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Abstract
Purpose Retidyne™ is a new lutein-based dye for internal limiting membrane staining. It uses the intrinsic staining character-
istics of lutein which is already known to act as an antioxidant and blue-light filter in the human retina. We investigated retinal
tolerance to different staining times measured by the electroretinogram (ERG) of an isolated and perfused retina whole mount.
Methods For functionality, testing bovine retinas were prepared and perfused with an oxygen saturated standard solution and the ERG
was recorded until stable b-wave amplitudes were reached. Then the perfusion was stopped and Retidyne™was applied directly onto
the retinal surface for exposure times of 60 or 120 s. After restarting the perfusion with standard solution, the ERG amplitudes were
monitored for 75 min. To investigate the effects on photoreceptor function alone, 1 mM asparate was added to block b-waves.
Results For an exposure time of 60 s amplitudes of a- and b-waves remained stable throughout the experiment. Exposure times of
120 s caused an initial drop of amplitudes that reached statistical significance only for a-waves (a, − 21%, p = 0.047; b, − 14%,
p = 0.052). This effect was only seen during the first minutes of the washout and the ERG recovered completely.
Conclusions In the model of isolated and perfused bovine retina, Retidyne™ showed a good safety profile for common intraop-
eratively used staining times. An initial toxic effect regarding the transient drop of amplitudes cannot be ruled out but the effect
might also be explained by the partial blockage of the flashlight due to amore intense staining effect at the beginning of the washout.
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Introduction

In vitreoretinal surgery, dyes can be used to stain semi-
transparent structures, e.g., when peeling the inner limiting
membrane (ILM) or epiretinal membranes. This facilitates
complete removal and may therefore improve the outcome
and decrease the number of recurrences [1–3]. The ideal dye
should provide selective staining of the target tissue, optimal
contrast, and good biocompatibility. In the past, indocyanine
green was the first choice when staining of the ILM was nec-
essary. It had been used in ophthalmology for decades in the

context of angiographies and was therefore considered as safe.
Soon after its introduction in what is today called
chromovitrectomy, doubts emerged regarding its safety as an
intraocular dye. Alongside, visual-field defects, atrophies of
the retinal pigment epithelium and the optic disc, reduced
color vision, reductions in the electroretinogram, and a strong
light-induced toxicity were observed [4–10]. ICG had not
been tested specifically for an epiretinal application before.

A lutein-based dye seems promising regarding the
abovementioned ideal properties.

Lutein alone has an orange color. Retidyne™ (Kemin
Industries, Inc. Des Moines, IA USA 50317) contains 2%
soluble lutein and 0.05% Brilliant blue. In this mixture, it
stains the ILM with a green color and therefore enhances
contrast. Because of its density it descents to the posterior pole
without the need for fluid-air exchange.

Lutein is already approved and used as food colorant in the
European Union as well as additive in animal feedstuff.
Together with its structural isomer zeaxanthin, it belongs to
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the xanthophylls, a group of oxygen-containing carotenoids.
Lutein and zeaxanthin (L/Z) were identified as the macular
pigment in 1985 and play an important role in protection of
the membranes of Henle fibers, which contain bundles of
unmyelinated cone and rod photoreceptor axons, against
photosensitized reactions [11]. They are delivered to the retina
via plasma lipoproteins. Especially kale and spinach are rich
in lutein and corn is an important source of zeaxanthin. In the
absence of dietary modification or supplementation, the opti-
cal density of macular pigment is relatively stable [12]. Liu
et al. [13] recently conducted a meta-analysis of eight random-
ized controlled trials which were considered as high quality
and found a significant improvement in visual acuity and con-
trast sensitivity in patients with an age-related macular degen-
eration (AMD) after supplementation of xanthophyll caroten-
oids. Furthermore, there was a linear association between
macular pigment optical density and the improvement of vi-
sual acuity and contrast sensitivity. There are animal studies
showing that lutein and zeaxanthin could enhance lysosomal
stability and reduce lipofuscin accumulation and so may re-
duce the risk of AMD [14, 15].

In conjunction with its intrinsic staining characteristics,
these potentially neuroprotective properties and its role as
a blue-light filter could provide retinal protection against
increased oxidative stress and illumination during surgery
[16, 17].

