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Abstract

An appropriate model to predict the effect of xenobiotics on the vision perception in neuropsycho-
pharmacological studies is of great importance in drug development and toxicity studies. The present study
evaluated the effect of CNS stimulant, depressant and therapeutic agents known to have ocular toxicity on
optomotor response (OMR) using goldfish in a newly developed device. A digital light processing aided
gyrating poly-chromatic dotted pattern-OMR (Gyro-dot-OMR) analyzer was developed and standardized for
this study in our laboratory. Goldfishes were exposed to varying concentrations of caffeine and pentobarbitone
sodium to evaluate the effect of CNS stimulation and depression on OMR in white light. Ethambutol induced
ocular toxicity was evaluated by intravitreal injection into both eyes of goldfishes. They were subjected for
polychromatic Gyro-dot-OMR in both clock and anticlockwise directions. At the low concentration (5, 10 and
20 ng/mL) caffeine exposed animals showed significant (p<0.05) stimulant effect and the EC

50
 of caffeine in

goldfish was found to be 4.806 ng/mL. In contrast, pentobarbitone sodium treated fishes showed significant
(p<0.05) depressant effect with increasing the concentration. Ethambutol toxicity was reflected by the color
discrimination in the Gyro-dot-OMR pattern. For the first time, this model proved the possibility of running
Irwin profile test on goldfish using Gyro-dot-OMR. This model successfully predicted ethambutol induced
toxicity with poor discrimination of red-green color. This model can be used for predicting toxicity of drugs
affecting vision perception.
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pentobarbital sodium and ethyl-3-aminobenzoate
methane sulfonate (MS-222) was procured from
Sigma-Aldrich Co., St. Louis, MO, USA. All other
analytical grade chemicals and reagents were
obtained from their respective commercial sources
and were used without further purification.

Animals

Adult goldfishes (Carassius auratus) were obtained
from local aquarium and were well maintained by
standard protocol of 12 h light/dark cycle in fish
tank (holding approximately 20 fishes). Fishes of
either sex having the body length ranged between 4-
7 cm and weight around 10 to 15 g were used for
this study. All f ishes were fed twice daily with
standard dry sea food (Tokyu®, Japan).

Experimental setup and procedure

Fabrication of Gyro-dot-optomotor response (Gyro-dot-
OMR) device:

A digital light processing aids gyrating poly-chromatic
dotted pattern-OMR (Gyro-dot-OMR) analyzer has
been developed and standardized in our laboratory
(Fig. 1). The fabricated OMR device showed a good
sensitivity to reach any speed of rotation (rpm) as it
i s  cont ro l led us ing  so f tware .  The appara tus
constituted with a digital light processing (DLP) slide
projector (d) fixed at the height of 72 cm from the
stage of the fish tank. The light image coming out of
the projector was reflected by a mirror (c) and
focused into the circular fish tank (a) having the
dimension of 26.5 cm inner diameter and 14.5 cm
depth. The fish tank water level was maintained
around 7 cm so the fish can swim freely in the tank.

Various gyrating dot patterns (white, red, blue and
green color) were designed with uniform size of dots
assembled in various patterns in a circle (16.5 cm
diameter). It had the capability to rotate the projected
image both clockwise and anticlockwise directions
inside the fish tank at various revolutions per minute
(rpm) with highest precision. The skeletal support
with the dimension of 100 cm height and 63 cm
width was made using a steel frame covered with a
black velvet curtain. This support enabled excellent
gain for contrast and prevention of stray light into

Introduction

Ocular toxicities of systemically administered drugs
are of concern in various acute and chronic treatment
conditions (1). Therefore, methods predicting ocular
toxicity in animals are essential to understand the
physiological and pathological changes associated
with such medications. This knowledge is expected
to adopt appropriate strategies and treatment options
to overcome such toxicities.

The perception of motion has been recognized as
one of the major abilities of the animal visual
systems. Most of the animal species are capable of
having visual and spatial discrimination. Goldfishes
are reported to have a very well developed color vision
(2-3). Four types of photoreceptors were identified in
goldfish retina which was reported to be sensitive to
wavelengths of 360, 450, 540 and 625 nm (4-5).

Optomotor response (OMR) is an involuntary
response,  s tab i l i zes the organ ism for  l inear
locomotion (6). It is an innate behavior common in
fish and all insects. The purpose of this behavior is
to regain the desired course of locomotion. OMR in
fish is classified under rheotropic reactions in aquatic
organisms due to optic reflexes, which serve to
compensate the apparent motion of the visual field
(7).

