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AR (UHER TC, 13 EK 0TC, &FHER CTC) MARM/PNARAERK | PiAERTEAHE R HSFHENEm. 258KV, TCs &
P EAME T AR AR, M AR A TR SR E 4 B CK BRI T 1.56% ~26. 84% F117.36% ~51.04% , /NESEHE LB A1
T B S MR MBI T 3. 7% ~7.3% F13. 1% ~82.2% . TCs 7E—ERLBEE BRI T AN RIS FLFE (6) FzERE
HR(T.), W T ARG WP, , P, # TCs 4 150 mg-kg ™' Bl CK FAK T 32.43% ~82.43%. TCs il T 43¢
FU/INEIZERY SOD 6P, 488 CK BT 29. 17% ~223. 12% , LA OTC BY4MiEI/E AR, AESE AN SEE) MDA 578 TCs S 150
mg kg ™ IR BR A (A 38 b EFRERAN) . ANEISEML_ BT R TCs (S B E TAESE, UL CTC BN SR AL SR TCs
BRI, FRREAESEN + I TCs BRI RIS T/NASELHE, DL OTC AbFRY + 3¢ TCs BRBA TRy, /1SRN TCs 1 AR KO
SEFBOPHIRE NG 1.07 ~7.35 11115 ~2.25 fif. 3 FPUFF 301 F LA OTC HCTC 02145 MR p.
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Effects of Tetracycline Antibiotics on Growth and Characterlstlcs of Enrlchment

and T ransformatlon in Two Vegetab}es [ § vV ")

CHI Sun- lin - WANG Wei-zhong, XU Wel hwﬁg =, Tao, LI Yan- hua ZHANG thun lai
(College of Resdhrces and Environmental. Smen(es Southwest University, Chongqmg li}()0715 Ch]lnd) 3

Abstract: Pot| experiments were carried out |tg’ study different levels (0, 50, 'andi150 mg-kg ") of three tetracycline antibictics
[tetravy(’hne (1), oxytetra(y(‘hne (oTe¢), Yand chlortetracycline ( CTC) ] on the growth, concentration of tetracycline antibiotics,

and [their characterlstlcs of senrichment and transformation in_two kmdb of vegetables (lettuce and Chinese cabbage). The results
showed thdt the fresh weight of shoots and roots of leftuce ('Ie(,re-aéed by 1.56% -26. 84% and 17.36% -51.04% , respectively, when
exposed tg tetra(’y(hne antibiotics compared to the control’, “while the fresh weight of shoots and roots of Chinese cabbage increased by
3.7% -7: 3% and 3.1%-82.2% , respectively. The stomatal conductance ( G_) and transpiration rate (7,) of lettuce and cabbage
increased when exposed to tetracycline antibiotics, while the net photosynthetic rate (P, ) of lettuce decreased by 32.43% -82.43% at
150 mg-kg ™" of TC compared to the control. Compared to the control, the activities of SOD in lettuce and cabbage decreased 29. 17% -
223.12% when exposed to tetracycline antibiotics, and the lowest activities of SOD in lettuce and cabbage were found in OTC

! of TC (except for lettuce leaves). The

treatments. The highest content of MDA in lettuce and cabbage was observed at 150 mg-kg
contents of tetracycline antibiotics in the shoots and underground portions of Chinese cabbage were higher than that of lettuce, and
higher contents of tetracycline antibiotics in vegetables were found with the CTC treatments. The residual amount of antibiotics in
lettuce soil was higher than that in the Chinese cabbage soil, and the highest residual amount in the soil was observed with the OTC
treatment. The bioconcentration factors ( BCF) and transport factor ( TF) of Chinese cabbage were, respectively, 1.07-7.35 and
1. 15-2. 25 times that of lettuce. OTC and CTC were more easily concentrated in the two vegetables. Therefore, OTC and CTC may
bring a higher ecological risk.

