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Ketamine-Induced Blood Pressure Lowering in the Rat
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Abstract: Although ketamine has been used in the field of anesthetic medicine for its safety and favourable respiratory
effects, the cardiovascular effects of ketamine is still controversial. To clarify the action and mechanism of ketamine
upon cardiovascular system, arterial blood pressure, tension of aortic ring, left ventricular developed pressure and heart
rate were measured in rats. Ketamine produced two types of ‘effects on arterial blood pressure in anesthetized rats;
monophasic effect (blood pressure lowering) and biphasic effect (initial transient blood pressure increasing following
sustained lowering). The ketamine-induced lowering of aterial blood pressure showed a concentration-dependent manner,
inhibited by the pretreament of MgCl, and potentiated by the pretreatment of CaCl,. The ketamine-induced lowering
of aterial blood pressure was suppressed by the pretreatment of nifedipine, verapamil or lidocaine. In phenylephrine-
precontracted endothelium intact (+E) aortic rings, ketamine sometimes caused a small enhancement of contraction
(112.5%3.6%). However, in many experiments, ketamine produced a concentration-dependent relaxation in +E aortic
rings precontracted with either phenylephrine or KCl. Ketamine-induced relaxation was significantly greater in KCl-
precontracted strips than phenylephrine-precontracted strips. In phenylephrine-precontracted +E aortic rings, the
ketamine-induced vasorelaxation was not suppressed by endothelium removal or by the pretreatment of a nitric oxide
synthase inhibitors, L-N®-nitro-arginine and a guanylate cyclase inhibitors, methylene blue, suggesting that the ketamine-
induced vasorelaxation is not dependent on the endothelial function. In addition, ketamine elicited an increase in left
ventricular developed pressure in perfused hearts accompanied by decrease in heart rate. These results suggest that
ketamine could evoke a hypotension due to vasorelaxation and decrease in heart rate in rats. The inhibitory effect
of cardiovascular system might be associated with modulation of Ca** homeostasis.

Key words : aorta, arterial blood pressure, calcium, heart, heart rate, ketamine, vasolrelaxation.

N B

3t SR HEe) 719e] Q= Bl AMge] AT

KetamineZ Corssen®} Domino™| #2202 YAt <43k
olgf A& ) HArHAR AFEI}T gLl v
ARt Algsin, 387147 2 AgAA Y] oAzl
v 2 A3 7|#A] HEZE o|gA7e? Aol W] wE
o] Bzt oA BE wFHA R T FaupHY Fhet
Fe] BxAZ Qo] F Fo] FYoA da] AHE-HAL Ut

Ketamine A#A|o)A] F2 &44& op|sirtal d&A
REY sy, il Aukea SIP8 AR S
o} HFH} F71° dozFitiy HIEOM, ojg &
A NAeR FFRAFAG G587l 2esAY A
o] #AJeBo] AAFHALE o7 ojfE 4lutre}t ke
AN & e F2Rgol 7] wiEe] <1 FYA

= O
o=

'Corresponding author.
E-mail : kimjs@chonbuk.ac.kr

220

a1 glomn o] goeas AHBAE Agstd AE
H3t Mg opr)ehe 2o €27 a,-adreneric agonist?]
xylazine} HB-83H20 24 ketamine®] AT AA A4S A4
s &3 e opet JEAEE T ATl wE F
2L8-5 Fol= FAE A3 ) ook WIE ketamine©|

o=
AEIAE ostdvke dtd BIw 3Ut) Ketamine©]
& FA2AFem, Aol d¢t

MBS} By oA A pE
A7ke] AWYRL F54]

o T =
72 FHYEAL o) itk Bu¥slt). B3 ketamine

e Yo Wk Sz,

°| cardiovascular dynamicse tsld 2744 ¥H8-8 VEA|Z
QoA B oA Fuote] diEiA 244 W & B

72 Ejt ASEES vERITE AL BT
719} 720] ketamine AA|oM YL A=A AY B
ZANFV7 = B FIEA] whgol A)ZhE FAL AR oE o
B |x gtk EF e S3AAAY g1l
gAY 2R S AFsk7] WEelm 'SP, "y PR



