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Subchronic toxicity of [ C;;mim |BF; to rats

GE Yueyue, XU Hongmei, SHU Manyu, TAN Pengzhen, TIAN Xingxing, YUAN Huafei
(School of Food and Biological Engineering, Hefei University of Technology, Hefei 230601, China)

Abstract; The subchronic toxicity of ionic liquid tetrafluoroborate-1-tetradecyl-3-methylimidazole salt
([Cymim]BF,) to rats was studied in different exposure time. A blank control group and three exposed
groups(12. 5, 25. 0, and 50. 0 mg/kg) were set up in the experiment. After 30, 60, and 90 days of oral ex-
posure, the changes of body weight, serum biochemical indexes, organ coefficients and histomorphology of
rats in each group were investigated. The results showed that, compared with the blank control group, with
the increase of exposure dose and exposure time of [ C;;mim ]BF,, the weight gain of rats first decreased and
then increased, the liver coefficient increased, and the serum levels of AL'T, AST, ALP, DBIL, TBIL, v-GT
and the AST to ALT ratio gradually increased. Histopathological results showed that the liver and kidney of
rats in the exposed group had different degrees of damage and pathological changes. The results showed that
subchronic exposure of [ Cymim |BF, could cause liver and kidney damage in rats, and the damage was dose-
dependent and time-dependent.

Key words: ionic liquids (ILs); tetrafluoroborate-1-tetradecyl-3-methylimidazole salt ([ C;, mim |BF,);

rat; subchronic toxicity; liver toxicity

B WK Cionic liquids, TLs) fh B 7 CNBK  AARZEIHS L e VA Ak P R IR B 90 A 22 A M S5 A
W HEIESE) FIMA IS+ (Br (Cl \BF, 494 L —FE 0N e 15 o5 & 1A DL 0 iy 2 AR
B BT T AR AE S Y AHL AR R M2 B SE R WL TLs X AT R
R ETE RS SRR AL L 2R ORI AT R R S 2 R A )
Wi B #A:2022-12-13; 48 [E A #1: 2023-03-03
BEETA LW ARBE RS BT H (JZ2017 AKZR0138)

PEBR A2 H (1995 A LR BRI A NS Tl R AR LA 5
FRELHMF(1969—) 2o RBLZ PNl B ALY R A7 B 22 A1 A S Ui,




% 6

B A A% [Cumim]BF, X &6 2121 799

AT IR RAE A e FE T 5z 6
. RN T ILs B RE E Wi £ .1
2 R 2 EEOT AR A G Ils KIAFEM I IER
FEARZ  TPREE A EE Y A P AR 1 45 5 0 22 A1
FlE KB REEE R . BRI WFST TLs KBRS
AW R B AR R B B SEPR
ASTFATTZH BT 5 6 kg 2L TLs ([ C,mim | BF,)
BEMEIEAT TFSE, R B DU SR 11 DU e -3
FA Sk £h ([ Comim | BF, ) 19 252 e gm0, =t
R P BRSPS A A
FEMERE L L [ Cumim |BE, RIFFEAT S, % 5
AN 1 B s T % K BRUP B MV D R 5 e o
I‘Eﬂ'ﬁ[(:mmim] BF, %ﬁZI‘Eﬂ E/‘J;’é%\ LI TLs
BRSO 2 M AN E .

1 M#ERFZE

L1 BFiEE

WY Ts [ Cyymim [BE, H o ERFABE 22N
e Y BETETG K
1.2 3Rz

fatRRE SD R B 80 H (6 JE#%) M HE#5F , A
JiE ol 120~140 g, L BIE R =30 Y 57 58
O FRAE, A AT IE Ay SCXK (%) 2021001, K
FRURIFE T AR Esh ) 55 N GIRLE 20 ~22 °C {B
65%~75%), ARG, h% A ROK VIR & .
1.3 FERFIFLIE

