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Abstract

The effect of tranilast, an anti-releasing drug for slow reacting substance (SRS) on incomplete
ischemia produced by a bilateral common carotid artery occlusion/recirculation model in the spon-
taneous hypertensive rat (SHR-SR) was investigated. Na™-K* adenosinetriphosphatase (ATPase)
activity in brain microvessels and brain parenchyma were measured separately. Na*-K* ATPase
activity in the microvessels was not influenced by tranilast treatment. Brain parenchymal Na*t-K*
ATPase activity decreased progressively after recirculation. At 3 hours after recirculation, paren-
chymal Na*-K* ATPase activity returned to the control level when treated by tranilast, and pro-
gressive decrease was observed in SHR-SR without tranilast treatment. Data suggest that the SRS
produced in the brain parenchyma during ischemic insult was very important for production of
brain edema. Tranilast might be very useful for the treatment of ischemic brain edema.
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Fig. 1 Chemical structure of tranilast.

1) Animals: SHR-SR (12 weeks, 16 weeks)

2) Time course

-0.5 | - tranilast 300 mg/kg {intraperitoneally)
0 - ligation both of the common carotid artery
2!
3 2
< 25 - tranilast 150 mg/kg (intraperitoneally)
E 3 - recirculation
F - Killed
4
5
6 - killed
Fig. 2 Experimental procedures. SHR-SR indicates spon-

taneous hypertensive rat-stroke resistance.

I 5 *
EEBICIT12BR S L6 RKR O HARESME T » b

(spontaneous hypertensive rat—stroke resistance: SHR—SR)
# M\ 7z, Fujishima 5O FENCETT, 7 P OFH
FBSEEINR % tourniquet IZ £ » clipping L, — @M1 MR %
W5 2 L CATEEMEMmE T A ER L, 3 KRR
BB Y, BREAEISS K IO 3 EHEH KL LR
Bhe Le(Fig. 2). BMEE LM/ MmE & 058,
Brendel b D FEIC#E L, FTKMEE%Y 4C, 0.01M
tris (hydroxymethyl) aminoethane hydrochloride (tris~HCI)
buffer (pH 7.4, 0.32 M sucrose % & 1s) PN CR4EKIE £ 4 % 17
~ 72D, pore size 153 um 9 nylon mesh % F\ T il
R oEE L, FIERCEE L7 filtrate ¥ AEER S & LT
Na*t-K* adenosinetriphosphatase (ATPase) i 481 & D 3
ke L7 (Fig. 3).

Ouabain sensitive Na*—~K* ATPase {&thiL, KEEDH 5
Wi/ M A BTk @ tris-HCI buffer T homogenize L7z
D1, whole homogenate % B & EEdn & L, Proverbio & @
T & D tris-ATP % & H & L7 RIGHK F T incuba-
tion #, WM L 72 Y + (inorganic phosphorus: Pi) %
Nakamura & O /735 CTHIZE L, ouabain #ildH 5 \ 114
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rat
decapitation
brains were immediately removed

keep in ice-cold buffer
(0.01 M tris-HCI pH 7.4 containing 0.32 M sucrose)

pial membrane and choroid plexus were removed
in ice-cold buffer

pieces of brain tissue were homogenized with a
hand-held Teflon pestle

the homogenates were sieved over a 153 ym nylon
fablic, and the filtrate was designated as brain
parenchyma

brain microvessels could be obtained by carrying
out the homogenization and sieving procedure

Fig. 3 Method of preparation of brain microvessels and paren-
chyma. tris-HCI:
hydrochloride.

tris (hydroxymethyl) aminoethane

removed sample (brain or microvessels)

wash in ice-cold 0.01 M tris-HCI buffer,
pH 7.4 containing 0.32 M sucrose

homogenize in buffer

pre-incubation in reaction mixture (10 minutes)

!

100 mM NaCl

1 10mM KCl
3mM MgCl,
l 1mM EDTA

50 mM tris-HCl (pH 7.4)

with or without 1 mM ouabain

incubation in reaction mixture at 37°C for
20-30 minutes, with substrate (3.3 mM tris-ATP)

stop reaction with 12% trichloroacetic acid

measure the produced Pi fluorometrically by
the method of Nakamura*

Fig. 4 Assay method of Na'-K* adenosinetriphosphatase
(ATPase)  activity. Pi:  inorganic
*Nakamura M and Mori K.'®

phosphorus.

