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Abstract
Objective—Although vigabatrin irreversibly constricts the visual field, it remains a potent
therapy for infantile spasms and a third-line drug for refractory epilepsies. In albino animals, this
drug induces a reduction in retinal cell function, retinal disorganisation and cone photoreceptor
damage. The objective of this study was to investigate the light dependence of the vigabatrin-
elicited retinal toxicity and to screen for molecules preventing this secondary effect of vigabatrin.

Methods—Rats and mice were treated daily with vigabatrin 40mg and 3mg, respectively. Retinal
cell lesions were demonstrated by assessing cell function with electroretinogram measurements,
and quantifying retinal disorganization, gliosis and cone cell densities.

Results—Vigabatrin-elicited retinal lesions were prevented by maintaining animals in darkness
during treatment. Different mechanisms including taurine deficiency were reported to produce
such phototoxicity; we therefore measured amino acid plasma levels in vigabatrin-treated animals.
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Taurine levels were 67% lower in vigabatrin-treated animals than in control animals. Taurine
supplementation reduced all components of retinal lesions in both rats and mice. Among 6
vigabatrin-treated infants, the taurine plasma level was found to be below normal in three patients
and undetectable in two patients.

Interpretation—These results indicate that vigabatrin generates a taurine deficiency responsible
for its retinal phototoxicity. Future studies will investigate whether co-treatment with taurine and
vigabatrin can limit epileptic seizures without inducing the constriction of the visual field. Patients
on vigabatrin could gain immediate benefit from reduced light exposures and dietetic advice on
taurine-rich foods.

Introduction
Epilepsy affects 1% of the world population and can be life threatening. Vigabatrin,
(gamma-vinyl GABA, or VGB), was widely prescribed for the treatment of epilepsy1
because it reduces the occurrence of seizures by increasing the GABA concentration, the
main inhibitory neurotransmitter of the central nervous system. VGB irreversibly inhibits
GABA transaminase, the GABA degrading enzyme. Unfortunately, chronic administration
of VGB was found to induce a bilateral constriction of the visual field in 10 to 40% of
treated patients2–4. There have been several reports of altered visual acuity5, colour
discrimination6 or contrast sensitivity6, 7 whereas other studies, such as the longitudinal
cohort studies sponsored by the National Health Service of Scotland, have demonstrated
preservation of central and colour vision in patients with bilateral constriction8. Consistent
with these potential alterations in the cone pathway, photopic electroretinograms (ERG) and
the flicker response are decreased in amplitude7, 9, 10. Despite these irreversible visual
effects, VGB remains in infantile spasms the only alternative to adrenocorticotrophic
hormone (ACTH) or steroid therapy1, 11–16. It is also prescribed as a third-line drug for
other refractory epilepsies in Europe1. Furthermore, it is being evaluated for treatment of
heroin, cocaine and methamphetamine addictions17, 18.

In rats, VGB accumulates in the retina at a concentration five-fold higher than in the
brain19. Consequently, GABA concentrations increase five-fold higher in the retina and
two-fold higher in the brain than those of control rats20, 21. VGB treatment disorganises the
photoreceptor layer in the peripheral retina22–24, damages cone photoreceptors in broader
areas23, 24 and reduces the photopic ERG and flicker responses23. The lesion area is
marked by major glial reaction, and can be visualised by immunohistochemical staining for
the glial fibrillary acidic protein (GFAP)23, a hallmark of retinal lesions. In vitro, VGB-
elicited photoreceptor degeneration was reported to be light-dependent25. This is consistent
with the selective VGB sensitivity of albino but not pigmented animals22.

To further assess the light dependence of VGB-elicited toxicity, we kept animals in darkness
during chronic VGB treatment and examined the underlying mechanism of this
phototoxicity.

Methods
Animal treatments

As described previously23, 24, Wistar rats Rj Wi IOPS Han or BALB/c mice were
purchased from Janvier (Le Genest-St-Isle, France) at between six and seven weeks of age.
VGB dissolved in 0.9% NaCl was administered at 40mg (125 mg/ml, 0.32ml) to rats by
daily intraperitoneal injection for 45 or 65 days and at 3mg (60mg/ml, 0.05ml) to mice for
29 days. These daily doses (rats:200mg/kg; mice:150mg/kg) are in-line with those described
for the treatment of epilepsy (adult patients: 1–6mg/kg; children:50–75mg/kg; or infants:
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100–150 mg/kg)11, 26, 27. Taurine supplementation was given in drinking water at a
concentration of 0.1M. Light intensity in the animal cages ranged between 125 and 130 lux
for rats and between 70 and 85 lux for mice.

