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Background. Assessments of the efficacy of anaesthetics are usually based on observations of fish behaviour or
changes in blood parameters. In this study we attempted to assess the process of anaesthesia, caused by MS-222,
based on the measurement of heartbeat and respiratory frequency.

Material and methods. The effect of four concentrations of MS-222 (75, 100, 125, and 150 mg - L) on heart-
beat and respiratory frequency of common carp, Cyprinus carpio L., were studied using ECG. Concurrently (dur-
ing general anaesthesia) fish behaviour was also observed.

Results. The behavioural reactions were similar for all four treatments. The first symptom was agitation followed
by sedation, loss of equilibrium, and deep anaesthesia. Small differences were observed during initial contact of
fish with the anaesthetic. The ECG analysis, however, revealed significant differences in heartbeat and respirato-
ry frequencies related to the concentration used. Irrespective of the MS-222 concentration used, the recovery time
was similar in all treatments and did not exceed 5 minutes.

Conclusion. The ECG method can be an important and objective tool supplementing the data acquired during

visual observations of responses to anaesthesia. Its major advantage is the comparativeness of data.
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INTRODUCTION

Anaesthetics used in aquaculture are intended to limit
stress reactions of fishes, diminish transportation losses,
and facilitate rearing, sanitary, or surgical procedures.
They also have an ethical aspect, i.e. making the above-
mentioned activities more humane. The efficacy of an
anaesthetic may be assessed based on visual observation
of fish behaviour such as movements and changes in reac-
tivity. These responses are usually qualitative and are
often described variably by different authors.

The aim of this study was to link the observed behav-
ioural changes in the course of fish anaesthesia with concur-
rent functional responses in cardiac and respiratory rthythms.

MATERIAL AND METHODS

The experiments were carried out on 44 carp, Cyprinus
carpio L., (210 + 74 g) taken from a cage-culture facility
located on the warm-water discharge canal of the “Dolna
Odra” power plant at Gryfino, near Szczecin, Poland. The
fish were acclimated to the new environment for 14 days

in a large 1000-L aquarium, in aerated tap water, at 20 +
1°C (pH =17.5).

The fish were subjected to a general anaesthesia using
MS-222 (synonyms: tricaine mesilate, tricaine methane-
sulfonate, m-aminobenzoic acid ethyl ester methansul-
fonate), manufactured by ICN Biomedicals Inc. Ohio,
USA. In many countries MS-222 is the only anaesthetic
agent licensed for finfish intended for human consumption
and for ornamental fish. The pH of the stock solution of
MS-222 (10 g - L") was adjusted to 7.0 using sodium
bicarbonate.

The experiment consisted of 4 treatments (11 fish each)
involving concentrations: 75, 100, 125, and 150 mg - L
of water. Each fish was treated on individual basis.

The heartbeat and respiratory frequency were recorded
with the aid of ECG equipment manufactured by CED
(Cambridge Electronic Design Limited, England). This
complex setup consisted of the module MICRO 1401,
linked to the signal amplifier CED 1902. Both units were
controlled by SPIKE 2 (ver. 3) computer software. ECG
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readings were recorded using a two-pole wiring system,
following Labat’s (1966) method. The copper electrodes
used were elastic and 1 mm in diameter. Their electrical
insulation was removed along the last 5-6 mm and the
electrodes were silvered to ensure correct conductivity.
The electrodes penetrated the abdominal wall with their
exposed parts placed in the pericardium and their isolated
proximal ends protruding outside the fish. The elastic con-
nection of the electrodes to the recording unit enabled the
fish to move freely within the experimental aquarium.

The electrodes were implanted following general anaes-
thesia with Propiscin (etomidate) at 1.5 mL - L1, After
determining their correct position in relation to the heart,
the electrodes were permanently mounted ventrally and dor-
sally using rubber bands and the fish was placed in an
experimental tank, made of dark glass and illuminated from
above by a glow-tube. One of the tank walls was a Venetian
mirror, which facilitated discrete observation of the fish.

After 24 hours the recording units were switched on in
a constant monitoring mode. The first recorded 15 min-
utes served as control and subsequently the anaesthetic
was added to the water. After further 15 minutes the
anaesthetised fish were transferred to an identical aquari-
um, with clean, clear and well aerated water where the
vital parameters were monitored for another 15 minutes.

A total of four treatments was carried out under the
same conditions (20 + 0.5°C, pH = 7.5, constant aeration
and illumination).

