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Resumo

Objetivo: Caracterizar e quantificar as antocianinas do corante extraido do fruto do acai
(Euterpe oleracea), avaliar sua seguranca em um modelo animal e testar sua
aplicabilidade em cromovitrectomia em humanos. Métodos: No estudo 1, amostras de
trés concentragdes de 10%, 25% e 35% do fruto do agai (Euterpe oleracea),
equivalentes a 100 mg, 250 mg e 350 mg de amostras liofilizadas, foram diluidas em 1
ml do tampao fosfato para obter um pH de 7 e uma miliosmolaridade de 300 mOsm. Foi
utilizado um sistema de cromatografia liquida de alta performance (CLAE), com base
na espectrometria de massa de antocianinas obtidas previamente, para caracterizar e
quantificar as antocianinas presentes no novo corante. No estudo 2, 18 coelhos
receberam inje¢des intravitreas com as concentragdes de 10%, 25% e 35% do corante
do agai. Olhos controle receberam solugao salina balanceada (SSB). Foram realizados,
antes das aplicagdes, apds 24 horas e depois de 7 dias, andlise da eletrorretinografia
(ERG), retinografia, angiofluoresceinografia (AFG), tomografia de coeréncia 6ptica
(OCT), microscopia optica (LM) e microscopia eletrénica de transmissao (MET). No
estudo 3, apos aprovacdo do Comité de Etica em Pesquisa (CEP) da Universidade
Federal de Sao Paulo e do Conselho Nacional de Etica em Pesquisa (CONEP) para o
protocolo do estudo clinico das fases l/ll, 25 pacientes foram selecionados. Critérios
de inclusdo: pacientes diagnosticados com buraco de macula idiopatico, de ambos os
sexos, maiores de 18 anos. Critérios de exclusao: glaucoma prévio, uveite ativa,
outras condi¢cdes oculares exceto buraco de macula que poderiam afetar ou limitar
resultados pos-operatorios. Técnica cirargica: Todos os pacientes foram operados
pela técnica de vitrectomia padrao, utilizando quatro esclerotomias e um sistema de 23-
gauge com iluminagao acessoéria. Pacientes facicos foram submetidos a cirurgia de
facoemulsificagdo com implante de lente intraocular, seguido por descolamento da
hialoide posterior e peeling (remog¢ao) da Membrana Limitante Interna (MLI) e guiado
pelo corante do acai a 25%. Imediatamente apos os procedimentos, um questionario
sobre a habilidade de o corante pigmentar a hialoide posterior e a MLI foi entregue aos
dez cirurgides que realizaram as 25 cirurgias. A toxicidade do corante foi analisada por
exames anatdmicos e funcionais antes da cirurgia e nos dias 1, 30 e 180. A analise
anatdbmica dos olhos testados incluiu acuidade visual, tonometria, biomicroscopia,
fundoscopia, retinografia, AFG, OCT e angiotomografia por coeréncia optica. A analise

funcional foi realizada com ERG. Foram usados o teste t-student e a analise de

Xii



variancia (ANOVA) com medidas repetidas, e os valores de p<0,05 foram significantes.
Resultados: Estudo 1 mostrou a presenca de cinco moléculas diferentes de
antocianinas independentemente da concentragdo do corante do agai, na seguinte
proporgdo: cianidina-3-0-glucosideo > homoorientina> orientina > taxifolina >
isovitexina. No estudo 2, em coelhos, a retinografia, com 24 horas, mostrou uma
elevada opacidade vitrea com o aumento da concentracdo do corante. AFG e OCT nao
revelaram toxicidade em nenhuma das concentracées. ERG apresentou amplitudes
reduzidas para onda—b em todas as concentracdes comparada com a analise baseline.
As medianas das amplitudes da onda-b diminuiram sem significancia e a laténcia
aumentou para as concentragdes de 10% e 25%. Esses achados foram significantes
para a concentracdo de 35%. LM e MET n&o mostraram anormalidades para 10% e
25%. MET, na concentragao de 35%, revelou edema de células ganglionares em 24
horas com melhora em 7 dias. Vacuolizagcao, corpos multilamelares e danos de feixes
nervosos ocorreram em 24 horas e em 7 dias na camada nuclear interna. A ruptura da
crista mitocondrial surgiu no segmento interno dos fotorreceptores em 24 horas, mas
regrediu apos 7 dias. No estudo 3 (em humanos), independentemente dos periodos
testados, ndo foram identificados anormalidades funcionais nem anatdmicas. Os
resultados anatdémicos mostraram uma taxa de fechamento de macula em 19 dos 25
olhos operados. Todos os cirurgides relataram que o corante na concentragao de 25%
pigmentou a hialoide posterior e a MLI com uma cor roxa. Os resultados do estudo
clinico nas fases I/ll, ap6s seis meses, mostraram que o corante foi util e seguro na
identificagcdo da hialoide posterior e do peeling da MLI em cromovitrectomia em
humanos. Conclusoes: O corante extraido do fruto do acai € principalmente composto
por antocianina cianidina-3-0-glucosideo. O corante do agai nas concentragdes de 10%
e 25% foi usado com seguranga em coelhos. Apos seis meses, os resultados clinicos
em humanos (fases I/ll) revelaram que o novo corante, com base nas antocianinas do
fruto do agai na concentracdo de 25%, foi seguro e eficiente para ser usado na
identificagcdo da hialoide posterior e da MLI durante a cirurgia vitreorretiniana em
humanos. Esse corante roxo pode ser uma alternativa para a cromovitrectomia e

estudos adicionais sdo necessarios.
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Abstract

Purpose: This study aimed to analyze the anthocyanin content and test the
applicability of a novel dye extracted from the acai fruit (Euterpe oleracea) in
chromovitrectomy in humans. Methods: Ophthalmos Pharmaceutical Industry S/A
(Sao Paulo, Brazil) developed three concentrations of the acai dye (10%, 25% and
35%) equivalent to 100, 250 and 350 mg of lyophilized acai pulp samples that were
diluted in 1 ml of phosphate buffer solution (pH 7 and 300 mOsm). In the first study,
the lyophilized acai pulp samples were analyzed by high-performance liquid
chromatography (HPLC) using cyaniding 3-O-glucoside, hemoorientin, and orientin
and mass spectrometry (MS) to identify and compare color dye distinctions. Mass
spectrometry was used to identify and compare the dye concentrations for five isolated
basic anthocyanin molecules. In study 2 rabbits were injected intravitreously with 10%,
25% and 35% concentrations of the acai dye. Control eyes received balanced salt
solution (BSS). Electroretinogram (ERG), fundus imaging, fluorescein angiography
(FA), optical coherence tomography (OCT), light and transmission microscopy
(LM/MET) were performed. In study 3 the ethics committee of the Federal University
of Sdo Paulo and the National Council of Research (CONEP) approved the study
protocol of a phase l/ll clinical trial in 25 human eyes. Inclusion criteria: Patients
diagnosed with idiopathic macular hole, of both genders, older than 18 years.
Exclusion criteria: previous glaucoma, active uveitis, ocular conditions other than
macular holes that could affect or limit the postoperative results and previous ocular
surgeries other than uncomplicated cataract. Surgical technique: twenty-three-gauge
four-port PPV + phacoemulsification (if phakic eyes) followed by both posterior hyaloid
detachment and ILM peeling guided by 25% acai fruit dye staining as well as
perfluoropropane injection and 5 day prone positioning. A questionnaire about the
ability of the dye to stain the posterior hyaloid and ILM was given to the 10 surgeons
that performed the 25 surgeries immediately after the procedures. Dye toxicity was
analyzed by anatomic and functional examinations before surgery and at days 1, 30
and 180. The anatomic analysis of tested eyes included best-corrected visual acuity,
tonometry, biomicroscopy, fundoscopy, fundus imaging, FA, OCT and optical
coherence tomography angiography. Functional analysis was performed by ERG.
Student’s t test and Analysis of Variance (ANOVA), with repeated measures, was used

and p-values <0.05 were significant. Results: Study 1 showed the presence of five
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different anthocyanin molecules in all three concentrations of the acai dye: cyanidin-3-
0-glucoside > homoorientin > orientin > taxifolin > isovitexin. In study 2, using a rabbit
model, fundus imaging showed increased vitreous opacity with increased dye
concentrations. FA and OCT showed normality in all concentrations. Comparison
between BSS and dye concentrations were analyzed using Kruskal-Wallis and Mood’s
median test (p <0.05). At 24h, ERGs showed reduced amplitudes from baseline in all
eyes. Median b-wave amplitudes nonsignificantly decreased and latency increased
with 10% and 25%; findings were significant (p <0.05) for 35%. LM and TEM showed
no abnormalities for 10% and 25%. With 35%, TEM showed ganglion cell edema at 24
h that resolved after 7 days. Vacuolization, multilamellar bodies, and nerve bundle
damage occurred at 24 h/7 days in the inner nuclear layer. Mitochondrial cristae
disruption occurred in the inner photoreceptor segment at 24 h that decreased by 7
days. In Study 3 (clinical trial in humans) showed no abnormalities after both
anatomical and functional analysis independent on the tested times. The anatomical
outcomes showed a closure rate of 19 out of 25 operated eyes. All surgeons reported
that the acai fruit dye at a 25% concentration stained the posterior hyaloid detachment
and the ILM with a purple color. Conclusions: The acai dye extracted from the acai
fruit is mainly composed of the anthocyanin cyanidin-3-0-glucoside. The acai dye in the
concentrations of 10% and 25% were safe in rabbits. Six months results of a phase I/l
trial showed that the new dye based on the anthocyanins from the acai fruit in a 25%
concentration was safe and useful for identifying both posterior hyaloid and ILM during
vitreoretinal surgery in humans. This purple dye may be an alternative to

chromovitrectomy and additional studies are necessary.
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1 INTRODUGAO

Envolvendo técnicas complexas e delicadas, a cirurgia vitreorretiniana trata de
doencgas, como o buraco macular (BM), a membrana epirretiniana (MER) e o edema
macular diabético (EMD).("?) A cromovitrectomia é uma dessas técnicas que incluem
0 uso de corantes compostos de pigmentos vitais ou cristais para melhorar a
visibilizagao durante a cirurgia de vitrectomia. Uma boa impregnacao do corante
favorece o resultado cirurgico por facilitar procedimentos, como a remogao cirurgica
da membrana limitante interna (MLI) e a MER, além da remog&o vitrea completa.®-)

Os corantes sao compostos quimicos que se agregam a varias substancias in
natura para produzir cor.®) Quando os corantes tingem tecidos ou células vivas, s&o
chamados de corantes vitais.”) Os corantes atualmente mais utilizados em cirurgia
vitreorretiniana, a indocianina verde (ICG) e o azul brilhante G (BBG), facilitam a
identificacdo e a remogdo da membrana limitante interna.®

A ICG tem importante papel como pioneira para remoc¢ao da MLI. No entanto,
devido seu conhecido perfii de toxicidade, a recomendacdo atual para
cromovitrectomia € a nao utilizagdo da ICG, especialmente na cirurgia de buraco
macular.®-1")

O BBG é um corante sintético que foi certificado como corante alimentar na
Europa e pode ser usado como marcador do coragado e dos vasos sanguineos e de
proteinas em doengas neurolédgicas.('? Dados sobre a utilizagdo do BBG para
cromovitrectomia e cirurgia de catarata foram primeiramente publicados em 2006.('%)
Exceto pelos Estados Unidos, € o corante mais utilizado na atualidade para a
pigmentacdo da MLI. No entanto, o uso in vitro do BBG revelou toxicidade celular
dose-dependente.('*) Apesar da boa afinidade do BBG pela MLI em olhos humanos,
a migracao inadvertida sub-retiniana do corante em um procedimento de remogao da
MLI resultou em “defeitos em janela” na angiofluoresceinografia, sugerindo
anormalidades atréficas do Epitélio Pigmentado da Retina (EPR).(")

O acetato de triancinolona, livre de preservantes e micronizado, possibilita a
identificacdo do vitreo através da deposicao de cristais e € um dos corantes mais
seguros empregados atualmente.('® O corantes azul trypan e o azul patente sdo
outras opgdes de corantes usados em cromovitrectomia. Enquanto o acetato de
triancinolona é limitado a deposi¢cao na hialoide posterior/vitreo, o azul trypan e azul

patente pigmentam MERs mas possuem afinidade limitada para MLIs.("")



Introducéo | 3

Até o momento ndo ha um corante estabelecido como ideal para ser utilizado
em cirurgias vitreorretinianas. A busca por esse corante ideal tem como base um
pigmento com baixo potencial oxidativo e uma capacidade pigmentar seletiva e efetiva
em relacdo a MLI e/ou a MER, bem como tem a capacidade de se depositar sobre a
hialoide posterior.(18)

O uso de corantes naturais foi sugerido como coadjuvante na visualizagao das
estruturas pré-retinianas e de membranas. Entre eles, podemos citar as antocianinas,
que sao corantes naturais encontrados em uvas, blueberries, frutos do agai e em
qualquer outro fruto com coloragcdo roxa. Sabe-se que uma das caracteristicas das
antocianinas ¢ a de seu efeito antioxidante natural.('920)

O fruto do agai (Euterpe oleracea) é originado de uma arvore nativa da floresta
amazébnica e tem sido amplamente distribuido em razdo de suas excelentes
propriedades nutricionais. E um alimento calérico, rico em proteinas, gorduras poli-
insaturadas, carboidratos e antocianinas.(?%?2 As antocianinas presentes em sua
composicado sao compostos reativos devido ao seu estado ibnico, apresentando
também uma grande sensibilidade a mudangas de temperatura e pH. O potencial
antioxidante das antocianinas é dependente do numero e posi¢gdo dos grupo hidroxila
€ sua conjugacao, assim como a presencga de elétrons doadores no anel da estrutura,
devido a capacidade que o grupo aromatico possui de suportar o desemparelhamento
de elétrons.?® Estudos anteriores mostraram que as antocianinas do agai podem
inibir a geracao de espécies reativas de oxigénio e a atividade das ciclooxigenases 1
e 2. Também tem sido sugerido que essas moléculas, por serem antioxidantes,
apresentam a capacidade de quelar o oxigénio singleto que é liberado apds a
irradiag&o do corante pela luz durante a cirurgia vitreorretiniana.(?%26)

As antocianinas extraidas do fruto do acai, quando ajustadas a uma
concentragao de 0,5%, a um pH de 7,06 e a uma osmolaridade de 304 mOsm,
resultaram em uma solugdo de coloracdo roxa.?”) Ao ser testada durante a
cromovitrectomia em olhos cadavéricos, a solucao identificou com facilidade a MLI,
cuja pigmentagéo revelou-se arroxeada.?’-?8) Esses estudos marcaram o inicio da
linha de pesquisa atual que comegou com a caracterizacdo da composicao de
antocianinas presentes no pigmento extraido do agai e terminou com a pesquisa
clinica em humanos. O presente estudo também foi inovador pois € o primeiro a testar
em humanos o uso de um corante natural isolado, tipico da flora brasileira, em

vitrectomia. Diante disso, a patente do uso intraocular das antocianinas do fruto do
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acai foi depositada como pedido nacional de Patente sob n° P11000244-8 A2 no
Instituto Nacional de Propriedade Intelectual (INPI) com cessao de direitos para a
Universidade Federal de Sdo Paulo (UNIFESP).
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2 OBJETIVOS

O objetivo da pesquisa atual foi testar a aplicabilidade do pigmento extraido do
fruto do acai para ser usado como corante em cromovitrectomia. A linha de pesquisa
foi dividida em trés estudos e incluiu uma etapa laboratorial, um estudo em coelhos e
outro estudo clinico em humanos, com os seguintes objetivos:

(1) Classificar e quantificar as antocianinas presentes no pigmento extraido

do fruto do acai nas concentragdes 10, 25 e 35%.

(2) Testar a toxicidade nas concentragdes 10, 25 e 35% do corante extraido

do fruto do acai, usando um modelo em coelhos.

(3) Awvaliar clinicamente o perfil de segurancga e a eficiéncia do corante na

concentragao de 25% para identificar a hialoide posterior e a MLI durante

cromovitrectomia em humanos.
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3.1 Analysis of anthocyanins extracted from the acai fruit (Euterpe oleracea):

a potential novel vital dye for chromovitrectomy.

Peris CS, Caiado RR, Souza Lima-Filho AA, Rodrigues EB, Farah ME,
Gongalves MB, de Queiroz Alves B, Palma Urushima JG, Ragazzi R, Maia M.
Journal of Ophthalmology. 2018; 2018:6830835.
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Purpose. To classify and quantity anthocyanins in a vital dye extracted from the acai fruit (Euterpe oleracea), adjust pH and osmola
and perform lyophilization to develop a new chromovitrectomy dye. Methods. Three dye concentrations 10%, 25%, and

(equivalent to 100, 250, and 350 mg of lyophilized acai fruit pulp extract samples) were evaluated when diluted in 1 ml of phospl
buffered solution (pH 7 and 300 mOsm). The dye was analyzed by mass spectrometry and high-performance liquid chromatogra
(HPLC) to identify and quantify anthocyanins molecules. Results. The pH and osmolarity correction and lyophilization were
formed without damaging the anthocyanin molecular structure. Mass spectrometry confirmed the presence of five anthocyanins iy
three concentrations of the dye. Cyanidin-3-O-glucoside was the major anthocyanin found. HPLC showed that the concentratig
anthocyanin was similar, independent of the dye concentration tested. Conclusions. Lyophilization and the correction of pH
osmolarity (7.00 and 300 mOsm, resp.) were performed successfully. Five anthocyanins are present in the dye from the acai fruit,
major anthocyanin is cyanidin-3-O-glucoside. Independent of the dye concentration tested, the anthocyanin concentration
similar, Standardized chemical characteristics of this new dye may allow its use during chromovitrectomy in humans.

roduction flavonoids that are represented by the basic che
structure C6-C3-C6 (Figure 1). The phenolic structure o
i fruit (Euterpe oleracea) from the palm tree isnativeto  anthocyanin provides an antioxidant effect due to elect
hazon forest in Brazil, In addition to being one of the ~ donation or transference of hydrogen atoms.
rees that produce palm hearts, the acai palm also It has been suggested that photosensitizing dyes useq
es a fruit with high nutritional properties and eco-  chromovitrectomy could enhance phototoxicity by increal
value for the food and cosmetic industries. The acai  levels of free radicals, creating a photoproduct that could
as been described as caloric and rich in proteins,  harmful to retinal cells. The antioxidant effects of anthocya
saturated fatty acids, and sugars (Table 1) [1]. theoretically could quench the singlet oxygen, which is rele
rotenoids and anthocyanins are among the main  during chromovitrectomy [5-7]. The antioxidant property o
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oleracea) pulp on a diet of 2,500 kcal/day.

227g
56.4¢g
17 mg
932mg
45mg
286 mg
17 mg
; 174 mg
s 36mg
value 349 kcal

ederal University of Para State, Brazil.

RE 1: Basic molecular structure of the anthocyanins.

P017, our research group found that the 10% and 25%
rations of the acai dye were safe when used in
t model [9]. In this study, rabbits were injected
reously with the acai dye in three concentrations:
5%, and 35%. Control eyes received balanced salt
. Functional evaluations were performed using
etinography while morphologic examinations were
ed by fundus imaging, fluorescein angiography,
coherence tomography, light microscopy, and
ission electron microscopy. The 10% and 25% dye
trations from the acai fruit did not cause significant
nal or morphological toxicity. However, the 35%
ration showed evidence of morphologic and func-
bnormalities suggestive of temporary toxic effects at
low-up.
ce, the highest concentration of the acai fruit that
e and effective in the rabbit model was 25%. This
tration was used for the sequence of a phase I/II
trial in 25 humans (unpublished data).
objectives of the current study were to classify and
the anthocyanins of the acai fruit dye in the con-
fons of 10%, 25%, and 35%. This information will
b the basis for further understanding the antioxidant
br of the acai dye.

erials and Methods

ABLE Z:
major anthocyanins.