Key words: tetracycline antibiotics; vegetables; antioxidant enzyme activity; photosynthesis; characteristics of enrichment and

transformation
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B, I H HT AN RN AR 2000 4l 4 A= BRAC
(BT IR IRA PR . A HRSE & IR R S A9
(f/hZ | IR, BES) AR, WHDEEEN,
FRASE A AR (HX R K R AN TR
IR FEBUAE R AR AR BT TP AR R AR %R
A BRI AR AR P AR S B AR R
BRE S A KREBE R P AR, PR
AOS Y AERK TEm, WaSER IR E4E,
JUHE A DLl B aE e AR, % A SRR
RO . Hu G0 BRI P E R S
M R > 25 > MR T Michelini 250 A 3
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PQ@W [ It ﬁﬁﬁUimﬁ¢Eﬁﬁﬁ%
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?Uﬂ@%%ﬁ?ﬂﬁm]ﬁﬁ% Brse R ke
(50 mg- kg "1 150 mg-kg ™) AU PUIR ZE 2P A X
ARSI SEAE A | A AR A S R A R AEAE
PR B & SRR s R, A SR/ 1 356
AR BRI R Ehe T, Uﬂ;ﬁﬂ\?#ﬁi
FXEP R EVE 0T RARTERE, JF ik

A PR LR AR AR

1 MR

1.1 ARk

HEAE Y o0 3 B 19 3 R A A 3% (Lactuca sativa
L. var. ramosa Hort. ) Fl -+ F AL B DU Z= /)N 1 3%
( Brassica chinensis L. ). i 138 % H &K L RS
DX PG P A2 28 0 A M e b, 3 Y A R B
WA 74. 59 mg-kg ™' A RHE 38.59 mg-kg '
HRLE 65.07 mg-kg™' . &R 1.54 g-kg™' . pH A
5.23, AHLFE 8. 87 g-kg ™.

3 Fh U IR R FEPUE R (TCs) 439l Oy 1Y 34 3R

ha*”

(TC) ., E&HER(OTC) ., &% % (CTC), USP % (BBI
Life Science, China) Eﬁ@; CNE P A3 e ( Fisher
cmmm USA), e TR (BT, A
#0) , He il Jﬁjﬂﬁﬂ‘ﬁ?@ Ie] AH A IO/ INEE Sy
Poly- Sery HLB SPE [ 6 mL, 500 mg, ANPEL
Laboratory Technologies (Shanghai) Inc. , China].
L2 gt

L RS T 2015-04-08 ~2015-06-10 FEPE R K
1 SO E NPT, PR AR SR AN S
MVEY). DU R ZEHUE R PR E AR INBTAE R 1)
ZAEN CK, TC (50 mg-kg™' Fl 150 mg-kg™') .
OTC (50 mg-kg™" Ml 150 mg-kg™') 1 CTC ( 50
mg-kg "' 1 150 mg- kg_l ) UM R i Kk E
AR TR 3 8 20 A L 8 v i 3% B i A Y T
gEel Sk 14 AR AR S ANEE, FEHLHE
F. IR EHAE x B =25 cm x 17 cmﬁgﬁ!ﬂq
A, BEA3 kgad 5 mim 00 L4, A Zn st =

H—b%iiﬂ&é%@ﬁ3% ARV ETR
A 42 A CN) 180} mg-kg ™' W(u%nm
mg-kg ™', (K%,Q Y 150 “mg-kg ™", |H* NH NQ,;

KH,PO, Al K,SO] 4. U Kritss 8 fRILHE. ik
SRRJIES. SIS LTS T N %mﬂh%m 
iR %iﬁﬁﬁuu{ifq:mT{W' EPAER S, &
%ﬁﬁmrﬁﬂwmwﬁmEiﬁim%ﬁ %
SRS %*%i&%i&#m IS T