WMMDE% S - TNat-K* ATPase [EHfE & L, pmol
Pi/mg protein/hour “C7x L7z (Fig. 4). Tranilast (38 K %
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Fig. 5 FEffect of tranilast on brain parenchymal Na*-K*
ATPase activity in the spontaneous hypertensive rat
(SHR) (12 weeks) after recirculation. In control rats,
Na*-K* ATPase activities of treated rats (hatched col-
umn), and untreated rats (blank column), were 0.659=
0.036 and 0.797 £0.069 umol Pi/mg protein/hr, respec-
tively. The vertical lines represent standard devia-
tions.

2 % NaHCO; KIER THER & U, W RS IR M5
W1304 §i & B BAM304 AC £ £ b 300 mg/kg, 150 mg/
kg REREPIC S L, Tods, ®MIBREEL LT, 2% NaH
CO; KB D A% RFFIc &S Uiz b o 7.

m %% R

1. 12;8# SHR-SR TO#%ES

AXSEE To Nat-K* ATPase ififhi, HEMBTEZ100%
GRHBEE) & LI, BREE15% Tl tranilast LEFE -
EMBRE L LICHI80% ~DOETH/RL T (Fig. 5). &
et U TR 3 B #ciE, tranilast BUER CI1L X
BIRTSE~DETE T Licoew LT, MER Tk
120% B LB MATE A EESEEZ R LT, ki
Wi N AT D\ T b &, tranilast SEALERE T2 ERRE
B CET EAEREZRT YO0, Bi@EHE 3 KR TH
MR LEEREE &R Sfen - 12 (Fig. 6). —7
tranilast WEBE Ti, BHBELS, 3SHEETGLALR
AR Ui, EAER L OMICEEZIRDLRH
St BREKEOES I, B3I REERICEVT,
tranilast fEALERET1272.39+0.82% TH - ookt L, £
BB C1270.50+3.19% L ETHABEIZH b, BIEER
H A OEI R AR X o (Table 1).
2. 1658 SHR-SR TO#Ht

16 b SHR-SR T3 F# B AR FE2° 200 mmHg LA £ &

100} lﬁ —H

Nat-Kt ATPase activity (%)

Control 15 minutes 3 hours

Fig. 6 Effect of tranilast on brain microvessel Na*-K* ATPase
activity in SHR (12 weeks) after recirculation. In con-
trol rats, Na*-K* ATPase activities of treated rats
(hatched column) , and untreated rats (blank column) , were
3.88+£0.34 and 4.40%£0.34 umol Pi/mg protein/hr,
respectively. The vertical lines represent standard
deviations. There are no statistical differences among
these groups.

Table 1 Alteration of cerebral water contents following in-
complete ischemia

Experimental group NfétOf Water content® (%)
Control Tr (+) 5 62.66+3.84
Control Tr (—) 5 68.75+3.51
Ischemia Tr (+) 10 70.50+3.19
Ischemia Tr (—) 6

72.3910.82

*Three hours after recirculation. Tr (+): treated with
tranilast, Tr (—): not treated with tranilast.

b, THABEEIIRETRC X 01288 & AT X b B ol
BRI AZ L L <HbRATVS. KEFITk VT,
tranilast SEALE B T2 3 B 0 g MR R Az £ B EH
T LORKL, AEFE TR LA EVNBERBRICET
LTxk b, WERICIEp<0.01 THEEX AT (Fig. 7).
Fto, TOBEOIKA Nat—K* ATPase &ML, tranilast 4%
EBRELER L OMICEEE, ALK, AERE CILERE
ETF2L 0igkThsb o LhmEhi (Fig 8).

Vv # =
B it - AMBEEE T OWC, AFEBIRT7T 5+ P
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Fig. 7 Survival curves of SHR (16 weeks) after bilateral
carotid ligation followed by recirculation. There is a
statistical difference between treated (sofid line) and un-
treated (interrupted line) rats (p<0.01).
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Fig. 8 Time course of brain parenchymal Na*-K* ATPase ac-
tivity after bilateral common carotid ligation followed by
recirculation in SHR (16 weeks). In control rats, Na‘t-
K* ATPase activities of treated rats (@) and of un-
treated rats (A) were 0.432%0.038 and 0.543+0.049
umol Pi/mg protein/hr. There is a statistical difference
between these two groups (p<0.01).

