Sefores:
Superintendencia de industria y comercio.
Direccion de nuevas creaciones

E S D

Asunto: Respuesta requerimiento de fondo expediente NC2017/0003295

Yo Edgar Giovanny Acosta Gil, actuando como representante legal de la empresa
especialidades Oftalmologicas S.A y en calidad de solicitante del documento
NC2017/0003295 doy respuesta al requerimiento de fondo con oficio 841 y sefnalo lo
siguiente:

Concerniente a la novedad.

Si bien la novedad no fue afectada, hacemos hincapié en este documento sobre los
puntos que nos dan grandes diferencias sobre la materia previa:

De acuerdo a lo expresado en el oficio N° 841 de la superintendencia de industria y
comercio, es importante resaltar que la patente US20080021101 no revela una
composicion igual a la nuestra, por lo anterior relacionaremos a continuacion los
aspectos diferenciadores de nuestra intencion de patente y la patente cuyo
fundamento se presenté como evidencia de oposicion por parte de Procaps:

COMPARACION PATENTE US2008/002110 A1 “UN METODO PARA PREPARAR
UNA SOLUCION OFTALMICA DE LATANOPROST Y SOLUCION RESULTANTE”
Y EL EXPEDIENTE NC2017/0003295 “VEHICULO FARMACEUTICO PARA
ESTABILIZAR LA SUPERFICIE OCULAR EN
FORMULACIONES DE COLIRIOS PARA USO CRONICO”

UN METODO PARA PREPARAR UNA
SOLUCION OFTALMICA DE
LATANOPROST Y SOLUCION
RESULTANTE US2008/002110 A1

VEHICULO FARMACEUTICO PARA
ESTABILIZAR LA SUPERFICIE
OCULAR EN
FORMULACIONES DE COLIRIOS
PARA USO CRONICO

Se describe un método para solubilizar
un agente activo analogo de Ila
prostaglandina F2a, tal como
latanoprost, y un método para preparar
una solucién oftalmica acuosa a partir

La presente invencion corresponde a un
vehiculo, conformado por excipientes
farmacéuticos aceptados, los cuales
pueden ser utilizados para el desarrollo
de formulaciones oftalmicas en




del latanoprost solubilizado para el
tratamiento de diversas afecciones
oculares. La presente invencién
concierne ademas a una solucion
oftdlmica acuosa que resulta del método
referido, la cual se caracteriza por su
estabilidad quimica a temperatura
ambiente, seguridad, inocuidad y eficacia
en el tratamiento del paciente. La nueva
solucion oftalmica acuosa se distingue
porque su valor farmacéutico radica en el
manejo de un vehiculo de facil acceso
que no solamente permite Ila
solubilidad del latanoprost sino que
también favorece su estabilidad
quimica y una mayor tolerancia del
paciente a su aplicacion oftalmica para el
tratamiento de su padecimiento.

forma de solucién o suspensién,
especialmente para medicamentos
oftalmoloégicos cronicos como
los antialérgicos, los
antiglaucomatosos y los lubricantes
oculares, brindando las caracteristicas
fisicoquimicas adecuadas y adaptables
a las necesidades propias del paciente,
conservando la integridad de la
superficie ocular. Estas
composiciones tienen como nucleo de
su invencion el uso de 2-
Hidroxipropilbetaciclodextrina,
Acido Sérbico, Hialuronato de sodio,
Carboximetilcelulosa Sédica,
Cloruro de Sodio, NaOH o HCL para
ajuste de pH y Agua para inyeccién
(WF1).

El objetivo de la presenta invencion es
lograr con la incorporacion de la
Hidroxipropilbetaciclodextrina y el
Hialuronato de Sodio en la solucion
oftalmica un ambiente beneficioso y
protector para la molécula de
Latanoprost, reduciendo la
descomposicion y protegiendo al
activo labil en un ambiente acuoso.
Donde: la
Hidroxipropilbetaciclodextrina aloja el
activo en la cavidad lipofilica y
contribuye a la solubilidad en agua y el
Hialuronato de Sodio envuelve al
complejo formado.

La presente invencion corresponde a
un vehiculo farmacéutico para uso en
colirios, conformado por excipientes
que restituyen y protegen las
propiedades fisicoquimicas de la
lagrima natural, este vehiculo puede
ser utilizado para el desarrollo de
cualquier medicamento oftalmico,
para el tratamiento de patologias o
alteraciones oculares en forma de
solucién o suspension, especialmente
para medicamentos oftalmologicos
cronicos como los antialérgicos, los
antiglaucomatosos, los lubricantes
oculares o cualquier otra patologia
ocular crénica.

En nuestro caso el Hialuronato de
Sodio se utiliza para proporcionar
estabilidad en la interfase de la
pelicula lagrimal, mejorando el grado
de humectacion y la integridad de la
superficie ocular, ya que el
Hialuronato de Sodio como tal, es un
polimero que se adhiere al epitelio de
la cornea, incrementando el tiempo de
ruptura de la pelicula lagrimal
produciendo un alivio casi instantaneo




de los sintomas asociados a la
sequedad.

En una modalidad preferida de la
invencion, la solucion oftalmica acuosa
se caracteriza porque comprende:
latanoprost en una concentracion del
0.005%;

un sistema amortiguador de pH que
puede ser acido borico, acido citrico,
acido sorbico, acido acético, borato de
sodio, fosfato monobasico de sodio,
fosfato dibasico de sodio, citrato de
sodio y acetato de sodio, en un rango de
concentraciones que van de 0.001% al
5.0%;

uno 6 mas agentes que incrementen la
viscosidad como
hidroxipropilmetilcelulosa,
carboximetilcelulosa, metilcelulosa,
alcohol polivinilico, hialuronato de
sodio, condrointin sulfato, glicerina,
glicerol formal, metilidinoglicerol

y ciclodextrinas, en concentraciones
que van del 0.05% al 20.0%;

uno 6 mas agentes tensoactivos,
humectantes como polioxil 40
estearato, polisorbato 80, poloxamery
tiloxapol, en concentraciones que van
de 0.01% al 20.0%;

uno 6 mas agentes reguladores de
osmolaridad como cloruro de sodio,
sorbitol, manitol y dextrosa en una

Nuestra invencion corresponde a un
vehiculo farmacéutico, al cual puede
incorporarse una variada cantidad de
activos;

Para regular el valor de pH se utiliza
HCI 10 % o NaOH 10 % c.s.p para
obtener un rango de 5.0 — 7.8 unidades
de pH;

Especificamente la invencion incluye
dentro de sus componentes dos
lubricantes dentro del vehiculo, los
cuales son: Carboximetilcelulosa
Soddica o Hidroxipropilmetilcelulosa
a una concentracion entre el 0.2% —
0.3% e Hialuronato de Sodio a una
concentracion entre el 0.15% - 0.20%,
los cuales proporcionan estabilidad en
la interfase de la pelicula lagrimal,
mejorando el grado de humectacion y
la integridad de la superficie ocular.

La concentraciéon de 2-
Hidroxipropilbetaciclodextrina va
desde el 2.0 % - 8.0 %.

Como agente tensoactivo y
osmoregulador se encuentra el
sorbitol a concentraciones de 0.2% -
1.0 %.

Como agentes reguladores de
Osmolaridad se listan el Cloruro de
Sodio a concentraciones de 0.4%-




concentracién dentro del rango de 0.6

% a 1.8% expresado como equivalentes
quimicos de cloruro de sodio;

uno o0 mas conservadores como
cloruro de benzalconio, cloruro de
benzetonio, tiomersal, nitrato o
acetato fenilmercurico, parabenos,
gluconato de clorhexidina, alcohol
etilico, cetrimida, perborato de sodio
y clorobutanol en concentraciones
adecuadas para proporcionar el efecto
antimicrobiano.

Ademas, puede contener uno o0 mas
agentes antioxidantes como edetato
disddico, metabisulfito de sodio, bisulfito
de sodio, acetilcisteina, tiosulfato de
sodio y tiourea en concentraciones
adecuadas para dar el efecto requerido.

1.0%, Sorbitol a concentraciones de
0.2%-1.0%.

Nuestro vehiculo cuenta con un perfil
de seguridad favorable, pues incluye un
preservante natural como el Acido
Soérbico, en concentraciones de 0.05%
- 0.2% que no presenta los efectos
adversos a nivel corneal como otros
preservantes por lo general usados
como son el caso del Cloruro de
Benzalconio, polyquaternium-1,
Thimerosal, Clorobutanol, parabenos,
entre otros que generan graves dafos
al tejido ocular.

No contiene agentes antioxidantes
incorporados a la formulacion.

cuentan con vehiculos que pueden
comprender el uso de preservantes
toxicos, tales como: Cloruro de
Benzalconio, Timerosal, Metilparabeno,
Propilparabeno y Clorobutanol, que
genera efectos adversos al contacto con
la superficie ocular.

Se hace referencia al dafio ocular que
producen ciertas sustancias que son
utilizadas como excipientes en las
formulaciones oftalmicas
especialmente en tratamientos
cronicos, como por ejemplo las
preservadas con derivados del grupo
de conservantes de los Amonios
cuaternarios, al cual pertenecen entre
otros el Poliquaternium-1y el BAK
(Cloruro de Benzalconio), los cuales
inducen la toxicidad celular y el dafio
ocular en una forma dosis dependiente.

En nuestra invencion, el Unico
preservante utilizado Acido Sérbico,
a una concentracion de 0.05 — 0.20 %,
siendo reconocido como una sustancia
segura por la FDA, otorgando un
beneficio adicional a los pacientes.




Verifican la estabilidad de la nueva
solucion oftalmica a patentar,
realizando estudios de estabilidad de
tres lotes de producto, hasta un tiempo
de 9 meses a dos condiciones de
almacenamiento (refrigeracion 2°C-8°C y
temperatura de 15°C-30°C). Realizando
la determinacion de los siguientes
parametros: Apariencia, pH,
Osmolaridad y Valoracion de
Latanoprost como indicativo de
estabilidad, tomando como referencia la
Farmacopea de los Estados Unidos
Mexicanos y la United States
Pharmacopeia.

No se realizé estabilidad del
vehiculo, ya que los parametros fisicos
evaluados no son un atributo indicativo
de estabilidad.

Se hace énfasis en algunas de las
caracteristicas fisicoquimicas
primordiales que deben prevalecer en
una formulacion en solucién o
suspension oftalmica, para emular las
condiciones de la lagrima natural y por
ende evitar dafios durante el
tratamiento.

Se evaluan la tension superficial,
Osmolaridad, viscosidad, utilizando
metodologias descritas en la
farmacopea de los estados unidos para
el caso de la viscosidad y la
osmolaridad, de acuerdo a lo descrito
en los capitulos generales 911y 785
respectivamente.

Para la determinacién de la tensién
superficial se utilizé un método
debidamente estandarizado.

Las especificaciones de estas variables
fueron:

Apariencia
Solucién viscosa, incolora, transparente

y libre de particulas visibles,

pH
6.2-7.2.
Osmolaridad

250-350 mOsm/Kg,

latanoprost
90.0 %-110.0%

La invencion no indica control de la
viscosidad.

Las especificaciones de los parametros
evaluados fueron:

Tension superficial:

Entre 38 - 45 Dinas/cm.

Osmolaridad:

260 — 290 mOsm/L

Viscosidad:

Mayor de 9 milipoises,

Nuestra invencion esta conformada por
un vehiculo en el cual se controlan no
solo la osmolaridad, sino otros
parametros fisicoquimicos como la
viscosidad y Tensién Superficial los
cuales no son objeto de dicha patente.
No se realiza control de pH pero se
especifica que las composiciones
pueden contener acido clorhidrico
(HCL) o hidroxido de sodio (NaOH)
para regular el pH a valor entre 5.0 y
7.8, de acuerdo a las propiedades del
ingrediente activo.




No se cuantifican activos.

Se realizé un estudio de estabilidad de
una solucion oftalmica de latanoprost
para verificar el comportamiento del
producto identificado con la marca
XALATAN® al someterlo a estabilidad y
compararlo con la formulacién
patentada. Evidenciando que el
contenido de latanoprost en la formula
descrita y reivindicada en la presente
solicitud muestra un comportamiento
mas uniforme que el XALATAN®.

No se realiza comparacioén con
ningun otro producto del mercado, ya
que nuestro interés radica
exclusivamente en el desarrollo de un
vehiculo cuyas caracteristicas
fisicoquimicas emulen al maximo las
caracteristicas de la pelicula lagrimal,
de igual manera no se cuantifica ningun
ingrediente activo, ya que no es el
objeto de la presente invencion.

En las reivindicaciones se hace
referencia a:

- Método para solubilizar el latanoprost
para preparar una solucion oftalmica
acuosa quimicamente estable para el
tratamiento de diversas afecciones
oculares, dicho método comprende:

a) colocar en un recipiente 5.000 g de
latanoprost;

b) agregar al recipiente
aproximadamente 15 L de una solucion
que contiene 7.5% de
hidroxipropilbetaciclodextrinas, 0.7%
de fosfato monobasico de sodio
monohidratado, 0.6% de fosfato
dibasico de sodio anhidro y 0.2% de
hialuronato de sodio, y agitar de 500 a
550 rpm para disolver el latanoprost;

Cc) esperar a que se disuelva por
completo y agregar a la solucion de
0.005% a 0.02% de cloruro de
benzalconio, enjuagando siempre con
la misma solucion con que se disolvié el
latanoprost; y

d) agitar hasta que se homogeneice la
solucion.

- Método para preparar una solucion
oftalmica de Latanoprost,
quimicamente estable a temperatura
ambiente, para el tratamiento de

- No se reivindica metodologia
relacionada con la manufactura de
productos farmacéuticos.

- En la reivindicacion 1 se indica la
composicién del vehiculo y el rango de
porcentaje de cada uno de sus
componentes:
2-hidroxipropilbetaciclodextrina:
2.00 - 8.00 %

Hialuronato de Sodio 0.15 -
Acido Sérbico 0.05 - 0.20 %
Sorbitol 0.20 - 1.00 %
Principio Activo 0.01- 10 %
Cloruro de Sodio 0.40 - 1.0%
Agente Lubricante 0.1% - 0.3%
Regulador De pH c.s.p.

Agua c.s.p.

0.20 %

El contenido de Hialuronato de Sodio y
de 2-Hidroxipropilbetaciclodextrina,
indicado en las reivindicaciones
mencionan un rango dentro del cual se
encuentran los valores indicados para
estos dos compuestos en la patente
uUS2008/002110.

Adicional al contenido de Hialuronato
de Sodio, se incluyen como agentes
lubricantes la carboximetilcelulosa
sodica o hidroxipropilmetilcelulosa o
mezcla de los mismos.




diversas afecciones oculares, dicho
método comprende:

a) solubilizar un agente analogo de
prostaglandina, tal como latanoprost;

b) preparar una solucion acarreadora; y
c) mezclar el latanoprost solubilizado y la
solucion acarreadora, y completar el
volumen a 100 L con agua purificada
mientras se agita constantemente por un
periodo predeterminado.

- Método para preparar una solucion
oftalmica acuosa de latanoprost de
acuerdo con la reivindicacion 2, en el
que la fase de solubilizacién del
latanoprost comprende las siguientes
etapas:

a) colocar 5.000 g de latanoprost en un
recipiente de capacidad suficiente y
agregar 15 L de una solucién que
contiene 7.5% de
hidroxipropilbetaciclodextrinas, 0.7%
de fosfato monobasico de sodio
monohidratado, 0.6% de fosfato
dibasico de sodio anhidro y 0.2% de
hialuronato de sodio, y agitar de 500 a
550 rpm para disolver el latanoprost; y
b) esperar a que se disuelva por
completo la solucién anterior y agregar
de 0.005 a 0.02% de cloruro de
benzalconio, agitando por
aproximadamente 5 minutos para que se
homogeneice la solucion.