FEHNA - 0. 9 %0 E AN TE SR Ol T L8
FIRNVA BRAFD 5 FHEE (T R AR gkfh2m ik
FIERAFD . FEALEA : CT14RD & 3B L
PL(Thermo 24 H]) 53100 42 A 4L HTAL CH 572
ABRAFED
1.4 [Cmmim]BFﬁEﬂEE‘JEE%U

A3 BIFREL 500,250,125 mg [ C,y mim |BF, , £
HET 100 ml ZE 187K b, AR U C B 6 Wk B2
5.00.2.50.1. 25 mg/mL FJ[ C.ymim |BF, & .
L5 sh¥FERIEREN
1.5.1 [CumimBF, 3f X &6 E13 04 % &

KB PR FR 1R JE  ARPELCymim IBF, (1)
PHERFE L (LDso ) 1 (249. 8 mg/ k)" 43 7] 15 &
AL R = A 3 Y, R
AN 12.5.25. 0,50, 0 mg/kg; Y5 1 28 Fvt IR
2. P RRE 0457 Cumim |BF, Je3 (B hg
100 g KERZA T 1 mL 25380 . B K 1 028 FIXT IR
KEE B SATRRZER K. P58 HIEE 0%
A K BRI HEE SO ARSI MAHE 3 2 RS S

T8 A RR R IFIC R RBRUA T S . ST E e
5 30,60, 90 K K BRURR I, 18 3 3l ik BRI 5
3 500 r/mingf.l> 15 min, Y ML ; #5702 K
U B AR B2 20, TR ARSI
1.5.2 pmEHEI/HK

W53 B U L 5 I L L g i 2H 2R A
PHER KB VRIS » JEAN 7K 50 BRE AT &, 3
C=Gmy /my) X100 %03 FENERS R 8, Hd.C A E
W ARE G R ENRT R my KRR
1.5.3 dfeikAIg4T

BS54 K BRI » 7242 B 3h AR Ao T A 1 4
TR I 6 S B (ALT) L 78 2555 5 g (AST) |
BRPEREIR B (ALP) L 8L (ALB) \ H4RHEL R
(DBIL) | M JHZT % (TBIL) | -4 %2 It 5% Ik i (-
G 7K.
1.5.4 HBRmAFHE

HBUAS ZH R B JFE B VAL b R 2EL 21 43 il
1076 F T T V181 7 » SR R R R 43 080 JEE 1 2,
P2 i K, A S AR, V) R ALY R s L IR oK
K-l (HE) Je 2, 78 i 58 (BORAS 20 100)
RS 4 LU AR
L6 BBEBSHITSHHF

AR Origin 2019 #f422 K], SPSS 26. 0
Giit o A B P, AL 25 Ok R R R Oy 2
(ANOVE)Z54 LSD-t fa Fh 45, x oA ] Yy
BEMT ] P, YL B 4L 5 28 R R 22 ) Y 22
* P<0.05, % % P<Z0. 01, * % % P<CO0. 001;
£ FORAN YRR T, A — AL 2 ) 25 5
£ P<<0. 05, % # P<<0.01,# £ # P<<0. 001,

2 HBRESH

2.1 [Cymim]BF, X RE&RE /M0
LCrimim ] BF, XA B33 59 52 i 4 ] 1
Fzs o 1] R H - 25 EOM IR BRI IR
I B AR BIE W 5 St 241 K R e e 701 (15,
30 )R BRFRAR 36 Bl R B BT 1Y
HE R R B R T TR R R R R
FE AR SN 5 Bl Y RE I [E] A9 ZE K (60,90 ) I
Y IE N R B B S O 4 5 I R
R R TB AL A AR » o) 21 R BN o BIRS
ZREAIR AT BRI i 2 25 BEAE AR 4524
R BRI [ A0S N RS s T . X AT RESE:
w1 TR A1 R RO [ Cru mim 1B, 5035 P4 303
B B BRI L A R I T S A
SR I PR G RE S 5 2 SR M R A=



