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Anti-arrhythmic activities of six indole derivatives of changrolin 

DAI D e-Zai， RONG Pei。 HUANG Jun， LIU Jie。 CHENG Jian—H ua， CH EN 

Yun—Hai。 QIU Yi—Tang． HUANG Wen—Long。 PENG Si-Xun 

佃esearch Division ofPharmacology。 China Pharmaceutical University．Nanfing 210009，China) 

ABSTRACT The indole-dedved com pounds， 

which possessed de chains resembling those of 

ehangrolifl(4一【3 。5 —bisHN—pyrrolidin )methyⅡ一4 

hydroxyaniline}~uthazolifle)8howed potent ant|_ 
arrhythm ic activity by restoration of siflUS rhythm 

from ouabain-induced tachycardia in guinea pigs 

The potency wag assessed by comparison of the main- 

teflaflce time of sinus rhythm recovered from 

tachyarrhytbrains induced by ouabain． The promi~ 

hag com pound was M I2 with piperid residue off po- 

s／tion 3＆5 of phenol m0eity Thcrc was no differcn∞ 

in anti-arrhythm ic activities msulting from substitu． 

tiofls between a benzene ring and methyl residue at po- 

s／tion 2 of indole。 but the latter had weaker 

parasympatholyti0 activity． Th e anti—arrhythm ic tic- 

tivity of MI2 ()60 rain)was 2．4 times more potent 

thcn changrolin(25 rain)。 but its anti~eholinergic tic- 

tivity WflS 0nly half of the latter． To compare the 

suppre~ive effect on rcpcrfusion--indueed arrhythmias 

by iv M I， at dif rent time iI1 ~lation to the 

~gatiofl-reperfusioI1 prOtOCol。 it WflS th e most effec- 

rive when admirdstered either 30 rain prior to coronary 

occlusion or at th e moment of reperfusion The com- 

pound MI might belong to the Ic group shown by the 
slowing impulse conduction within the heart． 

KEY W ORDS indoles； anti-arrhythm ia agents； 

quinazolines； myocardial infarction； ventricular 

fibrillation 

A new type of anti-arrhythmic agents ig 

being developed following the discovery of 

changrolin‘” originally isolated from a medi— 

cina1 plant and used as an antimalaria drug 

which wag recently developed to bc all orally 

effective anti-arrhythmic agent． An enthusi． 

agmO-4) to modify the chemical structurc 0f 

changrolin has stimulated  all attem pt to in— 

el'ease the anti—arrhythm ic activity and reduce 

the anti-cholinetgic action which might lcad 
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to arrhythmogenic effects． W e intend to 

search compounds possessing indole as their 

skeleton and the side chains of changrolin for 

strengthening the anti-arrhythm ic activity．· 

The optimal arrhythmia-inhibiting effect of 

M I， on ligati0n—reperfusion induced 

arrhythinias was also explored． 

M ATERIALS AND M ETH0DS 

The indole derivatives were designed  and 

synthesized by the D ivision of" M edicinal 
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Chemis~y of the University． The abbrevia， 

