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Abstract: The elimination characteristic of Cyadox (CYX) and its two major metabolites, 1,4-bisdesoxycyadox
(BDCYX ) and Quinoxalie — 2 — carboxylic acid ( QCA) were investigated in chickens for its study on
pharmacology, toxicology and food safety concerns. In this study, a simple HPLC method was developed and
validated for determination of CYX, BDCYX and QCA, following a group of 6 chickens (3 male and 3 female)
were administered a single oral dose of CYX (10 mg/kg b.w.), and feces were collected every 24 h after dose for
the excretion studies. For the tissue elimination studies, 20 chickens were divided into five groups. Each groups

consisted of 4 chickens, were fed with the diets containing CYX (100 mg/kg) for 7 consecutive days. One group
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of two male and two female chickens were randomly selected to be slaughtered at each time point (6 h,1 d,3 d,

7 d,14 d) after withdrawal period. The results showed that CYX was non—detectable in plasma, liver, muscle,
kidney and fat, while BDCYX was detectable at 6 h and 24 h in liver. QCA was detected in all selected four
tissues and plasma, and detected to 72 h in liver and kidney. The CYX and BDCYX were detected to 2 d, and

QCA was detected to 72 h in feces of chickens after a single oral gavage of CYX. These results provide

comprehensive information for the food safety evaluation of CYX and will improve the understanding of the

pharmacology and toxicology of CYX in animals.

Key words: CYX; BDCYX; QCA; elimination;chicken
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7] J T N - 1, 4- SR AT AR
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Waters 600 controller, 717plus Autosampler F1 2996

Photodiod Array detector 2 h¥ (114 F 35 F Waters 23
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1.2 %4 5% 75 CYX (4l 99.8%; it &
20110315) , H f& v Rk K 2 5 25 BiF 58 T & B
BDCYX (4l 99.8% ; fit*5- 20110108) , 44l
KA E 25 0 58 BT & B QCA (4 97%; #it 5
2010C)) W (1 35 [ SIGMA-ALDRICH /A ], W2
F P25 90 < PRI WS T2 100 g, I AK, i b s 2
VAR S IACH B 200 mL, SR )5 FNK € 5 &
1000 mL, R4T, Bl Bl 5% AR 10% B B K 3
WEER 22 vh W (0.01 mol/L): A} BUBE R & — 4
(K,HPO, - 3H,0)2.28 g, & F 1000 mL & &I+,
HIA 900 mL /K% , WeBEIR M pH {H 2 7.0, /K&
22 1000 mL,

1.3 iREahdy  AA XS 30 P (W A RIE KA
R P ERD T HR) , A& 25 mik
HH 1.62£0.10 kg, 70 HITEAEE IR JE P 3 17 il 57
—J& B R HAE 20~ 26 °C, FHXHEE 40% ~
70% ,4ERF 12 h JERE AL 25 RV R RS & 25 1)
M HR, AR EMYOK , WS A H IR,
1.4 BERBEEMN