800 ARe Tk K AR AAF R

748 %

40r "
35 L] DRl
R4
30k o4l
B st
en
= 25
¥ 20
Ig]
W 15
ﬁ
10
5

15 30 45 60 75 90
t/d

B 1 [Ciumim]BF; 3k RERENHIT

2.2 [Ciymim]BF, 34X R AE2EHE £ A 20T

[ Cymim JBF, XK IR 5 80 #2mi DL 2 1
Il

M1 AT H - e T AR [ KU
A R A 7 ) 1 98 T 28 47 18 K 5 1 >4 2
A ) P+ DA BT R 45 30 5 4 78 I ] ) 2
g R, Hd R A AR A i (P <
0.05), XFRWI[Crymim |BF, %K EUTFIESE i)
S S BRI S 1) 79 S ORI I TR A . [R]
i, 2R 1Al [Crymim [ BE, R 5P E L J5UE
RV 5 A 5 S R ST AT WS R R

%1 [Cumim]BF, XK RAESEIEEHAR I %
JUE #5464 YRt /d 25 6 R K74 A i 7l A
30 2.40+0. 27 2.53+0.33 2.61+0. 27 2.66+0. 36
JPIEFS 51 60 2. 4440, 23 2.6140.16 2.68+0.32  (2.8640.46) "
90 2.4740.51 2.7240.35 2.7840.30  (2.98+0.35)"
30 0.50£0. 03 0.510. 04 0.512£0. 04 0.510. 05
A 5 60 0.520. 04 0.50-0. 03 0.5140.05 0.5240. 05
90 0.500. 03 0. 4970, 05 0.514+0. 06 0.5240. 07
30 0.27+0.03 0.28-+0. 03 0. 28+0. 04 0. 29+0. 04
VLIS $ 60 0. 280, 03 0.2740. 04 0. 2740. 06 0.2740. 03
90 0. 280 02 0.2740.03 0. 2740. 04 0. 27+0. 02
30 0.160. 01 0.17-0.03 0.16+0. 02 0.15+0. 02
i s e 60 0.16£0. 02 0.17-0. 02 0.17+0. 03 0.16+0. 03
90 0.17+0.03 0.16-0. 02 0.15+0. 02 0.1740. 03

2.3 [Cumim]BF, ¥k R &4 LR 8 m
[ Coymim BF, XK B3 2B fL 48 b 1 5% i 40
Bl 2 s, WE 2 i LA H 525 (O IRALH EE
FEYL TR G PR B 4K R 45 33045 B JC A
AR AR R R R ALT AST . DBIL,
TBIL, y-GT 7K F-B g s s YLt i) (60 ) FE
B B v 790 A 4140, op 3R R 4 K BRI T 19 ALT,
AST.ALP.DBIL fl y-GT 7K Al i 2 T4 25 s e

ST

IRFTE] (90 D ifE— 2B FE A I %550 4 2 R Bl 119
RFER Y BRI R AST &5 ALT iy ke
(ELEAE D 5 P 8] AR 48 T 77 65 1949 38 o v 96 O 10 v
ALB K PAERERE R I8 (30,60 o) {3 e R 4 1y
T S B 2 g I (E] SE A 28 90 d I vl o
A B T AR, A5 REW L[ Cymim |BF, X
R BRI #5200 A A s 1) 52 T A (SO RA 7 A4
P 0 5 3 B ) P AR

#itit -

g 150 e o 150
=
#2 120r e 120
uc BN
fa s
Z 3 90
= I -
4 . B T 60
= % B 3T
g & & g
Il KX XX] L
N & ! x 0
by e B

0298 X ® 0 k

60
t/d

(@)

90

2 80
. 41 60
1 P = *k
1 & Z
e oo T 40 .
0 K A R
o8 £ 3 R 0%}
£ £ i e o
! =207 g™ £
oo %% R 0%
% & = | B K5
K & ‘3 oLl & | 2%
60 ez 30 90
td id
(b) (©