Electroretinogram (ERG)
Photopic ERGs were recorded after the last VGB injection, as described previously23.
Anesthesia was induced by intraperitoneal injection (0.8 to 1.2 ml/kg) of a solution
containing ketamine (40 mg/ml) and xylazine (4 mg/ml Rompum). Animals were light-
adapted for 10 minutes with a background light of 25 cdm−2. Light flashes were then
applied on this background light; the light intensity of the flash was 10 cdsm−2 for the
mouse experiments and for the rats maintained in darkness (Fig. 1, Fig. 4) or 25 cdsm-2 for
other experiments (Fig 2–Fig 3). Ten recordings were averaged with an interstimulus
interval of 30s.

Histology
Eye cups were fixed overnight at 4°C in 4% (wt/vol) paraformaldehyde in phosphate
buffered saline (PBS; 0.01M, pH 7.4). The tissue was cryoprotected in successive solutions
of PBS containing 10%, 20% and 30% sucrose at 4°C, oriented along the dorso-ventral axis
and embedded in OCT (Labonord, Villeneuve d’Ascq, France). Retinal sections (8–10µm
thickness) were permeabilised for five minutes in PBS containing 0.1% Triton X-100
(Sigma, St. Louis, MO), rinsed, and incubated in PBS containing 1% bovine serum albumin
(Eurobio, Les-Ulis, France), 0.1% Tween 20 (Sigma), and 0.1% sodium azide (Merck,
Fontenay-Sous- Bois, France) for two hours at room temperature. The primary antibody
added to the solution was incubated for two hours at room temperature. Polyclonal
antibodies were directed against VGluT1 (1:2000, Chemicon), rabbit GFAP (1/400, Dako)
and mouse cone arrestin (Luminaire junior, LUMIj, 1:20,000) 28. Monoclonal antibodies
were directed against Goα (1:2000, Chemicon). Sections were rinsed and then incubated
with the secondary antibody, goat anti-rabbit IgG or rabbit anti-mouse IgG conjugated to
either Alexa TM594 or Alexa TM488 (1:500, Molecular Probes) for two hours. Inner/outer
segments of cone photoreceptors were stained with a peanut lectin (PNA, Sigma) during 12
hours of incubation at 4°C. The dye, diamidiphenyl-indole (DAPI), was added during the
final incubation period. Sections were rinsed, mounted with Fluorsave reagent (Calbiochem)
and viewed with a Leica microscope (LEICA DM 5000B) equipped with a Ropper scientific
camera (Photometrics cool SNAP TM FX).

For quantification, vertical sections along the dorso-ventral axis were selected at the optic
nerve. Following DAPI nuclear staining, the lengths of disorganised retinal areas were
measured; GFAP immunostaining was used for detection and quantification of retinal areas
with reactive gliosis. The cone photoreceptor density was calculated following cone arrestin
immunostaining (rats) or PNA labelling (mice) to visualise the inner/outer segments of cone
photoreceptors; areas with disorganised retinal layering were excluded. Areas with sprouting
bipolar cells were quantified following immunolabelling of these cells with the antibody
directed against the protein Goα.

Amino-acid measurements
Blood samples were collected in haemolysis tubes containing heparin (14 IU/ml) and
centrifuged (2200g, 15min). Plasma amino-acid analysis was performed by ion-exchange
chromatography with nihydrin detection using a JEOL AMINOTAC analyser.
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Statistical analysis
Statistical analysis of the results was performed by a one-way analysis of variance with the
Student-Newman Keuls test (Sigmastat) for all measurements except for the quantification
of the lesion length in the darkness experiments (Fig. 1H). In this case, the analysis was
achieved with the Dunn’s test. A probability (p<0.05) was taken as a criterion for statistical
significance

Results
Vigabatrin phototoxicity

To investigate potential VGB-induced retinal phototoxicity, we administered VGB to one
group of rats for 45 days and kept them in darkness during the whole treatment period
(n=10); another VGB-treated group was kept under 12h/12h light/dark cycles (n=10).
Retinal cell function was assessed in these animals by examining photopic ERG. Photopic
ERG amplitudes were significantly lower in VGB-treated animals maintained in the 12h/12h
light/dark cycle than in the control group (n=9) (Fig. 1G, * p< 0.001), whereas there was no
difference between the group maintained in constant darkness and control animals (Fig. 1G).
The difference between the two VGB-treated groups was statistically significant (° p<
0.001). These findings suggest that dark rearing prevents loss in retinal function.