Although, this response has been known for more
than 100 years, the utility of this response to evaluate
the ocular toxicity of drugs appeared very late. The
present study was conducted to develop and evaluate
a newly modified instrument with the capabilities of
precise change in colors and speed of rotation with
circulating dots. This study developed digital light
processing aided gyrating poly-chromatic dotted
pattern-optomotor response (Gyro-dot-OMR) in
goldf ish and standardized it using known CNS
st im ulant  and a depressant .  Gyro-dot -OMR
instrument was further used to evaluate the color
toxicity exhibited by ethambutol.

Materials and Methods

Chemicals

Ethambutol hydrochloride, caffeine anhydrous,
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the fish tank. The fish and dotted pattern movements
were continuously recorded together using a universal
serious bus (USB) port video camera (e) fixed above
the fish tank. The video signal was observed on a
monitor and simultaneously stored on a time lapse
recorder (g) in the computer.

Measurement of the optomotor response:

For OMR measurements the identical procedure was
followed as reported by Schaerer and Neumeyer (8).
Animals were given training for 4-5 days of the OMR
procedure prior to the exposure of CNS stimulant,
depressant or solvent until repetitive pattern velocity
reached at 5 rpm. The fishes showing erratic behavior
by non-complying with expected pattern velocity were
removed f rom the s tudy. Before start ing the
experiments, fishes were allowed to adapt for 5 min
in OMR setup in with the selected light pattern/color.
After the initiation of the gyration of dots, the pattern
velocity was recorded for 1 min in clockwise and 1

min in anticlockwise direction. In between clockwise
and anticlockwise directions a dark adaptation (no
light) gap of 1 min was used. Pattern velocity (5
rpm) was repeated 4-5 times in each direction.
Minimum two experimental sessions were performed
with each fish prior to exposure of the testing drugs.

Evaluat ion of  the  CNS st im ulant  and  depressant
exposure on goldfish:

Goldfishes were randomized into two groups and
each group that represented drug concentrations
consisted of 8 (n=8) fishes. The fishes showing stable
optomotor response were only selected for this study.
Each fish was individually incubated for 30 min with
varying concentrations of CNS stimulant caffeine (1,
5, 10, 25, 50, 100, 200 and 500 ng/mL). Similarly,
CNS depressant pentobarbitone sodium was used at
concentrations of 6.25, 12.5, 25, 50, 100 and 500
pg/mL to record the OMR. The experiment was
conducted in white light condition, pre and post drug

Fig. 1 : Schematic representation indicating the construction of Gyro-dot-OMR apparatus setup. a- White plastic fish bowl,
b- Light path, c- Reflecting mirror, d- Digital Light Processing projector, e- Video camera, f- Computer generating and
controlling gyrating patterns, g- Video recording and retrieving device and h- Vertical adjustment stage.



Indian J Physiol Pharmacol 2016; 60(2) Gyro-dot-Optomotor Response in Goldfish 185

acquisition of pattern velocity was recorded and
values expressed as a Mean±SEM.

Ethambutol induced color toxicity study:

The modified experimental procedure was adopted
from Sjoerdsma et al (9). Goldfishes of either sex
were selected at random. Six fishes (n=6) were
trained to test the effect of acute ethambutol toxicity
exhibited by the inability of the fish to discriminate
the change in wavelength of light in gyro dots. The
pattern velocity of the trained fish reached maximum
at 80-90% was selected for the experiment in white
light condition. The fishes were anesthetized with
ethyl-3- aminobenzoate methane sulfonate (MS-222)
at the dose of 150 mg/L solution and intravitreal
inject ion was performed by inject ing 2 µL of
ethambutol (2 mg/mL in sterile normal saline) into
both eyes (modified method of Sjoerdsma et al). After
injection, the fishes were subjected to the analysis
of pattern velocity (rpm) at different time intervals
such as 0.5, 2, 12 and 24 h using different wavelength
at 5 rpm. For the assessment of possible color
toxicity, blue (440 nm), green (550 nm) and red (605
nm) dots were used.

Data acquisition and statistical analysis:

The pattern velocity of a goldfish was used for the
calculation of percentage relative frequency (PRF).
The va lues  are  represented as  Mean±SEM.
Appropriate statistical methods were employed for
the calculation of significance. The results were
considered to be significant at the p value of <0.05.
Jandel sigma stat statistical software (ver. 3.5) was
used for the analysis.

