 25 B ] A BRZE A 22 53 2448805 6
i EVE2 7 (P<0.05) (& 4),
2.5 [ Cymim] [ CL] XV 2R R A ML A 22 43 5450 7
rh Y 0 (A R 722 1) 52 )

[Cymim][CII PRV 2RS40 B 5, 35 1 1T 2 Fh

—_— e = = N

HRIRAN A 2253 B850 %

Mitotic index of root tip cell/%

SN B N O NN BN OD
*
*
*

0 25 5 10 20
[meim][Cl]%EJE/(mmnl - L)
Concentrations of [C;mim][C1]/(mmol - L")
B3 FRERER[Cymim] [ Cl]3FHE
RRMPE £ 5 R BN
Fig. 3 Effects of [Cymim][Cl]] at different concentrations

on mitotic index of onion root tip cells
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HRARAMLAT 2253 BB %
Mitotic index of root tip cell/%

4 l 8 I 12 I 24
[Cymim][C1]4E R 7]/
Treatment time of [C;mim][C1])/h

B4 [Cymim][Cl]4BAE R EXTERRR
B FIEHHIR N
Fig. 4 Effects of [C;mim][CI] on mitotic index of onion

root tip cells for different treatment time

PRI ARG 0 LA HEAMRIRZ L [Cymim][Cl]
AP B AN [) 2 70 1 e £ (AR Ry 72 4 g € 40 R
U R EREN TN DN & S W N PSS IR NS [
ALAE L R S Sy 401 2 G MO 1 R e
BR(R 5), Ffi[Cymim][CIAh BV FE K2 st 8] 4 38 Jin | 2%
(AR IR AR 5 SR S T HR Y A Bk BEAE 10
~20 mmol-L" AbHEFH]FE 12~24 h {5 B, Qe
TR AT R T RE(ELS),

3 i}i8( Discussion)

21 it P AR A R P X 00 ) 4 AR 3 RE
AR B E R E EE MMM, [Comim][CIREE
A RRVEE , CEA K, I H A 25 ) 3 ok 20 A st
HEAAN MR, AR FH T 40 M 2%, 52 ) 40 i PN 8 A
DNA sl A 5T A, 71 e 20 B 45 #4 A D i A i
AR ARBIFTE R, [Cmim ] [ClI Ak HR Y 2 P 26 1 4
JL e, AT | R A B A 3 R A AR S, Ul A
[Cmim|[CLXH: 20 N 36 i Al i v il 1 2 E AR, 9
3% A0 3 FH G 25 [Cmim ][ C1] A v J3 F14b B 1]
B EDI TG O i R P et NS N S R -
AN MOAZ RE S A AE T AN ML i — e 7 B, &l T4l
LB AR SRR R A R A 7 A A% A L ) v
AT RE PR A Y 40 Ak F B TR Y FRBE S T
TRREMEIE A S0 P, 42 % MR 42 1 F 1 40 it - 22
Ao R R A G T, S R T A AR el A
TR 1 20 B A A 7 8, 224 8 TR 114 e 3k )
—E LR A0 2R A2 45 A0 M A s D S A
FH B 20 M5 AR

T W BRI i (9 75 Ak 2% 400 T A0 40 R 25 e
SRR AR A 22 43 2446 50, FEPL Ul PR 5
Y HRLAT 22 53 SEAHOC Y 2R 1 A B, 10 4 i J 3 i
T2 BN, e 2T 300 225y R B AR . AR5
ZE R FW] | BEE [Comim [CLIAL B e & Ko ik a] (3 i
TEARISUN A 22 77 2448 B R PR G # . [Cymim]
[CLVR B K, b 3RS i) | LA A 0 1A 9 1) R 2R
SRR Z | MDA 3 A DG B 1 A U2 BEL SRR A B, A
2 SRR, [RIB, [Cymim][C1]BE A% £ #F 15 P
FUROS) N ZBE(MDA) S5 14 77 A= 306l i 4 Ak i an
A A AL i (SOD) | i S Ak P /i (POD) | i b
AWF(CAT) S5 BTG M, FE M5 3% DNA, 520 i 5T K A
K TR A R S RAT 22 0 40 IE R AT A
1A 2257 SRR B AR

MAEYIARLL TN RIS TR, S5 R Y
IRGERE AR S T R AR BT e RG 32 kae i g £
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Chromosome aberration/%

™ % N %b‘

[Cmim][C11bFR ] /h
Treatment time of [Comim][C1]/h

5 [Cymim] [ C1]xdiF 2R 5 40 St 2 1A By 22 B 35
T A WEE TR, T A EE RSO, Ko a, Qe (& 5 b, Y ORI s o, Y (T ZEAL R
d, Qe it e, e ORI R (LT EFELITE), B FEAMRANMIY: (AR M AL 4T

Fig. 5 Effects of [Cgmim][Cl] on chromosome aberration of onion root tip cells

Note: A. Onion root tip cells imaged by microscope; arrow indicates a, chromosome lagging; b, chromosome adhesion; c,

chromosome disorder and deletion; d, chromosome bridge; e, chromosome fragments. B. Quantitative analysis of chromo-

some aberration.

PRHESZEAL I I3 ™ I 3 B S 1 A
IKFE A A SR ST AR i
AL DNA i {560 ARS8 | [Cymim][ClAR BV
ZRRIRANMLS , 7] LAS | e iR i | e ARl i | i
RAGEWAEIG N KA AP TT ARS8 L)
T3 Fhig e, — 42 [Comim ] [CLHE A 20 i 4% 9,
DNA E R0 5, EEAF BUE YT, 24 DNA 11
TR T DNA A& 52 fE 1T, ) B e (0 AR I AL
TRWESH LS MMM Y, T
FEABA R RNA 1555, RNBEIE 5 G ki
A SR, (45 A 2 25w T Bk
WA A% s =Rl TP e B i I E W AE B o Bk
Yt RAE I H GO0 T A EEE , 8 e i S HE, 3

Qe R RE BT SE IS, H[Comim][CI]RY ¥R BE
it 10 mmol- L™ ALFES IR T 12 h B, G (o (A
AR IFUG T B, W RE R R Dk 2 Kb B B R B ) 5k £
— S B B VR A B8 BH A 2 i 22 U AR T Y
REVER , B 405 58 7 5y 240

M2 MW EEIAF) 2.5 mmol - L'}, [Comim][CI]
XA B L fE , FE R A WS A 2
Gy G ORI AR A

BITEEB N K $(1972-), B, 2 F 4 + al#
B EEHMR T @A MBIy FHEE RERFRE
30 &%,
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