
normal conditions are not involved in the regulation of coronary vascular tone. Other investigators have 
reached the same conclusion [10, 12]. However, it is possible that conditions in vitro are not sufficiently ade- 
quate for the study of the effect of PG on coronary vascular tone. 

The results of this investigation showed that only if indomethacin is injected in vivo is an intensification 
of noradrenalin-induced injury observed, although PG biosynthesis is inhibited by administration of indomethacin 
both in vivo and in vitro. Inhibition of PG biosynthesis evidently affects certain processes of regulation of 
cardiac metabolism at the whole body level. Indications have recently appeared that PG regulate synaptic 
neurotransmission and may affect processes of secretion and uptake of catecholarnines by the heart [1, 3, 4]. 
Disturbance of one of these processes probably leads in this case to an increase in the sensitivity of the heart 
to noradrenalin injury in vitro. 
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The efficacy of lithium preparations in psychiatric practice is linked with the ability of lithium to inhibit 
activity of the central adrenergic apparatus [2, 3, 6, 13, 14]. Autonomic imbalance, in the genesis of which 
an important role is played by activation of the sympathetic nervous system, can lead as we know to distur- 
bances of cardiac rhythm [5]. One example of disturbances of this sort is the arrhythmias induced by adminis- 
tration of large doses of cardiac glycosides. According to observations made by various workers, the genesis 
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TABLE 1. Effec ts  of Li thium Hydroxybutyra te  on Strophanthin-Induced Ar rhy thmias  in Ani-  
m a l s  with Divided Carot id-Sinus ,  Aort ic ,  and Vagus N e r v e s  

Initi al 
values 

s E 

Strophanthin 

0 0,~ ~ . ~  ~ 

Lithium hydroxybutyr ate 

0 0.~ 
s 

170/130 

180/140 

140/80 
110/70 

185 109 

186 95 
11o 

213 62 
160 96 

2 160/120 
3 105/75 

1 140/105 
1.5 140/105 

I 140/90 
1 170/120 

Legend.  VES) Venimiculsm ext ras '  

218 
220 

230 VES 
250 CVT 

AVD 
218 IVE, AVD 
172 IVR, AVD 

+1o 
+4 

7 

+2O 
+33 

400 35 sec 
4min 

400 2min 
400 30 sec 

5min 
8min 

400 30 sec 
400 1 rnin 

70/40 
70/40 

120/65 
-~0 

120/65 
120/65 
65/35 

120/60 

196 
182 
128 
350 
180 
176 
]88 
160 

GIVR, AVD --57 
IVR, AVD --53 
S R - -93  
VF +70  
IVR, AVD --64 
SR --64 
S R --40 
SR --33 

rstoles,  IVR) id iovent r icu lar  rhythm,  AVD) a t r i oven t r i cu l a r  
d issocia t ion,  C VT) chaotic ven t r i cu l a r  t achycard ia ,  CIVR) chaotic id iovent r icu lar  rhy thm,  SR) 
sinus rhy thm,  VF) ven t r i eu la r  f ibr i l la t ion.  

of these  a r r h y t h m i a s  is based  on cen t ra l  sympathe t ic  hyperac t iv i ty ,  one mani fes ta t ion  of which is  i nc reased  
act ivi ty of the card iac  sympathe t ic  ne rve s  [4, 5, 8, 10]. 

The  object  of this invest igat ion was to study the  effects  of l i thium on arrhythxnias  due to strophanthin.  

E X P E R I M E N T A L  M E T H O D  

E x p e r i m e n t s  we re  c a r r i e d  out on 15 oats weighing 2.0-3.3 kg anesthet ized with eh lora lose  (30 mg/kg)  
and ure thane  (500 mg/kg) in t ravenously .  

