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O——0 no drug (n=11)

rod cells &——@ Ca=*free (n=5)
%) ®—®10-5M TTX (n=5)
*—¢2x10"*M lidocaine (n=8)
100 —
 — .. -6
_ veratridine 6.3x10 M
50 —
O l ’lll O O Q Q ‘—

-5 0] 1 2 3 4 5 6
Time (min)

1 Cell shape change of cardiac myocytes induced by
veratridine, and the effects of TTX, lidocaine, :and
calcium-free buffer on the veratridine-induced cell shape
change. The percentage of the number of rod cells in the
total number of cells is plotted as ordinate. The values are

expressed as mean * S.E.M.
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THREOHAEEhETR 17%, 54%. 64%THH . BEKENCHH L=, 8-
EHERE R WA, dl1-Tu7/S5/ u— LV eEABEDFRMYILFYRLM
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LMB —BMEREHZIMN, FRYDLF YR VWHERARRVWF TR —L L
T7F/8—VEAR Lahol, 8 -RMERALF LY ILF v 2NN
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VVOMBIZOWTELDE, INVYILAERETRE =72 IV (10705 H)
EIE LR o b, @ Udihydro-pyridine RO W Vv A EHETH DI =Y
VWIEY (5 x 107M, 107°M) BWH Lz (EheThash, 63%) ., YNVF 7Y
L (1075M) B Lok, F=bua sy vy v (2.2 x 1075M) i
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rod cells

(%)
] before veratridine (0 min)
1 — .
o0 E after veratridine (5 min)
1
N 1
1
50 —
1
0 d
- —pro- i lol
no drug :l propri\snolol5 pranolol timolol | atenolo
10 M 5x10M10°M | 10°M | 1075m | 107om
n=11 n=8 n=8 n=8 n=8 n=8 n=8

M2 Effects of dl-propranolol, d-propranolol, timolol
and atenolol on the veratridine-induced cell shape change.
The ordinate is that in fig. 1. The values (mean * S.E.M.)

are those before and 5 min after addition of veratridine.

15



rod cells

(%)

100 — 3 before veratridine (O min)

g after veratridine (5 min)
50 —
L 1
O _
no drug acfgg'l' I- penbutolol d-penbutolol
th -6 — - -~ ~ -
ox16 ‘M | 10°M 5x10% 135 | 10®M 5x16%M 15°M
n=11 n=8 n=8 n=8 n=8 n=8 n=9 n=8

k7 3 Effects of acebutolol and 1-penbutolol and
d-penbutolol on the veratridine-induced cell shape change.

Symbols are those given in fig. 2.
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rod cells

(%)
[ vefore veratridine (0 min)
100 = E3 after veratridine (5 min)
1
y i . N N l
1
1
50 — 1
|
0 =
no drug |nifedipin nisoldipine |diltiazem dilazep nitroglycerin
- -6 - - - -6, - -5
10°M |5x10%M19°%M | 10°m | 108M 5x10%M 16°M [2.2x16°M
n=11 n=9 n=8 n=8 n=8 n=8 n=8 n=8 n=8

X 4 Effects of calcium channel blockers and vasodilators
on the veratridine-induced cell shape change. Symbols are

those given in fig. 2.
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X5 Original recordings of fluorescence of fura-2 that

has been loaded in the isolated cardiac myocytes. (a)no

treatment (no veratridine, no drugs); (b)no drug (veratridine

only, no other drugs): (c)dl-propranolol (veratridine + 10~

5

5M dl-propranolol); (d)timolol (veratridine + 10" °M timolol).
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Limotz, ¥Y5¥y 7 (107M. 5 x 107 5M, 107°M) B EEKERNICXS MY
UvickaL BB oRRE/NAEIE Lk (23%. 48%. 55%) .

QULBHKEAI LYY LBREELLEENOHE

K5 izfura-2ic ko THZE LRI VY Y LIREE{EDoriginal
tracek ik L7z, 340 nmnTHIAE LB &L 380 nnTHIE LB A0 HALBRED
(ratio) . RIZHUBELZWHS (K5(a)) BfeLizw, L L. EWE
BEEFTTRI MY YvEMASE (K5 (b)) . ratioldEmUL THBEAN VY
ULAEBENERLEZLERLE. RS MYV VRIDIEREAEZDHLULET
n7/35/u—)v (1075M) BEET S &, ratioREALET. XSMY I VK&
DHBAAIN Y LBEEO LR EWME LE (K5 (c)) . ULAULBEBRAZWE
LidhofzFeu—ib (10754) &, XS FY Y Vick-o Tratio WEF UL TH
MAZVYY LBEO LRZWH L22- 7 (K5()) .

