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Effects of Drugs on the Electric Knife Fish, Eigenmannia virescens.*
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Although fish have been used for bioassay
of drugs(1,2,3), they have not been found
generally useful, due in part to problems en-
countered in quantitating their responses. In
previous reports from these laboratories(4,5),
it was determined that the electric transpar-
ent knife fish, Eigenmannia virescens, re-
sponded quantitatively to neurotrophic poly-
peptides and to lysergic acid diethylamide.
This paper presents an extension of studies
with the electric transparent knife fish to
observations on the effects of methylpheni-
date, pentylenetetrazole, phenobarbital, mor-
phine, and nalorphine.

Methods and materials. Two days before
each experiment, the fish was put in an in-
dividual 20 1 aquarium. The pH of the
water in the aquarium was maintained at 8.2
with Longlife Aqua-age buffer (Longlife Fish
Food Product, Derville, N. J.) and tempera-
ture was kept at 25°C. Since these fish are
sensitive to bivalent cations, the water was
pre-treated with EDTA, 200 mg per 20 1. On
the day of experiment, the aquarium was di-
vided into 2 unequal compartments by means
of a plastic grid. The fish was maintained
in the smaller compartment. Two silver elec-
trodes (E;) were placed in opposite corners
of the compartment containing the fish. An-
other pair (E,) was placed in the larger com-
partment. Electrodes E, were placed ap-

* This research was supported by grants from
USPHS. and from Squibb Inst. for Medical Re-
search.

proximately 1 cm from each other and as far
from the fish as possible without jeopardiz-
ing recording because of distance or interfer-
ence from extraneous signals. Because of
their relative positions, electrodes E; recorded
primarily movement, whereas E, tended to
treat the fish-generator as a point source, and
predominately recorded changes in amplitude.
The dependence of E; on movement and the
failure of movement to modify E, were
checked when the electrodes were positioned
and constituted the major criteria for elec-
trode placement. The sides of the aquarium
were made opaque with cardboard and the top
was covered with red plastic to allow obser-
vation and minimize photic stimulation. The
fish was permitted to acclimate to this new
environment for a period of 2 hours. Elec-
trical activity was amplified and the infor-
mation from each electrode pair was recorded
on a dual channel tape recorder for one hour.
The test drug was then administered and the
tape recorder was turned off, except in the
case of pentylenetetrazole, in which instance
recording was continuous. After an appropri-
ate interval (see Results), recording was re-
sumed. The electrical activity of the fish was
also monitored by means of a cathode ray
oscilloscope.

E. virescens produce a continuous elec-
trical discharge of a frequency of approxi-
mately 300 cps. The frequency is constant
for individual fish and was not modified by
drugs. However, the amplitude of the signal
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varies spontaneously and also with movement
of the fish-generator relative to the elec-
trodes. Amplitude variation is decreased in
restrained fish which are mechanically dis-
turbed. The electrical activities of the fish
were recorded on tape from each electrode
pair. The tape was replayed through an in-
formation analysis system to determine am-
plitude variation (AV) as a function of time.
The taped signal was amplified, filtered to
remove extraneous electrical noise, rectified,
and integrated (the time constant of the in-
tegrator was 55 msec). The resultant signal
was further amplified, filtered to remove any
60 cycle interference, and converted into a
square wave of constant amplitude by means
of a square wave amplifier. The number of
square waves was counted by a decade
counter unit. Whenever 10 pulses were
counted, the beam on a cathode ray oscillo-
scope was deflected. This deflection was pho-
tographed on continuously moving film. The
average number of deflections of 8 successive
7.5 minute intervals was an index of AV ob-
tained. The problem of quantitative replica-
tion of information derived from each fish
was achieved by appropriate amplification of
the basal recorded potentials so as to produce
similar AVs for control periods when fish
were compared. This was required to com-
pensate for differences in size of the fish and
electrical discharge. The chamber containing
the fish was adjusted to a size large enough
for the fish to move freely. If the chamber
size restricted swimming activity, low AV re-
sulted, similar to the response of the fish to
mechanical stimulation or to interruption of
its lines of force with a metallic conductor,
as previously observed(4,5). Therefore, the
size of the chamber and the electrode place-
ment had to be modified for each experiment.

Except where noted in Results, fish were
transferred to an aquarium containing fresh
buffered water after an experiment, and
could be used again after a period of 4 days.
Drugs were administered by pipetting them
into the agquarium.

Methylphenidate, pentylenetetrazole, so-
dium phenobarbital, morphine sulfate, and
nalorphine hydrochloride were dissolved in
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distilled water prior to administration. Con-
centration of morphine in the aquaria was
estimated by a spectrophotofluorometric
method(6). Determinations were performed
in duplicate and averaged. Standards were
prepared from samples of the drugs which
were used in the experiment,

Regression lines for methylphenidate and
phenobarbital data were calculated by the
least squares method for linear data after
conversion of the ratio AV post-treatment/
AV control (in per cent) to logarithms.
Deviation of the calculated lines from linear-
ity was tested by an analysis of variance(7).
The differences in mean AVs in the mor-
phine and nalorphine experiments were
tested for significance by means of the Stu-
dent’s “t” test(7).

