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" ABSTRACT

There are conflicting reports in the literature concerning
the effects of anaesthetics on cardiac and respiratqry physiology
in fisﬁes. The purpose 6f this study was to investigate the
influeqce of M.S. 222, an anaesthetic widely used in research

with teleosts. A total.of 96 rainbow trout (Salmo gairdneri)-

were used. Subcutaneous electrodes for electrocardiogram
recording, and buccal or opercular cannulae were inserted while
the fish were briefly anaesthetized. After a period of from 2 -
24 hours, the experiments were begun. Heart and respiratory
rates were recorded forroﬁe hour on a Grass polygraph and a
Tektronix oscilloscope. The effects of various concentrations
of M.s. 222 (25, 50, 75, and 100 mg/l) were studied at two
different temperatures (9° and l7°'C)f In all caées, except
that of 25 mg/l, a gradual decline in both heart and respiratofy
rates was néticed. Changes in the rates could be correlated‘to
stages of anaésthesiaf The respiratory centreﬂwas more sensifive
fé M.S. 222 than the heart and‘fespiratory cbllapée always pre-
ceded cardiac arrest. The E{ C. G. pattern remained regular
until respiratory;collapse occurred. Forcibly ventilating thé
gills after respiratory collapse,‘bﬁt before cardiac arrest,

iii



immediately normalized the E. C. G. pattern and restored both
" the heart and respiratory rates to normal within two hours.
Although a rise in temperature increases both rates, there
appeared to be no significant difference between the effectsiof
the.anaesthetic at 9° and 17° C. One of the effects of the
treatment was the occurence of synchrony between the heart beat
and‘respiratory movements. At 9° C, the duration of synchrony
increased wifh increasing dosages of the anaesthetic. at 17° c,
synchrony was already observed in the control experiment ana the
anagsthetic did not further increase its duration. Possible
' fegulatory mechanisms (both sensory and in the central nervous
system) of cardiac and respiratory functions, and their

interrelations, are discussed.
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INTRODUCTION

Tricaine methanosulphonate, M.S. 222 Sandoz, is widely
used as an anaesthetic for fish and is reported to have no
apparent after-effects on their physiology (Smith and Bell,
-1967). Black and-Connor (1964), however, noted slightly
lower levels of lactate in muscle and blood of fish treated
with M.s. 222. They concluded that the difference was due to
a difference in sampling time and the absence of struggling |
during the sampling in the anaesthetized animals. Randall
- (1962) observed a significant increase in the heart rate and
' variable increases in the respiratory rate and amplitude in

the'tench, Tinca tinca L., with low doses of M.S. 222, whereas

largér,dOSes caused cardiac irregularities and respiration
ceased. These effects were reversiblef Serfaty et al. (1959)
examinéd the effects of M.S. 222 on the heart of the carp.
McFarland (1959) studied the effeéts of anaesthetics on
certain aspects of the physiology and behaviour in Fundulus,

R Girella, and pParalabrax. Campbell and Davies (1963) investi-

gated the anaesthetic effects of M.S. 222 in elasmobranchs.
The findings of all these workers indicate that M.S. 222 does

‘not produce consistent effects with‘respect‘to heart and



‘breathing in fish. There is no relevant study on the effects
of M.S. 222 on respiratory and cardiac rhythms of the rainbow

trout, Salmo gairdneri.

Anaesthesia is a physiological state produced by many
agents in which the normal responsiveness of the nervous
tissues and excitable cells is temporarily decfeased or
abolished. The degree to which sensi£ivity is decreased is
variable and may range from a slight sluggishness to a
complete loss of responsé. An essential characteristic of
anaestﬁesia is its reversibility or the ability of the tissues
to return to normal functioning upon removai of the anaesthetizing
agent. This reversibility distinguishes anaesthesia from death
where the loss of response is irreversible. 1In a study of
the pfoperties of various anaesthetics, McFarland (1959) has
distinguished fhe following stages of anaeéthesia in fish:
Stage 0: This is defined as normal behaviour in the .absence of
anaesfhetics.
‘Stage 1: It is characterized by a partial loss of responsive-
ness to exterﬁal stimuli. '
Plane 1l: 1In this.phase of stége 1, there is reduction
in the fright response to visual stimuli. The fish

move more slowly when stimulated and sink to the



bottom very slowly. Equilibrium is maintained and a
slight‘dispersion of melanin may occur. The fish
aré less active but have a normal breathing rate.
Plane 2: There is a lack of.response to external
stimﬁli but the equilibrium is still undisturbed.
The fish show no sign of distress. During this stage’
the pectoral and caudal fins move in a manner
compensatory to the respiratory currents, i.e. the
coordination of swimming with respiration may be
advantageous, ensuring that the mouth opens as the
thrust of the trunk and tail force the fish forward
into the water.

Stage 2: 1In this stage there is a partial to total loss of
equilibrium. The fish become darker and the opercular
rate becomes abnérmal;

Phase 1: Swimming becomes uncoordinated and there is
léss of equilibrium. The fish darken and the opercular
rate increases.i

Phase 2: There is complete loss of‘equilibrium and
cessation of swimming movements. The fish lie upside
down on the bottom of tank. They do not react to

'stimuli even if they are lifted from the water. The



opercular rate declines rapidly.

Stage 3: There is severe disturbance of the respiratory rate.
EquilibriumAis completely lost and the fish become
very dark.

§E§g§_§; Respiratory and cardiac collapse occur. Respiratory

movemeﬁts cease, the opercules are spread and pectoral
fins are usually in the extended position. The fish
lié upside down in the tank. Norrecovery is possible’
if the fish are left in the anaesthetic solution but

- if they are removed and placed in fresh water the
conditions can be reversed and the functions return to
normal. McFarland (1959) considers the fish dead when
opercular movements have ceased for one minute even
though élow contractions continue in the heart for
several minutes after éessation of the opercular
movements.

Véntilation of the respiratory surfaces of vertebrates is
the result of cQordinated contractions of skeletal muscles
termed breathing. .These contractions are normally rhythmic
-and undef.the céntrol of a group of neurons in the medulla
oblongata collécti&ely referred to as the medullary>respiratory

center. Similar rhythmic movements are often seen in other
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groups of skeletal muscles. All skeletal muscle activity is
directly controlled by the nervous system, and neuronal systems
| contrplling skeletal activity must be arranged in such a way:és
- to permit cbordinated rhythmic patterns like walking, running
or swimming. | |

_ Patterns such as ventilation are normally involuntary
functions whereas ruﬁning, walking or swimming are usually
voluntary activitiés. Under certain conaitions however, éuch
as e%treme stress (Randall and Shelton, 1963),.strenuous
exercise (Falls, 19685, and anaesthesia(voanOISt( 1934a, b)
these volunfary patterns bécome synchrqnized with the breathing
and heart move@ents. Von Holst (1934a, b) observed synchfonized
ﬁdvements of the lateral dorsal muscﬁlatdre and the breathing
muSCIés of fish under anaesﬁheéia. 'Randall (1967) noted
synchrony of breathing with sinﬁs arrYthmié in fish.
_Schoenlein (1895) reported synchrony.between heart beat and
respiratién in vérious fish under normal conditions; however,
‘Baglioni (1906) was uhabie to substantiate these results.
Synchrony was also observed 5y Babak (1912), Lydn (1926),
‘Lutz (19303,‘b),Aand Satchell (1961).' willem (1921) suggested
that the cardiac rhythm'regulatesAthe respifatory rhy thm.