tions for th e six tested  com pounds are as fo1 

lows：M It，M  M I，，M I．，M I，and M I6． 

M exiletine and guan-fu base A were 

provided by the Department of Organic 

Chem istry， and phytoc hem istry of our uni 

verity， respe ctively， and changrolin from 

Shanghai Institute of Pharm aceutica1 

industry． The tested compounds were dis- 

w ived in distilled  water and preparations were 

；rcshiy made bcforc each use． W istar rats． 

画gh ins 195±SD l3 g， and guinea pigs． 

weighing 394± SD 37 g， 0feither sex， were 

supplied  hy the Experimental Animal Center 

m Shanghai an d the Anima1 Virarisill of our 

Unive~ity， separately． 

Anti-cholinergic activity of th c com． 

pounds were tested  with isolated ileum of 

gu inea pig， suspe nded  in Krcbs—Ringer's so- 

lution at 37"17 and gassed by oxygen． A final 

concentration of 0．5 pmol·L一‘ ace tylcholine 

bromide was used to induce a contraction of 

intestina1 loop with preload 0。5 g． Before 

med ication three measurements were m ade for 

each sample at intervals of 5 min and th e assay 

was repeated after adding a variety of conce n． 

trations of indole derivative s， atropine an d 

disopyramide ranging from 0．001--100 pmol· 

L1‘． Thc IC如 was measured and used to 

compare the potency in anti-cholinergic activ- 

ity with two reference drugs． 

Ventricular tachycardia (VT)was pro． 

duccd in guinea pigs hy iv ouahain 9o g· 

kg～ followed by repeating15 Pg·kS- iv at 

intervals 0fl5rain unti1the appcare nce  ofthe 

5rst ventricular ec topic heat which wil1 

spdntaneously develop into VT． foIlowed by 

~nlricular fibrillation (、rF)， if not treated 

effectively The tested  compounds were in． 

jected iv immed lately after VT developed 

fully． An effective response tothetested  drug 

was recognized if ventricular ec topic heats 

were totally suppressed  resulting in the recov． 

cry of sinus rhyth m， The duration of Onus 

rhythm maintained  was taken as an index fo r 

evaluation of its anti-arrhythm ic potency． 

Sixty m inutCs were the cut off time and no fur- 

thcr observation was needed ． 

Rat chest was ope ned  undef pe ntobarbital 

anesthe~a and the kft coronary artery was 

undcrlincdby athreadt whichwasled outof 

the chest through a plastic tube ． The 

coronary blood flow wil1 b'e blocked by tension 

applied ， Thc isehemia_-repe rfusion profile 

was consisled of10min occlusionfollowed  by 

reperfusion． M 3 or 5mg·kg was 

injected iv at the 8th min of 10 min occlusion 

protoco1． Saline and mexiletine were used as 

negative  an d positive control， respectively， 

T time dependent prope rty of the 

anti-arrhythmic effect was checked  by admin． 

istefingM I2 3mg·kg一 iv either atthe be- 

ginning of reperfuSion。 or 5 and 30 m in prior 

to coronary occlusion， 

Tachyarrhythmias induced in the ischemic 

and roperfusion pe riod  were assessed hy using 

a scoring system designed as follows： 

O — No arrhyth mia， l— Oec asiona1 

ventricu|arectop~beats(w Bs1， 2一 Frc． 
quent VEBS， bigcminal or trigem inal， 3—— 

Short ruffs ofVT， 4 —— Sustained VT， 5—— 

Ventricularflutter， 6——VF． 7——D eath
． 

Bradyarrhythmias were classified and 

scored by dividing the cardiac cycle with 0，2 s， 

Influence s of M L on surfacc ECG was 

conducted byrepeatedlyivM I2 2mg·kg 

at interv als of 5 illin． The lensth of RR， 

PR， QRS COl p1ex and QTc interval was 

monitored and administration was continued 

until the ORS complex was distorted greatly， 
The f test w聃 used  fo r statistical analysis． 

RESUI ’S 

Aml-arrhythmk actio8 om onabab,-ln- 

duced ventdcalar a~hythmiM  M ost of the 

compounds were effective in suppressing 

ve ntricular tachycardia to restore sinus rhythm 

in gu inea pig models． Among the compounds 
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Tab I． Am~l-arrhythmle aeflvltiee of hulole derIT-dTe_ 

oi vei~ ular tmchyeaxdlm Im p lmea plga I-d-ced by 

m balm hf ¨ ． PotenCy of 0om ‘蛆Hh Wm cmlcu- 

hted bu ed on thetI_efor keephmg alum  rllyfl*m after 

behg converted from VT． amid efficacy of chmlgroKn 

_¨ taken “ Mn叽 l竹． Cwt oIf mt 60 mII． 土 SD 

‘尸>O．05， ¨尸<0．0S． ⋯ 尸<O-0l slllua ． 

studicd M L was the most potent． It WaS 

about 2．4 foId as potent as 也 at of 

changrolin． superior to guan—fu base A and 

equivalent to mexiletine(Tab 1 ． 

Antichollnergic activity The cholinolytic 

activity of M 1 was assessed as 1／4300 0r 

atropinc and 1／4．3 of disopyramidc． and al— 

s0 weaker than ML． Thus the compound was 

chosen to bc further tested for its 

· 413 · 

Tmb 2． Antl—chollnerglc activities of lndole derivatives 

assessed by inhibiting ileum contractio~m caused by 

mcetylcbollne． ^=4。 ± SD． Taker M  iS in unl- 

to ●— e誓 potency 

’ from reference(4) 

anti-arrhythmic activitics(Tab 2)． 

Iahlbittng reperfusion--induced arrhythmias 

in rats In the contro1 group， the incidencc 

of arrhythmias WaS high following reopening 

of the 1eft coronary artcry after 10 rain 

occlusion． the sc0res being 4．5—4．9 during the 

first minute， and m aintained over 3 ra in and 

declined gradua；ly A dose ofM r2 3 mg · 

kg iV at 8min aner．．~,cclusion WaS not as cf- 

fective as 5mg ·kg to decrease the NCCITC of 

arrhythm ias． M exiletine 3 mg· kg～ iv w0s 

not SUm cicnt to 】ower the score． cith er 

Bradyarrhythmic scores followin g the 

release of coronary artcry occlusion also were 

elevated，however，neither M 1 nor mexilctine 

Tab 3． Effect of M It administered Iv 8 rain mRer]ely coronary artery oechmlon OI reperfunlon-lnduced-rrhythmlI 

II mmmthetlzed rim ~2oring eyst~ WiS used for evaluation of arrhy~hmla)． Num~r of rats b pxrenthene~ 

j．土SD． ’P>0-05。 ‘’尸<0．惦 ， ⋯ 尸<0．0I v contro1． 
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Tab 4． Effect ofM Iz adlahth,tered at 2role priorto 

reperfum~oa ¨ veaerleular flbrliladm  after tO mle 

occlu~ n of left cm~om ry i~tery I- --e-dHm ed r~tB． 

’，>0．OS． ～P．(0．O5 em tro1． 

Groups  ̂ VF． ％ Arrhythmia． ％ 

Control 

皆 
3

M
m

I2
g．kg—l 

g一· 

67 

57’ 

