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Simultaneous Determination of Six Fluoroquinolones in Chicken Manures by High Performance Liquid Chro-
matography with Fluorescence Detection

LIU Bo'?, XUE Nan-dong?*, YANG Bing?, GONG Dao—xin', LI Fa—sheng?, ZHANG Shi-lei?, ZHOU Ling-1i>, MENG Lei*>, CHEN Xuan-yu'?,
YAN Yun-zhong®

(1.College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China; 2.State Key Laboratory of Environmental
Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012, China )

Abstract: An analytical method for simultaneous determination of six fluoroquinolones(FQs) in chicken manures based on solid—phase ex—
traction and high performance liquid chromatography with a fluorescence detection(HPLC/FLD ) was developed in the current study. Sam—
ples were ultrasonically extracted in Mcllvaine—Na,EDTA buffer/acetonitrile(1:1)(pH=2) for 15 min. The extract was cleaned by a HLB
solid—phase extraction column, and then eluted with methanol solvent. The fluoroquinolones in the extract were determined by HPLC/FLD
with acetonitrile/0.7% phosphate as mobile phase. In a concentration range of 0.01~1.0 mg-kg™, R? of calibration was greater than 0.99. The
average percent recoveries ranged from 76.7% to 106.7% for six compounds in chicken manure samples at three different spiked levels (0.1,
0.5 mg kg™ and 1.0 mg-kg™). The detection limits(LOD ) were from 0.002 mg-kg™' to 0.022 mg-kg™', and limit of quantification (LOQ )
from 0.006 8 mg-kg™ to 0.074 mg -kg™. This method was used to analyze six FQs in chicken manures collected from 5 chicken farms in
Beijing. All six FQs were detected in most samples, with concentrations ranging from LOD to 1.13 mg-kg™.

Keywords:: fluoroquinolones (FQs ); solid—phase extraction—high performance liquid chromatography with fluorescence detection; livestock

and poultry excrement; analytical method
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FETEIZE (FQs ) PTAER ZE M AN LA
TSP ZY |, 2 T T A R W28 L DR A 47, 3 2o 400 i) 24
T %) DNA fi# i i 11 (Topoisomerase II ) A4+ 544
it IV (Topoisomerase IV )i} 5 Wi 4 1% () DNA & il i
RN, AT R 2 P TR T AR T R sk
AR, FQs FEE B IR K T8 & 5%
Bi7 1A DA R R VR RS e St 5 A it
EEREAEEFERNPUE R BE T, A 0% TE &I
B o AN 3 [ RRAE SR A U A R 10 LT
RBPRAUA 10%~40% , K srHia: Rk e 3
IREE ST AE R E SR kSRR AL 21k
PR BN WTAR &, A4 IR R b AR 2= G 4
BRATF R 50%LA | R B4R B B 20 A 2 2
Tk AR FE 0 2 5 0L b, ER4r X e 2 i 4
5o REEPUAEZRWGHE AT F, X AT R R A Y stk
TSI TR 7 A T 2 S5 PR 46 B3 IR AR A 2 U
T LA RCER Ay f51), S0 5 ) 24 AR s 5 R S A Ay 3 2 )
b 2R HAE R 2 [ A LA SR F U PR 2R
I MRS, R I R B R B XU AN 25 Z 4010

T & S AL 2, FQs 7E & & 28 i 43
M2 BE R T o H TR L i e A= R R+ AR
RO £ 3 - R B T 1 (LC-MS/MS ) ELA A il
Y TE R BT P RE S B A e H LC-
MS/MS AR & s B B0 Z . 1T FQs 78
R AR T AR AR AR B 9SG U 7 (FLD ) T
A, 38 S R RO A (S -2 A A (LC/FLD ) A6
M FQs AN BRI Z . W5l ] LC/FLD X} 5h
Pris e S 6 B FQs HEAT TR 44T, Li S5 Ve
LC/FLD X L-HEr i) 4 B FQs HEATHRFAGIN , (H R
AR AR (I SE VD LN 61.3%~67.8% BTN K
63.2%~75.7%). Zhao %" #5; | LC-FLD X} &3
fEirh 7 F FQs [FIBH A 43 B 09 i, (HH TR &0t
SPE b #2 , 7k PR =5 (0.031~0.15 mg-kg ™)
B HET SPE-HPLC/FLD 3Ly T XS EEHE i 6
A ILAY FQs 5% BA R BFRn il o3 i 073, ik Bl
A A DR IR B, HA AR LC-MS/
MS IR, IS AR AR BT 6 Fl FQs 43T,
RGBT FQs Z8PuA: KI5 YRI5 8% .