Time Phase A (%) Phase B (%) Flow (mL/mini

0.0 95 1.00
5.0 95 1.00
20.0 5 1.00
25.0 95 1.00
27.0 95 1.00
35.0 95 1.00

anthocyanin powder to produce the concentrations of 1
25%, and 35%, respectively.

Ophthalmos SA (Sdo Paulo, Brazil) developed the
ophilization process for the final dye preparation that
comprised mainly of anthocyanins. This process was
formed in a sterile environment, stabilized at —50°C fo
hours, and diluted in 1 ml of polyvinyl alcchol in the
25%, and 35% concentrations. The pH of the natural ex
was acidic [10]. Hence, both the pH and osmolarity (pH
300mOsm) were controlled and established using one
liliter of phosphate-buffered solution (PBS). These con(
trations also reflect the most suitable values obtained
preliminary studies in which factors such as staining capa
pH., osmolarity, solubility, and stability were considered

The lyophilized dye solutions were stored in dep
genized amber flasks based on our previous results
anthocyanin molecules are highly unstable and light
posure might modify the staining capacity of the dye [9].
anthocyanins were then analytically characterized by
spectrometry.

2.2. Mass Spectrometry. Twenty-five-milligram sample
the raw materials and final products were subjected to 1
spectrometry to compare the specific molecules in lowd
higher quantities. This analysis was based on a spectral
bank. SGB Chemical Consultant Ltda. (Sdo Paulo, Br

which was blinded to the dye components, analyzed
three lyophilized samples.

2.3. High-Performance Liquid Chromatography (HP
Three microliters of dimethyl sulfoxide (DMSO) (V]
Ventiltechnik GmbH) and 7.0 mL of the solution from|
mobile phase were added to the flasks with the dye d
centrations. These were then put in an ultrasonic bath,
the extraction process continued for 10 minutes. The £l
were removed from the bath, and the solutions were filt4
into 1.5mL vials containing a filter 0.22 micromete
diameter. Finally, 20 uL was added to the HPLC stabil
system.

The analysis was performed using the 1260 Infini
liquid chromatography system and a diode array dete
(Agilent Technologies, Santa Clara, CA). The spe
methodology used a 5uym 150x4.6 mm Agilent Ecl
Column XDB C18 (Agilent Technologies). The mobile p
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(mAU)

(mAU)

DADI B, sig = 263, 4 ref = off (ACAI_FLAVONOIDS\ACAI_1 2015-08-01 10-31-37\AFLAV000009.D)

9.12.079 7. 14.664
18. 15.480
19.15.763
20. 16.201
21.20473
22.20.
23,224
24.24.484

20
Retention time (minutes)

350, 4 ref = off (ACAT_FLAVONOIDSIACAT_1 2015-08-01 10-31-57\AFLAV000009.D)

2 13.13.246 19.14.871

T
20
Retention time (minutes)

T
20
Retention time (minutes)

(a)

18.15.483 26,
19. 16.207
12.13.700  20.16.499
3.3.979 13. 14.009
9.880 14. 14.190
7.12.085 15.14.666
8.12.481 16.14.878

4
Ad%5epin 2324 2526 27
———
15 20
Retention time (minutes)

DADI1 B, sig = 350, 4 ref = off (ACAI_FLAVONOIDS\ACAI_1 2015-08-01 10-31-37\AFLAV000011.D)
17. 14.690

Retention time (minutes)

DADI C, sig = 520, 4 ref = off (ACAI_FLAVONOIDSIACAT_1 2015-08-01 10-31-57\AFLAV000011.10)
10

L2519 9.12.607
10.12.764
11.13.170

20

Retention time (minutes)
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DADI B, sig = 265, 4 ref = off (ACAI_FLAVONOIDSVACAI_I 2015-08-01 10-31-57\AFLAV000013.D)

2250 9.12.479

9. 10. 12,612
182 11.12.765
57

17.14.198 25 17.509
18. 14.672 26.20.479
3 19, 14.884 27, 20.705
3573 12.13.254 20.15491 28 21.694
3736 13.13482 2115775 29.22.459
3982 14.13.765 2216216 30.23.459
9.882 1513891 23 16506 31.24.485
12,087 16. 14016 24.17.237 32.24.648
33.25.142

1

2

3
4,
5.
6.
7.
8.

1
22232425

2627 2829 303333

Area (milli absorbance unit)

20 25

Retention time (minutes)

14.13.831 21.15778 12
3 15.14.117 22.
10. 12. . 14314 23
11.12.765 17.14.528 24.
12. 14696 25.17
14863 26.

.12071 5 15.490

12

, 4 ref = off (ACAI_FLAVONOIDS\ACAI_L 2015-08-01 10-31-57\AFLAVO0Q0013.D)

Area (milli absorbance unit)

Retention time (minutes)

DADI B, sig = 520, 4 ref = off (ACAI_FLAVONOIDS\ACAI_1 2015-08-01 10-31-57\AFLAV000013.]

7

700 =
600
500 2
400 3
300 3
200 3
100 3

0

GRRREY
o W
ey
TS E N

,_.
e

o
i

Area (milli absorbance unit)

20

Retention time (minutes)

: (a) A mass spectrometry graph of the 10% concentration of the vital dye extracted from the acai fruit. (b) A mass spectron
the 25% concentration of the vital dye extracted from the acai fruit. (c) A mass spectrometry graph of the 35% concentration o

b extracted from the acai fruit.

reagents used water (produced with purified water
permutation technique), trifluoroacetic acid (Vetec
bchnik GmbH, Speyer-am-Rhein, Germany), DMSO,
tonitrile HPLC (Sigma-Aldrich, St. Louis, MO). This
used the gradients listed in Table 2, thus enabling
cation of all anthocyanins in the same chromatogram.
the anthocyanin quantification using HPLC, it was
essary to obtain the anthocyanin profiles using mass
etry. This information was used to determine the
al standards of the anthocyanins which were then
d from ChromaDex Inc. (Irvine, CA).
b 25-milligram samples of the same major isolated
anin molecules were used as comparative patterns
igher to lower quantities: cyanidin-3-O-glucoside,
ientin, orientin, taxifolin, and isovitexin. The same
(2.0+0.20 mg) of the anthocyanin chemical stan-
as weighed in separate 10mL volumetric flasks of
hch. Subsequently, 3 mL of DMSO was added to each
d subjected to high-frequency ultrasound for 5
until the mobile phase. The patterns were mixed and
with the mobile phase.
anthocyanin concentrations were quantified by
using an electrochemical detector. The 350-nano-
wavelength was identified by the detector showing

30% DMSO without being retained in the filter. Such
were used to obtain the anthocyanin concentration for 4
concentration of the dye.

3. Results

3.1. pH and Osmolarity. Correction of pH and osmol4
and the lyophilization process were performed success

3.2. Mass Spectrometry. This analysis showed the preseng
five anthocyanins in the vital dye of the acai fruit from Iq
to higher quantities: taxifolin, orientin, isovitexin, ho
orientin, and cyanidin-3-O-glucoside. Mass spectro
analysis of the 10%, 25%, and 35% concentrations of the
dye are shown in Figure 2.

3.3. HPLC. 'This analysis quantified the five major an
cyanins in the vital dye of the acai fruit in the three te
concentrations based on the retention time by area shov
the chromatographs (Figures 3(a)-3(c)). Results showed
independent of the concentration of the acai dye, the
thocyanin concentration was similar (Table 3).
Chromatography results were compared with tho
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9.813

9.987 cyanidin-3-0-glucoside
10.380 homeoorientin

10.587 orientin

10.893 isovitexin

11.033

11.177

11.300

11.672 (+) -taxifolin

.11.793

SOTORIT G i L 1

Area (milli absorbance unit)

Retention time (minutes)

—— DAD: signal D, 350.0 nm/Bw: 4.0 nm
Sample 80-2

(a)
Wavelength = 350 nm

9.813

9.980 cyanidin-3-0-glucoside
10.227

10.380 homoorientin
10.593 orientin
10.893 isovitexin
11.040

11.220

11.333

11.457

. 11.667 (+) -taxifolin

. 11.787

D
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6
Retention time (minutes)

—— DAD: signal D, 350.0 nm/Bw: 4.0 nm
Sample 81-2

(b)
Wavelength = 350 nm

. 9.813

. 9,987 cyanidin-3-O-glucoside
. 10.380 homoorientin
. 10.587 arientin

. 10.893 isovitexin

. 11.033

. 11.300

. 11.672 (+) -taxifolin
. 11.793

. 11.457

.11.667 (+) -taxifolin
.11.787

Area (milli absorbance unit)

Retention time (minutes)
—— DAD: signal D, 350.0 nm/Bw: 4.0 nm
Sample 80-2
(c)

3: (a) A chromatograph of the 80-2 vital dye extracted from the acai fruit in a 10% concentration (equivalent to 100
ized sample extracted from the acai pulp diluted in 1 ml PBS (pH 7.00; 300 mOsm). (b) A chromatograph of 81-2 vital dye extr
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10% concentration

25% concentration

35% concentr:

n-3-0-glucoside
n time (minutes)
illi absorbance unit)

9.987
23.909

9.980
24.410

9.973
23.886

rientin
n time (minutes)
illi absorbance unit)

10.380
38.511

10.380
36.950

10.380
40.106

n time (minutes)
illi absorbance unit)

10.587
22,945

10.593
22.784

10.580
23.988

n
bn time (minutes)
hilli absorbance unit)

11.673
0.966

11.667
0.894

11.667
0.998

in
n time
illi absorbance unit)

10.893
6.755

10.893
6.737

10.880
6.194

[
=]
=

.
=
=]
3
L
5]
K
=
2
2
3
2
2
<
B
—
b]
WL
o
<t

HPLC chromatogram of cyanidin-3-0-glucoside (CDXA-13-3273)
DADI1 C, sig = 210,8 ref = 600,100 (E2013\E2013_22.D)

. 10.582
. 10.891
.11.854
.11.927
. 12,174
. 13.649

A. Area:
B. Area:
C. Area:
D. Area:
E.Area:
F. Area:
G. Area:

2933.85
33.6881
30.0238
30.2248
30.1798
17.9114
8.94004

2
A

1. 12.008
2.12.128

10

T T
15 20
Retention time (minutes)

(a)

HPLC Chromatogram of (+) -taxifolin (CDXA-13-5818)
DADI B, sig = 205,8 ref = 600,100 (J1413\]1413_10D)

2

A Area: 404922 |V

B. Area:

2.51301

Area (milli absorbance unit)

P TN R S
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Area (milli absorbance unit)

Area (milli absorbance unit)

o0
f=3
=

(=23
=
=

(=)
=
=

(=]
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HPLC chromatogram of orientin (CDXA-12-7714)
DADLI A, sig = 250,80 ref = 600,100 (X:\YOUNG\DATA\20121K0712\K0712_04.D)

1. 11507
2.11.544
3.1L544
4.11.567
5. 11684
6.12.044
7.12.045
8.13.167

5

A, Area: 1731.89|
B. Area: 0.33088
C. Area: 3.16052
D. Area: 0.34587
E. Area; 3.16122
F. Area: 3.16356

Retention time (minutes)

c)

HPLC chromatogram of isovitexin (CDXA-13-4304)
DAD1 C, sig = 210,8 ref = 600,100 (GO113\GO113_05.D)

1.12.176
2.12.717
3.12.900
4.13.018

A. Area: 4064.58 :
B. Area; 60.3881 >
C. Area: 13.5539
D. Area: 7.87127

Retention time (minutes)
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- DADI1 A, sig = 250,80 ref = 600,100 (CAHPCHEM\ZEEMAN\DATA\2011\H2511\H2511_05.D)

4

A. Area: 365581 O
B. Area: 3.90411
C. Area: 3909.84
D. Area: 4.03112
E. Area: 4.38157
F. Area: 4.38157
G. Area: 4.53078
H. Area: 4.83387

=3
=
=3

Area (milli absorbance unit)

[%]
=
=)

NN D O T T T T TN N Y T T Y T T B

[=}

5
3
e

15

Retention time (minutes)

4: (a) A chromatograph of isolated anthocyanin molecules of cyanidin-3-O-glucoside 25 mg. (b) A chromatograph of iso
nin molecules of taxifolin 25 mg. (¢) A chromatograph of isolated anthocyanin molecules of orientin 25 mg. (d) A chromatog|
ed anthocyanin molecules of isovitexin 25 mg. (e} A chromatograph of isolated anthocyanin molecules of homoorientin 2

i fruit is a multistemmed palm widely distributed in
thern South America. The fruit varies a great deal
hppearance of the plant, flowers, and fruiting prod-
hich can be affected by genetic and environmental
nents. Other factors can affect the anthocyanin
bition of fruits and their pulp, such as the harvest, type
water quality, and spatial localization [11].

current study aimed to characterize the physical-
1 composition of the anthocyanins present in the
ract used in this research. The current data will be
produce a standardized acai dye for use in chro-
bctomy that was first tested in cadaveric eyes [8] and
[9] and now will be used in a phase I/11 clinical trial in

(unpublished data).
ks spectrometry and HPLC identified and quantified
ence of five anthocyanins in the vital dye of the acai
yanidin-3-0-glucoside, homoorientin, orientin, iso-
and taxifolin. Data showed that cyanidin-3-O-glu-
s the major anthocyanin. These findings agreed with
f previous studies that also found that cyanidin-3-O-
e was the major anthocyanin found in the acai
 [12, 13]. Results also showed that independent of the
ration of the acai dye, the anthocyanin concentration
ilar (Table 3), and this result is probably because we
ed the same prime material.
hypothesized previously [8] that the anthocyanins of
fruit might have low potential for causing retinal and

the wavelength of the light source, the higher the en
emission and consequently the more toxic the light sour
to the retina [7]. The high absorption peak of light fror
acai solution suggests that this dye might have a safer tox
profile regarding light absorption than other currd
available dyes. A study that evaluated the absorbance spq
of nine vital dyes for chromovitrectomy found that most
two absorbance peaks, the first below 400 nm and the o
in the visible light ranging from 400 to 700 nm [6].

In conclusion, the pharmacologic correction of the p
7.00 and osmolarity to 300 mOsm and the lyophiliz
process were successfully performed. The five major
thocyanins are present in the vital dye extracted from
acai, the major one being cyanidin-3-O-glucoside,
dependent of the concentration of the acai dye, the
thocyanin concentration was similar. These standar
chemical characteristics of this new dye may allow its
during chromovitrectomy in humans, Further basic
clinical studies are needed to fully understand the role of
dye anthocyanins and their antioxidant capacity.
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RACT

se: Evaluate toxicity of acai fruit (Euterpe oleracea) dye concentrations in a rabbit model.

bds: Rabbits were injected intravitreously with 10%, 25%, and 35% acai dye concentrations, Control
eceived balanced salt solution (BSS). Electroretinogram (ERG), fundus imaging, fluorescein angio-

y (FA), optical coherence tomography (OCT), and light and transmission electron microscopy (LM/

were performed.

s: Fundus imaging showed increased vitreous apacity with increased dye concentrations. FA and

thowed normality with all concentrations. Comparisons between BSS and dye concentrations were

Fed using Kruskal-Wallis and Mood’s median test (p < 0.05). At 24 h, ERGs showed reduced

tudes from baseline in all eyes. Median b-wave amplitudes nonsignificantly decreased and latency

hsed with 10% and 25%; findings were significant (p < 0.05) for 35%. LM and TEM showed no

malities for 10% and 25%. With 35%, TEM showed ganglion cell edema at 24 h that resolved after

s. Vacuolization, multilamellar bodies, and nerve bundle damage occurred at 24 h/7 days in the

nuclear layer. Mitochondrial cristae disruption occurred in the inner photoreceptor segment at 24
decreased by 7 days.

usion: Ten and twenty-five percent concentrations were safe and may improve identification of the
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Acai fruit; anthocyan
chromovitrectomy; Ei
oleracea

rior hyaloid and internal limiting membrane during chromovitrectomy in humans.

ction

tinal surgery involves complex techniques that may
diseases such as macular holes, epiretinal membranes
and diabetic macular edema.’” During chromovi-
y, vital dyes or crystals are used intraoperatively to
identification of intraocular tissues.'®'" Such dyes
b visualization and peeling of optically transparent
s, such as internal limiting membrane (ILMs), 12~
movitrectomy was first introduced in 2000, when the
b indocyanine green (ICG) was used to stain the thin,
nsparent ILM." Since then, many other dyes have
available for chromovitrectomy.'” Preservative-free
ronized triamcinolone acetonide aids identification
itreous by crystal deposition and is one of the safest
managing vitreoretinal diseases.'"'®'” Trypan blue
ent blue also became alternative vital dyes for use
chromovitrectomy."*" While triamcinolone aceto-
imited to deposition at the posterior hyaloid/vitreous,
blue and patent blue stain ERMs but have limited
for ILMs, "2
pugh ICG was the first worldwide dye used during
itrectomy, ICG is associated with possible retinal

and retinal pigment epithelium (RPE) toxicity.™® A mg
ism of this toxicity may be related to the oxidative effg
the ICG molecule and/or its carbolinic complex derivati
the RPE cells.>*2%% Synthetic brilliant blue G (BBG) ha
used as an alternative for staining ILMs and, with the ¢
tion of the United States, is currently the most frequentl
dye worldwide for this purpose. However, in vitro use o
may lead to dose-dependent cellular toxicity.>* Uninte

subretinal migration of BGG during vitreoretinal surg
humans that can damage the RPE also was reported.”

The ideal vital dye should have minimal oxidative

on tissues; the ability to reliably and selectively stain

posterior hyaloid, and/or ERMs; and be rapidly elim
from the eye to avoid possible chronic toxic effects.’
search for the combination of these characteristics in a
retically ideal dye has led to further research worl
Recently, two cadaveric eye studies have reported th
natural dye extracted from the Brazilian fruit acai (E|
oleracea) successfully enhanced visualization of the int
lar microstructures during vitreoretinal surgery.’®*’ A
the advantages of this dye is the high concentrati
anthocyanins,”*® which are purple flavonoids in vegd
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hr stability.”” We hypothesized that this characteristic
It in development of a dye to improve identification
psterior hyaloid and ILM during vitreoretinal surgery
ns and may quench the singlet oxygen released dur-
irradiation of the retina by the light probe, resulting
r dye useful during chromovitrectomy.***
pim of the current study was to test the toxicity of
dye concentrations extracted from the acai fruit in a
odel. This initial research represents the landmark
for testing this alternative vital dye, already tested by
arch team, for human use.

