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' ABSTRACT 

There a re  confl ic t ing reports  i n  the l i t e r a t u r e  concerning 

the e f fec t s  of anaesthetics on cardiac and respiratory physiology 

i n  f ishes .  The purpose of t h i s  study was to  investigate the 

influence of M. S. 222,  an anaesthetic widely used i n  research 

with te leos ts .  A t o t a l .  of 96 rainbow t rou t  (Salmo qairdneri)  

were used. Subcutaneous electrodes for electrocardiogram 

recording, and buccal o r  opercular cannulae were inserted while 

the f i s h  were b r i e f l y  anaesthetized. After a period of from 2 - 

24 hours, the experiments were begun. Heart and respiratory 

r a t e s  were recorded for one hour on a Grass polygraph and a 

Tektronix oscilloscope. The e f fec t s  of various concentrations 

of M.S. 222 (25, 50, 75, and 100 mg/l) were studied a t  two 

d i f f e r e n t  temperatures (9' and 17' 'c) . In a l l  cases,  except 

t h a t  of 25 mg/l, a gradual decline i n  both hea r t  and respiratory 

r a t e s  was noticed. Changes in the r a t e s  could be correlated to  

stages of anaesthesia. The respiratory centre was more sensi t ive  

t o  M.S. 222 than the hea r t  and respiratory collapse always pre- 

ceded cardiac a r r e s t .  The E.  C. G. pat tern remained regular 

u n t i l  respiratory collapse occurred. Forcibly vent i la t ing  the 

g i l l s  a f t e r  respiratory collapse,  but  before cardiac a r r e s t ,  

iii 
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immediately normalized the  E. C. G, p a t t e r n  and r e s t o r e d  both  

the  h e a r t  and r e s p i r a t o r y  r a t e s  t o  normal wi th in  two hours .  

Although a r i s e  i n  temperature increases  both  r a t e s ,  t h e r e  

appeared t o  be no s i g n i f i c a n t  d i f f e r e n c e  between t h e  e f f e c t s  o f  

t h e  a n a e s t h e t i c  a t  9' and 17' C. One of  the  e f f e c t s  o f  the  

t rea tment  was the  occurence of  synchrony between the  h e a r t  b e a t  

and r e s p i r a t o r y  movements, A t  9' C ,  t he  dura t ion  o f  synchrony 

increased wi th  inc reas ing  dosages o f  the  a n a e s t h e t i c .  A t  17' C, 

synchrony was a l r eady  observed i n  t h e  c o n t r o l  experiment and the  

a n a e s t h e t i c  d i d  n o t  f u r t h e r  increase  i t s  dura t ion .  Poss ib le  

r egu la to ry  mechanisms (both sensory and i n  the  c e n t r a l  nervous 

system) o f  c a r d i a c  and r e s p i r a t o r y  func t ions ,  and t h e i r  

i n t e r r e l a t i o n s ,  a r e  discussed,  
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INTRODUCTION 

Tr ica ine  methanosulphonate , M. S. 222  Sandoz , i s  widely 

used a s  an a n a e s t h e t i c  f o r  f i s h  and is  repor ted  t o  have no 

apparent  a f t e r  -ef f e c t s  on t h e i r  physiology (Smith and B e l l ,  

1967) . Black and Connor (1964) , however, noted s l i g h t l y  

lower l e v e l s  of  l a c t a t e  i n  muscle and blood of  f i s h  t r e a t e d  

with M.S. 222. They concluded t h a t  the  d i f f e r e n c e  was due t o  

a d i f f e r e n c e  i n  sampling time and the  absence of s t r u g g l i n g  

dur ing  the  sampling i n  the  anaes the t ized  animals.  Randall 

(1962) observed a s i g n i f i c a n t  increase  i n  the  h e a r t  r a t e  and 

v a r i a b l e  inc reases  i n  the  r e s p i r a t o r y  r a t e  and amplitude i n  

t h e  tench, ~ i n c a  t i n c a  L . ,  wi th low doses of  M. S. 222, whereas 

l a r g e r  doses caused c a r d i a c  i r r e g u l a r i t i e s  and r e s p i r a t i o n  

ceased. These e f f e c t s  were r e v e r s i b l e .  Se r fa ty  e t  a l .  (1959) -- 

examined the  e f f e c t s  of  M.S. 2 2 2  on t h e  h e a r t  of t h e  ca rp .  

McFarland (1959) s tud ied  the  e f f e c t s  of  a n a e s t h e t i c s  on 

c e r t a i n  a spec t s  of  the  physiology and behaviour i n  Fundulus , 

G i r e l l a ,  and Paralabrax.  Campbell and ~ a v i e s  (1963) i n v e s t i -  

gated the  a n a e s t h e t i c  e f f e c t s  of  M . S .  222 i n  elasmobranchs. 

The f ind ings  of a l l  these  workers i n d i c a t e  t h a t  M . S .  222 does 

n o t  produce c o n s i s t e n t  e f f e c t s  wi th  r e s p e c t  t o  h e a r t  and 



brea th ing  i n  f i s h .  There i s  nb r e l e v a n t  s tudy on the  e f f e c t s  

of M.S. 222  on r e s p i r a t o r y  and ca rd iac  rhythms of t h e  rainbow 

t r o u t ,  Salmo q a i r d n e r i  . 
Anaesthesia i s  a phys io logica l  s t a t e  produced by many 

agents  i n  which the  normal responsiveness o f  the  nervous 

t i s s u e s  and e x c i t a b l e  c e l l s  i s  temporarily decreased o r  

abol ished.  The degree t o  which s e n s i t i v i t y  i s  decreased i s  

v a r i a b l e  and may range from a s l i g h t  s luggishness  t o  a 

complete l o s s  of response.  An e s s e n t i a l  c h a r a c t e r i s t i c  of  

anaes thes ia  i s  i t s  r e v e r s i b i l i t y  o r  the  a b i l i t y  o f  the  t i s s u e s  

t o  r e t u r n  t o  normal funct ioning  upon removal of  the  anaes the t i z ing  

agent .   his r e v e r s i b i l i t y  d i s t i n g u i s h e s  anaes thes ia  2rom death  

where the  l o s s  of  response i s  i r r e v e r s i b l e .  In a s tudy of  

t h e  p r o p e r t i e s  of  var ious  a n a e s t h e t i c s ,  McFarland (1959) has  

d i s t ingu i shed  the  fol lowing s t a g e s  of anaes thes ia  i n  f i s h :  

Stage - 0 :  This i s  def ined  a s  normal behaviour i n  t h e  .absence of  

a n a e s t h e t i c s .  

Stage - 1: I t  i s  charac te r i zed  by a p a r t i a l  l o s s  o f  responsive-  

ness  t o  e x t e r n a l  s t i m u l i .  

Plane - 1: In  t h i s  phase of  s t age  1, t h e r e  i s  reduct ion  

i n  the  f r i g h t  response t o  v i s u a l  s t i m u l i .  The f i s h  

move more slowly when s t imula ted  and s i n k  t o  the  
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bottom very  slowly. Equilibrium i s  maintained and a 

s l i g h t  d i spe r s ion  of  melanin may occur.  The f i s h  

are less a c t i v e  b u t  have a normal b rea th ing  r a t e .  

Plane - 2: There i s  a l ack  of  response t o  e x t e r n a l  

s t i m u l i  b u t  the  equi l ibr ium i s  s t i l l  undisturbed.  

The f i s h  show no s ign  of  d i s t r e s s .  During t h i s  s t a g e .  

t h e  p e c t o r a l  and caudal f i n s  move i n  a manner 

compensatory t o  the  r e s p i r a t o r y  c u r r e n t s ,  i ,e  . t he  

coordina t ion  o f  swimming with r e s p i r a t i o n  may be 

advantageous, ensur ing  t h a t  t h e  mouth opens a s  the  

t h r u s t  of  the  t runk and t a i l  force  t h e  f i s h  forward 

i n  t o  t h e  water . 
Stage - 2: In  t h i s  s t a g e  the re  i s  a p a r t i a l  t o  t o t a l  l o s s  o f  

equi l ibr ium.  The f i s h  become darker  and t h e  opercular  

rate becomes abnormal; 

Phase - 1: Swimming becomes uncoordinated and the re  i s  

l o s s  .of equi l ibr ium. The f i s h  darken and the  opercular  

r a t e  inc reases .  

Phase - 2: There i s  complete l o s s  of  equi l ibr ium and 

c e s s a t i o n  of swimming movements. The f i s h  l i e  upside 

down on the  bottom of  tank. They do n o t  r e a c t  t o  

s t i m u l i  even i f  they a r e  l i f t e d  from the  water .  The 



Stage 3: - 

Stage 4: - 

, 
opercular  r a t e  dec l ines  r a p i d l y ,  

There is  severe  d is turbance  o f  the  r e s p i r a t o r y  r a t e .  

Equilibrium i s  completely l o s t  and the f i s h  become 

very dark.  

Respi ra tory  and ca rd iac  co l l apse  occur.  Respi ra tory  

movements cease ,  t h e  opercules  a r e  spread and p e c t o r a l  

f i n s  are usua l ly  i n  t h e  extended p o s i t i o n .  The f i s h  

l i e  upside down i n  the  tank. No recovery i s  p o s s i b l e  

i f  t h e  f i s h  a r e  l e f t  i n  t h e  a n a e s t h e t i c  s o l u t i o n  b u t  

i f  they a r e  removed and placed i n  f r e s h  water the  

condi t ions  can be reversed and the  func t ions  r e t u r n  t o  

normal. McFarland (1959) cons iders  t h e  f i s h  dead when 

opercular  movements have ceased f o r  one minute even 

though slow con t rac t ions  cont inue i n  the  h e a r t  f o r  

s e v e r a l  minutes a f t e r  cessa t ion  of  the  opercular  

movements . 
V e n t i l a t i o n  of  the  r e s p i r a t o r y  su r faces  of v e r t e b r a t e s  i s  

t h e  r e s u l t  o f  coordinated con t rac t ions  o f  s k e l e t a l  muscles 

termed b rea th ing .  These con t rac t ions  a r e  normally rhythmic 

and under the  c o n t r o l  o f  a group o f  neurons i n  t h e  medulla 

oblongata c o l l e c t i v e l y  r e f e r r e d  t o  as t h e  medullary r e s p i r a t o r y  

c e n t e r .  Similar  rhythmic movements a r e  o f t e n  seen i n  o t h e r  



, 
groups o f  s k e l e t a l  muscles. ~ l l  s k e l e t a l  muscle a c t i v i t y  i s  

d i r e c t l y  c o n t r o l l e d  by t h e  nervous sys  tem, and neuronal sys  tems 

c o n t r o l l i n g  s k e l e t a l  a c t i v i t y  must be arranged i n  such a  way a s  

t o  permi t  coordinated rhythmic p a t t e r n s  l i k e  walking, running 

o r  swimming. 

