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SUMMARY

This study i n i t i a l l y  In v e s tig a te d  th e  e f f e c t s  of the  neuronal 

uptake b lock ing  agen t desip ram ine  and th e  a 2~adrenoceptor a n ta g o n is ts  

yohim bine and idazoxan, both a lone and in  com bination , on haemodynamic 

p a ram ete rs  and coronary a r te ry  o cc lu sio n -In d u ced  a rrh y th m ias  in  th e  

a n a e s th e tiz e d  r a t .  D esipram ine had a dose r e la te d  a n tia rrh y th m ic  

e f f e c t  which has been a t t r ib u te d  to  i t s  re p o rte d  a b i l i t y  to  in h ib i t  

membrane conductances to  sodium and calcium  ions. Antagonism of 

p re sy n a p tic  o^-adrenocep to rs ex ace rb a ted  ischaem ia-Induced a rrh y th m ias , 

a lthough  high doses o f yohim bine could  p rov ide  p ro te c t io n  by v i r tu e  of 

lo c a l  a n a e s th e tic  e f f e c t s .  P a ra d o x ic a lly , concom itant a d m in is tra t io n  

of desip ram ine , a t  a dose th a t  d id  n o t a f f e c t  a rrh y th m ias  on i t s  own 

b u t appeared to  in h ib i t  neuronal up take, ab o lish ed  th e  arrhythm ogenic 

e f f e c t s  o f c^-adrenoceptor antagonism . D esipram ine d id  n o t a f f e c t  the 

an tia rrh y th m ic  a c tio n  of th e  h igh  dose of yohim bine and b i l a t e r a l  vagotomy 

was w ith o u t e f f e c t  on a rrh y th m ias  in  an im a ls  t r e a te d  w ith  th i s  com bination.

Measurement of plasm a catecho lam ine  le v e l s  a f t e r  coronary  o cc lu s io n , 

p r io r  to  the  developm ent of a rrh y th m ias , rev ea led  no d i r e c t  

r e la t io n s h ip  betw een th e  e f f e c t s  of drugs on th e se  le v e l s  and t h e i r  

e f f e c t s  on a rrh y th m ias . There was no evidence of an im p o rtan t arrhythm o- 

genic  ro le  fo r  c i r c u la t in g  ca tech o lam in es  fo llo w in g  coronary  occlu sio n .

S tu d ie s  w ith  p o ta s s iu m -se le c tiv e  e le c tro d e s  in  non-ischaem ic 

a n a e s th e tiz e d  r a t s  suggested  th a t  drug In te rv e n tio n s  e le v a tin g  plasm a 

catecholam ine le v e l s  tended to  reduce plasm a potassium  c o n c e n tra tio n  

by a 0 -ad renoceptor m ediated  mechanism. F u rth e r s tu d ie s  a re  req u ire d  

to  d e term ine  w hether such changes a re  s ig n i f ic a n t  in  open -chest 

an im als  in  th e  s e t t in g  o f m yocardial ischaem ia  and w hether they 

a f f e c t  the  s e v e r ity  of a rrh y th m ias .
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Chapter 1 

INTRODUCTION



1

1 .1 .  Ischaemia-induced a rrh yth m ias:c lin ica l relevance

C ard iovascu lar d ise a se s  a re  th e  most common cause of m o r ta l i ty  

in  th e  w este rn  w orld , accounting  fo r  approx im ate ly  5C% of a l l  d ea th s  

in  people over 20 y e a rs  of age, of w hich 7 0% a re  a t t r ib u ta b le  to  

ischaem ic  h e a r t  d isea se  (P an trid g e , Adgey, Geddes and Webb, 197 5).

The c l i n i c a l  c o n d itio n s  of m yocardial ischaem ia  and in f a r c t io n  le a d  

to  over 100,000 h o s p ita l  adm issions p e r y e a r in  B r i ta in  (Greenbaum,

19 85). A la rg e  p ro p o rtio n  of d eath s from th ese  c o n d itio n s , however, 

a re  sudden and occur b e fo re  th e  p a t ie n t  has reached h o s p i ta l .  The 

Edinburgh Community Study showed th a t ,  of a l l  d eath s o c c u rrin g  w ith in  

4 weeks of th e  o n se t of a h e a r t  a tack , 50% took p lace  w ith in  th e  

f i r s t  2 hours (Arm strong, Duncan, O liv e r, J u l ia n ,  Donald, F u lto n ,

Lutz and M orrison, 197 2 ) .

One of th e  e a r ly  consequences of coronary  o c c lu s io n  i s  th e  

developm ent of a rrh y th m ias  th a t  may cu lm in a te  .in  v e n tr ic u la r  

f i b r i l l a t i o n ,  which i s  considered  to  be th e  m ajor cause of sudden 

c a rd ia c  death  (O liv e r, 1982). The d e lin e a tio n  of the  b a s ic  c e l l u l a r ,  

b iochem ical and e le c tro p h y s io lo g lc a l mechanisms re sp o n s ib le  fo r  th e se  

p o te n t ia l ly  f a t a l  a rrh y th m ias  i s ,  th e re fo re , of utm ost Im portance, 

w ith  a view to  developing e f f e c t iv e  tre a tm e n ts .

1 .2 .  Experimental models o f myocardial Ischaemia

In  man, m yocardial ischaem ia may r e s u l t  from coronary 

th rom bosis , vasospasm or an in c reased  w orkload in  the  presence  of a 

f ix e d  o b s tru c tio n , such as an atherom atous p laque, and i s  d e fin ed  a s  

an  im balance between th e  m yocardial demand fo r  and th e  v a sc u la r  

supply  of coronary blood. In  ex p erim en ta l an im als, th e re  a re  a 

v a r ie ty  of techn iques by which blood flow  to  th e  coronary v a s c u la tu re
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can be r e s t r i c t e d ,  r e s u l t in g  in  m yocard ial ischaem ia.

The most commonly employed method in v o lv es  o c c lu s io n  of a 

coronary  a r te ry  (u s u a lly  th e  l e f t  a n te r io r  descending o r c ircu m flex ) 

by t ig h te n in g  of a p rev io u s ly  p laced  l ig a tu r e ,  u su a lly  in  

a n a e s th e tiz e d  an im als  (K e llih e r , Dix and S o ife r , 1983). The acu te  

o c c lu s io n  techn ique  has been fre q u e n tly  used in  the  dog to  e v a lu a te  

th e  b iochem ical, haemodynamic and e l e c t r i c a l  consequences of 

ischaem ia s in ce  th e  e a r ly  s tu d ie s  of H a rr is  (1950). Many s tu d ie s  

have been re p o rte d  u sin g  th e  c a t, p ig , ra b b i t ,  r a t  and even th e  

baboon ( fo r  re fe re n c e s  see  B o ttin g , C u rtis  and W alker, 19 86; K e llih e r  

e t  a l , 19 83). I s o la te d  h e a r ts  from r a t s  (Daugherty and Woodward,

19 82; Abrahamsson, Alragren and C arlsson , 1983) and guinea p ig s  

(Penny, 19 84) have a ls o  been f re q u e n tly  used to  study th e  

consequences of ischaem ia . In  th e  l a t t e r  sp e c ie s , however, re g io n a l 

m yocard ial ischaem ia i s  d i f f i c u l t  to  Induce by coronary o cc lu s io n  

because of th e  h ig h ly  developed c o l l a t e r a l  c i r c u la t io n  (Schaper,

19 84). T herefore , g lo b a l ischaem ia produced by flow re d u c tio n  or 

c e s s a tio n  i s  used.

In  g en era l, th e re  i s  a h igh  degree of s im i la r i ty  betw een th e  

a rrh y th m ias  seen a t  v a r io u s  tim es  a f t e r  th e  o n se t of e x p e rim en ta lly  

induced Ischaem ia and those  observed c l i n i c a l l y  (B o ttin g  e t  a l ,

19 86). The f i r s t  phase of a rrh y th m ias  s t a r t  w ith in  a few m inutes of 

acu te  coronary o cc lu s io n , in c rease  in  frequency  (som etim es 

p r e c ip i ta t in g  in to  v e n t r ic u la r  f i b r i l l a t i o n )  and r e v e r t  to  a s inus 

rhythm by about 3 0 mln. This i s  commonly re fe r re d  to  as  th e  e a r ly  

phase of a rrh y th m ias  and corresponds in  humans to  the  p o te n t ia l ly  

f a t a l  p e rio d  im m ediate ly  a f t e r  th e  o n se t of symptoms, b e fo re  p a t ie n ts
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reach  th e  h o s p i ta l .  In  some experim en ta l models th e se  e a r ly  

v e n tr ic u la r  a rrh y th m ias  can be f u r th e r  d iv id ed  in to  two d is c r e te  

phases ( la  and lb )  which may a r is e  through d i f f e r e n t  

e lec tro p h y B io lo g ica l mechanisms (R u sse ll, Law rie, Riemersma and 

O liv e r , 1984).

A l a t e r  phase of a rrh y th m ias  begin  approx im ate ly  4-8  h a f te r  

coronary a r te ry  o c c lu s io n  and may p e r s i s t  f o r  2-3 days. These 

a rrh y th m ias  a re  u su a lly  le s s  sev ere  th an  those  seen in  th e  e a r ly  phase 

and correspond to  those observed in  humans during  th e  p e rio d  a f te r  

o c c lu s io n  when th e  p a t ie n t  would be in  th e  coronary ca re  u n i t  

(K e llih e r  e t  a l ,  19 83).

1 .3 .  M etabolic and io n ic  changes during myocardial ischaem ia

During severe  ischaem ia , a w e ll reco g n ised  s e r ie s  of b iochem ical 

and p h y s io lo g ic a l changes occur b e fo re  c e l l  n e c ro s is  ( In fa rc t io n ) .  

These changes a re  h ig h ly  heterogeneous, w ith  tem poral and re g io n a l 

d if f e re n c e s , and may p red isp o se  to  a rrh y th m ias  (Hearse and Dennis,

19 62).

Follow ing th e  o n se t of ischaem ia, a v a ila b le  oxygen i s  u t i l i z e d  

w ith in  th e  f i r s t  few seconds le a d in g  to  a m ajor re d u c tio n  of 

o x id a tiv e  m etabolism , which in  tu rn  causes th e  d e p le tio n  of high 

energy phosphates. Subsequently , anaero b ic  g ly c o ly s is  i s  s tim u la te d  

r e s u l t in g  in  th e  accum ulation  of l a c t a t e  and H+ (Hearse and Dennis,

19 82). Accompanying th e  r i s e  in  H+ c o n c e n tra tio n  i s  an  in c re a se  in  

e x t r a c e l lu la r  K+ c o n c e n tra tio n  (H irche, F r ie d r ic h , Kebbel, McDonald 

and Zylka, 1982; H il l  and G e tte s , 1980). C atecholam ines may be 

re le a se d  (Riemersma, 1982) e le v a tin g  t i s s u e  cAMP le v e l s  (Podzuw eit,

19 82). F ree f a t t y  a c id  l e v e l s  a re  e lev a te d  and t h i s  may le a d  to  the
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accum ulation  of long ch a in  a cy lea  m l  t in e s  In  th e  Ischaem ic a re a , In 

the  presence of depressed  ^ -o x id a tio n  (Corr and Sobel, 1982). 

Lysophosphollp ids a ls o  accum ulate In  th e  Ischaem ic myocardium (C orr 

and Sobel, 197 9; 1982; 1983). A rachidonic a c id  m e ta b o lite s  a re  

re le a se d  in to  blood d ra in in g  from th e  ischaem ic  myocardium (Coker,

19 82). Enhanced m etabolism  of a rach id o n ic  a c id  and o th e r  changes, 

such as th e  conversion  of xan th ine  dehydrogenase to  xan th ine  

ox idase  and th e  accum ulation  of hypoxanthine, may p red isp o se  the  

ischaem ic  t i s s u e  to  th e  p ro d u c tio n  of h ig h ly  r e a c tiv e  f r e e  r a d ic a ls  

i f  oxygen i s  re in tro d u c e d  (Werns, Shea and L ucchesi, 1986). W ith 

in c re a s in g  d u ra tio n  of ischaem ia  i n t r a c e l lu l a r  accum ulation  of both  

sodium and calcium  ta k es  p lace , fo llo w ed  by a profound d is ru p tio n  of 

th e  ischaem ic c e l l s .

Many of th ese  changes have been im p lic a te d  in  th e  g en es is  of 

ischaem ia-induced  a rrh y th m ias  and th e i r  p o s s ib le  r o le s  w i l l  be 

d iscu ssed  l a t e r  in  t h i s  c h a p te r .

1 .4 .  Mechanism o f ischaem ia-induced arrhythmias

The m ajor mechanism of arrhy thm ogenesis in  th e  e a r ly  phase i s  

w ide ly  b e liev ed  to  be r e - e n try  w hereas l a t e  phase a rrh y th m ias  may 

depend p r im a r i ly  on enhanced a u to m a tic i ty  (C orr and Sobel, 197 9).

Late phase a rrh y th m ias  a re  o u ts id e  the  scope of t h i s  study  and w i l l  

no t be d iscu ssed  in  d e t a i l .

The p re re q u is i te  fo r  r e -e n try  i s  u n id ir e c t io n a l  b lock  of im pulse 

conduction  which w i l l  allow  re tro g ra d e  " r e - e x c i ta t io n ” of t i s s u e  

p roxim al to  th e  a rea  of conduction  block. However, c e r ta in  o th e r 

co n d itio n s  must a lso  be p re sen t to  allow  such r e - e x c i ta t io n  to  occur.
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These a re  slowed conduction  v e lo c i ty  and /o r sho rtened  r e f r a c to r in e s s ,  

which allow  th e  t i s s u e  proxim al to  th e  a rea  of u n id ir e c t io n a l  block 

to  reco v er e x c i t a b i l i ty .  These co n d itio n s  have Indeed been observed 

du rin g  a cu te  m yocardial ischaem ia and r e - e n try  c i r c u i t s  have been 

dem onstra ted  (R u sse ll, 19 82; Jan se , 1982; Jan se , KLeber, Capucci, 

Coronel and W ilms-Schopnan, 19 86). I t  has been suggested , however, 

th a t  th e  e a r ly  p e rio d  of arhythm ias can be f u r th e r  d iv id ed  in to  two 

e le c tro p h y s io lo g ic a lly  d i s t i n c t  phases ( l a  and lb ) w ith  r e - e n try  f a r  

more l ik e ly  during  phase l a  (R u sse ll e t  a l ,  1984).

The m ost im p o rtan t f a c to r  re sp o n s ib le  fo r  th e  developm ent of 

c o n d itio n s  fav o u rab le  to  re -e n try  during  a cu te  ischaem ia  i s  probably  

th e  e x t r a c e l lu la r  accum ulation  of po tassium . Indeed, W eiss and Shine 

(1982) have shown th a t  hyperkalaem ia e q u iv a len t to  t h a t  o ccu rrin g  

d u ring  ischaem ia , in  com bination  w ith  a c id o s is  and catecho lam ines, 

reproduced th e  e le c tro p h y s io lo g ic a l changes observed during  ischaem ia  

such a s  shortened  a c tio n  p o te n t ia l  d u ra tio n  and in c reased  conduction 

tim e  in  th e  I s o la te d  r a b b i t  in te r v e n t r ic u la r  septum. The 

e x t r a c e l lu la r  accum ulation  of potassium  causes a re d u c tio n  in  r e s t in g  

membrane p o te n t ia l  which in a c t iv a te s  th e  f a s t  sodium c u rre n t and can 

give r i s e  to  slow -response  a c tio n  p o te n t ia ls  c h a ra c te r iz e d  by 

d e p o la r is a t io n  dependent on a slow inward c u rre n t c a r r ie d  by e i th e r  

calcium  or sodium (Corr and Sobel, 197 9). These changes in  im pulse 

conduction  w ith in  th e  ischaem ic  a rea  a re  lnhomogeneous and may r e s u l t  

in  a d jac e n t a re as  of slow conduction  and conduction block -  a 

com bination  h ig h ly  fav o u rab le  to  re -e n try  (W it, 1985).

1 .5 . Myocardial catecholam ine metabolism

The h e a r t  i s  h e a v ily  in n e rv a ted  by sym pathetic  f i b r e s  a r is in g
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from c e rv ic a l ,  th o ra c ic  and s t e l l a t e  g an g lia . The r ig h t  a triu m  and 

s in o a t r i a l  node a re  m ain ly  in n e rv a ted  by th e  r ig h t  s t e l l a t e  ca rd iac  

nerve w hereas m ost of th e  rem ain ing  in n e rv a tio n  i s  by axons from th e  

l e f t  sym pathetic  nerves (Manger, 1982).

The main c a te c h o l amine in  p o s t-g a n g lio n ic  sy m p ath e tic  nerve 

f i b r e s  i s  n o ra d re n a lin e . N o rad renaline  i s  re le a s e d  by th e  nerve 

te rm in a ls  upon s t im u la t io n  by tn e  calcium -dependent p ro cess  of 

ex o cy to s is  whereby s to ra g e  v e s ic le s  expel th e i r  co n ten ts  in to  th e  

e x t r a c e l lu la r  f lu id .  M ajo rity  (80-9C%) of th e  n o rad ren a lin e  re le a se d  

in to  the  sy n ap tic  c l e f t  i s  removed by th e  neuronal reu p take  p rocess 

which has been d e sc rib ed  by Iv e rse n  (1967). There i s  a ls o  some 

ex tran eu ro n a l uptake and th e  rem ain ing  n o rad ren a lin e  overflow s in to  

th e  c i r c u la t io n .  Any f r e e  n o rad ren a lin e  in  th e  cytoplasm  of 

sym pathetic  nerves i s  deam inated by monoamine ox idase (MAO) w hereas 

ex tran eu ro n a l ca tab o lism  i s  m ain ly  by c a te c h o l-o -m e th y ltra n s fe ra se  

( COMT).

The re le a s e  of n o rad ren a lin e  by sy m p ath e tic  nerve te rm in a ls  may 

be re g u la te d  by p re sy n a p tic  ad ren o cep to rs  (Langer, 197 9).

S tim u la tio n  of p re sy n a p tic  a2~^c^enoceptors in h ib i t s  n o rad ren a lin e  

r e le a s e  w hereas t h e i r  blockade by s e le c t iv e  a2“‘adrenocePto r  

a n ta g o n is ts  has been shown to  enhance n o rad ren a lin e  re le a s e  during  

nerve s t im u la t io n  (Yamaguchi, De Cham p la in  and Nadeau, i977; D art, 

D ie tz , Hieronymus, Kuoler, Mayer, Schomig and S tr a s s e r ,  1984). A 

p o s i t iv e  feedback mechanism m ediated  by p re sy n ap tic  3 -ad ren o cep to rs  

has a ls o  been suggested  but i t s  p h y s io lo g ic a l s ig n if ic a n c e  i s  not 

c le a r .  Other p re sy n a p tic  re c e p to r s ,  such a s  a c e ty lc h o lin e , 

p ro s ta g la n d in  and adenosine re c e p to rs , may a lso  m odulate
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n o rad ren a lin e  re le a s e  by sy m p ath e tic  nerve te rm in a ls  (Fuder, 1985). 

The m ain f e a tu re s  of n o ra d re n a lin e  r e le a s e  and rem oval a re  sum m arised 

in  f ig u r e  1 .

Although measurement of a r t e r i a l  catecho lam ine le v e l s  cannot 

d i f f e r e n t i a t e  between re le a s e  from th e  h e a r t  and o th e r  organs, plasm a 

le v e ls  of n o rad ren a lin e  c o r r e la te  w e ll  w ith  sym p ath etic  nerve 

a c t i v i t y  and th e  plasm a a d re n a lin e  c o n c e n tra tio n  i s  a good in d ic a to r  

of ad ren an ed u lla ry  a c t i v i ty  (Manger, 1982).

1 .6 .  Catecholamine re lea se  during myocardial Ischaemia

There i s  a c o n sid e rab le  body of evidence su g g estin g  th a t  an 

in c re a se  in  sym pathetic  a c t i v i t y  and catecho lam ine  re le a s e  occu rs  

during  m yocardial ischaem ia and in f a r c t io n  in  both th e  c l i n i c a l  and 

exp erim en ta l s i tu a t io n ,  a lthough th e  experim ented evidence i s  

somewhat c o n tra d ic to ry .

P an trid g e , Webb and Adgey (1981) re p o r te d  t h a t  over one th i r d  of 

89 p a t ie n ts ,  seen w ith in  3 0 min of th e  o n se t of a cu te  m yocard ial 

in f a rc t io n , showed evidence of sy m pathetic  over a c t iv i ty .  Urine 

( J e w i t t  , M ercer, Reid, V a lo ri, Thomas and S h ll l ln g fo rd , 196 9) and 

plasm a (Sorkin , Tokarsky, Huber-Sm ith, S te ig e r , McCann, Arbor and 

Arbor, 1982) c o n ce n tra tio n s  of ca techo lam ines have been found to  

In c rease  in  p a t ie n ts  w ith  acu te  m yocard ial in fa rc t io n .  Suggesting  a 

r e la t io n s h ip  between plasma ca techo lam ine  le v e l s  and 

arrhy thm ogenesis, th e  h ig h e s t plasm a le v e l s  of n o rad ren a lin e  and 

a d re n a lin e  were found in  p a t ie n ts  w ith  v e n t r ic u la r  f i b r i l l a t i o n ,  

fo llow ed  by m yocardial in f a r c t io n  w ith o u t v e n t r ic u la r  f i b r i l l a t i o n ,  

and then  by ch es t p a in  w ith o u t in f a r c t io n  (B e r te l ,  B uhler, B a ltsc h , 

R itz  and Bur k a r t, 1982). However such f in d in g s  a re  not co n c lu s iv e  as
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th e  e lev a te d  plasm a catecho lam ine le v e l s  cou ld  have been a 

consequence r a th e r  th an  the  cause o£ th e  a rrh y th m ias .

S evera l experim en tal f in d in g s  a ls o  in d ic a te  an in c re a se d  

a d re n e rg ic  a c t i v i t y  fo llo w in g  a cu te  m yocard ial ischaem ia. Both 

a f f e r e n t  (Uchida and Murao, 197 4) and e f f e r e n t  c a rd iac  sym p ath etic  

nerve a c t i v i t y  have been shown to  in c re a se  w ith in  m inu tes of coronary 

o cc lu s io n , th e  l a t t e r  o ccu rrin g  e i th e r  as p a r t  of a genera l 

sym p ath etic  a c t iv a t io n  (K arlsberg , Penkoske, Cryer, Corr and R oberts, 

1979) o r caused by a lo c a l  c a rd iac  r e f le x  (Brown and M a llian i, 1971). 

A reduced catecho lam ine  f lu o resc en c e  w ith in  th e  ischaem ic  myocardium 

has been dem onstrated  30 min and 1 h a f t e r  coronary a r te ry  o cc lu s io n  

r e s p e c tiv e ly  in  th e  a n a e s th e tiz e d  r a t  (Holmgren, Abrahamsson, Almgren 

and E rik sson , 1981) and dog (Muntz, H agler, Boulas, W ilie r son and 

B uja, 1984). Abrahamsson, Almgren and Svensson (1981) a lso  showed a 

s ig n i f ic a n t  re d u c tio n  in  th e  n o rad ren a lin e  co n ten t of th e  ischaem ic 

zone w ith in  2 0 min of coronary o cc lu s io n . R e su lts  from experim ents 

using  th e  ganglion  b lo ck er ch lorisondam ine le d  th e se  w orkers to  

sp e c u la te  th a t  a lthough the  e a r ly  lo s s  of m yocardial n o rad ren a lin e  

(w ith in  30 min of ischaem ia) m ight be due to  a com bination  of lo c a l 

ischaem ia  induced r e le a s e  and in c re a se d  sym pathetic  nerve a c t iv a t io n  

of th e  h e a r t ,  l a t e r  re d u c tio n s  in  n o ra d re n a lin e  le v e l s  ( a f t e r  2.5 h 

of ischaem ia) were a lm ost e n t i r e ly  due t o  a lo c a l ,  nerve im pulse 

independent re le a s e  p ro c e ss  (Abrahamsson, Almgren and Holmgren,

1982).

In c reased  overflow  of n o rad ren a lin e  d u ring  a cu te  m yocardial 

Ischaem ia has been dem onstrated  w ith  th e  is o la te d  L angendorff- 

p e rfu sed  r a t  h e a r t , u sing  both  re g io n a l ischaem ia  by coronary
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o c c lu s io n  (Abrahamsson, Almgren and C arlsson , 1983) and g lo b a l 

ischaem ia  by re d u c tio n  or c e s s a tio n  of flow  (Schomig, D ie tz , S t r a s s e r ,  

D art and Kubler, 1982), th e  fo rm er study using  h e a r ts  la b e l le d  

w ith  t r i t i a t e d  n o ra d re n a lin e . In  both of th ese  s tu d ie s  the  coronary  

e f f lu e n t  was c o lle c te d  during  re p e rfu s io n  and th e  in c reased  e f f lu x  of 

n o ra d re n a lin e  mighthave been caused by th e  re p e rfu s io n  p ro cess  per 

s e . However, th e  outflow  of n o rad ren a lin e  on re p e rfu s io n  a f t e r  60 

min of re g io n a l Ischaem ia  was n o t d im in ish ed  when calcium , th e  prim e 

m ed ia to r of re p e rfu s io n  damage, was o m itte d  from th e  re p e rfu s io n  

medium (Abrahamsson, Almgren and C arlsson , 1984). Calcium was 

probab ly  involved  in  n o rad ren a lin e  re le a s e  during  isch aem ia  as  p re 

p e rfu s io n  of h e a r t s  w ith  the  calcium  a n ta g o n is ts  verapam il and 

d il t la z e m  b e fo re  th e  o n se t of t o t a l  g lo b a l ischaem ia  of 15 and 60 min 

d u ra tio n  in h ib i te d  m yocardial n o ra d re n a lin e  lo s s  fo llo w in g  

re p e rfu s io n  (N ayler and S tu rro ck , 1984). M yocardial n o rad ren a lin e  

lo s s  Induced by 15 min g lo b a l ischaem ia  and re p e rfu s io n  was n o t 

in h ib i te d  when v e rap am il and d il t la z e m  w ere added on ly  on re p e rfu s io n  

o r when the  calcium  co n ten t of th e  re p e rfu s io n  b u ffe r  was reduced 

(N ayler and S tu rro ck , 1985).

However, p e rfu s io n  of th e  i s o la te d  r a t  h e a r t  w ith  c a lc iu m -fre e  

p e rfu s a te  (w ith  o r w ith o u t EGTA) p r io r  t o  20 min of g lo b a l ischaem ia  

d id  no t reduce th e  n o rad ren a lin e  overflow  upon re p e rfu s io n  su g g es tin g  

th a t  even ischaem ic  r e le a s e  may no t be m ed ia ted  by calcium  (Schomig, 

D art, D ie tz , Mayer and K ubler, 19 84). Neuronal uptake b lo ck ers  such 

as desip ram ine, when added to  th e  p e rfu sa te  p r io r  to  ischaem ia , 

reduced n o rad ren a lin e  overflow  d u ring  re p e rfu s io n  a f t e r  ischaem ic  

p e rio d s  of between 10 and 4 0 min. T his le d  Schomig and co-w orkers to  

sug g est t h a t  n o rad ren a lin e  re le a s e d  from th e  sym pathetic  nerve
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te rm in a ls  by ischaem ic p e rio d s  o f betw een 10 and 40 min was n o t due 

to  ex o cy to s is  bu t th e  r e s u l t  of a calc ium -Independent a c t iv e  e f f lu x  

of n o rad ren a lin e , u sing  th e  same c a r r i e r  mechanism norm ally  

re sp o n s ib le  fo r  neuronal uptake (Schomig e t  a l ,  1984; Schomig, D art, 

D ie tz , Kubler and Mayer, 1985).

The f i r s t  study  dem onstra ting  an in c re a se d  re le a s e  of 

m yocard ial n o rad ren a lin e  by th e  I s o la te d  r a t  h e a r t  du rin g  th e  a cu te  

ischaem ic  phase has re c e n tly  been p u b lish ed  by C arlsson , Abrahamsson 

and Almgren (19 85). Using h e a r ts  la b e l le d  w ith  t r i t i a t e d  

n o ra d re n a lin e , they  w ere ab le  to  show an In c reased  re le a s e  of 

n o rad ren a lin e  w ith in  10-2 0 min of both re g io n a l (coronary o cc lu s io n ) 

and g loba l (90% flow red u c tio n ) ischaem ia. However, using  a s im i la r  

model, o th e r  w orkers were unable to  d e te c t  an enhanced o u tp u t of 

n o rad ren a lin e  fo llo w in g  coronary o cc lu s io n , although washout of 

l a c t a t e  from th e  ischaem ic  re g io n  was re a d i ly  dem onstrab le 

(D augherty, Frayn, Redfern and Woodward, 1986).

In c reased  re le a s e  of n o rad ren a lin e  from th e  Ischaem ic myocardium 

during  re p e rfu s lo n  has a ls o  been dem onstrated  in  th e  a n a e s th e tiz e d  

dog a f t e r  40 (W illiam s, Coker, Dean, Kane and F a r r a t t ,  1986) and 60 

min (Lamontagne, Yamaguchi, Nadeau, De Champlain, Godin and Campeau, 

19 86) of coronary o cc lu s io n . Evidence re g a rd in g  th e  re le a s e  of 

n o rad ren a lin e  in to  lo c a l  venous blood d ra in in g  th e  ischaem ic  

myocardium during  ischaem ia  i s  more c o n tra d ic to ry . E arly  experim en ts 

dem onstrated  re le a s e  of catecho lam ines as  e a r ly  as 2 min a f t e r  

coronary o cc lu s io n  (Shahab, W ollenberger, Krause and Genz, 197 2) bu t 

t h i s  f in d in g  was n o t supported  by McGrath, Lim, Leversha and Shanahan 

(1981) who f a i l e d  to  d e te c t  e lev a ted  c o n c e n tra tio n s  of n o rad ren a lin e
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in  th e  lo c a l  coronary e f f lu e n t  a f t e r  10 min of occ lu sio n . More 

re c e n t s tu d ie s  have a ls o  in d ic a te d  no spontaneous overflow  of 

n o rad ren a lin e  in to  th e  ischaem ic venous e f f lu e n t  a f t e r  3 and 11 min 

of coronary o cc lu s io n  (F o rfa r , Riemersma and O liv e r, 1983; F o rfa r, 

R u sse ll and Riemersma, 1985).

The general im p lic a tio n  of th e  a v a i la b le  evidence i s  th a t  

m yocardial n o rad ren a lin e  re le a s e  does indeed  occur d u ring  ischaem ia, 

p o ss ib ly  by ex o cy to s ls  although th e re  i s  a ls o  some evidence of an 

a c t iv e  e f f lu x  in  th e  r a t .  D espite  th e  f a c t  th a t  n o rad ren a lin e  

re le a s e  i s  only  d e te c ta b le  during  e a r ly  coronary  re p e rfu s io n  in  most 

s tu d ie s , the  k in e t ic s  of t h i s  r e le a s e  p lu s  th e  m e tab o lic  and 

e le c tro p h y s io lo g ic a l  consequences of acu te  ischaem ia  support th e  view 

th a t  a t  l e a s t  some n o ra d re n a lin e  i s  re le a s e d  d u ring  ischaem ia. 

P resy n ap tic  in h ib i t io n  of re le a s e  and neuronal reup take , p ro cesses  

which a re  enhanced by the  d r a s t i c a l ly  reduced coronary p e rfu s io n  

d u rin g  ischaem ia , may be re sp o n s ib le  fo r  th e  la c k  of in c reased  

overflow  in to  the  coronary venous e f f lu e n t  in  the  presence of an 

in c reased  n o rad ren a lin e  tu rn o v er d u ring  e a r ly  ischaem ia  (F o rfa r e t  

a l ,  1985).

1 .7 •  Catecholamines and Ischaemia-induced arrhythmias

The most p e r t in e n t  q u e s tio n  i s  perhaps n o t j u s t  w hether 

catecho lam ines a re  re le a s e d  during  ischaem ia , but w hether such a 

r e le a s e  i n i t i a t e s  or s u s ta in s  v e n tr ic u la r  a rrh y th m ias . Although 

plasm a catecholam ine le v e l s  in  p a t ie n ts  w ith  acu te  m yocard ial 

In f a r c t io n  have been r e l a t e d  to  the  s e v e r i ty  of a rrh y th m ias  (B e rte l 

e t  a l , 1982), i t  i s  p o s s ib le  th a t  th e  e le v a te d  plasm a le v e l s  m erely  

in d ic a te d  a r e f le x  re sp o n se  of the body's c i r c u la to ry  c o n tro l system
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to  a rrh y th m ias  (G o ld ste in , 1981). In  a d d itio n , c l in ic a l  s tu d ie s  

showing a b e n e f ic ia l  e f f e c t  w ith  8 -ad ren o cep to r b lock ing  drugs 

(M u ltic e n tre  In te rn a t io n a l  s tudy , 197 5; N o rris , Brown, C larke, 

Barnaby, Geary, Logan and Sharpe, 1984; The Norwegian M ulti c en te r  

Study Group, 1981; W ilhelm sson, W ilhelm sen, Vedin, T ib b lin  and Werko, 

197 5) w ere a l l  c a r r ie d  o u t in  p a t ie n ts  who su rv iv ed  th e  a cu te  phase 

of m yocardial in f a r c t io n  and b ear l i t t l e  re lev an ce  to  e a r ly  

arrhy thm ogenesis .

In  ex p erim en ta l s tu d ie s ,  a tem poral a s s o c ia t io n  betw een 

in c re a se d  plasma ca techo lam ine  le v e l s  and th e  developm ent of e a r ly  

v e n t r ic u la r  a rrh y th m ias  has been observed  d u ring  coronary o cc lu s io n  

(Ceremuzynski, S taszew ska-B arczak and H erbaczynska-Cedro, 1969; 

K e llih e r , Widmar and R o b erts, 1975). G i l l i s  (1971) re p o rte d  a 

c o n s is te n t  a s s o c ia t io n  betw een in c re a se d  c a rd ia c  p re -g a n g lio n ic  

e f f e r e n t  sym pathetic  a c t i v i t y  and sev e re  v e n t r ic u la r  a rrhy thm ias 

a f t e r  coronary o cc lu s io n , and i t  h as been shown th a t  norm al 

neurosym pathetic  re sp o n siv en ess  i s  m ain ta in ed  in  ischaem ic  t i s s u e  

du ring  th e  p e riod  co rrespond ing  to  th e  e a r ly  phase of a rrh y th m ias  

(F o rfa r , Riemersma, R u sse ll  and O liv e r , 1984).

The m a jo rity  of ex p e rim en ta l s tu d ie s  in v e s t ig a t in g  th e  

r e la t io n s h ip  between ca tech o lam in es  and a rrh y th m ias  have employed 

s u rg ic a l  and pharm aco log ica l tech n iq u es  to  produce o r i n h ib i t  

a d re n e rg ic  a c t iv a t io n  d u rin g  ischaem ia . The r e s u l t s  and im p lic a tio n s  

of same of th ese  s tu d ie s  w i l l  be d iscu ssed  in  th e  fo llo w in g  s e c t io n s .

1.7 . (1 )  E ffe c ts  o f sym pathetic stim u la tion  on arrhythmias

In  a n a e s th e tiz e d  dogs, v e n t r ic u la r  f i b r i l l a t i o n  could be induced
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by s t im u la t io n  of c e n tr a l  sy m p ath e tic  c e n tre s  in  th e  p o s te r io r  

hypothalam us a f t e r  coronary  o c c lu s io n  (Lown and V e rr le r , 1976). 

S tim u la tio n  of th e  s t e l l a t e  g a n g lia  low ered  th e  v e n tr ic u la r  

f i b r i l l a t i o n  th re sh o ld  in  the  absence of lschaem ia (V e rr le r , Thompson 

and Lown, 1974) and s ig n i f ic a n t ly  in c re a se d  in  th e  inc idence  of 

v e n t r ic u la r  f i b r i l l a t i o n  a f te r  coronary o c c lu s io n  (E u ler, N a tte l ,  

Spear, Moore and Scanlon, 1985).

System ic a d m in is tr a t io n  of ca tech o lam in es  has been shown to  

e x ace rb a te  a rrh y th m ias  du ring  a c u te  m yocard ial lschaem ia (H a rr is , 

O tero  and Bocage, 1971). S u b ep ica rd ia l In fu s io n  of n o rad ren a lin e , 

a d re n a lin e  and is o p re n a lin e  had a p o te n t arrhythm ogenic  e f f e c t  in  th e  

p ig , both  in  th e  presence  and absence of lschaem ia  (Podzuw eit, 1982). 

In  th e  is o la te d  guinea p ig  h e a r t ,  methoxamine has been shown to  

re v e rse  th e  a n t i  a rrh y th m ic  e f f e c t s  of catecho lam ine  d e p le tio n  during  

lschaem ia (Penny, 19 84 ).

In  c o n tra s t  to  th e se  s tu d ie s , both n o rad ren a lin e  and a d re n a lin e  

have been found to  p ro te c t  a g a in s t  coronary o c c lu s io n  induced 

a rrh y th m ias  in  th e  a n a e s th e tiz e d  r a t  when a d m in is te red  in trav en o u sly , 

e i th e r  by continuous in fu s io n  ( P a r r a t t ,  Campbell and Fagberoi, 1981) 

o r bo lus In je c t io n  (M arsh a ll, Muir and W inslow, 1981). In  th e  same 

model, however, is o p re n a lin e  in c re a se d  th e  inc idence  of v e n tr ic u la r  

f i b r i l l a t i o n  (M arshall e t  a l ,  1981).

1.7 . (2 )  E ffe c ts  o f su r g ica l and chem ical sympathectomy on 

arrhythmias

Chronic c a rd iac  sy m p ath e tic  d en erv a tio n  p ro te c te d  a g a in s t  

coronary  o cc lu s io n  induced  a rrh y th m ias  and m o r ta l i ty  in  th e  dog 

(E b ert, Vanderbeek, A llgood and S ab is to n , 197 0; F ow lis, Sang, Lundy,
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Ahuja and Colhoun, 197 4) bu t acu te  d en erv a tio n  was w ith o u t e f f e c t  

(E b ert e t  a l ,  1970), su g g es tin g  th a t  th e  b e n e f ic ia l  e f f e c t  was due to  

d e p le t io n  of m yocardial n o rad ren a lin e , which occurs a f t e r  chron ic  

d en erv a tio n . I t  has been suggested  re c e n t ly , however, th a t  ch ron ic  

c a rd ia c  d en erv a tio n  may have an adverse e f f e c t  on in f a r c t  s iz e , an 

e f f e c t  p o ss ib ly  r e la te d  to  an im paired  c o l l a t e r a l  p e rfu s io n  (L av a lle , 

Amano, V atner, Manders, R andall and Thanas, 1985).

S upporting  th e  view  th a t  m yocardial n o rad ren a lin e  d e p le tio n  i s  

b e n e f ic ia l ,  a study  by M artin  and Meesman (1985) showed th a t  re g io n a l 

m yocard ial chem ical sympathectomy in  th e  dog w ith  In trac o ro n a ry  

I n je c t io n s  of 6 -hydroxy dopamine had a s ig n i f ic a n t  a n t i  a rrhy thm ic  

e f f e c t  d u ring  coronary o cc lu s io n . An a n tia rrh y th m ic  e f f e c t  w ith  

chem ical sympathectomy has a ls o  been observed in  th e  c a t  (S heridan , 

Penkoske, Sobel and Corr, 1980), gu in ea-p ig  (C u llin g , Penny, Lew is, 

M iddleton and S heridan , 1984) and r a t  (Daugherty e t  a l ,  19 86) h e a r t . 

