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SUMMARY

At the Catharina Hospital in Eindhoven research is done on (new) local
anaesthetics. A part of this research is done by means of a model using
fish. An automated measuring system has been developed to measure the
'wash-in' and 'wash-out' characteristics of these local anaesthetics in fish.
To measure the 'wash-in' characteristics a fish is placed into a solution
of a local anaesthetic; when the fish is stably anaesthetized it is placed
into 'clean' water to measure the 'wash-out' characteristic. The characte
ristics are measured by means of the reactions of the fish to electrical
stimuli, which are generated every minute. The stimuli are provided to the
fish by means of a loop electrode placed around the fish behind the gills.

Between two stimuli, the breathing movements of the fish are measured
using the same electrode as is used for the stimuli. Several other
methods to detect breathing movements and the heart-beat frequency of
fish found in the literature are discussed. The detection of the heart-beat
signal was not possible, not even with an implanted electrode in the vici
nity of the dorsal fin, the method that is presented in the literature as
the best method to detect the heart-beat. Using larger fish might result
in a detection of the heart-beat signal.

The software used for the measuring system is the program Labtech
Notebook. This icon-based graphical interface can be used to measure
and control all sorts of experiments and production processes. Notebook
has also been evaluated for use with other measuring systems.

Several measurements have been performed using two different local
anaesthetics on two fish. These measurements were done to test the
measuring system and to see if different effects could be measured using
different local anaesthetics.

The measuring system will be used to measure the effects of all sorts
of local anaesthetics in several concentrations on several fish. Maybe it
can also be used for in rdvo research on the effect of toxins at sublethal
concentrations on t1sh which is now done in vitro.
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1. INTRODUCTION

The possibilities of automatic measuring systems for patient monitoring
during operations are studied in the servo-anaesthesia project of the
Medical Electrical Engineering group (EME) of the Electrical Engineering
department at the University of Eindhoven (TUB). Several parts of this
project are carried out in co-operation with the Catharina Hospital in
Eindhoven.

At this hospital new formulations of local anaesthetics are developed
and tested. To get more insight into the activity of these local anaesthe
tics. a model using tlsh is presented. This model can be used especially
to measure the 'wash-in' and 'wash-out' characteristics of local anaesthe
tics in tish. Since the nineteen twenties goldfish are used to test new lo
cal anaesthetics. These tests were usually done using the 'overturn time'
(time after which a tlsh is no longer able to get up after it has been
turned on its side) and 'time of death' as farmacological endpoints. For
the experiments at the Catharina Hospital, an automated measuring sys
tem was developed by a previous student using the reactions of tlsh to
stimuli to measure the complete 'wash-in' and 'wash-out' characteristics.

This new project was started in order to design an extended measuring
system using the software package Labtech Notebook. This new system
had to be extended with the measuring of the breathing movements and
heart-beat frequency of the tlsh in addition to measuring the reactions of
fish to electrical stimuli.

To test the new measuring system. several measurements on tish had
to be done. These experiments were done in line with the Dutch law on
animal experiments and after approval of the ethical committee of the
Veterinary University in Utrecht.
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2. FISH AS MODEL SYSTEM

2.1 Introduction

At the Catharina Hospital in Eindhoven a local anaesthetic in a new
formulation (suspension) is developed and tested. This local anaesthetic is
called butyl-p-aminobenzoate (BAB). BAB is administered epidurally as a
10% suspension and has a long active period (4 to 6 months) with few to
no side effects. One of the properties of BAB is that it doesn't block the
motor nerves. Unfortunately the anaesthetizing effect differs from one
person to another without a clear cause. So more research has to be
done on the effects of BAB and other local anaesthetics. The model pre
sented here is one way to do research on local anaesthetics. To make
research possible one has to define variables which can be measured.

Several variables can be detlned for anaesthetics:
- anaesthetizing effect as function of the concentration
- maximum anaesthetizing effect
- lethal dose
- anaesthetizing effect as function of time

The presented model uses fish for testing local anaesthetics. The rea
son why fish can be used as a model is shown in the analogon in figure
2.1.

Fat
......... surrounded by······

a watery solution

Nerves Fish
................ surrounded by................ . surrounded by .

a solution of an anaesthetic 14-------.1 dissolved
in the liquid of the spinal local-anaesthetic

marrow

Figure 2.1. The analogon for fish used for testing local-anaesthetics.

In the analogon we see fat which represents the nerves in a human
body and we see a watery solution which represents the solution of a lo
cal anaesthetic brought near nerves (e.g. epidurally, intrathecally or in a

6



nerve plexus). All this is represented in our experiments by a fish swim
ming in a solution of a local anaesthetic. The easy way by which a local
anaesthetic can be administered to a fish is one of the advantages of
this model.

A good measure for the effect of anaesthetics in fish is the 'overturn
time'. This is the time after which a fish is no longer able to get up af
ter it has been turned on its side. However to obtain a plot indicating
the 'wash-in' and 'wash-out' of a local anaesthetic we have to do more
measurements during the experiment. Besides this we have to do experi
ments on several fish to get statistically justified results.

An automated measuring system was developed to realise the above
mentioned experiments. The fish we used were (London) Shubunkins,
which belong to the family of goldfish (carassius auratus), 10 centimeters
of length. These fish are somewhat larger and stronger than common
goldfish.

2.2 The influence of a phannacon

In the ideal case a local anaesthetic will have an effect as shown in
figure 2.2 at the left, in the so called static or dose response diagram.

effect

dose --

effect

dose -

Figure 2.2. The static diagram of an ideal neff) and real (right) local an
aesthetic.

An increase in dose will result in a linearly increasing anaesthetic ef
fect until a maximum value is reached. After this point the anaesthetic
effect will stay at the same level.

In practice the dose has to be greater than a threshold value before
any effect is seen (figure 2.2 right). Moreover the effect will be non
linear and might get greater than the maximum allowable effect leading
to a dangerous situation for the patient.
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To measure the 'wash-in' and 'wash-out' characteristic of a local an
aesthetic one can use dynamic diagrams. These show the effect of a lo
cal anaesthetic as a function of time. To realise these dynamic diagrams
one can look at the impulse response (fig. 2.3) or the double step res
ponse (fig. 2.4).

dose

time --

Figure 2.3. The impulse response.

response

time --

dose

time --

response

time --

Figure 2.4. The response on a double step.

Realising these diagrams for several concentrations of several local an
aesthetics will give an insight into the effect of these local anaesthetics.

The realisation of the static diagram can be achieved by adding a con
centration of a local anaesthetic to the water and measuring the effect
after a equilibrium has been reached. After increasing the concentration
the measurement has to be repeated.

The dynamic diagram can be realised by measuring the effect at regu
lar intervals after a local anaesthetic has been added to the water. After
the fish has been put into 'clean' water the procedure can be repeated to
measure the 'wash-out' characteristic.

2.3 The stimulus

To realise the diagrams mentioned in the previous paragraph we have
to measure the reaction of the fish to a stimulus.
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Cornelissen [1992] found several possible stimuli:
- mechanical stimuli
- visual stimuli
- biochemical stimuli
- acoustic stimuli
- thennal stimuli
- electrical stimuli

The first five stimuli have to be perceived by the fish before it can
give any reaction to the stimulus. However, an electrical stimulus will
cause a sensation of pain or shock which the fish cannot avoid, so that
there will always be a reaction.

The ideal stimulus can be defined as follows:
- the intensity has to be strong enough
- it has to be reproducible
- it doesn't cause any damage
- it has to result in a clearly perceptible reaction

An electrical stimulus is often used in experiments with fish, for
example in 'escape and avoidance' experiments. In these experiments the
fish will avoid or escape from electrical stimuli. These stimuli do not
have to be reproducible as long as they will be above a threshold vol
tage. They can be generated using two external electrodes in the water.
This method cannot be used when the stimuli have to be reproducible,
because the threshold voltage changes according to the position of the
fish relative to the electrodes.

Using an implanted or loop electrode (see paragraph 3.1 and 3.3) in
combination with a ground electrode in the water, it is possible to gene
rate reproducible stimuli. Davis [1965] used a square wave electrical
stimulus derived from the mains (f=60Hz) of maximum 30 Volts. As a
reaction to this stimulus the fish tried to escape showing a so called 'C
escape'. This violent swimming will cause little waves which can be de
tected using a pressure sensor (see paragraph 5.5).

Apart from these stimuli one can measure the heart-beat and breathing
movements of the fish as an indication of the anaesthetizing effect of a
local anaesthetic [Shelton, 1962J. The possible electrodes to measure
heart-beat and/or breathing movements will be discussed in chapter 3
and the signals which can be expected from them will be discussed in
chapter 4.
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3. MElHODS FOR MEASURING RESPIRATORY AND HEART-BEAT
SIGNALS OF FISH

Measuring bio-electrical signals of tlsh can be done by several methods.
Mostly used are electrodes attached to the fish or electrodes placed in
water with free swimming tlsh. These methods are particularly used for
detecting breathing movements and/or heart-beat of fish to monitor drin
king water for the presence of toxic substances. In this chapter several
methods will be discussed for detecting the breathing movements and
heart-beat of tlsh and in the next chapter we will see the signals which
can be expected.