Labat (1966) has also suggested a. close association between
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cardiac and respiratory centers with the heart playing the major
role in regulation. Von Holst (19343, b) postulated the |
existence of a single automatic rhjthmical pfécess in the
anterior region of the spinal cord whose activity represents the
common basis fér respiratory, pectoral fin and tail movements.
He observed that the various rhythms became synchronized under
specific levels of anaesthesia. In his opinion, the common
generator to all rhythmic movements would be subject to the
sensory input of each element under its control. Exteroceptive
or proprioceptive stimulation would then result in a variation
of individual excitation and a consequent asynchrony of the three
movements. Von Holst emphasized that the fundamental rhythm
itself is an automatic process independent of the periphery.
Shelton (1961) has described the respiratory center of teleosts
as being situated in the medulla’oblongata. Therefore, if a
single oscillator controlling-these movements exists it should
also be locéted.in the:medulla. This also seems to be supported
by the work of von Holst. .If he placed a goldfish in a weak
solution of urethane, he was able to demonstrate a close
relationship between the vérious movements under consideration.
Further, he was able to demonstrate that synchrony occurred when
the region anterior to the meduila,éblpngaté was almost or

completely out of action, i.e. when the reception from the



periphery was greatlyAreduced’or stopped. He considered the
stopping of impulses from the periphery to be éssential since
unanaesthetized animals with a cut in froht of the medulla did
not show synchronization. If we are to accept>the‘idea of an
oscillator’regﬁlating the three movements mentioned by von Holst,
the simplest explanation would be that breathing is regulated
by an oscillator situated in the respiratory center and that
the other fuﬁctions are controlled by this oscillator in the
absence of sensbry input. A simple nqmerical relationship
between heart and breathing rates has been known for a long
time, yet it was not until l9604that Satchell demonstrated in
the dogfish that the heart beat occurred at a very specific time
in the breathing cycle so as to make maximum water flow over

- the gills coincide with the maximum blood flow through the
-gills. Serfaty and Raynaud (1957) rgcorded the respiratory
‘mpveménts and electrocardiograms from teleosts and found that
vsynchrpnization between heart beat and breathing was rare and
persisted for very short times only. Hughes (1961) claimed

to have observed occasional synchronization in the trout with
thé héar£ beatihg at a specific point in the respiratory cycle.
Randall (1962) reported that a trout lightly anaesthetized with

M.5. 222 showed a marked tendency for the heart beat and



breathing to become synchroniéed in a 1:1 ratio, although it
could occur in some multiple of this. He could not show any
strict cbrrelation betwéen the timing of the heart beat and any
.part‘of the respiratory cycle but‘fhere was a marked tendency
for the heart fo beat during the mouth cloéing phase of the
cycle. The concentration of M.S. 222 requirea to produce this
synchrony could not be predicted nor could the synchrony be
produced with any degree of certainty on any given occasion.

He did make the suggestion,that soﬁe connection might_exist‘
betwéen cardiac énd respiratory centers within the brain. As
early as 1842, Flourens demonstrated that the rhythmicai activity
of the respiratbry.center was complefely independent of regions
antérior and posterior to the medullaroblongata. Adrian and
Buytendijk (1931) were the first to record changes in electrical
potential aésociated with éctivify of‘the respiratory center in
fishes. "They usea the isolated brain of the goldfish Carassius
auratus with thevforebrain removed. Because this isolated
preparatién wés nof_receiving afferent stimuli, it was concluded
that these potentials.were the result of(spontaneous automatic
excitations within the respiratory cenfer itself.

~One of the most critical'conSidefations biologists must

bear in mind is the extent to which their téchniques affect




their fesults. control experiments in which normal functioning
can be recorded are obviously very difficult to design and not
all experimentation can be carried out on unrestrained
unanaesthetized animals. The purpose of this study was two-
fold. Firstly I examined some of the changes occurring in
heart rates and respiratory rates when rainbow trout are being
handled, are exposed to different temperatures and are under
the influence of anaesthetics. The anaesthetic used was M.S.
222 Sandoz (Tricaine methanosulphonate),.because even_though
this drug may not have any obvious éfter—effects, it is very
likely that the anaesthetic produces various effects during its
active period and these effects should not be overlooked when
the experimenter is interpreting the results obtained.
Secondly, an attempt was made to analyze the phenomenon of
synchrony observed between breathing»and heart movements under

anaesthesia.
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MATERIALS AND METHODS

1. Fish and general maintenance procedures.

The experiments were carried out on ninety six rainbow

vtrout (Salmo gairdneri) weighing approximafely 250 gréms. The
fish were purchased from the Sun Valley Trout Farm, Mission,

B ' N
B. C. In the laboratory, the fish were held in large, 175
gallon, holding tanks supplied with a confinuous flow of
dechlorinated water, for approXimatély four weeks prior to aﬁy
expéfimentation. This was done to allow the fish to become
adapted‘to their new environment. The teméérature of the water
varied from a low of 6° C in the winter to a high of 11°C in
the summer. The fish were fed every'second day with a
commercial pellet~type fish food purchased from the trout
farm, During the experiments fish were taken from the holding
tanks and placed directly in a solution of Tricaine methano-
sulphonate (M.S. 222 sandoz). They remained in this solution
until anaesthésié had'set in to the point of loss of balance,

spontaneous movements and response to external stimuli, i.e.

Stage 2 - phase 2 (McFarland).

2. Recordings of heart and respiratory rate.

While under anaesthesia, the fish were cannulated either
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Figure 1: Details of the head of the trout showing relative

‘positions of cannulae and electrode.

PE 60) : .
) represent cannulae used for recording pressure
PE 90) changes.