3ol Ketaminedll 213+ Bl 221

Mo Faslz Jrhs olejdt AolPe Bt A
W, 8%, ARFE F9 Ao) WAL FZEAWI,
3 Zujel Aol AR 244 W B el sk
e okl et 2hgol ol w7t el Y
44 A gl #A7} o1E & ek,

wapd SRl B, Fe) BiEue Y, uF A
A4 3 Aol et ketamine®) EHE Psed 4
oAl g E3 9 2 710 WA sk

R

ot &4
4=7] 87| (Sprague-Dawley, 200-300 g, A& 8 Y|t
A4 ATA4)E urethaneSE WS, hot plate(37+£0.5°C)
A AL FAFEA F 208 F AT = K
AE 98] 71Tl catheter® Y3l 3AST ventilator2
S fAsIHEE He)] g T3] fE 9% F
of cannula® AFY3t] TABFR, Le FFs)
282 2% cannulaE A3t 2t A
Aol Adsinnt. 2% F45 M AU cannula®]
heparin(5 TU/ml)e] 78 AeAdTE A AL
oAt deto] Y F ketamineS 9% T
o BEojale] APHFTS AT Y FES s oF
2057 QFAAIZ) B AX A RS Fosial ol HE(Q2
2 olU)dH ketamineS AFoisle] Y-S vl 43
Eipii=8

}op
o moh
2o

O ox

X o

J‘
S St

rr

fifrt

i
TH

s Y 59

F7 379 FRE gse WA F FF dEis
AZsle) Ak 3} G [(mM); 133.0 NaCl, 5.0 KCi,
2.5 CaCl,, 1.2 MgSO,, 1.0 NaH,PO,, 11.0 glucose 3 12.0
NaHCO;; 95% 0,/5% CO,, 37+£0.5°C} pH 7.4=0.5]el4
gale AAG o AR dulgseld AW 4 A% =4
He AL Zelrfes Ausigich Aol o 2mm=
Hetg g o) Fi 8] FE5S 7] ddde] ASH G
0.5 m/min)2.2 AFEE tissue chamber W 27 50 um
FAT| TAEL TS §&e A 25 um 249 A4%H
& tension transducer(Model 400A, Cambridge, USA)=
o] AHe 243} 250-300 pgol AHHFA )
Z. & oraslEd T4 40-70 mM KClol EF8 FgY
& 203087+ 123 #FRAIA FEE T e =
A 7o W A syt EA deiela 3 ol

b
ol

23 3 A=) Aol A€ JefellA saponin(0.3
mg/miye GoFelol] o] 12-1587F AFAA W& AAS
3 TRA] ketamine®] EE #FEsiinh. T &4 5%
= 05pM9] acetylcholine Foidje] 2 ojgh ofF 2
W AA g FAsiry FEe] HEE AerE7]
(Model 3400, Gould, USAYS ©|g-3te 7183ttt

MEel HE 9 MY £H

FA AHE FH B F AFS A ez ¥3d
olg] 71&d Akh 3 FUAM A&3A B 52 A
stk YA [(mM); 137 NaCl, 54 KCl, 1.8 CaCl,, 1.1
MgCl, 045 NaH,PO,, 11.9 NaHCO,, 5.0 glucose; 95%
0,/5% CO,, 37+0.5°CS} pH 7.4£0.5]0] A&H 0T AFE
U BF system(Langendorff open system)oll 41744 o
ol 2208 AAsAh dukEe] dskE 5] balloon
HANE ZAFste AP AW AABske  pressure
transducerd] AL A FHE Sk UG
(left ventricular development pressure, LVDP)<- computer
analysed physiograph(Model, Analab, USA)Z 715351t}

o K

to

A o2 ¥ SAHX

Ketamine hydrochloride= -3t%3 (Korea) |4l 48k
37, acetylcholine, heparin, lidocaine, L-N°-nitro-arginine(L-
NNA), methylene blue, nifedipine, phenylephrine, saponin,
urethane %! verapamil<Z Sigma Chemical Co.(St. Louis,
MO, USAEFE Felaled ARg-aixitt. A4 42 meant
SE= Ueld, 7+ Add7e] {242 Student’s rtest]
ofs) At

