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The Effects of Endothelin Receptor Antagonist on Hemodynamic and
Respiratory Mechanics in Experimental Acute Pulmonary Thromboembolism
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Background : Endothelin (ET) is the most potent vasoconstrictor and bronchoconstrictor. The plasma ET-1
level is elevated in patients with acute pulmonary thromboembolism (APTE). This finding suggest that ET-1
may be an important mediator in the cardiopulmonary derangement of APTE. But whether ET-1 is a patho-
genic mediator or a simple marker of APTE is not known. The role of ET-1 in the pathogenesis of cardiopul-
monary dysfunction in APTE (delete) was investigated through an evaluation of the effects of ET,-receptor
antagonist on APTE. The increase in local levels of preproET-1 mRNA and ET-1 peptide in the embolized
lung was also demonstrated.

Methods : In a canine autologous blood clot pulmonary embolism model, ET ,-receptor antagonist (10 mg/kg

To] A7 ohgTIATA ATH|(99-119) 9] UF HEZ o] Fo|HE.

Address for correspondence :

Sang Do Lee, M.D.

Department of internal medicine, Asan medical center

388-1 Pungnap-dong, Songpa-gu, Seoul 138-736, Korea

Phone : 02-2224-3140 Fax : 02-2224-6968 E-mail : sdlee@ www.amc.seoulkr

- 210 -



— The effects of endothelin receptor antagonist on hemodynamic —

intravenously, n=6) was administered one hour after the onset of the embolism. Hemodynamic measurements,
blood gas tensions and plasma levels of ET-1 immunoreactivity in this treatment group were compared with
those in the contral group (n=5). After the experiment, preproET-1 mRNA expression (using Northern blot
analysis) and the distribution of ET-1 (by immunohistochemical analysis) in the lung tissues were examined.
Results : The increases in pulmonary arterial pressure and pulmonary vascular resistance of the treatment
group were less than those of the control group. Decrease in cardiac output was also less in the treatment
group. Complications such as systemic arterial hypotension and hypoxemia did not occur with the
administration of ET.-receptor antagonist. The plasma level of ET-1 like (ED : what does ‘like’ mean?)
immunoreactivity was increased after embolization in both groups but was significantly higher in the treatment
group. The preproET-1 mRNA and ET-1 peptide expressions were increased in the embolized ung.
Conclusion : ET-1 synthesis increases with embolization in the lung and may plays play an important role in
the pathophysiology of cardiopulmonary derangement of APTE. Furthermore, ET s-receptor antagonist attenu-
ates cardiopulmonary alterations seen in APTE, suggesting a potential benefit of this therapy. (Tubercuosis

and Respiratory Diseases 2000, 48 : 210-222)

Key words : Acute pulmonary thromboembolism, Endothelin-1, Endothelin receptor antagonist.
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€ ET 484 AYA FoF, Svlgle d2ELes
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45 mmHg7} ==& 273t 35 diE] T
catheter& ARQJ3lY FUYgE F38n 32 947
Aul 7 Fr.¢] Swan-Ganz catheter (Baxter
Healthcare Corporation)& A¢jsle sisugt 9
A2Ege AT $2 97 Fuoz ¥y ¥
og 98 Z7 5 mme] catheter& AJsle] ¢4
ol AAZE. Catheter7t oz B3l A&
w237 sl el 2948 1¥Ho2 catheter
WE FAach. AL 338 BXE] 95t A
2 2 mge] pancuroniumg F93gicth AF
71¢] exhalation valveo]] 1.5 liter9] mixing cham-
ber& HZ3}3 capnometer2 37| H# o]Arstgt
4 (mixed expired CO, ; Py:CO,) & &&314c}.