E. C. G.: electrode for recording eiectrocardiogram,
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in the buccal or.ip the opercular cavities to determine
breathing rates.by recording ﬁressure differences in the fluid
~system. The tecdhnique used for inserting the cannulae was

- modified from that described by Sauhdefs (1961). Thevfollowing
-procedures were carried out (see Fiéure 1):

a) Buccal cavity cannulation: a hole was punched in the
cartilaginoué portioﬁ of the shout in the dorsal mid-line using
a 14 gauge hypodermic needle. Care was taken to avoid damége
to the oral valves and the olfactory 1obes. Eighty centimeters
of PE ©0 polyethy;eneAtubing (Clay-Adams) was passed through'the
hole in the snout. The ena of the tubing was heat fléred to
anchor it; Tﬁread was wrapped around the tubing where it
emerged from the snout to prevent inQardvmovement of the
cannulae.

b) Opercular cavity cannulatioﬁ: thelcavi£y.was cannulated by
punching_a holevin the center of therperculum Qith‘an 18 gauge
hypodermic negdlé‘and anchoring a'heat—fléred eighty éentimeter
length of PE 60 polyeﬁhyiene tﬁbiné (Clay—Adamé) in the hole
(Saundérs, 1961);‘ One centiﬁetér of heat—flafed PE 90 tubing
was passed'oﬁer fhe ouﬁside of the opercular cannula. fhis
short piece of tubing was»used iﬁ this application to maintain.

the cannula snﬁg agaihst the operculum. The whole system was



~13-
secured With a piece of thread. PE 60 tubing was used in order
fo maintain a high degree of flexibility so as not to impair
:the>hofmal function of the operculum. Care was taken that all
.cannulae were free of constrictions and of air bubbles. Although
fhe fish were not restrained per se it was neéessary to maintain
the cannulae shoft enough to prevent the fish from becoming
entangled. Eighty-centimeters was adequate for this purpose.
An advantage of the shorter cannula was to.reduce the loss
of response of the system.

The cannulae were then connected fo a Statham P 23 AA
pressure transducer, the output of Which was displayed on a
Grass Polygraph recorder (Figure 2). The electrocardiogram
wés taken by inserting an E 2B Platinum needle subcutaneous

' electrode (Grass) in the ventral mid-line just cephalad to

~ the pectoral fins. The reference electrode was inserted in
the myotomes caudad to the dorsal fin. The E. C. G. was also
displayed on the polygraph. An output lead from each channel
of the polygraph was then connected to a 565 Tektronix
oscilloscope where both signals were added using a Dual-Trace
amplifier and played back on a third channel of the polygraph.
This enabled mé to simultaneously record the heart beat and

réspiration. Throughout the experiment the fish were relatively




-14-

Figure 2: Diagram of the arrangement of the experimental

equipment.
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unrestrained in a small tank of 45 liters capacity through
vWﬁich a continuous flow of either fresh water or experimental
solution could be mainfained. During the course of the experi-
ments, except for the temperature eXperiments, the temperature
did not vary more than - O.5° C. After inserting the cannulae
the fish were left undisturbed in the smali tank for periods
of two to twenty foﬁr hours to éllow;heart rate and respiratory
rate to attain steady values which were thén considered to be
- the resting values. The experimental periods were of 60 minutes
duration unless the fish went into respiratory collapse. 1In
this case they were revived by artificially ventilating the gills
with fresh water. At no time were the fish allowed to complete
Stége 4 (McFarland) and die.

To étudy the effects of the anaesthetic, four concentrations
of M.S. 222 were used, namely: 25, 50, 75, and 100 mg/l.

[To stﬁdy the effects of temperature, heart and respiratory
rates were recorded from fish which were subjected to a gradual
increase in temperature from 9° to 27° C during a period of 60
ﬁinutes. Recordings from each fish in the experimental condi-

'tibns-were made for one hour: every minute for the first ten
o minutes, every 2% minutes for the next twenty minutés, and every

5 minutes,thereafter until the 60 minute limit was reached.
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3. Electroencephalographic récordings.

Recordings from the medulla oblongéta were obtained by
blacing the fish in a clamp mounted in a box of 5 liters
capacity. An aﬁaesthetic solution was passed through the box
continualiy. A metal clamp attached to the body clamp fitted
across the supraorbital ridges of the fish (Figure 3). The
brain was exposed by cutting through the carfilaginous skull
with a dentist's drill, taking care not to injure any brain
tissue. The‘incision was made from a line vertical to the e?e
to a line just posterior to the operculum, in the mid—doréal
part of the snout. The electroencephalogram was recorded with
a 0.003 mm teflon coated platiﬁum alloy’electrode; The
output was displayed on a 565 Tektronic oscilloscope. The
oscilloscope was set to filter out low frequencies resulting
from contractions of skeletal and cardiac muscle. All ieads
were made of a double—shielde@ wire. 'Selected recordings
were photographedeith a polaroid camera.

4. Evaluation of methods.

The immediate survival of inserting the cannulae was 100%.
However, the length of survival in the ex erimental tank was
variable and therefore it was very difficult to attribute death

to any particular cause. A tissue reaction to the cannulae was
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Figure 3: Diagram showing the clamps holding the head of a trout
and the exposed brain, after preparation for E. E. G.

recording.
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noted after approximately 7 days. A general decrease in
activity was also noted in these fish after about 10 days.
Since the experiments were performed within 48 hours of the

insertion of the cannulae, these factors did not in all

likelihood affect the results.
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RESULTS

I. Elecfrocardiograms

The typical E. C. G. recordiné of trout consists of the P,
QORS, and T waves  (Figure 4). The atrio—vehtricular time
differehce as measured by the difference betwéen the P wave
and QRS complex rangéd from 0.15 to-O.35 seconds with a mean
value of 0.20 secohds. The general shape of the E. C. G. df
fishvis csimilar to that of most veftebrates. It consists of an
initial roﬁnded deflection, the P wave,’resuiting from the
passage of éxcitation through the atrial muscle; a secoﬁd
deflection, the QRS complex, which is a biphasic complex
produced by the activation of the ventricle; and a final
deflection, the T wave, resultihg from repolarization of the
ﬁentriclé.

Electrocardiograms have been recorded for a number of fish,
including the tehch, éarp and eel (Oets, 1950) and elasmobranchs
and salmoﬁids.(Kisch,_l948). Oéts found, in the eel, in addition
_to the waves normally seen, a V wave whigh was slightly super—
imposed upon the P wave and resulted ffomvthe activity of the
sinus venosus; Kisch»(l948) reported‘a B wave in Selachians

between the QRS complex and the T wave, corresponding to the



Figure 4:

" passing over the heart.

~20~

Typical electrocardiogram recorded from a rainbow
trout.
Temperature 9° C.
Cchart Speed: a) 2.5 mm/sec
b) 10 = mm/sec

P, ORS, T represent the waves of excitation
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activation of the bulbis cordis.
No V wave or B wave were noted in my experiments. This
would seem to indicate that in salmonids, the bulbus and sinus

are non~contractile; or that the B wave overlaps the T wave and

the V wave overlaps the P wave.

a) Effect of handling:
Handling in this experiment refers to the procedure of
inserting the cannulae or the transfer of the cannulated fish

from one tank to another. Handling as transfefring the fish

- caused a decrease in the heart rate. This response 1is immediate

(Pigure 5).7 Some asystole was obsérved during this initial
response but after about ten minutes the heart beat became
regular again. A stable rate was reached within one to two
hours and these values were then considered to be the resting
fates_for that fish. Once the heart rate ﬁad'regéined its
regularity no.further_changes were observed in either

amplitude or patterns of the E. C. G. complex.

' b) Effect of temperature:

Raising the water tempefature had drastié effects on the
heart rate of the trout (Figure 6). An increase of the

temperature from 9 to 27° C is accompanied by an increase in

the heart rate of 284% of its resting value. This increase is
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Figure 5: Effect of handling rainbow trout on the
| respiratory rate.
Temperature 9° C.
06— Respiratory Rate

@—¢ Cardiac Rate

heart'rate and
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Figure 6:
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Effect of increasing water temperature on the cardiac

and respiratory rates expressed as percentage of the

resting values of the rainbow trout,
are considered to be 100%.