3.1 Implanted monopolar electrode

This electrode has been used to record not only the breathing move
ments, but also the electrocardiogram of fish. A single 'active' electrode
is implanted in the vicinity of the heart (fig. 3.1) and records the chang
ing electrical potentials between this electrode and an 'inactive' electrode
in the water [Shelton, 1962; Marvin, 1968; Cairns 1970]. With this system
the ECG is usually superimposed on the waveform recorded from voltage
changes produced by the breathing movements (see chapter 4).

INDIFFERENT
ELECTRODE

GROUND
ELECTRODE

ACTIVE
ELECTRODE

WATER IN

Figure 3.1. Diagram of apparatus for detecting fish ECG and breathing
patterns used by Cairns [1970].
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For short tenn experiments of no more than about two days, this is a
useful method since it gives both heart rate and breathing rate. In more
prolonged experiments, however, it has been found that tissue erosion
around the implanted electrode allows water to leak in, eliminating the
ECG component of the wavefonn and sometimes causing the electrode to
fall out. While this method is useful for detecting the breathing rate, it
does not give an accurate measure of changes in depth of breathing. A
disadvantage of this electrode is that it has to be implanted in the fish,
which will not be a pleasant experience for the fish and has to be done
in a lightly anaesthized fish. After removing the electrode there will be a
wound at the back of the fish.

3.2 Dual external electrodes

Probably the simplest method for detecting fish breathing movements is
accomplished by placing electrodes in the water at opposite ends of a
container containing a fish (fig. 3.2). These may be composed of virtually
any metal; however, stainless steel is preferable. The breathing move
ments of the fish cause a cyclic potential change between the electrodes
of ten microvolts up to several millivolts depending on the size of the
tlsh. Spoor [1971] described an electrode chamber in which a free-swim
ming fish can be kept for a long period of time while recording the res
piratory movements. This method has been used by several other re
searchers afterwards (Rommel, 1973; Morgan, 1974; VanRhijn, 1974;
Cairns, 1975; Slooff, 1977; Gruber, 1979 en 1980; Diamond, 1990).

Figure 3.2. Container with two external electrodes used by Cairns [1975].
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Heath [1972] performed several experiments in order to determine
whether what was being recorded from the external electrodes was due
in fact to respiratory movements. Pressure changes in the buccal and
opercular cavities were detected with pressure transducers simultaneously
with the changes in potential between external electrodes and displayed
on seperate channels of a polygraph (fig. 3.3A).

A ~2- BUCCAL PRESSURE

Eo_~..A.A.r\..,.A
u

ELECTRODE POTENTIAL

SECONDS

B

Figure 3.3. A. Respiratory pressures from a resting trout recorded simul
taneously with the potentials between two external wire electrodes.
B. Electrode potentials produced by wiggling a tinger under water be
tween two external electrodes (no fish present).

Also Heath [1972] compared thin steel electrical wire electrodes and
stainless steel mesh electrodes placed across the ends of the fish contai
ners, containing one 15-20 cm trout. It was found that the sensitivity to
respiratory movements varied considerably with the position of the fish in
the container but seemed to be slightly greater with the mesh electrodes.
However, minor body movements of the fish affected the records from
mesh electrodes far more severely than the single wire electrodes making
it more difficult to obtain good respiratory records using the former.

Another test was done by Heath to find the source of the external po
tentials, because the changes in the potentials have been ascribed to dif
ferent sources. The source could be the changing of the water-resistance
as a result of the water being ejected from the opercular cavities.
Another source was claimed by Spoor [1971] who said that the water
movement around the electrode from the breathing activity disturbs the
electrochemical equilibrium at the electrode surface depending on the
amount and velocity of the water movement. If water movement is the
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source of the electrode potentials, it should be possible to induce chan
ges in the potentials by purely mechanical means, such as stirring the
water. Doing so with a stick did cause a varying measurable potential
with the mesh electrodes. However, with the wire electrodes the stirring,
even when violent, caused relatively little measurable change. Spurting
water in a pulsing manner from a tube under the surface of the water
directly on the wire electrodes also caused little effect. It seems evident
from this that the wire electrode system does not respond to the spurt of
water from the branchial cavities of the fish yet it does detect respiratory
movement as a changing potential between the electrodes.

Another possible source of the external potentials might be the respira
tory muscle potentials of the fish. A finding suggestive of this was obtai
ned by placing a hand in the water of the above setup and moving a
finger back and forth. With wire electrodes, a record not unlike the
waveform produced by the breathing of a fish was obtained (fig. 3.3B).
This was not due to water movement since there was virtually no water
displaced by the finger, and mechanical stirring produced a much smaller
effect. But the real source of the breathing movements was not found.

In general, it seems that the thinner the electrode wires. the less body
movement artifact will be obtained. Of course, if movement is a parame
ter to be measured, then the mesh electrodes would be preferable.

The most severe criticism of the external electrode method for measu
ring fish respiration is that it does not give a measure of breathing
depth. When the fish changes its position relative to the electrodes, the
amplitude of the potentials changes independently of any actual alterations
in breathing. A solution to this problem was suggested by Rommel [1973].
He used a container which was just wide enough for the fish to tum
round, so the fish would always be aligned towards one of the electrodes.

Detecting not only the breathing movements. but also the heart-beat
using external carbon electrodes was done by Rommel [1973]. The heart
beat was clearly distinguishable from the breathing movement on the tra
cing. He checked his results by the use of implanted electrodes (fig. 3.4).
The only restriction using this method is the value of the resistance of
the water, which should be 400 - 4000 ohms/cm.
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Figure 3.4. Comparison of measurements using external electrodes and
implanted electrode by Rommel [1973].

3.3 Methods for measuring only the respiratory signals

Besides the above discussed methods several articles (Heath, 1972; van
Rhijn, 1974; Slooff, 1977; Hellawell, 1986) review less easy to use sensors.
Heath and van Rhijn review all presented methods, the articles of Slooff
and Hellawell are mentioned in the description of the method they discuss
(see section 3.3.2).

3.3.1 Electrical electrode

A technique which is independent of swimming movement and records
only the opercular frequency consists of a bead on the end of two very
thin insulated wires which are inserted through each of the opercular
flaps. The bead lies in the opercular cavity and the movement of the
opercula causes the beads to move back and forth in relation to each
other producing a potential change.

3.3.2 Non-electrical sensors

Instead of a bead it is possible to place a light dependent sensor at
the end of the thin wires inside the opercular cavities. Opercular flap
movements wil cause light moditlcations during the breathing cycle indica
ting the breathing frequency.

To detect the breathing movement of a tish it is also possible to mea
sure the ventilation volume. The technique used most extensively for mea'"
suring the volume of water pumped over the gills has utilized the Fick
principle. In this procedure, the water in the buccal and opercular
cavities is sampled for oxygen pressure, P02, measurements from indwel
ling catheters in the two cavities. The oxygen uptake is also detennined
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and the values then used in the Fick equation to calculate minute volume.
But these measurements have proved to be not very accurate. Not only
are the P02 values variable with respect to time and opercular place
ment, but they are also excessively high, thus giving an erroneously high
ventilation volume (Slooff. 1977; Hellawell, 1986).

Another non-electrical sensor measures the respiratory pressure chan
ges. This is accomplished by inserting fine plastic tubing through holes
punched in the clythrum and snout. The tubing is attached to sensitive
pressure transducers (Hellawell, 1986).

All methods discussed in this paragraph (3.3) are only to be used with
in measuring systems using bigger fish (e.g. trout or salmon) and have
the disadvantage of sensors being attached to the fish.

3.4 Loop electrode

As an alternative to the implanted and external electrodes we used a
loop electrode made of desoldering wire, which was fastened around the
fish behind the front fins (figure 3.5). The advantage of this electrode is
that it doesn't need to be implanted and the amplitude of the breathing
signal is independent of the position of the fish. As discussed for the
dual external electrodes it was not possible to point out the source of
the signal measured with the loop electrode representing the breathing.

Figure 3.5. Measuring system with a loop electrode.
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The results of the test measurements with this loop electrode are dis
cussed in chapter 5. The measurements with the designed automated
measuring system using the loop electrode are discussed in chapter 8.

In this chapter several methods found in the literature have been dis
cussed to measure the breathing and/or the heart-beat signals of fish. If
both signals have to be measured only the implanted and dual external
electrodes are usable. If only the breathing has to be measured all other
discussed methods can be used, but then fish of at least 20 centimeters
are required. Because of the drawbacks of the implanted and external
electrodes and the size of our fish (10 cm) we developed an intermediate
electrode model Cloop electrode) between the implanted and the external
electrode forms. Unfortunately this loop electrode can only be used to
measure the breathing signal of the fish, but because of the advantages
of this electrode we decided to leave out the measuring of the heart-beat
signal in the final measuring system.
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4. EXPECIED RESPIRATORY AND HEART-BEAT SIGNALS

Marvin [1968] used an implanted electrode to measure the cardiac and
respiratory responses to gradual hypoxia in trout, bluegill and catfish.
Breathing movements appeared as smooth changes in potential, with the
QRS complex of the electrocardiogram superimposed on the tracings (fig.
4.1).

Q

b

c

/
Figure 4.1. Polygraph tracings (Marvin, 1968): a. Bluegill, showing phases
of the respiratory cycle with the QRS complex of ECG. b. Trout, taken at
rest. c. Catfish. taken at rest. Timemarks = 1 sec.

Gradually inducing hypoxia resulted first in an increasing heart rate of
the bluegill followed by a sharp fall. Trout showed little change in heart
rate to 80 percent saturation, then a gradual decrease of the heart-rate
followed. This gradual decrease occured immediately in catfish (fig. 4.2).
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Figure 4.2. Gradual hypoxic stress (Marvin, 1968). Heart rate: triangles,
catfish; circles, trout; squares, bluegill.