Although i t  has been suggested  th a t  th e  b e n e f ic ia l  e f f e c t  of 

p re tre a tm e n t w ith  64iy dr oxy dopamine may be r e la te d  to  an in c reased  

m yocard ial co n ten t of glycogen (Daugherty e t  a l ,  1986), C u llin g  e t  a l  

(1984) showed th a t  f a s t in g  th e  an im als  p r io r  to  study ab o lish ed  t h i s  

e f f e c t  w ith o u t a l t e r in g  th e  a n tia rrh y th m ic  e f f e c t  of chem ical 

sympathectomy. More re c e n tly , i t  has been shown th a t  p re tre a tm en t 

w ith  th e  amino ac id  a-m ethy 1 -m e ta ty ro s in e  reduced m yocardial 

n o rad ren a lin e  co n ten t in  th e  r a t  by over 9C%, w ith  no e f f e c t  on 

glycogen and adenine n u c le o tid e  le v e ls ,  and s ig n i f ic a n t ly  reduced th e  

in c id en ce  of v e n tr ic u la r  f i b r i l l a t i o n  and m o r ta l i ty  (Abrahamsson, 

Almgren, C arls son and Svensson, 1985).

However B o ttin g , Johnston, Macleod and W alker (19 83) found th a t
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combined adrenom edullectom y and 6-hydroxydopamine p re tre a tm e n t had no 

marked e f f e c t  on a rrh y th m ias  bu t ln ceased  m o r ta l i ty  a f te r  coronary 

o c c lu s io n  in  th e  conscious r a t .  P re trea tm e n t w ith  re se rp in e  has a lso  

been found t o  in c re a se  th e  s e v e r i ty  of a rrh y th m ias  and th e  inc idence  

of m o r ta l i ty  in  th e  a n a e s th e tiz e d  r a t  ( P a r r a t t  jet a l , 1981). N either 

of th e se  s tu d ie s ,  however, re p o rte d  th e  e f f e c t s  of th e i r  tre a tm e n ts  

on th e  plasm a or m yocard ial le v e ls  of catecho lam ines.

1.7 . (3 )  E ffe c ts  o f  B-adrenoceptor an tagon ists  on arrhythmias

The ex p erim en ta l evidence reg a rd in g  th e  e f f e c t s  of B- 

ad renocep to r antagonism  on ischaem ia  induced a rrh y th m ias  i s  

equ ivoca l. Several ag en ts , such as p ro p ran o lo l (Benfey, E lfe l la h ,  

O g ilv ie  and Varroa, 1984), t im o lo l (Coker and P a r r a t t ,  1984), 

oxpreno lo l (Cam pbell, P a r r a t t ,  Kane and B ullock , 1984) and s o ta lo l  

(P a tte rso n , Lynch and L ucchesi, 1984), have been shown to  p ro te c t  

a g a in s t  a rrh y th m ias  fo llo w in g  coronary  o cc lu s io n  in  a v a r ie ty  of 

sp e c ie s . L a b e ta lo l was h ig h ly  p ro te c tiv e  a g a in s t  ischaem ia-induced  

a rrh y th m ias  in  th e  c a t  (Pogwizd, Sharma and Corr, 1982) but had no 

s ig n i f ic a n t  e f f e c t  in  th e  r a t  (B o ttin g  e t  a l , 19 83) a t  s im ila r  doses.

Arguing a g a in s t  a s ig n i f ic a n t  r o le  fo r  B -adrenocep to rs in  

arrhy thm ogenesis, p ro p ran o lo l (B o ttin g  e t  a l ,  19 83), a te n o lo l  

(D augherty e t  a l ,  1986) and m etop ro lo l (Lepran, P a r r a t t ,  Szekeres and 

W ainw right, 1985) w ere in e f f e c t iv e  in  th e  r a t .  Daugherty e t  ^1 

(1986) found both o p t ic a l  isom ers of p ro p ran o lo l to  be e q ip o te n t in  

su p p re ss in g  a rrh y th m ias , co n fu tin g  th e  involvem ent o f B -adrenocep tors 

and su g g es tin g  a lo c a l  a n a e s th e tic  (C lass 1) e f f e c t .  The observed 

a n tia rrh y th m ic  e f f e c t  of s o ta lo l  has been a t t r ib u te d  to  i t s  c la s s  I I I  

a n tia rrh y th m ic  p ro p e rty  (P a tte rs o n  e t  a l , 1984; Cobbe and Manley,
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1985) and la b e ta lo l  has been found to  have both c la s s  I  and c la s s  I I I  

a n tia rrh y th m ic  a c tio n s  (Dukes and Vaughan W illiam s, 1984). C u rtis , 

Macleod and Walker (1985) have suggested  th a t  $ - adrenocep tor 

a n ta g o n is ts  may owe th e i r  p ro te c t iv e  e f f e c t  to  th e i r  a b i l i t y  to  r a i s e  

plasm a potassium  ra th e r  than  m yocardial re c e p to r blockade. I t  has  

a lso  been p o s tu la te d  th a t  8-a d re n o ce p to rs  m ed ia te  th e  ch ro n o tro p ic  

and in o tro p ic  but not th e  arrhythm ogenic e f f e c t s  of ca techo lam ines 

(Korczyn and T e p litsk y , 1984).

1 . 7 . ( 4 )  E ffe c ts  o f  a-adrenoceptor an tagon ists  on arrhythmias

The ro le  of m yocard ial a -ad ren o cep to rs  in  th e  developm ent of 

ischaera ia-induced  a rrh y th m ias  i s  a ls o  n o t re so lv ed . Sheridan, 

Penkoske, Sobel and Corr (1980) showed phentolam ine and p razo sin  t o  

have s ig n i f ic a n t  a n tia rrh y th m ic  e f f e c t s  in  th e  c a t  and suggested  th a t  

an  enhanced a -a d re n e rg ic  resp o n siv en ess  may occur d u rin g  m yocardial 

lschaem ia . These w orkers l a t e r  proposed an in c re a se  in  th e  number of 

a -a d ren o c e p to rs  in  th e  ischaem ic  myocardium (C orr, Shayman, Kramer 

and K ipnis, 1981). The a n tia rrh y th m ic  e f f e c t  of a -a d ren o c e p to r 

antagonism  was a lso  observed  in  the dog (Benf ey e t  a l ,  1984) and th e  

r a t  ( P a r r a t t  e t  a l , 1981) u sing  p ra z o s in  and in  th e  guinea p ig  w ith  

phentolam ine and indoram in (Penny, C u lling , Lewis and Sheridan,

1985).

In  c o n tra s t ,  th e  s t r i c t l y  c o n tro lle d  s tudy  by B o ll i ,  F ish e r, 

T aylor, Young and M ille r  (1984) showed no b e n e f ic ia l  e f fe c t  on 

lschaem ia-induced  a rrh y th m ias  in  th e  dog w ith  phento lam ine and 

p razo s in  and p o s tu la te d  th a t  a -a d re n e rg ic  m echanisms were unim portan t 

in  arrhy thm ogenesis. Daugherty e t  a l  (19 86) found phento lam ine and 

p razo s in  to  be p ro te c t iv e  a g a in s t  a rrh y th m ias  in  th e  I s o la te d  r a t
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h e a r t  but r e la te d  t h i s  e f f e c t  to  t h e i r  lo c a l  a n a e s th e tic  p ro p e r t ie s .  

Indeed, two o th e r  a -ad ren o cep to r a n ta g o n is ts  phenoxybenzamine and 

tr lm a z o s in , which had no d is c e rn ib le  lo c a l  a n a e s th e tic  p ro p e r t ie s ,  

had no s ig n i f ic a n t  e f f e c t  on th e  a rrh y th m ias  (D augherty e t  a l , 1986). 

O ther e le c tro p h y s io lo g ic a l s tu d ie s  on I s o la te d  h e a r t  t i s s u e  have a ls o  

confirm ed th e  lo c a l  a n a e s th e tic  p ro p e r t ie s  of phentolam ine 

(N orthover, 1983) and p ra z o s in  (Dukes and Vaughan W illiam s, 1984).

1 .8 .  P o ss ib le  arrhythmogenic mechanisms o f catecholam ines

The evidence p re sen ted  su g g es ts  t h a t  lo c a l  catecho lam ine re le a s e  

w ith in  th e  ischaem ic  myocardium may c o n tr ib u te  to  arrhy thm ogenesis, 

a lthough  th e  r o le  of a g en era l sy m pathetic  a c t iv a t io n  i s  l e s s  c le a r  

and may prove p ro te c t iv e  in  some models. The mechanism of th e  

arrhythm ogenic a c t io n  of lo c a l ly  re le a se d  n o ra d re n a lin e , however, i s  

f a r  from c le a r ,  a s  in d ic a te d  by the  co n tro v ersy  re g a rd in g  th e  e f f e c t s  

of a - and 6-ad ren o cep to r a n ta g o n is ts .

S ince th e  d iscovery  of a l a t e  in c re a se  in  c y c lic  AMP (cAMP) in  

th e  ischaem ic myocardium of th e  baboon, c o in c id in g  w ith  th e  

developm ent of v e n tr ic u la r  f i b r i l l a t i o n ,  by Podzuw eit, Dal by, Cherry 

and Opie (197 8) th e  im portance of cAMP as  a "second m essenger” in  

arrhy thm ogenesis has been e x te n s iv e ly  s tu d ie d . E leva ted  cAMP le v e l s  

in  th e  Ischaem ic myocardium fo llo w in g  coronary  o c c lu s io n  has a lso  

been dem onstrated  in  c a t (C orr, W itkowski and Sobel, 197 8), dog 

(Ogawa, Ban, Kanayama and Ukai, 19 83), p ig  and r a t  (Podzuw eit, 1982) 

h e a r ts .  The arrhythm ogenic e f f e c t  of cAMP was probably  m ediated by 

enhanced calcium -dependent slow responses in  th e  Ischaem ic myocardium 

where th e  f a s t  sodium channel was blocked by e lev a te d  e x t r a c e l lu la r
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potassium  -  an e f f e c t  p red isp o s in g  t o  r e - e n t r y  a rrhy thm ias  (Opie, 

1981).

More re c e n t  s tu d ie s ,  however, shed doubt over th e  r o le  of cAMP 

a s  a prime arrhythmogen. I t  has been shown in  th e  a n a e s th e t iz e d  r a t  

t h a t  th e  occurence of coronary o c c lu s io n  Induced a rrh y th m ias  was no t 

accompanied by a r i s e  in  cAMP in  th e  ischaem ic  myocardium, a lthough 

ag en ts  which e lev a te d  m yocardial cAMP l e v e l s  exacerba ted  th e  

a rrhy thm ias  (Kane, M orcillo-Sanchez, P a r r a t t ,  Rodger and Shahid,

1985). These w orkers, however, d id  observe  a t r a n s i e n t  e a r ly  r i s e  in  

cAMP and sugges ted  th a t  r a th e r  than  hav ing  a d i r e c t  arrhythm ogenic 

e f f e c t ,  cAMP m ight i n i t i a t e  a chain  of f u r th e r  i n t r a c e l l u l a r  even ts  

which could subsequently  le a d  t o  the  g enes is  of a rrhy thm ias . I t  has  

indeed been suggested  t h a t  cAMP could  s t im u la te  t i s s u e  l i p a s e s  and 

le a d  to  the  accum ulation  of p o t e n t i a l l y  ha rm fu l l i p i d  m e ta b o l i te s  

such as f r e e  f a t t y  ac id s , acy l CoA, a c y lc a r n i t in e  and 

lysophospho lip id s  (Opie, 1981). The p o s s ib le  Involvement of these  

f a c to r s  in  arrhythm ogenesis w i l l  be d iscussed  l a t e r  in  t h i s  c h a p te r .

A t r a n s i e n t  e a r ly  in c re a s e  in  t i s s u e  cAMP con ten t during  

lschaem ia , which re tu rn ed  t o  th e  p re - isch aem ic  va lu e  p r io r  t o  th e  

development of a rrh y th m ias ,  has  a lso  been observed us ing  the  i s o l a t e d  

r a t  h e a r t  (Manning, K inosh ita , Buschmans, Col t a r t  and Hearse, 1985). 

In  t h i s  study, a d re n a l in e  e lev a te d  t i s s u e  cAMP and exacerbated  

a rrh y th m ias  induced by coronary o c c lu s io n  but fo r s k o l in ,  which 

a c t i v a t e s  adeny lcyc lase  independent of th e  @ -adrenoceptor, had an 

a n t ia r rh y th m ic  e f f e c t  d e s p i t e  producing an even g re a te r  in c re ase  in  

cAMP. The au th o rs  suggested  t h a t  e i t h e r  th e  arrhythm ogenic  e f f e c t  of 

ca techo lam ines  was not @-adrenoceptor m edia ted  or some o th e r  

consequence of 0 -adrenocep tor s t im u la t io n ,  t h a t  i s  no t m ediated



through adenylcyclase , was r e s p o n s ib le  fo r  th e  a rrhy thm ias . In  th e  

a n a e s th e t iz e d  pig , m e top ro lo l,  p ro p ran o lo l  and s o t a l o l  low ered t i s s u e  

l e v e l s  of cAMP p r io r  t o  coronary o cc lu s io n  but d id  n o t p reven t th e  

tem porary in c re a se  in  ischaem ic  t i s s u e  l e v e l s  fo l lo w in g  coronary 

o cc lu s io n ,  and only  m etopro lo l had a s i g n i f i c a n t  p r o te c t iv e  e f f e c t  

d e sp i te  producing th e  h ig h e s t  cAMP l e v e l s  fo l lo w in g  o cc lu s io n  

(M uller, Opie, Hamm, Peisach, Gihwala, Steyn and B asse t ,  1986).

An a l t e r n a t i v e  mechanism by which ca techo lam ines  may c o n tr ib u te  

t o  arrhy thm ogenesis  i s  th e  fo rm a tio n  of p o t e n t i a l l y  to x ic  p roduc ts  

such as  adrenochrome and f r e e  r a d ic a l s  by a u to -o x id a t io n  (S ingal ,  

Beamish and Dhalla, 19 83). Catecholam ines have a l s o  been shown t o  

p o te n t i a t e  thromboxane Â  r e l e a s e  from p l a t e l e t s  in  th e  I s o la te d  r a t  

h e a r t  (Purchase, Dusting, Li and Read, 19 86), an agen t which has been 

im p lica ted  a s  an arrhythm ogenic f a c to r  ( P a r r a t t  and Coker, 1985).

1.9. E ffe c ts  o f adrenoceptor antagonism and neuronal uptake

blockade on blood pressure and heart ra te

In  experim en ta l  an im als, in travenous  a d m in is t r a t io n  of yohimbine 

and idazoxan, the  two a 2-ad re n o ce p to r  a n ta g o n is t s  used in  t h i s  study, 

produced s i m i l a r  b ip h a s lc  e f f e c t s  on blood p re s su re  and h e a r t  r a te .  

Low doses of th ese  compounds (0.01-0.3 mg/kg approxim ately) produced 

s i g n i f i c a n t  in c re a s e s  i n  blood p re s su re  and h e a r t  r a t e  whereas a t  

doses of 1.0 mg/kg and above both drugs caused re d u c t io n s  in  these  

pa ram ete rs  (Ramage and Tomlinson, 19 85; Pac io rek  and Shepperson,

1985). F o r fa r  e t  a l  (1983) a lso  observed a s i g n i f i c a n t  re d u c t io n  in  

mean a r t e r i a l  p re s su re  w i th  1.0 mg/kg i .v .  yohimbine. I t  has been 

suggested  t h a t  an in c re a se d  vaga l tone  may be re sp o n s ib le  fo r  the
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re d u c tio n  in  h e a r t  r a t e  w ith  h igh  doses of these  drugs (Ramage and 

Tomlinson, 19 85)•

The neuronal uptake b lock ing  agen t desipram ine  has been shown t o  

cause a t r a n s i e n t  in c re a s e  in  blood p re s su re  w ith o u t  a f f e c t i n g  h e a r t  

r a t e  when given in trav en o u s ly  a t  a 1.0 mg/kg dose in  th e  r a t  (Graham, 

Stephenson and P e t t in g e r ,  1980). With the  same dose, sm all bu t 

s i g n i f i c a n t  In c rease s  were observed i n  both  blood p re s su re  and h e a r t  

r a t e  in  the  dog (Yamaguchi e t  a l ,  1977).

1.101 E ffe c ts  o f  a 2-adrenoceptor antagonism and neuronal uptake 

blockade on catecholam ine r e le a se  and lschaem ia-induced arrhythmias

In travenous a d m in is t r a t io n  of yohimbine a t  1.0 mg/kg (Graham £ t  

a l ,  1980) and idazoxan a t  03 mg/kg (Brown and Harland, 1984) have 

been shown to  produce s i g n i f i c a n t  in c re a s e s  in  a r t e r i a l  n o rad ren a l in e  

c o n ce n tra t io n  in  the  r a t ,  whereas desipram ine a t  1.0 mg/kg had no 

e f f e c t  (Graham e t  a l,  1980). Desipramine (1.0 mg/kg i.v .) a l s o  

f a i l e d  to  produce a s i g n i f i c a n t  in c re a se  in  the  dog (Yamaguchi £ t  a l ,  

1977). The f a i l u r e  by desip ram ine  to  e le v a te  plasma l e v e l s  of 

n o rad ren a l in e ,  d e sp i te  b lock ing  neuronal uptake, i s  probably due t o  

an in h ib i t i o n  of f u r th e r  r e le a s e  a s  a r e s u l t  of e lev a te d  

n o rad ren a l in e  l e v e l s  in  the  sy n ap t ic  c l e f t  (Cbusineau, Goresky and 

Rose, 19 86).

The com bination of a2 ” a<*renocePto r  antagonism and neuronal 

uptake blockade caused l a r g e  In c re a se s  i n  a r t e r i a l  l e v e l s  of 

n o rad ren a l in e  in  both th e  r a t  (Graham e t  a l , 1980) and th e  dog 

(F o rfa r  J2t  a l ,  19 85). The changes in  plasma l e v e l s  of ca techo lam ines  

produced by th ese  ag en ts  in  th e  r a t  a r e  probably mainly m ediated by 

e f f e c t s  on neuronal r e le a s e  and removal a s  th e  ad rena l m edulla  i n
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t h i s  sp ec ie s  does no t possess  an uptake mechanism (Wakade and Wakade, 

1984) or in h ib i to r y  c^-adrenoceptors  (Sharma, Wakade, M alhotra and 

Wakade, 1986).

Yohimbine and desipram ine in c reased  n e u ra l ly  evoked overflow  of 

n o rad ren a l in e  from th e  r a t  h e a r t  both during  normal flow  (D art,

D ie tz , Kubler, Schomig and S t r a s s e r ,  1983; D art, D ie tz , Hieronymus, 

Kubler, Mayer, Schomig and S t r a s s e r ,  1984) and g loba l lschaem ia  

(Dart, Schomig, D ietz, Mayer and Kubler, 1984), d e sp i te  a su p p re ss io n  

of n e u ra l ly  m ediated n o rad ren a l in e  r e le a s e  during  th e  ischaem ic  

p eriod . S im ila r ly ,  both drugs enhanced n o rad ren a l in e  overflow  in to  

th e  lo c a l  coronary venous e f f lu e n t  during  s t im u la t io n  of th e  l e f t  

s t e l l a t e  ganglion  in  th e  dog (F o rfa r  e t  a l ,  1983; 1985).

Spontaneous n o rad ren a l in e  r e l e a s e  from the  h e a r t  was no t 

observed w ith  e i t h e r  drug alone fo l lo w in g  coronary o cc lu s io n  but 

t h e i r  com bination produced a s ig n i f i c a n t  spontaneous r e le a s e  from th e  

ischaem ic  a rea  (F o rfa r  e t  a l , 1985). The s tu d ie s  of Schomig e t  a l  

(1984; 1985) using  the  i s o l a t e d  r a t  h e a r t ,  however, showed t h a t  

yohimbine d id  n o t  a l t e r  th e  no rad ren a l in e  overflow a f t e r  2 0 mln of 

g lo b a l  lschaem ia but desipram ine  and a number of o th e r  neuronal 

uptake b lockers  s i g n i f i c a n t l y  reduced i t .  As a lread y  mentioned, 

th e se  w orkers have suggested  th a t  n o rad ren a l in e  r e l e a s e  from 

sym pathe tic  nerve t e rm in a ls  during  10-40 min of lschaem ia  was n o t  due 

t o  ex o cy to s is ,  bu t th e  r e s u l t  of a c a r r ie r -m e d ia te d  e f f lu x  u s ing  the  

same c a r r i e r  t h a t  i s  norm ally  re sp o n s ib le  f o r  t r a n s p o r t in g  

n o rad re n a l in e  from the  sy n ap tic  c l e f t  back in to  the  neuron (Schomig 

e t  a l ,  1984; 1985).

F o r fa r  jet a l  (1983) found t h a t  yohimbine in c reased  th e  s e v e r i ty
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and h e te ro g en e i ty  of conduction a b n o rm a l i t ie s  In  th e  Ischaem ic zone 

and Inc reased  the  Incidence of v e n t r i c u la r  f i b r i l l a t i o n  fo l lo w in g  

coronary o cc lu s io n  from 22% t o  56% In th e  dog. They l a t e r  noted a 

s im i la r  in c re a se  in  spontaneous v e n t r i c u la r  f i b r i l l a t i o n  w ith  

desipram ine (F o rfa r  e t  a l ,  1985) but th e  e f f e c t  of th e  com bination of 

the  two ag en ts  on a rrhy thm ias  was not rep o r ted .  In  th e  i s o l a t e d  r a t  

h e a r t ,  however, desipram ine had a marked p r o te c t iv e  e f f e c t  a g a in s t  

coronary occlus ion-induced  a rrhy thm ias  and was a more p o ten t 

a n t ia r rh y th m ic  th an  a v a r i e ty  of o the r  agen ts  such as p rop rano lo l,  

phentolamine, p razosin , l ig n o c a in e  and q u in id in e  (Daugherty e t  a l ,

19 86). Using th e  same model, yohimbine has a l s o  been shown t o  have

a s i g n i f i c a n t  a n t ia r rh y th m ic  e f f e c t ,  during  both lschaem ia and 

re p e r fu s io n  (Thandroyen, Worthington, Higginson and Opie, 1983).

There appears  to  be co nside rab le  d i s p a r i t y  reg a rd in g  the  e f f e c t s  

of (^-antagonism and neuronal uptake blockade on ischaem ia-induced 

n o rad ren a l in e  r e le a s e  and a rrhy thm ias  in  th e  _in vivo and in  v i t r o  

models described  above. F u r ther  s tu d ie s  a r e  c l e a r ly  req u ired  in  

o rder to  d e l in e a te  the  importance of p re sy n ap tic  i n h ib i t i o n  and 

neuronal uptake processes  during  acu te  m yocardial lschaem ia, and th e  

e f f e c t s  of t h e i r  blockade on the consequences of lschaem ia. The 

p re sen t  study was i n i t i a t e d  in  an e f f o r t  t o  c l a r i f y  th ese  p o in ts .

1.11. Plasma potassium concentration  and ischaem ia-induced  

arrhythmias

Nordrehaug and von der Lippe (19 83) have shown a s t r i k i n g  

in v e rse  r e l a t io n s h ip  between plasma potassium and th e  inc idence  of 

v e n t r i c u la r  f i b r i l l a t i o n  in  p a t i e n t s  w ith  acute  m yocardial 

in f a r c t io n ,  observ ing  a f i v e  t im es  h igher inc idence  of v e n t r i c u l a r
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f i b r i l l a t i o n  in  those p a t i e n t s  who, on adm ission , had a low plasma 

potassium concen tra t io n .  They proposed th a t  plasma potassium  was an 

in v e rse  p re d ic to r  of the  occurence of v e n t r i c u l a r  a rrhy thm ias  in  acu te  

myocardial in f a r c t io n  (Nordrehaug, Johannessen and von der Lippe,

19 85).

This proposal has been supported  by experim ental f in d in g s  in  th e  

r a t .  C u r t is ,  Johnston  and Walker (1985) in v e s t ig a te d  the  e f f e c t s  of 

r a i s in g  and low ering  plasma potasium l e v e l s  on coronary o cc lus ion*  

induced arrhy thm ias  and d iscovered  an in v e rse  c o r r e la t io n  between the 

inc idence  and s e v e r i ty  of a rrh y th m ias  and plasm a potassium 

co ncen tra tion . These workers have a lso  suggested  th a t  the  

an t ia r rh y th m ic  e f f e c t s  of v a r io u s  a b la t io n s  in  th e  c e n t r a l  nervous 

system of r a t s  could be m ediated  by e le v a te d  plasma potassium  le v e l s  

(C u r t is ,  Macleod and Walker, 19 85). Using th e  I s o la t e d  r a t  h e a r t ,  

Daugherty, Mohamed and Woodward (19 83) showed th a t  by in c re a s in g  the  

potassium co n ce n tra t io n  in  th e  p e r fu s a te  they could reduce the  

s e v e r i ty  and incidence  of coronary occ lu s io n -in d u ced  arrhy thm ias . In  

support  of these  s tu d ie s ,  reducing th e  plasma potassium co n ce n tra t io n  

in  a n a e s th e t iz e d  r a t s  by p re t re a tm e n t  w i th  furosem ide  inc reased  the  

inc idence  of v e n t r i c u la r  f i b r i l l a t i o n  fo l lo w in g  coronary occ lus ion  

from 13% to  86% (Abrahamsson and Almgren, 1981).

In conclusion , th e re  appears  t o  be unequivocal c l i n i c a l  and 

experim en ta l evidence su g g es tin g  t h a t  hypokalaemia can exacerbate  

ischaem ia-induced a rrhy thm ias  and m ild  hyperkalaem ia  may be 

p ro te c t iv e  a g a in s t  these  a rrhy thm ias .
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1 .1 2 . E ffe c ts  o f  catecholam ines on plasma p o ta s s iw  concentration

Although th e  m aintenance of chronic  potassium  balance i s  

p r im a r i ly  reg u la ted  by th e  kidney, v a r ious  e x tra re n a l  mechanisms a re  

a lso  o p e ra t iv e .  One of th e  most im p o rtan t f a c t o r s  involved  in  such 

e x tra re n a l  r e g u la t io n  i s  c i r c u l a t i n g  ca techo lam ines  ( fo r  review see 

Bia and De Fronzo, 1981).

The major e f f e c t  of ca techo lam ines  on plasma potassium i s  

m ediated by &2-adrenocePto rs  in  s k e l e t a l  muscle, the  s t im u la t io n  of 

which r e s u l t s  in  an in c re a se d  c e l l u l a r  uptake of potassium and a 

reduced plasma c o n c e n tra t io n  (Lockwood and Lum, 197 4; Brown, Brown 

and Murphy, 19 83). However, in fu s io n  of a d ren a lin e  has  a b ip h as ic  

e f f e c t  i n  v a r io u s  s p e c ie s ,  w ith  an  i n i t i a l  r i s e  in  plasma potassium 

fo llow ed  by a s u s ta in e d  decrease  (Bia and De Fronzo, 19 81). The 

i n i t i a l  r i s e  in  plasma potassium  probably r e s u l t s  from an a -  

adrenoceptor m edia ted  potassium  re le a se  by th e  l i v e r  and can be 

mimicked by a -ad ren o cep to r  a g o n is t s  and blocked by a -ad ren o cep to r  

a n ta g o n is ts  (Bia and De Fronzo, 19 81). In a d d i t io n ,  th e  s t im u la t io n  

of a -ad ren o cep to rs  w i th  phenylephrine  has been shown to  im pair the  

e x t r a r e n a l  d isp o sa l  of an acu te  potassium lo ad  in  h ea l th y  v o lu n tee rs  

(W illiam s, Rosa, S i lv a ,  Brown and E ps te in , 19 84). I t  has a lso  been 

suggested , however, t h a t  ad renaline* induced  potassium  re le a s e  and th e  

r e s u l t i n g  t r a n s i e n t  hyperkalaem ia may be m edia ted  through both a -  and 

8 -ad renocep to r s t im u la t io n  (Todd and Vick, 1971; Coats, 1985).

Supporting a 6 -ad renocep to r m ediated  hypokalaemia and a weaker 

a -ad renocep to r  m ed ia ted  hyperka laem ia  by c i r c u l a t i n g  catecho lam ines , 

an in v e rse  c o r r e l a t i o n  has been observed between plasma a d re n a l in e  

and potassium c o n c e n t ra t io n s  in  p a t i e n t s  w ith  acu te  m yocardial 

in f a r c t io n  p r io r  t o  t re a tm e n t .  Following t re a tm e n t  w i th  the  non-
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s e l e c t i v e  3- adrenoceptor a n tag o n is t  t im o lo l ,  however, th e  plasma 

l e v e l s  of both a d re n a l in e  and n o ra d re n a l in e  were p o s i t iv e ly  r e l a t e d  

to  in c re a se s  in  plasma potassium (Nordrehaug, Johannessen, von der 

Lippe and My king, 1985).

I t  i s  c le a r  t h a t  pharm acological in te rv e n t io n s  t h a t  i n t e r f e r e  

w ith  ad renocep to rs  and those  th a t  a l t e r  c i r c u l a t i n g  catecholam ine 

le v e l s  may have in d i r e c t  e f f e c t s  on ischaem ia-induced  a rrh y th m ias  v i a  

t h e i r  e f f e c t s  on the  plasma c o n c e n tra t io n  of potassium . I t  has 

indeed been suggested t h a t  8 -ad ren o cep to r  a n ta g o n is ts  may reduce 

arrhy thm ias  by r a i s in g  plasma potassium  r a th e r  than by b locking  

m yocardial 6-ad ren o cep to rs ,  as m entioned e a r l i e r  in  t h i s  chap te r  

(C u r t i s ,  Macleod and Walker, 19 85).

1 .1 3 . Other biochem ical fa c to r s  im p licated  in  arrhythmogenesis

In  a d d i t io n  to  catecho lam ines , s e v e ra l  o th e r  biochem ical 

f a c to r s  have a lso  been im p l ic a te d  i n  th e  development of ischaem ia- 

induced a rrhy thm ias . These w i l l  be d iscu ssed  b r i e f l y  in  the  

fo llow ing  s e c t io n s .

1 .1 3 .(1 )  Prostanoids

There i s  evidence th a t  th e  balance between th e  lo c a l  g e n e ra t io n  

and r e le a s e  of thromboxane and p r o s ta c y c l in  may be im portan t in  

arrhythm ogenesis  during m yocard ial lschaem ia  (Coker, 19 82; Coker and 

P a r r a t t ,  1985). Early  r e le a s e  of TXB2 and 6 -k e to  PGF^, th e  major 

m e ta b o l i te s  of thromboxane and p r o s ta c y c l in  r e s p e c t iv e ly ,  in to  lo c a l  

coronary venous blood from th e  ischaem ic  a re a  has been dem onstrated 

in  th e  dog fo l low ing  coronary o cc lu s io n  (Coker, P a r r a t t ,  Ledingham



and Z e i t l l n ,  1981). The Incidence of v e n t r i c u l a r  e c to p ic  a c t i v i t y  

was p o s i t iv e ly  c o r r e la t e d  w ith  TXB2 r e le a s e  but n e g a tiv e ly  c o r r e la te d  

w ith  6 -k e to  PGFla  re le a s e .  Indeed, th e  i n h i b i t i o n  of thromboxane 

sy n th e s is ,  blockade of thromboxane r e c e p to r s ,  l o c a l  coronary in fu s io n  

of p ro s ta c y c l in  o r  i t s  s t a b l e  analogue i l o p r o s t ,  and prom otion of 

lo c a l  m yocardial p ro s ta c y c l in  g e n e ra t io n  w i th  nafazatrom  have a l l  

been shown t o  p r o te c t  a g a in s t  a r rh y th m ias  ( fo r  review see P a r r a t t  and 

Coker, 19 85). A d is tu rb e d  r a t i o  of 6 -k e to  PGF^a t o  TxB2 in  favour of 

TxB2 has a l s o  been found in  plasma from p a t i e n t s  w ith  acu te  

m yocardial i n f a r c t i o n  (F r ie d r ic h ,  Lichey, Nigam, P r ie s n i tz  and 

Wegscheider, 19 85). Although th e  e f f e c t s  of thromboxane and 

p ro s ta c y c l in  a re  probably  m ain ly  m ediated  by t h e i r  e f f e c t s  on the  

v a s c u la tu re  and p l a t e l e t s ,  p ro s ta c y c l in  may provide added p r o te c t io n  

by i n h i b i t i n g  n o ra d re n a l in e  r e l e a s e  during  ischaem ia (Schror and 

Funke, 1985; L an ie r  and Malik, 1985).

1.13 .(2 )  Free f a t t y  ac id s

A p o s s ib le  a s s o c ia t i o n  between c i r c u l a t i n g  f r e e  f a t t y  ac id s  

(FFA) and arrhy thm ogenesis  was f i r s t  noted in  p a t i e n t s  w ith  acu te  

m yocardial i n f a r c t i o n  by O liver and h i s  co lleag u es  (O liver,  Kurien 

and Greenwood, 196 8). They l a t e r  showed t h a t  ischaem ia-induced  

a rrh y th m ias  could be exacerba ted  by e le v a t in g  FFA l e v e l s  using 

i n t r a l i p i d / h e p a r i n  in  dogs (Kurien, Yates and O live r ,  1971). Long 

chain  s a tu r a te d  f a t t y  ac ids  have a l s o  been shown t o  p o te n t i a t e  the  

e f f e c t  of hypoxia in  lo w erin g  th e  v e n t r i c u l a r  f i b r i l l a t i o n  th re sh o ld  

in  th e  r a b b i t  h e a r t  (Murnaghan, 19 81).

During ischaem ia  8 -o x id a t io n  of FFA i s  in h ib i te d  r e s u l t i n g  in  

in c reased  t i s s u e  l e v e l s  of long cha in  a c y l  CoA in  th e  presence of



inc reased  FFA a v a i l a b i l i t y .  This could le a d  t o  th e  i n h ib i t i o n  of 

adenine n u c leo t id e  t r a n s lo c a s e s  and a reduced t r a n s p o r t  of ATP from 

m itochondria  t o  c y to so l  (Shug, Shrago, B i t t a r ,  F o l t s  and Koke, 1975), 

le a d in g  t o  l im i t e d  ATP a v a i l a b i l i t y  f o r  e le c t ro p h y s io lo g ic a l  

p rocesses . E levated FFA may a lso  cause wastage of the  l im i t e d  

a v a i la b le  oxygen by in c re a se d  t r i g l y c e r i d e  sy n th e s is  (Kurien and 

O liver, 197 0) and th e se  p ro cesses  could  p red ispose  th e  Ischaem ic 

h e a r t  t o  a rrhy thm ias . Accumulation of am ph iph ilic  long  chain 

a c y lc a r n i t in e s  has a l s o  been im p l ic a te d  i n  FFA-induced 

arrhythm ogenesis (Corr and S obel, 1983).

Although promoting g ly c o ly s is  over FFA o x id a t io n  has been 

sugges ted  t o  p ro te c t  a g a in s t  a rrhy thm ias  (R u sse ll ,  19 82) and 

ischaem ic  damage (De L e i r i s ,  Opie and Lubbe, 1975), p roduc ts  of 

anaerob ic  g ly c o ly s is  such a s  l a c t a t e  may promote a rrhy thm ias  by 

sh o r ten in g  a c t io n  p o te n t i a l  d u ra t io n  (Saman and Opie, 1984) and 

a c c e le r a te  Ischaemic damage t o  th e  myocardium (Neely and Grotyohann, 

19 84) .

1 .1 3 .(3 )  Lysophospholipids

Phospholip id  m e ta b o l i t e s  have been Im p l ica te d  i n  lschaem ia  

induced arrhythm ogenesis  s in ce  th e  accum ulation  of ly sophospho lip id s  

in  th e  ischaem ic myocardium was f i r s t  dem onstrated  (Sobel, Corr, 

Robison, G oldste in , Witkowski and Klein, 197 8). Although i t  was 

i n i t i a l l y  suggested t h a t  an in c re a se d  phospholipase a c t i v i t y  may 

be re sp o n s ib le  fo r  t h i s  accum ula tion  during  lschaem ia, t h i s  was no t 

supported  by experim en ta l r e s u l t s  and c u r re n t  b e l i e f  i s  t h a t  a 

depressed  lysophospho lip id  m etabolism  i s  of g re a te r  importance (Corr
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and S obel, 19 83 ) .

Lysophospholipids have been shown t o  produce 

e le c t ro p h y s io lo g lc a l  derangements In  I s o la t e d  canine P u rk in je  f i b r e s  

analogous t o  those  seen  in  ischaem ic  t i s s u e  in  v ivo (Corr, Cain, 

Witkowskl, P r ic e  and Sobel, 197 9). Indeed, a rrh y th m ias  le a d in g  t o  

v e n t r i c u la r  f i b r i l l a t i o n  have been induced by in traco ro n a ry  In fu s io n  

of ly soph o p h a t id y lch o l in e  in  the  ca t  (Bentham, 19 86). Lyso

phospholip ids  a r e  thought to  produce t h e i r  arrhythm ogenic e f f e c t  by 

in c o rp o ra t in g  in to  the  sarcolemma and compromising normal membrane 

fu n c t io n  (Corr and Sobel, 19 83).

1 .1 3 .(4 )  Free r a d ic a ls

There i s  c u r re n t  i n t e r e s t  in  th e  p o s s ib le  r o le  of oxygen f r e e  

r a d i c a l s  such a s  the  superoxide an ion  in  myocardial in ju ry  and 

arrhythm ogenesis  during  lschaem ia  and re p e rfu s io n .  Free r a d i c a l s ,  by 

v i r t u e  of an unpaired  e le c tro n ,  can r e a c t  w ith  v i r t u a l l y  a l l  c e l l  

components w ith  d e le t e r io u s  consequences on c e l l u l a r  fu n c t io n  and 

i n t e g r i t y .

Because of th e  low a v a i l a b i l i t y  of oxygen, f r e e  r a d i c a l s  

probably do not p lay  a major r o l e  in  ischaem ia-induced  a rrh y th m ias  

but may be im portan t in  th e  g enes is  of re p e r fu s io n  a rrhy thm ias . In 

support  of t h i s  theo ry , Woodward and Zakaria  (19 85) found t h a t  f r e e  

r a d ic a l  scavengers and a n t io x id a n ts  p ro te c te d  th e  coronary a r t e r y  

l i g a t e d  i s o l a t e d  r a t  h e a r t  a g a in s t  rep e rfu s io n - in d u c ed  arrhy thm ias  

whereas a t  th e  same co n ce n tra t io n s  th e se  ag en ts  were unable to  

p r o te c t  a g a in s t  lschaem ia  induced arrhy thm ias  (Mohamed, 1985). An 

in c reased  f r e e  r a d ic a l  p roduc tion  during  lschaem ia , however, has been 

dem onstrated  in  the  dog a f t e r  coronary o cc lu s io n  (Rao, Cohen and
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M ueller, 19 83).

Although oxygen f r e e  r a d ic a l  g e n e ra t io n  may not be of major 

Importance during  lschaem ia, changes o ccu r r in g  during  t h i s  period  

such as th e  conversion of xan th ine  dehydrogenase to  xanth ine  oxidase, 

accum ulation  of th e  ATP m e ta b o l i te  hypoxanthine, a c t i v a t io n  of the  

complement system and g en e ra t io n  of chem otac tlc  f a c to r s ,  and In c reased  

a rach ld o n lc  a c id  metabolism may a l l  f a c i l i t a t e  th e  fo rm atio n  of f r e e  

r a d i c a l s  upon r e s to r a t i o n  of p h y s io lo g ic a l  c o n ce n tra t io n s  of oxygen 

(Werns, Shea and L ucchesi, 1986).