O0—0 Heart Rate
A——ﬂﬁRespiratorvaate

Duration of experiments: 60 minutes.

Number of fish: 6.

Resting

values
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¥

not linear however. The heart rate remains fairly stable
until 19° ¢ and at 20° C the amplitude of the QRS complex
becomeo much larger probably indicating a stronger cardiac
stroke which wonld result in a larger cardiac output. At
_températures above 20° metabolic functions.are sO heavily
taxed that eventually they collapse. This is referred to as
the zone of resistance (Hoar,,l966); No frout are found at‘
temperatures above 20° C in nature. The catdiac rate
incréased from 140 to.284% of its festing value for a changé
in temperature from 19 to 27° C. Because of.these resnlts,
17° ¢ was used in later experiments to study the effecto of
anaesthetics at higher temperaturos.A

c) Effect of M.S. 222:

»Following the introduction of Sandoz M.S. 222 in the
medium there are Véry definite cnanges in £h¢ heart rate
(Figures 7 and 8).

Corfesponding to.Stage 1l of anaesthesia, there was an
increase in thefheért rate at all concentrations and at both
temperatures (Figures’7 and 8).'.The results for 50 mg/l at
9° ¢ showed an initial increase of only 2%. This increase was
followed by a decrease which.denotes the transition from stage 1

of anaesthesia to Stage 2. At a concentrafion of 25 mg/1
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Figure 7: Effect of various concentrations of MQSJ 222 on the
| heart rate expressed as pércentage of the resting
values of the rainbow trout. Resting values are
consideredbto beleO%.
Temperature 9° (.

Number of fish in each of the four groups: 10.
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Figure 8:
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Effect of various concentrations of the anaesthetic
on the heart rate expressed as percentage of the
resting values of thebrainbow trout. Resting
values are qonsidered to be 100%.

Temperature 17° c.

Number of fish in each of the four groups: 10.
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(2 and 17° C) the heart rate'stabilized within ten minutes at.a
rate somewhat higher than the resting value. At the other
concéntratipns'the rate continued to decline until respiratory
collapse (Stage 3). Within minutes after the onset of Stage 3
.cardiac collapse élso occurred. Although the tendency was for
the heart rate to decline with time after the initial .increase,
the héart beat (composition of E. C. G.)'remained normal until
respiratory éollapse at which time some asystole and changes

in the ORS complex are observed (Figu;e 9).

During the initial period there is no change in the distance

between the various waves of the electrocardiogram which sqggest
that M.S. 222 does not appear to affect the conduction rates of
the waves of excitation. The changes occurring later were
. probably the result of the hypoxic conditions created by
.réspiratory collapse. A new slow rate persisted until cardiac
arrest. This new rhythm seems to be due to the myogenic
natufe of the vertebrate heart and probably appears after the
nerves contrblling the heart are blocked by the anaesthetic
in Stage 3. Asleng as this pacemaker potential persisted,
- the fish could be revived by forcibly ventilating the gills
at both.tempefaturés. If this was done the heart beat returned

to values approaching. the resting values within 0.5-1 second




Figure 9:
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Recordings of the electrocardiogram:

A) Normal recording

B) Changes in E. C. G. complex after respiratory
collapse and énset'of a new rhythm.

Teﬁperature: 17° c.

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

Chart Speed: 2.5 mm/sec. . |

Upper Trace: timer.






Figure 10:
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Effect on the heart rate of the rainbow trout of
forcibly ventilating the gills after respiratory
collapse.

Temperature: 9° C.

Concentration of M;S.A222: 100 mg/1.
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(Figuré 10).

There was no significant difference between the effects of
fhe anaesthetic on the heart rate in the same concentrations at
9 and 17° C (Figures 11 - 14, Appendix'l - 4). However, at 17°c,
darkening and loss of equilibrium developed more rapidly. Also,
at this last temperature respiratory collapse occurred more fre-
quently (Table I, Page 31) and sooner. The time of recovery is
increased not only by increasing the concentration éf the anaes-
thetic but also by raising the temperature. It should be ﬁoted
that the initial resting values are significantly different at
the two temperatures but the percentaée variations from these
resting values do not appear tb be significant.

II. Respiratory Cycle

- The mechanism of gill ventilation has been well described
by Hughes and Shelton (1962). Water flow over the respiratory
epithelium is maintained more-or less continuously by means of a
double pump‘mechanism. There does however, appear to be a
period of maximum water passage‘over the gills in teleosts
during the "mouth closing" phase of the respiratory cycle. As
vthe mouth closes, increases in pressure in the buccal cavity
rise very sharply (Figure 15) and it reaches a maximum when the

mouth is almost completely closed (in other words, when the
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TABLE T

Percentage of fish undergoing respiratory collapse in

various concentrations of M.S. 222 at 9° and 17° c.

PERCENTAGE
at 9° ¢
CONCENTRATION
OF M.S. 222
25 mg/1 B . ' 0
50 mg/1 | 30
75 mg/l . 70
100 mg/1 ' ‘ 100

Total number of fish: 80

at 17°

60
100

100

C



Figure 11:
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Effect of 25 mg/l1 M.S. 222 on the heart rate expressed
as pefcentage of the resting values of rainbow trout
at 9° and 17° c. Resting values are considered to be
100%.

Number of fish for each of the two groups: 10.

vThe values at the extreme right were taken 60 minutes

after the end of the experiment.

Bars: Represent Standard Errors
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Figure 12:

Effect of 50 mg/l1 M.S. 222 on the heart rate expressed
as percentage of the resting values of rainbow trout
at 9° and 17° C. Resting values are considered to be
100%.

Number of fish for each of the two groups: 10.

Values at the extreme right were taken 60 minutes

after the end of the experiment.

Bars: Represent Standard Errors
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Figure 13: Effect of 75 mg/l1 M.S. 222 on the heart rate
expressed as percentage of the resting values of
rainbow trout at 9° gnd 17° c. Résting Valﬁes are
considered to be 100%.

Number of fish for each of the two groups: 10.
Values at extreme right were taken 60 minutes
after,the end of the experiment.

Bars: Represent Standard Errors
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Figure 14: Effect of 100 mg/l1 M,S. 222 on the heart rate
expressed as percentage of the festing values
of rainbow trout at 9° and 17° C. Resting values
are considered to be 100%.
Number of fish for each of the two groups} 10.
Values at the extreme right were taken 60 minutes
after the end of the experiment.