Results. The effects of methylphenidate
on the electrical activity of the knife fish are
shown in Fig. 1. A linear relationship was
found when the logarithm of the AV treated/
AV control (in per cent) recorded from E,
(amplitude dependent electrodes) was
graphed against the dose of methylphenidate.
The probability that the regression equation
deviated significantly from linearity was less
than 0.001. Substitution of the value X =0
in the regression equation yields the value of
Y = 55.2%. However, control activity is
100%. This discrepancy suggested that a
large initial fall in AV occurred between O
to 0.005 pg of methylphenidate per ml of
bath. A 50% decrease in AV from control
occurred at a concentration of 0.1 ug per ml
of bath. No consistent changes in AV were
noted in potentials simultaneously recorded
from E; (movement dependent electrodes).

Pentylenetetrazole, in contrast to methyl-
phenidate, did not produce consistent changes
in AV recorded from E; or E, in concentra-
tions of 2.5 to 7.5 ug per ml of bath.

Phenobarbital was investigated in concen-
trations from 0.025 to 2.0 pg/ml of bath. A
linear relationship was found when the loga-
rithm of the AV treated/AV control (in per
cent) recorded from E; (movement depend-
ent electrodes) was graphed against the dose
of phenobarbital (Fig. 2). The probability
that the regression equation deviated signifi-
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cantly from linearity was less than 0.001. A
50% decrease in AV from control occurred
at a concentration of 1.4 ug of sodium pheno-
barbital per ml of bath. No consistent
changes were noted in AV recorded simul-
taneously from E,.

Studies with morphine and with nalorphine
are shown in Fig. 3 and 4. In these experi-

100

Druc Errects oN Eirectric Fisu

ments the bath was not changed. The mean
AV per 7.5 min recorded from Es; during the
second hour after administration of each
drug is shown in the figures. Fig. 3 illus-
trates that 0.26 ug of morphine per ml of
bath produced a decrease in AV to 84% of
control (p < 0.2). Morphine sulfate, 0.26
pg/ml of bath, was added on days 2 and 3.
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FIG. 1. Effects of methylphenidate on electrical activity of knife
Fish were placed in fresh bath water after each determination. The

limits of the slope are —0.0169 to —0.0317.

fish recorded from E,.
95 per cent confidence

FIG. 2. Effects of phenobarbital on electrical activity of knife fish recorded from E,. Fish
were placed in fresh bath water after each determination. The 95 per cent confidence limits

of the slope are —0.0058 to —0.0112.

FIG. 3. Effects of morphine and nalorphine on electrical aectivity of knife fish recorded
from E,. Fish was maintained in the same bath water throughout experiment.

FIG. 4. Effects of morphine and nalorphine on electrical activity of knife fish recorded
from E,. Fish were maintained in the same bath water throughout experiment. The chemically
determined concentration of morphine in bath following final addition of morphine was 9.2

ug/ml (morphine added to bath, 9.3 ug/ml).
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The mean AV on day 4 did not differ from the
activity recorded after the first dose of mor-
phine. Addition of 0.23 pg of morphine per
ml] of bath on day 4 reduced AV to 83.4%
of the immediately preceding control
(p<0.2). Nalorphine, 0.05 pg/ml of bath,
restored AV to the activity preceding the last
addition of morphine (p<0.2). A larger dose
of morphine, 0.89 ug/ml of bath, then de-
pressed AV to 68.3% of the activity after
nalorphine (p<<0.01).

Fig. 4 demonstrates that 0.45 ug of mor-
phine per ml of bath depressed AV to 55%
of control (p<0.001). Similar additions of
morphine were made on each of the next 2
days, then 0.90 pg per ml for 3 days, and
finally 2.35 pg/ml on the 7th day. On the
8th day the mean AV had increased to 83%
of the control on day 1. Following 1.45 pg/
ml, the AV decreased to 75% of activity re-
corded one hour before drug addition
(p<0.001). Nalorphine, 0.5 pg/ml, increased
AV to 144% of the activity after the last
morphine addition (p<0.001). Morphine,
1.45 pg/ml, then reduced activity to 75% of
that after nalorphine (p<0.001). In both
experiments, changes in AV recorded from E,
paralleled those from E,, but they were less
pronounced.