2. 2 HAEBe| it

274 EHE ol4 MAL JYPFES & 30 ml
Rol Y2oA] 2417 A F o]F YAEE 3}
o FgEos e Aol Aedsz Ayl 5
mme] PH2 T} BEQch. AW fxF
catheter& 53 ¥W-& H#sEsto|l 45 mmHg
7} 8 d7kA] MM 3 Qs

3. ET 384 Wx|2| *of

4 FY 1AREE s59 "to] AW ¥t
Y 3F At ¥ NEEE #Ast (PreRx),
F44 ZYA] FAFL ET, Bo| =83 dA,
ZD2574 (Zeneca, Cheshire) 10 mg/kg& 1089
A MA3] AFIAL H2FEE A JE5rE F9
Lipi o

4. St N SEE ool &Y
AY FEol AHE ¥ (Baseline) Aut, B §

A, dZA e Ak, AHEdE sl vix
T4 & Hste] UYL ERAUEE AHUT E

o W3t A A, B U, H A
TUd, HMEAEREY, AwaEe 3Asug. ¢
o] 242 catheter& pressure transducero]
sl &332, A2 cardiac output com-
puter COM-1 (American Edward Laboratories)
£ olg3 &33yct. Aut2ake thermodilution
7o 3F 3] F Z|de @io] 33 243
o o|59] HFAZ s} TF ste] W A=
371 BE o3 E $9he sl e R &
o AN 72 $4, EHLE 2 olg
442 s|¥¥ A¥ (pulmonary vascular
resistance), 2|3 @& (physiologic shunt ; ve-
nous admixture), A42]2 A}3F (physiologic
dead space ; Vy/V1)& A4taich

HE S A, Y= G, AR 3§39 Al
o]g-d F4& vk 2.

Pulmonary vascular resistance (dynes - sec -
m*/cm®) = (MPAP-PCWP) +C.0.x 80
MPAP : mean pulmonary arterial pressure
(mmHg)
PCWP : pulmonary capillary wedge pres-
sure (mmHg)
C.0. : cardiac output (L/min)

Physiologic shunt (% )= (CcO,-Ca0,)/(CcO;-
Cv0,) X 100
-Ca0; : arterial blood O, content (ml/dL)
-CvO; : mixed venous blood O, content (ml/
dL)
~CcO; : pulmonary end-capillary O, content
(ml/dL)
*PcO, is assumed equal to the alveolar
PO,
PAOQ,=PI0,-PaCO,/R(1-FiO,(1-R))
O content (ml/dl)=Hbx 1.34 x Sa0,+0.
003 xPa0,
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*S0,= {100(PO,*+ 2.667 % PO,) }/{PO,*+2.
667 x PO,+55.47)}
& PO,¢} @9+ kilopascals ; saturation
% (1 kPa=7.5 mmHg)

Physiologic dead space ; Vy/Vr (%)
= (PﬂCOz‘PE'[COz)/paC()z

gy ¥ 2 Y % £ AN ks $48
AqAZ fLd  (Baseline)® & 1A% F
ZD2574 o} A (PreRx)ol 248} ol¥ 30%
BFeg 2108 &3t

5. ¥ ET-1 5% 87}2| 89

AAA (Baseline)3} HA 1x7tF (PreRx) 28
I ZD2574 o 2108%) 5 mlej THYE B &9
Aol ¥e A3sle] 4 EDTAS} aprotinin (500
U/ml) o] 4e QUi tubed] @x o]F 300 g& 20
B2t 4 ColM f4Eesle 4agE siliconized
tubeo]] o} -40 ColA n@sgct. ¥4 2 &4
Fuige] ET-1¢] £4& ELISA (human ET-1
immunoassay, QuantiGlo, R&D system, U.S.A.)
& ol&3ct. 4 AReIA Tz £ YUy
2] ET-1 %8 x| ($HA/E8 39HE) & A
bl w2} vjastsict.

6. Hif ET-1 Wiie| &% (AA=I|siety ;
Immunohistochemistry )

AYo] BGF /MF3 W2H& 2o 10% 9] for-
malin £-o] 24 A7t B @319ths} paraffinol] em-
bedding&}e] tissue block& &SIt ©]¥F block
£ 5 mol3lz g A& ¥ 74z slided 70 Coll
A 30837 deparaffindtgict. Deparaffingt slide
& human ET-19)| th% & (primary antibody
to ET-1, Dako, Denmark)7} o} Q& 44 &

0] 408 B WhA7 § 32 FFeE MAEA
t}. Biotino] ¥ ola ¥A7t &0l A= &4
g0} 108 Fet WA § 33 FFHTE ANS
%t}. Chromogen®& 3AF Brol ¥hgAIY H 33
ZH42 g AjA 24g A F stop solution.
2 uhg-g AR dkgo] B¢ slideE mount-
ing3le] ¥rjZez AL HHE FoilA] &S
A4 e sjzAa) v wsict.