1 .1 3 .(5 )  Others

In  a d d i t io n  t o  th e  f a c to r s  a l re ad y  d iscussed , s ev e ra l  o th e r  

endogenous chem icals have been im p l ic a te d  In  arrhythm ogenesis. The 

h is tam in e  H2- r e c e p to r  a n ta g o n is t  SKF 93 47 9 has been found t o  p ro te c t  

a g a in s t  a rrhy thm ias  induced by coronary a r t e r y  o cc lu s io n  in  dogs and 

r a t s  (Dai, 19 84) and th e  p o s s ib le  involvem ent of h is tam ine  in  

arrhythm ogenesis  has been d iscu ssed  in  a r e c e n t  review by Wolf and 

Levi (19 86). P ro te c t io n  a g a in s t  ischaem ia-induced  a rrh y th m ias  has 

a lso  been observed w ith  a n ta g o n is ts  a t  5-HT (Coker, Dean, Kane and 

P a r r a t t ,  19 86) and o p io id  (Fagbemi, Lepran, P a r r a t t  and Szekeres,

19 82; Huang, Lee, Wong, Zhan and Zhao, 19 86) r e c e p to r s ,  sugges ting  

p o ss ib le  arrhythmogenic r o le s  fo r  endogenous 5-HT and o p io id  

p ep tid e s .  I t  i s  not c l e a r ,  however, whether the  p r o te c t iv e  e f f e c t s  

of such a n ta g o n is ts  were due to  blockade of myocardial re c e p to r s  or 

the  r e s u l t  of a n o n -s p e c if ic  lo c a l  a n a e s th e ic  e f f e c t  (Coker and 

P a r r a t t ,  19 85).
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1 .1 4 . The r a t as an experim ental model o f myocardial lschaemia

For comparison w i th  man, no s p e c ie s  i s  id e a l  fo r  s tudy ing  the  

e f f e c t s  of drugs on th e  l s c h a e m ia / in f a r c t io n  sequence, fo r  th e  human 

h e a r t  changes i t s  v a sc u la tu re  du ring  ageing . While a th e ro m a-free  

human h e a r t s  have few c o l l a t e r a l s ,  o ld  a therom atous h e a r t s  may re ly  

h e a v i ly  on c o l l a t e r a l s .  The r a t  h e a r t  h a s  low c o l l a t e r a l  flow and 

consequently  a ra p id  and com plete i n f a r c t  can be produced by coronary 

a r t e r y  o cc lu s io n ,  a s i t u a t i o n  analogous t o  h e a l th y  young man 

(Schaper, 19 84). Ischaem ia-induced  a rrh y th m ias  in  th e  r a t  fo llow  a 

s im i la r  tim e course  to  those  observed in  roan and o th e r  f r e q u e n t ly  

used animal sp e c ie s ,  w ith  e a r ly  and l a t e  phases of e c to p ic  a c t i v i t y  

(B o tt in g  e t  a l , 19 86). Indeed, pharm acolog ical ag en ts  f r e q u e n t ly  

used in  man t o  c o n tro l  c a rd iac  a rrh y th m ias  a r e  a l s o  e f f e c t i v e  in  th e  

coronary a r t e r y  l i g a t e d  r a t  (Kane, McDonald and P a r r a t t ,  1981). In 

a d d i t io n ,  th e  p r ic e  and r e l a t i v e  a v a i l a b i l i t y  of th e  r a t  a l lo w s  fo r  

much more e x te n s iv e  in v e s t i g a t i o n  in  te rm s  of the  number of an im als  

used and th e  nanber of ag en ts  and doses t e s t e d .

The two major c r i t i c i s m s  d i r e c te d  a g a in s t  the use of r a t s  in  

in v e s t ig a t i n g  th e  e l e c t r i c a l  consequences of m yocardial lschaem ia  

have been th e  la c k  of an i s o e l e c t r i c  ST segment in  th e  r a t  e l e c t r o 

cardiogram and th e  spontaneous re v e r s io n  of v e n t i c u la r  f i b r i l l a t i o n  

observed in  t h i s  sp ec ie s .  The fo rm er i s  the  r e s u l t  of th e  absence of 

a prolonged p la te a u  phase in  th e  r a t  a c t io n  p o te n t ia l  due to  th e  f a s t  

k in e t i c s  of the  slow inward c u r re n t  (Ig^) and the  l a t t e r  p o ss ib ly  

r e l a t e d  t o  th e  sm all  s i z e  of th e  h e a r t ,  r e s u l t i n g  in  a sm a l le r  number 

of w avefron ts  i n  v e n t r i c u l a r  f i b r i l l a t i o n  w ith  a subsequently  

in c reased  p r o b a b i l i ty  of spontaneous d e f i b r i l l a t i o n  (B o tting  e t  a l ,

19 86). Despite th e se  drawbacks, however, the  coronary a r t e r y  l i g a t e d
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r a t  has proved to  be a usefu l and r e l i a b l e  model of ischaem ia-induced 

a rrhy thm ias  and I t  has been argued t h a t  such c r i t i c i s m  should not 

negate  i t s  continued use (B o tting  e t  a l ,  1986).

1 .1 5 . Aims of the study

The main o b je c t iv e s  of t h i s  study were t o  in v e s t ig a te  th e  

r e l a t i o n s h ip  between sym pathetic  a c t i v i t y  and ischaem ia-induced 

arrhy thm ias , and to  c l a r i f y  th e  im portance of p re sy n ap tic  i n h ib i t i o n  

and neuronal uptake in  de term in ing  the  consequences of lschaem ia, 

using coronary a r te ry  o cc lu s io n  in  th e  a n a e s th e t iz e d  r a t .  To t h i s  

end, the  e f f e c t s  of neuronal uptake blockade and cig-adrenoceptor 

antagonism (both alone and in  combination) on haemodynamic param eters  

and a rrhy thm ias  were s tud ied . The e f f e c t s  of these  drugs on plasma 

l e v e l s  of norad rena line  and ad re n a l in e  fo l lo w in g  coronary o cc lu s ion  

were m onitored a s  an  in d ic a to r  of genera l  sym pathetic  a c t i v i t y .  

F in a l ly ,  any r e l a t io n s h ip  between th e  e f f e c t s  of these  ag en ts  on 

plasma potassium  l e v e l s  and th e i r  e f f e c t s  on plasma catecholam ine 

l e v e l s  and a rrhy thm ias  was in v e s t ig a te d  using  p o ta s s iu m -se le c t iv e  

e le c t ro d e s .
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Figure 1 Diagrammatical representation of noradrenaline release 
and removal mechanisms at sympathetic nerve terminals.
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MATERIALS AMD METHODS



33

2.1. The an aesth etized  ra t model for  coronary artery  o c c lu s io n -  

Induced arrhythmias

The model d esc r ibed  by d a r k  e t  a l  (1980) was used th roughout 

t h i s  study  t o  in v e s t ig a te  the  e f f e c t s  of drugs on a rrh y th m ias  Induced 

by coronary a r te r y  o cc lu s io n .

2 .1 .( 1 )  Experimental procedure

Male W ista r  r a t s  (U n ive rs ity  of Bath s t r a i n ) ,  weighing 250-350 g, 

were a n a e s th e t iz e d  w ith  sodium pen tobarb itone  (S ag a ta l ,  May and 

Baker), 6 0 mg/kg in t r a p e r l t o n e a l ly .  The t ra c h e a  was cannu la ted  t o  

a llow  a r t i f i c i a l  v e n t i l a t i o n .  Systemic a r t e r i a l  blood p re s su re  was 

recorded  from the  l e f t  common c a r o t id  a r t e r y  using  a p h y s io lo g ic a l  

p re s su re  tran sd u ce r  (Gould P 23 ID) coupled t o  a p re s su re  p rocesso r  

a m p l i f i e r  (Gould 13-4615-52), v ia  a poly thene  cannula f i l l e d  w ith  

h e p a r in lse d  s a l in e  (50 U/ml). A s a l in e  f i l l e d  polythene cannula was 

p laced  in  th e  l e f t  fem oral ve in  fo r  a d m in is t r a t io n  of drugs. The 

le a d  I I  e lec tro ca rd io g ram  (ECG) was recorded  using  s tan d a rd  lim b  

le ad s  coupled t o  an EOG/biotach a m p l i f ie r  (Gould 13-4615-65).

A r te r i a l  blood p re ssu re ,  ECG and h e a r t  r a t e ,  which was de rived  from 

th e  ECG s ig n a l  by th e  ECG/biotach a m p l i f i e r ,  were con tinuously  

recorded  a t  a slow c h a r t  speed (5 mm/min) on a 3-channel the rm al 

w r i t i n g  reco rd e r  (Gould 3000S). Blood p re s s u re  and ECG were a lso  

d isp layed  on a 2-channel ink  w r i t i n g  re c o rd e r  (Gould 22 0QS) whose 

c h a r t  speed could be a d ju s te d  ra p id ly  to  enab le  c h a r a c te r i z a t i o n  and 

e v a lu a t io n  of the  v a r io u s  a rrhy thm ias . Body tem p era tu re  was 

m a in ta ined  a t  37 .50C us ing  a homeothermic b lan k e t  and a r e c t a l  probe 

( CFP 8142).

The ches t was opened by l e f t  thoracotomy a t  th e  f i f t h
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i n t e r c o s t a l  space and th e  a d jo in in g  r i b s  were sec t io n ed  c lo se  to  th e  

l e f t  m argin of the  sternum. A r t i f i c a l  v e n t i l a t i o n  w ith  room a i r  was 

begun im m ediate ly  b e fo re  opening th e  c h e s t  a t  a s t ro k e  volume of 

2 ml/ 100 g body w eight and a r a t e  of 54 s t ro k e s /m in u te .  A fter opening 

th e  pericard ium , th e  h e a r t  was e x te r io r i z e d  by e x e r t in g  p re s su re  on 

th e  lo w est p a r t  of th e  r i b  cage. The h e a r t  was h e ld  between the  

thumb ana index f in g e r  of th e  l e f t  hand w h ile  a 4 /0  b ra ided  s i l k  

s u tu re  (M ersilk  W191, Ethicon) a t ta c h e d  t o  a 16mm curved needle 

(Arnold V e te r in a ry  Products) was p laced  under th e  l e f t  coronary 

a r t e r y  as  described  by Selye e t  a l  (I960). During t h i s  procedure, 

th e  h e a r t  d id  not rem ain e x te r io r i z e d  f o r  more than  a few seconds and 

was ra p id ly  re p laced  in  the  th o ra c ic  c av i ty .  The ends of the s u tu re  

were th readed  through a 2 cm le n g th  of narrow polythene tub ing  t o  form 

a snare  which could be t ig h te n e d  when re q u ired .  The anim al was then  

allowed t o  recover fo r  10 m inutes.

I f  th e re  were no a rrh y th m ias  and th e  mean a r t e r i a l  p re s su re  

rem ained above 70 mmHg in  th a t  pe r io d , th e  anim al was given the drug 

under in v e s t ig a t i o n  or an e q u iv a len t  volume of p h y s io lo g ic a l  s a l in e  

in  c o n tro l  and sham -occlusion groups, v ia  the  fem ora l v e in  cannula. 

Drug s o lu t io n s  were p repared  i n  such c o n ce n tra t io n s  t h a t  th e  volume 

in je c te d  d id  not exceed 0.18 ml "washed in" w i th  0.2 ml s a l in e .  Five 

m inutes  a f t e r  drug o r s a l i n e  a d m in is t r a t io n ,  th e  l i g a t u r e  was 

t ig h te n e d  by gen tly  pushing the  poly thene tu b in g  on to  the  l e f t  

v e n t r i c u l a r  w a l l  w h ile  p u l l in g  th e  ends of th e  su tu re .  The t ig h te n e d  

snare  was secured in  p lace  w ith  a bu lldog  c l ip .  In  sham-occluded 

an im als  th e  l i g a t u r e  was not t ig h te n e d  but th e  su tu re  was l i g h t l y  

p u l le d  and re leased .  In  experim en ts  in v e s t ig a t i n g  the  e f f e c t s  of
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drugs when given fo l lo w in g  coronary o cc lu s io n , th e  drug (o r s a l i n e  in  

c o n tro ls )  was in j e c t e d  i n to  the  fem o ra l v e in  2 m inutes  a f t e r  

t ig h te n in g  of th e  l i g a t u r e .

Blood p re s su re ,  h e a r t  r a t e  and ECG reco rd ings  were con tinued  f o r  

20 m inutes a f t e r  coronary o cc lu s io n  or sham o c c lu s io n  when a s s e s s in g  

th e  inc idence  and s e v e r i ty  of p o s t -o c c lu s io n  a rrhy thm ias . Changes in  

blood p re ssu re ,  h e a r t  r a t e  and the  am plitude  of the  ECG s ig n a l  were 

noted  from th e  slow speed reco rd ing . The type and s e v e r i ty  of 

a rrh y th m ias  and o th e r  e le c t ro c a rd io g ra p h ic  changes were ev a lua ted  

frcm th e  high speed blood pressure/ECG re c o rd in g s .

At the  end of each experim ent th e  r a t  was in trav e n o u s ly  In je c te d  

w ith  a dye s o lu t io n  (p a te n t  blue v i o l e t ,  Sigma) t o  confirm  su cc e ss fu l  

o c c lu s io n  of tne  l e f t  coronary a r t e r y ,  be fo re  a d m in is te r in g  a l e t h a l  

overdose of a n a e s th e t ic .  Any an im als  which d id  no t e x h ib i t  a c le a r  

c o n t r a s t  between the  'ischaem ic*  l e f t  v e n t r i c l e  and the  r e s t  of the  

h e a r t ,  which would be co loured  dark b lue , were excluded from th e  

study. In  over 95% of the  experim en ts  in  t h i s  study the  coronary 

a r t e r y  was s u c c e s s fu l ly  occluded.

2 . 1 . ( 2 )  Evaluation o f haesnodynamic changes and arrhythmias

Blood p re s su re  and h e a r t  r a t e  v a lu e s  were noted from th e  

re c o rd in g s  a t  p re -d e te rm in ed  tim e i n t e r v a l s .  These w ere: j u s t  be fo re  

drug a d m in is t r a t io n ,  a t  one m inute i n t e r v a l s  fo l lo w in g  a d m in is t r a t io n  

u n t i l  the  tim e of coronary o cc lu s io n ,  and 5 m inutes  a f t e r  coronary 

o cc lu s io n .  A ll blood p re s s u re  v a lu e s  were c a lc u la te d  as  th e  mean 

a r t e r i a l  p re ssu re  (MAP) from the  fo l lo w in g  fo rm ula :
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MAP = DP + PP 
3

where DP ■ d i a s t o l i c  p re s su re

PP = pu lse  p re s su re  ( s y s t o l i c  p r e s s u r e - d i a s t o l i c  p r e s s u r e ) .

The e x ten t  of a rrhy thm ic  a c t i v i t y  was a sse ssed  by counting  the  

t o t a l  number of prem ature  v e n t r i c u l a r  c o n t ra c t io n s  (PVC), Inc lud ing  

those  occuring  a s  v e n t r i c u l a r  ta ch y c a rd ia  (VT), and no tin g  the  

inc idence  of VT, v e n t r i c u la r  f i b r i l l a t i o n  (VF) and m o r t a l i t y  in  th e  

exper im en ta l  groups. The o n se t  of th e  f i r s t  episode and the  t o t a l  

d u ra t io n  of a l l  ep isodes were a l s o  recorded  f o r  VT and VF. I f  a t  any 

tim e during  the  period  of coronary o cc lu s io n  blood p ressu re  dropped 

below 2 0 mmHg and remained t h e r e  f o r  over 3 m inutes, as a r e s u l t  of 

s u s ta in e d  VT or VF, th e  an im al was considered  to  be dead and th e  

experim ent te rm in a ted .

VT was defined  a s  any run of seven o r  more consecu tive  prem ature  

v e n t r i c u l a r  c o n tra c t io n s  accompanied by a p re c ip i to u s  f a l l  in  blood 

p re s su re  and VF a s  an I r r e g u l a r  ECG p a t t e r n  w ith  th e  blood p re s su re  

approaching zero. Examples of th e  v a r io u s  types  of a rrhy thm ias  

observed in  t h i s  model a re  shown in  Chapter 4 ( f ig u r e  19).

When in v e s t ig a t in g  the  r e l a t i o n s h ip  between haemodynamic 

p aram ete rs  (mean a r t e r i a l  p re s su re  and h e a r t  r a te )  a t  th e  t im e  of 

coronary o cc lu s io n  and th e  s e v e r i ty  of subsequent a r rhy thm ias  i t  was 

d e s i r a b le  to  have an o v e r a l l  index of a r rhy thm ic  a c t i v i t y .

T herefore , an a rrhy thm ia  sco re  was dev ised  on an a r b i t r a r y  s c a le  as  

f o l lo w s :  1 p o in t  per 100 PVCs, 1 p o in t  per 2 0s VT, 1 p o in t  per 10 s 

VF and 2 p o in ts  i f  the  animal d ied .
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2 . 1 . ( 3 )  C o llectio n  o f blood samples

A r te r i a l  blood samples fo r  catecholam ine a n a ly s is  were c o l le c te d  

from the c a r o t id  cannula 3 m inutes a f t e r  coronary o cc lu s io n  or sham- 

o cc lu s ion . This t im e  p o in t (which precedes th e  development of 

a rrhy thm ias)  was chosen t o  i n v e s t ig a te  any causa l r e l a t i o n s h ip  

between the  plasma ca techo l amine c o n ce n tra t io n  and development of 

a r rhy thm ias . About 4 ml of blood was c o l l e c te d  in to  c h i l l e d  g la s s  

tubes  co n ta in in g  100 y l of 0.2M reduced g lu ta th io n e  (GSH, Sigma) and 

100 ul of h ep a r in  (1000 0/m l). The blood was c en tr i fu g e d  a t  2000 rpra 

fo r  10 m inutes a t  4°C (MSE C h il l  spin) t o  s e p a ra te  th e  plasma phase 

and the  plasma samples were s to re d  f ro z e n  a t  -25°C u n t i l  assayed.

The experim ents  were te rm in a ted  a f t e r  th e  c o l l e c t io n  of blood sam ples 

w ith  a l e t h a l  overdose of a n a e s th e t ic .

In  some groups, blood samples were c o l le c te d  by th e  same ro u te  

a t  the  end of th e  2 0 minute o cc lu s io n  p e r io d  f o r  th e  measurement of 

plasma potassium le v e l s .  Approximately 1ml of blood was c o l le c te d  and 

the  plasma separa ted  by c e n t r i f u g a t io n  a t  2000 rpm f o r  10 m inutes (IEC 

Centra-7) fo r  a n a ly s is  by flame photcm etry.

2 . 2 .  Determination o f plasma catecholam ines

Plasma samples were assayed  fo r  n o rad ren a l in e  and ad re n a l in e  by 

a m o d if ic a t io n  of the  method desc ribed  by E riksson  and Persson 

(19 82), u t i l i z i n g  alum ina e x t r a c t io n  and a n a ly s i s  of th e  e x t r a c t s  by 

high performance l i q u id  chromatography (HPLC).

2 . 2 . ( 1 )  Preparation o f alimiina (a lu n in iun  oxide)

Aluminium oxide was a c t iv a te d  in  o rder to  o b ta in  the  grade 

recommended by Anton and Sayre (1962). 100 grams of aluminium oxide
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(n e u t r a l ,  Brockmann grade 1, BEE) was added to  5 00 ml of 2M H d  in  a 

beaker, covered and h ea te d  to  90-100°C on a h o t  p la te .  The 

tem p e ra tu re  was m onitored  w ith  a thermometer and th e  aluminium oxide 

con tinuously  s t i r r e d  w ith  a m agnetic  s t i r r e r  f o r  45 m inutes  a t  t h i s  

tem pera tu re . The aluminium oxide was th en  a llow ed t o  s e t t l e  and th e  

su p e rn a ta n t  f l u i d ,  ye llow  in  co lour,  was d isca rded  along w ith  th e  

f i n e r  p a r t i c l e s  of alumina.

The p r e c i p i t a t e  was washed tw ice  w ith  f r e s h  250 ml p o r t io n s  of 

2M H d  a t  70°C f o r  10 m inutes , d is c a rd in g  the  su p ern a tan t  each tim e. 

In  th e  f i n a l  a c id  wash, th e  alumina was s t i r r e d  in  500 ml of 2M H d  

a t  50°C f o r  10 m inutes. A fter decan ting  th e  HC1, the  p r e c i p i t a t e  was 

washed rep e a te d ly  (20-25 tim es) w ith  f r e s h  200 ml volumes of 

d i s t i l l e d  w ater u n t i l  the  su p e rn a ta n t  had a pH of 3 .4 .

F in a l ly ,  the  aluminium oxide was t r a n s f e r r e d  t o  an ev apo ra ting  

d ish  and h ea ted  a t  120°C f o r  1 hour and a t  200°C f o r  a f u r t h e r  2 

hours in  an oven. The alumina was th en  s to re d  in  a capped g la s s  

b o t t l e  in  a d e s s ic a to r  a t  roan tem pera tu re .

2 . 2 . ( 2 )  E xtraction  procedure

1.5 ml p o r t io n s  of plasma samples were p laced  i n  Eppendorf tubes  

t o  which 48 pmoles of the  i n t e r n a l  s tan d a rd ,  3 ,4-dihydroxybenzylamine 

(DHBA, Sigma) d is so lv e d  in  0.2 M p e r c h lo r ic  a c id ,  had been added.

The samples were w e l l  mixed and t r a n s f e r r e d  to  p l a s t i c  tubes  

c o n ta in in g  50 yl of 50 mM reduced g lu ta th io n e  (GSH, Sigma), 50 Ml of 

3 00 mM e th y le n e d ia m in e te t r a - a c e t ic  a c id  disodium s a l t  (EDTA, BDH) and 

25 mg of a c t iv a te d  alumina. 0.2 ml of 1M T r is  b u f fe r  (pH 8.6), 

p repared  by mixing 1 M s o lu t io n s  of Trizma base and Trizma
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hydroch lo ride  (both front Sigma), was th e n  added t o  th e  samples. The 

tu b e s  were capped, manually shaken and mixed on a r o ta r y  mixer 

(Luckham) fo r  20 m inutes.

Following mixing, th e  tubes  were c e n tr i fu g e d  a t  1000 rpm f o r  5 

m inutes (IEC Centra-7) t o  s e t t l e  the  alumina and the  su p e rn a tan t  was 

d isca rded . The alumina was washed 3 t im es  w ith  a 3 mM EDTA s o lu t io n  

(pH 7 .0 ) ,  c e n tr i fu g in g  between washes and d is ca rd in g  the  su p e rn a ta n t .

A fte r  th e  f i n a l  wash th e  a lum ina was t r a n s f e r r e d  t o  th e  sample 

compartment of a BAS m i c r o f i l t e r  assembly w ith  a reg en e ra ted  

c e l l u lo s e  membrane (Anachem) us in g  a P as teu r  p ip e t t e ,  w ith  th e  

su p e rn a tan t  (3 mM EDTA) as  the  t r a n s f e r  medium. Any alumina 

p a r t i c l e s  adhering  to  th e  p ip e t t e  were washed out w ith  f r e s h  3 mM 

EDTA. The m i c r o f i l t e r  a s se m b lie s  were c e n tr i fu g e d  a t  1000 rpm f o r  5 

m inu tes  and th e  alumina d r ie d  by g rad u a lly  in c re a s in g  th e  speed t o  

1800 rpm and sp inn ing  a t  th a t  speed f o r  a f u r t h e r  5 m inutes.

The e lu a te  was th en  d isca rd ed  and new rec e iv in g  tubes  a t ta ch e d  

to  the  m lscro f l i t e r  a ssem b lie s .  120 y l  of 0.2 M p e rc h lo r ic  a c id  was 

added t o  th e  alumina in  th e  sample compartment and th e  m i c r o f i l t e r s  

were l e f t  s tand ing  f o r  15 m inutes . The e lu a te s  were c o l le c te d  by 

c e n t r i fu g in g  th e  m i c r o f i l t e r  a ssem b lie s  a t  1800 rpm fo r  10 m inutes 

and s to re d  f ro zen  a t  -25°C u n t i l  HPLC a n a ly s i s .

The e x t r a c t io n  procedure was l a t e r  s im p l i f i e d  in  o rd e r  to  save 

tim e by e l im in a t in g  the  m i c r o f i l t e r  s tage . The procedure was e x a c t ly  

th e  same as desc ribed  above except a f t e r  th e  f i n a l  wash w ith  3 mM 

EDTA th e  samples were c e n tr i fu g e d  and the  su p e rn a ta n t  was d iscarded . 

200 y l of 0.2 M p e rc h lo r ic  a c id  was th e n  added t o  th e  alumina, mixed 

f o r  10 m inutes and the tu b es  c e n tr i fu g e d  a t  1000 rpm f o r  5 m inutes. 

150 y l  of th e  su p ern a tan t  was th e n  p ip e t te d  out and s to re d  f ro zen  a t



-25°C u n t i l  HPLC a n a ly s i s .
r

2 ^ 4 3 )  Assay o f plasma e x tra c ts  fo r  catecholam ines by high  

performance liq u id  chromatography (HPLC)

The n o rad rena line  (NA) and ad re n a l in e  (A) c o n ten ts  of th e  

p e rc h lo r ic  a c id  e x t r a c t s  were determ ined  by re v e rsed  phase, io n -p a i r  

HPLC w ith  e lec trochem ica l d e te c t io n .

The l i q u i d  chromatograph was composed of an LDC Model I I I  

C onstam etric  pump, a Rheodyne 7125 in je c t io n  v a lv e  w ith  a lOOyl loop, 

a 25 cm x 4.6 mm i.d. s t a i n l e s s  s t e e l  a n a ly t i c a l  column packed w i th  5 

V im  d iam eter  Spherisorb-ODS p a r t i c l e s  (Anachem) and a BAS LC-4A am per o- 

m e tr lc  d e te c to r .  The d e te c to r  was op e ra ted  a t  + 0.65V w ith  an Ag/AgCl 

re fe re n ce  e le c t ro d e  (BAS RE-1) and a g lassy  carbon working e le c t ro d e .  

The flow r a t e  of the  mobile phase was m a in ta in ed  a t  1.0 ml/min.

The mobile phase was an a c e t a t e / c i t r a t e  b u ffe r  (pH 5.2) 

co n ta in in g  5% methanol (HPLC grade) and 0.5 mM 1-oc tanesu lphonic  ac id  

sodium s a l t  (HPLC grade, F isons), th e  ion  p a i r in g  agent. The 

com position  of the  b u f f e r  was 100 mM sodium a c e t a t e ,  60 mM sodium 

hydroxide and 40 mM c i t r i c  ac id . The w ater  used f o r  th e  mobile phase 

was de ion ized  and f i l t e r e d  by a M il l lp o re  M ill i-Q  w ater p u r i f i c a t i o n  

system. P r io r  to  use, the  m obile  phase was f i l t e r e d  under vacuum 

and degassed by bubbling helium through the  s o lu t io n  f o r  15 m inutes .

Chromatograms were recorded on a J J  In s tru m en ts  f l a t - t o p  

reco rd e r .  Typical chromatograms from a plasma e x t r a c t  and a non

e x t r a c te d  s tan d a rd  s o lu t io n  a re  shown in  f ig u r e  2. Peak h e ig h ts  were 

measured manually and peak h e ig h t  r a t i o s  (NA/DHBA and A/DHBA) 

c a lc u la te d .
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2 . 2 . ( 4 )  C alibration

A liquo ts  of pooled plasma were sp iked  w i th  known amounts of 

n o rad ren a l in e  and ad ren a lin e .  A fte r the  a d d i t io n  of th e  i n t e r n a l  

s tan d a rd  DHBA, th e  samples were e x t ra c te d  and assayed by HPLC as  

p rev io u s ly  described . Blank samples of pooled plasma were a lso  

analysed  t o  enable  c o r r e c t io n  f o r  endogenous catecho lam ines  p re sen t  

in  the  plasma.

The peak h e ig h t  r a t i o s  (NA/DHBA and A/DHBA) were p lo t t e d  a g a in s t  

plasma c o n cen tra t io n  to  o b ta in  c a l i b r a t i o n  curves fo r  both 

catecholam ines . Typical c a l i b r a t i o n  curves  a r e  shown in  f ig u r e  3. 

These curves were used to  convert peak h e ig h t  r a t i o s  t o  c o n ce n tra t io n  

v a lu e s  when an a lys ing  plasma samples.

2J2J[ 5) The l in e a r ity  o f the ex tra ctio n  procedure and d etector  

response

The l i n e a r i t y  of th e  e x t r a c t io n  procedure was t e s t e d  by sp ik ing  

a l iq u o t s  of pooled plasma w i th  in c re a s in g  amounts of no rad ren a l in e  

and a d re n a l in e  and p u t t in g  th e se  samples through th e  procedure. The 

interned, s tandard , DHBA, was not added t o  the  samples a t  the  

beginning  but was inc luded  in  th e  0.2 M p e rc h lo r ic  a c id  used f o r  the  

f i n a l  e lu t io n ,  a t  the  a p p ro p r ia te  c o n cen tra t io n .  The e x t r a c t s  were 

then  analysed  by HPLC and th e  peak h e ig h t  r a t i o s  c a lc u la te d .  The 

r e s u l t s  from the sp iked  samples were c o r re c te d  fo r  endogenous 

catecholam ines using th e  r e s u l t s  f r a n  blank pooled plasma samples.

The l i n e a r i t y  of the  d e te c t io n  system was evalua ted  by in je c t in g  

s tan d a rd  s o lu t io n s  d i r e c t l y  in to  th e  chrom atographic system. The 

s o lu t io n s  con ta ined  in c re a s in g  amounts of n o rad ren a l in e  and 

a d re n a l in e  and a f ix e d  c o n c e n tra t io n  of DHBA in  0.2 M p e rc h lo r ic
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a c id .

Both th e  e x t r a c t io n  procedure and th e  d e te c to r  response were 

found to  be l i n e a r  w i th in  the  range corresponding  to  plasma 

c o n ce n tra t io n s  of 2 .5-80 pmol/ml fo r  n o rad ren a l in e  and 5-160 pmol/ml 

f o r  ad re n a l in e  ( r  > 0 .9 9 ) .

2 .2  . (6 )  The p rec is io n  o f the ex tra ctio n  procedure and chromatography

The p re c is io n  of the  e x t r a c t io n  procedure and chromatography was 

ev a lu a ted  by p rocess ing  a l iq u o t s  of plasma co n ta in in g  known amounts of 

n o rad ren a l in e  and a d re n a l in e ,  as  in  s e c t io n  2.2(4). I n t e r -  and 

in t r a - a s s a y  c o e f f i c i e n t s  of v a r i a t i o n  (c .v .), c a lc u la te d  using  sp iked  

samples con ta in ing  5 pmol/ml n o rad ren a l in e  and 10 pmol/ml a d re n a l in e ,  

were as  fo llow s (n=3 fo r  a l l  v a lu e s ) .

In te r - a s s a y  c .v .

N oradrenaline  13.0%

A drenaline 14.2%

2 . 2 . ( 7 )  C alculation  o f recovery

The recovery of no rad ren a l in e  and a d re n a l in e  was c a lc u la te d  by 

comparing the  peak h e ig h t  r a t i o s  o b ta in ed  from the  two procedures  in  

s e c t io n  2.2.(5), i .e . a f t e r  alumina e x t r a c t i o n  of spiked sam ples and 

a f t e r  d i r e c t  in j e c t io n  of a p p ro p r ia te  s tan d a rd s  in to  the  

chromatograph. The recovery  of DHBA was c a lc u la te d  by comparing th e  

peak h e ig h t  r a t i o s  o b ta ined  during  the  c o n s t ru c t io n  of c a l i b r a t i o n  

curves  ( s e c t io n  2.2.(4)) w ith  those ob ta in ed  when th e  DHBA was added 

du rin g  the  f i n a l  e lu t io n  ( s e c t io n  2 . 2 . ( 5 ) ) .

The re c o v e r ie s  fo r  n o rad ren a l in e ,  a d re n a l in e  and DHBA were found

in t r a - a s s a y  c .v .  

11.2%

8.5%
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to  be 61%, 61% and 64% re s p e c t iv e ly .  The removal of th e  m l c r o f l l t e r  

s tag e  from the  e x t r a c t io n  procedure had no ap p re c ia b le  e f f e c t  on 

th e se  v a lu e s .

2 . 3 .  Determination o f  plasma potassium by flame photometry

The co n ce n tra t io n  of potassium  In plasma samples was determ ined 

using  a Corning f lam e photom eter (model 405) accord ing  t o  th e  

m an u fac tu re r 's  In s t ru c t io n s .  B r ie f ly ,  d i lu e n t  co n cen tra te  (Corning 

001 56 18IK) was d i lu te d  1:1000 w ith  de ion ized  w a ter from a M il l ip o re  

M ill i-Q  w ater  p u r i f i c a t i o n  system. The plasma samples and the  5 mM 

plasma potassium s tan d a rd  (Corning 001 56 015J) were then  d i lu te d  

1:100 w i th  the  d i lu e n t  (5 0 y l  in  5 ml). Blank ad justm en t and 

c a l i b r a t i o n  w e r e .c a r r ie d  ou t us ing  th e  d i lu e n t  and th e  s tandard  

potassium  so lu t io n  r e s p e c t iv e ly .  The d i lu t e d  plasma samples were then  

a s p i r a t e d  and t h e i r  c o n ce n tra t io n s  noted from th e  m eter read ings.

The c a l i b r a t i o n  was checked a f t e r  every 5 samples and d u p l ic a te  

read ings  were taken  fo r  a l l  samples.

2.4. Continuous m onitoring o f  venous potassium by io n - s e le c t iv e  

e lec tro d es

A m odified  design  of th e  e le c tro d e  developed by Dr D. M. Band's 

group a t  the  S h e rr in g to n  School of Physiology, S t. Thomas' H o sp i ta l  

Medical School, London (T reasure  and Band, 1977; L in ton , Lim and 

Band, 19 82) was used in  t h i s  study fo r  continuous in t r a v a s c u la r  

m on ito r ing  of potassium . D esc r ip t io n s  of th e  p r in c ip le  of the  method 

and th e  e lec tro d e  s t r u c tu r e s  w i l l  f i r s t  be given, fo llow ed  by a 

d e t a i l e d  account of c o n s t ru c t io n  and experim ental use.



2 . 4 . ( 1 )  P r in c ip le  o f the method

The measurement of potassium  w ith  an i o n - s e le c t iv e  e le c tro d e  

depends on measuring the  membrane p o te n t i a l  e s ta b l i s h e d  when a 

s e l e c t i v e l y  permeable membrane i s  used to  s ep a ra te  two d i s s i m i l a r  

s o lu t io n s ,  in  t h i s  case venous blood and the  i n t e r n a l  f i l l i n g  

s o lu t io n .  The membrane p o t e n t i a l  i s  p ro p o r t io n a l  to  th e  n a tu ra l  

lo g a ri th m  of the  a c t i v i t y  r a t i o  of the  potassium  io n  ac ro ss  the  

membrane and i s  p re d ic te d  by th e  Nernst equation :

E = E° + RT/F In  

where E = measured p o te n t i a l  of th e  e le c t ro d e

E° = s tandard  e le c tro d e  p o t e n t i a l  (c o n s ta n t  f o r  each e lec tro d e )

R = gas cons tan t 

T = a b so lu te  tem perature  

F *= F a rad ay 's  number 

and a Q and a^ a re  th e  a c t i v i t i e s  of th e  potassium ion o u ts id e  and 

in s id e  the  membrane r e s p e c t iv e ly .

Converting from th e  n a tu ra l  logarithm  to  th e  base 10 loga rithm :

E = E° + 2 .3 RT/F lo g  ao/ a A 

and e n te r in g  th e  numerical v a lu e s ;

E = E° + 61.6 lo g  aQ/ a 1 a t  37 .5°C

I f  th e  o u te r  su rface  of th e  membrane i s  exposed t o  blood and th e  

in n e r  su r fa ce  to  the s tan d a rd  f i l l i n g  s o lu t io n  of unchanging potassium 

ion  a c t i v i t y ,  then  th e  p o te n t i a l  a c ro ss  th e  membrane changes w i th  th e  

logarithm  of the  potassium a c t i v i t y  i n  the blood.

Band, K ra tochv il,  Pool e-W ilson and T reasure  (197 8) have 

e s ta b l i s h e d  th a t  the  r e l a t i o n s h ip  between a c t i v i t y  measured by th ese



e le c t ro d e s  and th e  a c tu a l  c o n c e n tra t io n  measured by flam e 

photometry i s  l i n e a r .  Therefore , th e  e le c t ro d e s  can be c a l i b r a t e d  In  

c o n ce n tra t io n  term s using  potassium s tanda rds  made up In  a background 

of p h y s io lo g ic a l  s a l in e  (NaCI, 150 mM) in  which the  a c t i v i t y  

c o e f f i c i e n t  of potassium i s  cons tan t and s im i l a r  t o  t h a t  in  th e  blood 

plasma (Band, K ra tochv il and T reasure , 1977). The v o l ta g e s  recorded  

from th e  e le c t ro d e s  can th en  be in te r p r e te d  in  te rm s of plasma 

potassium co n ce n tra t io n  a f t e r  lo g a r i th m ic  convers ion .

2 .4 . ( 2 )  E lectrode stru ctu res

The sensing  e le c t ro d e  c o n s is te d  of a 10 cm len g th  of p o ly v iny l 

c h lo r id e  (FVC) tub ing  (o.d. 1 mm, Esco (Rubber) Ltd) w ith  a porous 

ceram ic  p lug  f i t t e d  i n t o  i t s  d i s t a l  end t o  support th e  io n - s e le c t iv e  

membrane. The lumen of the  tu b in g  was f i l l e d  w ith  the  in t e r n a l  

re fe re n ce  s o lu t io n  (100 mM KC1) and co n ta ined  a c h lo r id is e d  s i l v e r  

w ire  a c t i n g  a s  an i n t e r n a l  r e fe re n c e  e lec tro d e .  The proxim al end of 

th e  tu b in g  was sea led  and th e  in te r n a l  re fe ren ce  e le c t ro d e  so ldered  

on to  a le n g th  of in s u la te d  copper w ire  which jo in e d  i t  t o  an 

e l e c t r i c a l  connector ( f ig u r e  4 , a ) .

The e x te rn a l  re fe ren ce  e le c t ro d e  was a s i l v e r / s i l v e r  ch lo r id e  

p e l l e t  e le c tro d e  (C lark  E lec trom edical)  in s e r t e d  in to  a m odified  

G i l l e t t e  1 ml syringe  f i l l e d  w ith  p h y s io lo g ic a l  s a l in e .  The proxim al 

end was sea led  and th e  e le c tro d e  connected t o  an e l e c t r i c a l  connector 

by in s u la te d  copper w ire . A polythene cannula was a t ta c h e d  t o  th e  

d i s t a l  end v ia  a 3-way tap ,  both f i l l e d  w ith  s a l in e ,  fo rm ing  a s a l t  

b ridge  l in k in g  th e  venous blood to  th e  e x te rn a l  re fe ren ce  e lec tro d e  

when in s e r t e d  in to  the  i n f e r i o r  vena cava. This arrangem ent had
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th e  advantage of enab ling  in travenous  a d m in is t r a t io n  of drugs v i a  th e  

3-way ta p  when re q u ired  ( f ig u re  4 ,b).

2 .4  . (3)  Preparation o f the p o ta ss iu m -se lec tiv e  membrane

The membrane m ixture  used c o n s i s t s  of a com bination of 

valinom ycin  and potassium  te t ra p h e n y lb o ra te ,  in co rp o ra ted  in  a 

po lyv iny l c h lo r id e  (WC) m a tr ix  by th e  use of the  o rgan ic  so lv en ts  

n itrobenzene , d io c ty la d ip a te  and te t r a h y d ro f  uran. The com position  of 

the  membrane, d esc ribed  by Band e t  a l  ( 1977) was a s  fo l lo w s :

Component Amount

Valinomycin (Sigma) 1.5 mg

Potassium te t ra p h e n y lb o ra te 0.025 mg

D io c ty lad ip a te  (Merck) 15 0 mg

Nitrobenzene (BDH) 50 mg

PVC powder (BDH) 75 mg

T etrahydro fu ran  (F isons) 3 ml

Potassium te tra p h e n y lb o ra te  ( KTPB) was prepared  by p r e c ip i t a t i o n  

from sodium te t ra p h e n y lb o ra te  ( te trap h en y lb o ro n  sodium, Sigma). 

