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Abstract

Objective: Ethambutol (EMB) is known to cause ocular toxicity on prolonged use. The present study
evaluated the effect of NMDA and AMPA/Kainate receptor antagonists (memantine & trimetazidine) against
ethambutol induced ocular toxicity using Optomotor response (OMR) in goldfish.

Materials and Methods: Either sex of goldfishes randomized into three groups (n=8 each group) and were
exposed to daily dose of ethambutol (1 mg/ml for one hour) for 26 days. Group 1 fishes received an
intravitreal injection of 1 µl of normal saline. Group 2 and 3 fishes were given intravitreal injections of 20 µg
memantine (MEM) and 10 µg trimetazidine (TMZ) respectively at 10, 15, 20th and 25th day following anesthesia.
After drug exposure, fishes OMR was evaluated, and pattern velocity was recorded (on 11, 16, 21st and 26th

day) at 5 rpm in different light condition (blue, green and red).

Results: Upon chronic exposure (1 hr in bathing solution / day) of ethambutol, at the dose of 1 mg/ml fishes
showed s ta t is t ical l y s ign i f icant  dec rease in  percentage re la t ive  f requency (PRF) at  7 th day
upon comparison to their baseline values on day 0. Significant decrease in PRF was observed in the green
color (550 nm, p=0.002) and red color (605 nm, p=0.001) and this effect persisted up to 21st day. Both
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memantine and trimetazidine showed varying degrees of protection on 16th days against EMB induced ocular
toxicity.

Conclusion: Intravitreal administration of trimetazidine and memantine provide significant protection in the
PRF-OMR, indicating the possibility of their use as a therapeutic intervention in the patients developing
ocular toxicity during antitubercular therapy (ATT).

stimulation of the NMDA receptor by glutamate. It is
expected to induce hyperpolarization of the horizontal
cell membrane which is associated with a reduction
of the receptive field size and a stronger reduction of
the sensitivity to red to green stimuli (3). The
polarization status of the horizontal cells has been
associated with changes in relative sensitivity to red,
green or blue light stimuli, as hyperpolarization of
the horizontal cells results in an influx of intracellular
calcium in cones causing further depolarization. This
horizontal cell - mediated changes in cones are
recognized as negative feedback (3). Chemical like
cobalt ions, glutamate antagonist and L-2-amino-4-
phosphonobutyrate  (APB) hyperpo lar izes  the
horizontal cells and were found to decrease the
response to red to green light (4, 5, 6). As this
feedback has been reported to be more pronounced
in the green part of the spectrum, reduction of
feedback strength during hyperpolarization resulted
in a smaller reduction in green to red color stimuli
(4).

In the animal visual systems, perception of motion
is one of the major ability factors and most of the
animal  spec ies  are capable of  having visual
discrimination. The color vision in vertebrates is
generally assumed to be mediated through neural
pathways that uses gamma aminobutyric acid (GABA)
and glutamate as neurotransmitters (7, 8). Spekreijse
et al., (1991) reported that ethambutol (EMB) does
not affect photoreceptors in goldfish because the
electroret inogram (ERG) and the behavioral ly
determined absolute light detection thresholds remain
unaffected (3). The spectral sensitivity function of
ethambutol fed goldfish resembles the spectral
sens i t i v i t y f unct ion ob ta ined under  mesopic
background illumination (9). Therefore, Spekreijse et
al., (1991) suggested that EMB arrests the retina in
a dark-adapted state (3).

Introduction

Tuberculosis (TB) is globally the top tenth leading
cause o f  death wor ldwide. The W orld  Health
Organization (WHO) global tuberculosis report for
2019 indicates that, approximately 10.0 mill ion
(range, 9.0 to 11.1 million) people were affected by
TB in 2018 and this number that has been relatively
stable in recent years. The burden of  TB  varies
enormously among the countries, from less than 5
to more than 500 new cases per 100 000 population
every year, with a global average being around 130.
The report showed that, 1.2 million tuberculosis
deaths among HIV-negative people (range, 1.1 to 1.3
million) in 2018 (a 27% reduction from 1.7 million in
2000) and 0.251 million deaths from TB (range, 0.223
to 0.281 million) among HIV-positive people (a 60%
reduction from 0.620 million in 2000). According to
the WHO (2019) report, there are 44% TB cases
geographically in WHO regions of South-East Asia.
In India, alone 27% of TB cases among the eight
countries accounted for two - thirds of global cases
(1).

