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Evaluation of equine corneal endothelium after exposure to 0.5% 
indocyanine green - in vitro study
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Abstract

The purpose of the study was to investigate whether indocyanine green (ICG) dye damages the corneal 
endothelium of horses. Twenty-four corneas of 12 healthy equines, males or females, of different ages 
were used in this study. Only eyes with no ocular findings were used. Randomly, one eye was included 
in the treatment group and one in the control group. The eyes of the treatment group were exposed for 1 
minute to dye ICG 0.5%. After that the endothelium of all eyes was stained with trypan blue and alizarin 
red S and analyzed and photographed under an optical microscope. Areas with damaged endothelial 
cells were manually measured and quantified using software for morphometric analysis and expressed 
as a percentage of cell damage. In all eyes examined areas of cell damage were observed in both corneas 
of the control group and the treatment group. The mean endothelial damage was 0.8 ± 0.37% in the 
treatment group and 0.97 ± 0.39% in the control. The Qui-square test stated that treatment and control 
group were not different. The ICG 0.5% did not cause acute damage to equine corneal endothelium. 
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Resumo

O objetivo do estudo foi investigar se indocianina verde (ICG) induz dano nas células do endotélio da 
córnea de equinos. Vinte e quatro córneas de 12 equinos saudáveis, machos ou fêmeas, de diferentes 
idades foram estudadas. Somente olhos hígidos foram utilizados. Aleatoriamente, um olho foi incluído 
no grupo controle e outro no grupo tratamento. Os olhos do grupo tratamento foram expostos durante 
um minuto à indocianina verde a 0,5%. Posteriormente, o endotélio da córnea foi corado com azul 
de tripano e vermelho de alizarina, analisado e fotografado usando microscópio óptico. As áreas com 
células endoteliais danificadas foram aferidas e quantificadas utilizando um software para análise 
morfométrica. Os valores encontrados foram expressos como percentual de perda celular. Em todos 
os olhos examinados foram observadas áreas de dano celular, tanto no grupo controle quanto no grupo 
tratamento. A perda celular endotelial média foi de 0,8±0,37% no grupo tratamento e 0,97 ± 0,39% no 
grupo controle. O teste Qui-quadrado confirmou que os grupos tratamento e controle não diferiram. Foi 
possível concluir que a ICG 0,5% não causou dano agudo nas células do endotélio da córnea de equinos. 
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Introduction

A healthy corneal endothelium is essential for 
corneal transparency. Insult to this monolayer, 
such as surgical trauma or intracameral injection, 
poses a risk for permanent harmful effects on 
the corneal endothelium (PIGATTO et al., 2008; 
SAAD et al., 2008).  In cases of blindness due to 
cataract, surgical removal of the lens is the standard 
management. Phacoemulsification is the most 
useful technique in horses for the treatment of 
cataract (FIFE et al., 2006; HARDMAN et al., 2001; 
MILLICHAMP; DZIEZYC, 2000). Continuous 
curvilinear capsulorhexis (CCC) is considered the 
most important step of cataract removal, and the 
visualization of the lens capsule may impaired 
by the presence of white cataract, dense, with no 
reflection of the eye fundus (CHUNG et al., 2005; 
MELLES et al., 1999). Staining of the anterior 
capsule has become a popular method of increasing 
visibility when performing CCC. Several kinds 
of dye-enhanced techniques for CCC have been 
developed (HOLLEY et al., 2002; PANDEY et al., 
2000).

Currently, specular microscopy (ANDREW 
et al., 2001; BERCHT et al., 2015; FRANZEN et 
al., 2010; PIGATTO et al., 2006, 2008), scanning 
electron microscopy (SEM) (PIGATTO et al., 
2004, 2005a,b, 2009; RODRIGUES et al., 2006; 
TAMAYO-ARANGO et al., 2009) and confocal 
microscopy (LEDBETTER; SCARLETT, 2009) 
are accepted methods for endothelial analysis. The 
most common method of determining cell death or 
injury, in the areas not seen by specular microscopy, 
is through the use of vital dye such as trypan blue 
and alizarin red (PARK et al., 2012; RUÍZ et al., 
1991; SAAD et al., 2008; TERRY et al., 2009).  The 
toxicity of vital dyes to the corneal endothelium has 
been evaluated in humans and in rabbits (CHANG 
et al., 2005; CHUNG et al., 2005; RODRIGUES et 
al., 2009).  However, the effects of vital dyes on the 
endothelium horses have not been studied. The aim 
of this study was to investigate whether ICG dye 
damages the endothelium of the horse cornea.