B r ie f ly ,  an excess of s a tu r a te d  KC1 was added to  a 40 mg/ml s o lu t io n  

of sodium te tra p h en y lb o ra te .  The r e s u l t i n g  p r e c i p i t a t e  of KTPB was 

f i l t e r e d  o u t and washed, f i r s t  w ith  a K d  s o lu t io n  and then  w ith  

d i s t i l l e d  w a te r .  The KTPB was d r ie d  a t  4 0°C in  an oven b e fo re  

s to rag e  in  a capped g la s s  v i a l  a t  roan tem p era tu re .

The membrane m ix tu re  was prepared  in  a c lean  g la s s  pot w ith  th e  

components added in  the  fo l lo w in g  o rd e r :  KTPB, valinom ycin , PVC,

n itrobenzene  and d io c ty la d ip a te .  The l a t t e r  two, being l iq u id s ,  were 

d ispensed  by f i n e  tipped  g la s s  P as teu r p ip e t t e s .  F in a l ly ,  3 ml of
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te tra h y d ro f  uran was added and th e  r e s u l ta n t  m ix tu re  s t i r r e d  m ag n e tica lly  

w ith  a nylon covered "flea* fo r  1 hour. A fte r th i s ,  th e  m ix tu re  was 

l e f t  In  a fume cupboard, lo o se ly  covered w ith  a p iece  of f i l t e r  

paper, to  evaporate  slow ly  over 24 hours. This produced a c le a r  

s o l id  re s id u e  c o n s is tin g  of PVC im pregnated  w ith  valinom ycin  and KTPB 

which could be re -d is s o lv e d  in  a sm all amount of te tra h y d ro f  uran to  

produce a th ic k  v isco u s  p re p a ra tio n  s u i ta b le  fo r  d ip -c a s t in g  on to  PVC 

tu b in g .

2 . 4 . ( 4 )  D ip -castin g  o f  the membrane onto PVC tubing

Porous ceram ic plugs ( g i f t  from Simonsen & Weel Ltd) were used 

to  su pport th e  p o ta s s iu m -se le c tiv e  membrane a t  th e  t i p  of th e  PVC 

tu b in g . The p lugs w ere in s e r te d  about 1 mm in to  th e  lumen of the  PVC 

tu b in g , leav in g  a sm all p o rtio n  p ro tru d in g  beyond th e  end. This was 

th en  rubbed w ith  f in e  sandpaper to  produce a smooth, rounded t ip .  A 

sm all amount of te tra h y d ro f  uran was added to  th e  membrane m ix tu re  

p repared  as d esc rib ed  in  s e c tio n  2.4.(3) and m agnetic  s t i r r i n g  

perform ed u n t i l  a th ic k  v isco u s  p re p a ra t io n  was o b ta in ed . The t i p  of 

th e  PVC tu b in g  co n ta in in g  the ceram ic plug  was dipped sev e ra l tim es 

in to  t h i s  m ix tu re  so as  to  co a t th e  p lug  w ith  a membrane which was 

fu sed  to  the  PVC tu b ing . This membrane was allow ed to  dry fo r  24 hours.

2w4^5) Preparation o f the s i lv e r / s i lv e r  ch lorid e  In tern al reference  

e lec tro d es

D iam el-coated s i l v e r  w ire  (0.005 in  d iam eter, Johnson Matthey 

M etals Ltd) was used fo r  the  p re p a ra tio n  of th e se  e le c tro d e s . The 

v a rn ish  was s tr ip p e d  from th e  te rm in a l 1.5 cm p o r tio n s  of 12 cm 

le n g th s  of s i lv e r  w ire  u sing  a com m ercial p a in t s t r ip p e r
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(P o ly s tr ip p a , P o ly c e ll  P roducts). A fte r w ashing in  d i s t i l l e d  w a te r , 

c a th o d ic  c lean in g  was perform ed. This was achieved  by d ipp ing  th e  

w ire s  in  0.1 M H d  and app ly ing  3 v o l ts  to  th e  s tr ip p e d  w ire s  as  th e  

cathode and a s in g le  s i lv e r  rod a s  th e  anode f o r  1 m inute. The w ire s  

w ere th en  c h lo r id is e d  by d ipp ing  in  f r e s h  0.1 M KC1 and app ly ing  1.5 

v o l t s  w ith  the  p o la r i ty  re v e rse d  u n t i l  th e  bared  ends of th e  w ire s  

were co loured  red d ish  b lack .

2 .4 . (6 )  Introduction o f the In ternal f i l l i n g  so lu tio n

The sen sin g  e le c tro d e s  w ere p repared  f o r  use by p ass in g  a le n g th  

of f in e  need le  tu b in g  down th e  lumen of th e  PVC tu b in g  u n t i l  i t  la y  

j u s t  behind th e  ceram ic p lug  and in je c t in g  th e  In te rn a l  f i l l i n g  

s o lu t io n  of 100 mM KC1. During th e  f i l l i n g  procedure care  was taken  

t o  ensu re  th a t  a i r ,  d isp la ce d  a s  a r e s u l t  of d if f u s io n  of th e  

s o lu tio n  in to  th e  h y d ro p h ilic  porous ceram ic p lug , was evacuated by 

re p e a te d  f lu s h in g  down th e  need le  tub ing . The need le  tu b in g  was th e n  

removed and a c h lo r id is e d  s i lv e r  w ire  in s e r te d  down the  IVC tu b in g  

u n t i l  i t  came to  r e s t  j u s t  behind tn e  ceram ic p lug . The proxim al end 

of th e  PVC tu b in g  was sea le d  w ith  s i l ic o n e  rubber and th e  p ro tru d in g  

s i l v e r  w ire  so ld ered  on to  a le n g th  of in s u la te d  copper w ire  

connec ting  i t  t o  an e l e c t r i c a l  connector. The a rea  of th e  so ld e red  

j o i n t  was encased in  p l a s t i c  tu b in g  to  p ro te c t  th e  f r a g i l e  s i lv e r  

w ire  ( f ig u r e  4 , a ) .

2 .4 . (7 )  Construction o f  the ex tern a l reference e lec tro d e

A 1 ml G i l l e t t e  sy rin g e  was sec tio n e d , le a v in g  ap p ro x im ate ly  4 

cm of th e  d i s t a l  end of th e  b a r r e l  rem ain ing . A s i l v e r / s i l v e r  

c h lo r id e  p e l l e t  e le c tro d e  (C lark  E lec tro m ed ica l) was in s e r te d  in to
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th e  lumen and th e  proxim al end se a le d  w ith  s i l ic o n e  rubber. The end 

of the  s i lv e r  e le c tro d e  was connected t o  an  e l e c t r i c a l  connector by 

In s u la te d  copper w ire , w ith  th e  a re a  of th e  so ld e red  j o i n t  ag a in  

encased  in  p ro te c tiv e  p l a s t i c  tub ing . The lumen was th en  f i l l e d  w ith  

p h y s io lo g ic a l s a l in e  and th e  m odified  sy rin g e  a tta c h e d  to  a 

poly thene cannula v ia  a 3-way tap , a lso  f i l l e d  w ith  s a l in e  ( f ig u re  

4 , b ) .

2 . 4 . ( 8 )  Measurement o f e lec tro d e  p o te n tia l

The p o te n t ia l  d if fe re n c e  generated  between th e  In te rn a l  and 

e x te rn a l re fe ren ce  e le c tro d e s  was fe d  in to  a medium ga in  d.c. 

p re a m p lif ie r  (Gould, 13-4615-10) and d isp lay ed  on a th e rm al w r it in g  

re c o rd e r  (Gould 3000S) a f t e r  p ass in g  through an o p t ic a l  i s o la t io n  

c i r c u i t .  The c i r c u i t  used was a m o d if ic a tio n  of th a t  designed by 

Band, Fry and Wolf (1986). This enabled  th e  e l e c t r i c a l  i s o la t io n  of 

th e  s u b je c t and reduced e l e c t r i c a l  in te r fe re n c e  ( fo r  c i r c u i t  diagram 

see  f ig u r e  5 ) .

The in te r n a l  and e x te rn a l re fe re n ce  e le c tro d e s  w ere plugged in to  

a b a t te ry  powered encoder u n it  ( f ig u re  5 ,a) which e m itte d  p u lse s  whose 

frequency was p ro p o r tio n a l to  th e  s iz e  of th e  in p u t v o lta g e . The 

encoder o u tp u t was then  converted  back to  v o lta g e  by a se p a ra te ly  

housed decoder u n it  ( f ig u re  5 ,b ). A fte r f i l t e r i n g  and ga in  ad justm ent 

in  th e  f i n a l  s tag e  of th e  decoder, th e  s ig n a l was tr a n s fe re d  to  the  

Gould p re a m p lif ie r /r e c o rd e r  assem bly which produced a perm anent 

t r a c e .

The re c o rd e r was c a l ib ra te d  ( in  m i l l i v o l t  term s) by using  a 

p re c is io n  v o lta g e  source (M icrocal 103 0, Time E le c tro n ic s )  to
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g en era te  th e  Inpu t s ig n a ls  fo r  th e  encoder/decoder assem bly. The 

e l e c t r i c a l  p o te n t ia ls  (mV) in d ic a te d  on th e  t r a c e  during  

experim en tal reco rd ings w ere converted  to  c o n c e n tra tio n  v a lu es  (mM) 

using  c a l ib r a t io n  curves c o n stru c te d  fo r  th e  e le c tro d e s  (see  s e c tio n

2 .4 . ( 9 ) ) .

2 . 4 . ( 9 )  C alibration  o f  e lec tro d es

The e le c tro d e s  w ere c a l ib ra te d  in  c o n c e n tra tio n  te rm s in  v i t r o  

u sing  potassium  c h lo rid e  s tan d a rd s  made up in  a background of 

p h y s io lo g ic a l s a l in e  (N a d , 150 mM). This has th e  e f f e c t  of keeping 

the  a c t i v i t y  c o e f f ic ie n t  of potassium  a t  about th e  same v a lu e  in  a l l  

s o lu tio n s  due to  th e  excess of sodium c h lo r id e . The tem p era tu re  of 

the  s tan d a rd  s o lu tio n s  was m ain ta in ed  a t  37.50C, th e  same as  th e  

experim en tal environm ent, u sing  a th e rm o sta ted  w ater b a th .

A fte r c a l ib r a t in g  th e  re c o rd e r  in  v o lta g e  te rm s, as d esc rib ed  in  

s e c t io n  2.4 .(8), both th e  io n - s e le c t iv e  e le c tro d e  and th e  c a th e te r  

t i p  c£ the  e x te rn a l re fe re n c e  e le c tro d e  w ere immersed in to  s tan d a rd  

s o lu t io n s  of p ro g re s s iv e ly  in c re a s in g  KC1 c o n c e n tra tio n  (1-16 mM) and 

the  p o te n t ia ls  generated  recorded . The e le c tro d e  p o te n t ia l  could 

th en  be p lo t te d  a g a in s t th e  base 10 lo g a rith m  of th e  potassium  

c o n ce n tra tio n , producing a c a l ib r a t io n  curve ( f ig u re  6). Only 

e le c tro d e s  th a t  produced a t  l e a s t  95% of th e  th e o r e t ic a l  N ern stian  

response  were used.

The v o lta g e  range l i k e ly  to  be encountered  d u ring  experim en ta l 

re co rd in g , co rresponding  to  a c o n c e n tra tio n  range of roughly  3-7 mM 

po tassium , could  th e n  be noted from th e  c a l ib r a t io n  curve and th e  

re c o rd in g  system r e - c a l ib r a te d  acco rd in g ly  to  cover th a t  range a t  a 

h ig h e r s e n s i t iv i ty .  The e le c tro d e  p o te n t ia l s  reco rded  during
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experim ents w ere converted  to  c o n c e n tra tio n  v a lu e s  using  th e  

c a l ib r a t io n  cu rv es.

2 .4 .(1 0 ) Experimental procedure

The r a t  was a n a e s th e tiz e d  and th e  tra c h ea  and l e f t  common 

c a ro t id  a r te ry  cannu la ted  as  d e sc rib ed  in  s e c tio n  2.1.(1). The r ig h t  

ju g u la r  v e in  was is o la te d  and th e  io n - s e le c t iv e  e le c tro d e  in s e r te d  

in to  i t .  The e le c tro d e  was advanced an a p p ro p r ia te  len g th  down the  

ju g u la r  v e in  u n t i l  i t s  t i p  re s te d  in  th e  vena cava a t  th e  le v e l  of th e  

h e a r t .  The s a l in e  f i l l e d  c a th e te r  t i p  of th e  e x te rn a l re fe re n c e  

e le c tro d e  was In s e r te d  in to  th e  l e f t  fem oral v e in  and advanced up to  

th e  i n f e r io r  vena cava. A r te r ia l  blood p re s su re  from th e  c a ro tid  

a r te r y ,  h e a r t  r a te  (d e riv ed  from th e  p u lse  by th e  Gould EGG/biotach 

a m p lif ie r )  and e le c tro d e  p o te n t ia l  were con tinuously  reco rded  on a 3- 

channel Gould 3000S therm al w r it in g  re c o rd e r .

Drugs were a d m in is te red  in trav e n o u s ly  v ia  th e  3-way ta p  in  th e  

e x te rn a l re fe re n ce  e le c tro d e  assem bly. Animals w ere f i r s t  g iven  

s a l in e ,  fo llo w ed  by cum ulative  doses of the  drug under in v e s t ig a t io n , 

a llo w in g  a t  l e a s t  30 m inutes betw een in je c t io n s .  In  e a r ly  

ex perim en ts, a s in g le  dose of a d re n a lin e  (250 ng) was a d m in is te red  a t  

th e  beginning , to  t e s t  th e  response of th e  e le c tro d e  system  to  

changes in  plasma potassium  c o n c e n tra tio n .

2 .4 . ( 1 1 )  Evaluation o f e lec tro d es

The accuracy and r e l i a b i l i t y  of th e  e le c tro d e  reco rd in g s  were 

te s t e d  by ta k in g  blood sam ples from 15 an im als  a t  the  end of the  

experim en t, a f t e r  n o ting  th e  e le c tro d e  p o te n t ia l  a t  th e  tim e  of
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sam pling. The plasm a potassium  c o n c e n tra tio n s  w ere th en  determ ined  by 

flam e photom etry, a s  d e sc rib ed  in  s e c tio n  2.3, and compared w ith  th e  

c o n ce n tra tio n  v a lu es  c a lc u la te d  from th e  e le c tro d e  p o te n t ia l s .

2 . 5 .  The e f f e c t s  o f  desipramine on responses to  tyramine

These experim en ts w ere conducted to  compare th e  degree of 

neuronal uptake blockade produced by the  doses of desipram ine used 

in  t h i s  study . R ats w ere a n a e s th e tiz e d  and th e  tra c h e a , l e f t  common 

c a ro tid  a r te ry  and l e f t  fem ora l v e in  cannu la ted , as d e sc rib ed  in  

s e c t io n  2.1.(1). D ose-response curves fo r  th e  in d i r e c t ly  a c tin g  

sym pathom im etic ty ram ine  were c o n s tru c te d  by n o tin g  th e  changes in  

mean a r t e r i a l  p re s su re  and h e a r t  r a te  produced by in c re a s in g  doses of 

ty ram ine (n=9). Blood p re ssu re  and h e a r t  r a t e  were a llow ed to  r e tu rn  

to  b a sa l le v e l s  a f t e r  each dose.

The dose-response  curves w ere th en  re -c o n s tru c te d , s t a r t in g  5 

m inutes a f t e r  th e  In trav en o u s a d m in is tra t io n  of s a l in e  (n=3) o r 

desip ram ine  a t  doses of 0.1 rog/kg (n=3) and 0.5 mg/kg (n=3). Any 

s h i f t  in  the  p o s i t io n  of th e  cu rves was no ted .

2 . 6 .  Vitamin E d e f ic ie n t  r a ts

Coronary o cc lu s io n  experim en ts  w ere c a r r ie d  ou t using  a group of 

r a t s  which had been fed  on a v ita m in  E d e f ic ie n t  d i e t  f o r  8 weeks as 

p a r t  of a s e p a ra te  study , In v e s t ig a t in g  th e  e f f e c t s  o f v ita m in  E 

d e p le tio n  on l i p i d  p e ro x id a tio n  Induced by m yocardial ischaem ia in  an 

in  v i t r o  model (Z ak aria , 1985). The o b je c t was to  in v e s t ig a te  any 

change in  th e i r  v u ln e r a b i l i ty  to  ischaem ia-induced  a rrh y th m ias  in  

v iv o . The experim en ta l procedure was a s  d e sc rib ed  in  s e c tio n  2.1. and 

the  r e s u l t s  were compared w ith  the c o n tro l group fe d  on a normal d ie t .
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2 . 7 .  S t a t i s t ic a l  a n a ly s is  o f data

R e su lts  a re  expressed  a s  th e  mean +. s tan d a rd  e r ro r  of th e  mean 

( s . e .  m ean).

Changes in  blood p re s su re , h e a r t  r a t e  and venous potassium  

c o n c e n tra tio n  w ith  tim e , fo llo w in g  drug a d m in is tra tio n , w ere 

e v a lu a ted  using  th e  p a ire d  t - t e s t .  Means w ere compared w ith  

c o n tro l v a lu es  using  the  unpaired  t - t e s t  or th e  Mann-Whitney t e s t ,  as  

a p p ro p r ia te .

S t a t i s t i c a l  d if f e re n c e s  betw een in c id en ces  of v e n tr ic u la r  

ta ch y c a rd ia , v e n t r ic u la r  f i b r i l l a t i o n  and m o r ta l i ty  w ere a sse sed  by 

C hi-square  a n a ly s is .

R egression  l in e s  were f i t t e d  by l e a s t  squares a n a ly s is .

In  a l l  cases P < 0.05 was considered  s t a t i s t i c a l l y  s ig n i f ic a n t .

2 . 8 .  Drugs used

Drug

A drenaline hydrogen t a r t r a t e  

Desipramine hy d ro ch lo rid e  

Idazoxan h y d roch lo ride  

N oradrenaline b i t a r t r a t e  

D L-Propranolol h y d roch lo ride  

Tyramine hyd ro ch lo rid e  

Yohimbine h y d roch lo ride

M anufacturer

BDH

Geigy

R e c k ltt & Colman

Sigma

Sigma

Sigma

Sigma

Drugs fo r  in trav en o u s a d m in is tra t io n  w ere d is so lv e d  in  

p h y s io lo g ic a l s a l in e  and f r e s h ly  p repared  each day. A ll doses quoted 

in  th e  te x t  r e f e r  to  th e  s a l t .
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Typical chromatograms obtained from (a) a plasma 
extract, and (b) a standard solution. NA= noradrenaline, 
A= adrenaline, DHBA= 3,4-dihydroxybenzylamine.
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adrenaline. NA=noradrenaline, A=adrenaline, DHBA= 
3,4-dihydroxybenzylamine. Each point is the mean 
of 3 determinations and vertical lines represent 
the standard error of the mean.
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Figure 6 Typical calibration curve for a potassium-selective 
electrode. The theoretical Nernstian slope at 37.5°c 
is 61.6 mV per decade change in potassium concentration.
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3 . 1 .  E ffe c ts  of coronary occlu sion  on blood pressure and heart ra te

In  c o n tro l and sham occluded an im a ls , In trav en o u s  a d m in is tr a t io n  

of s a lin e  produced a sm a ll, t r a n s ie n t  In c rease  in  mean a r t e r i a l  

p re ssu re  (MAP), which re tu rn e d  to  the b a sa l le v e l  w ith in  3 m inu tes of 

In je c tio n . There was no e f f e c t  on h e a r t  r a te  (HR) in  e i th e r  group. 

Consequently, a t  th e  tim e of coronary o c c lu s io n  o r sham o c c lu s io n  

th e  MAP and HR v a lu es  in  th e  two groups w ere very  s im i la r  and no t 

s ig n i f ic a n t ly  d i f f e r e n t  from th e i r  re s p e c tiv e  p r e - s a l in e  v a lu e s  

(F ig u re  7 ) .

F ollow ing coronary o cc lu s io n  th e re  was a s ig n i f ic a n t  f a l l  in  MAP 

in  the c o n tro l group, from  101 Hh 3 to  74 +_ 2 mmHg 5 m inu tes  a f t e r  

o cc lu sio n . Sham o c c lu s io n  d id  no t have any e f f e c t  on MAP.

T herefo re , mean MAP was s ig n i f ic a n t ly  h ig h e r in  th e  sham occluded 

group th a n  in  th e  c o n tro l group fo llo w in g  'o cc lu sio n * . Coronary 

o cc lu s io n  or sham o c c lu s io n  d id  no t produce any change in  HR and th e  

mean v a lu e s  fo r  th e  two groups rem ained s im ila r  (F ig u re  7 ) .

3.2. E ffe c ts  o f desipram ine on blood pressure and heart ra te

Three doses of th e  neuronal uptake b lock ing  drug desip ram ine  

(DMI) w ere  u sed  i n  t h i s  s tu d y :  0 .1 , 0.5 and 2.5 m g/kg  i .v . .  

In travenous a d m in is tra t io n  of s a l in e  in  th e  c o n tro l group produced 

only a t r a n s ie n t  in c re a se  in  MAP and d id  not a f f e c t  HR, a s  m entioned 

in  s e c tio n  3.1.. The 0.1 mg/kg dose of DMI produced s ig n i f ic a n t  

in c re a se s  in  both MAP and HR. The in c re a se  in  MAP reached  a maximum 

of + 28 + 3 mmHg 2 m inutes a f t e r  in je c t io n  and m easured + 18 +. 4 mmHg 

5 m inutes a f t e r  in je c t io n ,  a t  th e  tim e of coronary  o cc lu s io n . The 

in c re ase  in  HR produced by th i s  dose was a t  i t s  peak a t  th e  tim e  of 

o c c lu s io n  and measured + 67 ±  5 b ea ts /m in . In c re a s in g  the dose of
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DMI to  0.5 mg/kg produced q u a l i t a t iv e ly  s im i la r  resp o n ses  but th e  

in c re a s e s  in  MAP and HR were sm a lle r . At 2.5 mg/kg, DMI caused a 

sudden but s h o r t  l a s t in g  re d u c tio n  in  MAP, m easuring -  23 +. 5 mmHg 1 

m inute a f t e r  In je c t io n , and a slow er re d u c tio n  in  HR, reach in g  -  22 + 

8 b e a ts /m in  by th e  tim e  of coronary  o cc lu s io n  (F ig u re  8).

F igure  9 shows th a t  a t  th e  tim e  of drug a d m in is t r a t io n  mean MAP 

and HR v a lu e s  w ere s im ila r  in  a l l  four groups. Although MAP was 

h ig h e r than  c o n tro ls  in  r a t s  t r e a te d  w ith  0.1 and 0.5 mg/kg DMI a t  

th e  tim e  of coronary  o cc lu s io n , as a r e s u l t  of th e  p re s so r  e f f e c t s  of 

th ese  doses, th e  d if fe re n c e  was no t s t a t i s t i c a l l y  s ig n i f ic a n t .  

Coronary o c c lu s io n  produced s im i la r  red u c tio n s  in  MAP in  a l l  groups 

and th e re  was no s ig n if ic a n t  d if f e re n c e  in  mean MAP betw een them 5 

m inutes a f t e r  o cc lu sio n . Groups t r e a te d  w ith  0.1 and 0.5 mg/kg DMI 

had s ig n i f ic a n t ly  h ig h e r mean HR than  c o n tro ls  a t  th e  tim e  of 

coronary o cc lu s io n . At t h i s  p o in t, th e  mean HR was 47 9 +. 5 

b e a ts /m in  in  th e  c o n tro l group and 572 + .10 and 520 +. 16 b e a ts /m in  in  

th e  two DMI groups, re c e iv in g  0.1 and 0.5 mg/kg re s p e c tiv e ly . 

Coronary o c c lu s io n  d id  no t a f f e c t  HR in  any of the  groups and th e  

s ig n i f ic a n t  d if fe re n c e  betw een th e  two DMI groups and c o n tro ls  was 

s t i l l  ev id en t 5 m inutes a f t e r  coronary o cc lu s io n . The MAP and HR 

v a lu es  in  th e  group re c e iv in g  2.5 mg/kg DMI w ere s im i la r  to  c o n tro l 

v a lu e s  a t  a l l  th re e  tim es p o in ts  (F igure  9).

3 3 .  E ffe c ts  o f desipramine on the blood pressure and heart rate  

responses to  tyramine

The e f f e c t s  of 0.1 and 0.5 mg/kg DMI on th e  resp o n ses  to  th e  

in d i r e c t ly  a c t in g  sym pathom im etic ty ram ine  w ere in v e s t ig a te d  in  order
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to  compare th e  degree of neuronal uptake blockade produced by th e se  

doses. The 2.5 mg/kg dose of DMI was no t used because th e  

haemodynamlc e f f e c t s  of th i s  dose, p re sen ted  In  s e c tio n  3.2., 

suggested  th a t  I t  was having a d d i t io n a l  e f f e c t s  o th e r th an  neuronal 

uptake b lockade, such as d i r e c t  m yocard ial d ep re ss io n .

Tyramine produced dose r e la te d  in c re a s e s  in  mean a r t e r i a l  

p re s su re  (MAP). The dose of ty ram ine  was n o t in c re ase d  u n t i l  maximum 

response was o b ta in ed  to  avoid tach y p h y lax is . There was no change in  

th e  p o s it io n  of th e  dose-response curve when i t  was rep ea ted  

fo llo w in g  in trav en o u s  a d m in is tra t io n  of s a l in e .  T reatm ent w ith  0.1 

mg/kg DMI, however, s h if te d  th e  dose-resp n se  curve of tyram ine to  th e  

r ig h t .  This s h i f t  was f u r th e r  exaggera ted  by in c re a s in g  the  dose of 

DMI to  0.5 mg/kg (F igu re  10). From th e se  cu rves, th e  dose of 

ty ram ine  re q u ire d  to  produce a 10 mmHg in c re a se  in  MAP was 18 yg/kg  

b e fo re  tre a tm e n t and 15, 56 and 96 yg /kg  a f t e r  tre a tm e n t w ith  s a l in e ,  

0 .1  mg/kg DMI and 0.5 mg/kg DMI r e s p e c t iv e ly .

Tyramine a ls o  had a dose r e la te d  p o s i t iv e  ch ro n o tro p ic  e f f e c t .  

In trav en o u s a d m in is tra t io n  of s a l in e  had no e f f e c t  on the  dose- 

response curve but 0.1 mg/kg DMI produced a s h i f t  to  th e  r ig h t .  

In c re a s in g  th e  dose of DMI to  0.5 mg/kg d id  no t appear to  have any 

f u r th e r  e f f e c t  on th e  p o s i t io n  of th e  dose-response  curve of ty ram ine  

(F igure  11). The dose of ty ram ine  re q u ire d  to  produce a 50 

b e a ts /m in u te  in c re a se  in  h e a r t  r a te  was 43 yg/kg b e fo re  tre a tm e n t and 

44, 115 and 110 yg/kg a f t e r  tre a tm e n t w ith  s a l in e ,  0.1 mg/kg DMI and 

0.5 mg/kg DMI re s p e c t iv e ly .
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3 .4 . E f fe c ts  o f  yohim bine, a lone  and in  com bination  w ith  d e s ip r  amine, 

on blood p re s su re  and h e a r t  r a t e

In travenous a d m in is tra tio n  o f 0.1 mg/kg yohim bine, an a -  

ad ren e rg ic  a n ta g o n is t w ith  s e l e c t i v i t y  f o r  c ^ -re c e p to rs , produced a 

ra p id  re d u c tio n  in  MAP which re tu rn e d  to  th e  b a sa l le v e l  w ith in  3 

m inu tes of in je c t io n .  1.0 mg/kg yohim bine produced a g re a te r  

re d u c tio n  in  MAP which reached a maximum of -  27 +_ 4 mmHg w ith in  1 

m inute of in je c t io n  and was m ain ta in ed  a t  -  17 +. 5 mmHg a t  th e  tim e  

of coronary o cc lu sio n . The low er dose of yohim bine had no e f f e c t  on 

HR bu t a t  1.0 mg/kg i t  caused a s ig n i f ic a n t  re d u c tio n  in  h e a r t  r a te .  

This re d u c tio n  in  HR m easured -  51 £  7 b e a ts /m in  a t  1 m inute 

fo llo w in g  in je c t io n  and re tu rn e d  to  th e  b a sa l le v e l  by th e  tim e of 

coronary o c c lu s io n  (F ig u re  1 2 ) .

Concom itant a d m in is tra t io n  of 0.1 mg/kg DMI w ith  th ese  doses of 

yohim bine produced s ig n i f ic a n t  in c re a se s  in  both MAP and HR (F igu re  

12). The com bination  of DMI w ith  0.1 and 1.0 mg/kg yohim bine 

produced In c re a se s  in  MAP m easuring + 25 +_ 4 and + 27 £  5 mmHg 

re s p e c tiv e ly  5 m inutes a f t e r  a d m in is tra tio n . These in c re a se s  w ere 

ra th e r  s im ila r  to  th a t  o b ta in ed  w ith  DMI a lone  a t  th a t  dose (see  

F igure  8). The in c re a se s  in  HR produced by th e  concom itant 

a d m in is tra tio n  of 0.1 mg/kg DMI w ith  0.1 and 1.0 mg/kg yohim bine 

w ere, however, g re a te r  th an  th a t  caused by DMI a lo n e , m easuring + 83 

+. 5 and + 115 +, 8 b ea ts /m in  r e s p e c tiv e ly  5 m inu tes a f t e r  

a d m in is tra tio n . The in c re a s e s  in  MAP and HR produced by th e  

com bination of DMI w ith  th e  h igher dose of yohim bine w ere slow er to  

take  e f f e c t  due to  th e  dep resso r and n e g a tiv e  ch ro n o tro p ic  e f f e c t s  

observed w ith  yohimbine a t  th a t  dose.

Mean MAP and HR v a lu es  w ere s im i la r  in  a l l  groups p r io r  to  drug
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a d m in is tra t io n  (F igure  13). At th e  tim e  of coronary o cc lu s io n , th e  

group t r e a te d  w ith  the  0.1/0.1 mg/kg com bination of yohimbine/DMI had 

a mean MAP of 127 ±  4 mmHg which was s ig n i f ic a n t ly  h ig h e r th an  th e  

c o n tro l mean MAP of 101 +_ 3 mmHg. The group re c e iv in g  th e  

com bination  of DMI w ith  1.0 mg/kg yohim bine a lso  had a h ig h e r mean 

MAP (117 +^6 mmHg) than  c o n tro l a t  t h i s  tim e p o in t, b u t th e  

d if fe re n c e  was no t s t a t i s t i c a l l y  s ig n if ic a n t .  Of th e  groups 

re c e iv in g  yohim bine a lone, mean MAP was s im ila r  to  c o n tro l in  th e  0.1 

mg/kg group but s ig n i f ic a n t ly  low er a t  78 +. 5 mmHg in  th e  1.0 mg/kg 

group. Follow ing coronary o c c lu s io n , the  mean MAP rem ained 

s ig n i f ic a n t ly  h igher than  c o n tro l in  th e  group re c e iv in g  0 .1/0.1 

“ 9 /^g  yohimbine/DMI. The v a lu e s  fo r  the  o th e r th re e  groups d id  n o t 

s ig n i f ic a n t ly  d i f f e r  from c o n tro l 5 m inutes a f t e r  coronary  o c c lu s io n  

(F ig u re  13, a ) .

Both groups re c e iv in g  com binations o f yohim bine and d e s ip r amine 

had s ig n i f ic a n t ly  hic£ier mean HR than  c o n tro l a t  th e  tim e  of coronary  

o c c lu s io n  (F ig u re  13, b). The mean HR in  th e  groups g iven  0 .I /0 .1  and 

1.0/0.1 mg/kg com binations of yohimbine/DMI w ere 528 £  10 and 598 +_ 8 

b e a ts /m in  re s p e c tiv e ly  a t  t h i s  tim e  p o in t, compared w ith  th e  c o n tro l 

v a lu e  o f 479 £  5 b ea ts /m in . As coronary o c c lu s io n  d id  n o t a f f e c t  HR 

in  any of th e  groups, th e  s ig n i f ic a n t  d if fe re n c e  in  mean HR betw een 

th e  two yohimbine/DMI groups and c o n tro l rem ained 5 m inu tes a f t e r  

o cc lu s io n . The mean HR was n o t s ig n i f ic a n t ly  d i f f e r e n t  from c o n tro l 

in  e i th e r  of the  groups t r e a te d  w ith  yohim bine alone (0.1 and 1.0 

“ 9/kg) a t  any tim e p o in t.
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3 .5 . E ffe c ts  o f  ldazoxan, alone and In combination w ith  desipram lne, 

on blood pressure and heart ra te

ldazoxan, ano ther a2"’a3ren °c ep to r a n ta g o n is t, caused sm all but 

s ig n i f ic a n t  In c re a se s  In  both MAP and HR a t  0.C8 mg/kg. The 03 

mg/kg dose of ldazoxan produced la r g e r  In c re a se s  In  MAP and HR, 

m easuring + 30 £  4 mmHg and + 3 6 + 7  b e a ts /m in  re s p e c t iv e ly  f iv e  

m inu tes a f t e r  a d m in is tra tio n . The com bination  of 03 mg/kg ldazoxan 

w ith  0.1 mg/kg DMI caused very  la rg e  in c re a se s  In  both p a ram ete rs .

The mean in c re a se s  in  MAP and HR produced by t h i s  com bination  5 

m inu tes a f t e r  a d m in is tra t io n  w ere + 6 0 £  6 mmHg and + 114 £  9 b e a ts / 

min re s p e c tiv e ly  (F ig u re  14).

P r io r  to  drug a d m in is tra tio n  th e  mean MAP and HR v a lu e s  in  th e  

tre a tm e n t groups were no t s ig n if ic a n t ly  d i f f e r e n t  from c o n tro l , 

a lthough  th e  group due to  re c e iv e  0.03 mg/kg ldazoxan had a s l ig h t ly  

h ig h e r mean MAP. As a r e s u l t  of the  p re sso r e f f e c t s  of both doses of 

ldazoxan and th e  ldazoxan/DMI com bination, th e  mean MAP v a lu es  in  th e  

th re e  tre a tm e n t groups w ere s ig n i f ic a n t ly  h ig h e r than  c o n tro l a t  th e  

tim e  of coronary o cc lu sio n . The mean MAP v a lu es  fo r  th e  groups 

re c e iv in g  Q.C3 and 03 mg/kg ldazoxan and th e  0.3/0.1 mg/kg 

com bination  of idazoxan/DMI w ere 12 8 £ 6 ,  125 £  5 and 151 £  7 mmHg 

re s p e c tiv e ly , compared to  101 £  3 mmHg in  th e  c o n tro l group. Coronary 

o c c lu s io n  produced s im i la r  red u c tio n s  in  MAP in  a l l  groups and th e  

s ig n i f ic a n t  d if fe re n c e  in  mean MAP betw een th e  tre a tm e n t and c o n tro l 

groups rem ained 5 m inutes a f t e r  o cc lu s io n  (F ig u re  15 , a ) .

A ll groups had s im i la r  mean HR v a lu es  be fo re  drug a d m in is tra t io n  

bu t th e  group re c e iv in g  th e  com bination of ldazoxan and DMI had a 

s ig n i f ic a n t ly  h ig h e r mean HR than  c o n tro l both  a t  th e  tim e of 

coronary  o cc lu s io n  (564 £  10 v e rsu s  479 £  5 b e a ts /m in  in  c o n tro l) ,
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and 5 m inu tes a f t e r  coronary o c c lu s io n  (57 0 +_ 9 ve rsu s  469 £  6 

b e a ts /m in  In  c o n tro l) . The mean HR v a lu e s  In  th e  two groups 

re c e iv in g  ldazoxan alone w ere no t s ig n i f ic a n t ly  d i f f e r e n t  from 

c o n tro l a t  e i th e r  time p o in t (F ig u re  15 ,b ) .

3 j6.  E ffe c ts  o f coronary o cclu sio n  on blood pressure and heart ra te  in  

vitam in E d e f ic ie n t  ra ts

R ats fed  on a v ita m in  E d e f ic ie n t  d ie t  fo r  8 weeks had a mean 

serum v ita m in  E c o n ce n tra tio n  o f 11.0 +_ 0.6 mM compared w ith  2 0.1 +_

0.7 mM in  c o n tro l r a t s  (n=9), as m easured by Z akaria  (1985). The 

v ita m in  E d e f ic ie n t  group had s im i la r  mean MAP and HR v a lu es  to  th e  

c o n tro l group, which had rece iv ed  a normal d ie t ,  p r io r  to  in trav en o u s 

a d m in is tra t io n  of s a l in e  and a t  th e  tim e of coronary  o cc lu s io n . 

Follow ing coronary  o cc lu s io n , however, th e  v ita m in  E d e f ic ie n t  group 

had a s l ig h t ly  h ig h e r mean MAP and a s ig n i f ic a n t ly  h ig h e r mean HR 

th an  th e  c o n tro l group. The mean HR v a lu es  5 m inu tes a f t e r  

coronary  o c c lu s io n  in  th e  v ita m in  E d e f ic ie n t  and co n tro l groups w ere 

507 +_ 10 and 46 9 ±  6 b ea ts /m in  r e s p e c tiv e ly  (F ig u re  1 6 ) .
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Figure 12 Effects of intravenous administration of saline in controls
(#,n=73), yohimbine at doses of 0.1 (■/n=18) and 1.0 (A,n=12) 
mg/kg, and combined yohimbine/desipramine at doses of 0.1/0.1 
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pressure and (b) heart rate. All values are means and vertical 
lines represent s.e.mean. * denotes significant difference 
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and (b) heart rate following intravenous administration of 
saline in controls (#,n=73), yohimbine at doses of 0.1 (■, 
n=18) and 1.0 (A,n=12) mg/kg, and combined yohimbine/ 
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mean. * denotes significant difference from control (P<0.05).
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Figure 15 Effects of coronary occlusion on (a) mean arterial pressure 
and (b) heart rate following intravenous administration of 
saline in controls (#,n=73), idazoxan at doses of 0.03 (■, 
n=12) and 0.3 (A,n=18) mg/kg, and combined idazoxan/ 
desipramine, 0.3/0.1 mg/kg (A,n=14). All values are means 
and vertical lines represent s.e.mean. * denotes significant 
difference from control (P<0.05).
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4 .1 .  Coronary occlusion-induced  arrhythmias

O cclusion  of th e  l e f t  a n te r io r  descending  coronary a r te ry  

produced a la rg e  in c re a se  in  EOG s ig n a l s iz e ,  r e s u l t in g  from an 

in c re a s e  in  R-wave am plitude . This e f f e c t  was very  ra p id  and 

occu rred  w ith in  seconds of coronary  o c c lu s io n , accompanied by a 

re d u c tio n  in  blood p re ssu re , a s  d iscu ssed  in  s e c tio n  3.1. H eart r a te  

was no t a f fe c te d  by coronary o c c lu s io n .

Subsequently  th e re  was a g radual re d u c tio n  in  R-wave am plitude  

p r io r  to  th e  developm ent of a rrh y th m ias , which u su a lly  s ta r te d  w ith in  

5 m inu tes  of coronary o cc lu s io n . The a rrh y th m ias  u su a lly  l a s t e d  fo r  

8-10 m inu tes and had subsided  by 15 m inutes a f t e r  coronary occlu sio n . 

