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= Abstract =

Background. When 1schema reduces blood supply, hypothermia remains the sine
qua non for reducing demand. An alternative to whole body deep hypothermia 1s an
1isolated cerebral hypothermia via perfusion of cooled blood through one internal
carotid artery. The goal of this study was to evaluate the effect of 1solated cold
hemisphere perfusion during the cerebral 1schemia on peruschemic glutamate and
glycine concentrations

Methods: Experiments were carried out with ammal(New Zealand White rabbit)
Rabbit was to perfuse a saline solution 1nto carotid artery with a cold saline(20TC).
Anmimals were devided into two groups In experimental group, the cerebral 1schemia
was produced by a combination of carotid artery saline perfusion and systemic
hypotension to a mean arterial blood pressure of 40 mmHg for 10 minutes and control
group received no perfusion during the ischemia.

Results. Glutamate and glycine concentrartions during 1schemia in the experimental
group showed increased significantly compared to control group(p < 0 05)

Conclusions. Cerebral cold saline perfusion during the 1schemia did not prevent
mcrease of glutamate and glycine during ischemia. These results showed hypothemia
induced by selective brain perfusion may not be one of the most effective ways to

protect brain from the 1schemia
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o] AANEE /7L A5 F4]5
ofelut AJEo] 7hesh HH ez} 2| &EH
AR EE A3t ez vzt Aer} = 3,
A3 L wk=A] AAAESL F2] 4]
ul 7] 5 Al E o2 7l (Benvenste ¢ al,
1989; Busto et al, 1989) o= A17d A| E= ul]
S HP) Eel o Beld mi o)
A 2318 sjol sjaoll o3 Asbr} ksl
A& wzjslel e A (Cho et al, 1988; Mel-
drum et af, 1990 ; Siejo, 1990; Baker ¢ dl,
1991; Bianchi et al, 1991) 7} o] = oj st}

A0} YA ME7) 5o HItdA 24
I A2 AAE dod)E FFE A AAHA
HE RFIcty deiA 9 el (Rosomoff ¢ dl,
1954; Ohta et al, 1992). LS B2 ¥ K3 7}
AL ¥ T H7) Aol A17HE 5L
A|7)7) o) A F3HA| Abaot TG AR oA
B Aol 2- 4T AL PR E MK
% YL gYsto (5 A& 50% st
€ AL 28C) Al &2} HRE 537 ¥
ARg-2] Zhas wljEate] ehels A7k-g 71| Al
oh ALY FeE ALEsle] FUR &
B dALE A 39S o v A=A (micro-
dialysis)& o] 83t & oprAte 24
g 7 FAZ S 50% AR AR
A28 25% AT Aol glutamated
o] who] 74 Aok e n g Ao o
A Eohs w o abae) oA oh)et gluta-
mate 2] & A A= A5 I @} (Rot-
hman et al, 1986; Dietrich ef al, 1979; Be—
nveniste e al, 1989)3 A 2+=lc} w}e}A &
N T HEEE ARG A F
FEA ou) X Ak9) glutamate, glycine & ¥
5 35 F4ste] de] HAFel o3 XA

o] glutamate 2] ol oJ® 243 nmjxl=
7HE ZAFslsc)

ME % e
1008 o] E7|(HF 321 0.4kg) S £33
FY2E F5 Ye T 59 §2 e} LS
A A1A vlHE A FE ot W7 35 mm FA

4
73 FBE o) &3te] A AR} F 1%
Eaeka A AF FYAA 9 E F218 7
AA 87|12 PaCO, + 35~45 mmHg7} ¥
=& A9 Al dF& AR5l
38T & F218p9 0.25% umacanes 33} F
Abste] 52470 ¥ PE 90 7HHE}E Wi E]
Tl AFH3H FHe} pH, PaOe,
PaCO,, EExY, AL E HF3=d 4}
3l e el = FheelE dslsle] 3
7I17E F2t oFAle] FqHRR ALEshi
Al A des A Y FHeerE Asdslke
40m/kg 2. 14752k =181 Alle] 5¥-&
F7HAZ e fRl gL dne/ke R F45H
c}.