% 64 HA A :[Cumim |BF, 35K 869 BN 801

D 18 " 8r
w
S 1s) " =y .M
4 # = 0O
=
! 5 12 # # ] s
:.::‘: Hokk K E . ] :.::‘:
O KX K2
&9t S 4K e
K o oo T K] oS = 6 I K
3 K &5 ar s B B = e £ £
£ = 61T 5 g, & B o
o o 6 = o B oo FEd I I
K] o3¢} o5 9% B 9% = 1o 0%l K
o o3¢} 5%t = 3 & 9% 9% 5 oo o5l o5t
oo o P o B oo N B I K
% B g & ol & kS kS oll KA | EA £
60 90 30 60 90
t/d #/d
(d) (e) ®
6
-
3 S A
= 3 P‘O :;':] P NOSTSE
24 3 SR | X RS el
5034 P Y X
= kX % KA %! =N
=3 T & o & [ Al
a oo o 0% o S o
X o%! KX KX KX B | L.
2 2| G | ERR | FL
a oo oot 5% S %! 53
j =2 R o0 0! KX < KX
5 1 & 5 & <
oLl & e K B | KA 4B
30 60 90
t/d
()

B 2 [Cumim]BF, 34K R 5% & A5 4RE0 5200

2.4 ARREESH FEERIE N R B GUR U B i 2 K i s

2.4.1 [Cymim BF, 5§ X ST RELL LR 89 3R RAEANNIE KA AR SER AL s HYLREISH] (60,
[Ciymim BF, %} K RAFIEALUG R mmE 3 90 D it—HaE K, AFZUR U BUH O # kS

B ML AR R S A S TR i 1 BT 4 i AR
M 3 FTLAE 2 AW B R BUIFIEE S SRSERUAEEIRSE 52 B i B A58 i 790 A0St A

IEH AR AR ST Yo 3 30 d 5 BEE YL (.

= Uil

fIGF A [l

A

30d

90 di

3 [Cumim]BF: #MTHXRFHEARRET HE

2.4.2 |:C14mim:|BF4 Xﬂ’}:ﬁ"}%‘}ﬁ_éﬂéﬂﬁﬁ%}“@ /J\%%W{%Hﬁﬁg, [CM mim]BF4 %% 30d Ea
LCLmim BE, %R EUE IEH LU 4 Ffig Yo sl ol i 38, R B AR v s B0 /N
Fizs. B4 AR S 0 BIRA R BRUE /N BRF . R B YR B NVE YT IR R R A IR T A



802 ek K FFROH RFFR

# 48 %

S A% ML FERT ] (60,90 d) #F— 5 ZE K B, KRR
B TR AS S B0 R S5 A B L H T Y N R U

A AR R AR L B B TS

SN » S B P 0 7R SR AR A (R A

2.4.3 [Cymim |BF, #f K S 02269 %00
[Crmim |BF, X K bl B 0 1 Ji 2 21 1) 52
M il 5,181 6 frzn . AL 5.8 6 rI LA H IR
R S FO M JiR AT IR 2L A e (0 24 50 B S SR R
FEUIEZTA56 | B H4 T AT 60 % B Jo Al LR )

(@) % EAL AL (b) 5 EE %30 d

A J 0 . 240 M/ T o B T o S PR R s e
FIEYETE 30,60,90 d Je s KSR A ARG R 2544 A
XFoEHE 525 A R FUBOR B S Y 5
g o ARE]L[Coymim | BE, X BB AE A
o) S SR RTAL L 17

(0) FFl Y60 d

(d) mFIEEYE90 d

5 [Cimim]BE, 00 TROA RIS ALRBEAE

(a) F AT (b) RaAEAE30 d

) F L9 d

(©) miAlEYTE60 d

B 6 [Cumim]BF, #MTHARKBASKETAE

ST .
SCHRL17 058 2B . [ Cy mim |BF, 2 PEYe s

AR RO RTIE , S DR AT AU AE . AL A,
R BoR . [Crumim |BF, A Pk G5 0] X R A
JRPME ;= e BT PSR B N P A 0 3=



BARA.F . [Cumim]BF, 2t X R 64 L2 0

803

LA E . WRSNE ML S W iR F LR A 32
WE.