F o llow ing  th i s  phase of a rrh y th m ias  th e re  was o f te n  an  in c re a se  in  

blood p re s su re  and h e a r t  r a te  in  su rv iv in g  an im a ls , perhaps a s  p a r t  

of a r e f l e x  response  to  th e  haemodynamic f lu c tu a t io n s  caused by th e  

a rrh y th m ias .

There was a lso  a slow ly  develop ing , s u s ta in e d  aST-segm enta 

e le v a tio n  which s ta r te d  w ith in  2-3 m inu tes of coronary  o c c lu s io n  and 

co n tinued  u n t i l  th e  end of th e  o cc lu s io n  p e rio d  ( th e  r a t  EOG has no 

t ru e  ST-segment and th e  term  aST-segm enta has been used h e re  to  

d e sc rib e  th e  ju n c tio n  of th e  QRS and T w aves). F igu re  17 d is p la y s  a 

r e p re s e n ta t iv e  tra c e  of blood p re s su re , ECG and h e a r t  r a t e  re co rd in g s  

from a c o n tro l experim ent, showing th e  changes t h a t  occu rred  in  th e se  

p a ram ete rs  fo llo w in g  coronary o cc lu s io n . The ST-segroent e le v a tio n  

t h a t  had o ccu rred  a f t e r  15 m inutes of coronary o c c lu s io n  i s  a ls o  

in d ic a te d .

The changes in  th e  ECG p a t te rn  fo llo w in g  coronary  o cc lu s io n  a re  

b e t t e r  i l l u s t r a t e d  in  F igure  18. An e le v a te d  ST-segment was ev id en t 

5 min a f t e r  coronary  o c c lu s io n  and t h i s  was f u r th e r  exaggerated  w ith
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In creasin g  d u ra tio n  of lschaem ia. Another n o ta b le  e le c t r o 

card iog raph ic  change was th e  developm ent o f Q-waves tow ards th e  end 

of th e  o c c lu s io n  p e rio d , as i l l u s t r a t e d  20 mln p o s t-o c c lu s io n  in  t h i s  

f ig u re .

The v a rio u s  ty p es  of a rrh y th m ias  t h a t  a re  observed in  t h i s  model 

are i l l u s t r a t e d  in  F igure  19 which d e p ic ts  a re p re s e n ta t iv e  high 

speed blood p re s su re  and le a d  I I  EOG re c o rd in g  from a c o n tro l 

experim ent, around 8 m inu tes a f te r  coronary  o cc lu s io n . The 

a rrhy thm ias o ccu rred  m ainly  betw een 4 and 15 m inutes p o s t-o c c lu s io n  

and com prised prem ature  v e n tr ic u la r  c o n tra c tio n s  (PVCs) and b u rs ts  of 

v e n tr ic u la r  ta ch y c a rd ia  (VT) and v e n t r ic u la r  f i b r i l l a t i o n  (VF), which 

in  th e  r a t  can spontaneously  r e v e r t  to  s in u s  rhythm . However, 

p e r s is te n t  VT and VF, l a s t in g  s e v e ra l m inu tes, w ere observed in  some 

r a t s  and r e s u l te d  in  death . Sham o c c lu s io n  of the  coronary a r te ry  in  

10 an im als d id  n o t produce any arrh y th m ias .

4 .2 .  Arrhythmias in  con tro l experiments

During t h i s  study  f iv e  sep a ra te  c o n tro l groups w ere e s ta b lis h e d  

betw een January  1984 and O ctober 1985, w ith  11-21 an im a ls  in  each 

group. The experim ents in  th e se  groups, d e s ig n a ted  th e  l e t t e r s  A to

E, were c a r r ie d o u t a t th e  fo llo w in g  d a te s :

C on tro l Group n Dates o f experim ents

A 21 January  1984

B 12 March 1984

C 11 May-June 1984

D 15 F eb ruary -A pril 19 85

E 14 Septem ber-O ctober 19 85



There was no s ig n i f ic a n t  seasonal v a r ia t io n  in  th e  inc idence  and 

s e v e r i ty  of a rrh y th m ias  in  th ese  c o n tro l experim ents (F ig u re  20).

The t o t a l  number of FVCs during  th e  2 0 min coronary o cc lu s io n  period  

ranged from  541 +_ 100 in  group D to  954 ±  3 00 in  group C, w ith  the  

means from th e  o th e r groups f a l l i n g  betw een th e se  two extrem es. The 

in c id en ces  of VT and VF w ere s im ila r  in  a l l  groups a t  around 80-90% 

and 20-3 0% re s p e c tiv e ly . The g re a te s t  v a r i a b i l i t y  was in  th e  

in c id en ce  of m o r ta l i ty  which ranged from 0% in  group E to  24% in  

group A. However, even th e se  two ex trem es w ere no t s ig n i f ic a n t ly  

d i f f e r e n t  f r a n  each o th e r  when can pared by th e  C hi-square t e s t .

F igu re  21 shows th e  mean v a lu e s  o b ta in ed  from th e  co n tro l groups 

fo r  th e  o n se t of th e  f i r s t  ep isode  and th e  t o t a l  d u ra tio n  of a l l  

ep isodes of both VT and VF. There was no s ig n i f ic a n t  d if fe re n c e  in  

any of th e se  p a ram eters  betw een th e  f iv e  groups. The d is t r ib u t io n  

of FVCs during  th e  20 min o c c lu s io n  p e rio d  was a ls o  s im i la r  in  a l l  

groups w ith  th e  m a jo r ity  ta k in g  p lace  betw een 4 and 15 min a f t e r  

coronary  o cc lu s io n , although  peak e c to p ic  a c t i v i t y  appeared to  occur 

sooner in  group D than  in  any of th e  o th e r  groups (F ig u re  2 2 ).

For p r a c t ic a l  purposes th e  d a ta  from th e  f iv e  groups w ere pooled 

to g e th e r  to  form one la rg e  c o n tro l group (n=73) fo r  com parison w ith  

tre a tm e n t groups. The t o t a l  number of FVCs in  t h i s  combined c o n tro l 

group was 741 £  93 and th e  In c id en ces  of VT, VF and m o r ta l i ty  were 

84%, 2 9% and 12% re s p e c tiv e ly . The mean o n se t of th e  f i r s t  episode 

w as 5.4 + 0.3 m in  f o r  VT and 7 .2 +_ 0.2 m in  f o r  VF f o l lo w in g  c o ro n a ry  

o cc lu s io n . The mean t o t a l  d u ra tio n  m easured 55 + 8 s and 3 0 + 4  s 

f o r  VT and VF r e s p e c t iv e ly .
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4 .3 .  E ffe c ts  o f  desipramine on arrhythmias

The neuronal uptake b lock ing  agent desipram ine (DMI) had no 

s ig n i f ic a n t  e f f e c t  on th e  a rrh y th m ias  a t  th e  0.1 mg/kg dose which 

produced s ig n i f ic a n t  in c re a se s  in  blood p re ssu re  and h e a r t  r a te .  

In c re a s in g  th e  dose of DMI appeared  to  have a d o s e - re la te d  

a n tia rrh y th m ic  e f f e c t ,  s ig n i f ic a n t ly  reducing  th e  in c id en ce  of VT 

from 84% in  c o n tro ls  to  42% a t  0.5 mg/kg and 31% a t  2.5 mg/kg d e sp ite  

the  c o n tra s t in g  e f f e c t s  th e se  two doses had on blood p re ssu re  and 

h e a r t  r a te .  These doses of DMI a ls o  ab o lish ed  th e  inc idence  of VF 

and th e re  was no m o r ta l i ty  in  e i th e r  group. The t o t a l  number of IVCs 

was s ig n i f ic a n t ly  reduced by 0.5 mg/kg DMI, frcm 741 +_ 93 in  th e  

c o n tro l group to  182 jf 48, but n o t a f fe c te d  by th e  2.5 mg/kg dose 

(F ig u re  23) .

The mean o n se t and d u ra tio n  of VT in  groups t r e a te d  w ith  0.1 and 

2.5 mg/kg doses of DMI were not s ig n i f ic a n t ly  d i f f e r e n t  from c o n tro l 

v a lu es , a lthough  th e  o n se t of VT appeared to  have been a c c e le ra te d  

in  th e  4 an im als  th a t  e x h ib ite d  VT in  th e  2.5 mg/kg group. 0.5 mg/kg 

DMI, however, s ig n i f ic a n t ly  reduced th e  d u ra tio n  of VT from 55+. 8 s 

in  c o n tro ls  to  11 + 5 s and t h i s  was r e f le c te d  by th e  re d u c tio n  in  

th e  number of PVCs in  t h i s  group (see  above). The o n se t of VT was 

no t s ig n i f ic a n t ly  a ffe c te d . Of the  groups re c e iv in g  DMI, only  th e  0.1 

mg/kg group e x h ib ite d  VF and th e  o n se t and d u ra tio n  of VF w ere not 

s ig n i f ic a n t ly  d i f f e r e n t  from c o n tro l v a lu es  (Table 1).

The d i s t r ib u t io n  of FVCs d u ring  th e  o cc lu s io n  p e rio d  was no t 

a f fe c te d  by 0.1 mg/kg DMI. Although 0.5 mg/kg DMI s ig n i f ic a n t ly  

su p p ressed  th e  occurrence  of FVCs i t  d id  n o t appear to  a l t e r  t h e i r  

d i s t r ib u t io n .  2.5 mg/kg DMI, however, caused a s h i f t  in  peak e c to p ic  

a c t i v i t y  which occu rred  a t  5 min a f t e r  coronary o cc lu s io n  compared
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to  8 min in  th e  c o n tro l group (F igu re  24), p o ss ib ly  as a consequence 

of th e  a c c e le ra te d  o n se t of VT.

4 .4 . E ffe c ts  o f yohimbine, alone and in  combination w ith  desipram ine, 

on arrhythmias

DMI, as a neuronal uptake b locker, would be expected  to  e le v a te  

sy n ap tic  le v e l s  of n o rad ren a lin e  a t  sym pathetic  nerve te rm in a ls . In  

o rd e r to  in v e s t ig a te  w hether such an a c t io n  was invo lved  in  th e  a n t i -  

a rrh y th m ic  mechanism of DMI, th e  e f f e c ts  of th e  a^ -ad ren o cep to r 

a n ta g o n is t yohim bine on a rrh y th m ias  w ere examined, both when given 

alone and in  com bination  w ith  DMI. Yohimbine would a lso  be expected 

to  e le v a te  th e  sy n ap tic  le v e ls  of n o rad ren a lin e , by a t te n u a tin g  th e  

p re sy n a p tic  in h ib i t io n  of re le a s e ,  and should  enhance th e  e f f e c t s  of 

DMI when given  in  com bination.

Yohimbine, a t  0.1 mg/kg, had no l a s t i n g  e f f e c t s  on blood 

p re ssu re  and h e a r t  r a t e  bu t produced a s ig n i f ic a n t  In c re ase  in  th e  

in c id en ce  of VF from 2 9% in  th e  c o n tro l group to  56%. This was 

accompanied by a s ig n i f ic a n t  in c re a se  in  m o r ta l i ty  from  12% in  th e  

c o n tro l group to  33%. The number of FVCs and th e  inc idence  of VT 

were not s ig n i f ic a n t ly  a f fe c te d  by th i s  dose of yohim bine. At the  

la rg e r  dose of 1.0 mg/kg, which produced a s ig n i f ic a n t  re d u c tio n  in  

blood p re ssu re  and a t r a n s ie n t  re d u c tio n  in  h e a r t  r a te ,  yohim bine had 

th e  o p p o site  e f f e c t ,  p roducing s ig n i f ic a n t  re d u c tio n s  in  a l l  

p a ram ete rs  of a rrh y th m ic  a c t iv i ty .  The number of FVCs was reduced 

from 7 41 +_ 93 in  th e  c o n tro l group to  222 +_ 107, th e  Incidence of VT 

from  84% to  33% and th e  in c id en ce  of VF from  29% t o  0%. There was 

a lso  no m o r ta l i ty  in  th e  group re c e iv in g  1.0 mg/kg yohim bine (F ig u re  25).



Both doses of yohim bine w ere a ls o  g iven  in  com bination  w ith  0.1 

mg/kg DMI. Concom itant a d m in is tra t io n  of DMI w ith  0.1 mg/kg 

yohim bine produced s ig n i f ic a n t  in c re a s e s  in  blood p re s su re  and h e a r t  

r a t e  and appeared to  a b o lish  th e  arrhy thm ogenic  e f f e c t s  of th i s  dose 

of yohim bine a lone . The number of FVCs in  t h i s  group was 629 £  171 

and th e  in c id en ces  of VT, VF and m o r ta l i ty  w ere 7 9%, 21% and 7% 

re s p e c tiv e ly . These v a lu es  w ere not s ig n i f ic a n t ly  d i f f e r e n t  from 

th e i r  re s p e c tiv e  c o n tro ls . When 1.0 mg/kg yohim bine was ad m in is te red  

in  com bination  w ith  DMI, th e re  w ere la rg e  in c re a se s  in  both blood 

p re ssu re  and h e a r t  r a te  bu t the  s ig n i f ic a n t  a n tia rrh y th m ic  e f f e c t  

observed  w ith  t h a t  dose of yohimbine a lone  p e r s is te d . The number of 

FVCs was decreased  to  343 £  150 and th e  in c id en ces  o f VT, VF and 

m o r ta l i ty  were reduced to  33%, 0% and 0% re s p e c tiv e ly . These v a lu es  

w ere very  s im ila r  to  those  observed  in  th e  group re c e iv in g  yohim bine 

alone a t  1 .0  mg/kg (F ig u re  2 5 ) .

Table 2 g iv es  th e  o n se t and d u ra tio n  v a lu e s  fo r  VT and VF in  th e  

c o n tro l, yohim bine and combined yohimbine/DMI groups. There was no 

s ig n i f ic a n t  d if fe re n c e  from c o n tro l in  any of th e  tre a tm e n t groups, 

a lthough  the  o n se t o f VT appeared to  be sooner in  th e  4 an im als  which 

e x h ib ite d  VT in  th e  group re c e iv in g  th e  com bination  of 1.0 mg/kg 

yohim bine w ith  DMI (4.1 £  0.4 min compared w ith  5.4 £  03 min in  the  

c o n tro l g roup).

The d i s t r ib u t io n  of FVCs during  th e  2 0 min coronary  o cc lu s io n  

p e rio d  in  the  c o n tro l and tre a tm e n t groups i s  shown in  F igure  26. At 

0.1 mg/kg, yohimbine d id  no t appear to  a f f e c t  th e  d i s t r ib u t io n  of 

FVCs, e i th e r  alone o r in  com bination  w ith  DMI. The 1.0 mg/kg dose of 

yohim bine suppressed  th e  occurrence of FVCs, both when given  a lone  

and in  com bination w ith  0.1 mg/kg DMI. Yohimbine a lone  a t  th i s  dose
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d id  n o t a l t e r  th e  d i s t r ib u t io n  of FVCs bu t peak e c to p ic  a c t i v i t y  

appeared to  occur sooner in  the  group re c e iv in g  the  com bination of 

1.0 mg/kg yohim bine and DMI, p o ss ib ly  as a r e s u l t  of th e  

a c c e le ra te d  o n se t of VT in  th e  4 an im als  which e x h ib ite d  VT in  th i s  

group.

4*5. E ffe c ts  o f combined p o st-o cc lu s io n  adm in istration  o f  yohimbine 

and desipramine on arrhythmias

In  o rd e r to  in v e s t ig a te  w hether th e  a n t i  a rrhy thm ic  e f f e c t  of th e  

com bination  of 1.0 mg/kg yohim bine and 0.1 mg/kg DMI was m ediated  by 

a lo c a l iz e d  a c t io n  w ith in  th e  Ischaem ic myocardium or by a general 

sy m p ath e tic  a c t iv a t io n ,  a group of an im a ls  were given t h i s  

com bination  2 min a f t e r  coronary o cc lu sio n . I t  was assumed th a t  in  

th e se  an im a ls  th e  drugs would not e n te r  th e  ischaem ic a re a  in  any 

a p p re c ia b le  q u a n tity  due to  th e  lew c o l l a t e r a l  flow in  th e  r a t .

F ig u re  27 shows th e  e f f e c t s  of p re - and p o s t-o c c lu s io n  

a d m in is tra t io n  of 1.0 mg/kg yohim bine in  com bination  w ith  0.1 mg/kg 

DMI on a rrh y th m ias . T reatm ent w ith  th i s  com bination p r io r  to  

coronary  o c c lu s io n  had a s ig n i f ic a n t  a n tia r rh y th m ic  e f f e c t ,  as 

d e sc rib e d  in  s e c t io n  4 .4 .. I t s  a d m in is tra t io n  2 min a f t e r  coronary 

o c c lu s io n  produced In c re a se s  in  blood p re s su re  and h e a r t  r a t e  s im ila r  

to  th o se  observed w ith  p re -o c c lu s io n  a d m in is tra tio n  bu t had no 

s ig n i f ic a n t  e f f e c t  on th e  occurrence and s e v e r i ty  of a rrh y th m ias  when 

compared to  the  c o n tro l group which re c e iv e d  an in je c t io n  of s a lin e  

a t  th e  same tim e. There was an in c re a se  in  m o r ta l i ty  from 8% in  

c o n tro ls  to  33% b u t the  d if fe re n c e  d id  no t reach  s t a t i s t i c a l  

s ig n if ic a n c e .
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P o s t-o c c lu s io n  a d m in is tra t io n  of t h i s  com bination of yohim bine 

and desip ram ine  d id  n o t a f f e c t  th e  o n se t and d u ra tio n  of VT bu t 

s ig n i f ic a n t ly  a c c e le ra te d  tn e  o n se t of VF from 7.2 _+ 03  min in  

c o n tro ls  t o  5 .0  + 0.4 min w ith o u t a l t e r in g  i t s  d u ra tio n  (T able 3 ) .

4j6 . E ffe c ts  o f acute b ila te r a l  vagotomy on arrhythm ias in  r a ts  

trea ted  w ith  a combination o f  yohimbine and desipramine

The a n tia rrh y th m ic  e f f e c t  o f th e  yohimbine/DMI com bination  may 

be m ed ia ted  by a r e f l e x  in c re a se  in  v ag a l a c t i v i t y  in  response  to  th e  

la rg e  In c re a se s  in  blood p re su re  and h e a r t  r a t e  produced by th i s  

com bination. These experim en ts  w ere c a r r ie d  o u t t o  In v e s tig a te  th i s  

p o s s i b i l i t y .

B i la te r a l  vagotomy was perform ed a t  v a r io u s  tim e s  a f t e r  coronary 

o c c lu s io n  in  a sm all number of an im als  t r e a te d  w ith  th e  com bination 

of 1.0 mg/kg yohim bine and 0.1 mg/kg DMI 5 min b e fo re  occlu sio n .

Both v a g i, which had been i s o la te d  from th e  a d jac e n t nerves and 

co n n ec tiv e  t i s s u e  around th e  l e f t  and r i g h t  common c a r o t id  a r t e r i e s ,  

w ere sec tio n e d  a t  3(n=4), 7(n=4) and 10 min (n=3) a f t e r  coronary 

o cc lu s io n . B i la te r a l  vagotomy d id  no t appear to  a f f e c t  th e  a n t i -  

a rry th m ic  e ff ic a c y  of t h i s  com bination of yohim bine and DMI and no 

in c re a se  in  e c to p ic  a c t i v i t y  was observed fo llo w in g  vagotomy in  any 

of th e  groups. F igu re  28 shows th e  la c k  of e f f e c t  of acu te  b i l a t e r a l  

vagotomy a t  3,7 and 10 min a f t e r  coronary o c c lu s io n  on th e  occurence 

and d i s t r ib u t io n  of subsequent FVCs.

4 .7 . E ffe c ts  o f idazoxan, alone and In combination w ith  desipram ine, 

on arrhythmias

Yohimbine p o sse sse s  some lo c a l  a n a e s th e tic  a c t i v i t y  and t h i s  may
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co m p lica te  tn e  I n te r p r e ta t io n  of th e  r e s u l t s  o b ta in ed  w ith  h igh  doses 

of th i s  drug. For th i s  reason , th e  e f f e c t s  on a rrh y th m ias  of an o th er 

s e le c t iv e  o^-adrenocep tor a n ta g o n is t idazoxan w ere a lso  In v e s tig a te d , 

both  when given alone and in  com bination w ith  DMI.

Idazoxan, a t  0.03 mg/kg, produced sm a ll bu t s ig n i f ic a n t  

in c re a se s  in  blood p re ssu re  and h e a r t  r a t e  and a s ig n i f ic a n t  

re d u c tio n  in  th e  number of FVCs from 741 +_ 93 in  th e  c o n tro l group to  

321 +_ 93. This dose, however, had no s ig n i f ic a n t  e f f e c t  on th e  more 

se r io u s  a rrh y th m ias , w ith  th e  In c id en ces  of VT and VF rem ain in g  very  

s im ila r  to  the  c o n tro l v a lu e s  a t  7 5% and 25% re s p e c tiv e ly . There was 

a lso  no e f f e c t  on th e  Incidence  of m o r ta l i ty .  At th e  0.3 mg/kg dose, 

which produced s ig n i f ic a n t  in c re a se s  In  blood p re ssu re  and h e a r t  

r a te ,  idazoxan d id  n o t a f f e c t  th e  number of FVCs and th e  Inc idence  of 

VT but produced a s ig n i f ic a n t  In c re ase  in  th e  in c id en ce  of VF from  

2 9% in  th e  c o n tro l group to  56%. There was a ls o  a sm a ll in c re a se  in  

m o r ta l i ty  bu t t h i s  was not s t a t i s t i c a l l y  s ig n if ic a n t  (F ig u re  2 9 ) .

S im ila r  to  th e  r e s u l t s  o b ta in ed  w ith  0.1 mg/kg yohim bine, 

concom itant a d m in is tra t io n  of 0.1 mg/kg DMI w ith  03 mg/kg idazoxan 

produced very  la rg e  in c re a s e s  in  blood p re s su re  and h e a r t  r a t e  and 

a b o lish ed  th e  arrhythm ogenic e f f e c t  of t h i s  dose of idazoxan. There 

was, in  f a c t ,  a s ig n i f ic a n t  decrease  in  th e  number of FVCs t o  361 +_ 

96. The in c id en ces  o f VT, VF and m o r ta l i ty  in  th i s  group w ere n o t 

s ig n i f ic a n t ly  d i f f e r e n t  from c o n tro ls  a t  71%, 36% and 0% re s p e c tiv e ly  

( F igure  2 9 ) .

Idazoxan d id  n o t a f f e c t  th e  o n se t of VT e i th e r  a lone or in  

com bination  w ith  DMI. The d u ra tio n  of VT was reduced  from  55 + 8 s 

in  th e  c o n tro l group to  20 + 6 s by both idazoxan alone a t  0.C3 mg/kg
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and th e  com bination  of 03  mg/kg idazoxan w ith  0.1 mg/kg DMI but 

th e se  re d u c tio n s  were not s t a t i s t i c a l l y  s ig n i f ic a n t  (0.1>P>0.05).

The re d u c tio n s  in  th e  d u ra tio n  of VT w ere r e f le c te d  by s ig n i f ic a n t  

re d u c tio n s  in  th e  number of IVCs in  th ese  groups, a s  shown in  f ig u re  

29. The o n se t and d u ra tio n  of v e n t r ic u la r  f i b r i l l a t i o n  w ere not 

s ig n i f ic a n t ly  a l te r e d  by Idazoxan o r the  com bination  of idazoxan and 

DMI (T able  4 ) .

F ig u re  30 shows th e  d i s t r ib u t io n  of PVCs in  th e  20 min perio d  

fo llo w in g  coronary  o c c lu s io n  in  th e  c o n tro l group and groups t r e a te d  

w ith  idazoxan, e i th e r  a lone  or in  com bination  w ith  DMI. The 

d i s t r ib u t io n  of PVCs was n o t a l te r e d  by any of th e  tre a tm e n ts , w ith  

th e  m a jo r ity  of PVCs o c c u rr in g  betw een 4 and 15 min a f t e r  coronary 

o c c lu s io n  and w ith  peak e c to p ic  a c t i v i t y  a t  around 8 min, a lthough 

th e  number of PVCs was supp ressed  by two o f th e  tre a tm e n ts , as 

m entioned above.

4 . 8 .  Arrhythmias In vitam in E d e f ic ie n t  r a ts

The t o t a l  number of PVCs in  th e  v ita m in  E d e f ic ie n t  group was 

s ig n i f ic a n t ly  low er th a n  th e  c o n tro l va lue  of 7 41 +. 93, a t  2 89 +. 81. 

The in c id en ces  o f VT, VF and m o r ta l i ty ,  however, w ere n o t 

s ig n i f ic a n t ly  a l te r e d  a t  67%, 20% and 7% re s p e c tiv e ly  (F ig u re  31).

The re d u c tio n  in  th e  number of PVCs r e s u l te d  from a s ig n i f ic a n t  

re d u c tio n  in  th e  d u ra tio n  of VT in  th e  v ita m in  E d e f ic ie n t  group, 

w hich m easured 19 + 8 s compared t o  55 4 8 s in  the  c o n tro l group 

(T able 5). The o n se t of VT and th e  o n se t and d u ra tio n  of VF w ere no t 

s ig n i f ic a n t ly  d i f f e r e n t  from c o n tro l . The d i s t r ib u t io n  of PVCs 

fo llo w in g  coronary  o c c lu s io n  was s im i la r  in  c o n tro l and v ita m in  E 

d e f ic ie n t  groups, a lthough  th e  t o t a l  number of PVCs was suppressed  in



the l a t t e r  group (F ig u re  3 2 ) .

4 .9 .  E ffe c ts  o f blood pressure and heart ra te  on arrhythmias

The mean a r t e r i a l  p re ssu re  (HAP) and h e a r t  r a te  (HR) v a lu e s  a t  

the  tim e  of coronary  o c c lu s io n  w ere p lo t te d  a g a in s t  th e  a rrh y th m ia  

score  ( c a lc u la te d  from th e  a r b i t r a r y  s c a le  d e sc rib ed  in  s e c tio n

2.1.(2)) fo r  In d iv id u a l experim en ts in  each group. No s ig n i f ic a n t  

c o r r e la t io n  was observed betw een e i th e r  of th e se  p aram eters  and th e  

s e v e r i ty  of a rrh y th m ias .

The s c a t t e r  diagram s in  F ig u re  33 show th e  la c k  of c o r r e la t io n  

between HAP or HR a t  th e  tim e  of o c c lu s io n  and th e  s e v e r i ty  of 

subsequent a rrh y th m ias , in  th e  c o n tro l group. S im ila r  r e s u l t s  w ere 

o b ta in e d  in  th e  tre a tm en t groups.
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F igure  17 R ep rese n ta tiv e  reco rd in g  from a c o n tro l experim ent 
showing th e  e f f e c t s  o f coronary  o cc lu s io n  on blood 
p re s s u re , le ad  I I  e lec tro ca rd io g ram  (ECG) and h e a r t  
r a t e .
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Figure 18 High speed lead II electrocardiogram (ECG) recordings
from a control experiment before and at intervals after 
coronary occlusion.
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Figure 19 Representative high speed blood pressure and lead II 
electrocardiogram (ECG) recordings from a control 
experiment illustrating the various types of arrhythmias 
observed in this model. PVCs=premature ventricular 
contractions, VT=ventricular tachycardia, VF=ventricular 
fibrillation.
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Figure 20 (a) The total number of premature ventricular contractions
(PVCs) and the incidences of (b) ventricular tachycardia 
(VT), (c) ventricular fibrillation (VF), and (d) mortality
in separate control groups (see section 4.2. for details).
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and ventricular fibrillation (VF,c and d) following coronary 
occlusion in separate control groups (see section 4.2. for 
details).
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F ig u re  22 The d i s t r ib u t io n  o f  prem ature v e n tr ic u la r  c o n tra c tio n s  

fo llo w in g  coronary o cc lu s io n  in  se p a ra te  c o n tro l groups 
(see s e c tio n  4 .2 . fo r  d e t a i l s ) .  The t o t a l  number of 

prem ature v e n tr ic u la r  c o n tra c tio n s  during  th e  o cc lu s io n  

p e rio d  i s  a lso  in d ic a te d .
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Figure 23 Effects of desipramine (DMI,hatched columns) on (a) the total 
number of premature ventricular contractions (PVCs) and the 
incidences of (b) ventricular tachycardia (VT), (c) ventri
cular fibrillation (VF), and (d) mortality. Open columns 
represent the control group and * denotes significant 
difference from control (P<0.05).



Drug Dose n V e n tr ic u la r  ta ch y c a rd ia____  V e n tr ic u la r  f i b r i l l a t i o n ____
(mg/kg) n Onset(rain) D u ra tio n (s) n Onset(min) D u ra tion (s)

Saline - 73 61 5 .4 (0 .3 ) 55(8) 21 7 .2 (0 .2 ) 30(4)
DMI 0.1 12 10 4 .9 (0 .6 ) 32(8) 4 5 .6 (0 .6 ) 40(13)
DMI 0.5 12 5 6 .7 (1 .3 ) 11 (5)* 0 - -

DMI 2.5 13 4 4 .3 (0 .6 ) 59(31) 0

Table 1 E f fe c ts  o f desipram ine (DMI) on th e  o n se t and d u ra tio n  o f
v e n tr ic u la r  ta ch y c a rd ia  and v e n tr ic u la r  f i b r i l l a t i o n  fo llow ing  
coronary  o c c lu s io n . A ll v a lu es  a re  means and v a lu es  in  b ra c k e ts  

re p re se n t s .e .m ean . * denotes s ig n i f ic a n t  d if f e re n c e  from th e  

c o n tro l group t r e a te d  w ith  s a l in e  (P<0.05).
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Figure 24 The distribution of premature ventricular contractions 
following coronary occlusion in the control group and 
groups receiving 0.1, 0.5 and 2.5 mg/kg doses of desipramine 
(DMI).
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(c) ventricular fibrillation (VF), and (d) mortality. Open 
.columns represent the control group and * denotes significant 
difference from control (P<0.05).'



Drug Dose n V e n tr ic u la r  ta ch y ca rd ia____  V e n tr ic u la r  f i b r i l l a t i o n

(mg/kg) n Onset(min) D u ra tio n (s) n Onset(min) D u ra tio n (s)

Saline - 73 61 5.4(0.3) 55(8) 21 7.2(0.2) 30(4)
YOH 0.1 18 17 5.9(0.4) 67(18) 10 8.1(0.5) 41(12)
YOH 1.0 12 4 5.3(1.1) 36(11) 0 - -

YOH/DMI 0 .1/0.1 14 11 5.9(0.8) 45(18) 3 7.0(1.0) 50(6)
YOH/DMI 1 .0/0.1 12 4 4.1(0.4) 58(20) 0 —

Table 2 Effects of yohimbine, alone (YOH) and in combination with
desipram ine (YOH/DMI), on th e  o n se t and d u ra tio n  o f v e n tr ic u la r  
ta ch y c a rd ia  and v e n tr ic u la r  f i b r i l l a t i o n  fo llow ing  coronary  
o c c lu s io n . A ll v a lu es  a re  means and v a lu es  in  b ra c k e ts  re p re se n t 
s . e .mean•

100
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Figure 26 The distribution of premature ventricular contractions 
following coronary occlusion in the control group and 
groups receiving yohimbine, alone (YOH) or in combination 
with desipramine (YOH/DMI).



Nu
mb
er
 

of 
pr
em
at
ur
e 

ve
nt
ri
cu
la
r 

co
nt

ra
ct

io
ns

102

200 -

150

100

50-

CONTROL

n= 73

300i

250-

200

150’

1001

50-

YOH, 0-1 mg/kg YOH ,1*0 mg/kg

n = 18 n = 12

15 2020 0 5 10

200

150

100

50-

YOH/DMI, 0-1/01 mg/kg 

n = 14

& I

i

10

1

YOH/DMI, 1 0 / 0 1  mg/kg 

n = 12

Ci
I l

15 20 0 5 10

Time after coronary occlusion (minutes)
15 20



Mo
rt
al
it
y 

In
ci
de
nc
e 

of 
VF 

In
ci
de
nc
e 

of 
VT 

To
ta
l 

nu
mb
er
 

of 
PV

Cs

103

100

*  50

n 73 12 12 12
> j    -  ■

Drug or saline before Drug or saline after
coronary occlusion coronary occlusion

Figure 27 Effects of pre- and post-occlusion administration of a
yohimbine/desipramine combination (1.0/0.1 mg/kg, cross- 
hatched columns) on (a) the total number of premature 
ventricular contractions (PVCs) and the incidences of (b) 
ventricular tachycardia (VT), (c) ventricular fibrillation 
(VF), and (d) mortality. Open columns represent control groups 
and * denotes significant difference from control (PC0.05).



Drug Dose n V e n tr ic u la r  ta ch y c a rd ia  V e n tr ic u la r  f i b r i l l a t i o n

(mg/kg) n Onset(min) D u ra tio n (s) n Onset(min) D u ra tion (s)

Saline - 12 8 5.1(0.4) 59(35) 3 7.2(0.3) 23(16)
YOH/DMI 1.0/0.1 12 10 5.3(0.3) 69(23) 4 5.0(0.4)* 15(5)

Table 3 Effects of post-occlusion administration of a yohimbine/desipramine 
combination (YOH/DMI,1.0/0.1 mg/kg) on the onset and duration of 
ventricular tachycardia and ventricular fibrillation. All values 
are means and values in brackets represent s.e.mean.* denotes 
significant difference from the control group receiving saline 
2 min after coronary occlusion (P<0.05).
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Figure 28 Effect of bilateral vagotomy on the occurence of premature 
ventricular contractions in rats treated with a yohimbine/ 
desipramine combination (YOH/DMI,1.0/0.1 mg/kg) 5 min before 
coronary occlusion, (a) no vagotomy (n=12), (b) vagotomy at 
3 min post-occlusion (n=4), (c) vagotomy at 7 min post-occlusion
(n=4), and (d) vagotomy at 10 min post-occlusion (n=3).
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combination with desipramine (IDA+DMI,cross-hatched c o l u m n s ) ,  
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(PVCs) and the incidences of (b) ventricular tachycardia (VT), 
(c) ventricular fibrillation (VF), and (d) mortality. Open 
columns represent the control group and * denotes significant 
difference from control (P<0.05).



Drug Dose
(mg/kg)

n V e n tr ic u la r tach y ca rd ia V e n t r ic u la r  f i b r i l l a t i o n
n Onset(min) D ura tion(s) n Onset(min) Duration(s]

S a lin e - 73 61 5 .4 (0 .3 ) 55(8) 21 7 .2 (0 .2 ) 30(4)

IDA 0.03 12 9 5.1 (0.5) 20(6) 3 7 .5 (0 .9 ) 36(26)
IDA 0.3 18 15 5 .2 (0 .4 ) 62(17) 10 6 .8 (0 .5 ) 32(13)

IDA/DMI 0 .3 /0 .1 14 10 4 .8 (0 .3 ) 20(6) 5 7 .5 (0 .9 ) 35(17)

Table 4 E f fe c t s  o f  idazoxan, alone (IDA) and in  combination w ith  desipram ine 

(IDA/DMI), on th e  o n se t  and d u ra t io n  o f  v e n t r i c u l a r  ta ch y c a rd ia  and 
v e n t r i c u l a r  f i b r i l l a t i o n  fo llow ing  coronary o cc lu s io n .  A ll  v a lu es  a re  
means and va lu es  in  b ra c k e ts  r e p re se n t  s .e .m ean . * denotes  s i g n i f i c a n t  

d i f f e r e n c e  from th e  c o n tro l  group t r e a t e d  w ith  s a l in e  (P<0.05).
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Group n V e n tr ic u la r  ta ch y ca rd ia____
n Onset(min) D uration(s)

V e n tr ic u la r  f i b r i l l a t i o n ____
n Onset(rain) D ura tion(s)

C ontro l 73 61 5 .4 (0 .3 )  55(8) 21 7 .2 (0 .2 )  30(4)

Vitamin E 15 10 4 .5 (0 .4 )  19(8)* 3 6 .7 (0 .5 )  43(23)
d e f i c i e n t

Table 5 The o n se t  and d u ra t io n  o f  v e n t r i c u l a r  ta ch y c a rd ia  and 
v e n t r i c u la r  f i b r i l l a t i o n  fo llow ing coronary o cc lu s io n  
in  c o n tro l  and v itam in  E d e f i c i e n t  groups. * denotes  

s i g n i f i c a n t  d i f f e r e n c e  from c o n tro l  (P<0.05).
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Chapter 5
EFFECTS ON PLASMA CATECHOLAMINE CONCENTRATIONS
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5.1. E ffe c ts  o f coronary o cclu sion  on th e  plasma concentrations o f  

noradrenaline and adrenaline

The c o n c e n tra t io n s  of no rad ren a l in e  and a d re n a l in e  in  plasm a 

samples ob ta in ed  3 m inu tes  a f t e r  coronary o cc lu s io n  (co n tro l)  or sham 

o c c lu s io n  d id  no t d i f f e r  s ig n i f i c a n t ly .  Sampling was c a r r i e d  o u t a t  

3 min p o s t-o c c lu s io n  because i t  corresponds t o  the  per iod  im m edia te ly  

p r io r  t o  th e  development of arrhythm ias in  c o n tro l  experim ents.

The mean plasma n o rad ren a l in e  co n ce n tra t io n  in  the  c o n tro l  group 

was 4.5 +.0.7 pmol/ml compared to  3^4 + 0,7 pmol/ml in  th e  sham 

o cc lu s io n  group. The plasma ad re n a l in e  co n ce n tra t io n  was s l i g h t l y  

h igher  in  th e  c o n tro l  group a t  12.7 ± 3 .2  pmol/ml than  in  th e  sham- 

o cc lu s io n  group, which measured 9.0 +.2.4 pmol/ml. This d i f f e r e n c e ,  

however, was no t s t a t i s t i c a l l y  s ig n i f i c a n t .  These r e s u l t s  show t h a t  

3 m inutes of m yocardial ischaem ia does not produce a s ig n i f i c a n t  

change in  plasma catecholam ine l e v e l s  (F ig u re  3 4 ) .

5.2. E ffe c ts  o f desipram ine on the plasma concentrations o f  

noradrenaline and adrenaline 3 minutes a f te r  coronary occlu sion

Desipramine (DMI), a t  0.1 mg/kg, tended t o  in c re a se  th e  plasma 

n o rad ren a l in e  co n cen tra t io n .  Plasma no rad ren a l in e  measured 9.4 ±  2.6 

pmol/ml in  the  group r e c e iv in g  t h i s  dose of DMI compared to  4.5 ±  0.7 

pmol/ml in  th e  c o n tro l  group t r e a t e d  w ith  s a l in e ,  but th e  d i f f e r e n c e  

was not s t a t i s t i c a l l y  s ig n i f i c a n t .  0.1 mg/kg DMI had no s i g n i f i c a n t  

e f f e c t  on th e  plasma a d re n a l in e  co n ce n tra t io n .

In c re a s in g  the  dose of DMI t o  0.5 mg/kg had no e f f e c t  on th e  

plasm a co n ce n tra t io n  of no rad ren a l in e  but tended to  reduce the  

ad re n a l in e  c o n ce n tra t io n ,  from 12.7 ± 3 .2  pmol/ml in  the  c o n tro l  

group to  7.5 ±  1.9 pmol/ml. At th e  h ig h e s t  dose of 2 ^  mg/kg, DMI
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again  had no s ig n i f i c a n t  e f f e c t  on th e  plasm a n o rad rena line  

co n cen tra t io n .  The plasma c o n c e n tra t io n  of ad ren a l in e ,  however, was 

s ig n i f i c a n t l y  reduced t o  6 ^  + 1.7 pmol/ml compared to  12.7 ± 3 3  

pmol/ml in  the  co n tro l  group (F igure  3 5).