In India, among 21.5 lakh TB cases, 25% were
notified from the private sector. TB cases between
15 to 69 year age groups  are most affected (89%) and
about two-third of the cases are males as reported
by the Government of India’s Revised National
Tuberculosis Control Program (RNTCP, 2019) (2).

Ethambutol has been reported to inhibit arabinosyl
transferase III, which in turn disrupting the transfer
of arabinose into arabinoglactan biosynthesis which
involved in the process of mycobacterial cell wall
synthesis. Ethambutol and its metaboli te 2, 2'
(e thylened i im ino) -d ibu tyr ic  ac id  (EDBA)  are
excitotoxic to the ganglion cell layer, through the
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Goldfishes not only respond readily to moving stimuli,
but also have a very well developed color vision (10).
Go ldf ishes  have te trachromat ic  co lor  v is ion,
especially ultraviolet (360 NM-UV), small (450 NM-
S), middle (540 NM-M) and long (625 NM-L) cones
(11, 12). Among the four types, only long type (L) of
cones contributes to the optomotor response (9).
Goldfishes cones contain GABA

A
 gated chloride

channel. When cones were exposed to green / blue
color light at dark condition the GABA uptake by Ab
pyriform amacrine cells was found to be increased.
However, the reverse phenomena happened when
cones were exposed to red light. In light condition,
the GABA uptake by horizontal cone cells was found
to be increased, which was reported to be decreased
in dark condition. Similarly, in dark condit ions,
horizontal cone cells got depolarized and led to the
release of GABA (13).

The various experimental studies showed the release
of glutamate by cones in goldf ishes during the
dark condition in a Ca2+ dependent manner (14). In
the presence of  l ight cones were found to be
hyperpolarized to cause a decrease in glutamate
release. Color and motion were reported to have
separate pathways in human. In isoluminance
condition, when the stimuli contains only contrast in
co lor,  there wil l  be d isappearance of  motion
perception, but not in luminance (15).

GABA antagonist, bicuculline affected the wavelength
discrimination ability of goldfish in red-green, but not
in blue-green part of the spectrum respectively (6).
Bicuculline had the same effect on wavelength
discrimination ability on goldfishes comparable to
ethambutol (3). Though many studies have reported
the involvement of glutamate in the causation of
ethambutol induced ocular side effects, yet the exact
mechanism of retinal toxicity is unclear (16).

The pretreatment with N-methyl-D-aspartate (NMDA)
antagonist (memantine) has been found to restore
the fall of ‘b’-wave amplitude of the ERG, after chronic
EMB administration in rats at a dose of 200 mg/kg
of body weight (17). Therefore, the present study
has been conducted to reinvestigate the protective
effect of both NMDA and AMPA/Kainate receptor

antagonists against EMB induced ocular toxicity
using the Gyro-dotted-OMR in goldfish.

Materials and Methods

Chemicals

Ethambutol, memantine, trimetazidine and ethyl-3-
aminobenzoate methane sulfonate (MS-222) were
procured from Sigma-Aldrich, Co., St. Louis, MO,
USA. All other analytical grade chemicals and
reagents were obtained f rom their respect ive
commercial sources and were used without any
further purification.

