Effect of Prostaglandin E_1 on the Recovery of
Electroencephalogram and Auditory Brainstem
Response after Complete Cerebral Ischemia in
Dogs
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4 X2 BT ASEENE N ZOEERMERICS L O
B oOEEICRITT TRy 755 T VE,
RIEBIIR NI S DB

SUUKZIRLEBELFIRE: - BOEFME (EME T AME f8dE)
HORE R #

MRS A X OKREIRE 155 HER L T2 ea B mREL ek L, BOii»roRkIblsTRAYrS Y
¥ E, (prostaglandin E,, PGE) #5-%%, 1E5RERMBOMMES & MR NIC (auditory brainstem response, ABR) D[FIE %
BETEHPEPIIOVTHRI L. 1%1N0% L0 BERDELMET CHM L, KEBIREMOWERLIT720L, WA
AH02%/ND Y ¥ EEEOHIEE L7, EHERORNEEITo 2%, 2001 X 25 EH (n=10) &£ PGE.# (n=10) D 2FEIC
MBI, MBI EEEIEKRE 102/kg/FOEET, HBHICIIPGE, OBW (Ing/pl) T U#EE (PGE, & LT
10ng/kg/%5) CTHRHEEIRIC IEREIEA LA, F0%, BRESR~NOEWEAL —EIIREL, LT@RE L0 L - TREIR
% RGN L TSRk EE R MR L 7:. IS0 BIGER ML TRREMMASEs & &bz, BERIRNERIEAT
HEL, ZOB2EEMEEL A, MTER» SN ET2 E TORRIG, WEIET23.22858 (FHELEERE),
PGEMT23.0L 790 TH Y, MEICHEEZRD Lo/, BRERED O BMEHHBE TORMIZ, WREET825136.1
FTCHol=0Zxt L, PGEEETIZ4AS £ 112540 L HEICEM L (p<0.05). 7z, BEREMEZ 2Bz LRABED,
PGE,EOABR® I ~VEDLERIE, WEHL Y IERICRIFTHo72 ©<0.05). &5i2, PGEHTIZABRONE LUV
HOWRIES, MBBELVEZIIKREC 0<0.05), BREEMMERS b FH sz, LELD, PGEOBRHESIRAKS I, %
LINE MO DM & RET B LR Sz, 4B, LILoMFEIid, PGE,A'ATPase x IRIGEILL, T MUY LR AL
A4 F Y OMBANORAZHIET A EHFEEL TR EELLN, Lo L, BETRELRISHAT A1, PGE®
BEERHSHL SOIURFTOILENH L LEZ LN

Key words complete cerebral ischemia, prostaglandin E,, electroencepharogram, auditory
brainstem response

T AY 5 Y E, (prostaglandin E,, PGE) i, %

. . WMHRBLUHE
MERRERAA S Y, MEQTERNS LI Lh b, K

TEHEEE L LCEH SR TWEY, FoMicd, M/REE
IR, FRILIRET SR, MIIRFEIER 4% &A58
BHHENTWA, 612, KYHIX, BREttlrETr&L
Lz, MBEEOTFoVY A 77 —ExiFHk LT, 1277
v 7 AMPEBIIER2 2 LI2E )P, Mlad 3L F—{UH%
MR OBRENT Y AZRAGTHLBHEEN TN B,
L7zh%5 T, PGEZIE, S OMEIRE 2 & o525 s i 28
LT, WilexRETHERATDL EHRESNS.

LA L, BEMIZHT2PGE,DEMICOWT, HEEBRIYIZH
FLEBRERBENDEZBE R, 40, BHIZ155MO
SRR FMA 724 XI2x LT, BmETs > BRER%
1272 1) PGE R MREBIRAICHS L, MiEs L& OFEMERNE K
B XIETREE 12EIC b o THREF L 7.