7. Bl preproET-1 mRNA Wiie| ZH(RNA #
2|2} Northern blot)

Aol BIE AFsd ARG Az F4A -70
‘€ ¥z nusicht AMgssl. siEd W
A ENA RNA £2]= Chomczynski®} Sacchi
o] wpd‘g uisich. A RNA (202)E 1%
agarose/6% formaldehyde denaturing gel A71%
Zoz B3E3 & positively charged nylon mem-
brane (Sure Blot ; Oncor, Gaithersburg, MD)s¢}|
7)1 membrane®& Rapid-Hyb buffer (Amer-
sham Corp., Arlington Heights, IL)2 65Ce|A
2087} prehybridization8}$ir}. Ovine preproET-
1 cDNA probe (550bp)2] plasmid (pOET1.9)+
Dr. Steven Abman (University of Colorado
School of Medicine)ojAlA 7]1% o} ARR-319ch.
Probe random prime labeling kit (Amersham
Corp.) & o|88# [4-**P] deoxy-CTPZ labeling
33 prehybridization @<l 1x10° dpm/mi& &
Qch. 65CollA 2417 wRE A2efr] 2xSSC/0.
1% SDS= 1584 Ayl Al3% 65CelA 1xSSC
/0.1% SDS2 3083 F ¥ A3t} Autor-
adiography ¥ scanning densitometry 2 #4319
t}. Bactino 2 RNA loading& A3} 315t

8. BAX2|

Are (TG BE LAZ BABIYEH. FAAE
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Table 1. Hemodynamic response to embolization and ZD2574

After embolization

. AfterRx AfterRx AfterRx
Parameter Group Baseline PreRx . . )
60min 120min 210min
HR, Control 17814 17710 160+3 162+2 173+4
beats/min ZD2574 177%8 169+10 160x10 164+12 17017
Psa, Control 147£12 149+12 158+13* 159+13 159+14
mmHg ZD2574 154+12 147 £13 152+13 154 +12 150+9
Ppa, Control 12+1 25+1* 2542 26+2° 2843
mmHg ZD2574  13+1 25+1*  20+1° 20+1° 211"
Pcwp, Control 4+1 4+1 3x1 4+1 51
mmHg ZD2574 4+1 4+0 4+1 510 5+1
Co, Control  3.3+0.3  2.8+02* 23+02" 19+02" 1.8+01°
L/min ZD2574 3.3+0.2 29+0.2*% 3.0+03 28+0.3° 25+0.2*!
PVR, Control  216+19 608+59* 789+100" 988+99" 1043+79%¢
dyne-sec-m’/ecm® ZD2574  215%14 583+22¢ 420+37" 440+16" 480+18*

Definition of abbreviations : HR=heart rate ; Psa=mean systemic arterial pressure, Ppa=
mean pulmonary arterial pressure ; Pcwp=pulmonary capillary wedge pressure ; CO = cardi-
ac output ; PVR=pulmonary vascular resistance ; Data are presented as mean+SEM. Be-
fore autologous blood clot embolization (Baseline) ; 1h after embolization and immediately be-
fore administering ZD2574 (PreRx) ; 60 min, 120 min, and 210 min after administering
ZD2574, hemodynamic data were measured. Data are compared o animals not receiving
ZD2574. * : p<0.05 for differences in time matched between-group contrasts. ': p<0.05
compared with preRx. *: p<0.05 preRx versus baseline.

SAS §A program& ol43l¥T 4HH (Base-
line) 3} A% 1417+ (PreRx)e] ¥3h= paired t-
test2 ®|RAAL, XBF FLINe] W=
GENMOD procedure® ©|£3} Liang and
Zeger's GEEs ¥#4& 448}, P value 0.05 7]
e FAHLE o] Joa TFEAT-

d
1. X7t S mdEe] st
AEF 5T o7 dFEd, ALed, 2 vEs

Age] Aol= gizler] 4A 147 (PreRx) of
23 784 AYA FoTe g7 sFde 44

25+1 mmHgs} 25+ 1 mmHg= 2713}, Alvt
232 742} 2.840.2 L/mind} 2.9+0.2 L/ming
i eon, HEF AL 608+59 dynes - sec
- m%*/cm® 583+22 dynes - sec - m¥/cm’2 &7}
AL o] AI7EA] We] Ftt Aol Holx] gk
o EF FEE 9 Y AUE Ak 4AA)
Hjg] AA 1A7HE BT 254 Fadigon A4
AF T2 Aole gt FUY ojisigs 5
&, Ael3 dEe, 9 AEES YAA vy A
A 1AZRE o9 A F7sigey ol Wy %
FZZ 748 Aole BolA gt B AN ¥
€ AH AF EsE ¥olx] PUci(Table 1, Table
2).
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Table 2. Gas exchange response to embolization and ZD2574

