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The aim of this study was to investigate the acute effects of atracurium besylate on cellular
damage in corneal endothelium of chickens. Twenty healthy chicken eyes were assigned to
the following groups: Group 1 (G1), experimental group (n=10); and Group 2 (G2), control
(n=10). Excised corneoscleral buttons were immediately placed on glass microscopy slides
with endothelial region faced up. Corneal endothelium of eyes in G1 were covered with AB
(0.2mL, 10mg/mL) for 3 min and then rinsed with balanced salt solution (BSS), while the
corneal endothelium of eyes in G2 were covered with BBS for 3 min. Corneas from both
groups were stained with alizarin red/trypan blue and visualized by light microscopy.
Ten random photographs were taken from each cornea. The area of cellular damage was
measured by software in all samples and cell loss of each group was averaged and compared.
Endothelial area of denudation and Descemet’s membrane exposure were higher in G1 than
G2. In conclusion, atracurium besylate induced an acute damage on corneal endothelium
of chickens.

INDEX TERMS: Atracurium besylate, corneal endothelium, chickens, in vitro, avian, mydriasis, damage,
alizarin red.

RESUMO.- [Avaliacdo dos efeitos do besilato de atracliriono  microscépio 6ptico. Foram obtidas dez fotografias aleatorias
endotélio corneano de galinhas: estudo in vitro.] Objetivou-se ~ de cada amostra. As imagens foram analisadas e com auxilio
avaliar os efeitos agudos do besilato de atracurio sobre o de um software as areas com auséncia de células endoteliais
endotélio corneano de galinhas. Vinte olhos saudaveis de galinhas ~ calculadas. A perda celular endotelial foi significativamente
foram aleatoriamente separados em dois grupos com 10 olhos maior no grupo tratamento comparativamente ao grupo
cada, sendo G1 o grupo controle e G2 o grupo tratamento.  controle. Com base nos resultados apresentados foi possivel
Imediatamente apds a excisdo dos botdes corneoesclerais  concluir que o besilato de atracurio induziu dano agudo nas
estes foram colocados em laminas de microscopia de vidro ~ células do endotélio da cornea de galinhas.
com 0, I?do endotella.l voltado para cima. No Gru.po Lo TERMOS DE INDEXACAO: Besilato de atractirio, endotélio corneano,
endotélio corneano foi recoberto com 0,2ml de besilato de . o L . .

. . . galinhas, in vitro, aves, midriase, cérnea, dano endotelial, vermelho
atracurio (10mg/ml) durante 3 minutos e depois lavado com L

. . s de alizarina.
solugdo salina balanceada. No Grupo 2, o endotélio corneano
foi recoberto apenas com solugéo salina balanceada durante
3 min. As cérneas de ambos os grupos foram coradas com INTRODUCTION

vermelho de alizarina e azul de tripano e visualizadas com The corneal endothelium is an interlocking polygonal cell

monolayer which comprises the posterior surface of the
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age, applied drugs, ocular diseases or intraocular surgical
procedures (Gwin et al. 1982, Bercht et al. 2015). Ocular
diseases, such as cataracts, are common causes of blindness
in birds and surgical treatment are possible and have been
implemented with success (Gongalves etal. 2006, Carter et al.
2007). Neuromuscular blocking agents are used to produce
mydriasis in birds, because their iris has striated muscle which
is unresponsive to the usual mydriatic and cycloplegic drugs
(Oliphantetal. 1983, Barsotti et al. 2012). The use of atracurium
as a mydriatic in cataract surgery in birds has been described
by some authors as an effective method (Gongalves et al.
2006, Carter et al. 2007). In these atracurium use reports in
intraocular surgery, only intracameral applications have been
described. The topical ocular use of neuromuscular blocking
agents usually does not cause a sufficient mydriasis. Rocuronium
and vecuronium have been successfully used to dilate the
pupil of birds. However complications such as corneal ulcer
and paralysis of the eyelids were found. (Barsotti etal. 2010a,
2010b, 2012, Petritz et al. 2016).

Among the main methods used for endothelial analysis are
specular microscopy, confocal microscopy and scanning electron
microscopy (Pigatto etal. 2006, 2008, Nagatsuyu et al. 2014,
Kobashigawa et al. 2015, Coyo et al. 2016, Terzariol etal. 2016).
In addition, it is possible to analyze and photograph the
endothelium of the cornea under an optical microscope after
staining with alizarin red dye (Saad et al. 2008, Ruggeri et al.
2009, Park etal. 2012). Endothelial cell loss is inevitable during
intraocular surgeries (Terzariol et al. 2016). In this sense, it
is important to select substances inert to the endothelium
of the cornea in an attempt to avoid endothelial damage
that may induce decompensation of irreversible cornea.
The intracameral atracurium has been routinely employed
to cause mydriasis in birds during intraocular surgery
(Gongalves et al. 2006, Carter et al. 2007). However, the
possible effects of this treatment on the corneal endothelium
have never been evaluated in birds. The aim of this study was
to investigate the acute effects of atracurium besylate on the
corneal endothelium of chickens.