2 3

KetamineO| EF{e| Hefol ojxle ¥

Fig 1 o}33k D50 ketamineS Folste] BY¢e 54
3 ZAs}oltt. Ketamine(s mgkg)e WHA W3] EGHES
oblskilrt. A 271 Weol olo} Al 33

& Vel 248 B E1% n=22) Jepiow, ® o

A 20 sec
150 —
2
Q. !
m E e
sob 4
5 mg/kg Ketamine
B 20 sec
150
P
o
mE ,
S ol 4

50
5 mg/kg Ketamine

Fig 1. Effects of ketamine on arterial blood pressure. Typical
tracings of the suppressive (A) and active effects (B) of ket-
amine on the blood pressure in the anesthetized rats.
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Fig 2. Effects of concentration on ketamine-induced lowering of blood pressure. Typical tracing (A) and data summary (B) showed
the concentration-dependent suppressive effects of ketamine on the blood pressure in the anesthetized rats. The data are expressed
mean= SE. *P<0.05 vs. before the treatment of ketamine, n= 5.
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Fig 4. Effects of CaCl, on ketamine-induced lowering of
blood pressure. Typical tracing (A) and data summary (B)
showed the effects after pretreatment (2 min) of 30 mg/kg
CaCl, on ketamine-induced lowering of blood pressure in the
anesthetized rats. The data are expressed mean+ SE. *P<(.05
vs. before the pretreatment of CaCl,, n=5.
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Fig 5. Effects of Ca** channel inhibitors on ketamine-induced
lowering of blood pressure. Typical tracings showed the
effects after pretreatment (2 min) of 600 ug/kg nifedipine (A)
or verapamil (B) on ketamine-induced lowering of blood pres-
sure in the anesthetized rats.
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induced lowering of blood pressure in the anesthetized rats.
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4

a

Ketamine2 S&717|¢} AE#A o thste] ¥]wA F2hE-
o] &L 1] barbiturated] HEA FWulHAR RE M
309 o) Bt o] Yol AREEo] git). iEE mHH
Ao] 2802 Yehhs 38 Aol Hu7 2387
7187 BEE o]PA = el e AR g A
ot} 28y ketamine2 X A, 28, TE, A4S &
A, A, A F slEg oke]ael ot A7 Szbakg-
59 HaNe doyle Aos dEA U

Ketamine®] A8dA d&k| disirds A= Adolst A3
So] BaE T ik P 2 AFATNA ketamine PHH O
o) A¥AA e o] BT =, Aol wim | Aut
2% 71 AR S 2 A5HY 57 S0 ELEU
1:}5,11,]9,21,28.29,44‘ 0]%_ ‘i’l’tﬁi /ggy&ﬁ]% C_)_‘-](?:}-ﬁ“l,q__“i-_ E_‘J—/E_
ATk ellA FAsES Hog)m ) Al Audae. 4
SAF7|3L I HRL oI, AFRE EFete B,
N L Aol ketamine2] FHdel] e A& Y
35ag ool Z719] AAER] Y FAREol et
o 101119212829 Qlso), E7)9} SFelM Azbeh A oF
7S AT BALE Ao

dgHoz JofiA @77k viFHE 3 ketamine®] AW
FAE 82 10 mg/keo) DFE 40-50 mg/keo] AREE L
Ark. B A Aol HAFA wiFHEFe] oF 1/10%1 5
mg/kg?] FEE HF gt e F 7 WS HAth
5, A9 oF 80%olA] 271 dA1ARD F7tell o] A&
A2l 3g B 2779 Wk 20%014 AEARI st
Uehow F kg 2RolM HEHoR= Hete e
epHST ol g E9t s E T ketamined| FE 9E
A RS BT 28| 244 Wk MR FE
ol=AQl "¢t sPaIE FEFHIERRE vAA]). o]H g
sREde AR Ydelr &&= ketamine PHA] A€
A AT 3 7M7) st oldHE tE ekt
7 mEA o] AN g AEYE o = U
onmg Fosjof & Zojr}

