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ABSTRACT

AIM: To examine the effects of polysaccharide
sulfate ( PSS) on the action potentials and
contractile force in guinea pig papillary muscles.
METHODS: LUsing intracellular microelectrode
to record fast ( FAP) and slow (SAP) action
potentials. RESULTS; PSS (=50 mg*L~')
caused concentration-dependent decreases in the
contractile force and the action potential duration
(APD) of FAP without affecting the resting
potential { RP ), action potential amplitude
(APA), and maximal upstroke veloeity ( V.. ).
The V... APA, and APD of BaCl,-induced SAP
were concentration-dependently decreased by PSS
(=15 mg L") and the effects were antagonized
by isoprenaline {1 pmol*L™'). The APA and
APD of isoprenaline-induced SAP were decreased
by PSS (= I5 mg* L™") in a concentration-
dependent manner and the effects were attenuated
by elevation of extracellular Ca?* concentration.
CONCLUSION: PSS selectively inhibited the

slow inward current.

INTRODUCTION

The polysaccharide sulfate {PSS) is a new
type heparinoid, extracted from Phylum
phaeophyta . After esterification and sulfonation,
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the PSS obtained was a semi-synthetic oceanic
drug[”. PSS improved microcireulation®) and
coonary  blood supply-*', inhibited blood
coagulalionu‘] , and was effective in the treatment
of ischemic heart disease®’, Although PSS
exhibited an inhibitory effect { auriculoventricular
bloek) on the myocardium'®', electrophysiologic
effects of PSS have not yvet been examined.
Therefore, we undertook the present studies fo
clarify the effects of PSS on cardiac ion channels.

MATERIALS AND METHODS

Drugs PSS (Qingdao 3rd Pharmaceutical
Factory, lot No 941215); BaCl; ( Tianjin 3rd
Chemical Reagent Factory, lot Ne 820912);
isoprenaline { Shanghai Tianfeng Pharmaceutical
Factory, lot Ne 930101 ).

Guinea pigs  Either sex, provided from
the Experimental Animal Center of Henan
Medical University { Certificate No 981002}, =
=30, weighing 300 g £ 5 50 g were stunned.
Papillary muscle was taken from the right
ventricle and was pirmed in a 2-mL chamber of
Tyrode's solution aerated with O,(pH 7.4 £ 0.5)
at (36 +0.5) C at a rate of 10 mL- min~'.
For fast action potentials { FAP), the Tyrode®
solution contained: NaCl 140.0, KCl1 5.4,
MgClL, 0.5, CaCl, 1.8, NaH,PQ, 0.3, HEPES
5.0, and glucose 5.0 mmol « L7'.
( FC)
measured with an isometric force transducer
connected to the tendinous end of the muscle.
Initial length was adjusted to yield an optimal

coniraction amplitude upon stimulation.

Force of

contraction of papillary muscle was

Trans-
membrane action potentials were recorded with a
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conventional glass microelectrode filled with KCI
3 mol*L."!, having a resistence of 15 — 20 MQ).
The meximal upstroke velocity ( Voo ) was
Sti-
mulation parameters were; stimulus duration 1
ms, frequency | Hz, voltage 50 % above
threshold.  After recording the control FAP for |
started.  The electric and
mechanical signals were displayed on the screen
The
parameter of FAP were on-line analyzed by a

obtained by an electronic differentiator.

h, experiments
of an oscilloscope and photographed.

microcomputer system TP-801 B,

For slow action potentials ( SAP), after
impalement was stabilized for 30 min, high K*
{25 mmol*L~") Tyrode solution was prepared by
substitution of KCI NaCl,
conlaining isoprenaline 1 pmol-L~! or BaCl; 0.2

equimolar for
mmol* L.~ to elicit SAP after depolarization of the
resting potential ( RP) and inactivation of fast
Na* charnels'® . Stimulation parameters were:
stimulus duration 3 ms, frequency 0.5 He,
voltage 50 % above threshold.
were started after the recording of control SAP for
I h.

The preparations were perfused with the
solutions of PSS 5, 15, 50. 150. 500 mg*L~!
(pH 7.4). The perfusion lasted 30 min at each
concentration. The effects of PSS on the electric
parameters of FAP and SAP were observed.
Data were processed by computer using SAS
software and analyred by paired ¢ test.

Experiments

Tah 1.

RESULTS

Effects on FAP PSS 50 — 500 mg-L~",
caused concentration-dependent decreases in the
FC. APDy, APDsy, and APDy; of the FAP, but
had no effect on the RP, V., and APA. PSS
decreased FC from 100 % in the control to 62 %
£17% (n=7, P<0.01)after PSS 500 mg"
L~! and decreased APDyy, APDg, and APDy
from (151 £16) ms, {186+ 15} ms, and (234
+12) ms to (112 £23) ms, (138 £27) ms,
and (186 £ 26) ms (n =7, P <0.01).
respectively (Tab 1).

Effects on SAP induced by BaCl, PSS
50 - 500 mg * L™ concentration-dependently
suppressed the V., of the SAP induced by
BaCl,. PSS decreased V,,, from (9 1) V>g~!
inthe control to (6+1) Vs '(n=6, P<
0.01) after PSS 500 mg-L-". PSS 15 - 500
mg-L.~! concentration-dependently decreased the
APA, APDyy, APDg. and APDy of the SAP
induced by BaCl,. PSS decreased APA from
{69 +2) mV in the control to (58 £4) mV (n
=6, P <0.01) after PSS 500 mg* L™' and
decreased APDy,, APDy;, and APDg from (124
+8), (160+9), and (187 £ 10) ms 1o (8T ¢
16}, (113 +18), and (135+18) ms (n =6,
P <0.01), respectively. All the effects of PSS
on the SAP were attenuated after the addition of
isoprenaline T pmol * L' to the solution
(Tab 2).