U ER S

1.3 ﬁ%iﬂ?ﬁ
L3.1 MtHRGESH

A I A 0 E il A 445 O6 A FR e gAY
(Li-6400, LI-COR, USA), 7EHEHI KA 0900 ~
11:00, 7 2% &b BHAE SEFI/IN L SRES — 7 5 42 e T
At AR (P,)  HLRE(G,) | Ml A
Bk (C,) MZEREHA(T,), HE 3 K.
1.3.2 PUEALBEE PR AN R

A W) AL i ( superoxide dismutase, SOD)
T PR T 0 HE DU e ' Al 23 sV I 5, DAl NBT
A IR i 50 % 1 T Ry — 1> B 7 B 5 a4
ALY ( peroxidase, POD ) i 4 it I % FH A Q1) A 1y
P, LARE B IN 1. 0 D, i i —ANHgE 7
Hfy o B AL E U (catalase, CAT) 16 P 2% FH 48 4
SEEEER, LL 1 min 380 0. 01 D, B EG Ry —
A G S 8 0 P 8 ( malondialdehyde,
MDA ) & Al % >R FH AR AR 2 LG 22 (TBA) LL
%[20}'
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1.4 YR A5 IR RSP AE e
1.4.1 FREHHEE
FEMARIUOTIAE S SOk [ 21 ], FES R R .
BFREUAR T 193. 000 0 g 1455k 1. 000 0 gHEHFE S T
50 mL .08 H, A 10 mL $2BUK (0. 1 mol - L™
Na, EDTA-Mcllvaine: FIEE =1: 1), WEiRIEA) 1 min,
#A 10 min J5, 4000 remin ' .0 10 min, JHHEE
HBEL 3K, SIF LIER. YA PREGE ] 10
mL AIEC B ) Z Uk, #E s KBk L2 IEC b
FIHW T 40°CHER 2R & BARBUN 12 mL 247 [E4H
FEBUMESARKA 5 mL FEEA S mL B4k Gk,
FH B A A B R R OB LA 1 mLmin ™' (9 37 180
/R, S mL 5% B9 BRSO/ M, A
T 10 min. PAS mL ZEBE (0. 01 mol - L~ BEfiR
RS ) VR /INEE  ISCBE DRI, 7 40°C T FHALK
T, FIRA B (0.01 mol- L™ HfR: ZAk:
HEE=76:16:8) €& 2 1 mL, i 0.22 um (ﬁﬁﬂ’“F
AR A SR, EALINE
1.4.2  FES AT R BT A
DUPR 2T AE FR 4R U folf ] O AR A2 54X

—

(HPLC, 5T, HR) #EATINRE, HPLC g % SPD—_.‘

20 A/ZE 4 | #64, LC-20AD %, SIL-20A g,djﬁfﬂi
! hi%ﬂiﬁﬁ c,géféﬁz[s wrh, 46 X150/ mm
(B, | B ) AT 4 S {J"iEE’M&L*E%#H»}O 01
mol -1~ LR 2 fi: B =761 1628 VAR DR, A
Zjﬂ‘ﬁi{uuﬁﬁj\] 1 mL - miir™ |
355 hm QJI‘/\{D“ *%H‘J’IEH 25 min.

TGs IRA ﬁ@l%mE%$@@%mﬂm N
100 mg-L™" TC, 100 mg-L~" OTC #1200 mg-L™"'
CTC WIfE# 7, MR SRR 10 £, 15301
410 mg-L™" TC, 10 mg-L™" OTC #1120 mg-L"'

B 5 ﬁloﬁL f 7

CTC WIIRAFME TAEW, 4°C FHEOGMAE. R
FRizE 3 iR A=, OTC, TC Fl CTC 1Y
SEI R AT H R 58.3% | 57. 1% F187. 4% , T A
A RN T 11, 04% .