Animals

Adult goldfishes (Carassius auratus) were obtained
from local dealers and fishes were well maintained
at 12-hour light/dark cycle in fish tanks. Aeration
was supplied by using an electrical aerator for entire
day to the fish tank and fish tank water was replaced
twice weekly. The tank temperature was maintained
between 22 to 25°C. Fishes with a body length
ranging between 4-7 cm and weighing around the 10
to15 g were used for this study. All goldfishes were
fed twice daily with standard dry sea food (Tokyu®,
Japan). The study protocol was approved by the
Institutional Animal Ethics Committee (IAEC). All
experimental procedures were followed as per the
Assoc ia t ion f o r  Research  in  V is ion and
Ophthalmology (ARVO) guidelines and Standing IAEC
of the Institute. In order to develop a recordable
ocular toxicity in goldfishes, Gyro-dot-OMR was
developed and standardized in our laboratory (18).
Goldfishes were selected as a tool, to study the
ocular toxicity of ethambutol since they are reported
to possess 4 types of cones viz, small (S), middle
(M), large (L) and ultraviolet (UV) (9).

Exper imental  setup of Gyro-dot-Optomotor response
(OMR)

A d ig i ta l  l igh t  p rocess ing  a ided  gyra t ing
polychromatic dotted pattern - OMR (Gyro-dot-OMR)
analyzer was used in this study (18). The fish bowl
water level was maintained at 7 cm from the bottom
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(holding 1.5 L of water) so that the fishes can swim
freely in the bowl. A black velvet curtain was fixed
around the experimental setup to provide optimal
contrast and prevent the entry of stray light to
f ishbowl. The f ish and dotted pattern cylinder
movement were continuously recorded using a video
camera fixed above the fish bowl. The video signal
was stored simultaneously on a time- lapse recorder
and observed on a monitor.

Measurement of  the optomotor response (OMR)

For OMR measurement, the identical procedure was
followed as reported by Schaerer and Neumeyer
(1996) (19). Goldfishes were tested repeatedly before
the injection of either drug or solvent until stable
optomotor response were achieved for 5 rpm. Before
all measurements, fishes were allowed to adapt for
5 min to the OMR setup and stimuli light intensity.
After adaptation, fishes were allowed to swim for 1
min in clockwise and 1 min anticlockwise rotation,
which were separated by 1 min with no rotation. For
a testing session, pattern velocity (5 rpm) was
repeated 4-5 times in each direction. Minimum two
experimental sessions were performed with each fish
before the injection of the standard or test drugs.
After induction of EMB toxicity, evaluation of the
effect of intravitreal injection of NMDA and AMPA/
Kainate receptor antagonists was done.

Either sex of goldfishes was randomized into three
groups, each group consisting of eight goldfishes
(n=8). Group 1, 2 and 3 fishes were exposed to
daily doses of ethambutol (1 mg/ml for one hour) up
to 26 days. Group 1, 2 and 3 of fishes were given
intravitreal injections of 1 µl of normal saline, 1 µl of
a solution of 20 µg memantine (MEM) /ml and 1 µl
of a solution of 10 µg trimetazidine (TMZ) /ml
respectively on 10, 15, 20 th and 25 th day. After drug
exposure, fishes were allowed to the OMR setup
and fish pattern velocity was recorded (on 11, 16,
21st and 26th day) at 5 rpm in different light conditions
(Blue, Green and Red). All intravitreal injections were
performed by using 31-gauge needle attached to a
Hamilton syringe (Hamilton Co., Reno, Nevada. USA)
under the methanesulphonate (MS-222, 150 mg/L)
anesthesia condition.

Percentage relative frequency (PRF) Calculation:

The percentage relative frequency (PRF) for a
particular wavelength calculated using the following
formula:

PRF for a particular wavelength of light at a particular
time point is

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

PRF = (PV at Xw at Xt / PV at white light at Xt)*100

Where,

PV = Pattern velocity

Wx = Particular wavelength (x = 440 or 550 or 605 nm)

XW = Particular wavelength (w = 440 or 550 or 604 nm)

TX = Time point after the injection of intravitreal
memantine / trimetazidine

(x = 10 th or 15 th or 20th or 25th day).

Xt = Time point after the injection of intravitreal
memantine / trimetazidine

(x = 10 th or 15 th or 20th or 25th day).

Data acquisition and statistical analysis

The pattern velocity of a goldfish was used for the
calculation of percentage relative frequency (PRF).
The values were represented as mean±SEM. Fish
percentage relative frequency data were analyzed by
using Students paired ‘t’ test within treatment group
fishes and using Students unpaired ‘t’ test between
the control and treatment groups. The results were
considered to be statistically significant if the p value
was <0.05. SigmaStat statistical software program
(ver. 4.0) was used for the analysis.