The results were processed statistically using STATIS-
TICA 6.0 PL. To assess the significance of differences
between control values and the values in individual min-
utes of the experiment, a non-parametric Mann-Whitney
test was used. The magnitudes of relationships between
the respiratory and heartbeat rthythms were determined
using Pearson’s linear correlation coefficient.

This experimental protocol was approved by the Local
Ethical Committee for Experiments on Animals
(Agricultural University of Szczecin, Poland)

RESULTS

Results of the visual observations of carp behaviour
under influence of MS-222 are given in Table 1.

The cardiac and respiratory responses of fish exposed
to MS-222 are presented in the form of graphs (Figs. 1-6)

In the treatment with MS-222 at 75 mg - L' (Fig. 1),
within the first few minutes of exposure, there was a tran-
sient decrease in the heartbeat and respiratory frequencies.
After some 2 minutes of exposure, there was an increase in
the heartbeat frequency that persisted to the end of expo-
sure. This tachycardia was accompanied by increased ven-
tilation. During the recovery period, the respiratory rthythm
resembled that recorded for control (ca. 60 cycles per min).

Within the first minute of exposure to 100 mg - L
(Fig. 2), there was a transient decrease in the heartbeat fre-
quency and slight decrease in the respiratory frequency. On
average, after 2 min of exposure, the heartbeat accelerated,
to reach 64 beats per min in the 4th min of exposure. There
was a concurrent increase in the respiratory frequency.

Within the first few minutes of exposure to 125 mg - L
(Fig. 3), there was a transient decrease in heart rate fol-
lowed by its acceleration up to ca. 50 cycles per min, per-
sisting until the end of the exposure. The respiratory fre-
quency decreased briefly within the first minute of expo-
sure and than increased, reaching its maximum value
(47 operculum movements per min) in the 3rd min of
exposure. During recovery, the respiratory frequency
slowly decreased.

Exposure to 150 mg - L~! (Fig. 4) resulted in a sudden
decrease in respiratory frequency down to 25 operculum
movements per min. In the 2nd (on average) minute of
exposure the respiratory rhythm distinctly increased,
reaching ca. 80 operculum movements per min, but then
rapidly decreased. The 11th min of exposure marked a
total arrest of the respiratory rhythm.

Immediately after exposure to 150 mg - L~! a strong
bradycardia was also observed. In the second minute of
exposure the heart rate decreased down to 20 beats per
min. After ca. 2 min the heartbeat distinctly accelerated,
reaching the highest value (within 3rd and 5th min of
exposure) and then it gradually slowed until the end of 15-
min exposure. During recovery in clean water, the ventila-
tion rapidly increased and the heartbeat regained the rates
recorded at control.

The readings of the heart’s electrical function, record-
ed before anaesthesia and assumed as control, exhibited
all the expected ECG components of higher vertebrates.
Considering minimal differences, during implantation—
in the positioning of electrodes in relation to the heart and
also the arrangement of the heart in relation to its own
axis—in all cases positive P, R, and T waves were
obtained, as well as Q and S waves, situated with their
peaks below the isoelectric line. The anaesthesia caused
statistically significant changes in the ECG curve, regard-
ing its shape and amplitude of the T wave. The recorded
changes were similar for all four tested concentrations of
MS-222 and are presented in Fig. 5.

Times of losing and regaining locomotor equilibrium
are shown in Table 2.

DISCUSSION

Traditional (visual) monitoring of the course of anaes-
thesia in carp revealed that a common feature at all tested
concentrations of MS-222, was a distinct locomotor agita-
tion. This was usually associated with a short (few seconds)
apnoea and “cough” in lower concentrations (75, 100, and
125 mg - L"). At the highest concentration (150 mg - L),
a period of “gasping for air” was observed. These symp-
toms indicate that the tested concentrations of MS-222 irri-
tated the gill epithelium and hindered gas exchange.