FR94E10 A 21 HZAF, FR9F 127 18 HZH

I, xR 2R

FEBRIZIE, KT 10 ~ 15kg DMERERIA 1 X 2080 Z V72, HRR
ry 3y (S, HE) 20mg/kg EHEBT fo Yy (W, HE)
0.5mg/kg DFFAPHE G L D FREREEA L, s =3
Uy (2P, HE) 2mg/kg DRFANIR S THME L #7292,
AENEE T2, RKNT, AT ELPe OIMI, 1) 123#%
#e L, 5cmH,0 DKM FE % A0 L 72 [ Bk Ay B [0 2 17
o7, 1A R % 10ml/kg WCREE L, BhIRIMFEEE S 240 H
(carbon dioxide pressure of arterial blood, PaCO,) »%40mmHg
2B 8D, MR AE 8~ 12[0/5 DM THRE L. Filik
EDSET B ET, BRBHI60%ER, 40%EEHE, 1.0% /T
CORETAOWATHRL, RISy rzu=y s (AEF NV
W, WE) Img @ EICEIRAES L CEM & JEEL L.

Abbreviations : ABR, auditory brainstem response; BE, base excess; BT, blood temperature; CO, cardiac output;
CVP, central venous pressure; HR, heart rate; MAP, mean arterial pressure; MPAP, mean pulmonary arterial
pressure; PaCO,, carbon dioxide pressure of arterial blood; PaO,, oxygen pressure of arterial blood: PCWP, E
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5B, ETCOFMERICH>TL, 1% A ENT L2 (R,
B 2 & B RATRERE 2 fEE L 72,

B F UL L, 10%-RE 3T >3 — NIERCH#HEL,
WERBECCUTOLREBEZIT- 72, $hbb, —HOKEE
& OATF—TNEFA  HHEL, FENZEHYEIRE (mean
arterial pressure, MAP) OJLHlE L ERMERIZMFH L7z, F72,
FBRERIR & 1 2 RS B IR Swan-Ganz % 7 — 7 )V (American
Edward Lahoratories, Irvine, US.A) ##A - B L, Fll
#IRE (mean pulmonary arterial pressure, MPAP), il
EH AL (pulmonary capillary wedge pressure, PCWP), Hu.(s
#BRE (central venous pressure, CVP), L& (cardiac
output, CO), B X U'MKiE (blood temperature, BT) ®i#flE
KM TEHEEDIL, ) SV IR, ) 10ml/kg/
BB — M L 7z

FERHE, RIREN7 0 — 7 43TA (Yellow Springs Instrument,
Ohio, USA) # &BIZIFAL, i % LRI 0@ S 1ZME L,
ZFOEAOWREH 385~ 395 CIZHfFE L. B, ZToOAEE
MRS L CUE, BB L, mERIMRETA IR IRS B L U8
SEMEER L.

D Lo#fiok, 4X2EMEE L, @S0 BN
2C, HHEAMBTHEL, KERERS, TRER, BLO
LREIR GGFERIR & 0 RBA) ([ E R ENMERIIE T - 7%
WLz F£70, AREEIRIZ287—-YoF 708 O K
) 2B L, RBRE (PGE, F I3EARK) ofSKizY
7.

. HBREOKRS LB

EHIRBOLENRLNETT, WATAE02% 0t
YEBEFROMIEHEL, WEBWE, PGE BE105HE, IR
10GHD 2 BEIEEME 24013 72, PGE BEIZIE, 20ml o4 B IR
KIZEM LT TR S 71 220 (PGEEIE =1ng/ul, /NIF,
KWR) ORFBEIRANTERAEZRLG L 72, 2B, FOBOEEE
14 10u1/kg/5 (PGE, & L T 10ng/kg/43) \Za%%E L7z, MR
121, MO ECHBERKOADIEA#RG L. millEo
B LT, LR omBEEIRPEA L LT 729 2, 5%
MR MERCE (BB) % 1550 M1 L 72, 2 ol ik,
HIHBIRINTE A & —BErP W L 7oAY, IRBRFBR S 2 b B I
BT L LB IZHOEAZHMG L, ZFOB20FMETL 7.

