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Abstract : Anesthetic agents are useful in inducing the anesthesia for surgical operations and
various biological experiments, but they can disturb the body homeostasis and cause the stress in
animals. Much efforts have been directed on reducing such side effects of anesthesia. In this
work, we measured the serum ACTH, corticosterone and glucose concentration in rabbits to
compare the degree of stress induced by two commonly-used anesthetics, ketamine, xylazine, and
the combination of xylazine and ketamine.

1. The anesthesia was induced in about 10 min in the rabbits treated with xyalzine, ketamine
and xylazine-ketamine. The duration of complete loss of righting reflex were 12, 13 and 115 min
in the groups treated with xylazine, ketamine and xylazine-ketamine, respectively.

2. Serum ACTH concentrations in all treatment groups were higher than those in control group.
At 30 min after the administration of the drugs, serum ACTH levels in ketamine-treated group
were significantly higher than those in control, xylazine- and xylazine-ketamine-treated groups.
However, at 1, 2, 5 and 9 hours after the drug administration, serum ACTH levels in xylazine-
treated-group were higher than those in control.

3. Serum corticosterone levels in xylazine- and xylazine-ketamine-treated groups were lower
than those in control or ketamine-treated groups at 0.5 and 1 hour after the administration.
However, at 5 and 9 hours after the administration, serum corticosterone levels in xylazine- and
xylazine-ketamine-treated groups were significantly higher than those in ketamine-treated group
or control.

4. Serum glucose levels transiently increased to 3 times of the pre-injection levels at 0.5 and 1
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hours after the administration in xylazine or xylazine-ketamine-treated groups, but were not

changed in control and ketamine-treated group.

These results indicate that xylazine-induced stress lasts longer than ketamine-induced,
suggesting that the difference in stress-related hormone levels during anesthesia could be due to
the differences in modes of actions of individual drugs used and the depth of anesthesia.
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Wiz Fol glol Al g44E gafsA gojet
g A oA A2 AARHT Qe 98 nHAEL
nHA e £FdA TEEL XEE oA ¥F
AEo AgE dodn daA AP g ER |
%<l A pentobarbital sodium w}3 A] Tk prosgesteroned}
cortisol®] @AY F717F Fe¢sH L JEHZ upHA cor-
ticotropin releasing hormone(CRH)-E X 3+ Al ¥-u)
g A-FAn Ao olojA YA T2EE, adreno-
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o)Ad ASHEAN AEd BE A4 BRI
Xylazine(F £® A} )3} ketamine(F & A B} 50FAHL
22t ulold me o} F A YAt HRFPAA TUHA
t}. 8% ACTH, corticosterone 3 glucose 5 =24 & 2z}
adrenocorticotropic hormone assay kit(DPC, USA), cortico-
sterone assay kit (DPC) % glucose assay kit(Embiel Glu-
cose Test, MBL, Koreé)—g— A8t A AT vk A
£ 24 guaged] BHH 3ml FA|E JdT AP 22
guage®] BFE Sml FA}7] & AHEEH AT

AEMA| U HUHY  HYT L FT SFH 4FLE
TE3 AA g AEY iz e YT E 0.5my
kg# Fo} 8% 3 xylazine 5o} 7} ketamine S o 7ol &=
M ZF kg3 10mg9] xylazines} 50mge} ketamine2 247} &
349l Xylazine-ketamine %} 70| xylazine(10mg/
kg)e WA FoAg F 5% ol ketamine(S0mgke)e F
AFAE, BE FEL ZHUYR T}

YL dF71E B3ty FoAE o4 94 308,
SF 24 308 ¥ 2F 94 308, FAF 05(24 94
308), 1, 2, 5(&F 24] 308), 9, 12(2.¥ 94] 30%), T
195 24 94 308, &F 24 308 L 2F 9A] 30%9]
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otE Aol ot ntH o] Ak Brte oA FA
¥ E79 AATEE FAE A 843 &
Ase AL 71222 FPed™® Y3} 245
7] A& AR v}A e {5 A 7Hinduction time) 712
I o] F HFHukALZF 4] AME 717HE AR} &
A7) &, Av}3 7] (duration of loss of righting reflex)z} &
Aok 2 AAE B2 Fogn §30]7] AR}
ANEE A Y EAY &, 3E7|(recovery time of
righting reflex)&} 3} 1T