Results

After chronic exposure (1 hr in bathing solution/day)
of ethambutol at the dose of 1 mg/ml, fishes showed
a statistically significant reduction in the percentage
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of the relative frequency in the green (550 NM) and
red (605 NM) wavelength on the 7th day as compared
to  the i r  base l ine va lues  on day 0 .  A s l igh t
insignificant increase has been observed in the
percentage frequency of blue wavelength at the
consecutive days. Persistent significant decrease in
PRF of green and red color wavelength observed in
the studied time period following ethambutol exposure
(Fig. 1).

Effect  of  NMDA receptor  antagonist  on e thambutol
induced toxicity in goldfish

After the induction of ocular toxic ity fol lowing
ethambutol exposure, in terms of decreased PRF,
intravitreal injection (IVI) of NMDA receptor antagonist
memantine was given on day 10, 15, 20 and 25.
Following IVI, significant improvement in the green
color PRF was observed from 21st day onwards

(p=0.008). The NMDA receptor antagonist also
increased the PRF at red wavelength in goldfishes
from 16 th day onwards, which was found to be
significantly elevated at 21st and 26th days (p=0.028).
Whereas PRF of blue color wavelength remains
unaffected due to ethambutol and NMDA receptor
antagonist exposure (Fig. 2).

Effect of AMPA/ Kainate receptor antagonists on the
ethambutol induced toxicity in goldfish

In t rav i t rea l  in jec t ion AMPA/Kaina te  recepto r
antagonist trimetazidine was given at 10th, 15 th, 20 th

and 25 th days following ethambutol exposure. The
IVI  caused a s ignif icant increase in al l  three
wavelengths namely blue (p=0.007), green and red
on day 16th. The increase in PRF remained persistent
throughout the study in all three wavelengths (Fig.
3).

Fig. 1 : Opto motor response (at different days) of ethambutol exposed goldfish (n=8). The values are expressed as mean±SEM.
Note: The values are comparison between 0-day vs 7, 16, 21st and 26 th day.
Data are analyzed by using both Student paired and unpaired ‘t’ test (*p<0.05, **p<0.01, ***p<0.001).
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Fig. 3 : (A ) Opto motor response (at different days) of trimetazidine injected intravitreally in goldfish in presence of
ethambutol (n=8). Arrow indicates the intravitreal injection at 10, 15, 20 th and 25 thday.

(B-D) Shows the change in pattern at different wavelength. The values are expressed as mean±SEM.
Note: The values are comparison between 7 th day vs 16, 21st and 26 th day.
Data are analyzed by using both Student paired and unpaired ‘t’ test (*p<0.05, **p<0.01, ***p<0.001).

Fig. 2 : (A ) Opto motor response (at different days) of memantine injected intravitreally in goldfish in presence of ethambutol
(n=8). Arrow indicates the intravitreal injection at 10, 15, 20 th and 25 th day.

(B-D) Shows the change in pattern at different wavelength. The values are expressed as mean±SEM.
Note: The values are comparison between 7 th day vs 16, 21st and 26 th day.
Data are analyzed by using both Student paired and unpaired ‘t’ test (*p<0.05, **p<0.01, ***p<0.001).
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Discussion

The incidence of ethambutol induced ocular toxicity
has been reported to be 1-18% in the patients
undergo ing ATT (20) .  The role o f  exc itatory
neurotransmitter like glutamate, playing a role in
ethambutol induced ocular toxicity has been well
documented in many in-vitro and in-vivo studies (21).

The s tudies  were conducted to eva luate the
e thambuto l  tox ic i ty by ERG a f te r  chron ic
administration in Wistar rats, where ethambutol
showed significant reduction in ‘b’-wave amplitude
on the 21st day. Pretreatment with NMDA and AMPA/
Kainate receptor antagonists were found to reduce
the excitotoxicity. Pretreatment with memantine was
found to protect excitotoxicity in ‘b’-wave in rat ERG
(17). In addition; the present study was conducted
to evaluate both NMDA and AMPA/Kainate receptor
antagonists using Gyro-dot-OMR in goldfish after the
chronic administration of ethambutol.

