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Anti-arrhythmic effects of sophoridine and oxysophoridine
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ABSTRACT

ATM. To compare the effects of oxysophoridine (Oxy)
and sophoridine (Sop) on experimental arthythmias and
myocardial physiologic propertiecs. METHODS.
Arthythmias were induced by drugs and myocardial
ischemia. Physiologic properties were determined on
isolated heart atria. RESULTS: Oxy 500 mg-kg ™’
(1/6 LDg, ) decreased the incidence of ventricular
arhythmias induced by aconitine { P < 0.01 ).
increased the threshold dose of ouabain-induced
ventricular premature { VP, P < 0.05), ventricular
tzchycardia { VT, P < 0.05), ventricutar fibrillaton
(VF, P <0.01), and cardiac arrest, (P < 0.01).
After iv Oxy 500 mg-kg~! into the tats with ligation of
left anterior descending coronary artery, the total
nurnbers of ectopic beats were decreased { P < 0.05),
the incidence of VF was lowered. and the duration of
VT was shorteped (P < 0.01). Oxy 250 mg-kg™!
(1/13 LDy, } iv shortened the duration of arrhythmias
induced by BaCla{ P < 0,01} and delayed the onset of
arthythmias induced by chloroform-epinephrine § P <
0.05). Oxy produced dose-dependent positive
inotropic effects in the isolated left atria of guinea pigs,
increased the concentration of epinephrine to elicit
autormaticity in left atria. decreased slightly the
excitability, and prolonged the functional refractory
period.  Sop produced the similar effects on
arrhythmias as Oxy. CONCLUSION. Oxy produced
the similar anti-arttiythmic effects as Sop did at the
equivalent effective dose,
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INTRODUCTION

Oxysophoridine { Oxy) and sophoridine { Sop) are
alkaloids isolated from Sophra alope L. Sop produced
anti-arthythmic effects’' =%, and the mechanism is
similar to that of amiodarone! .  Up t now, we have
not found any report of Oxy on arthythmias. This
paper was to study the effects of Oxy and Sop on
experimental arrhythmias and the physiologic properties
in isolated heart atrium.

0

MATERIALS AND METHODS

Chemicals and reagents Oxy and Sop were
extracted from Sophora slope L by Ningxia
Pharmaceutical Instite. Oxy { white powder, M,
264. mp 162 T, purity >99 %} and Sop { white
crystal, M, 248, mp 109 T, purity > 99 % ) were
dissolved in K-H solution before use.  Aconitine
{Aco) was the product of E Merck.  Ouabain { Cua)
was the product of Sigma,

Animals Animals were purchased from Animal
Center, Beijing Medical University. Kunming strain
mice {Grade [l . Certificate No 01-1058); Wistar rats
{Grade II , Certificate No 01-1051) .

Drug-induced arrhythmias  Kunming strain
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mice of either sex { # = 60, weighing 24 g+ 5 3 g)
were divided into 3 groups and anesthetized with
urethane | g-kg ' ip. Five min after Oxy 300 mg-
kg™, Sop 10 mg- kg~ or equal volume of saline
{NS) were injected ip, Aco (0.001 %, 50 pg-kg™!)
was injected via caudal vein. the changes of cardiac
rhythm were recorded by oscilloscope and ECG for 30
min,

Wistar rats of either sex (n =21, weighing 330 g
+ 5 60 g were divided into 3 groups randomly and
anesthetized with urethane 1.2 g+kg™' ip. Ten min
after NS, Oxy, Sop were injected ip, BaCl, 2 mg*
kg~! was infused via femoral vein in 4 s, Lead I ECG
was monitored and recorded.

Rabbits of either sex { # =15, weighing 1.6 kg =
s 0.2 kg} were selected. After inhalation of
chloroform and iv epinephrine (0.01 %, 0.5 mL -
kg~'). the BECG of the selected rabbits appeared
ventricular tachycardia ( VT). After VT lasted 205 s
+ 52 g, sinus rhythm restored. The selected rabbits
were divided into 3 groups.  After iv Oxy 250 mg-
kg~!, Sop 10 mg-kg~!. or NS , the rabbits inhaled
chloroform and were injected epinephrine in the same
way and same doses, the changes of cardiac rhythm
were recorded by oscilloscope and ECG for 30 min.

Guinea pigs of either sex ( n = 18, weighing
Mopgxs 43 g} were divided into 3 groups and
anesthetized with urethane, Ten min after iv Oxy,
Sop. or equal volume of NS, Oua 30 ug- kg™ ' was
injected iv in 1 min. After that, Oua (0.05 %, 5 pg
-kg~") was infused at a constant rate of 5 jeg*min~!.
Lead [| ECG was monitored to record the appearance
of ventricular premature { VP }, VT, ventricular
premature { VF), and cardiac arrest {CA).