FELHI X PUBR 2R 280 R0 5 45 T DL AE ik 4
FEUBCF HFER, HREARLHE.
P R AR YA ) EBA7 (1 e
SIRAEE wiias E7S LA UN 5
BTN SEINA SS9 - L7z A N L1 0 i DE 3P

BCF =

R RIS BT 0%, THETAR0
o ML
T R AU At

1.5 HdlEatr

JH Excel 2010 F1 SPSS 21. 0 % B #4734 Fi1
it , XFAS [ b B AT B R 2R O 25 53 B
(ANOVA) 1 Duncan £ 4, ﬁ%ﬁu%g{*a‘ 7N
W3RN, H.Origin 9.0 474 1A. ¢ : ,.e"r.u] ;

2 BRESH JV_J

&
2.1 i%‘a g
mE 1, TCE xfﬁz%éﬁik 'ﬁﬁiiﬁfwﬂmﬁ'

YA BRtE 0TS0 mg: kg AR imlﬂztirs%ﬂﬁt-
T o e 745 5 €K PR T 1.56% L 26.84% M
17. 36% ~51fo4% TEY S 1 TR SE i
(BT CTCS0 mg-kg ™" A HLA My - 3 ef ) U
SEH bR A R R A AR IR R T 3.7% ~

7.3% M 3. 1% ~82.2%. /INHEH T H AW & 1E
50 mg-kg ™' [} TCs 4b # A} % CK & 30.22% ~

82.22% . MM AN/ SEHL T FR A i EEAE 150
mg-kg_'TCS AL 4 1 25K T 50 mg'kg_]TCS(TC
AEBRERAL) .

| §

®1 FENAEREMERWNERINEREYNE (HE) HPm

Table 1  Effects of tetracycline antibiotics on biomass (FW) of lettuce and Chinese cabbage
U 2Rk ?ﬁi?ﬁ/k‘f ‘ iﬁi%%(w)/gplm* ‘ /J\Eliiwi(FW)/gpmﬂ
/mg-kg~ i A8 LT A TR -7 R F P
CK 106.05 +5.29b  3.86 +0.13a  109.90 £5.16b  239.23 +11.70¢  2.25 =0.11f 241.48 +11.81¢
TC 50 77.59 +3.52¢  2.46 +0.09¢ 80.05 £3.43d  250.08 £3.89ab  3.24 0. 16¢ 253.32 +3.73ab
150 96.90 +4.14c  3.19+0.13b  100.09 £4.00c 248.05 +12.23ab 2.32 +0.11f 250.37 +12.35ab
cre 50 104.40 +4.26b  3.09 +£0.15bc  107.49 +4.41bc 235.06 £11.52¢  4.10 £0. 19a 239.16 +11.32¢
150 81.52+1.27d  3.18 £0.21b 84.70 £1.07d 256.80 +12.83a 3.72 +£0.18b 260.52 +13.01a
oTC 50 119.33 +5.09a  1.89 +0.09d  121.22 +4.99a 252.17 +11.61la 2.93 +0.14d 255.10 +11.47a
150 79.54 £3.46de 3.06 £0.15bc  82.60 £3.32d  255.28 +12.47a  2.56 =0.13e 257.84 +12.60a

1) RPAF/NG FREFRIR ] — 128 3 B PE(P <0.05) , TIA]

2.2 ChHRRE
WE 1 (a) iR, SRR MR A bk (C,) 1E

50 mg-kg 'Y TC AbFE T #5 CK BEREIRT 7.30%
T£ 150 mg-ke ') TC F# CK WEHEIN 11. 80% ,
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M/NAZRE €, 78 TCs AR R 5 CK 8] JC i & 1
S AR A HR(P,) 1E TCs AbFER i AR
(50 mg-kg 'Y CTC BR4bM), Lt CK FEIR T 32.43%
~82.43% , H:ip¥E TC AbHE R A28 fb e IH B [ & 1
(b)]. /NAZRR P, AUHE 50 mg-kg ' CTC AbFE T
B CK WM T 38.81% . ARSI TE(G,)
fE CTC F1 OTC AbFE T W E 3, J2& CK 19 2.48 ~