New Zealand albino rabbits (weight, 2—4 kg) were used
udy. The Ethics Committee of the Federal University of
o approved this study (protocol number: 2689281013),
llowed the guidelines of the Association for Research in
d Ophthalmology.
rgical and examination procedures were performed
esthesia using an intramuscular injection of 25 mg/kg
weight of ketamine hydrochloride (Ketamina Agener;
Brazil) and 5 mg/kg of body weight of xylazine hydro-
(Calmiun, Agener, Brazil). Mydriasis was obtained before
pcedure by topical application of 0.5% tropicamide
1, Alcon, Brazil) and eyes were topically anesthetized
% proxymetacaine hydrochloride (Anestalcon, Alcon,
imals were euthanized under deep anesthesia with an
bus injection of 70 mg/kg sodium pentobarbital.
hals were excluded if there was a media opacity or
amage before the beginning of the study. The animals
in the study were divided randomly into groups
g to the concentrations (10%, 25%, and 35%) of the
terpe oleracea) extract dye solution injected.

tion preparation

mos Induistria Farmacéutica S/A (Sdo Paulo, Brazil)
ed the acai dye. The physical and chemical character-
the acai powder extract are shown in Table 1.

cation, are flavonoids that are antioxidants in vegetable
various anthocyanins differ according to the fung
groups (hydrogen, hydroxyls, or methoxyls) positio
R1-R7°%*' This unstable molecule has a central bd
ring that can quench its singlet oxygen. The mass and {
cyanin composition of the acai powder extract was ob)
by request by SGB Consultoria Quimica LTDA (Sdo
SP, Brazil). Data showed that the main anthocyanin (a
idant) found in the acai powder extract was Cyani
Glucoside.

The lyophilized dye was prepared in a sterile enviro
(grade A) and diluted in 1 mL of polyvinyl alcohol i
concentrations of the acai fruit extract: 10%, 25%, and
The pH of the natural extract was acidic. Hence, both
and osmolarity were controlled and established using a
phate buffer. These concentrations also reflect the mo
table values obtained in preliminary studies'®*%*
considered factors such as staining capacity, pH, osmg
solubility, and stability.

The osmolarity and pH were adjusted to about 300 1
and 7.00, respectively, using a diluted dye solution
anthocyanin in polyvinyl alcohol and phosphate
(Ophthalmos, Sao Paulo, Brazil). The dye solution
lyophilized, sterilized, and stored in amber flasks bas
our previous results that anthocyanin molecules are
unstable.”

Injection technique

Each rabbit received injections of 0.1 ml of dye solution
right eye and 0.1 ml of balanced salt solution (BSS) (Alc
Worth, TX) in the left eye. After placement of a lid sped
a drop of topical 5% povidone-iodine was instilled in ea
followed by BSS washout. The vitreous cavity was ac
through the superotemporal sclera 2 mm posterior
limbus using a 27-ga needle (Becton Dickinson, Fr|
Lakes, New Jersey) connected to a 1-mL syringe cont|
the dye solution or BSS. Eyes were immediately exami
indirect ophthalmoscopy; one drop of an antibiotic/§
(0.5% moxifloxacin/0,1% dexamethasone) solution the
instilled in each eye.

Table 1. Physical and chemical analysis of the acai powder extract.

Analysis

Results

Aspect

Color

Odor

Humidity (%)

Volumetric density (g/L)

Solubility in water

Palyphenals

Heavy metals, As (ppm)

Heavy metals, Cd (ppm)

Heavy metals, Hg (ppm)

Heavy metals, Pb (ppm)

Heavy metals, Cu (ppm)

Acid-insoluble aches (%)
o 0,

Total ach 0

Thin hygroscopic powder
Violet
Characteristic
3.6
487.79
Soluble
0.53
<0.1
<0.01
<0.005
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the handheld Ephiocs AB™ system (Ephios,
bing, Sweden), electroretinogram (ERG) recordings
en at baseline, 24 h, and 7 days after the intravitreal
5.
rabbits were kept in a dark room for 30 min after
e mydriasis was achieved and then placed on a heat-
during the experiment. Unipolar contact lenses ERG-
trode (Fabrinal SA, La Chaux-de-Fonds, Switzerland)
hiced on both corneas with 2% methylcellulose
Imos, Sao Paulo, Brazil).
erence electrode filled with electrolytic gel was placed
bmporal canthus of the eyelid; the ground electrode,
d with gel, was positioned on the earlobe. After a 30-
iod of dark adaptation, the procedure was performed
g to two responses, dark-adapted 0.01 ERG (rod
k) and dark-adapted 3.0 ERG (combined rod-cone
), following the parameters determined by previous
22332734  joht-adapted cone responses were not expli-
orded.
readings were obtained for each step. The stimulus
produced by each flash was 0.01 cd s/m” and interval
tween flashes for dark-adapted 0.01 ERG and 3.0 c¢d s/
with interval of 10 s for dark-adapted 3.0 ERG. The
il working distance to the eye was standardized to 1 in.
kaminations were monocular and performed at room
ture. The data were transferred to Mjelner software
1.3:0.5 and Eph-01 transfer program version 4.0 mc
D™ (Ephios, USA). The software determined the
f the amplitude and latency of the b- and a-waves.
tline recordings were compared to the responses at 24
days after injection.
flata are presented as median and standard deviation
Baseline, 24-h, and 7-day comparisons between BSS
three dye concentrations were analyzed using
Wallis and post hoc analysis using Mood’s median
0.05 was considered significant. All analyses were
sing Stata v.11 software (StataCorp, College
USA).

to retinal morphology

imaging and fluorescein angiography (FA) were per-
at baseline, 24 h, and 7 days after intravitreal injec-
ndus imaging was performed to document the retinal
ce and follow formation of any vitreal opacity. The
TRC camera (Topcon, Tokyo, Japan) was used for
mentation.
as performed through a slow intravenous injection of
of 10% sodium fluorescein (Ophthalmos, Sdo Paulo,
bver 30 s in the marginal ear vein of the animals to
trogenic blood-barrier breakdown related to a fast

Fundus photographs were taken using a
erg  Spectralis  Device (Heidelberg Engineering,

Optical coherence tomography (OCT) was performed i
eyes of all animals at baseline, 24 h, and 7 days aff
intravitreal injection using also Spectralis OCT (Heid;
Germany).

Histology

All animals were euthanized 24 h or 1 week after the if
treal injection. A buffered solution of paraformaldehy
and glutaraldehyde 2.5% (pH 7.4) was injected immeg
into the eyes for tissue fixation followed by enuclg
Tissues samples of about 4 mm were collected for prod
from two different serial sections: 500 um inferior to thg
nerve and 4 mm from the optic nerve in the inferote
quadrant. This was followed by postfixation with 1% o4
tetroxide, ethanol dehydration, and rinsing in propylend
for posterior inclusion in epoxy resin (EPON 814,
Hatfield, PA). Semi-thin serial sections (500 nm)
obtained and stained with 1% toluidine blue for light §
scopy (LM) (NIKON Optiphot 2, Tokyo, Japan). Image
captured by a camera connected to a computer (Pixg
PL-B873CF, Ottawa, Canada).

For transmission electron microscopy (TEM), ulf
sections (70 nm) were disposed over copper grids and
contrasted with uranyl acetate and lead citrate for exa
tion by electron microscopy at 80 kV (1200 EXII,
Tokyo, Japan). Electron micrographs were obtained t
a digital camera (MultiScan 791, GATAN, Pleasanton,

Digital images obtained for LM or TEM were store|
Dell workstation computer (Dell Inc., Aliso Viejo, USA
transformed into TIFF format images with 300-pixel
tion with the aid of Adobe Photoshop software (
Systems Inc., San Jose, CA). This also was used for
contrast/brightness adjustments and figure compositio

Results
Clinical observations

No abnormal or unusual findings were observed in a
mal in the anterior and posterior segments.

ERG

No significant differences (P > 0.05) were seen in the n
amplitude values in microvolts of dark-adapted 0.01
dark-adapted 3.0 ERG a-wave, and dark-adapted 3.0
b-wave between groups at baseline and 7 days after inj
(Tables 2 and 3).

The median amplitude values obtained at 24 h (T4
for dark-adapted 0.01 ERG (P = 0.008) and dark-adapt
ERG b-wave (P = 0.007) for tested groups differed §
cantly. Overall, the amplitude values decreased from bs
to 24 h and after 7 days for all concentrations with a
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bted 0.01 ERG BSS 10%

25% 35%

de (V)
time (ms)

135 (47-180)
55 (50-75) 61 (55-165)
de (uV)

time (ms)

10 (6-40)
25 (13-25)

10 (7-16)
25 (20-25)

de (uV)
time (ms)

216 (110-260)

45 (40-60) 45 (40-50)

114 (100-125)

210 (190-230)

121 (60-178)
60 (50-65)

137 (100-160)
60 (50-75)

9(5-12)
25 (20-25)

12 (10-13)
24 (13-25)

175 (105-270)
50 (40-50)

183 (170-212)
47 (40-50)

In values (minimum and maximum) of measurements prior to injection are presented.

escriptive and comparative analysis (Kruskal-Wallis) of full field eletroretinography (ERG) after 7 days.

bted 0.01 ERG BSS

10%

25% 35%

de (pV)implicit time (ms)
time (ms;

165 (87-210)
60 (50-60)

de (uv)
time (ms)

8 (2-12)
25 (12-25)

de (uv)
time (ms)

175 (144-265)
50 {(20-50)

150 (120-220)
60 (20-70)

8 (8-20)
25 (25-25)

225 (170-280)
45 (45-50)

173 (65-280)
65 (60-70)

110 (58-250)
65 (60-80)

5 (5-5)
25 (25-25)

10 (9-10)
25 (25-25)

227 (190-265)
43 (40-45)

155 (138-180)
50 (34-53)

values (minimum and maximum) of measurements 7 days after injection are presented.

escriptive and comparative analysis (Kruskal-Wallis) of full field eletroretinography {ERG) after 24 h.

pted 0.01 ERG BSS 10%

25% 35%

165 (100-220)

70 (60-75) 70 (65-85)

10 (8-15)
25 (13-25)

10 (8-12)
25 (25-25)

200 (120-275)

50 (45-55) 40 (35-55)

100 (100-130

160 (150-165)

70 (60-105)
70 (60-75)

54 (46-75)
75 (65-75)

4 (4-5)
25 (20-25)

15 (4-27)
25 (25-25)

90 (85-120)
55 (40-60)

73 (49-80)
44 (42-50)

In values (minimum and maximum) of measurements 24 h after injection are presented.
dicate the significance level of Kruskal-Wallis test comparing BSS and the different dye concentrations tested.

d dark-adapted 3.0 ERG b-wave implicit time) did not
onificantly (P > 0.05) among groups at any of the
me intervals (Tables 2-4). Overall, the latency values
decrease markedly in individual cases.

imaging, FA, OCT

1-3, respectively, show the results of fundus imaging,
OCT at baseline, 24 h, and 7 days after intravitreal
h of the 10%, 25%, and 35% concentrations.

us imaging showed that independent of the concen-
ested, the vitreous opacity decreased over time. FA

similar behavior among the concentrations.
dent of the dye concentration used, at 24 h, all FA
ad dense opacity that prevented image acquisition.
days, the opacity decreased markedly and images for
concentrations were obtained. This examination did

thickness and preserved internal architecture, and
pigment epithelium complexes and reflectivity for bot
Images obtained at 24 h showed vitreous opacity that
observed after 7 days for all concentrations.

Retinal morphology by histology using LM and TE.

LM histologic examination of eyes injected with the 10
25% concentrations showed no major anatomic signs of
city and had a similar histologic appearance to that
controls without signs of altered retinal anatomy or i
mation at 24 h and 7 days (Figure 4). Animals that re]
the 35% concentration had what appeared to be ganglio
edema at 24 h (Figure 4G) and discrete rarefaction
outer nuclear layer at 7 days (Figure 4H).
Ultrastructural analysis showed that the 10% and
concentrations did not disrupt the appearance of the
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Concentration

Baseline

Baseline

7 days

undus imaging, fluorescein angiography (FA), and optical coherence tomography (OCT) at baseline, 24 h, and 7 days after intravitreal injecti
biving the 10% dye concentration. The images show normal tissue. 24 h, 24 hours.

25% Fundus Image
Concentration

Baseline

Baseline

7 days

undus imaging, fluorescein angiography (FA), and optical coherence tomography (OCT) at baseline, 24 h, and 7 days after intravitreal injecti
biving the 25% dye concentration. The images show normal tissue. 24 h, 24 hours,

35% X Fundus Image
Concentration

Baseline

Baseline

7 days
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epresentative micrographs of rabbit retina survival at 24 h and 7 days after intravitreal injection with the 10%, 25%, and 35% dye concentrati
e control retinas after intravitreal injection with BSS at 24 h and 7 days, respectively (A, B). No major retinal abnormalities are seen in eyes inject
d 25% concentrations at 24 h or 7 days (C-F). The 35% concentration at 24 h and 7 days causes swelling of the ganglion cells (G-arrow) and
of the outer nuclear layer (H-asterisk). The apparent difference in thickness of the layers seen on light microscopy is related to preparation art|
ross-sections by the action of chloroform on epoxy resin cuts. Semi-thin 500-nm cross-sections are stained with 1% toluidine blue (magnification 4

24 hours; 7 d, 7 days; ctrl, control.

| after 24 h (Figure 5B) but in lesser extent at 7 days
HC). At 7 days, the ganglion cells also had cytoplasmic
ation and numerous multilamellar bodies (Figure 5C).
bnt vacuolization, the abundant multilamellar bodies,
aged nerve bundles also were seen at 24 h and 7 days
ner nuclear layer (Figure 5E and F). No abnormalities
en in the outer nuclear layer (Figure 5H and I).
us mitochondria with cristae disarrangement were
the inner segment of the photoreceptors at 24 h
5K) but to a lesser extent at 7 days (Figure 5L). The
gment of the photoreceptors was preserved at both
nts (Figure 5K and L).

ion

ranins are flavonoids, a secondary class of plant meta-
hat contain a general structure of two phenyl rings
heterocyclic ring. Flavonoids are potent antioxidants-
reduce protein oxidation and increase expression of
e paraoxanase 2 in macrophages.’** Evaluation of
ocyanin content of the acai powder extract by SGB

that the phytochemical composition of the acai pulp is §
cyanidin-3-glucoside and cyanidin-3-rutinoside.”® Accd
to high-performance liquid chromatography analysi
antioxidant content present for each acai dye concent
was 0.0099% for 10%, 0.0247% for 25%, and 0.0346% fo
Trolox equivalent antioxidant capacity is a measure
the antioxidant strength based on the molecule Trold
analog of vitamin E). Due to the difficulties in mea
individual components of complex mixtures (such as
acai fruit), a Trolox equivalency is used as a benchma
the antioxidant capacity of such a mixture.”” The tota
oxidant capacity of the acai pulp was reported to be 48.
Trolox equivalents/mL.*® This value was superior to
fruit rich in anthocyanins such as strawberries (18.3
raspberries (19.2-22.6), and grape juice (18.2-26.7)
study also showed that the antioxidant activity agai
superoxide anion, the peroxyl radical of the acai fi]
greater than any other previously described in the litera
The antioxidant capacity of the acai dye also means
can quench the singlet oxygen that is released after dy
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epresentative electron micrographs of rabbit retinas 24 h and 7 days after intravitreal injection with the 35% dye concentration and controls. The
s are shown in control images (A—ganglion layer; D—inner nuclear layer; G—outer nuclear layer; and J—inner and outer segments). Twenty-fo
itreal injection, discrete ganglion cell swelling and mitochondrial damage were seen (B). The presence of multilamellar bodies became more pro
arrows). The inner nuclear layer presented nerve bundle damage (E—asterisks), disrupted mitochondrion (E and F—arrow heads), and a
ar bodies (F—arrows). No abnormalities were seen in the external nuclear layer (H, I). The inner and outer photoreceptors segments did not ha
ies, but mitochondria cristae disarrangement in the inner segment at 24 h (K—large arrows) was seen but in a lesser extent at 7 days (L—large an

b; 7 d, 7 days; ctrl, control.

or the ILM of cadaveric eyes, supports the premise
dye may be useful for use during vitreoretinal surgery
ns.>” Further, our previous study found a high affinity
ruit anthocyanins for human 1LMs.>”
e best of our knowledge, the current study is the first
the toxicity profiles of three concentrations of a dye
 from the acai fruit in rabbits. The intraocular use of
during vitreoretinal surgery in humans is protected
ent in Brazil (no. P11333244-8A2).
bH and osmolarity were controlled and established to
300, respectively, because this is recognized to be
gic for human eyes.”” Polyvinyl alcohol was used as
solvent because it is nontoxic, compatible with most
mologic medications and preservatives and can be

toxicologic evaluations. The functional evaluation wad
formed using ERG. The morphologic examinations in|
fundus imaging, FA, OCT, and LM and TEM histology.

Interpretation of the ERG results showed that the
adapted 0.01 ERG and dark-adapted 3.0 ERG b-wave
tudes at 24 h using the 35% concentration had a signi
(p < 0.05) lower value in microvolts compared t
(Table 4).

TEM showed abnormalities associated with the 359
centration in the inner and outer retinal cells at th
timeline (Figure 5K and L), revealing a toxicity profile.
preliminary data suggested that the 35% concentration
acai fruit extract should be avoided during chromovitrg
in human eyes. However, data showed that the 10% a
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¢ independent of the concentration (Figures 1-3).
poested that the acai dye is efficiently eliminated
b ocular tissues.
esults did not show a reduction from the normal

fluorescence for any of the dye concentrations, and
ilar abnormalities were observed.
nd TEM histologic evaluations of the 10% and 25%
ations showed slight retinal alterations similar to
bociated with the BSS injections. This may be due to
tion itself or be a physiologic variability.””

was negative for retinal edema or atrophy with the
ncentrations. It is important that the results for eyes
with the acai dyes were similar to the contralateral
all testing, except that the 35% concentration caused

dema in the ganglion cells and outer photoreceptor
k. The ganglion cells swelled at 24 h (Figure 5B) and
ced vacuclization, abundant multilamellar bodies,

e bundle damage in the internal nuclear layer were
both time points (Figure 5E and F). Morphology

atched by the ERG findings, suggested that acai is
abbit eyes at concentrations of 10% and 25%; how-

35% concentration may be associated with functional
phologic abnormalities detected by TEM (Figure 5).
urrent results are important since a clinical trial testing
f the acai dye is ongoing at the Federal University of Sao
hsed on the current findings, the dye extracted from the

at concentrations of 10% and 25% was used in a clinical

uman eyes. Similar preclinical investigations of the
ocompatibility of six novel vital dyes for chromovitrect-
pwed that new dyes had dose-dependent toxicity in

Future studies may include functional and morpholo-
to compare acai dye with other dyes used frequently
hromovitrectomy surgery.

urrent study has limitations that must be considered.
ysis was performed in rabbit eyes and the results may
pmpletely applicable to humans. The vitreous cavities
ts have a smaller volume and retinas are thinner
d to humans. This could have enhanced the toxicity
br the tested dye.
bver, toxicity results could have been reduced because

as injected in a non-vitrectomized rabbit eye. When
bry is performed in a vitrectomized cavity, the dye will
h direct contact with the retina. Therefore, probably a
oncentration will be effectively in contact with the
uring vitrectomy in human eyes compared to that
on-vitrectomized rabbit eyes.
Huring chromovitrectomy in humans, the dye is aspi-

m the vitreous cavity at the end of the surgery, which
performed in the current study. This means that the
left in the vitreous cavity of rabbits for a longer time

Id occur in humans.
te these limitations, the current study will serve as the

the potential use of the dye extracted from acai fruit

hromovitrectomy in humans. Its capacity to stain
rple using the 10% and 25% concentrations is being

neuron stimulation, because the latency also was d
compared to the 10% and 25% concentrations. The d
edema that developed with the 35% concentration p

further scientific evidence that chemical toxicity was thg
cause of the alterations seen on ERG.