Discussion. The results indicate that
the electric knife fish, E. wvirescens, re-
sponded in a quantitative and characteristic
manner to methylphenidate, phenobarbital,
morphine, and nalorphine. Methylphenidate
produced a 45% depression of AV recorded
from E, at a concentration of 0.005 ug/ml
of bath and an 87% depression with 1.25
pg/ml. The dose-log response over this con-
centration range was linear. The fact that
the regression line does not go through 100%
activity when projected to zero dose suggests
that methylphenidate might have more than
one mechanism of action, or that the drug
acts with different degrees of rapidity on
more than one body function or organ sys-
tem. Concentrations below 0.005 upg/ml of
bath were not investigated. The bioassay sys-
tem employed here is admittedly crude when
one considers precise site or mechanism of
action. The changes in electrical activity
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need not be due to a direct action on the
nervous system. A similar lack of specificity
exists in the majority of bioassay techniques,
especially those utilizing intact higher organ-
isms. While there can be some question as
to the precise nature of the potentials being
measured and the mechanisms of action of
the drugs on the fish, it is apparent that
changes take place which permit quantitation
of drug activity. This system also differen-
tiates between various drugs. Thus, pentyl-
enetetrazole, another central nervous system
stimulant, produced no consistent changes in
AV recorded from E; or E,. Since in this
instance recording was continued immedi-
ately upon addition of drug to the bath, a
drug action of short duration would not ex-
plain the lack of apparent effect. Phenobar-
bital produced a depression of AV from E,
but no consistent changes in AV from E,.
Morphine also produced depression primarily
of AV from E, and the dose response was
observed. However, morphine produced simi-
lar but less pronounced effects in AV from
E;. Thus, qualitative differences exist be-
tween the responses of the fish to the differ-
ent types of central nervous system depres-
sants. The significance of the facts that
methylphenidate induced changes primarily
in the system recording discharge of the gen-
erator, that phenobarbital affected the elec-
trode system primarily influenced by move-
ment of the fish, and that morphine affected
both, is uncertain.

The morphine experiments clearly demon-
strated the diminished response of the fish
to high concentrations after repeated addi-
tions of drug to the bath. This may repre-
sent tolerance to morphine. The presence of
morphine in the bath in concentrations con-
sonant with the quantity of morphine added
to the bath was verified chemically. Nalor-
phine apparently reversed the depressant ef-
fects of the preceding morphine dose, but
did not prevent the fish from responding to
morphine administered in high concentrations
subsequently. The data on morphine are in-
complete. The fish died when morphine was
withdrawn. This may represent physical de-
pendence. Since the fish are difficult to ob-
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tain, we elected to perform a minimum num-
ber of experiments with morphine in order
to utilize the available specimens for other
purposes. However, the data presented here
do indicate that this preparation may be use-
ful for measurement of addiction liability,
since nalorphine was able to antagonize the
action of morphine.

Our studies with E. virescens were ini-
tiated because we needed a rapid bioassay
for drugs which modify behavior and condi-
tions did not permit us to undertake the more
conventional bioassay methods. Our informa-
tion is insufficient for correlation of emotional
response of the fish with the observed re-
sults. Despite the shortcomings of this sys-
tem which have been cited, two cardinal
points are in its favor: (1) it can be used
for precise and rapid bioassay of a variety
of drugs, and (2) the fish respond to concen-
trations approximately the same as those
which have effect in man. These properties
have been shown to apply to neurotrophic
polypeptides, lysergic acid diethylamide,
methylphenidate, phenobarbital, morphine
and nalorphine.

Summary. Studies with the electric trans-
parent knife fish, E. wvirescens, have been
extended to include observations on methyl-
phenidate, pentylenetetrazole, phenobarbital,

ENVIRONMENTAL CHANGES AND INTERFERON ACTION

morphine, and nalorphine. Characteristic
qualitative and quantitative responses were
obtained with methylphenidate, phenobarbi-
tal, and morphine. Pentylenetetrazole pro-
duced no consistent effects. Nalorphine re-
versed the depressant effects of a preceding
dose of morphine. The data suggested that
the fish developed tolerance to morphine as
well as physical dependence on this drug.
The system studied appeared to be suitable
as a bioassay technique. The observed drug
effects were obtained with concentrations ap-
proximately the same as those which have
effects in man.
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Changes in the environment of cells have
been reported to modify the antiviral action
of interferon. Reduction of oxygen tension
(1) and low pH(2) have been reported to
increase the antiviral action of interferon.
We have investigated the effect of changes in
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oxygen tension, pH, and temperature upon
the action of interferon on vaccinia virus in-
fection of chick cells. The effects of these
changes upon the plating efficiency of vac-
cinia virus have also been studied.
Materials and methods. Interferon produc-
tion. Chick interferon was prepared in chick
fibroblast monolayers infected with large
doses of Chikungunya virus as described by
Ruiz-Gomez and Isaacs(3). Interferon-con-
taining preparations were dialyzed against 0.1



