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Abstract; The simul phar kinetic - pt d: ic modeling of xylazole were studied by Gas ch >hy{Ge) . high — perfor-
liquid ch phy ( HPLC )+ Spectrofluometry, Radioi | phal hy (EEG) and electromyography ( EMG )
hod. The ph kinetic data were analyzedby GC.HPLC RIA method, and the phar d: d d;au. were d by ECG. EEG and
EMG method. The p of ph kinetic ~ ph d ic simul deling were esti d by cpu— pk ~ pdecomputer pro-
gram. on the hasis of changes of Acethlcholine(Ach). Norepinephrine{NE) and §~ Endorphin(8 — Ep) levels after int teradministration in
blood. CSF, pituitary and hypothalamus, we explainecdtheir sedation analgsic and ! effective mechanism, and their interrelation.
The sampling and effect ~ quanlity assay were simulcast on same Animal ‘
The parsmeter of simultaneous pharmacokinetic - pharmacodynamicaodeling of xylasole as fol
A.P of simultancous PK ~ PD modeling for blood kinetics - EEG:

N(Hill coefficient) =0. 10123, Keo=0.2209 min™?, t1 5= 3. 14 min,
Ei=0.304 pg/mL, Emax=0.2214(% ), AUE; =0.02427 yg/mmL " min, AUE; = 0.2140 yg/mL+min, r=0.9926

B.P. of simul

, PK ~ PD modeling for CSF kinetics~ EEG:

N=0.9766, Keo=0.2209 min"?, t.%h=3,1378 min, Ecso = 0. 3954 p@/mL, Emax= 0.2214( % ), AUE, = 0. 1605 p:g/mL*min,

AUE;=0. 1835 pg/mL-min, r=0.9937;
C.P of simul

PK ~ PD modeling for blook dinetics - EMG:

N=0.1379, Keo=0.2265 min",t%x.,=3.0596 min, Egy=0.7804 pg/mL, Emax=0.8721(% ), AUE, =0.5357 pg/mL* min,

AUE,=0.5584 pg/mL-min, r=0.9989.
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10A,056 2% 5%, A A ARLE S K HAAH, M 740 8. 420 8
PR TUEE, 36 waters A F L= BT REME X AP RSP BT
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1.2 R@Fk .

BEhE PR AR Ach 5 NE #E, R SRR BS #17.
BENERNRESY 2.5 me/ke, 2 T8RS 5, 10, 20, 30, 45, 60,
90, 120, 180 15 240 min RE R fw it R CSF £, - Fal Wik O,
MAREAEEEN. 8- EP FIFRA 40 ARV R, MlER
B RFI, %078, M RER R 2 mL/ ke, Mlig4:FEibK; LR
M XL, mARENERR. EMEE TEEFAAT TR RE.
SRWHHHRS, ERKE. LR, SHEHSNR L RRREE
MUNENY. HFRE2.5 opg/ke KRN XL, SEWRSEM,
855 5,15, 30, 60, 90, 120, 180, 240 min, 4> HIR A 1h . CSF, Fs 8
KWk, A HEEER T ER.

1.2.1 #HaFE XL TR CSF P RSB FN 9 pe/mL
110 pg/mL, ZEREEIH(5.34 £ 1.86)% 5(9.07 £ 6.66)%, i
B XL At RN R AR NR R K. GC M A%, OV
~17 AN, B 230 C, A ERA MR 280 T, HHX
B WX 65 mL/min, 0.7 cm?/kg, 4 0.6 cm®/ ke, B¥L 6.5A.
#5333 mm/ min, $IRALHEL, R Mcpkp Fh2 B, T [BM il L
IS, X AHHE S CSF FHYRE, XTI
~FCERHE B, BURE R i F R B {45 3 CSF SRSk IY.

1.2.2 #H%E LRFIS: EE10~15C, 525 mm/s, HEd
BB 1 MV(3335F 2 cm), 3 HMEMY, NELSF, BT AALRE L. %
H£88, R P.QRS.STHI T 3; L P-R M¥.QRS BHMME.Q-T
@4, L& S~ T Wi, RREHHZAE. SRBWERRRELT
i, Rt AR B RN, MARi: ARRENPRAYMESRR, &
EHEFHL e ETFITTFEPLNTNEER, AFARRAHHKB LR

B 1.5 ecm HERWAR, AW 2 e HEETR. FAWL em A
TR, TR BMAIE RN, TSk, AMARaREREdsl R
BERRSR. HTHREFEEET 30 Hz, 1EK0.3 s, i7ERE
H50 pV(IBET 1 em), 453 5 30 mm/s, LIRS E—RBBHE
ZJ/AEHELARR—ROH BT SHBABBVRT, 5%
FREIERIEE, RASHPEET 300 Hz, 55 0.03 o, iFRAE
200 2V, £534 10 mm/s, iTRARE SR, RIFH SRR
BARARMOMAEL2). RBERANNEEHEFELHLR
RaBEHE.

