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Effects of Yohimbine and Atipamezole in Dogs Anesthetized with
Xylazine-Ketamine Combination on EEG
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College of Veterinary Medicine, Kyungpook National University
*Department of Pharmacology, School of Medicine, Kyungpook National University

Abstract : We investigated the effects of yohimbine and atipamezole in dogs anesthetized with xylazine-ketamine
combination on electroencephalography(EEG). Experiment groups were divided into three according to antagonists. Saline
(1 ml) was used as an antagonist in group C, yohimbine (0.1 mg/kg) in group Y and atipamezole (50 ug/kg) in group
A. Each group consisted of 5 dogs. Glycopyrrolate was injected 15 minutes prior to xylazine injection. Xylazine (1.1
mg/kg, IM) and ketamime (10 mg/kg, IV) were injected with the interval of 10 minutes. After 15 minutes, antagonists
were administered intravenously. For EEG measurements, a recording electrode was positioned at Cz, which was applied
to International 10-20 system. Heart rates, body temperature, respiratory rates, arterial blood pressure, PaO,, PaCO,,
electrolytes analysis(Na, K, Cl), and behavioral changes were also measured. Results were recorded at every 4 stages(S1:
before xylazine injection, S2: 10 minutes after xylazine injection, S3: 15 minutes after ketamine injection, S4: prior to
the dog showing head-up movement after antagonist injection). All results were compared with those of S1. In the power
bands(Bandl; 1-2.5 Hz, Band2; 2.5-4.5 Hz, Band3; 4-8 Hz, Band4; 8-13 Hz, Band5; 13-20 Hz, Band6; 20-30 Hz, Band7;
30-50 Hz, Band8; 1-50 Hz), the changes of band 1, 2, 3 and 4 were not significant in all groups. In group C, band
7 at S2, band 5, 6 and 7 at S3 and band 8 at S2 were significantly decreased(p <0.05). In group Y, band 7 at S2
and S, 6 and 7 at S3 were significantly decreased(p <0.05). In group A, band 5, 6 and 7 at S2, 83 and S4, and band
8 at S4 were significantly decreased(p <0.05). In group A, the band power of band 5, 6 and 7 at S4 were still significantly
decreased state in spite of dogs showing head-up movement and this finding was different from those of group C and
Y. Temperatures, heart rates and respiratory rates were gradually decreased after xylazine and ketamine administration.
Temperatures were not antagonized in spite of antagonist injection in all groups. Heart rates were increased after antagonist
injection in group Y and A. Respiratory rates were increased after antagonist injection in all groups. In group C, systolic
arterial pressure(SAP), diastolic arterial pressure(DAP) and mean arterial pressure(MAP) at S3, and SAP and MAP at
S4 were significantly decreased(p <0.05). In group Y, SAP at S3 and DAP and MAP at S4 were significantly
decreased(p <0.05). In group A, SAP, DAP and MAP at S2, SAP at S3 were significantly decreased(p <0.05), but
significant chages did not occur at S4. In blood gas analysis, only, PaCO, at S4 in group Y was significantly
decreased(p<0.05). Changes of electrolytes were not significant, except value of CI' at S3 in group A. Mean head-up
time (the time dogs showing head-up movement after antagonist injection, minutes) was 38.23°26.46 in group C, 2.54
+0.93 in group Y and 2.12% 1.32 in group A. Mean sternal recumbent time (the time dogs showing sternal recumbency
after antagonist injection, minutes) was 45.93% 10.27 in group C, 11.91£7.19 in group Y and 9.88%3.38 in group
A. Mean walking time (minutes) was 53.49% 9.21 in group C, 22.10£ 11.10 in group Y and 18.48% 4.39 in group A.
In group Y, all dogs showed excitation and muscle rigidity in emergence. In group A, two dogs were also showed excitation
and muscle rigidity, but were weaker than those of group Y.
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Fig 1. Representative raw EEG obtained in each recording
stages in dogs.

S1 : before anesthesia

S2 : 10 minutes after xylazine administration

S3 : 15 minutes after ketamine administration

S4s : right before dog showing head-up movement after saline
administration as an antagonist

S4y : right before dog showing head-up movement after
yohimbine administration as an antagonist

S4a : right before dog showing head-up movement after ati-
pamezole administration as an antagonist
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Fig 2. Mean power spectrum in the group treated with saline
as an antagonist in dogs.

S1 : before anesthesia

S2 : 10 minutes after xylazine administration

S3 : 15 minutes after ketamine administration

S4 : right before dog showing head-up movement after saline
administration for antagonist
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Fig 3. Mean power spectrum in the group treated with yohim-
bine as an antagonist in dogs.