T S XA P ) B A AR, o
PLALT F1AST S o B2, 25 T 20 M 5 i 72
o 20 6308 3 P 38 i AT DA A v 3 S 5 T 24
JHF240 ™ 52 40 1 S ORI L AST St iR i
FETCA ML o [ B JHE 40 ™ A i i AP,
PRl AST 3 03 ALT {6 38 R VA T 45 7
J, AST 5 ALT {f J3 HE AR AT Sz e I 200 i R A6 7
PR IS A v-GT 2k A HAE
GABERR NG BT 1 W 3 WA RN I R ki
e EEAMER . IHZLER =4 & HE
FIETME » 55 20 A A= 5 72 FRF A B 2R BH A | B2
TCIRINE S B P9 BE 3 94 AR 1 38 A R 20 3R 0K - T
F . ALB S I SR 1 (TP 1 2 U 4 2
— o7 ALB IR FEAIG W T IE 45 ) RE T R
RS PSR RE 1 R A

21»‘%”2@7;2%% ’ I:CM mim] BF, %ﬁ}ﬁ ’ %éﬂj(
SR YE ) ALT, AST, ALP, DBIL, TBIL, y-GT
JKFFIAST 5 ALT {6 J1 e AE ¥ B & U 557 5
F189 6 00 R 4 T B TR] ) S 4 T 2 2 R LT
ALB 7K WUt 257 2 55 71 12 0 98 Jonn A 2 55 15 (1] 114
FER MR X —Z5 R EW[Crymim JBF, o] X%}
R STP I = A BA S A B A B 5 JTF 45 504
LN ORI R N R TR i 0 /R i
INREAZ A, B 28 5 S HHGE AT R AT AR . 414
AR A R R« e B A K U 2 2R B A e
FR R ) IR 4 N 1) ) A A AR ST 24 i
KB R AR AR AL . X R
[Crimim JBF, 3 AR BRI A 452 00 4 B AT 77 4
AR P T ) AR o

[Crymim |BF, Ye33 0] SEUE /NG I Rz 240 i
v B/ IVET K AR AR R S L ELREE TR
IR P BR3P S, LA 35 AT 15
mE R, AT L AU [Cymim |BF, 8
PEAE B 20 S - B it ] B[ G mim | BE,
UG IR S AAE

(& % x k]

[1] CVJETKO B M,RADOSEVIC K,RADOJCIC R T,et al. A
brief overview of the potential environmental hazards of i-
onic liquids[ J . Ecotoxicology and Environmental Safety,
2014,99:1-12.

[2] YUAN F,CHI S, DONG S. Ionic liquid crystal with fast

ion-conductive tunnels for potential application in solvent-

(3]

[4]

(6]