- Método para preparar una solucion
oftalmica acuosa de latanoprost de
acuerdo con la reivindicacién 2, en el
que la fase de preparacion de la solucion
acarreadora comprende las siguientes
etapas:

a) en un tanque de acero inoxidable, se
vierten 70 litros de agua purificada a
30°C £ 2°C;

b) se inicia agitacién de 500 a 550 rpm y
se mantiene constante durante todo el
proceso de preparacion;

- los agentes reguladores de pH son
el acido clorhidrico (HCL) o
hidréxido de sodio (NaOH) para
ajustar el pH a valores entre 5.0 y 7.8,
no se incluyen soluciones buffer.




c) se agregan 7.5 Kg de
hidroxipropilbetaciclodextrinas
manteniendo la agitacion por
aproximadamente 10 minutos para
permitir que se disuelva;

d) se agregan 700 g de fosfato
monobasico de sodio monohidratado
y se espera aproximadamente 5 minutos
a que se disuelva por completo;

e) se agregan 600 g de fosfato
dibasico de sodio anhidro y se espera
aproximadamente 5 minutos a que se
disuelva por completo;

f) se separan 30 L de esta solucion para
usarse en la fase de solubilizacion del
latanoprost, y para los enjuagues
posteriores, y al resto de la solucion se
agregan las siguientes materias primas:
g) se agregan lentamente 200 g de
hialuronato de sodio manteniendo la
agitacion por 25 a 35 minutos; y

h) se agregan 44 g de cloruro de
benzalconio (soluciéon 50%)
previamente disueltos en agua purificada
y se espera aproximadamente 5 minutos
a que se integre por completo.

- Método para preparar una solucion
oftalmica acuosa de latanoprost de
acuerdo con la reivindicacion 2, en el
que después de mezclar la solucién de
latanoprost y la solucion acarreadora se
continua la agitacién de 500 a 550 rpm
por aproximadamente una hora

- Método de las reivindicaciones 1y 3 En
el cual la ciclodextrina es combinada
con el latanoprost para ayudarlo a
disolverse y para protegerlo de la
hidrolisis.

Una solucién oftalmica para el
tratamiento de padecimientos oculares,
preparados por medio de los métodos
divulgados en las presentes
reivindicaciones, que comprenden:




el medicamento analogo de la
prostaglandina es el latanoprost, a
una concentracion de 0.005%.

el agente solubilizante derivado de
ciclodextrinas, a una concentracion
aproximada de 7.5 %

El agente viscosante y lubricante, es
el acido hialuronico al 0.2 %
Sistema de control de pH es ejercido
por Fosfato de Sodio y,

El agente preservante es Cloruro de
Benzalconio a una conecntracion de
0.02 %

La solucion oftalmica de la reivindicacion
7, es quimicamente estable a
temperatura ambiente y no requiere
refrigeracion

La solucion oftalmica de la reivindicaciéon
7, fue evaluada el contenido de
Latanoprost en la solucion a dieferentes
temperaturas (2°C-8°C, 25°C, 30°C,
40°C), durante un periodo de tres
meses, evidenciando que el contenido
de Latanoprost se encuentra dentro de
especificaciones.

No se evalua estabilidad del producto
respecto a diferentes temperaturas.

método para el tratamiento de pacientes
con afecciones en el ojo, que comprende
administrar una cantidad
terapéuticamente adecuada al ojo de un
paciente de una solucién acuosa que
incluye un analogo de la prostaglandina
F2a.

El método de la reivindicacion 10, en el
que el medicamento analogo de la
prostaglandina F2a es el latanoprost

En nuestro caso los ingredientes
activos que pueden acompanar este
vehiculo, corresponden a todos los que
se encuentren debidamente
autorizados por la entidad regulatoria
para tratamientos oftalmoldgicos y que
puedan ser formulados como
soluciones o suspensiones oftalmicas
en concentraciones terapéuticas, tales
como:

atropina, azelastina, azitromicina,
azitromicina, bepotastina, brimonidina,
brimonidina, brimonidina, brinzolamida,
bromfenac, carboximetilcelulosa,
carboximetilcelulosa, ciclopentolato,




El ingrediente activo al cual se hace
referencia en todo el texto y de acuerdo
a lo establecido en las reivindicaciones,
es el Latanoprost a una concentracion
de 0.005%.

ciclosporina, ciprofloxacina,
ciprofloxacina, cloranfenicol,
cromoglicato, dexametasona,
dexametasona, difluprednato,
dorzolamida, dorzolamida, epinastina,
fenilefrina, fenilefrina, fluoresceina,
fluorometolona, fluorometolona,
fluorometolona, gatifloxacina,
gatifloxacina, gatifloxacina,
gentamicina, hialuronato,
hidroxipropilmetilcelulosa, ketorolaco,
ketotifeno, ketotifeno, latanoprost,
loteprednol, meloxicam, moxifloxacina,,
nafazolina, ofloxacina, olopatadina,
oximetazolina, pilocarpina,
prednisolona, prednisolona,
proparacaina, proparacaina,
rebamipide, tetraciclina, tetrizolina,
timolol, tobramicina, tobramicina,
tobramicina, travoprost, tropicamida,
tropicamida o sus posibles
combinaciones. Caracterizado porque
el principio activo puede ser una de sus
sales farmacéuticamente activas.

La forma farmacéutica a la cual se
refiere la patente es una SOLUCION
oftalmica

El vehiculo es de utilidad tanto en
SOLUCIONES como SUSPENSIONES
oftalmicas.

Esta informacion es relevante a la hora de defender el nivel inventivo, el cual es el
punto que expondremos a continuacion:

Concerniente al nivel inventivo

Para evidenciar el efecto técnico sorprenden de nuestra formulacion, se consulto el
producto comercial derivado de la solicitud de patente US20080021101, para esto
evidenciamos que los inventores forman parte del equipo de trabajo de laboratorio
Sophia: el senor Arturo Jiménez Bayardo quien es el Director y el sefior Rubén Tornero

Montano, Director de Calidad.

Ver anexo 2. Relacion de personal de laboratorios Sophia con la patente

US20080021101.




Es por esta razén que teniendo en cuenta las caracteristicas del vehiculo que refiere
nuestra intencion de patente, realizamos los analisis fisicoquimicos de los parametros
que emulan las caracteristicas de la pelicula lagrimal en el producto GAAP ofteno
(Latanoprost 0.005 %) de laboratorios Sophia, lote 4016594, fecha de fabricacion
18/jul/17, fecha de vencimiento 18/jul/19.

Como puede observarse en el rotulado del producto, presentado a continuacion, sus
componentes se relacionan con lo establecido en la patente US20080021101, ya que
indica como excipientes: Hialuronato de Sodio, Hidroxipropilbetaciclodextrina, acido
bdrico, borato de sodio decahidratado, Edetato disédico dihidratado, Cloruro de
Benzalconio como conservador (Sol. al 50 %). Adicional a lo anterior, la temperatura
de almacenamiento del producto es inferior a 30°C.

Ver figura 1. Fotografias del rotulado del producto GAAP ofteno.
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Composicion:
Cada mL (20 gotas) contiene
Latanoprost 0.05 mg (0.005%)
Vehiculo csp. 1.0 mL

Excipientes: Hialuronato de sodio,
hidroxipropilbetaciclodextrina, acido
borico, borato de sodio decahidratac

edetato disdico dihidratado, cloruro
de benzalconio como conservador
(sol. al 50%), 0.2 mg/mL. Cada gota
contiene aproximadamente 0.0025 mg
de Latanoprost.

Via__de Administracién [s) 0
i uaeres, . LAtanoprost 0.005%
Indicacién y Dosis: La que el médico .
sefale

Producto de uso delicado,

administrese por prescripcion y bajo

vigilancia médica. Venta bajo receta

médica. Consérvese el frasco bien

tapado a temperatura ambiente a no

mas de 30°C. Desechar el contenido

del frasco luego de 30 dias de abierto

No se deje al alcance de los nifios.

=te r Ser
administrado durante el embarazo o
cuando se sospeche su existencia, ni
durante la_lactancia. Para @
Nacior, No loque ni ponga en
contacto la punta del dispensador con

Para mayor informacién  sobre
indicaciones, dosis, contraindicacio-
nes y advertencias, leer instructivo
anexo

Reg. No. 285M2004 SSA IV
Elaborado por:

LABORI\TORIDS SOPHIA,

S.A. DEC. - r I - ra -
Av. Paseo de\ Norte No. 5255

Gol Gt Terrocayrar, OOlUCION Oftalmica Estéril
C. P. 45010, .

Zapopan, Jallsco, México . Caja con Frasco Gotero con 3 mL
Responsable Sanitario 6o PR P A Y . T -

Q.F.B. José Rubén Tomero Mantafio.

www.sophia.com.mx

Lote:
Elab:
Cad:

Latanoprost 0.005%

poriado y Distribuido
L RRORAToRIOS OFTAL oS SAL
UV. 58-A, Calle § S/N. del Bario 2 de Abrl, Sar
Gruz, Boiwia
GLOBAL MEACURY CHILE, 8. A Almiar
Fasion No. 185, Ofcia 506, Providenca ooy
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b)

Una vez conocido el producto de referencia, realizamos los analisis fisicoquimicos de
los parametros que emulan las caracteristicas de la pelicula lagrimal en el
producto GAAP ofteno (Latanoprost 0.005 %) de laboratorios Sophia, lote 4016594,
fecha de fabricacion 18/jul/17, fecha de vencimiento 18/jul/19.

Se evaluaron los parametros de osmolaridad, Viscosidad y tension superficial a
productos de uso cronico de nuestros principales competidores (incluyendo el GAAP
ofteno®), ya que estas son las caracteristicas fisicoquimicas objeto de nuestra
invencion, que deben prevalecer en una formulacién en solucidén o suspension
oftalmica, para emular las condiciones de la lagrima natural y por ende evitar dafios en



la superficie ocular durante el tiempo en el cual se administre el medicamento. (ver
tabla 1)

Se utilizaron metodologias de analisis descritas en la farmacopea de los estados
unidos (USP) para el caso de la viscosidad y la osmolaridad, de acuerdo a lo descrito
en los capitulos generales 911 y 785 respectivamente y el parametro de tension
superficial fue evaluado con un método debidamente estandarizado y validado, ya que
este no se incluye en ninguna de las farmacopeas aprobadas en Colombia.

Ver anexo 3. Metodologias de analisis descritas en la USP 40.

Tabla 1. Resultados de analisis viscosidad, Osmolaridad y tension superficial en
productos de uso crénico. (hoja siguiente)

Color rojo: resultado fuera del rango

Color verde: rangos y resultados acorde a parametros establecidos
Color blanco: libre de preservantes

Color amarillo: no reporta



FECHA DE FECHA DE CANTIDAD (;:::::3' OSMIOLALIDAD T
PRODUCTO MARCA LOTE FABRICACION VENCIMIENTO (UNIDADES) ACTIVO decimal es el TITULAR REGISTRO VISCOSIDAD mP /OSHI:/IC:JSI;:\/R'::AD Sl;l::::/l:mlAL IPRESERVANTE
punto)
PARAMETROS FLUIDO LAGRIMAL 20-50 260 - 290 38 -45
Ejemplo 1 Vehiculo a patentar 20 260 40 Acido Sérbico
Ejemplo 2 Vehiculo a patentar 22 270 41 Acido Sérbico
Ejemplo 3 Vehiculo a patentar 28 280 41 Acido Sérbico
Ejemplo 4 Vehiculo a patentar 25 290 42 Acido Sérbico
OLOFTAL 0.2% SOLUCION VISION 6P450B 0C 16 0Cc18 1 OLOPATADINA CLORHIDRATO 2,0mg TECNOQUIMICAS S.A INVIMA 2011M-0012476 283
EQUIVALENTE A OLOPATADINA
OFTALMICA BASE
71360 AGO 2017 AGO 2019
BRIMOETAL® SOLUCION VISION 7M396B SEP 2017 SEP 2019 BRIMONIDINA TARTRATO 2,0mg TECNOQUIMICAS S.A INVIMA 2017M-0013147-R1
OFTALMICA 6E303B MY 16 MY 18
KRYTANTEK OFTENO® LIBRE DE SOPHIA 4016194 18/ABR/17 18/ABR/19 1 DORZOLAMINA CLORHIDRATO 20,0 MG LABORATORIOS SOPHIA INVIMA 2017M-0017885 Libre de
TIMOLOL MALEATO 6,8 MG 5,0 MG S.A.DEC.V. preservantes
CONSERVADORES BRIMONIDINA TARTRATO 2,0 MG
AGGLAD OFTENO © SOPHIA 4015466 19/SEP/16 30/SEP/19 2 TARTRATO DE BRIMONIDINA LABORATORIOS SOPHIA INVIMA 2012M-0000802-R1
2,0 MG S.A.DEC.V.
BIOFOCUS® ABBOTT 7A5975 NO TIENE 07. 2019 2 TRAVOPROST 0,04 MG LABORATORIOS INVIMA 2015M-0016333 Libre de
TIMOLOL MALEATO SYNTHESIS S.A.S. preservantes.
EQUIVALENTE A TIMOLOL 5MG
GANFORT UD SOLUCION ALLERGAN E79942 NO TIENE ENE 2019 5 BIMATOPROST 0,12 MG ALLERGAN INC. INVIMA 2014M-0015449
TIMOLOL MALEATO 2,72 MG
OFTALMICA EQUIVALENTE A TIMOLOL BASE 2 MG
ALLERGAN E79821 DIC 2016 JUN 2018 30 Libre de
LUMIGAN® UD BIMATOPROST 0,12 MG ALLERGAN INC INVIMA 2015M-0016118 preservantes
o MSD MO040389 NO TIENE 072018 1 DORZOLAMIDA CLORHIDRATO
TRUSOPT® SOLUCION OFTALMICA EQUIVALENTE A DORZOLAMIDA MUNDIPHARMA
2% BASE 20 MG 22,26 MG LABORATORIES GMBH INVIMA 2007M-006524-R1
PROCAPS | 1164658 SL NO TIENE 102019 1 OLOPATADINA CLORHIDRATO
2,2200MG  ( EQUIVALENTE A
ALAP 0.2% OLOPATADINA BASE) 2 MG PROCAPS S.A. INVIMA 2008M-0008401
DORZOPT® PROCAPS | 1076238SL NO TIENE 062018 1 DORZOLAMIDA CLORHIDRATO PROCAPS S.A. INVIMA 2013M-0002597-R1
22,26 MG ( EQUIVALENTE
A DORZOLAMIDA BASE) 20 MG
1168398 SL NO TIENE 102019 1 TIMOLOL MALEATO 6,83 MG ( 5MG
EQUIVALENTE A TIMOLOL BASE)
AZARGA® SUSPENSION ALCON 65963 0217 0718 2 BRINZOLAMIDA 10 MG LICHTSTRASSE 35 CH 4056, INVIMA 2009M-0010040
< z MALEATO DE TIMOLOL 6,8 MG 5MG BASILEA SUIZA
OFTALMICA ESTERIL EQUIVALENTE A TIMOLOL BASE
SIMBRINZA® SUSPENSION ALCON 17G12DE NO TIENE 062018 2 BRINZOLAMIDA 10 MG LABORATORIOS ALCON DE INVIMA 2015M-0016682
OFTALMICA 17106MI NO TIENE 082018 1 BRIMONIDINA TARTRATO 2MG COLOMBIAS.A.
NO TIENE 06/2019
LATANOX® PROCAPS | 1151126 1 LATANOPROST 50 mcg PROCAPS S.A. INVIMA2016M-0004180-R1
18/JUL/2017 18/JUL/2019 LABORATORIOS SOPHIA
GAAP OFTENO® SOPHIA 4016594 2 LATANOPROST 50 mcg S.A.DEC.V. INVIMA2015M-0004066-R1




De las anteriores pruebas y resultados se puede analizar lo siguiente:

El preservante empleado en los siquientes productos es Cloruro de Benzalconio:

El Cloruro de benzalconio ha sido uno de los preservantes mas utilizados en las
formulaciones oftalmicas, razén por la cual es el mas estudiado. Como es bien sabido,
este tipo de compuestos detergentes exhiben una cabeza hidréfila cargada
positivamente y una parte hidréfoba sin carga, lo que permite su fijacion en las
membranas; asi, las interacciones ionicas alteran de forma significativa la bicapa
lipidica de las membranas plasmaticas. De este modo, es claro que los preservantes
de naturaleza detergente pueden crear aberturas para las sustancias acuosas o
ionicas en los espacios intracelulares o intercelulares. Estos efectos bastan para
alterar de forma notable las células epiteliales y crear una penetracion exagerada de
fluido en el estroma, su hidratacién y el desarrollo de un edema corneal.

Nuestro vehiculo cuenta con un perfil de seguridad favorable, pues incluye un
preservante natural como el Acido Sérbico, en concentraciones de 0.05% - 0.2%
que no presenta los efectos adversos a nivel corneal como otros preservantes por lo
general usados como son el caso del Cloruro de Benzalconio, polyquaternium-1,
Thimerosal, Clorobutanol, parabenos, entre otros que generan graves dafnos al tejido
ocular.