S1 : before anesthesia

S2 : 10 minutes after xylazine administration

S3 : 15 minutes after ketamine administration

S84 : right before dog showing head-up movement after
yohimbine administration for antagonist
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Fig 4. Mean power spectrum in the group treated with ati-
pamezole as an antagonist in dogs.

S1 : before anesthesia

S2 : 10 minutes after xylazine administration

S3 : 15 minutes after ketamine administration

S4 : right before dog showing head-up movement after ati-
pamezole administration for antagonist

Fig 5. Mean power band in the group treated with saline as an
antagonist in dogs.

S1 : before anesthesia

S2 : 10 minutes after xylazine administration

S3 : 15 minutes after ketamine administratio.

S4 : right before dog showing head-up movement after saline
administration
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Fig 6. Mean power band in the group treated with yohimbine
as an antagonist in dogs.

S1 : before anesthesia

S2 : 10 minutes after xylazine administration

S3 : 15 minutes after ketamine administration

S4 : right before dog showing head-up movement after
yohimbine administration as an antagonist
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Fig 7. Mean power band in the group treated with atipame-
zole as an antagonist indogs.

S1 : before anesthesia

S2 : 10 minutes after xylazine administration

S3 : 15 minutes after ketamine administration

S4 : right before dog showing head-up movement after ati-
pamezole administration as an antagonist
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Table 1. Values of temperature(T), heart rates(P) and respiratory rates(R) obtained in each recording stages in dogs(Mean + SD)

Recording stages

Group .
Variables S1 o822 S3 S4
T 39.06+0.63 38721 1.46 37.58+1.09* 36.8+0.7*
C P 134+27.71 94.8+17.18* 98.8+9.86* 98.8+12.54
R 17.6+£1.67 10.442.97* 12.842.28* 18.8+5.59
T 39.06+0.33 38.52+0.55 37.32%0.35% 37.22+041%*
Y P 184+8.94 110+22.36* 104+ 11.4* 224+65.42
R 15.8£1.48 11.2+3.42% 11.8+1.48%* 17.2+3.35
T 38.52+0.34 38.06+0.53* 38.08£0.5% 37.96+0.58*
A P 161.6+18.24 120+33.91* 114+16.73* 170+37.42
R 18.8+5.93 11.4+0.89* 12+2.45 20+49

Group C : the group treated with saline, control group
Group Y : the group treated with yohimbine as an antagonist
Group A : the group treated with atipamezole as an antagonist

S1 : before anesthesia, S2 : 10 minutes after xylazine administration
S3 : 15 minutes after ketamine administration

S4 : right before dog showing head-up movement after antagonist administration
T : Temperature(°C), P : Heart rates(beats/min), R : Respiratory rates (breaths/ min)

* p < 0.05 compared with control(S1)
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Table 2: Values of arterial blood pressures obtained in each recording stages in dogs(Mean + SD, mmHg)

Recording stages...

Groups

Variables S1 . S2 S3 S4
SAP 240.6+6.84 206+ 58.46 198.81+31.48* 184.41+26.49*
C DAP 193.6+14.31 160.6+52.43 149£30.7* 127+28.64
MAP 217.4+10.24 183.6+55.17 169.61£27.27* 1561+26.67*
SAP 241+4.18 2424+10.37 216.2+15.5% 225.6+16.41
Y DAP 194.21+9.8 195.6+13.39 172.2+22.57 170.61+18.89*
MAP 217.8+6.42 219+11.16 194.4+18.69 195+ 14.11%*
SAP 243.414.77 226.2+3.56* 214+£22.75% 225+19.03
A DAP 206.8+3.9 180.4121.64% 173.6+£29.91 181+£25.59
MAP 2252+ 1.64 203.6% 12.14* 1961£27.27 203.2+21.72
S1 : before anesthesia, S2 : 10 minutes after xylazine administration
S3 : 15 minutes after ketamine administration
S4 : right before dog showing head-up movement after antagonist administration
SAP : Systolic Arterial Pressure, DAP : Diastolic Arterial Pressure
MAP : Mean Atrterial Pressure
*p < 0.05 compared with control(S1)
Table 3. Values of blood gas analysis obtained in each recording stages in dogs(Mean * SD, mmHgS
Recording stages
Groups .
Variables S1 S2 S3 S4
c PaCO, 31.6+44 26.47+9.35 34.07+5.84 34.7+1.74
PaO, 142.781£24.46 147.6£22.65 148.47£30.03 140.07+31.87
v PaCO, 35.58+2.73 32.85+552 33.35+6.14 31.2+1.46%
PaO, 136.64+18.75 129.53+16.3 1429+ 16.2 146.32+£7.12
A PaCO, 30.52+£5.23 30.18+4.4 29.28+5.03 30.14+4.26
PaO, 113.38+13.9 105.38+37.81 109.83+20.25 132.98+20
S1 : before anesthesia, S2 : 10 minutes after xylazine administration
S3 : 15 minutes after ketamine administration
S4 : right before dog showing head-up movement after antagonist administration
*p < 0.05 compared with control(S1)
Table 3. Values of blood gas analysis obtained in each recording stages in dogs(Mean + SD, mmHg)
Recording stages
Groups .
Variables S1 S2 S3 S4
c PaCO, 31.6+44 26.47+9.35 34.07+5.84 34.7+£1.74
PaO, 142.78+24.46 147.6+£22.65 148.47130.03 140.071+31.87
v PaCO, 35.58+2.73 32.85t5.52 33.35t6.14 31.2t1.46%
Pa0, 136.64118.75 129.53+16.3 1429+ 16.2 146.32+7.12
A PaCO, 30.52+5.23 30.181+4.4 29.28+5.03 30.14+4.26
Pao, 113.38+13.9 105.38+37.81 1109.83£20.25 132.98+20