Results

Effect of caffeine on optomotor response:

The OMR performance in f ishes was found to
be increased with increasing the concentration
of caffeine up to 50 ng/mL. Further increase
in  concent ra t ion  showed decrease in  OMR
activity or even death of exper imental f ishes.
The effect of various concentrations of caffeine
on the OMR is shown in the Fig. 2. The calculated
ED

50
 of stimulus response was found to be 4.806 ng/

mL.

Fig. 2 : Effect of different concentrations of caffeine on OMR of goldfish (n=8). The values are shown as mean fish pattern velocity ± SEM.
The mean values in the control group are compared with post Caffeine treated group using Student’s paired ‘t’ test (*p<0.05).
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Ef fect  of  Pentobarbi tone sod ium on optom otor
response:

The OMR performance in f ishes was found to
be increased with decreasing concentration of
pentobarbitone. Further increase in concentration
showed the decrease in OMR activity or even the
death of the experimental fish. From the log plot,
ED

50
 of pentobarbitone sodium was calculated as

101.22 pg/mL in goldfish. The fish pattern velocity
of pentobarbitone exposed fishes is shown in the
Fig. 3.

Assessment of Ethambutol induced distortion in color
vision by using OMR in goldfish:

After exposure to the bathing solution containing
anesthetic, most of the fishes lost consciousness
within 2-3 min and regained consciousness within 7-

10 min after changing the bathing solution. In between
this period intravitreal injection was performed.
Intravitreal ethambutol injected fishes showed a
significant (p=0.046) decrease in pattern velocity at
2 h in white light (in which they were trained) and
the decrease was found to be statistically significant
as compared to baseline value at 0 h (p<0.05). In
order to evaluate the selective ocular toxicity of the
same f ishes, they were also subjected for the
quantification of pattern velocity (PV) using three
dist inct wavelengths. The percentage relat ive
frequency (%RF) for a particular wavelength calculated
using the following formula:

%RF for a particular wavelength of light at a particular
time point is

%RF = (PV at Wx at Tx / PV at white light at Tx)*100

Fig. 3 : Effect of different concentrations of pentobarbitone on OMR of goldfish (n=8). The values are shown as mean fish
pattern velocity ± SEM. The mean values in the control group are compared with post pentobarbitone treated group
using Student’s paired ‘t’ test (*p<0.05).
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%RF = (PV at X
w

at X
t
/ PV at white light at X

t
) *100

Where,

PV = Pattern velocity,

W
x
 = Particular wavelength (x = 440 or 550 or 605

nm),

X
w
 = Particular wavelength (w = 440 or 550 or 604

nm)

TX= Time point after the injection of intravitreal
Ethambutol (x = 0.5 or 2 or 12 or 24 h).

X
t 
= Time point after the injection of intravitreal

Ethambutol (x = 0.5 or 2 or 12 or 24 h).

Subjecting the pattern velocity for the calculation of
%RF revealed that among different colors, red color
of the studied wavelength of 605 nm showed a

significant (p=0.041) increase at 2 h post intravitreal
injections of ethambutol. Interestingly, 12 h after the
intravitreal injection %RF of green (p=0.017) and red
(p=0.001) colors were found to be significantly low
as compared to their respective baseline %RF values.
Twenty four hours after the intravitreal injection, %RF
of green and red reached their baseline values, but
blue reached more than its baseline values and the
increase was found to be statistically significant (p=0.
003) (Fig. 4).

Discussion

OMR in fish is classified under rheotropic reactions
in aquatic organisms due to optic reflexes, which
serve to compensate the apparent motion of the
visual f ield. For the first time in the literature,
the present study showed the usefulness of gyrating
poly-chromatic dotted pattern replacing electro