De los productos evaluados contienen Cloruro de Benzalconio:

PRODUCTO TITULAR
OLOFTAL 0.2% SOLUCION OFTALMICA VISION
BRIMOFTAL® SOLUCION OFTALMICA VISION
AGGLAD OFTENO © SOPHIA
AZARGA® SUSPENSION OFTALMICA ESTERIL ALCON
SIMBRINZA® SUSPENSION OFTALMICA ALCON
LATANOX® PROCAPS
GAAP OFTENO® SOPHIA

Osmolaridad/Osmolalidad:

La propiedad de la osmolaridad es un factor critico y determinante en cuanto a la
proteccion de la superficie ocular y la estabilizacion de la pelicula lagrimal, Es asi,
como nuestra invencién reclama la composicién como una solucion hipoosmolar, con
un valor especifico de 260 y 290 mOsm/Kg o mOsm/L para facilitar el paso del activo
al lugar de accion y para proteger la superficie ocular ademas de estabilizar de la
pelicula lagrimal.



Los siguientes productos presentan un valor de Osmolaridad fuera de este rango:

PRODUCTO TITULAR
OLOFTAL 0.2% SOLUCION OFTALMICA VISION

KRYTANTEK OFTENO® LIBRE DE CONSERVADORES | SOPHIA
AGGLAD OFTENO ® SOPHIA
BIOFOCUS® ABBOTT
ALAP 0.2% PROCAPS
GAAP OFTENO® SOPHIA

Tension superficial:

Para nosotros la tension superficial es una propiedad fisicoquimica que constituye otro
de los aspectos inventivos de la composicién de la presente invencion, puesto que
coadyuva a distinguirla de otras composiciones convencionales de este tipo. En
efecto, la tension superficial constituye uno de los parametros criticos y determinantes
de la composicion de la presente invencion, en un valor de 38 a 45 dinas/cm, el cual
es similar a la del fluido lagrimal, debido a que aumenta la permanencia del ingrediente
activo en la superficie ocular e incrementa el tiempo de ruptura de la pelicula lagrimal,
protegiendo la superficie ocular.

De los productos evaluados los siguientes no presentan valores de tension superficial
dentro del rango establecido en nuestra invencion:

PRODUCTO TITULAR
OLOFTAL 0.2% SOLUCION OFTALMICA VISION
BRIMOFTAL® SOLUCION OFTALMICA VISION
KRYTANTEK OFTENO® LIBRE DE CONSERVADORES SOPHIA
AGGLAD OFTENO © SOPHIA
BIOFOCUS® ABBOTT
GANFORT UD SOLUCION OFTALMICA ALLERGAN
LUMIGAN® UD ALLERGAN
TRUSOPT® SOLUCION OFTALMICA 2% MSD
ALAP 0.2% PROCAPS
AZARGA® SUSPENSION OFTALMICA ESTERIL ALCON
SIMBRINZA® SUSPENSION OFTALMICA ALCON
LATANOX® PROCAPS
GAAP OFTENO® SOPHIA




viscosidad:

Con el vehiculo desarrollado, objeto de nuestra invencion, se proporcionan rangos de
viscosidad que no generan visidn borrosa, que oscila en un rango de 20 milipoises a
50 milipoises, es decir un colirio hiperviscoso ligero, que busca favorecer la lubricidad
de la superficie ocular y al mismo tiempo ofrecer una mayor resistencia a la dilucién
de las lagrimas. Aportando un adecuado coeficiente de friccidn, que estabiliza la
pelicula lagrimal, recuperando la viscosidad pérdida a causa de la patologia,
retardando su evaporacion y permitiendo que se mezcle el medicamento con la unidad
funcional lagrimal, sin interferir en la tension superficial de la pelicula lagrimal.

Ninguno de los productos evaluados se encuentra dentro del rango establecido en
nuestra invencion.

Ver anexo 4. Resultados de analisis productos de uso cronico evaluados.

CONCLUSIONES:

Lo primero que hay que resaltar es la necesidad bioldgica y fisicoquimica de las
lagrimas naturales. Los componentes de las lagrimas generan que el ojo esté lubricado
y sano de manera permanente en condiciones normales. La necesidad de tener una
correcta homeostasis de la superficie ocular es primordial.

Sobre la superficie ocular siempre hay una pequefa cantidad de lagrimas llamada
pelicula lagrimal. Una buena salud ocular nos ayuda a tener nuestra pelicula lagrimal
en buenas condiciones y de forma reciproca una buena pelicula lagrimal ayuda a tener
nuestros ojos sanos. Cuando se utilizan medicamentos de uso crénico, lo ideal es que
el vehiculo del ingrediente activo no solo estabilice la molécula que ejerce la accion,
sino que también ayude a restablecer la pelicula lagrimal. Es por esta razén que
nosotros desarrollamos en nuestra invencion un vehiculo farmacéutico cuya finalidad
es emular las caracteristicas de la pelicula lagrimal, en sus propiedades
fundamentales: osmolalidad, viscosidad y tensidn superficial. A nivel de formulacion
lograr que estas tres variables se encuentren en un mismo producto es un logro sin
precedentes, porque nunca antes no se habia logrado equilibrar estos tres parametros
en un medicamento oftalmico.

Tal esta situacion, que realizando una revision de la farmacopea de los Estados
Unidos de América USP 40, encontramos que para el parametro de Osmolaridad
(ver capitulo 771) se encuentra una especificacion bastante amplia de tonicidad (con
respecto a una solucion de Cloruro de Sodio al 0.5 % - 5%, equivalente
aproximadamente a 171 — 1711 mOsm/Kg). Alli se indica que las soluciones
hipotonicas se toleran mejor que las soluciones hipertonicas. Pero el rango de
osmolaridad aqui expresado es alto y poco controlado.



Ahora bien, el parametro de viscosidad se referencia como prueba especifica en el
capitulo 771 PRODUCTOS OFTALMICOS-PRUEBAS DE CALIDAD. En este item
indican que la inclusién de la evaluacion de este parametro debe basarse en el tipo
de forma farmacéutica y en si los cambios en la viscosidad del producto afectaran su
desempeno. Esta no es una prueba farmacopéica, aunque forma parte de la
especificacion del fabricante del medicamento. No referencia especificacién alguna,
por lo cual es otro de los parametros que no esta controlado.

En el caso de la tension superficial, la farmacopea NO establece este parametro en
ninguna de las pruebas universales y especificas para productos oftalmicos.

En contraste con lo descrito en la USP, la Tear Film & Ocular Surface Society (TFOS)
en el Taller Internacional sobre Sindrome de Ojo Seco Il (DEWS Il) durante una
sesion especial de la Reunién Anual de la Asociacion para la Investigacion en Vision
y Oftalmologia (ARVO), estableci6 la importancia de la osmolaridad y divulgé los
valores medios de este parametro en la pelicula lagrimal, en pacientes que presentan
alteraciones en la calidad del fluido lagrimal. En estudios hasta el afio 2008 estos
valores oscilaron entre 311 y 360 mOsm /L, con un promedio de 326.9 mOsm /L. Los
valores promedio obtenidos en los estudios desde 2009 oscilan entre 297 y 337 mOsm
/ L, con una media general de 315. Se han informado valores mas altos de osmolaridad
de la pelicula lagrimal dependiendo del grado de severidad del ojo seco. Estos valores
demuestran que, si un producto oftalmico posee valores de osmolaridad mayores de
300 mOsml/L, estarian alterando notoriamente la homeostasis de la superficie ocular,
por tal razon este parametro representa un nivel de importancia alto y debe ser tenido
en cuenta para el disefio y desarrollo de los medicamentos oftalmicos.

De igual manera, el TFOS indica que a nivel de la pelicula lagrimal el parametro de
tension superficial es relevante ya que mantiene la alta relacion de aspecto de area a
volumen de la pelicula lagrimal. La tension superficial del desgarro en individuos sanos
es de 43.6 £+ 2.7 mN / m (43.6 £ 2.7 dinas/cm) después de la deslipidacion, que es
notablemente cercana al limite superior de los valores observados en muestras
recolectadas de pacientes con ojo seco, de 49.6 + 2,2 mN / m (49.6 £ 2,2 dinas/cm).
si los valores de este parametro se encuentran en valores diferentes a los normales,
se altera el tiempo de ruptura de la pelicula lagrimal y genera cambios en las
caracteristicas lagrimales.

La Viscosidad también se encuentra referenciada y alli se indica que este parametro
contribuye a aumentar la resistencia de la pelicula lagrimal al adelgazamiento y mejora
la estabilidad de la pelicula lagrimal, valores superiores a 50 milipoises generan
inconvenientes en el campo visual.

Con lo mencionado demostramos que la osmolaridad, la viscosidad y la tension
superficial son tres parametros que NO son obligatorios para el control de calidad de
un producto terminado para uso oftalmico, pero Sl son relevantes en el campo de la
salud visual, ya que clinicamente se debe asegurar que la administracion de un



medicamento oftalmico no altere la superficie ocular y mas teniendo en cuenta que
son pacientes cronicos.

Ver anexo 5. Capitulo general Productos oftalmicos-pruebas de calidad.
Ver anexo 6. TFOS DEWS Il, The Ocular Surface. Tear Film Report.
Concluyendo asi:

1. Nuestra composicion se encuentra correctamente limitada y el documento
US20080021101 no afecta la novedad de la invencion, ya que ésta no controla
los parametros de viscosidad, tension superficial y Osmolaridad/Osmolalidad,
los cuales son fundamentales para la homeostasis de la superficie ocular.

2. Queda demostrado con los resultados de los analisis realizados en el
producto GAAP OFTENO® de Laboratorios Sophia, el cual fue desarrollado a
partir de la patente de invencion US20080021101, que no afecta la novedad ni
el nivel inventivo de la presente solicitud, ya que nuestra solicitud de patente
obedece a un al hecho de una formulacion como “vehiculo” y no sobre un
activo.

3. Por lo anterior nuevamente se ratifica y se soporta con evidencia técnica
comprobada y bibliografica, que nuestra propuesta de formulacion como un
vehiculo para la aplicacion e integracion de activos orientados a tratar
patologias oftalmicas si cuenta con nivel inventivo, ya que de acuerdo a lo
que se ha indicado, una persona medianamente versada en el tema no ve
obvia la propuesta que tenemos, puesto que en los productos evaluados y en
las referencias que el INVIMA establece, estos parametros no se encuentran
controlados, y para el caso de nuestra solicitud que se basa tanto en su
aplicacion como un “vehiculo”, como en los controles que se tienen de este
(osmolaridad, viscosidad y tensién superficial), los cuales permiten garantizar
una integracion adecuada y estable del activo, garantizando asi seguridad al
paciente, ya que ademas cuenta con conservantes naturales y esta libre de
sustancias con impacto negativo a largo plazo en la salud ocular.



Concerniente a las reivindicaciones:

De acuerdo a los requerimientos del examen de fondo se realiza la modificacion de
las reivindicaciones, las cuales son presentadas en el anexo 1.

Cordialmente,

Edgar Giov rlny Acosta Gil
C.C71.737.678

Representante Legal

Especialidades Oftalmoldgicas S.A
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Anexo 1. Reivindicaciones Modificadas



REIVINDICACIONES MODIFICADAS

1- Vehiculo farmacéutico para estabilizar la superficie ocular en formulaciones de
colirios para uso crénico caracterizado porque estda conformado por los

siguientes compuestos:

2-HIDROXIPROPILBETACICLODEXTRINA 2.00- 8.00%
HIALURONATO DE SODIO 0.15- 0.20%
ACIDO SORBICO 0.05- 0.20%
SORBITOL 0.20- 1.00%
PRINCIPIO ACTIVO 0.01- 10%
CLORURO DE SODIO 0.40- 1.0%

CARBOXIMETILCELULOSA SODICA

Y/O HIDROXIPROPILMETILCELULOSA 0.1%-0.3%
REGULAR DE PH C.S.p.
AGUA c.s.p.

2- Vehiculo farmacéutico para estabilizar la superficie ocular en formulaciones de
colirios para uso crénico segun reivindicacion 1 caracterizado porque el principio
activo se selecciona entre atropine, azelastina, azitromicina, azitromicina,
bepotastina, brimonidina, brimonidina, brimonidina, brinzolamida, bromfenac,
carboximetilcelulosa, carboximetilcelulosa, ciclopentolato, ciclosporina,

ciprofloxacina, ciprofloxacina, cloranfenicol, cromoglicato, dexametasona,



dexametasona, difluprednato, dorzolamida, dorzolamida, epinastina, fenilefrina,
fenilefrina, fluoresceina, fluorometolona, fluorometolona, fluorometolona,
gatifloxacina,  gatifloxacina, gatifloxacina, gentamicina, hialuronato,
hidroxipropilmetilcelulosa, ketorolaco, ketotifeno, ketotifeno, latanoprost,
loteprednol, meloxicam, moxifloxacina,, nafazolina, ofloxacina, olopatadina,
oximetazolina, pilocarpina, prednisolona, prednisolona, proparacaina,
proparacaina, rebamipide, tetraciclina, tetrizolina, timolol, tobramicina,
tobramicina, tobramicina, travoprost, tropicamida, tropicamida o sus posibles

combinaciones.

3- Vehiculo farmacéutico para estabilizar la superficie ocular en formulaciones de
colirios para uso cronico segun reivindicacion 2 caracterizado porque el principio

activo puede ser una de sus sales farmacéuticamente activas.

4- Vehiculo farmacéutico para estabilizar la superficie ocular en formulaciones de
colirios para uso cronico segun reivindicacion 1 caracterizado porque las
composiciones pueden contener acido clorhidrico (HCL) o hidroxido de sodio

(NaOH) para regular el pH a valor entre 5.0y 7.8



Anexo 2. Relacién de personal de laboratorios
Sophia con la patente US20080021101.
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A method of solubilizing an analog active agent of the
prostaglandin F2o., such as latanoprost, is described and a
method of preparing an ophthalmic solution of the solubi-
lized latanoprost for the treatment of distinct ocular ail-
ments. This invention also refers to an ophthalmic aqueous
solution resulting from the aforementioned method, which is
characterized by its chemical stability at room temperature,
its safety, and innocuousness and efliciency in the treatment
of the patient. The new ophthalmic aqueocus solution is
distinguished because its pharmaceutical value is found in
the handling of a vehicle of easy access that not only permits
the solubility of latanoprost, but also promotes its chemical
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Historia de Laboratorios Sophia

Distante puede parecer el ano 1948, cuando Don Pablo Jimeénez Camarena fundd en una de las céntricas calles de la
ciudad de Guadalajara, um pequeno laboratorio con el nombre en honor a su madre, Laboratorios Sophia.

Asi paso el tiempo al igual que varias generaciones, pero la vision de nuestro fundador se ha mantenido vigente, y ahora a
mas de 68 afios, nos hemos convertido en un laboratorio lider en investigacion e innovacion de medicamentos oftalmicos,
con presencia en 18 paises en el continente americano y una organizacion integrada por mas de 500 personas al servicio
de |3 industria.

Podria dedicar varias paginas relacionadas con la historia de Laboratorios Sophia, desde los emocionantes dias de Don
Fablo Jiménez Camarena, pasando el estratégico caming hada la mndemidadl bajo la direccion de Don Amn:-l
Jimeénez Bayardo, hasta los dinamicos dias de globalizacion gue hoy vivimos

Resulta simplements fascinants recordar nuestro pasado, sin embango; apenas y nos podemaos detener a reflexicnar en
ello, porque para nosotros hay algo todavia mas importante: el futuro.
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El futuro representa una preparacion y compromise que estamos listos para afrontar Sobresalients en el siglo pasado,
renovada y vestida para este siglo XX, Laboratorios Sophia sabe que de todos sus recursos el mas importants es su
gente, por ello contamos con un equipo de profesicnales sumamente preparados, motivados y comprometidos; ademas
de una dinamica organizacidn y una sobresaliente administracion de nuestros recursos para realizar nuestra mision dia a
dia.

& fin de mantenernos al filo de la competitividad, hemos realizado grandes inversiones en infrasstructura, investigacion y
desamollo ¥ programas de capacitacion y aprendizaje que integran nuestras inversiones en capital, producto v elemento
humana, dande como resultado un laboratorio lider nacional e importante competidor en Latinoamérica, con un alto
recanocimiento de la comunidad medica oftalmologica.

Un indudable ejemplo hacia la constante excelencia es la construccion de nuestra nuewva planta, um laboratorio
corporativo, con un alto estandar a nivel mundial y lo Uitima en tecnolegia. Preparado para estar presente en todos los
mercados del orbe, que sumado a un equipo intemacional de frabajo y productos innovadores definen la pauta para las
proximas décadas.