P a t t e r n s  such as v e n t i l a t i o n  a r e  normally involuntary  

func t ions  whereas running,  walking o r  swimming a r e  usua l ly  

voluntary  a c t i v i t i e s .  Under c e r t a i n  condi t ions  however, such 

as extreme s t r e s s  (Randall and Shelton, 1963) , strenuous 

e x e r c i s e  ( ~ a l l s ,  1968) ,  and anaes thes ia  (von Hols t ,  1934a, b )  

these  voluntary  p a t t e r n s  become synchronized with t h e  b rea th ing  

and h e a r t  movements. Von Hols t  (1934a, b )  observed synchronized 

movements o f  t h e  l a t e r a l  d o r s a l  musculature and the  b rea th ing  

muscles of  f i s h  under anaes thes ia .  Randall (1967) noted 

synchrony o f  b r e a t h i n g  with s inus  arrythmia i n  f i s h .  

Schoenlein (1895) r epor ted  synchrony between h e a r t  .beat and 

r e s p i r a t i o n  i n  va r ious  f i s h  under normal condi t ions ;  however, 

Bagl ioni  (1906) w a s  unable t o  s u b s t a n t i a t e  these  r e s u l t s  . 
Synchrony was a l s o  observed by Babak (1912) , Lyon (1926) , 

Lutz (1930a, b) , and Satchel1  (1961). Willem (1921) suggested 

t h a t  the  c a r d i a c  rhythm r e g u l a t e s  the  r e s p i r a t o r y  rhythm. 

Labat (1966) has  a l s o  suggested a  c l o s e  a s s o c i a t i o n  be tween 
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c a r d i a c  and r e s p i r a t o r y  c e n t e r s  with the  h e a r t  p lay ing  the major 

r o l e  i n  r e g u l a t i o n .  von Hols t  (1934a, b) pos tu la ted  the  

ex i s t ence  o f  a s i n g l e  automatic rhythmical process  i n  the  

a n t e r i o r  reg ion  o f  t h e  s p i n a l  cord whose a c t i v i t y  r e p r e s e n t s  t h e  

common b a s i s  f o r  r e s p i r a t o r y ,  p e c t o r a l  f i n  and t a i l  movements. 

He  observed t h a t  the  var ious  rhythms became synchronized under 

s p e c i f i c  l e v e l s  o f  anaes thes ia .  In  h i s  opinion,  the  common 

genera tor  t o  a l l  rhythmic movements would be s u b j e c t  t o  the  

sensory inpu t  o f  each element under i t s  con t ro l .  Exterocept ive 

o r  propr iocept ive  s t imula t ion  would then r e s u l t  i n  a v a r i a t i o n  

of  ind iv idua l  e x c i t a t i o n  and a consequent asynchrony of the  t h r e e  

movements . von Hols t emphasized t h a t  the  fundamental rhythm 

i t s e l f  i s  an automatic process  independent of  the  per iphery .  

Shelton (1961) has  descr ibed the r e s p i r a t o r y  cen te r  of  t e l e o s t s  

a s  be ing  s i t u a t e d  i n  the  medulla oblongata.  Therefore,  i f  a 

s i n g l e  o s c i l l a t o r  c o n t r o l l i n g  - t h e s e  movements e x i s t s  it should 

a l s o  be loca ted .  i n  the  medulla. This a l s o  seems t o  be supported 

by the  work of  von Hols t .  If he placed a go ld f i sh  i n  a weak 

s o l u t i o n  of  ure thane ,  he was a b l e  t o  demonstrate a c l o s e  

r e l a t i o n s h i p  between the  var ious  movements under cons idera t ion .  

Fur ther ,  he was a b l e  t o  demonstrate t h a t  synchrony occurred when 

t h e  region  a n t e r i o r  t o  the  medulla oblongata was almost o r  

completely o u t  of  a c t i o n ,  i . e .  when the  recept ion  from the  



, 
per iphery  was g r e a t l y  reduced o r  stopped. He considered the 

s topping  o f  impulses from the  per iphery  t o  be e s s e n t i a l  s i n c e  

unanaesthet ized animals wi th  a c u t  i n  f r o n t  o f  t h e  medulla d i d  

n o t  show synchronizat ion.  I f  we a r e  t o  accept  the  idea  o f  an 

o s c i l l a t o r  r e g u l a t i n g  t h e  t h r e e  movements mentioned by von Hols t, 

t h e  s imples t  explanat ion  would be t h a t  b rea th ing  i s  regu la ted  

by an o s c i l l a t o r  s i t u a t e d  i n  t h e  r e s p i r a t o r y  cen te r  and t h a t  

t h e  o t h e r  func t ions  a r e  con t ro l l ed  by t h i s  o s c i l l a t o r  i n  the  

absence o f  sensory input .  A simple numerical r e l a t i o n s h i p  

between h e a r t  and b rea th ing  r a t e s  h a s  been known f o r  a long 

t ime, y e t  it was n o t  u n t i l  1960 t h a t  Sa tchel1  demonstrated i n  

t h e  dogf i sh  t h a t  t h e  h e a r t  b e a t  occurred a t  a ve ry  s p e c i f i c  time 

i n  the  b r e a t h i n g  cycle  so  a s  t o  make maximum water flow over 

t h e  g i l l s  co inc ide  with the  maximum blood flow through t h e  

g i l l s .  S e r f a t y  and Raynaud (1957) recorded the  r e s p i r a t o r y  

movements and electrocardiograms from t e l e o s  ts  and found t h a t  

synchronizat ion between h e a r t  b e a t  and b rea th ing  was r a r e  and 

p e r s i s t e d  f o r  very s h o r t  t imes only.  Hughes (1961) claimed 

t o  have observed occasional  synchronizat ion i n  t h e  t r o u t  wi th  

t h e  h e a r t  b e a t i n g  a t  a s p e c i f i c  p o i n t  i n  the  r e s p i r a t o r y  cycle .  

Randall  (1962) repor ted  t h a t  a t r o u t  l i g h t l y  anaes the  t i z e d  with 

. M. S. 2 2 2  showed a marked tendency f o r  the  h e a r t  b e a t  and 



brea th ing  t o  become synchroniked i n  a 1:l r a t i o ,  al though it 

could occur i n  some mul t ip le  of  t h i s .  He could n o t  show any 

s t r i c t  c o r r e l a t i o n  between the  t iming of  the  h e a r t  b e a t  and any 

p a r t  o f  the  r e s p i r a t o r y  cyc le  b u t  t h e r e  was a marked tendency 

f o r  t h e  h e a r t  t o  b e a t  dur ing  the  mouth c l o s i n g  phase o f  t h e  

cycle .  The concent ra t ion  of  M.S .  222  requi red  t o  produce t h i s  

synchrony could n o t  be predic ted  nor could t h e  synchrony be 

produced with any degree of  c e r t a i n t y  on any given occasion. 

He d i d  make t h e  suggest ion t h a t  some connection might e x i s t  

between ca rd iac  and r e s p i r a t o r y  c e n t e r s  wi th in  the  b r a i n .  A s  

e a r l y  a s  1842, Flourens demonstrated t h a t  the  rhythmical a c t i v i t y  

o f  the  r e s p i r a t o r y  cen te r  was completely independent of  reg ions  

a n t e r i o r  and p o s t e r i o r  t o  the  medulla oblongata.  Adrian and 

Buytendijk (1931) were the  f i r s t  t o  record changes i n  e l e c t r i c a l  

p o t e n t i a l  a s soc ia ted  wi th  a c t i v i t y  o f  the r e s p i r a t o r y  cen te r  i n  

f i s h e s .  'They used the i s o l a t e d  b r a i n  o f  the  go ld f i sh  Carassius  

au ra tus  with the  fo rebra in  removed. Because t h i s  i s o l a t e d  

p repara t ion  was n o t  r ece iv ing  a f f e r e n t  s t i m u l i ,  it was concluded 

t h a t  these  p o t e n t i a l s  were the  r e s u l t  of  spontaneous automatic 

e x c i t a t i o n s  wi th in  the r e s p i r a t o r y  cen te r  i t s e l f .  

One o f  t h e  most c r i t i c a l  cons idera t ions  b i o l o g i s t s  must 

bea r  i n  mind i s  t h e  e x t e n t  t o  which t h e i r  techniques a f f e c t  

i 
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t h e i r  r e s u l t s .  Control experiments i n  which normal funct ioning  

can be recorded a r e  obviously very d i f f i c u l t  t o  design and n o t  

a l l  experimentation can be c a r r i e d  o u t  on unres t ra ined  

unanaesthet ized animals,  The purpose of  t h i s  s tudy was two- 

f o l d .  ~ i r s t l y  I examined some of  t h e  changes occurr ing  i n  

h e a r t  r a t e s  and r e s p i r a t o r y  r a t e s  when rainbow t r o u t  a r e  being 

handled, a r e  exposed t o  d i f f e r e n t  temperatures and a r e  ur~der  

t h e  inf luence  o f  a n a e s t h e t i c s .  The anaes the t i c  used was M.S.  

222 Sandoz ( ~ r i c a i n e  me thanosulphonate) , because even though 

t h i s  drug may n o t  have any obvious a f t e r - e f f e c t s ,  it i s  very 

l i k e l y  t h a t  the  a n a e s t h e t i c  produces var ious  e f f e c t s  dur ing  i t s  

a c t i v e  per iod  and these  e f f e c t s  should n o t  be overlooked when 

t h e  experimenter i s  i n t e r p r e t i n g  the  r e s u l t s  obta ined .  

Secondly, an a t tempt  was made t o  analyze the  phenomenon o f  

synchrony observed between b rea th ing  and h e a r t  movements under 

anaes thes ia .  
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MATERIALS AND METHODS 

1. Fish and qenera l  maintenance procedures.  

The experiments were c a r r i e d  o u t  on n i n e t y  s i x  rainbow 

t r o u t  (Salmo g a i r d n e r i )  weighing approximately 250 grams. The 

f i s h  were purchased from the Sun Valley Trout Farm, ~ i s s i o n ,  
d 

B. C. I n  the  l abora to ry ,  the  f i s h  were he ld  i n  large, 175 

gallon, hold ing  tanks suppl ied wi th  a continuous flow of  

dechlor ina ted  water, f o r  approximately four  weeks p r i o r  t o  any 

experimentat ion.   his was done t o  al low the  f i s h  t o  become 

adapted t o  t h e i r  new environment. The temperature of  the  water 

va r i ed  from a low of  6' c i n  the  winter  t o  a h igh  of  l l O c  i n  

the  summer. The f i s h  were fed every second day with a 

commercial p e l l e t - t y p e  f i s h  food purchased from the  t r o u t  

farm. ~ u r i n g  the  experiments f i s h  were taken from the  holding 

tanks and placed d i r e c t l y  i n  a s o l u t i o n  of  ~ r i c a i n e  methano- 

sulphonate (M. S.  222  Sandoz) . They remained i n  t h i s  s o l u t i o n  

u n t i l  anaes thes ia  had s e t  i n  t o  the  p o i n t  of  l o s s  o f  balance,  

spontaneous movements and response t o  e x t e r n a l  s t i m u l i ,  i .e . 
Stage 2 - Phase 2 (Mc~ar land)  , 

2. Recordings of  h e a r t  and r e s p i r a t o r y  r a t e .  

While under anaes thes ia ,  the f i s h  were cannulated e i t h e r  



Figure 1: D e t a i l s  of  t h e  head of  t h e  t r o u t  showing r e l a t i v e  

p o s i t i o n s  of  cannulae and e lec t rode .  