160

5.33 5[ 1(c) ]. 1 TCs AP, /NAZRAY G, 1
Jin, HAE 150 mg-kg ™' TCs /KA F) B EAKF-, 2
CK 119 2.20 ~3.48 fi5. A= HI/IN A 3210 25 1 R
(T)7TE TCs AbFEF 205 kb CK #2855 T 70.45% ~
143. 18% F1 17.21% ~71.31% ; 43¢ 4F OTC Ak 3
TR 3, T/INFISETE CTC A FET A2 fh i 1
FHLE1(d)].
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1600 16
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_ 1200
- T
o:l:_ ‘2‘
= E
2 800 - =
E E
<] £
k=
400 |+
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TC oTC CTC TC oTC CTC
Pk # A F/mg kg FiE Fok P /mg kg™
o a. b, ¢ FRIARNEE A AR AL R AL HF 0 B E 2% 5 (P <0.05)

E1 REREM TCs HEFFNERK C,, P, G,. T, M

Fig. 1 Effects of tetracycline antibiotic treatments on C;, P, , G_, and T, of lettuce and Chinese cabbage

2.3 PrEALEEE MR MDA & i

TEAN[A] TCs ZEFT , A=A/ S bt B AL B
PEFN MDA & & 1A R AR, ELAS [R5 A 19 B
FETE R 2E 5. W 2(a) 7R, TCs AbFRXT A3
FUNEZER) SOD TEPEA AN [ FE B A F0 il 4E . TCs
REAR T A= S b 3 A R 5604 SOD 164, ¢ CK %
29.17% ~94.19% , /NS HL N # A SOD I% E Lt
CK AR T 33.94% ~223.12%. 3 Fh TCs H#40)
OTC WM ek, 78 TCs PR, /NE SRR
SEH RS POD T PESR B L CK 38400 T 32.63% ~
104.34% F1 1. 28% ~ 253.32% , H.{E CTC AbFF
ARk B B2 [ F 2 (b) ]. TCs X/ SEFIAE S M
& POD i P A 1 B0 I AR, LA

OTC M1EM A i

AR M SR R Y CAT 6 AE OTC Ak i
T, 5l CK BEAR T 19.33% ~ 37.56% Fi
18.90% ~44.04% [ 2 (c¢)]. /NEZEH
CAT 7&PEFE TCs AL FE TR 380, H 150 mg-kg™' TCs
KB CAT 1R T 50 mg-kg ™' TCs, /NS
i RS CAT 1 PEEE CK FEMK T 8.22% ~60.43%
(TC 50 mg-kg " AbFBRAM). BRA SR EHE4N, £
S H T HB /N S R R SR A MDA i
1 150 mg'kg_lTCs 7J<¥Hﬂ‘ﬁ5¥ﬂ§%¢%{ﬁ, R
BRI CK B4 T 27.27% ~43.22% , /INFASKEHE |34
J& CK 9 2.37 ~6.26 %, HLL OTC fl CTC (15
R EE2(d)].
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ﬁm@u r L \ 1/ o hi%ﬁ%‘r{ SR (EESH TCs/\E'EJZF?hU
L3 T%ﬂw]xﬁ%i&iiﬁ%ﬁim%ﬁ% Tds & ) 1150 mg-kg " TOR LIEE%ET 50 mg-kg ™' TCs.
iﬂfna@ G R A Y 1, 1 1,25 AT T 4 U, WO S AR R Y TCs 5
1.16 43,.5’5 1. B& /N SR AE CTC 150 mg-kg %‘tf/ B R A L = TN 3R (TC 50 mg-kg ™ AFBRAR) .
4h, iwﬂl/ SESERH TR R SR B RO, ASRRUN SRR R Yy
27.27% ~167.63% . TEMIREPIAEZKFT, EFM LI OTC MFk S & s, 432 TC F1 OTC 1 2. 18