. BB IORER

TAPEME, KEVWRSH % 1 v C AT RENIR & R4 & 0
T & 2[R0 &AL RSB NR 75 LB T A C BT L, I 1 &
PFABRE D > THM L TB VT — 7 TRIET S £ w9
FiER G (A1), %, EEIE, WA SR/
7o GEWTBRAA L D) 14530712, F9EB IO REBROK
PE& MR L, K\ CIRRELS 15 90 F 12 EAT K BIIR 00 M T % 17 B
LT, BB B S, MW MR Lok, MPis 15
/9512 U 72 A%, BARIESE RN BRI %7 A 5347 2 17w, PaCO,
P 40mmHg & % 5 & AZIPRME RS L. E72, 84%HER
B b) o (K 2EFIRIEES L, Mo B ERFME (base
excess, BE) A¥—5~+5mEq/I1DHEAICH 2 & ) I2E D7,

V. BlErss L CRITEEE

YR GUERIE I ORZEBIIR AR AR, KEDIRERT 5 580,

latency

BIUHRBHEZI0D2572009 F TOMO120OEET, &
HMOWEZT-7. B, WEHEE, L% (heart rate,
HR), MAP, MPAP, CVP, PCWP, CO, BhlfImEE =5
(oxygen pressure of arterial blood, Pa0,), PaCO, pH, BE,
MEDBIFEIBE (F )Y LABIUA ) 7417 ), IHE,
BT, BEMEAESUS (auditory brainstem response, ABR) 3 L O°
7% (electroencephalogram, EEG) 7 & TH 5.

HRiZ, WEHECHREL GBI E YEILA. MAP,
CVP, MPAPB & U PCWPIZ, F b J ¥ AF 2 —+—TI12AD-R
(Spectramed, Oxford, USA) % /- L T, % H&E %% & RM-
6000 (HZAYEE, HE) IZHEMBEMIZFEEEL . COW, 0CTn4
MAKKRERMBIR Y 7~ F VIZIEAL, LB EE EH-11 (7
Y ¥BF, RE) 2Ll L7. Pa0, PaCO, pHB LI
BE & E Byl #% 47 A 5347 EF ABL-3 (Radiometer, Copenhagen,
Denmark) T, MEDF M) b & BT L4 RETER

R, L7uw— b (LZW) T o 7.

EEGZ, SUEMRE X ORTEEdsIcstEMm A A L, AmHE
ETHELNL DT, FEOLHEESEEIZILZ, ABR
DOWEATIE, BHOOFEIZE-> T, FREMRERE
Compact Four (Nicolet, Madison, USA) # i L7-. T4hb
5, B HIE RSP L 7o F 2 — 7R e E 2 A A E L
IZHEA L, FRGEER0.1 1), #/80dB, HIMUERE 12.1Hz D
)y rEEE . BMOBRBIZE, SHEETEER, A4

Fig. 1. Method for complete cerebral ischemia. Complete
cerebral ischemia was induced by occluding the aorta with
Debackey’s vascular clamp which was placed just proximal to
the brachiocephalic artery. The superior and inferior vena
cavae ware also occluded with umbical tapes. AO, ascending
aorta; BCA, brachiocephalic artery; SVC, superior vena cava;
IVC, inferior vena cava; AZY, azygos vein; D, Debackey’s
vasucular clamp.

pulmonary capillary wedge pressure; PDH, postischemic delayed hypoperfusion; PGE,, prostaglandin E;; PL, peak
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FLRRZERRER, BMMRICHIAL, FhENMEER, SHEEE L
UBEEEL L. £/, SFEEME 10300, IHEEEE
1000, 7 4 v ¥ —ji@HE % 300 ~ 1500Hz |2 fk % L7z, K
Az LT, PAad b 2B EMYEL, HHEDNEN
WA L7, &8, BKEEOIRIEI 02, VELTORE,

Table 1. Hemodynamics of control and prostaglandin E1 (PGE 1) groups

WEAHB L TwAnb oLk L.

ABRD#H L, 5~ 618DBEMEN & KMk & ) s A%, —fk
12, SOBHEIMNEDHRELEIN TS, 4Eb5HD
BHEIZOWTEBIT L. Tabbh, BYEEE2EROEWIEI
I~V L, MENO&KEBOMBE, HAERWE (peak