Published opinions on effects of pH on the behaviour of
fishes exposed to MS-222 are not consistent. Non-buffered
MS-222 is acidic, and Wedemeyer (1970) observed that a
pH decrease caused by MS-222 increased fish mobility and
accelerated their heartbeat. Soivio et al. (1977), however,
did not observe this when studying marine fishes in seawa-
ter. The latter authors also did not observe any agitation of
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Table 1

Carp behaviour under various concentrations of MS-222

MS-222 Behavioural responses
concentration
[mg- L]
B Agitation; fish swim fast, exhibit distinct defensive reflexes; irregular
respiratory rhythm.
B Agitation; accelerated, irregular respiration; regular “cough” every 4th
75 breath.
B Loss of equilibrium, rhythmic but shallow breath; fish sink to the bottom.
B Deep anaesthesia; shallow breath; fish lie on the bottom; do not show
defensive reflexes.
Agitation; fish exhibit distinct defensive reflexes, swim fast and nervously.
Faster, irregular breath; regular “cough” every 4th breath.
100 Loss of equilibrium, shallow breath; fish tip over on their sides and sink to
the bottom of aquarium.
Deep anaesthesia; fish lie on the bottom; shallow breath.
Agitation; fish exhibit distinct defensive reflexes, swim nervously.
Faster, irregular breath ; regular “cough”; sporadically signs of “gasping for
air”.
125 Calming down; fish swim tilted to their sides.
Shallow, irregular breath; loss of equilibrium; fish sink to the bottom.
Deep anaesthesia; fish lie on their sides on the bottom; exhibit no defensive
reflexes; shallow, irregular breath.
B Distinct agitation; fish swim fast; exhibit distinct defensive reflexesirregular
respiratory rhythm.
Strong agitation; faster, irregular breath; signs of “gasping for air”.
150 Loss of equilibrium; fading of respiratory movements; fish sink to the

bottom;

B Deep anaesthesia; fish lie on their sides on the bottom; do not breathe;

exhibit no defensive reflexes

freshwater fish sedated using buffered MS-222. Our study
revealed the increase of agitation during the first few min-
utes of exposure to buffered MS-222.

A number of authors, particularly the pioneers of fish
anaesthesia (McFarland 1960, Schoettger and Julin 1967,
Ross and Ross 1984), suggested the need for a species-spe-
cific approach, taking into consideration biological adapta-
tions, type of anaesthetic, and environmental factors.
However, the behavioural reactions of different fish species
during their contact with anaesthetics are quite similar and
the number of possible responses is limited. Another weak
point of the assessment of behavioural responses is the
descriptive method used, which is particularly evident in

locomotor reactions, responses to acoustic or pain
stimuli, etc.

Concurrent with visual observation of behavioural
responses, heartbeat and respiratory frequencies were record-
ed in this study. The recordings showed that immediately
after adding MS-222 to the water, heart rate showed a tempo-
rary decrease. This decrease in the first minutes of exposure
was particularly distinct (20 cycles per min) at the highest
anaesthetic concentration (150 mg - L"), and was accompa-
nied by a strong locomotor agitation and a decreased respi-
ratory frequency. This was followed by acceleration of the
heart rate to the level persisting throughout the entire exper-
iment (for concentrations of 75, 100, and 125 mg - L.
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Fig. 1. Effect of MS-222 (75 mg - L™!) on heartbeat (dotted line) and respiratory rhythm (solid line)

MS-222 is known to appear quickly in the central
nervous system. As early as one minute after immersion,
its presence can be detected in the brain (Hunn 1970,
Hunn and Allen 1974). The fish heart constitutes a very
sensitive organ reacting on all, even small, external stim-
uli. For instance, a flash of light, mechanical vibrations,
salinity changes, pressure changes, or a touch can trigger
arrhythmia, bradycardia, or even a total arrest of the heart-
beat (Labat 1966, Cybulska et al. 1978).

Control
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The results of the present study revealed that MS-222
at 75, 100, and 125 mg - L' caused a brief bradycardia
followed by acceleration of the heartbeat persisting
throughout the entire experiment. It appears that the
observed temporary cardiac arrest in fish can be treated
either as a spinal cord reflex or the effect of MS-222
action on higher levels of the nervous system.

Satchell (1991) suggested that tachycardia in fish is
associated with the secretion of catecholamines from
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Fig. 2. Effect of MS-222 (100 mg - L™!) on heartbeat (dotted line) and respiratory rhythm (solid line)
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Fig. 3. Effect of MS-222 (125 mg - L™!) on heartbeat (dotted line

chromaffin tissue or from the endings of nerves stimulat-
ing automatic centres. An increase in heart rate within the
first minutes of fish contact with MS-222 was also
observed by Serfaty et al. (1959), who distinguished two
periods of tachycardia: transient tachycardia, with higher
amplitude and relatively short duration, followed soon by
tachycardia proper. They assumed that the first symptom
of heartbeat acceleration was due to fish contact with the