29‘ 

1r‘ 

O0 

86’ 

7l‘ 

50"‘ 

was able to reduce the figures汀 ab 3)． 

The _mcldence of VF 0n reperfusion was 

alsodeclinedbyMI2 5mg·ks- iv(Tab4、． 

Time-dependent effect against reperfmioe 

i qoed arrhythmiu The antiarrhythmic el'- 

fee t WaS m ost effec tive as iv administered at 

the mom ent of reopening the coronary artery． 

The scores of arrhythmia wem also marke d1v 

reduced administered 5 or 30 min prior to 

the occlusion of the left coronarv． In the 

group administered 8 m in after the 

occlusion， little im provement was seen in the 

arrhythmic scorns(Tab 5)． 

Effectl of M I1 nil the sat,face ECG in 

gle n pigs Along with the increase in 

dosage of M I’， 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， 口= 96．8， b=8．8， ，=0．469， 

P(O．0n， and so was the prolongation of 

QTc interval =l8．9， 6=2．0， r=0．563， 

P<o．o1)． There was no change in PR 
interval_ 

The substitution of pipe ridyl residue in— 

crea ses the potency to a greater extent than 

that by a pyrrolidyl group in anti-arrhythmic 

activity suggesting th at pyrro]idyl residuet’’ ) 

at position 3 ＆ 5 of phenol molety is not 

optim al and ea n be changed for further im — 

provemcnt． It seem s th at substitutions at po- 

sition 2 of indole nucleus does not alter 

anti-arrhythm ic activity． H OWever， a m ore 

negative charge by substitution of methyl resi- 

due produces rather low para--sympatholytic 

effec t． 

Th e timc-dcpendent inhibitory activity 

on cardiac arrhythmias could bc explained 

by thedifference  inlec a[effec tivedrugconcen- 

tration in the ischemic m yocardium where 

Tab 5． Time depeadan antl-arrhytkmk effect． assessed by-l~oriog sygtemt of MI1 (3 mg·kg～， IT)Olll 

re~rfmloa—h．d簟ed arrhythmla《Il窖Ittioa for l0 mI矗， foHowed by reperfmslom)I矗mtesthetlzed rIh． 土SD 

‘P>0．05。 一P<O．O5， ⋯ P<n 0l vs eoltttoL 
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arrhythm ias are generated． The drug concen— 

trations are expected to be higher in groups in 

which the drug studied is administered prior to 

occlusion or o11 repotfusion th an that admini~ 

~erexl during the occlusion period． 

The classification of the anfiarrhythmic 

agent M I2 could also be evaluated by the 

~owing of intraventricular impulsc conducUon 

and listed int0 the Ic group~,s) same as 

changrolin． 
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常略啉的 6个吲哚衍生物的抗心律失常活性 

戴德哉、蒙 沛、黄 蜡 、刘 杰、成建华、 
陈云海、仇怡堂、黄丈龙、彭司勋 
(中国药科大学药理研究室，南京 210009．中国) 

摄耍 以抑制豚鼠畦巴因诱发室速而转为窦律的维持 

时间．比较心律失常的强度．Y,5L嚷啶堇的 MI2最 

强(>60 miⅡ)，比常咯啉(25 min)强 2．4倍 抗胆碱作 

用亦碱弱．在不同时间给药，比较对再灌诱发心律失 

常的抑制作用．在再灌的即刻或结扎前 30 min 给 

药，抑制作用最强．由于抑制室内传导．MI，可能属 

于 Ic类． 

美t词 吲骧类：抗心律失常药：略唑啉类；心肌梗 

死；心室纤一 
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Effects of intratracheal instillation of fenvalerate on the ultrastructures of 

pulmonary alveolar macrophages in rat 

WANG Xin—Ru· ZHAI Wd-Lei(Department of Occupational Health aad Toxicology． 

Nan]ing M edical College．Nanflng 210029， China) 

ABSTRACT On 1 d aftcr instillation of fcnvalcrate 

【Fen)0 19，0．93， 4．66-and 23．3 mg，ks- ，and oil 

30 min． 4 h， 1 d， 4 d． and 7d afterinstillation of 

Fen 4．66 mg· ks一。 by a single intratrachcal 

Rece ived I989 Sop 12 

in 卜 lation． respectively． the ultrastructural 

changes m rat pulm onary aDeo|ar macrophage s 

(PAM)wcrc obeerved。 and the toxicity indices m ) 

wel'c calculated． It was found血 at the ineffectire dose 

ofFcn wa s 0．19 mg ·kg- ， and 血e thre shold dose 

was≤ 0 93 mg· kg。。 ¨ welt as the serous 
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