S1 : before anesthesia, S2 : 10 minutes after xylazine administration

S3 : 15 minutes after ketamine administration

S4 : right before dog showing head-up movement after antagonist administration
*p < (.05 compared with control(S1)

Z2FE 382316465, Y 7L 254+093E, A
o ZE 21241328000, gt o g Fog AAE

FR3Re ZdEe AZHMST)S Ul 4593110278,
Y FoIFe 119117198, A o2 9.88+£3.38%0]tt.
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Table 4. Values of electrolyte analysis obtained in each recording stages in dogs(Mean + SD, mEq/L)

. Recording stages

Grotips - :
Variables S1 S2 S3 S4
Na 140+ 11.34 143.6+6.67 145.251+3.86 141.251£15.78
C K 3.58+£0.49 335t0.64 3.05+£0.07 3+0.55
v » Cl 109.8+3.83 111.61£4.34 1122+ 1.64 125+21.06
Na 147.6%£2.6 1484+1.52 148.21£1.92 147.8+£2.39
Y K 4.08t0.54 3.78%0.54 3.78+0.53 4.14%+0.65.
Cl 106.4t2.7 107.8£2.17 109+2.73 109.6t4.45
Na 141.2+2.28 142.6+3.05 1432+ 1.64 143.412.07
A K 3.98+0.43 3.72+041 3441023 3.761+0.61
Cl 106.2+3.49 106.614.83 109.84 1.48* 110£5.7

S1 : before anesthesia, S2 : 10 minutes after xylazine administration

S3 : 15 minutes after ketamine administration

54 . right before dog showing head-up movement after antagonist administration

*p < 0.05 compared with control(S1)

Group C
Group Y
P [T mHuT
E= wmst
B mwr
Group A
0 10 20 30 40 50 60
Time (min)

Fig 8. Time to recovery after antagonists administration in
each group.

MHUT : Mean Head-Up Time

MST : Mean Sternal recumbency Time

MWT : Mean Walking Time

AdAol 2K oz Bgsied dee AITMWTE iz
T 534919218, Y FALE 2210+ 11.102, A T
< 18.48+4.39%°]UThHFig 8). Y Tz A T 3
& W3t AlZdo] vl Fold AL BET £ Ay Y F
A Be AP0l A A BESgolu 274AS
Heldlon, A R A o7l Y Folko A%
© RN SRSdoIY 2S JERAITE. tizZolA

T~
T =1
5 2 — o) 25 A~
= FEdely e #EE 4 o

A
=
2

o #

o,-adrenoceptor 22K xylazine®] H-2HE- TE, H4,
=g 7h LERTF, B, A9 Fo] glomens Te=

FolollA <k 90%, NANA F 30%7F FAYs) 1)l
oot AEAA ohekt JES vA T 5 27
AFEAEo 2 O 51087 IAEH zHYe] dAF) &
HE Astel @Y At A7 R&E o) gge
£FS S0l HU FAETE Z8FAR EN EY £
AT, Xylazine2 A3 A% FHE&EL fLs ole
vagal tone®| F7} W2 R} o2 27| Y8 &%
2 WA E A Ald =2 H3 XN gy of
g ol Bt e FAHolt I §HoEE FFF