In conclusion, the 10% and 25% dye concentrations frg
acai fruit did not cause significant functional or morp
toxicity. However, the 35% concentration showed evide
morphologic and functional abnormalities suggestive of ta
ary toxic effects at 24 h follow-up. The dye extracted from t
fruit in concentrations of 10% and 25% was safe in a rabbit
and may be safe and useful for improving identification
posterior hyaloid and ILM during chromovitrectomy in hi
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3.3

A new dye based on anthocyanins from the acai fruit (Euterpe oleracea)

for chromovitrectomy in humans: clinical trial results.

Caiado RR, Peris C, Rodrigues EB, Farah ME, Maia A, Magalhaes O Jr, Novais
E, Lima-Filho AS, Maia M.

Graefes Arch Clin Exp Ophthalmol. 2019 Jan 3. doi: 10.1007/s00417-018-04204-y.
[Epub ahead of print].
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b To test the applicability of the acai dye at a 25% concentration for identifying the posterior hyaloids and internal 1

ines (ILMs) during pars plana vitrectomy (PPV) in human eyes with macular holes (MHs).

s This study included 25 patients with chronic idiopathic MHs. The exclusion criteria included glaucoma, p

hnt ocular conditions, and previous ocular surgeries except uncomplicated cataract. Ten surgeons performed 23
PPV, phacoemulsification, posterior hyaloid detachment, ILM peeling guided by dye staining, and perfluorop
. The patients remained prone for 5 days postoperatively. The patients were evaluated postoperatively after 1,

s. The surgeons completed a questionnaire regarding the dye’s staining abilities.

The posterior hyaloids and ILMs stained purple in all eyes. The final best-corrected visual acuity improved signif

01) from preoperatively (1.37 £0.29) to 180 days postoperatively (1.05 +0.43). The MHs closed in 76% of eye

ion The acai dye at a 25% concentration identified posterior hyaloids and ILMs during PPVs in humans. Dye

ds Acaidye - Internal limiting membrane - Pars plana vitrectomy - Posterior hyaloid - Toxicity

uction

blication of vital dyes during vitreoretinal surgery to

e identification of preretinal tissues and membranes,
omovitrectomy, was introduced in 2000 by applying
dye indocyanine green (ICG) to stain the thin, semi-
ent internal limiting membrane (ILM) [1].

is associated with retinal and retinal pigment epitheli-

[E) toxicity [2, 3], and the mechanism of which might
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nte, Sdo Paulo, Brazil

be related to the oxidative effects of the ICG molecu
cifically the iodine and/or its carbolinic complex de
effects over the RPE cells [2-5]. Synthetic brilliant

(BBG) has been used as an alternative for staining
and, except in the USA, is currently the most frequent|
dye worldwide for this purpose; however, in vitro use g
can cause dose-dependent cellular toxicity [6]. Uninte
subretinal migration of BBG during vitreoretinal surj
humans also may damage the RPE [7]. Until re
(PUBMED search, July 25, 2018), no single dye staiy
the posterior hyaloid and ILM.

The ideal vital dye for chromovitrectomy should
minimal oxidative effects on retinal tissues and sele
and reliably stain both the ILMs and posterior hyaloi
dye also should be eliminated rapidly from the eye tq
possible chronic toxicity [8]. In addition, potential dq
ment of dyes cheaper than those currently available is
tant for modern vitreoretinal surgery [7-9].

In 2013, we performed two studies using cadaver
that found that the natural dye extracted from the Bi
fruit acai (Euterpe oleracea) successfully enhanced ide
tion of the intraocular microstructures during vitred
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[9, 10]. The potential advantage of the dye was the
ncentration of anthocyanins, the basic structure of
b the flavylium cation, a flavonoid that has an antiox-
ect in plants [11-13]. The main anthocyanin found in
powder is cyanidin-3-glucoside [13-16]. Previous
ave shown that anthocyanins from the acai fruit in-
eration of reactive oxygen species and the activity of
ygenases 1 and 2 [17]. The antioxidant capacity of the
E also might result in the ability of the molecule to
the singlet oxygen released after dye irradiation by
ing vitreoretinal surgery [13, 18].
bserved recently that the 10% and 25% concentrations
ai dye were safe when used in a rabbit model [14], in
hbbits were injected intravitreously using 10%, 25%,
b concentrations of the acai dye. Functional and mor-
examinations were performed. The 35% concentra-
sed temporary toxic effects seen at the 24-h evalua-
e 10% and 25% dye concentrations did not cause
hnt functional or morphologic toxicity. Since the
oncentration of the acai fruit that was safe and effec-
e rabbit model was 25%, we selected this concentra-
he current clinical trial in humans with macular holes
14].
him of the current clinical trial was to test the efficacy
ty of the acai dye at the 25% concentration for iden-
posterior hyaloids and ILMs during vitreoretinal sur-

bspective, interventional, non-randomized clinical
as registered at clinicaltrials.gov (NCT02691429).
hsort flow diagram and checklist are available

ental Digital Content 1). The Ethics Committee of
eral University of Sdo Paulo (Institutional Review
umber 466.833) and the National Brazilian Council
arch (CONEP authorization number 1.139.211) ap-
the study, which was conducted according to the
h Guidelines of the Association of Research in
Dphthalmology and the Declaration of Helsinki. To
AS during data interpretation, 10 surgeons performed
kdures following an aleatory protocol defined by the
ommittee of the Federal University of Sdo Paulo. All
provided informed consent regarding the benefits and
the surgical procedure and the new dye tested.

ution preparation

Paulo, Brazil)

mos Pharmaceutical Industry S/A (Sdo

hed a_a00

corrected other chemical properties of the dye (pH, ost
ty, solubility, and stability) [9, 10] so that the extractd
powder had chemical properties biocompatible with the]
physiologic environment (pH, 7; osmolarity, 300
Density also was established to be 1.1 mg/em® to fa
delivery to the target structures during chromovitre
The higher density of the acai dye compared to baland
solution (BSS) facilitated dye deposition over the pd
hyaloids and ILMs [7, 9, 10].

Because the purple color of the anthocyanin mole]
unstable over time [10], a lyophilization process was
sary. Therefore, the acai dye preparation was divided
moments: the lyophilization process that occurred in t
oratory and the dilution process that occurred just befd
gery. Lyophilization was prepared in a sterile envird
(grade A), and the acai powder was stored in amber
Dilution was performed using 1 mL of balanced salinl
tion that was injected inside the amber flask. To stang
the procedure, surgeons were instructed to dilute the acg
der 10 min before surgical use.

Patients

Twenty-five eyes (25 patients) with idiopathic MHs w
indicated for vitreoretinal surgery followed by posterid
loid and ILM removal were included.

Phacoemulsification was performed in all phakic 4
avoid possible postoperative cataract induction that co
sult in bias related to possible decreases in the best-co|
visual acuity (BCVA).

Inclusion and exclusion criteria

The inclusion criteria were men and women diagnosd
any size idiopathic MHs who were older than 18 years 4
pregnant. All patients signed a consent form. Patient
excluded who had undergone a previous vitreoretinal 4
and had active uveitis, glaucoma, diabetic retinopathy,
detachment, age-related macular degeneration, retinal
lar occlusion, or any other ocular conditions that could
or limit the postoperative results.

Preoperative physical and ocular evaluations

Patients were followed over 180 days postoperative

preoperative data obtained for each patient included th
ical history, age, gender, and ocular history, including tl
from symptom onset until surgery. All patients unde:

preoperative physical evaluation that included systemid
pressure and heart rate measurements and classificatio

systemic risk associated with the surgical procedures.
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beline ophthalmologic examination that was based on
len BCVA measurement was performed. The BCVAs
verted to the logarithm of the minimal angle of res-
logMAR) for statistical analysis and comparisons.
lar pressure (IOP) was measured using Goldmann
ion tonometry. Slit-lamp biomicroscopy of the ante-
posterior segments was performed followed by a di-
dus examination. The intraocular lens (IOL) power
ons were performed using noncontact partial coher-
er interferometry (IOLMaster, version 3.01).

to retinal morphology and function

imaging, fluorescein angiography (FA), and fundus
rescence (AF) were performed at baseline and 30
) days postoperatively using a TRC-50IA camera

Hs were classified based on spectral-domain OCT
Spectralis, Heidelberg Engineering). For each patient,
hed/detached posterior hyaloid, retinal layer architec-

tral macular thickness, and integrity of the inner

outer segment junction were assessed.
kpectral-domain RTVue-XR Avanti system (software
2014.2.0.93, Optovue) was used to acquire optical

e tomography angiography (OCTA) and en-face im-
all eyes. Three-dimensional OCT angiograms were

over a 3 x 3-mm square. The OCT images facilitated
evaluation of the tissue morphology; OCTA showed

lar impairment due to the disease [19].
oxicity to retinal function was analyzed using full-
d multifocal electroretinography (ffERG/mfERG)
gs. The ERG procedures followed the rules of the
ional Society for Clinical Electrophysiology of
protocol [20, 21] for both procedures. For ffERG,
ils were dilated with tropicamide 1% and phenyl-

10% drops, and the subjects were dark-adapted
min at the site before recording. Tetracaine
drops were instilled to anesthetize the corneal sur-

der red illumination, a Burian-Allen bipolar con-
b electrode (Hensen Ophthalmic Laboratories) was
bn the corneal surface. A drop of 2% methylcellu-
s placed on the inside surface of the contact lens
ection and to ensure good electrical contact. A
p was applied to the earlobe and served as a
electrode. Visual response imaging system soft-
as used with the FMSIII stimulator running at

The peak-to-peak amplitudes (microvolts) and
licit times (milliseconds) were determined at each
he standard protocol.

fERGs were recorded monocularly after full pupil-
ion and at least 10 min of light adaptation in ambient
bht. A fundus camera was used to monitor fixation.

the ffERGs was used for the mfERG recordings. Visug
uli for the mfERGs consisted of 103 black and white he
alternating in a semi-random sequence, modulated acd
to a binary m-sequence. This hexagonal array subten
of the visual field. The peak of the first-order kerel (P
used to measure the implicit time, and the difference b
the first trough and P1 response served as the ampli
each waveform. The average responses of the amplitud
implicit times were obtained in six concentric annular
regions (rings) centered on the fovea and considered
tistical analysis.

Surgical procedures

Ten experienced surgeons performed the standardized s|
procedures and completed a questionnaire postoperati
Phakic patients underwent standard com
phacoemulsification and IOL implantation. All surgeriq
performed using the Constellation Vitrectomy System
Laboratories) and a four-port pars plana vitrectomy
using a 23-gauge vitrectomy system and valved tro
fourth sclerotomy was created using the 25-gauge To
Torpedo (Insight Instruments In¢.) for extra diffuse ill
tion. A Binocular Indirect Ophthalmomicroscope ({
BIOM System) was used for noncontact, wide-angle s
The OPMI Lumera 700 microscope integrated
Rescan 700 spectral-domain OCT (Carl Zeiss Mediteq
itated obtaining videos, snapshots, and intraoperativs
(iI0OCT) images to document all surgical steps (Figs. 1
The acai dye was diluted 10 min before the beg
of the procedure. The dye was first injected to st
vitreous/posterior hyaloid. It was also injected a 4
time to stain the ILM. Intraoperatively, core vitrg
was performed at a rate of 5000 cuts/min, with a m
level of 400-mmHg aspiration for about 5 min. W’
posterior hyaloid was attached to the posterior po
hyaloid was detached using a vitreous probe (asp
rate 400 mmHg) and the cut mode turned off (Fig.
all cases, identification of the posterior hyaloid was
by injection of 0.3 ml of dye using a 23-gauge o
cannula (Synergetics). The dye (0.3 ml) was de
gently over the posterior pole. Figures 1 and 2 sho
when the acai dye was delivered, it was heavier tha
(density, 1.1 mg/cm®) and deposited over the po
pole with no flushing required. The dye was 14
5 min before removal. The fact that the dye was
5 min was based on previous study protocols in cad
eyes performed by our research team [9, 10]. Peelin
performed using a 23-gauge ILM forceps (Figs. 1 4
After peeling was completed (Figs. 1 and 2), a fl
exchange was performed to remove all BSS befq
fluid-air exchange to perfluoropropane 159
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apshots and 10CT images show chromovitrectomy using the
dye. Al The image shows that with gentle delivery of the acai
cavier than BSS and tends to deposit over the posterior pole. A2
image obtained simultaneously with thatin A1 shows a MH. B
ion of the posterior hyaloid detachment using the 25% acai dye.

e end of surgery, all trocars were removed and no
ere placed. A subconjunctival injection of 0.2 mL
icin and dexamethasone solution was administered

he lid speculum was removed. The patients were

d to maintain a facedown position for 5 days postop-

. The video (Supplemental Digital Content 2) can be
on-line.

hpshots and iOCT
ow chromovitrectomy
25% acai dye. A
ample shows gentle
f the acai dye and its
over the posterior pole.
age shows ILM
2 An iOCT image
imultaneously with that
s [LM removal
The image shows
of ILM peeling and
nces in the colors
e peeled and unpeeled
he image shows the
M above the comea at

surgery

C1 The image shows the start of ILM peeling. C2 An 10C
obtained simultancously with that in C1 shows ILM removal
D1 Completion of ILM peeling. D2 The iOCT image o
simultaneously with that in D1 shows the MH after the procedu

Questionnaire

The 10 surgeons completed a questionnaire immediately aff
procedure to assess the ability of the new dye to stain the
ular structures based on a scale of 0 to 10 (Supplemental
3), with O indicating the worst and 10 indicating the best
mance comparable to the “golden standard” dyes ¢

b1
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in the market, triamcinolone acetonide (TA) for vitreous/
hyaloid deposition and BBG for the ILM staining.
juestions were based on two published studies [22, 23]
d previously by our research team and approved by
s committee of the Federal University of Sdo Paulo.

up

underwent postoperative ophthalmologic examinations
perative days 1, 7, 30, and 180 that included BCVA and
hsurement, slit-lamp evaluation, and fundoscopy.

us imaging, FA, OCT, and OCTA of the macular area
Iformed to identify possible toxicity related to retinal
ogy on days 30 and 180 postoperatively. The ffERG
RG evaluations were more accurate assessments of
al function on the same timeline.

al analysis

the data were analyzed by descriptive evaluation.
E and relative frequencies were presented for the categor-
hbles, and summaries of the measurements (mean, me-
imal, maximal, and standard deviation [SD]) were used
brical variables. The Student’s f test compared the means
the two similar evaluation periods. Analysis of variance
Pated measures was used to compare the means between
in two periods of evaluation.
hon-parametric Friedman test was used to compare the
f the surgeons” gradings of the dye regarding the acai
psition at the vitreous core and posterior hyaloid, ILM
i after re-staining, and dye usefulness due to the non-
of the distribution of the scores. When differences

eans occurred, they were analyzed using the multiple
sons Dunn-Bonferroni test to maintain a reliable level
| significance.

RG results, categorical variables were presented as
and relative frequencies and for numerical variables
verage and SD. The average a-wave amplitude and
time, b-wave amplitude and implicit time, and the
ween the b-wave and a-wave amplitudes and rings

the two time points were compared using the

s ¢ test for paired samples.
he statistical tests, the significance level was 5%.
s were performed using the SPSS 20.0 (IBM-SPSS
[l STATA 12 statistical sofiware (Stata Corp).

S

raphy and preoperative clinical profile

urrent study, 25 patients (25 eyes) (mean age =

mean baseline logMAR BCVA of 1.37+0.29. Thd
IOP was 14.92+2.93 mmHg. Twenty-one eyeg
phakic (84%). The average disease duration was
+17.7 months; 16% of MHs were stage 2, 24% s
and 60% stage 4.

Surgical anatomic outcomes and clinical observ

All patients were followed for 6 months. The MHs
postoperatively in 19 (76%) eyes, and all eyes
pseudophakic because the phakic eyes unde
phacoemulsification and PPV. The IOP did not change
icantly (p = 0.957).

During the first postoperative week, cells were pre
the anterior chamber and fibrin on the IOL in threg
symptoms resolved in all cases after 1 week using
corticosteroid eye drops. One patient had high IOP (
value 24 mmHg) that resolved spontaneously after tre
with eye drops; one patient had a rhegmatogenous reti
tachment at 30 days.

Despite that only 76% of the MHs closed, after 3(
OCT showed reduction of the base diameter (preop
1227.96 +413.55; postoperative 180 days, 312.75+§
p <0.001), minimal diameter (preoperative 590.46 + 2
postoperative 180 days, 147.58=270.27; p<0.00
height (preoperative 447.25 +69.14; postoperative 180
116.29+£213.89; p <0.001).

Surgeons observed that the acai dye was unable to st
epiretinal membrane (ERM). Since the ERMs were th
crete, and not predominant around the hole, our researg
used the same surgical technique to remove the ER
block™ within the ILM peeling procedure. The presd
ERM did not interfere with the ILM staining. Therefo
geons always initiated the ILM peeling in areas wh
ERM was not present.

No dye-related abnormalities were seen at 30 and 1§
postoperatively according to AF, FA, OCT, and OCTA
(Figs. 3 and 4).

Surgical outcomes and functional evaluation

The final logMAR BCVA improved significantly (p <
from preoperatively (1.37 £0.29) to 180 days postope
(1.05+£0.43). However, it did not improve signi
(p > 0.05) between 30 and 180 days postoperatively.
The ffERGs showed more markedly increased i
it times of the scotopic (dark-adapted, 0.01 cycle/|
[ed)/s/m® and 3.0 cd/s/m”) and photopic resy
(light-adapted 3.0 e¢d/m?) at 30 days and slight re
at 180 days. The rod amplitudes (dark adapted 0.
s/m?) also decreased mildly with recovery at 18(
cantly (p=
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BASELINE

seline and postoperative images (30 and 180 days) of the same
ptained using fundus imaging, DA, OCT, and OCTA. A1 A
undus image shows a full-thickness MH. A2, A3 Fundus im-
ned 30 and 180 days postoperatively show MH closure, respec-
A baseline angiogram shows a central window defect at the
ea. B2, B3 Angiograms 30 and 180 days postoperatively cen-
ferior to the macula window defects, respectively. C1 A base-
image shows a full-thickness MH. C2 An OCT image obtained
pstoperatively shows MH closure; however, the ellipsoidal zone
al limiting membrane are disrupted. C3 An OCT image obtain-
hys postoperatively shows MH closure with decreased retinal
D1 A baseline OCTA superficial plexus image of the retinal
e with a MH shows a slightly enlarged foveal avascular zone.

bd with baseline. The implicit time changes were
d in all rings of the central retina except ring 1.
the implicit time delays were marked at 30 days
pvered slightly at the final evaluation despite the
mfERG responses (Table 2).

erative dye findings

htraoperative dye characteristics were observed: The
was deposited on the posterior pole due to its higher
an BSS, and therefore, no flushing was needed; the
ed the ILM, core vitreous, and posterior hyaloid pur-
the dye was removed easily from the posterior pole.

ons reported that the dye identified both the posterior
and ILMs. (Appendix). After dye injection, only the
re vitreous, and posterior hyaloid were stained; other
bs were not. At the end of surgery, the dye was seen on
after 19 (76%) procedures. Overall, the surgeons’
on rates for the dye capability to be deposited at the
were 24 (96%) and for ILM staining 22 (88%)

30 DAY

180 DAYS

D2, D3 Images 30 and 180 days postoperatively, respectively,
decreased foveal avascular zone. E1 A baseline OCTA deep plex

of the retinal vasculature shows significant perifoveal vascular

E2, E3 Images obtained 30 and 180 days, respectively, show|
creased foveal avascular zone with reperfusion of the perifoveal

ture. F1, G1 Baseline OCTA structural en-face images segmentq
inner plexiform layer (IPL) and RPE, respectively, show hypors
spaces around the circular hyporeflective center of the MH. F2,
G3 Postoperative structural en-face OCT images 30 and 180 d

operatively show regression of the hyporeflective areas. F3 A s
cular hyporeflective area on the IPL segmentation reappears wit
foveal retina atrophy

When the acai dye was compared to surgeons’ pt
experience using TA, scores for dye deposition at the
core and posterior hyaloid reached means of 7.0+ 1.0
+ 1.4, respectively. Surgeons’ previous experience usin
compared to the acai dye for ILM visibility after dye 1
was a mean of 7.1 £ 1.5. The surgeons classified dye
deposition with a significantly (p < 0.001) higher scon
pared to other variables.