| AR

L1 iRXFI 5 E
Shimadzu LC-20AT & R AH €6 3% 15 (B 22 Y6k
s B shidEeeEgy . oo AR . LC—solution T {E

¥t), HAS Shimadzu /A H] ; WATERS Xterra RP18 {53
(250 mmx4.6 pm,5 wm), 3 E WATERS 2\ 7] ; Oasis
HLB #F(3 mL/60 mg), 3& [ WATERS /A &] ; Visiprep™
-DL [& A Z£ B %% &, 32 [E Supelco 2 m ;HITACHI
CR21G Il &3 &5.004L, H A HITACHI /& v ;DELTA
320 pH i, MR —FER 2408 (i) A PR v CM-
12 K AWRAL, b mt g ARl B A BR 2 v s KQ -
500DB A= G VR, BRI A A RA R
URTIERAIL, T T B S g U A R A v s SENCO R
ROV zE R A, LR A PR A

TRV B (4 =99.91% ) N U R (4 =
99.91% ) ik VD B (4l =99.91% ) ik vh & (4l
JE=99.91% ) Vb hivh B (2l =99.91% ), £l
AR RMIF I BT 5 3% 26 VD R (=90.7% ) , T E 24 i A
Yl RE BT . HEE . NG R ol ; B g2t ;
LRV R R AR IR A AN LR L LR
B REPREE L ZUK \HCI NaOH £ Ry 23 #r 4 5 1056
K RABALK
1.2 AKEH

PRI IR 12.9 g IR A 4N 5.45 g £ ik DY
LIR—4N 372 g, HilBAi/KEZZ 1 L, A 0.1 mol -
L™ ) Na,EDTA-Mcllvaine 2% #pia ik (pH=4 ££47). ¥
Na,EDTA-Mcllvaine 5 2§ 1:1(V/V)IRE, Be il IR
A HRBOK , I HCLEY pH=2 £ 47,

s IR FAUKFE 6:1:3(V/IVIV)IRA (pH=3.11),
50% Mg(Nos)z /%?‘/&_%EX 50 g Mg(N03)2'6H20 /Zé?‘ﬂ:
100 mL 7K1, 50% Mg(NO;),-2.5% NH; H,0 $2 Ui -
¥ 50% Mg(NOs), %k 5 2.5% NH;-H,0 F 96:4(V/
VRS

HERG I O F D B (NOR ) FRIN VD AL (CIP) 3% £
VR (LOM) GRS VP B (DAN)  RUigE v B (ENR) Fvd
Prvb B (SAR)FF 6 FldbiA= R HAs# 100 mg- L FRifEds
& 1 mL T 10 mL AR AL S, DL BRI 2 75
Behil A% 10 mg- L AIREME IR, T 5 CRESGIRAF -
1.3 HmRESHLE

XGRSk A AL T T AR X 4 A HE AL FR X8
(FEXGY 1. 58383 2 373937 3 MR 4)F1 1 AR
SRINFE (F5 0937 5) o TEFENG 0 A0 AN S 5™ R
LM TGS, TE— PRGN L AREFRS
BISTR— MG A, R B (B3R X843 5]
G5 H 1.2.3.4.5), 4 B ETE-10 CHRAE. IIG
FEFERMBGE AR R T . MIEE L 2 mm 5, B
(0.5+£0.005)g WFEE LI, FEaE T 08T, A S



1052

KA IMERF 217 ERRET IR

mL EDTA-Mcllvaine: Z,Ji§=1:1(V/V ) & BOR e i 1R &)
30 s, #@ A 15 min, P4 4000 remin™ B.0> 15 min, ¥
WA 250 mL 25 R, AR . BT 3 kdR
B, I R e 78 K ANHE 40 CLEATKIB IR ZE A
EBRAPLE N . SRBORGE LR 1.2 wm  HAR N 22
mm PP IEFAEENE, SRS LA 1 mL-min™ 3% 30530 1o
HLB #3401, F 6 mL 5% W B 005 ve /M, | e
28 5 mL WP EEGE R H PR AE 2 IR VR, 75 40 C
KT RaAlA AR RIE T, HZNE:0.7%8R (1:9,V/
V)ERZE 1 mL A 5 min {23, 1 0.22 wm S8R5
SRR
1.4 @ik&y