PE 60) 
) r e p r e s e n t  cannulae used f o r  recording  p ressu re  

PE 90) changes. 

E. C. G.: e l e c t r o d e  f o r  recording electrocardiogram. 





t h e  buccal  i n  the opercular  c a v i t i e s  de  t e r n i n e  

b rea th ing  r a t e s  by recording  p ressu re  d i f f e r e n c e s  i n  t h e  f l u i d  

system. The teahnique used f o r  i n s e r t i n g  the  cannulae was 

modified from t h a t  descr ibed  by Saunders (1961) . The fol lowing 

procedures were c a r r i e d  o u t  (see ~ i g u r e  1) : 

a )  Buccal c a v i t y  cannulat ion:  a h o l e  was punched i n  the  

c a r t i l a g i n o u s  p o r t i o n  of the  snout  i n  the  d o r s a l  mid-line us ing  

a 14 gauge hypodermic needle .  Care was taken t o  avoid damage 

to t h e  o r a l  va lves  and t h e  o l f a c t o r y  lobes ,  Eighty cent imeters  

of PE 90 polyethylene tubing (Clay-Adams) was passed through the  

h o l e  i n  t h e  snout .  The end o f  the  tubing was h e a t  f l a r e d  t o  

anchor it. Thread was wrapped around t h e  tubing where it 

emerged from t h e  snout  t o  prevent  inward movement of  t h e  

cannulae.  

b) opercular  c a v i t y  cannulat ion:  t h e  c a v i t y  was cannulated by 

punching a  h o l e  i n  t h e  cen te r  o f  the  operculum with an 1 8  gauge 

hypodermic needle  and anchoring a  hea t - f l a red  e i g h t y  cent imeter  

l eng th  o f  PE 60 polyethylene tubing (Clay-Adams) i n  t h e  h o l e  

(Saunders, 1961) . One cent imeter  of hea t - f l a red  PE 90 tubing 

was passed over the  ou t s ide  o f  the  opercular  cannula.   his 

s h o r t  p iece  of tubing was used i n  t h i s  app l i ca t ion  t o  maintain 

the  cannula snug a g a i n s t  the  operculum. The whole system was 



secured wi th  a p i e c e  of +Aread. PE 60 tubing w a s  used i n  order  

t o  maintain a h igh  degree o f  f l e x i b i l i t y  s o  a s  n o t  t o  impair 

t h e  normal funct ion  o f  the  operculum. Care was taken t h a t  a l l  

cannulae were f r e e  o f  c o n s t r i c t i o n s  and of  a i r  bubbles.  ~ l t h o u g h  

t h e  f i s h  were n o t  r e s t r a i n e d  per  s e  it was necessary t o  maintain 

t h e  cannulae s h o r t  enough t o  prevent  the  f i s h  from becoming 

entangled.  Eighty cent imeters  was adequate f o r  t h i s  purpose. 

An advantage of  t h e  s h o r t e r  cannula was t o  reduce the  l o s s  

o f  response of  t h e  system. 

The cannulae were then connected t o  a Statham P 23 AA 

pressure  t ransducer ,  the  ou tpu t  of  which was displayed on a 

Grass Polygraph recorder  (Figure 2)  . The electrocardiogram 

was taken by i n s e r t i n g  an E 2 B  Platinum needle subcutaneous 

e l e c t r o d e  (Grass) i n  the  v e n t r a l  mid-line j u s t  cephalad t o  

the  p e c t o r a l  f i n s .  The reference  e l e c t r o d e  was i n s e r t e d  i n  

the  myotomes caudad t o  the  d o r s a l  f i n .  The E. C. G. was a l s o  

d isp layed on the  polygraph. An output  lead  from each channel 

o f  t h e  polygraph was then connected t o  a 565 ~ e k t r o n i x  

osc i l loscope  where both s i g n a l s  were added using a Dual-Trace 

~ m p l i f i e r  and played back on a t h i r d  channel of t h e  polygraph. 

This enabled me t o  simultaneously record the  h e a r t  b e a t  and 

r e s p i r a t i o n .  Throughout the  experiment the  f i s h  were r e l a t i v e l y  



~ i g u r e  2: ~ i a g r a m  of the  arrangement of the experimental  

equipment. 





unres t ra ined  i n  a small  tank of  45 l i t e r s  capac i ty  through 

which a continuous flow of  e i t h e r  f r e s h  water o r  experimental  

s o l u t i o n  could be maintained, During the  course o f  the  exper i -  

ments, except  f o r  the  temperature experiments, t h e  temperature 

d i d  n o t  vary more than - 0.5' C. After  i n s e r t i n g  the  cannulae 

the  f i s h  were l e f t  undisturbed i n  the  small  tank f o r  pe r iods  

of two t o  twenty four  hours t o  al low h e a r t  r a t e  and r e s p i r a t o r y  

r a t e  t o  a t t a i n  s teady va lues  which were then considered t o  be 

t h e  r e s t i n g  va lues .  The experimental  per iods  were of  60 minutes 

dura t ion  un less  t h e  f i s h  went i n t o  r e s p i r a t o r y  c o l l a p s e .  In  

t h i s  case they were revived by a r t i f i c i a l l y  v e n t i l a t i n g  the  g i l l s  

with f r e s h  water .  A t  no time were t h e  f i s h  allowed t o  complete 

Stage 4 (McFarland) and d i e .  

TO s tudy t h e  e f f e c t s  of  the  a n a e s t h e t i c ,  four  concent ra t ions  

of  M.S. 222 were used, namely: 25, 50, 75, and 100 mg/l. 

TO s tudy t h e  e f f e c t s  of  temperature,  h e a r t  and r e s p i r a t o r y  

r a t e s  were recorded from f i s h  which were subjec ted  t o  a gradual  

inc rease  i n  temperature from 9' t o  27' C dur ing  a per iod  o f  60 

minutes. Recordings from each f i s h  i n  the  experimental  condi- 

t i o n s  were made f o r  one hour: every minute f o r  t h e  f i r s t  t e n  

minutes,  every 2% minutes f o r  the  next  twenty minutes, and every 

5 minutes t h e r e a f t e r  u n t i l  t he  60 minute l i m i t  was reached. 



I 

3 ,  Electroencephalographic recordings.  

~ e c o r d i n g s  from the  medulla oblongata were obtained by 

p lac ing  the  f i s h  i n  a  clamp mounted i n  a  box o f  5 l i t e r s  

capaci ty .  An a n a e s t h e t i c  s o l u t i o n  was passed through t h e  box 

con t inua l ly .  A metal  clamp a t tached t o  the  body clamp f i t t e d  

ac ross  the  s u p r a o r b i t a l  r i d g e s  o f  the  f i s h  (Figure 3 ) .  The 

b r a i n  was exposed by c u t t i n g  through the  c a r t i l a g i n o u s  s k u l l  

wi th  a  d e n t i s t ' s  d r i l l ,  t ak ing  c a r e  n o t  t o  i n j u r e  any b r a i n  

t i s s u e .  The i n c i s i o n  was made from a l i n e  v e r t i c a l  t o  the  eye 

t o  a  l i n e  j u s t  p o s t e r i o r  t o  t h e  operculum, i n  t h e  mid-dorsal 

p a r t  o f  t.he snout .  The electroencephalogram was recorded with 

a  0,003 mrn t e f l o n  coated platinum a l l o y  e lec t rode .  The 

ou tpu t  was displayed on a  565 ~ e k t r o n i c  osc i l loscope ,  The 

osc i l loscope  was s e t  t o  f i l t e r  o u t  low frequencies  r e s u l t i n g  

from c o n t r a c t i o n s  of  s k e l e t a l  and c a r d i a c  muscle. A l l  l eads  

w e r e  made o f  a  double-shielded wire ,  Selected recordings  

w e r e  photographed with a  ~ o l a r o i d  camera. 

4 ,   valuation of  methods. 

The immediate s u r v i v a l  of  i n s e r t i n g  the  cannulae was 100%. 

However, the  l e n g t h  of  s u r v i v a l  i n  the  e q e r i m e n t a l  tank was 

v a r i a b l e  and t h e r e f o r e  it was very d i f f i c u l t  t o  a t t r i b u t e  dea th  

t o  any p a r t i c u l a r  cause. A t i s s u e  r e a c t i o n  t o  the  cannulae was 



Figure 3:  Diagram showing the clamps holding the head of a t rou t  

and the exposed brain,  a f t e r  preparation for E. E. G. 

recording. 
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noted a f t e r  approximately 7 days.  A genera l  decrease  i n  

a c t i v i t y  was a l s o  noted i n  these  f i s h  a f t e r  about  10 days.  

Since the  experiments were performed wi th in  48 hours  o f  the  

i n s e r t i o n  of  the  cannulae,  these  f a c t o r s  d i d  n o t  i n  a l l  

l i ke l ihood  a f f e c t  the  r e s u l t s .  
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RESULTS 

I . Electrocardiograms 

The t y p i c a l  E. C. G. recording  o f  t r o u t  c o n s i s t s  of  the  P,  

QRS, and T waves ( ~ i g u r e  4) . The a t r i o - v e n t r i c u l a r  time 

d i f f e r e n c e  a s  measured by the d i f f e r e n c e  between the  P wave 

and QRS complex ranged from 0.15 t o  0.35 seconds with a mean 

va lue  of 0.20 seconds. The genera l  shape of  the  E. C, G. o f  

f i s h  i s  s i m i l a r  t o  t h a t  of  most v e r t e b r a t e s .  I t  c o n s i s t s  of  an 

i n i t i a l  rounded d e f l e c t i o n ,  the  P wave, r e s u l t i n g  from the  

passage o f  e x c i t a t i o n  through the  a t r i a l  muscle; a second 

d e f l e c t i o n ,  the  

produced by the  

d e f l e c t i o n ,  

v e n t r i c l e .  

t h e  

QRS complex, which i s  a b iphas ic  complex 

a c t i v a t i o n  of the  v e n t r i c l e ;  and a f i n a l  

T wave, r e s u l t i n g  from r e p o l a r i z a t i o n  o f  t h e  

Electrocardiograms have been recorded f o r  a number of  f i s h ,  

inc luding  the  tench,  c a r p  and e e l  (Oets, 1950) and elasmobranchs 

and salmonids (Kisch, 1948) .  Oets found, i n  the  e e l ,  i n  a d d i t i o n  

t o  the  waves normally seen,  a V wave which was s l i g h t l y  super-  

imposed upon the  P wave and r e s u l t e d  from the  a c t i v i t y  o f  the  

s i n u s  venosus. Kisch (1948) repor ted  a B wave i n  Selachians 

between the  QRS complex and the  T wave, corresponding t o  the  



Figure 4: Typical electrocardiogram recorded from a rainbow 

t rout .  