After embolization
Parameter Group Baseline PreRx After.Rx Aftarf.lx After}'lx
60min 120min 210min
Pa0,, Control 117+6 60+6* 65+6 66+5 6716
mmHg ZD2574 1033 564 5% 60+6! 6517 676
PaCo02, Control 36+1 52 + 3* 51+4 51 +3* 48+ 41
mmHg ZD2574 37+2 57+5* 53+6 52+7 50+5
Pv02, Control 52+2 41+4* 4014 38+3 38+3
mm Hg ZD2574 48+3 40+3* 4012 4112 40%2
pHa Control  7.39+0.02 7.25+0.03* 7.25+0.03 7.26+0.03 7.29+0.03
VD/VT, ZD2574 7.36+0.02 7.22+0.04* 7.23+0.04 7.23+0.04 7.23+0.03
% Control 5241 63+4* 61+5 60+4 5845
Physiologic ZD2574 44 +4 60+ 3* 57+7¢ 60+5¢ 55+4
shunt, % Control 2+1 40+ 8* 28+ 34 23+3! 2745
ZD2574 3+1 46+7* 3519 32+7! 26+6

Definition of abbreviations : PaO,=arterial oxygen tension ; PaCO,=arterial carbon dioxide ten-
sion ; PvO,= mixed venous oxygen tension ; pHa=arterial pH ; Vp/Vy=fraction of dead space
ventilation ; Data are presented as mean 1+ SEM. Before autologous blood clot embolization (Base-
line) ; 1h after embolization and immediately before administering ZD2574 (PreRx) ; 60 min, 120
min, and 210 min after administering ZD2574, blood gas tension data were measured. Data are
compared to animals not receiving ZD2574. * : p<0.05 for differences in time matched between-
group contrasts. ': p<0.05 compared with preRx. *: p<0.05 preRx versus baseline.

10 4 " —@— ET-Rc antagoniet
Embolization -y
§ ' v T .
Baseiine Prox 30 & 20 120 150 160 210
Time (min)

Fig. 1. Effects of embolization and ZD2574 on
mean pulmonary arterial pressure at
baseline; PreRx; and after administer-
ing ZD2574 (q 30min for 210 min) * ; p
<0.05 for differences in time matched
between-group contrasts.

2. ET, ¢8M AYAe| &3

1) B3 nisSugt

Aoz s MFude $84 2YA TP
A ETA 483 Z9A 4% uilA B39
I dz2ZMe Al oe WskE Relx asid.
52 B AFULY 2ol ET, 544 ZA
Fo 30% FHEH Rl ti=Fe 25+1 mmHg,
T84 YA £33 2211 mmHg (p=0.041)
o ol2F WAL 2108712 (28+3 vs. 211
mmHg, p=0.027) A4%HA}(Fig. 1, Table 1).

2) Mgt
WETL MAF ARYo] Aol whel JutaPo] A%
A Z4E B WA £44 AYA RN E
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Emibolization ~8— ET Re antagonist
! -6~ Contro
1
Baseline PreRx %0 &0 90 120 150 180 210

Time (min)

Fig. 2. Effects of embolization and ZD2574 on
cardiac output at baseline ; PreRx ; and
after administering ZD2574 (q 30min
for 210 min)

* : p<0.05 for differences in time ma-
tched between-group contrasts..

1200 - » *
1000 {
-
§ >
-
3
g 000
§
201 Embolization @~ ET Re antagonist
l =0~ PEG{(control)
0 v v v .y
BasslneProRx 30 60 90 120 150 180 210
e Time(in)

Fig. 3. Effects of embolization and ZD2574 on
mean pulmonary vascular resistance at
baseline ; PreRx ; and after administer-
ing ZD2574 (q 30min for 210 min) * : p
<0.05 for differences in time matched
between-group contrasts..