Mpyocardial ischemia-induced arrhythmias
Wistar & rats { n =24, weighing 337 g+ 5 30 g) were
divided into 3 groups. After Oxy. Sop., or NS was
injected via fernoral vein, the pericardium was incised
to expose the left anterior descending coronary artery,
which was ligated at the level of the left atrial
appendage. Lead [I ECG was recorded for 30 min.

Isolated preparations  Guinea pigs of either
sex { n =26, weighing 439 g+ 5 76 g} were stunned
by a blow to the head. The left or right atria were
suspended vertically under 1.0 g of tension, and
incubated in a bath containing 20 mL of Tyrode's
solution {pH 7.3 — 7.4}, The solution was gassed

with 95 % Oy +3 % CQs, and maintained at 30 T or
37 €.

Determination of physiologic properties of
isolated heart atria Left atria preparations were
stimulated through a pair of stainkess sieel electrodes
and stimulus set at frequency of 1.0 Hz, duration of 3
ms, 2 times of threshold voliage to induce heart atria
contraction.  After 60-min equilibration, Oxy or Sop
was added into the solution by accumulated method
until the contractile altitude increased no more’™ . The
final concentrations of Oxy and Sop were 7.2 mmol
[.~! and 240 umol-L~!, respettively. The contractile
altitude curve was recorded .

The threshold concentration of epinephrine
inducing automaticity on left alria preparations were
determined® . The preparations { n = 7) were exposed
to serial concentration of epinephrine for 3 min to
determine the minimal concentration of inducing
automaticity. If no contraction was induced, electric
sumulation was given for 30 s at the end of the third
min. The lowest epinephrine concentration of inducing
contraction was threshold concentration.  Only
preparations for which the threshold concentration of
epinephrine was identical on two successive Irials were
used for further tests. The preparations were washed
and equilibrated for 15 min, then exposed to Oxy or
Sop for 10 min. Adrenaline concentration of inducing
automaticity was determined .

The left atrium preparations were stimulated by a
series of square wave of different width (0.2, 0.5, 1,
3, 5, 10 ms), and the maximal voltage inducing
contraction was determined . according to the proctocal,
intensive-time curve was drawn!®

The left atrinm preparations { n# = 7)) were
stimulated by 2 strong stimulus of 3 ms, 0.5 Hz. 5
times as threshold wvoltage. The shortest interval
between the driving stimulus and testing one which just
produced a premature contraction of the muscle was
taken to be the functional refractory period ™.

RESULTS

Acute toxicity In 100 Kunming mice (20 g+
1.5 g). LDy (95 % confidence limits) of Oxy and
Sop were 3391 {2799 - 3565) mg-kg~! and 58 (57 -
59) mg-kg™!, respectively.

Arrhythmias induced by Aco in mice In all
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mice of the control group [ n = 20) serions arrhythmias
occurred.  But in Sop or Oxy group. only 7 mice
developed arthythmia [ P <0.01).

Arrhythmias induced by BaCl; in rats  Oxy
250 mg - kg~' shortened the duration of ventricular
arthythmias from (7.8+2.5) min to (2.8+2.2) min
(P<0.01). Sop 10 mg-kg ! shortened the dnration
of ventricular arthythmias from (7.8 £ 2.5) min to
(2.9 £1.1) min { P <0.01).

Arvhythmias induced by chloroform-
epinephrine in rabbits In control group , the
appearance time of VT was 5 s £ 2 s, the doration of
VT was 191 s 47 5. The onset of VT was 24 s £ 17 s
in Oxy group and 11 sx4 s in Sop group; the duration
of VT was 100 s 20 s in Oxy group and 60 s £28 s in
Sop group (All P <0.01},

Arrhythmias induced by OQua in guinea pigs
In Oxy and Sop group. the doses of Qua inducing VP,
VT. VF, and CA were differant from those of control
(Tab 1).

Tab 1. Effects of oxysophoridine and sophoridine on
ouabain-induced ventricular premature ( VP ),
ventricular tachycardia ( VT), ventricular fibrillation
(VF), and cardiac arrest (CA). n=6 guinea pigs.
¥xs. P>0.05 "P<0.05, P <0.01 vs control.

Drug Ouabain dose/mg kg™

mg kg~ VP YT VF CA
NS 1305 16130 199:35 22633
Oxy 500 200+34" 238+55° 30M+56 M2162°
Sop 10 1T 237205 20827 3364 14°

Mpyocardial ischemia-induced arrhythmias
In Oxy and Sop groups the appearance time of VP was
delayed; the total numbers of EB, the total time of
VT, and the incidence of VF were decreased,
compared with those of the control ( Tab 2).