Temperature 9' C. 

char t  Speed: a )  2 .5  mm/sec 

b) 10 mm/sec 

P, QRS, T represent the waves of excitat ion 

passing over the hear t .  
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activation of the bulbis cordis,  

No V wave or B wave were noted in my experiments. This 

would seem t o  indicate tha t  i n  salmonids, the bulbus and sinus 

a re  non-contractile; or  t h a t  the B wave overlaps the T wave and 

the V wave overlaps the P wave. 

a )  Effect  of handling: 

Handling in  t h i s  experiment r e fe r s  to  the procedure of 

inser t ing the cannulae o r  the t ransfer  of the cannulated f i s h  

from one tank to  another. Handling as  t ransferr ing the f i s h  

caused a decrease i n  the hea r t  r a t e .  This response i s  immediate 

( ~ i g u r e  5 ) .  Some asystole was observed during t h i s  i n i t i a l  

response but  a f t e r  about ten minutes the hea r t  beat  became 

regular again. A s tab le  r a t e  was reached within one to two 

hours and these values were then considered to  be the res t ing  

r a t e s  for tha t  f i s h .  Once the hear t  r a t e  had regained i t s  

regular i ty  no fur ther  changes were observed in e i the r  

amplitude o r  pat terns  of the E. C. G. complex. 

b) Effect  of temperature: 

Raising the water temperature had d ras t i c  e f f e c t s  on the 

hea r t  r a t e  of the t rou t  ( ~ i g u r e  6 ) -  An increase of the 

temperature from 9 to  27' c i s  accompanied by an increase i n  

the hea r t  r a t e  of 284% of i t s  res t ing  value.  his increase i s  



Figure 5: Effect of handling rainbow trout  on the heart  r a t e  and 

respiratory ra te .  

Temperature 9' C. 

Respiratory Rate 

Cardiac Rate 





Figure 6: E f f e c t  of  inc reas ing  water temperature on t h e  ca rd iac  

and r e s p i r a t o r y  r a t e s  expressed a s  percentage o f  the  

r e s t i n g  va lues  of  the  rainbow t r o u t .  Rest ing va lues  

a r e  considered t o  be 100%. 

01-0 Heart  Rate 

-Respiratory Rate 

Duration of  experiments: 60 minutes. 

N u d e r  o f  f i s h :  6. 
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n o t  l i n e a r  however, The h e a r t  r a t e  remains f a i r l y  s t a b l e  

u n t i l  19' C and a t  20' C t h e  ampli tude o f  t h e  QRS complex 

becomes much l a r g e r  p robably  i n d i c a t i n g  a s t r o n g e r  c a r d i a c  

s t r o k e  which would r e s u l t  i n  a l a r g e r  c a r d i a c  o u t p u t .  A t  

t empera tures  above 20 metabol ic  f u n c t i o n s  are s o  h e a v i l y  

taxed  t h a t  e v e n t u a l l y  t hey  c o l l a p s e .   his i s  r e f e r r e d  t o  a s  

t h e  zone o f  r e s i s t a n c e  (Hoar, 1966) , No t r o u t  a r e  found a t  

t empera tures  above 20' C i n  n a t u r e .  The c a r d i a c  r a t e  

i nc reased  from 140 t o  284% o f  i t s  r e s t i n g  va lue  f o r  a change 

i n  temperature  from 1 9  t o  27' C. Because o f  t h e s e  r e s u l t s ,  

17' C w a s  used i n  l a t e r  exper iments  t o  s tudy  t h e  e f f e c t s  o f  

a n a e s t h e t i c s  a t  h i g h e r  temperatures .  

c). E f f e c t  o f  M.S. 222: 

Following t h e  i n t r o d u c t i o n  o f  Sandoz M.S. 222 i n  t h e  

medium t h e r e  a r e  ve ry  d e f i n i t e  changes i n  t h e  h e a r t  r a t e  

(F igures  7 and 8 ) .  

Corresponding t o  Stage 1 o f  a n a e s t h e s i a ,  t h e r e  was an 

i n c r e a s e  i n  the h e a r t  ra te  a t  a l l  c o n c e n t r a t i o n s  and a t  b o t h  

tempera tures  (F igures  7 and 8 ) .  The r e s u l t s  f o r  50 mg/l a t  

9' C showed an i n i t i a l  i n z r e a s e  o f  on ly  2%.  his i n c r e a s e  w a s  

fol lowed by a dec rease  which denotes  t h e  t r a n s i t i o n  from Stage 1 

o f  a n a e s t h e s i a  t o  S tage  2. A t  a concen t r a t i on  o f  25 mg/l 



I 

F i g u r e  7: E f f e c t  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  M. S. 222 on the 

h e a r t  r a te  exp re s sed  a s  p e r c e n t a g e  o f  t h e  r e s t i n g  

v a l u e s  o f  t h e  ra inbow t r o u t .  ~ e s t i n g  v a l u e s  are 

c o n s i d e r e d  t o  be 100%. 

Temperature 9' C. 

Number of f i s h  i n  e ach  o f  t h e  f o u r  groups:  10 .  





1 
I ~ i g u r e  8: E f f e c t  of var ious  concent ra t ions  of the  a n a e s t h e t i c  

on t h e  h e a r t  r a t e  expressed a s  percentage of  t h e  

r e s t i n g  va lues  o f  t h e  rainbow t r o u t .  Rest ing 

va lues  a r e  considered t o  be 100%. 

Temperature 17" C, 

Number of  f i s h  i n  each of  t h e  four  groups: 10.  
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(9  and 17' C)  the hea r t  r a t e  s tab i l ized  within ten minutes a t  a 

r a t e  somewhat higher than the res t ing  value. A t  the other 

concentrations the r a t e  continued to  decline u n t i l  respiratory 

collapse (Stage 3 ) .  within minutes a f t e r  the onset  of Stage 3  

, cardiac collapse a l so  occurred, ~ l t h o u g h  the tendency was for 

the hea r t  r a t e  to  decline with time a f t e r  the i n i t i a l  increase, 

the hea r t  beat  (composition of E. C .  G.)  remained normal u n t i l  

respiratory collapse a t  which time some asystole and changes 

in  the QRS complex are  observed ( ~ i g u r e  9 ) .  

~ u r i n g  the i n i t i a l  period there i s  no change i n  the distance 

between the various waves of the electrocardiogram which suggest 

t h a t  M, S. 222 does not  appear t o  a f f e c t  the conduction r a t e s  of 

the waves of exci ta t ion.  The changes occurring l a t e r  were 

probably the r e s u l t  of the hypoxic conditions created by 

respiratory collapse. A new slow r a t e  persisted u n t i l  cardiac 

a r r e s t .   his new rhythm seems to  be due to  the myogenic 

nature of the vertebrate hear t  and probably appears a f t e r  the 

nerves control l ing the hea r t  are  blocked by the anaesthetic 

in  Stage 3 .  A s  long as t h i s  pacemaker potent ia l  pers i s ted ,  

the f i s h  could be revived by forcibly vent i la t ing  the g i l l s  

a t  both temperatures. I f  t h i s  was done the hea r t  beat  returned 

t o  values approaching the r e s t ing  values within 0.5-1 second 



~ i g u r e  9: ~ecord ings  of the electrocardiogram: 
I1 

; I  A) Normal recording 
I1 

I B) Changes in  E.  C. G. complex a f t e r  respiratory 

collapse and onset of a new rhythm. 

Temperature: 17' C. 

concentration of M.S. 222: 100 mg/l. 

Chart Speed: 2.5 mrn/sec. 

Upper Trace: timer. 





Figure 10: Effect  on the hear t  r a t e  of the rainbow t rou t  of 

forcibly vent i la t ing  the g i l l s  a f t e r  respiratory 

collapse,  

Temperature: 9' C. 

concentration of M.S. 222: 100 mg/l. 





( ~ i g u r e  1 0 ) .  

There was no s i g n i f i c a n t  d i f f e r e n c e  

t h e  a n a e s t h e t i c  on the  h e a r t  r a t e  i n  the  

9 and 17' C ( ~ i g u r e s  11 - 14, Appendix 1 

between the  e f f e c t s  of 

same concent ra t ions  a t  

- 4) . However, a t  1 7 ' ~ ~  

darkening and l o s s  of  equi l ibr ium developed more r a p i d l y .  ~ l s o ,  

a t  t h i s  l a s t  temperature r e s p i r a t o r y  co l l apse  occurred more f r e -  

quent ly  (Table I ,  Page 31) and sooner. The time of  recovery i s  

increased n o t  only by inc reas ing  the  concentrat ion of the  anaes- 

t h e t i c  b u t  a l s o  by r a i s i n g  the  temperature. I t  should be noted 

t h a t  the  i n i t i a l  r e s t i n g  va lues  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  

the  two temperatures b u t  the  percentage v a r i a t i o n s  from these  

r e s t i n g  va lues  do n o t  appear t o  be s i g n i f i c a n t .  

11. Respi ra tory  Cycle 

The mechanism of  g i l l  v e n t i l a t i o n  has  been we l l  descr ibed 

by Hughes and Shelton (1962) . Water flow over the  r e s p i r a t o r y  

epi the l ium i s  maintained more-or l e s s  cont inuously by means of  a  

double pump mechanism. There does however, appear t o  be a  

per iod  of  maximum water passage over the  g i l l s  i n  t e l e o s t s  

dur ing  the  "mouth c los ing"  phase of the  r e s p i r a t o r y  cyc le .  A s  

t h e  mouth c l o s e s ,  inc reases  i n  pressure  i n  the  buccal  c a v i t y  

r i s e  very sha rp ly  ( ~ i g u r e  15)  and it reaches a  maximum when the  

mouth i s  almost completely closed ( i n  o ther  words, when the  
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TABLE I 

Percentage of  f i s h  undergoing r e s p i r a t o r y  co l l apse  i n  

var ious  concent ra t ions  of  M.S.  222 a t  9' and 17' C. 