The graph (Supplemental Digital Content 3) sho
homogeneity of the values of the evaluated variables.
aspects of the dye were similar (p < 0.001). Dye depos
the posterior hyaloid compared with the ILM received
rior evaluation; however, all surgeons considered this i
tive dye useful for vitreous and ILM identification.

Discussion

Staining ability is the most important determinant of 1
erative use of vital dyes [24, 25]. Currently, the most cd
procedures use TA to identify the posterior hyaloid/
base and BBG/ICG to identify the ILM [26]. Previous
have reported that the dye from the acai fruit selectivel
structures purple in cadaveric and rabbit eyes [9, 10, 11
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scline and postoperative images (30 and 180 days) of the same
ained using fundus imaging, AF, FA, OCT, and mfERG. A1 A
ndus image shows a full-thickness MH. A2, A3 Fundus im-
Ined 30 and 180 days postoperatively show MH closure, respec-
Baseline fundus AF shows hyper-AF in the macula. B2, B3
[F images 30 and 180 days postoperatively show no hypo-AF.
line angiogram shows a central window defect at the macular
3 Angiograms obtained 30 and 180 days postoperatively show
acular window defects. D1 A baseline OCT image shows a full-

tively stained the vitreous core and posterior hyaloid
hind ILM (Fig. 2) in human eyes. This unique property
antage since only one dye can achieve what currently
two different dyes for distinct chromovitrectomy
8, 24, 26-28). In addition, anthocyanins from the acai
hought to be responsible for this staining ability, and
tributions are in the following descending order:
-3-0-glucoside, homoorientin, orientin, isovitexin,
olin [16].

thickness MH. D2 An OCT image obtained 30 days postopd
shows MH closure, whereas the ellipsoidal zone and external
membrane remain defective. D3 An OCT image obtained 180 d4
operatively shows MH closure with decreased retinal thicknes
baseline image shows mfERG dimensional response density

trace array. The image suggests an amplitude response reduct
E3 The images show mfERG dimensional response density p)
trace arrays 30 and 180 days, respectively, with amplitude imprdg

To analyze the safety profile of the acai dye, we pe
anatomic and functional evaluations. The mean duratior
MHs in this study was 23.72 + 17.7 months and the m¢j
1227+ 413 um. Because of the MH chronicity and
poor surgical prognosis was expected (independent
dye) using this surgical technique of ILM peeling. In 3
closure rate was similar to other studies that evaluaj
postoperative chronic MHs [29, 30]. Significant (p <
reductions in the MH base diameter, minimal diamet
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so were seen after 30 days on OCT images, indicating
improvement. Other findings obtained by AF, FA,
d OCTA did not show abnormalities suggestive of
city up to 180 days postoperatively. Finally, the
BCVA improved significantly (p < 0.001) from pre-
Ely (1.37 £0.29) to 180 days postoperatively (1.05 +

pversed ILM flap may be an interesting surgical tech-
en managing large macular holes. However, our re-
eam has decided to use the “traditional method”
s the ILM removal) which is currently still the most
technique used worldwide and also in our service.
ally, this is the technique that contains the largest
pf manuscripts published, and all surgeons were com-

ith the procedure.

developed on the IOL in three of 25 eyes, all of
ere treated with combined phaco-PPV, and the fibrin
d 1 week postoperatively using topical steroids.

Similar findings have been reported after cataract s
[31, 32].

The eye that developed retinal detachment had no
erative inflammation. The tear was at the 6 o’clock p
that is associated with undefined intraoperative tears i
by posterior vitreous detachment. In this case, the s
complication was treated successfully by su
reintervention and the BCVA improved compared to bg

The current functional findings were obtained by n
ing the BCVAs and ERGs. While the mean BCVA im
significantly (p <0.001) at 180 days postoperative, ER
more objective and sensitive method to evaluate fus
results. mfERGs showed that the average values for
and implicit time P1 analysis improved progressivel
baseline to 180 days, which likely resulted from fove
tomic improvement at macular closure [29-31]. The ¢
in rings 2 to 6 and the implicit time P1 at 30 days {
change significantly from 30 to 180 days. Since thi
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non-progressive finding and the literature shows that
in the mfERG in rings 2 to 6 postoperatively may be
p surgical trauma [29-31], the current scientific data
the assumption that ERG abnormalities also might be
b surgical trauma.
TERG also was used to evaluate dye toxicity.
0.01 ERG and scotopic 3.0 ERG results from
to 30 days showed values that can be associ-
h surgical trauma. However, data obtained from
80 days showed consistent improvement based
decreased inflammatory response. Overall, the
patterns suggested the absence of toxicity related
hcai dye. Although a control group (no dyes
LM peeling) would enrich the data obtained in
ly, establishing a control group in which the dye

risks of macular trauma associated with ERG abn
ities would be enhanced [31-33].

The surgeons reported that pigmentation occurred
ILM, core vitreous, and posterior hyaloid and no othe
tures were stained. Dye impregnation of the vitreous o4
in 24 (96%) of 25 procedures and 22 (88%) of 25 prog
for the ILM (Appendix). Dye deposition in the vitreo
core and posterior hyaloid, received scores of 7.0+
8.8 £1.4, respectively, while the score for ILM visibilil
dye injection was 7.1 £1.5.

Although 12% of the surgeons did not believe t
adequately stained the ILM compared with their previg
perience with BBG, all surgeons believed that the d
useful for vitreoretinal surgery.

The lack of a control group using a commercially a

dye has BB q <t d mutation Hawever tecting
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hmplitudes and implicit

1I-field electroretinog- Baseline

30 days follow-up 6 months follow-up

an = SD)
Scotopic 0.01 ERG

b-wave amplitude (jLV)
b-wave implicit time (ms)
Scotopic 3.0 ERG

a-wave amplitude (LV)
a-wave implicit time (ms)
b-wave amplitude (LLV)
b-wave implicit time (ms)
Photopic 3.0 ERG

b-wave amplitude (jLV)
b-wave implicit time (ms)

216.51 = 96.22
90.26 + 6.828

223.92 = 80.75
20.53 + 2.36°

399,76 + 99.23
52.06 = 6.36

115.58 + 28.62
32.16 + 2.04%

213.18 + 85.6"
93.48 + 9.65"

182.66 + 91.02°8
96.05 + 7.69"

217.48 + 67.48
22.80 £2.22*
404.88 = 117.53
53.67 = 6.71

227.16 + 62.86
21.84 £227°

41828 + 97.53
5221 + 6.09

114.49 + 35,17
33.33 £ 4.38%

114.99 + 36,92
33.23 + 1.86"

N=25. p—ANOVA descriptive level for repetitive measurements of Friedman (*). (A), (B), and (C)
different averages according to ANOVA contrasts. (A") and (B") present different averages according to

Dunn-Benferroni comparisons

as-free due to the previous experience these surgeons
ould have had with the commercially available dye.
standardizing chronicity and the sizes of the MHs
groups would be difficult. Third, this would only be
with a large number of eyes. Finally, the primary
of this study was to determine the usefulness of the
ain the posterior hyaloids and ILMs. The comparison
iciency of the acai dye with the surgeons” experiences
er commercially available dyes would only be addi-
formation.
pver, surgeons had at least 5 years of experience using
es in chromovitrectomy and no previous training be-
g the current dye; therefore, a learning curve is ex-
sing the acai dye. Despite this, the usefulness of the

dye received an average score of 7.4 &+ 1.4, indicating
tential use in chromovitrectomy.

During a preliminary investigation of the acai dy
cadaveric eyes, purple staining occurred a few second
the dye came into contact with the neurosensory reti
more intense staining of the ILM was observed betweet
3 min before dye removal [9]. In the current study, th
sion to allow the dye to remain on the retinal surface fo
was based on the protocols of previous studies [8, 23] a
supported by preclinical findings [9, 14]. To our kno
no commercially available dye has a well-defined “
time for staining.” Future studies can answer that ques

Vital dyes have been described as small chemical sub
that pass freely through retinal tissue and exacerbate

hmplitudes and implicit

ges for multifocal Baseline

30 days follow-up 6 months follow-up

nography at six rings of
(mean + SD) Amp. P1 nV/deg2

49.64 = 20.1%

48.86 + 12.1

43.70 + 8.80

31.58 + 7.54

2524 £ 544

20.55 + 4.82

Ringl
Ring2
Ring3
Ring4
Ring5
Ring6
Pe T.P1
Ringl
Ring2
Ring3
Ring4
Ring5
Ring6

42,94 + 730
44.01 + 2.58%
43.43 + 2.128
4320 +236°
4332 + 1.99%
43.32 + 2.06°

66.03 + 30.96"
52.70 £ 15.25
43.63 £ 10.59
3243 £ 6.92
2549 + 6.06
20.16 £ 5.57

59.07 + 29.21
4834 +13.23
40.79 = 10.15
3031 + 6.94
2448 £ 6.14
18.94 + 555

43,54 + 6.99

45.99 + 2374
45,56 + 276"
4536 + 2.814
45.55 + 2,66
4593 + 280"

4491 +3.89
45.45 + 2.64"
45.00 £ 2.84*
44,82 £2.89*
4508 + 2.68"
4530 £2.92*

N=

25. p—ANOVA descriptive level for repetitive measurements of Friedman (*). (A), (B) present

Bracs




Artigos | 40

icity from intraoperative light exposure. It has been sug-
at photosensitizing dyes enhance phototoxicity by in-
the levels of free radicals, creating a photoproduct that
harmful to retinal cells and shifting light absorbance
retinal site to another. We believe that because the acai
a high anthocyanin concentration, it might have a phys-
tioxidant effect [11-13, 15, 17, 18]. Ongoing studies
ating the antioxidant capacity and safety profile of the
in vitro and the possible protective effect on the ocular
s, especially for RPE cells.
er important potential advantage of the dye from the
is that it is heavier than BSS, which results in gentle
bn onto the posterior pole by turning off the infusion
tioning the soft-tip cannula at the center of the vitreous
his step avoids dye flushing into the posterior pole [7].
ite the study limitations, the preliminary results
that the new dye extracted from the acai fruit at a
ncentration identified the posterior hyaloids and
ring PPVs in humans. Dye toxicity was unlikely.
h long-term follow-up and additional studies are nec-
he initial results suggested that the acai dye may be
br chromovitrectomy in the future.
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CONSORT Flow Diagram

_ | Assessed for eligibility (n=50) |

Excluded (n=25)
o Not meeting inclusion criteria

> (n=17)

o Declined to participate (n=5)

o Other reasons (n=3)
| Patients with idiopatic macular hole (n=25) |

l

|

Ophthalmologic exams (n=25)

o Performed at baseline and postoperatively at days 1, 7, 30 and 180

o BCVA (logmar), intraocular pressure, slit-lamp biomicroscopy and dilated

Preoperative physical and ocular exams (n=25)
o Medical history, age, gender and past ocular history
o No patients lost the follow-up

fundus examination

|

l

o

Toxicity to retinal morphology and function (n=25)

Fundus imaging, fluorescein angiography and fundus autofluorescence
performed at baseline and 30 and 180 days

Macular holes were classified based on spectral-domain OCT images
Three-dimensional OCT angiograms were obtained over a 3 x 3-mm square
using an optical coherence tomography angiography

Toxicity to retinal function analyzed using full-field and multifocal
electroretinograms (ERG)

|

Surgical procedures (n=25)
o 10 surgeons experienced in chromovitrectomy

o Phakic patients underwent phacoemulsification and intraocular lens

implantation

o 4-port pars plana vitrectomy using a 23-gauge vitrectomy system and valved
trocars

o ldentification of the posterior hyaloid and internal limiting membrane (ILM)

was aided by injection of 0.3 ml of agai dye using a 23-gauge soft-tip cannula

Peeling was performed using a 23-gauge ILM forceps

Fluid-air exchange performed to perfluorpropane gas tamponade.
Intraoperatively videos, snapshots, and three-dimensional OCT images to
document all surgical steps

and left for 5 minutes before removal

Iﬁ

o

Quetionnaire (n=25)

10 surgeons completed a questionnaire, scaled 0 to 10, after each procedure
comparing the ability of the dye to stain the intraocular structures with the

surgeons’ experience using triamcinolone acetonide

l
—

The Student’s t-test was used to compare the means of numerical variables

Bonferroni test were used to compare the means of the surgeons’ responses
The Student’s t-test was used to compare ERG results for paired samples

Analysed (n=25)
o Analyzed by descriptive evaluation
o
between the two similar evaluation periods

o The non-parametric Friedman test and the multiple comparisons Dunn-
o

o P<0.05 was considered significant

o

Analysis performed using the SPSS 20.0 and STATA 12 statistical software
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(Appendix / Supplemental Digital Content 3)

Supplemental Material

Questionnaire filled-in by surgeons after procedure:
1- Dye deposition at vitreous (core):

Mean score £ SD Median (Min-Max)
. 1-DYE VITROEUS DEPOSITION (CORE) 7.0+1.08 7.08(5.0-9.0)
a- () no deposition 2-DYE VITREOUS DEPOSITION (POSTERIOR HALOID) 8.8+1.4° 9.0*(5.0-10.0)
b- () deposition score 1 ( )2( )3( )4( )S( )6 ( )7( )8 )9 )10( ) 3-ILM VISIBILITY AFTER BYE INJECTION 71£15° 8.0°(2.0-8.0)
8-DYE USEFULNESS 7.4+14°% 7.08(5.0-9.0)
L. . . . N (%)
2- Dye deposition at vitreous (Posterior Hyaloid): 4-DYE PIGMENTATION OF OTHER STRUCTURES
a- () no deposition No 25(100,0)
b- ( ) deposition 1 ( ) 2( ) 3( ) 4( ) 5( ) 6 ( ) 7( ) 8( ) 9( ) 5-SIGHNS OF DYE AT THE END OF THE SURGERY? (YES/NO)
No 6(24,0)
Yes - ILM 19(76,0)
6-DYE SATISFACTORY FOR IMPREGNATION THE VITREOUS (YES/NO)
No 1(4,0)
Yes 24(96,0)
7-DYE COLOR SATISFACTORY FOR STAINING THE ILM (YES/N
No 3(12,0)
Yes 22(88,0)
n=25
Friedman Test for score comparisons (p<0.001).
(A) and (B) present distinct averages according to Dunn-Bonferroni multiple comparisons

3 - Internal Limiting Membrane visibility after dye injection:
a- () No pigmentation
b- () Pigmentation 1( )2( )3( )4( )5( )6 ( )7( )8C )9 )10( )

4 — Other pigmented structures:
a-( ) Conjunctive

b-( ) Cornea

c-( ) Iris

d-( ) Posterior Capsule

e-( ) Incision

f-(' ) Other location — Where?
&( )No

[
=
]
]
=
]
2
7]
]
=
=4

DEPOSITION (CORE)
10

5 — Were there signs of the dye at the end of the surgery? 7,08

a-( ) yes — where?

b-( )no

Surgeons’ general impressions of the dye

G 4 88" 2.pYEVITREOUS
6 —Was the dye pigmentation of the vitreous satisfactory? 8-DYE USEFULNESS < DEPOSITION
a- () Yes b-( ) No (POSTERIOR HALOID)

v,

8
(3
4
2
0

7 —Was the dye pigmentation of the Internal Limiting Membrane satisfactory?
a- () yes b-( )no 718

8 — Surgeons impression of the dye's applicability: 3-ILM VISIBILITY
1C)20)3C )40 )50 )6 )7C )8 )9 ) 10( ) p<0,001 AFTER BYE INJECTION




4 DISCUSSAO

A aplicabilidade do pigmento extraido do fruto do agai como corante usado em
cromovitrectomia foi avaliada quanto a sua composigao antioxidante, a sua eficiéncia
em pigmentar seletivamente as estruturas transparentes do olho e a sua toxicidade
morfofuncional, inicialmente em coelhos, e, posteriormente, em humanos. A linha de
pesquisa deu origem a trés publicagdes:

- Artigo 1: Analysis of Anthocyanins Extracted from the Acai Fruit (Euterpe

oleracea): A Potential Novel Vital Dye for Chromovitrectomy;

- Artigo 2: Retinal Toxicity of Acai Fruit (Euterpe oleracea) Dye
Concentrations in Rabbits: Basic Principles of a New Dye for
Chromovitrectomy in Humans; e

- Artigo 3: A New Dye Based on Anthocyanins from the Acai Fruit (Euterpe

oleracea) for Chromovitrectomy in Humans: Clinical Trial Results.

41 Analysis of Anthocyanins Extracted from the Acai Fruit (Euterpe

oleracea): a Potential Novel Vital Dye for Chromovitrectomy.

Antocianinas sao flavonoides, um metabolito secundario de plantas que
contém, em sua estrutura geral, dois anéis fenil e um anel heterociclico (Figura 1). Ja
foi descrito que o poder antioxidante dos flavonoides reduz a oxidacao proteica e
aumenta a expressdo da enzima paraoxanase 2 em macrofagos.(?’-33) As antocianinas
sdo um dos principais componentes do fruto do acai (Euterpe oleracea). Além disso,
a capacidade antioxidante equivalente ao trolox do fruto do agai (48,6 pmol Trolox

equivalentes/mL) € maior do que a de diversas frutas, como o morango e a uva.®¥
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Fonte: Peris CS, Caiado RR, Souza Lima-Filho AA, Rodrigues EB, Farah ME, Gongalves
MB, de Queiroz Alves B, Palma Urushima JG, Ragazzi R, Maia M. Analysis of anthocyanins
extracted from the acai fruit (Euterpe oleracea): A potencial novel vital dye for
chromovitrectomy. J Ophthalmol. 2018;2018:6830835

Figura 1. Estrutura molecular basica das antocianinas

Especula-se que as antocianinas apresentam um efeito antioxidante ao quelarem
0 oxigénio singleto, o qual seria liberado por corantes irradiados pela luz durante a
cromovitrectomia.®®23% Portanto, a presenga de antocianinas no pigmento extraido do
fruto do acai pode estar associada a baixa toxicidade do corante desenvolvido.

O objetivo do primeiro artigo foi caracterizar e quantificar as antocianinas
presentes no pigmento extraido do fruto do acgai. Para isso, foram usadas a
cromatografia liquida de alta eficiéncia (CLAE) e a espectrometria de massa (MS). As
técnicas revelaram a presenca de cinco moléculas diferentes de antocianinas,
independentemente da concentragédo do corante do acgai, na seguinte propor¢ao:

cianidina-3-0-glucosideo> homoorientina> orientina > taxifolina > isovitexina (Tabela 1).
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Tabela 1. Quantificagdo das antocianinas com base no tempo de reteng¢ao da area, o qual foi
analisado por CLAE nas diferentes concentragoes

Antocianinas Concentragao -10% Concentragao -25% Concentragao -35%

Cianidina-3-0-glucosideo

Tempo de retengdo (minutos) 9.987 9.980 9.973
Area (ml) 23.909 24.410 23.886
Homoorientina

Tempo de retengdo (minutos) 10.380 10.380 10.380
Area (ml) 38.511 36.950 40.106
Orientina

Tempo de retengdo (minutos) 10.587 10.593 10.580
Area (ml) 22.945 22.784 23.988
Taxifolina

Tempo de retengdo (minutos) 11.673 11.667 11.667
Area (ml) 0.966 0.894 0.998
Isovitexina

Tempo de retengdo (minutos) 10.893 10.893 10.880
Area (ml) 6.755 6.737 6.194

Fonte: Peris CS, Caiado RR, Souza Lima-Filho AA, Rodrigues EB, Farah ME, Gongalves MB, de
Queiroz Alves B, Palma Urushima JG, Ragazzi R, Maia M. Analysis of anthocyanins extracted from the
acai fruit (Euterpe oleracea): A potencial novel vital dye for chromovitrectomy. J Ophthalmol.
2018;2018:6830835.