Materials and Methods

Twenty-four corneas from 12 healthy equines, 
male or female, of different ages, were used in this 
study. These eyes were obtained from a licensed 
Brazilian commercial slaughterhouse (Foresta, 
São Gabriel, RS). All procedures were performed 
in compliance with the Association for Research 
in Vision and Ophthalmology (ARVO) statement 
on the use of animals in ophthalmic and vision 
research. Eyes were enucleated immediately after 
death and were kept at 4ºC in moist chambers. 
Ophthalmic examination was performed before the 
experiment and included slit-lamp biomicroscopy, 
(Portable Slit Lamp SL 15, Kowa, Japan) and proof 
of fluorescein (Fluorescein Strips, Ophthalmos, 
SP, Brazil). Eyes that showed evidence of ocular 
disease were excluded. Immediately after the 
enucleation, the corneas were carefully dissected 
and washed with cold saline so as to remove any 
adhering pigments. Afterwards, a six mm corneal 
trephine was used to remove a central corneal 
button. Twenty-five mg of ICG (Ophthalmos, SP, 
Brazil) was dissolved in 0.5 mL aqueous solvent 
in 4.5 mL balanced salt solution (BSS). ICG was 
applied to one randomly selected eye from each 
horse and the contralateral eye served as control. 
Group 1: Corneal endothelium was perfused with 
0.5 mL of ICG 0.5% for one minute (Figure 1A), 
followed by washout with BSS. Group 2: Corneas 
were used as controls. Corneal endothelium of 
this group was perfused with 0.5 mL BSS for one 
minute. Corneas were placed endothelial side up, 
on a glass slide, and 0.25% trypan blue (Sigma-
Aldrich, St. Louis, USA) was added dropwise to 
cover the endothelium. After 1.5 minutes, the stain 
was poured off and the cornea briefly rinsed twice 
in BSS. The endothelial layer was then covered 
with 0.2% alizarin red S (Sigma-Aldrich, St. Louis, 
USA) for 1.5 minutes (Figure 1A), and again rinsed 
twice in saline after pouring away the staining 
reagent. Corneal endothelium was evaluated and 
photographed using an optical microscope (Nikon 
Eclipse E200, Japan) at 40X magnification. Three 
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images of corneal endothelium of each cornea 
were chosen for analysis. For each eye, the mean 
of measurements made on three micrographs 
was calculated. Areas with damaged endothelial 
cells were manually measured, quantified using a 
software for morphometric analysis (UTHSCSA 
Image tool 3.0, Texas, USA), and described as mean 
± SD. In the quantitative analysis, the percentage 

of cellular damage of each image (three images 
from each horse) was measured and was attributed 
a binary variable for representation. This way, a 
binomial model was used to verify the influence of 
the treatment in the experiment. Statistical analysis 
was performed using Qui-square test. A P value < 
0.05 was considered significant.

Figure 1. A.Excised corneoscleral button of horse eye with the endothelial side face up covered with ICG. B. Excised 
corneoscleral button of horse eye with the endothelial side face up after alizarin red staining.
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Results

With optical microscopy after the use of the dyes, 
it was possible to observe sharp cellular borders in 
all analysed images (Figure 2). Light microscopy 
demonstrated that the corneal endothelium was 
continuous, and with minimal areas of endothelial 
cell damage, in a linear format. Furthermore, it 
was possible to identify and delineate the areas 
with cellular damage in all analyzed images. These 

changes were observed in endothelial cells in both 
groups. The mean endothelial damage was 0.8 
± 0.37% in the ICG group and 0.97 ± 0.39% in 
the control group. The percentage of endothelial 
damage was not statistically different between the 
two groups (P=0.31). The treatment and control 
groups differences were not significant by the Chi-
square test at the 5 % level of significance. This 
indicates that there is no influence of treatment on 
cell damage percentage.
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Figure 2.  Optical photomicrograph of equine corneal endothelium after perfusion with ICG 0.5% for 1 minute and 
stained with alizarin red and trypan blue. The endothelium has a regular polygonal appearance. X40 magnification.
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Discussion

Since endothelial cells have limited capacity 
mitosis, it is important that the intraocular substances 
are non-toxic to corneal endothelium. Previously, 
the toxicity of vital dyes, such as trypan blue, ICG, 
and brilliant blue, to corneal endothelium has been 
evaluated in humans, swine, and rabbits (CHANG et 
al., 2005; HORIGUCHI et al., 1998; TERZARIOL 
et al., 2016).  

Specular microscopy has become a standard 
technique to determine endothelial cell counting 
and cell morphology in humans and animals (ABIB; 
BARRETO 2001; ANDREW et al., 2001; BERCHT 
et al., 2015; FRANZEN et al., 2010; PIGATTO et 
al., 2006, 2008). Furthermore, this technique has 
been used to study the toxicity studies of different 
substances on the corneal endothelium, including 
vital stains, antiseptic and anesthetic intraocular 
(CHUNG et al., 2005; HORIGUCHI et al., 1998; 

KIM et al., 1998; NAOR et al., 2001). The high 
cost of specular microscope and the difficulty 
in obtaining good images in injured endothelial 
areas, make the use of this technique difficult or 
impossible (ANDREW et al., 2001; PIGATTO et 
al., 2005a). In the present study, this method has not 
been employed because the specular microscope 
was not available.

SEM has been widely used to compare the 
endothelial ultrastructure of vertebrates, and to 
evaluate the effects of medications, chemicals or 
surgical procedures on the endothelium (PIGATTO 
et al., 2004, 2005a,b, 2009; RODRIGUES et al., 
2006; TAMAYO-ARANGO et al., 2009). However, 
it requires processing of samples and sophisticated 
equipment for utilisation. 