Estamos preparados para abordar este prometedor future, el cual deseamos construir en conjunto con todos nuestros
colaboradores, clientes y accionistas con un solo fin: Confribuir con |a saled visual del mundo.

Caordialmente,
Lic. Jorge E. Gonzalez 3.
icepresidente Corporativo.
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Laboratorios Sophia presente en |a X Expo Farmacia y XW| Cosmética Empresarial | Centro Universitario de Ciencias Exactas e Ingenierias

1632018

Laboratorios Sophia presente en la X Expo Farmacia y XVI
Cosmeética Empresarial

Con la finalidad de fortalecer la vinculacion Universidad- Industria Farmacéutica y promover la superacion técnica y
cientifica de los alumnos mediante |a creacion y desarrello de productos farmacéuticos, cosméticos, naturales y de
sintesis, el Departamento de Farmacobiologia, a través de las Academia de Farmacia Basica y Aplicada, realizd la X
Expo Farmacia y XV Cosmética Empresarial, el pasado 3 de diciembre en la explanada del médulo E.
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La Expo Farmacia y Cosmética Empresarial, nace a partir de la necesidad de fomentar en el alumno el concepto de
calidad y superacion a través de la actualizacion de sus conecimientos, habilidades, aptitudes y actitudes.

Este evento representa una ventana de proyeccion para que los alumnos tengan |a oportunidad de interactuar con los
colegas y empresarios que laboran o dirigen la industria farmacéutica y, por otra parte, propicia que las autoridades
establezcan acuerdos y/o convenios para lograr beneficios que impacten positivamente en el aspecto financiero y
académico, para elevar la calidad de la formacion de los futuros egresados que se desarrollaran en la industria
farmacéutica.

El Mtro. Héctor Manuel Gonzalez Martinez, Presidente de la Academia de Farmacia Basica, explicd que los alumnos
presentan sus trabajos de investigacion o practicas realizadas en el laboratorio de tecnologia farmacéutica,
cosmetologia y sintesis de farmacos, asesorados por sus profesores.

Las modalidades que se llevan a cabo son tripticos, videos, carteles a manera de investigacion y juegos como
memaoramas, tire al globo, entre otros, con pruebas farmacopeicas, temas de legislacion como son nermas y
reglamentos que controlan la fabricacion de los medicamentos; lo anterior con el proposito de que el alumno se
familiarice de una manera divertida con ellos.

En esta ocasion el evento contd con la presencia d4 Rubén Tornero Montafio, Director de Calidad de los Laboratorios I

estamos presentes para establecer una vinculacidén con la academia y al mismo tiempo mostrar lo que
estamos haciende, mucho de lo gue hacemos tiene un campo de accion para todos los estudiantes que se encuentran
en esta Casa de Estudios”, asegurd. El Laboratorio Sophia ofrecio una conferencia en la que dio a conocer los
productos oftalmicos que fabrican, desarrollan y venden y los campos de accién que ofrecen.

El impacto que tiene este tipo de eventos es la obtencion de apoyos para proyectos de investigacion, donaciones,
espacios para desarrollo de tesis, practicas profesionales, bolsa de trabajo, entre otros.

El evento que se realiza cada semestre, es coordinado por los presidentes de la Academia de Farmacia Basica y
Aplicada, apoyados por los profesores de las diversas asignaturas y con la participacion de aproximadamente 400
alumnos de la Licenciatura en Quimico Farmacobidlogo.

Responsable:

Unidad de Difusién
Texto:

Luz Gabriela Angulo Reyes
Fotdgrafo:

Manuel Angel Zenteno
Editor:

Lic. Cristina Neri Cortés
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C.P. 24430, Guadalajara, Jalisco, México. ¥ Vinculacion y difusion
Teléfono: +52 (33) 1378 5900, 3 Comunidad

Derechos reservados 13597 - 2018, Universidad de Guadalajara. Sitic desarrollado por CGTl y CTA CUCEI | Créditos de sitio |
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Anexo 3. Metodologias de analisis descritas en
la USP 40.



704 (7R2 Espectroscopia de Dicroisme Ciroular / Priefus fsicas LISP-40

LIMITE D CLIAMTIFICACIOMN

Parz la determinacion de la configuracian absoluta, no bay limite de cuantificacion (L, por sus sigies en inglés), I imite de
cuammificaciin pera el exceso enantiomérice pusde determinatse Fevando a cabo ung determingcdn de la cuanificacion del
axcebt etantistndrics percentual para el astandar de validacion de dicrobmo drcular vibraclonal de a-pinens puro para una
serie Oe valores e exoeso enanticmerico, devando a cabo un andlisk guimiomstizs de valores de exceso enantiomarico de
dicroizme dirqlelar vibracional predicho v realizando una determinacdon del ermor cuadraticn medio, seqin se iluostra, por ejeme-
plo, &n el capitube 01782,

Criteries de validacidm: Bl procedinients analitico debe ser caparde determinar el anakbo con arecisldn y exactiid @ un
rivel equivalents a aprodmadamente el T4 de exceso enantioménco pare c-pineno poro,

LINEALIDAD

Se debe demostrar una relacion lineal entre 13 concentradion yola respuesta del anadita, preparands Ro menes de 5 soludio-
res estAndar con concentraciones que abarguen la concertracin anticipada de la solucifin de prueba, Posterioemente, se de-
be evaluar 2 curve estandzr vsando méiodas estadisticos 2 prapiades, tales corma regresion de minimes cuadredos, pars el -
drea o b allure def pico de una bands de dicroismo dronkar vibracgional scheccionada ¢ para todoe ¢ espect, usando andlisis
quimiametrion tal come |a regresion de minirmas cuadrados parciales, Para expenimentos que no generan una mizckdn lineal
entre |2 concentrad 6n ¥ |3 respueska del aralito, se deben aplicar mélodos estadizticos oprogiados pera describir fa resouesta
analitica.

Criterios de validacién: - Los Criferos de valfdacin aceptan el n:n-?flupn.? de comelzaon por encime de 0,05 pars une grufl:{a
limeal de mxceso enantiomdioo reel en ocidn ded esosso enantiomdicse predicho por dicrafsmo dnculas whradonal.

RO EI.I?- TES
La confiabilidad de un método anzilico debe dermostrarse meciiante cambios deliberados on parametros exparimentales, ta-

las como camblos en la sesoludidn espectral; concentracidn o longituc de pase para |3 medician de dicrobsme cireulas vibracio-
ral, :

4.3 Verificacion

La reglarmentaciones sobre Buenas Pricticas de Fabicacion Vigentes de los EELLL {Titulo 271 der CFR 217,194 (@00 201 indican
qua fas usuarios de los procedimientas anallticos, segin 5= describe en la PSP, no estan obligados o vabidar dichos procedi-
mientes cuande se proveen en una monografia, Enovez de esto, los usiaras smplemente deben veridficer la aptibud en condi-
cimras reales de usn.

El objetive de una venificacidn de procedimients = demoatrer gue el procedinge mto, segln se prescribe er wrg monograts
especifica, puede ser levada a cabo porlad analistas con exactitud, especificidad y precision adecuadas usande bos istiumen-
bos ¥ las soluciones muestra de moléculss guiral es digponibles. 51 la verificacion dod procedimienta farmacopeico sigulznde la
managrafia no e exitosa, of procedimients podria oo ser adecuado para &l wse con el artinia en an#sis (para informaciin
adicianal, ver Yerificorion de Procedimientos Foomooopenms {1 2260% Podria ser necesario desamallar v vabidar un procedimiento
alterrierlive segdn o permilico por ks Advertenons Cerkerales, 6.30 dMdlodas y Procedimientos Allernolivos ¥ Armomizacos,

La varificacion de los métados tarmacopeicos defs inchidr, coma minima, |3 realizacion de (ot pardmatros de validacion para
espeerificidad, sxackitud, precisidn y Jmite de oantifcecion, coando resulbe apropiedo, segde e indics e 4.0 Yoltacn,

(785) OSMOLALI DAD Y OSMOLARIDAD

INTRODUCCION

Lar presicn asmdtics Hene una imporlanca fundamentat en todos los procesos binltgicos donde bay difuscn de solitos a
transferencla de Nguidos a través de membranas. Le damozis sucede cuando un dieoivente, pena no las moldéculas de soluto,
pesa & traveés de una membrand semipermeable desce regiones de menor a mayor concentracion pars lNegar af equiliorio. Es
ImLy impartante para los profesivrakes conoer las presiones osmiticas para poder determinar i ua solucion parenterak es
hipoasmiatica, isoasmética o hiperosmidtica. Una medicidn cuantiativa de la presién csmdtica facilita la diluchon sequerioa pa-
ra praduc ung solucidn soosmdtics can respecta s la sangre entera.



USP 40 Pruetios Fsioas / (7S Osmolalidad y Osmolaridad 7034

PRESIGN OSMOTICA

La prasidn osmctica de e soluckdn dopende del ndmers de particulas en (@ solucidn by, por le tanto, se la considera Comn
una progiedad coligative. Una particule puede ser una maolécula @ un ion ¢ una especie agregada (por gfermplo, un dimers)
e pUede existic &0 fonma diferenciacda en soiuckdn, Una solucdon presenta un compartamiento idead cuando nohay intarac-
citr enbie bos solutos v el dischente, exceplo cuande las moléculas del disolvente estdn uridas & los solutos mediante enlaces
e hidrageno o enfaces covalentes conndinados, En &2 caso de takes soluciones que contlensn un soivto no discclado, fa pre-
sion osmatice (1} es directaments proporcionat & so malzlidad (el rdmero de moles de soiute por klograma de disohente):

= (ol T D00

en donde g os la densiclad del disolvente & Ja temperaturs T ien |3 ascala absoiuta); £ es la constante universal dal gases; ¢ moes
Iz rmedlaliciac de 3 salucidn. Pare el caso de dna solucian real gue cantiene mas de en soluto, @ presidn osmddica se calowa por
i3 formula:

= (R T 1000w,

an donda v, o3 of ndrmero de particulas formaedes por la disodacidn de una molécula del Esimoe sohute (2l ndmero ordinal del
seduta); vo= 1 pare solutes Ao idnicos (que no s disociamy; m, et & melalidad del jgsimo soluts (el nlimers ordingd del soluto);
¥ b, 85 el cosliciente osmdtico molat del simo soluto. B coeficients psmdtioo modal tene en cienta fa decviacon de dna
solucidn con respects al comportamiznts ideal. 5u valor depende de 12 cancentracidn del soluto o los solutos 2n 13 soiecidn,
de sus propiedades quimices v de sus caracteristicas idnicas. El valor del coeficiente asmatico molal de un saluts se puede de-
terminar expenmentalmenie midienco el descenso del punto de congelacian a diferentes conoentraciones moizles. A concen-
saciones do inberés farmactutico, el valor del cosficiente osmdtico molal o2 mmenos de uno. Bl cosfidents osmctizo molal dis-
miruye al sumentar b concenteacian del saluts [Tobis 1),

OSNMOLALIDAD

La osmokalidad de una solycién £ 52 represents mediante ky férmulz

G Do,

La warmadalidad de una solucidn real se Corresponde con la molalidad do 12 solucion ideal gue contiene soluios que no s¢ dise-
cian e expresa én odrmoles o miliosmoles por Mlograma de disabente {Osmaol por kg o mOsme por kg, respectivameants),
una uridacd gue es similar @ la molalidad de wma solucidn, Asi, ba osmalaliidad 25 la medida de la presién csmotica sjercida por
una solucidn real 3 cada lado de una mem brana somi permeakble. Aligual que |2 prasion esmdtica, otras propiecaces coligati-
vias e b seluckin, tales oo L disrminaidn de fpresion de vapod, I dlevacion del ponitn de ebulicitn el descenid del
punto de congelacion, ambiin estan dircciamente relzcionadas con la ssmelalidad de 12 solucicn. Asl, 1a esmadalidad d2 una
solucian se determina tipicaments con ta mayor exactitud v conveniencia midienda ei descense del punte de congelacian
[AT):

aTi=hE,
oy donde & es s constants icscdpica molal, qua @8 una propiedad del dischaente. Para o agua, o valor de k es 1,800 por
O=mol. Es decir, 1 Osmod de un soluto agregado a 1 kg de agua hace descender 8l punto de congeiacion en 1,860

DIMOLARIDAD

1a asmolaridad de une sohecin es una cantidad fedrica expresada en osmoles por L {Osmel pos L) de ena solucion v se usa
ampliamente & la graclica linics poroue sxpresa los osmoles en funccn el volumen, La osmolgidad no se pueds e
pero se czboda tedricaments a partlr cef valer de osmolalidad medids expesimenzalmenta.

Aveees la nermolaridad (2 se calcula tedncaments a partic de fas concentraciones rmalarss:

L=2vr

on dorde woes 3 gque se define antedomante v o oes la concentraclan molar del idsirg Soluto ol ndmeens ardinal del sof uta) an
sobucion, Por gemplo, la camolaridad de una seludon gque se prepara disohierde 1 g de vancomicing en 109 mb de salucion
de clondrs de adio al 0,9% e puede caloular de @ siguisnts magera:

[3 100/ 1442, 25 peso mod. de vancomicing) + 7 = 9 g/L/58 44{peso mel. de chorure de wodiog] = 1000 = 329 mOsmaolid

£ resulzado sugiere que & seluckin es Igeramente bipsrosmatica dado que 12 ssmolalidad de fa sangre estéd entre 2835 y 310
mCemol par kg, Sinembango, la soledidn Ra residtade ser hipoosmdtica v fiene una cemalalidad determinada oxperimen tal-
mente de 255 mi2smod por kg,” Bl ejempla 3ostre gue los valores de osmolaridad caleuladios tediicameante a partlr de la con-

U gamange, C5. y Hetsuay, L Wisnational faemsal of Ahammaaniusioal Dasmoundig 5. (2000 455450,



cjue la presidn osmidtics esld refacionada-con la ssmwdaliclad v no con le esmolaridad. Mas significativamente, ba diserepanda -
antre las resultados sxperimentales v ks ciloulos tedricos se debe a gque la presién osmdiica de ura selucon real es menor gue
le e una sobucidn ideal debido a las Interaccion es entre 1as moléculas del soluto o entre las moléowas del soluto v del disolven-
e BN URA soician. Estas interaceiones reducen 1a presion guee ejercen las moléculas del sphote sobre la membrana semipar-
meable, o que reduce losvalores expermentales de la osmolalidad en comparaciéncon |os valores todricos. Esta diferencia
astd relacionada com ol cosficients csmdtica madat (D, ) B glempio tambian lustra A importancia de determinar exnerimen-
talmente la osmalalidad de una sslucibn, en ver de caleular el valor tedricarments,

MEDICION DE LA OSMOLALIDAD

Mormatmente, & waior de eamalalidad de una splucddn se determinag midizndds @ descense det punta de condgelacidn de uns
solacifn.

Aparato

El aparato, un psmdmeatro para meclz o descenso del punta de congelacidn, consiste en lo fguiente: un medio par enfiar
| gl recipiento utilizad o para |3 mediziong wn resisbor sensiple 3 [a termperatura (torrmiston], con un dispositive adecuads para me-
i dir la diferencia de potencial o de corlente y que pueds graduarse en funcidn de camibios de temperatiira o #n osmolalidad; ¥
3 un mecanisme pars mesclar la msestii

Los asmmednetno: gue miden 3 presidn de vapor de kas solucienss s2 emplean con menor frecuencla, Requieren wn vilumen
de muastra mas pequefio (generalments apreddmadameants 5 pl), aungue 13 exactitud v precizsidn de los resutados de las de-
terminaciones de osmokslidad son comparables a las obterddas mediante el wso de osmametros gue dependen de s obsera-
cign del punto de congelecion de las soluciones,

Spluciones Estandar

Preparar lus Sofeciones Bl dider 0omo e indica en la Fabda T, segin s necesarnio.?

