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Effects of toosendanin on electric and mechanical properties

of guinea pig papillary muscles!’

GAO Xiao-Dong. TANG Shu-Ben®. LU Jian (Department of Physiology, He-nan Medical Uni-

versity. Zhengzhou 450052, China?

ABSTRACT Effects of tocsendanin (TS) on
the action potentials and contractile force in
guinea pig papillary muscles were examined
using a standard microelectrode technique.
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TS concentration-dependently increased the
action potential duration at 90% repolarization
{APDw} of the fast action potentials. In the
presence of a [, channel blocker BaCl, . the ef-
fects of TS on lengthening the APDy, were
completely abolished, thereby suggesting that

" TS inhibited the inward rectifier K+ current

Ivy,+ The APD and contractile force of amino-
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phylline-induced slow action potentials were
potentiated by TS in a concentration-depend-
In the presence of BaCl.. both
effects of TS were completely abolished. The
effect of TS on enhancing contractile force was
abolished by the addition of CdCl., with the
prolongation of APD preserved. Thus, TS
selectively inhibited the inward rectifier K+
current §y, with a positive inotropic effect, re-
sulting from a delay in Ca channel inactivation
which was secondary to delay in ventricular
repolarization.

ent manner.
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Toosendanin ( TS ) iz a triterpenocid
derivative (C;,H.3(2,,) extracted from the bark
of Melia rocsendan Seib et Zucc. which has
been elucidated in structure'!- and used as an
ascaris vermifuge ih China. TS influenced not
only quantal but also non-quantal release of
acetylcholine'™. As an effective anti-botulis-
mic agent, TS showed an extracellular Ca’*
dependent initial facilitative action on minia-
ture end-plate potentials (MEPP) discharge
before the inhibition of MEPP*. The effects
of TS on the Ca channels may be attributed to
an increase in calcium conductance'*’. PBut
there were no report available to show the ef-
fects of TS on the cardiac ion channels.
Hence, using a standard microelectrode tech-
nique , we investigated the ionic mechanisms of
the effect of TS in isolated guinea pig papillary
muscles.

MATERIALS AND METHODS

Reagents The TS used were crystals from
ethanol, >>98'% in purity . the same as described previ-
ously'? . and gifred from Prof LI Pei-Zhong, Academy
of Military Medical Sciences; aminophylline (Shanghai
XinYi Pharmaceutical Facrory, lot 881008 ); BaCl.

{Tianjin 3rd Chemical Reagent Facrory, lot 820812);

CdCl; ¢ Berjing 57601 Chemical Engineering Factory . lut
8508271
Protocol (Guinea pigs (either sex) weighing 250
+ 35 50 g were stunned. Papillary muscle was taken
from the right veniricle and was pinned in a Z-ml
chamhber. For recording fast action potentials (FAP).
the Krebhs solution ¢(NaCl 133« KCI 5.0, Cal’l, 2.0,
MgCl; 1.0, NaH:P{), 2.2. NaHU{), 11.9. and glu-
cose 5.5 mmol-L7') was gassed with 356¢ () 4+ 574
C(3(34+0.5 Co pH 7.4+ 0. 5).

curculated at a rate of 11 ml-min™".

Bath sulution was

Forece of contrac-
tion 4{FC) was measured with an isometric force trans-
ducer (Madel HN-79, Shanghai Institure of Physiolo-
gy Chinese Academy of Sclences ) which was cunnect-
ed to the tendinovus end of the preparation. Inmitiat
length was adjusted to yield an optimal contraction am-
plitude upon stimulation. Transmembrane action po-
tentials were recorded with convenrtional glass micro-
electrodes filled with KCI 2 mol *L.7! having a resist-
ance of 15— 25 M. The maximal upstroke velocity
Vo) was obrained by an electronic differennator
( Department of Physiolegy: Beijing University ).
Stimulation parameters were: stimulus duration T ms.
frequency 1 Hz, voltage 202 above threshold.  Afrer
recording the control FAP for 1 h. data were vbtained
cumulatively by increasing the concenrrarion of TS
every 20 min.

For slow action potentials (SAP), high K* (22
mmol *L %) Krebs solution was prepared by eguimolar
substiturion of KCl for NaCl, containing aminophylline
0. 75 mmol L 7! to elicite SAP after depolarization of
the rezting potential and inactivation of fast Ma™ chan-
nels.  Stimulation paramerer.s were; stimulus duration
3 ms, frequency 9.5 Hz, voltage 20% ahove thresh-
old. Experiments started afrer the recording of con-
trol SAP for 1 h.