O resultado obtido nesse trabalho serviu de base para identificar e, entao,
compreender melhor as antocianinas presentes no corante extraido do fruto do acai.
Trabalhos futuros poderao analisar o efeito antioxidante dessas antocianinas e como
a acao destas esta ou nado ligada a baixa toxicidade morfoldgica e funcional do corante

durante a cromovitrectomia.

4.2 Retinal Toxicity of Acai Fruit (Euterpe oleracea) Dye Concentrations in

Rabbits: Basic Principles of a New Dye for Chromovitrectomy in Humans

O objetivo desse estudo foi testar a toxicidade de diferentes concentragdes (10%,
25% e 35%) do pigmento extraido do fruto do agai, usando um modelo em coelhos.

Para avaliar a toxicidade funcional do corante, realizamos uma ERG (Figura 2)
enquanto a toxicidade morfoldgica foi mensurada ao proceder aos seguintes exames:
fundoscopia, angiografia fluoresceinica (AFG), tomografia de coeréncia 6ptica (OCT),

LM e microscopia eletrénica de transmissao (MET).
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Fonte: do autor.

Figura 2. Sumario de todo o sistema utilizado para realizagdo da eletrorretinografia. Os trés eletrodos
estdo em destaque e posicionados a direita do coelho - A. eletrodo estimulador posicionado na
coérnea do animal; B. eletrodo negativo posicionado periocular; C. eletrodo terra posicionado na
orelha do animal.

A interpretacao dos resultados da ERG (Tabela 2) revelou que as amplitudes
na fase escotdpica de 0,01 ERG e de 3,0 ERG para a concentracao de 35%, apoés 24
horas, apresentaram valores significativamente mais baixos em microvolts
comparados ao SBB (p<0,05). Apds 7 dias, os valores de todas as concentragdes

tenderam a recuperagéo.

Tabela 2. Descrigado e analise comparativa (Kruskal-Wallis) da eletrorretinografia de campo
total em coelhos, apés 7 dias da inje¢ao intravitrea de SSB nos olhos controle e de
diferentes concentra¢ées do corante do Acgai nos olhos testados

Fase escotépica 0,01 ERG SSB 10% 25% 35% p (<0.05)
dah Amplitude (UV) 165(87-210)  150(120-220)  173(65-280) 110(58-250) 0.879
onda- Tempo implicito (ms) 60(50-60) 60(20-70) 65(60-70) 65(60-80) 0.083

Fase escotépica 3,0 ERG SSB 10% 25% 35% p (<0.05)
onda-a Amplitude (UV) 8(2-12) 8(8-20) 5(5-5) 10(9-10) 0.204
Tempo implicito (ms) 25(12-25) 25(25-25) 25(25-25) 25(25-25) 0.801
ndab Amplitude (UV) 175(144-265)  225(170-280)  227(190-265)  155(138-180) 0.135
onda Tempo implicito (ms) 50(20-50) 45(45-50) 43(40-45) 50(34-53) 0.659

Fonte: Caiado RR, Peris CS, Lima-Filho AAS, Urushima JGP, Novais EA, Badar6 E, Maia A,
Sinigaglia-Coimbra R, Watanabe SE, Rodrigues EB, Farah ME, Maia M. Retinal toxicity of acai fruit
(Euterpe oleracea) dye concentrations in Rabbits: basic principles of a new dye for chromovitrectomy
in humans. Curr Eye Res. 2017;42(8):1185-93.

Valores médios (minimo e maximo) obtidos 7 dias apds a injegao intravitrea

A MET apresentou anormalidades associadas apenas na concentragao de 35%
(Figura 3). Esses dados preliminares sugerem que a concentragao do corante extraido
do fruto do acgai tem toxicidade celular. Por outro lado, as concentracbes de 10% e

25% nao apresentaram esse perfil de toxicidade.



Discussao | 48

Fonte: Caiado RR, Peris CS, Lima-Filho AAS, Urushima JGP, Novais EA, Badaré E, Maia A, Sinigaglia-
Coimbra R, Watanabe SE, Rodrigues EB, Farah ME, Maia M. Retinal toxicity of acai fruit (Euterpe
oleracea) dye concentrations in Rabbits: basic principles of a new dye for chromovitrectomy in humans.
Curr Eye Res. 2017;42(8):1185-93.

Figura 3. Achados retinianos de microscopia eletrénica de transmissao (MET) 24 horas e 7
dias nos olhos controle e apés inje¢ao intravitrea do corante a 35% do corante a base do fruto
do acai. Diferentes camadas retinianas mostradas para representar os olhos controle e apés
24 horas e 7 dias. Vinte e quatro horas apés a injegao intravitrea, ha um discreto edema de
células ganglionares e desarranjo mitocondrial (B). A presen¢a de corpos multilamelares mais
proeminentes com 7 dias (C-seta). Na camada nuclear interna, observa-se danos nos feixes
nervosos (E -asterisco), alteragao mitocondrial (E e F - Cabega da seta) e abundantes corpos
multilamelares (F - seta). Auséncia de anormalidades observadas na camada nuclear externa
(H, 1). Os segmentos internos e externos dos fotorreceptores nao apresentaram anormalidades
relevantes, mas houve um desarranjo na crista mitocondrial no segmento interno dos
fotorreceptores com 24 horas (K - seta larga), sendo observado com menor expressao com 7
dias (L - seta larga)
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A retinografia revelou que a opacidade vitrea diminuiu de modo progressivo,
independentemente da concentragéo, sugerindo que o corante € eliminado pelos
tecidos oculares com eficiéncia. AFG n&o revelou alteracdo da fluorescéncia ou
anormalidades vasculares independentemente da concentragao do corante. Achados
histolégicos (LM e MET) revelaram que as pequenas alteracbes da retina
(variabilidade fisiologica), apresentadas pelos corantes nas concentragbes de 10% e
25%, nao mostram achados diferentes do apresentado pela Solucdo Salina
Balanceada (SSB). A excecao foi para a concentragdo de 35%, que demonstrou
edema celular em células ganglionares e no segmento externo de fotorreceptores. A
OCT foi negativa para edema ou atrofia retiniana, com imagens semelhantes as
encontradas em olhos contralaterais.

Os resultados morfolégicos corroboraram os achados de ERG e sugerem que
o corante extraido do fruto do agai é seguro para uso em coelhos na concentragéo de
10% e 25%. No entanto, a concentracado de 35% foi associada a toxicidade funcional
e morfologica.

A biocompatibilidade de outros corantes também ja provou ser dose
dependente.® Estudos futuros poderdo comparar a toxicidade funcional e
morfolégica do corante extraido do fruto do agai a outros corantes atualmente
comercializados.

A limitagdo mais evidente desse estudo foi o fato de ser realizado em coelhos.
As cavidades vitreas desses animais sdo menores e suas retinas sdo mais finas do
que as de humanos. Por esse motivo, os resultados de toxicidade obtidos podem até
ser maiores do que se realizados em olhos humanos.

Outra limitagdo do estudo foi o fato de o corante ter sido injetado em olhos de
coelhos nédo vitrectomizados. Em olhos assim, o corante entrara em contato direto
com a retina. Dessa forma, em humanos, o corante também entrara em contato direto
com a retina e podera resultar em maior toxicidade. Por outro lado, em humanos o
corante é aspirado ao final da cirurgia e ndo permanece dentro do olho por tanto
tempo, conforme ocorreu no estudo com coelhos.

Considerando essas limitacdes, o atual estudo em coelhos serviu de base para
o estudo clinico realizado em humanos. Foi possivel concluir que o corante extraido
do fruto do agai nas concentragdes de 10% e 25% nao causaram toxicidade funcional

nem morfolégica em coelhos.



Discussao | 50

4.3 A New Dye Based on Anthocyanins from the Acai Fruit (Euterpe oleracea)

for Chromovitrectomy in Humans: Clinical Trial Results

A busca de um corante ideal para cromovitrectomia tem como base um
pigmento que fosse viavel e seguro ao mesmo tempo. Os objetivos deste estudo
foram, portanto, avaliar a viabilidade e a seguranga do uso do corante composto por
antocianinas extraidas do fruto do acai (Euterpe oleracea) na concentragao de 25%
em humanos que apresentavam a indicagao cirurgica para cromovitrectomia.

O preparo do corante foi realizado pela Ophthalmos Industria Farmacéutica
S/A, certificada pela Agéncia Nacional de Vigilancia Sanitaria (ANVISA). Apesar de o
estudo anterior ter revelado que ambas as concentracbes de 10% e 25% foram
seguras em coelhos, a investigacao atual foi realizada com a concentragéo mais alta
em razao de sua maior capacidade de pigmentagao. Outros parametros estabelecidos
para obtermos um corante biocompativel com o ambiente ocular foram a osmolaridade
(300 mOsm), o pH (7) e a densidade (1,1). O processo de liofilizagdo foi necessario
por conta da instabilidade da cor.

Para analisar o perfil de seguranga do corante extraido do agai a 25%,
realizamos avaliagdes anatdbmicas e funcionais. A fim de avaliar a viabilidade desse
corante, foi investigada a capacidade de impregnagéo deste na hialoide posterior e na
MLI por meio de preenchimento do questionario respondido pelo cirurgido apods a
utilizagao.

Os achados anatdbmicos obtidos nos exames de autofluorescéncia,
angiofluoresceinografia, tomografia de coeréncia oOptica e angiotomografia por
coeréncia Optica ndo mostraram anormalidades anatémicas sugestivas de toxicidade
no seguimento de 180 dias de pds-operatorio.

A taxa de fechamento do buraco macular foi de até 76% e todos os 25 olhos
foram considerados pseudofacicos. Essa taxa de fechamento é semelhante a de
outros estudos que também avaliam buracos maculares crénicos no pos-
operatorio.(%36) Dessa forma, o niumero de casos com fechamento do buraco macular
sugere nao haver relagdo com uma possivel toxicidade do corante.

Neste estudo, os achados funcionais foram obtidos ao medir a acuidade visual e
ao registrar a ERG multifocal. A acuidade visual média melhorou estatisticamente
(p<0,001) desde o pré-operatério (1,37 £ 0,29) até 180 dias pos-operatério (1,05 + 0,43).

No entanto, a melhora limitada da acuidade visual pode estar relacionada a cronicidade
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dos casos. A ERG multifocal € um exame mais objetivo e sensivel do que o da acuidade
visual para avaliar os resultados funcionais. A ERG multifocal mostrou que os valores
médios de amplitude para o anel 1 e a analise do tempo implicito P1 melhoraram
progressivamente em relagao ao baseline para 180 dias. Esse resultado provavelmente
deveu-se a uma melhora anatémica foveal apds o fechamento macular. As médias das
amplitudes dos anéis 2 ao anel 6 e do tempo implicito P1 apresentaram um aumento
desde o baseline até 30 dias e ndo mudaram significativamente de 30 para 180 dias.
Esse aumento, embora nao clinicamente importante, pode ser resultado de trauma
cirargico causado pelo peeling da MLI, demonstrando ser improvavel a possibilidade de
efeitos tdxicos relacionados ao novo corante.

A ERG de campo total também foi utilizada para avaliar a toxicidade do corante.
A ERG escotopica 0,01 e a ERG escotdpica 3,0, baseline até 30 dias, mostraram
valores que podem estar associados a trauma cirurgico, isto é, a presenga do gas
perfluoropropano na cavidade vitrea e a resposta inflamatéria pds-operatéria. No
entanto, os dados obtidos de 30 a 180 dias apresentaram melhora consistente com
base na diminuigdo da resposta inflamatéria. Em geral, os padrdes ERG de campo
total sugeriram auséncia de toxicidade associada ao corante de acai.

A anélise dos questionarios (Figura 4) revelou que a pigmentacgao foi seletiva e
ocorreu para MLI, core vitreous e hialoide posterior. A pigmentacgéo do vitreo (core e
hialoide posterior) ocorreu em 24 de 25 procedimentos (escore de 7,0 £1,0 e 8,8 +1,4,
respectivamente) e para a MLI em 22 de 25 procedimentos (escore 7,1£1,5). Os
cirurgides também classificaram a aplicabilidade do corante com a nota de 7,4+1,4. E
importante ressaltar que, apesar de os cirurgides serem experientes com outros
corantes, eles nunca haviam operado usando o corante extraido do acai. E razoavel
considerar que esses resultados poderao receber pontuacdo ainda mais alta apés a

realizacéo de mais casos empregando 0 novo corante.
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Questiondrio entregue para cada cirurgifio apds a cirurgia:
1- Houve depésito no vitreo (core) 7
a-( ) Nio houve

b- ( ) Houve. Nota: 1 ()2()3()4()5()6()7()8() 9() 10()

Média DP Médiana (Min-Max)
1- DEPOSITO DO CORANTE NO VITREO (CORE) 7.0¢10" 7.05(5.0-9.0)
2- DEPOSITO DO CORANTE NO VITREO (HIALOIDE POST) 8.8114% 9.0%(5.0-10.0)
3- PIGMENTAGAO DA MLI APOA A INJECAO 7.1£158 8.0%(2.0-8.0)

8- UTILIDADE DO CORANTE 748148 7.0 (5.0-9.0)
N (%

2- Houve depésito no vitreo (Hialbide posterior) ? !

a- () Nio houve

b-( ) Houve. Nota: 1 ()2()3()4()5()6()7()8()9() 10()

4-PIGMENTAGAO DE OUTRAS ESTRUTURAS

NAO 25(100,0)
5-SINAIS DO CORANTE AO FINAL DA CIRURGIA (SIM/NAO)

NAO 6(24,0)

SIM - ILM 19(76,0)
6-SATISFEITO COM O DEPOSITO DO CORANTE NO VITREO ? (SIM/NAO)

NAO 1(4,0)

SIM 24 (96,0)
7-SATISFEITO COM A IMPREGNAGAO DO CORANTE NA MLI ? (SIM/NAQ)

NAO 3(120)

SIM 22(88,0)
n=25
Teste ndo-paramét

3- Houve pigmentagdo da membrana limitante interna apos a injegdo do contraste?
a- () Nao houve
b- () Houve. Nota: 1 ()2 ()3()4()3() 6 () 70) 8() 9() 10()

4- Houve pigmentagdo de outras estruturas?
a-( )Conjuntiva nalidade na distribuigio dos escares (p<0.001).
b-( ) Cérnea

ce-() fris

-paramé
(A) ¢ (B) apresenta diferc as comparagdes multiplas de Dunn-Bonferroni

d-( ) Capsula posterior
e-( ) Incisdo

f-( ) Outro local — Onde?
g-( ) Nao houve

=]
-
=
g
=
=]
2
w
@
=
(=4

DEPOSITO (CORE)
10

Impressoes gerais do cirurgido sobre o corante

< = i 8
5- Haviam sinais do corante observados ao final da cirurgia ? 70"
a-( ) Sim — onde? o
b-( ) Ndo 4

45 z 88" 5.pEPOSITO DO

6- O deposito observado no vitreo foi satisfatorio 7 8-UTILIDADE DO . 0 CORANTE NO VITREO
a-( ) Sim b-( ) Nio CORANTE (HIALOIDE POSTERIOR)
7- A pigmentagio da membrana limitante interna foi satisfatoria ?
a-( ) Sim b-( ) Nio 7.1%
8- Impressdo do cirurgifio quanto 4 aplicabilidade do novo corante: 3-VISIBILIDADE DA MLI APOS A
132023040506 () 7() 8() 2() 10() p<0,001 INJECAO DO CORANTE

Fonte: Caiado RR, Peris C, Rodrigues EB, Farah ME, Maia A, Magalhaes O Jr, Novais E, Lima-Filho AS,
Maia M. A new dye based on anthocyanins from the acai fruit (Euterpe oleracea) for chromovitrectomy in
humans: clinical trial results. Graefes Arch Clin Exp Ophthalmol. 2019 Jan 3. doi: 10.1007/s00417-018-
04204-y. [Epub ahead of print].

Figura 4. Questionario, tabela e grafico com perguntas e respostas dos cirurgides apds
procedimentos usando o corante extraido do agai

Uma observacao clinica importante foi o fato de o corante extraido do agai ser
mais pesado que o SSB. Essa caracteristica resulta na sua cuidadosa deposi¢cédo no
polo posterior ao desligar a infusdo e posicionar a ponta da canula no centro da
cavidade vitrea. Esse passo evita manobras agressivas, como o flushing do corante
sobre o polo posterior. Outra possivel vantagem do corante € que o fruto do agai &
acessivel e, portanto, a produg¢do em larga escala desse produto podera resultar em
um corante mais econdmico em comparag¢ao aos comercializados atualmente. Além
disso, diferente dos corantes atualmente empregados (PubMed, fevereiro, 2018),
todos os passos da cromovitrectomia podem ser realizados usando apenas um
corante, ja que ele pigmenta tanto a hialoide posterior como a MLI.

Finalmente, apesar de esse estudo ser a ultima etapa de uma linha de pesquisa
extensa que avaliou o corante extraido do fruto do agai, estudos adicionais devem ser
realizados para acompanharmos um maior numero de pacientes por um periodo
maior. De acordo com o estudo atual, o corante extraido do agai a 25% foi seguro e

viavel para ser empregado em cromovitrectomia em humanos.
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4.4 Perspectivas Futuras

Apesar dos resultados promissores em relacédo ao corante extraido do fruto do
acai em cromovitrectomia, novas pesquisas laboratoriais e clinicas deverao ser
desenvolvidas. Duas principais linhas de pesquisa devem ser iniciadas. A primeira
voltada para compreender melhor o papel antioxidante das antocianinas presentes no
corante e de que maneira essa caracteristica pode estar relacionada a sua baixa
toxicidade celular. A segunda linha devera tomar uma abordagem clinica, voltada para
a comparagao do corante extraido do fruto do agai com outros corantes atualmente
comercializados.

O aprofundamento do entendimento das propriedades quimicas e fisicas do
corante extraido do fruto do agai podera tornar esse corante um produto técnica e
economicamente mais interessante do que outras substancias empregadas hoje em dia

em cromovitrectomia.
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5 CONCLUSOES

A linha de pesquisa atual revelou que o corante extraido do fruto do agai, na
concentragdo de 25%, € seguro e viavel para ser usado em cromovitrectomia em
humanos.

As vantagens do emprego desse novo corante sao as seguintes:

(1) O agai possui uma alta composi¢gdo de antocianinas (cianidina-3-0-

glucosideo > homoorientina> orientina > taxifolina > isovitexina).

(2)  Avaliagdes anatdmicas e funcionais em coelhos ndo mostrou sinais de

toxicidade do corante na concentracao de 10% e 25%.

(3) Todos os passos da cromovitrectomia podem ser realizados usando
apenas um corante. Além disso, por ser mais pesado do que a SSB, o
corante extraido do acgai evita manobras agressivas, como o flushing. O
corante também se mostrou seguro e eficaz em cromovitrectomia em

humanos.