The ventilation rate of trout stayed nearly constant as oxygen decrea
sed to 50 percent saturation, then a very rapid decrease (fig. 4.3). Blue
gills showed a sharp rise in ventilation rate to 40 percent saturation fol
lowed by a sudden decrease.

120

110

o ~ 20 ~ 40 ~ ~ ~ m 90 ~

o~ t_ioft. % saturation

Figure 4.3. Gradual hypoxic stress (Marvin, 1968). Ventilation rate: tri
angles, catfish; circles, trout; squares, bluegill.
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Also Shelton [1962] investigated the relationship between heart-beat and
respiration in fish. He stated that there would be a close relationship be
tween the amount of oxygen presented to an exchange surface by an ani
malJs breathing movements and the amount of blood pumped through that
surface to transfer the oxygen to the tissues. A discrepancy between the
capacity of the water stream to bring oxygen to the exchanging surface
and the blood stream to take it away would lead to a serious waste of
effort on the part of an aquatic animal, particularly if the lack of balance
was due to excess ventilation. Shelton used tricaine methane sulphate
(MS 222) to anaesthetize tench. He found that the heart rate andJ to a
lesser extent, the breathing rate and amplitude increased (fig. 4.4) within
a minute of running the solution into the tank. Immediately after the fish
stopped breathing the heart rate fell to half the original value. The rate
returned to the higher" value as soon as the fish began ventilating the
gills once more.

The fact that the heart rate did not fall below the normal value can
probably be explained in terms of the accelerating influence of MS 222.
Anaesthetics not having this effect do in fact cause a fall in heart rate
below the unanaesthetized frequency when the animal's breathing fails. A
feature of the low heart rate which results from respiratory failure in
deep anaesthesia is its somewhat irregular nature. This was not seen in
an unanaesthetized eel during a respiratory pause; in this animal the
heart-beat remained regular.

100r-------.---------,--------,

.;
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BfeOlhinQlie

Heor1 rote
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10

Normal water MS 222 NOImol wOler

0 \0 ZO 30 40 ~O 60 70 80

Time, min

Figure 4.4. The effect of Sandoz MS 222 on breathing and heart rate of
a tench. (A) and (C) No anaesthetic. (B) MS 222 present in concentration
of 200 mg/1. (D) Period of respiratory failure. (E) Momentary recovery of
breathing (notice the increase in heart-beat). (SheltonJ 1962)

19



One feature occuring in the lightly anaesthetized animal was a tendency
for the heart-beat and breathing to become absolutely synchronized (fig
4.5).

Figure 4.5. E.C.G. synchronous with breathing in lightly anaesthetized ani
mal (25 mg/l MS 222).

Cairns [1970] studied the effect of 2n2+ on the heart-beat and breath
ing of bluegills using an implanted electrode. He also found the heart
beat as short spikes superimposed on the breathing signal which appeared
as large, relatively smooth changes in potential (fig. 4.6). The heart spikes
and breathing peaks of some fish occasionally became synchronized after
zinc addition (fig. 4.6, lower curve).

Figure 4.6. Polygraph records of bluegill exposed to 2n2+.

Addition of zinc caused the breathing rate of the bluegill to increase.
but in contrast with the results of Shelton [1962] the heart rate dropped
at the same time (fig. 4.7).
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Figure 4.7. Heart rates and breathing rates of a control fish and a fish
exposed to 56 mg/l Zn2+

From the literature discussed in this chapter we can conclude that an
aesthetics and toxins have an influence on the breathing movements and
heart-beat of fish. The measurement of these signals might also give an
insight into the effect of different local anaesthetics on fish. So one as
pect of the measuring system which we want to develop should be the
measurement of both these signals or at least one of them. Taking into
account the conclusions of chapter three one feature of the measuring
system will be the measurement of the breathing movements of fish.
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5. TESTING OF SOME ELECTRODES

In previous experiments fish were only given stimuli without measuring
the breathing movements or the heart-beat [Cornelissen, 1992]. For these
experiments implanted electrodes and common goldfish were used. During
the experiments several fish died. This was the reason why we used big
ger and stronger fish CChubunkins). On the other hand we tried to find an
electrode which would not injure the fish but would also be able to mea
sure the breathing movements and/or the heart-beat of the fish.

First we tested the dual external electrodes (par. 3.2). It was possible
to detect the breathing movements using these electrodes, but the ampli
tude depended on the relative position of the fish to the electrodes as
mentioned in the literature.

To eliminate this drawback of external electrodes, we made and tested
a loop electrode (par. 3.3). This electrode turned out to be quite useful
for measuring the amplitude and frequency of the breathing movements
(fig. 5.1). These tests were done using a differential amplifier (NF electro
nic instruments LI-75A), filter: 0.4 < f < 10 Hz (Rockland Model 452) and
memory oscilloscoop (Philips PM3302).
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Figure 5.1. Breathing signal of a Shubunkin.

Rommel [1973] found that it was possible to measure the heart-beat of
Eel (50cm) and Salmon (20cm) using external electrodes. During these
experiments the resistance of the water was between 400 and 4000
ohms/cm and the filter was set to a bandpass from 10 to 35 Hz. Under
the same conditions and the aquarium placed in a grounded metal enclo-
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sure we tried to measure the heart-beat of the Shubunkins. We tried dual
external electrodes and also a loop electrode but in both cases we were
not able to detect the heart-beat. Another problem using this method is
the fact that the resistance of solutions of local-anaesthetics, which will
be tested in future experiments, might be outside the required range of
400 to 4000 ohms/em.

The mentioned metal enclosure had to be used to eliminate the 50Hz
noise of the mains. Besides this the enclosure had to prevent that move
ments of persons in the vicinity of the aquarium caused a potential diffe
rence between the electrodes, disturbing the measurement.

Another attempt was made using an implanted electrode made of thin
insulated electrical wire (one version made of copper wire with a silver
layer and one made just of copped which was stripped at the tips (fig.
5.2). We insulated the wound with Collodium to prevent water from lea
king into the wound and eliminating the ECG signal. Also this method did
not show the heart-beat signal.

The reason we were not able to detect the heart-beat signal might be
the small size of our fish and an accordingly small heart-beat signal.
Moreover the implanted electrode is relatively large in comparison to the
fish, so using bigger fish would make it easier to use an implanted elec
trode and measure the heart-beat signal.
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Figure 5.2. The implanted electrode.

As mentioned before the implanted electrode has to be implanted in a
lightly anaesthized fish. This means that one has to wait at least 24
hours before the actual experiment can be performed, during which
period the fish will have to swim with an implanted electrode. So finally
we decided to restrict the measuring system to measuring the reaction to
the stimulus and the measuring of the breathing signal using the loop
electrode.
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This loop electrode was tested with regard to its reproducibility to the
stimulus (fig. 5.3). For this test the fish was placed into 'clean' water and
the stimuli were generated every minute as will be discussed in the next
chapter. The reaction to only four stimuli (2%) dUring a three and a half
hours run were different from the other reaction to the stimuli, and these
four were very distinct. Leaving these four 'out-liers' out, the mean value
of the reaction to the stimuli was 2.12 V with a standard deviation of
0.13 V. This result means that the reaction to the stimuli is reproducible
when a loop electrode is used and an electrical stimulus is generated as
will be discussed in section 6.3.
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Figure 5.3. Test of the reproducibility of the loop electrode. The y-axis
represents the amplitude of the electrical stimuli. The datapoints represent
the amplitudes at which the fish reacted to the stimuli. which were gene
rated every minute (see section 6.1 and figure 6.1).

The final form of the loop electrode is a little bit different from the
form used for the early experiments. To tighten the fish the two desolde
ring pieces of the first model which form the loop could be twisted at
the bottom end of the loop. The final model has a clip around the upper
end which can be moved up and down to tighten the fish in the loop
(see fig. 5.4).
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Figure 5.4. Final form of the loop electrode.

The perfonned tests show that the loop electrode can be used to detect
the breathing signals of the fish and using this electrode the reactions to
the stimuli will give a reproducible result.
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6. THE HARDWARE OF mE AuroMATED MEASURING SYSTEM

6.1 The complete measuring system

The detection of the breathing signal discussed in the previous chapters
is just one aspect of the complete measuring system.

The system is used to investigate the 'wash-in' and 'wash-out' of local
anaesthetics in fish!. To measure these processes we need to provide
some sort of stimulus to the fish at regular intervals. We chose an elec
trical stimulus which is provided to the fish every minute (see fig. 6.t) by
means of a loop electrode discussed in paragraph 3.3. The amplitude of
the stimulus increases and above a threshold the fish tries to escape
from the stimulus in a typical C-escape. This violent swimming will cause
little waves which will be detected by a pressure sensor (see par. 6.4).
Now the computer will immediately remove the stimulus from the elec
trode and measure the amplitude at which the signal was interrupted.

Between two successive stimuli the same loop electrode is used to de
tect the breathing movements of the fish. A relay (Ret) is used to choose
between giving a stimulus or measuring the breathing of the fish. Another
relay (Re2) is used to short-circuit both inputs of the differential amplifier
to prevent saturation of this amplifier during a stimulus (see appendix n.