As ethambutol induced color toxicity has been
reported in middle (green) and long (red) wavelengths
(5), this study preferred goldfish as a tool over rats,
as rats are reported to have only small (S) and middle
(M) cones in the retina unlike human eyes.

To mimic ethambutol induced ocular toxicity in
human, chronic exposure model was preferred. The
goldfishes were exposed to the concentration of 1
mg/ml for 1 hour period every day. Various EMB
exposures strategies like, drug containing food pellet,
intramuscular injection, etc. have been used in the
goldfish model (21, 22). The present study opted for
pan exposure of the drug to the organism through
bathing solution. After using various time intervals of
exposure, this study found that 1 mg/ml solution for
1 hour was appropriate to cause a fall in percentage
relative frequency OMR (PRF-OMR) on the 7th day.
The initial acute toxicity studies revealed (17) a fall
in PRF-OMR after 12 hours following the intravitreal
administration of ethambutol at the dose of 2 µg/ml
(2 µl) in each eye (23).

As an acute exposure of ethambutol through bathing
so lut ion showed a predic table exc i tat ion and

depression as evidenced by the increase and
decrease in OMR, the similar strategy was adopted
to study the chronic toxicity of ethambutol in goldfish
(18).  In order to analyze ethambutol ocular toxicity,
go ld f ishes  were sub jec ted to  the  gyra t ing
polychromatic dotted pattern-OMR on 7, 16, 21st and
the 26 th day, af ter the init iation of  ethambutol
exposure. The results of this chronic study showed
a significant fall in PRF-OMR on day 7, after exposure
of ethambutol every day. The fall in PRF-OMR was
significant from baseline for both green and red colors
on day 7 and day 26. Intravitreal administration of
memantine and trimetazidine treatments at 10, 15,
20 th and 25 th day, after the initiation of ethambutol
exposure was found to restore PRF-OMR significantly
in red and green wavelength.

Memantine is an analogue of  amantadine and
clinically used in the treatment of parkinsonism and
epilepsy diseases. It mainly binds to non-competitive
NMDA receptor site and thus block the effect of
glutamate. Memantine has been found to be protective
against the acute excitotoxicity insult in both in-vivo
and in-vitro experimental studies (24, 25). Memantine
has been reported and approved as a neuroprotectant
in human for Alzheimer’s disease (26). It has also
been repor ted  in  exper imenta l  m odels  as  a
neuroprotectant in glaucoma, but subsequent clinical
trials failed to show any efficacy (27). This could be
due to the poor levels of memantine reaching the
human eye across blood ocular barriers (28). In the
current study, intravitreal injection of memantine
showed improvement in the green and red wavelength
in the ethambutol induced color toxicity from the
21st day onwards.

AMPA/Kainate receptor antagonist trimetazidine has
shown a significant improvement in the PRF of ocular
toxicity affected goldfishes from the day 16th onwards.
The significant protection shown by the trimetazidine
may be due to its ability to inhibit the extracellular
glutamate accumulation, which represents the first
step of the excitotoxicity phenomenon (10). Being a
vasodilator, trimetazidine has been reported to be
e f fec t ive  in  reduc ing  ischem ic  chor io ret ina l
disturbances (29). However, its intraocular penetration
is yet to be determined in animal models or in human.
As intraocular penetration of any neuro-protectant
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across ocular barriers is a matter of concern   (28),
intravitreal route was opted in the present study.

Exposure of the ethambutol did not cause any
significant change in the PRF-OMR of the blue
wavelength (440 nm). As literature suggests that
glutamate induced hyperpolarization in the horizontal
cells causes decreased response in red to green
light, our previous finding results were found to be
consistent with it (4, 5, 6). Surprisingly, an increase
in the PRF-OMR of the blue wavelength was observed
following TMZ intraviteral injection. The increase
remained sustained over the study period, although
the justification for this increase needs to be validated
by further experiments.