5.1 Consideragoes finais

O corante extraido do fruto do acai (Euterpe oleracea) € uma alternativa segura
e eficiente para o uso em cromovitrectomia. Novas pesquisas clinicas e laboratoriais
poderao aprofundar seu desempenho clinico e sua agido antioxidante na toxicidade

celular.
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Anexo 1. Comissao de Etica para o estudo laboratorial.

CEP N" 4216091213 Registrado em: 12/12/2013

Titulo: "Caracterizagdo das Antocianinas do Fruto do Agai (EuterpeCleracea): Estudo da Interagdo Molecular das Antocianinas com a
Membrana Limitante Interna "

Documentos anexados: 1. ) 1. Projeto de Pesquisa

Data Documento Comentério do CEP Status

12/12/2013 Projeto de Pesquisa Estudo aprovado. (30/12/2013) APROVADO

Sair
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Séo Paulo, 23 de janeiro de 2014
CEUA N 2689281013

limo(a). Sr(a).

Pesquisador(a): Rafael Ramos Caiado
Depto/Disc: Oftalmologia

Dr Mauricio Maia (orientador)

Titulo do projeto: "Avaliacdo da toxicidade retiniana das antocianinas e proantocianidinas do fruto do Acai (Euterpe
orelacea) em coelhos".

Parecer Consubstanciado da Comissao de Etica no Uso de Animais UNIFESP/HSP

A cirurgia vitreorretiniana é uma cirurgia que envolve técnicas complexas e delicadas que tratam doengas como buraco
macular (BM), membrana epirretiniana (MER) e o edema macular diabético. (1, 2) A cromovitrectomia é uma dessas
técnicas que incluem o uso de corantes compostos de pigmentos vitais ou cristais para melhorar a visualizagéo durante a
cirurgia de vitrectomia. Uma boa impregnagdo do corante favorece o resultado cirdrgico por que facilita procedimentos
como o peeling da membrana limitante interna (MLI) e da membrana epirretiniana (MER), além da remogéo vitrea completa.
(3-5)

Até o momento ndo ha um corante estabelecido para ser utilizado em cirurgias vitreoretinianas. A busca de um corante
ideal é baseada em um pigmento que tenha um baixo potencial oxidativo, e a capacidade de fazer uma pigmentagédo
seletiva e efetiva da MLI e/ou da MER. (17)

Recentemente, o uso de corantes naturais foram sugeridos como coadjuvantes na visualizacdo das estruturas pré-
retinianas e membranas. Entre eles, podemos citar as antocianinas, que sdo corantes naturais encontrados em uvas,
blueberries , fruto do acai e em qualquer outro fruto com coloragdo roxa. Sabe-se que uma das caracteristica das
antocianinas é seu efeito antioxidante natural . (18, 19)

As antocianinas extraidas do fruto do acai quando ajustadas a uma concentragdo de 0,5%, um PH de 7,06 e uma
osmolaridade de 304mOsm resultaram em uma solugéo de coloracdo roxa. Ao ser testada durante cromovitrectomia em
olhos cadavéricos, a solugéo identificou com facilidade a MLI que revelou uma pigmentacéo arroxeada. (20)

Portanto, existem estudos recentes que demonstraram a viabilidade clinica do uso das antocianinas provenientes do fruto
do acai (Euterpe oleracea) para se corar de maneira efetiva as estruturas pré-retinianas e membranas em cirurgia
vitreorretiniana em olhos humanos cadavéricos. (20) (21) O presente estudo avaliard a possivel toxicidade de diversas
concentracdes de antocianinas desse fruto em coelhos, sendo de grande interesse para a cirurgia vitreorretiniana atual. A
consequéncia desse estudo sera gerar uma base para o desenvolvimento de um corante originado de um fruto nacional e
que ainda ndo foi descrito na literatura durante a cromovitrectomia em olhos humanos. Além disso, sua patente ja esta
protocolada na forma de Deposito de Pedido Nacional de Patente sob no P11000244-8 A2 no Instituto Nacional de
Propriedade Intelectual (INPI) com sessao de direitos para a Universidade Federal de Sao Paulo .

INFORMAGAO SOBRE ANIMAIS E CRONOGRAMA

ANIMAIS: Seréo utilizados:

38 coelhos, machos, com 2Kg

PROCEDENCIA: Fazenda Angolana

MANUTENGAO: CEDEME

VIGENCIA DO ESTUDO: inicio previsto para: jan/2014 com término previsto para: dez/2014

A Comissdo de Etica no Uso de Animais da Universidade Federal de S&o Paulo/Hospital Sdo Paulo, na reunido de
23/01/2014, ANALISOU e APROVOU todos os procedimentos apresentados neste protocolo.

1. Comunicar toda e qualquer alteragdo do protocolo.

2. Comunicar imediatamente ao Comité qualquer evento adverso ocorrido durante o desenvolvimento do protocolo.

3. Os dados individuais de todas as etapas da pesquisa devem ser mantidos em local seguro por 5 anos para possivel
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UNIFESP

st ComrtE DE ETica em Prsquisa

auditoria dos 6rgaos competentes.
4. Relatérios parciais de andamento deveréo ser enviados anualmente & CEUA até a conclus&o do protocolo.

Atenciosamente,

Ve

Prof. Dr. José Osmar Medina Pestana
Coordenador da Comisséo de Etica no Uso de Animais
Universidade Federal de Sao Paulo/Hospital S&o Paulo

2689281013
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Anexo 3. Parecer Consubstanciado do CEP

UNIVERSIDADE FEDERAL DE
SAO PAULO - UNIFESP/ gwm
HOSPITAL SAO PAULO

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Avaliar a aplicabilidade do corante composto pelas antocianinas e proantocianidinas do
fruto do Acai (Euterpe orelacea) em cromovitrectomia em humanos

Pesquisador: Rafael Ramos Caiado

Area Tematica: Novos procedimentos terapéuticos invasivos;
Versao: 2

CAAE: 22208713.3.0000.5505

Instituicdo Proponente: Departamento de Oftalmologia
Patrocinador Principal: Universidade Federal de Sdo Paulo

DADOS DO PARECER

Numero do Parecer: 496.833
Data da Relatoria: 20/12/2013

Apresentacao do Projeto:

Conforme Parecer CEP. 482.016 de 6/12/2013

Objetivo da Pesquisa:

Conforme Parecer CEP. 482.016 de 6/12/2013

Avaliacado dos Riscos e Beneficios:

Conforme Parecer CEP. 482.016 de 6/12/2013

Comentarios e Consideragdes sobre a Pesquisa:

Conforme Parecer CEP. 482.016 de 6/12/2013

Consideracoes sobre os Termos de apresentacao obrigatéria:
Trata-se de resposta de pendencia apontada no parecer 482.016
Recomendacoes:

nao se aplica

Conclusées ou Pendéncias e Lista de Inadequacgdes:
Pendencia apontada no parecer CEP. 482.016 de 6/12/2013

QUANTO AO TCLE: Deve estar descrito que uma via dever4 ficar com o pesquisador e outra com o

Endereco: Rua Botucatu, 572 1° Andar Conj. 14

Bairro: VILA CLEMENTINO CEP: 04.023-061

UF: SP Municipio: SAO PAULO

Telefone: (11)5539-7162 Fax: (11)5571-1062 E-mail: cepunifesp@unifesp.br
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participante. Todas as paginas do TCLE deverdo estar numeradas ( ex: 1/4, 2/4, ) e devem ser
rubricadas pelo pesquisador principal e participante no momento da aplicacdo do TCLE. O TCLE devera
estar em papel timbrado do departamento e instituicdo atualizada)

resposta: nova versédo de TCLE foi apresentada atendendo as solicitacbes do parecer inicial. - pendencia
atendida.

Situacao do Parecer:
Aprovado

Necessita Apreciacdo da CONEP:

Sim

Consideracoes Finais a critério do CEP:

O CEP informa que a partir desta data de aprovagdo, & necessario o envio de relatérios parciais
(anualmente), e o relatério final, quando do término do estudo.

O presente projeto, seguiu nesta data para analise da CONEP e s6 tem o seu inicio autorizado apés a
aprovacao pela mesma.

SAO PAULO, 17 de Dezembro de 2013

Assinador por:
José Osmar Medina Pestana
(Coordenador)

Endereco: Rua Botucatu, 572 1° Andar Conj. 14

Bairro: VILA CLEMENTINO CEP: 04.023-061

UF: SP Municipio: SAO PAULO

Telefone: (11)5539-7162 Fax: (11)5571-1062 E-mail: cepunifesp@unifesp.br
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Anexo 4. Parecer Consubstanciado da CONEP

COMISSAO NACIONAL DE ) Plotaforma
ETICA EM PESQUISA \»@f

asil

PARECER CONSUBSTANCIADO DA CONEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Avaliar a aplicabilidade do corante composto pelas antocianinas e proantocianidinas do
fruto do Acai (Euterpe orelacea) em cromovitrectomia em humanos

Pesquisador: Rafael Ramos Caiado

Area Tematica: Novos procedimentos terapéuticos invasivos;
Versao: 5

CAAE: 22208713.3.0000.5505

Instituicao Proponente: Departamento de Oftalmologia
Patrocinador Principal: Universidade Federal de Sdo Paulo

DADOS DO PARECER

Numero do Parecer: 1.139.211
Data da Relatoria: 27/05/2015

Apresentacéo do Projeto:

Introdugéo:

A cirurgia vitreorretiniana é uma cirurgia que envolve técnicas complexas e delicadas que tratam doencas
como buraco macular (BM), membrana epirretiniana (MER) e o edema macular diabético. A
cromovitrectomia é uma técnica que inclue o uso de corantes compostos de pigmentos vitais ou cristais para
melhorar a visualizagao durante a cirurgia de vitrectomia. Uma boa impregnacgéao do corante favorece o
resultado cirurgico por que facilita procedimentos como a remogéo cirirgica da membrana limitante interna
(MLI) e da membrana epirretiniana (MER), além da remocao vitrea completa. Corantes sdo compostos
quimicos que se agregam a varias substancias in natura para produzir cor. Quando os corantes coram
tecidos ou células vivas, sdo chamados de corantes vitais. Em cirurgia vitreorretiniana, o emprego da
indocianina verde (ICG) e o azul brilhante G (BBG) facilitam a visualizagéo e a remocdo de membranas pre-
retinianas. A ICG tem importante papel como pioneira para remo¢éo da membrana limitante interna (MLI).
Porém, devido seu conhecido perfil de toxicidade, a recomendacdo atual para cromovitrectomia é a néo
utilizagdo da ICG, especialmente na cirurgia de buraco macular. O BBG é um corante sintético que foi
certificado como corante alimentar na Europa e pode ser usado como marcador cardiovascular e de
proteinas em doencas neurologica. Dados sobre a utilizacdo de BBG para cromovitrectomia e cirurgia de

Endereco: SEPN 510 NORTE, BLOCO A 3° ANDAR, Edificio Ex-INAN - Unidade Il - Ministério da Saude
Bairro: Asa Norte CEP: 70.750-521

UF: DF Municipio: BRASILIA

Telefone: (61)3315-5878 E-mail: conep@saude.gov.br
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catarata foram primeiramente publicados em 2006. O perfil de seguranca do BBG foi investigado por alguns
autores em experimentos pré-clinicos em ratos e primatas e nao foram observadas alteragdes patologicas a
microscopia Optica ou eletronica em pequenas doses injetadas de BBG. O acompanhamento de longo prazo
nao foram observados sinais de toxicidade. Apesar da boa afinidade do BBG pela membrana limitante
interna (MLI) em olhos humanos, a migracdo inadvertida sub-retiniana do corante em um procedimento de
remogao da MLI resultou em ¢ ++.

D efeitos em janela;, na angiofluoresceinografia sugerindo anormalidades atréficas do Epitélio Pigmentado
da Retina (EPR). (16) Até o momento ndo ha um corante estabelecido como ideal para ser utilizado em
cirurgias vitreorretinianas. A busca de um corante ideal é baseada em um pigmento que tenha um baixo
potencial oxidativo, e a capacidade de fazer uma pigmentagdo seletiva e efetiva da MLI e/ou da MER, bem
como ser capaz de se depositar sobre a hialoide posterior. (17) Recentemente, o0 uso de corantes naturais
foram sugeridos como coadjuvantes na visualizagédo das estruturas pré-retinianas e membranas. Entre eles,
podemos citar as antocianinas, que sdo corantes naturais encontrados em uvas, blueberries, fruto do agai e
em qualquer outro fruto com coloragédo roxa. Sabe-se que uma das caracteristica das antocianinas é seu
efeito antioxidante natural. (18, 19) As antocianinas extraidas do fruto do acai quando ajustadas a uma
concentragdo de 0,5%, um PH de 7,06 e uma osmolaridade de 304mOsm resultaram em uma solugédo de
coloragdo roxa. (20) Ao ser testada durante cromovitrectomia em olhos cadavéricos, a solugéo identificou
com facilidade a MLI que revelou uma pigmentacao arroxeada. (21) Portanto, existem estudos recentes que
ressaltam a importancia e a viabilidade clinica do uso das antocianinas provenientes do fruto do acai
(Euterpe oleracea) para se corar de maneira efetiva as estruturas pré-retinianas e membranas em cirurgia
vitreorretiniana em olhos humanos cadavéricos. (20, 21) A patente do uso intraocular das antocianinas do
fruto do agai ja foi depositada como pedido nacional de Patente sob n° P11000244-8 A2 no Instituto
Nacional de Propriedade Intelectual (INPl) com cessdo de direitos para a Universidade Federal de Séao
Paulo.

Hipétese:

Desfecho Primério: Eficacia do tingimento do corante nas concentragbées de 0,5 mg/ml nas estruturas
investigadas. Desfecho Secundario: Auséncia de toxicidade ou outros efeitos adversos relacionados ao uso
do corante bem como melhora da acuidade visual.

Metodologia:

Vinte e cinco pacientes com diagnéstico de membrana epirretiniana, buraco macular, retinopatia

Endereco: SEPN 510 NORTE, BLOCO A 3° ANDAR, Edificio Ex-INAN - Unidade Il - Ministério da Saude
Bairro: Asa Norte CEP: 70.750-521

UF: DF Municipio: BRASILIA

Telefone: (61)3315-5878 E-mail: conep@saude.gov.br
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diabética com ou sem hemorragia vitrea e/ou edema macular e/ou tragdo vitreomacular associado a
indicacdo de cirurgia de vitrectomia seguido da remocdo da membrana epirretiniana e/ou membrana
limitante interna serdo selecionados para participar do presente estudo. Ap6s aprovacdo do projeto de
pesquisa pelo Comité de Etica e Pesquisa (CEP-UNIFESP), todos os pacientes deverdo compreender e
assinar o Termo de Consentimento Livre e Esclarecido (TCLE) antes da realizagcéo da cirurgia. Os pacientes
atendidos no setor de Retina do Departamento de Oftalmologia da UNIFESP com diagnéstico de membrana
epirretiniana, buraco macular ou retinopatia diabética proliferativa com indicagao de cirurgia pela técnica de
vitrectomia posterior via pars plana para remocdo da membrana epirretiniana e/ou membrana limitante
interna, serdo convidados a participar deste estudo. Todos os pacientes serdo operados pela técnica de
vitrectomia padréo utilizando-se 4 esclerotomias e sistema de 23-gauge com iluminagéo acesséria. Todos
receberdo o corante composto pelas antocianinas extraidas do fruto do Acai (Euterpe oleracea) para corar a
membrana epirretiniana e a membrana limitante interna e identificacdo do vitreo (hialdide posterior). Os
pacientes serdo seguidos por um periodo minimo de 30 dias e cada consulta consistira de exame
oftalmolégico conforme descrito acima e, na consulta de 30 dias, os exames complementares supra-citados
serdo repetidos.

Critérios de Inclus&do/ Excluséo:

Critérios de incluséo:

Pacientes maiores de 18 anos, ambos os sexos- diagnéstico de membrana epirretiniana, buraco macular ou
retinopatia diabética proliferativa com ou sem hemorragia vitrea.- indicacdo de tratamento cirargico para
remocao da membrana epirretiniana (com ou sem remog¢ao da membrana limitante interna subjacente),

remocao da membrana limitante interna e em retinopatia diabética com ou sem hemorragia vitrea.

Critérios de Exclusdo:
Antecedente de qualquer doenca ocular - Glaucoma - Qualquer infecgéo ocular previa modificando a
anatomia ocular.

Objetivo da Pesquisa:

O objetivo deste estudo sera avaliar a viabilidade e seguranca do uso do corante composto pelas
antocianinas extraidas do fruto do Acai (Euterpe oleracea) nas concentragdes de 0,1 mg/ml e 5 mg/ml em
humanos que apresentam a indicagéo cirurgica para cromovitrectomia. Sera investigada

Endereco: SEPN 510 NORTE, BLOCO A 3° ANDAR, Edificio Ex-INAN - Unidade Il - Ministério da Saude
Bairro: Asa Norte CEP: 70.750-521

UF: DF Municipio: BRASILIA

Telefone: (61)3315-5878 E-mail: conep@saude.gov.br
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a capacidade de impregnacao do corante no hialéide posterior, da membrana epirretiniana e da membrana
limitante interna.

Avaliacao dos Riscos e Beneficios:

Riscos:

Toxicidade do corante. Esse risco serd minimizado pelo fato de ja haver estudos anteriores em laboratério
que nao evidenciaram toxicidade. Dentre esses estudos, temos estudo de olhos cadavéricos, perfil de
toxicidade retiniana em coelhos e cultura de células.

Beneficios:

Possibilidade de maior perfil de seguranga durante o procedimento cirdrgico e altos niveis de sucesso
terapéutico devido a propriedades antioxidantes e boa capacidade de tingimento dos tecidos com baixo
risco de toxicidade.

Comentarios e Consideragoes sobre a Pesquisa:
Ver item "Conclus6es ou Pendéncias e Lista de Inadequagdes".

Consideracoes sobre os Termos de apresentacao obrigatoria:
Ver item "Conclus6es ou Pendéncias e Lista de Inadequagdes".

Recomendacdes:
Nao se aplica.

Conclusdes ou Pendéncias e Lista de Inadequacdes:
RECURSO AS PENDENCIAS 1, 2B, 2D, 2F e 2H.

1. Quanto a relagéo entre beneficio esperado e risco da participagédo no referido protocolo: Conforme a
resolucéo 466/2012 item V.l "As pesquisas envolvendo seres humanos sdo admissiveis quando: a) o risco
se justifiqgue pelo beneficio esperado; b) no caso de pesquisas experimentais da area da saude, o beneficio
seja maior, ou, no minimo igual as alternativas ja estabelecidas para a prevengédo, o diagnostico e o
tratamento.". O pesquisador faz referéncia, no protocolo de pesquisa, a estudos em olhos de cadaver. Nao
cita mais estudos prévios de biosseguranga (como aconteceu no caso do corante BBG, por exemplo).
Solicita-se que o pesquisador apresente todos os dados das pesquisas desenvolvidas, especificando a

Endereco: SEPN 510 NORTE, BLOCO A 3° ANDAR, Edificio Ex-INAN - Unidade Il - Ministério da Saude
Bairro: Asa Norte CEP: 70.750-521
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fundamentacéo da fase de pesquisa clinica na qual se realizara o estudo, demonstrando que as fases
anteriores ja foram cumpridas, em acordo com a resolugéo 251/97.