£3] 188 e UE F5:47 A9}

W

o el

AA7} et Xylazine 1.1 mg/kg
YoM HA A9A 155 FolAM 3
om, FgMe sTrF B +E
= Ao Qs Aol FolE ZoE AzEH) By
ketamine Fo] A A4 A9U} 1918, ketamine o] 3
Fol| AAMHE 797} 3503, ketamine T oF 108 & &
HE A7 15 AATh 59 "R xylazine, ketamine
Fo T ARPF 0T ZHAEIATE Y T2l xylazine Fod
T A2 glloy, dzZHn o] thh Zrtslg e
M, o] xylazined| o3t Z7] @PfFEagoz BRI,
ketamine T4 & Z}48c) o) AF)A medetomidine
AAZ atipamezoleS FAT A T AF AAJFH0)R
el e 88 Aavt YERd F, 2 S,
olohke UAIARI ot 7havt Il PiXe P B
ettt AT, E]te] Walke 1] Fo] & e
ketamine Fo] AW B 7430w, SAPSE MAPE &
oA e HAE BATHP<0.05). Y F92LS yohimbine
Fo] & SAPS MAP7} ketamine F¢ 3 Huls 271519
o1}, xylazine 5o A o= p)x]x] E3H.0H, MAP
Hel= foldol dtHp<0.05). DAPE SAP, MAPS} &
2 el A At p<0.05). B 23] uhiz A}



182 AR - AT - o] - RIS

o

%o} £ o yohimbineo] &7] ol¢t7] E} Zael ¥
g uXe AeR &MY, A T2 atipamezole 5
BE 39 g #A7F 8K, xylazine £ A
FRlE vlAA] Zatpon, fodS VERER] &gt

Xylazine?t medetomidine®| @5 Fo] & o]EF} keta-
mine g XN A2, kel S A4S, ol
o,-adrenoceptor AA] Fol F IHHATR SHTHORPP,
A &%) upet EAT, AL FBoe dAA ] A
Zu, %A Fol A HHZ IHB3teE Grlgke] L8HT
Aure} 3FeE 4AFA £ F oF 128 W Srts]
Ak, 1098 Wol oAl Foid 2] B 1 ojfe=
HEA SERThs 2ot IS, 2 APoas AL, At
T ZFrE A T A7 ARAM AlgeEte 24
siict. A2 AYA| Fof Fol= A dPrllM st

AR 2 As BEFY 7 Uk ole A Fo
% Aol HIAE o 2 ] AR A&
A8l 2™, yohimbines} atipamezole F§ F ZHJsh=
Zho] B 254+093% Tl Z1g st Sold el
Abgo] opd Zow FEAG. 4dlrs giRF\ = saline
Fo & 7P Alzke] 38.23+ 646 F-0)R o, AukEr) 134
+27.71 3]/ A 98.8+12.5438) /0 F 7k4% Ziow Yt
ook R deE SERA AES FHY F AN
ok Y Fo42d A Foe AR Fo F 18448.943)/
FollA 224165423/, 161.6118243)/F14 170+
37.423]/2 08 V7t FUele, xylazine T A AR
F7hIH. Y Fo FA7F 2Ry ¥ 3A $718K
o, ol Al AFS AT Wt FEoA 7&d 44
71 FE Solv 27 S o] JdAY, F AEE
7re] YA & Aololl 7|08 oz FFHEL. 3T
AR B F FAZoNA xylazine F A FXHET} F7ks)
pl=

Ao ARsHE £F9] xylazine FI31A PaCO,,
Pa0O,= W37} A9 glou, xylazine?t ketamineS &3s}
of el FARIH FUE pO,2 ol Aw 7Ae} A B
g EHE wsiyt e, o]2 QlEl xylazine- ketamine
¥ e A22E Hdsde ARS FS SR 2
Ao|A xylazine £ F PaCO,7t A AdzAM F4
2 gAY A4S e, ¥ Fo#olA yohimbine Fo
% PaCOyt 794 AE Z4E Bt ol 38559 =
7teb FEI . A7

PF ol 2/ ] yohimbine} atipamezoleS xylazine-
ketamine & w}lol] s g A3 FH4E Bt
GEh e, AEA0] wEE B9 M43 $ 2P &
g WA Al tiETEel 15.26%, Y FolEo] 17.56%,
A FoFo] 163602 VER} tiaTo] ZH/dE7 |71 Al
7+ Bol AYARE, 74 & 5 Hile e AgA Fo
2o mE RS o 7 USIth AtipamezoleS yohimbine
Boh 723 7170 € O 958 4 dlen, olde
2 v]F0] atipamezole2 AAQH FakslH zHA] Al7ke =

o b

2

pd}

o 9&g = Uk AZ4Ecl. YohimbineS FoJ3F Y A
S A7) A AgAo] 4%t T8 43 7ML o

gliglen, ol ol RidME v AFE up 2,
L8] yohimbine F= FHollA T Fu|E doiV|w
Frte, o] gk F-2H8-o] yohimbine AH] SAHLZ g A
A xylazine A& E <& ketamine & 2% &A=
& o §lou, yohimbine §F 5718 F¢ 27 dle
%2 F95 8% Zo=Z AZEul Yohimbined -
adrenoceptor agonistsE ¥ ¥ ofuz} TS FFAA
oAAAol M= ZasEA, ketamined] B E BEAHA
o8 ZAgsht, 7S AR Zehal st esB,