CONCENTRATION 
OF M.S. 222 

Tota l  number of f i s h :  80 

PERCENTAGE 

a t  17' c 



~ i g u r e  11: Effect  of 2 5  mg/l M.S. 222  on the hea r t  r a t e  expressed 

as  percentage of the r e s t ing  values of rainbow t rou t  

a t  9' and 17' C.  Resting values a re  considered to  be 

Number of f i s h  for each of the two groups: 10.  

  he values a t  the extreme r i g h t  were taken 60 minutes 

a•’ t e r  the end of the experiment. 

Bars: Represent Standard Errors 





E f f e c t  of  50 mg/l M.S. 222 on the h e a r t  r a t e  expressed 

a s  percentage of  t h e  r e s t i n g  va lues  of rainbow t r o u t  

a t  9" and 17' C. Rest ing values a r e  considered t o  be 

100%. 

Number o f  f i s h  f o r  each of  the  two groups: 10.  

Values a t  the  extreme r i g h t  were taken 60 minutes 

a f t e r  t h e  end of  t h e  experiment. 

Bars: Represent Standard Errors  





~ i g u r e  13: Effect  of 75 mg/l M.S. 222 on the hear t  r a t e  

expressed as percentage of the r e s t ing  values of 

rainbow t rou t  a t  9' and 17' C. ~ e s t i n g  values a re  

considered to  be 100%. 

Nuniber of f i s h  for each of the two groups: 10. 

Values a t  extreme r i g h t  were taken 60 minutes 

a f t e r  the end of the experiment. 

Bars: Represent Standard Errors 





Figure  14: E f f e c t  o f  100 mg/l M.S. 222  on t h e  h e a r t  r a t e  

expressed  as percentage  o f  t h e  r e s t i n g  va lues  

o f  rainbow t r o u t  a t  9' and 17' C. ~ e s t i n g  v a l u e s  

a r e  cons idered  t o  be 100%. 

Nuniber o f  f i s h  f o r  each o f  t h e  two groups:  10.  

Values a t  t h e  extreme r i g h t  were taken 60 minutes 

a f t e r  t h e  end of t h e  experiment.  

Bars: Represent  Standard E r r o r s  





c a v i t y  has  reached i t s  l e a s t  volume) . A s  the  c a v i t y  expands 

dur ing  t h e  "mouth opening" phase, 'the p ressu re  f a l l s  r a p i d l y s  

t o  zero .  The p r e s s u r e  then becomes s l i g h t l y  negat ive  t o  al low 

reopening o f  the  o r a l  valves.  This only l a s t s  f o r  a  very s h o r t  

per iod  of  time u n t i l  the mouth opens s u f f i c i e n t l y  t o  b r i n g  the  

p ressu re  back t o  zero .  

a )  E f f e c t  of  handling: 

Following handl ing o f  the  t r o u t ,  i n  the  manner previous ly  

descr ibed ,  we noted a  marked increase  i n  the  b rea th ing  r a t e  

( ~ i g u r e  5 )  . There were no changes i n  the  amplitude of  the  

b rea th ing  movements, however, except  during the  a c t u a l  handl ing 

and a  per iod  o f  about  t en  minutes t h e r e a f t e r  while  the  f i s h  swam 

around and made s e v e r a l  a t tempts  t o  jump o u t  of  the  tank. A 

r e t u r n  t o  r e s t i n g  va lues  was observed some 60-90 minutes a f t e r  

handl ing.  

b )  E f f e c t  of  temperature: 

Temperature d i d  n o t  a f  f e c t  the  brea th ing  r a t e  a s  markedly 

a s  it a f f e c t e d  t h e  h e a r t  r a t e .  An increase  i n  ambient 

temperature of  the  medium from 9' t o  27' c caused the  r a t e  t o  

inc rease  t o  160% of i t s  r e s t i n g  value (Figure 6 ) .  There was 

an i n i t i a l  inc rease  i n  r a t e  a t  13' C t o  approximately 120% of 

t h e  r e s t i n g  va lue .  There was no f u r t h e r  change u n t i l  19' C 

when the  r a t e  increased.  va lues  h igher  than 160% of the  



~ i g u r e  15: ~ y p i c a l  recording  of the r e s p i r a t o r y  movekmts of  the  

rainbow t r o u t .  

Temperature 9' C. 





r e s t i n g  r e s p i r a t o r y  r a t e  were never observed, The most 

no t i ceab le  changes were i n  the  amplitude of the  r e s p i r a t o r y  

movements. The amplitude of the  movements doubled once the  

temperature of  r e s i s t a n c e  (20' C)  had been reached. The 

inc rease  i n  amplitude i s  l imi ted  by the  volume o f  the  buccal  

c a v i t y  and the  i n e r t i a  of the movements.  his may expla in  the  

tremendous demand placed on the  h e a r t  t o  pump e x t r a  blood over 

t h e  g i l l s  and t h e  r e l a t i v e l y  small  increase  i n  r e s p i r a t o r y  r a t e .  

During t h i s  per iod  of  s t r e s s ,  repeated at tempts  were made by 

the  f i s h  t o  escape from the  tank. Recovery time was from 2-3 

hours  t o  24 hours a f t e r  the  water temperature had g radua l ly  

been lowered back t o  9' C.  

c )  Ef fec t  of  M.S. 222: 

After  t h e  in t roduc t ion  of the  a n a e s t h e t i c  i n t o  t h e  exper i -  

mental tank,  a t  concent ra t ions  of 25 and 50 mg/l t h e r e  was no 

i n i t i a l  inc rease  a t  e i t h e r  temperature ( ~ i g u r e s  16 .and 1 7 ) .  

There was an inc rease  i n  the  r e s p i r a t o r y  r a t e s  a t  concent ra t ions  

o f  75 and 100 mg/l o f  15 t o  35% above the  r e s t i n g  va lues  a t  

both  9' and 17' C. Within 5 minutes of  the  s t a r t  of  t h e  exper i -  

ments, r a t e s  a t  a l l  concent ra t ions  dec l ined .   his coinc ides  

wi th  Stage 1 of  anaes thes ia .  A t  t h i s  time no no t i ceab le  change 

i n  the  amplitude o f  the r e s p i r a t o r y  movements i s  observed. 



/ I '  
I I 

I Figure 16: Effect  of various concentrations on the anaesthetic 

on the respiratory r a t e  expressed 

the r e s t ing  values of the rainbow 

values a re  considered to  be 100%. 

Temperature 9' C. 

as  percentage of 

t rout .  Resting 

Number of f i s h  for each of the four groups: 10. 
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~ i g u r e  17: E f f e c t  o f  var ious  concent ra t ions  o f  the  a n a e s t h e t i c  

on the  r e s p i r a t o r y  r a t e  expressed a s  percentage of 

the  r e s t i n g  va lues  o f  the  rainbow t r o u t .  Rest ing 

va lues  a r e  considered t o  be 100%. 

Temperature 17' C. 

Number o f  f i s h  f o r  each of  the  four  groups: 10. 





With 25 mg/l, within ten minutes of the s t a r t  of the experiments 

the respiratory r a t e  s tab i l ized  a t  about 75-80% of the r e s t ing  

value, whereas with 50 mg/l and over, the decline was followed 

by a second increase i n  r a t e .   his i s  the t rans i t ion  from 

Stage 1 of anaesthesia to  Stage 2-1. I n  those f i s h  t h a t  under- 

went respiratory collapse,  a rapid decline followed the second 

peak. This f i n a l  declining phase was accompanied by a rapid 

decrease i n  the amplitude of the respiratory movements to  about 

one f i f t h  of i t s  r e s t ing  value. A t  t h i s  time there i s  complete 

los s  of equilibrium, motor and sensory responses (Stage 2 - 2 ) .  

Some periods of exci ta t ion and br ie f  periods of rapid f luctuation 

i n  r a t e  were observed during the t rans i t ion  phase from Stage 2-1  

t o  Stage 2-2. There does not appear to  be a s igni f icant  
I 

difference between the e f fec t s  of the anaesthetic a t  9' and 

17' C ( ~ i g u r e s  18-21; ~ppendix  1-4) . I t  should be remembered tha t  

the r e s t ing  r a t e s  a t  17' C were higher by some 15% but tha t  we 

a r e  considering percentage deviation from the res t ing  values. 

Respiratory collapse was more frequent and occurred more 

rapidly a t  17' c than a t  9' C .  No respiratory collapse was 

observed with 25 mg/l a t  e i the r  temperature (see Table I ,  

Page 31) . The recovery from the experimental treatment 

took longer a t  17' C.  



1 1 1 1 1 '  
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I , F igure 18: E f f e c t  of 25  mg/l M.S.  222 on the  r e s p i r a t o r y  r a t e  
I 
I I I1 

I expressed a s  percentage of the  r e s t i n g  va lues  of  

rainbow t r o u t  a t  9' and 17' C. Rest ing va lues  a r e  

considered t o  be 100%. . . 

Number o f  f i s h  f o r  each of  the  two groups: 10.  

The va lues  a t  the  extreme r i g h t  were taken 60 

minutes a f t e r  the  end of  the  experiment. 

Bars : Represent Standard Er ro r s  





~ i g u r e  19: E f f e c t  o f  50 mg/l M.S.  222 on t h e  r e s p i r a t o r y  r a t e  

expressed  a s  percen tage  o f  t h e  r e s t i n g  v a l u e s  o f  

rainbow t r o u t  a t  9' and 17' C. Res t ing  v a l u e s  a r e  

cons idered  t o  be  100%. 

Number o f  f i s h  f o r  each  o f  t h e  two groups:  10 .  

The v a l u e s  a t  t h e  extreme r i g h t  were taken 60 

minutes a f t e r  t h e  end o f  the exper iment .  

Bars: Represent  Standard E r r o r s  





Figure 20: E f f e c t  of 75 mg/l on the  r e s p i r a t o r y  r a t e  expressed 

as percentage of the  r e s t i n g  va lues  of rainbow t r o u t  

a t  9' and 17' C. ~ e s t i n g  va lues  a r e  considered t o  

Number of t r o u t  f o r  each of  the  two groups: 10.  

The va lues  a t  the  extreme r i g h t  were taken 60 

minutes a f t e r  the  end of  the  experiment. 