1.4.1 ¥ ¥ CYX #= BDCYX #9385 44 il
FE 4000 r/min #:L> 10 min, BJZ 103K 0.3 mL, il
AWEE 0.3 mL, ig# IR 3 min, 10000 r/min,4 C
B30 10 min, BUEIEWR 20 pL fiE HPLC Kl
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B5 A KEEBFRIUAIIR G SR SIS 2 g
CHE#%) 0.01 g) SR 2 mL, 7&K 1 mL J5R
A, BIMAZRZBEE 4 mL, HERIEA 3 min, HAH L
1 min, ## 10 min, 10000 r/min &.0> 10 min, H |
THW . FRIE IR EEBUL IR E & IR, A IF =kl
PR, A 50 CRKIBHP AR T, ALK 2 mL %
HFRIE | EIRIRA 1~2 min, 2090 S 4% 3 mL, jiE
PIRA 1~2 min, §#E 5 min, L5152, EE X 2
~3, LHEZE 50 CARIBTHFRART,20% L NE/
7K 1.0 mL %R, BEWIR G 1~2 min, &, I
L HPLC #6300,
143 h MEHLFHEH T QCA HRRE
B FREVSIRNUAAL 2 ¢(RE#5] 0.01 ¢) BT
HIEE.OE ™, N 5% mBERR 10% P REF W 8 mL,
HERIRE 2~3 min, £ 25 °CF 6000 r/min #5.0> 15 min,
B 138 W, SR 5 P 1) 2 2URE & o 5% M 85 1R
10% TR WL 8 mL 5 $2 0 —k, & IF 2 Ik 11
W, W INC R ZBE 8 mL, iEiRiEA 1 min,
8000 r/min #.0> 10 min, FUAHLAZ , N LR &
Fii 8 mL A SREL, &I 2 WA LA, AU
WEIRERZZ WA 6 mL, HEIRTR AN 2~3 min, i # 10 min,
AT 2 W, SRR AR, O3 B R #h 22 vP I 6 mL
PRI TR CBEAH—IR KA, 51 2 ok 2
i 38

FRIUCSTIRTIERE S 2 (3 2 mL, 608 2 g K5
#0.01 g) & T HIEBLOE T, N 5% WP 10%
VAW 8 mL, IEIRIRA 2~3 min, 7E 25 °CF 6000 r/min
B0 15 min, B FVE W, SRS ) 4 ZURE b m
5% mBEIR 10% WA 8 ml B2 2 —IK, &)
2R B, T EHERTPINCR WG 8 mL, g ik
4 2~3 min, 8000 r/min #.L> 10 min, BUAHLHZ,
HINZm N 8 mL AR, &I 2 AN,
HAA R F LA FE A AL BTk

MAX B B 3 mL 7K 3 mL 364k, ke
i PR IBOR 2= MAX A b, 428 i 34 /N T 3 mL/min,
S5 )5 0.05 mol/L NaOH 3 mL, Fi 3 mL W%k, il
F,29% R HEE 3 mL R, VR WCE 45 ~
50 CIKBRERIKT, N 20% 2 /7K 1.0 mL %5k

I BRI A RF

1.5 & &% @A Aglent Eclipse XDB -
C18,5 wm,250 mmx4.6 mm, VAN G -7k
(20 : 80 V/V)4rE CYX 1 BDCYX, ZJiE-1%H
FRAKIR W (20 = 80 V/V) /3B QCA, K A CYX
305 nm, BDCYX 280 nm, QCA 320 nm, ¥ii# K
1.0 mL/min, #FFEH CYX Fl BDCYX & 20 L,
QCA >N 40 pL, i 30 C,

1.6 &K% iRk S Ak ok -2- K B 0y
P MR R

1.6.1 3¢ LR FobF BE 9P 0H R ALAE AT 2L 20 3P
RGIRIE S A RE 4 B A RERE F R AR KA iR
AR IR (100 mg/kg) HELELA 25 7 d, Hik
25 1AL 4 PIRG  NSREAE RO AR B Y
)i 25 25 VDR, AR 3R 25 A IR) 1 152505 ,7E 6 h,
1d, 3d, 7dFn 14 d SEA ] a5 Rl AL ko i =72
R—, MWWET EH 1% EAEHERBER 0.1
mL [ 10 mL 2048 N, FRE, B0 BUL , 3 ik
B WA G UL R R0, B JS 57 BDR HPLC £
i,

1.6.2 HEMHMAEFFRL 6 PG, AR g
FARE RN TGN 3 d, 45 25N AT T 4% A HRCHE
I CRRII, B PS4 10 mg/kg b.w. (A2 F4%
AR K S KA AR R BRI 245 24 100 mg/kg 19— H
YA IR S R 2, )R, A
TE0~12.12~24 24~48 48~72.72~96 .96~ 120
120~ 144 1 144 ~168 h B[] B A2 648 , I BE
JEFREE SR BRI R, D 3 RN
B2 oy IS EAE Ry s