Time Grou No.of HR MAP MPAP CVP PCWP CcO

P dogs used (beat/min) (mmHg) (mmHg) (mmHg) (mmHg) (1/min)
Baseline Control 10 146.31+19.0 93.8+16.1 19.7% 6.6 7114 11.7+3.8 1.84+0.42
PGE 1 10 147.0£25.8 99.2+ 9.2 17.0+ 4.1 73x19 11.8+2.8 1.641+0.55
1 hr after Control 10 143.3+19.4 117.7+£25.4 218+ 7.8 7.6+14 12.1£3.9 2.07£0.44
intracarotid infusion PGE1 10 149.8+£20.3 116.4£16.2 17.7£ 3.3 65%1.5 10.9£3.1 1.89£0.47
After recirculation Control 10 220.9+45.7 155.91£46.0 26.7111.6 9.7+34 17.4£9.7 2.01+0.83
10 min PGE1 10 213.6£31.3 167.0+34.1 260+ 8.2 9.1%238 18.2+7.9 2.16+0.68
30 min Control 10 207.1£47.5 139.8+24.4 23.6% 8.6 87%+19 14.3+6.0 1.90+0.65
PGE1 10 191.1+16.4 131.9£14.9 230+ 7.0 7.8+1.7 15.2+5.3 1.82+0.60
60 min Control 10 185.0+47.1 124.5+£21,7 21.6+ 8.4 8.1t1.5 14358 1.57+0.59
PGE) 10 1727164 128.4%20.9 224+ 64 74+19 15.4+7.4 1.41£0.55
120 min Control 10 159.2+31.0 130.94:20.7 249+ 8.0 77+14 18.0£6.0 1.04+0.37
PGE1 10 160.8+12.5 124.6+26.4 228+ 6.2 6.6+2.0 17.1£6.3 1.14+0.43
360 min Control 10 173.3+£34.7 102.7+17.9 252+ 8.0 65+t1.4 17.1£5.0 1.15£0.30
PGE1 10 163.0£22.7 96.71+15.9 246t 4.8 6.2+2.0 17.3%£4.5 1.17+£0.40
720 min Control 10 176.7+£43.6 90.0+24.8 244+ 95 6.4+1.6 15.5+7.2 1.4410.28
PGE1 10 162.01+32.2 82.7+20.0 204+ 48 55+27 11.4+4.6 1.23£0.37

Values are X £ SD. *p<0.05 vs. the control group. HR, heart rate; MAP, mean arterial pressure; MPAP, mean pulmonary arterial pressure;
CVP, central venous pressure; PCWP, plumonary capillary wedge pressure; CO, cardiac output.

Table 2. Arterial acid-base status, blood suger level and bloood temperature of cntrol and prostaglandin E1(PGE 1) groups

. No.of PaCO:2 BE BS BT
Time Group dogs used pH (mmHg) (mEg/1) (mg/dl) (T)
Baseline Control 10 7.38+0.03 38.4%46 —24%24 164.8=34.8 38.610.6
PGE1 10 7.37£0.03 38.8+4.2 —28%12 185.0k14.1 39.0+04
1 hr after Control 10 7.35%0.03 42.3+25 —22%1.1 203.31+24.6 38.9+0.6
intracarotid infusion PGE\ 10 7.36+0.03 41.6£2.9 — 1.7£24 232.5430.5 38.9+0.3
After recirculation Control 10 7.22+0.03 39.8+5.4 —114*1.6 283.81+54.0 38.6+0.8
10 min PGE 1 10 7.23+0.04 42.0t4.2 — 104+1.9 327.5%14.5 38.84+0.3
30 min Control 10 7.37+0.03 40.4+2.2 —21%15 267.5+58.4 38.6+0.7
PGE 1 10 7.37£0.03 39.8+2.7 —2.1%20 297.3+£39.5 39.0£0.2
60 min Control 10 7.38£0.02 40.612.2 —09=+1.1 24481439 38.8+0.5
PGE1 10 7.4010.01 39.5£2.2 —0.6xtl1.4 303.3£52.5 39.1£0.2
120 min Control 10 7.39+0.04 38.6+3.2 — L.1£1.9 217.0£25.6 38.9+0.4
PGE1 10 7.41£0.05 37.9£3.9 —05%1.8 226.7x12.5 38.9£0.2
360 min Control 10 7.39+0.03 39.6k1.1 —0.7£2.0 165.3432.8 38.7£0.4
PGE1 10 7.38£0.04 39.4£23 — 1.6x19 200.0£25.5 38.8+0.6
720 min Control 10 7.382£0.03 40.2+1.0 —14%24 170.5£21.9 38.8£0.5
PGE1 10 7.38£0.03 38.7+1.4 —19+1.8 1617 4.7 39.1+04

