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* Summary

We treated four anesthetized dogs 'Canis familiaris) with
the platelet activating- factor (PAP') receptor antagonist
kadsurenone prior to 60 min of multifocal isrhernia induced l~v

air embolism, and mieas;ured neuronal recoverv, blood flow and
autologous 111 1 1c-1abeled platelet acculiulation for 4 h after
ischemia . lour aries tet ized animals with identical i schuni a
served as controls. Kadsiirenone (3 nig/kc'l administered 5 min
prior to ischemia and continuously (I mcg/kg/hir) thkrough-out.
iachemia and recove-ry significantly enhanced recovery of
cortical somatosensorv evoked response (CSEII) ampl itude (i f
baseline) when compared to controls (27-36/ vs 9-14;% y
0.05). We estimated platrlet accumulation as ?llln actix'ity
(cmp/g tissue) in the injue hmsphere minus that in the
non-injured hemi sphere. Kadsurenoit treated aniirol s did not-
exhibit siiicnl altered 17, - hl d paee

accumulation when compared to controil.g (6158 ± 2380 vs 9979--
3852, mean t-SEN") . Benef icial of feccs SOf PAl' receptOr
blockade other than those on ploteclet accumul at ion mayv

n, involved. t

Experimental evidence supports, the' aCCUMUlation of platelets in regions
of low blood flow following miiiti focal cerebral i sc hemi a and the production
of platelet aggrepates following, st roke- (1 ,2). Inhibit ion of p1 itdekt
activat ion is a liclapproach to prevention and therapy ol cerebral
vascular diisease . The uns table met aho lit is of ararlc hId, i c a-cd i'lii t e
one pathway of platelet a3ctivat ion, and inllihit ian (if their prochir-tion
improves out come a fter mul1t ifoca;l i srcehcia and ciiay pre1-vent <c. rke
Platelet act ivating I actor (PA!Y) is a very powerfiul stimulus to pl itel et

aggregat ion in rabbits, humains and clogs, wi th e f fec tive do()s es in thlc

nninomolI a r range (5,6) . PAl 1 as a spec if ic membraine protein cr')I or
on platele, I eukocytes. and smooth muscle, (6) and produces I eukorv%,t c

act ivat ion and S11ooth1)i tcsrC 1 e cont tact ion, icc acldi tion to accgvresat inor

pla "te Iet (i s N rep1ort ujli ceffectiveness Of a1' 1, (- i PiAl YCc UItlr
',I, rk i n a~etkad]SUreCoOnC, icc improy inc, the2 o~t(come oIf Ti It i 11i

0()21,-3205/87 ,.0 + .01)
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brain ischemia induced by air embolism (7,8,9).

Methods

Eight conditioned male mongrel dogs were anesthetized with alpha
chloralose and mechanically ventilated. Appropriate catheters were inserted
to allow for monitoring of blood pressure, sampling of arterial blood for
periodic hematocrit and blood gas measurements, and infusion of anesthesia
and drugs. Temperature was maintained between 37.5 and 38.5 *C with warming
pads. A PE-50 catheter was placed in the right internal carotid for the
injection of air. After initial preparation, 102 mls of blood were
withdrawn into 18 mls citrate and the platelets were separated and labelled
with 'iln as previsouly described (1). The red cells were reinfused, and
electrodes mounted in the skull for recording the cortical response evoked
by left median nerve stimulation (CSER).

The PI-NI amplitude of five responses was averaged as a baseline value,
then the kadsurenone or the kadsurenone vehicle was infused. The evked
responses were then re-recorded io be certain there was no direct effect of
the drug. The ischemic period then began with the injection of 50
microliters (PI) of air into the right internal carotid. Every 90 seconds
for the next hour, the CSER was measured, and doses of 20-40 ii1 were given
according to a predetermined, rigid rule system designed to na1t1ain
the P1-NI amplitude between 10 and 20% of the baseline value (3).

Immediately after ischemia, the autologous I[n- label od I ,tei
infused and CSER measurements were made every 10 min during a 4 h recovery
period. At the end of ischemia, 14C iodoantipyrine was infused for the
autoradiographic determination of blood flow after euthanasia with saturated
KCI, the brain was removed, frozen in freon at -70 'C and each hemisphere
divided coronally into 3 segments. Samples of watershed area cortex fra,,
each segmcnt and each hemisphere were excised, weighed, and counted on a
gamma counter without further preparation. The right-left hemisphere
difference (cpm/g) of 11 1In activity was then calculated for each segment
and averaged to give a mean for each animal (1). The frozen brain was then
cut into 20 micron sections for autoradiography.

