s 73?14?1@]2] Aead A7Z 1995

14-'*?— Gl YA ’\173»’\113%. J—"o}"ﬂ X = g8k
QAT S|t W Te AA A, Bl s st
A

= Abstract =

The Effects of Continuous and Intermittent Interruption of the Cerebral Blood
Flow on Brain Edema and Ischemic Neuronal Injury in Gerbils”

Byung-Yoon Jun, MD,, Jin-Yang Joo, M.D,

Kyu-Chang Lee, MD., Tae-Sung Kim, M.D.*
Department of Newrosurgery and Depariment of Pathology,* Brain Research Institute,
Yonsei University, College of Medicine, Seoul, Kovea '

Temporary occlusion of the cerebral blood flow is an effective mancuver to prevent and/or
to control excessive bleeding during neurosurgical operations. Many studies have been ref)qrmd
employing single occlusion of various durations. However, there has been only a few studies
examing the consequences of _repéated occlusions on the development of cerebral edema and
neuronal injury in the gerbil. Three separate episodes of S-minute ischemia spaced at varied
time interval was produced in Mongolian gerbils by occlusion of bilateral common carotid
arteries. Quantitative estimates of cerebral edema and neuronal injury were obtained 24 hours

after the third occlusion. The result was compared to that of single 15-minute occlusion.

In gerbils with three 5-minute occlusions at 10-minute intervals, cerebral edema was not
signjﬁcant.- However, the animals killed 24 hours after three S-minute occlusions at I-hour
intervals or single- 15-minute occlusion showed severe cerebral edema. Such animals showed
significantly more neuronal injury than in animals with three 5-minute occlusions at 10-minute
intervals. These results suggest that ischemic brain damage may be reduced with repeated

" vascular occlusions spaced at short intervals.

- KEY WORDS ' Hypoxic neuronal injury - Temporary occlusion - Intermittent reperfusion -

Gerbil.

A

T

T

- 753 —

289 A9 kon, WZE do|F FEETF o
9= &8 A4 AR YAH o And

HEMFY AR T FERF A7A B AN $44 AYEA H2o g dag
=ERESFY 1900d 129 229 T g EAE=E A% ¥4 H¥ede BaAsad
AAER L1995 29 89 A7k S RS 92 o FEEos 4




2g AFD ok A F HBE FFY AVRT
ol Fe] A A T gl ot A o] thete] obA FE
ulglon XEAY 27E B2 =@l U ghepa1e)
19)20)

B aTe Qa7 Fa4d Hsd 4vd 492
7} ELHFL e AR 488 FEE T2
A8L Sate T YA S 4 =S FH

fﬁﬁ‘r%‘\q. A7EAE AFSEAA A FYMZE
ARA A& 2ATH ¢EE ARFIEL B4
Aol Aol7t YEtE #an, 4 Z}v‘_'-{hﬂ
AZAZ 85 D ARF AT w2 HF
o #oizt YA, A Faitd @Z&f\l?&, Bl
9 ZBE Azt gze 247 AR Zol7}
oA 18 Hed Az ARAAV QestE
TRt stk

oﬂ

AE X e

AEEE I AT

HEZTE 50~90gE 28 4 (Mongolian gerbil)
Apgskgt.

q .

L(oukd) f vk 4 ARRere

A
a

ar W o
o o ook

T ANE B2

"

m(1ov)) @ 1587 Ao r 2AF &

m(1ovke]) : sEA 33 ZAsHA ART 0F
A AAFAZ 2.

v,(109}8)) © 554 33 AFsaA] A& AT
A ARAFAD T

,(omhel) D vhE B sheET
X3 Z.

i, (9%He]) ¢
FA7 7 _

nI,(9vka)) @ 584 33 2R3N 22 1024
AAEA D 2427 AEANL.

vy (107ka) © 524 33 AZgAA ZAT 143
A AYRFA TR 2447 ﬂ.ﬁiﬂ?ﬁ

W2E, 1587 AsHes 23T A1
o LS R AL b A R ZHL A&
s AEE £1 3085 HE FHESHe] TBARS

AXNFE 223 A

1587 A&Fon ARE At 4

@

(thicharbituric acid reactive substance) &

gz, e A&For ARG &, AT 10

zgstgt.
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2. SETI Y YT AY

Pentobarbital 270 T4 (50mg/kg) A F =
Yo7 zaste] ARFRE EANENA FF 2
2o wZA7 T micovascular dip(§ & T 34,
London, Fngland size 0.4~ 1mm) &2 of 2.2 7 Eul
< A AAsgch 243 A7te AYETE
A9 bl A 25 1580] FAsEen, vhAg
AZESG AR LS S, uNT AS8TL @
=A% AgAeL 234 AT 22E
508 BRANTE & ¥E AEE, &AM
AFRzRH  smoAe  YAREE HIY
TBARSE 233tgich 24Xt AZANELL HE A
23 % AL oM AFEE FEH smm7tA FES
Al RZE ARE 2HHDT, AFEE FH 6~38
mm Ato]2] FE-2 formalin®] 'T7§31* % Frrs
27} gy

