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Anti—arrhythmic activities of six indole derivatives of changrolin

DAT De—Zai, RONG Pei,
Yun—Hai, QIU Yi—-Tang,
{Research Division of Pharmacology,

ABSTRACT The indole—derived compounds,
which possessed side chains resembling those of
changrolin (4—{3’,5—bis{( ¥—pyrrolidinyl)methyl}-4—
hydroxyaniline}—quinazoline) showed potent anti—
arrhythmic activity by restoration of sinus rhythm
from ouabain—induced tachycardia in guinea pigs.
The poiency was assessed by comparison of the main-
tenance lime of sinus rhythm recovered from
tachyarrhythmias induced by ouabain. The promis
ing compound was M1, with piperidy! residue on po-
gition 3 &5 of phenol moeity. There was no difference
in anti—arrhythmic activities resulting from substitu-
uons between a benzene ring and methyl residue at po-
sition 2 of indole, but the latter had weaker
parasympatholytic activity. The anti—archythmic ac-
tivity of MI, (> &0 min) was 2.4 times more potent
then changrolin (25 min), but its anti—cholinergic ac-
tivity was only half of the latter. To compare the
suppressive effect on reperfusion—-induced arrhythmias
by iv MI, at different time in relation’ to the
ligation—reperfusion protogel, it was the most effec-
tive when administered either 30 min prior {0 coronary
occlusion or at the momen! of reperfusion. The com-
pound M3 might belong to the I, group shown by the
slowing impulse conduction within tne heart.

KEY WORDS indoles; anti—archythmia agents,
guinazolines, myocardial infarction; wventricular
fibrillation

A new type of anti—arrhythmic agents is
being developed following the discovery of
changrotin® originally isolated from a medi-
cinal plant and used as an antimalaria drug
which was recently developed to be an orally
cffective anti—arrhythmic agent. An enthusi-
asm@™ 1o modify the chemical structure of
changrolin has stimulated an attempt to in-
crease the anti—arrhythmic activity and reduce
the anti—cholinergic action which might lead
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to arrhythmogenic e¢lfects. We intend to
scarch compounds possessing indole as their
skeleton and the side chains of changrotin for
strengthening the anti—arrhythmic activity.-
The optima! arrhythmia—inhibiting effect of
MI, on ligation—reperfusion  induced
arrhythmias was also explored.

MATERTALS AND METHODS

The indole derivatives were designed and
synthesized by the Division of Medicinal
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Chemistry of the University. The abbrevia-
tcns for the six tested compounds are as {ol-
lows: M1, MT,, MT1,, MI,, MI,; and MI,,.

Mexiletine and guan—fu base A were
provided by the Deperiment of Organic
Chemistry, and phytochemistry of our uni-
versity, respectively, and changrolin from
Shanghai  Institute of  Pharmaceutical
industry. The tested compounds were dis-
wolved in distilled water and preparations were
ircshiy made before each use. Wistar rats,
wrighing 1951 SD 13 g, and guinea pigs.
weighing 394+ SD 37 g, of either sex, were
supplied hy the Experimental Animal Center
w Shanghai and the Animal Vivarium of our
Tniversity. separately.

Anti—cholinergic activity of the com-
pounds were tested with isolated ileum of
guinea pig, suspended in Krebs—Ringer's so-
lution at 37T and gassed by oxygen. A final
concenttation of 0.5 ymol « L™ acetylcholine
bromide was used to induce a contraction of
intestinal loop with preload 0.5 g. Before
medication three measurements were made for
cach sample at intervals of 5 min and the assay
was repeated after adding a variety of concen-
trations of indole derivatives, atropine and
disopyramide ranging from 0.001-100 umol »
L. The IC, was measured and used to
compare the potency in anti—cholinergic activ-
1ty with two reference drugs.

Venitricular tachycardia (VT) was pro-
duced in guinea pigs hy iv ouahain 90 ug -
kg ' followed by repeating 15 ug + kg' ivat
intervals of 15 min until the appearence of the
first ventricular ectopic heat which will
spontaneously develop into VT, followed by
veniricular fibrillation (VF), if not treated
effectively. Thne tested compounds were in-
jected iv immediately after VT developed
fully. An effective response to the tested drug
was recognized if ventricular ectopic heats
were totally suppressed resulting in the recov-
ery of sinus rhythm. The duration of sinus

rhythm maintained was taken as an index for
evaluation of its anti—arrhythmic potency.
Sixty minutés were the cut off time a.ncl no fur-
ther observation was needed. )

Rat chest was opened under pentobarbital
anesthesia and the left coronary artery was
underlined by a thread® which was led out of
the chest through a plastic tube. The
coronary blood flow will Be hlocked by tension
applied . The ischemia—reperfusion profile
was consisted of 10 min occlusion followed by
reperfusion. The MI, 3 or 5mg- kg™ was
injected iv at the 8th min of 10 min occlusion
protocol. Saline and mexiletine were used as
negative and positive control, respectively,

The time dependent property of the
anti—arrhythmic effect was checked by admin-
istering MI, 3 mg-+ kg™' iv cither at the be-
ginning of reperfusion. or 5§ and 30 min prior
to coronary occlusion,

Tachyarrhythmias induced in the ischemic
and reperfusion period were assessed hy using
a scoring system designed as follows:

0 — No arrhythmia, 1 — Occasional
ventricular ectopic beats (VEBS), 2 — Fre-
quent VEBS, bigeminal or trigeminal, 3 —
Short runs of YT, 4 — Sustained VT, 5§ —
Ventricular flutter, 6 — VF, 7 — Death.