Effect on contractility Oxy and Sop produced
concentration-dependent positive inotropic effects, and
the doses of 50 % increasing contractile amplitude were
3.5 mmol - L! and 102 pmol + L~', respectively
(Tab 3.

Effect on automaticity The threshold
concentration of epinephrine inducing automaticity was
(96+37) pmolL™'.  In Oxy group, it was (48

Tab 2. Effects of Oxy and Sop on arrhythmias after
acute coronary artery ligation in rats. » =8 rats.
xts. P>0.05 "P<0.05, *P<0.01 vs control.

. f .
Drug Onset time ezmtq Duration VF
la-l . K
mg* kg of VPss in 30 min of ¥T<'s %
NS 330+135 1406 £975 50+ 28 5
Gy 500 397 +90"  483+413° 17413 125
Sop 10 450814 A4£201°  22:14° 125
Tab 3. Effects of Oxy and Sop on myocardial

contraction of left and right atria isolated from guinea
pigs. n =6 guinea pigs. Xt s.
P >0.05, "P <0.05, P <0.01, vs control.

Developed ensionmm

Concentration Left atriurn Right atrium
Criy/mimol-L~!
0 5.5+£0.6 3.7¢1.0
0.95 6.51£0.7 1.4x1.4°
1.9 7.9:2.0" 1.8+1.8
38 8.4£2.2b 5.4x2.0
7.2 9.8+2.8 6. 1£2.x
Sop/pamol + L~
g 5.5£2.3 4.0x1.4
30 6.8+2.7 4.9+1.%
60 7.8+3.3 5.7+2.1°
120 8837 6.1x2.4
240 10.0x5.0° 6.6£2, 5

+18) pmol*L™'( P <0.05); in Sop group, it was
{57+27} umol-L™!'( P<0.05). Both Oxy and Sop
decreased the thresholds of epinephrine.

Effect on excitability After Oxy 1.9 and 3.8
mmol-L~1, Sop 60 and 120 pmol - L~! were added,
the maximal voltages inducing myocardial contraction
were increased ( P < 0.05, or P < 0.01). The
excitability of heart atria was decreased [ Tab 4).

Effect on FRP  Befors Oxy and Sop were
added, FRP were 140 ms + 21 ms and 143 ms * 14 ms,
respectively.  After the preparations were exposed to
Oxy 1.9 and 3.8 mmol* L™, FRP were 164 ms + 23
ms and 170 ms £23 ms { P <0.01), respectively. In
Sop 60 and 120 umol *L~! 10 min, FRP were 161 ms
=18 ms and 165 ms = 16 ms { P < 0.01),
Tespectively .
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Tab4. Effects of Oxy and Sop on minimal voltage inducing myocardial contraction by electric stmulus in left

atrium. n=6 guinea pigs. Xz s. P>0.05, P <0.05, “P<0.01, vs control.
Intensity of stmulus¥
Duration ms Oxy (mmol-L™") Sop {umol-L™")
Control 1.9 3.8 ) 120
0.2 1.6+0.6 212060 2.4£0.8" 1.820.5° 2 0x0.6°
0.5 1.2x0.4 1.7£0.3 1.9+0,9 t.4zu.4 l.ox0.5"
i 10202 1.3+0.53° 1.6+0.6° 1.310.3 1.3x0.3°
3 0.8+0.2 1.2+0,3° 1.3£0.4 t.t+0.3 1.1+0.3°
3 0.720.2 t.ox0.4° 1.t20.4° 0.9:0.3° 1.0x0.3
10 0.0+0.2 0.y2x0.3° 1.0+0.4" 0.8+0.3 0.920.3°
alopecuroides on contractility of papillary muscles of puinea
DISCUSSION

Oxy and Sop belong to quinolizidicre alkaloids,
and have similar chemical structure. Sop produced the
anti-arrhythmic effects by inhibiting Na* channel,
prolonging ERP, increasing ERP/APD, and inhibiting
J-adrenoceptors noncompetitively, and the mechanism
is the same as that of amiodarone'>*'. This study
indicated that they had similar anti-arthythmic effects
and similar physiologic properties on isolated heart
atria. But the toxicity of Oxy (oxidized product of
Sop) was lower than that of Sop.  In this study, Oxy
at the dose of 176 LDg and 1/13 LDy, produced the
similar effects as Sop at the dose of 1/5 LDg,. In the
study of Oxy and Sop on isolated heart atria, we found
that Oxy and Sop decreased the threshold of epinephrine
inducing heart alria contraction, It indicated that Oxy
and Sop enhanced the antomaticity of isolated heart
atrig, which is contrary to the anti-arhythmuc effects in
whole animals. The mechanism of Oxy on arthythmias
and whether it bas other effects need to be further
studied .
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