RESPOSTA: Nao ha no momento, um corante estabelecido como ideal para ser utilizado em cirurgias vitreo
-retinianas. Atualmente o corante Azul Brilhante tem sido a substancia de escolha usado em cirurgias vitreo
-retinianas. Porém, o estudo de Rodrigues et al. de 2009 1 revelou uma toxicidade seletiva aos
fotorreceptores retinianos ap6s injegao intra-vitrea do Azul Brilhante em olhos de coelhos. Um relato de caso
(Malerbi et al.) 2 descreveu a migragdo nao-intencional de azul brilhante ao espago sub-retiniano durante
uma cromovitrectomia, sendo evidenciado, a anormalidade do Epitélio Pigmentario Retiniano na angiografia.
A busca de um corante ideal é baseada em um pigmento que tenha um baixo potencial oxidativo, e a
capacidade de fazer uma pigmentacéo seletiva e efetiva dos tecidos do olho. Recentemente, o uso de
corantes naturais foram sugeridos como coadjuvantes na visibilizacdo das estruturas pré-retinianas e
membranas. Entre eles, podemos citar as antocianinas, que sdo corantes naturais encontrados em uvas,
blueberries, fruto do agai e em qualquer outro fruto com coloragéo roxa. Sabe-se que uma das caracteristica
das antocianinas é seu efeito antioxidante natural. O estudo atual faz parte de uma linha de pesquisa da
Universidade Federal de Sdo Paulo que se iniciou em estudos laboratoriais in vitro (Peris et al. 2013 3 e
Chen et al. 2013 4) e in vivo em coelhos (dados néo publicados). Tais estudos incluiram a extragdo de
antocianinas provenientes do fruto do acai, o teste do uso do corante em olhos cadavéricos e o teste de
toxicidade em olhos de coelho. Porém a limitagéo da técnica em laboratério e em animais requer que o
experimento seja realizado em humanos. O estudo de Peris et al (2013) 3, revelou que o corante, quando
estabelecido a um pH e osmolaridades fisiolégicas (concentragdo de 0,5%, um pH de 7,06 e uma
osmolaridade de 304mOs), resultou em uma solucdo de coloragdo roxa, ou seja, viavel como corante. Ao
ser testada em cromovitrectomia em olhos cadavéricos, a solucdo identificou com facilidade a MLI que
revelou uma pigmentagdo arroxeada, como mostrado no estudo na Jane Chen de 2013. 4 Outro trabalho
recente em humanos, que ndo faz parte da presente linha de pesquisa (Sanchez et al 2009) 5, revelou que
a polpa do agai pode ser usada como um agente de contraste oral, natural, seguro, de baixo custo, com alta
eficiéncia e bem aceito pelo paciente em exames de colangiopancreatografia usando ressonancia
magnética.

1. Rodrigues EB, Penha FM, Farah ME, de Paula Fiod Costa E, Maia M, Dib E, et al. Preclinical
investigation of the retinal biocompatibility of six novel vital dyes for chromovitrectomy. Retina. 2009
Apr;29(4):497-510.

2. Malerbi FK, Maia M, Farah ME, Rodrigues EB. Subretinal brilliant blue G migration during internal
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limiting membrane peeling. The British journal of ophthalmology. 2009;93(12):1687. Epub 2009/11/27.

3. Peris CS, Badaro E, Ferreira MA, Lima-Filho AA, Ferreira EL, Maia, et al. Color Variation Assay of the
Anthocyanins from Acai Fruit (Euterpe oleracea): A Potential New Dye for Vitreoretinal Surgery. Journal of
ocular pharmacology and therapeutics : the official journal of the Association for Ocular Pharmacology and
Therapeutics. 2013. Epub 2013/07/26.

4. Chen J, Ferreira MA, Farah ME, de Carvalho AM, Alves Ferreira RE, de Moraes Filho MN, et al. Posterior
hyaloid detachment and internal limiting membrane peeling assisted by anthocyanins from acai fruit (Euterpe
oleracea) and 10 other natural vital dyes: experimental study in cadaveric eyes. Retina. 2013;33(1):89-96.
Epub 2012/09/20.

5. Sanchez TA, Elias J, Jr., Colnago LA, de Almeida Troncon LE, de Oliveira RB, Baffa O, et al. Clinical
feasibility of Acai (Euterpe oleracea) pulp as an oral contrast agent for magnetic resonance
cholangiopancreatography. J Comput Assist Tomogr. 2009 Sep-Oct;33(5):666-71.

ANALISE: Os autores citaram como justificativa a busca de novos corantes, entre outros pontos, a
toxicidade revelada pelo corante ja utilizado em olhos de coelhos. No entanto, os autores ndo apresentaram
dados de toxicidade em olhos de coelhos do corante em estudo. A falta desses dados pode submeter os
participantes de pesquisa a riscos néo aceitaveis. PENDENCIA NAO ATENDIDA.

RECURSO: Os dados de toxicidade do uso do corante em olhos de coelhos esta apresentado em
documento anexo (ANEXO 1). Resultados mostram que o uso do corante investigado € seguro no ponto de
vista de toxicidade em coelhos.

ANALISE DO RECURSO: Embora os pesquisadores afirmem haver um "anexo 1" onde supostamente
estariam os dados sobre toxicidade em coelhos, ndo ha tal documento na plataforma. Entretanto,
procurando entre os que h&, encontra-se o documento Relatério toxicidade 21.04.15.pdfl. Neste documento
ha os dados de toxicidade em coelhos. PENDENCIA ATENDIDA.

2. Quanto ao Termo de Consentimento Livre e Esclarecido, versao 3, datado de 09/12/2013:

a) Na péagina 1 de 4 Ié-se: "Essas informagdes estdo sendo fornecidas para sua participacdo voluntaria
neste estudo, que visa avaliar a viabilidade e seguranc¢a do uso do corante composto pelas antocianinas
extraidas do fruto do Acgai (Euterpe oleracea) nas concentracdes de 0,1mg/ml e 5 mg/ml em humanos que
apresentam a indicacao cirurgica para cromovitrectomia.". O documento de consentimento deve seguir a
terminologia da Resolugdo CNS 466/2012, item IV, e ser apresentado ao participante da pesquisa em forma
de convite. Cabe ao pesquisador informar
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todos os procedimentos do estudo e as garantias do participante

da pesquisa para, ao final, solicitar sua anuéncia. Solicita-se adequacgao.

RESPOSTA: O documento de consentimento foi totalmente modificado para seguir a terminologia da
Resolucdo CNS 466 de 2012. O texto foi modificado para ser apresentado ao participante da pesquisa em
forma de convite. Para facilitar o entendimento do paciente voluntario separamos o texto nos seguintes
itens:

I. Titulo da Pesquisa

II. Justificativa

Ill. Procedimentos

IV. Inclusdo de Grupo controle ou placebos

V. Métodos alternativos para Obtengéo da Informagédo ou Tratamento da Condigéo

VI. Desconfortos ou Riscos Esperados e Assisténcia

VII. Descrigdo dos Beneficios ou Vantagens Diretas ao Voluntario

VIIl. Forma de Acompanhamento e Assisténcia ao Sujeito

IX. Forma de Contato com os Pesquisadores e com o CEP

X. Garantia de Esclarecimento

XI. Garantia de Recusa a Participagdo ou Saida do Estudo

XIl. Garantia de Sigilo

XIlIl. Garantia de Ressarcimento e Indenizagcao

XIV. Garantia de Entrega de Cépias

ANALISE: PENDENCIA ATENDIDA.

b) De acordo com o item IV-1-b da Resolugdo CNS 466/12, o TCLE deve "prestar informagdes em
linguagem clara e acessivel, utilizando-se das estratégias mais apropriadas & cultura, faixa etéria, condi¢ao
socioeconémica e autonomia dos convidados a participar da pesquisa.". O TCLE apresentado contém vérios
termos técnicos de dificil compreenséo ao leigo. Solicita-se adequagéo.

RESPOSTA: Para tornar a linguagem apresentada no TCLE mais clara e acessivel substituimos diversos
termos técnicos para termos mais populares. Por exemplo, o termo “midriase medicamentosa” foi
substituida por dilatacao pupilar.

ANALISE: O TCLE continua com varios termos de dificil compreensao a um leigo. PENDENCIA NAO
ATENDIDA

RECURSO: Novas modifica¢des foram realizadas em todo o texto do TCLE para tornar a sua linguagem
mais acessivel ao paciente.
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c) Na pagina 01 de 04, |é-se: "A introdugdo do corante composto pelas antocianinas extraidas do fruto do
Acai (experimental) ocorrera durante a cirurgia de retina que sera realizada de forma rotineira, com a
remocao do Gel vitreo e de eventuais estruturas correspondentes a causa da doencga abordada. Dessa
forma, ndo ha beneficio direto para o participante. Trata-se de estudo experimental testando a hipotese de
que o corante em questdo, permite melhor visibilizagdo dessas estruturas, SEM OFERECER EFEITOS
COLATERAIS."(Destaque nosso). Da forma como a hip6tese a ser testada foi apresentada da a entender
gue ndo ha risco de efeito colateral, o que ndo é verdade. Solicita-se corregéo.

RESPOSTA: Os procedimentos e os riscos de efeito colateral foram detalhadamente explicados no texto do
TCLE sob os subtitulos: Il — Procedimentos; VI- Desconfortos ou Riscos Esperados e Assisténcia
ANALISE: PENDENCIA ATENDIDA.

d) Na pagina 2 de 4, lé-se: "Ao término da cirurgia, todos os pacientes RECEBERAO UMA RECEITA
MEDICA com colirio de associagdo de antibidtico com corticoide, seguindo a rotina de cirurgia de
vitrectomia, durante as semanas seguintes do pés-operatério.". (Destaque nosso). Como a medicagdo poés-
operatoéria faz parte do estudo, ndo é aceitavel que os participantes tenham despesas com tal medicagéo,
que deve ser fornecida pelo patrocinador, em acordo com o item |V-3-g da Resolugédo CNS 466/12. Solicita-
se adequagéo.

RESPOSTA: Nao havera despesas pessoais para o paciente em qualquer fase do estudo, incluindo exames
e consultas, além do custo de deslocamento do paciente para essas etapas do estudo.

Essa informagéo foi agora introduzida sob o subtitulo:

VII. Descrigdo dos Beneficios ou Vantagens Diretas ao Voluntario

ANALISE: O trecho apresentado foi: "ndo havera despesas pessoais [...] ALEM DO CUSTO DE
DESLOCAMENTO [...]" (destaque nosso). No entanto, da forma como o trecho foi redigido entende-se que o
gasto de transporte dar-se-a por conta do participante de pesquisa. PENDENCIA NAO ATENDIDA.
RECURSO: O Trecho destacado acima (pagina 6/9) foi modificado para:

“Nao havera despesas pessoais para o paciente e seu acompanhante, em qualquer fase do estudo,
incluindo exames, consultas, custos de alimentagcédo e deslocamento durante essas etapas do estudo.”
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e) Na pagina 2 de 4 lé-se: "Posteriormente seréo realizados exames para documentacédo e analise dos
resultados, como a Retinografia e Angiofluoresceinografia. Os efeitos adversos referente ao exame de
angiofluoresceinografia incluem nausea, vémitos, rubor da pele, coceira, urticaria e espirros em excesso.
Problemas raros incluem desmaio, edema de laringe, brocoespasmo e choque anafilatico. Quase todos
pacientes apresentam alteragdo na coloragédo da pele e da urina, sem qualquer outra intercorréncia. Os
demais exames oftalmolégicos: acuidade visual, eletrorretinografia, tomografia de coeréncia 6ptica e
microperimetria ndo sao invasivos, ndo utilizam radiacdo e ndo apresentam efeitos adversos.". Nao ha o
detalhamento dos procedimentos, incluindo o tempo que se estima gastar para sua realizagdo. Ndo ha
mencéo ao fato de que alguns dos exames ndo sdo realizados rotineiramente no pés-operatério, e que
seréo realizados exclusivamente com fins a fornecer dados a pesquisa. E especificamente no caso da
eletrorretinografia, ndo é verdade que "ndo apresenta efeito adverso", pois necessita de dilatagdo das
pupilas e uso de eletrodo de lente de contato, que podem causar desconforto e apresentam riscos, ainda
que de frequéncia baixa. Solicita-se adequacéo.

RESPOSTA: Todas as informagdes acima descritas foram acrescentadas ao TCLE sob os subtitulos de: IlI.
Procedimentos e VI. Desconfortos ou Riscos Esperados e Assisténcia.

ANALISE: PENDENCIA ATENDIDA.

f) Nao é informado que esta garantido o ressarcimento de gastos relacionados ao estudo. Cabe ressaltar
que, como prevé o item 1V.3."g" da Resolucdo CNS 466/2012, deve ser garantido ao participante de
pesquisa (e a seu acompanhante, se for o caso) o ressarcimento de despesas decorrentes da participacao
no estudo, tais como transporte e alimentacédo nos dias em que for necessaria sua presenca para consultas
ou exames. Assim sendo, solicita-se que a garantia de ressarcimento dos gastos decorrentes da
participacéo no estudo seja apresentada de modo claro e afirmativo.

RESPOSTA: Incluimos as informagdes acima descritas no texto do TCLE sob o subtitulo:

VII. Descri¢cdo dos Beneficios ou Vantagens Diretas ao Voluntério

ANALISE: O trecho apresentado foi: "ndo havera despesas pessoais [...] ALEM DO CUSTO DE
DESLOCAMENTO [...]" (destaque nosso). No entanto, da forma como o trecho foi redigido entende-se que o
gasto de transporte dar-se-a por conta do participante de pesquisa. PENDENCIA NAO
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ATENDIDA.

RECURSO: O Trecho destacado acima (pagina 6/9) foi modificado para:

“Nao havera despesas pessoais para o paciente e seu acompanhante, em qualquer fase do estudo,
incluindo exames, consultas, custos de alimentagédo e deslocamento durante essas etapas do estudo.”
ANALISE DE RECURSO: PENDENCIA ATENDIDA

g) Na pagina 2 de 4, 1&-se: "As informacdes obtidas serdo analisadas em conjunto com outros pacientes,
néo sendo divulgada a identificacdo de nenhum paciente incluindo o Sr.(a).". Considerando que os dados
pessoais serdo identificados, solicita-se que sejam indicados os procedimentos que garantam sigilo,
confidencialidade e seguranga no tratamento dos dados (Resolugdo CNS 466/2012, item Ill.2.i e IV.3.e).
RESPOSTA: Incluimos as informagdes acima descritas no texto do TCLE sob o subtitulo: XII. Garantia de
Sigilo. Os pesquisadores asseguram a privacidade do sujeito quanto aos dados confidenciais envolvidos na
pesquisa. Para isso, cada paciente sera identificado com uma numeragéo a fim de resguardar seu dados
pessoais durante a pesquisa.

ANALISE: PENDENCIA ATENDIDA.

h) Na pagina 3 de 4, l1é-se: "Em caso de dano pessoal, diretamente causado pelos procedimentos ou
tratamentos propostos neste estudo (nexo causal comprovado), o participante tem direito a tratamento
médico na Instituicdo, bem como as indenizagdes legalmente estabelecidas. Os pesquisadores
responsaveis se comprometem a utilizar os dados e o material coletado somente para esta pesquisa.". Cabe
ressaltar que a responsabilidade pela prestacdo de cuidados integrais de saude pelo tempo que for
necessario para o tratamento por lesdes néo pode estar vinculada a comprovacgéo de relagéo direta com a
participagdo no estudo, devido a prépria dificuldade pratica em comprovar esse vinculo. Assim sendo, danos
diretos ou indiretos, imediatos ou tardios sofridos no decorrer da participacdo no estudo, devem ser
acompanhados e tratados pelo pesquisador e seu patrocinador

mesmo que ndo seja estabelecido nexo causal. Solicita-se adequagéo.

RESPOSTA: O texto foi modificado sob o subtitulo: VIIl. Forma de Acompanhamento e Assisténcia ao
Sujeito

ANALISE: O trecho apresentado (a seguir) ndo evidencia a garantia de assisténcia integral e gratuita: "Em
caso de dano pessoal, diretos ou indiretos, imediatos ou tardios sofridos no decorrer
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da participacdo no estudo, serdo acompanhados e tratados pelo pesquisador e seu patrocinador na propria
instituicdo". PENDENCIA PARCIALMENTE ATENDIDA.

RECURSO: O trecho citado acima (pagina 7/9) foi modificado para atender a garantia de assisténcia integral
e gratuita ao paciente:

“Em caso de dano pessoal, diretos ou indiretos, imediatos ou tardios sofridos no decorrer da participagéo no
estudo, os pacientes envolvidos no estudo receberdo assisténcia integral e gratuita e serdo acompanhados
e tratados pelo pesquisador e seu orientador na propria instituicdo.”

ANALISE DE RECURSO: PENDENCIA ATENDIDA.

i) Na pagina 3 de 4, Ié-se:"Em qualquer etapa do estudo, vocé tera acesso aos profissionais responsaveis
pela pesquisa para esclarecimento de eventuais dividas. O principal investigador é o Dr. Rafael Ramos
Caiado, CPF-864.010.501-44, que pode ser encontrado no endereco: Rua Botucatu 822 Vila Clementina
Séo Paulo SP, tel 5085-2087. Se vocé tiver alguma consideragéo ou duvida sobre a ética da pesquisa, entre
em contato com o Comité de Etica em Pesquisa (CEP) Rua Botucatu, 572 - 1° andar ¢j 14, 5571-1062, FAX:
5539-7162 E-mail: cepunifesp@epm.br.". Solicita-se que sejam incluidos no TCLE: uma breve descri¢édo do
que é o CEP, qual sua fungao no estudo e seu horario de funcionamento. Solicita-se ainda a inclusdo da
forma de contato com o pesquisador em caso de urgéncia/emergéncia.

RESPOSTA: O texto foi modificado sob o subtitulo: IX. Forma de Contato com os Pesquisadores e com o
CEP.

ANALISE: PENDENCIA ATENDIDA.

j) Na dltima pagina do TCLE, Ié-se: "Em casos de pacientes menores de 18 anos, analfabetos,
semianalfabetos ou portadores de deficiéncia auditiva ou visual.". Tal afirmacédo esta incoerente com os
critérios de inclusdo, que preveem apenas maiores de 18 anos de idade. Solicita-se adequacao.
RESPOSTA: A afirmagéo foi removida e o texto adequado para os critérios de inclus&o.

ANALISE: PENDENCIA ATENDIDA.

k) O participante de pesquisa ou seu representante, quando for o caso, devera rubricar todas as folhas do
Termo de Consentimento Livre e Esclarecido (TCLE), apondo sua assinatura na Gltima pagina do referido
Termo. O pesquisador responsavel, ou membro da equipe delegada pelo pesquisador responséavel, devera,
da mesma forma, rubricar todas as folhas do TCLE, apondo sua
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assinatura na Ultima péagina do referido Termo. Solicita-se adequagéao.
RESPOSTA: As observacgdes acima serao seguidas no ato das assinaturas do TCLE, como sugerido.
Analise: PENDENCIA ATENDIDA.

Situacao do Parecer:

Aprovado

Consideracgoes Finais a critério da CONEP:

Diante do exposto, a Comissdo Nacional de Etica em Pesquisa - CONEP, de acordo com as atribuicdes
definidas na Resolugdo CNS n° 466 de 2012 e na Norma Operacional n° 001 de 2013 do CNS, manifesta-se
pela aprovacéo do projeto de pesquisa proposto.

Situag&o: Protocolo aprovado.

BRASILIA, 10 de Julho de 2015

Assinado por:
Jorge Alves de Almeida Venancio
(Coordenador)
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