Bars: Represent Standard Errors
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cavity has reached its least volume). As the cavity expands
during the "mouth opening" phase, ‘the pressure falls rapidly’

to zero. The pressure then becomes slightly negative to allow

reopening of the oral valves. This only lasts for a very short

period of time until the mouth opens sufficiently to bring fhe
pressure back to.zero.
a) Effect of handling:

Following handling of the trout, in the manner previously
described, we noted a marked increase .in the bfeathing_raté
(Figure 5). There were no chanées in the amplitude of the
breathing‘movements, however, except during the actual handling
and a period of about ten minutes thereafter while the fish swam

around- and made several attempts to jump out of the tank. A

‘return to resting values was observed some 60-90 minutes after

“handling.

b) Effecf of'temperature:

Temperature did not affect the breathing rate as markedly
as it affected the heart rate. An increase in ambient
tempefature of the medium from 9° to 27° ¢ caused the rate fo
increase.to 160% of its resting value (Figure 6). There was
an initial inérease in rate at 13° C to approximatély 120% of

the resting value. There was no further change until 19° C

when the rate increased. Values higher than 160% of the.



Figure 15:

-37-

Typical recording of the respiratory movements of the

rainbow trout.

Temperature 9° C.






~38-
restipg respiratory rate wera never observed. The most
noticeable changea were in thevamplitude of the reapiratory
movementa. The amplitudé of fhe md&ements‘doubled once the
'temperature of resistance (20° ¢) had been reached. The
increase in amplitude is limited by the voiume of the buccal
cavity and the inertia of the movements. Thia may explain the
tremendous demand placed on the heart to pump extra blood o&er
the gills and the relatively small incréasé'in respiratory rate.
Dﬁrihg this period of stress, repeated attempta were made by

the fish to escape from the tank. Recovery:time was‘from 2-3
hours to 24 hours after the water temperature had gradually

been lowered back to 9° c.

c) Effect of M.S. 222:

- After the introduction ofithe anaesthetic into the experi-
mental tank; at concentrations of 25.and 50 mg/1 there was no
initial increase.at either temperature (Figures l6,and'l7).
There was an increasa in the respiratory rates at concentrations
of 75 and lOOvmg/l of'lS.to 35% above the resting values at
both 9° and 17° C. Within Sfminutes'of-the start of the experi-
ments, rates at all concentratioﬁs deélined. This coincides
with Stage 1 bf anaesthesia. At‘thia time no noticeable change

in the amplitude of the respiratoryvmoveménts is observed.



Figure 16:
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Effect of various concentrations on the anaesthetic
on the respiratory rate expresséd as percentage of
the resﬁing values of’the rainbow trout. Resting
values are considered to be 100%.

Temperature 9° C.‘

Number of fish for each of the four groups: 10.
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Figure 17:

-40-

Effect of various concentrations of the anaesthetic

- on the respiratory rate expressed as percentage of

the resting values of the rainbow trout. Resting
values are considered to be 100%.
Temperature 17° C.

Number of fish for each of the four groups: 10.
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With 25 mg/l, within ten minutes of the start of the experiments
the respiratory rate stabilized at about 75-80% of the resting
value, whereas with 50 mg/l and over, the aecline was followed
by a second increase in rate. This is the transition from

Stage 1 of anaesthesia to Stage 2-1. 1In those fish that under-
went respiratory collapse, a rapid decline followed tne second
peak. This final deciining phase was accompanied by a rapid
decrease in the amplitude of the respiratory movements to about
one fifth of its resting value. At this time tnere is complete
loss of equilibrium, metor and sensory responses (Stage 2-2).
Some'periods of excitation and brief periods_of rapid fluctuation
in rate were observed during the transition phase from Stage 2-1
to Stage 2-2. There does not appear to be a significant
differenee between the effects of the enaesthetic at 9° and

17° C (Figures 18-21; Appendix 1-4). It sheuld be remembered that
the resting rates at 17° C were higheriby some 15% but that we
are considering pereentage deviation from the resting values.
Respiratory coilapse wes more frequent and occurred more
rapidly at 17° c than at 9° C. ﬁo respiratory collapse was
observed with 25 mg/l at either tempereture (see Table I;

Page 31)7. The recovery from the ekperimental treatment

took longer at 17° C.



Figure 18:
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Effect of 25 mg/l M.S. 222 on the respiratory rate

expressed as percentage of the resting values of

rainbow trout at 9° and 17° Cc. Resting values are

considered to Be 100%. -.

Number of fish for each of the two groups: 10.
The values at the extreme right were taken 60
minutes after the end of the experiment.

Bars: Represent Standard Errors
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Figure 19:
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Effect of 50 mg/l M.S. 222 on the respiratory rate
expressed as percentage of the resting values of
rainbow trout at 9° and 17° C. Resting values are
considered to be 100%.

Number of fish for each of the two groups: 10.
The values at the extreme right were taken 60
minutes after the end of the experiment.

Rars: Represent Standard Errors
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Figure 20:
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Effect of 75 mg/l on the reépiratory rate expressed
as percentage of the resting values of rainbow trout
at 9° and 17° C. Resting values are considered to
be 100%.

Number of>trout for each of the two groups: 10.

The values at the extreme right were taken 60
minutes éfter the end of the experiment.

Bars: Represent Standard Errors
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‘III. cCardiac and Respiration Interrelations.

Correlations between the.respiratory moveménts and cardiac
vrhythm héve been extensively described in the literature (Babak,
1912; willem, 1921; Lyon, 1926; Lutz, lé30a, b; satchell, 1960,
1961; Randall'and Smith, L. S., 1967). Invparticular, Satchell

(1960) noted that in elasmobranchs the heart-respiration ratio
was 1:1, or some mulﬁiple of this, with the‘héart beating in the
mouth opening'stagé of the respiratory cycle. He indicated_that.
this might play a Significant role in bringing.the max imum amount
of blood to the gills4at the time of maximum water flow. In the
trout, the heart beat has é tendency to ocdur in thelﬁouth—
closing stages‘when‘the animal is at rest. A much.éloser
rélationship is seen in the anaesthetiZed‘fish, when definite
qorrélation can be observed for faifiy long periods of time;

the heart beat and breathing becoming syncﬁronized in a'l:l

ratio (Figure 22). The length of timé during which'synchrbny

was observed incfeased with the concentration of the anaesthetic
at 9° ¢, from 7% of thé fotal ekperimehtal time at 25 mg/1 to
70% of the total.experimentai time at 100 mg/i (see Figure 23).
At 17° ¢ thé’lengfh of time during which synchrony was observed
wés about 30% of the total expe;iﬁental time which was very Cloée

to the value obtained in the temperaturé control experiment



i
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Figure 22:
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Recording demonstrating synchrony between the heart
rate and respiration of the anaesthetized rainbow

trout.

Temperature 9° C

Chart Speed: 10 mm/sec
Lower Trace: Heart beat and reépiratory movements .

super imposed.
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Figure 23: Percentage of experimental time synchrony was

observed with various concentrations of M.S.

at 9°

and 17°

c.
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1

TABLE II

Percentage of total experimenta

was observed in various ¢

1 time that synchrony

oncentrations of

M.S. 222 at 9° and 17° cC.