WATERS Xterra RP18 {f3%4E (250 mmx4.6 pmx35
pm ), A3 40 °C 5 A (FLD )R < UK
K 280 nm, B GFPK 450 nm; FEAEAFH 20 pl; ik -
0.8 mL-min™', ZJUHB R, FaH A 2N T ahH
By 0.7%WE MRV WL o B FE VE L FE Y : 0~20 min, 10%
A;20~35 min, 10%~25% A ;35~45 min,40% A ;45~55
min, 10% A,

2 HEREWR

2.1 SPE i
2.1.1 PEEUR SR

XF FQs 25 5T N IRBEAE it v 4 B, 48 BGR) 11 1%
Pk & Har s ARG Mg(NO; ), %
W EDTA-Mcllvaine 2% i ™F0 2 194 L b
50% Mg(NO;),~2.5% NH;+ H,0 .EDTA-Mcllvaine 2% i
W (pH=4)F1 2 JESF 4RI, I R K (6:1:3,V/V/
V)SIFT EDTA-Mecllvaine: Z 5 (1:1, VIV ) Z81R & 32 HL
W, LA S EDTA -Mcllvaine 2 mifg 55 H B £ TR 7K (6:
13, VIVIV)E G HEEET 4 HARY i i, 45
mFR1, NEHALIE Bl F JC AL B 50%
Mg(NO;),~2.5% NH;+ H,0 .EDTA-Mcllvaine 2% i % 5
AHARIE LI, Y703 NI T v a5 B B A
Yy s il A HLICHLIR & 32 B0 B B R K (6:1:
3, V/VIV)IEE, % NOR CIP 45 HARYH2 B3R 44
A%, &M EDTA-Mcllvaine 22 w5 FBE7K: LR
(6:1:3,VIVIV)SZ G 4IRS, $2 BUSRCR BEAS g 78 31 22
SR A SIS EREGRE K SR O SR EEB, 5 0
FRERIGH S5 2 PR IOH U, BT AL PR A FE i EAILAG I
BRI 2 A 25 1ifdF EDTA-Mcllvaine: 2 fif
(1:1, VIV, 6 Tl H AR I e 34 3 BRAR , ELIA ) il
FHE /N PR BUD BR T, Je Bt i X2 FQs

Vo RSB A M e A ey R e 1 K e
Py, INAZE G EDTA R LA 1R 9 AN Bl = 6w 8
TR, I CIEAXS T H i LR SR A bess
B 7 A R O T B S I RIOR™, 5 B IS AEDTE
FEMRE N A U TRCR B, 0T F AT
LZEEHEE  EHE EDTA-Mcllvaine: ZJiE(1:1, VIV /E R
PRI
xR 1 NERBRFIK LR
Table 1 Percent recoveries and relative standard deviation(RSD)

with different extraction agents

(1B +RSD )/%

PRI
NOR CIP LOM DAN ENR SAR
a 15.9+2.9 23.6+£3.0 51.7+#3.5 49.0+2.5 61.2+6.6 73.7+5.9
b 61.1+7.7 48.9+12.0 69.0£7.6 40.7+4.0 65.2+12.0 59.8+12.8

c 11.7£1.6 14.8+2.2 14.1+2.1 19.5+3.0 28.1x4.1 43.4+10.4
d 59.9+6.6 57.7+4.6 71.5+£5.2 71.0£10.278.0+22.7 62.9+18.8
e 72.4+8.9 63.1+5.7 80.2£3.4 65.5+5.9 63.1x12.5 76.7+4.1
f 83.6+4.4 68.0x4.9 74.1+6.1 79.7+4.8 90.8+4.7 64.3+5.5

1 :a.50% Mg(NO;),-2.5% NH;+ H,0 ;b.EDTA-Mcllvaine 25k
(pH=4);c.Zffi ;d. BHEE: 2R 7K (6:1:3,V/V/IV);e.EDTA-Mcllvaine
(pH=4) 5 B EE: R 7K (6:1:3,V/VIV) & & #£ B ; . EDTA -Mcllvaine
(pH=4):ZJi(1:1,VIV),