1.2.3 3HER NE fil Ach 428 3} NE Ay ¥: R HPLC i,
BHRE waters L F) %, YR, HIHEHE0.08 mol/L ZB0: %
R R, pH 2.9£0.1, 740 RIMALFULA 4. T 128 48, BAER
50 000, B/ /MEEFO.500, MNWECL, 420 BRIV BB KL
Ex==340nm, Em = 418 nm, 510 M X RS BRAEH 300 P,
460.08 mol/L Z.B%: FEE(1:1),pH 2.920.1, X 1.0 mL/min, i
¥ UBondpek C 18, 8 23 C, seByiks Mk, Xt Ach Sl 3658/056
BEH B2 650~10 5,056 i2% 8k ML A 31k A= 370 nm, A= 475 noo, B
£50.2 nm, iCHR KX 0.5 mm/min, REE=1,

1.2.4 3Fp- AMBKRERYRE A 1125 7T B~ EP, IR AN
B-T#, 3 pg 8~ EP ISR T 30 pL, 0.5 mol/L pH 7.5 MR R v
e, NP 1 05 mei, BB 0.2% M- T50 g, TRTR
7585, M0.2% BEEMMM(SMB)S0 pg, RIER . 2, HiF
TRARADEARIHRTPEFERE onx 8 cm) R TR
F30.01 mol/L pH 4.6 NH,Ac 74 24 b, BJ 53 0. 01mol/L pH 4.6
NH,Ac ¥ 080 05, P 0.6 mol/L pH 4.6 NH,Ac Fe4RiEME, 84040
HK 1%, #50.5 mL, M FHHAHERED S,
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Tab1 Pharmacokinetic parameters xylazole in serum and CSF by fitting one compartment open model

F K MERD  nember of dheep
perame 1 2 3 4 5 [ 7 X$SD
ter unit %ren  CSF  sewm (SF  srum CSF  merum CSF  snm CSF  sevm  CSF  serom  GSF serum F
M ug/mb 0.8341 0.1525 0.4167 0.1384 0.4743 0.1850 0.1812 0.1006 1.0336 0.0850 0.1382 0.1030 0.4112% 0.4985£0.3019  0.127420.0346
Ke min~1 0.0603 0.1640 0.0941 0.1094 0.0845 0.0583 0.0960 0.1321 0©.0797 0.3016 0.1450 0.3268 0.1094 0.092710.0256 0.2154£0.0842
Kmin~1 0.0160 0.0099 0.0140 0.0100 0.0104 0.0119 0.0061 0.0088 0.0161 0.0105 0.0083 0.0084 0.0089 0.0114£0.0037  0.0099£0.021
‘%h"iﬂ 11.48  4.23 . 6.77 8.21 2.68 .17 525 862 230 4.78 2.12 6.M 7.99%1.98 3.82z1.58
"z‘km 43.17  70.42 49.56 69.62 66.64 58.04 113.32 98.56 42.94 66.29 83.47 .92 7.9 63.22:23.97 71.03+8.11
tp min 36.07 22.01 29.90 29.64 34.89 16.41 36,10 25.14 26.09: 14.21 2.425 13.712 26.876 29.5815.02 19.85+£3.34
Corax v8/mL 0.3789 0.1199 0.2549 0.0988 0.3099 0.1595 0.1338 0.0774 0.549 0.0727 0.1095 0.0911 0.3032 0.2913£0.1384  0.1032£0.0295
AUC mg/L.min 38.76 14.70 25.58 12,69 4.06 1579 2.3 10,73 51.15 0,92 15.687 12.064 42.675 34’.5[3tll.|62 12.31712.575
T miny 618 776 630 359 221 399 0 306 1.57 26 O 219 189 2.56£2.39 7.19£0.61
A2 HLH-aAR R R AR i 5 HF 44
Tab2 Phar kinetic p of xylazole in serum and
CSF by fitting two compartment open model R A -
s z -
RIS node d oo 303 f\ £
SR B & 1]\ 1
pace B 9 » D iy <
WUl o OF snm OF eam  OF seram 3 ¥ oalf \\ € 02
Ag/ol 291 0.212 0.3 0.39 2.6418 0.36Q@ 2.2(R$2.777  0.257£0.005 s N H
Bug/nil, 0.05%3 0.000 0.6 0.0289 0.1908 0.1030 0.10910.058 0.266£0.0089 -: zA \ —:
evin1 00711 0.0%5 0.0005 01534 0.050 .08 0.0WL0.165 C.OITE0.0854 80 r"l N Y. Srm ELS Serum
ain~1 0.009 0.0017 0.0 0.051 0.008 Q.00 0.0066£0.0015 0.000+0.0007 3 | > z N
Kemin~1 0.05% 0.182 0.0575 0.2%9 0.0587 0.20 0.06:0.001 0.1500+0.050 4 ) :"‘~\. . —~
Kpwin™l  0.103 0.07 0.005 0.1020 0.0(73 Q.2Q 0.016420.000 0.0638:+0.0063 B WIN W NG %0 120 B0 249