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

free Li-ion batteries[ ] ]. Electrochimica Acta, 2019, 294
249-259.
STEINRUECK H P, WSSERSCHEID P. Ionic liquids in ca-
talysis[ ] . Catalysis Letters,2015,145;380-397.
HO T D, CANESTRARO A ], ANDERSON ] L. Ionic lig-
uids in solid-phase microextraction; a review[ ] ]. Analytica
Chimica Acta,2011,695:18-43.
ALI M K, MOSHIKUR R M, WAKABAYASHI R, et al.
Synthesis and characterization of choline-fatty-acid-based i-
onic liquids;a new biocompatible surfactant[ J]. Journal of
Colloid and Interface Science,2019,551:72-80.
MACFARLANE D R,PRINGLE ] M, HOWLETTA P C,
et al. Tonic liquids and reactions at the electrochemical inter-
face[ ] ]. Physical Chemistry Chemical Physics, 2010, 12;
1659-1669.
PETROVIC V P, SIMIJONOVIC D, MILOVANOVIC V
M, et al. Acetophenone mannich bases: study of ionic liquid
catalysed synthesis and antioxidative potential of products
[J7. Royal Society Open Science,2018,5(11):181232.
PERIC B, SIERRA ], MARTI E, et al. (Eco) toxicity and
biodegradability of selected protic and aprotic ionic liquids
[J]. Journal of Hazardous Materials,2013,261:99-105.
PAL S,SAR A,BISWAS R, et al. Assessment of bacterial
community structure in saline sediment microcosms exposed
for the first time to the ionic liquid 1-ethyl-3-methyl-imid-
azolium chloride [ ] ]. Water, Air, & Soil Pollution, 2021,
232(2).51.
CHEN B, DONG J, LI B, et al. Using a freshwater green
alga Chlorella pyrenoidosa to evaluate the biotoxicity of i-
onic liquids with different cations and anions[ ] ]. Ecotoxi-
cology and Environmental Safety,2020,198:110604.
CHEN X,SUN H,ZHANG T,et al. Effects of pyridinium-
based ionic liquids with different alkyl chain lengths on the
growth of maize seedlings[ ] ]. Journal of Hazardous Mate-
rials, 2022,427.127868.
MA J,LI X,CUI M, et al. Negative impact of the imidazo-
lium-based ionic liquid [ Cgmim |Br on silver carp ( Hypo-
phthalmichthys molitriz ) ; long-term and low-levelexpo-
sure[ J ]. Chemosphere,2018,213:358-367.
GAO K,LI B,CHEN R,et al. A feasibility study of using
silkworm larvae as a novel in vivo model to evaluate the
biotoxicity of ionic liquids[ ] ]. Ecotoxicology and Environ-
mental Safety,2021,209:111759.
IRELHG AT BAR L, 55, DU ER fL 1-h Be-3-HY B mR m
BTN 2t O s L) ] SRR 2= 2 4,
2013,33(1):298-303.
IRELA 10 AR KL 25 B TR Cramim ] Br X K BUE
MR g )], B RE % 2 4. 2020, 40 (1)«
299-305.
TRELH , BUAE R BRI, 55, B F WAL Cramim ] BF, %K
RarmiE ] &0 Tl K% (AR B .
2021,44(9):1268-1272.

(T%%E 816 TT)



816

ATk K FIRCH KAF RO

748 %

155 . SERS % H A ) = i R R 5
L 5 Wk B 4 107 mol/L B 8 % SR 4 21| H
SERS {55, SERS £t A RIFr{ES5 EMH
P, 443 cm ' Ab I AE B SERS 8 B ) RSD
9.26%.,

L MRS FE I  SERS B2l ASAELE R
SACEXT I B R Y R R SOR AS 13, 8 min N
{XREA#R 10. 73% ;s A7 7E SERS BLJE I, AT BED Jit
V7 SIS SR A A o 2 T HL LIS LA R A 4L
B, 150 s N AL W YRR R R S F)
99.90%.,

PRI S AR5 R A 207 11 SIE B DA A
BET BT ), A AT REAE A R 1) FR B 1 D R
LA AT B .

(& % x k]

[1] YONTAR A K, AVCIOGLU S, CEVIK S. Nature-based
nanocomposites for adsorption and visible light photocata-
lytic degradation of methylene blue dye[]]. Journal of
Cleaner Production, 2022,380:135070.

(2] Es8, BN, PRI 45, REEAR Cos Oy 11l 38 BT 1k
I —GRERER R F L RE (M RE L) 0. JEHLIL2F 4, 2022,
38(11).:2191-2201.

[3] BABYSZKO A,WANAG A,SADLOWSKI M, et al. Synthesis
and characterization of SiO/TiO; as photocatalyst on methyl-
ene blue degradation[ ] . Catalysts,2022,12(11);1372.

[4] QUANY N,SU R, YANG S, et al. In-situ surface-enhanced
Raman scattering based on MTiz nanoflowers: monitoring
and degradation of contaminants|J]. Journal of Hazardous

Materials, 2021,412.125209.