TREATMENT
at
control
25 mg/1 M.s. 222
50 mg/1 M.S. 222
75 mg/l M.S. 222
100 mg/1 M.S. 222

PERCENTAGE

9° ¢

20

70

at

30

20

25

30
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(Table II, Page 49). At fhis température the percentage time
 did not differ for any of the concentrations. The number of

fish in which synchrony was observed increased as the concen-
tration‘of M.S. 222 increased at 9°C, whereas at 17°C nearly

.all the fish showéd synchrony (Table III, Page 51).

IV. Recérdihgs from the respiratory center.

I waé able to record electrical activity related directly
bto the respiratory movements in those areas described by Shelton
(1961) (see Figure 24). I was not ab;e to demonstrate any
electrical aqtivity in the areas peribheral to the respiratory

center which represented a common pathway from the respiratory

center to the heart and myotomes.
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1

TABLE IIT

Percentage of fish exhibiting synchrony of heart and
respiratory rate in various concentrations of

M.S. 222 at 9° and 17° cC.

at 9° ¢
CONCENTRATION
OF M.S. 222
25 mg/1 20 -
50 mg/1 30
75 mg/1 50
60

100 mg/1

PERCENTAGE

at 17° ¢

100
100
90

100
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Figure 24: Respiratory activity recorded from the medulla

oblongata of the rainbow trout.

p————f 1indicates bursts of activity related to
individual respiratory movements .
Time Base: 5 cm/sec

voltage: 0.5 mv/cm
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DISCUSSION

>The methods used in this study are highly sensitive and
have several advantages over the eaflier mechanical recordings
méde by Randall (1962) or the water-jacket system of Saunders
(1961). To be noted are: (1) the high sensitivity of both the
transducers and thevrecording apparatus; (2) the use of a fluid
system with its high sensitivity to pressufe changes; (3) the
-use of cannulae which neither interfere with the flow of watér
nor with the opercular movements; (4) the fréedom given to the
animal ﬁaking it relatively unrestrained and thus, approaching
as closely as possible natural conditions.

Our observaﬁions on trout during anaesthesia revealed that
'respiratory and cardiac functiohs seemed to vary in a consistent
.manner. The concentrations of anaesthetic required for different
levels of narcdsis were variable but in general a solution of
25 mg/1 M.S. 222 made the animal unreactive to external stimuli
after about 30 minutes at 9° C. Concentrations in excess of
25 mg/1 cauééd a rapid loss of equilibrium with no.movement
“except those of.breathing. The initial increase in heart rate
~under anaesthesia was not obsefved by Randall and Sﬁith (L. S.)

' (1967). They thained a steadily decreasing curve from the
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oﬁset of the éxperiment. However, it should be remembered that
in the methods they employed fish were restrainéd, whefeas they
were freé—swimming under my experimental conditions. These
differences may be attributed to differehces-in techniques.

The heart beat in my experiménts remained’fairly regular until
respiratory collapse. This again does not concur with the
results obtained by ﬁandall and Smifh (L. S.) (1967), who, in
the tench and trout, observed ésystole. It is interesting thaf
in cyprinids (i.e. the tench, goldfish and the.carp) these last
authors as well as Seffaty et al (1959) noticed that M.S. 222
incfeased the;heart rate. .Therefore the difference in effect

of M.S. 222 be#ween salmonids (represented by the £rout)‘and
cyprinids may suggest differences in.their means of régulating
cardiac output. Increased cardiac Oﬁtput can be brought about
by either increasing the rate or the,stroké vblume or both.

It may be that the cyprinids increase‘cardiac output by
increasing the héart rate Qhereas'salmonids arrive at.this

same condition by incfeasing their stroke volume. The
respirétory rate and amplituae éf_the trout aiso showed marked
changes in'the pfesence of M.S. 222.v.The decline in resbiratory.
tate usually preceded that of.the'heart rate. It would seem

therefore that the heart is less susceptible to the anaesthetic
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'effecté of M.S. 222.

Artificial ventilation of the gills after respiratory
collapse nearly restores resting values of thé cardiac rate
(as well as E. C. G. structure) in the trout. This is a very
intefésting phenomenon because 1t has been postulated that there
are chemoreceptors on the gills (Hughes and Shelton, 1962).
They consider these receptors an important factor iﬁ the
regulation of gill ventilation. From this one might conclude
that the rate of gas exchange rather than the flow of water
across the gills is the primary regulatory mechanism. Support
for this possible chemical regulation of the respiratory move-
ments comes from a study Qf DeKock (1963). He has demonstrated
the existence of a large number of taste-bud like structures
fully exposed to the "respiratory currents" and he considered
these to be significant in the control of breathing in fish.
The present study, however, notes the possibility that the
structureé‘observed by DeKéck are pressoreceptors. There 1is
no direct evidence yet tq.demonstrate the presence of either
pressure or chemoreceptors but the regularity and the speed at
- which the change of heart rate occurred after the water flow is
passed forcibly over the gills suggests that at least one of the

control mechanisms of gill ventilation may include presso-
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receptors.

There did nof appear to be any significént'difference in
the effeét of M.S. 222 at 9° and 17° C when these effects are
expressed as percentage deviations from the resting values for
both the heart and respiratory rates. It aoes however take the
fish longer to recover frém the effects of the anaesthetic at
17° c. It is very difficult to plaée any meaningful explanation
to this but in gehéral it appears that és ﬁhe conditions become
lessvfavourable an increase in the amount of time synchrony can
be seen. If this were so we would expect longer periods of
synchrony af 17°c than at 9°cC. Although this holds true for
the lower concéntrations,’it does not for.the higher concentra-
tions. Furthermore, the period duriﬁg‘which synchrony was
observed at 17°C was fairly cohétant'at all concentrations of
M.S. 222; and was, moreover, hear the_valué obtained in the
temperature cqntrol experiments. It éppears therefore, that
here somé other_ﬁetabolic functions affect the brain éenters
and mask the éffects of fhe anaesthetic. This may be due to.
the fact that there is a period.of metabolic fecovery super -
imposed on the period of recovery frpﬁ the anaesthetic.
Tiffeneau and BroWn (l937) demoﬁsfrated that anaesthesia‘could

be induced twice as fast for Gobio species acclimated at 25° C
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than for those acqlimated at 15° ¢. These results seem to be
in agreement with my results aﬁd indicate that chemical reactions
~are involved in the response of the fish to the anaesthetic as
- the felevant 010 approaches the value 2; This would mean that
induction of anaesthesia would occﬁrbtwice as fast at tempera-
tures of 10° C higher. The temperature effect must be related
to metabolic éhanges of the organism rathef than to physical
chéracteristics of the anaesthetic because the Q10 related to
physical properties is in the order of 1;2.

The.dose-response.relationship of the anaesthetic is
largély'independent of the.temperature used in the experiment.

At both temperétures, the initial increases in the rates reached
higher values in the two highest concéntrations. Incréasing the
doSagé also decreased the time'of induction of narcosis defined
as Stage 2 and, increased the resultan£ deéth of anaesthesia as
was indiqated byrthe recovery phase.