To further investigate the effect of dark rearing on the development of VGB-elicited lesions,
the disorganisation of the photoreceptor layer was quantified by length on retinal sections of
VGB-treated animals. The retinal outer nuclear layer (ONL) thickness was disrupted by
rupture in the alignments of photoreceptor nuclei with some nuclei migrating toward the
retinal pigment epithelium (Fig. 1B, H). The cumulative length of the disorganised areas
varied from 345µm to 771µm with an average value of 503.7 ± 128.9 µm/section (Fig. 1H).
No disorganised areas were detected in whole sections from rats maintained in darkness
during VGB treatment (Fig. 1C, H) or in those from control animals (Figs 1A, H). Cone
photoreceptors were labelled with a cone arrestin antibody and their outer/inner segments
were quantified on retinal sections in areas with a normal layering (Fig. 1D–F). There were
fewer cone segments in the VGB-treated animals maintained in room light (Fig. 1E) than in
control animals (Fig. 1D) (Fig. 1I, * p< 0.001), but there was no difference between VGB-
treated animals kept in darkness and controls (Fig. 1F). The difference between the two
VGB-treated groups was statistically significant (Fig. 1I, °p< 0.001). Finally, retinal sections
were immunolabelled with the glial fibrillary acidic protein (GFAP) to further demonstrate
the absence of retinal degeneration in VGB-treated animals maintained in darkness. In
control animals, GFAP immunolabelling was restricted to the Muller cell end-feet (Fig 1B),
whereas it extended in Müller glial cells through the retina up to the outer limiting
membrane of VGB-treated animals exposed to the 12h/12h light/dark cycle (Fig 1B). This
increase in GFAP immunolabelling was observed in a large area of the dorsal retina. By
contrast, GFAP immunostaining detected in VGB-treated animals maintained in darkness
was similar to that of controls (Fig. 1C). Similarly, Goα-immunoreactive bipolar cell
dendrites sprouted into the ONL in VGB-treated animals maintained in room light (Fig. 1B)
but not in those maintained in darkness (Fig. 1C). These observations suggest that darkness
prevents the development of VGB-elicited retinal lesions or protects against the VGB
induction of retinal phototoxicity.

The phototoxicity of Vigabatrin relies on taurine deficiency
Light exposure potentiates photoreceptor degeneration in taurine-deficient conditions29, 30.
Thus, we examined the potential role of taurine in VGB phototoxicity. Plasma amino-acid
levels were measured in control animals and VGB-injected rats treated for 65 days. The
differences in concentrations for most amino acids (threonine, serine, valine, citrulline,
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alanine, glycine, proline, glutamine, isoleucine, leucine, tyrosine, phenylalanine, arginine,
histidine, lysine, and ornithine) were not statistically different (table 1) between the two
groups of animals. By contrast, the plasma glutamic acid concentrations were much lower
(by 56%) in VGB-treated animals than in control animals, consistent with previous
reports31; this difference was statistically significant (control : 217.4±56.6 µM; VGB:
94.8±15.6 µM s.e.m., n=5). However, the greatest difference was observed for taurine.
Taurine levels were by 67% lower in VGB-treated animals (122.2±26.6 µM) than in control
animals (373.4±46.7 µM) (Fig. 2A, p<0.05, n=5, s.e.m.). A significant difference (22%
reduction) was also observed for methionine. To determine if this decrease in taurine level is
correlated to visual loss, both ERG amplitudes (r =0.769, p=0.0093%) and cone densities
(r=0.818, p=0.0038%) were plotted against taurine levels in control animals and VGB-
treated rats (Fig. 2B,C). Taurine levels were highly correlated to both ERG amplitudes and
cone densities; these two factors were also correlated with each other (Fig. 2D, r =0.703,
p=0.0023%). Thus, the low level of circulating taurine may directly contribute to retinal
VGB toxicity in rats.