2.1.2 ]%E&?fl] pH {E

B TR I A RS IRE S, A 2 1
pKa {i (pKa,;=5.5~6.3,pKa,=7.6~8.5) , 7 7K I W& 1 '
T GEH pH<S) , S 4 2 BH 28 I 2, 78X g
VEERZSAE S A B A R 2R 5 pH T R IR,
AL N BH &5 18 X6 R FHEEY . BB EDTA-
Mcllvaine: Z 1§ (1:1, V/V )YEN4REGH] , A HCL 8 NaOH
TR EOK pH M 1.0~8.0 J5 WAL S HEATHE B, 3
SPE #1J& _EHLINE , A5 4R UK ZE AR pH 2544 T 1Y
PERHCR . SRR 2,4 Bnd iRz $E HH] pH
A AR H B — Y A, BiA: R ISR
% pH IR 5 . pH=5 I, BARY) ISR,
BINT 60%, 1Y pH<3.0 i}, 6 Fh gl i i 2 [m] i
RIS TE 68.5%A b, HAE pH=2 i} ISR e fd:
ik 76.6%~104.3%, [F] & BOR BT 5 2% BTA R /b
[H 258 EDTA -Mellvaine: 2, it (1:1, V/V)VE Jy 32 B
), pH 18 2 2 B SR BCSCRE R A
2.1.3 PREUE] SR AL

PRI )50 H BRg i [mDficge, B H a) 12 %6 0
AR B AR M P ARG Sk, Bl [l
A5, PRI A [ 24 DU AT R I i b A AL 4 o
WUk, SEm B S A 3 il o ASSC A T Rl
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R 2 REEAE pH EFKHET 6 # FQs BIEIK R FNBX R AR 2= L
Table 2 Percent recoveries and relative standard deviations(RSD ) of 6 FQs in extracting buffer solution with different pH values
o (Il £RSD )/%
NOR cp LOM DAN ENR SAR

1 94.8+16.56 83.0+15.94 75.4£10.28 85.6+13.69 96.4+8.39 80.9+10.04
2 95.5+15.70 83.7+17.87 77.9+£7.95 84.3+4.30 104.3+5.75 76.6+£5.25
3 80.9+3.66 76.7+14.44 70.2+1.79 78.9+2.17 103.8+6.31 68.5+4.41
4 71.5+14.87 74.6+24.93 62.9+8.76 65.8+12.58 87.2+£16.95 56.0+10.97
5 48.8£6.99 36.8+8.45 52.0+12.05 37.5+£5.40 59.5+10.30 35.7£2.69
6 34.8+15.99 24.1£12.22 43.6+£13.89 36.7+12.11 68.5+6.71 28.4+14.05
7 17.0+6.8 10.5+5.0 36.1+5.6 22.3+4.2 51.8+6.2 16.0+4.9
8 9.4+2.3 4.8+1.2 26.5+6.8 13.7+2.6 50.7+4.5 10.8+0.9

PEEAF ] (5.10.,15.20.25 min) Ay PR A AL (& 1)
M 1 AT LA 1,10 min B [0 i 26 E 32 0T e e 4L 171
16 15 min LIS, 2 Bir® R s, R Ire
40 CLAF T HARBUS R E M 15 ming [R5
LA 4 ARBOR PP AE R OAL TR R . IR
FH 3 WRERE, SR SRR (] 15 min, A 32 UR, LIgS
A,

100
80+
t
& 60]
¥
= |
=i 40;
-#CIP —~~ENR
20f T LOM -4 SAR
¥
OE , , . .
5 10 15 20 25
t/min

B 1 HEX A iE X (=] i 2R 4 e

Figure 1 Effect of extraction time on recoveries of FQs

2.1.4 RIS TR R

P TR 3R (14 A2 2k, 9 R IE Y A MLV )
RUATRERE BRIV, R b G e e ok TP 24 i
i) E AR RSN o R FH A PR 7 A R e o)
st [N i ( 80:20, V/V )P0 FAE: 2,12 2185 (10:90, V/V )21
A H B, 8 1 mL ISR (5 B bRk B
¥h 1 mg-L7) M4k (29 20 mL) i B Ji5 i HLB
#4300 DA FH R S 1R (80:20, VIV ) (i TR £
fig (10:90, V/V ) Al G0 B Bt Jp e B30 , 14677 BRI S 55
SERGEE AL UL 3, F R R IR B o AR (92.7 %0~
100.8% ), i HAth JUFR 6 M 700 PRI B 0 357 L HE i
ik SEAABERI, HBEGEESEBRAE 5 7 A 1 4 o 0