2 #RE5SW

21 EEQMMNT EHRE

2.1.1 &35 B KU A R, e AR R
DA S AT O e AL AL (1.5 300) B2 T CYX,
BDCYX Fil QCA f a5 25 4514, ¥ LA A5 14 91
7, 45 R B, CYX, BDCYX HI QCA {4 B3 it
)43 %14 6.8 min,22.2 min Fl 6.6 min, HARHER
T T LI 1 A 2,
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212 AWER @5 E ANREAEER 5
HIHL CYX, BDCYX, QCA A5 it £ W &, FH i 8h
HHR B A 4 0.02,0.04,0.08.,0.16,0.32.,0.64 ,
1.00.2.00 wg/mL HIkR#fE TAER , F HPLC %€ , B¢
AN BE AR HE TAE W E 3 IR, AN [RI A [B) Py 2
IR 3 UK, K AR R 5 X 0 T AR (B A 4G
PR, BPAS 26t 7 R, 455 % B, CYX . BDCYX
FTQCA I WA MEJE 2 0.02 ~2.00 pwg/mL
A, LR T B2 43 I Ay = 122100x + 1978.8 (r =
0.9996) .y = 81486x + 1415.2 (r = 0.9996 ) Hl y =
82807x-1831.1(r=0.9997) ,

I I E A R Mk BE = Rh Ak A Y 1 e
(S/N) , HE HAG M PR (S/N=3) FlsE &R (S/N =
10), CYX.BDCYX Al QCA 7£ 1% LA g 5 AT
JUE I RV b B ARG I R 34 R 10 g/ kg, BRAIR

TE BRI 20 .25 25 pg/kg; =R LG Y fEFENE
B R B AR A T B 25 R 100 e/ kg, MK 2 R
43514 250,500,500 pe/ke .

2.1.3 KR SAEEE R LXGH N H LU
AR Ry 25 FURE b IS BEFRIEVE TR, i = Al ik &
YIAE I LA FE 7 JHEE BB B ek B 4y
524 20,40 80 we/kg, ZEAH IR EE 43 51 250
500,1000 pg/ke, ¥% M8 FE & il & J7 4k B E &
HPLC #& I, &5 5 % 0, 24 QCA 1 [l Ui & 7
71.31% ~106.55% , CYX {101 R 3 Bl 7E 71.43% ~
90.41% 2 [a], BDCYX {9 [m] IS0 3R 3 [l 78 70. 44% ~
92.39% Z 1] , [T R bR O 25 25735 J2 2 B 40T 0
EFEE . CYX . BDCYX FIl QCA 7EXS M3 JHH 4
SURAZEE P i 7R I SR L3R 1,
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&1 CYX.BDCYX # QCA 753 B+ ARMIEFPRRMEYE (n=5)
Tab 1 Recoveries of CYX, BDCYX and QCA added to plasma, bile, tissues and feces of chickens (n=5)