AYPA Fo 15087 AeraFe] o3 A28
Holx| gthrl olfolE tREr T YvteHA A3
Aot 223 Z2YA FoAZe HuaFe 544
YA 5o 308 ¥ 42 2.6+0.3 L/min, 2.9 +0.
2 L/minZ $-2)3 Aolg xol7| AFsl 21087}
A FAHJUH(1.8+0.1 vs. 2.5+0.2 L/min, p=0.

043) (Fig. 2, Table 1).

3) Hgn Mg

8 ZYA TN 234 B 308 F
B §Ado2 fofd 448 K¢l v gizxge 2
A £ 6085H X&H o2 vERAYe] F7HE
B, F23te] sjdEAge 84 A3 Fo
308FE ulZTL 706193 dynes - sec - m¥/cm’,
89 ZAA FAFL 462 +20 dynes - sec - m¥/
cm’Z Apolg Holy| Alsle 2108l A
1043 £79 dynes -sec - m*/cm®, 480+18 dynes
- sec - m*/cm® (p=0.002) 2 ©& zo]g M}
(Fig. 3, Table 1).

4) T gt

TEA A AL d2F BF A7) i A
A Wgkel ool WEL AN FI Aol B
o]x] gkstt}(Table 1).

5) BioY 7k&

84 YA TP} Q2T 25 SUY R A
Yol A4 Bee] WL Yo T2 Aol B
o]2] ekqtt}(Table 2).

6) M2|¥ ci@(physidogic shunt) % M2|d Al
& (physiologic dead space)

T84 YA FAF FE00] 25 AR ofE A

214 g2 ® )3 Ao wse fdsley F=E

2ol HolA] ggth(Table 2).

7) SUW N YUWS ET-1 SE

273 (Baseline) F79 9% 3 ERFIY9
ET-1 =& 2jolg Holx] ¥gton, A 1A7HF
84 2gA FJA(PreRx) F4d % £ A
9| ET-1 st Ao v F2 259N 9
7l Sle 37H Ry 523t Aol Kol 4t
o ET-19] $=& AAF FT ZFoA Al o
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Table 3. Effect of embolization and ZD2574 on the circulating level and arterial to venous ratio

of endothelin-1

Arterial ET-1(pg/ml) Venous ET-1(pg/ml) Ratio(A/V)

Control ZD2574 Control ZD2574 Control  ZD2574
Baseline 21+0.2 24104 22103 29%+0.6 0.95 0.86
PreRx 4.0+0.6* 3.6+0.7* 4.2+0.8* 4.2+1.0* 0.96 0.89
AfterRx210m 5.6+0.8* 33.0+5.7% 5.0+0.9* 32.8+6.2* 1.18 1.02

Data presented as means + SEM.

"1 p<0.05 for differences in time matched between-group contrast.

*#: p<0.05 compared with baseline.

B

Fig. 4. ET-1-like immunoreactivity in embolized
lung and normal lung tissue. Embolized
lung shows immunoreactivity (brown
staining with antibody to the C-terminal
of ET-1) in the vascular endothelium of
pulmonary artery. This finding did not
present in normal lung.

2 oJu| Al FArs ot 8- YA R 2108
¥ 9] ET-1 %+ dl®7o] 5.6+0.8 pg/
ml, 283 A FojFo} 33.0+5.7 pg/mlz, &

Normal Control ZD2574

PraproET-1 mRNA expression
(arbitrary unit)

s Mormal Control zoos74

Fig. 5. Effects of embolization on preproET-1
mRNA expression in normal, control,
and treatment group lungs (Northern
blot analysis).

SAME L j=Fo| 5.0+0.9 pg/ml, F83 284
Holfe] 32.8+6.2 pg/mlz2 84 YA Foid
oA & HlE 2njglE ¥ FEE BT F
i of 2§ ANYe] ET-1 $=9 vl diEzn
84 284 FoFdM 25 HHH v QHFE
Azl ule} Zrkshe FAIRo A onl= gl
9jck(Table 3).

8) mth ET-1 W#d
Qo] Yol sz MPH HHME, ¥& ¥
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ZAE, 7= FTAIE, A28 HAE FAA ET-1
of the AgzAsegy P& BRyer ols 4A
o] YojuA] & B Mo sxFdNE BF=HA|
¥e 270l (Fig 4).