3. X|E2MEH Lipid Peroxidation)

A2 Ng42 10% H23F 49 (homogenate)
& =X 0.1mlE 33t 8.1% sodium dodecyl sul-

¢

r-in

" fate(SDS) 0.1ml{PH 3.5)8} 0.8% thiobarbiwuric acid

(TBA) £ 0.75mleh 43 FF7F A28 2mlE

BE, 95Tl A 607 7t AT FEEE o8
6]-01 WARNZF F7H5 05ml$ n-butanol pyridine
(15: 1) 25mlE 74&F EF] 42 4000rpmel] A
10587+ 988 ¢k Organic layer® # 8] fluorome-
nyZ o4 s32omelN g FEEE ol TMP(L, 1,
3, 3, tetramethoxypropane, Tokyo Kasei kogyo Litd,
Tokyo, Japan)Z °]&-& 71RF=st vlaFonH
TBARSY F&E8 F34du

i‘lﬂx
U}Zl“‘ 354 éz—ﬂr 3 24A1Z AEANE
F3te] A 5HolA Smmﬁ}ﬂﬁ"} = (wet brain)Z
A AL (UM3, Mettler company, Greifess, Swetzer-
land)& ]88ty ZAE AL cyo-vacuum cham-

Cberol A 48212 BEAL F FA(dry brain) B &

A E o] wet brain weight-dry brain weight/wet hrain
weight?]o] e} 453 (water -shift, Wmg)S 4
23tk ‘ :
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opAE 2 AN AL ET UL AEAL L
SFF, 45204 6~8mm Alo] &S hematoxy-
lin-eosin G4 ¢ F Aw) A 5o 714 A 24 L
Hol& 8ol (hyppocampus)?] CAl A7 BE.&
ol aal& FH (400X HPAAA R S
7t 1~5078e]d A=, 50~1007k0]A 225, 1007]
ololH AT E53 G

6. %xlﬁtﬁ 24

FAENL SPSS/PCHE o]%a}oq ANOVA test®
A9 pghol 0.05 n]Ted Aol R4l gl
Aoz FAF}AG. -

! z

1. HEH2

2T, 1537 A&doz 445 &, 43¢ 10
4 AfF A0E 2 2E23 1A Ags A7
A AFA2(FHFL B2HAD L 4 g4 372
+0.2° 36.9+04° 37.1+02° B 376+07°9%,
o|E Aleldle BAF H4de] gt 24A T A
ENZTAARE e, 1587 ALFHo g ARg
T, I 1088 A7 AT 2 43 1434
ARF AZFEA AL (HA L BEFBA | Z
Z} A4 37.0+0.7° 36.720.3°, 37,04 0.4° 2 36.9+
08°H o o577t {8 Aole AT

2. X &MME(Lipid Peroxidation)

Ohkawa'}] Vo] ¢|3}e] A Y TBARSH(H+ ¥
FH3}, nM/mg wet brain)-& WETO| 16.28+ 4.52
QqE, AAFELS BED AS5HeE AT 7, A
A7 1AM ARF AT, AT 1088 48R
NFI7e) AR A7 51.281 10.48, 28.97% 10.58,
28701 615500, AT EL YFF Y3d &
At 997} A A Q Aiks}ekgo] FobE o
(p<0.03) Z+ AEEE Aboldle dAAE FHols}
219t} {Table 1).

3. HzA el Y

ey — 1
Wet brain 1mg3 &} 833 (ul) 91 water shifc F %=
(B + E2AA)E R To] 784.6% 7.50/meHl 2
AZTEL T N&Fes 2439 7, 4230t

AY AfF AT, 22T 1084 ARF A
T8 €22 27 §17.61 7.8u/mg, §15.3+ 8.4pl/img,
792.5% 4.1ul/mgol got. 4 AFTLEL 2T Y
ato] BARZ oA HEF A7t Hstda
(p<0.05), 1527 A& g ZAd 7 EL
1AM ARF ADZS AAT 1084 ABF Al
o vEte] Hq5F A=rt A (p<0.05).
aEhd 1580 A&Fog dEAS T3 AFE0 14
T8 A#5 ALT Abolele BAF o271 it
{Table 2).