MATERIALS AND METHODS

Twenty corneas from 10 healthy chickens (Gallus gallus domesticus)
of the Cobb500 lineage, male and female, with 21 days old, obtained
from a local slaughterhouse were studied. All animals were
sacrificed for reasons unrelated to this study. The research was
conducted according to the Association for Research in Vision and
Ophthalmology Statement for the Use of Animals in Ophthalmic and
Visual Research. Immediately after humane slaughter enucleation
was performed. Ophthalmic examination was realized before the
start of the experiment. The examination consisted of evaluation
with slit-lamp biomicroscopy (Portable Slit Lamp SL 15, Kowa,
Japan) and fluorescein stain (Fluorescein, Allergan, SP, Brazil). Eyes
that showed evidence of ocular disease were excluded.

Corneas were randomly divided into two groups of 10 corneas
each. Group 1, G1, was the experimental group composed of corneas
from the left eyes, and group 2, G2, was the control group composed
of corneas from the right eyes. Excised corneoscleral buttons were
immediately placed on glass microscopy slides with endothelial
region faced up. In G1, the corneal endothelium was covered with
0.2 ml of commerecially available atracurium besylate (Cristalia, Sdo
Paulo, Brazil) for 3 min and then rinsed with balanced salt solution
(BSS, Ophthalmos, Sdo Paulo, Brazil). In G2, the corneal endothelium

was covered only with BSS for 3 min (Fig.1A). Corneal buttons were
placed endothelial side up on a glass slide and stained with 0.1%
trypan blue (Ophthalmos, Sdo Paulo, Brazil) followed by rinsing in
BSS and staining with alizarin red (Fig.1B) (Sigma-Aldrich, St Louis,
USA) for 90 seconds.

After a final rinse with BSS, the corneal disc was mounted
endothelial side up on a microscope slide and examined and
photographed using an optical microscope (Nikon Eclipse E200,
Japan) at 10x magnification. Ten random images of the corneal
endothelium of each cornea were obtained. In each imagine areas
with loss endothelial cells were manually measured and quantified
using a software for morphometric analysis (UTHSCSA Image tool
3.0, Texas, USA), and then the percentage of endothelial damage
was described as mean + SD. Statistical data analysis was conducted
using Student’s t-test using a confidence level of 95%, in order to
check the statistical difference between the level of damage in the
treatment eyes (G1) and control eyes (G2).

RESULTS

With optical microscopy after the use of the dyes in all
analyzed images it was possible to observe sharp cellular
borders (Fig.1C). In all the analyzed images the areas with
absence of cells were idenditified and demarcated (Fig.1D).
With this, the percentage of cellular damage was calculated.
The results given for endothelial cell loss in the control
group were 0.75%*1.13% and in the treatment group were
22.23%+13.67%.

The results showed that the average of the level of damage
in experimental group was significantly higher than the media
of the control group (p=0.005).

DISCUSSION

In order to avoid the systemic effects of atracurium, and benefit
only from its local action on iridian muscles to generate mydriasis
in intraocular surgery, atracurium has been administered
intracamerally with satisfactory effects (Gongalves et al. 2006,
Carter et al. 2007). The topical application of atracurium
on the cornea has not been described, probably because
atracurium has low lipid solubility and, therefore, does not
easily penetrate biological membranes. The ocular use of
neuromuscular blocking, however, has been reported with
the use of other drugs such as rocuronium and vecuronium,
producing effective mydriasis in different species of birds, but
with some reports of corneal ulcers and transitional eyelid
paralysis (Barsotti etal. 2010a, 2010b, 2012, Baine et al. 2016,
Petritz et al. 2016). Gongalves et al. (2006) applied 0.1ml of
atracurium at a concentration of 10 mg/ml intracameral in
the right eyeballs in 15 chickens of the same age. In the left
bulbs, 0.1ml of normal saline was applied (control group).
These authors conclude that the intracameral use of atracurium
in chickens produces satisfactory mydriasis for intraocular
procedures without clinical signs of systemic or contralateral
effects. However, the ophthalmologic examination was performed
only with focused light, which showed conjunctiva with no
detectable evidence of inflammation, transparent chambers
and a normal iridian movement, but no tools were used for
more accurate evaluation, such as corneal pachymetry or
microscopy techniques. Therefore, it was not possible to state
the absence of endothelial damage.
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Fig.1. (A) Excised corneoscleral button of chicken eye with the endothelial side face up covered with BSS. (B) Corneoscleral button with the endothelial
side face up after staining with trypan blue and alizarin red. (C) Optical photomicrograph of corneal endothelium from G2 stained with alizarin red.
The endothelium has a regular polygonal appearance. Obj.10x. (D) Optical photomicrograph of experimental corneal endothelium stained with alizarin
red showing areas of cell loss. Obj.10x.