Bars: Represent Standard Errors  





111. Cardiac and ~ e s p i r a t i o n  ~ n t e r r e l a t i o n s  . 
Corre la t ions  between the  r e s p i r a t o r y  movements and c a r d i a c  

rhythm have been ex tens ive ly  descr ibed i n  the  l i t e r a t u r e  (Babak, 

1912; willem, 1921; Lyon, 1926; Lutz, 1930a, b;  S a t c h e l l ,  1960, 

1961; Randall  and Smith, L. S., 1967).  In  p a r t i c u l a r ,  S a t c h e l l  

(1960) noted t h a t  i n  elasmobranchs the  h e a r t - r e s p i r a t i o n  r a t i o  

was 1:1, o r  some mul t ip le  of t h i s ,  with the  h e a r t  b e a t i n g  i n  the  

mouth opening s t a g e  o f  the  r e s p i r a t o r y  cycle .  He ind ica ted  t h a t  

t h i s  might p l a y  a  s i g n i f i c a n t  r o l e  i n  b r ing ing  the  maximum amount 

o f  blood t o  t h e  g i l l s  a t  the  time of  maximum water flow. In the  

t r o u t ,  t he  h e a r t  b e a t  has  a  tendency t o  occur i n  the  mouth- 

c l o s i n g  s t a g e s  when the  animal i s  a t  r e s t .  A much c lose r  

r e l a t i o n s h i p  i s  seen i n  t h e  anaes the t ized  f i s h ,  when d e f i n i t e  

c o r r e l a t i o n  can be observed f o r  f a i r l y  long per iods  of  time; 

the  h e a r t  b e a t  and b rea th ing  becoming synchronized i n  a  1: 1 

r a t i o  (Figure 22) . The length  of  time dur ing  which' synchrony 

was observed increased wi th  the  concentrat ion of  the  a n a e s t h e t i c  

a t  9' C ,  from 7% of  the  t o t a l  experimental  time a t  25 mg/l t o  

70% of  t h e  t o t a l  experimental  time a t  100 mg/l ( see  ~ i g u r e  23) . 
A t  17' c the  l eng th  of  time dur ing  which synchrony was observed 

was about 30% of  the  t o t a l  experimental  time which was very c l o s e  

t o  the  value obtained i n  the  temperature c o n t r o l  experiment 



Figure 22 : Recording demonstrat ing synchrony between t h e  h e a r t  

r a t e  and r e s p i r a t i o n  o f  t h e  anaes the t i zed  rainbow 

t r o u t .  

Temperature 9' C 

Chart  Speed: 10  rnm/sec 

Lower Trace : Hear t  b e a t  and r e s p i r a t o r y  movements 

superimposed. 





Figure 23: Percentage of  experimental  time synchrony was 

observed wi th  var ious  concent ra t ions  of  M. S .  222 

a t  9' and 17' C. 
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TABLE I1 

c o n t r o l  

25 mg/l M.S. 222 

50 mg/l M . S .  222 

75 mg/l M . S .  222 

100 mg/l M . S .  222 

PERCENTAGE 

Percentage of  t o t a l  experimental  time t h a t  synchrony 

was observed i n  var ious  concent ra t ions  of 

M.S.  222 a t  9' and 17' C. 
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 a able 11, Page 49) .  .At t h i s  temperature the  percentage time 

d i d  n o t  d i f f e r  f o r  any o f  t h e  concent ra t ions .    he number of  

f i s h  i n  which synchrony was observed increased a s  the  concen- 

t r a t i o n  of  M.S. 222 increased a t  gOc,  whereas a t  1 7 ' ~  n e a r l y  

a l l  the  f i s h  showed synchrony ( ~ a ' b l e  111, Page 51) . 
IV. Recordings from t h e  r e s p i r a t o r y  c e n t e r .  

I was a b l e  t o  record e l e c t r i c a l  a c t i v i t y  r e l a t e d  d i r e c t l y  

t o  t h e  r e s p i r a t o r y  movements i n  those a r e a s  descr ibed  by Shelton 

(1961) (see ~ i g u r e  24) . I was n o t  a b l e  t o  demonstrate any 

e l e c t r i c a l  a c t i v i t y  i n  the  a r e a s  p e r i p h e r a l  t o  the  r e s p i r a t o r y  

c e n t e r  which represented  a common pathway from the  r e s p i r a t o r y  

c e n t e r  t o  the  h e a r t  and myotomes. 
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TABLE 111 

percentage o f  f i s h  e x h i b i t i n g  synchrony of  h e a r t  and 

r e s p i r a t o r y  r a t e  i n  var ious  concent ra t ions  of 

M.S.  222  a t  9' and 17' C. 

PERCENTAGE 

a t  9' c 

CONCENTRATION 
O F  M . S .  222 



Ill 

11' 
111 
I Figure 24: ~ e s p i r a t o r y  a c t i v i t y  recorded from t h e  medulla 

I 

t 
1 oblongata of  the  rainbow t r o u t .  
I 

1-1 i n d i c a t e s  b u r s t s  of  a c t i v i t y  r e l a t e d  t o  

ind iv idua l  r e s p i r a t o r y  movements. 

~ i m e  Base: 5 cm/sec 

Voltage: 0.5 m~/cm 





DISCUSSION 

The methods used i n  t h i s  s tudy a r e  h igh ly  s e n s i t i v e  and 

have s e v e r a l  advantages over the  e a r l i e r  mechanical recordings  

made by Randall (1962) o r  the  water- jacket  system of  Saunders 

(1961). To be noted a r e :  (1) the  high s e n s i t i v i t y  of  both  the  

t ransducers  and the  recording  apparatus;  (2 )  t he  use of  a f l u i d  

system wi th  i t s  h igh  s e n s i t i v i t y  t o  p ressu re  changes; (3) the  

use  o f  cannulae which n e i t h e r  i n t e r f e r e  with the  flow of  water 

nor with the  opercular  movements; (4) the  freedom given t o  the  

animal making it r e l a t i v e l y  unres t ra ined  and thus ,  approaching 

a s  c l o s e l y  a s  p o s s i b l e  n a t u r a l  condi t ions .  

Our observat ions  on t r o u t  dur ing  anaes thes ia  revealed t h a t  

r e s p i r a t o r y  and ca rd iac  funct ions  seemed t o  vary i n  a c o n s i s t e n t  

manner. The concent ra t ions  of a n a e s t h e t i c  requi red  f o r  d i f f e r e n t  

l e v e l s  o f  n a r c o s i s  were v a r i a b l e  b u t  i n  genera l  a s o l u t i o n  of  

25 mg/l M.s. 222  made the  animal unreac t ive  t o  e x t e r n a l  s t i m u l i  

a f t e r  about  30 minutes a t  9' C. Concentrations i n  excess o f  

2 5  mg/l caused a r ap id  l o s s  of equi l ibr ium with no movement 

except  those  of  brea th ing .  The i n i t i a l  inc rease  i n  h e a r t  r a t e  

under anaes thes ia  was n o t  observed by Randall and Smith (L. S . )  

(1967) . They obtained a s t e a d i l y  decreas ing  curve from the 



I 

o n s e t  of  t h e  experiment. However, it should be remembered t h a t  

i n  the  methods they  employed f i s h  were r e s t r a i n e d ,  whereas they 

were free-swimming under my experimental  condi t ions .  These 

d i f f e r e n c e s  may be a t t r i b u t e d  t o  d i f f e r e n c e s  i n  techniques.  

The h e a r t  b e a t  i n  my experiments remained f a i r l y  r egu la r  u n t i l  

r e s p i r a t o r y  co l l apse .   his again does n o t  concur with the  

r e s u l t s  obtained by Randall and Smith (L. S.) (1967) , who, i n  

the  tench and t r o u t ,  observed a s y s t o l e .  ~t i s  i n t e r e s t i n g  t h a t  

i n  cypr in ids  ( i . e .  t he  tench, go ld f i sh  and the  ca rp )  these  l a s t  

au thors  a s  we l l  a s  Se r fa ty  e t  a 1  (1959) not iced  t h a t  M.S. 222  

increased the  h e a r t  r a t e .  Therefore the  d i f f e r e n c e  i n  e f f e c t  

o f  M.S. 222 between salmonids (represented by the  t r o u t )  and 

cypr in ids  may sugges t  d i f f e r e n c e s  i n  t h e i r  means of r e g u l a t i n g  

c a r d i a c  output .  Increased c a r d i a c  ou tpu t  can be brought about  

by e i t h e r  inc reas ing  the  r a t e  o r  the  s t roke  volume o r  both .  

It may be t h a t  t h e  cypr in ids  increase  ca rd iac  ou tpu t  by 

inc reas ing  the  h e a r t  r a t e  whereas salmonids a r r i v e  a t  t h i s  

same condi t ion  by increas ing  t h e i r  s t roke  volume. The 

r e s p i r a t o r y  r a t e  and amplitude of  t h e  t r o u t  a l s o  showed marked 

changes i n  the  presence of M.S. 222.  The d e c l i n e  i n  r e s p i r a t o r y  

r a t e  usua l ly  preceded t h a t  o f  the  h e a r t  r a t e .  ~t would seem 

the re fo re  t h a t  the  h e a r t  i s  l e s s  s u s c e p t i b l e  t o  the  a n a e s t h e t i c  



e f f e c t s  of  M.S .  222 .  

A r t i f i c i a l  v e n t i l a t i o n  of  the  g i l l s  a f t e r  r e s p i r a t o r y  

co l l apse  n e a r l y  r e s t o r e s  r e s t i n g  values o f  t h e  c a r d i a c  r a t e  

(as  we l l  a s  E .  C. G. s t r u c t u r e )  i n  the  t r o u t .   his i s  a very 

i n t e r e s t i n g  phenomenon because it has  been pos tu la ted  t h a t  t h e r e  

a r e  chemoreceptors on the  g i l l s  (Hughes and Shel ton,  1962) . 
They cons ider  these  r ecep to r s  an important f a c t o r  i n  the  

r e g u l a t i o n  of  g i l l  v e n t i l a t i o n .  From t h i s  one might conclude 

t h a t  t h e  r a t e  of  gas exchange r a t h e r  than the  flow of water 

ac ross  t h e  g i l l s  i s  the  primary regu la to ry  mechanism. Support 

f o r  t h i s  p o s s i b l e  chemical r e g u l a t i o n  of the  r e s p i r a t o r y  move- 

ments comes from a s tudy o f  ~ e ~ o c k  (1963) . He has  demonstrated 

the  ex i s t ence  of  a l a r g e  number of  taste-bud l i k e  s t r u c t u r e s  

f u l l y  exposed t o  the  " r e s p i r a t o r y  c u r r e n t s "  and he considered 

these  t o  be s i g n i f i c a n t  i n  the  c o n t r o l  of b rea th ing  i n  f i s h .  

The p r e s e n t  s tudy,  however, no tes  the  p o s s i b i l i t y  t h a t  the  

s t r u c t u r e s  observed by DeKock a r e  pressoreceptors  . There i s  

no d i r e c t  evidence y e t  t o  demonstrate the  presence of  e i t h e r  

p ressu re  o r  chemoreceptors b u t  the  r e g u l a r i t y  and the  speed a t  

which the  change of  h e a r t  r a t e  occurred a f t e r  t h e  water flow i s  

passed f o r c i b l y  over the  g i l l s  suggests  t h a t  a t  l e a s t  one o f  t h e  

c o n t r o l  mechanisms of g i l l  v e n t i l a t i o n  may include presso-  



r e c e p t o r s .  