719 Hel & A ¢ (stereotactic
frame)ell XA & FF F7]FHN(F 6om,
Zimmer, USAYE & F9) o) =314 3t
o} u] A A 4 e (MA-10, Carnegie M-
edicin, Sweden)& ATl A)3k7] 138}
o FNE =FAF F a7 T Ao
burr hole< A& (bregma) % 4cm, 4
dem A > & hEglon] g3 20w
6nne} Zlo]| 2 Tl X3S shsich
EEGE 7153}7] Sl3le] of 572 73] &0
uhs A58 AR st on g Alukg
pH, Pco,, 259, 8823, ¥, A2,
X 355 HAIsEsit. v Al & gl 3
258 10°M £59 48 A5} H<el
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A3l Az Aol 83 5 FAs g ¥ i
Ao 2= qlFu A4l (147 mM NaCl 2~ 3}
3mM CaCl, , 0.9mM MgCl, , 40mM Kcl) %
<+ A3l 2 m/min £ 2 ARG #
EAES FA5L7] A o) #23 14]7) o)A 7} A3} o EA) 8 +o4d A
HelS —‘&m—/‘]MC} 3l o] Student t —teste} 2%b FAHE A (2-
d  way A-NOVA)& AAJste] pghe] 0.05 o]t
0 VA el Bk AR PEE saT
2 ALEA XS 9)5te] Fisher testS A 335}
o
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Figure 1 Schematic drawing of the study
Cerebral ischemia was induced by
simultaneous perfusion / snaring of
carotid arteries with systemic

hypotension Experimental groups were

assigned to normothermic (37C) and
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VERTEBRAL A hypothermic(187T)
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Figure 2 1 schemia—induced glutamate changes
I with numbers at X axis represents time referenced to onset of 1schera

I with numbers at X axis represents time referenced to onset of second 1schemia
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Table 1. Summary of physiologic date

HHEE FE37)A- AlEe] N glutama-—
te, glysine ¥ 5t A= o 3l dcHt=-60¢]
A t=207}2]). L) o] YA HEE
glutamate, glycine %7} 52514 37}3)
ek HFAZ 208l #H x|l =Eslg
o]¥ Zrasslglel. 2y S ¥ F Rl AR
A ezt vl o) shA E3t

Variable Control Exreimental Group
(n=3) (n=5)
pH
baseline 7.275%0.197 7 306% 0.134
40 min before 1schemia 73470130 73580119
10 min after 1scherma 7265% 0.66 7256+ 068
150 min after ischema 7.369+t 0.27 7.279%+0.131
PaCO, (mmHg)
Baseline 410* 168 376 114
40 min before 1schemia 429+ 57 300 47
10 min after 1schema 478+ 49 326+ 69
150 min after 1schemia 367 30 36.2% 100
Pa0. (mmHg)
Baseline 326.1% 904 2567+ 55.2
40 min before 1schemia 321.71138.2 253.1% 441
10 mun after 1schema 288611480 281.3% 41.2
150 min after 1schemia 356.7£139.1 258.1% 695
Mean Artenial Pressure(mmHg)
Baseline 817 29 82.0t 148
40 min before 1schemia 90.0+ 100 850 15.0
10 min after i1schemia 86.7+ 25.7 81.0+ 225
150 min after 1schemia 8.7t 5HR 83.0= 13.0
Heart Rate(beats/min)
Baseline 3250+ 87 318.0f 164
40 min before 1schemia 3100 87 318.0% 164
10 min after 1schemia 3200=* 306 2340% 619*
150 min after ischemia 280.0% 17.3 295.0*t 16.6
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Table 2 Body Temperature(C) changes during study

Control Group Exremmental Group
Epidural
Baseline 375%F1.3 375*+12
10 min after ischerma 3691+09 317+24*
Esophageal 378103 37905
Baseline
10 mun after 1schema 37105 372105

The values are expressed as mean=SD
* ' p< 005, compared with control group

T &t o7k RolcHChon, 1989) ]2} 7o) 51
3§ &) e Qe AR Wl

U 5714 g gxleked Bed  27)ele Anzel sl WA skl A
Abz: Bl M2 a) Tohd whEA] dojube] E ) Telx] QakahgHEe] AR oy
AEe) o] ATt AT ARG 2 AR Aol o) 27]) Ao AEote)

71L& B3R R S o} Aaklg kel Z)eiAleln] o AL A 2714 A& §Eke]