Effects on SAP induced by isoprenaline

Effects of polysaccharide sulfate on fast action potentials in guinea pig papillary muscles.

n=7, xrxs. "P>0.05, P <0.05, °P <0.01 vs control.

Palyracchanide sulfate/mg-1"

Control 15 50 150 500
Vo ¥est 190+ 25 178 1 25* 172 £14° 179 + X 166 + 15°
APA/mV 115x4 116 £ 4° 115+ 5° 112+ 5 1098
APDy#ms 151+ 16 141 + 18 131 £ 14 123 190 223
APDy/ms 186+ 15 1752220 164 + 20t 152+ 285 138+ 27
APDy, ' ms 2412 26+ 16 2121228 201 + 24° 186 + 26°
FC/ % 100 101 + g° 8418 0+ 12 62+ 17°
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Tab2. Effects of polysaccharide sulfate on slow action potentials induced by BaCl,{0.2 mmol L'} or
isoprenaline (Iso, 1 umol<L~!) in guinea pig papillary muscles.

n=6. ¥+ts5. “P>0.05, "P<0.05, P <0.01 vs control.
Control Polysaccharide sulfate mg L™ PSS 500 mg L7
5 15 30 130 500 +Two | pmol-L"!

+ BaCl
V"H,/V'S_l Yt B+ 1® e 7+1° 6+2° 6+ 1 041t
APA/mY 92 68+ 3 66130 63+ 5 61+3° 58 + 4' 68 + 2
APDy/ms 124+ 8 123+ 8* 15+ 4" 109 + 8 93 + 12 81116 121 + 9
APDg/me 160+ 9 155+ 7 146 £ 7" 138 £ & 120 £ 14° 113+ 18° 158 + 15"
APDy/ms 187+ 10 183 +9° 173 £ 9" 166 £ 7° 148 + 12° 135 £ 18° 182+ 124
+ Is0
RP/mV 43+ 4 40 = 6° 40 £ & 38+ 4° 4013 40 + 3*
APA/mY T3s2 Tl 4 68+ 4% 67+3° 6413 9+ 4
APDy ms 128 £ 15 121 £ 14° 105 + 20 99 1 22% 93 1 22 84+21°
APDg/ms 165 + 14 159 £ 15° 145 £ 17" 134 £ 18° 123+ 2° 108 + 24°
APDgy/ ms 183 £ 15 173 £ 17 159 £ 19" 152 + 19¢ 141 £ 21° 130+ 27

PSS 15 - 500 mg- L~ ! concentration-dependently  manner,  After raising the extracellular Cat*

decreased the APA, APDy,, APDg, and APDy,
of the SAP induced by isoprenaline, without
affecting the RP. PSS decreased APA from (73
+2) mV in the control to (59£4) mV (n =6,
P <0.01) after PSS 500 mg-L~" and decreased
APDyy, APDsp. and APDg from (128 + 15),
{165+ 14), and (183 +15) ms to (84 + 21),
(108+24), and (130£27) ms (n=6, P <
0.01), respectively (Tab 2).

The effects of PSS 150 mg*L™' on the SAP
induced by isoprenaline were seen at time
intervals of 6, 12, and 24 min following the
addition of the drug. The APA and APDs of the
SAP decreased progressively in a time-dependent

Tab 3.

content from 1.8 to 5 mmolL™", the restitution
of bioeleciric parameters were noted al time
mtervals of 3, 5, and 10 min. All the
parameters of the SAP were gradually recovered
within 10 min (Tab 3).

DISCUSSION

PSS concentration-dependently  decreased
the APD of the FAP, but had no effect on the
RP, V... and APA. The lack of effect on
phase 0 characteristics strongly suggested that
PSS did not exert an inhibitory effect on the fast
inward sodium current. It is well known that the
APD at plateau phase is determined by the

Progressive suppression by polysaccharide sulfate of slow action potentials induced by isoprenaline

and restitution by raising the Ca** content from 1.8 to 5 mmol-L"!.

n=6. T+s5. *P>0.05, "P<0.05, P <0.01 »s control.
Control Afier addition of PS8 150 mg*L~ '/ min After elevation of [ Ca®* ], to 5 mmol-L~'/min
6 12 24 3 3 10
APA/mV REN T3z 3 70+ 4 66+ 3 71+ & 7516* 79 £ 6°
APDy/ s 1251 10 123+ 6 13+ 6k 100 £ 12° 961 13° 11048 18+ 11°
APD5y /1 15810 155 £ 11® 144 + Y 133+ 1% 127+ 220 134 £ 22° 143 + 25°
AP/ ms 1718 166 + 9 156+ 10P 144 + Wa4° 137+ 2 147 + 18° 162 £ 19*
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balance between inward

outward potassium currents.

calcium current  and
The reduction of
outwand
currents and thus caused a decrease of APD.
Therefore, the reduction of APD of the FAP by
PS5 is thought to be induced by the suppression
PSS produced a concentra-
tion-dependent decrease in peak contractile force

calecium current increased the net

of calcium current .

in guinea pig papillary muscles, an effect which
has been atiributed to an inhibition of the
transmembrane  Ca®*  influx required for the
conformational change of troponin I and normal
eXcitation-contraction mup].ingw: .

The calcium current is the main inward
current, contributing to the maintenance of the
APD, determining the ¥, and APA of the
SAPs®. PSS decreased the V... and APA,
shortened APD of the B3SAP,
preferential inhibitory action on the calcium
All these effects could be restored by

elevation of the extracellular Ca®* econcentration

indicating a
current,
as well as admimstration of isoprenaline, which

open probability and the
(10

increased  the
phosphorylation of the calcium channels
Thus. PSS selectively inhibited the slow inward

current.
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