X 6 iZoriginal traceh 5B o iTF—% %, Tsien et al X (1)
LEMoTHELEHREAIN VY ILEBEILELDEZHDTH S,

R - Rmin Sf2
[Ca2*]= Kd » ————~—==-== s ===—~ (1)
Rmax - R Sb2

R: ratio

Kd: fura-2: ANV v U LRBEER(224 M)

Rmin: fura-228 9 X CHEME D L Z Dratio

Rmax: fura-22 ¢ X THAHEO L & Dratio

Sf2: fura-2M ¢ RTCEMEDOLEZ D380 nn T
G L EDHNBEE

Sb2: fura-2MIRTHEEDOL ZD380 nn T
B LRz EOHNRE
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[ca2*];

(nM) ’4— veratridine 6.3x10©

M

no drug (n=6)

nitroglycerine
2.2x107M (n=7)

200 — . -5
timolo! 10 “M(n=6)

d—-propranolol
10-5M (n=6)

no treatment (n=6)

di-propranolo!
10~5M (n=6)

100 —
dilazep10~5M (n=6)

(0]
| | | { { | | | | |
-5 -4 -3 -2 -1t o0 1 2 3 4 5
Time (min)

M6 Changes in [Ca2+]i induced by veratridine in the

absence or presence of antiischemic drugs.
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ZHMBAINVIYY LBEOLERFRMB AL, LML, =bay) Y V(2.2
X 107°M), FEu— (0 MR ChEMFILEhoiz, TOHERIETELE
Eto#ERL —-H LI,

(3) BE

ORI VYV UYBLBHBOBEELEBI THRF

RSPV IV VLB LHHBOREEABTIRNTHFHE Ao thE, XS5
P YV VRBEBERBMUEFEOF NV LF Y VEANVRERALTWS, $E20 LY
VLEKRBP OGRS LIBBEASRBILT, HIRNOI VYT LBENXS MY
JvidoTHmMLE, MEQOZEE2FERTDE. RSP Y VoLHMED
FREEAEZBIITAANZZLE, FPYUILF Y RN ERITF LY T L L —
N—a—FNREID, EH6LCHINYILEF—N—a— N> THEERIIC
whksetZzohs,

ORI PV I VEELB2OHHMEOTERBEMEZINF L 2EDOERAES

EBEREMbdl-TursS/a—-, d-Turs3/u—-j, 1-RYv
Jra—, d-XRUy7tu—, ZVYNIJVEVRLTIZYVSEY TH, R3
PV Y VEREDLHHBOFEELCENF TSI Nbhotz, FRINH0D
E¥orvdl-7Tursrs/ua—l, d-7ur7s5/u—-neIs5¥y TR,
RSPV I VREDHMBAIN VY LBEDO LR LWLz, 8- EEEDOD
VYT LENETHROSZ2BDLB2WHDONH BN, ZhERS MY YV
LPMEEEZNWNITDZIA D=L, B -EWERAPLI VY Y LEHRMERL
BRERBILETRBLTWS,

MROBD-> EHOEBEHEE. WTFAhBOQF MY T AF Y 2 NVMEERAE2D
STWdZte, OFBHSEVWIENDITFOND, FPYTLF v 2 NLMH
ERE. RS M)V VOERAAI=ZALDobEELEbRS, UL, 7+
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TABLE Inhibition of cell shape change induced by veratridine, Na

+

channel blocking action, and lipid solubility of antiischemic drugs.

agent 1c50™ Na* channel log octanol/water
blocking action partition coefficient
(uM) (at 37°C, pH7.4)
dl-propranolol 2.1 ++ 1.31
d-propranolol 10 ++ 1.31
dilazep 2.2 + 2.40 (at 25°C)
l-penbutolol 2.9 + 2.25
d-penbutolol 2.2 + 2.25
nisoldipine 5.4 ? 4.04
acebutolol >200 + -0.17
timolol >200 - 0.06
atenolol >200 - -1.83
diltiazem >10 +>100 uM 1.57 (at 20°C)
nifedipine >10 - 3.22 (at pH6.8)
nitroglycerin >22 - 2.06

* Concentration of agent required to inhibit veratridine-induced cell
shape change by 50%.
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X 7 Effects of 10 uM dI- and d-propranolol (upper panel) and
of 30 M dl- and d-propranolol on the cardiac function (rate
pressure product). After 10 min of preliminary perfusion,
the perfusion was continued for 5 min with either normal perfusate
(control group) or solution containing 10 or 30 M d- or
dl-propranolol. ﬁrugs were administered 5 min before ischemia
until the end of ischemia (R group) or until the first 10 min after
reperfusion (RD group). In the control group, drugs were not
administered. (NI) Non-ischemic group; (I) Ischemic group;

(R) Reperfused without any drug group; (RD) Reperfused with a drug
group. Note that in both R and RD groups drugs were administered 5
min before ischemia, and the difference between R and RD is the time
of removal of the drugs; in R group the drug administration was
stopped at the end of ischemia, and in the RD group the drug
administration was stopped at the first 10 min after reperfusion.
(O) control group; ( A ) d-Propranolol:R group;

(0O ) d-Propranolol:RD group;{ A ) dl-Propranolol:R groﬁp;

( ®m ) dl-Propranolol:RD group. All data are expressed as means *
S.E.M. * p < 0.05 compared between each of the drug-treated groups

and the control group at a certain time.
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8 Effects of 10 and 30 sM dI- and d—propranololl and 50 M
timolol on the tissue levels of ATP (upper panel) and creatine
phosphate (lower panel) in the myocardium. The heart was removed
immediately before ischemia (NI), at the end of ischemia (I) or at

the end of reperfusion (R or RD).
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Arachidonic Acid (C20:4)
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49 Effects of 10 and 30 sM dl- and d-propranolol and 50 #M
timolol on the tissue levels of arachidonic acid (upper panel) and

palmitoleic acid (lower panel).
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10 Effects of 10 and 30 g#M dlI- and d-propranolol and 50 gM
timolol on the 1levels of linoleic acid (upper panel) and stearic

acid (lower panel).
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