The  an imals  were  divided into t h r ee  groups .  Group 1 cons is ted  of f ive intact  ca t s .  The vagus ne rves  
of the an imals  of  group 2 (six cats)  were  divided in the neck (together with the ce rv i ca l  sympathet ic  and aor t ic  
nerves)  30-60 rain before  adminis t ra t ion  of s trophanthin.  P r e l i m i n a r y  division of the ca ro t id -s inus ,  aort ic,  
and vagus ne rves  was p e r f o r m e d  on the an imals  of  group 3 (four cats) .  To p reven t  any sharp  inc rease  in 
sympathe t ic  act ivi ty {SA), which could lead to the onset  of a r rhy thmins ,  each success ive  division was c a r r i e d  
out a f t e r  a sufficiently long in te rva l  fo r  SA and the a r t e r i a l  blood p r e s s u r e  (BP) to become  stabi l ized.  Com-  
p le t eness  of denervat ion of the ca ro t id  sinus zones was ver i f ied  by the absence  of any significant  i nc rease  in 
BP in r e s p o n s e  to b i l a te ra l  c o m p r e s s i o n  of the common caro t id  a r t e r i e s .  

The  r igh t  in fe r io r  ca rd iac  ne rve  was exposed c lose  to the s te l la te  ganglion, a f t e r  p r e l imina ry  r emo v a l  
of the f i r s t  two r ibs  without dis turbing the in tegr i ty  of the p leura ,  and, without dividing the nerve ,  it was placed 
on b ipolar  plat inum e lec t rodes .  To p reven t  d i sp lacements  of the  n e r v e  r e l a t ive  to the e lec t rode  that  could 
a r i s e  as  a r e su l t  of r e sp i ra t ion ,  pneumothorax  was induced dis tal ly  to the 4th r ib .  Drying of the ne rve  was 
p reven ted  with w a r m  m i n e r a l  oil .  The  an imals  we re  immobi l i zed  with succinyl  choline (150 #g/kg injected 
in t ravenous ly  during 1 rain) and ar t i f ic ia l ly  venti lated.  The r e s p i r a t o r y  volume was es tab l i shed  in accordance  
with body weight by means  of n o m o g r a m s  [7]. The r e c t a l  t e m p e r a t u r e  was main ta ined  at 36-38~C. BP was 
r e c o r d e d  by an e l e e t r o m a n o m e t e r  through a polyethylene ca the t e r  introduced into the f emora l  a r t e r y .  P o -  
tent ia ls  of the sympathe t ic  ne rve s ,  t he i r  mean  intensi ty,  BP,  and the  ECG in s tandard  II and thorac ic  leads  
were  r eco rded  on an RM-86 polygraph (Nihon Kohden, Japan) .  

Ca rd i ac  a r r h y t h m i a s  we re  incheed by int ravenous injection of a 0.005% solution of s trophanthin K. 
Strophanthin was injected in different  doses  (from 7 to 36 # g / k g  pe r  injection) at different  in te rva ls  (3-10 
rain),  depending on the s ta te  of the ca rd iac  act ivi ty,  s ta r t ing  with a dose of 33-77 #g /kg .  The dose causing 
s tab le  ven t r i cu l a r  d i s turbances  of rhy thm was taken to be the a r rhy thmogenic  dose.  Lithium chlor ide  (200 
mg / kg )  and l i thium hydroxybutyra te  (150, 200, o r  400 mg/kg)  were  injected in t ravenously  as 10% solutions.  

EXPERIMENTAL RESULTS 

After receiving strophanthin the animals of all three groups developed ventrieular extrasystoles, which 
subsequently changed into an idioventricular rhythm or ventricular taehycardia, against the background of 
atrioventricular dissociation (AVD). Later an infrequent idioventricular rhythm or chaotic ventrieular taehy- 
ca rd t a  and ven t r i cu la r  f ibr i l la t ion developed. 
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Fig. I. Antiarrhythmic effect of lithium hydroxybutyrate 
on vagotomized cat with denervated baroreceptor zones. 
A) Before administration of strophanthin; B) after stro- 
phanthin (96 pg/kg); C) 20 sec after beginning of adminis- 
tration of lithium hydroxybutyrate (400 mg/kg); D) 30 sec 
after beginning of administration of lithium hydroxybuty- 
rate (end of administration indicated by arrow). Traces 
denote, from top to bottom: time marker (I see), ECG 
in thoracic lead and lead II, SA, and BP (nun Hg). 