5 .3 . E ffe c ts  o f yohimbine, alone and in  combination w ith  desipram ine, 

on the plasma concentrations o f noradrenaline and adrenaline 3 

m inutes a f te r  coronary occlu sion

Yohimbine, a t  th e  0.1 mg/kg dose, had no s ig n i f i c a n t  e f f e c t  on 

plasma n o rad ren a l in e  and a d ren a lin e  c o n ce n tra t io n s  which, a t  4 3  +

0.6 and 11.2 ± 3 .2  pmol/ml re s p e c t iv e ly ,  were s im i l a r  to  th e  c o n tro l  

v a lu es  of 4 3  ±  0.6 pmol/ml fo r  n o rad ren a l in e  and 83  ±  1.7 pmol/ml 

fo r  ad ren a lin e .  Combining t h i s  dose of yohimbine w ith  0.1 mg/kg DMI, 

however, produced a s i g n i f i c a n t  In c re a se  i n  the  plasma n o rad ren a l in e  

c o n ce n tra t io n  t o  6.4 ±  0.7 pmol/ml w ith o u t  a s i g n i f i c a n t  e f f e c t  on 

plasma ad re n a l in e  (F igu re  3 6 ) .

The 1.0 mg/kg dose of yohimbine ag a in  had no s i g n i f i c a n t  e f f e c t  

on plasma catecholam ine le v e l s  w ith  the  c o n ce n tra t io n s  of 

n o rad ren a l in e  and a d re n a lin e  measuring 5.6 ±  1.8 and 13.6 ±  2.4 

pmol/ml re s p e c t iv e ly ,  compared to  c o n tro l  v a lu es  of 4.5 ±  0.7 pmol/ml 

fo r  n o rad ren a l in e  and 12.7 ± 3 3  pmol/ml fo r  ad ren a lin e .  The 

com bination of 1.0 mg/kg yohimbine w i th  0.1 mg/kg DMI produced a 

s i g n i f i c a n t  in c rease  in  th e  plasma c o n c e n tra t io n  of n o rad ren a l in e  to  

10.1 ±  1.7 pmol/ml w ithou t s i g n i f i c a n t ly  a l t e r i n g  plasma a d re n a l in e  

(F igu re  37). The in c rease  in  plasma n o rad ren a l in e  co n ce n tra t io n  

produced by t h i s  yohimbine/DMI com bination was g re a te r  than  th a t  

produced by th e  com bination of DMI w ith  th e  lower dose of yohimbine,
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i l l u s t r a t e d  i n  F igure  36 .

The experim ents  using th e  two doses of yohimbine were c a r r ie d  

o u t a t  d i f f e r e n t  t im es  and sep a ra te  c o n t ro ls  groups, each comprising 

6 an im als , were e s ta b l i s h e d  w ith  each s e t  of experim ents. Although 

the  plasma c o n ce n tra t io n  of n o rad ren a l in e  was s im i la r  in  both co n tro l 

groups a t  4 3  jf 0.6 and 4.5 + 0.7 pm ol/m l, th e  plasma c o n cen tra t io n s  

of a d re n a l in e  s l i g h t l y  d i f f e r e d  a t  8.2 +_ 1.7 and 12.7 + 3.2 pmol/ml. 

This d i f fe re n c e  between th e  two co n tro l  groups, however, was not 

s t a t i s t i c a l l y  s i g n i f i c a n t .

5*4. E ffe c ts  o f idazoxan, alone and in  com bination w ith  desipram ine, 

on the plasma concentrations o f noradrenaline and adrenaline 3 

minutes a fte r  coronary occlu sion

Idazoxan s ig n i f i c a n t l y  Increased  th e  plasma co n ce n tra t io n  of 

no rad ren a l in e  from 4.3 +_ 0.6 pmol/ml in  the  co n tro l  group t o  8*4 ±

0.6 pmol/ml when a d m in is te red  a lone a t  th e  0.3 mg/kg dose. The 

c o n ce n tra t io n  of a d re n a l in e  remained very  s im i la r  t o  the  co n tro l  

v a lu e  a t  8.2 +.1*4 p m o l/m l .

When 0.3 rog/kg idazoxan was ad m in is te red  in  com bination w ith  0.1 

mg/kg DMI, i t  caused an even g re a te r  in c re a s e  in  the  plasma 

n o rad ren a l in e  co n cen tra t io n .  The plasma n o rad ren a l in e  co n ce n tra t io n  

measured 11.6 _+ 2.1 pmol/ml in  t h i s  group and was a lm ost th re e  tim es 

th e  c o n tro l  l e v e l  of 4 3  + 0.6 pmol/ml. The c o n ce n tra t io n  of 

a d re n a l in e  was not s i g n i f i c a n t ly  a f fe c te d  by t h i s  com bination of 

Idazoxan and desipram ine and measured 10.4 ±  3.4 pmol/ml compared to

8.2 +_ 1.7 pmol/ml in  the  c o n tro l  group (F ig u re  3 8 ) .
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Figure 35 Effects of desipramine (DMI,hatched columns) on the plasma
concentrations of (a) noradrenaline and (b) adrenaline 3 min 
after coronary occlusion. Open columns represent the control 
group and * denotes significant difference from control 
(P<0.05).
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Figure 37 Effects of 1.0 mg/kg yohimbine, alone (YOH,hatched columns) 
and in combination with desipramine (YOH+DMI,cross-hatched 
columns), on the plasma concentrations of (a) noradrenaline 
and (b) adrenaline 3 min after coronary occlusion. Open 
columns represent the control group and * denotes significant 
difference from control (P<0.05).
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Chapter 6
EFFECTS ON PLASMA POTASSIUM CONCENTRATION
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The drugs used in  t h i s  study i n t e r f e r e  w ith  th e  sym pathetic  

nervous system and some of them, e i th e r  alone or in  com bination, have 

been shown to  a f f e c t  plasma catecholam ine  le v e l s .  Catecholamines 

have a profound e f f e c t  on plasma potassium  (Bia and DeFronzo, 1981). 

The plasma potassium  le v e l  can, in  tu rn ,  c r i t i c a l l y  a f f e c t  th e  

inc idence  and s e v e r i ty  of ischaem ia-induced  arrhy thm ias  (C u r t i s  e t  

a l ,  1985). Plasma potassium  measurements were th e r e f o r e  c a r r i e d  ou t 

t o  i n v e s t ig a te  any r e l a t i o n s h ip  between th e  e f f e c t s  of the  drugs on 

plasma potassium  and t h e i r  p rev io u s ly  d esc r ibed  e f f e c t s  on plasma 

catecholam ines and a rrhy thm ias .

6 1 .  E ffe c ts  o f yohimbine and idazoxan, alone and in  combination w ith  

desipram ine, on the plasma potassium concentration  fo llo w in g  coronary 

o cc lu sio n

Plasma from blood samples o b ta ined  a t  th e  end of th e  20 mln 

coronary o cc lu s io n  p e r io d  from su rv iv in g  an im als  in  groups t r e a t e d  

w ith  th e  arrhythm ogenic doses of yohimbine and idazoxan (0.1 and 0.3 

mg/kg r e s p e c t iv e ly ) ,  a lone and in  com bination w i th  0.1 mg/kg 

desip ram ine, was assayed f o r  potassium by flam e photometry. S im i la r  

samples o b ta ined  from 14 c o n tro l  r a t s  t r e a t e d  w ith  s a l i n e  were a lso  

analysed. Idazoxan or yohimbine a lone a t  these  doses d id  no t 

s i g n i f i c a n t l y  a l t e r  the  plasma potassium  co n cen tra t io n .  The 

com binations of 0.1 mg/kg yohimbine and 0.3 mg/kg idazoxan w ith  

desipram ine s l i g h t l y  reduced the  p o s t -o c c lu s io n  plasma potassium  

c o n c e n tra t io n  from 5.1 +_ 0.2 mM in  th e  c o n tro l  group t o  4.8 +_ 0.1 and 

4.9 +_ 0.1 mM re s p e c t iv e ly .  These changes, however, were not 

s t a t i s t i c a l l y  s i g n i f i c a n t  (Table 6).
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6 .2 . Comparison o f  potassium concentration  determ inations by in  v iv o  

e lec tro d es  and lm v itr o  a n a ly s is  by flame photometry

The accuracy of th e  potassium **selective e le c t ro d e s  was t e s t e d  by 

comparing In v ivo e le c t ro d e  re ad in g s  w i th  th e  r e s u l t s  o b ta in ed  from 

in  v i t r o  a n a ly s is  of s im u ltaneous ly  o b ta ined  blood samples by flam e 

photometry. The mean plasma potassium c o n c e n tra t io n  va lu es  given by 

e le c t ro d e  measurements and flam e pho tom etric  a n a ly s is  were a lm ost 

I d e n t i c a l  a t  3 .92 £  0.07 and 3 .94 +_ 0.07 m M r e s p e c t i v e l y  (n=15). The 

mean of th e  d i f f e r e n c e s  between th e  two s e t s  of measurements was 0 ± 

0.05 (it=15) and the  e le c t ro d e  read in g s  were not s i g n i f i c a n t ly  

d i f f e r e n t  from flam e photometry r e s u l t s  when compared by th e  p a ire d  

t - t e s t .

6 .3  . E ffe c ts  o f  adrenaline on th e  plasma potassium concentration

In  e a r ly  experim ents , th e  JLn vivo s e n s i t i v i t y  of th e  ion- 

s e l e c t iv e  e lec tro d e  system to  changes in  th e  plasma potassium 

c o n c e n tra t io n  was t e s t e d  by reco rd in g  th e  responses  t o  in travenous  

a d m in is t r a t io n  of ad re n a l in e ,  which produces c h a r a c t e r i s t i c  changes 

in  plasma potassium  le v e l s  (Coats, 1985). In je c t io n  of 250 ng 

a d ren a lin e  produced a t r i p h a s i c  response. There was an i n i t i a l  ra p id  

f a l l  in  plasma potassium c o n ce n tra t io n ,  which was maximal a t  around 1 

min a f t e r  in j e c t io n ,  fo llow ed  by a r i s e  above th e  p r e - in j e c t i o n  l e v e l  

peaking a t  around 4 min. This was then  fo llow ed  by a second, slow 

hypokalaemic phase which was maximal a t  8-9 min p o s t - in je c t io n .  

Changes in  a r t e r i a l  blood p re s su re  and h e a r t  r a t e  in  response  t o  

a d re n a l in e  were very  rap id , o ccu rr in g  w i th in  seconds of i n j e c t i o n  and 

preced ing  any change in  plasma potassium c o n cen tra t io n .  However, no 

c o r r e la t io n  was observed between th e  magnitude or d i r e c t i o n  of th e
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haemodynamic changes and th e  subsequent a l t e r a t i o n s  in  plasma 

potassium c o n ce n tra t io n  w ith  a d re n a l in e  o r  any of the  o th e r  drugs 

examined. F igure  3 9 d e p ic ts  a r e p r e s e n ta t iv e  experim enta l reco rd ing  

I l l u s t r a t i n g  the changes observed in  blood p re ssu re ,  h e a r t  r a t e  and 

plasma potassium c o n ce n tra t io n  in  response  to  th e  In travenous 

a d m in is t r a t io n  of a d re n a l in e .

6 .4 .  E ffe c ts  o f  desipramine on th e  plasma potasslim  concentration

In travenous  a d m in is t r a t io n  of cum ula tive  doses of desipram ine  

(DMI) had no s i g n i f i c a n t  e f f e c t  on th e  plasma c o n ce n tra t io n  of 

potassium  in  the  a n a e s th e t iz e d  r a t .  At no tim e during  th e  25 min 

p e r io d  fo l lo w in g  th e  i n j e c t io n  of 0.1, 0.5 and 2.5 mg/kg doses of DMI 

was the  plasma potassium  c o n ce n tra t io n  s ig n i f i c a n t ly  d i f f e r e n t  from 

th e  p r e - in j e c t io n  va lue  or th e  corresponding  c o n tro l  va lue  ob ta ined  

from r a t s  in j e c te d  w ith  s a l in e  (Table 7). The blood p re s su re  and 

h e a r t  r a t e  responses  t o  th e  3 doses of DMI were s im i l a r  to  those  

de sc r ib ed  in  Chapter 3 .

6 .5 . E ffe c ts  o f  yohimbine, alone and in  com bination w ith  desipram ine, 

on the plasma potasslun  concentration

The mean plasma c o n c e n tra t io n  of potassium  in  th e  group of r a t s  

re c e iv in g  cum ulative  doses of yohimbine was s l i g h t l y  low er than 

c o n t ro ls  p r io r  to  drug a d m in is t r a t io n .  This d i f f e r e n c e ,  however, was 

no t s t a t i s t i c a l l y  s ig n i f i c a n t .  A d m in is tra t io n  of yohimbine a t  doses 

of 0.1 and 1.0 mg/kg d id  n o t  s i g n i f i c a n t l y  a l t e r  th e  potassium  

c o n c e n tra t io n  which remained c lo se  t o  the  p r e - in j e c t i o n  va lue  o f  3.9 

+_ 0 .1  mM throughout th e  25 min p o s t - i n j e c t  ion  per iod  (Table 8 ) .



The combined a d m in is t r a t io n  of 0.1 mg/kg yohimbine w ith  0.1 

mg/kg DMI produced a ra p id  re d u c t io n  in  plasma potassium  

c o n ce n tra t io n ,  from a p r e - in j e c t i o n  va lue  of 4 3  +_ 0.1 mM t o  4 .0  +

0.1 mM w i th in  1 min of in j e c t io n .  However, t h i s  e f f e c t  was s h o r t  

l a s t i n g  and th e  potassium c o n ce n tra t io n  was no t s i g n i f i c a n t ly  

d i f f e r e n t  from the  p r e - in j e c t io n  va lue  by 3 min a f t e r  i n j e c t i o n  

( F igure  4 0 ) .

The in travenous a d m in is t r a t io n  of yohimbine a lone  a t  these  dose 

and the  combination of yohimbine and DMI produced s im i la r  changes in  

blood p re s su re  and h e a r t  r a t e  to  th o se  d esc rib ed  in  Chapter 3 .

6 j6. E ffe c ts  o f idazoxan, alone and In com bination w ith  

desipram ine, on the plasma potassium concentration

In travenous  a d m in is t r a t io n  of cum ula tive  doses of idazoxan had 

no s i g n i f i c a n t  e f f e c t  on th e  plasma potassium  co n cen tra t io n .  In 

groups re c e iv in g  the  0.C3 and 03 mg/kg doses of Idazoxan, the  mean 

plasm a potassium  c o n ce n tra t io n  remained s im i l a r  to  th e  p r e - in j e c t io n  

v a l u e s  o f  4 .1  +_ 0.2 and 4 .0  +_ 0.3 mM r e s p e c t i v e l y ,  a t  a l l  t im e s  

during  th e  25 min p o s t - in j e c t i o n  pe r io d  (Table 9).

The mean p r e - in j e c t io n  va lu e  fo r  plasma potassium c o n ce n tra t io n  

was h igher  a t  4.6 +_ 0.1 mM in  th e  group re c e iv in g  th e  com bination of 

03 mg/kg idazoxan and 0.1 mg/kg DMI than  in  the c o n tro l  group, 

which measured 4.2 ±  0.1 mM. This d i f f e r e n c e  between th e  two groups, 

however, was not s t a t i s t i c a l l y  s ig n i f i c a n t .  In travenous 

a d m in is t r a t io n  of t h i s  idazoxan /deslpram ine  com bination produced a 

s ig n i f i c a n t  re d u c t io n  in  the  plasma potassium  co n cen tra t io n ,  from 4.6 

jf 0.1 to  4.1 +_ 0.1 mM w i th in  2 min of in je c t io n .  This e f f e c t  was 

long  l a s t i n g  and the  potassium c o n c e n tra t io n  was s t i l l  low er than  the
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p r e - i n j e c t i o n  value  a t  4 ^  i  0.1 mM 25 min a f t e r  In je c t io n .  However, 

due t o  the  h igher p r e - in je c t io n  potassium  c o n ce n tra t io n  in  t h i s  group 

th e  plasma potassium c o n ce n tra t io n  was n o t  s i g n i f i c a n t ly  lower than  

the  corresponding  c o n tro l  va lue  a t  any tim e fo l lo w in g  in j e c t i o n  

(F ig u re  41) .

Idazoxan a lone a t  0.03 and 0.3 mg/kg and th e  idazoxan/DMI 

com bination (0 3 /0 .1  mg/kg) produced s ig n i f i c a n t  in c re a s e s  in  blood 

p re s su re  and h e a r t  r a t e  s im i la r  to  those  desc ribed  in  Chapter 3.

F igure  42 d e p ic ts  a ty p ic a l  re co rd in g  showing the  changes in  blood 

p re s su re ,  h e a r t  r a t e  and plasma potassium  c o n cen tra t io n  produced by 

in trav en o u s  a d m in is t r a t io n  of the  idazoxan/desipram ine combination.

6 .7 . E ffe c ts  o f pretreatm ent w ith  propranolol on th e responses to  the  

combined intravenous adm inistration  o f idazoxan and desipramine

The combination of idazoxan and DMI has been shown t o  produce a 

l a r g e  in c re a se  in  plasma n o rad ren a l in e  c o n ce n tra t io n  and a 

s ig n i f i c a n t  re d u c t io n  in  plasma potassium con cen tra t io n .  These 

experim ents  were conducted t o  i n v e s t ig a te  whether th e  hypokalaemic 

a c t io n  of t h i s  com bination  was caused by a p-adrenocep tor m ediated 

t i s s u e  uptake of potassium , mainly by s k e l e t a l  muscle.

In travenous a d m in is t r a t io n  of s a l i n e  5 min be fo re  th e  

idazoxan/DMI combination (0.3/0.1 mg/kg) d id  not a f f e c t  th e  responses  

t o  t h i s  combination. There were ra p id  and s i g n i f i c a n t  in c re a se s  in  

blood p re ssu re  and h e a r t  r a t e ,  accompanied by a s i g n i f i c a n t  re d u c t io n  

in  th e  plasma potasium c o n c e n tra t io n  s im i l a r  to  t h a t  d esc ribed  in  

s e c t io n  6 .6 .  (F igure  43).

When 0.3 mg/kg p ro p ran o lo l  was ad m in is te red  in trav en o u s ly ,  p r io r
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to  th e  idazoxan/DMI combination, i t  produced a s ig n i f i c a n t  re d u c t io n  

in  h e a r t  r a t e  from 395 ±  15 t o  332 +. 6 b e a ts /m in  5 min a f t e r  

in j e c t io n .  This was accompanied by a sm a l l  but s i g n i f i c a n t  in c re a se  

in  the  plasma potassium  c o n cen tra t io n ,  from a p r e - in j e c t i o n  v a lu e  of

4.4 + 0.1 mM t o  4.6 ±  0.1 mM 5 min a f t e r  i n j  e c t i o n .  A r t e r i a l  b lood  

p re s su re  was not s i g n i f i c a n t ly  a f f e c te d  by t h i s  dose of p ro p ran o lo l  

(F ig u re  4 3 ) .

Such p re tre a tm e n t  w ith  p roprano lo l d id  no t a f f e c t  th e  r a p id  and 

s i g n i f i c a n t  in c re a s e  in  blood p re s su re  produced by th e  idazoxan/DMI 

com bination but a t te n u a te d  th e  in c re ase  in  h e a r t  r a t e .  Whereas th e  

maximum in c re a s e  i n  h e a r t  r a t e  was + 85 b e a ts /m in  achieved a t  7 min 

a f t e r  i n j e c t i o n  in  th e  group p r e t r e a te d  w ith  s a l in e ,  p re tre a tm e n t  

w ith  p ro p ran o lo l a t  03 mg/kg reduced th e  maximum in c re a se  t o  + 60 

b e a ts /m in  and t h i s  occurred  much l a t e r  a t  15 min a f t e r  in j e c t io n .  

P roprano lo l a lso  in h ib i t e d  th e  re d u c t io n  in  plasma potassium  

c o n c e n tra t io n  produced by th e  idazoxan/DMI combination. Although th e  

plasma potassium c o n ce n tra t io n  was s i g n i f i c a n t l y  reduced from 4 3  + 

03  mM t o  3.8 +. 0.4 mM w i th in  2 min of in j e c t io n  in  th e  co n tro l  

group, no such re d u c t io n  was observed a f t e r  p re tre a tm e n t  w i th  03 

mg/kg p ro p ran o lo l  (F ig u re  43) .
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Drug Dose
(mg/kg)

n Flasma potassium concentration 
(mM)

Saline 14 5 .1 (0 .2 )
YOH 0.1 12 5 .0 (0 .2 )
YOH/DMI 0 .1 /0 .1 13 4 .8 (0 .1 )
IDA 0.3 14 5 .0 (0 .1 )
IDA/DMI 0 .3 /0 .1 14 4 .9 (0 .1 )

Table 6 Plasma potassium  co n cen tra t io n s  a t  the  end o f the  20 min 
ischaem ic p e r io d  in  the  c o n tro l  group re c e iv in g  s a l in e  
and in  groups t r e a t e d  w ith  yohimbine (YOH) and idazoxan 
(IDA), alone and in  combination w ith  desipram ine (DMI). 
Plasma potassium  was assayed by flame photometry. A ll  
v a lu es  a re  means and va lues  in  b ra c k e ts  r e p re se n t  s .e .m ean .
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F ig u r e  39

Time (minutes)

Representative recording illustrating the effects of 
intravenous administration of 250 ng adrenaline on arterial 
blood pressure, heart rate and plasma potassium concentration, 
as monitored by an intravenous potassium-selective electrode.



Drug Dose

(mg/kg)

n Venous potassium  co n ce n tra t io n  (mM)

0 1 2
minutes a f t e r  

3 5
a d m in is t ra t io n

7 10 15 20 25

S a line - 12 4 .2 (0 .1 ) 4.1 (0.1) 4 .1 (0 .1 ) 4 .2 (0 .1 )  4 .2 (0 .1 ) 4 .2 (0 .1 )  4 .2 (0 .1 )  4 .2 (0 .1 ) 4 .2 (0 .1 ) 4 .2 (0 .1 )

DMI 0.1 3 4 .3 (0 .2 ) 4 .3 (0 .1 ) 4 .3 (0 .2 ) 4 .4 (0 .2 )  4 .4 (0 .2 ) 4 .5 (0 .2 )  4 .6 (0 .2 )  4 .6 (0 .2 ) 4 .5 (0 .2 ) 4 .4 (0 .2 )

DMI 0.5 3 4 .3 (0 .1 ) 4.1 (0.1) 4 .1 (0 .1 ) 4 .2 (0 .1 )  4 .2 (0 .1 ) 4 .3 (0 .2 )  4 .4 (0 .2 )  4 .5 (0 .2 ) 4 .5 (0 .2 ) 4 .4 (0 .2 )

DMI 2.5 3 4 .3 (0 .4 ) 4 .3 (0 .4 ) 4 .4 (0 .4 ) 4 .5 (0 .3 )  4 .3 (0 .3 ) 4 .3 (0 .4 )  4 .3 (0 .3 )  4 .4 (0 .2 ) 4 .5 (0 .2 ) 4 .4 (0 .2 )

Table 7 E f f e c ts  o f  in travenous  a d m in is tra t io n  o f  s a l in e  and cumulative doses

of desipramine (DMI) on the plasma potassium concentration, as monitored 
by intravenous potassium-selective electrodes. All values are means and 
values in brackets represent s.e.mean.



Drug Dose
(mg/kg)

n Venous potassium  co n ce n tra t io n  (mM)

0 1 2
minutes a f t e r  a d m in is t ra t io n  
3 5 7 10 15 20 25

S a lin e - 12 4 .2 (0 .1 ) 4 .1 (0 .1 ) 4 .1 (0 .1 ) 4 .2 (0 .1 )  4 .2 (0 .1 )  4 .2 (0 .1 )  4 .2 (0 .1 )  4 .2 (0 .1 ) 4 .2 (0 .1 ) 4 .2 (0 .1 )
YOH 0.1 3 3 .9 (0 .1 ) 3 .9 (0 .1 ) 3 .9 (0 .1 ) 3 .9 (0 .1 )  3 .8 (0 .1 )  3 .8 (0 .1 )  3 .8 (0 .1 )  3 .9 (0 .1 ) 3 .9 (0 .1 ) 3.8(0)

YOH 1.0 3 3 .9 (0 .1 ) 3 .9 (0 .1 ) 4.1(0) 4 .1 (0) 4 .0 (0) 3 .9 (0) 3 .8 (0) 3 .8 (0 .1 ) 3 .9(0) 3 .9 (0 .1 )

Table 8 E f fe c ts  o f  in travenous  a d m in is tra t io n  o f  s a l i n e  and cum ulative doses
o f yohimbine (YOH) on the  plasma potassium  c o n c e n tra t io n ,  as monitored 

by in trav en o u s  p o ta s s iu m -se le c t iv e  e le c t ro d e s .  A ll  v a lu es  a re  means 
and va lu es  in  b rack e ts  r e p re se n t  s .e .m ean.
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Figure 40 Effects of intravenous administration of saline (#,n=12)
and combined yohimbine/desipramine at 0.1/0.1 mg/kg (0,n=3) 
on the plasma potassium concentration, as monitored by 
intravenous potassium-selective electrodes. All values are 
means and vertical lines represent s.e.mean. * denotes 
significant difference from 0 min value (P<0.05).



Drug Dose n  Venous potassium  co n ce n tra t io n  (mM)
(mg/kg)

0 1 2

minutes a f t e r  

3 5

a d m in is t ra t io n  

7 10 15 20 25

S a line - 12 4 .2 (0 .1 ) 4.1 (0.1) 4 .1 (0 .1 ) 4 .2 (0 .1 )  4 .2 (0 .1 ) 4 .2 (0 .1 )  4 .2 (0 .1 ) 4 .2 (0 .1 ) 4 .2 (0 .1 ) 4 .2 (0 .1 )
IDA 0.03 3 4 .1 (0 .2 ) 4 .1 (0 .2 ) 4 .1 (0 .2 ) 4 .1 (0 .2 )  4 .1 (0 .2 ) 4 .1 (0 .2 )  4 .1 (0 .2 ) 4 .0 (0 .2 ) 4 .0 (0 .2 ) 4 .0 (0 .2 )

IDA 0.30 3 4 .0 (0 .3 ) 3 .9 (0 .2 ) 3 .9 (0 .2 ) 4 .0 (0 .2 )  4 .0 (0 .2 ) 3 .9 (0 .2 )  4 .0 (0 .2 ) 4 .0 (0 .2 ) 4 .0 (0 .2 ) 3 .9 (0 .2 )

Table 9 E f f e c ts  o f  in travenous  a d m in is t ra t io n  o f  s a l in e  and cum ulative doses 
o f  idazoxan (IDA) on the  plasma potassium  c o n c e n tra t io n ,  as monitored 
by in travenous  p o ta s s iu m -se le c t iv e  e le c t r o d e s .  A ll  v a lu es  a re  means 
and va lu es  in  b rack e ts  r e p re se n t  s .e .m ean.
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Figure 41 Effects of intravenous administration of saline (#,n=12)
and combined idazoxan/desipramine at 0.3/0.1 mg/kg (0,n=3) 
on the plasma potassium concentration, as monitored by 
intravenous potassium-selective electrodes. All values are 
means and vertical lines represent s.e.mean. * denotes 
significant difference from 0 min value (P<0.05).
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ST. OIV. X 7 3 0 1
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Figure 42 Representative recording illustrating the effects of
intravenous administration of combined idazoxan/desipramine 
at 0.3/0.1 mg/kg on arterial blood pressure, heart rate 
and plasma potassium concentration, as monitored by an 
intravenous potassium-selective electrode.
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F igu re  43 E f fe c ts  o f p re tre a tm e n t w ith  s a l in e  (#,n=3) and 0 .3  mg/kg 
p ro p ran o lo l (0,n=3) on th e  changes in  (a) mean a r t e r i a l  
p re s s u re , (b) h e a r t  r a t e ,  and (c) plasm a potassium  
c o n c e n tra tio n  produced by in trav en o u s  a d m in is tra tio n  of 
combined idazoxan /desip ram ine  (IDA/DMI) a t  0 .3 /0 .1  mg/kg. 
Plasma po tassium  was m onitored by in trav en o u s  po tassium - 
s e le c t iv e  e le c tro d e s . A ll v a lu es  a re  means and v e r t i c a l  

l in e s  r e p re s e n t  s .e .m ean . $ deno tes s ig n i f ic a n t  d if f e re n c e  
from th e  -5  min va lu e  and * deno tes s ig n i f ic a n t  d if f e re n c e  

from th e  0 min va lu e  (P<0.05).
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7 . 1 .  Coronary occlusion-Induced arrhythmias in  the anaesth etized  ra t

Throughout the  d u ra tio n  of t h i s  study  arrh y th m ias  w ere 

c o n s is te n t ly  produced by l e f t  a n te r io r  descending coronary a r te ry  

o cc lu s io n . The type of a rrh y th m ias  observed and the  tim e course  of 

t h e i r  occurence w ere s im ila r  to  those  p re v io u s ly  rep o rted  in  t h i s  

model (C lark  e t  a l ,  1980), a lthough  th e  in c id en ce  of v e n t r ic u la r  

f i b r i l l a t i o n  was somewhat low er. Indeed, an inc idence  of v e n t r ic u la r  

f i b r i l l a t i o n  v ary in g  from  18% to  62% has been rep o rte d  u sing  th e  same 

model (Abrahamsson and Almgren, 1981; Au, C o llin s , H arvie and 

W alker, 1979; C lark e t  a l ,  1980; Daugherty e t  a l ,  1986; Kane eit a l 

1981; P a r r a t t  e t  a l , 1981). Such v a r ia t io n  i s  probably  th e  r e s u l t  of 

th e  use of d i f f e r e n t  s t r a in s  and the  d i f f i c u l t y  in  d iagnosing  

v e n t r ic u la r  f i b r i l l a t i o n  in  th e  r a t  which can spontaneously  r e v e r t  to  

s in u s  rhythm (M arshall e t  a l ,  1981). In  t h i s  study, s t r i c t  

d ia g n o s tic  c r i t e r i a ,  such as c h a o tic  e l e c t r i c a l  a c t i v i ty  and a 

s im u ltaneous re d u c tio n  in  blood p re ssu re  tow ards ze ro  w ith  no p u lse , 

w ere Im plem ented r e s u l t in g  in  a c o n s is te n t  inc idence  of v e n t r ic u la r  

f i b r i l l a t i o n  in  f iv e  s e p a ra te  c o n tro l groups. No s ig n i f ic a n t  

seaso n al v a r ia t io n  was observed in  th e  in c id en ce  and s e v e r i ty  of 

coronary  o cc lu s io n -in d u ced  a rrh y th m ias , c o n tra s t in g  th e  f in d in g s  of 

Abrahamsson and Almgren (1981).

The e le c tro c a rd io g ra p h ic  changes induced by coronary o c c lu s io n  

in  t h i s  study , such as  th e  ra p id  and t r a n s ie n t  in c re a se  in  R wave 

am plitude , th e  gradual ST segment e le v a tio n  and th e  l a t e  developm ent 

o f Q waves w ere a lso  c o n s is te n t  w ith  p rev io u s  re p o r ts  (C lark  e t  a l , 

1980; Kane e t  a l , 1981) and w ere used as  in d ic a to r s  of su cc e ss fu l 

o c c lu s io n , w hich was l a t e r  confirm ed by dye in je c t io n . Although no 

q u a n t i t a t iv e  assessm en t was made, su cc e ss fu l coronary o cc lu s io n
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c o n s is te n t ly  produced v is u a l ly  d i s t i n c t  ischaem ic  zones com prising  

m a jo r ity  of th e  l e f t  v e n t r ic u la r  w a ll.

In  la r g e r  an im als  such as th e  dog e a r ly  a rrh y th m ias  can be 

d iv id ed  in to  two d i s t i n c t  phases, term ed l a  and lb , w hich may have 

d i f f e r e n t  e le c tro p h y s io lo g ic a l mechanisms (R u sse ll e t  a l ,  1984). A 

s im i la r  p a t te r n  of e a r ly  a rrh y th m ias  has a lso  been suggested  to  occur 

in  th e  a n a e s th e tiz e d  r a t ,  w ith  th e  f i r s t  phase peaking 5-7 min a f t e r  

coronary  o cc lu s io n , fo llow ed  by an ab ru p t re d u c tio n  in  e c to p ic  

a c t i v i t y  and th en  th e  peak of th e  second phase a t  9-11 min ( P a r r a t t  

e t  a l ,  1981; Kane ett a l ,  1981). However th e  e a r l i e r  study of C lark 

e t  a l  (1980) showed no evidence fo r  such a d iv is io n  in  e a r ly  e c to p ic  

a c t i v i ty .  A b ip h a s lc  p a t te r n  of e a r ly  a rrh y th m ias  was not observed  

w ith  any of th e  c o n tro l of drug tre a tm e n t groups in  th e  p re se n t 

s tu d y .

7 . 2 .  E ffe c ts  o f  coronary o cclu sion  on blood pressure and h eart ra te

Coronary o cc lu s io n  produced a s ig n i f ic a n t  re d u c tio n  in  blood 

p re s su re , which would norm ally  be expected to  produce a r e f le x  

in c re a se  in  h e a r t  r a te .  There was, however, no change in  h e a r t  r a te  

fo llo w in g  coronary  o cc lu s io n , su ggesting  an im pairm ent of th e  

b a ro re ce p to r r e f le x  mechanisms during  e a r ly  m yocardial lschaem ia . 

S im ila r  o b se rv a tio n s  have been made in  th e  a n a e s th e tiz e d  r a t  by o th e r 

w orkers (C lark ^ t  a l ,  1980? Abrahamsson e t  a l ,  1985). In  th e  

conscious r a t  model, however, th e  coronary o cc lu s io n  induced f a l l  in  

blood p re s su re  was accompanied by an in c re a se  in  h e a r t  r a te  

(Johnston , Macleod and W alker, 1981) su g g es tin g  th a t  th e  b lu n tin g  of 

the  b a ro re ce p to r r e f le x  was probably  a consequence of a n a e s th e s ia .
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7 . 3 .  E ffe c ts  o f  desipraaine on blood pressure and heart ra te

In  t h i s  study , desip ram ine  (DMI) produced s ig n i f ic a n t  in c re a se s  

in  blood p re s su re  and h e a r t  r a te  a t  doses of 0.1 and 0.5 mg/kg bu t 

th e  in c re a s e s  were sm a lle r  w ith  th e  l a t t e r  dose. The p re s so r  and 

p o s i t iv e  ch ro n o tro p ic  e f f e c t s  observed w ith  DMI a re  c o n s is te n t  w ith  

neuronal uptake blockade e le v a tin g  the  c o n c e n tra tio n  of n o ra d re n a lin e  

a v a i la b le  fo r  ad renocep to r s t im u la t io n  in  th e  synapic c l e f t  of 

sy m p ath e tic  nerve te rm in a ls  in  th e  h e a r t  and v a sc u la tu re . However 

th e  sm a lle r  responses observed w ith  th e  h ig h er dose suggest th a t  

a d d i t io n a l  a c tio n s  of th e  drug may be invo lved  a t  high doses.

Indeed, Graham ^ t  a l  (1980) observed only a t r a n s ie n t  in c re a se  in  

blood p re s su re  w ith  no e f f e c t  on h e a r t  r a t e  w ith  1.0 mg/kg DMI in  th e  

r a t ,  and in trav en o u s a d m in is tra t io n  of 2.5 mg/kg in  t h i s  study 

re v e rse d  th e  e f f e c t s  observed w ith  th e  low er doses and produced 

s ig n i f ic a n t  re d u c tio n s  in  bo th  param eters .

DMI, l ik e  o th e r t r i c y c l i c  a n tid e p re s sa n t drugs, has a w ide 

spectrum  of pharm acolog ica l a c t i v i ty  in  a d d itio n  to  neuronal uptake 

blockade (Bowman and Rand, 1980). I t  has a -ad ren o cep to r a n ta g o n is t ic  

p ro p e r t ie s  and can i n h ib i t  v a rio u s  io n ic  channels in  th e  c e l l  

membrane a t  high doses. The r e la t iv e  potency of DMI in  b lock ing  

.n o rad ren a lin e  uptake i s ,  however, much g re a te r  than  i t s  a -  

ad ren o cep to r b lock ing  a c tio n . The e f f e c t s  of DMI on blood p re s su re  

and h e a r t  r a te  in  t h i s  study  suggest th a t  a t  th e  lo w est dose neuronal 

uptake blockade may be th e  dom inant e f f e c t ,  producing In c re a se s  in  

blood p re s su re  and h e a r t  r a te .  With in c re a s in g  dose, however, o th e r 

e f f e c t s  a lso  seem to  become im p o rtan t, and th e  re d u c tio n s  in  both  

haemodynamic p a ram ete rs  observed w ith  2.5 mg/kg DMI may have re s u l te d  

from p o s tsy n a tp ic  a -a d re n o c e p to r  antagonism  and d i r e c t  m yocardial
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d e p re ss io n  overcoming th e  e f f e c t s  o f neuronal uptake b lockade.

7.4. E ffe c ts  o f desipram lne on neuronal uptake

The degree of neuronal uptake blockade produced by th e  0.1 and 

0.5 mg/kg doses of DMI was a sse ssed  u sing  th e  In d ir e c t  

sym pathom im etic drug ty ram ine . Tyramine produces i t s  e f f e c t  by being 

taken  up in to  sym pathetic  nerve te rm in a ls  by th e  neuronal uptake 

p ro cess  and re le a s in g  n o ra d re n a lin e  by d isp la c in g  th e  t r a n s m it te r  

from  v e s ic u la r  b ind ing  s i t e s .  The a c tio n s  of ty ram ine can th e re fo re  

be In h ib i te d  by neuronal uptake b lo c k e rs .

T reatm ent of r a t s  w ith  DMI s h if te d  th e  dose-response  curves of 

ty ram ine  to  th e  r ig h t .  With reg ard  to  th e  p re s so r  e f f e c t s  of 

ty ram ine , m ediated  m ainly  by n o ra d re n a lin e  r e le a s e  from  vasom otor 

nerve te rm in a ls  a t  th e  a d v e n t i t ia l -m e d ia l  border of a r t e r i a l  w a lls , 

th e  rig h tw ard  s h i f t  of th e  dose-resp o n se  curve was g re a te r  a f t e r  0.5 

mg/kg DMI than  i t  was a f t e r  0.1 mg/kg DMI, sug g estin g  a g re a te r  

degree of neuronal uptake blockade w ith  th e  h igher dose. However, 

th e  two doses of DMI in h ib i te d  th e  p o s i t iv e  ch ro n o tro p ic  e f f e c t s  of 

ty ram ine  to  a s im ila r  e x te n t. Assuming th e  p o s i t iv e  ch ro n o tro p ic  

e f f e c t  of ty ram ine was m ainly  m ediated  by n o rad ren a lin e  re le a s e  from 

c a rd iac  sym pathetic  nerve te rm in a ls , th e se  r e s u l t s  sug g est th a t  DMI 

in h ib i t s  neuronal uptake w ith in  th e  h e a r t  to  a s im ila r  e x ten t a t  bo th

0.1 mg/kg and 0.5 mg/kg doses. T herefo re  the  use of doses g re a te r  

than  0.1 mg/kg may no t produce a g re a te r  in h ib i t io n  of n o rad ren a lin e  

uptake by c a rd ia c  sym p ath etic  nerves, b u t may com plica te  the  

ln te p r e ta t io n  of r e s u l t s  by in tro d u c in g  th e  a d d itio n a l pharm acolog ica l 

a c tio n s  of DMI th a t  a re  e v id en t w ith  high doses of th e  drug.
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7.5. E ffe c ts  o f  yohimbine and Idazoxan on blood pressure and heart 

ra te

The two oig-adrenoceptor a n ta g o n is ts  used in  t h i s  study produced 

d i f f e r in g  e f f e c t s  on blood p re s su re  and h e a r t  ra te .  Yohimbine had no 

l a s t in g  e f f e c t  on th e se  pa ram ete rs  a t  0.1 mg/kg bu t produced a 

su s ta in e d  re d u c tio n  in  blood p re ssu re  and a t r a n s ie n t  f a l l  in  h e a r t  

r a te  a t  1.0 mg/kg. In  c o n tra s t ,  idazoxan produced in c re a se s  in  blood 

p re s su re  and h e a r t  r a te  a t  bo th  doses used (0.03 and 0.3 mg/kg), w ith  

la rg e r  responses observed w ith  th e  h igher dose.