Taurine is mainly obtained from nutrition; thus, we supplemented the drinking water of one
group of VGB-treated rats with taurine (0.1M) (n=7) for 65 days (Fig 3). The plasma levels
of taurine in these animals increased above those of control animals and above those of
VGB-treated animals without taurine supplementation (Fig. 3K). The photopic ERG
amplitude was greater in VGB-treated animals receiving taurine supplementation than in
VGB-treated animals without taurine supplementation (n=7) (Fig. 3G, ° p<0.01), but
remained lower than in control animals (n=5) (Fig. 3G, * p<0.05). Similarly, the cone
segment density was greater in the VGB-treated group with taurine supplementation than in
animals without supplementation (Fig. 3H, ° p<0.05), but remained lower than that of the
control group (Fig. 3H, * p<0.001). Furthermore, the VGB-induced increase in GFAP
immunostaining was less extensive in animals receiving taurine supplementation than in
animals without supplementation (Fig. 3A–C, I, ° p<0.001). These findings show that VGB-
induced retinal damage can be attenuated by taurine supplementation in rats.

To determine whether taurine can prevent VGB phototoxicity in another species, mice were
administered VGB with (n=7) or without taurine supplementation (n=7) for 29 days (Fig 4).
As in rats, VGB-treated mice had significantly lower photopic ERG amplitude than the
control group (n=5) (Fig. 4G, * p<0.01). Taurine supplementation suppressed this decrease
in photopic ERG amplitude such that the difference between these mice and the control
group was not statistically different. The difference between the two VGB-treated groups
with or without taurine supplementation was statistically significant (Fig. 4G, ° p<0.05).
Quantification of the disorganisation of the ONL in the two VGB-treated groups showed
that mice with taurine supplementation had smaller areas of retinal disorganisation than
mice without supplementation (Fig. 4H, ° p<0.001). Quantification of cone outer and inner
segments following lectin staining of their extracellular matrix indicated that VGB treatment
resulted in lower densities (Fig. 4I, * p<0.001). Taurine supplementation prevented this
decrease in cone density (Fig. 4I, ° p<0.001). Finally, the sprouting of bipolar cell dendrites,
observed in VGB-treated mice, was completely suppressed by the taurine supplementation.
These results indicate that taurine supplementation also reduces features of VGB toxicity in
mice.

Taurine deficiency in infants receiving vigabatrin therapy
We then evaluated whether these findings have any clinical relevance in patients with
epilepsy. Plasma taurine levels were reviewed retrospectively in patients presenting infantile
spasms, who had received VGB treatment for at least six months in Necker Hospitals for the
last 3 years. Plasma amino-acid levels are routinely measured in patients with infantile
spasms as part of their etiological work-up, particularly when brain RMI is negative. Data
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were available in six patients (Table 2). Five patients had a taurine level below normal
values for infants of a similar age; taurine was undetectable in two patients. For one of these
two patients (patient 2), the taurine level was measured before starting a 15 month period of
VGB therapy and this taurine level was normal. In patient 6, the taurine level was in the
lower part of the normal range, but this measurement could have been overestimated by the
delayed blood centrifugation. Thus, taurine levels seem to be decreased in VGB-treated
epileptic infants.

Discussion
We demonstrated here two related mechanisms underlying the retinal toxicity of VGB and
thus provide several means to prevent its occurrence. First, we confirm the VGB
phototoxicity and show that room light is sufficient to trigger the retinal damages. Indeed,
retinal VGB toxicity has only been demonstrated in albino animals22; no lesions have been
detected in pigmented rats even when treated for 105 days with 50mg/day (data not shown).
Pigmentation is known to reduce the amount of light reaching photoreceptors such that, in
conditions leading to pupil constriction, albino animals receive a 90-fold higher intensity on
their retina than pigmented species32. Therefore, Izumi and coworkers25 suggested that
light could be an important factor affecting retinal VGB toxicity. They tested this hypothesis
in vitro and then in vivo using high-intensity illuminations (6,000 to 20,000 lux) for short
periods (20–24 hours)25. In these acute conditions, photoreceptor degeneration was only
observed in vitro25. In this study, we further demonstrated that normal room lighting can
also induce retinal damage following chronic in vivo VGB administration.