Values are x £SD. *p<0.05 vs. the control group. PaCO 2, carbon dioxide pressure of arterial blood; BE, base excess; BS, blood suger level;

BT, blood temperature.
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latency, PL) B X RIEZHIE L7z, PLix, 7 v 7&i12k
LEKIEOBMGEL S FRIFOTHS T T L L, BB MEE
OV E BRI OTHROMOEMEL L. b, 1HBEME
HOABREEASHIB L 24, PLIGRIEME L CHhEum
POERAL, EIRE0VE LTRY -7,

V. #Etig

BB TR E R HERE TR L. ABROEFEOH
HiEid, Fisher ORI Hikt AT L. 0o

Table 3. Flattening and reappearing times of EEG during and
after 15-min complete cerebral ischemia

No.of Flattening time Reappearing time
Group dogs used (sec) (min)
Control 10 23.2+8.5 82.5+36.1
PGE! 10 23.0£7.9 41.5+11.2%

Values are X £SD. *p<0.05 vs. the control group. EEG,
electroencephalogram; flattening time, period from the onset of
complete cerebral ischemia to disappearance of EEG;
reappearing time, period from the start of recirculation to
reappearance of burst EEG; PGE 1, prostaglandin E 1.

Control group PGE1 group
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Fig.2. Typical auditory brainstem responses (ABR) recorded
before and after 15-min complete cerebral ischemia. Stimuli
were monaural click sounds of 0.1 msec presented at a rate of
12.1 Hz and at an intensity level of 80 dB. (A) Baseline
recording (before prostaglandin E, or saline infusion). The
configration consists of five positive waves (I, I, II, IV and
V). (B) 10 min after recirculation following 15-min complete
cerebral ischemia. (C) 30 min after recirculation. (D) 60 min
after recirculation.

HHOAEAEREIE, 2SR ET 729 AT, PRl
IZIEAIB O 72 v Student O t EE H W, WD fERRE (p)
P, 005LLTOREEHESEDY L L7

B #

1. BEREEOEL

RUZTEEMNEMZOBREEOELE/RT. MAPIE, K
BUMRENT & R IZ B L, 159 B osamEind, 131
20mmHg fi &% L. BEREMES, MAPIZAMIZ LS
L, —#@Pi2160mmHg i OB MEREEIZ e o 7. &od, »
TROWERSIZBWTY, MEMTHEEZZTED ONEho
7z. [AkkiC, HR, MPAP, CVP, PCWP, CO %, &#&@% il
U TR HERIIRD SR o7,

I. m&EAR, EBREE, NEE, &L0MEEOEL

R2IEEWMEMAEOMBEA A, MEH, MIUEOEL
Y. TERTER 105018, WifEL b BEAT— 10mEq/1 LU F 44
T =2 R&ERLZZ. L L, EHIZERES M) va%
WHTAHILIZLD, 300 HLEIZIZBEDESEE + 2.1 L)
PHIMERES 5 & & ATH3E7:. pH, BEB X U°PaCO, iz 1d, 4
WEGECTHBEM A EAIRD SN AEd o7, Pa0, b 4
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Fig.3. Appearance rate of each wave in auditory brainstem
response (ABR). B, baseline; A, 1 hr after prostaglandin E,
(PGE) or saline infusion. @, PGE, group; M, control group.
* p<0.05 vs. the control group.
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Fig. 4. Amplitude of each wave in auditory brainstem response
(ABR). B, baseline; A, 1 hr after prostaglandin E, (PGE,) or
saline infusion. @, PGE, group; W, control group. *p<0.05 vs.
thecontrol group.
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FEEERO L, o7, L L, BRERME, Bk mRss
B TOMEIG, HEBHET255THhoz0icxf L, PGERE
TREFBICESHEFDAUSFTH o7
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WL H12, KEMIR %580 L TA 5 24 BLRIZ ABRIESFIRAE
L7z, ABRORIEIZ, WFhogEycsd I, O, M, Vik

DIEFETRIEL, VEOHHEN KL E,- 2. BB
BB B EREEB L U PGE, BEDLFEM & ABRIER 2 X 212
RL, KBEOHBEEREZIRT. [HES L CTROHERE,
TEIRTERH £ 20 ~ 40 0 DS CPGE, BEAST B L ) L FEICH
fEERLE, I~VEIZOWTY, &F%E8%EL, PGE I
BITAHEHEIWEELYIE(, L CHBREMEZLIS L
045EME, BLUIBISHICHHEM CAEZORDLNLT
DM RFFR TH o 7.