Tfii C(i;i“fi: (/';ig kiglz ) CYX /% BDCYX /% QCA /%
20 77.12 + 6.43 74.43 + 9.87 94.44 + 8.32
M3 Plasma 40 71.68 + 8.90 86.76 = 8.92 77.78 + 8.89
80 76.26 + 7.48 73.44 + 7.24 71.31 + 6.72
20 75.61 + 8.14 78.69 + 7.94 106.55 + 9.13
LA Muscle 40 71.77 + 8.82 75.41 + 8.13 92.32 + 6.67
80 77.06 + 6.89 70.44 = 9.31 72.41 + 7.78
20 75.01 + 9.35 90.05 + 7.78 101.03 + 9.78
FFME Liver 40 71.42 + 9.13 84.05 = 6.73 79.21 + 7.89
80 76.08 + 7.88 78.89 + 9.12 95.29 + 8.85
20 76.32 + 5.21 75.33 + 7.11 98.26 + 7.75
B IE Kidney 40 71.43 + 6.85 78.40 = 9.20 90.22 + 9.71
80 81.92 + 7.84 92.39 + 9.16 81.43 = 8.66
20 73.22 + 9.85 77.09 + 7.71 101.84 + 8.77
B Fat 73.34 + 7.63 84.36 + 6.81 96.09 + 8.42
82.09 + 8.23 86.74 + 9.13 82.18 = 7.12
20 82.24 + 6.56 84.42 + 7.39 95.28 + 7.31
JHit Bile 40 86.33 = 6.81 79.21 + 6.90 92.58 + 8.14
80 90.41 + 8.11 83.91 + 7.45 86.34 = 7.50
250 77.96 + 6.72 80.35 + 7.19 98.79 + 8.86
FMH Feces 500 79.07 + 7.47 80.32 + 5.85 81.34 + 6.63
1000 83.33 = 8.92 76.68 + 9.37 72.41 + 7.13

22 HEBALGTIELELE EHfaALF

=M R

SR T d, 152y

M 2 ok kB H R B, CYX & BRI =Y
BDCYX HIEAFAE N AR B & 24 h, 55— = 8

Ji CYX .BDCYX 1 QCA 7E I3 AT A2l 41 H Y
WL 2, A9HELLIRIFALSZE 7 d 45255 CYX R
JEAEMLI R LA G5 B R A AT
JEY P 6 h Pk 2] 2 & CYX R (Kl 3),
BDCYX HAEJFEN 6 h il 24h I [B] £ 68 i 46 ) 5]
ARFRE (Bl 4) . QCA EFFZ)5 6 h Iy LA
eI 5) ke B R 8, L e J R DA
5 PR A W T — A #] 72 h (6 FTE
7) s FERR VRGN 2] QCA, Z5 R %W, CYX i
REEP BR 6 h IR ARSI 2 i S5O 0 4% il 3

QCA AN 32, 3% FIE LIPS i 105 Fn
JIE P 354G — e B3 B, R RIS U g B RO, 4
R, B 72 h BRI KL QCA B3R
23 —REEMR CYX EH#4 = b iy
AL A —RPEHE R CYX 5 CYX,BDCYX Fl
QCA MYHEMRLAE LR 3, In 25 SRR W], X — Ik PE
B KRR R HE IR CYX 5, 76 2648 rp B RE 4G ) 5]
—MLAEY(E 8),CYX Ml BDCYX REAZIN £ 24 ~
48 h, 1M QCA o] —H ki %] 48~72 h,72 h ZJ5 —
ik & ¥ e
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F2 LELRALAE 7 dEHE CYX.BDCYX il QCA ZEM 4R FEit AR FIRE (pg/ke) (n=4)
Tab 2 Concentrations ( pg/kg) of CYX,BDCYX and QCA in samples of chicken administered CYX at

10 mg/kg bw for 7 consecutive days (rn=4)

EY A a]/h i JHFAE JWLPY T (5413 Bt
Compounds Time/h Plasma Liver Muscle Fat Kidney Bile
6 ND ND ND ND ND 48.68 + 5.08
24 ND ND ND ND ND ND
CYX
72 ND ND ND ND ND ND
168 ND ND ND ND ND ND
6 ND 85.19 = 7.29 ND ND ND ND
24 ND 25.45 £ 2.01 ND ND ND ND
BDCYX
72 ND ND ND ND ND ND
168 ND ND ND ND ND ND
6 16.36 = 1.32  172.39 + 12.87 18.20 = 1.46  20.27 + 21.13 339.42 + 26.45 ND
24 ND 82.94 + 6.67 ND ND 89.54 + 5.92 ND
QCA
72 ND 30.22 + 3.15 ND ND 37.14 + 3.33 ND
168 ND ND ND ND ND ND

ND ~ % T A6 B 2l A A
ND - Lower than LOD or no detectable.