Solurions of TS were prepared in either normal
(K*S mmol*L ™) or high K* (K" 22 mmol 1.7 Krehs
solutions and were diluted 1o the final concentrations of
5. 10, 20 pg-ml 1 (pH 7. 4.

chanical signals were displayed un the screen of an os-

The electric and me-

cilloscope and photographed ar regular intervals. The
effects of TS on the FAP and SAP parameters { Vaus
action potential amplitude APA, APDY. and FC were
chserved. Data were analyzed fur srtansrical signifi-

cance hy ¢ test for paired values.
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RESULTS

With TS at concentrations of < 5 pg
-ml™'. no effects on FAP parameters were
seen. At higher concentrations. TS caused a
concentration-dependent prolongation in the
APD}, with an increase at APDy, during the
terminal phase of repolarization, while the
1 ax 80nd APA were practically unaffected {Tab

1. Fig 1).

40mv

p——

100 ms”

Fig I- Effect of toosendanin on [ast action potential
(FAP) configuration in guninea pig papillary muscies.
A: control: B: in the presence of toosendanin 20 ug
*ml™", duration of FAP at 90 % repolarization was
somewhat iengthened.

In another & papillary muscles, afrer

recording the control FAP for 1 h. the addi-

Tab 1.

rion of BaCl. 50 pmol L ™! caused a depolariza-
tion of the resting potential from 68=3 mV 1o
6+ 3 mV (a=5. P<0.01). a reduction of
the APA from 103=3 mV 10 100+4 mV (n=
6. <C0.01Y, and a prolongation of API},,
from 185143 ms 10 220129 ms {(#=46. I’<C
0.01). Simlar results have also been report-
ed'""*" ., in which BaCl. was used to block 1y,-
In the presence of BaCl,, the effects of TS on
lengthening AP} was completely abolished
tTab 1).

With TS <5 pg-ml™', no significant ef-
fects on the aminophylline-induced SAP pa-
ramelers were seen.
tions, TS concentration-dependently pro-
longed the APD. withour effecting the Vi,
and APA (Tab 2. T35 (10 and 20 pg-ml™")
potentiated the accompanving FC of the
aminophylline - induced SAP concentration -
dependently { Tab2 ,Fig2). TS20pg-ml™
increased the FC1o1 7 3 & 4 2 % of the control
(=06, P<70. 01).

In another

Ar higher concentra-

after
recording the aminophylline-induced SAP for 1
h, the addition of BaCl,70 pmol-L ™! caused an

6 papillary muscles.

Effects of toosendanin on fast action potentials in puinen pig papillary muscies. a=6, 1tz *P>0.05,
"P< 0. 05, “P< 0.01 vs control. “P>>0.05 w5 control + BaCl; 50 pmol+L ™.
Toosendanin.’ |- APA/ APD./ APD../ APDw,/
pgeml ™" Ves™!? mV ms ms ms
4] 195+ 36 99+ 6 102421 135+25 163+ 27
5 18529 101+ 3 106+ 19" 138+ 25" 165+ 27"
10 180+ 39° 1024 4 1086+18* 143+ 25" 171+ 28°
20 181 +54* 101+ 3 1124+140" 150+22 1804 24°
4] 16732 103+3 106431 154440 185+ 43
=+ BaCl. 172+ 35 10047 116+20° 167+ 29° 2204 29°
] 1734 35" lo0+-4¢ 115428 167+31° 2224 31"
10 179+ 3¢ 100+4" 117+19° 168+ 29° 222+ 27"
20 169 + 35° 10144 118+ 14 1721229 228+23¢

Vo =maximal upstroke velocityy APA =action porential amplitude : APD,,. APDy,, and APDy, = action potential

duration at 30 % . 50, and 90 % . repolarization.
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Tab 2. Effects of toosendanin on slow action potentials induced by aminophylline in goinea pig papillary muscles.

xts.

*P>9-05, "P<0.05. “P<<1.01 vs control {n=8).

PP 05, P<<0. 05, "P<70.01 ws control + BaCl,

70 pmol L~ {n=5) or vs control + CACl; S0 pmol:L™ ' tn=8).