SEEMEMATHICBI 5 ABREEOREBLR4ISRT. RIE
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Fig.5. Peak latency of each wave in auditory brainstem
response (ABR). B, baseline; A, 1 hr after prostaglandin E,
(PGE) or saline infusion. @, PGE, group; M, control group.
*p<0.05 vs. the control group.

OFEHEL, WEEDL, 125 ViET T, ZIZFAKOK
BEE o7, Thabb, HREMMEZE, ML L L IZHET
HEMER LA, LAL, HEETE, 605H25 240505
TOMII—BHEOBEK TR 57, — ), PGE, BT,
OB A TORIBOFRTHBD SN LD - 2. BRAMEZ
OLEBIEYE %ML, PGEBEIZHIT 5 ABR &I ORI, &
HEBEIZ K E D o7, HF1D, TERBB L 180 4 OB ATT,
PGE B Vi & VIEOIRIEIL, WHEENLO L) S HEIZ)
EMoz.
SEABIRT I BT 2 ABRBEAOPLERMSIIRT. 2T
DOPLIZ, WENORETLWHHTHEEZRD Lo 72,

% =

LPEIME IR R O & D e B N BRI O BB E O IR £ B
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Ehn, B L UCABRIZ & A8 FARIZL .

DEOWKEEHEZI)ZT, 2EOKEREEAL L, TTH
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Bk, HOERERENCIE LT, MRS T M) B X URERE
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DEFUEDIRELE LT, 6002 HMT 2 2518, ORI
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ZEIEMERSRTWA, Thbb, 33y N THNTOE
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A F 2 ERAHBERIZEEE U CRIGBER T 52, F /2, &
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Abstract

The present study was designed to examine the effect of intracarotid infusion of prostagrandin E, (PGE,) on the recovery
of electroencephalogram (EEG) and auditory brainstem response (ABR) in dogs with 15 min of complete cerebral ischemia.
A total of 20 mongrel dogs were anaesthetized with a mixture of 1% halothane and 60% nitrous oxide, and their thoraxes were
opened to prepare the clamping of the aorta. Thereafter, the anaesthesia was changed to 0.2% halothane and oxygen only.
Following measurments of the baseline values, the animals were randomly divided into control and PGE, groups. In the
control group (n=10), normal saline was infused into the carotid artery at a rate of 10, I*kg '*min .
(n=10), a solution of PGE, (Ing* 1« 1" ") was infused at the same rate as the control group. The infusion was continued for 1
hour, and then 15 min of complete cerebral ischemia was brought about by clamping the aorta and vena cava. After this, the
infusion into the carotid artery was again performed for 2 hours. The periods from the onset of the ischemia to the
disappearance of EEG were not signficantly different between the PGE, group (23.0 = 7.9 sec, mean £ SD) and the control
group (23.2 = 8.5 sec). On the other hand, the reappearance of EEG after recirculation was significantly earlier in the PGE,
group (41.5 £ 11.2 min) than the control group (82.5 == 36.1 min) (p<0.05). In PGE, group, the reappearance rate of all the
ABR waves, i, e. the waves of I ~V were higher than that of the control group (p<0.05). The amplitude of ABR waves Il
and V were also larger than the control group (p<0.05). In addition, occurence of postischemic delayed hypoperfusion was
prevented in the PGE, group. It was concluded from these results that intracarotid infusion of PGE, improves the recovery of
brain function after complete cerebral ischemia. It was thought that the mechanisms might relate to activation of ATPase by
PGE, and blocking of sodium and calcium ions influx into the brain cells. For application of this method to clinical cases,

however, further studies are needeed on the dose and timing of PGE, infusion.

In the latter group