M,s,_222\may act on thé heart via the vagus nerve or some
similar pathway becausé £he direct effect of this substance on
the peffused heart of the tréﬁt is a decrease.in'frequency of the
beat (Randéli, 1962). It has been shown that although tﬁe

- péssage of water over the gilis_of teleosts is more or less

‘continuous, a maximum flow is reached during the mouth closing



~-58 -~
phase (Randall and Smith, J. é., 1967). Randall (1966) has,
moreover, demonstrated that a burst of activity in the Vague
preventsAthe heart from beating at times other than during
maximum water flow over the gills,' These types of relationship
.would be in agreement with Satchell's postalate that the signifi-
cance of the relationship between heart beat and respiratory move-
ment is to bring the'maximum amcunt of blood to the gills at the
time of maximum water flow (Satchell, 196l). It appears reason-
able that a close relationship:hould exist in fish between
breathing and heart rates. Because of the high_density and low
oxygen content of the medium, fish such as the trout may use up
to 20% of their oxygen consumptionlfor the.process'of gas exchange
iteelf (Hughes and Shelton, 1962). Ihdeed, much of the literature
deals with studies of the ways hy which fish adjust their
respiratery.processes to changes.in the enVirOnmeht in order
to lessen this rather high respiratory cost and thereby‘approach
the most efficieht syetem. Any discrepancy between the capacity»
of the water etreaﬁ tO‘bring oxygen to the exchanging surfaces
and the blood stream,to take'it'away would mean a serious Waste
of effort on the part of the fish; Although in teleosts.synchrony
does not appear to be a commonly 0ccurring phenomenon as for -

instance in elasmobranchs, a close relationship between heart
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output and ventilation volume éould nevertheless éxist, Roth
functions depend on two independently varying parameters:
amplitude and frequency of the movements (rate), and therefore
the relationship may be complex and variable from time to time
and in different individuals. The fact that the unanaesthetized
fish must be at rest and undisturbed for synchrony to occur
suggests that in the unanaesthetized animal a similar mechanism
as in the anaesthetized animal is acting. This would be in agree-
ment with the synchrony between the breathing movements and the
movements of the trunk and of the pectoral fins in the slightly
anaesthetized goldfish, described by von Holst (1934a, b). As
an explanation of this phenomenon, he suggested that "automatic
cells" in the central nervous system were responsible for the
generation of a basic rhythmic process which would affect
several éenters in the brain. This view was opposed by Lissman
(1947); He maiﬁtained that there was no evidénce to show that
limited‘afferent inflow constitutes an essential part of a
mechanism which maintains locomotory rhythms, either as a
pacemaker or by keeping the cenﬁraliexcitatory state at an
appropriate level. 1In my opinion it is reasonable to conceive
of a generating‘center or oscillator similar to the one proposed

.by von Holst. The center, under natural conditions, may be
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inhibited while under conditions of anaesthesia for example,
this inhibition may be blocked, thereby making the oscillator
activé. We know from the work of Shelton (1959, 1961) that the
reépiratory center in teleosts is diffuse. Therefore we could
think in terms of a recruitment of normally iﬁhibited neurons
in the peripheral area of the respiratory center following
conditions of hypoxia or anaesthesia. Probably musculature
other than that normally associated with breathing is affected
by the rhythmicity of the center. We would have to consider a
spreading of rhythmic waves over various centers probably in
the outermost part of the respiratory center when the
excitatory level is very low. The existence of synchrony between
hgart beat and electrical activity in the respiratory center of
curarized fish shows that the relationship is not due to a
feedback from the respiratory musculature but is generated by
impulses within the Cc. N. S. (Serbenyuk, 1959). shelton (1959)
has shown that ‘the reSpiratory center in teleosts must be
situated caudally_to thelfegion where the fifth and seventh
cranial nerves emerge from the brain and that these two nerves
‘must be intact for respiration to continue. Thus, although the
- basic rhythmic process in the C. N. S. may be independént of the

sensory nervous system, it is not possible to determine whether
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the autonomous activity recorded in an isolated brain can result
iﬁ normal breathing movements. We do not know to what eXtent
this:activity in the isolated brain can be regarded as normal and
we can therefore question the validity of relevant E. E. G.
recordings. We may record a rhythm of electrical discharges
coinciding with the breathing rhythm (as seen in Figure 24),
while in fact other‘neurons may be of primary importance in
the generation and regulation of breathing; The main considera-
tion therefore, must be given to the fact that a rhythm does
occur, and whether this rhythm reflects a pattern in the
respiratory center. There is some evidence from curarized fish
that ventilation could be controlled by autonomous pacemakers
iﬁ central neurons under certain conditions (Serbenyuk, 1959).
'He,obSerVed a secondary rate being initiated in the respiratory
"center after curarization which was slower than the normal breath-
ing rate and very regular. We could imagine that the activities
of these pacemakers are normally modified by reflexes set in
éctibn by sensory impulses arising from chemical and pressure
stimuli. Iutz (1930) suggested that there must be a close
’ relationship between centers in the medulla oblongata which
are concerned.with respiratory movements and heart rate.

Ssatchell (1960) considers that any coordination between the
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'branchial pumps and the heart if effected reflexively.

However it should be remembered that he was dealing with a fish
in which synchrony occﬁrred naturally and that entirely
_different nervous pathways may prevail in the elasmobranchs.
Several factors may affect fish respiratory aétivity. The
simplest method of control would be one in which the whole
»network is driven by pacemakers which are intrinsically active.
It is very unlikely that any pacemaker is a single cell or a
discrete group of cells because localized destruction within
vthe respiratory center wés unsuccessful in stopping normal
breathing (Randali and Smith, L. C., 1967). We could

suppose that the inspiratory neurons are tonically active,
oﬁitting a continuous train of impulses unless they.aré
somehbw.inhibited or stimulated. Stimulation could be
"generated by the removal of inhibition. Under normal conditions
these.inhibitions, stimulations or disinhibitions could come from
a variety of sources: for example, expiratory neurons, extra-
~medullary éenters such as the pneumotaxic center (although in
fish there seems to be little evidence for the dependence of
the médulla respiratory center on extra-medullary influence),
or the inhibi#ory inflow of the vagus, or from interactions

within central nervous centers themselves. Assuming that the
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afferent components.in the re;piratory nerves have an inhibitory
~action on the respiratory center, and that these are removed by
thé introduction of the anaesthetic, we can understand the
rise in respiratory rate due to the cessation of the rhythmic
-senSOry inflow frém proprioceptors, in other words inhibitory
impulses wouid no longer act upon the respiratory center.

Then dqg to lack of proprioreception the autématic center takes
over and we obtain synchrony. When the center is also overcome
by thé anaesthetic another increase iQ the respiratory rate
occurs, nntillfinally the whole brain will be overcome and
respiratory and cardiac collapse occurs. The heart continues to
beat for a few minutes after respiratory collapse because of

its myogenic nature.
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SUMMARY

1. The heart rate of the rainbow trout remains fairly
stable under anaesthetic conditions’until such time as respiratory
.collapse occurs. The heart and respiratory rates are affected
by the anaesthetic M.S. 222 and the variations can be relatéd
to the various stagea of anaesthesia. The respiratory rate is
the first to‘be affected indicating that thé respiratory center

and probably brain centers in general, are more sensitive to

the effects of the anaesthetic than the heart.