S8 Al A Mge AddA 233 SA S
o7 AL Qo AnllgdEe WAl &

Aol olgl]l S JoF|HH2 Mg¥o| Ca* AaAZ 2
23 F ks AFET7L QL Mol % 3 o)gt
2 oY o 2 S8R AR 71K Qg Ay - 9
Ca®" 2383 AT #o] vt Ba¥EHn). uehr &
AollA Mol FHEAS Golr] 93k ketamine®]
Aot st a Tl Uigt Mgl dEFe wES A Mg™ A
Fo]E ketamine®] oIS AAISH ketamine®] Y

Lo

T St BF C& F2E F7MIAL W ketamineo]]
ot <t tadE Setde ¥ 7 ofYgk L-type
Ca®* B2 XA|Q nifedipine?}t verapamil®] HFe] 23]
o] FEArt YA At AMERH vRe E o
ketamineol] ©J8F < FFlad= Ca?'e] A A
BA V& Ao FZHTE EF ketamine?) B} sFFE
= Na' B2 JAAQ! ldocanied] AT sy &
Al AEs BYS B R ol o5l € Ass
s AgHoz et o= ketaminedl 9|3 E¢
sFEI7E AFH 02 Na'e] 93 23 A7 (A
U Na® el Aol o3t o]xH49] Na'/Mg™ wa7| &
& Na/Ca® 3719 AqAlo) 9] Mxf Mg™ & Ca™
o] Hizo) o8t Aoy 28 4 9lv)

s opdet Aelshy, WashE ] ofs) d@
o] A olgt W 45 Blal 429 8 2 Ak
gl 71208y, wjebA ketamineoll &gt <t sPFEIIt
Ha A9, 4] F5Ea Aukree] wEe) od AJXE

i

Be]7] flgke] Bt tiee) A AF WM &
A 2 s STk dRkEeR daes 7 9
ol N3 A= norepinephrine, phenylephrine & 5-HT
o} 72 84 §FAIS EE KCIE S 73AA F
e}, 83 FEAI AFE KOO 9% g2 7}

7+ g 71d 2 AZE ARSER dgolgt AddM A
7] FEA sl HRe FEAT F EAHLGE ke E
Aof| o5t o|gt R 2 7|HES WEleY Fag ol
Hojgitt. B dAFeMe ZFE KCll o3t g3 553
phenylephrine©l] &3 @ F=5 o|d & ketamine2
g9 AP dF ads A IEE Kol 2@
B 75 AZY Ca AAY L-type Ca¥ T2 A
of ol&te] AA)s)y) wjEol] KCio) 28tk =2 9] o=
A4 Ca BEE RS Ca £ ASHY S Yulsit
ulghy] EREo} Edo] 1E% KClof 93t 58
AAY 5 Fie o|AIIHE MEY @il 9%
Ca®" -l YAHATL & 4 Uk £ AFA IFE
KCll 28t 723 Fol] th3le] ketamineS X% A
I} FE EHoE PGS oA ol ketamineo] <
g g3 ojgEIrt Ca¥ Y #HE JhsAel S ¢
T SJRltt. Bo| 83 A phenylephrine® 2 4-54]

7l @A BT ZELE KCIE FEA17) oA




226 48 - A -

ketamine?] 3 o|¢tid= IA VeSS 84 A
ARE AHS ol 2HRYE A - AR HY oF
A Ca™ B2 Qo B3l AL ol Z £ U= Ut
Aol A 48 adA o 9 HI2 2L F
2 85 AF ARE ARE Ca¥ 529 ol 2g Al
29| Ca™d] NEWE 4, AT AFAEZHE Ca fE
29 9 ey ofol FRE HHe Cat FYPFl ot
o dojdt}l. B AolA FH JE2o| F=2 EXeh= F
EQ] a,-adrenoceptord] MEH o T ZEsh= A
phenylephrineS A X8t FEA1Z] A ketamine
T YEHoR gag oS ERIBIAH. olde A
= ketamine®] FEAE AF3ldXE olE F USE
WAE = QU gk F8 83 ol S
AESAL A7 LA e G olgldeE ME
Y Ca¥* TEE ZAAA e oldAIe Caf TR A
Tolt}. &, cGMP 49 9% PKG /4= A<
Ca®* B2 aidolt}. PKG 842 Ca¥-84 K 52 &4,
LAY Co* HE &4, FFEEAT Ca¥ = A,
1P, 84 oA, 1P, 34 A, 25349 Ca 24
24 D PKC 848 BaAA &S oA 7 A
ezt EAshs A4S, Ehilg f=i ol¢IxRI NO
e B2 HE82dA NOE cGMPE Z71A7]7] o £
3 ol & = 7)H A7 & U9 FF, NOS
A 9 &4 Hdele vlg F8sEith ol 22 F
A48 7] ALt S¥HE 3 oAl (nitrovasodilatory= ¥
s AEet #AEGe] NOE ATt GCE &3t
3L, WA SRR B QIAAGERES U Alxdd
A NOS 2482 NOE XA GCE BAFAIH =N
AZEW cGMPE Z7HZICP. ey £ A3 A3 2ls)
W phenylephrine® 2 F5A)1Z] FBA] ketamineol] 23t
g3 olgmIrt dvlim] AA, NOS oAA = GC A
Aol o3ted A=A gkt WERA] ketamineol] 9% &
# olgtaa= Uiy &4 NOS/cGMPA|9 A-EGSL <
n) gy,