Ky min~1 0.000 0.0117 0.0M41 0.0263 0.0216 0.0127 0.01020.0057 0.019£0.0057
Ky min~t 0.0045 0.0113 0.0112 0.0197 0.0200 0.0119 0.23+0.0140 0.012+0.0038

T nin 0 1B 26 3106 0O 1M 0w 3.%0.35
wnin R 3% 1205 268 1R S R2BH0E  IFILY
le iR 975 405 2.6 4R B 1527 1SPEEB wRid4
puin 118.06 45.5 14X 2161 0.2 WD L2 4  278.52H.05

AXwg/L 2197 BA 1518 1014 2606 1148 2106548 @0i1.26
tpnin 1BY 27 NB 868 238 BA Uen n.2+3.9%
Cgf=l. 0.5 0.U7% 0.0962 0.080 0.2¢41 0.0816 ©0.22+0.095  0.0420.0027
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Figl, 2 Observed and predicted concentration in serum and CSF
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Table 3 Effect of xylayole on Heart Rate, P~ R, Q~ T, S—T Intervls and the Duration of QRS Complex of the sheep (n=11)

RN BIERE Al sdayole. time in
iR Dedore
aylaxle 5 15 30 6 % 120 18 40 300 360

CHWm 03611708 St * 1L C.02% ¢ 496K OTHT* H88 SIULT T LAGD D66 LG SO0 T LUW FHB S 485 6L LN0A SO0 C LRI B4 L0
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Q-Tirsedd

SHIR
Dmtind Q02100080  0.065I0.068 00820019  0OM9:0.00N  0.0740.05

0.058420.008 0.082+0.0158 0.0566£.0.05% .06 0.001 0.05410.0084 0.082:£0.0084

A4 ZPFRAR YN TRUA(THAL AL HBR(=11)
Table 4 Effect of xylazole on the amplitude of T ~ wave in sheep ECG (mean SD) (n=11)

aEN BORAE  Ale sylayole, time In min
Lol ] Belore
P s 15 » @ 90 120 150 240 300 360

198 025810169  0.234110.120 0.8910.118 O.MSIL0.085  Q.I125° £0.07M O.075* * £0.(B1 0.0B" * 20.085 O.0PU* 20005  O.ISBO.0M 01551 £0.0908 0.9810.3013
Ba% 0374019 0.25H20.000 0.36340.155¢ 0.322£0.00% 0.7%740.008 0.397810.3077 ondtonn 0420100 0.206£0.313 B.XN610. 308 0.3189 20,0888
QER QBPI0IZE 03710185 6.2+0.09 007 L0.008 0306530.000 02544 0.7 0.0M* £0.12  02F¥- 2018 0205 018 QAILLC1¥6 0.9 20.07
-2 LEBIOIZY  0.8SI20.19 R +0.06 OIILOUBS  g.DI7* 20.19 0.22%% 20062 0XAWE0R 030 < 1005 O.1A0.00W 0.3 £0.X06 0.¥%0.1341

ViBR 0208:0125 OZTAONE  OZNIONE  QZNSL00MS 020820078
VieR 6252000  ODML0.018 027NN OUABIOIE  0.21%:0.0838

G15710.0683 SITOL0.05 0.4720.051 0.199£0.07 0.156£0.085 .I7920.078
0.18520.085 0.1906:40.0542 0.14£0.07 0.16£0.06 0.17410.005 01064 0.0672
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Fig3 Changes of ECGS in the sheep before and after XL administration
2.2.2 MRaEMNEW
2.2.2.1 EdGSEGER SRR ANELE 10~20 Hz fE W,
#5{8(17.23+ 4.89)Hz, 5355 5 min, MK BWD, 15~ 30 min ]
SRIIR, H(9.08£2.57)He, MEWDWHE 2 h, B 6 h REKH
BAWNAP.
2.2.2.2 MERNHSEE QENMDNENREES~20 VER B