Bradyarrhythmias were classified and
scored by dividing the cardiac cycle with 0.2 s,

Influences of MI, on surface ECG was
conducted by repeatedly iv M1, 2 mg - kg™
at intervals of 5§ min, The length of RR,
PR. QRS complex and QTc interval was
monitored and administration was continued
until the QRS complex was distorted greatly.
The r test was used for statistical analysis.

RESULTS

Antl—arrhythmic action on omabain—in
duced ventricular arrhythmjns Most of the
compounds were effective in suppressing
ventricular tachycardia to restore sinus rhythm
in guinea pig models. Among the compounds
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Tab 1. Amtl—arrhythmic sctivities of Indole derfvatives
on vemtrlcular tachycardls Im gulwes pigs imduced by
ouabain infasion. Potescy of compoumds was calen-
Iated based om the time for keeping sinus rhythm after
beimg converted from VT, usmd efficacy of chamgroiln
was taken as sn umity. Cwt off st 60 min. x t SD.

"P>005. “‘P<0.05 “°"P<0.01 vssallse.
Restoration To devele
Compounds n of sinus VF. mi np Fotency
rhythm, min '
Saline 6 0 30170 -
MI, 3 0 200+ 1.4 Q
MI, 7 60t0"" 601t0""* 2.4
MI, 9 47127°" 60+0""" 1.9
MI, k] 13+ 17° 181207 Qs
MI, 2 g+ 11" 41+47° 03
MI, 5 48t 27" 50t 3" 1.9
Changrelin 6 25121 33+ 29" |
Guan~fu 5 7119t 29118 11
Mexiletine 6 502477 58x29°7° 20
studied MI;, was the most potent. It was
about 24 fold as potent as that of

changrolin, superior to guan—Iu base A and
equivalent to mexiletine {Tab 1).
Anticholinergic activity The cholinolytic
activity of M1, was assessed as 1./4300 of
atropine and 1/ 4.3 of disopyramide, and al-
so weaker than M1, Thus the compound was
chosen ta be Ffurther tested for its

« 413 .

Tsb 2. Anti—chollnergle sctivitdes of Indole derivativen
assessed by imhiblting ilenm comtractiom cavsed by
scetylchollwe. =4, it SD. Takiog ML, =5 sauml-
ty to assess potency.

Compounds ICy, pmol- L™ Potency
MI, 48 £ 25 0.25
MI, 16 1
MI, 79125 39
MI, 1413 2.2
Disopyramide 7.2x14 4.3
Atropine 0.0064 £ 0.0028 4 306
Changrolin 2.1"

from reference (4)

anti—arrhythmic activities (Tab 2).

Inhibiting reperfusion—induced arrhythmias
in rats In the control group., the incidence
af arrhythmias was high following reopening
of the lelt coronary artery after 10 min
occlusion, the scores being 4.5—4.9 during the
first minute, and maintained over 3 min and
declined graduaily. A dose of MI; 3 mg-
kg™ iv at 8 min after ncclusion was not as ef-
fective as S mg » kg' 1o decrease the scnre of
arrbythmias. Mexiletine 3 mg + kg™ iv was
not sufficient to lower the score, either.

Bradyarrhythmic scores Ffollowing the
release of coronary artery occlusion also were
clevated, however, neither MI,; nor mexilctine

Tab 3. Effect of MI; sdminlstered Iv B min sfter left coronary artery occlusion om repetfusion—induced arrhythmls
in spaethetized rats (A scoring system was used for evaluation of arrhythmis). Numsber of rats ls Im parentheses.

t8SD, °P>005 ""P<0.05, """P<0.01vscontrol
Cantral MI, 3mg - kg’ MI, 5mg- kg™’ Mexiletine 3 mg » kg~
(36) (©) 6 (6)
Time after ligation, min
5 12119 1.5¢2.1° 1.0t2.5" 221227
Tim: after reperfusion,
10 4.5 1.8 327" (—26%) 1.6+25° (—65%) 18+28" (—15%)
k1] 49+ 1.2 33127 (-32%) 202257 (—59%) 4312.1% (—12%)
20 4.9t 0.9 33+27%  =32%) L3167 (—7I%3} 32 1.8° (—36%.}
120 41122 30130 (-10%) 1L.E8x24° (—57%) 3O LYY (—26%)
180 40t L0 1.3 1.5" (—67%) L9£23%  (-53%) 33£20° (—21%)
2440 l612.4 28113 (—22%) 08 18" {—78%) 32+ 1.8° (—il%)
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Tab 4. Effect of M1, sdministered at 2 min prior to
reperfusion om ventricmlar fibrillatiom after 10 min
occlusion ef left coromary artery Im anesthetized rats.