SMEARFE22(ACTH), corticosterone % glu-

cose ETEA : ACTHS} corticosterone] %&£ radio-
immunoessay W& o] &3, Hes] Awud ACTH
¥ 8% 100pl9) 100p1¢] ACTH FH & H7H3 & AL
o) H 1A b5 ARG F 7)) 100u “I-ACTHS} 4t
$AAAE A g & dARAYAEA EAsE T
ACTHS] radioactivity & 7}+w}7}-2E(1470 WIZARD™, Wal-
lac company, Finland)& ©]-8-3t] &3} 4]t} Corticosterone
& corticosterone antibody’} %9 tubeo] ¥H3 loor-
ticosterone H 7}t HHSAIZ F o]F REE ARE &
o HEdE 4H3 vy Fo Hd Eo3]E radioacti-
vity& Zul7HEE & o] 88t &8 Ah Glucose 5=
+ glucose oxidase enzyme assay 'Y 0.2 ZARSIF T, of
E FET o5 E FUEtd 3 47y FEFAE 9
£33t A&

EAXME| : RE ZF}E Mean+SEZ YEhU T F3
9] 2o} 9] )T+ unpaired Student's rtestol] 2]3ted p (0.05
03L& Aol7t v ALE HFESHTY

i o

Xylazine, ketamine 2 xylazine-ketamine $&A] v} 3 F
% A ZH(induction time)& Z}7} 8.33+4.18(n=5), 7.67+0.88
(n=5) % 9.33£067m=5)cl%ed ol& 3t {F9%
ol ggich. drA g A Zukal 44 7] (duration of loss
of righting reflex)¥ xylazine ¥ 12.00+0.02(n=5),
ketamine ¥ ¢ 13.00+4.58(n=5) ~18] 21 xylazine-ketamine
EQ7E 1147£3.71(n=5)2 0.2 xylazine®} ketamine %
o Bk o 9uf ZATt. 22T HFHEAL FEA A (re-
covery time of righting reflex)-2 xylazine-ketamine § o
o] ¢ 1608 ¢ 2 xylazineo] 1} ketamine o7+ BT} #9
87 2 R ch(Table 1).

Fig 1& oA A %9 Ao] 0 8% ACTH 5E9

Table 1. Comparison of xylazine, ketamine and xylazine-ketamine anesthesia in rabbits(n = 5)

Induction time(min)

Duration of loss of righting reflex(min)

Recovery of righting reflex(min)

Xylazine(10mg/kg) 8.33+4.18
Ketamine(50mg/kg) 7.67+0.88
Xylazine + ketamine 9.33+0.67

12.001£0.02 48.67+2.67
13.00+4.58 69.00+5.86
114.7+3.71* 161.3+4.63*

Values were expressed mean+SE. *p { 0.05 compared with the comresponding values for xylazine and ketamine.
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Fig 1. Serum concentration of ACTH before and after injections
of ketamine alone, xylazine alone, xylazine-ketamine and sa-
line in rabbits. Arrow indicates the injection time. *p ¢ 0.05
compared with the corresponding values for saline injection.
Each point represents the mean 1 SE for 5 rabbits.
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Fig 2. Serum concentration of corticosterone before and after in-
jections of xylazine alone, ketamine alone, xylazine-ketamine
and saline in rabbits. Arrow indicates the time of injection. *
and *p { 0.05 compared with the corresponding values for sa-
line and ketamine injection, respectively. Each point represents
the mean = SE for'S rabbits.
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Fig 3. Serum concentration of glucose before and after injections
of xylazine alone, ketamine alone, xylazine-ketamine and saline
in rabbits. Arrow indicates the time of injection. * and “p { 0.05
compared with the corresponding values for saline and ketamine
injection, respectively. Each point represents the meant SE
for 5 rabbits.
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2X2t F-9) xylazine ¥ xylazine-ketamine %o Foj A j
ZT 3 ketamine F¢ 7o) Hjste] fo% F17F By
o, o] Faf 5A2F Fol& o] & YIEY fo o)
€ Ro|A Ystth(Fig 3).