Control
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) and respiratory rhythm (solid line)

anaesthetic, while the following one was an effect of MS-
222 circulation in the blood. Similar observations of two
periods of tachycardia in fish exposed to MS-222 were
described by Houston et al. (1971) and Ryan et al. (1993).
Randall (1962) studying effects of various concentrations
of MS-222 on tench, Tinca tinca, registered acceleration
in the heart rate in the induction phase. Higher concentra-
tions were associated with stronger tachycardia, although
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Fig. 5. ECG curve of carp, recorded during general anaesthesia with MS-222; irregular dots on the upper “axis” denote respirato-

ry movements

exceeding 100 mg - L~! caused the collapse of respiratory
function, arrhythmia and a decrease in heart rate. In the
current study, a similar sequence of changes in heart rate
was only observed at 150 mg - L.

According to Serfaty et al. (1959), the effects accompa-
nying gradual bradycardia caused by MS-222 were atri-
oventricular blocks, observed by ECG. In the present study
there were no such symptoms. Decreasing frequency of res-
piratory movements was associated with increased ampli-
tude and duration of the T wave (Fig. 5). In the recovering
fish, the shape and amplitude of this wave quickly resumed
its control value. Authors studying the electrical function of
the fish heart all agree that the T wave is the most charac-
teristic part of the ECG (Labat 1966, Mourad 1990).
Differences in T wave shape can be related to different
causes. Labat (1966) observed a substantial T wave
enlargement at lower temperatures. Changes in T wave
amplitude and shape may also result from acute anoxia
(Harms and Bakal 1994, Rantin et al. 1995), carbon-diox-
ide anaesthesia (Mitsuda et al. 1982), or MS-222 anaes-
thesia (Labat 1996).

In the present study, a decrease in respiratory frequen-
cy was only recorded in the treatment with MS-222 at 150
mg - L. In the 11th minute after introduction of MS-222
to the aquarium, there was a total apnoea which then per-
sisted through the rest of the period of anaesthesia. After
transferring the sedated fish to clean, well aerated water,
the respiratory rhythm assumed control values after some
5 minutes, which coincided with the fish regaining their

locomotor abilities.

Lower concentrations of MS-222 (75, 100, and
125 mg - L") caused a state of deep anaesthesia without
changing the respiratory rhythm. A slight decrease in res-
piratory frequency, associated with the signs of anxiety,
was observed in the first minutes of the experiment. Later
the respiratory rhythm stabilised on the level similar to
that of control.

The depressive action of MS-222 on the respiratory
centres of fish, translating into hypoxia, has been empha-
sised by a number of authors (Tyler and Hawkins 1981,
Molinero and Gonzales 1995). It is commonly believed
that anoxia during anaesthesia is an effect of diminished
ability for oxygen acquisition, caused by the blockage of
tissue respiration and an increased resistance to blood
flow resulting from erythrocyte swelling and their accu-
mulation in the gills (Modrzejewski 1965, Holeton and
Randall 1967, Fromm at al. 1971).

According to many authors, it is symptomatic for MS-222
to quickly anaesthetise fishes (McFarland 1959, 1960,
Ross and Ross 1984, Gilderhus and Marking 1987,
Bowser 2001). The present results revealed that the seda-
tion time period, from the moment of anaesthetic admin-
istration to the water until the loss of locomotor balance,
decreased with the increase of anaesthetic concentration.
Loss of equilibrium was observed within 5 minutes only
at the higher concentrations (125 and 150 mg - L.
The average time of recovery and regaining locomotor
proficiency was 4 min for all concentrations tested.

Table 2

Times of losing and regaining locomotor balance recorded in carp exposed to MS-222; mean (¥) + standard deviation (s)

Anaesthetic Loss of balance Regaining balance
concentration X x s
[mg - L] [min] [min] [min] [mim]
75 8.37 3.08 491 1.97
100 5.79 0.92 4.58 1.38
125 3.78 1.00 4.48 1.88
150 3.73 1.12 4.28 1.17
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Taking into account the induction and recovery times,
in view of the criteria used for assessing anaesthetics, MS-
222 at 125 and 150 mg - L~! induced anaesthesia within
5 minutes. At these concentrations, MS-222 fulfilled the
criteria of Hseu et al. (1998) and the period of induction
slightly exceeded the period of 3 minutes proposed as the
criterion by Gilderhus and Marking (1987).
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