In the current study, acquiring the eyes were 
from slaughterhouse avoided the use of live animals 
for research. In the present study, the utilization 
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of eyes within one hour after enucleation allowed 
the maintenance of endothelial structure. Corneal 
endothelial evaluations using eyes immediately 
after the death of the animals have been used 
in studies with specular microscopy, SEM, 
and optical microscopy with excellent results 
(ALBUQUERQUE et al., 2015; FAGANELLO et 
al., 2016; PIGATTO et al., 2004, 2005a,b, 2009; 
RODRIGUES et al., 2006).

In the present study, corneal endothelium was 
exposed to the dye for one minute. This time was 
chosen because it is normally the maximum time 
that the dye remains within the eye during surgery 
for cataract removal (CHANG et al., 2008; XIAO 
et al., 2004). Among the methods used for assessing 
cell death or damaged areas, is a vital staining 
technique using trypan blue and alizarin red (PARK 
et al., 2012; RUÍZ et al., 1991; SAAD et al., 2008; 
SPERLING, 1977; TAYLOR; HUNT, 1981; 
TERRY et al., 2009). Many studies on endothelial 
evaluation for corneal transplantation, and studies 
on the effects of substances to the endothelium, 
intraocular administration of anesthetics and other 
vital staining using this technique to analyze, by 
means of photographic images, to quantitatively 
and qualitatively analyze cell loss (CHANG et al., 
2005; EGGELING et al., 2000; LIOU et al., 2004; 
SAAD et al., 2008; TERRY et al., 2009; WERNER 
et al., 1998). This in vitro technique has been used 
in the laboratory to determine acute cell trauma and 
death from surgical manipulations.  Trypan blue 
stains the nuclei of dead cells, in which the plasma 
membranes are no longer intact. In normal eyes, 
the endothelial cell is impervious to trypan blue 
and does not stain (PARK et al., 2012; TAYLOR; 
HUNT, 1981). Alizarin red S stains intercellular 
spaces and the Descemet membrane in areas with 
detached or necrosed endothelial cells. Combined 
staining with trypan blue and alizarin red, allows 
the analysis of endothelial cell morphology and 
integrity, with determination of areas presenting 
cell damage or loss (PARK et al., 2012; SAAD et 
al., 2008; TAYLOR; HUNT, 1981). In the present 

study, the staining protocol described by Taylor and 
Hunt (1981) was used with excellent results. This 
made it possible to examine the whole endothelial 
surface selected. Moreover, the technique proved 
easy to perform, simple, practical, and inexpensive 
for the analysis of equine cornea endothelial cells.

The most important advance observed in 
performing the capsulotomy was the use of dyes 
to stain the anterior capsule, which facilitated 
the realization of this procedure (HISATOMI et 
al., 2006; LINEBARGER et al., 1999).   As the 
endothelium presents minimal mitotic activity, it 
is important that applied intraocular substance are 
not toxic to the corneal endothelium.  ICG staining 
for capsule visualization has been reported since 
end of the 1990s (RODRIGUES et al., 2009).  
ICG concentration usually used for staining of the 
anterior lens capsule ranges from 0.125% to 0.5% 
(HORIGUCHI et al., 1998; RODRIGUES et al., 
2009).  In a study by Horiguchi et al. (1998), 0.5% 
ICG was used to stain the anterior capsule for CCC in 
phacoemulsification in humans and concluded that 
the ICG was not toxic to the corneal endothelium. 
Holley et al. (2002), studied the effects of ICG on 
the human and rabbit corneal endothelium. They 
showed that corneas exposed to ICG had no corneal 
endothelial damage.  On the other hand, Chang et 
al. (2005), in their rabbit corneal endothelial cells 
culture observed, that a one-minute exposure to 
0.5% ICG resulted in significant increase in the 
percentage of damage cells. In the current study 
was used the ICG with the highest concentration. 
A solution of ICG 0.5% was left in the eye for up 
to one minute to determine whether exposure to the 
dye was toxic to corneal endothelium equine. ICG 
was prepared as in the study by Chang et al. (2005), 
25 mg of ICG was dissolved in 0.5 mL aqueous 
solvent in 4.5 mL BSS to obtain a 0.5% solution.    

In the present study, only the central region of 
the corneal endothelium was subjected to analysis. 
Previous reports have demonstrated that humans, 
and other mammals, have no significant differences 
in endothelial parameters between the central and 
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peripheral regions of healthy corneas (BERCHT 
et al., 2015; GWIN et al., 1982; McCAREY et al., 
2008; PIGATTO et al., 2004; TAYLOR; HUNT, 
1981). In the current study, areas with minimal 
cell loss were occasionally detected in both groups 
and, possibly, occurred due to manipulation of the 
corneas. Based on the present data, it is suggested 
that ICG can be used as a dye for the anterior lens 
capsule during cataract surgery in horses. 

Conclusion

In accordance with the presented results, it was 
concluded that ICG not damaged the cells of the 
equine corneal endothelium. 
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