In figure 6.1 the relationship between several signals of the measuring
system is displayed. The upper trace represents the stimulus which has a
maximum duration of 7.5 seconds when there is no reaction of the fish.
The second trace represents the signal of the pressure sensor which
stops the stimulus when a reaction of the fish is measured. After 15 se
conds from the start of a stimulus the measurement of the breathing is
started and it is continued until the next stimulus is started 52.5 seconds
later.

1 This model might even be usable for anaesthetics and analgetics.
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Figure 6.1. Relationship between the stimuli. breathing and pressure sen
sor signals. The duration of a stimulus depends on the moment the fish
reacts to a stimulus (the reaction to the frrst stimulus is at a lower
amplitude than the reaction to the second stimulus. so the duration of the
second stimulus is longer than the first stimulus).

A schematic view of the complete measuring system is shown in figure
6.2. The part for detecting the heart-beat has not been realised in the fi
nal circuit due to the problems concerning the measurement of the heart
beat mentioned in chapter 5.

Aquarium:

Signal of the
: Pressure sensor I Fish wi th electrodespressure sensor

2X
Stimulus

"""r
ampl.: 0-5 V --.e.- 0····· Relay
freq. : 50 Hz

1 X - 10 X 1000 X

I Filter IBreathing : Filter IIsignal I ~ 3.5Hz I I ~0,6Hz

1 X - 10 X

Heartbeat IFilter ~
signal 110Hz-33Hz

Figure 6.2. Schematic view of the hardware.
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6.2 Amplifier and filter to measure the breathing signal

The first amplifier stage is built around a differential amplifier (Analog
Devices AD 524) to get a high input impedance and little common mode
noise (see appendix n. Before this amplification of one thousand times a
high pass filter (fc = 0.6 Hz) is placed to eliminate any DC-component.
After this first amplification stage a low pass filter (fc = 3.5 Hz) and an
amplifier with variable gain (t-lOx) are placed to measure the breathing
signal.

Gruber [1977] suggested this circuit for measuring bio-electrical signals
of fish, using the equivalent Analog Devices AD 521 differential amplifier.

6.3 Producing the electrical stimulus

An electrical square wave (f = 50 Hz) of increasing amplitude is used
as the stimulus. This stimulus is generated by the computer and has a
maximum peak-peak value of 5 Volts. This is sufficient in combination
with an implanted electrode, but when one uses a loop electrode this sig
nal has to be amplified to 10 Volts. Switch S2 (see appendix 1) has to be
set to the appropriate value.

The reaction to a stimulus has to be reprodUcible. Cornelissen [1992]
found that an increase of 0.66 Volts/sec and a frequency in the range
from 50 to 350 Hz gave reproducible results.

We let the 5 Volt signal increase by 0.66 Volts/sec; this means that
the 10 Volt signal increases by 1.32 Volts/sec. The latter gives also re
producible results. Both signals will take 7.58 seconds to reach their
maximum value.

6.4 Pressure measuring

To detect the reaction (C-escape) of the fish to a stimulus we used a
pressure sensor. The sensor consists of a hollow half-cylinder Oength: 20
cm. width: 3cm. height: 2cm) which is partially lowered into the water
(see figure 6.3). The sensor is connected to a so called 'Pneumotacho
graph' (see appendix 3), which can detect very small changes in pressure.
The connection from the sensor to the 'Pneumotachograph' is made of a
small tube (diameter of the inside: 2mm). A second small tube (same dia
meter) connects the cavity of the cylinder to the surrounding air so the
pressure can return to normal after a reaction of the fish has occurred
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and the amplitude of the stimulus has been stored (Cornelissen, 1992).
One end of this second tube can be narrowed to change the time con
stant of the pressure sensor, but the system functioned well with the end
of this tube fully opened.

The 'Pneumotachograph' can be connected to a computer using the
connectors at the back of the apparatus.

..--:::================0 Pu-pneUlDOtachograph

tube to the
surrounding ai r

~...........---~r----~-ft,.,
pressure
sensor

..............................

ground electrode

.....:.-i.

loop electrode

Figure 6.3. The positions and connections of the loop and ground electro
de and the pressure sensor.
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7. TIlE SOFIWARE OF TIlE AUfOMAlED MEASURING SYSTEM

7.1 The Labtech Notebook software

The program Notebook is used to collect the data and produce the
electrical stimuli. An Advantech PCL-718 data acquisition card (see Ap
pendix 4) is used to connect the computer to the equipment and electro
de (see appendix 2).

We had at our disposal the DOS and Windows versions of Labtech
Notebook. To test the performance of these versions we realised a setup
in both versions producing a square wave of 100 Hz which was sent to a
0/A converter. This signal was visualized using an oscilloscope. We found
a unstable signal using the Windows version, so we chose the DOS ver
sion which was able to realise a stable square wave signal. There are no
other differences between both versions, except that it is possible to use
the mouse in the Block menus in the Windows version. Besides this it is
possible to perform real time data exchange between the Windows ver
sion of Notebook and a spreadsheet like Excel or a wordprocessor like
Word for Windows.

7.1.1 Brief description of Notebook

Notebook is a data acquisition program which can be used to automate
all sorts of experiments and production processes. Notebook is an icon
based graphical interface with which the software part of the wanted set
ups can be realised. There are two versions of Notebook: standard and
Notebook/XE. The latter has some additional features like a C-Icon
development kit. This kit can be used to program additional icons in the
programming language C, which can be used like the existing icons. We
used the standard version of Notebook.

The graphical interface of Notebook is called ICONview and is shown
in figure 7.1. Working in ICONview has to be done by mouse.
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Figure 7.1. The screen of ICONview showing the window in which a set
up can be visualized using the icons on the bottom bar which are discus
sed in this paragraph.

A setup can be realised by using the icons shown on the bottom bar.
The icons can be connected to show their relationship and the data flow.
There are three sorts of icons:

- screen icon: shows the screen which will be seen during a run:
the displayed windows can be sized and positioned
using the mouse

- file icon: defines the datafiles which will be created dUring a
run (filename, headers, field width, data format)

- block icons: define the input and output blocks and calculations
on signals

The following block icons can be used:
- analog input block
- digital input block
- counter input block: uses the counter on the data acquisition card
- frequency input block: measures the frequency of a TIL input signal
- RS-232 input block: can be used to acquire data from remote in-

sta��ations

- REPLAY block: can be used to read a datafile which has been re
corded during a previous nm
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- other input blocks: temperature, resistance and strain gauge mea
surement

- analog output block: open loop (this block reads a file in which the
signal which has to be sent out is defined)

- analog output block: closed (PID) loop (this loop can be realised
using an input and output block)

- digital output block: open
- digital output block: closed loop
- analog or digital ECHO block: the values of an input block can di-

rectly be sent to an output port independent of any feedback
from the controlled system

- pulse generator
time block: records the time since the beginning of a run or since

the last time the block has been triggered
- resettable greatest: C-icon example, this block holds the greatest

value of a signal until a reset
- calculated blocks: these blocks can be used to perform all sorts of

data transformation. Some examples of calculated blocks:
X+Y dX/dt block average OFF n..m
sin (X) integral(X) moving average OFF all

- time delay (before a stage starts)
- analog/digital trigger value
- analog trigger polarity
- number of samples to save (pretrigger)

Blocks menu
Blocks can be defined in the Blocks Menu. Several

block-specific but the following are used in all blocks:
- block type
- buffer size
- number of iterations
- number of stages (1-4)
Definitions in every stage:
- sampling rate
- stage duration
- start/stop (triggering)
- trigger block

definitions are

The maximum number of stages for each block is four. Each block can
be started or stopped immediately, with a time delay, keypress or trigge
red by another block. The first stage is only performed once, the other
stages will be performed as many times as specified in the option number
of' iterations.
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Traces and screens
All signals can be seen on the screen during a run when a trace and

screen are defined for the specific block. There are four types of traces
available: T-Y and X-V traces, bars and digital meters. The screens can
be sized and placed on a preview display using the mouse. The T-Y tra
ces can scroll when a trace has reached the right side of the screen.

The easy way in which traces can be defined and changed is one of
the advantages of using Notebook.

7.1.2 Limitations of the software

This project was also meant to find out if a software package like
Notebook can be a good alternative for a program realised in Turbo Pas
calor C to control a measuring system. Before this project was started
we didn't know what the possibilities and the drawbacks of this sort of
software would be, so the specifications were established during the reali
sation of the measuring system.

During the realisation of the setups we came across several limitations
and drawbacks of the program Notebook. We could get around these
limitations by using the mentioned alternatives.

In Normal Mode the maximum sampling rate per block is 1 kHz. The
maximum total sampling rate (number of blocks * highest sampling rate)
depends on the machine that's used. For a 80386 40MHz with co-proces
sor this maximum sampling rate is 4200 Hz, but when calculated blocks
which have to perform more complex calculations (e.g. calculation of a
block average) are used this value decreases.

As indicated the number of blocks has to be multiplied with the highest
sampling rate used for a block to calculate the maximum total sampling
rate. This means when a maximum total sampling rate of 4200 Hz can
be used only 4 blocks at most can be defined if one of these blocks is
sampled at 1 kHz.

If you need higher sampling frequencies you can use the high-speed
mode. In this mode you can sample up to 50 kHz, but you will not be
able to display real-time graphics and you cannot use any of the output
channels.