Among used techniques to analyze the corneal endothelium
are including mainly SEM, specular microscopy, and optical
microscopy (Pigatto etal. 2006, 2008, Nagatsuyu et al. 2014,
Kobashigawa etal. 2015, Coyo etal. 2016, Faganello etal. 2016).

SEM has been applied mainly for the analysis of endothelial
cell ultrastructure of different species of animals and to evaluate
the effects of medications, chemicals or surgical procedures
on the endothelium (Pigatto etal. 2009, Tamayo-Arango et al.
2009, Terzariol et al. 2016). Specular microscopy is the
technique most used for clinical evaluations in humans
and animals (Pigatto et al. 2006, 2008, Franzen et al. 2010,
Nagatsuyu et al. 2014, Albuquerque et al. 2015, Bercht et al.
2015, Kobashigawa et al. 2015, Coyo etal. 2016). Among the
limitations of specular microscopy technique is the difficulty
of obtaining images in corneas that are not transparent
(Saad et al. 2008). The evaluation method of the corneal
endothelium through the use of vital staining enables a simple,
fastand convenient way to detect cell damage (Taylor & Hunt
1981, Faganello et al. 2016). This technique was applied in
this study using alizarin red and trypan blue dyes and it has
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demonstrated to be a protocol that can be used to stain the
corneal endothelium of chickens, since clear images were
obtained of the endothelial monolayer. The alizarin red
dyes the intercellular spaces and exposure of Descemet’s
membrane in areas where cell loss occurs, and the trypan
blue stains the nuclei of dead cells, where the cell membrane
isnotintact (Saad etal. 2008). Some species of birds have had
their corneal endothelium studied in relation to endothelial
cell density, area, shape and cell morphology (Yee etal. 1987,
Pigatto et al. 2009). Albuquerque et al. (2015) studied the
corneal endothelium of chickens from different age groups
by specular microscopy, which showed a regular pattern in
the distribution of cells. The corneal endothelium of chickens
was similar to that of other vertebrate species. Thus, the
importance of the subject, coupled with the lack of data about
the impact of atracurium besylate in the corneal endothelium,
motivated this study. Despite there being no reports about
cataract removal surgery in chickens, this becomes a viable
model to investigate because of its corneal endothelium
similarities with other species of birds.
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The option of an ex vivo study using chicken’s eyes from
the slaughter line was a viable alternative, particularly from
an ethical point of view, since avoided the death of animals
for reasons relating solely to this research. Previous studies
with enucleated eyes proved it is possible to analyze the
cornea within six hours postmortem without structural
changes occurring in the endothelium (Pigatto et al. 2008,
2009, Terzariol et al. 2016). The samples were divided into
two groups, the experimental group consisting of the left
eyes and the control group consisting of the right eyes.
Previous studies reported a lack of differences regarding
endothelial parameters obtained from the right and left eyes
(Pigatto et al. 2008, 2009, Terzariol et al. 2016). Therefore,
the evaluation of one eye allowed us to infer the same results
for the contralateral eye. The existence of the control group is
critical for the study since it evaluates the endothelium after
handling performed in the processes of enucleation of the
eye and excising the corneoscleral button. This analysis later
helped in the statistical calculation to differentiate the damage
caused by atracurium and manipulation, which would not be
possible with a previous endothelial analysis with specular
microscopy before the excision of buttons, for example. In this
experiment it was possible to evaluate immediate effects in
the chicken’s corneal endothelium caused by exposure to
atracurium in all corneas of G1. The areas of cell loss and
endothelial denudation with Descemet’s membrane exposure
were stained by alizarin red. The corneas of G2 also had areas
stained with alizarin red. The technique used for corneal
excision and handling during the staining procedure can be
responsible for those areas of cell loss. Corneal endothelial
toxicity is related to substances that come in contact with
the endothelium, based on their chemical compositions,
pH and osmolarities (Edelhauser et al. 1981, Carter et al.
2007). The pH of atracurium besylate is 3.25 to 3.65, and its
osmolarity is 10-30 mOsm/L which is below the range tolerated
by the corneal endothelium in tested species. Therefore, the
fact that it is acidic and hyposmotic relative to the aqueous
humor can explain its toxic effect. The results of the present
investigation as it was performed showed that atracurium
induced significant damage in the cells of the endothelium
of the cornea of chickens. It is important to emphasize that
in the current study atracurium was placed in direct contact
with the corneal endothelium of chickens for three minutes.
When used intracameral the atracurium will be diluted by the
aqueous humor and probably the endothelial damage will be
smaller than that evidenced in the present study. In addition,
the results obtained in the current study are related to the acute
effect of atracurium on the corneal endothelium of chickens.
The observed endothelial changes were not correlated with
functional impairment of the endothelium. In this sense,
future research evaluating the corneal endothelium using live
animals after intracameral atracurium injection is necessary
to elucidate these facts.

CONCLUSION

The results obtained with this research indicated that
atracurium bezilate induced an acute damage on corneal
endothelium of chickens.
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