There d i d  n o t  appear t o  be any s i g n i f i c a n t  d i f f e r e n c e  i n  

t h e  e f f e c t  of  M.S. 222 a t  9' and 17' C when these  e f f e c t s  a r e  

expressed a s  percentage dev ia t ions  from the  r e s t i n g  va lues  f o r  

both  t h e  h e a r t  and r e s p i r a t o r y  r a t e s .  I t  does however take the  

f i s h  longer  t o  recover  from the  e f f e c t s  of the  a n a e s t h e t i c  a t  

17' C. I t  i s  very  d i f f i c u l t  t o  p lace  any meaningful explanat ion  

t o  t h i s  b u t  i n  genera l  it appears t h a t  a s  the  condi t ions  become 

l e s s  favourable  an inc rease  i n  the  amount of  time synchrony can 

be seen. I f  t h i s  were s o  we would expect  longer pe r iods  of  

synchrony a t  1 7 ' ~  than a t  9 ' ~ .  Although t h i s  holds  t r u e  f o r  

the  lower concen t ra t ions ,  it does n o t  f o r  the  h igher  concentra- 

t i o n s .  Furthermore , the  per iod dur ing  which synchrony was 

observed a t  1 7 ' ~  was f a i r l y  cons tan t  a t  a l l  concent ra t ions  of  

M.S. 222, and was, moreover, near the  value obtained i n  the  

temperature c o n t r o l  experiments . I t  appears t h e r e f o r e ,  t h a t  

h e r e  some o t h e r  metabolic funct ions  a f f e c t  the  b r a i n  c e n t e r s  

and mask t h e  e f f e c t s  of  the  a n a e s t h e t i c .   his may be due t o  

the  f a c t  t h a t  t h e r e  i s  a per iod of metabolic recovery super-  

imposed on the  per iod  of  recovery from the  a n a e s t h e t i c .  

~ i f f e n e a u  and Brown (1937) demonstrated t h a t  anaes thes ia  could 

be induced twice a s  f a s t  f o r  Gobio spec ies  acclimated a t  25' C 



than f o r  those accl imated a t  l!iO C.  These r e s u l t s  seem t o  be 

i n  agreement with my r e s u l t s  and i n d i c a t e  t h a t  chemical r e a c t i o n s  

a r e  involved i n  t h e  response o f  the  f i s h  t o  the  a n a e s t h e t i c  as 

t h e  r e l e v a n t  Q10 approaches t h e  value 2 .   his would mean t h a t  

induct ion  of  anaes thes ia  would occur twice a s  f a s t  a t  tempera- 

t u r e s  of 10' C h igher .  The temperature e f f e c t  must be r e l a t e d  

t o  metabol ic  changes of  t h e  organism r a t h e r  than t o  phys ica l  

c h a r a c t e r i s t i c s  of  the  a n a e s t h e t i c  because the  Q10 r e l a t e d  t o  

phys ica l  p r o p e r t i e s  i s  i n  the  order  o f  1 . 2 .  

The dose-response r e l a t i o n s h i p  of t h e  a n a e s t h e t i c  i s  

l a r g e l y  independent of  t h e  temperature used i n  the  experiment. 

A t  bo th  temperatures ,  t h e  i n i t i a l  inc reases  i n  t h e  r a t e s  reached 

h igher  va lues  i n  the  two h i g h e s t  concent ra t ions .  Increas ing  the  

dosage a l s o  decreased the  time of  induct ion of  na rcos i s  def ined  

as Stage 2 and, increased the  r e s u l t a n t  depth of anaes thes ia  a s  

was ind ica ted  by the  recovery phase. 

M.S. 2 2 2  may a c t  on the  h e a r t  

s i m i l a r  pathway because t h e  d i r e c t  

t h e  perfused h e a r t  of  the  t r o u t  i s  

b e a t  (Randall ,  1962) .  I t  has  been 

passage o f  water over the  g i l l s  o f  

v i a  t h e  vagus nerve o r  some 

e f f e c t  of  t h i s  substance on 

a decrease i n  frequency of  t h e  

shown t h a t  although the  

t e l e o s t s  i s  more o r  l e s s  

cont inuous,  a maximum flow i s  reached dur ing  the  mouth c l o s i n g  
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phase (Randall and Smith, J. C., 1967) . Randall (1966) has,  

moreover, demonstrated tha t  a burs t  of a c t i v i t y  in  the vagus 

prevents the hea r t  from beating a t  times other than during 

maximum water flow over the g i l l s .  These types of re la t ionship 

would be in  agreement with Sa tche l l ' s  postulate t h a t  the s i g n i f i -  

cance of the re la t ionship between hea r t  beat  and respiratory move- 

ment i s  to  bring the maximum amount of blood to  the g i l l s  a t  the 

time of maximum water flow (Satchell,  1961). I t  appears reason- 

able t h a t  a close re la t ionship ihould e x i s t  i n  •’ ish between 

breathing and hea r t  r a t e s .  Because of the high density and low 

oxygen content of the medium, f i sh  such as  the t rou t  may use up 

to  20% of the i r  oxygen consumption for the process of gas exchange 

\ 

i t s e l f  (Hughes and Shelton, 1962) . Indeed, much of the l i t e r a t u r e  

deals with s tudies  of the ways by which f i s h  adjust  the i r  

respiratory processes t o  changes i n  the environment i n  order 

to  lessen t h i s  ra ther  high respiratory cos t  and thereby approach 

the most e f f i c i e n t  system. Any discrepancy between the capacity 

of the water stream to  bring oxygen to  the exchanging surfaces 

and the blood stream to take i t  away would mean a serious waste 

of e f f o r t  on the p a r t  of the f i s h .  Although in  te leos ts  synchrony 

does not appear to  be a commonly occurring phenomenon as  for 

instance in elasmobranchs, a close re la t ionship between hea r t  
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ou tpu t  and v e n t i l a t i o n  volume could never the less  e x i s t .  Both 

funct ions  depend on two independently varying parameters:  

amplitude and frequency of the movements ( r a t e )  , and the re fo re  

t h e  r e l a t i o n s h i p  may be complex and v a r i a b l e  from time t o  time 

and i n  d i f f e r e n t  ind iv idua l s .  The f a c t  t h a t  the  unanaesthe t i z e d  

f i s h  must be a t  r e s t  and undisturbed f o r  synchrony t o  occur 

sugges ts  t h a t  i n  t h e  unanaes the t i zed  animal a s i m i l a r  mechanism 

a s  i n  the  anaes the t i zed  animal i s  a c t i n g .   his would be i n  agree-  

ment with the  synchrony between the  b rea th ing  movements and the  

movements of  the  t runk and of  the  p e c t o r a l  f i n s  i n  the s l i g h t l y  

anaes the t ized  g o l d f i s h ,  descr ibed by von Hols t  (1934a, b) . A s  

an explanat ion  of t h i s  phenomenon, he suggested t h a t  "automatic 

c e l l s "  i n  the  c e n t r a l  nervous system were respons ib le  f o r  the  

genera t ion  o f  a b a s i c  rhythmic process  which woul-d a f f e c t  

s e v e r a l  c e n t e r s  i n  the  b r a i n .   his view was opposed by ~ i s s m a n  

(1947) . He maintained t h a t  t h e r e  was no evidence t o  show t h a t  

l i m i t e d  a f f e r e n t  inf low c o n s t i t u t e s  an e s s e n t i a l  p a r t  o f  a 

mechanism which maintains locomotory rhyth.ms , e i t h e r  a s  a 

pacemaker o r  by keeping the  c e n t r a l  e x c i t a t o r y  s t a t e  a t  an 

appropr ia t e  l e v e l .  In my opinion it i s  reasonable t o  conceive 

of a genera t ing  c e n t e r  o r  o s c i l l a t o r  s i m i l a r  t o  t h e  one proposed 

by von Hols t .  The c e n t e r ,  under n a t u r a l  condi t ions ,  may be 
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i n h i b i t e d  while  under condi t ions  of  anaes thes ia  f o r  example, 

t h i s  i n h i b i t i o n  may be blocked, thereby making the  o s c i l l a t o r  

a c t i v e .  We know from t h e  work o f  Shelton (1959, 1961) t h a t  the  

r e s p i r a t o r y  cen te r  i n  t e l e o s t s  is  d i f f u s e .  Therefore we could 

t h i n k  i n  terms of  a  recru i tment  of  normally i n h i b i t e d  neurons 

i n  the  p e r i p h e r a l  a r e a  o f  t h e  r e s p i r a t o r y  cen te r  following 

condi t ions  o f  hypoxia o r  anaes thes ia .  Probably musculature 

o t h e r  than t h a t  normally a s soc ia ted  with b rea th ing  i s  a f f e c t e d  

by the  rhythmici ty  of t h e  c e n t e r .  We would have t o  consider  a  

spreading of  rhythmic waves over var ious  c e n t e r s  probably i n  

t h e  outermost p a r t  of  the  r e s p i r a t o r y  cen te r  when the  

e x c i t a t o r y  l e v e l  i s  very low. The ex i s t ence  of synchrony between 

h e a r t  b e a t  and e l e c t r i c a l  a c t i v i t y  i n  the  r e s p i r a t o r y  cen te r  of 

cu ra r i zed  f i s h  shows t h a t  the  r e l a t i o n s h i p  i s  n o t  due t o  a  

feedback from the  r e s p i r a t o r y  musculature b u t  i s  generated by 

impulses wi th in  t h e  C. N. S. ' (~e rbenyuk ,  1959) .  Shelton (1959) 

has  shown t h a t  ' the r e s p i r a t o r y  cen te r  i n  t e l e o s t s  must be 

s i t u a t e d  cauda l ly  t o  t h e  region where the  f i f t h  and seventh 

c r a n i a l  nerves emerge from the  b r a i n  and t h a t  these  two nerves 

m u s t  be i n t a c t  f o r  r e s p i r a t i o n  t o  cont inue.  ~ h u s ,  although t h e  

b a s i c  rhythmic process  i n  the  C. N. S. may be independent of the  

sensory nervous system, it i s  n o t  p o s s i b l e  t o  determine whether 



t h e  autonomous a c t i v i t y  recorded i n  an i s o l a t e d  b r a i n  can r e s u l t  

i n  normal b r e a t h i n g  movements. We do n o t  know t o  what e x t e n t  

t h i s  a c t i v i t y  i n  the  i s o l a t e d  b r a i n  can be regarded a s  normal and 

we can t h e r e f o r e  ques t ion  the  v a l i d i t y  of  r e l e v a n t  E.  E.  G. 

recordings .  We may record a rhythm of  e l e c t r i c a l  d ischarges  

coinc id ing  wi th  t h e  b rea th ing  rhythm (as  seen i n  Figure 24), 

while i n  f a c t  o t h e r  neurons may be of  primary importance i n  

t h e  genera t ion  and regu la t ion  of  brea th ing .  The main considera-  

t i o n  t h e r e f o r e ,  must be given t o  the  f a c t  t h a t  a rhythm does 

occur ,  and whether t h i s  rhythm r e f l e c t s  a p a t t e r n  i n  the  

r e s p i r a t o r y  c e n t e r .  There i s  some evidence from cura r i zed  f i s h  

t h a t  v e n t i l a t i o n  could be con t ro l l ed  by autonomous pacemakers 

i n  c e n t r a l  neurons under c e r t a i n  condi t ions  (Serbenyuk, 1959) .  