So we used the Normal Mode for our measuring. But we also encoun
tered some limitations in the display possibilities in this mode. We wanted
one of the displays to show the average of the breathing rate over every
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last twenty seconds. We used a X-Y graph in which had to be put a dot
every twenty seconds indicating the average. But during the run this dis
play did not appear, although the values where correctly written to file.
Also, using a digital meter display instead ofaX-Y graph did work cor
rectly. Defining a block with one stage and a sampling frequency of 1/20
Hz did also work correctly with a X-Y graph, but defining a block with
more stages which were to be triggered by other blocks did not work
with the X-Y graph unless the block was turned on and off by calculated
ON/OFF-blocks.

We wanted to use one D/A-converter to generate a block wave signal
with increasing amplitude and a frequency of 50 Hz as an electrical sti
mulus for the fish (see paragraph 6.3). To do so we defined an analog
output block, which had to be interrupted after the 'C-escape' response of
the fish. After one minute the next stimulus had to be started, but this
was not possible by defining just one analog output block, because within
one output block one has to define the file from which the values can be
read. These values will be sent out to a D/A-converter which is specified
in the same block. So when the reading of the file is interrupted as a
result of the reaction of the fish, the next stimulus will start with the
next value in the tile. To let the next stimulus start from zero we had to
detlne an analog ECHO-output block, which read the values of the analog
output block and could be interrupted while the analog output block went
on reading the file until the end, so when the next stimulus had to be
started the file was read from the beginning. A disadvantage of this solu
tion is the use of two D/A-converters, one for the normal analog output
block and one for the analog ECHO-output block, while just one analog
output signal is needed.

Another problem concerning the stimulus was a negative dip of the D/
A-converter at the beginning of some stimuli. We found that this dip
occurred when the previous stimulus was interrupted on a positive value
and did not occur when the previous stimulus was interrupted on a nega
tive value. To overcome this problem we implanted the interruption in
such a way that the last value sent out to the D/A-converter always
would be a negative value.

The last problem concerns the lack of a resettable counter. To standar
dize the time at which we would put the fish in 'clean water', we wanted
to count how many times the fish had not been able to give any reaction
when it had been anaesthetized. We decided that this would be after ten
successive times. So if after several times of 'no reaction' the fish did
react again the counter had to be reset. Unfortunately this could not be
implemented with just one block. Instead we had to define two counters
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which both would have to count the number of 'no reactions'. Another
block would read the value of one counter when the fish did react again.
This value would then be subtracted from the other counter resulting in
the number of successive 'no reactions'.

7.1.3 The setups used for the measuring system

In this paragraph the realised setups we used in the measuring system
will be discussed. At the end of this paragraph several aspects concer
ning the use of batch files, the files used in the input blocks and the
created files during a run will be discussed.

In the Users Manual (see Appendix 0) a step by step approach discus
ses how measurements have to be performed.

Measuring the breathing movements

Setup: AU
This setup can be used as an oscilloscope: only the signal from the

breathing Cfs=100Hz) is shown on the screen. This signal is not stored in
a file and there is no stimulus generated. This setup is meant to be used
before the actual experiment is started to see if the fish has stopped
swimming violently as a reaction to its new environment.

Measuring the static diagram

Setup: STATIC
This setup can be used to realise a static diagram. It is possible to

generate a stimulus at any time (Alt-t). When a stimulus has been gene
rated. one has to wait at least for one minute before the next stimulus
can be generated. The amplitudes of the stimuli to which the fish reacted
are stored in the files pnk.t;#.pnJ. Also the times at which the fish re
acted to the stimuli are stored in this file. One has to write down the
concentrations of the local anaesthetics in relation to the stimuli, so that
this relationship can be reconstructed later on when the graph is created.

During these experiments the breathing signal is shown on the screen,
but is not stored in a file.
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Measuring the dynamic diagram

Setup: REGIS
Every minute this setup automatically generates a stimulus and mea

sures the breathing movements of the fish between two stimuli. The setup
REGIS can be used with the loop electrode (Vstimulus < 10Volt), the set
up REGISSV can be used with an implanted electrode (Vstimulus < SV).
The amplitudes of the stimuli are stored in the files pnxlI.pm and the
complete breathing signal is stored in the files aIJ#.pm. Before every ex
periment one has to change the number in the names of the files at the
places indicated by the symbol ** (later on will be discussed how this
numbering can be automated).

The fish has to be put into 'clean' water as soon as the fish is no
longer able to respond to the stimuli or the amplitude is no longer in
creasing. After more than four hours (15000 seconds) the experiment is
automatically stopped (the setup REGISEXT is the same as the setup RE
GIS but will run for 8.5 hours (30000 seconds), the extended version of
REGISSV is called REGIS5EY).

Input Output

PC

I Screen + Files:

lAID I Breathing signal
breath.1ng signall 150HZ (ah-. prn)

Ampl.1 tude of the
I stimul.1 (prik-.prn)

IDataflle with I ,
I D/A stimulus signal

stimulus signal I

I AID pressure I
: Relays Isensor signal I

Figure 7.2. Schematic view of the setup REGIS

Setup: ANA
Every twenty seconds this setup calculates the mean values of the

amplitudes and frequencies of the breathing signal which has earlier been
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collected with the setup REGIS and has been stored into the file ah=.pm
(ANAEXT has to be used when the setup HEGISEXT or BEGIS5EX has
been used during the experiment). The amplitudes are stored into the
files amp/Jf.pm and the frequencies into the files Jreqlf.pm. Also the num
bers in these filenames need to be changed before every experiment;
moreover the number has to be changed in the REPLAY block of the file
ah=.pm which has to be read.

'PC

Screen + Files:

Datafilewith I Average ampl1 tudes of the
breathing sJ.9na l J

I breathing signal (ampl-. prn)(ah-.prn)
Average frequencies of the
breathing signal (freqlC. prn)

Figure 7.3. Schematic view of the setup ANA.

Automated analyses of several breathing signals in succession

A batch tile can be used to analyse the breathing signals of several
experiments in succession. To use this feature it is necessary to create
as many setups ANA as breathing signals have to be analysed. The wan
ted filenames have to be written in every setup (for example: setup ANA!
reads file an/pm and creates the files amp/.I.pm and freq/pm, next set
up ANA2 reads file ah2pm and creates the files amp/2pm and
ITeq2pm).

A few options in the INSTALL/OPTIONS menu have to be changed be
fore an automated run can be performed:

- no keypress before or after a run
- no checking on existing datafiles (only if old datafiles can and will be

ovenvritten)

Automated datafile numbering

The numbering of the datatiles pn'kJl.prn, ahJl.pm, amp/l1.pm and
IreqJl.pm can be automated. This can be achieved by replacing the num-
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ber at the place of the u-symbol by the &-symbol. The number will be
stored in a file having the same name as the datafile but with the
extension .ver (for example: the serial number of the file pn"k&.pm will
be stored into the file pn"k. ven. When one wants to start using this auto
mated numbering when datafiles already excist, it is possible to change
the serial number in the file with the extension .ver.

The only number in a name which still has to be changed when the
automated numbering is used, is the name of the file (ahu.pm) in the RE
PLAY block in the setup ANA.

Files used in the output blocks

A signal which has to be generated and sent to a OfA converter or
digital output port has to be read from a file. This file is read into a
buffer of which the size has to be equal to the number of datapoints in
the file. When the setup is run these datapoints are read from the buffer
and sent out with the specified sampling rate. These datafiles can best
be created in Lotus, especially long datafiles.

The file pn'kke/.pm is read in by the analog output block pnJdl7e. This
file contains the datapoints of the stimulus. To generate the 50Hz square
wave signal this file has to be read at a sampling rate of 100Hz.

The file re/alfi.pm is read in by the digital output block re/al<;. This file
contains the values which will be sent successively to the output port
every time the block re/aifi is triggered. Every time a stimulus is started
both relays (Re1 and Re2 in appendix 1) are switched on. After 12 se
conds Rei is released, half a second later followed by Re2. Both relays
stay released until the next stimulus is generated.

Files created during a run

Data collected during a run can be stored into one or more files.
When more than one signal is stored into the same file, the stored sig
nals have to be sampled at the same rate and triggered at the same
time.

In our experiments the datapoints in the files pn"k#.pm, amp/#.pm and
rreq#.pm are stored as ASCII Reals. When data is stored in ASCII Real,
Notebook uses the scale factor and offset constant specified in the block
of which values are stored. This means that the stored values are the
real voltage or frequency values as shown on the screen during a run.
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These values can be used for data analyses in other applications (like
SPSS) without dataconversion.

A disadvantage of storing in ASCII Real is the large size of the data
points (size of one datapoint: (field width + 1) bytes). The large size of
the datapoints is no problem for the above mentioned datafiles, but this is
different for the datafile MII.pm because this signal is sampled at a rate
of 50Hz. This would mean a filesize of 3 Mbytes for an experiment of
15000 seconds and a field width for the datapoints of 3. To reduce the
filesize we chose the Binary Integer storage mode. In this mode the size
of the datapoints is limited to 2 bytes (this means a total filesize for
MII.pm of 1.5 Mbytes). Now the values of the AID converter are stored
instead of the real voltage values. To regain the real voltage values when
the datapoints of MII.pm are read by the setup ANA a conversion is
needed. This can be done by defining a scale factor (4.88*10-4) and an
offset constant (-1) in two calculated blocks eX) following the REPLAY
block.

7.2 Data processing using SPSS

To produce a graphical representation of the datafiles the program
SPSS is used. When a diagram is drawn SPSS can be used to calculate
a regression curve.