Therefore, we decided to investigate retinal tolerance to
staining times of 60 and 120 s of the lutein-based dye
Retidyne™ measured by the electroretinogram (ERG) of an
isolated and perfused bovine retina, a sensitive tool for phar-
macological research on retinal function [18, 19].

Material and methods

Aspartate, glucose, and other chemicals were obtained from
Merck (Merck Pharma GmbH, Darmstadt, Germany) at pro
analysis grade. Retidyne™ was donated by Peschke (Peschke
Medizintechnik GmbH, Waldshut-Tiengen, Germany). The
nutrient solution contained 120 mM NaCl, 2 mM KCl,
0.1 mM MgCl2, 0.15 mM CaCl2, 1.5 mM NaH2PO4,
13.5 mM Na2HPO4, and 5 mM glucose. To investigate pho-
toreceptor function alone, 1 mM aspartate was added.

The electroretinogram (ERG) was recorded in the sur-
rounding nutrient medium via two silver/silver-chloride elec-
trodes on either side of the retina. Perfusion velocity was con-
trolled by a roller pump and set to 1 ml/min. Temperature was
kept constant at 30 °C. The perfusing medium was pre-
equilibrated and saturated with oxygen. Retinas were dark-
adapted and the ERG was elicited at intervals of 5 min using
a single white xenon flash for stimulation. The flash intensity
was set to 6.3 mlx at the retinal surface using calibrated neutral
density filters (Kodak Wratten filter).

The duration of light stimulation was 10 μs controlled by a
timer (Photopic Stimulator PS33 Plus; Grass, Warwick, RI).
The ERGwas filtered and amplified (100-Hz high filter, 50-hz
notch filter, 100,000 × amplification) using a Grass
RPS312RM amplifier. Data were processed and converted
with an analog-to-digital data acquisition board (PCI-MIO-
16XE-50; National Instruments, Austin, TX) in a desktop
computer (PC compatible).

Each retina was perfused with the serum-free nutrient so-
lution and stimulated repeatedly until stable b-wave ampli-
tudes were recorded (Fig. 1 a) for at least 30 min. Thereafter,
the perfusion was stopped and retinas were exposed to the dye
for 60 or 120 s respectively. For all tests, retinas were reper-
fused with standard nutrient solution for 75 min and the
changes of the b-wave amplitude were recorded. The b-

Fig. 1 The b-wave is dominant in the ERG of the isolated perfused
bovine retina under scotopic light conditions. It results from a 10 ms light
stimulus at a light intensity of 6.3 mlx (a). The a-wave is dominant in the
ERG of the isolated perfused bovine retina after blocking the b-wave by
adding 1 mM aspartate to the nutrient solution. The a-wave was
generated by using a 10 ms light stimulus of 6.3 mlx at scotopic
light conditions (b)
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wave amplitude was measured from the trough of the a-wave
to the peak of the b-wave.

To investigate the effect on the photoreceptor potential un-
der scotopic conditions with a flash-intensity of 6.3 mlx, the b-
wave was suppressed by adding 1 mMaspartate to the nutrient
solution (Fig. 1 b). Aspartate is an inhibitor of synaptic trans-
mission at the level of the first retinal synapse thus unmasking
the photoreceptor potential by abolishing the b-wave. Under
these conditions, we were able to investigate the effect of
different staining times of the dyes on the photoreceptors.

After recording a stable photoreceptor potential for at least
30 min, we proceeded as described above using the same
exposure times. The changes of the a-wave amplitude were
recorded; recovery was followed up for 75 min.We calculated
the percentage reduction of the a- and b-wave amplitudes for
each exposure time.

The number of tested retina was five for each exposure time
and for a- and b-wave measurements respectively.

Data analysis

Normal distribution was ensured for all data. The change of
the ERG-amplitude 5 min after exposure to the dye and at the
end of the reperfusion period of 75 min was compared with
the last measured amplitude before exposure and the percent-
age was calculated for each time.

For statistical analysis, data was calculated throughout as
the mean ± standard error of the mean. Significance was esti-
mated by the Student’s paired t test, p ≤ 0.05was considered to
indicate a statistically significant difference.

Results

Stable ERG-amplitudes were obtained approximately 2 h after
perfusion of the retinal whole mounts with standard solution.
Environmental parameters such as pH, osmotic pressure, tem-
perature, and pO2 remained unchanged during all tests. When
stable b-wave amplitudes were obtained, the perfusion was
stopped and Retidyne™ was applied directly onto the retinal
surface for exposure times of 60 or 120 s (Fig. 2 a, b). After
restarting the perfusion with standard solution, the ERG am-
plitudes were monitored for 75 min. To investigate the effects
on photoreceptor function alone, 1 mM asparate was added to
block b-waves and we proceeded as with the recording of the
b-wave amplitudes (Fig. 3 a, b).