AtipamezoleS o33 A FHZAE 257} yohimbine
Bt Axe ofsiAwt 2M37] 7 4 S B
Yohimbine E.TH= atipamezole®]| xylazines} ketamine %A}
o] okg, 53] o7 S & o ER¥oR A= A
o2 A7tEM, xylazine-ketamine H-& v ZIA atipa-
mezole?} yohimbine 835 £ A¥ §¥Rr} SAA 2z}
7170 7M7) SR B, A o e 24T &
UsA o} g A7 Bastoar Azksict

A v Aok WA A 24 5 3 %
A o F0sg o7 B4 HTE ARt mE Zo)d)
e 54H wstE ol uiF ZolE Hrished FE A}
|E5L QA2 gy o]y e HIke o TR/ Avk
AE ARGsHAl =W FulAle] oigh YAl sl GE) e}
A A, HE Fo] ®stA Ho o|ETS /e v
F A AFE ALdsly] oAYTRH ALg3lE ofEl u}
2t Aot e} vzl Pol A EE, oy wFAe] o)
gl gk el FEAQ ¥ Fy e Wi PFoe= vF
Ee A AEE i@ ofHr] Wil zhz Ag oF
Aol g e 7ES HaZ2 Jrpnsre d o dFe
glycopyrrolate, xylazine, ketamine & 3] FE-& A3}
o}, E3] Yol AMgEhE HEg WEske] Al
< Yotz st REo| o oFEZ AMEEIoH,
glycopyrrolater= 8- 2 F3prt ol Hiole &
BHE WAA GUE ASE A7kt o]®= diazepam
flumazenil &Z2H-g-0] 87 tHFE Huol] vz FE)
st AEelA diazepame] &F 20 Hz ©)4F F35 HHolA
powerE T8 F7RAATL siiovt, e WA EHRE
ARl & § Je xylazine> ¥ 20Hz ©) F35¢]
powerZl ZHAdtl o, A0 2= Fo48 Yehfo](p<
0.03), Z-& &35 APy & A7E Bt Hach §°
< ZFolel ketamines T ¥ 4-aminopyridine¥}
yohimbine & %<&, A% JAHAE Hrisths A FdA,
ketamine ¥ ¥ H3olA] 2 AXE IHE 7R 2F
=3 gyt §420 AHAS ‘ketamine complex'E 2231
o, AgA Fof & ARE Syt FEIH Stk ol
¥ Wsh= 85 ZPdo) rIAEA 98 Frreldda &
Ut % 74 FoIE ketamine PFACA #FET FokE
7R SIRE Muprt BEHog JeRdthy Si%ich Xylazine



Yohimbine #} Atipamezole ©] Xylazine-Ketamine ¥-& vl 79| Hsujol| nixle I3 183

7 ketamines &3 2 APNAXE ketamine FH F
ketamine complexS HAEH O™, xylazine Fo & Xu}
WSyt A7) o), ketamine Tl &§ ¥u} Wspt F=
HAA et Ro2 Azt A3 Fo F wske oF
A H2AT 33 4948 AFN e, 35 74 ¢
e #AEA Zsirh A AR AYgA Fo F
21491 W3l o A%t xylazine ¥ A power FFOZE F
B3lA] g AL ¢ 5 U ol A3A Fo T AEA
Zpdo] $xdk SFARA 3ol o3 Zo] ofd & RAFE
t}. A Fo|ZolA] atipamezole T & <F 20 Hz ©|3}ilA
=T A gAlske #e 2o, ol ¥ power & F
7}7F Bo)lAYdS RBo FUTE Band powers R
saline ¥ $ FA A4 UL o, Y FAZAA
yohimbine ¥ & t)Z2F7} U ZE bandolA F2
Aol 9o}, A EARNE YA 5o Fo|E band
5,6, 7, 8lA foldgl A4S Ho(p<0.05), atipamezole
o] Aol W& B ZME 7] A AN olE
BHe deoll= gl Rahal AZErh ojeh e
AFHE 447 T Bk dBste] B98P, band 5, 6,
79 FHA A FEe A7) S B S
A BANE AR AztE, Y Foe Hla] 270l
v SR S xS Axrt dXEA 22 A FoEe
xylazine Fojol] 2] ZHAEE oF 20Hz ol Fuk WS
7b Z¥EE vad 2 F3 99 band 5, 6, 701 X
A A=, o5 99 ARt &5 3o BEE R
A AAe} FHo] g AR AZtEH, o]d g Arrt
Fastty AzbEY. Xylazine-ketamine 3-8 ] 7 olA]
yohimbine £ ¥ A¥ o] vlgl& & 2871 HA =
3= xylazine-ketamine F4ol] 2l F-2d YA AR
band 5, 6, 7oA power %t F7H} oA Aglo] EAF o]
stk Atipamezole®] Fodv 22 715 A|7HAlA band 5,
6, 79 power’} A& F0E S vER, 5 2
A3 #EE A Ao WIlE 28 7 fiich Hoe |
37t FRAAET] o Zol7t A= ABE + e
U, T ol Bo7t 3 AAA U AAEES g
S &S & Y. Hup weto 2 T okx] &8 A4
S skl ojEu, 9 38 20 %S Zol M
w39 i, atipamezole SOugkg B Foi7} yohimbine
0.1 mg/kg A= FART} xylazine-ketamine & w373 7+
Aol E3H o™, yohimbine 0.1mgkg AW Toe
xylazine-ketamine ¥-& w7 234 4 2744 B8
Z48 FEsteE v, oz ATE B £33 el °
L8ttt AztE