The second uncovered mechanism is the induction of a taurine deficiency following the
chronic VGB administration. Room light phototoxicity was previously reported in
conditions of taurine deficiency29, 30, 33–35. We provide evidence that VGB-elicited
phototoxicity could result from taurine deficiency by showing: 1) a decrease in taurine
plasma level in VGBtreated animals, 2) a correlation between taurine plasma levels and the
loss of visual functions, 3) the partial prevention of VGB-induced retinal lesions by taurine
supplementation. The decrease in taurine plasma levels appears to be inconsistent with
previous findings showing no change in taurine tissue levels after acute administration of
VGB or following 17 days of chronic treatment36. However, the shorter administration
period and the measurement of tissue rather than plasma levels in the previous study may
account for this difference. VGB-induced lesions present additional similarities to retinal
damage produced by taurine deficiency. The VGB-elicited lesions were more pronounced in
the central superior region of the retina; similar lesions are described for taurine-deprived
cats33. In both cases, retinal damage included disorganisation of the ONL with
photoreceptor nuclei displaced towards the retinal pigment epithelium33. It remains unclear
how vigabatrin lowers the taurine plasma level. The VGB-elicited increase in GABA could
explain this observation because GABA is a known substrate and thus competitive inhibitor
of the taurine transporter37. VGB itself could also have a direct action on the taurine uptake
and release, this hypothesis would explain why VGB by contrast to GABA was found to
induce a direct phototoxicity to photoreceptors in vitro25. The partial prevention of retinal
lesions by taurine supplementation in VGB-treated animals could result from the inhibition
of taurine transport at the hemato-retinal barriers and more specifically at the retinal pigment
epithelium. However, we cannot exclude that other natural anti-oxidants are decreased by
VGB treatment. Future studies will further investigate the cellular and molecular
mechanisms involved in VGB induction of taurine deficiency and the correlated
photoreceptor degeneration. They will also have to consider if a similar taurine deficiency is
responsible for the visual disturbances generated by other antiepileptic drugs38.
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Our initial observation of low taurine plasma levels in infants receiving VGB therapy is
consistent with taurine deficiency and phototoxicity being the causes of VGB-induced visual
loss in humans. Taurine deficiency triggers cone photoreceptor damage in monkeys fed a
taurine-free diet34, 35. Similarly, in VGB-treated patients with epilepsy, cone photoreceptor
damage might underlie reports of a decrease in visual acuity5, a loss of colour
discrimination 6 and a reduction in the photopic ERG and the flicker response5, 7, 9, 39.
Changes in electrooculogram (EOG) data are also consistent with altered cone
photoreceptor/retinal pigment epithelium interactions that lead to cone damage. The absence
of major changes in amplitude of the photopic ERG a-wave in VGB-treated epileptic
patients5, 7, 9, 39 may appear inconsistent with potential cone damage in these patients.
However, the primate photopic a-wave does not originate from cone photoreceptors, but
originates mainly from their postsynaptic neurons40. Cone photoreceptor damage in VGB-
treated epileptic patients would be highly consistent with our observations in VGB-treated
animals. In VGB-treated infants, in vivo imaging techniques have also shown alterations of
the retinal ganglion cell axon fibres and optic disc atrophy9. Future experiments will
determine whether retinal ganglion cell degeneration is related to photoreceptor damage or a
direct effect due to the expression of taurine transporters on retinal ganglion cells41. The
taurine deficiency could also explain the variability in visual loss among VGB-treated
patients because taurine is mainly obtained from our diet and may thus be highly dependent
on individual diet. The first recommendation of the study would be to provide dietetic
advices to patients under VGB therapy to verify their daily nutritional taurine intake.