Ketamineol] 2J3t A 58 Wl R T Aoldt &34
7} BAE|AL QUepeenaas Mool e 9 vl HE
GA) ool A - Aoz FES vRAE uy FaT
ojty’. AFAEE ol&3 AP ketamineS A} Z7t
= A 24E TR WA ketamined] 9§ AulR
Mg ahs 3 olgkmate} tlEo] dotsidol tistd d3F

nXe £03 948 AztEch

B A7AAE EFs) £ W ketamineS JH @A oA
£ Jehd 4 glon ol ol Aukare] 7k
Al 71R18h o) Ca™ o]29] e WEel st o=
AZET}, &3, Ca?t wxe] Fil osiM "dshdel v&
A5 ez o] Agzst 52 ol Egol
AE A9 HREAR AT o 2PES vt e
Zio|ct.

.

oo

tlo

2

g4 B

Ketamine® ¢/dollx ‘2] ARSI QAR AE A o
g 228 2 7)ol tisiMe ob4] =] A7} Hol QL
th web 2 dAFolA= ketamineo] HF, ol 1 =}
A e Al FIE BrrekrR s

KetamineZ 3FoA B% oj&d oz o PIaAS ¢
o7om MgCl, AFA &3] ketamine®] €St sPias
7F AAlE RPE CaCl, AFodol] oJste] det sPtEI) 72
3=}, Ketamineo| 93t d<} 3P} E = nifedipine B
£ verapamil(L-type Ca>* T2 XPA|)e] AFdo &ale]
REHA AAEE At

Ketamine phenylephrine®.2 THAIZ] E@o|A Wz &
#e FEAFeH, YRR 74 phenylephrine?t KCIZ
FEAZ A T fEHOE oj¢AZITt. Ketamine
o] E# o|ehg 3 =phenylephrine® 2 FEA17] oA B
AL KCIE FHA 34 A s,
phenylephrine® 2 ZA]171 oA ketamineol] 218 B
olgbg syt A F AA, NOS A#l 2 GC AAA
et AAHA] Qgitt. FrH R BRALNA ketamine
2 Ak g AT

ol de] AIE T FFAM ketamineE HEHAE
A elzt] ol 9 AUk ZAE B3 YY) R
5 Jepdy olefdt E3= AXle] catt 2EA W
YHS Aol g Aoz AZdr.

¢

),

kv

LA 2

B =1 AT Feas AT 25 A dA1AE (RO8-
2003-000-10605-0) Z 200595 TS1AAAR At
AR A7 EARI Tl Ao olate] &
FEPeH Zde At=gHYh

g1

rot

1. Altura BM, Altura BT, Carella A. Effects of ketamine on
vascular smooth muscle function. Br J Pharmacol 1980; 70:
257-267.

2. Benham CD, Tsien RW. A novel receptor-operated Ca*'-
permeable channel activated by ATP in smooth muscle.
Nature 1987; 328: 275-278.

3. Carvajal JA, Germain AM, Huidobro-Toro JP, Weiner CP.
Molecular mechanism of ¢GMP-mediated smooth muscle
relaxation. J Cell Physiol 2000; 184: 409-420.