The datafiles pn'kll.pm, ampJII.pm or freqll.pm can be loaded into SPSS.
These files have been stored in the subdirectory NBD, unless another
directory has been defined when these files were created. The files have
to be read as TAB-delimited.

After a graph has been drawn it is possible to resize the axis and cal
culate a regression curve in the EDIT mode. The regression method
which has to be used is the so called Lowess regression (gives first im
pression; not always accurate). This method calculates a curve through
the graph in pieces indicated by the number of datapoints defined in the
option % ofpoints to fit based on a locally weighted algorithm. When this
percentage is set to 10 a graph consisting of one hundred datapoints will
be divided into 10 pieces in which a regression curve will be drawn cal
culated from the datapoints in every piece of the graph. When the data
points have a high variance in a part of the graph it is not always pos
sible to fit an accurate curve (see fig. 8.4). The curves are only meant
as a visual aid for the users, they may not be used for conclusions. An
example of this is shown in the amplitude graph of figure 8.9. After 7000
seconds the fish regularly pauses breathing, this results in a curve at half
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the amplitude of the breathing between the pauses. But what can be con
cluded from this phenomenon has to be investigated in future experi
ments.
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8. MEASUREMENTS WIlli THE AUfOMAlED SYSTEM

8.1 Experiments with unanaesthetized fish

As a test of the designed measuring system. several measurements on
fish have been done. In this paragraph we will discuss the results of ex
periments on unanaesthetized fish. In the following paragraphs we will
describe the results of the experiments in which the fish were anaesthe
tized.

Experiments with fish in 'clean' water can be used to test the reprodu
cibility of the reaction to a stimulus using a particular electrode. We
used these tests to check the reproducibility of the loop electrode as dis
cussed in chapter 5. The picture shown in figure 5.3 shows the satisfying
result. Besides this the experiments can give an insight into the nonnal
breathing patterns of the fish. During the experiment shown in figure 5.3
the breathing of the fish was measured. The average of the amplitude
and frequency of the breathing are shown in figure 8.1. The amplitude of
the breathing signal is defined as the peak-peak values of the breathing
signal in Volts after amplification of 1900 times. Because there is no ap
parent source for the signal representing the breathing (see par. 3.2) the
amplitude graphs will have no units along the y-axis.
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Figure 8.1. The amplitude and frequency of the respiration of a fish in
'clean water'.
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The large variation of the amplitude is caused by the quite irregular
breathing of the fish. Due to the fact that fish are coldblooded animals
they can afford to have pauses of up to several dozen of seconds in
their breathing movements. The fact that the fish was stimulated every
minute didn't influence the pauses in the breathing. Indeed, the fish did
start breathing several times after a stimulus when it had paused breath
ing before the stimulus. But on the other hand, the fish stopped breathing
after several other stimuli when it did breath before. So no relationship
could be found between the breathing pauses and the stimuli.

Although the amplitude of the breathing shows a large variation it is
necessary to measure this variable because it shows when the fish com
pensates a change in breathing rate with a change in amplitude. As we
will see later on, the breathing rate as well as the amplitude will rise af
ter a local anaesthetic has been added to the water, contrary to the
situation shown in figure 8.1 where a rise in frequency is compensated
for by a decrease in the average amplitude. So we suspect that the re
sulting effect of the breathing movements might be constant during this
experiment with the fish in 'clean' water.

The progress of the frequency graph can be explained by the way the
average of the frequency is calculated. The calculation of the frequency
of the breathing signal is stopped when the amplitude drops below a
threshold voltage (0.1 Volt). So the number of datapoints in the frequency
graph will be lower than the number of datapoints in the amplitude graph
when the fish regularly pauses its breathing. After a pause of the breath
ing the time since the last breathing movement is used as one value in
the calculation of the average frequency. The result of this procedure is
that there are no low values in the frequency graph as a result of pau
ses in the breathing.

8.2 Experiments with Lidocaine

As discussed in chapter 2, one can use a double step response of the
doses to measure the effect of a local anaesthetic. These tests are the
main purpose of the designed measuring system. So the presented results
in this chapter concern these tests. In this paragraph we will see the ef
fect of several doses of Lidocaine on fish.

First we look at the effect on the reaction of the fish to the stimulus.
Three experiments are shown (fig. 8.2, 8.3 and 8.4) with an increasing
concentration of Lidocaine: 0.37, 0.74 and 1.48 mmol/l. These concentra-
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tions were found in the literature and used by Cornelissen [19921
The graphs are divided into three parts. During the first and third part

the fish were swimming in 'clean' water, The second part is the period
during which the fish were swimming in a solution of Lidocaine.
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Figure 8.2. Reaction to the stimuli in a concentration of 0.37 mmolll Li
docaine. Lidocaine added to the water: t=470s; fish stopped breathing: t=
4220s; fish placed into 'clean' water: t=5045s; fish started breathing: t=
5360s.
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Figure 8.3, Reaction to the stimuli in a concentration of 0.74 mmolll Li
docaine. Lidocaine added to the water: t=540s; fish stopped breathing: t=
2860s; fish placed into 'clean' water: t=4170s; fish started breathing: t=
4930s.
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Figure 8.4. Reaction to the stimuli in a concentration of 1.48 mmolll Li
docaine. Lidocaine added to the water: t=400s; fish stopped breathing: t=
1120s; fish placed into 'clean' water: t=1770s; artificial respiration applied:
t=4500s till t=5190s. (see section 7.2 for an explanation of the poor curve
fit result)

In the first two experiments the fish could be stimulated to start
breathing again after it had been placed into clean water for some time.
In the last experiment the fish still didn't breath after 45 minutes in
'clean' water and a stimulus every minute. We decided then to resuscitate
the fish by applying artificial respiration. This was done by means of a
tube hanging with one end into the water, then going through a pump
and the other end placed into the mouth of the fish. After 15 minutes the
fish was able to breath again on its own. Although the fish didn't breath
for more than one hour it survived the experiment and recovered fully.
Due to the fact that the fish has been removed for some time from the
measuring system the results of this experiment are not completely com
parable to the other measurements, but it gives still a good idea of the
'wash-out' characteristic.

The most important information of the 'wash-in' and 'wash-out' characte
ristic can be found in the graph of the stimuli. Additional information can
be taken from the breathing signal. The amplitude and frequency of the
breathing signal of one experiment are shown in figure 8.5.

44



.'··. .· .. ..
.'_:: . .~.... . \- "....,
~, .. ..... ..~
~ p"" ·.i :l':"
~

....:... :... ~.-
• • GI • "'- , ..~~
• • -\...._~./~~•••o •

~~ ~~., .i-. ,... .~ ... ,
i

....

'.I-N '.1::c •->, ...
()
c: .
~,.1
0'
~

~'" ,
c:

.I0.=
.~ .. ...
C.en
(II .' .

c::
.I

U- ..... .- - • - -.
u .....~'-:_.................-:_~~_=.:...:.:...:.~_=-._"'='='~~~":="~:::!.

1.1

'.'
'..

~ ~
..
•a:.= ..

c.E J
lU

Time (sec) Time (sec)

Figure 8.5. The amplitude Cleft) and frequency (right) of the breathing sig
nal in the experiment with 0.37 mmolll Lidocaine.

In figure 8.5 we can see that the amplitude of the breathing almost im
mediately increases after Lidocaine has been added to the water (t=470s).
The frequency starts to increase when the fish gets anaesthetized (t=
1500s). The anaesthetizing effect can be seen in figure 8.2 where the re
action to the stimuli increases after t=1500s. This hyperventilation is also
seen when patients are anaesthetized by means of gaseous anaesthetics.
When the fish has been in a Lidocaine solution for some time. the ampli
tude starts to decrease but the frequency keeps on rising, until the am
plitude has become too small to be able to detect any frequency. After
the fish has been put into 'clean' water and starts breathing again, the
amplitude first rises very fast above the normal amplitude values for a
short time. Then a more or less stable situation is reached at normal
values, where changes in amplitude are compensated for by changes in
frequency like the situation in the experiments with unanaesthetized fish
(see fig. 8.n.

Several variables of the 'wash-in' and 'wash-out' characteristic are
shown in table 8.1. The 'wash-in' time is defined as the time between the
moment the fish is placed into the local anaesthetic and the moment the
fish is no longer able to react to the stimuli. The 'wash-out' time is
defined as the time between the moment the fish is placed into 'clean'
water and the moment the trend of the stimuli has reached the starting
values. For some experiments the 'wash-out' time had to be calculated
after extrapolation of the curve. This is the reason why for future experi-
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ments a setup has been made with a run-time of 8.5 hours.
The variable 'stop breathing' is the time between the moment a local

anaesthetic has been added to the water and the moment the fish stops
breathing. The variable 'start breathing' is defined as the time between
the moment when the fish is put into 'clean' water and the moment the
fish starts breathing again.

Table 8.1. Several variables of the 'wash-in' and 'wash-out' characteristic
of Lidocaine (*: indicates extrapolation).

Concentration 0.37 0.74 1.48
Udocaine (mmol/I)
wash-In (sec) 4500 3300 1000
wash-out (sec) 11000 15800* 22200*
stop breathing (sec) 3750 2300 700
start breathing (sec) 300 750 3400

8.3 Experiments with BAB

As mentioned before, these experiments are meant to do research on
long active local anaesthetics. The experiments with the well known Lido
caine were merely meant to see if the measuring system could give any
significant results at all. Well known local anaesthetics can be used as a
reference for other local anaesthetics (including 'new' ones).