FAE A e] Ax o} AF TG AEEL Y AE ) Zg-& F7FHA gt 1) ¢y 7} )
Zhg o) o] W o] F23 JTE Pl o 7] o E-el) M ‘%’1 % Zrgs WEIHAY A
AZAtHHansen et al, 1991) FEA &AM FAG kA Jell ZEE AAsHE HA o
deogl= el SV T, 27 A TRl 2) AA A Ente] 7)5 R of o)
F 3 F7 AR WelE 2A 3DAR e vl A7 A £ (glutamate, dopami—
9t} ME Y g Ao FHHe o A ne, norepinephrine, serotonin)e] Aot 3]
¥ EAbe] mpa)ut ehAl= ofu Ak 74ah g 4= wol = el o] AAAZEA o AJLF
e TL3 7ol G A gl ZEe < Zhgol G 285 L F 3= Aol
AdRez ARz MEA AHZL (Choretal 1983) L&} s @A ez} 5w 2

(gha)Welld 23} At 2F 2(coenzy - @A o] Fe) ) E I = AFT) dofutA]
me) A T2 Qe Asks g YA °L°V1 Zrg ol feiot A A| H A5 &
oA AZE U] $5= olVz] S £83= 3 & 8439 24 &AL 2T
Aol ofsll 71ds] 2AE glch F A e (o (Beneniste ¢ al, 1989, Busto ¢ al, 1989)
U z] 22743 el) ol 2] jF Al7d A o] 7} Lipase 7} &443}=|w ntog B xjubibo]
E35ln, 2 E =] o2 Al AE o] 59 8=t L & arachidonic acid ¥ prost—
¥l o] 2 9l3le] ofe] & 2(lipase, kinase, aglandin®} leukotriene ©] A E3Z 4
nuclease, protease)”} x| &% 2.2 &4)3lx5 g3t 53 olgt, P J.3 £ W3]
o] FAF| AT T2 &4 o o= YdoeTlae) BE E*}%x": AR
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HEY S oS T 8 5 kM-
chenfelder e al, 1970, Chot et al, 1988). L
2] 32 xanthine dehydrogenase 7} 843 2.
2 n}p7 o] AZFA] superoxide 501 Hed A
Ab Bl = 7155 ke HEA) e HE BT
she S 2] A 4 W o
g e A Wsle] 27| & Ak A
o] Fr}. o2 AN FE vhE 2R Fhe L)
= HR3 b HYEA ATP & +315HA
vz 318 A A Y A A A
W], B354 B2 AR 94, 78 Ak
2] A|A Folel Na &2 2p3A|, H AL A
A, Fe] A7) AAFAA] 5 7 GAlr) 4
s gert S W) $3pr) Hx WA
Zh-go] A8 oo st o} 2] ¥]z] ¢kt g)
c}.

Aoy # ™ Aele] 27 Al E
e[y z] QQAFSRE(ATP) ] S s Q1% |
7V F&3) uh-g-o) F35lo] M E FAF A
o] 2= AT 7lFe] ZE R gluta-
mate, glycine ] AFAIER 525§
3t} A A (presynaptic) A7 A E oAl &
2] 5] A vt (Benveniste ef al, 1989; Albers ef
al, 1992; Siejo, 1992) o1} 2] 2)& F-2] 9
A ol TR UEF Y H4 9]
23} 52 A F R o} 55 Hek(Busto et
al, 1989) °)2| 3t uhg-o] Al&E] o] A Ee]ele]
ZHE ool olAR] oo r geirbd A
o} o) A2 595 phospholipase %
Zg o &Y AL & 8493 AA &=
A Euke g2 Be| fe 2piate] wiEslo} Al ¥
W AbSo] v A3hE o =] akal g AHEA Q]
prostaglandins, thromboxane, leukotri—
ens 5°| FrEH3 44 S-S Ao
717) Wl A& oL FojE P~
A o] sl2] ot MEW VEFT g4 o9

A T2 M BFT Hgt AsTo) 2uEof
¥ 7)5-& A 3HAl "ek(Chor, 1988; Meldr-
um, 1990; Sicjo, 1992) 2H E& A Ab4F 0|
213 H B3 E s o] JakE g
TE A H AlET Yo e] YEF o) 23 7
F ol FErt AR R x| E oo} 3l
g ol o] fod& WAE L FEA o) x4l
(excitatory amuno acid)3} -] A wk4l 2
o2 E3e] 4% 3 free radical
o} 3-& AAsAY A Ao} e}