He observed a secondary r a t e  being i n i t i a t e d  i n  the  r e s p i r a t o r y  

c e n t e r  a f t e r  c u r a r i z a t i o n  which was slower than the  normal b r e a t h -  

i n g  r a t e  and very r e g u l a r .  We could imagine t h a t  the a c t i v i t i e s  

o f  these  pacemakers a r e  normally modified by r e f l e x e s  s e t  i n  

a c t i o n  by sensory impulses a r i s i n g  from chemical and p ressu re  

s t i m u l i .  Lutz (1930) suggested t h a t  t h e r e  must be a c l o s e  

r e l a t i o n s h i p  between c e n t e r s  i n  the  medulla oblongata which 

a r e  concerned with r e s p i r a t o r y  movements and h e a r t  r a t e .  

Sa tchel1  (1960) cons iders  t h a t  any coordinat ion between the  
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branch ia l  pumps and the h e a r t  i f  e f f e c t e d  r e f l e x i v e l y .  

However it should be remembered t h a t  he was d e a l i n g  with a f i s h  

i n  which synchrony occurred n a t u r a l l y  and t h a t  e n t i r e l y  

d i f f e r e n t  nervous pathways may p r e v a i l  i n  the  elasmobranchs. 

Severa l  f a c t o r s  may a f  f e c t  f i s h  r e s p i r a t o r y  a c t i v i t y .  The 

s imples t  method of c o n t r o l  would be one i n  which t h e  whole 

network is  dr iven  by pacemakers which a r e  i n t r i n s i c a l l y  a c t i v e .  

I t  i s  very u n l i k e l y  t h a t  any pacemaker i s  a  s i n g l e  c e l l  o r  a  

d i s c r e t e  group o f  c e l l s  because l o c a l i z e d  d e s t r u c t i o n  wi th in  

t h e  r e s p i r a t o r y  cen te r  was unsuccessful  i n  s topping normal 

b rea th ing  (Randall and Smith, L. C . ,  1967) . We could 

suppose t h a t  the  i n s p i r a t o r y  neurons a r e  t o n i c a l l y  a c t i v e ,  

omi t t ing  a  continuous t r a i n  of impulses un less  they a r e  

somehow i n h i b i t e d  o r  s t imula ted  . Stimulat ion could be 

generated by t h e  removal of  i n h i b i t i o n .  Under normal condi t ions  

these  i n h i b i t i o n s ,  s t imula t ions  o r  dis inhibi t ions could come from 

a  v a r i e t y  of  sources:  f o r  example, exp i ra to ry  neurons, e x t r a -  

medullary c e n t e r s  such a s  the  pneumotaxic cen te r  (although i n  

f i s h  t h e r e  seems t o  be l i t t l e  evidence f o r  t h e  dependence of  

the  medulla r e s p i r a t o r y  cen te r  on extra-medullary i n f l u e n c e ) ,  

o r  the  i n h i b i t o r y  inf low of the  vagus, o r  from i n t e r a c t i o n s  

wi th in  c e n t r a l  nervoub c e n t e r s  themselves. Assuming t h a t  the  



a f f e r e n t  components i n  the  r e s p i r a t o r y  nerves have an i n  i b i t o r y  

a c t i o n  on the  r e s p i r a t o r y  c e n t e r ,  and t h a t  these  a r e  removed by 

the in t roduc t ion  o f  t h e  a n a e s t h e t i c ,  we can understand the  

r i s e  i n  r e s p i r a t o r y  r a t e  due t o  the cessa t ion  of the  rhythmic 

sensory inf low from propr ioceptors ,  i n  o ther  words i n h i b i t o r y  

impulses would no longer  a c t  upon t h e  r e s p i r a t o r y  c e n t e r .  

Then due t o  l ack  of  propr iorecept ion  the automatic c e n t e r  takes  
i 

over and we o b t a i n  synchrony. Wen the  cen te r  i s  a l s o  overcome 

by t h e  a n a e s t h e t i c  another  inc rease  i n  the  r e s p i r a t o r y  r a t e  

occurs ,  u n t i l  f i n a l l y  the  whole b r a i n  w i l l  be overcome and 

r e s p i r a t o r y  and c a r d i a c  co l l apse  occurs .  The h e a r t  cont inues t o  

b e a t  f o r  a few minutes a f t e r  r e s p i r a t o r y  co l l apse  because of  

i t s  myogenic na tu re .  



1. The h e a r t  r a t e  o f  the  rainbow t r o u t  remains f a i r l y  

s t a b l e  under a n a e s t h e t i c  condi t ions  u n t i l  such time a s  r e s p i r a t o r y  

c o l l a p s e  occurs .  The h e a r t  and r e s p i r a t o r y  r a t e s  a r e  a f f e c t e d  

by the  a n a e s t h e t i c  M.S. 222  and the  v a r i a t i o n s  can be r e l a t e d  

t o  the  va r ious  s t a g e s  of  anaes thes ia .  The r e s p i r a t o r y  r a t e  i s  
t 

t h e  f i r s t  t o  be a f f e c t e d  i n d i c a t i n g  t h a t  the  r e s p i r a t o r y  cen te r  

and probably b r a i n  c e n t e r s  i n  genera l ,  a r e  more s e n s i t i v e  t o  

the  e f f e c t s  of the  a n a e s t h e t i c  than the  h e a r t .  

2.  The most s u i t a b l e  concent ra t ion  of  a n a e s t h e t i c  f o r  

phys io log ica l  experimentation on rainbow t r o u t  appears t o  be 

25 mg/l although it i s  ev iden t  t h a t  i d e a l l y  the  animal should be 

unres t ra ined  and unanaesthet ized i n  order  t o  ob ta in  experimental  

r e s u l t s  approaching most c l o s e l y  the  n a t u r a l  condi t ion .  

3 .  There i s  no s i g n i f i c a n t  d i f f e r e n c e  between the  e f f e c t s  

o f  t h e  a n a e s t h e t i c  a t  9' and 17' C. Temperature does n o t  appear 

t o  be a  c r i t i c a l  f a c t o r  i n  the  e f f e c t i v e n e s s  of  the  a n a e s t h e t i c  

although the re  a r e  some v a r i a t i o n s  i n  the  r a t e s  due t o  inc reas ing  

temperature.  



4. Synchrony between r e s p i r a t o r y  movements and h e a r t  

b e a t  can be  induced i n  the  t r o u t  under condi t ions  of  anaes thes ia  

o r  by r a i s i n g  the  temperature o f  the medium. It appears t h a t  

synchrony can be induced by any of the  f a c t o r s  which tend t o  

make the  medium l e s s  favourable t o  the  f i s h .  Duration o f  

synchrony inc reases  with dosage of M.S. 222  a t  9 ' ~ .  But a t  

17' C the  time dur ing  which synchrony was observed was inde- 
I 

pendent o f  t h e  concent ra t ion ,  and was t h e  same a s  i n  the  

temperature c o n t r o l  experiments. I t  seems the re fo re  t h a t  

temperature p lays  a  more important r o l e  than the  e f f e c t s  of  

t h e  a n a e s t h e t i c .  

5 .  Cardiac co l l apse  follows r e s p i r a t o r y  c o l l a p s e ,  b u t  

f o r c i b l y  v e n t i l a t i n g  the  g i l l s  dur ing  the  per iod o f  nyogenic 

a c t i v i t y  o f  t h e  h e a r t  r e s t o r e s  a  h e a r t  r a t e  very near the  

r e s t i n g  r a t e .  Therefore it i s  assumed t h a t  some chemical o r  

p ressu re  rnechanism r e s i d e n t  i n  the  buccal  c a v i t y  a l s o  c o n t r o l s  

t h e  h e a r t  r a t e .  
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APPENDIX 1 

Variance between t h e  means. 25 mg/l, 9' and 17' C. 

Respi ra tory  Rate Heart  Rate 

Time 
(min. ) F r a t i o  5% F r a t i o  5% 

*: r e p r e s e n t  va lues  l a r g e r  than 5% 
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APPENDIX 2 

Variance between the  means. 50 mg/l, 9' 

Respi ra tory  Rate 

~ i m e  
(min. ) F r a t i o  5% 

*: r e p r e s e n t  va lues  larger than 5% 

and 17' C. 

Hear t  Rate 

F r a t i o  

5.11* 

7.41" 

3.09 

2.61 

0.03 

5.27* 

0.06 

0.87 

0.59 

0.01 

0.00 

1.12 

1.27 

**: r e p r e s e n t  va lues  larger than 1% 
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APPENDIX 3 

Variance between the means. 75 mg/l, 9' and 17' C.  

Respiratory Rate 

Time 
(min . ) F r a t i o  5% 

Heart Rate 

F r a t i o  5% 

*: represent values larger than 5% 

**: represent values larger than 1% 
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APPENDIX 4 

variance between the means. 100 mg/l, 9' and 17' C .  

Respiratory Rate Heart Rate 

Time 
(min . ) F r a t i o  5% F r a t i o  5% 

* represent values larger  than 5% 

**: represent values larger  than 1% 



APPENDIX 5 

C a l c u l a t i o n s  of Standard E r r o r  : H e a r t  R a t e s .  

C o n c e n t r a t  ions 
of M.S. 222: 2 5  mg/l 5 0  mg/l 7 5  mg/l 100 mg/l 

Tempera ture :  P C .  . 1 7 O C .  P C .  1 7 O C .  9 0 C .  1 7 O C .  P C .  1 7 O C .  

Time 

2 

5 

7 

1 0  

1 2 . 5  

1 5  

1 7 . 5  

2 0' 

2 2 . 5  

2 5 

3 0  

3 5 

4 0 

4 5  

_ 5 0  

5 5  

6 0 

1 2 0  



calcula t ions  of S t a n d a r d  E r r o r :  R e s p i r a t o r y  R a t e s .  

Concen t ra t ions  
of M.S. 222: 25 mg/l 5 0  mg/l 7 5  mg/l 1 0 0  mg/l 

Temperature:  go C. 17O C. 90 C. 17O C. go C. 17OC. P C .  17O C. 

Time 
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