{5(10.5£0.99) uV, RIS 5 min IRINDH B2¥, E 15~ 30 min 3%
W, $(21.86£3.87) pV, 6 h BARA ELHRAT.
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Fig4 The changes of EEGS in sheep before and after xylayole adminishration
2.2.2.3 MALENER(BRGMES) L5 BRENNERRE
FRAA, HBRAW(30.89£9.64) W/ min, ZHH/E 30 min, KE
(7-3616.22)%/min, B6 h BAKE AR HWAT, BHSNmE
HRBLHEMER TR, Z 30 min, A RTAI(86.17£29.50) pV
BE(34.73£13.95) 4V, F 6 h AKX B AHIKFLY
2.2.2.4 NBEFLEBRBEGERART) KHWERFRR

&5 ZFEBRELSSLREARRFRRBGBA(X £ SD)(n=11)
Tab 5 The effect of XL on sheep electroence — Photogram frequency and amplitude( X + SD Y(n=11)

RBRRE Al e in min
i BER ae xylayole. time in
whmie s 15 30 w L 20 100 240 300 360

FETR)  DHBAES LEDS  T4IN6 SXDN C210W AHWOT T 2277 DABS N LD RIDF * 1108 RADLAND  NEDS 2ANH  IIEST L0MS  BOSTIAEN BT

AR
Anglinak{pV)

D50H5 PO 2200 NP © LI7 LKT * 2301 BT 7 AL NIST S £3WT BTG 200 DO 11E0  RIILGS WTMDELING  NWBLLMD

GRYEF—Eh. kR LERE.

2.3 KGR

2.3.1 MR CSF & Ach IBEMR (MRS, R, B6, M7y M
& XL Sk % CSF ' Ach K FREAN. E2.5 h eI ERMHE.
ERES, dA2E(7.964£0.40)ng/mL, R (43.93+ 1. 30)ng/mL

(X £ SDu=S5, p<0.01), LHERILM 4.5 #4: 7 CSF 7, d1 FIZHEY
£512.72 vg/mL % 71.95 ng/mL( X £ 8D ,n=4, P<0.01), {LFIF
PR 4.7 1%, BB CSF P Ach 8y (LR TEH3, r=0.9440,
2.3.2 ¥@#R CSF o NE REMER(LR10,# 11, M8, H9)
ik XL 5, ftif Bk CSF s NE B SIS, %G Ml NE K
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A6 ZPERELBENEEFLFREG TR
Table 6 The effect of XL on sheep EMG frequency and amplitude (X % SD)(n=11)

7w BIMERE  Afer xylayols. tine in min
| Beloze
sylamle 5 15 E] ] % 120 0 240 300 260
Mous
pmuted DO OFCIY BNIIT  INTL6Z DO LN 2eTisM HBL5Q BULTS B.5%£7.0 DHL2.0 NO8Y
Rt
FTodachiyd  MNLSER BBOTILA SOQTTI0A 4B LR BBTHLS  BAC R 263N AsLAE MOEAR VOB BOLAS

e g e X

SRRGRI
Anbindedde KD1DS £ IM DNCLBR UBCCING Q.0 LHD

oINS BBLIB BESLUL ULV B.U:8.% 8952637

A7 ZFEBE2L LSRRG RG Y%

Tab7 The effect of XL on the respiration and boby temperature of sheep(X £ SD)(n=11)
# RAE Ae ime In min
- BN BORAR ylayole. time:
ylaucie s 15 » 6 % 120 180 240 300 360
w DOLIWS BB NP s 1IM DS 1018 20 DS23.60 BE7LAM BTN BN RORM BN
WO yaicom  powtose PAOB  BOILD  RWLOB BB BRI RIS DEHE TBLLER  BEILB

BRE et et ke e

BBR o ot e s
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Fig§ Changes of EMG ia sheep before and after XL adnimcelration
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Fig6 Ach level in plasna during XL i.m. sdministration
A8 AP Ach FHRAHRITEH(n=5)
Tab 8 Statistical perameter and mesn Jevels of Ach in plasma

R o es 1 15 2 25 3 s 4

FARE o0 1512 19.01 27.3386 35793 43907 D9 W.GM 8390
RER  pas 0.527 02348 0932 13065 10065 LI1IM 06351 0.4