9) HLH preproET-1 mRNA {8

A Ao dofd = 9| prepro ET-1 mRNA Ud
& e szAe viste dizge A 2.24,
484 AFA Tl H$ 2499 378 BYY
(Fig. 5).

o #

1. o uilH

F4 siNAZe FUAA 470 oy e
o] MjUVAE sl WA= AP F3 ¥4
o] 8-25% A LAY njFe] A BFFY A
7 &S o]0 Al Az B AEAA 28]
. AF7HA olell g A& WAL 1960'dchs} H]
g o =A 2Rz ggten @A WAz A
2 Xa7l Holx AFgEe] 10% 3= =ol8 A2
30:d7t AAAZ 9] MAR-S olF3} vlwat & 9
A Z23A Gt S AF A BPs= A
7154 Fole 44 o HPBAL] EH s4°
o} A7 AAAY wrgoz s XA EE %
718A FHoe QF FA YT AdAF 7]
dgcimet gdeiA flen, Al 99 o= 7l
& F4 $AA BHo| oifEolctt weba APAHA
i 34 dAa3AFe) A8 B¥e $449 FReE
wa] 7ZHaA)Fle RHeolot ol didt WEes &l
A FHE A T W oA A WBA YA
shgo] 2% As7|E FolE S3ATIE Bl A
o A7 AGA grgol 2’ Asirls g SAA
e wWHez  ¥q
nitroprusside, calcium channel blocker 59| ¥%&

A7 Azt ol AFHLL ASHAIE F

nitroglycerin, sodium

Aot viEojHo g B YP= Fgsi] WY
& "ojxz|n V] BF ETYE VA Jt2 R
& Qg tAFlE T FFgol BuFe| o o
A ol 452 oA U2 ol9lel= @AstE AW
olA Eu|slE serotonino] F4 H4AFe Ay
ol sl e, 2 43 AYA
ketanserin'®g §8 7$ 34 siyAFdAel 4
HA7 5ol folsiA ZAge] gAY, 4 HNEF
oA ARMAA wheol o Aslr)E HE THA
e 8¢ A8 Pgoz od-d 7FedE Boy
obazta) ole] g make WAl FUs} A &
ch
HZ SN AZ e el 78 Reg FHEH= B
A2 endothelin (o]& ETa} o) o] g=iA Ut
ETS dA71] ¢33 84 3 71 Z2E¢ d8 2
718 4% 288 717 peptideoichs 2. Agte] o
dix] ETS sEds UIAE, 7% AAAxE 9 4] 2
3y HAE TolA HEolxs] ET 847 e 2
AZ, AFoHE, 7= B 71244 FA BAsE
RAeg Kol He o] Held ¥ Yl 7]Ad g
selgtn &5 Yo

olA7A F4 HMAZe] YA ET-1¢ A%
o disixE gast wEA AA gt o #d
¥ A a7 A3 # 1 2 49¥9) rHede
¢ =t 4 F4 SAAZAAN B43E W4
1} o]o} Bu|=El= transforming growth factor
(TGF) beta-1¢] o8 s|1¥# oM EdA ETH
Ful7l Z7reche vk o, £ 34 s
Z BA0IA B 2 EX AYAAA ETY 5571
Z71E3, $HES YAEe] ET =7t $71%e]
WA F4 sy 438FA oA ETe] Aol
7RIAY dAzt Astss 59 ezl $AE 7
o] AAE v} YU A & BN fe] 7€
2 furg WgRE9] ‘ex vivo isolated heart and
lung modelol|A] # @7 (pulmonary effluent)u
big ET-1 %9 771 @459 5 424 4
Aol £%9 74E v/l 7ol Yok 2 ET
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T8A AYAE o83l A vl AU}, ol
HaRFe] Hel 7|AF F8E AU 7% FR
ETo] #oj@g AXlsh= Aolo). olihg F¢sle] &
m ETo] slqa3 9] a] 7]dd] @ojsin] ET 4§
A AEAZL S AZqA APFEE A2 F U=
AaAz2re] 7hsAol 3838 deoiet g
ET 484 Z2¥Ae 7182 H¥, qaazoz &
2 W 2¥Y?, monocrotalin® 2 K3 sl gl
2 slojqE HY-A#F &4 (ischemia-reper-fu-
sion injury)” & o[v] ETe] Z78 AAPA ]
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