Fig. 4 : Effect of intravitreal injection of Ethambutol on OMR of goldfish (n=6). The values are shown as mean percentage
relative frequency ± SEM. The mean values in the control group are compared with post intravitreal injection of EMB
treated group using Student’s paired ‘t’ test (*p<0.05).
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mechanistic (conventional) models using slits and
strips. The conventional mechanistic strip based rotor
system showed a higher degree of variation in the
speed of rotation (unpublished data). Computer
software controlled gyro-dot method showed several
significant advantages over the conventional method.
As the light is generated by the halogen bulb and
processed through single chip digital micro mirror
device (DMD) technology. The projector used for the
present study used the resolution of 800 x 600
resulting in 480,000 pixels. As one lux is equivalent
to one lumen/meter, the output brightness of the
projector can be estimated as 2400 lux. In the defined
area of 213 cm2 circles, all together total 47 light
dots in the circle (0.5 cm diameter each dot) reached
a total illumination of the area of 36.14 cm. The
reflected light produces a total Lux of 29 above the
water surface. This intensity of light was capable of
causing the defined effect measured as a pattern
velocity in the fish. In the present study, both patterns
as well as light were directed and controlled by the
custom made pattern operated by computer software.

Among different lights used, the fish showed a good
pattern velocity nearly in all lights used in gyro-dots
up to the maximum of 80% (approx.) at 5 rpm. Where
as in the mechanistic OMR (convention model) a
maximum pattern velocity of 60% was obtained
irrespective of the colors. Variations observed in the
speed of rotation of slits could have been responsible
for the reduced pattern velocity observed in the
electro-mechanistic model. This variation is primarily
because of the lag time taken to reach the required
speed due to the gears and the load on the stepper
motor. As the slits are mounted on the rotating cam
on a ball bearing, the initial acceleration required to
make the torque, picks up only in the due course of
time. In contrast, as the gyro-dot-OMR is only a
projection; we did not see any variation in the speed
of rotation. When the speed of the rotation was
increased from 1 rpm to 15 rpm, this study observed
a maximum pattern velocity of 80% at 5 rpm,
increasing the rotation speed beyond this level
decreased pattern velocity of the fish in gyro-dot-
OMR model. Therefore, this speed was fixed to study
both clock/ anticlockwise directions and was found
to be suitable for conducting further experiments. It
is interesting to observe that so far investigators

throughout the world thought that reflected light in
the form of strips contrasted against slits is the way
goldfish pursued as a direction of water as a tendency
of rheotropism. When the diameter of the projected
circle in the gyro-dot model was reduced from 16.5
cm to 8 cm, the fish was not able to determine the
path of rotation. When the number of dots was
increased beyond one row, the fish was unable to
decide rotation and preferred to take shelter in the
island created in the center with no light. Changing
the pattern of square, triangle and other patterns
caused more confusion in the organism in determining
the direction of rotation.

A single row consisting of 47 dots in a 16.5 cm
diameter circle was used in a white bottomed fish
tank with the capabilities of changing color, speed
and intensity of lights. For the first time, this study
combined the advantage of colors, patterns and
errorless rotations to get maximum advantage in
OMR by using computerized software. Gyro-dot-OMR
is more capable on the other Neuro-pharmacological
studies like drugs altering behavior, psychology,
vision perception, motion sickness, weightlessness
etc.

Irwin (1968) profile is a landmark method extensively
used for measuring the general behavioral signs
induced by the test compounds in preclinical drug
discovery (10). Core battery CNS procedures are
considered as typical simple, using tradit ional
techniques, which can be carried out rapidly in a
routine fashion with the help of a dedicated/ trained
observer.  They are the f irst techniques to be
employed in  the safety assessment  and are
frequently applied at the beginning of the discovery
process as to screen and eliminate substances
having CNS activity. This battery of tests is capable
of finding 37 activities which can be broadly grouped
under excitement, depression, motor coordination,
analgesia, respiration, thermoregulation, effect on
autonomic control, psychic behavior and other effects
(11).

Caffeine is widely consumed throughout the world in
behaviorally active doses. Most of the data suggest
that caffeine, at the concentration that are commonly
consumed, acts primarily by blocking adenosine A

1
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and A
2A

 receptors (12). Interestingly, pharmacokinetic
parameters are comparable af ter  ora l or  i .v.
administration of caffeine in humans and animals,
leading to super imposable plasma curves (6).
Caffeine metabolism is reported to be different among
d i f f e rent  spec ies .  The p lasm a ha l f  l i f e  o f
methylxanthine is much shorter in rats (0.7-1.2 h)
than in human (2.5-4.5 h) (13).

Fredholm et al excellently reviewed caffeine molecular
mechanisms in the brain (14). Apart from caffeine,
its metabolites are also reported to have good affinity
for A

1
 and A

2A
 receptors (12). Caffeine has been

reported to increase several neurotransmitters such
as 5-hydroxytryptamine (5-HT), dopamine (DA) and
noradrenaline (NA) (15-18). Increase in 5-HT,
muscarinic and -opioid receptor levels are also
reported at higher doses of caffeine (19).