Interestingly, taurine and its analogues exhibit anti-epileptic properties42. Our results
indicate that taurine supplementation could eliminate or at least diminish the VGB-elicited
visual field constriction in epileptic patients as it does in rodents. However, clinical trials are
needed to determine whether taurine, as an adjunctive therapy, may prevent VGB retinal
toxicity without preventing VGB efficacy on seizures. Taurine supplementation is very
unlikely to perturb VGB therapy because the decrease in taurine level is not required for the
drug to control seizures43, 44. Therefore, new clinical trials should focus on the effect of
taurine supplementation on VGB therapy for infantile spasm or epilepsy1. However, in a
first step, it would be important to verify that VGB-treated infants do drink baby milk
formulae that contains taurine, as it is already included in such formulae commercialized by
different companies in many countries.

Another important recommendation can be made, based on our findings, on reduced light
exposure. Indeed, we demonstrated that VGB-elicited phototoxicity was prevented by
maintaining animals in darkness during the treatment. Therefore, VGB-treated patients
should limit their exposure to bright lights and wear sun glasses. Illumination should be
avoided at night and during naps. This is particularly relevant for families of epileptic
infants that are educated to observe and count seizures during sleep and thus maintain
constant illumination during the night. Limiting light exposure is a simple and safe
recommendation that could immediately and efficiently limit the extent of the VGB-induced
retinal lesions.

This study provides a biological explanation for VGB-elicited retinal toxicity. It could lead
to the use of a drug combination allowing epileptic patients to undergo VGB treatment again
without having to choose between epileptic seizures and visual field constriction.
Recommendations on reduced light exposure and nutrition could be rapidly implemented to
limit visual field deterioration. However, we strongly discourage patients to take taurine
supplementation without medical supervision because it may reduce the efficacy of their
antiepileptic treatment.
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Figure 1. The in vivo retinal phototoxicity of vigabatrin
(A–F) Retinal sections showing the lesions in a rat treated with VGB for 45 days in room
light (B, E, VGB light) and absence of lesions in a VGB-treated rat maintained in darkness
(C, F, VGB dark) and in a control animal (A, D). Sections were stained with the nuclear dye,
DAPI, (blue in A–F) and immunolabelled for GFAP (green in A–C), Goα (red in A–C) and
cone arrestin (red in D–F). Photoreceptor nuclei displaced above the outer nuclear layer
(ONL), Goα-positive bipolar cell dendrites sprouting into the ONL and GFAP-positive
processes extending vertically throughout the retina are only observed in rats treated with
VGB in the 12h/12h light/dark cycle (B), not in control animals (A) or VGB-treated animals
maintained in darkness (C). Similarly, fewer cone arrestin-positive photoreceptors and their
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inner/outer segments were observed in areas with normal retinal layering in VGB-treated
rats exposed to a 12h/12h light/dark cycle (E), than were observed for control (D) or VGB-
treated rats maintained in the dark (F). Quantification of photopic ERG amplitudes (G),
lengths of retinal areas with displaced photoreceptor (PR) nuclei (H) and cone inner/outer
segment density (I) in control rats (s.e.m., n=9), for VGB-treated animals either exposed to a
12h/12h light/dark cycle (VGB light, s.e.m., n= 10) or maintained in darkness (VGB dark,
s.e.m., n= 10). The scale bar represents 50µm (IPL: inner plexiform layer).
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Figure 2. Correlation between taurine levels and the phototoxicity of vigabatrin
A) Taurine plasma levels in control and treated animals in each group. B) Correlation
between taurine plasma levels and the photopic ERG amplitude in VGB-treated control rats.
The correlation factor between these two factors is equal to 0.769 (p=0.0093%, n=10). C)
Correlation between the taurine plasma levels and the density of inner/outer cone
photoreceptor segments. The correlation factor between these two parameters is equal to
0.818 (p=0.0038%, n=10). D) Correlation between the photopic ERG amplitudes and the
density of inner/outer cone photoreceptor segments. The correlation factor between these
two factors is equal to 0.703 (p=0.0023%, n=10). E) Recovery of taurine plasma levels by
taurine supplementation in VGB-treated rats. In A and E, the horizontal line represents the
mean value.
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Figure 3. Partial prevention of vigabatrin-induced retinal toxicity in rats by taurine
supplementation
(A–F) Retinal sections showing that VGB-elicited retinal lesions are less extensive in a rat
with taurine supplementation (C, F, VGB + taurine) than without (B, E, VGB), but still
greater than in a control animal (A, D). These sections were stained with DAPI (blue in A–
F) and immunolabelled with antibodies directed against Goα (red in A–C), GFAP (green in
A–C) and cone arrestin (red in D–F). Photoreceptor nuclei displaced above the outer nuclear
layer (ONL) are observed in both groups of VGB-treated rats treated with or without taurine
supplementation (B, C), but not in control animals (A). GFAP-positive processes extending
vertically throughout the retina were observed in VGB-treated rats (B), but not in control
animals (A); higher levels of GFAP staining were also observed in VGB-treated rats
receiving taurine supplementation (C) than those observed in control animals (A). Similarly,
there were clearly fewer cone arrestin-positive photoreceptors in the VGB-treated rats
receiving morning injections (E) than in control animals (D), with a smaller decrease in cone
arrestin-positive photoreceptors in VGB-treated rats receiving evening injections (F).
Quantification of photopic ERG amplitude (G), length of retinal areas with displaced
photoreceptor (PR) nuclei (H), density of cone inner/outer segments (I) and areas with
increased GFAP expression (J) in control rats (s.e.m., n=6), in the VGB-treated animals with
or without taurine supplementation (VGB, n=7; VGB + taurine, n=7, s.e.m.). The scale bar
represents 50µm (IPL: inner plexiform layer).
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Figure 4. Partial prevention of vigabatrin-retinal toxicity in mice by taurine suppementation
(A–F) Retinal sections showing that VGB-elicited retinal lesions are less extensive in a
mouse with a taurine supplementation (C, F, VGB + taurine) than without (B, E, VGB), but
still greater than in a control animal (A, D). These sections were immunolabelled with
antibodies directed against Goα (red in A–C) and GFAP (green in A–C) and stained with a
peanut lectin (PNA, red in D–F) and DAPI (blue in A–F). Photoreceptor nuclei displaced
above the outer nuclear layer (ONL) were only observed in the VGB-treated mice (B), not in
control animals (A) or VGB-treated mice receiving taurine supplementation. GFAP-positive
processes extending vertically throughout the retina were observed in the VGB-treated
animals (B), and increased GFAP staining was also observed in VGB-treated mice with
taurine supplementation (C), compared to control animals (A). Similarly, there were fewer
PNA-positive inner/outer segments of photoreceptors in VGB-treated mice (E) than in either
control animals (D) or VGB-treated mice with taurine supplementation. Quantification of
photopic ERG amplitude (G), length of retinal areas with displaced photoreceptor (PR)
nuclei (H), density of cone inner/outer segments (I) and areas with bipolar cell sprouting into
the ONL (J) in control mice (s.e.m., n=5), in VGB-treated animals with or without taurine
supplementation (VGB, s.e.m., n= 7; VGB + taurine, s.e.m., n= 7). The scale bar represents
50µm (IPL: inner plexiform layer).
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Table 1