/NEFEY CTC & BEF Ry, 2P L TC AL OTC 5 ~7. 31 AR 1. 71 ~4.77 A5, e —HiE R HT,
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Fig. 3 Tetracycline antibiotic concentrations in different Fig. 4 Tetracycline antibiotic reduction in lettuce and

parts of lettuce and Chinese cabbage Chinese cabbage soil at harvest
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B 39 %

3 TCs AYFR R 7 150 mg-kg ™' TCs /KA 2 50
mg-kg "' TCs /KA 2.20 ~ 10.22 %, H TC F1
OTC W%k B 1 7 A [a) P 2R ROK P Ta] Y 22 57 08 3] 12
2K

2.5 ERAUNASEX A REIIAE RN E LS
FHAE

BT 1. 14 ~2. 71 5. FER—ACPHUAE R T, 4
SR/ X CTC B & B 1 8k, ¥TE 50
' TCs KB 3 B AR SRXT TC iz
i S feo, HH2 250 OTC F CTC 75 9.17% ~
78.68% , /NFAZEAE CTC 150 mg-kg ™' Wik ia 28
. EE—PAE R, A3 /N A SETE 50

mg - kg

e 2 fii, /NEASEAS TCs (198 5 R BN iz mg-kg" TCs Ab P H A9 & £ R EFH & T 150
B, R SR 1.07 ~7.35 f5 A1 1,15 ~ mg-kg ™, TAEZERNEZENT TCs W52 2507 150
2.25 5. PAFPER AN [R]FBA 1Y & 4R R AL T g mg-kg ' TCs ZbPERT i 2 5 F 50 mg-kg ™' TCs AbBH
i (/NESRAY CTC 150 mg-kg ™' AbBHERSD) , J2H L (OTC BRAL).

®2 ERMNARNNRET LR EYE LR (BCF) MFIE R (TF)
Table 2 Bioconcentration factors and translocation factor of tetracycline antibiotics for lettuce and Chinese cabbage
— THRERR RN
g TUEACCE B e o o
o o I HoF i 1 W -
TC 50 0.023 £0.002b  0.047 £0.002¢  0.033 £0.001d  0.055 +£0.002d  0.500 £0.062b  0.592 +0.001d
150 0.012 £0.000c  0.015 £0.001d  0.014 £0.000e  0.016 £0.000f  0.788 £0.048a 0.910 +0 .022b
oTC 50 0.025 £0.001b  0.054 £0.002b  0.049 +0.002¢ ~ 0.074 £0.002¢ ~ 0.458 £0.046bc 0 662 :tQ 004c
150 0.008 +£0.000d  0.019 i0.000d 0.018 £0.000e  0.031/<0.001e,  0.441 £0.011bc 0 585 +0 02de
e 50 0.035 £0.001a  0.095 +0. OOZa 0.183 £0.003a 0. 33§ +07004al  0.374 £0.002¢ 0. 546 +0.004e
150 0.023 £0.001b  0.047 +0. GOOC 0.169 £0.002b  0.152 £0.002b| 0.497 £0.025b L ]16;}:‘"() 029a
1)Tl‘]/\'a:fi-k%%rl‘lﬁéﬁx&%ﬁH%ﬂﬂ“?ﬂbﬂ?ﬁ’}i% t22 5%, P <0.05 -~ \ « ¥

2.6, WH%*&E%Ti%ﬁﬁ%*%%ﬁ%ﬁ
iﬁ%ﬁ%ﬁ%@ )/ £y
IS e ARBT 6925 Tl — o 2601 Ti%$ﬁm

THK?%ﬂhﬁimﬁMHmm%mThbﬁ

3). l"_‘ti% TCs 7J(:fz %i%ﬂ’]i&?%i%iaﬁﬁ%ﬁ

& - *
¥

lﬂ%ﬁ%*ﬂa& P >0 05) +33 TCs K %E%
1 P, R ETAMR(r = £0.632, P <0.05), s
FISER TG, 2 (W) B TR (r =00 564, P
0.05; r=0.801, P <0.01). % A/NEEASOD
TS 4 HE TCs 7J<$?FHT B A7 BT AR 28 i Ak