The molecular mechanism of caffeine involved in
excitatory amino acid pathway along with the
modulat ion of  adenosine receptors (17) .  The
reinforcement of caffeine was observed with doses
even below 1 mg/kg and doses above 10 to 15 mg/
kg were reported to be averse inhuman. Caffeine at
the doses less than 30mg/kg has been considered
as a behavioral and motor stimulant in human and
doubling the concentration or above 50mg/kg is
considered as a depressant. This typical biphasic
phenomenon of caffeine has been well documented
in the literature (20).

Although, stimulatory and inhibitory effect of drugs
are extensively studied and documented in the
literature, the suitability of goldfish OMR for such
studies is not reported. For the first time this study
attempted to evaluate the suitability of using gyro-
dot-OMR for CNS st imulat ion and depression
studies. In the present study, caffeine significantly
increased the fish mean pattern velocity (E

max
) by

70% from the baseline in both directions at the dose
of 5 ng/mL. The calculated ED

50
 for the increase in

pattern velocity by caffeine was calculated to be 4.806
ng/mL. The difference in increasing ED

50
 between

clockwise and immediate anticlockwise direction of
the fish pattern velocity could be attributed to its
increasing attentiveness towards the change in
direction. While increasing the stimulant dose further

above 20 ng caused marked depression as shown
by reducing fish pattern velocity. Further increase of
caffeine up to 1000 ng caused 67% (n=3) animal
mortality. This stimulation followed by depression
effect of caffeine observed from Gyro-dot-OMR reflects
the similar pattern followed in human studies by
Fredholm (20) indicating the possibility of using OMR
as a method for the evaluation of toxicities of drugs.

In this study, at higher concentrations (>50 ng/mL)
caffeine caused decrease in pattern velocity indicating
the possibility of blocking retinal adenosine receptors
involved in excitatory amino acid pathway. Adenosine
action on A

1
 receptor is well documented to decrease

the release of the excitatory neurotransmitter pathway
(NMDA and AMPA) in the CNS (21).

The caffeine induced increase in OMR response was
seen at doses between 5-50ng/ml. Increasing beyond
50 ng/mL showed progressive decrease in OMR
indicating the possibility of excitatory amino acid
pathway involving the opposite effect. In this study,
even at the dose of 1000 µg/mL caffeinated fishes
showed loss of righting reflex, however, all of them
died within 1 h of the drug exposure. N-methyl-D-
aspar tate receptors (NMDARs)  belong to the
ionotropic glutamate receptors, which play key roles
in neuronal communication in the retina. NMDA
channels are activated for millisecond periods of time
due to  re l ie f  of  Mg 2+ b lockade a t  norm al
neurotransmission (22). This blockage occurs after
the cation influx into the neuron via AMPA-sensitive
glutamate receptor  channels . In  pathological
condition, NMDA receptor over activation causes the
excessive Ca2+ influx into the nerve cell and leading
to cellular damage and death (23-25). Although, the
involvement of the excitatory amino acid in the
neuronal pathway could be correlated with this
finding, the role of retina reaching higher levels of
caffeine and its significance to the observed biphasic
response in OMR could not be differentiated from
CNS effects.

Although, goldf ish has been used by several
investigators to evaluate CNS depressant property,
so far no study has been conducted to quantify the
behavioral responses in terms of OMR action.
Therefore, standardization of OMR for pentobarbital
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in Gyro-dot-OMR was felt important before subjecting
it for drug toxicity studies. Drug absorption and
elimination kinetics in the goldfish were studied by
Gibaldi and Nightingale (26). Liu and Braud (27)
studied learning and memory in goldfish through the
use of stimulant and depressant drugs. Lett and Grant
(28) evaluated the hedonic effects of amphetamine
and pentobarbital in goldfish. In their experiment,
amphetamine produced a rewarding effect while
pentobarbital produced aversive effects. The authors
proposed wi th the  conv inc ing  ev idence tha t
amphetamine produces a rewarding effect in rats,
monkeys and humans by increasing the synaptic
concentration of dopamine in the central reward
system. Since the goldfish brain has cells containing
dopamine, the same mechanism is likely to be
responsible for the amphetamine’s rewarding effect
in goldfish. This similarity suggests that the central
reward systems of such diverse species as goldfish,
ra ts ,  monkeys  and humans have a comm on
evolutionary origin.