Toosendanin/ S APA/ APD../ APD,,/ FC/
perml™! Vaisg™! mV ms ms %
4] 9.444.0 6813 12527 145428 100
5 10.61+6. 8 681 3 1284 34° 1494 34" 1114307
10 12.3£7.6° 694 4" 1351 356° 1564 38" 147- 84+ 52. 6*
20 12.7446.3° 6914-4° 145+31* 167 L33 173427
4} 11.34+4.7 6813 149433 180434 100
+ Ba(l, 14t 4 704 4° 19341417 2361 45° 934+ 28°
5 13.5+4.6° 704 4¢ 1924384 2361439 99424
10 13.544.6° 7044° 193+3¢° 23642 112423
20 15+ 4 70444 191+41° 237443 126. 6L 58. 3
i} 12.94+4. 6 7818 122+38 17456 100
+ CdCi, 10- 945.1° 67 L7 113+ 236" 177.54£72. 07 22.44+9.7°
5 10. 54-4. % 66 161 117 +28° 1791466 90412
10 10. 744. 7 6745 123+28° 191. 24686. 4 981 6
20 10. 74 4. 4" g7 5" 126+ 27 201463 1054 20°
addition of CdCl;50 pmeol L~ caused a reduc-
\u 5 10 20 gg+ ml ticn of APA from 78+8 mV to 67+ 7 mV (=
- -\ \ ‘\ =8, P<(0.01), an attenuation of FC to 22. 4
—— —_— \
— +9.7 % of the control (=8, P<0.013},
- M___/—\ -~ B without effecting the V.., and APD. The ef-
168 ,..,‘B' fect of TS on enhancing FC was abolished

Fig 2 - Eflfecis of toosendanin on aminophylline -
induced slow action polenthals ¢ SAP ., apper tracing )
and force of contractien (FC. lower tracing) in
guinea pig papillary muscles. Duration of SAP was
lengthened and FC increased . im a concenmtration -
dependent manner-

increase of the APA from 683 mV to 70+4
mVY (n=35, P<Z0.01). a prolongation of
APDg. and APD,, from 149+ 33 and 1804 34
ms to 133+ 41 and 236+ 45 ms. respectively
(n=25, P<Z0.01), without effecting the FC.
The effects of TS (10 and 20 pg-ml~™') on
lengthening APD and enhancing FC were com-
pletely abolished when BaCl, was used to
block the f,,(Tab 23.

In ancther 6 experiments, after recording
the aminophylline-induced SAP for 1 h. the

when CdCl, was used to reduce the [,,. where-
as the concentration-dependent prolongation
of the APD persisted with increasing concen-
trations of TS (Tab 2, Fig 3.

DISCUSSION

QOur results indicated that the main effect
of TS was to inhibit the inward rectifier K™
current f,,- Suppressing both the inward rec-
tifier current and the delaved rectifier current
by TS could lead to prolongation of the APD,
but the primary currents blocked by TS were
I, - since the current intensity of I, was less
than that of [, and APD at voltages of 0 mV
or above did not increase substantially'™®.
Thus. the I, system appeared to play an in-

significant role , at least in the case of the TS -
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Fig 3. [1, - blocking effect of CdCh; on toosendanin -
induced prolongation of shlow Rction potential duration
(upper tracing) and potentiation of force of contrac-
tion (FC. lower tracing? in guinea pig papillary mus-
cles. A: conirol slow action potentiak (SAP) induced
by aminophylline and the accompanying contraction;
B: after the addition of C4Cl; 50 pmol-L™', FC was
suppressed and without much effect on the duration of
SAP; C. in the presence of Cd*', effect of toosen-
danin on enhancing FC was abolished. with the pro-
longation of APD preserved.

induced prolongation of APD in multicellular
preparations.

The APD of aminophylline-induced SAP
and FC were increased by TS. Following the
application of BaCl, to block Ii,. both the el-
fects of TS on lengthening APD and enhancing
FC could be completely abolished. Addition
of CdCl, abolished the effects of TS on en-
hancing FC, while the APD-prolonging effects
of TS were preserved. Thus, the positive in-
otropic effects of TS on the accompanying FC
of the SAP were not likely to be due to in-
ereased Ca’t influx into the cells at depolariza-
tion phase of the SAP {no changes in ¥,.. oc-
cuarred ), but resulting {from slowing the calei-
um channel inactivation secondary to the delay

in ventricular repolarization.
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