&

£ AT A xylazine, ketamine 3 xylazine-ketamine £
AN 9 ERel X ntH Eg o] EE B D43
2EH 29 AT E Yolugich E AgAn njHe) &
EAZE AE froE Aol B2 gttt 8
ATt xylazine-ketamine FoJA] o} )& 2H(F 1158)
&, ¢85 AN £48& Yol Azho] xylazine(%F
128)0]1} ketamine(%F 138)& FAg Auch o 9u) 7}
7to] AP FEHUEY o8P AFHE xylazinen}
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o 2 &= 9t Silvermans} Ingram®, Hobbs et al
* 9] Popilskis et 2l ¥ T2 A7 RS9 B9 Y)Y
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g 71 9% AN E gHEAE g g ol
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< o] HPA axisd] $84 % JAH o2 43 oj5 &
2E9 g 2¥8a glgo] HuHYY:. J&
o} sodium pentobarbital-& in vivo A} e} ol 4] ACTH £4]d]
249 a3E gou inviro AP A BAH A
ACTHo| A% 7 9ol FA9AA corticosteroid)
BHE JA AT Aol A halothane 0.2 F ¢ u}3 Al
2EY 29 2 F7} HE= ACTH 2 cortocosteroid®] 5%
FHAY A2 e FS FL2 oW 3k e A%
obF ohoFdt W3tE YT may B AgdA
oE UHASE FAA Yoyt 2EF2Y AR
olg] A F7} HE stress TEREC WHE ZAFO
2N gotruz SYed, # 47 2AE 28

a

E
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mu e ol rir

g &, ¥F corticosterone3} ACTHE A2 94§ 334
€ A1 2e7t 2FHo AT B A7 gz
U ketamine £ ¢ 37} RAF 27)(FodF 3083 14]
7ol xylazine ¥ xylazine-ketamine ¥4 Bt} ACTH
BH1E o ol s a8y 3712, 5, 2 9417
A F94 AE Aelg HolA YA xylazine L xy-
lazine-ketamine %o 7 Rt} ACTH 2|7} ZAs= 2
¥E 2 oY B AFoA corticosterone %9
S F4L ¥F ACTH 529 W3 443 338 o
A8 Eth ol o] TEEE] 4 AN &
HE = A 4 2 %A HYol7] 7] A (negative &
positive feedback mechanism)%- o} kg 20 Q% Ao
2 oAA 1 Lindholm ef al¥E RE A LN €3
ACTHS} corticosterone 57} 22 o2 Wiy x|
€ ¥ty Buggd.

Nistico et al & ether2 Av}lg A 4583} A4s
Al A5 5 ACTHS} cotricosteronc®] ¥u}¢] Z718 &
A7 2 ketamine W} A} o] & cotricosterone E-¥) 27}
7} ZZt(handling)A] ¥t} o} 23 9. &=t B
1284 Kudo ef al % ketamine2 HPA axis& #}33}
2 ojo] BAloA cotticosterone®] #8]E Z71A]7) =4
ol 45L& ZZH(handling)o] L} HAHQ 2EF A
gg ASHg o 231 o8 A&dry BugP. B
AP M E ketamine® ZZH(handling) 2AE# 28 & &
Qe HET(saline FA )R} of LHE¢ EF corti-
costerone TF& F7HAIF T wtH 9} g E &
% corticosterone & 0] F7HH A7 o] Bk vl 7} A
ojutE F<tel ©l A3 coticosterone % F71E B
Ao, o} ¥ AT+ xylazine?} xylazine-ketamine 1}
o] 27| &, AulF Ao corticosterone 5 E o] Z7}7}
AN o] F BB Foo] fo4 YA FrtETE
¥ 489 239 FAIE AQd o] ZZH(handling)7
ot Az 2EHAE Y F dUeE 2L G4
3= Roltk. x|k o] corticosterne 39 747}
ayadrenergic A5 A2 A xylazine®] F R w3 o)
g% 2EH 2 Ax 9 43} g AUdAE FH &
4 ¢lt}. 812 Sanhouri ef al * & AE g2 ul-8d] o4
A A3-9 corticosterone -5 2] F7}= o,-adrenergic &%
A Q) xylazineo] o} 3jA qA¥tn BRudn gt g
A o]# @ xylazines} xylazine-ketamine ©v}3 <] 27| &,
Auk# X4 corticosterone +F 4] ZAE o -adrenergic &
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FAEA xylazined] 4o ¢ Aoz AAYY.