In the an imals  of group 1 SA diminished in the cou r se  of  s t rophanthin adminis t ra t ion ,  in four  e a s e s  
gradual ly .  In one exper iment ,  before  the beginning of ven t r i cu la r  e x t r a s y s t o l e s  a d e c r e a s e  was obse rv ed  in 
SA, followed by a sma l l  i n c r e a s e  during the t r ans i t ion  to an id ioven t r icu la r  rhy thm,  The hea r t  r a t e  (HR) fell  
g radua l ly  without any co r r e l a t i on  with the values of BP.  By the t i m e  of onse t  of the id iovent r icu la r  rhy thm 
SA in all an ima l s  of this g roup  was lower  than init ially.  Ar rhy thmogen ic  doses  of s t rophanthin in th is  group 
amounted to 90-120 #g /kg .  SA of all  the ca ts  fel l  sharp ly  a f t e r  injection of l i thium chlor ide .  The m a x i m u m  
fal l  in act ivi ty  was r eco rded  1 rain a f t e r  the beginning of  inject ion of the compound, and it was accompanied  
by a m a r k e d  d e c r e a s e  in BP and HR (except in one case ,  in which HR was a lmos t  doubled). The  an t i a r rhy thmic  
effect  of  l i thium was not man i f e s t ed  in this  s e r i e s  of expe r imen t s .  

The a r rhy thmogen ie  doses  of  s t rophanthin  in the  an ima l s  of  group 2 va r i ed  f rom 38 to 84 ~g /kg .  A 
gradua l  d e c r e a s e  in SA was obs e rved  in four  c a s e s .  In one expe r imen t  SA r o s e  init ial ly,  but 1 rain a f t e r  the 
onse t  of  an id ioven t r icu la r  rhy thm it fel l  below its ini t ial  level ,  and in one ca se  it r o s e  only during the per iod  
of t r ans i t ion  f rom v e n t r i c u l a r  e x t r a s y s t o l e s  to an id ioven t r ieu la r  rhy thm.  No signif icant  changes  in HR and 
BP took p lace .  By the beginning of admin i s t r a t ion  of  the l i thium compounds SA was thus d e p r e s s e d  below its 
ini t ial  l eve l  in f ive ca ts  and e levated  in one.  Af t e r  admin i s t r a t ion  of  l i thium chlor ide  o r  hydroxybutyra te  to 
all  an ima l s  a m a r k e d  d e c r e a s e  in SA was o b s e r v e d  (in two expe r imen t s  a f t e r  a shor t  i nc rease ) .  No genera l  
tendency was obse rved  for  the  d e c r e a s e  in HR and BP.  The sinus rhy thm was r e s t o r e d  in one case ,  when 
l i thium chlor ide  was injected aga ins t  the background of v e n t r i e u l a r  e x t r a s y s t e l e s  of  t r i g e m i n a l  type .  