Four animals were treated with an intravenous bolus of the PAF receptor
antagonist kadsurenone (3 mg/kg) followed by a continuous iHtrvenous
infusion (I mg/kg/hr) for the entire 5 h duration of each experiment. Each
10 mg aliquot of kadsurenone was dissolved in 200 WI of dimethyl sulfoxide
(DMSO) and then suspended in 20 ml of phosphate buffered saline (PBS) by
rapid vortexing at 50-60 *C immediately prior to infusion (7). Four control
animals were administered and eaual volume of DMSO/"BS vehicle in in
identical manner. The control and treated animals were done alternately.

Samples of citrated blood were removed prior to drug administration and
at 5, 15, 60 and 240 min after therapy from all treated animals and from 2
controls. Platelet rich plasma (PRP) obtained from these samples was
employed in aggregation studies with threshold concentrations of PAF
(0.1-0.15 IiM L phosphatidylcholine, B-acetyl, O-alkyl; Sigma, St. Louis) to
assay for evidence of in vive drug effect (7). Percent inhibition was
calculated using the maximal transmittance at I min after stimulation with
PAF. Two-way analysis of variance was applied to the CSER data to test the
effect of time and treatment. Individual comparison; were made n~inV
Wilcoxon rank sum. All results are reported as mean ± standard error.

Results
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The mean evoked response control amplitude prior to administration of
kadsurenone was 233.6 ± 31.9 pv (4 dogs). Five min after injection of
kadsurenone, the mean amplitude was 231.6 ± 30 pv; there is no significant
difference between these values.

We estimated the severity of ischemia in both ',,roups by comparing the
following indices: 1) the amount of air administered (0.31 ± .0.10 ml
control, vs 0.30 ± 0.04 ml treated); 2) the percent of readings during
ischemia that were < 20% of baseline CSER amplitude (84 ± 6 vs 82 ± 7); 3)
the percent of readings during ischemia that were < 10% of baseline CSER

wl.Luds (3) ± 11 vs 43 ± 11): 4) the CSER amplitude (% of baseline) at
the end or ischemia ( 9 ± 1 vs 11 ± 1). No difference between groups was
detected. Platelet aggregation induced by 0.1 piM PAF in animals receiving
kadsurenone was inhibited 95 ± 5% at 15 min and 46 ± 18% at five hours
following initial infusion of the drug. The response of platelets in
P'RP obtained from control animals (n = 2) to PAF at all 4 time points was
unchanged from pre-ischemia aggregation.

CORTICAL SOAOSENSORY EVOKED RESPONSE AMPLITUDE, RM t STANDARD ERROR
100

90
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---------- Kodsurenone
70
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'40
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20

10

1gnEn hour 2 hours 3 hours ' nours
I scm 1 IscalaRecovery

FIG. I

Effect of Kadsurenone treatment on CSER recovery (% of baseline
P1-NI amplitude) versus time after onset of ischemia. The
abcissa shows time after onset of ischemia; the ordinate is the
percent of baseline evoked response. The difference lottween
treated and control groups was significant p < 0.05.
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The time course of CSER amplitude recovery is shown below. A two-wav
A-NOVA for repeated measures applied to this data shows a significant
difference in favor of treatment (p < 0.05) with io Laignificant effect Of
time, although the treatment effects appears most marked during, the first
hour of recovery. The Wilcoxon rank test shows a sLgnificaut d if fe rl iCC
in recovery 20 min after ischemia whichi persists at I hr. percent
recovery at 20 Mil, I hr, and 4 hr was 35 + 37, ,36 3Z, and 27 ±
f'); in treated animals. The control recoveries it the GTIme tineL points
were It ± R%, 12 ± 2', and 14 ± 7%. Despite vea',aoceu CSER i - i'verv.y
kadsarenone did not significantly alter autolog ,ous 1 1 1Tn-labeled platelet
accumulation after h1 o f re-overy. Th e iniijured It cli i phereI m inits
control hemisphere CI'N/g value (average of ant,-rior poste-rior ind middle
segments), mean and SEM for four ainimals, %.a :; (it 58 + 23S, (Ltreat ed)
and 9979 t 3852 (controls).