Glutamate 2} glycine 2 1n vivoell A Al
7A528S Jepdd F 9] s el 10nmol
9] glutamated F+33hd vl2 913 9] CAl
Aol ol &S F2A 7). ubadof Sk
o] Adff E4-E d.27)x) b=} 10nmol
Aro ¥ 5+ A AEo Ao Yeh = 5
o} olxjic},

s 7ol A glutamated] $E& 3 PA 2
vl o] A} F7 gzl = B3} wel(Chot e df,
1988 ; Benvemste et al, 1989; Bianchi ¢
al, 1991). ¥l5°] glycme©] EA] #-A15 o] 2
dgo] F£E-g vk glcl(Dalkara et al, 1992)
A 2o] -l 27 M fAEE FAAT)E
R @t ohz glutamate o] F745 o Als}
= A2 HaEa gle™(Michenfelder et
al, 1970; Chor et al, 1988) & g A|7}ko] A2
¥ M| E o] 9] glutamate?] ~x]7} v} 5] o]
713t} NMDA 483+ glutamatee]] 2]
&l &4 3}=]+=dl(Rothman & Ol ney, 1986)
A o] AR o7 "BRE &44E WA sk
2} gl PERQ A2 2= Diz-octlipine
(MK-801) , NBQX , Riluzole 5°] 4129
HEF S A T3 517) wiEel ARl
who] o) )}, 1 #]o| ¥ aden-osine
|3 $&2-A(agomst) &] cyclohexyladeno-

cine °} glutamate® 7}4: X Z1c}a g} A
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A} A o) A = A A) glutam—ated) 15%7}
Ca++°ll ¢ &3l J 2 chl-onde
channeld 273} presynaptic recept—
org %£3l4 glutamate F8 & 2HE 4 9}
o} AR ae} &L AEte] v E gluta-
mate uptake carrierd 7} A 32 ¢ o] A
glutamate®] A3 2+ (postsynaptic act-
1on)& 8 AJ7|L ECF &) 558 Al &
e F2] e HAE SR 2y
o)) o}slf arachidonic acid 7} #4345
A AR A E 2] glutamate F57F L35 A
A=}t ghaol ¢+ glutamate synthetase
o 2}3le] glutamine®] 7}4=£-3)] =] glu-
tamateE 5|+ Zo] glutamate?] % 93
ojt} FYA] Ca*' ol &EF}A ¥ FElEE
71AL& N E9) K o] hojiic} MlEe) K'e
G A} vl 9 F7hgkek KT o] F7) gluta-
mate 7} ©] @o] ECF & 8855 3l=d)
2742 W o] e} (1) AANEE D5 A
7 mmpulse 2] WAk £ 58 F7HA)H gluta—
mate”} XA FelEE & TR0
(2) K*7} plasma membrane glutamate
uptake carrierd] &% Ui £ 35 = 5}
glutamate®] FelE wol A1t o]gA 35t
o 2% glutamates= A1 AL E o & &
FIAAK'E o FA120e} o]HE posi-
tive feedback system ¢]c} o] e}7to] u|F
b AgA) oful i ate] 2hg-she] AARNEE &
A “FEET o] E& ol#lEte o)
Qo 2 o] ¥ 2 (cerebral resuscitation) |
H23 ofAe] JiE (53] NMDA -84
A el S a3 AR =l

S @ njAlgge] WA HA
SRl 2143 EAEA e A A
A T 5 A Halek ey E Aok

B F7 517) 15ked 2 Fo] & Hojofslng

2H-& o] A3k gleh(Rosomoff & H-
oladay, 1954; Busto e al, 1989; Clute &
Levy, 1990, Baker et al, 1991) 417+ 4173
& &4k glo] 15 - 18T oA 60 - 907 §¢F
A 434 2] (Total circulatory arrest)&
F loh 1960 5ol ¥ 5 0F 2 2
AlH ] HE R HE B335 $3}
3 2] o} ] 2A AL (Profound hyp—
othermia)& o|&3}lch o] ¥PH-& Ao}
7t EoU ¥ YA AT &bl &
2 o] glodel = 22 ko] BAbshar A
Aol vl $JF =7t V5 Fol A E7) 3ok
s 717 =gl 2 F el A e o
& R3stas) she S A3 ol olet A
23} Hd|Abele] FAIE A& A S (tempera—
ture coefficient Q10)E F )=t}