In the an ima l s  of  group 3 the a r rhy thmogen ic  doses  of  s t rophanthin were  62-102 #g  kg. In the c o u r s e  
of  i ts  admin i s t r a t ion  a gradual  i n c r e a s e  in SA and HR was obse rved  until  the development  of  ven t r i eu l a r  e x t r a -  
sy s to l e s  o r  an id ioven t r i cu la r  rhy thm (Table 1). In expe r imen t s  Nos .  1 and 2, by the t ime  of development  of 
an id ioven t r icu la r  rhythm or  of chaotic ven t r i cu la r  t achycard ia ,  some dec r ea se  in act ivi ty took place  (below 
the init ial  level  in e x p e r i m e n t  No. 2). No s table  and significant  changes in BP,  co r re la t ing  with the changes 
in SA, were  obse rved .  By the beginning of admin is t ra t ion  of l i thium hydroxybutyra te ,  SA was signif icantly 
higher  than init ially in th ree  cats  and a l i t t le  dep re s sed  in one. Af ter  admin is t ra t ion  of the compound all ani-  
m a l s  showed a m a r k e d  dec rea se  in SA with the appea rance  of a sinus rhy thm.  In two expe r imen t s  the sinus 
rhy thm was r e s t o r e d  by the end of the f i r s t  minute  of  admin is t ra t ion  of l i thium hydroxybutyra te  (Fig. 1); at 
the s a m e  t ime both HR and BP fell .  In another  two animals ,  evidently because  of the fu r the r  development  of 
g lycos ide  poisoning, a chaotic id ioven t r icu la r  rhy thm o r  ven t r i cu la r  f ibr i l la t ion developed (in expe r imen t s  
Nos.  1 and 2, respec t ive ly) .  BP fell  sharp ly  in both cats .  The sinus rhythm was r e s t o r e d  6-8 rain a f t e r  the 
beginning of admin i s t r a t ion  of l i thium hydroxybutyra te  (in expe r imen t  No. 1 the compound was given twice).  
BP by this t ime  had r i sen ,  although it did not r each  its initial  level .  
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As the r e su l t s  show, in the an imals  of  the f i r s t  two groups  ven t r i cu la r  a r r h y t h m i a s  a f te r  a d m i n i s t r a -  
t ion of s trophanthin developed in conjunction with depress ion  of SA. This  is in a g r e e m e n t  with data showing the 
abi l i ty of g lycos ides  to inc rease  the sens i t iv i ty  of b a r o r e e e p t o r s  of the caro t id  sinus ref lexogenic  zones and 
to induce a vagotonie effect  [5, 9, 12]. The  la t t e r  is evidently not a s ignif icant  fac tor  in the genes is  of s t r o -  
phanthin a r r h y t h m i a s ,  for  s i m i l a r  d i s tu rbances  of rhythm also a r o s e  in an ima l s  with divided vagus n e r v e s .  
I t  can be tenta t ively  suggested that  an impor tan t  role  in the genes i s  of the a r r h y t h m i a s  was played by the 
ef fec t  of  s t rophanthin d i rec t ly  on the hea r t .  The  data desc r ibed  above d i sag ree  to some  extent with the r e -  
su l t s  of expe r imen t s  [4, 5, 9] in which ouabain,  in doses  inducing ven t r i cu l a r  a r r h y t h m i a s ,  i nc reased  SA. 
The d i s ag reemen t s  noted above m a y  pe rhaps  be connected with the use  of different  f o r m s  of ca rd iac  g lycos ides .  
In the an imals  of group 3 adminis t ra t ion  of s trophanthin caused  an i nc rea se  in SA and quickening of the ca rd iac  
rhy thm.  I t  can be concluded f rom these  pa r t i cu l a r  f ea tu res  that  the a r r h y t h m i a s  in the an imals  of  this group 
were  a t t r ibutable  main ly  to intensif icat ion of SA. 

Li thium had no signif icant  effect  on a r r h y t h m i a s  in the cats  of  the f i r s t  two groups ,  although it reduced 
SA in the ca rd iac  ne rve s .  In the an imals  of group 3 it had an an t i a r rhy thmic  effect ,  s imul taneous ly  dep res s ing  
ac t iv i ty  in the ca rd iac  ne rve s .  According  to the r e s u l t s  of  other  invest igat ions ,  l i thium p repa ra t ions  e i ther  
shor tened the duration of ven t r i cu la r  a r r h y t h m i a s  caused  by s trophanthin [11] o r  abolished them [1]. The 
r e su l t s  sugges t  that  an impor tan t  ro le  in the m e c h a n i s m s  of the an t i a r rhy thmic  action of l i thium is played b y  
i ts  dep re s san t  effect  on the ad rene rg ic  s y s t e m  and, in p a r t i c u l a r ,  on the ex t r aca rd i ac  appara tus .  Th is  action 
of l i thium compounds (and, in pa r t i cu la r ,  of l i thium hydroxybutyrate)  may  be of very  g r ea t  impor tance  in 
cl inical  p r a c t i c e  for  the t r e a t m e n t  of a r r h y t h m i a s  assoc ia ted  with inc reased  tone of the sympathe t ic  nervous  
sys t em.  
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