2. The most suitable concentration of.anaesthetic for
phySiological éxperimentation on fainbpw trout appears to be
25 mg/1 although it is evident that}ideally the animal shnuld be
unrestrained and nnanaesthetized in order to obtain experimental

results approaching most closely the natural condition.

3. There is no significant difference between the effects
of the anaesthetic ati9°vand 17° c. Temperature does not appear
to be a critical factor in the affectiveness nf the anaesthetic
-although thefe afe some variations in_the rates due to increasing

temperature.
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2

2

4; Synchrony between respiratory movements and heart
beat can be induced in the trout under conditions of anaesthesia
or by raising the temperature of the medium. It appears that
synchrony can be induced by any of the factors which téhd to
maké the medium less favourable to the fish. .Duration of
synchrony increases with dosage of M.S. 222 at 9°cC. ‘But at
17° ¢ the time during which synchfony was observed was inde-
pendent of the concentration, and was the same as in the
temperature control experiments. It seems therefore that
temperature plays a more important role than the effects of

the anaesthetic.

5. Cardiac collapse.follows reépiratory collapse, but
forcibly ventilating the gills during the period of myogenic
activity of the heart restores a heart rate very near the
resting rate. Therefore it is assumed that some chemical or
pressure mechanism resident in the buccal cavity also controls

the heart rate.
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APPENDIX 1

Variance between the means.

10
12.5
15
17.5
20
22.5
25
30
35
40
a5
50

- 120

*: represent values larger than 5%
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Respiratory Rate

F ratio

12.86%%

5%

4.88

25 mg/1, 9° and 17° cC.

Heart Rate

F ratio

10.93%%*

4.21

4.21

4.21

4.88
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vVariance between the means.

Time
(min.) F ratio
2.5 1.37
5 3.29
10 0.07
15 0.76
20 0.15
25 0.00
30 0.29
35 0.06
40 0.13
45 0.30
50 0.33
55 2 1.25
60 0.65
120 0.54

*.

%%k .
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Respiratory Rate

5%

5.05

4.95
4.39

4.39

4.39

represent values larger than 5%

represent values larger than 1%

50 mg/1, 9° and 17° cC.

Heart Rate

F ratio
5.ll*v
7.41%
3.09
2.61
0.03

5.27%*

0.01

5%

5.05
5.05
4.53
6.16
4.39

4.53

4.95
4.39

4,39

4.95
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APPENDIX 3

Variance between the means.

Respiratory Rate

Time , .
(min.) F ratio 5%
1 4.97% 3.58
2 1.48 4.06
4 1.63 4.15
5 2.72 - 4.74
10 4.90% 4.06
15 2.60 4.06
20 1.49 4.06
25 1.14 4.06
30 0.01 4.06
35 0.02 3.22
40 0.42 3.22
45 0.24 3.22
50 0.17 4.06
55 0.28 4.06
60 0.52 4.06
1.45 3.22

120

ko

represent values larger than 5%

represent values larger than 1%

75 mg/1l, 9° and 17° cC.

Heart Rate

F ratio
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Variance between the means.

Time
(min

10
12.5
15

17.5

90
*:

*%k .
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Respiratory Rate

.) F ratio 5%
0.17 4.76
l4.80¥* 3.86
1.30 6.00
6.90%* 3.86
1.32 6.00
0,67 6.00
5.13 6.00
1.74 6.00
¢1.85 3.63

represent values larger than 5%

represent values

larger than 1%

100 mg/1, 9° and 17° cC.

Heart Rate

F ratio

6.00
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APPENDIX 5

Calculations of Standard Error: Heart Rates.

Concentrations

-of M.S. 222: 25 mg/1 50 mg/1 | 75 mg/1 100 mg/1
Temperature: ® C... 17°C. ¥ C. 1.‘7° c. % cC. '170 c. ¥ c¢c. 17 c.
Time .
2 114x 4 1093 7 1024 6 1195 7 116,10 118410 113415 110 9
5 1084 6 1094 7 1004 0 1184 7 132413 92417 124313 1224 9
7 1024 2 112; 8 100: 0 126416 128, 8 85520 113:19 97425
10 1004 3 1094 7 994 1 128421 1244 7 77425 101415 60434
12.5 101 3 109¢ 7  97& 3 123417 1204 4 76125 98,15 62436
15 | 105, 3 111y 6 95; 4 86,22 117410 81427 84415 35439
17.5 104y 4 1074 5 94y 5 86422 117410 6731 75418 40439
20 109: 7 1095 5  91:11 86122 116410 64529 66418 -
22.5 1159 1084 6 87411 86,22  95.12 60127 45416 -
25 118410 104 5  84pll 104429 88417 38424 29415 -
30 119,10 982 6 68417 60426 51419 39425 - -
35 119412 100x 9 74327 58426 51419 36123 - -
40 119412 105,10 25413 48429 40420 36,23 - -
45 1134 4 1004 6 37417 34022 38419 3149 - -
.50 | 1114 5 1004 9 34416 33422 37418 17026 - -
55 114y 7 10089 9423 33422 35:17  15:24 - -
60 1104 8 99: 5 8123 33;22 34417 15424 - -

120 95¢ 4  78+'3 924 5 91412 924 6 79416 106y 9 76y 4
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APPENDIX 6

calculations of Standard Error: Respiratory Rates.

Concentrations

120 103;2  91+3 9842  95: & 993 3 109¢ 9 1024 2

_of M,S. 222: 25 mg/1 50 mg/l | 75 mgfl 100 mg/1
Temperature: % ¢ 17° c. %cC. 17 ¢. 9 é. 17°¢.  PcC. 17° c.
Time _ |
2 10744 914 4 99t 8 874 7 1155 6 103x 4 133: 6  82+l4
5 93,2 85,2 89y 6 74r 6 85 5 7243 90L 7 73¢1§
7 8504 80r 3 89: 6 7055 874 7 6hglh 691 9 121421
10 - 8044 81y 3 88y 3 92417 89410 50416  80xll  51x29
12.5 7845 7943 80x 5 108427 92, 9 53317 83,413 59134
15 ) 7844 76+ 3 7%i 7 69:11  95:10 63320 93314 29437
17.5 | 78¢4 750 3 95. 4 73120 95iio 54,25 8116 36434
20 7844 75: 4 95 4 86424 971 9 65331 75119 -
22,5 | %9i4 75. 3 94y & 86424 89412 76436 67422 -
25 7944 72403 924 7 94327 84317 49332 45,23 -
30 80,5 76+ 3 84418 66427 50417  51x32 - -
35 80s4 74y 5 73325 64g26 53418 58136 - -
40 - 8245 74x 5 61127  47x28 34418 57336 . - -
45 81,6 7hs 4 67430 44s27 36419  S4x33 - -
50 7944 79210 69431 '45i26 38,20 26435 - -
55 8143 80410 19431 47028 43423 22437 - -
60 82,4 8245 19431 46128 43423 22437 - -
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