FAZXS AbRigr= AP0 T LIS SERaae dh el
THIEE, JH2.4.6.8.10 mL L 0 B LE [ AH 2
B ERY), 458K 4 mL i HARYI BRI AR C
IR FR {E, S A E R R AR Y 4 mLLo

B M DI =80:20
CIRREZ IR iE=1090 B8 — 4
100f ) g i £
80} &t R0 R
% 1 ; EaE
= | H | | F f b B oL i
o808 8 8
0 5 %«.ﬂ. .- W .Q.:.-. E-. ; .R:-\.l
NOR CIP LOM  DAN  ENR SAR

B 2 A[E) SR X E] 2R F 4 0

Figure 2 Effect of different elution solutions on recoveries of FQs

2.2 wigEHHRK

o SRR £33 ¢ ' K6 7 (SPE-HPLC/FLD ) il
SE MBS (FQs )BT AE R, i s AH I e B R 2L,
H HiIR A 0.025 mol - L™ [ 2, iR £ -0.5% £, TR 2% Wik
58 0.7% R 5 ™M AR R I sh M K w
o AT EIEHE 6 Ff FQs, A5 @0.025 mol - L
() 2 R £ -0.5% 2 B % vl 55 TG 0.7 % W iz 5
CNENVE R s , % BUA 0.025 mol - L 1 2,12
it -0.5% TR 2% M55 S IEVE J it sh AR, R RS BE 1k
JRFRIY, 6 F' FQs 4 B SURAGY, HHi R NG ™ &, 1
e 20.7% 52 55 Z NG R shAH , SR FR B e A
¥, 455 6 B FQs PA: 2 IR R AR E | 4 B SR 3
B ERT 1.5, B EME .

FESRTANELS | 28 BRI 2 6 Rl R
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Rl o WF5E K BURE ft i A LS o8 R I 2515, 6
PrA R @I R E, R e B, R PR R
A ZN5:0.7% 0% (1:9, VIV ) 58 250, €0 15 0I5 TF %)
R AT BB AR RPGE R 5 min S35 H
PR ISR BT A 25 o FRUERE AL (1 mg- L) |
TARFE i (FEK A F238 3 5 (R 5L rh i vk 2 0.5
mg-kg™) FIREERE L 6 Fhamsia 2P E R @
T e E LA 3,

\Y
300p " 4
3 FRUERE
250} fi
f I
200f
| i
f I
150f i
100f
f Ii
S0F 123045 6
oo Aandlh 4
i-l...l.:. TR T TR TR A TR T T R TR IR TR I N TR T I N TR I TR TN T RTE TR R TR N TTRIN TR TN TRe el |
0 50 100 150 200 250 300 350 min
mV 4§
Or
" JInksAE i
F
301
r
f
i

betiatisas tiaias Lisaal iai
0 5.0 10.0 15.0 20.0 25.0 30.0 350 min

2 .E 6 i
I |1 k vl I' J'|' ; Jindl
" H,..""-\.-\_.-\._n. s |' Pt A .|: '..,.-I‘” l"" 3] l"" el
o] — 7
| PRI P PPN IFPIPPI PP PRI IFPIPTI PP IPPISH PPIRT PRI PP PPPIL PPN PP PP

0 . 5..0 . 10.0 150 200 25.0 300 350 rrTin
LNORG#EHID L) ; 2.CIP(HR NP AL ) ;3. LOMGE BV AL )5
4.DANCEIHVP ) ; S.ENRCEVE DR ) 6 SAR(UHLID )
B 3 #RERESR(1.0 mg L) JndREE S GRIKE 0.5 mg-kg™)
IMER MR EET RN BIEE
Figure 3 Chromatograms of FQs in a standard sample( 1.0 mg-L"),

a spiked sample(0.5 mg-kg™) and an environmental sample

2.3 Z4Se B 5 mR
fit il 0.01.0.05.0.1.0.2.0.5.1.0 mg- L™ B R
EPRUETR T, 4 BEAT IR 1 03 25 E A A, DL g

g TET BN T A 2 5t TR B VR AR T 1l 4R 5 15 3 e 1 [l
A RRFARC R, R 3 A5 W L H 5k BR
(LOD), 10 f5 {7 M i35 e PR (LOQ)  £5 3 L3R 3,
2.4 FRnE R