Regarding a-waves, for an exposure time of 60 s there was
a non-significant reduction of − 3.9% (p = 0.37) 5 min after
restarting the perfusion and no difference at the end of the
washout. For 120 s exposure time, a-wave amplitudes initially
dropped significantly (− 21.0%, p = 0.047) and quickly recov-
ered to + 2.0% after 75 min (p = 0.37).

For b-waves, an exposure time of 60 s did not cause any
initial change, after 75 min of monitoring, there was an in-
crease of + 3.8% which was not significant (p = 0,18).
Exposing the retina to the dye for 120 s, we could observe
an initial decrease of amplitudes similar to the a-waves, but
statistical significance was not reached (− 14.0%, p = 0.052).
At the end of the washout, a non-significant reduction
remained (− 8.2%, p = 0.37).

Discussion

Today, there are several vital dyes competing against each
other in terms of contrast enhancement, biocompatibility,
and operative handling.

In the beginning of chromovitrectomy, the use of ICG was
widespread. The application of this dye to enhance visibility
of the ILM was first described by Kadonosono et al [20].
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Fig. 2 Effects on the b-wave amplitude of the ERG of the isolated per-
fused bovine retina. Exposure times: 60s (a) and 120 s (b). Average of
representative drug series (a, b; n = 5). The horizontal bar above the curve
marks the exposition time. Three representative standard deviations for
each drug series are given
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Despite its assumed advantages like contrast enhancement and
increasing the biomechanical stiffness of the ILM [21], the
functional outcome of eyes after ILM peeling without ICG-
staining turned out to be much better [22, 23]. As already
mentioned above, visual-field defects, atrophies of the retinal
pigment epithelium and the optic disc, reduced color vision,
reductions in the electroretinogram, and a strong light-induced
toxicity were observed in conjunction with the use of ICG
[4–10]. On the basis of this experience, we learned that a
new dye or a new application of an already existing dye
necessitates a multimodal preclinical safety testing. It
should be mentioned in this context that dyes are classified
as medical devices and therefore do not need such an ex-
tensive safety testing during the approval procedure like
for example a new drug. The legally required general cy-
totoxicity tests do not seem sufficiently adapted to a
vitreoretinal application where the dye is in direct contact
to sensitive retinal tissue [24].

A current example demonstrates the ongoing need for thor-
ough preclinical in vitro and in vivo testing concerning vital
dyes. Recently, Acid violet 17 (AV17) received certification
for the European market as a dye for intraocular use during
vitreoretinal interventions. This triarylmethane dye was pre-
clinically tested in vivo after intravitreal injection in rabbit
eyes. These eyes were not vitrectomized before injection. No
signs of toxicity occurred in the ERG measurements and
pathohistologic evaluations for concentrations of 0.25 mg/ml
and 0.5 mg/ml. However, Tura et al. [25] tested the dye using
the same experimental setup as we do as well as live/dead
staining, immunohistochemistry, and immunoblotting and
concluded that the application of AV17 appeared safe at a
concentration of only 0.125 mg/ml or below. The actual dye
concentration in the product entering the market was
1.5 mg/ml (ala purple, ala®-medics, Dornstadt/Germany).
Following the clinical use of this formulation, there were sev-
eral reports of severe central retinal toxicity which could be
attributed to atrophy of the retinal pigment epithelium and
damage on photoreceptor level. A recent review gives an
overview on toxicity of AV17 which meanwhile is confirmed
by different studies [26–28]. As a consequence, the dye was
withdrawn from the market.

In our experimental model, ERG is derived immediately
after exposure to the dye. The way of epiretinal application
resembles the surgical procedure very well and we were able
to define an exact time of contact between dye and retina. It is
warranted that the actual concentration of a particular test
solution is in direct contact with the retinal tissue, as the solu-
tion is not diluted by injecting it in a non-vitrectomized eye.
The model of isolated and perfused retina is highly standard-
ized and seems to be well suited for measuring immediate
ERG changes and if necessary to differentiate between
short-term effect and prolonged toxicity by monitoring ampli-
tudes during the washout [18]. To leave a safety margin, we
decided to test quite long staining times (60 and 120 s). The
usual staining time used intraoperatively is generally shorter
than 1 min.