The results of this study showed the possibility of
the involvement of excitatory amino acid pathway in
the EMB induced ocular toxicity and predicted the
usage of NMDA and AMPA/Kainate receptor blockers
in reducing the excitotoxicity leading to permanent
re t inal  dam age in  pat ients  undergo ing  ant i
tuberculosis therapy.

Further, studies are in progress in evaluating the
suitability of various NMDA antagonists across the
blood retinal barrier in experimental models for their

suitability for neuroprotection in conditions like
glaucoma and ethambutol induced retinal toxicity.

To conclude, this study has been conducted to
evaluate the protective effects of both NMDA and
AMPA/Kainate receptor antagonists against EMB
induced ocular toxicity by the newly developed model
of Gyro-dot-OMR in goldfish. Chronic administration
of ethambutol at the dose of 1 mg/ml/day for the
period of one hour caused signif icant decrease
in PRF-OMR in red and green color. Intravitreal
administration of trimetazidine and memantine offered
significant protection in the PRF-OMR indicating the
possibility of using them as a therapeutic intervention
in  pat ien ts  deve lop ing ocu lar  tox ic i ty dur ing
antitubercular therapy. However, further studies are
required to evaluate their intraocular penetration before
initiating clinical studies.

Acknowledgements

We sincerely thanks to Council of Scientific and
Industrial Research (CSIR), New Delhi for providing
SRF to ARVK. We also thanks to the Dr. Rajendra
Prasad Centre for Ophthalmic Sciences, AIIMS,
New Delhi for providing the facility to carry out this
study.

References

1. World Health Organization (WHO). Global Tuberculosis
Report 2019.  Geneva:  WHO. Available from: ht tps: / /
a p p s . w h o . i n t / i r i s / b i t s t r e a m / h a n d l e / 1 0 6 6 5 / 3 2 9 3 6 8 /
9789241565714-eng.pdf?ua=1, accessed on November 05,
2019.

2. Rev ised Nat iona l  Tubercu los is  Cont ro l  Programme
(RNTCP), Annual Report. India TB Report 2019. India.
Available from: https:/ / tbcindia.gov. in/WriteReadData/
Ind i a% 20T B% 20Repor t% 202019. pd f ,  ac cess ed  on
November 05, 2019.

3. Spekreijse H, Wietsma JJ and Neumeyer C. Induced color
blindness in goldfish: a behavioral and electrophysiological
study. Vision Res 1991; 31: 551–562.

4. Kamermans M and Spekreijse H. The feedback pathway
from horizontal cells to cones. A mini review with a look
ahead. Vision Res 1999; 39: 2449–2468.

5. Mangel SC, Ariel M and Dowling JE. Effects of acidic
amino acid antagonists upon the spectral properties of
carp horizontal cel ls:  c ircuit ry of  the outer ret ina.  J
Neurosci 1985; 5: 2839–2850.

6. Wietsma JJ. Induced color blindness, a behavioral and
electrophysiological study on pharmacologically induced

co lor  v is ion d is turbances  in  go ldf ish [di ssertat ion] .
Netherlands: University of Amsterdam; 1994.

7. Lasater EM. In: Douglas Rh and Djamgoz MBA, editors.
Neurotransmitters and neuromodulators of the fish retina:
The Visual System of Fish. London: Chapman & Hall;
1990; p. 211–238.

8. Sucher NJ, Lipton SA and Dreyer EB. Molecular basis of
glutamate toxicity in retinal ganglion cells. Vision Res
1997; 37: 3483–3493.

9. Neumeyer C and Arnold K. Tetra chromatic color vision in
the goldfish becomes trichromatic under white adaptation
light of moderate intensity. Vision Res 1989; 29: 1719–
1727.

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

11. Stell WK and Harosi FI. Cone structure and visual pigment
content in the retina of the goldfish. Vision Res 1976; 16:
647–657.

12. Palacios AG, Varela FJ, Srivastava R and Goldsmith TH.
Spectral sensitivity of cones in the goldfish, Carassius
auratus. Vision Res 1998; 38: 2135–2146.