Reyes Toso et al & ketamine v}3{ o] 98¢ ¥F X&
3 59 3717} adrenegic 58 Ao A glof
Hed o)& ketamineo] ¢ ¥ A ¢ ngn FAF
A A EulHE ¥F catecholamine F&, THJA Y F
=% A g HFo A9 insulin A2 S F8 7}
¥ 8% ¥57 ¥ 5§ adrenegic T84 2ol a)A
2 Aol Bt E¢ Hsu L xylazineg F 95
AN FALE 1580 83 ¥I5F $EE 5P E
93907t 608 ojlld] 2 TrFEoR 2T 2
28+% 2.8 Chalabi et 2/ "% xylazine-ketamine®} *§-g-u}
A 8F IEF £F0] F71¢0 e, o xy-
lazineo] #% PHE o)A ay-adrenoceptorg 4381 in-
sulin B8 & AA3a Holof LEEF FFo] opr|d
U Bads Qo o5 Bie o&¥ xylazine
R o]& A &, SEEEH 0] €F TxT F
EE 37191 ol F 5 & AZI(FAF 1208 3 180¢ )l
insulin %7} F7tedz st@ed, oHE B¥e
Tranquilli et al*d] Q#jXE Han=Et. 283 Lin-
dholm .et al & insuline] &4 of7|E AXEY ¥ZF
3} ACTHS} corticosterone 5 =7 A3t A28 &
gtttz RmEgh B AYdlA ¥3F corticosterone
xylazine3} xylazine-ketamine §of ¥ 3083 608 & o
2T S Bolthrl R A 3} £ENA 4
3 F71a Ak e TEFE ojste whule] AL
B4k 283 corticosterone®] F7}HE 71A k¥ xylazine
Eo L ketamined} xylazine-ketamine £ Hth &
Agk TPl dfxFo) HEHA 8F ExF FEE
Z7 ARt} ol $ ZHE xylazined} xylazine-ketamine
o g% ¥ X273 FEY F7H 79 fcelld] opa-
drenegic receptor®} A= &, AQled 3o I A
1XEZFE o}7| 8 glucagond] A4 F7ht FAHF
ol A9 corticosterones] ¥ & AFHLEN 2HE F
E 913 corticosterined] &M= FHE TE F vk
AL grjgch A% 2 JYe AHYoR YF EE
G FEd v %9 v} 7|dd dEA 2t
E oy,

g2tA o] 4 ARENA & F e A vt A
g% AEY2E vlHY HEd 4FE L & U
£ Aotk 232 ketamined v} o F7| BT X7]0]
Af 2EFY2E of7]she uHl xylazine® 27lolE &

Ef2& qAgnt F70 o 48 2EH2E &
3t Aeld o]& xyakzined} ketamine T}E 7)A
o2 2EH 2§ FU3I, vtAA 32 A9} Z2(han-
dling) B¢ 2E#H 2§ Fisc FLY AL E &
AZ v A Ydehte 2EH2E g J]dd 99
A zddde A& gl

i B

sdAE gasee ¥ GG Yo FE34A o %
Hed o] sHET oj9d A YL A
A7 1 2EH2E FEde AcE &EA sl w
N AE5EY FodddA Bo] o]&H Y& xy-
lazine, ketamine % xylazine-ketamine ¥ 8 v} A] {15
E 2EH2 HEE 2EH2Y AFR o]4HE ¥F
ACTH, corticosterone ¥ glucose 558 FAIFTOEH Y|
A dHE olefet 2ot

1. & %Ed 9% rlHHE AL BEE AE TN
2 Aolglo] BF < 108 E Hu, Al o] A&A2H
& xylazine-ketamine Foi70] ¢ 114% 22 xylazine F
o] (S 124)0] 1} ketamine F-of (¢ 13%) B} o 9
At

2 2EH 29 X HZ ol &HE 5289 UFY ACTH
¥ 5 xylazine Fo79] B4, Fol¥ 302 2T
L} ketamine ¥-of & B} @izt $AF 1,2, 5 % 94]
Zto] 2 Fo|L} ketamine FAT B} ¥ & FHE Y
et it

3. 8% corticosterone ¥ £+ xylazine 97 2 xy-
lazine-ketamine FFA A FF 308 ¢ 60&9 j=
T3 ketamine FoT Bt} @gtoy FAF 5A7% ¥
9A ko] xylazine $¢ R xylazine-ketamine ¥
¥ 2 corticosterone ¥ £+ O] 27 3} ketamine §-of Z Bt}
E3.

4. 8% glucose FEE WA A FATE] RTEY
Z7 X 1 xylazine &5 % xylazine-ketamine ¥} <
Y2 glucose S 7} ketamine 5 F Bt} §98A =
ko,

HEH 2R vl# xylazine-ketamine A 7} 2
3 $A85Ed ohA A BASE 2EdAE Auha7)
2o 3E7)d o AdA oprl=ET. Xylazined} xy-
lazine-ketamine & §-o} F7)o A 2EH2E ofr|dHe
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