0] 71 A} 10T Frael] Wb A4 R e}
v)g-olc}. 37°C 9} 27°C Aol A& WA 23
8} 2 2-2.40) 327 C 2 7 A&3h jAbgo)
ok 50% 7+4-%hc}h) A H)-o] residual meta—
bolism 7+ Q A5} 444 RE ik 2
By 27C oA 14T Aol 9] Q102 452 A5
e oul= AALL 2 residual metab—
olism ¥ "k olu2} activation metabolis—
m% A} b EEGE A2 4=
7} A= TAHALE Vepdoh(EF 18T7
= ¥ el sd ApEE gl Hohs
25°C el A AkRIeh) 14Tols} o4& 417 7]
5o Azl A EHAA QIO efA] 22-
248 FojRr} 2B HYAE AT
£ o) Ao 97 HKE I o) {3 7]
Aojehd QI0& o 2H YA B 7}

A7e 253 5 e 5 Alge] Fehg 7]

Mor

h54
L=
g Y

My w2 Jo o
X, ol

oL
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7ro] AR o AZc}H(Clute & Levy,
1990; Leonov et af, 1991; Todd & Warner,
1992).

u} A% AW (microdialysis)& ©] &3 =
HE A AAAE B & =A% A3 A
H&o] Fe & wi-$ dAXZ . FEAY
23kl 2-6TC AR 2] 7% A S
S Fi-o] 223 wslE Ao} o
S EF AR AE AR vlef] ofsid
AR Al Wl 2HA sk g 347t
2] A& G AR ARG Aol gol &
A F e ek, 30-31T 2 AL cyc-
lo—oxygenase A|olli= 9 38o] 13 lipoxy—
genase AlE 9A A|AA HIF 15 7
2s A7}, o] g} Zro] AAlLe] o HEFE
93] At Algke] of s M EAFR S
AAsH= g8 bt Bep(Dietrich et dl,
1979; Busto et dl, 1989). |8 ¥ A7E2 A
HZo] o] &o] A, Abad7] HY, FEA o}
u| A -2, 4 9, arachidonic acid A
A Al ute] lipid peroxidation, free radi—
cal Hhg-, A ¥F A o] &gl o R A 2hg-
Bh=7tell RopAel 1 A3 Hj o) 35T o) 5}
7} Hd R 3E ] 84 glen] 32T
A Ao 3] 838 4= glvha e gl

HEFE A Y} ARFE A7 29
A2l hyperemic responsed 4o.# ¥ A
ol ¥]3 {7} % @elxHGourley &
Heistad, 1984; Hansen & Schurr, 1991).
283 /e AP og ghasle o) HE
A7} ® 5= 9l (no-reflow phenomeno-
n). o1 HAAFL HY 7|7 ¢ Y2 hA R
ARER} WA Q] A F-o 7]qlEl A og B
Ak HEFL F o AFNE T3l A
5 F439 & FFAD A2 HEF A

A% Ak 54 slsich o) el Ashe

FA & o) 2R o3 AL AR A
A H R YRR dito] u3]x] 4A
7] sfZolch. B4 x5 Y nle] A1
A A {EF AT A vl S
AN E7} ZoHel S8 AL o
W7} HefA H3lE A ZAIE TGS o)
= 3k 238 S 7E S fEAA
AAFE Wali5t7] vl AL A sg=ic), o)
ALY 24 &HI AT iy
EAYI FHES =T 49 Y A
77} &3 FHele R 3(Siejo, 1992; Ohta
etal, 1992) T o] "o} *F H3 5z}
FAFHE Adsled Y& VEF $AF
W& F3te] Yzhsl Qe g F905e o
SEE 28CE 60 A= #2137 23} A5
F 105712 =217 o] EAglo] &3 ch=
¥ 3(Todd & Warnerl, 1992)+= of-$- 254
ojch. 2y & Ao} Az} §e] HFFF
4] glutamate, glycined] ¥ %7} dl23te)) v)
3 F2lshA TA Y& A& 2 gloln] 1 ol
o8 Fiel o Kl 82 3= 3
4:34e] VA 73 A Aol 23] Al
7] o2 QztEs Al Yol 2h4-
T AFgol HEFE oS I3 S S
gich. ol Abe] A Fitsld Y7 A
2 ¥ H3Ratnzd Y S ek A
< ¥ 3o B} g& Aoz A

2 of

E7)e] 9% AEWo g 20T Axe] Y7
A5E FUE FHF AU AR A
@ale] dzbyd Wi ¥ E S Rl ¥
=g A8 e R 317 A7 F glutamates}
glycine 58 57 gl o) U ¥ Q13
A& AAEA Rt AAE RAG. S ¥
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