302 Vijayakumar, Nath, Biswas, Saxena, Halder and Velpandian Indian J Physiol Pharmacol 2019; 63(4)

13. Stell WK. Horizontal cell axons and axon terminals in
goldfish retina. J Comp Neurol 1975; 159: 503–520.

14. Marc RE, Liu WL, Kalloniatis M, Raiguel SF and van
Haesendonck E. Patterns of glutamate immunoreactivity in
the goldfish retina. J Neurosci 1990; 10: 4006–4034.

15. Merigan WH and Maunsell JH. How parallel are the primate
visual pathways? Annu Rev Neurosci 1993; 16: 369–402.

16. Domercq M and Matute C. Expression of  glutamate
transporters in the adult bovine corpus callosum. Brain
Res Mol Brain Res 1999; 67: 296–302.

17. Vijayakumar AR, Anuradha H, Biswas NR, Menon V,
Saxena R, Velpandian T. Evaluation of the Protective
effect of NMDA/ non-NMDA receptor antagonists against
Ethambutol induced Retinal toxicity using ERG in Wistar
rats. Indian J Physiol Pharmacol 2016; 60: 268–281.

18. Vijayakumar AR, Biswas NR, Menon V, Saxena R, Ahmed
W, Halder N, Velpandian T. Fabrication and Validation of
Gyro-Dot-Optomotor Response Device using Gold Fish to
study drugs affecting visual perception. Indian J Physiol
Pharmacol 2016; 60: 182–192.

19. Schaerer S and Neumeyer C. Motion detection in goldfish
investigated with the optomotor responses “colorblind”.
Vision Res 1996; 36: 4025–4034.

20. Leibold JE. The ocular toxicity of ethambutol and its
relation to dose. Ann NY Acad Sci 1966; 135: 904–909.

21. Heng JE, Vorwerk CK, Lessell E, Zurakowski D, Levin LA
and Dreyer EB. Ethambutol is toxic to retinal ganglion
cells via an excitotoxic pathway. Invest Ophthalmol Vis
Sci 1999; 40: 190–196.

22. Wietsma JJ, Kamermans M and Spekreijse H. Horizontal
cells function normally in ethambutol-treated goldfish.
Vision Res 1995; 31: 1667–1674.

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

24. Chen HS, Pellegrini JW, Aggarwal SK, Lei SZ, Warach S,
Jensen FE and Lipton SA. Open-channel block of N-m e
thyl -D-as par tate (NMDA) responses by memant ine:
therapeutic advantage against NMDA receptor- mediated
neurotoxicity. J Neurosci 1992; 12: 4427–4436.

25. Vorwerk CK,  Kreutz MR,  Dreyer EB and Sabel BA.
Systemic L- kynurenine administration partially protects
against NMDA, but not kainate-induced degeneration of
retinal ganglion cells, and reduces visual discrimination
deficits in adults rats. Invest Ophthalmol Vis Sci 1996;
37: 2382–2392.

26. Lipton SA. Paradigm shift in NMDA receptor antagonist
drug development: molecular mechanism of uncompetitive
inhibition by memantine in the treatment of Alzheimer’s
disease and other neurologic disorders. J Alzheimers
Dis 2004b; 6 Suppl 61–S74.

27. Hare WA, Wolde Mussie E, Weinreb RN, Ton H, Ruiz G,
Wijono M, Feldmann B, Zangwill L and Wheeler L. Efficacy
and safety of  memant ine t reatment for reduct ion of
changes assoc iated with exper im enta l  g laucoma in
monkey, II: Structural measures. Invest Ophthalmol Vis
Sci 2004; 45: 2640–2651.

28. Velpandian T. Closed gateways can neuroprotectant
shield the retina in glaucoma? Drugs RD 2010; 10: 93–
96.

29. Mohand-Said S, Jacquet A, Lucien A, Espinasse-Berrod
MA, Frasson Correa De Silva M and Sahel J. Protective
effect of trimetazidine in a model of ischemia-reperfusion
in the rat retina. Ophthalmic Res 2002; 34: 300–305.