. Tabla 1. Suluciones Sstandar para Califraciin del Ssomametrm. -
Soducionas Esidn dar Crormra Lk o ad Cosficiente Bescenso dal

(Fodo e o de cloridr de sodio {rmnirnol/ o) : - Dspedtico Wolal Pundo di Congelacidm (<)
prov kg de aguay e - {®, il Al
2087 10k - {ptind AL
&, 260 A 09,9357 LI
L2453 ] 406 0558
123684 S 08315 0,44
155078 SO : 4,01 ED 0.030
19 T4F EHHE a4, %157 11746
E.E _.f.-l.’." Ty i, %140 1,502

.n-nh:ud-:- d:la Fa.rrrrq'n:q:ec l:e-'nxnzu. da W\:u:l'r.. U2, g, 50,

Sotucion de Prueba

Ers ef caso ce un sélido para inveccadn, reconstituir con & dituyente apropiado segein e Indica er las instruccionss del et
quetado. En el case de soluciones, usar la muestre @l come se enceerira, [NoTa—Se poede diluir une soludicn para que guede
dentro del intervalo de medicién del osmbmetrs, 5 fuers necesario, pero o resultacdo s debord cxpreser ommae of resulbzdo de
b solucstn difuida y MO se debe mulliplicar por un factor de dilucian para calowler 1a asmelalidad de 2 selucién criginal, 2
s gue se especfigue algs diferente en la monografia. B coeficiente osmdtico molal es una funcidn de la concentracitn,
Por ko tanto, camibia con la dilugion.| o

L) OLSGET uEir Smudkones Gonnand al i e dﬂpurﬂ;lc mara calibraciwe oe osn 1.|fu’1rtr-:.5‘. oo s bybdad = b ual e o dderemies a ks oue se liskan en ia Taklx ! ¥
sstandarizeds e myfbeehing rastiealile s al WG,
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Pracedimients

Peimerg, calibrar of instrumento segon las instrucciones det fabrlcante. Confirmar la calibracian de instrumentn con, por (o
menes, wna solucidn de la Tabky T de manera que la asmodalicad oe la Solucids Bkdmdar se enceentre dentroe de 50
msmolfka del valor esperado de i Selucan o Preeba o en el centro del nkeralo esperado de esmolafidad de la Solwodn de
feuebo, o lectusa del instromento deise estar dentrs de =4 mdsmod por g de la Sokuckde Estérdor, intreduds o wolumer
adecuads de cada Salickin Estémdar en |z cebda de medicidn conforme a las instrucciones del tabricante v poner en marcha el
sisherma e endriamiz nto. Bn general, el disposideo de mesdla se progeam @ Qans gue opee 3 una tempera o infesor a ba tem.
peratura mds baja esperads de descenso ded punto de congelacifin. Bl aparsto mdica coando se ha lagrade o eguillbrio. 5i
fuzra necesario, calibrar e osmdmetro uhlizanda an disposftive de ajiste adecsado de modo que la lectura corresponda a la
osrmalalidad o a! valur de descense del punte de congelacion de ta Solvefdr Estdadar que apareee on la Taofe [ [NeTa—5 2
lectura del instrumento indlca e dewcensa del punto de congelacion, (3 owmolalidad se puece dermar usanco |2 fdrma apmo-
piada ery Osmadalizdad.] Repetir 2| procedimientn con.cada Soiuefia de Orueba, Leer [p asmolalidad de [a Sefoidn de Prueb
directzmenta o cabeulatha & partir del valor ebtenido para & descenso del punio de congeladidn,

Superiendo gue &l valor ddl coeficiente osmdtice <5 esencial mente of mismo ya ses gue B consentracion e exprese on mo-
laliddad o molaridad, 3 esmolalid zd de una solucion determinsda expementabrente se pusds comvestir an osrmalardad de la
misma manera que fa concentraclén de una sohacian se convierte de melafidad a molaridad. A menas gue upa salucicn esté
miuy concertrads, I osmoladded de una solucdn (4} se puede calewlar 2 partr de su esmolalidad delerminada experimental-
meants (£

Eo= THHOE, S {1000 ! oa )

donde w, es ¢ peso en g v v s & volumen especifice pascial, en mb por g, del Esinwe sclute (= nome s ordinat de | seluts), &
wio lurnen especifico parcial de un solute es el cambio en volumen de una solucitn cuanda e disue e 1 g adicional de soluto
e la sofucian. Bste walumen se puede delenminer midiendo s densidades de ls selucitn antas y despuss de agregar &f sabuto,
Lo voliernenes especiiicos pardales de [as sales son generabmente muy pogueatios, alrededor de &, T mil pur g Sin embarge, fos
ertrod soiubos sor Genedalmente mavanss. Par e em pha, ks volimenes especiicss parciales de los aminodcides estén entre o
mb oy 0% mb por g, 58 peede demostiar por (8 ecuacdan srterior que corelacions la osmodaridad con la osmaolalided gue,

L=5, (o]

donds pes lo densidad de fa soludion y c e I concentracion de solute total, ambas expresadas en g por mL. Por io tants,
altermnativamente, la osmoaricad piede calcularss también a pais de 2 esmelalicad detsrmineds sxperimentalmente a partic
de [a medicitn de la densidad ce la solugion mediante un método adecuado v ol peso total del soluto, deipuds de la cornee.
cicn por contenice de agua, disuzitc por mb de |z sahucidn.

{786} ESTIMACION DE LA DISTRIBUCION DEL TAMANO DE
PARTICULA POR TAMIZADO ANALITICO

Bl 1arnizacke e5 uno e ks meitocos mas antiguos psara clasificar los polvos y les grénulos segan la disiiboodn del tmmane de
particula, El tamizade wtilizando un Fenzo tefide como tamiz, consiste basicamente on dasificar tas particulas sequn su tamagio
intermedio (=< decin, fegUn U ancho o amplitud). Se recomienda &l amizde mecdnico & la mayoria de las particLilas sugmweran
lus 75 pr aprosimsdernente, 5ise ala de garticulas mas peguertes, durante = Lamlzedo se observa gque s 2saso peso no
sjerce la fuerza suficiente para contramestar |zs fuerzas de adhesion y cohesion superficial, que Nacen que fas particulas sa aglu-
tinen unas con otras v at tamiz, Foreste motive, s partioulas que se esperara que pasaran por @l tamiz, en realidad no b
facan. Para aste Tpo de materiales se recomienda emplear atros méiodos de agitecidn, como por ajemplo e fEmizedo conun
chorro de aire o e tarmizade sdrico, Mo absiante, el tamizado s peede emplear enalgunes casos par dlgunos pobaes © Gri
nulos cuya mediana de tamafio de partizula sea inferior 2 735 pen, siemipre que of métoda se pueda validar, En tErminos farma-
céudicns, o mmirada es el méksdo de preferendia para clasticar pobvos o grénudos sin mesclas mas grossos. B métaro es espe-
clalmentte airactivo v que Tanta bos polvos como bos grinolos se clsiffcan solamente en funcldn del wamafio de particula y on
la rmaenia de =g cases € andlisls 5o puede efectuar con el material sece,

Erire los factores [imitantes que presanta el método e encuentran 1a necesidad de contar con tna cantidad de muestra
apreciable (seqin sea la densidad del pobeo o de dos granulos v el didmesio de jos orficios del @imiz, genersimeniies como mimn-
o 25 gl v |z dificuitad que presentan pobeos o grénulos olooses o ochesivos que obstruyen los orificios del tamiz. En esendia,
el mEtoda extima el farmano en dos dimensiones va gue 2l pasaje a traves ded orificio del tamiz a menudn presenta rmaor
dependencia del ancho v del espesor midamos que det largo

Este imétodo estd destinada o extmar [ distribucion del lameno de particula total de un material sin mezclar, Mo estd dise-
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tube capilar abieitos & b presion stmesiéica, registrar el ternpo, en segundos, reqeerido para que et lizuido fluva desde |2
marca superior hasta b mancs inferior en e tibo capilar. [MOTe=—E| tiempe de fluje minima debe ser 200 segundos. ]

Cafibracidn v Céleulo de las viscosidades dnerndlica v newtoniana del fluido muestra: - Proceder e se indloa an el
Selétods |, Para clertos viscosimetros capdares simpies de tubo en forma de U, determisar la constante del vicosimetro a la
misma temperatura gue o iguido de muesta en andalisk,

(912} VISCOSIDAD—METODOS ROTATORIOS

El privcigmee deel método ¢ basa en medin 12 foerza (omue) gue acnla sobre un rotor cuando adte rots 3 urs velocidad angular
constanta o welocdad de patcian e bn lguida. Lol redmetras o witcasimetang rotatoses e usan para medin I viscosiolad
de fluidns rewrtonianas ¥ o mewtoniaeos. Lo sigquienles procedimientos ¢ usan para determinar 2 viscoskdad de fluidos
tremlonbancs o la visoobdad sparente de fluldes no newtoniancs. La viscosidad calculads de las fluidas restonianas dake
ser la misma (dentro del error experimentad), Rdependientements de i velocidad de corta {o velocidad de redacian). Dada
la dependencia de i viicosidad con respectn a la temperatura, (& temperstura de |a sustencia que 2 estd midendc se debe
carttrolar denirg de 0,17, 3 menos gue se especlfigue aloo distinte en la monagratia indbvidual. [MNOTA—-Para mis informa-
cidim, ver el capituba Reametria J12715.)

= METona |, Viscosinmrros oo RoTok
Aparato:  Enood viscosimetro de roter, [a viscosldac aparente s determina haciendo girar ur rator con torrma oe gilindrn o

diten, weiin we muesira en la Bma 1y s Bgura 2, respectivaments, sumeridds en un gran solumen de [iquidao.

S
Figuera 1. ltotares con forme de clindro.

]

o LN

Flgum 2 RAotores son horms S disen,

Mo s puede caloular vna viscosidad absoluta debido a la gran distancia existente entre 2f rotor v la pared Qe recipiente o
a la gecmetria del rotor, €'torque emeleadn para mantener una velocidad angular dada proporciona uine medids de la
rasstencia del Fuido a Auis, per o menuds st s deseibe comip ung viscosdad gparents,

Se pueden usar otros tipos de viscogsimetros de rotor, fempre gue 12 exactitud v 18 precisién no scam mmenoncs que as obte-
riiclad con ks vistasimetros descrilos en este capiido.
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Procedimiento:  Cuanco la medicidn de la vissodidad e realiza en un vaso de precipitedos o vase, v debide & que la velaci-
dad de corte e desconocida, para poder conseguir repreducitalicd entre labarplones gue micen [a vicosidad wsondo ins-
trurmentos diferontes, delsen Infarmarss los siguientes pardmetras junio cdn §a medida de la viscosidach

1. Tamara ¥ especiicaccnes genmétricas del rotor
2. Welaoidad engular o velooidad de entacin del rotor
3. Temperatura de la sustancla de proeba

Il rotor debe surnengire 3 43 prafundidad recomerdata, mantenende al menos 1 om de distancia con el fonds v con las
paredes ded recipiene, .

La preparacidn de la mucsira de prusba, incluysndo la equilibracidn de temperatura, se especifica en cada monogratia in-
dividhual, Seguir las recomendaciones del fabricante del insrurmento con respects 4 B cerge de b muestra, b seleccidn del
rodor y le opencian del visoosimelio,

Comprobacidn de [a calibrackin:  Comprobarla calibrackin dez la configuarazién de um viscosimetro particular 2 12 tempa-
ratura de prpeba, usando uno o mas fhidos de viscosidad conocida (estandares de viscosidad newtoniana). Los velores da
wiscosidadd de fos estandares de calibration debern contener- e valor de viscosidad esperado del Togwido de rmusestra, [Moma—
Para ayudar 2 verificer la lineslicad de aparato, sesugier: realizar roedickones ceun estandar de smooskled rewloriana @
distinias vedocidades de rotacidn a la tempeeratura de proeba.]
qe consicera gue un viseasimetro estd calibradn cuande las viscodidades aparentes medidas estan denbro de 5% de ios

walores irddcados,

Er gemoral, bz calibracion, cooracidn y impieza def visoosimetro se deben levar a cabe de acuerdd con lad recommendacio
nas del fabricants del instemernto.

* METoDo B, REOMETROS DE CLMDROS COMCENTRICOS

Aparate:  En los redmetres de clindros concéntrices, la viscosidad aparente se cetermina colocando el liquids en ef egpacic
antre el ciimdro inteme y o oliodro externo, Los recmetmos rotetanas de lemsan controbich v de velocidad controlada -
tan disponibles comercisbmente en corfiquracionss con specificacionss geomdéiricas absolutas (p.of., epacios anulares
ey pedqucfios entro los cllindros concéptricos] que permiten caloular las viscosidades aparentes de fluidos ne nevsonia-

s, Los redmetros de tersan de corte controlada meden las velocidades de corte resultanies al aplicar una feerra o torque

o {la tersidi, Los redmeiros de velockdad de come controlada midon & tendan de corte (del worgue sobes of ole del

raber) resultante de la apiicacion de una velocidad de corle dada {0 velocidad de rolaciing, Lod redmetros ratataries de

cifndros concénirions en ocaskones rechen of nombxe de reometros de viso v cilindre (“cup-end-bob "} B wo de estos
redrelros impbos consideraciones adichonales de disefo, dependienda de sl 1o gue gra o5 o cilindio externo fel vasa) o el
cilindre interna (2l cilincro) Los rademetras de vase retatrio reclben & nombes de sistemas Coustte, misntras que los red
metros de cEindra intsmo rotatonio se denominan astemas Searle, wegin s8 muestra 2n |2 Hgwee 2y la Ngwro 4, respectiva-

meedle.

Las vamalakes e by Biovea § y |8 Fowno 4 52 deflines como:

i = torque que actds sobre o supertide del cilindre (M- m)

&, = radio del cllindro extemra {m)

& = radeo del cilindre inkesmo {m)

K mahturs dhe inrersidn del cilindee kterne on ef media lguido ()
o = vedescickact angler fradianes’s)

T =viscosidad (Pa- 5)

v =wglgecidad {mfs)

Procedimiento: Tobocar une cantldad suficlents de fluido de prueba en = redmetro y cejar gue la muesira alcance ef equi-
litris érmico, wagin s sdice @ le mwonogralie ndividual, Pocere en funcenanienis el redmatre sigeendo o procedineen-
te recomendade por & fabricante del instremants. Para slsbernas no newtonianos, | monografia indica <f tpo de redmetro
e =e dehe usar y fas veloricrder de corte a ks que e deben realizar [as medecinnes. Detemninar las viscosidades aparen-
tes, cambiande |z velocdad de corta (o la tenson de coats, s se usa un rebmetno de lensicn de corte controladal en un
imbervaslo agrooindo gaca o uso del materad en andlss, A parll ce wes sene de este Ueo de mediciones ce visonsided, se
pusde ohiener b relacidn entre b veloodad de corte v 13 Eension de corte de un Fguido no newtoniane,

s MlEvooo L Reomerros pE Cono 1 PLaca

Aparate:  En los recmetros de cono v placa, o Bgueido se introduce en el espacio fijo entre un disco o placa planos v un
cena led cusles forman un dncala definide, BF dngule cel cono garantiza una valacidad de corte constante deblco al au-
mento cel espacic y de la velockdad lineal conforme auments la distancia desde el arigen. La meadicion de visrosided se
parede regiizar haciendo girar & cono o la placa, seqin se meestra en |2 Anws 3 v la Fywro 8, respectivemente, [MOTR=
Puste que el volumen de muestia e3 pegueng, incuzo wme peguena perdides absoluta de disolventes pusds ocasicnar un
gran camibio porcentual en ta viscosidad Dica péndica tiene una importandia particuarmente relevante para disolvertes
vesleiles pero parde s20 significalva incluzo pard disolventes e solatiles como o agua.)