4. Cauvin C, Loutzenhiser R, Van Breemen C. Mechanism of
calcium-antagonist induced vasodilation. Annu Rev Pharmacol
1983; 23: 373-396. '

5. Clanachan AS, McGrath JC. Effects of ketamine on peripheral
autonomic nervous system of the rat. Br J Pharmac 1976; 58:
247-252.

6. Clanachan AS, McGrath JC, Machenzie JE. Cardiovascular
effects of ketamine in the pithed rat, rabbit and cat. Br J
Anaesth 1976; 48: 935-939.



10.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

HFoA Ketamineo] €J3 dYshd 227

. Churchill-Davidson HC. A practice of anesthesia, Sth ed.

Chicago: Yearbook Medical Publisher. 1984: 636.

. Corssen G Domino EF. Dissociative anesthesia; Further

pharmacologic studies and first clinical experience with the
phencycline derivative CI-581. Anesth Analg Curr Res 1966;
45: 29-40.

. Dart AM, Kingwell BA. Pulse pressure-a review of

mechanisms and clinical relevance. J] Am Coll Caridiol 2001;
37: 975-984.

Diaz FA, Bianco JA, Bello A, Beer N, Velarde H, lzquierdo
JP, Jaen R. Effect of ketamine on canine cardiovascular
function. Brit J Anesth 1976; 48: 941-946.

. Domino EF, Chodoff P, Corssen G. Pharmacological effects of

CI-581, a new dissociative anesthetic in man. Cli Pharmacol
Ther 1965; 6: 279-291.

. Donald C. Plumb, Pharm D. Veterinary drug handbook.

Veterinary Teaching Hospitals, College of Veterinary Medicine
University of Minnesota 2002: 463,

. Dowdy EG kaya K. Studies of the mechanism of cardiovascular

response to CI-581. Anesthesiology 1968; 29: 931-943.

. Dripps RD, Eckenhoff JE, Vandam LD. Introduction to

anesthesia, 6th ed. Philadelphia: WB Saunders. 1982: 155.

. Fukuda S, Murakawa T, Takeshita H, Toda N. Direct effects

of ketamine on isolated canine cerebral and nesenteric
arteries. Anesth Analg 1983; 62: 553-558.

Fukuda S, Su C, Lee TJ. Potentiation of pressor responses to
serotonin by ketamine in isolated perfused rat mesentery. J
Cardiovasc Pharmacol 1986; 8: 756-770.

Goldberg AH, Klane PW, Phear WPC. Effects of ketamine on
contractile performance and excitability of isolated heart
muscle. J Pharmacol Exp Ther 1970; 175: 388-394.

Hudgins PM, Weiss GB. Differential effects of calcium
removal upon vascular smooth muscle contraction induced by
norepinephrine, histamine and potassium. J Pharmacol Exp
Ther 1968; 159: 91-97.

Idvall J, Ahlgren I, Aronsen KF. Ketamine infusion:
Pharmacokinetics and clinical effects. Br J Anesth 1979; 51:
1167-1173.

[seri LT, French JH. Magnesium: nature’s physiological
calcium blocker. Am Heart J 1984; 108:188-193,

Ivankovich AD, Miletich DJ, Reinamm C, Albrecht RF,
Zahed B. Cardiovascular effcts of centrally administered
ketamine in goats. Anesth Analg 1974; 53: 924-933.

Karaki H, Ozaki H, Hori M, Mitsui-Saito M, Amano K,
Harada K, Miyamoto S, Nakazawa H, Won KJ, Sato K.
Calcium movements, distribution, and functions in smooth
muscle. Pharmacol Rev 1997; 49: 157-230.

Kohrs R, Durieux ME. Ketamine: teaching an old drug new
tricks. Anesth Analg 1998, 87: 1186-1193, 1998.

Lehot 11, Bastien O, Pelissier FT, Villard J, Estanove S.
Vascular effects of ketamine during anesthesia with diazepam
and fentanyl. Ann Fr Anesth Reanim 1992; 11: 8-11.

Lundy PM, Gowdy CW, Colhoun FH. Tracheal smooth muscle
relaxant effect of ketamine. Br ] Anesth 1974; 46: 333,
Laurant P, Dalle M, Berthelot A, Rayssiguier Y. Time-course
of the change in blood pressure level in magnesium-deficient
Wistar rats. Br J Nutr 1999; 82: 243-251.