ZAER 017 0160 0.065 0.075 0.087 0.06 0105 0.0 0.7

A9 FETRT Ach FHBA BRI LM

Tab9 Statistical parameter and mean levels of Ach in CSF(n=4)

AN 0 as s 2 25 3 3

X
TURK 2720 18420 27252 570842 TLOSA 242786 131844
BERA  ue LT 0Tz S.WT 2255 Le  0.8ms

ZREM 2 a3 0088 0207 0.6 0.1 0.13

[ 3 2 a

K]
BRI
M7 ME"EREREMAE CSF i Ach ISR
Fig7 Changes of Ach levels in CSF during XL im. admincstration
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¥lng)
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xn)
W8 Bt XL Efth NE RRYRL
Fig8 Changes of NE levels in plasma during XL i.m. admincstration

BIAFHBI(3.6920.38)ng/mL, BEZE(0.55£0.11)ng/mL( X £ SD \n
=5 P<0.01), FF& 83.78% ;CSF 43 NE, IS E AWM (31.32
+4.88)ng/mL, BE(6.26 +2.00)ng/mL(X +SD,n=4, P<0.01), F
K2 80%, Hf¥#k 45 CSF 4 NE B LR EHX, r=0.9306,(¢%
2.3.4 MFERLERYRERRTERET - NERAKTHEN
(R#12,13,14,15,16,17 FIlK 10, 11, 12, 13, 14, 15)

A10 &¥NE#HLHRAE(a=S)
Tab 10 Effect of xylazole on NE in plasma in sheep

Ll ° s 1 1.5

2 2.5 3 3.5 4

L’fﬁ(("“’,:';_’) 369940381 3.278:0.341  2.955:0.428  2.764£0.4%0

1.751° £0.289  0.63520.145 0.559° * £0.117 0.38110.112 1.271£0.237

2.3.4.1 FRAFBRVAPB-EPRELL MERRRE X
SREFRRAT p-EP WEHRE LA AKX 3-EP EHAS
L5 h R, By BB H9(72. 08 + 4. 05) pg/mL 3 2 (289. 54

£10.04)pg/ml, AR T 75. NS( AR B B 1D BRBBE RETEH
FA-EP ERHE 1 hMERKH, R THL(533.49£16.55) pa/mL
7 (1908.80 £ 28, 36)pg/mL, T 72.08% (AR 15, M 13) £ 1R
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Tab 11 Effect of xylayole on NE in CSF in sheep
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Fig9 changes of NE levels in CSF during XL i.m. " adminislration
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Fig 10 B—EP levels in plasma during physiological saline i, m.
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Fig 11 B-Ep levels in plasma during xy! iom.
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Tab 12 Statistical parameter and levels mean levels of

B=EP in plasma of control groups (n=3)
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Tab 13  Statistical parameter and levels mean level of
B~ EP in plasma of Experiment groups -pg/mL
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+8.09)pg/mL, REET S1.15%, UG EEA MY, EREFI LAY
ERW{H(338.60+14.78) %, MW T 27.26%, 2RIBEE(P<0.01)
(R$ 16, 14), FREMT p-EP MBI p-EP EE AR
BRI (R 17, B 1SS TS 30 min RREREE, BR800
(32.4£1.30) pg/mlL B Z(11.06 £ 0.35) pg/mL, PEHE T 65.59%, iL
EFRBARAL 3 IS ERMA:(65.68£2.43)pg/mL, 30T
51.07%, BRBEEF(P<0.01),
A4 =148 CF F B~ FP UL A HRE AT S (n=3)
Tab 14  statistical parameter and levels, mean levels of
8~ EPin CSF of control group pg/mL
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Tab 15 Statistical parameter and levels, mean levels of

8- EP in CSF of experiment groups (n=5)  pg/mL
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Fig 12 §~Ep levels in CSF during physiclogios! seline i.m
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Fig 13 p—Ep levels in CSF during xylayole i.m
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Tab 16  Statistical parameter and levels, mean levels of
B-EP in pituitary : pg/mL
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Tab 17 Statistical perameter and levels, mean levels of
B~ EP in hypothalamus(n= 3) pg/mL
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Fig 14 8- EP levels in pitvitary during xylayole i.m
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Fig 15 B~ EP levels in hynothalamus during xylayole i.m
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Tab 18 Thep s of simul as PK = PD modeling
SUL% sufl Al
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..}.,., 3.1378 min
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7 0.9937
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