In 1979, Greizerstein studied pentobarbital tolerance
in goldf ishes by studying the acute effects of
pentobarbital and calculating the time required for
the loss of righting reflex (overturn point) and the
pentobarbital brain concentration associated with the
overturn (29). He immersed the fish in a 300 µg/mL
(0.3 mg/mL) sodium pentobarbital in 0.1 M Tris buffer
challenge solution until the overturn point was
reached. Taking the inputs from his study, for the
evaluation of the impact of fish pattern velocity in
present study started at a lower concentration of
0.00000625 µg/mL (6.25 pg/mL) and reached to
0.0005 µg/mL (500 pg/mL) and the animal was
exposed to pentobarbitone for 30 min in order to
avoid any acute effect of narcosis. In the present
study, at the dose of 300 µg/mL (0.3 mg/mL) and
400 µg/mL (0.4mg/mL) loss of righting reflex was
observed in the goldfishes (n=3) between 29.33±0.88
min and 37.11±4.42 min after the exposure. However,
increasing the 30 min equil ibration dose from
0.0000125 µg/mL and above showed progressive loss
of pattern velocity. The ED

50 
of pentobarbital derived

from the mean residual activity in OMR was found to
be 101.22 pg/mL. The progressive depression of fish
pattern velocity at much lower concentration required
for the loss of righting reflex showed that Gyro-dot-

OMR is capable of grading and assessing toxicity in
terms of depression. Therefore, it has been selected
for the evaluation of ethambutol toxicity studies.

Pentobarbital act to enhance the GABA-ergic
neurotransmission by increasing conductance at the
chloride ions (30). This membrane-bound protein
complex has also been shown to have binding sites
for benzodiazepines. The prolong administrations of
barbiturates causes in both disposition and functional
tolerance (31-32), which is measured as an induction
of hepatic drug-metabolizing enzymes (33-36). On
the other hand, barbiturates are metabolized very
slowly and are not under the influence of changes in
the hepatic drug metabolizing activity (37). However,
tolerance was detected only as a decreased in the
sleeping times or in the intensity of the effect of the
drug as a consequence of prolonged exposure to the
agent. The goldfish has numerous neurological
similarities with mammals as reported by Ingle (38).
Fishes have been used as a ‘model membrane’ to
estimate the absorption of drugs (26, 39-41).

In order to evaluate suitability of using Gyro-dot-
OMR for ethambutol induced acute ocular toxicity,
the modified method of Sjoerdsma et al was followed
(9). Unlike the method adopted by Sjoerdsma et al
1996, the present study preferred binocular instead
of mono-ocular injection of ethambutol. Binocular
injection has been expecting the possibility to get a
combined ocular response in acute toxicity for its
projected application in multi-dosing approach for
chronic toxicity to mimic human conditions in further
studies. The %RF clearly showed a 2.8 fold increase
in sensitivity for red (L-cones) as compared to the
baseline indicating the possibility of excitotoxicity
as a primary mechanism for the subsequent toxicity
to the retina, indicated by a fall in %RP 12 h after
the intravitreal injection. As the sensitivity of the red
color has been increased in L-cones the relative
perception of M-cones can be decreased leading to
diff iculty in green-red discrimination. The initial
excitation observed in red can be attributed to
excitatory amino acid pathway which reported to play
a role in the retinal signal transduction. As the drug
has been injected locally into the eye, the effect
observed as toxicity can be attributed to the retina
rather than any other systemic effects. In order to
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get the maximum possible pure drug effect on OMR
and to remove spontaneous movements of fish, this
study included bidirectional recording of OMR for all
time points in all colors. As compared to other
studies, this approach has been used for the first
time to get the drug effect more accuracy.

To conclude, a newly developed Gyro-dot-OMR was
successfully evaluated for the first time to predict
excitatory and inhibitory actions of drugs using
caffeine and pentobarbital. This study showed the
suitability of the drug exposure method for getting
the excitatory and inhibitory responses evidenced
by the increase and decrease in pattern velocities of

fishes. This study also showed the possibility of the
involvement of excitotoxicity in the intravitreal
ethambutol which in turn evoked distraught in color
discrimination recorded in polychromatic Gyro-dot
OMR.