3 AIHE 0.5 g 25 IS AF 5 i m 0.1.0.5.1.0
mg-kg™ PRAAMER R, B UK 4 417
FE 4% FR b v SE s, A BAn -2 mliles
FARXS AR 22 (RSD), 85 L3 4. 6 bt R Al
W 76.7%~106.7% , 7 kbR iR ZE A 0.7%~14.5%

%3 6 FQs trE ik 12
Table 3 Calibration curves and correlation coefficients of

the developed method

LOQ/ LOD/

bk % CTEv merg 0¥ D
NOR y=965 786x—1 361.9 0.999 8 0.025 0.007 5
CIp y=784 441x-586.1 0.999 9 0.016 8 0.005
LOM y=839 878x+1 783.7 0.999 9 0.0115 0.003 4
DAN  ¥=9 000 000x-8 097.7 0.999 9 0.006 8 0.002
ENR  y=1 000 000x—1 889.2 0.999 9 0.011 4 0.003 4
SAR y=617 788x-2 867.7 0.996 9 0.074 0.022 2

R4 6 MMAERRTMEYE SEXIRERE (n=4)

Table 4 Percent recoveries and relative standard deviations( RSD )
of the developed method for 6 FQs(n=4)

AR TRINHE fmg - kg™ [T/ % RSD/%
NOR 0.1 943 14.5
0.5 87.6 5.9
1.0 96.5 14.4
cIP 0.1 104.9 13.7
0.5 91.2 49
1.0 96.5 11.4
LOM 0.1 87.3 6.8
0.5 87.2 3.1
1.0 80.8 5.8
DAN 0.1 106.7 8.7
0.5 86.9 0.7
1.0 85.0 3.3
ENR 0.1 93.8 2.0
0.5 89.1 26
1.0 103.9 6.5
SAR 0.1 105.1 3.1
0.5 82.1 52
1.0 76.7 52

2.5 SEERTE il
YRGB X AR i v VR TR 7 IR TT A TR
SR, 2RI S 4 DL IR RS (FR g1



A RO (S Rk et 43 BT A3 T IR A K A 3R 1055

RS IEEHRFHGF 6 7 FQs B (mg-kg” TH)
Table 5 Contents of 6 FQs in different samples from Beijing
measured by the developed method

KA NOR CIP LOM DAN ENR SAR

L 1 ND 0.25 ND 0.07 0.94 0.18
I8 2 1.13 0.49 ND 0.59 ND 0.40
Y 3 0.23 0.39 0.21 0.06 0.74 0.10
83 4 0.09 0.39 ND 0.04 0.24 0.24
383 5 ND ND ND ND ND ND

2.3 )RR A AN FIRREE BARYIAS ), T 7E R
25 (3088 5)WIFE G RA T BRI . ]—
FEXGG AN TR A R DL R S i 22 R AR
Hh 323837 3 G £ hiAE RAFRRE R, Hrb
ENR &2k 0.74 mg-kg™, F£A937 2 s i INOR .
CIP .DAN #1 SAR 4 Fifi A= 2 & &3 ik 0.40~1.13
mg- kg™, FEXG 1 A0 R S P4 RN ENR,
4 0.94 mg-kg”, IR 4 Br 1 LOM 4b, HAlhi 2k
REAR A 557 (0.04~0.39 mg-kg™) 5 HA
FEXGIG) EABRT AR o [F]—F A RAEA Rl SR A 3 2
Feab th & AR, CIP . DAN F1 SAR 75 YLk
FEANRIFEAG S b v B4 AN [l BE ks o, Herh CIP
A ik 0.25~0.49 mg-kg™, T LOM H7EF:837 3
HoA K NOR A H 1y s & AR FR X 37 2 v L ik
1.13 mg-kg™ ,ENR [ T FEF7 4537 2 hA A i, 76 HA
3T IA, B R (0.24~0.94 mg-kg ™),

3 £

FEENT. T I [ A A - 5RO €8 TS 2 A 7
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