The c o n tra s t in g  haemodynamic e f f e c ts  o f yohim bine and Idazoxan 

probably  stem from th e  d if fe re n c e s  in  t h e i r  potency and s e le c t iv i ty .  

Doxey, Roach and Sm ith (1983) have shown idazoxan (RX 781094) to  be 

more p o te n t and more s e le c t iv e  than  yohim bine as an -ad ren o cep to r 

a n ta g o n is t ,  w ith  a high degree of s p e c i f ic i ty .  The p re s so r  and 

p o s i t iv e  ch ro n o tro p ic  e f f e c t s  of idazoxan can th e re fo re  be exp la ined  by 

a s u b s ta n t ia l  blockade of th e  o ^ -ad ren o cep to rs  m ed ia ting  th e  

p re sy n a p tlc  in h ib i t io n  of n o rad ren a lin e  r e le a s e . The p re s so r  e f f e c t s  

of idazoxan may a lso  be p a r t ly  m ediated by a p a r t i a l  a g o n is t e f f e c t  

on p o s tsy n a p tic  a^ -ad ren o cep to rs  (Ramage and Tomlinson, 1985). 

Yohimbine, be ing  much l e s s  s e le c t iv e  than  idazoxan, a lso  an tag o n izes  

p o s tsy n a p tlc  a -ad ren o cep to rs  and t h i s  may be re sp o n s ib le  fo r  th e  

re d u c tio n  in  blood p re s su re  observed w ith  t h i s  drug. High doses of 

yohim bine a lso  produce a re d u c tio n  in  h e a r t  r a te ,  which has been 

suggested  to  r e s u l t  from an in c reased  vagal tone  in  th e  c a t  (Ramage 

and Tom linson, 1985). However, s ig n if ic a n t  red u c tio n s  in  h e a r t  r a te  

w ith  com parable doses o f yohim bine w ere observed even a f t e r  b i l a t e r a l  

vagotomy in  th e  a n a e s th e tiz e d  r a t  (Doxey _et a l , 1983) and dog 

(P aciorek  and Shepperson, 1985) in d ic a tin g  a d i r e c t  e f f e c t  on the



h e a r t. Indeed, Docherty and McGrath (1979) found In  th e  p ith e d  r a t  

th a t  1.0 mg/kg yohim bine, in  a d d itio n  to  causing  a re d u c tio n  in  b a sa l 

h e a r t  r a te ,  a lso  In h ib i te d  th e  ta ch y c a rd ia  Induced by in travenous 

n o ra d re n a lin e , su g g es tin g  a p o s tsy n a p tic  e f f e c t .

Follow ing  In trav en o u s a d m in is tra tio n , both  yohim bine and 

idazoxan have been shown to  produce in c re a s e s  in  p reg an g lio n ic  

sy m p ath e tic  nerve a c t i v i t y  in  th e  a n a e s th e tiz e d  c a t ,  accompanied by 

e le v a tio n s  in  blood p re s su re  and h e a r t  r a t e  a t  low doses (0.03-0.3 

mg/kg), su g g estin g  th a t  th e  e x c ita to ry  e f f e c t s  of a2 " a(*renoceptor 

antagonism  may be c e n t r a l ly  m ediated  (Reunage and Tom linson, 1985). 

However, c^ -ad ren o cep to r antagonism  a lso  p o te n tia te d  th e  ta ch y c a rd ia  

evoked by c a rd ia c  sym p ath etic  nerve s t im u la t io n  in  th e  a n a e s th e tiz e d  

dog (P acio rek  and Shepperson, 1985) and p ith e d  r a t  (Docherty and 

McGrath, 1979), which in d ic a te s  a p e r ip h e ra l  e f f e c t .  Indeed, Brown 

and H arland (1984) have suggested  th a t  th e  e f f e c t s  idazoxan were 

m ainly m ediated  by p e r ip h e ra l  o^-ad renocep to r antagonism  as  i.v . 

idazoxan produced a g re a te r  in c re a se  in  n o rad ren a lin e  re le a s e  than

i . c . v .  a d m in is tra tio n  in  th e  a n a e s th e tiz e d  r a t .

T herefo re , i t  ap p ears  t h a t  o^-ad renocep to r a n ta g o n is ts  can 

enhance sym pathetic  a c t i v i t y  by both  c e n tr a l  and p e r ip h e ra l  <*2“ 

ad renocep to r blockade a lthough  a f te r  in trav en o u s  a d m in is tra tio n  th e  

l a t t e r  a c t io n  probably  p redom inates. Such enhanced sym pathetic  

a c t i v i ty  le ad s  to  in c re a s e s  in  blood p re s su re  and h e a r t  r a te  w ith  

h igh ly  s e le c t iv e  a n ta g o n is ts  l i k e  idazoxan, b u t w ith  l e s s  s e le c t iv e  

drugs such as yohim bine p o s tsy n a p tic  ad renocep to r antagonism  and 

o th e r n o n -sp e c if ic  e f f e c t s  may le a d  to  re d u c tio n s  in  th ese  

param eters , e s p e c ia lly  a t  h igh  doses.
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7.6 . E ffe c ts  o f combined c^-adrenoceptor antagonism and neuronal 

uptake blockade on blood pressure and heart ra te

Concom itant a d m in is tra t io n  of 0.1 mg/kg DMI, a dose which was 

shown to  produce s u b s ta n t ia l  neuronal uptake blockade w ith  l i t t l e  

o th e r a c tio n , as judged by i t s  haemodynamic e f f e c t s ,  along w ith  c*2-  

ad renocep to r a n ta g o n is ts  yohim bine and Idazoxan produced very  la rg e  

in c re a se s  in  blood p re s su re  and h e a r t  ra te .  These in c re a se s  w ere 

s u b s ta n t ia l ly  g re a te r  than  those  produced by DMI alone a t  th a t  dose, 

e s p e c ia l ly  when DMI was g iven  w ith  th e  more p o ten t o ^ -ad ren o cep to r 

a n ta g o n is t  idazoxan. These r e s u l t s  are  c o n s is te n t  w ith  neuronal 

uptake blockade and antagonism  of c^ -ad ren o cep to r m ediated 

p re sy n ap tic  In h ib i t io n  (and p o ss ib ly  a c e n tr a l ly  m ediated in c re a se  in  

sym pathetic  o u tpu t) a c tin g  s y n e r g is t i c a l ly  to  produce la rg e  in c re a se s  

in  n o ra d re n a lin e  le v e l s  in  the  sy n ap tic  c l e f t ,  le ad in g  to  enhanced 

s t im u la tio n  of p o s tsy n a p tic  o - and 8 -ad ren o cep to rs . Yamaguchi e t  ail 

(1977) a lso  observed th a t  combined a d m in is tra tio n  of DMI and th e  non

s e le c t  iv e  a -ad ren o cep to r a n ta g o n is t phenoxybenzamine produced 

in c re a se s  in  h e a r t  r a te  g re a te r  than  those  produced by DMI a lo n e .

I t  was in te r e s t in g  to  note th a t  when g iven  w ith  1.0 mg/kg 

yohim bine, DMI s t i l l  produced in c re a se s  in  blood p re ssu re  and h e a r t  

ra te  g re a te r  than  th o se  observed w ith  DMI a lo n e , d e sp ite  th e  

red u c tio n s  in  blood p re s su re  and h e a r t  r a te  produced by yohim bine a t  

th a t  dose. This su g g ests  t h a t  th e  in c reased  sym pathetic  a c t iv a t io n  

produced by th e  com bination  was s u f f ic ie n t  to  n u l l i f y  the  

p o s tsy n a p tic  e f f e c t s  o f yohimbine a t  th a t  dose.

7 .7 .  The antlarrhythm lc e f f e c t s  o f desipramlne

DMI has been found to  have a dose r e la te d  a n tla rrh y th m lc  e f f e c t
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in  v ivo  in  t h i s  study , su p p o rtin g  th e  r e s u l t s  of Daugherty js t ^1 

(1986) w ith  th e  Jj i  v i t r o  r a t  h e a r t .  I t  appears d o u b tfu l, however, 

t h a t  t h i s  e f f e c t  was r e la te d  to  th e  blockade of neuronal uptake of 

n o rad ren a lin e  by t h i s  agen t. R esu lts  w ith  ty ram ine  have shown th a t  

in  th e  non-ischaem ic h e a r t  0.1 mg/kg DMI produces maximal neuronal 

uptake blockade. The haemodynamic o b se rv a tio n s  a lso  suggest th a t  

th e re  i s  l i t t l e  a d d it io n a l  pharm aco log ica l e f f e c t  w ith  t h i s  dose of 

DMI. 0.1 mg/kg DMI, however, had no e f f e c t  on ischaem ia-induced  

a rrh y th m ias  w hereas th e  two h ig h er doses, whose haemodynamic a c t io n s  

suggest th a t  they  may produce a d d itio n a l pharm acolog ical e f f e c t s ,  

p rovided  s ig n i f ic a n t  p ro te c t io n  a g a in s t v e n t r ic u la r  ta ch y c a rd ia  and 

f i b r i l l a t i o n  and ab o lish ed  m o r ta l i ty .

There a re  severed mechanisms, u n re la te d  to  neuronal uptake

blockade, by which DMI can produce an a n tla r rh y th m lc  e f f e c t .  The

e le c tro p h y s lo lo g ic a l  s tu d ie s  of Tamargo, Rodriguez and G arcia  De

Ja lo n  (1979), using  is o la te d  guinea p ig  v e n t r ic u la r  p a p i l la ry

m uscles, showed DMI to  reduce th e  maximum ra te  of r i s e  of phase 0 of

th e  a c tio n  p o te n t ia l ,  w hich i s  considered  a v a l id  index of th e  Na+

Inward c u rre n t, su g g es tin g  a c la s s  I  ( lo c a l a n a e s th e tic )  type

a n tla rrh y th m lc  mechanism. They a lso  dem onstra ted  th a t  DMI could in h ib i t  

2 +th e  Ca* -m ed ia ted  a c t io n  p o te n t ia l s  (slow responses) induced by 

ls o p re n a lin e  when th e  f a s t  inw ard Na+ c u rre n t was In a c tiv a te d  by 

e lev a ted  e x t r a c e l lu la r  po tassium  c o n c e n tra tio n s . Such an e f f e c t  could 

p ro te c t  a g a in s t  r e -e n try  a rrh y th m ias  in  th e  s e t t in g  of m yocardial ischaem ia.

More re c e n tly , Isen b erg  and Tamargo (1985) have in v e s t ig a te d  th e  

e le c tro p h y s io lo g ic a l e f f e c t s  of im lpram ine, an o th er t r i c y c l i c  

a n tid e p re s s a n t c lo se ly  r e la te d  to  DMI, on I s o la te d  bovine v e n tr ic u la r
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myocytes using  th e  v o lta g e  clamp tech n iq u e. T he ir r e s u l t s  showed

th a t ,  in  th e  absence of Na+, im ipram ine depressed  the  slow inw ard 

2 +Ca c u rre n t ( I ^ a ^  su p p o rtin g  th e  e a r l i e r  f in d in g  of Tamargo e t  a l

2 +(1979) th a t  DMI could I n h ib i t  Ca -m ed ia ted  slow responses. In  

a d d itio n  to  a p o s s ib le  c o n tr ib u tio n  to  th e  a n tia rrh y th m ic  mechanism 

of high doses of DMI, such and in h ib i t io n  of I Ca would e x p la in  th e  

re d u c tio n  in  h e a r t  r a te  produced by 2.5 mg/kg DMI in  th e  p re sen t 

study a s  t h i s  c u rre n t i s  re sp o n s ib le  f o r  d e p o la r iz a tio n  in  s in o a t r i a l  

nodal c e l l s .  Isenberg  and Tamargo (1985) found th a t  im ipram ine could 

a lso  slow th e  f in a l  phase of r e p o la r iz a t io n  and pro long th e  a c tio n  

p o te n t ia l  d u ra tio n  by in h ib i t in g  th e  outw ard K+ c u rre n t -  ano ther 

p o te n t ia l ly  an tla rrh y th m lc  e f f e c t .

Schomig e t  a l  (1984; 1985) have suggested  th a t  a calc ium - 

independent c a r r i e r  m ediated  e f f lu x  of n o rad ren a lin e  may occur during  

m yocardial Ischaem ia, which uses th e  same c a r r i e r  th a t  i s  norm ally  

re sp o n s ib le  fo r  tra n s p o r t in g  n o rad ren a lin e  from the  sy n ap tic  c l e f t  

back in to  th e  neuron and can th u s  be suppressed  by neuronal uptake 

b lo ck ers  such as DMI. Such a lo c a l  e f f lu x  of n o rad ren a lin e  would be 

h igh ly  arrhythm ogenic, e s p e c ia l ly  i f  i t  was heterogeneous and 

confined  only to  a re as  of severe  flow re d u c tio n  w ith in  th e  ischaem ic 

zone. I f  such an e f f lu x  d id  Indeed occur d u ring  Ischaem ia, i t s  

in h ib i t io n  could c o n tr ib u te  to  th e  a n tla rrh y th m lc  mechanism of DMI. 

R ecently , Aronstam and Hoss (1985) have shown DMI to  i n h ib i t  

d e p o la r iz a t io n  induced calc ium  uptake by r a t  synaptosom es, su g g estin g  

th a t  DMI could  a lso  d i r e c t ly  suppress calc ium -dependent re le a s e  

p ro cesses  such a s  ex o cy to s ls . In h ib i t io n  of ex o cy to s is  could be 

p ro te c t iv e  a g a in s t a rrh y th m ias  by in h ib i t in g  m yocardial n o rad ren a lin e  

r e le a s e  r e s u l t in g  from r e f le x  sym pathetic  a c t iv a t io n  an d /o r re le a s e



Induced by e lev a te d  e x t r a c e l lu la r  po tassium .

O ther t r i c y c l i c  a n tid e p re s s a n ts  have re c e n tly  been re p o rte d  to  

in h ib i t  v e n tr ic u la r  f i b r i l l a t i o n  a f t e r  coronary o cc lu s io n  in  th e  

a n a e s th e tiz e d  c a t  (Manoach, Netz, Varon and Ben-Ze'ev, 1986). These 

a u th o rs  a ls o  found a re d u c tio n  in  th e  s iz e  of th e  ischaem ic zone 

a f t e r  drug tre a tm e n t bu t suggested  th a t  th e  p ro te c tio n  a g a in s t  

f i b r i l l a t i o n  and th e  improved c o l l a t e r a l  blood supply were 

independent e f f e c ts .  In  th e  p re se n t study th e  ischaem ic zone was not 

q u a n t i f ie d  bu t i t  i s  hard  to  envisage any drug tre a tm e n t reducing  i t s  

s iz e  in  th e  presence of perm anent and com plete coronary o cc lu s io n , 

due to  th e  low c o l l a t e r a l  flow in  th e  r a t .  In  c o n tra s t  to  th e  r a t ,  

th e  c a t  has a h igh ly  developed c o l l a t e r a l  c i r c u la t io n  (Schaper, 1984) 

and p e rfu s io n  of th e  ischaem ic  a rea  can be improved by 

pharm aco log ica l ag en ts  t h a t  in c re a se  th e  p e rfu s io n  p re ssu re  o r 

produce coronary d i l a t io n .

The r e s u l t s  of th e  p re se n t study have shown DMI to  be a h ig h ly  

e f f e c t iv e  a n tla r rh y th m lc  agen t in  th e  a n a e s th e tiz e d  r a t  during  

m yocardial ishaem ia a lthough  th e  mechanism of t h i s  e f f e c t  i s  no t 

c le a r .  Comparison of th e  e f f e c t s  of v a r io u s  doses of DMI on the 

resp o n ses  to  ty ram ine , on haemodynamic p a ram ete rs , on plasm a 

catecho lam ine le v e ls  (d iscu ssed  in  s e c tio n  7.11.) and on ischaem ia 

Induced a rrh y th m ias  d is s o c ia te  th e  neuronal uptake b lock ing  and 

a n tla rrh y th m lc  a c tio n s  of th i s  drug. From a v a ila b le  evidence, the  

most l i k e ly  mechanism of th e  a n tla rrh y th m lc  a c t io n  of DMI appears to  

be d i r e c t  in h ib i t io n  of membrane conductances to  Na , Ca* and 

p o ss ib ly  K+. However, th e re  i s  a lso  some evidence sug g estin g  th a t  

DMI may be p ro te c tiv e  by in h ib i t in g  m yocardial n o rad ren a lin e  re le a s e  

during  ischaem ia.
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7 . 8 .  E ffe c ts  o f yohimbine and idazoxan on arrhythmias

Yohimbine had opposing e f f e c t s  on a rrh y th m ias  a t  two d i f f e r e n t  

doses. At 0.1 mg/kg yohim bine s ig n i f ic a n t ly  in c reased  th e  in c id en ces  

o f v e n t r ic u la r  f i b r i l l a t i o n  and m o r ta l i ty  w hereas a t  1.0 mg/kg i t  

produced a s ig n i f ic a n t  re d u c tio n  in  a l l  p a ram ete rs  o f arrhy thm ic  

a c t i v i ty .  Idazoxan had no s ig n i f ic a n t  e f f e c t  on s e r io u s  a rrh y th m ias  

a t  th e  low er dose of 0.03 mg/kg b u t caused a s ig n if ic a n t  in c re a se  in  

th e  in c id en ce  of v e n t r ic u la r  f i b r i l l a t i o n  and tended to  e le v a te  

m o r ta l i ty  a t  0.3 mg/kg. These somewhat c o n tra d ic to ry  r e s u l t s  

reg a rd in g  th e  e f f e c t s  o f c ^ a d re n o c e p to r  antagonism  on isch aem ia - 

induced a rrh y th m ias  can ag a in  be ex p la in ed  by th e  d i f f e r in g  

s p e c i f i c i ty  and s e l e c t iv i ty  of th e  two drugs.

As p re v io u s ly  d iscu ssed , yohim bine i s  l e s s  s e le c t iv e  than  

Idazoxan and has some n o n -sp e c if ic  a c t io n s  a t  high doses. Docherty 

and McGrath (1979) have re p o rte d  0.1 mg/kg to  be th e  l a r g e s t  dose of 

yohim bine w hich was s t i l l  s u f f ic ie n t ly  s e le c t iv e  as  a p re sy n ap tic  o^- 

ad renocep to r a n ta g o n is t, fo llo w in g  t h e i r  s tu d ie s  in  the p ith e d  r a t .

I t  i s  in te r e s t in g  to  note th a t  t h i s  was p re c is e ly  th e  dose th a t  had a 

s ig n i f ic a n t  arrhythm ogenic e f f e c t  in  t h i s  study . At doses h igher 

th an  th i s ,  yohim bine can an tag o n ise  p o s tsy n a p tic  ad ren o cep to rs  and 

t h i s  may be p a r t ly  re sp o n s ib le  fo r  th e  a n tla rrh y th m lc  e f f e c t s  

observed w ith  th e  1.0 mg/kg dose in  t h i s  study . In  a d d itio n  to  

p o s tsy n a p tic  ad renocep to r antagonism , high doses of yohim bine may 

have d i r e c t  e le c tro p h y s io lo g ic a l e f f e c t s  which a re  p o te n t ia l ly  

a n tia rrh y th m ic . At c o n c e n tra tio n s  g re a te r  than  10”6M yohim bine has 

been found to  reduce th e  r a te  of r i s e  of phase 0 of th e  a c tio n  

p o te n t ia l  (by In h ib i t in g  th e  f a s t  inw ard Na+ c u rre n t)  in  both  th e  

is o la te d  r a t  v e n tr ic u la r  f r e e  w a ll  (N orthover, 1983) and can ine
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v e n t r ic u la r  m yocytes (B riggs and M eier, 1986), in d ic a tin g  a c la s s  I  

( lo c a l  a n a e s th e tic )  a n tla rrh y th m lc  e f f e c t .  Indeed th e  p ro te c t iv e  

e f f e c t s  of yohim bine and o th e r a -ad ren o cep to r a n ta g o n is ts  a g a in s t 

ischaem ia-induced  a rrh y th m ias  in  th e  is o la te d  r a t  h e a r t  have 

p re v io u s ly  been a t t r ib u te d  to  t h e i r  lo c a l  a n a e s th e tic  p ro p e r t ie s  

(Thandrqyen _et a l , 1983; Daugherty €*t a l ,  1986).

Idazoxan i s  a p o te n t and h ig h ly  s e le c t iv e  a2 ” a<*renocePto r  

a n ta g o n is t  and th e re  i s  no pu b lish ed  evidence su g g estin g  d i r e c t  

e le c tro p h y s io lo g lc a l a c tio n s  fo r  th i s  drug. Indeed th e  haemodynamic 

e f f e c t s  of idazoxan and i t s  e f f e c t s  on plasm a n o rad ren a lin e  le v e ls  

(d iscu ssed  in  s e c tio n  7.11.) observed in  t h i s  study a re  c o n s is te n t 

w ith  those expected  of a p o te n t p re sy n ap tic  ° 2 “ a d r e n o c e P t o r  

a n ta g o n is t. The arrhythm ogenic e f f e c t s  of Idazoxan th e re fo re  appear 

to  be m ediated  by a 2 " a d r e n o c e P t o , :  blockade although  p o s tsy n a p tic  a 

ad renocep to r s t im u la t io n  may a lso  c o n tr ib u te  as  Idazoxan has been 

re p o rte d  to  have p a r t i a l  a g o n is t p ro p e r t ie s  (Ramage and Tom linson,

1985). The la c k  of e f f e c t  of th e  0.03 mg/kg dose on se r io u s  

a rrh y th m ias  was probably  due to  in s u f f i c i e n t  a j-a d re n o c e p to r blockade 

a t  th a t  dose.

The r e s u l t s  of t h i s  study support th e  f in d in g s  of F o rfa r  e t  a l  

(1983) who observed an in c re a se d  inc idence  of v e n tr ic u la r  

f i b r i l l a t i o n  fo llo w in g  coronary  o cc lu s io n  a f t e r  o ^ -ad ren o cep to r 

blockade (w ith  yohim bine) in  th e  a n a e s th e tiz e d  dog. In  th e i r  s tudy , 

yohim bine p o te n tia te d  n o ra d re n a lin e  overflow  in to  th e  ischaem ic e f f lu e n t  

du ring  sym pathetic  s t im u la tio n , c o n s is te n t  w ith  pre sy n ap tic  a 2“ 

ad renocep to r blockade w ith in  th e  ischaem ic myocardium. Yohimbine 

a lso  reduced blood flow to  th e  Ischaem ic myocardium and, in  a d d it io n
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to  in c re a s in g  th e  in c id en ce  of spontaneous v e n tr ic u la r  f i b r i l l a t i o n ,  

In c reased  the  s e v e r i ty  and h e te ro g en e ity  of conduction  a b n o rm a litie s  

du rin g  Ischaem ia, presum ably through in c re ase d  lo c a l  n o rad ren a lin e  

r e le a s e . These e f f e c t s ,  however, were observed w ith  a dose of 

yohim bine (1.0 mg/kg i.v .) t h a t  was found to  be a n tla rrh y th m lc  in  

t h i s  study  and th e  e f f e c t s  of h ig h e r o r low er doses were no t 

re p o rte d . The im p lic a tio n  i s  th a t  th e  r a t  h e a r t  may be more 

s u s c e p tib le  to  the  n o n -sp e c if ic  and n o n -se le c tiv e  e f f e c t s  of 

yohim bine than  th e  dog h e a r t .  Docherty and McGrath (1979) have 

indeed re p o rte d  0.1 mg/kg to  be th e  l a r g e s t  dose of yohim bine to  

b lock  a2 ~adrenocePto r s  w ith o u t a d d itio n a l e f f e c t s  in  th e  r a t ,  as 

p re v io u s ly  d iscu ssed .

The p re se n t r e s u l t s  w ith  yohim bine and Idazoxan show t h a t a 2“ 

ad ren o cep to r antagonism  e x ac e rb a te s  Ischaem ia-Induced a rrh y th m ias  in  

th e  a n a e s th e tiz e d  r a t ,  presum ably by enhancing th e  sym pathetic  

a c t iv a t io n  of th e  h e a r t .  They a lso  dem onstra te , however, th a t  high 

doses of yohim bine may p ro te c t  a g a in s t  th e se  a rrh y th m ias , most 

probab ly  due to  a n o n -sp e c if ic  lo c a l  a n a e s th e tic  a c tio n . I t  appears , 

th e re fo re , th a t  th e  e f f e c t  on a rrh y th m ias  of l e s s  s e le c t iv e  and 

r e la t iv e ly  n o n -sp e c if ic  a 2-ad ren o cep to r a n ta g o n is ts  l i k e  yohim bine 

may depend on th e  dose used .

13m  E ffe c ts  o f concom itant adm in istration  o f desipram ine on the  

a c tio n s  o f  yohimbine and Idazoxan

Somewhat s u rp r is in g ly , when 0.1 mg/kg DMI was g iven  in  

com bination  w ith  the  doses o f yohim bine and Idazoxan th a t  had 

in c re a se d  th e  inc id en ce  of v e n tr ic u la r  f i b r i l l a t i o n ,  th e  

arrhythm ogenic e f f e c t  o f (^ -ad ren o cep to r antagonism  was ab o lish ed
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and th e  p a ram ete rs  of a rrhy thm ic  a c t i v i t y  re tu rn ed  to  th e  c o n tro l le v e l . 

I f  th e  arrhythm ogenic e f f e c t  o f a j-ad ren o cep to r ad renocep to r 

antagonism  was due to  an in c reased  n o ra d re n a lin e  re le a s e  from c a rd iac  

sy m p ath e tic  nerve te rm in a ls , concom itan t a d m in is tra tio n  DMI a t  t h i s  

dose, which in h ib i t s  neuronal uptake and has no s ig n if ic a n t  

a n tla rrh y th m lc  e f f e c t  on i t s  own, would be expected  to  fu r th e r  

ex ace rb a te  a rrh y th m ias  by b lock ing  th e  m ajor removal mechanism of 

re le a s e d  n o rad ren a lin e . Indeed th e  very  la rg e  in c re a se s  in  blood 

p re s su re  and h e a r t  r a te  and th e  s ig n i f ic a n t  e le v a tio n s  in  plasm a 

n o ra d re n a lin e  le v e l s  produced by th e  c^ -ad ren o cep to r an tagonist/D M I 

com binations p o in t tow ards an In c reased  ad re n e rg ic  s t im u la tio n .

There a re  se v e ra l p o s s ib le  e x p lan a tio n s  fo r  th i s  ap p aren t 

d isc rep an cy . The f i r s t  one i s  t h a t  DMI, which i s  a p o ten t 

a n tla r rh y th m lc  agen t a t  doses of 0.5 and 2.5 mg/kg, r e ta in s  some of 

i t s  a n tla rrh y th m lc  a c t io n s  d iscu ssed  in  s e c tio n  7.7. a t  th e  low er 

dose of 0.1 mg/kg. Such re s id u a l a c t i v i t y  may no t be enough to  

i n h ib i t  spontaneous a rrh y th m ias  fo llo w in g  coronary  o cc lu s io n  bu t may 

be s u f f i c i e n t  to  p rev en t f u r th e r  e x ac e rb a tio n  induced by enhanced : 

a d re n e rg ic  a c t iv a t io n  fo llo w in g  combined neuronal u p tak e / a 2-  

ad ren o cep to r b lo ck ad e .

The second p o s s ib i l i t y  i s  th a t  th e  e f f e c t s  of DMI w ith in  th e  

Ischaem ic myocardium may be d i f f e r e n t  from i t s  e f f e c t s  in  the  non- 

ischaem ic  p a r t s  o f th e  h e a r t  and o th e r sy m p a th e tic a lly  in n e rv a ted  

t i s s u e s .  Thus, w hereas DMI may enhance th e  e f f e c t s  of p re sy n ap tic  

a2“ adrenocep to r antagonism  by b lock ing  neuronal uptake of 

n o ra d re n a lin e  in  th e  v a s c u la tu re  and l e f t  a triu m , thereby  causing  th e  

la rg e  in c re a se s  in  blood p re s su re  and h e a r t  r a te  observed w ith



151

combined a d m in is tra t io n  , I t  may have no such e f f e c t  w ith in  th e  

ischaem ic  l e f t  v e n t r ic le .  In  t h i s  re s p e c t, th e  c a r r ie r-m e d ia te d  

n o ra d re n a lin e  e f f lu x  p ro c e ss  proposed to  occur in  th e  ischaem ic 

myocardium by Schomig _et a l  (1984; 1985) i s  of in te r e s t .  I f  such 

an e f f lu x  d id  indeed c o n tr ib u te  to  n o rad ren a lin e  re le a s e  w ith in  th e  

ischaem ic  myocardium a f t e r  acu te  coronary o cc lu s io n , i t  would be 

s u s c e p tib le  to  in h ib i t io n  by DMI. In  th e  absence of o th e r 

a n tla rrh y th m lc  e f f e c t s ,  low doses of DMI may in h ib i t  t h i s  e f f lu x  

w ith o u t a s ig n i f ic a n t  e f f e c t  on spontaneous a rrh y th m ias , bu t such an 

in h ib i t io n  may b lu n t th e  d e trem en ta l e f f e c t s  of in c reased  e x o cy to tic  

n o ra d re n a lin e  re le a s e  induced by a^ -ad ren o cep to r antagonism , by 

l im i t in g  the  n o rad ren a lin e  c o n ce n tra tio n  in  the  sy n ap tic  c l e f t .

I t  i s  a lso  p o s s ib le  th a t  DMI may a c tu a lly  p reven t th e  in c re a se  

in  n o rad ren a lin e  re le a s e  by ex o cy to s is  fo llo w in g  a 2“ adrenocep to r 

b lockade as t h i s  p ro cess  i s  calcium -dependent and DMI has been shown 

to  in h ib i t  d e p o la r iz a t io n  induced calcium  uptake by r a t  synaptosom es 

(Aronstam and Hoss, 1985), as p rev io u s ly  d iscu ssed . However t h i s  

seems h igh ly  u n lik e ly  in  view of th e  e f f e c t s  o f a j-a d re n o c e p to r  

antagonist/D M I com binations on haemodynamic p a ram ete rs  and plasm a 

n o ra d re n a lin e  le v e l s .

One f i n a l  p o s s ib i l i ty  w orth co n sid e rin g  i s  th a t  th e  la rg e  

in c re a se s  in  blood p re s su re  and h e a r t  r a te  produced by the  

com bination  tre a tm e n ts  may r e s u l t  in  a r e f le x  in c re a se  in  vagal tone 

and such an in c re a se  may c o u n te ra c t th e  arrhythm ogenic e f f e c t s  of 

in c reased  a d ren e rg ic  s t im u la t io n . Indeed such a mechanism has been 

proposed fo r  th e  a n tla rrh y th m lc  e f f e c t s  of p re sso r drugs and could be 

a b o lish ed  by a tro p in e  (M arsha ll e t  a l ,  1981). In  th e  p re se n t study, 

b i l a t e r a l  vagotomy d id  n o t a f f e c t  the  p ro te c tio n  a ffo rded  by th e  high
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dose yohlmbine/DMI com bination  bu t t h i s  was probably a r e s u l t  of th e  

o v e rr id in g  lo c a l  a n a e s th e tic  e f f e c t s  o f yohimbine a t  th a t  dose.

When 0.1 mg/kg DMI was g iven  in  com bination  w ith  1.0 mg/kg 

yohim bine, th e  marked a n tla rrh y th m lc  e f f e c t  observed w ith  th i s  dose 

of yohim bine alone was p reserved . This com bination  produced a 

s ig n i f i c a n t  in c re a se  in  plasm a n o rad ren a lin e  c o n ce n tra tio n , 

presum ably as a consequence of an in c re ase d  n o rad ren a lin e  

c o n c e n tra tio n  in  th e  sy n ap tic  c l e f t .  There w ere a lso  la rg e  In c re a se s  

in  b lood p re s su re  and h e a r t  r a te  su g g estin g  th a t  th e  e le v a tio n  in  th e  

sy n p a tic  l e v e l s  of n o ra d re n a lin e  had overcome any p o s tsy n a p tic  

ad renocep to r antagonism  by t h i s  dose of yohim bine. The f a c t  t h a t  th e  

a n tla rrh y th m lc  e f f e c t  o f 1.0 mg/kg yohim bine was p reserved  under 

th e se  c o n d itio n s  su g g es ts  th a t  i t s  m ain a n tla rrh y th m lc  mechanism was 

no t p o s tsy n a p tic  ad ren o cep to r antagonism  b u t was more l ik e ly  to  be 

n o n -s p e c if ic  membrane s t a b i l i z a t i o n  ( lo c a l  a n a e s th e tic  e f f e c t ) .  As 

a lread y  d iscu ssed , DMI may be p ro te c t iv e  even a t  th e  0.1 mg/kg dose 

and may c o n tr ib u te  to  th e  re d u c tio n  in  ischaem ia  induced a rrh y th m ias  

observed w ith  th i s  com bination.

In trav en o u s a d m in is tra t io n  of 1.0 mg/kg yohim bine in  com bination  

w ith  0.1 mg/kg DMI two m inutes a f t e r  coronary o cc lu s io n  had no s ig n i f ic a n t  

e f f e c t  on th e  Incidence  and s e v e r i ty  of a rrh y th m ias , in  c o n tra s t  to  

th e  a n tla rrh y th m lc  e f f e c t s  of p re -o c c lu s io n  a d m in is tra tio n . This 

f in d in g  co n firm s th a t  a lo c a l  e f f e c t  w ith in  th e  Ischaem ic myocardium 

was re sp o n s ib le  fo r  th e  p ro te c tio n  observed w ith  the  p re -o c c lu s io n  

a d m in is tra t io n  of t h i s  com bination , a s  th e  r a t  has very  poor 

c o l l a t e r a l  c i r c u la t io n  and, in  the  presence  of a com plete coronary 

o cc lu s io n , yohim bine and DMI would no t e n te r  th e  ischaem ic zone upon 

p o s t-o c c lu s io n  a d m in is tra tio n . I t  was In te r e s t in g  to  no te  th a t ,  even
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in  th e  absence of a lo c a l  a n tla rrh y th m lc  e f f e c t ,  th e  in c reased  

sy m p ath e tic  a c t iv a t io n  produced by th i s  com bination d id  not 

s ig n i f ic a n t ly  worsen th e  a rrh y th m ias  induced by coronary occlu sio n . 

A lthough the  plasm a c o n c e n tra tio n  of ca techo lam ines was n o t m easured 

in  t h i s  group, i t  was reaso n ab le  to  assume th a t  a s ig n i f ic a n t  g en era l 

sy m p ath e tic  a c t iv a t io n  had occured in  view of th e  la rg e  in c re a se s  in  

blood p re s su re  and h e a r t  r a te  observed upon a d m in is tra tio n , s im ila r  

in  m agnitude to  those observed w ith  t h i s  com bination  when 

a d m in is te red  p r io r  to  coronary  occ lu sio n . This f in d in g  su g g es ts  th a t  

an in c re a se  in  g en era l sym p ath etic  a c t i v i t y  le a d in g  to  sy stem ic  

c a te c h o l amine re le a s e  may not have a d e trem en ta l e f f e c t  on Ischaem ia 

induced a rrh y th m ias , in  th e  absence of a lo c a l  e f f e c t  w ith in  th e  

Ischaem ic myocardium.

The p o s s ib i l i ty  th a t  th e  a n tla rrh y th m lc  e f f e c t  of th e  

yohimbine/DMI com bination  (1.0/0.1 mg/kg) was due to  a r e f le x  

In c rease  in  vagal a c t i v i ty ,  in  response to  th e  la rg e  in c re a se s  in  

blood p re s su re  and h e a r t  r a te ,  was te s te d  by perform ing  b i l a t e r a l  

vagotomy a t  v a rio u s  tim e s  a f t e r  coronary  o cc lu s io n  in  an im als  t r e a te d  

w ith  th i s  com bination p r io r  to  o cc lu s io n . B i la te r a l  vagotomy a t  3 

(co rrespond ing  to  th e  p e rio d  p r io r  to  th e  developm ent of 

a rrh y th m ias) , 7 ( a t  the  peak o f v u ln e r a b i l i ty  to  a rrhy thm ias) and 

10 min ( a t  th e  end of th e  e a r ly  p e rio d  of a rrhy thm ias) had no 

s ig n i f ic a n t  e f f e c t  on th e  subsequent a rrh y th m ias , su g g estin g  th a t  an 

in c reased  vagal tone was u n lik e ly  to  be th e  mechanism of the  

p ro te c t iv e  e f f e c t  observed w ith  t h i s  yohimbine/DMI com bination. A 

s u b s ta n t ia l  vagal tone was, however, p re se n t in  th e se  an im als  a f t e r  

th e  combined a d m in is tra t io n  o f yohim bine and DMI, as b i l a t e r a l  

vagotomy produced s ig n i f ic a n t  in c re a se s  in  mean a r t e r i a l  p re s su re  and
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h e a r t  r a te  in  a l l  groups, m easuring approx im ate ly  + 15-30 mmHg and +

10-25 b e a ts /m in  re s p e c tiv e ly . These r e s u l t s  and th e  la c k  of an 

a n tla rrh y th m lc  e f f e c t  when th e  drugs w ere g iven a f t e r  coronary  

o c c lu s io n  confirm  th a t  th e  a n tla rrh y th m lc  e f f e c t  observed w ith  th e  

p re -o c c lu s io n  a d m in is tra t io n  of th e  1 .0 /0 .1  mg/kg com bination  of 

yohim bine and DMI was th e  r e s u l t s  of a lo c a l  e f f e c t  w ith in  th e  

ischaem ic zone, probably  m ainly due to  th e  lo c a l  a n a e s th e tic  p ro p e rty  

of th e  yohim bine component. However, a r e f le x ly  in c reased  vagal tone 

may be im p o rtan t in  m ed ia tin g  th e  a b o l i t io n  of th e  arrhythm ogenic 

e f f e c t s  o f low dose yohim bine (0.1 mg/kg) and idazoxan (0.3 mg/kg) by 

th e  concom itant a d m in is tra t io n  of 0.1 mg/kg DMI, in  view of th e  la rg e  

in c re a s e s  in  blood p re s su re  and h e a r t  r a te  produced by th e se  

com binations. I t  i s  p o s s ib le  th a t ,  in  th e  absence of an o v e rr id in g  lo c a l  

a n a e s th e tic  e f f e c t  such a s  th a t  observed w ith  th e  high dose of 

yohim bine, th e  removal of th e  v agal in flu en ce  in  th e se  an im als  may 

c o u n te ra c t th e  p ro te c t iv e  e f f e c t  of concom itan t a d m in is tra tio n  of DMI 

and may even fu r th e r  ex ace rb a te  a rrh y th m ias . F u rth e r experim ents a re  

re q u ire d  to  c l a r i f y  t h i s  p o in t .