Acknowledgements

We sincerely thank to Council of Scientif ic and
Industrial Research (CSIR), New Delhi for providing
SRF to ARVK. We also thank to the Dr. Rajendra
Prasad Centre for Ophthalmic Sciences, AIIMS, New
Delhi to facilitate carrying out this study.

References

1. Vijayakumar AR, Velpandian T and Saxena R. Ocular
adverse effects of systemically administered drugs. In:
Agarwal  R ,  Agarwal  P ,  eds .  Es sent ia l  o f  Oc u lar
Pharmacology. Malaysia, Shah Alam 2011: 343–364.

2. Neumeyer C. Wavelength discrimination in the goldfish. J
Comp Physiol, 1986; 158: 203–213.

3. Neumeyer C. Tetra chromatic color vision in goldfish:
evidence from color mixture experiments. J Comp Physiol
A Neuroethol Sens Neural Behav Physiol 1992; 171: 639–
649.

4. Harosi FI. Spectral relations of cone pigments in goldfish.
J Gen Physiol 1976; 68: 65–80.

5. Bowmaker JK, Thorpe A and Douglas RH. Ultraviolet-
sensitive cones in the goldfish. Vision Res 1991; 31:
349–352.

6. Arnaud MJ. Metabolism of caffeine and other components
of coffee, in Caffeine, Coffee and Health. New York 1993.

7. Lyon EP. Rhythms of Co
2
 Production during Cleavage.

Science 1904; 19: 350–353.

8. Schaerer S and Neumeyer C. Motion detection in goldfish
investigated with the optomotor response is “color blind”.
Vision Res 1996; 36: 4025–4034.

9. Sjoerdsma T, Kamermans M and Spekreijse H. Modulating
wavelength discrimination in goldfish with ethambutol and
stimulus intensity. Vision Res 1996; 36: 3519–3525.

10. Irwin S. Comprehensive observational assessment: Ia.
A systematic, quantitative procedure for assessing the
behavioral and physiologic state of the mouse. Psycho-
pharmacologia 1968; 13: 222–257.

11. Vogel HG. Drug Discovery and Evaluation: Safety and
Pharmacokinetic Assay. Central Nervous System (CNS)
safety pharmacology studies. New York, Heidelberg 2006.

12. Benowi tz  NL,  Jacob P ,  Mayan H and  Denaro C.
Sympathomimetic effects of paraxanthine and caffeine in
humans. Clin Pharmacol Ther 1995; 58: 684–691.

13. Morgan KJ, Stults VJ and Zabik ME. Amount and dietary
sources of caffeine and saccharin intake by individual’s
ages 5 to 18 years. Regul Toxicol Pharmacol 1982; 2:
296–307.

14. Fredholm BB, Battig K, Holmen J, Nehlig A and Zvartau
EE. Actions of caffeine in the brain with special reference
to  f ac tors  that  cont r i bute  to  i t s  widespread us e.
Pharmacol Rev 1999; 51: 83–133.

15. Fernstrom MH, Bazil CW and Fernstrom JD. Caffeine
inject ion raises brain tryptophan level,  but does not
stimulate the rate of serotonin synthesis in rat brain. Life
Sci 1984; 35: 1241–1247.

16. Bickford PC, Fredholm BB, Dunwiddie TV and Freedman
R. Inhibition of Purkinje cell firing by systemic administration
of  pheny l i sop ropy l  adenos ine :  e f fec t  o f  c en t ra l
noradrenaline depletion by DSP4. Life Sci 1985; 37: 289–
297.

17. Fredholm BB and Dunwiddie TV. How does adenosine
inhibit transmitter release? Trends Pharmacol Sci 1988;
9: 130–134.

18. Hadfield MG and Milio C. Caffeine and regional brain
monoamine utilization in mice. Life Sci 1989; 45: 2637–
2644.

19. Shi D, Nikodijevic, Jacobson KA and Daly JW. Chronic
caffeine alters the density of adenosine, adrenergic,
cholinergic, GABA, and serotonin receptors and calcium
channels in mouse brain. Cell Mol Neurobiol 1993; 13:
247–261.

20. Fredho lm  BB .  Theophy l l ine  ac t ions  on adenos ine
receptors. Eur J Respir Dis Suppl 1980; 109: 29–36.

21. Fredholm BB. [Connection between caffeine, adenosine
receptors and dopamine. Coffee reduces the risk of
Parkinson disease]. Lakartidningen 2004; 101: 2552–2555.