Las variables en la Fgura 5 v la Bguee 6 se defmen coma:

i = welocidad anquiar (Fackaresss)

L = torgque que actGa schre B superficie de la place plara o del cono (M- m)
= = angube ente la plaeca plana v el cond (eadiames)

I = radia del cong {m}
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Procedimiento: - Frocader segon s indica en el Metoao (L Medmerros de Cibrolros Comcembions,
« METoRo IV, REOMETROS DE PLACAS PARALELAS {0 DF DiScos PARALELOS)

Aparabo;  Loa repmetros de placas paraleles son simillares a los redmetros de cong y placa, salve gl [a muestra qus 5= va
rrvedir se Errrogluce en el espacio entre las dos placas o discos planos paratelos. Las medicionas sa realizan normalmente
mianteniEnc 1 placa o disen infefor saacionano meentras que (2 placa o disco aipeciar s a una velecidand anogular cons-
Lk, aw [Figure 71
Las variables e la Fgura 7 se definoen corno:

ik =weloridad angutar [radanesss)
& = e e L olaca fm}
ft = digtancia entre tar dos placas paraielas {my)

A dalerencia de o que oourre oon al redmetro de cone ¥ place, e velocidad de corte anfre les placas paralelas asmentz con
la distanda desde al origen del =je de otackin debide a gue las velockdades Fneales sumentan para wna velocided angular
ciaca con un espacio constante. De ssta mansra, se obliene una velocidad de corte promedio. A pesar de 2310, algunas de
los weritajas del recmetro de placas paralelas incluye la facilidad de canga de la muesira {(especialmenite para liguidos rmuy
VisC0s0s o sermisddicios rondos) y su aptited pers ssperssares de particulas, Paes suspensiones, o especio debe farse o
un# altura suficiente pars evitar que las particidas se rouglan entre fas placas. Bl usuanio puede definirel espacio entre las
placas paraleas (deniro de Fmites practions) y por lo lanto, ante la ausencia de partindas grandes, se pueden usar espa-
Cios s esirechos, Al lgual gue con bos redmetros de cono v placs, fa pérdida de disolvenle por evaporacion puosde afec.
tar an gram medida |a viscosidad e fa rmaesirs, por B guee deben tomarse precauciones para minimézor b pérdida de
dhizglvernie,

Procedimicnio:  Proceder segdn se indica en Addiodo il Redmenos de Clndros Concéninos,

Figura 3. Siterma de clindrss concéntricos Couette para redmetria rotackansl,
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Figura 5. Redmelre rodalodio de cono y place oo cono girabono,
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Figura 7, Redermedro rotatorio de placas peralelas



Anexo 4. Resultados de analisis productos de
uso cronico evaluados.
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REPORTE DE ANALISIS/ANALYSIS REPORT
Muestra/Sample #: 242714
ESPECIALIDADES OFTALMOLOGICAS S.A., Telf. | Phone: 448 1918

Sede principal Carrera 37 A No. 2 Sur 104, Loma Alejandria, Poblado, Medelli
oducto / Product: VEHICULO FARMACEUTICO PARA ESTABILIZAR SUPERFICIE OCULAR ENFORMULACIONES DE

COLIRIO PARA USO CRONICO
Muestra [ Sample: Ejemplo 1
Fecha de Recepcion / Reception date:  31/08/2017 Temp. de Recepcion / Temp. Reception: 27,3°C
Cantidad / Amount: 1 Unidad/ 1 unit
Contenedor | Container: Frasco gotero con tapa/Dropper bottle with lid
Enviada por /Send by:  Tatiana Maria Gomez Gaviria
Aspecto [ Aspect: Liguido translucide, libre de particulas extrafias/ Translucent liquid, free of foreign particles
Clor [ Smell: Inobjetable/ Unobjectionable
Color | Color: Incoloro/ Colorless
Andlisis Fisicoquimico/ Fechal Unidad/ F dol Especificaci )N Método!
Physicochemical Analysis Date Unit Result Specifications(**) Method )
Osmplalidad/Osmolality 01082017 mOsm/Kg 250 NA USP 40 <785>

(**) Segin Norma / Acocrdinng to Standard:

() Métod Mathods A

: ONAC, Certificado/Certificate: 10-LAB-053 Fecha/Date: 2014-09-05 ISONEC 170252005

NOTA: Este P \ ala bida y analizada en el laboratorio/This result ¢ poend only to the sample
received and analyzed by the laboratory

elama_ O eounc
L z‘% Osorio Castafio
T.P. 01345801606001664
Quimica Farmacéutica U de A
Coordinadora

Fecha de Impresion/printing date:  01/08/2017 Fecha / Date:  01/09/2017

Informe firmado digitalmente, Sin sello seco de TECNIMICRO la informacién no tiene validez/Digitally signed repon, without dry seal of TECNIMICRO
this information is not valid

Este informe no puede ser reproducide total ni parcial sin izacién de Tecnimicro Laboratorio de Andlisis S.A.S! / This report can't be
reproduced in whole or in part without Tecnimicro Laboratario de Analisis's autharization

FIN DE INFORME/ END OF REPORT

gina/Page 1 de 1 Muestra/Sample: 242714 Al



REPORTE DE ANALISIS/ANALYSIS REPORT
Muestra/Sample #: 242717
ESPECIALIDADES OFTALMOLOGICAS S.A. Telf. / Phone: 448 19 18
Sede principal Carrera 37 A No. 2 Sur 104, Loma Alejandria, Poblado, Medelli

oducto / Product: VEHICULO FARMACEUTICO PARA ESTABILIZAR SUPERFICIE OCULAR ENFORMULAGIONES DE
COLIRIO PARA USO CRONICO

Muestra / Sample: Ejemplo 2
Fecha de Recepcion / Reception date: 31/08/2017 Temp. de Recepcién / Temp. Reception: 27,3°C
Cantidad / Amount: 1 Unidad/ 1 unit

Contenedor / Container: Frasco gotero con tapa/Dropper bottle with lid

Enviada por /Send by:  Tatiana Maria Gomez Gaviria

Aspecto | Aspect: Liguido translucido libre de particulas extrafias/Translucent liquid, free of foreign particles
Olor / Smell: Incbjetable / Unobjectionable
Color ! Color: Incolorof Colorless "
Analisis Fisicoquimico/ Fechal Unidad/ | Resul Especificaci W Métodol . —I
Physicochemical Analysis Date Unit Result Specnl"cahorls{“] Method L
Osmelalidad/Osmolality 01092017 mOsmiKg 270 NA USP 40 <785>
(**) Segun Norma / Acoordinng to Standard;:
(*) Métodos acredi A dited: ONAC. Certificado/Centificate: 10-LAB-053 Fecha/Date: 2014-08-05 ISONEC 17025:2005
NOTA: Este Itado corresp , exclusivamente a la bida y anali en el lab iofThis result ¢ pond only to the sample
ived and lyzed by the | Y

Jays, Elame_ O soun -
Luz "2 Osorio Castafo
T.P. 01345801606001664
Quimica Farmaceutica U de A
Coordinadora
Fecha de Impresion/printing date:  01/09/2017 Fecha/ Date:  01/09/2017
Informe firmado digitalmente, Sin sello seco de TECNIMICRO la informacién no tiene validez/Digitally signed report, without dry seal of TECNIMICRO
this information is not valid

Este informe no puede ser ducido total ni L sin izacién de Tecni Lab io de Andlisis S.A.S// This report can't be
reproduced in whole or in part without Tecmwm Laboratorio de Andlisis's authorization

FIN DE INFORME/ END OF REPORT

ina/Page 1 de 1 Muestra/Sample: 242717 it A RS



REPORTE DE ANALJSISIANALYSIS REPORT
Muestra/Sample #: 242718
ESPECIALIDADES OFTALMOLOGICAS S.A. Telf./ Phone: 448 19 18

Sede principal Carrera 37 A No. 2 Sur 104, Loma Alejandria, Poblado, Medelli

oducto / Product: VEHICULO FARMACEUT!CO PARA ESTABILIZAR SUPERFICIE OCULAR ENFORMULACIONES CE
COLIRIO PARA USO CRONICO

Muestra / Sample: Ejemplo 3

Fecha de Recepcion / Reception date: 31/08/2017 Temp. de Recepcion / Temp. Reception: 27,3°C
Cantidad / Amount: 1 Unidad/ 1 unit

Contenedor / Container: Frasco gotero con tapa/Dropper bottle with lid

Enviada por/Send by:  Tatiana Maria Gomez Gaviria

Aspecto / Aspect: Liquido translucido libre de particulas extrafias/ Translucent liquid, free of foreign particles
Olor/ Smell: Inobjetable/ Unobjectionable
Color/ Color: Incoloro/ Colorless X
Analisis Fisicogquimico/ Fecha/ Unidad/ Resultado/ Especificaciones(**)/ Método/ —’
Physicochemical Analysis Date Unit Result Specifications(**) Method A
Osmolalidad/Osmolality 01092017 mQOsm/Kg 280 NA USP 40 <785>

(**) Segun Norma / Acoordinng to Standard:
(*) Métodos acreditados/Methods Accredited: ONAC, Certificado/Certificate: 10-LAB-053 Fecha/Date 2014-09-05 ISQ/IEC 17025:2005

NOTA: Este resultado corresponde, exclusivamente a la muestra recibida v analizada en el laboratorio/This result correspond only to the sample
received and analyzed by the laboratory

Elamn, Lfeonbl
Lui%. Osorio Castafio
T.P.01345801606001664
Quimica Farmacéutica U de A
Coordinadora

Fecha de Impresion/printing date:  01/08/2017 Fecha/Date: 01/09/2017

Informe firmado digitalmente, Sin sello seco de TECNIMI

this information is not valid

Este informe no puede ser reproducido total ni parcialmente sin autorizacion de Tecnimicro Laboratorio de Analisis S.A.S/ ! This report can't be
reproduced in whole or in part without Tecnimicro Laboratorio de Analisis's authorization

CRO la informacion no tiene va lidez/Digitally signed report, without dry seal of TECNIMICRO

FIN DE INFORME/ END OF REPORT

agine/Page 1 de 1 Muestra/Sample: 242713‘ :
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REPORTE DE ANALISIS!ANALYSIS REPORT
Muestra/Sample #: 242719

ESPECIALIDADES OFTALMOLOGICAS S.A. Telf. / Phone: 448 1918

Sede principal Carrera 37 A No. 2 Sur 104, Loma Alejandria, Poblado, Medelli
oducto / Product: VEHICULO FARMACEUT}CO PARA ESTABILIZAR SUPERFICIE OCULAR EN FORMULACIONES DE
COLIRIO PARA USO CRONICO
Muestra / Sample: Ejemplo 4
Fecha de Recepcion / Reception date: 31/08/2017 Temp. de Recepcién / Temp. Reception: 27,3°C
Cantidad / Amount: 1 Unidad/1 unit

Contenedor / Container: Frasco gotero con tapa/Dropper bottle with lid

Enviada por/Send by:  Tatiana Maria Gémez Gaviria

Aspecto / Aspect: liquido translucido libre de particulas extrafias/ Translucent liquid, free of foreign particles
Olor / Smell: Inobjetable/ Unobjectionable
Color / Color: Incoloro/ Colorless :
Analisis Fisicoquimico! Fecha/ Unidad/ do/ Especificaci ("M Método/
Physicochemical Analysis Date Unit ‘ Result Specifications(**) Method ) —l
Osmolalidad/Osmolality 01/08/2017 mOsm/Kg 290 NA USP 40 <785>

(**) Segun Narma / Acoordinng to Standard:
{*) Metodos acreditados/Methods Accredited: ONAC, Certificado/Certificate: 10-LAB-053 Fecha/Date: 2014-09-05 ISO/IEC 17025:2005

NOTA: Este resultado corresponde, exclusivamente a la muestra recibida y analizada en el laboratorio/This result correspond only to the sample
received and analyzed by the laboratory

Elama_ Q=oubC
Luz‘% Osorio Castafio
T.P.01345801606001664
Quimica Farmaceutica U de A
Coordinadora

Fecha de Impresién/printing date:  01/09/2017 Fecha/Date: 01/09/2017

Informe firmado digitaimente, Sin sello seco de TECNIMIC!

RO la informacion no tiene validez/Digitally signed report, without dry seal of TECNIMICRO
this infermation is not valid

Este informe no puede ser reproducida total ni parcialmente sin autorizacién de Tecnimicro Laboratorio de Analisis S.A.S/ / This report can't be
reproduced in whole or in part without Tecnimicro Laboratorio de Andlisis's authorization

FIN DE INFORME/ END OF REPORT

ginarPage 1 de 1 Muestra/Sample: 242719



REPORTE DE ANALISIS/ANALYSIS REPORT
Muestra/Sample #: 242720
ESPECIALIDADES OFTALMOLOGICAS S.A. Telf. / Phone: 448 1918
Sede principal Carrera 37 A No. 2 Sur 104, Loma Alejandria, Poblado, Medelli

oducto / Product: VEHICULO FARMACEUTICO PARA ESTABILIZAR SUPERFICIE OCULAR ENFORMULACIONES DE

COLIRIO PARA USO CRONICO
Muestra / Sample: Ejemplo 5
Fecha de Recepcion / Reception date: 31/08/2017 Temp. de Recepcion / Temp. Reception: 27,3°C
Cantidad / Amount: 1 Unidad/ 1 unit

Contenedor / Container: Frasco gotero con tapa/Dropper bottle with lid

Enviada por/Send by:  Tatiana Maria Gomez Gaviria

Aspecto / Aspect: Liguido translucido libre de particulas extrafias/Translucent liquid, free of foreign particles
Olor / Smell: Inobjetable/ Unobjectionable
Color / Color: Incoloro/ Colorless ;
Andlisis Fisicoquimico/ Fecha/ Unidad/ Resultado/ Especificaciones(**)/ Método/ 7
Physicochemical Analysis Date Unit Result Specifications(**) Method i
Osmolalidad/Osmolality 01/08/2017 mOsm/Kg 265 NA USP 40 <785>

(**) Segun Norma / Acoordinng to Standard:
(*) Métodos acreditados/Methods Accredited: ONAC, Certificado/Certificate: 10-LAB-053 Fecha/Date: 2014-09-05 ISO/IEC 17025:2005

NOTA: Este resultado corresponde, exclusivamente a la muestra recibida y analizada en el laboratorio/This result correspond only to the sample
received and analyzed by the laboratory

Jay, Clasma_ Owoun
Luz‘%. Osorio Castario
T.P. 01345801606001664
Quimica Farmacéutica U de A
Coordinadora
Fecha de Impresién/printing date:  01/09/2017 Fecha/Date: 01/09/2017

Informe firmado digitzimente, Sin sello seco de TECNIMICRO la informacion no tiene validez/Digitally signed report, without dry seal of TECNIMICRO
this infermation is not valid

Este informe no puede ser reproducido total ni parcialmente sin autcrizacion de Tecnimicro Laboratorio de Analisis S.A S/ / This report can't be
reproduced in whole or in part without Tecnimicro Laboratorio de Analisis's authorization

FIN DE INFORME/ END OF REPORT

agina/Page 1 de 1 Muestra/Sample: 24é+2b



cecoltec

EL ALIADO PRECISO .. ..
nforme de resultado tension superficial

Equipo

Dataphysics OCA1S

Angulo de contacto [] 180°+0.I°
Tension superficial e interfacial [Dinas/em] | 0.01 2000 Dinas/cm + 0.01 Dinas/cm

Condiciones de medicién:

Técnica usada: Gota - péndulo
Jeringa utilizada: Halmilton de 1 mL

Temperatura: 25 ° C Laboratorio, el equipo no cuenta con control de temperatura
sobre la muestra.