4 =
o #Hst

Mean band power= ZFIAE S2004 band 7, 89
A 22(p<0.05)2F S391A4 band 5, 6, 79 A

22 (p<0.057F YERT Y FHFAM = S2904 band 7
o] golFel ZHA(p<0.05)2} S3914 band 5, 6, 72 2]
A1 ZH(p<0.05)7t VENTE A B E S 2, 3, 4
o)A band 5, 6, 79 AL FA(P<0.059F S 4914
band 89] 931 7 (p<0.05)7}F YRS

A2, My, SET Wsl

AL HAFolA 7IBAIZH Wil we} A&Hoz 7t
23tk RZE $33 S49)A Felaol UATHp<0.05).
Y SoJFe S33 S40M, A TS S2, 3, 491M H-A
o] AATHp<0.05).

A= 2N E S2, S3904 AN HAAE B
I (p<0.05), S4= 98.8+£12.54 3|2 FoAde SISl
xylazine o8 A<l 13442771 3/ R n|xjx] &
& 5 Adot Y FAZNAM= 82, S39A FelHQ 7k
HA(p<005), S4A Autrs 22416542 3SR
xylazine 5 A3l 184+8.94 342 FX x93 A
FofzolMe 82, S Ao)AQ HAS HAL(p<0.05),
S4ollA Al¥EE 17043742 3202 xylazine £ A2
161.6+18.24 3}/&-& A3ty

3E5E U222 Y BT 82, 30M #9E9 e

B (p<0.05), S4lM e F-9do) ATt xylazine
o A FAE 2AFTE A TS S200A FFEA
A8 HYI(p<0.05), S4ME xylazine . A $x2
FstHA e, Fode Uik o

8

N
d
=k

Broo N,
iy wo

& o

PNe

&op Hst

&2 S394 SAP, DAP, MAP =5 94 A& 2
2(p<0.05)9t S491A SAPSF MAPY #93<QA i (p<
0.05)7F Jebstth Y 32 S3004 SAPY] #9149l Zha
(p<0.05)%} S49lA DAPS} MAPS] #9140 24 (p<0.05)
7} Uttt A oS S2904 SAP, DAP, MAPY] #9
A 74 (p<0.05)2F S3°lA SAP] 232l 24 (p<0.05)
7} UERtou, S4904 SAP, DAP, MAPE 932l Wil
7} JEhR] 24T

Hoy Jjael A £

A 7tx BAMANM xylazine T § A AFZA
PaCO,7} ZA8lHon) Fo&oldl ettt Y Fodtle] S4
oA PaCO/t 94 A 743 (p<0.05), 2 9] st
= fFF A BUTt.

Aafd EHe A Foze $3904 1o #o4 e S
7Hp<0.05) Sl F2A4 s W3t YERR] &)t

e vist a4

A B F A0l HeElg & w7kA AIZHMHUT)
L o] 3823+646%, Y FoFo] 25410938, A
FojZo] 2,12+ 132822 Vet

ZAE o g2 Fo} A E FAIS=H Al AIZHMST)



184 AR

h27Z0] 4593110278, Y Eodzo]l 1191£7.19%, A
Saogo] 9.88+3.38F2 02 UElyth

Aol Aoz vl dele AZHMWT) o
20| 534919218, Y FoiFol 22.10£11.10%, A F
oj2o] 18.48+4395E- 02 LEINITE

Y —‘%0:14—9 A AgAo] ZMW A% ZRZA o} 27

FLAR S W

1. Adetunji A, Pascoe PJ, McDonell WN, Honey FD.
Retrospective evaluation of xylazine/halothane anesthesia in
125 cattle. Can Vet J 1984; 25: 342-346.