B3 {5456 h BRETH CYX Bif
Fig 3 Chromatograms of CYX in chicken bile of slaughtered at6 h

R [\'\ 5
A AT

B i e ke T 7. = e v g o
| |
: ‘ L”\J ]UI ]I\ f'\ B
E’m y p ,r \L BDCYX _\
oo/ NN S 8/

E4 1=25/56 h(A)F124 h(B)BATAESH BDCYX HIfaiL
Fig 4 Chromatograms of CYX and BDCYX in chicken liver of slaughtered at 6h
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£33 B—xMHEER CYX(10 mg/kg bw) jg

CYX.BDCYX #1 QCA HHEt ##E (n=6)

Tab 3 Excretion of CYX,BDCYX and QCA in feces of chickens administered a single dose of CYX at 10 mg/kg bw(n=6)

A ] Time CYX /(g - kg™h) BDCYX /(g - kg™!) QCA /(g - kg'™h)
0~12h 23486.01+7.36 40822.64+9.31 14417.40+8.43
12~24 h 1373.69+6.22 2295.21+7.14 1146.81+6.35
24~48 h 74.64+4.67 124.60+8.47 493.20+9.68
48~72 h ND ND 29.78+6.79
72~96 h ND ND ND

ND % T A6 B 2 A A

ND-Lower than LOD or no detectable.

3 Wit ENE

A 7 TSR P A i | 33 g 3 2 B
FHOCHIF 58 3 W N R SRR A SCH I Z — BLHi
CYX B AR =4 (R Jr g 22, A 401
Wu Y S5O HEST T CYX KRR E 2 A U
FEL 5 P 1O o B AR ) B — S B BE £ (BDCYX)
FIMETEIR -2 — R R (QCA) 7E AR [R] 34 4 I Hh 1
R 2, R LR R 52 B B 35 X 1 P R 5
AN, B EE # T BDCYX 7E K RBUA
P ISR R A 4 v G 3k I ik — 25 58 R T 2R
12T R ANAA I HPLC/MS/MS #5340

FHAE TS R I5E DU R — A Ao ] SB35 55 7 9 A ) A 4%
PR ECH: il 20 R PR B R T CYX BR BRI O Al
W ORAE LC/MS B 5 A AT BR A, R
fRE s, s AR #E /DS540 5, {5 HPLC A3 Jr v
i P {8705, 52 42 R LA G 2 AT 1 B o 32 7 i 2
SR, T LA 3 A B 3 R g R R
RS, BARIERY HPLC 5 i FpAR N 7 vk 48 24507
RIS T AN SRR Bl & 53 8 220 VR R
Yy B SRR 5 i, © A WA P IR,
R B2 S g AR G S A T AR 22 T LA i S
&R
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Fig 8 Chromatograms of CYX , BDCYX and QCA in chicken feces

KT WETEZAEXS IR 5% B T BRIF X iGE , Ry
HWEoE H R AR L2 2507 8 Rk H
e R0 Xk G R A I 5 2 A AR K AN [ 25
AR, G AT CYX FERG A P 3%
FETHBRAIETE b A 75 1% (a2 07 =X WF9E H i A2
RERWFAFAERIRZEN A —E HAME, H2)
P A | AN H AN R 452 S B =Rk & 4 5k A
Bf ) P05 S I BR AR AN A A EEE R, B R
A R 5 R IE SRR IR CYX 150 mg/kg BTN 2,
TE 40 d, 745 24 J5 AN [ B[] B2 Bl AL 5% 4% — 203
Yy, BOFIE B E JULIAI AN B BR HEAT TR, 2R
71~ , IR b S8 46 00 1) — % £ ) CYX . BDCYX
FQCA  (HAHFZE iy s I iy Bsf 1) BE R g A HH CYX,
BDCYX 1 QCA 7£ 24 h J5 oA . QCA 7E Tk
FIVEHE 4 A 3] 72 h, BDCYX 78 B 1 b A
IR 24 h JERIARKS 1 A GE L PR R R
iR e 6 h B IR RN E A QCA, BPHH T R A
PR RO 3 — FR I T e ey T AR 2 S F
AP XS JTEIE | B | 2 i R LA o i) 3% P A D
Tk WHE T FaR =R S WU E XS 1A P 4 5k B T R
M, BEE-500 H PG, 4% 50 me/kg b.w. 7] 5
MRMEFE L | —RMIK L2525 7 d, 33l T2 )n
4,12 .24 48 72,120,168 h FEHL S R/ — 4 HURE K
W, S5R R MR 2 KO 2 MR FE LA
JIE I B2 B v 5 R AG H TR o v 58 2 RO A,