Dosificacion: 1 uL/ seg

www.cecoltec.com

Medellin - Colombia Bogota D.C - Colombia
Cr43 AN°18 Sur - 135 Of 732 Transv. 1 Este N° 57-88 Of. 101
Centro Empresarial Sao Paulo Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57) 1487 3792

(+57) 4 313 8144 (+57)1467 3776



cecoltec

EL ALIADO PRECISO

Muestras

C948-TS1 Vehiculo fcrrnoceu.tu_:o para estabilizar la £l

superficie ocular
N Vehiculo farmacéutico para estabilizar la

Eeslse superficie ocular ede

C948-TS3 Vehiculo formcceut];o para estabilizar la £33
superficie ocular

C948-TS4 Vehiculo formoceutl'co para estabilizar la EJ4
superficie ocular

Cc948-TSS Vehiculo fcrmccéu.tl_co para estabilizar la EJS
superficie ocular

Resultados

EJ1 4002 40,08 40,36 4011 4008 017
EJe 40,58 4088 41,05 4124 41,00 0,25
EJ3 4105 41,08 4091 4.2 41,03 4105 0,09
EJ4 41.85 4215 419 422 4195 4201 014
EJS 432 43,05 4288 43,01 4295 4302 on

www.cecoltec.com

Medellin - Colombia

Cr43 AN°18 Sur - 135 Of. 732
Centro Empresarial Sao Paulo
Tel: (+57) 4 314 0035

(+57) 4 313 8144

Bogota D.C - Colombia
Transv. 1 Este N° 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1 487 3792
(+57)1467 3776



cecoltec

EL ALIADO PRECISO
Resultado viscosidad

Equipo

Kinexus Pro (www.malvern.com)

Y\NEXUS

Muestra
C3848-CF1 Vehiculo farmaceutico para estabilizar la superficie ocular
EJ1
Condiciones de la medida
Sistema de medida: Plato - Plato 40
Tratamiento:
Tasa de cizalladura: 5,000 s-1 a 20,000 s-1
Muestreo: 15 puntos.
Gap: 01 mm
Temperatura: 25 °C + 0.01 °C
WWW. t .com
Medellin - Colombia Bogota D.C - Colombia
Cr43 AN°18 Sur - 135 Of. 732 Transv. 1 Este N° 57-88 Of. 101
Centro Empresarial Sao Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57) 1 467 3792

(+57) 4 313 8144 (+57)1467 3776



C@CO' L= Tabla de datos

EL ALIADC _PRECISO

7.5 25 10.81 5342 20.24
15 25 11.67 6217 18.77
225 25 134 7155 18.73
30 25 15.19 8092 18.77
37.5 25 17.05 9033 18.88
45 25 18.98 9976 19.03
52.5 25 20.98 10910 19.23
60 25 23.08 11850 19.47
67.5 25 25.28 12790 19.76
75 25 27.57 13730 20.08
82.5 25 29.99 14670 20.44
90 25 32.52 15610 20.84
97.5 25 35.14 16550 21.24
105 25 37.97 17490 21.71
112.5 25 40.89 18430 22.19
120 25 44.02 19360 22.73

Grafico reporte

Viscosity vs Shear rate
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Viscosidad final
20.12 mP
WWW. .com
Cr43 AN"18 Sur - 135 Of. 732 Transv. 1 Este N° 57-88 Of. 101
Centro Empresarial Sao Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57) 1 467 3792

(+57) 4 313 8144 (+57) 1467 3776



cecoltec

EL ALIADO PRECISO
Resultado viscosidad

Equipo

Kinexus Pro (www.malvern.com)

Y\NEXUS

Muestra
C948-CF2 Vehiculo farmaceutico para estabilizar la superficie ocular
EJ2
Condiciones de la medida
Sistema de medida: Plato - Plato 40
Tratamiento:
Tasa de cizalladura: 5,000 s-1 a 20,000 s-1
Muestreo: 15 puntos.
Gap: 01 mm
Temperatura: 25 °C + 0.01 °C
WWW. t .com
Medellin - Colombia Bogota D.C - Colombia
Cr43 AN°18 Sur - 135 Of. 732 Transv. 1 Este N° 57-88 Of. 101
Centro Empresarial Sao Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57) 1 467 3792

(+57) 4 313 8144 (+57)1467 3776



C@CO' L= Tabla de datos

EL ALIADC _PRECISO

7.5] 25.01 11.87 5351 22.18
15| 25.01 13.19 6228 21.18
22.5] 25.01 15.04 7165 20.99
30| 25.01 16.96 8103 20.93
37.5| 25.01 18.9 9041 20.91
45| 25.01 20.87 9978 20.92
52.5| 25.01 22.91 10820 21.01
60| 25.01 25.03 11850 21.12
67.5| 25.01 27.2 12790 21.26
75| 25.01 29.48 13730 21.47
82.5| 25.01 31.81 14670 21.68
90| 25.01 34.26 15610 21.95
97.5| 25.01 36.88 16550 22.29
105| 25.01 39.58 17480 22.64
112.5| 25.01 42,51 18430 23.07
120] 25.01 45.56 19360 23.53

Grafico reporte

Viscosity vs Shear rate
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Viscosidad final
21.7 mP
WWWwW, .com
Cr43 AN"18 Sur - 135 Of. 732 Transv. 1 Este N° 57-88 Of. 101
Centro Empresarial Sao Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57) 1 467 3792

(+57) 4 313 8144 (+57) 1467 3776



cecoltec

EL ALIADO PRECISO
Resultado viscosidad

Equipo

Kinexus Pro (www.malvern.com)

Y\NEXUS

Muestra
C948-CF3 Vehiculo farmaceutico para estabilizar la superficie ocular
EJ3
Condiciones de la medida
Sistema de medida: Plato - Plato 40
Tratamiento:
Tasa de cizalladura: 5,000 s-1 a 20,000 s-1
Muestreo: 15 puntos.
Gap: 01 mm
Temperatura: 37 °C £ 0.01 °C
WWW. t .com
Medellin - Colombia Bogota D.C - Colombia
Cr43 AN°18 Sur - 135 Of. 732 Transv. 1 Este N° 57-88 Of. 101
Centro Empresarial Sao Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57) 1 467 3792

(+57) 4 313 8144 (+57)1467 3776



C@CO' L= Tabla de datos

EL ALIADC _PRECISO

7.5 25 14.03 5352 26.33
15 25 16.49 6228 26.48
225 25 18.87 7165 26.39
30 25 21.29 8103 26.6
37.5 25 23.78 9041 26.3
45 25 26.38 9978 26.44
52.5 25 29.04 10920 26.6
60 25 31.84 11860 26.85
67.5 25 34.71 12800 27.12
75 25 37.71 13730 27.46
82.5 25 40.92 14670 27.89
90 25 44.22 15610 28.32
97.5 25 47.77 16550 28.86
105 25 51.5 17490 29.45
112.5 25 55.3 18430 30.01
120 25 59.62 19370 30.78

Grafico reporte

Viscosity vs Shear rate
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Viscosidad final
27.70 mP
WWWwW, .com
Cr43 AN"18 Sur - 135 Of. 732 Transv. 1 Este N° 57-88 Of. 101
Centro Empresarial Sao Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57) 1 467 3792

(+57) 4 313 8144 (+57) 1467 3776




cecoltec

EL ALIADO PRECISO
Resultado viscosidad

Equipo

Kinexus Pro (www.malvern.com)

Y\NEXUS

Muestra
C948-CF4 Vehiculo farmaceutico para estabilizar la superficie ocular
EJ4
Condiciones de la medida
Sistema de medida: Plato - Plato 40
Tratamiento:
Tasa de cizalladura: 5,000 s-1 a 20,000 s-1
Muestreo: 15 puntos.
Gap: 01 mm
Temperatura: 25 °C + 0.01 °C
WWW. t .com
Medellin - Colombia Bogota D.C - Colombia
Cr43 AN°18 Sur - 135 Of. 732 Transv. 1 Este N° 57-88 Of. 101
Centro Empresarial Sao Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57) 1 467 3792

(+57) 4 313 8144 (+57)1467 3776



cecolt:

2 Tabla de datos
EL ALIADO PRECISO

7.5| 25.06 13.25 5351 24.76
15| 25.07 15.27 6228 24.52
22.5] 25.07 17.33 7165 24.19
30| 25.07 19.45 8103 24.05
37.5| 25.07 21.63 9041 23.93
45| 25.06 23.89 9978 23.95
52.5| 25.05 26.21 10920 24.01
60| 25.05 28.63 11850 24.15
67.5| 25.04 31.14 12800 24.34
75| 25.04 33.75 13730 24.57
82.5| 25.03 36.48 14670 24.86
90| 25.03 39.26 15610 25.15
97.5| 25.02 42.3 16550 25.56
105| 25.02 45.43 17490 25.98
112.5| 25.02 48.7 18430 26.43
120| 25.02 52.36 19370 27.04

Grafico reporte

Viscosity vs Shear rate
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Viscosidad final
24.8 mP
WWW. .com

Cr43 A N"18 Sur - 135 Of. 732
Centro Empresarial Sao Paule

Tel: (+57) 4 314 0035
(+57) 4 313 8144

Transv. 1 Este N° 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1467 3792

(+57) 1467 3776




cecoltec

EL ALIADO PRECISO

Resultado viscosidad

Equipo

Kinexus Pro (www.malvern.com)

Muestra

YAaANNEXUS

C948-CFS Vehiculo farmaceutico para estabilizar la superficie ocular
EJS

Condiciones de la medida

Sisterna de medida: Plate - Plato 40
Tratamiento:

Tasa de cizalladura: 5,000 s-1 a 20,000 s-1

Muestreo: 15 puntos.
Gap: 01 mm
Temperatura: 25 °C + 0.01 °C

WWW.

.com

Medellin - Colomb
Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sao Paule
Tel: (+57) 4 314 0035
(+57) 4 313 8144

Transv. 1 Este N° 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1467 3792

(+57) 1467 3776



C@CO' L= Tabla de datos

EL ALIADC _PRECISO

7.5 25 12.69 5351 23.72
15 25 14.55 6228 23.36
225 25 16.64 7165 23.23
30 25 18.76 8103 23.15
37.5 25 20.95 9040 23.17
45 25 23.2 9978 23.25
52.5 25 25.51 10920 23.37
60 25 27.91 11850 23.55
67.5 25 30.41 12790 23.77
75 25 33.04 13730 24.06
82.5 25 35.8 14670 24.4
90 25 38.63 15610 24.75
97.5 25 41.69 16550 25.19
105 25 44.84 17490 25.64
112.5 25 48.1 18430 26.1
120 25 51.73 19370 26.71

Grafico reporte

Viscosity vs Shear rate
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Viscosidad final

24.2 mP
WWW. .com
Cr43 AN"18 Sur - 135 Of. 732 Transv. 1 Este N° 57-88 Of. 101
Centro Empresarial Sao Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57) 1467 3792

(+57) 4 313 8144 (+57) 1467 3776




Resultados productos de uso crénico
comercializados en Colombia



@tecnimicro.net

REPORTE DE ANALISIS/ANALYSIS REPORT
Muestra/Sample #: 244595

ESPECIALIDADES OFTALMOLOGICAS S.A. Telf./ Phone: 4481918
Sede principal Carrera 37 A No. 2 Sur 104, Loma Alejandria, Poblado, Medelli
C LATANOX
Muestra / Sample: Lote: 1151126; Fecha de Vencimiento: 06/2019; Fabricante: Procaps
Fecha de Recepcién / Reception date: 2017/09/20 Temp. de Recepcién / Temp. Reception: 16,4°C
Cantidad / Amount: 1 Unidad /1 unit

Contenedor / Container: Frasco gotero con tapa/ Dropper bottle with lid

Enviada por /Send by:  Tatiana Maria Gémez Gaviria

Aspecto / Aspect: Liquido translucido / Translucent liquid
Olor / Smell: Inobjetable/ Unobjectionable
Color / Color: Incoloro/ Colorless
Andlisis Fisicoquimico/ Fecha/ Unidad/ Resultado/ Especificaciones(**)/ Método/
Physicochemical Analysis Date Unit Result Specifications(**) Method
Osmolalidad/Osmolality 2017/09/20  mOsm/Kg 271 NA USP 40 <785>

(**) Seguin Norma / Acoordinng to Standard:
(*) Métodos acreditados/Methods Accredited: ONAC, Certificado/Certificate: 10-LAB-053 Fecha/Date: 2014-09-05 ISO/IEC 17025:2005

NOTA: Este resultado corresponde, exclusivamente a la muestra recibida y analizada en el laboratorio/This result correspond only to the sample
received and analyzed by the laboratory

Luz’E. Osorio Castafio
T.P. 01345801606001664
Quimica Farmacéutica U de A
Coordinadora

Fecha de Impresién/printing date: ~ 2017/09/20 Fecha/Date: 2017/09/20

Informe firmado digitalmente, Sin sello seco de TECNIMICRO la informacién no tiene validez/Digitally signed report, without dry seal of TECNIMICRO
this information is not valid

Este informe no puede ser reproducido total ni parcialmente sin autorizacién de Tecnimicro Laboratorio de Analisis S.A.S/ / This report can't be
reproduced in whole or in part without Tecnimicro Laboratorio de An4lisis's authorization

FIN DE INFORME/ END OF REPORT

I LA A ICIL

gina/Page 1 de 1 Muestra/Sample: 244595 ||
|



cecoltec

EL ALIADC PRECISO - oy
Informe de resultado tensién superficial

Equipo

Dataphysics OCA1S

Caracteristicas del equipo:

Angulo de contacto [] 0-180°:0Q.1°
Tensién superficial e interfacial 0.01 2000 Dinas/cm # 0.01 Dinas/cm
[Dinas/cm]

Condiciones de medicion:

Técnica usada: Gota - péndulo

Jeringa utilizada: Halmilton de 1 mL

Temperatura: 25°C temperatura de muestra. El laboratorio y el equipo no cuentan con
control de temperatura sobre la muestra.

Dosificacion: 1 uL/ seg

www.cecoltec.com
Medellin - Colombia Bogotd D.C - Colombia
Cr43 A N"18 Sur - 135 Of. 732 Transv. 1 Este N* 57-88 Of. 101
Centro Empresarial Sao Paulo Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57) 1467 3792

(+57) 4 313 8144 (+57) 1467 3776



cecoltec

EL ALIADO PRECISO

Muestras

C988-TS2 Latanox Lote 1151126

Resultados

Latanox
Lote 36,13 35,97 36,15 36,28 36,09 36,124 o1

1151126

www.cecoltec.com

Medellin - Colombia Bogotd D.C - Colombia
Cr43 AN®18 Sur - 135 Of 732 Transv. 1 Este N° 57-88 Of. 101
Centro Empresarial Sao Paulo Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57) 1467 3792

(+57) 4 313 8144 (+57)1467 3776



Ce COl Tabla de datos

EL ALIADO PRECISO

15[ 25.01 6.11 6217 9.835
23| 25.01 7 7155 9.777
30| 25.01 7.89 8092 9.754
38 25 8.83 9030 9.782
45 25 9.8 9967 9.833
53 25 10.8 10900 9.907
60 25 11.85 11840 10.01
68 25 12.94 12780 10.13
75 25 14.1 13720 10.28
83 25 15.31 14660 10.45
90 25 16.55 15590 10.61
98 25 17.79 16540 10.76
105 25 19.02 17480 10.88
113 25 20.32 18410 11.03
120 25 21.78 19350 11.25

Gradfico reporte

Viscosity vs Shear rate

n (mP}

¥ fs) (10°3)

Viscosidad final

10.28 mP

Cr43 AN®18 Sur - 135 Of 732
Centro Empresarial Sao Paulo
Tel: (+57) 4 314 0035

(+57) 4 313 8144

.com

Transv. 1 Este N° 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1467 3792

(+57) 1467 3776







REPORTE DE ANALISIS/ANALYSIS REPORT
Muestra/Sample #: 257561

ESPECIALIDADES OFTALMOLOGICAS S.A. Telf./ Phone: 448 1918 :
Carrera 37 A No. 2 Sur 104, Loma Alejandria, Poblado, Medelli

Sede principal

BRIMOFTAL
* Muestra / Sample: Lote: 6E303B: Laboratorio: Tecnoguimicas S.A.
Fecha de Recepcion / Reception date: 2018-02-06 Temp. de Recepcién / Temp. Reception: 26,1°C
Cantidad / Amount: 1 Unidad/ 1 unit

Contenedor / Container: Frasco gotero con tapa/ Dropper bottle with lid

Enviada por /Send by:  Tatiana Maria Gémez Gaviria

Liquido translucido, homogeéneo, libre de particulas extrafias/ Translucent, homogeneous liquid free of

Aspecto / Aspect:
foreign particles.
Olor [ Smell: Inobjetable/Unobjectionable
Color / Color: Leve Amarillo/ Light yellow
Analisis Fisicoquimico/ Fecha/ Unidad/ Resultado/ Especificaciones(**)/ Método/
Physicochemical Analysis Date Unit Result Specifications(*) Method
Osmolalidad/Osmolality 2018-02-06 mOsm/Kg 292 NA USP 40 <785>

("") Segun Norma / Acoordinng to Standard:
(*) Métodos acreditados/Methods Accredited: ONAC, Certificado/Certificate: 10-LAB-053 Fecha/Date: 2014-09-05 ISO/IEC 17025:2005

NOTA: Este resultado corresponde, exclusivamente a la muestra recibida y analizada en el laboratorio/This result correspend only to the sample

received and analyzed by the laboratory

AT Qeoun®
L z'% Osorio Castafio
T.P. 01345801606001664
Quimica Farmacéutica U de A
Coordinadora

2018-02-07 Fecha/Date: 2018-02-07

Fecha de Impresion/printing date:
O la informacién no tiene validez/Digitally signed report, without dry seal of TECNIMICRO

Informe firmado digitalmente, Sin sello seco de TECNIMICR!

this information is not valid
Este informe no puede ser reproducido total ni parcialmente sin autorizacion de Tecnimicro Laboratorio de Analisis S.A.S/ / This report can't be

reproduced in whole or in part without Tecnimicro Laboratorio de Analisis's authorization

FIN DE INFORME/ END OF REPORT




©

cecol

ALIADO PRECISO

Equipo

Resultado viscosidad

Kinexus Pro {(www.malvern.com)

YA\NEXUS

Muestra

CL/78 - CHL Biolocus (chbol) FL0875
C17g - CF2 Azarga (Alcen a Novrtis compary) 65963
Cl78 - CF3 Simbrinza (Alcon a Novrtis company? 17G12DE
Cn7g - CF4 Oloftal (tecnoguimicas) 7J360
chye - CFS Brimaftal (tecnoquimicas) 7M336B
C178 - CFB Aqglad ofteno {sopaia) 40154665
Cl78 -CF7 Lumigan {al ergon) E79821
Cl78 - CF8 Ganfort (alle-gon) E79942
Clls0 - CF Darzopt 1076238 5L C
Clig4 - CF1 Alap 0.2% (procaps) Ne4858 SLC
cng4d - CFz Krytan tek ofteno (sophia) 4016194
Cl84 - CF3 Trusopt (MSD) MOA0389

Condiciones de la medida

Sistema de medida: Mato -

Tratorriento:

Platc 40

Tasa de czaladure: 5,000 s-1 a 20,000 s-1
Muestreo: 15 puntos.