*Hﬂé(r— L 00534, P<0.05), TSNS EMEE R (B BERAE. T TCs K-SR AU
£3 LEANARGEARBA R IRE RS S B H A LA AT )

Table 3 Correlation analysis of tetracycline antibiotic in soil with different parts of lettuce and

Chinese cabbage and physiological-biochemical characteristics

PUBR R K
AEPLIE LT H3 N
+ 4 i | T8 + 4 i 1 T HB
ey Hi 18 0.040 -0.329 -0.200 0.455 0.332 0.373
iR -0.534" -0.007 -0.133 -0.024 -0.231 -0.148
C, 0.342 -0.013 -0.147 0.447 0.163 0.197
S T, 0.485 0.457 0.515 0.564* 0. 447 0.633"
G, 0.270 0.333 0.431 0.801* 0.288 0.365
P, -0.632* -0.389 -0.065 0.319 0.304 0.430
Hi 3 SOD -0.818* -0.729 * -0.667* 0.117 -0.586" -0.491
iR SOD -0.644* -0.892* -0.923 ™ -0.576" -0.814* -0.905*
Hi1 B3 POD -0.016 -0.331 -0.473 0.103 -0.521 -0.589"
S H1 T POD 0.552* 0. 160 -0.025 0.829 = 0.355 0.269
Hi 38 CAT 0.444 -0.110 -0.351 0.786 ** -0.141 -0.237
Hi R CAT 0.139 -0.369 -0.376 -0.332 -0.638" -0.684™
i1 | FB MDA -0.087 -0.076 -0.221 0.515 -0.254 -0.192
Hb R MDA 0.770 ** 0.502 0.288 0.370 0.905 ** 0.710

1) # % FRTE P <0.01 /K (BUN ) b I,

# FIRTE P <0. 05 K- (AU bR EAHK, n=21
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SEARIY POD i M 52 (B ) S IEAH G (r =0.552, P
<0.05; r=0.829, P<0.01). AEM/PNHEH T
BB MDA & 5051 5 e hi A KAV SRAS
RO P AR R & R R B IE A5G (r =0.770, P <
0.01; r=0.905,0.710, P <0.01).

3 itie
3.1 DURREIEHAE RN PG SR AR e
3.1.1  TCs XA SEHI/IN S A K 520

Pan %52 [0S TR R AP PR EXHESE . &

A N R RS A A S A R
R, IO HEAT AR DA 3R BE Ik 0 i B4 e A

Yz—. Rikgrp, ERIEAFIKF TCs AL BET HY
AR P2 FHE], BN TCs HOMBUR. XK

WA R & FE D B A R i 2 AR, i 2R
SRTABFISARRLT . A, AT /NESE T
T4 K AE 1 TCs KF-2h 50 mg-kg ™" i 52 F| 2
VR, XTE—ERE LB T TCs XYY
X A, B e B A #ikﬁﬁm(&ﬁ?ﬂ?‘ﬁiﬂi
Jﬁw 23J

3.1.2 Hbﬁi%ﬁdem%Awmm@

PRI 0 6, 00 18 T Tﬁﬁ”

R O B P, T E B A

F s f %Wmﬁ4%¥%gﬁﬁu&#A ?%
Aﬁmlﬂx&Aﬁ%WFﬁf?wﬂ%%
B3 WG 4, 1 900 SR 22— magﬁT@,.