Maducka AL, Hajghassemali M. Arterial blood gases in
mothers and infants during ketamine anesthesia for surgical
delivery. Anesth Analg 1978; 57: 121-123.

McCarthy DA, Chen G Kamump DH, Ensor C. General

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

anesthetic and other pharmacological properties of 2-
(Ochloropheny-2-methylamino-cyclo-hexanone HCI (Cl-581).
J New Drugs 1965; 5: 21-33.

McGrath JC, MacKenzie JE, Miller RA. Circulatory responses
to ketamine: dependence on respiratoly pattern and background
anesthesia in the rabbit. Brit J] Anesth 1975; 47: 1149-1156.
McGrath JC, MacKenzie JE. The effects of intravenous
anaesthetics on the cardiovascular system of the rabbit. Br J
Pharmacol 1977; 61: 199-212.

Miller RD, Anesthesia, 2nd ed. NewYork: Churchill-
Livingstone. 1986: 8135.

Murasato Y, Harada Y, Ikeda M, Nakashima Y, Hayashida Y.
Effect of magnesium deficiency on autonomic circulatory
regulation in conscious rats. Hypertension 1999; 34: 247-252.
Nakajima T, Hazama H, Hamada E, Wu SN, lgarashi K,
Yamashita T, Seyama Y, Omata M, Kurachi Y. Endothelin-1
and vasopressin activate Ca**-permeable non-selective cation
channels in aortic smooth muscle cells: mechanism of receptor-
mediated Ca® influx. J Mol Cell Cardiol 1996; 28: 707-722.
Ochsner AJ. Cardiovascular and respiratory responses to
ketamine hydrochloride in the rhesus minkey (macaca
mulatta). Lab Animal Sci 1977; 27: 69-71.

Oh SS, Lee SW, Kang HS, Kim JS. Magnesium-induced
vasorelaxation effects and blood pressure lowering. Kor J Vet
Res 2003; 43: 373-382.

Rusy BF, Amuzu JK, Bosscher HA, Redon D, Komai H.
Negative inotropic effect of ketamine in rabbit ventricular
muscle. Anesth Analg 1990; 71: 275-278.

Schwartz DA, Horwitz LD. Effects of ketamine on left
ventricular performance. J Pharmacol Exp Ther 1975; 194:
410-414.

Shirahata M, Okada Y, Minomiya [. Efeect of ketamine on
renal nerve activity, Arterial pressure and heart rates in rats.
Jap J Physiol 1983; 33: 391-401.

Somlyo, AP, Himpens B. Cell calcium and its regulation in
smooth muscle. FASEB J 1989; 3: 2266-2276.

Sjogren A, Edvinsson L and Fallgren B. Magnesium deficiency
in coronary artery disease and cardiac arrhythmias. J Intern
Med 1989; 226: 213-222.

Traber DL, Wilson RD Priano LL. Differentiation of the
cardiovascular effects of C1-581. Anesth Analg 1968; 47: 769-
771.

Traber DL, Wilson RD. Involvement of the sympathetic
nervous system and pressor responses to ketamine. Anesth
Analg 1969; 48: 248-252. .

Traber DL, Wilson RD, Priano LL. The effect of beta-
adrenergic blockade on the cardiopulmonary response to
ketamine. Anesth, Analg 1970; 49: 604-613.

Tweed WA, Minuck M, Mymin D. Circulatory responses to
ketamine anesthesia. Anesthesiology 1972; 37: 613-619.
Urthaler F, Walker AA, James TN. Comparison of the
inotropication of morphine and ketamine studies in canine
cardiac muscle. J Thor Cardiovasc Surg 1976; 72: 142-149.
White PF, Ham J, Way WL, Trevor AJ. Pharmacology of
ketamine isomers in surgical patients. Anesthesiology 1980;
52: 231.

White PF, Way WL, Trevor AJ. Ketamine-its pharmacology
and therapeutic uses. Anesthesiology 1982; 56: 119-136.
Wyte SR, Shapiro HM, Turner P, Harris AB. Ketamine-
induced intracranial hypertension. Anesthesiology 1972; 36:
174-176.