2. Booth NH. CNS stimulants. In: Booth NH, Mcdonald LE. ed.
Veterinary Pharmacology and Therapeutics, 6th ed. Towa :
Iowa state university press. 1988; 402-403.

3. Breese CE, Dodman NH. Xylazine- kelamlne-oxymorphine;
an injectable anesthetic combination in swine. JAVMA 1984;
184: 182-183. _

4. Byagagaire SD, Mbiuki SM. Duration of analgesia in sheep
under xylazine/ketamine anesthesia. Vet Rec 1984; 114: 15-
16.

5. Clark KW, Hall LW. Xylazine - a new sedative for horses and
cattle. Vet Rec 1969; 85: 512-517.

6. Cullen LK. Xylazine and medetomidine in small animals:
these drugs should be used carefully. Aust Vet J 1999; 77:
722-723.

7. Davis LE. Xylazine. JAVMA 1980; 176: 454-455.

8. Douglas PC. Sloth bear immobilization with a ketamine-
xylazine combination: Reversal with yohimbine. JAVMA
1986; 189: 1050-1051.

9. Ewing KK, Mobammed HO, Scarlett JM, Short CE.
Reduction of isoflurane anesthetic requirement by
medetomidine and its restoration by atipamezole in dogs. Am
J Vet Res 1993; 54: 294-299.

10. Hatch RC, Booth NH, Kitzman JV, Wallner BM, Clark JD.
Antagonism of ketamine anesthesia in cats
aminopyridine and yohimbine. Am J Vet Res 1983; 44: 417-
423

11. Hayashi K, Nishimura R, Yamaki A, Kim HY, Matsunaga S,
Sasaki N, Takeuchi A. Antagonistic effects of atipamezole on
medetomidine-midazolam induced sedation in dogs. J Vet
Med Sci 1994; 56: 1009-1011.

12. Hsu WH, Bellin SI, Dellmann HD, Hanson CE. Xylazine-
ketamine-induced anesthesia in rats and its antagonism by
yohimbine. JAVMA 1986; 189: 1040-1043.

13. Hsu WH, Schaffer DD, Hanson CE. Effects of tolazolin and
yohimbine on xylazine-induced central nerve system
depression, bradycardia, and tachypnea in sheep. JAVMA
1987, 190: 423-426.

14. Katoh T, Suzuki A, Ikeda K. Electroencephalographic
derivatives as a tool for predicting the depth of sedation and
anesthesia induced by sevoflurane. Anesthesiology 1998; 88:
642-650.

15. Kerr DD, Jones EW, Holbert D, Huggins K. Comparison of

by 4-.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

AF5 - oli] - AT

the effects of xylazine and acetylpromazine maleate in the
horse. Am J Vet Res 1972; 33: 777-784.

. Komulainen A, Olson ME. Antagonism of ketamine-xylazine

anesthesia in rats by administration of yohimbine, tolazoline,
or 4-aminopyridine. Am J Vet Res 1991; 52; 585-588.

Lee MG, Pak EJ, Choi JM, Yoon MH.
Electroencephalographic correlation dimension changes with
depth of halothane. Korean J Physiol Pharmacol 1999; 3: 491-
499.

Leslie K, Sessler DI, Smith WD, Larson MD, Ozaki ‘M,
Blanchard D, Crankshaw DP. Prediction of movement during
propofol/nitrous oxide anesthesia. Anesthesiology 1996; 84:
52-63. -

Long CW, Shah NK, Loughlin C, Spydell J, Bedford RE A
comparison of EEG determinants of near-awakening from
isoflurane and fentanyl anesthesia. Anesth Analg 1989; 69:
169-173. 7

McCashin FB, Gabel AA. Evaluation of xylazine as a sedative
and preanesthetic agent in horses. Am J Vet Res 1975; 36:
1421-1429.

Moens Y, Fargetton X. A comparative study of medetomidine/
ketamine and xylazine/ketamine anaesthesia in dogs. Vet Rec
1990; 127: 567-571.

Moens Y. The veterinary experience. Bailliere's Clinical
Anaesthesiology 2000; 14: 293-304.

Moore MP, Greene SA, Keegan RD, Gallagher L, Gavin PR,
Kraft SL, Deltaan C, Klappenbach K. Quantitative
electroencephalography in dogs anesthetized with 2.0% end-
tidal concentration of isoflurane anesthesia. Am J Vet Res
1991; 52: 551-560.

Nishimura R, Kim HY, Matsunaga S, Hayashi K, Tamura H,
Sasaki N, Takeuchi A. Cardiopulmonary effects of
medetomidine-midazolam and medetomidine-midazolam-
atipamezole in laboratory pigs. J Vet Med Sci 1994; 56: 359-
363.