In this paragraph we will see the results of experiments with BAB (bu
tyl-p-aminobenzoate). Three experiments are presented with increasing
concentrations: 0.01, 0.02 and 0.05 mmol/l BAB. These concentrations
were chosen because they result in 'wash-in' characteristics similar to the
'wash-in' characteristics of the experiments with Lidocaine. Due to the
low solubility of BAB it wasn't possible to make a solution with a high
enough concentration, of which several milliliters could be added to the
water with the fish like Lidocaine. Instead we had to make a solution of
several liters with a concentration of 0.04 and 0.05 mmol/I BAB. This
meant that we had to start the measurement after the fish had been
placed into the BAB solution. That is why the graphs of these experi
ments are divided only into two parts. During the first part the fish were
swimming in a solution of BAB; during the second part they were swim
ming in 'clean' water.
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Figure 8.6. Reaction to the stimuli in a concentration of 0.01 mmol/l
BAB. Fish placed into 'clean' water: t=5120s.
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Figure 8.7. Reaction to the stimuli in a concentration of 0.02 mmol/l
BAB. Fish placed into 'clean' water: t=3300s.
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Figure 8.8. Reaction to the stimuli in a concentration of 0.05 mmol/l
BAB. Fish stopped breathing: t=1100s; fish placed into 'clean' water: t=
1400s; fish started breathing: t=2670s.

During the first two experiments CO.Ol and 0.02 mmol/l BAB) the fish
didn't stop breathing (see fig.8.9) although the 'wash-in' characteristics of
figure 8.6 and 8.7 are comparible to those of Lidocaine. The reason for
this phenomenon needs further study. The breathing did start to decrease
slowly but the fish wasn't able to react to the stimuli anymore, so the
fish was placed into 'clean' water.

Besides this we see a much faster 'wash-out' characteristic for BAB. A
possible explanation might be the break down of BAB by acetylcholineste
rase. It is known that fish have quite high concentrations of acetylcho
linesterase. The unexplained variable effect of BAB on patients might be
caused by different concentrations of acetylcholinesterase of the patients.

During the experiment with 0.05 mmol/l BAB the fish did stop breath
ing. But this concentration resulted in a much faster 'wash-in' than the
shown situation with 1.48 mmol/l Lidocaine, where artificial respiration
had to be applied to resuscitate the fish (fish started breathing after 3400
seconds). This in contrast to the situation with a relatively high concen
tration of BAB where the fish could be stimulated to breath again after
only 1300 seconds by applying the electrical stimuli every minute.

48



..
. . :

I,I...------r---------------,I ...,.----..,.....------------;
]

gul
>.,g2.01 •
Q) •

50
Q) •

tC'"
c •
.S!
'tU ',0..
'aen
Q)

a:: "

Time (sec) Time (sec)

Figure 8.9. The amplitude (left) and frequency (right) of the breathing sig
nal in the experiment with 0.02 mmol/l BAB.

Several variables of the )wash-in) and )wash-ouf characteristic of BAB
are shown in table 8.2. The definitions of the used variables are descri
bed preceding table 8.1.

Table 8.2. Several variables of the 'wash-in' and )wash-ouf characteristic
of BAB. (*: 'Wash-out' only until t=6000 seconds. This measurement was
merely done to measure the 'wash-in' characteristic at a high concentra
tion of BAH).

Concentration 0.01 0.02 0.05
BAB (mmol/l)
wash-In (sec) 4000 1800 700
wash-out (sec) 2100 3400 •
stop breathing (sec) - - 1100
start breathlna (sec) - - 1300
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9. CONCLUSIONS AND RECOMMENDATIONS

Several methods for the measurement of the breathing and heart beat
signals were found in the literature. As a final model for our measuring
system we designed a loop electrode which can be seen as a
intermediate model between the implanted and the dual external electro
des presented in the literature.

The loop electrode can be used as stimulus electrode and as measure
ment electrode of the breathing movements of the fish. The heart beat
couldn't be measured with the loop electrode, but tests with an implanted
electrode also failed to detect the heart beat of the fish. The use of lar
ger fish and a loop electrode might bring out the heart beat signal; the
use of larger fish and an implanted electrode will most certainly be able
to detect the heart beat. But the implanted electrode is not so easy to
use, so we decided to use the loop electrode for the measuring system
and to restrict the measurements to the breathing signal.

The loop electrode of desoldering wire starts to oxidate after several
weeks. The use of a loop electrode made of silver eliminates this pro
blem, but the loop electrode made of desoldering wire is cheap and easy
to constnlct. So it can easily be replaced after it shows signs of oxida
tion.

The use of a software package like Labtech Notebook has its advanta
ges, but also its drawbacks in comparison with a programmed application
in Pascal or C. An advantage is the high level on which one can design
setups. For example, one doesn't need to know anything about the regis
ters used by the data acquisition card. Another advantage is the easy
way in which graphics can be realised. On the other hand it can some
times be quite difficult to realise something which wasn't thought of by
the designers or to overcome errors in the software.

The results shown of experiments with Lidocaine and BAH were recor
ded during runs of more than four hours. In several cases this run-time
wasn't enough for the stimuli to return to their starting level during the
'wash-out' period. To have the possibility to measure the complete 'wash
out' characteristic during future experiments setups have been created
which run for eight and a half hours. A shorter run-time can be achieved
by interrupting a run by means of a keypress CALT n. Taken into ac
count the results shown in table 8.1 and 8.2 a run-time of 8.5 hours
should be enough for most of the experiments. If this run-time should not
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be enough for an experiment the run-time can be extended using a batch
file as discussed for the analyses of several breathing signals (see appen
dix 0, section 2.3).

The only moments during an experiment that someone has to be pre
sent are the moment the fish is put into the container to get used to the
new situation, the moment the fish is placed into a solution of a local
anaesthetic and the moment the fish is placed into 'clean' water again.
The measuring system is automatically stopped when the defined run-time
is reached so the fish need not to be taken out of the container imme
diately at the end of an experiment.

The presented experiments were performed with one container which
had to be cleaned after the fish was taken out of the solution of a local
anaesthetic before the measurement could go on with the fish in 'clean'
water. It's better to use two identical containers so that this exchange
can be performed faster.

In future experiments several additional variables might have to be
measured, such as the temperature and the degree of acidity of the wa
ter. To standardize the measuring procedures the fish have to be taken
out of the solution with the local anaesthetic and placed into 'clean' wa
ter at a predetermined time (e.g. after three successive times of 'no
reaction' to the stimuli).

Shubunkins are suitable fish for experiments with local anaesthetics. We
used the two available fish for over ten experiments in which they were
fully anaesthetized. Neither fish showed any sign of long lasting damage
and they can still be used for experiments. For statistically justified re
sults it is necessary to do experiments on more fish for every concentra
tion of the local anaesthetics. For this reason five more fish have been
bought. Experiments must show if a total of seven fish will be sufficient.

The presented measuring system cannot only be used for tests on local
anaesthetics, but might also be used for tests on 'other' anaesthetics, like
sedatives. Other experiments for which the measuring system might be
used are experiments concerning the effect of toxins on fish. It is com
mon practice that fish are analysed in vitro (after they have been killed
and 'homogenized') on concentrations of acetylcholinesterase after they
have been exposed to sublethal toxic solutions (Van der WeI, 1989). This
acetylcholinesterase (AChE) is a good measure for toxic substances, be
cause a lot of toxins break down AChE. If AChE in tum breaks down
BAB, fish can be analysed in vivo using this measuring system to deter
mine the remaining concentration of AChE in the fish as a measure of
the activity of the toxins.
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Appendix O. User's manual of the automated measuring system.
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1. BUILDING UP TIlE MEASURING SYSlEM

Connecting the preamplifier
- +12V,-12V and ground; +5V and ground of the supply
- loop electrode by means of a plug attached to the metal cage
- pressure sensor (see appendix 2+3 for connections and adjustments)
- 2 connectors for analog signals of Advantech board Ccon.! + con.2)
- 1 connector for digital signals of Advantech board Ccon.3)

(see appendix 2 for the connectors)

pressure sensor electrode

© ©
~on.1 ~on.2

_-J1 1_-

con. 3

I I

@@
+5V +12V

~~
@
-12V

Figure 1. The connectors at the backside of the preamplifier.

Adjustments of the preamplifier
- amplification factor of the breathing signal (1200 - 14000 times)

switch (81): amplification 100 or 1000 times
switch (tum, Pt): variable amplification 1.2 to 14 times
amplification using a loop electrode: 1900 times

- maximum amplitude of stimulus Vtt = 5 or 10 Volt (S2)
implanted electrode: 5V
loop electrode: 10V

1IIIIp11flc:aUon breathing signal

100X ~1000X 0
1.2X - 14X

at1l11Ulua

5V G:>10V

Figure 2. The switches for the amplification of the breathing signal and
the maximum amplitude of the stimuli.
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Building up the measuring system before an experiment
- fill the container with the desired amount of water (Temp = room

"NB1:er

temperature)
- position the loop electrode around the fish (see fig.3)
- connect loop and ground electrode by means of a probe
- place pressure sensor into the container (the bottom side has to be

in the water)
- place the metal cage over the container
- wait at least 1 hour so the fish will have stopped swimming violantly

----===========0 Pu

vbreathing

Figure 3. Position of the loop electrode around the fish.
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2. LABTECH NOTEBOOK

2.1 Perfonning measurements

Starting Labtech Notebook

C:\NBD\NB

Recalling wanted setup:
Select SA VE/NECALL - NEC4LL and enter name of the wanted setup.