*P>0.05, “"P<0.05 vrcontrol.
Groups n YF. % Arrhythmia, %
Control 7 67 100
Yoy 7 57° 86"
g 6 29* n"
S kg 7 T 5o

was able to reduce the figures (Tab 3).

The incidence of VF on reperfusion was
also declined by ML, Smg- kg ' iv(Tab4).

Time—dependent effect ngrinst reperfusion
induced arrhythmias The antiarrhythmic ef-
fect was most effective as iv administered at
the mament of reopening the coronary artery,
The scores of arrhythmia were also markedly
reduced if administered 5 or 30 min prior to
the occlusion of the left coronary. In the
gronp administered 8 min after the
occlusion, little improvement was seen in the
arrhythmic scores (Tab 5),

Effects of MI; oa the surface ECG in
guinea pigs Along with Lhe increase in

Tab S.
reperfusion—imduced arrhythmia {ligation for 10 min,

Time dependent anti—arrhythnic effect. assessed by a scoring sysem of MI, (3 mg - kg™,

dosage of MI,, the heart rate was not altered
significantly, The increments in the width of
QRS complex was remarkable in parallel with
increasing dosage (parameters of linear
regression, a=968, b5=8.8, r=10.469,
P00}, and so was the prolongation of
QTc interval (a= 189, 5=20, r=0.3563,

P<001). There was no change in PR
interval,
DISCUSSION

The substitution of piperidy! residue in-
creases the potency to a grealer extent than
that by a pyrrolidyl group in anti—arrhythmic
activity suggesting that pyrrolidyl residue®*
at position 3 & 5 of phenol moiety is not
optimal and can be changed for further im-
provement, It secms that substitutions at po-
sition 2 of indole nucleus does not zlter
anti—arthythmic activity, However, a more
negative charge by substitution of methy! resi-
due produces rather low parz—sympatholytic
effect,

The timc—dependent inhibitory activity
on cardiac errhythmias'® could be explained
by the difference in local effective drug concen-
tration in the ischemic myocardium where

I¥) om

followed by reperfusion) in amesthetized rats. x  SD,

*P>0.05, “"P<005. """P<0.41 vscontrol.
30 min 5 min 8 min At the
Time C'{J;é;o‘ before before after moment of
ligation ligation ligation reperfusion
Time after ligation. min
5 1.211.9 1o0x1.7" 22x24° 152" 031t08"
Time after reperfusion. s
10 45%1.8 CEE1.¥7(-82%) 20237 (-56%) 33x277 (—27%) 051777 (—B9%)
30 49+1.2 13116 (—73%) 1.8207 (—63%) 33+27° (-33%) 081 1.3°° (—84%)
50 45%+1.1 18129° (—60%) 20123 (-56%) 47+1.2% (+4%) 1.2+1.2°*° (-73%)
90 49109 17223 (-65%) 23127 (-53%) 33227 (-33%) 0.7+1.0°"" (—B6%)
180 40x1.0 1.7£2.3° (-58%) 1.0 1,77 {(—75%) 13115 (—-68%%) 05108 "" (—63%)
240 36123 0.711.6"° (-81%) 0.5£06" (-86%) 1.7£1.0° (-53%) 02104 (—94%)
300 2129 0811.6° (—62%) 02104 (—90%) 0.7X08" (—67%) Q" (—100%)
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arrhythmias are generated. The drug concen-
trations are expected to be higher in groups in
which the drug studied is administered prior to
occlusion or on reperfusion than that adminis-
tered during the occlusion period.

The classification of the antiarrhythmic
agent MI, could also be ¢valuated by the
slowing of intraventricular impulse conduction
and listed into the Ic group"®
changrolin.

sam¢ as
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Effects of intratracheal instillation of fenvalerate on the ultrastructures of

pulmonary alveolar macrophages in rat

WANG Xin—-Ru,

ABSTRACT On 1 @ after instillation of fenvalerate
(Fen) 0.19. 0593, 466, and 23.3mg- kg''. and on
30 min, 4bh. 1d, 44, and 7d after instillation of
Fen 466 mg+ kg' by a single intratracheal
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ZHAT Wei—Lei (Department of Occupational Health and Toxicology.
Narnjing Medical College, Nanfing 210029, China)

instil— lation, respectively, the wultrastructural
changes in rat pulmonary alveolar macrophages
(PAM) were observed, and the toxicity indices (TT)
were calculated. It was found that the ineffective dose
of Fen was .19 mg « kg™', and the threshold dose
was & 093 mg- kg' as well as the serious
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