¢ EXﬁﬂU’%W%W%Wﬁ e A
R NG R A AR R AR, TR A
Ji i B el R v S S B Rl Y 5 L AR
FEHAERBEU N ROCE RESEON TCs UK,
FW] TCs X WRMED RCEVERR AN, X 7T GE
RN R S AN AR 2 7, WATThE
e SR AZ P Y
3.1.3  TCs XA SRHVN S A AL Ia

FE ) 52 3] b 30 i 25 77 A 5k i i v PR 4 H e R
(ROS) ¥R 200 i N A2 AT 8 Ab =2 T ) S, i 43
EHA AL TIRE, 5B B E AL A MDA
f=AE 2  Xie ZEPT OIFSE A& B TCs WRBE R TS
mg- L~ BISHEN MDA & &, A M HIE TCs Mg
AR AR Z —. ABFFE T, AR F/IN 3 MDA
P EAE 150 mg-kg ™' TCs B 340, FHISME TCs
JBr3E =R ) ROS B4l ad T P Rl ik S 1 Bt 4 1k
e 7). AHPILEMNG NI 55— s F8 br bt S A
TGPk, Hop SOD 4 ROS #1kk H,0, fil 0,, POD

1 CAT SEEEREAS K H,0, 43 M ICE H,0. AWF
FEH, AESEHUN SRR SOD T P4 A A [F) 2 5 Y
FEAR, H'5 L8 TCs /P YN TCs &t 5t (1))
WA, PR T L3Ed TCs KK T 50
VA X AR SR IN S 7 A R Y R
YER. Riaz 45" BF5 4 PR v BE 0 JR0s T I 2 B 2
2 (100 F1300 mg-L~") ffi/N2Z 1) MDA & 1 SOD
TR E RN, Ma S5 b 2 B R Y
OTC ¥R JE R 25 mg-kg ', 25 .03EMRAY SOD &
ahn, W Liv %% & B OTC W E KT 1
e LU, PYEEAY SOD i R 3 A2 2. ax sk
WFFEE— AR T SRR i 2 a0 st R 4t
AR R DA KRG 3R A 045 P ER R [ T 5
HAYH A R E BT — e B . AR5
o TCs X AR/ SRR AL B POD Fl CAT {if
VRSN 2257, TTRERE A TP RSB I T
B P B TR TR A
FrE W, 0, T4 POD Al CAT f iR P HH AT IR
TCs 2RI AR K™ H Ufk i ﬁﬁﬁﬁﬂﬁﬂ
%ml?ﬂﬁgﬁ—$MMn
3.2 mﬂ%%#t%fﬁ%wwmbiﬁgﬁﬁ
im%ﬂfl\léi"‘“i&TiBX‘f TCs 15 & fE AT 1
1, L%ﬁ%%ﬂﬁ%%ﬁn i S ﬁmm i
ﬁmﬁﬂﬂﬁ}mémﬁa%%¢m¢% T4
ﬁﬁﬁw>z>m SR 2 5 T 2 ph T A1 R
DA 22008 Fe i L e B e A W, Bk 2k
JE(0 ~1000 wg-L~"Fl10 ~200 mg-kg ") L KT [
RZEM T ARBE PRI A REE (0.1 ~ 2683
peekg ™), A R BT AE B E B sh R R R
. PUER MM T S 12 2 EESAIRE AR,
T o R AP B A 3 B, ol e S HE
R K B ] AR TR A D6 AR g /N3
W E ERE IR TAESE, AESER/NESREAE 50 mg-kg ™!
TCs B & 4 R B S AT CTC M iE 1. X
TEBH TAE Y AR 2 i s e F4e 4 2 i sk
SR K R R AW D, fEY R ISR
AR BB A YA R R Mot [
i, Pan 57U B A RIS P2
WAE D AR PP A R AR, AT RE S FEOTBLE
R B U BRRE S ARAh. Bk, ST
Yrxthid: R REVERIE IR 75 E R A RIS
/NFIEEXT 3 B TCs WGz BE ) e TAE3R, FLTF
fHJ20.546 ~1. 116, 5 Pan %2 25 AL, TEHT
A F TS BB RS, AT D E A AR R

mg-kg~
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