22. Zeevalk GD and Nicklas WJ. Evidence that the loss of the
voltage-dependent Mg2+ block at the N-methyl-D-aspartate
receptor underlies receptor activation during inhibition of
neuronal metabolism. J Neurochem 1992; 59: 1211–1220.

23. Dawson VL, Dawson TM, London ED, Bredt DS and Snyder
SH. Nitr ic oxide mediates glutamate neurotoxici ty in
primary cortical cultures. Proc Natl Acad Sci USA, 1991;
88: 6368–6371.

24. Lipton SA.  Prospects  for c l in ical ly to lerated NMDA
antagonists: open-channel blockers and alternative redox
states of nitric oxide. Trends Neurosci 1993; 16: 527–532.



192 Vijayakumar, Biswas, Menon, Saxena, Ahmed, Halder and Velpandian Indian J Physiol Pharmacol 2016; 60(2)

25. Bonfoco E, Krainc D, Ankarcrona M, Nicotera P and Lipton
SA. Apoptosis and necrosis: two distinct events induced,
respectively, by mild and intense insults with N-methyl-D-
aspartate  or ni t r ic  oxide/superoxide in cort ical  cel l
cultures. Proc Natl Acad Sci USA 1995; 92: 7162–7166.

26. Gibaldi M and Nightingale CH. Use of the overturn end
point for the estimation of absorption and elimination
kinetics in goldfish. J Pharm Sci 1968; 57: 226–230.

27. Liu Y and Braud WG. Modification of learning and memory
in goldfish through the use of stimulant and depressant
drugs. Psychopharmacologia 1974; 35: 99–112.

28. Lett BT and Grant VL. The hedonic effects of amphetamine
and pentobarbital in goldfish. Pharmacol Biochem Behav
1989; 32: 355–356.

29. Greizerstein HB. Development of functional tolerance to
pentobarbital in goldfish. J Pharmacol Exp Ther 1979;
208: 123–127.

30. Study RE and Barker JL. Diazepam and (–)-pentobarbital:
f luctuat ion analysis reveals dif ferent mechanisms for
potentiation of gamma-aminobutyric acid responses in
cultured central neurons. Proc Natl Acad Sci USA 1981;
78: 7180–7184.

31. Kalant H, LeBlanc AE and Gibbins RJ. Tolerance to, and
dependence on, some non-opiate psychotropic drugs.
Pharmacol Rev 1971; 23: 135–191.

32. Smith CM. The pharmacology of sedative/ hypnotic, alcohol
and anesthetics: Sites and mechanisms of action. In:
Martin WR, eds. Handbook of experimental pharmacology.
New York 1977: 413–587.

33. Conney AH and Burns JJ. Induced Synthesis of Oxidative
Enzymes in Liver Microsomes by Polycyclic Hydrocarbons
and Drugs. Adv Enzyme Regul 1963; 1: 189–214.

34. Remmer H. Drug tolerance. Ciba Foundation Symposium
on Enzymes and drug action. Boston 1962: 276–300.

35. Kato R, Chiesara E and Vassanelli P. Further Studies on
the Inhib i t ion  and St imula t ion o f  Mic rosomal  Drug
Metabolizing Enzymes of Rat Liver by Various Compounds.
Biochem Pharmacol 1964; 13: 69–83.

36. Mannering GJ. Significance of stimulation and inhibition of
drug metabol ism in pharmacological testing. Selected
Pharmacological Testing Methods. New York 1968: 51.

37. Stevenson IH and Turnbull MJ. The sensitivity of the brain
to barbiturate during chronic administration and withdrawal
of barbitone sodium in the rat. Br J Pharmacol 1970; 39:
325–333.

38. Ingle D. The Use of the Fish in Neuropsychology. Perspect
Biol Med 1965: 8; 241–260.

39. Levy G and Gucinski SP. Studies on Biologic Membrane
Permeation Kinetics and Acute Toxicity of Drugs by Means
of Goldfish. J Pharmacol Exp Ther 1964; 146: 80–86.

40. Levy G and Miller KE. Determination of Drug Absorption
Rates without Chemical Assay. J Pharm Sci 1964; 53:
1301–1305.

41. Marriott C and Kellaway IW. A comparative study of the
effect of bile salts on the absorption of quinalbarbitone
sodium in goldfish. J Pharm Pharmacol 1976; 28: 620–
624.