In the model of isolated and perfused bovine retina, we
could not detect significant reductions of the ERG-
amplitudes after exposure to the lutein-based dye
Retidyne™ for exposure times of 60 and 120 s respectively
after the 75 min washout. After an exposure time of 120 s, we
observed a transient drop of amplitudes which reached statis-
tical significance only for a-waves. This might be explained
by a blockage of the flash that is entering the perfusion cham-
ber from above and has to pass through the stained nutrient
solution. Our results are consistent with a study of Furlani
et al. [29]. They tested lutein and zeaxanthin (L/Z) mixed with
various concentrations of brilliant blue in a rabbit model and
found no significant differences in ERG as well as light and
electronmicroscopy evaluation. ERGswere performed at 24 h
and 7 days after injection. Compared with our study, rabbit
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Fig. 3 Effects on the a-wave amplitude of the ERG of the isolated per-
fused bovine retina. Exposure times: 60s (a) and 120 s (b). Average of
representative drug series (a, b; n = 5). The horizontal bar above the curve
marks the exposition time. The dotted line marks the addition of aspartate
[1 mM] to unmask photoreceptor potential. Three representative standard
deviations for each drug series are given
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retinas were in contact with different mixtures of the dyes over
a longer period of time. However, the dyes were diluted by
injecting them into the vitreous and the distribution in the
vitreous cavity was not homogeneous. In a different study,
ERG recordings were taken at baseline (before injection)
and 7 days after intravitreal injection of a mixture of lutein/
zeaxanthin with or without brilliant blue [30]. The authors
observed major variability in the ERG results, but no variation
above or below 50% between baseline and endpoint. They
also performed a cytotoxicity assay and histopathologic ex-
aminations which showed no affection of the integrity of the
neurosensory retina, the RPE, or the choriocapillaris-choroid
complex. They concluded that dye solutions based on L/Z
have a safe profile.

To provide a green staining color and therefore increase
contrast against the choroid, Retidyne™ is composed of 2%
lutein (orange color) and 0.05% brilliant blue (blue color).
Brilliant blue is commonly applied in a higher concentration
of 0.25% if it is used as a single dye for staining the ILM. It is
available in the European Union market as ILM Blue
(manufactured by DORC Zuidland, the Netherlands) and has
shown a good safety profile even under endoillumination
[31–33]. Brilliant blue in a low concentration of 0.05% can
therefore be regarded as safe for intravitreal use.

The recent experiences concerning AV17 as well as the
lessons learned after the introduction of ICG illustrate the
persisting safety lack in the area of vital dyes and the ongoing
need for multimodal preclinical testing.

In our study, we tested a lutein-based dye which is CE
labeled and already in clinical use. We chose exposure times
of 60 and 120 s to reflect the intraoperative situation and leave
a safety margin to commonly used rather shorter exposure
times. Longer exposure times were not tested in our model
because there is a risk of artificially decreasing ERG ampli-
tudes due to a longer cessation of the perfusion with nutrient
solution. We can therefore not provide information about oth-
er exposure times than the tested ones.

We think that our results in a highly standardized ERG
model can further substantiate the good biocompatibility of
lutein-based dyes in the context of vitreoretinal procedures
like ILM peeling and therefore contribute to a safer clinical
application. Although, it needs to be stated that we used an
ex vivo setup and testing on in vivo models could yield addi-
tional information.

Lutein as a natural component of the central retina might
even have neuroprotective properties against phototoxicity to
the retina caused by intraoperatively used endoillumination.
Especially short wavelength irradiation such as blue light is
hazardous as it can lead to damage at the photoreceptor level
[34]. Lutein absorbs blue light at wavelengths around 450 nm
with a peak of absorption at 446 nm. Furthermore, it also acts
as an antioxidant [35]. This is in contrast to ICGwhich is more
toxic under endoillumination by a photosensitized mechanism

[36, 37]. However, a neuroprotective value of lutein against
light-induced toxicity cannot be proven in our experimental
model as we have to keep the ex vivo retinal tissue in a dark-
adapted state. Therefore, a possible protective value of lutein
regarding toxicity caused by endoillumination would be an
interesting topic for future studies.
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