RYJEERE . CYX BDCYX 7E 45 241 41 1 5% B it
IR ZERT QCA, 1M QCA 7 AT WEF1 B JIE o i 5% B8
AR AR S LA PG, SES A SO 58 7 ¥ 4
RFW], CYX LR LR 245 7 d (il 25 vk BE 3k 3 AR
AU SE I FARBTBR ), ZE45 25 )5 6 h B Tyt rpos:
DB CYX LASM, 76 Bl i) ifn 2 SO 5 AU
UL R 4 A G I 1) CYX, HAE A v b A
o ETSR WLAE I CYX B LA R
245)5 6 h A1 24 h (Y JHIERE 5 PG 2] BDCYX, 1
FEH AL 2 EAT A B ) BE R A BEAG I H BDCYX
B TR LAAE , Hofl 3R 5 FhAL 40 465 3] CYX
FEAC =4 QCA T IE A W v — A T
72 hif 5 —E =AY QCA FRE AR . &40 HrA N,
HEERIFG RPN MR BRSNS, ik = FhE
FRUFF=Hrh QCA 1 5% B8 B ) 5 4, FE T I o 1m1 9
FFEHR y=-0.0278x+5.245 , A1 R $040.9956 , H
W] (1,,) N 24.93 hy B ENE R y =
~0.0328x+6.404 , FHC R ECH 0.9454 LW (1,,)
F21.13 h, LSRRI FIE R 9 QCA 5% B4 i) [A] f%
K, i B s o R0 S R A4

14 B B T I LR A7 A R A O, T R
HHSERFFE I, CYX LA %8 429k B 0130 e/,
JHFHFE 22 42T BE N 90 g/ g, P IR RN 15 22 4 MR B Hy
180 pg/g. MIAIKIFIREGHI (6 h) MM L
PA) I R O g v A B B M B8 0 oA 3.08,0.65
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3.67.0.26 pg/g. RUTEFRZ I M 2 J5 76 vl (1
HAUPRY CYX Gk i S Il T2 2

KT CYX AR ™ Wy e 2S5 A0 E T 25 HE it
FHSCWESE L /0 UL, W5 i 0 32 2 L P S 3%
BRI ol T AR S R A 2 (o T A
GERXG R N YR A 0T 58 bR ic CYX) B — &R
AU AR SO ST A R R HEE T CYX IR A
BDCYX 7E45 245 )5 2 d BRJCikAka i, QCA AT A il 51|
553 K, GRS S S HL A 2 (0 = Fp
TEA P N ZE M T BRI T T

WFFE Rk T CXA JRIE S P A B2 A ™ )
BDCYX il QCA 21 gl fb Fas i 77 ik, B4 5
HEATAHOCAF ST R4 1 B 3R R A 1T BP0 3 , e
PR A B Z R AR ™ W 9 A AR T 2B IR T 4 B
T A 35 oy B R, I3 5 AN [R] 25 245 05 A5
CYX AR =g M2k Nyt o] &4l 2/
HEME I BR R, Ay S5 A P Ak XS T
AP IR BTSSR T AT R S S B 8
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