Amino acid levels in the plasma of albino rats treated with vigabatrin (VGB) or not treated (control). Measures
are provided in µM (n=5, s.e.m.).

Control VGB

Taurine 373.4 ± 46.7 122.2 ± 26.6 **

Threonine 194.2 ± 30.8 130.6 ± 7.0

Serine 203.8 ± 28.7 169.4 ± 16.1

Glutamic Acid 217.4 ± 56.6 94.8 ± 15.6 **

Valine 167.4 ± 14.8 146 ± 8.9

Citrulline 54 ± 9.7 45.6 ± 4.2

Alanine 303.8 ± 32.3 270.4 ± 29.5

Glycine 190.6 ± 30.1 142.8 ± 17.6

Proline 155 ± 21.0 110.6 ± 20.1

Glutamine 375.6 ± 40.7 349 ± 13.4

Methionine 58 ± 4.7 45 ± 1.4 *

Isoleucine 79.8 ± 8.0 68.2 ± 4.5

Leucine 152.6 ± 17.6 123.2 ± 11.5

Tyrosine 63.2 ± 6.8 51.6 ± 4.5

Phenylalanine 54.2 ± 6.9 42.8 ± 1.0

Arginine 130 ± 39.0 111.8 ± 15.1

Histidine 75.8 ± 5.4 63.2 ± 2.9

Lysine 307.2 ± 23.8 260.4 ± 32.3

Ornithine 78.6 ± 33.0 57.6 ± 10.6
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