In  summary, concom itan t a d m in is tra t io n  of 0.1 mg/kg DMI 

ab o lish ed  th e  arrhythm ogenic e f f e c t  of a 2”a<*renocePto r  antagonism  by 

yohim bine and Idazoxan d e sp ite  producing s ig n i f ic a n t  sym pathetic  

a c t iv a t io n  and e le v a tin g  plasm a n o rad ren a lin e  le v e ls .  As DMI d id  not 

p ro te c t  a g a in s t  a rrh y th m ias  when given  on i t s  own a t  th a t  dose, 

f u r th e r  in v e s t ig a t io n  i s  re q u ire d  to  e lu c id a te  th e  mechanism of i t s  

p ro te c t iv e  e f f e c t  when g iven  in  com bination w ith  th e  arrhythm ogenic 

doses of yohim bine and idazoxan. I t  i s  p o s s ib le  th a t  a r e f le x  

in c re a se  in  vagal tone may have been re sp o n s ib le  fo r  t h i s  p ro te c tio n .
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When g iven  w ith  1.0 mg/kg yohim bine, DMI d id  n o t a f f e c t  th e  

p ro te c t io n  a g a in s t  ischaem ia-induced  a rrh y th m ias  a ffo rded  by t h i s  

h igh  dose of yohim bine, which was most probably  m ediated by a lo c a l 

a n a e s th e t ic  e f f e c t  w ith in  th e  ischaem ic myocardium.

7 .1 0 . Plasma catecholam ine le v e l s

Plasm a c o n c e n tra tio n s  of n o rad ren a lin e  and a d re n a lin e  w ere 

m easured 3 m inu tes a f t e r  coronary o c c lu s io n  o r sham o cc lu s io n . In  

th e  a n a e s th e tiz e d  r a t  t h i s  corresponds to  th e  p e rio d  j u s t  p r io r  to  

th e  developm ent of a rrh y th m ias . The o b je c t iv e  was to  e s ta b l i s h  i f  

th e re  was any c o r r e la t io n  betw een th e  e f f e c t s  of drugs on plasm a 

ca techo lam ine  le v e l s  and th e i r  e f f e c t s  on th e  in c id en ce  and s e v e r i ty  

of subsequent a rrh y th m ias , in  o rder to  d e lin e a te  any causa l 

r e la t io n s h ip .  The catecho lam ine  m easurem ents and a rrhy thm ia  

an a ly ses  w ere perform ed in  sep a ra te  groups of s im i la r ly  p repared  

an im als  a s  about 3 ml of blood was re q u ire d  and i t  was im p ra c tic a l to  

perform  such sam pling d u rin g  a rrh y th m ia  experim ents due to  th e  sm all 

s iz e  and lew blood volume of th e  r a t .

The plasm a c o n c e n tra tio n s  of ca tech o lam in es  in  sham -occluded and 

c o n tro l an im als  were no t s ig n i f ic a n t ly  d i f f e r e n t  and s im ila r  to  those  

found by o th e r w orkers in  th e  a n a e s th e tiz e d  r a t  (Popper, Chiueh and 

Kopin, 1977). The im p lic a tio n  of th e  s im i la r i ty  in  plasm a 

catecho lam ine  le v e l s  in  sham -occluded and c o n tro l r a t s  i s  th a t  

coronary  o cc lu s io n  per se does no t Induce an In c re ase  in  th e  plasm a 

ca techo lam ine  c o n c e n tra tio n  p r io r  to  th e  developm ent of a rrh y th m ias . 

This does no t mean, however, th a t  an In c reased  sym pathetic  a c t i v i t y  

does n o t occur fo llo w in g  coronary  o cc lu s io n  a s , in  th e  presence of 

i n ta c t  neuronal uptake and p re sy n p a tic  in h ib i t io n ,  an in c reased
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n o ra d re n a lin e  tu rnover may no t n e c e s sa r ily  lead  to  e le v a te d  plasm a 

le v e l s  (F o rfa r  e t  a l ,  1985).

The plasm a catecho lam ine  c o n c e n tra tio n s  measured in  t h i s  study 

w ere s ig n i f ic a n t ly  low er than  th o se  re p o rte d  by Daugherty _et ^1 

(1986) in  th e  same model, when th e  blood sam ples were c o lle c te d  a f t e r  

30 min of coronary a r te ry  o cc lu s io n , fo llo w in g  the  p e rio d  of 

v e n tr ic u la r  a rrh y th m ias . This su g g ests  t h a t  th e  e lev a ted  plasm a 

le v e l s  of n o rad ren a lin e  and ad re n a lin e  observed by Daugherty jet a l 

(1986) were probably a consequence of th e  ischaem ia  induced 

a rrh y th m ias  r a th e r  th an  th e i r  cause. Indeed in  th e i r  study, 

fo llo w in g  acu te  adrenalectom y or ch ro n ic  ad ren a l dem edu lla tion , plasm a 

c o n c e n tra tio n s  of n o ra d re n a lin e  and a d re n a lin e  were n o t e lev a ted  by 

30 min of m yocardial ischaem ia  bu t th e se  p ro cesses  d id  no t a f f e c t  any 

of the  p a ram ete rs  of v e n t r ic u la r  a rrh y th m ias .

T h ere fo re , coronary o cc lu s io n  in  th e  a n a e s th e tiz e d  r a t  d id  no t 

produce any in c re a se  in  plasm a ca techo lam ine  le v e l s  a f t e r  3 min, 

p r io r  to  th e  developm ent of a rrhy thm ias. The e lev a ted  le v e ls  

p re v io u s ly  observed in  th e  same model a t  the  end of a 30 min coronary 

o c c lu s io n  p e rio d  w ere probably  th e  r e s u l t  of a r e f le x  re le a s e  by th e  

ad ren a l m edulla  in  response  to  th e  ra p id  haemodynamic f lu c tu a t io n s  

caused by th e  a rrh y th m ias  (Daugherty e t  a l ,  1986). These r e s u l t s ,  taken  

to g e th e r , p rov ide  evidence th a t  plasma ca techo lam ines a re  not 

necessa ry  m ed ia to rs  of th e  p ro d u c tio n  of a rrh y th m ias  fo llo w in g  

coronary  a r te ry  o cc lu s io n . However, they do no t exclude the  

p o s s ib i l i t y  th a t  ca tech o lam in es  re le a se d  lo c a l ly  w ith in  th e  ischaem ic 

myocardium may be Im portant arrhythm ogenic m ed ia to rs .
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7.1L. E ffe c ts  o f  neuronal uptake blockade and a 2-adrenoceptor 

an ta g o n ist on plasma catecholam ine le v e l s  and th e ir  re la t io n sh ip  to  

arrhythmias

DMI d id  no t a f f e c t  plasm a ad ren a lin e  b u t tended to  e le v a te  th e  

plasm a n o rad ren a lin e  c o n c e n tra tio n  a t  0.1 rog/kg, a lthough th e  

in c re a se  was no t s t a t i s t i c a l l y  s ig n if ic a n t .  The la ck  of a 

s ig n i f ic a n t  in c re a se  in  plasm a le v e l s  in  th e  presence of a reduced 

neuronal uptake was p robably  th e  r e s u l t  of p re sy n ap tlc  in h ib i t io n  

of r e le a s e . Indeed Couslneau e t  a l  (1986) have shown in  th e  dog 

h e a r t  th a t  a f t e r  DMI tre a tm e n t th e  I n t e r s t i t i a l  re le a se  of 

n o ra d re n a lin e  was reduced to  th e  same e x te n t a s  neuronal uptake was 

d im in ish ed  and, as a r e s u l t ,  th e  c o n c e n tra tio n  of n o rad ren a lin e  in  

the  e x t r a c e l lu la r  space was no t s ig n i f ic a n t ly  in c reased . The la c k  of 

an e f f e c t  on plasm a a d re n a lin e  was c o n s is te n t  w ith  th e  f in d in g  th a t  

th e  r a t  ad ren a l m edulla , w hich i s  th e  m ajor source of c i r c u la t in g  

a d re n a lin e , has no uptake system  analogous to  t h a t  a t  sym pathetic  

nerve te rm in a ls  (Wakade and Wakade, 1984).

The h ig h e r doses of DMI, which had s ig n i f ic a n t  a n t i  a rrhy thm ic  

e f f e c t s ,  had no e f f e c t  on plasm a n o rad ren a lin e , p o ss ib ly  because of a 

f u r th e r  re d u c tio n  in  neuronal n o rad ren a lin e  re le a s e  due to  th e  lo c a l  

a n a e s th e tic  e f f e c t s  of high doses of DMI. Indeed, th e se  doses 

produced a re d u c tio n  in  th e  plasm a c o n c e n tra tio n  of ad ren a lin e  

probably  due to  such a membrane e f fe c t .  The re le a s e  of a d re n a lin e  

from th e  ad ren a l m edulla occurs by a calcium -dependent ex o cy to s is  

s im i la r  to  th a t  observed in  sym pathetic  nerve te rm in a ls  (B la u s te in , 

1979) and can be in h ib i te d  by lo c a l  a n a e s th e tic s  which b lock  sodium 

and calcium  channels (E au sle r and H aefely, 1979). DMI has Indeed been 

shown to  in h ib i t  th e  d e p o la r iz a tio n - in d u c e d  uptake of calcium  by r a t
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b ra in  synaptosom es (Aronstam and Hoss, 1985) and could conceivab ly  

i n h ib i t  a d re n a lin e  r e le a s e  from th e  ad ren a l m edulla by a s im i la r  

mechanism a t  h igh  doses. These r e s u l t s  confirm  th a t  th e  

a n tia r rh y th m ic  e f f e c t s  of high doses of DMI a re  no t r e la te d  to  th e  

b lockade of neuronal uptake of n o rad ren a lin e  and a re  more l i k e ly  to  be 

th e  consequence of n o n -sp e c if ic  s ta b i l i z in g  e f f e c t s  on e x c ita b le  

membranes, reducing  th e  conductances to  v a rio u s  c a tio n s .

Yohimbine d id  no t a f f e c t  plasm a catecho lam ine  le v e l s  a t  e i th e r  

dose. The in a b i l i t y  of yohim bine to  a l t e r  plasm a ad re n a lin e  l e v e l s  

i s  no t s u rp r is in g  because th e  r a t- a d re n a l  m edulla does not p o ssess  a 

n e g a tiv e  feedback mechanism m ediated by a 2 -ad ren o cep to rs  u n lik e  

sy m p ath e tic  nerve te rm in a ls  (Sharma e t  a l ,  1986). The low dose of 

yohim bine, which exacerbated  ischaem la-induced  a rrh y th m ias , d id  n o t 

in c re a se  plasm a n o ra d re n a lin e  le v e ls .  This was probably due to  

I n s u f f i c ie n t  a2-ad ren o cep to r antagonism  a t  th a t  dose to  produce an 

in c re a se d  overflow  in to  th e  c i r c u la t io n  in  th e  presence  of an i n ta c t  

neuronal uptake p ro cess , a lthough  an in c re a se d  tu rn o v er may have been 

p re se n t. The la c k  of e f f e c t  on plasm a n o ra d re n a lin e  l e v e l s  a t  th e  

h ig h er dose, which s ig n i f ic a n t ly  in h ib i te d  a rrh y th m ias , was p o ss ib ly  

due to  th e  lo c a l  a n a e s th e tic  e f f e c t  o f yohim bine c o u n te rac tin g  any 

in c re ase d  re le a s e  r e s u l t in g  from a 2-ad ren o cep to r blockade. These 

r e s u l t s  a re  c o n s is te n t  w ith  high doses o f yohim bine p ro v id ing  

p ro te c t io n  by a n o n -sp e c if ic  lo c a l  a n a e s th e tic  e f f e c t .

Idazoxan, which i s  a more p o te n t and more s e le c t iv e  a 2“ 

ad renocep to r a n ta g o n is t th an  yohim bine, produced a s ig n if ic a n t  

in c re a se  in  the  plasm a n o rad ren a lin e  c o n c e n tra tio n  a t  the  dose th a t  

exacerbated  ischaem ia  induced a rrh y th m ias . Plasma ad ren a lin e  was
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ag ain  no t a f fe c te d , presum ably fo r  th e  same reason  as  t h a t  fo r  

yohim bine, d iscu ssed  above. S im ila r  o b se rv a tio n s  reg ard in g  th e  

e f f e c t  o f In travenous idazoxan on plasm a n o rad ren a lin e  l e v e l s  have 

been re p o rte d  by Brown and Harland (1984) who suggested  th a t  the  

e f f e c t  was m ediated  by antagonism  of p e r ip h e ra l  ra th e r  than  c e n tra l  

a2-a d re n o ce p to rs  as  i.v . Idazoxan produced a g re a te r  In c re a se  in  

plasm a n o rad ren a lin e  c o n c e n tra tio n  th an  i.c .v . a d m in is tra tio n . In 

th e  absence of any lo c a l  a n a e s th e tic  e f f e c t ,  th e  arrhythm ogenic 

e f f e c t  observed w ith  t h i s  dose of idazoxan was most probably due to  

th e  antagonism  of p re sy n ap tic  c^-ad renocep to rs  w ith in  th e  ischaem ic 

myocardium le ad in g  to  in c re ase d  n o rad ren a lin e  re le a s e . Indeed F o rfa r 

e t  a l  (1983) have shown a 2~adrenoceptor antagonism  to  in c re a se  

s t im u la t io n  induced overflow  of n o rad ren a lin e  from th e  ischaem ic dog 

myocardium and to  s ig n i f ic a n t ly  in c re a se  th e  inc idence  of spontaneous 

v e n t r i c u l a r  f i b r i l l a t i o n .

Combined a2-ad ren o cep to r antagonism  and neuronal uptake blockade 

produced h igh ly  s ig n i f ic a n t  In c re a se s  in  plasm a n o rad ren a lin e  

c o n c e n tra tio n  by in h ib i t in g  th e  two most Im portan t mechanisms re g u la tin g  

th e  c o n c e n tra tio n  of n o rad ren a lin e  in  th e  sy n ap tic  c l e f t s  of 

sy m pathetic  nerve te rm in a ls . Plasma a d re n a lin e  was n o t a f fe c te d  fo r  

reaso n s p re v io u s ly  exp la in ed . S ig n if ic a n t  In c re a se s  in  a r t e r i a l  

plasm a le v e l s  of n o rad ren a lin e  by combined a 2-ad ren o cep to r antagonism  

and neuronal uptake blockade have been rep o rte d  by o th e r  w orkers 

(Graham e t  a l , 1980; F o rfa r  e t  a l ,  1985). F o rfa r e t j i l  (1985) a lso  

6howed such an In te rv e n tio n  to  produce a spontaneous n o rad ren a lin e  

re le a s e  from  both  th e  ischaem ic  and non-ischaem ic zones of th e  dog 

h e a r t  fo llo w in g  coronary  o cc lu s io n , su g g es tin g  th a t  a r e f le x  

in c re a se  in  c a rd ia c  sy m p ath e tic  d r iv e  may occur fo llo w in g  coronary
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o c c lu s io n  b u t, under normal c ircu m stan ces , n o rad ren a lin e  overflow  

In to  th e  coronary  venous e f f lu e n t  may be l im i te d  by in ta c t  

ad renocep to r m ediated  n e g a tiv e  feedback and neuronal uptake 

p ro c e sses . In  t h i s  s tudy , d e sp ite  the  s ig n i f ic a n t  e le v a tio n s  in  

p lasm a n o rad ren a lin e  c o n ce n tra tio n , combined <*2~a clr e n o c e Pt o r  

antagonism  and neuronal uptake blockade d id  n o t ex acerb a te  th e  

a rrh y th m ias  induced by coronary o cc lu s io n  and in  f a c t  appeared to  

have a p ro te c t iv e  e f f e c t ,  a s  a lread y  d iscu ssed . These r e s u l t s  

sug g est t h a t  e i th e r  an e le v a te d  plasm a n o rad ren a lin e  c o n c e n tra tio n  i s  

n o t d e tre m en ta l to  th e  ischaem ic  h e a r t  w ith  reg ard  to  a rrh y th m ias , or 

o th e r  pharm aco log ica l e f f e c t s  of th e  ag en ts  used to  e le v a te  plasm a 

n o ra d re n a lin e  l e v e l s  an d /o r r e f le x  changes in  n eu ra l a c t i v i t y  

c o u n te ra c t any d e trem en ta l e f f e c t s  r e s u l t in g  from such a sy stem ic  

in c re a se  in  a d ren e rg ic  s t im u la tio n .

Indeed, one of th e  m ost p e r t in e n t  p o in ts  to  emerge from t h i s  

s tudy  i s  th a t  lo c a l  e f f e c t s  w ith in  th e  ischaem ic  myocardium, such as 

changes in  membrane conductances to  ions and a l t e r a t io n s  in  lo c a l  

r e le a s e  of n o rad ren a lin e , a re  more im p o rtan t in  d e te rm in in g  w hat 

in f lu e n c e  pharm aco log ica l ag en ts  have on th e  s e v e r i ty  of ischaemiar* 

induced a rrh y th m ias  th an  e f f e c t s  on sy stem ic  catecho lam ine  re le a s e . 

O ther w orkers have d ism issed  c i r c u la t in g  catech o lam in es  as im p o rtan t 

m ed ia to rs  of lschaem ia-induced  a rrh y th m ias  (Daugherty e t  a l ,  1986). 

The g re a te r  im portance of lo c a l  n o rad ren a lin e  re le a s e  w ith in  th e  

ischaem ic  myocardium over c i r c u la t in g  ca techo lam ines in  de term in in g  

th e  s e v e r i ty  of lschaemia-*induced a rrh y th m ias  has been dem onstrated  

by th e  s tu d ie s  of M artin  and Meesman (1985) in  the  dog, u t i l i z i n g  

re g io n a l m yocardial chem ical sympathectomy. In  conclusion , although
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plasm a l e v e l s  of ca tech o lam in es  a re  u se fu l In d ic a to rs  of g en era l 

sy m p ath e tic  a c t i v i ty  in  t h i s  model, they do no t appear to  

s ig n i f ic a n t ly  in flu en ce  th e  s e v e r ity  of ischaem iarinduced  a rrh y th m ias  

and do n o t p rov ide  a r e l i a b l e  means of p re d ic t in g  th e  e f f e c t s  of 

drugs on th e se  a rrh y th m ias .

7 .1 2 .  E ffe c ts  o f blood pressure and h eart ra te  on arrhythmias

In  t h i s  study , no c o r r e la t io n  was found between blood p re ssu re  

o r h e a r t  r a te  and th e  s e v e r i ty  of ischaem ia-induced  a rrh y th m ias . 

Johnston , Macleod and W alker (1983) have re p o rte d  a s im i la r  la c k  of 

c o r r e la t io n  betw een th e se  p a ram ete rs  in  th e  conscious r a t .  In  

a d d it io n , in  th e  a n a e s th e tiz e d  dog, V e r r ie r ,  Thompson and Lown (1974) 

found th a t  in c re a se s  in  a r t e r i a l  p re s su re  and h e a r t  r a te  induced by 

s t e l l a t e  gang lion  s t im u la t io n  were no t invo lved  in  th e  a b i l i t y  of 

such s t im u la t io n  to  low er th e  v e n tr ic u la r  f i b r i l l a t i o n  th re sh o ld .

These au th o rs  suggested  th a t  th e  e l e c t r i c a l  i n s t a b i l i t y  r e s u l t in g  

from sym p ath etic  nerve s t im u la t io n  d eriv ed  from d i r e c t  c a rd ia c  e f f e c t s  

r a th e r  th an  from th e  accompanying m o d if ic a tio n s  in  h e a r t  r a te  and 

blood p re s su re . The r e s u l t s  o f th e  p re se n t study a lso  suggest th a t  

blood p re s su re  and h e a r t  r a t e  a re  no t im p o rtan t d e te rm in an ts  of th e  

s e v e r i ty  of arrhy thm ias fo llo w in g  coronary  o cc lu s io n .

Although changes in  blood p re ssu re  and h e a r t  r a te  may no t have a 

d i r e c t  e f f e c t  on th e  e l e c t r i c a l  outcome of m yocardial ischaem ia, they 

may have in d i r e c t  e f f e c t s  by producing r e f le x  changes in  vagal tone. 

Indeed M arshall e t  a l  (1981) have found a v a r ie ty  of p re sso r agen ts, 

in c lu d in g  a d re n a lin e  and n o rad ren a lin e , to  co n fe r p ro te c t io n  a g a in s t  

coronary o cc lu sio n -in d u ced  a rrh y th m ias  in  th e  a n a e s th e tiz e d  r a t  by 

in c re a s in g  th e  vagal to n e , an e f f e c t  which could be ab o lish ed  by
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p r io r  a d m in is tra t io n  of a tro p in e . V e rr ie r  and Hagestad (1985) have 

a lso  proposed th a t  vagal a c t iv a t io n  can e x e r t  a p ro te c t iv e  e f f e c t  on 

v e n t r ic u la r  v u ln e r a b i l i ty  to  a rrh y th m ias  in  th e  presence of an 

e lev a te d  sym pathetic  tone. As a lread y  d iscu ssed , an In c reased  vagal 

tone may be invo lved  in  th e  p ro te c tio n  a g a in s t  ischaem ia induced 

a rrh y th m ias  provided by some dome drug in te rv e n tio n s  th a t  produced 

la rg e  In c re a se  in  blood p re s su re  and h e a r t  r a te  in  t h i s  study.

7 .1 3 . Plasma potassium measurements

The io n - s e le c t iv e  e le c tro d e  system  used fo r  in tr a v a s c u la r  

m o n ito rin g  of plasm a po tassium  in  th i s  study  has proved to  be an 

accu ra te  and r e l i a b l e  method, as in d ic a te d  by th e  c lo se  agreem ent 

betw een e le c tro d e  read in g s  and the. r e s u l t s  from  flam e ph o to m etric  

a n a ly s is  of s im u ltan eo u sly  ob ta ined  sam ples. The s e n s i t iv i ty  of th e  

e le c tro d e s  to  changes in  plasm a potassium  c o n ce n tra tio n  was 

dem onstrated  by th e  t r ip h a s ic  responses to  th e  In travenous 

a d m in is tra t io n  of a d re n a lin e  th a t  a re  c h a r a c te r i s t i c  of th e  r a t  

(Coats, 1985). The r e s t in g  plasm a potassium  c o n ce n tra tio n  v a lu es  . 

m easured by th e se  e le c tro d e s  were a lso  in  agreem ent w ith  p rev io u s ly  

rep o rte d  v a lu es  in  th e  a n a e s th e tiz e d  r a t  (C oats, 1985).

I t  was in te r e s t in g  to  note th a t  th e  plasm a potassium  

c o n c e n tra tio n s  (measured by flam e photom etry) were h igher in  sam ples 

o b ta in ed  from thoraco tom ized , coronary a r te ry  occluded r a t s  a t  the  

end of th e  20 min ischaem ic  p e rio d  th a n  th e  b a sa l co n ce n tra tio n s  

m easured w ith  th e  p o ta s s iu m -se le c tiv e  e le c tro d e s  in  c lo sed  c h es t 

a n a e s th e tiz e d  an im als. These r e s u l t s  suggest th a t  th e  p ro cesses  of 

thoracotom y and /o r coronary  o cc lu s io n  produced e le v a tio n s  in  plasm a
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potassium  co n ce n tra tio n . I t  was n o t c le a r  from t h i s  study w hether 

th e  in c re a s e s  were th e  r e s u l t  o f m yocardial ischaem ia or th e  su rg ic a l 

procedure, as acu te  su rgery  I t s e l f  has been shown to  produce 

s ig n i f ic a n t  e le v a tio n s  in  plasm a potassium  co n ce n tra tio n  (C u rtis , 

Macleod and W alker, 1985).

7.14. E ffe c ts  o f neuronal uptake blockade and ^ -ad ren ocep tor  

antagonism on plasma potassium  le v e l s  and th e ir  re la t io n sh ip  to  

arrhythmias

The in v e s t ig a t io n  of th e  e f f e c t s  of o^-ad renocep to r antagonism  

and neuronal uptake blockade on plasm a potassium  in  c lo sed  c h e s t 

a n a e s th e tiz e d  r a t s  using  p o ta s s iu m -se le c tiv e  e le c tro d e s  rev ea led  th a t  

drug in te rv e n tio n s  th a t  had been shown to  e le v a te  plasm a 

n o ra d re n a lin e  le v e l s  in  coronary  occluded an im als  produced 

s ig n i f ic a n t  re d u c tio n s  in  plasm a potassium  co n cen tra tio n .

A ccordingly , yohim bine and DMI alone d id  n o t a f f e c t  plasm a potassium  

b u t yohimbine/DMI and idazoxan/DMI com binations produced s ig n i f ic a n t  

re d u c tio n s . The only ex cep tio n  was idazoxan which d id  no t 

s ig n i f ic a n t ly  reduce th e  plasm a potassium  c o n ce n tra tio n  d e sp ite  

producing a s ig n i f ic a n t  in c re a se  in  plasm a n o rad ren a lin e  le v e ls .  One 

p o ss ib le  ex p lan a tio n  fo r  t h i s  o b se rv a tio n  i s  th a t  the  p a r t i a l  a g o n is t  

p ro p e rty  of Idazoxan a t  a^ -ad ren o cep to rs  may have p o te n tia te d  t h e a -  

ad renocep to r m ediated  hyperkalaem ic e f f e c t s  of c i r c u la t in g  

n o ra d re n a lin e , thereby  c a n c e ll in g  th e  norm ally  dominant 8 2~ 

ad renocep to r m ediated  hypokalaem lc e f f e c t s  v ia  in c reased  uptake by 

s k e le ta l  muscle c e l l s .

The mechanism of th e  hypokalaem lc e f f e c t  of combined a 2” 

ad renocep to r antagonism  and neuronal uptake blockade was in v e s t ig a te d
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by s tu d y in g  th e  e f f e c t s  of p re tre a tm e n t w ith  p ro p ran o lo l on th e  

re sp o n ses  to  in trav en o u s  a d m in is tra t io n  of th e  ldazoxan/DMI 

com bination . P ro p ran o lo l, a t  a dose p re v io u s ly  re p o rted  to  b lock  th e  

hypokalaem lc a c tio n  of a d re n a lin e  in  th e  r a t  (C oats, 1985), g re a t ly  

a tte n u a te d  th e  re d u c tio n  in  plasm a potassium  c o n ce n tra tio n  produced 

by th e  idazoxan/DMl com bination , confirm ing  th e  involvem ent of B- 

ad ren o cep to rs  (probably  B2-a d re n o ce p to rs  in  s k e le ta l  m uscle) in  

m ed ia tin g  th e  hypokalaem ia. The p o s i t iv e  ch ro n o tro p ic  e f f e c t  of t h i s  

com bination  was a lso  In h ib i te d  a s  a r e s u l t  of c a rd iac  B -  ad renoceptor 

b lockade. These r e s u l t s  su pport the  p ro p o s it io n  th a t  th e  e f f e c t s  of 

combined (^ -ad ren o cep to r antagonism  and neuronal uptake blockade on 

plasm a po tassium  w ere m ediated  by in c reased  n o rad ren a lin e  re le a s e  and 

subsequent B -adrenoceptor s t im u la tio n , r e s u l t in g  in  in c reased  t i s s u e  

uptake of potassium .

Plasm a potassium  c o n c e n tra tio n  i s  an im p o rtan t d e te rm in an t of 

th e  s e v e r i ty  of ischaem ia  Induced a rrh y th m ias , as d iscu ssed  in  

Chapter 1, s e c tio n  1.11.. T herefo re , in te rv e n tio n s  t h a t  reduce th e  

plasm a c o n c e n tra tio n  of po tassium  would be expected  to  ex acerb a te  

such a rrh y th m ias . As a lre ad y  d iscu ssed , however, concom itant 

a d m in is tr a t io n  of DMI a b o lish ed  th e  arrhythm ogenic e f f e c t s  of a 

ad renocep to r antagonism  by an unknown mechanism, d e sp ite  producing a 

s ig n i f i c a n t  In c re a se  in  plasm a n o rad ren a lin e  c o n ce n tra tio n  and a 

s ig n i f ic a n t  re d u c tio n  in  plasm a potassium  c o n ce n tra tio n . Although 

th i s  study does no t p rov ide  evidence reg a rd in g  the  n a tu re  of th e  

p ro te c t io n  a ffo rd ed  by concom itant a d m in is tra t io n  of DMI, i t  must be 

a p o te n t e f f e c t  to  p rov ide  p ro te c t io n  a g a in s t  a rrh y th m ias  in  the  

p resence  of in c reased  a d re n e rg ic  a c t iv a t io n  and reduced plasm a
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potassium  c o n ce n tra tio n .

Another p o in t of i n t e r e s t  i s  t h a t  when th e  potassium  

c o n c e n tra tio n  was m easured in  plasm a sam ples o b ta ined  a t  th e  end of 

th e  ischaem ic  p e rio d  in  coronary  a r te ry  occluded r a t s ,  no s ig n if ic a n t  

d if f e re n c e  was observed betw een c o n tro l an im als  and those  t r e a te d  

w ith  a2-ad ren o cep to r antagonist/D M I com binations p r io r  to  o cc lu sio n . 

The im p lic a tio n  of th e se  r e s u l t s  i s  t h a t  in c re a s e s  in  plasm a 

potassium  c o n c e n tra tio n  produced by th e  thoraco tom y/coronary  

o c c lu s io n  p ro cess  overshadow th e  r e l a t iv e ly  sm all red u c tio n s  produced 

by th e  combined drug tre a tm e n t. Under th ese  c ircu m stan ces , <*2-  

ad renocep to r an tagonist/D M I com binations would no t be expected  to  

s ig n i f ic a n t ly  a l t e r  a rrh y th m ias  v ia  t h e i r  e f f e c t s  on plasm a potassium  

co n ce n tra tio n . F u rth e r s tu d ie s  a re  re q u ire d , using  th e  in tr a v a s c u la r  

p o ta s s iu m -se le c tiv e  e le c tro d e s , to  d e l in e a te  th e  e f f e c t s  of 

thoraco tom y/coronary  o c c lu s io n  on plasm a potassium  and th e  e f f e c t s  of 

th e  drugs on plasm a potassium  in  an im als  su b jec ted  to  th e se  

p ro c e sse s .

7 .1 5 . Arrhythmias in  v itam in E d e f ic ie n t  r a ts

This study was perform ed in  su p p o rt of an o th er in v e s t ig a t io n  

in to  th e  e f f e c t s  of v ita m in  E d e fic ie n c y  on l i p i d  p e ro x id a tio n  

induced by ischaem ia  in  th e  i s o la te d  r a t  h e a r t  (Z akaria , 1985). 

V itam in  E i s  th e  m ajor l i p i d  so lu b le  a n tio x id a n t in  plasm a (Burton, 

Joyce and Ingo ld , 1982) and would be expected  to  p ro te c t  a g a in s t  f r e e  

ra d ic a l  o x id a tio n  (Dormandy, 1978). In  t h i s  study , th e re  was no 

s ig n i f ic a n t  d if f e re n c e  in  th e  inc id en ce  of s e r io u s  a rrh y th m ias  such 

as  v e n t r ic u la r  ta ch y c a rd ia  and f i b r i l l a t i o n  betw een c o n tro l r a t s  and 

those  fe d  on a v ita m in  E d e f ic ie n t  d i e t  f o r  8 weeks. There was
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evidence, however, of an In c reased  sy m p ath e tic  tone fo llo w in g  

o cc lu s io n  and th e  number of p rem atu re  v e n t r ic u la r  c o n tra c tio n s  was 

reduced.

The la c k  of e f f e c t  on se r io u s  a rrh y th m ias  su g g ests  t h a t  th e re  

was no t a s ig n i f ic a n t  d if f e re n c e  in  ischaem iarinduced  membrane damage 

in  th e  two groups. Indeed Z akaria  (1985) found no evidence of 

in c reased  l i p i d  p e ro x id a tio n  in  th e  v ita m in  £ d e f ic ie n t  group and 

suggested  th a t  th e  45% re d u c tio n  in  plasm a v ita m in  E c o n c e n tra tio n  

produced by 8 weeks of d ep le ted  d i e t  was in s u f f ic ie n t .  O ther w orkers 

have re p o rte d  a much more s ig n i f ic a n t  re d u c tio n  (96%) in  plasm a 

le v e l s  by keeping r a t s  on a v ita m in  E d e f ic ie n t  d ie t  f o r  7 months 

(Falanga, Doni, D e la in i, V i t t i ,  Im b e r ti , D onati and De Gaetano,

1983). Another eq u a lly  v a l id  e x p lan a tio n  i s  th a t  f r e e  r a d ic a l  

o x id a tio n  may no t p lay  a m ajor ro le  in  membrane damage during  

m yocardial ischaem ia due to  th e  low a v a i l a b i l i t y  of oxygen (see 

Chapter 1 , s e c tio n  1 .1 3 . ( 4 ) ) .

7 .1 6 • Conclusions

D esipram ine (DMI) had a dose r e la te d  a n t i  a rrhy thm ic  e f f e c t ,  

probably due to  i t s  a b i l i t y  to  in h ib i t  membrane conductances to  

sodium and calcium  ions. Antagonism of a a d r e n o c e p t o r s  w ith  

yohim bine and idazoxan ex acerb ated  ischaem ia-induced  a rrh y th m ias , 

presum ably as a r e s u l t  of enhanced lo c a l  n o rad ren a lin e  r e le a s e . High 

doses of yohim bine, however, could p ro te c t  a g a in s t  th e se  a rrh y th m ias  

by v ir tu e  of th e  a b i l i t y  of yohim bine to  i n h ib i t  th e  f a s t  sodium 

channel a t  high c o n c e n tra tio n s . P a ra d o x ic a lly , concom itant 

a d m in is tra tio n  of DMI, a t  a dose th a t  d id  no t a f f e c t  a rrh y th m ias  on
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i t s  own b u t appeared to  I n h ib i t  neuronal uptake, ab o lish ed  th e  

arrhy thm ogenic  e f f e c t s  o f o^-adrenocep to r antagonism . The mechanism 

of t h i s  p ro te c t io n  could n o t be deduced from th e  p re sen t d a ta .

Measurement of plasm a ca techo lam ine  and potassium  c o n c e n tra tio n s  

re v ea led  no d i r e c t  r e la t io n s h ip  betw een th e  e f f e c t s  of drugs on th e se  

p a ram e te rs  and th e i r  e f f e c t s  on ischaem ia-induced  a rrh y th m ias . There 

was a ls o  no s ig n i f ic a n t  c o r r e la t io n  betw een haemodynamlc p a ram ete rs  

(blood p re s su re  and h e a r t  r a te )  and th e  s e v e r i ty  of ischaem ia-induced  

a rrh y th m ias  in  any of th e  groups.

These r e s u l t s  show th a t  DMI i s  a p o te n t a n tia rrh y th m ic  agen t in  

th e  r a t ,  p robably  by a mechanism u n re la te d  to  neuronal uptake 

blockade, w h ile  antagonism  of in h ib ito ry  p re sy n ap tic  c^ -ad ren o cep to rs  

e x a c e rb a te s  a rrh y th m ias . Plasma catech o lam in es , blood p re s su re  and 

h e a r t  r a te  do no t appear to  be m ajor d e te rm in a n ts  of th e  s e v e r i ty  of 

ischaem ia-induced  a rrh y th m ias  in  t h i s  model and, in  t h i s  re s p e c t, 

lo c a l  e f f e c t s  of th e  drugs w ith in  th e  ischaem ic  zone a re  of g re a te r  

im portance. F u rth e r s tu d ie s  a re  req u ire d  reg a rd in g  th e  im portance of 

drug induced changes in  p lasm a potassium  in  d e term in ing  th e  

e l e c t r i c a l  outcome of m yocardial ischaem ia.

7 .1 7 . Suggestions fo r  fu tu re  s tu d ies

There a re  s e v e ra l s tu d ie s  which can be c a r r ie d  o u t in  o rd e r to  

a s c e r ta in  th e  im portance and p o s s ib le  mechanisms of p re se n t 

o b se rv a tio n s :

1. In v e s t ig a t io n  of th e  e f f e c t s  of p o s t-co ro n a ry  o cc lu s io n  

a d m in is tra t io n  of DMI and th e  a2“a(*renoceptor a n ta g o n is ts  to  de term ine  

i f  t h e i r  re s p e c tiv e  a n tia r rh y th m ic  and arrhythm ogenic e f f e c t s  w ere 

lo c a l ly  m edia ted .
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2. In v e s t ig a t io n  of th e  e f f e c t s  o f vagotomy or p re tre a tm e n t 

w ith  a tro p in e  on th e  responses to  low dose yohimbine/DMI and 

idazoxan/DMI com binations to  determ ine  i f ,  in  th e  absence of a lo c a l  

a n a e s th e t ic  e f f e c t ,  the  observed p ro te c t io n  was due to  an in c reased  

vag a l o u tp u t.

3. In v e s t ig a t io n  of th e  e f f e c t s  of th e  drug In te rv e n tio n s  used 

in  t h i s  study on m yocardial n o ra d re n a lin e  l e v e l s  fo llo w in g  coronary 

o cc lu s io n , p o ss ib ly  ju s t  p r io r  to  th e  developm ent of a rrh y th m ias

( i.e . a t  3 min), to  de term in e  i f  th e re  a re  any drug Induced changes 

in  lo c a l  re le a s e  and i f  any such changes c o r r e la te  w ith  th e  e f f e c t s  

of th e  drugs on a rrhy thm ias ( re p o rte d  in  t h i s  s tu d y ) .

4. In v e s t ig a t io n  of th e  e f f e c t s  of a ^ - adrenocep to r a n ta g o n is ts  

oh a rrh y th m ias  in  r a t s  p re tre a te d  w ith  a -m e th y l-m e ta - ty ro s in e , which 

has been re p o rte d  to  reduce m yocardial n o rad ren a lin e  l e v e l s  in  r a t s  

to  <10% of c o n tro l w ith  m inim al e f f e c t s  on o th e r  b iochem ical and 

haemodynamlc p a ram ete rs  (Abrahamsson e t  a l , 1985), to  de term ine  i f  

th e  arrhythm ogenic e f f e c t s  of th e se  ag en ts  were m ediated by in c reased  

lo c a l  re le a s e  of n o ra d re n a lin e .

5. In v e s t ig a t io n  of th e  e le c tro p h y s io lo g ic a l  e f f e c t s  of DMI on 

r a t  c a rd ia c  t i s s u e .  The s tu d ie s  re p o rte d  so f a r  have been on gu in ea-p ig  

and bovine t i s s u e s  and c e l l s  (Tamargo e t  a l , 1979; Isenberg  and

Tamargo, 1985).

6. I n v e s t ig a t io n  o f th e  e f f e c t s  o f th e  thoraco tom y/coronary  

a r te ry  o cc lu s io n  p ro cess  on plasm a potassium  co n ce n tra tio n , using  th e  

io n - s e le c t iv e  e le c tro d e  system  developed in  t h i s  study , and s tudy ing  

th e  e f f e c t s  of drugs on any such changes and th e i r  r e la t io n s h ip  to  

subsequent a rrh y th m ias .
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ADDENDUM

I- There is no significant difference in any of the parameters of 
arrhythmic activity between the two groups receiving YOH/DMI before 
or after coronary occlusion (section 4.5., figure 27), although there 
is a tendency towards more severe arrhythmias in the latter group.

II. Although bilateral vagotomy did not appear to affect the severity 
of subsequl.it arrhythmias (section 4.6.) the number of experiments in 
each group was too small to make the results conclusive.

III. The results of this study show no correlation between blood 
pressure or heart rate and the arrhythmia score (section 4.9.). There 
was also no significant difference in these parameters measured before 
or 5 min after coronary occlusion between animals that exhibited VF 
and those that did not, within the control group (n=73):

VF (n=21) NO VF (n=52)
0 min BP 102(4) 98(3) mmHg

HR 474(7) 472(5) beats/min

5 min BP 77(4) 72(2) mmHg
HR 465(9) 465(6) beats/min

Values in brackets indicate s.e.m.

IV. As plasma catecholamine concentrations and arrhythmias were 
analysed in separate animals the results suggest but do not prove 
that there is no relationship between the two parameters.