Setup

DRUK
AH

STATIC
REGIS

REGISEXT
REGISSV

REGIS5EX
ANA

ANAEXT

Function

to check the signal of the pneumotachograph
only measures the breathing (no stimulus)
measuring the static diagram and breathing
measuring the dynamic diagram and breathing (4 hours)
ditto as REGIS, but runs for 8.5 hours
ditto as REGIS, but maximum SV stimulus
ditto as REGISSV, but runs for 8.5 hours
calculates the amplitude and frequency of a breathing
signal, which has earlier been registered with REGIS(SV)
ditto as ANA for REGISEXT and REGISSEX

All measurements can be stopped with the keypress Alt / , except for
the setup STATIC (Alt / starts a stimulus) which can be stopped by pres
sing the escape key.

Measuring the static diagram

Measuring the static diagram is from the point of view of practical consi
derations especially suitable for well soluble local anaesthetics (e.g. Lido
caine), because these can be added to the water in small amounts.
- recall setup AH
- start measurement (RUN button)
- wait at least one hour so the fish will have stopped swimming violently
- recall setup STATIC
- update the number in the name of the datafile: pnks#.pm. The path-

name has to be added to the name of the datafile if the file is not
stored in the directory NBD (e.g. Dpdks1f.pm)
(see par. 2.2 for automated datafile numbering)

- start the measurement (RUN button)
- start a stimulus by means of Alt /
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- add some local anaesthetic
- wait at least 15 minutes
- start a stimulus by means of Alt J
- repeat the three previous points until the anaesthetizing effect doesn't

increase anymore

Measuring the dynamic diagram

- recall setup AH
- start measurement (RUN button)
- wait at least one hour so the fish will have stopped swimming violently
- recall setup REGIS or REGISEXT (when using an implanted electrode:

REGISSV or REGIS5EX)
- update the number in the name of the datafiles: pnJot.pm and ah#.pm

the pathname has to be added to the name of the datafile if the file is
not stored in the directory NBD (e.g. D:pnk#.pm)
(see par. 2.2 for automated datafile numbering)

- replace the water by a solution of a local anaesthetic (1.351)
- start the measurement (RUN button)
- replace the solution by 'clean' water after three times of 'no reaction'
- let the measurement run until the end (setup REGIS and REGISSV:

15000 sec. = 4 hours and 16 min.; setup REGISEXT and REGIS5EX:
30000 sec. = 8 hours and 32 minutes)

- recall setup ANA or ANAEXT
(see par. 2.3 for analysing breathing signals of several measurements)

- update the number in the datafile (ah#.pm) which has to be read by
the REPLAY block

- update the number in the datafile names: amp/#.pm and treq#.pm.
(see par. 2.2 for automated datafile numbering)

- start analysis (RUN button)

2.2 Automatic datafile numbering

The updating of the datafile numbers can be automated. The names of
the datafiles have to be: pnk&.pm, ah&.p171, amp/& and ITeq&.pm. After
every run the number (at the place indicated by &) in the names is auto
matically updated. This serial number is stored in a file with the same
name as the datafile but with the extensie .vet" (e.g.: the serial number of
the datafile prik&.pm is stored in the file prik. ver ).
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2.3 Analyses of the breathing signals of several measurements

The amplitude and frequency of the breathing signals of several measure
ments can be calculated using a batch file.
To use this option there have to be as many setups ANA or ANAEXT as
the number of breathing signals one wants to analyse. Every setup analy
ses a breathing signal of a different measurement. The analyses of the ti
les ahl.pm and ah2.pm using a batchfile are presented below as an ex
ample.
- RECALL setup ANA
- enter alJl.pm as the name of the file in the REPLAY block
- if no automatic datafile numbering (see par. 2.2) is used change the

number in the datatlle names ampllf.pm and n-eqlf.pm.
- SAVE this setup as ANA1
- enter now alJ2.pm as the name of the tile in the REPLAY block
- the numbers in the datafile names ampllf.pm and ITeqll.pm have to be

changed again if no automatic datafile numbering is used
- SAVE this setup as ANA2
- click the red icon at the left side and press escape
- select INSTALL - OPTIONS
- set the options Wait tor Keystroke Before Acquisition and Wait tor

Keystroke After Acquisition to NO.
- the batch file start.bat can be found in the subdirectory NBD. With this

batch file two breathing signals can be analysed. The last three state
ments have to be copied if more breathing signals have to be analysed.
The number after SETUP\% has to be updated for every copy.
Batch file START.BAT

ECHO OFF
CLS
COpy SETUP\%1
GO
CLS
COpy SETUP\%2
GO

- both analyses will be run successively after entering start anaJ.ana2
(from the subdirectory NED). The same actions have to be done when
the setup ANAEXT has to be used for the analyses; all names ANA
have to be replaced by ANAEXT. A combination of ANA and ANAEXT
is also possible.
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3. SPSS

Creating graphics by means of SPSS

To produce a graphical representation of the datafiles the program SPSS
is used. When the diagram is drawn SPSS can calculate a regression
curve.

Loading datafiles
One of the datafiles pnx#.pm, amp/#.pm or Jreq#.pm can be loaded into
SPSS. These files are stored in the subdirectory NBD. unless another di
rectory has been defined when these files were created. The files have to
be read as TAB-delimited.

Creating a graph
Select successively:

Graphs
Scatter...
Simple
x-axis: varl and y-axis: var2

Select the EDIT-mode to adjust the created graph (e.g. rescaling the x
or y-axis) or to calculate a regression curve.

Regression curve
Select successively:

Chart
Options
Fit line: Total

Fit options: Lowess
?~ of points to fit: a curve will be calculated using the
entered percentage of the total amount of datapoints (a
high percentage will result in a lineair regression curve
and a very low percentage will result in a curve which
will connect all datapoints)
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Appendix 1. Layout of the preamplifier.
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The connectors A3A5 and 81,819 correspond to the numbers on the
daughterboard of the Advantech PCL-718, which is built into the same
box as the preamplifier.
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Pneu~otachograph
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Appendix 3. The pressure sensor.

The pneumotachograph has to be adjusted as follows:
- position operate
- function V
- sensitivity has to be set to the maximum
- adjust the indicator to zero using the button zero bal.

Cit is also possible to view the signal from the pneumotachograph in
Labtech Notebook using the setup ORUK.)

At the back of the apparatus the connector V is available for connecting
the pneumotachograph to the computer (connections B16,B20 on the
daughterboard).

Operate

o .0
V

o 6
sens. zero
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Appendix 4. The setup of the Advantech PCL-718.

The used data aqcuisition board is the Advantech PCL-718 (see the Users
Manual). The switches on the board are set as follows:

xii

DIPSW1

DIPSW2

SW1
SW2
SW3
SW4

Analog input range: +/- 1 Volt
Switches: 1 2 3 4 5

ON OFF ON OFF OFF
Base address: 200Hex
Switches: 1: OFF

2-8: ON
clock: 1 MHz
Uni-/bipolar analog input: BIP
8 Ditl'. or 16 single ended analog inputs: 16 single ended
DMA transfer: OFF



Appendix 5. Specifications of the measuring system.

Specifications preamplifier
- differential amplifier (AD524)

- bandwidth: 25 MHz
- gain (pin programmable): 1, to, toO, 1000
- nonlinearity: 0.01%
- input impedance: to9 ohm
- common mode rejection: 120 dB
- settling time: 15 (gain: 1 to toO) or 75 (gain: 1000) microseconds

- minimal requirements for the preamplifier:
- total amplification at least 2000 times
- filter settings: bandpass 0.6-3.5 Hz (high-pass filter as first stage at

the input circuit to block DC-component)
- first amplification stage: differential amplifier (high' input impedance

and high common mode rejection factor). Most differential amplifiers
are suitable instead of the ADS24. Some suggestions: AMP-Ot, AMP
02, AD625, LH0038

Specifications Advantech PeL-71B data aqcuisition board
- AID conversion: 8 differential or 16 single ended analog inputs

- resolution: 12 bits
- unipolar ranges: +10. +5. +2. +1 V
- bipolar ranges: +1-10, +1-5, +1-2.5, +1-1, +1-0.5 V
- maximum overvoltage: +1-30 V
- conversion type: successive approximation
- conversion speed: 60 kHz
- accuracy: 0.01% of reading +1- 1 bit
- linearity: +I - 1 bit

- DIA conversion: 2 channels
- resolution: 12 bits
- output range: 0 to +5 V
- linearity: +I - 1/2 bit
- output drive: +1- 5 rnA max.
- settling time: 5 microseconds

- Digital input: 16 bits (TIL compatible)
- Digital output: 16 bits (Tn.. compatible)

Channels needed for the measuring system:
- 2 analog inputs (single ended. bipolar. input range: +1-1 V): breathing

signal and signal from pneumotachograph
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- 2 analog outputs: one output to generate the stimuli, one dummy (see
section 7.1.2)

- 2 digital outputs: Rei and Re2

Specifications of the computer
80386 (40 MHz) with co-processor 80387
This configuration is minimally needed, without the co-processor the
computer is too slow to control all blocks defined in the setups.
Notebook runs under DOS, but for SPSS (see chapter 3) Windows is
needed.
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