Otto K, Short CE. Electroencephalographic power spectrum
analysis as a monitor of anesthetic depth in horses. Veterinary
Surgery 1991; 20: 362-371.

Paddleford RR, Harvey RC. Alpha2 agonists and antagonists.
Vet Clin North Am Small Anim Pract 1999; 29: 737-745.
Rampil 1J, Matteo RS. Changes in EEG spectral edge
frequency correlate with the hemodynamic response to
laryngoscopy and intubation. Anesthesiology 1987; 67: 139-
142.

Ranheim B, Soli NE, Ryeng KA, Arnemo JM, Horsberg TE.
Pharmacokinetics of medetomidine and atipamezole in dairy
calves: an agonist-antagonist interaction. J Vet Pharmacol
Therap 1998; 21: 428-432.

Renecker LA, Olsen CD. Use of yohimbine and 4-
aminopyridine to antagonize xylazine-induced immobilization
in North American Cervidae. JAVMA 1985; 187: 1199-1201.
Riebold TW, Kaneps AJ, Schmotzer WB. Reversal of
xylazine-induced sedation in llamas, using doxapram or 4-
aminopyridine and yohimbine. JAVMA 1986; 189: 1059-
1061.

Schwartz DD, Clark TP Selectivity of atipamezole,
yohimbine and tolazoline for alpha-2 adrenergic receptor
subtypes: Implications for clinical reversal of alpha-2
adrenergic receptor mediated sedation in sheep. J. vet.
Pharmacol. Therap. 1998; 21: 342-347.



33.
34.

35.

36.

37.

38.

39.

Yohimbine # Atipamezole ©] Xylazine-Ketamine -8 ©1342) K=o vjxle 9 185

. \,
. Sebel PS, Lang E, Rampil IJ, White PE, Cork R, Jopling I\JI,

Smith NT, Glass PSA, Manberg P. A multicenter study of
bispectral electroencephalogram analysis for monitoring
anesthetic effect. Anesth Analg 1997; 84: 891-899.

Stewart MC, English AW. The reversal of xylazine/ketamine
immobilization of fallow deer with yohimbine. Australian
Veterinary Journal 1990; 67: 315-317.

Thurmon JC, Tranquilli WJ, Benson GJ. Preanesthetics and
anesthetic adjuncts. In: Veterinary anesthesia, 3rd ed.
Baltimore: Williams & Wilkins. 1996: 194-198.

Tiwari SK, Kumar A, Vainio O. Reversal of sedative and
clinicophysiological effects of epidural xylazine and
detomidine ~ with  atipamezole and yohimbine in
buffaloes(Bubalus bubalis). Vet Rec 1998; 143: 529-532.
Traast HS, Kalkman CJ. Electroencephalographic
characteristics of emergence from propofol/sufentanil total
intravenous anesthesia. Anesth Analg 1995; 81: 366-371.
Trim CM, Giloy. Cardiopulmonary effects of a xylazine and
ketamine combination in pigs. Res Vet Sci 1985: 38: 30-34.
Vaha-vahe AT. The clinical effectiveness of atipamezole as a
medetomidine anta- gonist in the dog. I Vet Pharmacol Therap
1990; 13: 198-205.

Vainio O. Reversal of medetomidine - induced cardiovascular
and respiratory changes with atipamezole in dogs. Vet Rec

40.

41.

42.

43,

45.

46.

1990; 127: 447-450.

Verstegen J, Fargetton X, Zanker S, Donnay I, Ectors E
Antagonistic activities of atipamezole, 4-aminopyridine and
yohimbine against medetomidine/ketamine-induced
anaesthesia in cats. Vet Rec 1991; 128: 57-60.

Wallner BM, Hatch RC, Booth NH, Kitzman IV, Clark JD,
Brown J. Complete immobility produced in dogs by xylazine-
atropine; Antagonism by 4-aminopyridine and yohimbine.
Am J Vet Res 1982; 43: 2259-2265.

‘Waterman AE, Nolan A, Livingston A':Influence of idazoxan
on the respiratory blood gas changes:induced by a2-
adrenoceptor agonist drugs in conscious sheep. Vet Rec 1987;
121: 105-107.

Yate S. Clinical use of xylazine. A new drug for old problems.
Vet Med Small Anim Clin 1973; 68: 483-486.

L EAd 2, ol mby). #F x| s}l ¥ X] = halothane THY &3}

o] A=A B4, Adelh=] 1991; 32: 159-167.

olgt7]l. ## =AY Ao Ulg diazepam T
flumazenile] <F= &2 A5 a8 F2LoFE 3] H
1999; 7: 242-248.

T8, ART AP, ALF, DAL, LR, o)y,
291 5. Propofolo] 719 = o)l vz F . I YASF
2] 3}+3] 2] 2000; 17: 359-367.