(6]

7]

(8]

(9]

[10]

[11]

[12]

LI Z H,BA J H,ZHANG X, et al. Facile synthesis of Au
nanoparticle-coated Fe;(); magnetic composite nanospheres
and their application in SERS detection of malachite green
[J. Spectrochimica Acta Part a-Molecular and Biomolecular
Spectroscopy,2020,241:118532.
HE J. SONG G, WANG X, et al. Multifunctional magnetic
Fes O, /GO/ Ag composite microspheres for SERS detection and
catalytic degradation of methylene blue and ciprofloxacin| ] .
Journal of Alloys and Compounds, 2022,893:162226.
MAZHANI M, ALULA M T, MURAPE D. SERS assisted
monitoring of catalytic reduction reaction using silver-mag-
netic nanocomposites| ] ]. Materials Chemistry and Physics.,
2021,265.124487.
JUNG D, LIM C,SHIM H ], et al. Highly conductive and e-
lastic nanomembrane for skin electronics[ J ]. Science, 2021,
373(6558):1022-1026.
HEMMATI S, HARRIS M T,BARKEY D P, et al. Polyol
silver nanowire synthesis and the outlook for a green
process[ ] ]. Journal of Nanomaterials,2020,2020;9341983.
CHUNG D CK,LIN E S,PENG L H,et al. Efficient drop
reactor processing of methylene blue degradation with sil-
ver nanowire catalysts[ J]. Colloids and Surfaces, A. Physi-
cochemical and Engineering Aspects,2021,610:125749.
SONG 1.,XUB B,CHENG Q,et al. Instant interfacial self-
assembly for homogeneous nanoparticle monolayer enabled
conformal “lift-on” thin film technology[]]. Science Ad-
vances, 2021,7(52) ; 1-10.
MIAO Y E,LEE H K,CHEW W S, et al. Catalytic liquid
marbles: Ag nanowire-based miniature reactors for highly
efficient degradation of methylene blue[ J]. Chemical Com-
munications, 2014,50(44) :5923-5926.

(GifEdmiE  EA D

(L#E5 803 TT)

[17] JODYNIS-LIEBERT J,NOWICKI M, MURIAS M, et al.
Cytotoxicity,acute and subchronic toxicity of ionic liquid,
didecyldimethylammonium saccharinate, in rats[J]. Regu-
latory Toxicology and Pharmacology. 2010, 57 (2/3):

266-273.

WANG L,ZHENG M, ZHANG S, et al. Roles of mtDNA

damage and disordered Ca?" homeostasis in the joint toxic-

[18]

ities of cadmium and BDE209[ J]. Ecotoxicology and Envi-
ronmental Safety,2019,186:109767.
SOOKOIAN S,PIROLA C J. Liver enzymes metabolomics

and genome-wide association studies; from systems biology

[19]

to the personalized medicine[ ] ]. World Journal of Gastro-
enterol,2015,21(3):711-725.
[20] KULLAK-UBLICK G A, ANDRADE R ], MERZ M, et

al. Drug-induced liver injury: recent advances in diagnosis

and risk assessment[ ] ]. Gut,2017,66(6);1154-1164,

[21]

[22]

(23]

[24]

ZHANG L X, YANG L V,XU A M,et al. The prognostic
significance of serum gamma-glutamyltransferase levels
and AST/ALT in primary hepatic carcinoma [ ] |. BMC
Cancer,2019,19.841.

fAJ I B AST ALT 5 y-GT K3 T AL & i
REFH A A 53 M [0, BBl I 25 2 2 A, 2021, 34 (11):
1718-1720.

WANG G W,ZHANG X L,WU Q H.et al. The hepato-
protective effects of Sedum sarmentosum extract and its i-
solated major constituent through Nrf2 activation and NF-
«B inhibition[ ] ]. Phytomedicine,2019,53(22) :263-273.
LIR J,ZHANG M,WANG Y, et al. Effects of sub-chronic
exposure to atmospheric PMy_ 5 on fibrosis, inflammation,
endoplasmic reticulum stress and apoptosis in the livers of
rats[ ] |. Toxicology Research,2018,7(2):271-282.

(GHfEdmR  FAED