4, He|gty A

alRg ZEF Wy FAE §35%d 24"?7’* A4
EAFE E BED AEF o AT T F 997}
.00, Un A AE7L dFF hematoxylin-eosin
M so] sjubir e} CAl HES %E}ﬁu} &

Table 1. Thiobarbituric  acid reactive  substance
(TBARS)
Group TBARS(uM/mg wet brain)
I, 1628+ 4.52
I, " 5128+ 10.48*
e 28,70k 6.18%
v, 28.97 % 10.58%

TBARS is expressed as’ mean+ standard deviadon

I, - control

IT, © single 15 minute occlusion

111, . three 5 minute occlusions ai 10 minute inte-
vals

IV, . three 5 minue occlusions at 1 hour intervals

* * Significance of difference : p<{0.05 compared to
control group

Table 2. Water shift

Group Water Shift(pl/mg wet brain)
Iy 784675
Iy 817678
111y, 792.5+ 4.1
JAYN 8158+ 8.4

Water Shift is expressed as meant standard devia-
Hon

I, - contol

Iy, © single 15 minute occlusion

111}, . three 5 minute occlusions at 10 minute inter-
vals .

IVy, - three 5 minutes occlusions at 1 hour intervals

The differences between each groups were statistically
significant except between III, and IV,
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Fig. 1. Photomicrograph showing multiple ischemic neurons with eccentrically located dark staining nucleus
and pinkish cytoplasm observed at CAl in single 15 minute occlusion group.

Table 3. Ischemic neuronal injury at CAl in hippo-

campus
Degree of” injury Ik, i, IVy,
Severe 2 0 0
Moderaie K] -1 2
Mild 3 2 4
None 1 G 9
* Total No. ' 9 9 9

*Degree of injury is defined as severe for more than
100 ischemic neurons, moderate for 50 to 100 ischemic
neurens, mild for 1 t 50 ischemic neurons under high
power microscopic observation( X 400). o

1Iy, : single 15 minute occlusion

I, - three 5 minute occlusions at 10 minute inter-
vals

IV, . three 5 minute occlusions at § hour intervals
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E 3 (cummulative effec)® S BF 1417 ZA A
#o| 499 W 74 Aethn $4AT k. oo
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{post-ischemic hypoperfusion)oll 213 v A ¥ ¢l
ot o] glha 48 A ). Thilmanns ' o] 9}
CRE ZHEN) YT vl g4 Aelrt gle
A79 A3 el AeRE &40l FHFHE HYF
AR dgslged, ndd 8% FEA
A A G E A (excitatory neurotransmitter) 2] F4)d
3, 83 e W3l 24 W = (conductance) 9
W Tof 9o FAga Yo”. 21 sa
kaki$'0 2 qefold) S ABEA 027t
A&Ho g ARG Fo ¥lsle F ARARHL 2oy
AEEF 1A s3E ABFENDT] ¥R
AT sel ARF AT F04E $HHT 2
A0 A7 AHE AzUT GoldmanFVE
Fel S5 2FAYNA 605, 905, 12054 9
A& ARFEH 2 FAALS 2o 10 ARF
S5EH ARFANT &40 HYHE Endga
2 ATE o9 #e Juiy d7ARE d4¥e §
st st A 3Hg
 AYEEEE 2YFE d3ged o FEL H
Fo] HReFoz Solztd HHY A &3
a17] R Qe 1A NG FE Ale]e] 2R HF )
S wickalel 2AEY A4 FHo] #A Hsn
32 AXEFdo] FP5HUA 3149 pericallosal ar-
wry® PARORH F2 AM AoldAE 2%
F7 Agl gle HoltHo), Ginsberg®t Busto®3=
AP 45 FAFH 224 AR HHFA}
7o 47A doiA S Qe m-¢ otAE HHE
HEFTEYE FHIFT. 28 o) T2 dHo
= FA7F 50~100g0 2 Folr A3 FA| (inva-

sive monitoring) 7} EL HH (seizure) Y=} &

obd A8 2AE ¥ 4 Yo Feloh

AR EE L penobarbital 2 vF3 3G EH o] vy
Aw & aHAds 92 A5 (free radicals) 3
Ao vale 9% ¢ HHEF AL (brain protective ef-
fectyol 719t glojy d@eA7t H&5 glonfs,
ZEHUF A 288 Agd 7N MY Feo) n
A 2L e FEAANC YEL o2 dYPeE
A = AL A5y JaAAa

HEH FFe 45 2ATY 5 d2eR HY
W AAF AW RS NEYOY £22F A
e e A 8T 1588 dEgu, 2323 A
AR ATE YFHOZ 8T 108 g2 dF
ZAEd 93t fHEtn FAHE 1A JRFE
EFAH

HARFEEL JE AFAEN ol F45=
Aewzie] 93F A7 A3k} vl 2EA
A g gd5H AL F4sded FAF
22 Aozt oA, A3t o HdgeAE
HAE 5 lgid.
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oletel B717t S PR 29 o FolLt Baan 7
oA AZH = delayed neuronal death A4S g0
715, meba S HAIZo] 108 oo APejA)=
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- HHEE FA
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Y AA% AR B P29
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SE 4~6ATF LAGE JEZ L guldod g
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species difference) 9} ¥E2 ¢l Ao} (global vs focal
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