The method used to ( ut t h y 1. r-in vie ld'-d so t ionis that at lowe2 '
identification of 9 gray maitter arvas anI (- wit te mit t ,r areas for each
animal. The hilood flow in each area was Call Cli ted IrlOn1 (JL1n.it ureter
readings and averaged for the gray and wh ite mttei- area'; for e-ach group.
There was no difference in the blood flaw in anv sing le area hut~een the
groups, nor was there any difference in ave iai: )e !lI'oo f low. The average
gray matter flow (ischomic hemisphere, mls/10g/Mill) in the Control group
was 68 ± 15 and 120 t 58 in the trcatm, lit %rout'. i'lli te nit ter Ti 17o
(ischemic hemispherie) wa-ts 1S8 7 in the cait Io illad ii t n
the treatment group. Since air embolism p)r odut ics ;ires of vr- low
flows surrounded by a reas iif 1 highle r Flows, wh ichi iend, t' a,: . r-e A
to normal , we also cal 1cuilat ed the nlumber (if an ,ima l in h Ii c roups that
had flows below 6 ml s/I1)0g/ in in thle white Mat ter , ;nd I 5 m !Id ai
in the g1rav matter, these flows; are associate'1 wittiser eroiI
dvsfunction (3) . The treatment group hail no flows in ti'i srage but wo

aiasin the control group had vutv low, flows , one Ii iv ;, It) aireas of

severe damage, another having one area.

I i-s cus s io n

Our reuts Jet, istrate that ka-ds;irenone ;0il istu

prophylact ical ly improved outcome after mul tifocal cetei hril I s;cnuli a
induced by air embolism. The improved outcome ic- manifested by improved
evoked response impl itude, but this is not accompanied by a- nv hag
in platelet accumulation. The estimate of pIa t ceet a ccuiim ula t ion t

'ais
a large variance, however, and thu;L ti s reauli It i:s twit s ta It is t i CallyI
powerful . Kadsurenone infusion had no .ff,cet -,, t-,'' cc 1 ,
impl itude prior to ischemia, thus its effect wool d seem to bet-
on pathoph sioloigic mechanisms of isehemia.

We have previously shown that platelets accumx late in araS0 low
blood flIow flo I Iow 1nvi' ha liemia (I). Ilatele ig:c' ,rerates nvwell
contribute to ose n ing blood flow in th I '-it, i Oe.n,
t h er eby impeding, recovery. The apparent dissoclat ion improved oiitcomi.'
and coot Inued platelet accumiulation wi th at ! IerapVJL' lesined to
i nh ib it platelet funct ion is therefore surpr is ing. butt there ire
several reasonable explanations for this dissociat ion. It thounch we were

agg rea t ion induiced by 0.1 micromolar PA F in peripheral a rt cr14 i I
blood. kadsurenone is a reversible competitive inhibitor of the P'AF
receptor (7,8,9), and we have no data oin the concentration of tie
d ru g i n the affectoil hr a in area. Hence , .:ti-4poss 1 hl'' thlit I cal
concent ra.tions of P'AF in the injured zone mayv haivece~' te tl)- 't'ld
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for aggregation. In addition, it is probable that PAF is not the only
mediator of platelet aggregation involved in the process of platelet
accumulation during ischemia. Metabolities of arachidenic acid have
powerful effects on platelets and manipulation of this system improves
recovery following ischemia (3,10,11). Exposure to subendothelial
proteins is a powerful stimulis to platelet aggregation (12). It is
likely that inhibition of miltiple systems of platelet activation
would he required to completely eliminate accumulation, It is even
possible that accumulation of platelets represents adhesion to damaged
endothelium that does not require platelet activation (13), and therefore
would not be affected by inhibitors of platelet aggregation. Finally, it
is possible that platelet accumulation may have differed at earlier time
points when the evoked response recovery differed.

he effects of PAF are not limited to platelet activation,
and inihioition -f these other effects may be responsible for the improved
CSER recovery. PAF stimulates leukocyte aggregation and production of
superoxide anion, leukotriene B4, and PAF (14). We have shown

that leukocytes accululate in the ischemic area within four
hours following air embolism (15). Inhibition of PAF induced activation

may therefore reduce the damage caused by these leukocytes. In
the absence of platelets or I eukocytes, PAF causes coronary
vasoconstriction and decreased contraetilit (16,17) and mediates the
hypotension produced by endotoxin (7). Injected into the skin, it

produces edema (18). Kadsurenone antagooizes the hypotensive response
and binds to receptors on leukocvtes and smooth muscle (5,19). Thus, it
is possible that the beneficial effect of kadsurenone may be due to
reduction of edema or to improvements in local collateral circulation,
although the extent to which PAF is involved in these phenomenon
in the brain is unknown. There is no direct evidence for the
existence of PAF receptors in the brain, although the peripheral anti-PAF
receptor effects of triazolobenzodiazepines, whtch are psvchoactive, have

led to speculation about receptor similarity (20).

Inhibitors of PAF represent a novel approach to treatment of

ischemia. Results of this study suggest that further work in this area
might be promising, but do not prove that PAF is involved in brain injurv

following ischemia.
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