VBN Ay — FOBRENEBIRTORN, 2D b,

&% TOHFTDOEMRIL, cyclooxygenase JRBEDTH D
TeAg 77 VHCETALOTH - ZhuE, 7
r AR 7S5 vy Fa (PG F2a)*° thromboxane A2 (TX
A2) s EDE N MMEREYE THH L, HAHVIRH
i PG 12 AT A L Ctig(ER 2o 2 & e &
Hh, BB DA S TRIZFEREIC S ERLET &
hEBbh, ThbWEORBFEROBFERER & LT
phospholipase A2 IZ¥t$ % 2 7 = A FHEEELSD, cyclooxy-
genase {Z ®f 3~ % aspirin ¥ indomethacin®®, TX A2 {Z S
+% OKY-1581 /s K OFF >V TR S h T&fe. &
D 5 % Iannotti HV1%, gerbil & A\ 7o FERIC B\ TR MA
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D M EH312~20 mi/100 g/min DOHifE Tid dexamethasone
% indomethacin ORFERE T 2R EIRD S
I AY, 5~7 mi/100 g/min @ ¥ 35\ TIREIR S
HoleZ EHHE L, BIUBRICHT 2 REORE IR
LTwb., —J, 735F NVEBEIAYr—FD5h, §5—
SORBFRTH B lipoxygenase RIZBILTix, A< L h &l
BTV SRS-AWNLTC4-DATHAEZ ENBHLEMNT
b, FOBERNHREIRD LI, W mE RS
{EF (PG F2a ©100~1,0001%) 3 X O'5RJ) 75 & F @M (F
BREHIShAZ Lot $i, HERBMACE T
LT C4 D¢ DHEELXREMBET M E L H - fond, 19845F
Lindgren 5% A LT C4 - D4 - B4 DHEAIED 7 » b
DEFMETOREXYHA S L, BIZ LT C4 13 BK T
EBCIEFBRIZE > L b BEOS VL h@E L

1984%E 1= Moskowitz 5161(%, gerbil TORELIME Ml € 7
AT BT, FED immunoreactive LT C4 - D4 23EBRE
BN TR R Y RT o EeBE L. DI,

Kiwak 519 3 gerbil % B\ TR MR AERF O LT C4 - D4 %
BELLER, ZhboEABIMARK N ME Tt
MEBMI(= 2 —r V) THDH, ZhbrBEMEMTFEY
FolTAREIMETHH LHE L. —F, tranilast O
EBEERE LT, fle A 3 VHEEEEH, Cat HBHH
BEIEA, SRS HHMIFIER I £ F bR D, —iRIT,

RN TRE SN I2WBEIEERNCERIN ST TR
<, L OFBERNLABRBEI MO TR, Lich-
THHIHEF OIS B ABRAFEX L Vb L v Ehi
fEREETHLDLEbRS.

Nat-K* ATPase I} EHESEBEETH ), MBFEEED—
e L 7 b 5 AT | Fig, 9 i MM MR IEREE o &
AR EANRTA, %7 ischemic insult 2314 % =
Lz X v filast o Catt DfIFENIRA LR Z 5. ZhnAl

ca™ Na* 4
@ (1 Na-K ATPase<q membrane
Ca™t K*

phospholipase

FFA
@L* SRS

Fig. 9 Hypothesis for membrane damage mechanisms by slow
reacting substance (SRS) and acting points of tranilast
(®, ®). FFA indicates free fatty acid.
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Ha/ phospholipase A2 % iEHIL I %, BT 5% F Vvl
EEEXE, FIEHELTCL- DEDEENEZ Y, Th
NREEE R T LS, & @EP“C‘,. tranilast 3.
Cat EHiH & LCofER X b #ilast Catt o MRAHA
Mz B L L, LT C4- D4 OBEELIME L, Mk
BELBEHIBLDO TR s Bbis. Tranilast ©
LT C4 - D4 EEEMEc > Tir, BEEMABKT TO LT C4
"DADEHUEXLELTHH, #ido I & < Kiwak
S0 EEEFFIC LT C4 - DA EHICNEEMRR(= -
—e ) bLEMT A LRE L TR, SEK DB
tranilast 73 45EE TD Nat-K*+ ATPase {EHD{E T %5 1k
L, BMEHMEC  CESHICEIE I EEL, LTC4 -
D4 2 MM RIFERE RS T 5 Y B RB T 5
bDLEbHRA.
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1. SHR-SR % i\, WI#ASRENNR % 3 el @ MR B8
EL, Thucki BRE®ROMAMNE LHMEBHNTO
Nat-K* ATPase {FtE # EEEDRE L L THIE L
SRS HHII4IFITH B tranilast DEE X BE L.

2. BFEHPM Nat-K* ATPase G I3 BB R ICER
Lzhs, Rl tranilast 12 X 9 0%l & e, o) mE ©
i, LER - BLERLLCERREHYRD o

3. SKEB M SO EHBRICEDBhAKRET LV
TOREERE L, MEENTELSIh D SRSHER
FRLTEH, ThICH L TSRSHHMIMEFTH 5
tranilast OFRAEAR IR

RBLOEE L, B30k L O HE44(0] 0 AN EEIN B2 LB S
(19844E10 8, T3, 1985108, BBk THEE L.
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