Gap:- Qlmm

Temperatura: 25 °C £+ 001 °C

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paulo

WWW, .com

Edificio Copérnico
Tel: (+57) 4 314 0035

(+57) 4 313 8144 (+57)14B7 3776

Tel: (+57) 1 467 3792

Transv. 1 Este N* 57-88 Of 101




cecol

ALIADO PRECISO

Brimoftal (tecnoquimicas}) 7M396B

Tabla de datos
I ’
15 25 11.54 6217.00 1.856
22.5 25 12.94 7155.00 1.809
30 25 14.35 8092.00 1.773
37.5 25 15.78 9030.00 1.747
45 25 17.24 9971.00 1.729
52.5 25 18.71 10910.00 1.715
60 25 20.24 11850.00 1.708
67.5 25 21.82 12790.00 1.706
75 25 23.41 13730.00 1.706
82.5 25 25.09 14660.00 1.711
90 25 26.84 15600.00 1.721
97.5 25 28.67 16550.00 1.733
105 25 30.57 17480.00 1.749
112.5 25 32.54 18420.00 1.766
120 25 34.63 19360.00 1.789
Grafico reporte
Viscosity vs Shear rate
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Viscosidad final

17478 | mP

WWW,

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

.com

Transv. 1 Este N 57-88 Of

Edificio Copérnico
Tel: (+57) 1487 3782
(+57)14B7 3776
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cecoltec

ALIADD PRECISO v ]
Informe de resultado tensién superficial

Equipo

Lataphysics QCALS

Caracteristicas del equipo:

Angulo de contacto [°] 0-180°+01°
Tensién superficial e interfacial [Dinas/cm] | 0.01 2000 [Dinas/cm] + 0.01 [Dinas/cm]

Condiciones de medicién:

Técnica usada: Gota - péndulo
Jeringa utilizada:Halmilton de 1 mL
Temperatura: 25°C

Dosificacién: 1 ul/ seg

www.cecoltec.com

Medellin - Colombia Begotda D.C - Colombia
Crd3 AN 18 Sur-1350f. 732 Transv. 1 Este N* 57-88 Of. 101
Centro Empresarial Sac Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57)1 487 3782

(+57) 4 313 8144 (+57)148B7 3776
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cecol

ALIADO PRECISO

Muestras
C78 - TSl Biofocus (obhot) 7A5875
Cl78 - 182 Azarga (Alcen a Novrtls cormoany) 55963
Cu78 - 753 Simbrirza (Alcon o Novrtis company) 17G12DC
78 - 154 Oloftal {tecncauimicas) 7J360
Cl78 - TS5 BriroflLal {tecnoquirmnicas) 7M3926B
CI78 - TS6 Agglad oftenc (soohia) 4015466
Cl78 - TS7 Lumizan (alle-gan) E79821
ClI78 - TS8 Ganort (allergan) E79942
CH80- T51 Dorzopt 1076238 5L C
CIs4d - TSL Alap 0.2% (procaps) 1184658 SLC
Clg84 - Ts2 Krytar tek ofteno (scphia) 4016194
Cl84 - 1S3 Trusopt (MSD) MO40589
Resultados

Cll78 - 151 oll3 5108 SL37

5118 Sle oles 016

Cll7&g=Toe 4776 47.45 47 42 482z 4785 4774 c.es
Ch78-T53] 52824 538 5286 52.96 5315 o314 034
Ch7g -Ts4| 022 5017 50508 oles olag o083 066
Cl78 - TS5 2381 5221 5349 o228 524 5284 0867
Cll78 - To6 A5.31 487 A8.75 48.79 A8.78 A867 0le
CU’g8-T1s7| B346 6325 6331 63.89 6383 6355 0.6
ClI78 - T58 | 6488 B4.33 649 5489 65 5480 024
CH20-Tal 4432 4371 44.08 4473 4465 4421 031
cas4 -T31 6328 b3 32 6362 6319 b=y 6334 015
g4 -Ts2 | 7884 78.26 7742 78.58 7877 7239 054
Clls4 -T33| 4987 4926 4977 4928 496 49.56 0.25
WWW, .com

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

Transv. 1 Este N® 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776
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Brimoftal
Brimonidia Tatato 024

MUESTRA MEDICA
Prohibida su venta
Vision

Solucién oftalmica estéril

MUESTRA MEDICA
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Brimoftal &
Bimonidng Tatato

Composicite: Cada i e Solcén Ofiica Estéril e gy Fabricado por Tecnolar TQ SAS.,
Colombia

Brimoftal® contiene Brimoniding Tartrato 2.0mg;
excplntes cs. (ada ml contiene 29 gotas). Posologia:
Seqin prestripcifn médica. Via de administracidn:
Topica oftdimica. Contraindicaciones y agvestencias:
Conrancicado en pacntes oo ipersensbilad af Tartrato de
Brimaniding o a cuaiquiers de los componentes de esta
medicaion. Contraindicado en pacientes que e encuentran
fechiend ure tevaga bt ce s monoaning vicsa MAD)
Advertencias: User (on precaucidn en pacientes con
depresicn, insuficiencia coronaria o cerebral fencmeng
@ Raynaud, hipotensién ortasttica o tromboangeitis
Cbiterante Pacientes con problemas renales o hepticos,
€00 enfermedaces caovasculares severas, embarezo y
lactancia

] clarura de benzalcanio como preservante, puede
depasitarse e los entes de cantarto biancis, estos deben

Vil Rica -
Comerciaizado por Tecnoquimicas S.A.
Caéi - Colombia

Colombia: Reg, San. No. INVIMA
2012 M0013147

etiarse y colocarse como minimo 15 mindtos después.
Euite contaminar el contenidn y L punta el gotera. Evitese
el congelamientsy manténgase en psicin vertical

EL PRODUCTO DEBE SER LITILIZADO HASTA 28 DiAS
DESPUES DE ABIERTO. ALMACENAR A TEMPERATURA
INFERIOR A 30°C. MANTENGASE FLIERA DEL ALCANCE
DE LOS NIRICS. VENTA BAJD FORMULA MEDICA

1 5mL 5mL
MEDICAMENTO ESENCIAL 1 HEDJCAHENT&ESQ@Q\L
— = R -

Cualquier inquietud comuniquese
con 13 linea 01 800D 523339,

081521

L.6E3038
F.MY 16
V.MY 18
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t Brimoftal’ Brimoftal
Diimonidne Tratoozy  tmnti Tt

MUESTRA MEDICA

Prohibida su venta

MUESTRA MEDICA
Prohibida su venta

Vision

Solucién oftdlmica estéril

5mL

MEDICAMENTO ESENCIAL

Vision

Solucion oftdimica estéril

5mL

MEDICAMENTO ESENCIAL




REPORTE DE ANALISIS/ANALYSIS REPORT
Muestra/Sample #: 257559

ESPECIALIDADES OFTALMOLOGICAS S.A. Telf. / Phone: 448 19 15‘ L

Sede principal Carrera 37 A No. 2 Sur 104, Loma Alejandria, Poblado, Med

ducto / Product: SIMBRINZA

uestra / Sample: Lote: 17106MI; Laboratorio: Alcon a Novrtis company
Temp. de Recepcién / Temp. Reception: 26,1°C

Fecha de Recepcion | Reception date: 2018-02-06
Cantidad / Amount: 1 Unidad/ 1 unit
Contenedor / Container: Frasco gotero con tapal Dropper bottle with lid

Enviada por /Send by:  Tatiana Maria Gomez Gaviria
Producto opalescente, homogéneo, libre de particulas extrafas/ Opalescent, homogeneous product, free of

Aspecto / Aspect:
foreign particles.
Olor / Smell: Inobjetable/Unobjectionable
Color / Color: Blanco/\White
Analisis Fisicoquimico/ Fechal Unidad/ Resultado/ Especificaciones(*)/ . Método/
Physicochemical Analysis Date Unit Result Specifications(**) Method
Osmolalidad/Osmolality 2018-02-06  mOsm/Kg 266 NA USP 40 <785~

(**) Segtin Norma / Acoordinng to Standard:
(*) Métodos acreditados/Methods Accredited: ONAC, Certificado/Certificate: 10-LAB-053 Fecha/Date: 2014-09-05 ISO/IEC 17025:2005

NOTA: Este resultado corresponde, exclusivamente a la muestra recibida y analizada en el \aboratorio/This result correspond only to the sample

received and analyzed by the laboratory

Juys, lasma Q00w
Luz‘%. Osorio Castafio
T.P. 01345801606001664
Quimica Farmacéutica U de A
Coordinadora
2018-02-07 Fecha/Date: 2018-02-07

Fecha de Impresion/printing date:
CRO la informacion no tiene validez/Digitally signed report, without dry seal of TECNIMICRO

Informe firmado digitalmente, Sin sello seco de TECNIMI

this information is not valid
Este informe no puede ser reproducido total ni parcialmente sin autorizacion de Tecnimicro Laboratorio de Andlisis S.A.S/ / This report can't be

reproduced in whole or in part without Tecnimicro Laboratorio de Anélisis's authorization

FIN DE INFORME/ END OF REPORT
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ALIADO PRECISO

Equipo

Resultado viscosidad

Kinexus Pro {(www.malvern.com)

YA\NEXUS

Muestra

CL/78 - CHL Biolocus (chbol) FL0875
C17g - CF2 Azarga (Alcen a Novrtis compary) 65963
Cl78 - CF3 Simbrinza (Alcon a Novrtis company? 17G12DE
Cn7g - CF4 Oloftal (tecnoguimicas) 7J360
chye - CFS Brimaftal (tecnoquimicas) 7M336B
C178 - CFB Aqglad ofteno {sopaia) 40154665
Cl78 -CF7 Lumigan {al ergon) E79821
Cl78 - CF8 Ganfort (alle-gon) E79942
Clls0 - CF Darzopt 1076238 5L C
Clig4 - CF1 Alap 0.2% (procaps) Ne4858 SLC
cng4d - CFz Krytan tek ofteno (sophia) 4016194
Cl84 - CF3 Trusopt (MSD) MOA0389

Condiciones de la medida

Sistema de medida: Mato -

Tratorriento:

Platc 40

Tasa de czaladure: 5,000 s-1 a 20,000 s-1
Muestreo: 15 puntos.

Gap:- Qlmm

Temperatura: 25 °C £+ 001 °C

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paulo

WWW, .com

Edificio Copérnico
Tel: (+57) 4 314 0035

(+57) 4 313 8144 (+57)14B7 3776

Tel: (+57) 1 467 3792

Transv. 1 Este N* 57-88 Of 101




C@CO' Simbrinza (Alcon a Novrtis company) 17G12DE
)_

ALIADO PRECISO

Tabla de datos

| tIs] | | Esfuerzo [Pal | Tasa de cizalladura [s1]|
15 25 4998 6240.00 8.009
22.5 25 54.74 7177.00 7.626
30 25 59.46 8118.00 7.325
37.5 25 64.29 9056.00 7.098
45 25 69 9994.00 6.904
52.5 25 73.79 10930.00 6.751
60 25 78.78 11870.00 6.637
67.5 25 83.72 12810.00 6.538
75 25 88.98 13740.00 6.474
82.5 25 94.25 14680.00 6.419
90 25 99.77 15620.00 6.388
97.5 25 105.7 16560.00 6.386
105 25 111.7 17490.00 6.388
112.5 25 118.3 18430.00 6.417
120 25 125.2 19370.00 6.465

Grafico reporte

Viscosity vs Shear rate
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Viscosidad final

B6.7883 | mP

WW W, .com
Cr43 AN"18 Sur - 135 Of. 732 Transv. 1 Este N 57-88 Of 101
Centro Empresarial Sac Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57) 1487 3792

(+57) 4 313 8144 (+57)1467 3776



cecoltec

ALIADD PRECISO v ]
Informe de resultado tensién superficial

Equipo

Lataphysics QCALS

Caracteristicas del equipo:

Angulo de contacto [°] 0-180°+01°
Tensién superficial e interfacial [Dinas/cm] | 0.01 2000 [Dinas/cm] + 0.01 [Dinas/cm]

Condiciones de medicién:

Técnica usada: Gota - péndulo
Jeringa utilizada:Halmilton de 1 mL
Temperatura: 25°C

Dosificacién: 1 ul/ seg

www.cecoltec.com

Medellin - Colombia Begotda D.C - Colombia
Crd3 AN 18 Sur-1350f. 732 Transv. 1 Este N* 57-88 Of. 101
Centro Empresarial Sac Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57)1 487 3782

(+57) 4 313 8144 (+57)148B7 3776
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cecol

ALIADO PRECISO

Muestras
C78 - TSl Biofocus (obhot) 7A5875
Cl78 - 182 Azarga (Alcen a Novrtls cormoany) 55963
Cu78 - 753 Simbrirza (Alcon o Novrtis company) 17G12DC
78 - 154 Oloftal {tecncauimicas) 7J360
Cl78 - TS5 BriroflLal {tecnoquirmnicas) 7M3926B
CI78 - TS6 Agglad oftenc (soohia) 4015466
Cl78 - TS7 Lumizan (alle-gan) E79821
ClI78 - TS8 Ganort (allergan) E79942
CH80- T51 Dorzopt 1076238 5L C
CIs4d - TSL Alap 0.2% (procaps) 1184658 SLC
Clg84 - Ts2 Krytar tek ofteno (scphia) 4016194
Cl84 - 1S3 Trusopt (MSD) MO40589
Resultados

Cll78 - 151 oll3 5108 SL37

5118 Sle oles 016

Cll7&g=Toe 4776 47.45 47 42 482z 4785 4774 c.es
Ch78-T53] 52824 538 5286 52.96 5315 o314 034
Ch7g -Ts4| 022 5017 50508 oles olag o083 066
Cl78 - TS5 2381 5221 5349 o228 524 5284 0867
Cll78 - To6 A5.31 487 A8.75 48.79 A8.78 A867 0le
CU’g8-T1s7| B346 6325 6331 63.89 6383 6355 0.6
ClI78 - T58 | 6488 B4.33 649 5489 65 5480 024
CH20-Tal 4432 4371 44.08 4473 4465 4421 031
cas4 -T31 6328 b3 32 6362 6319 b=y 6334 015
g4 -Ts2 | 7884 78.26 7742 78.58 7877 7239 054
Clls4 -T33| 4987 4926 4977 4928 496 49.56 0.25
WWW, .com

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

Transv. 1 Este N® 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776



8 0 3
UM

3102
W30 2L

EojUIIEH0
%2Z'0 OjeIpe) BUIPILOWILIG
%L epluejozung

NZNAWIS
B 2

28x28x70 mm
12015

2

Cada mL contiene:
Brinzolamida 10 mg
Brimonidina Tartrato 2 mg
Excipientes csp: 1 mL
Cada mL contiene en
promedio 30 gotas

Via de Administracidn:
Dftalmica.

Importado por:
Laboratorios Alcon de
Colombia §.A

Bogota, D.C-Colombia.
Fabricado por:

S.A. ALCON-COUVREUR N.V,
Puurs - Belgica.

Registro Sanitario

INVIMA 2015M-0016682

| * Una Marca Registratta 6e Novartis
© 2015 Novartis

500438
7 590/43816-0
R S

Contraindicaciones,
Advertencias ¥
Precauciones:
Ver inserto.
El preservante Cloruro de
Benzalconio puede
depositarse en los lentes.
de contacto blandos,
estos deben colocarse
15 minutos después de la
aplicacion del farmaco.
Posologia: Segin
Criterio Médico
Venta con Formula
Médica
MANTENER FUERA DEL
ALCANCE DE LOS NIFIDS.

Almacenar a
temperatura inferior a

MUESTRA MEDICA

PROHIBIDA

—— o
SIMBRINZA

Brinzolamida 1%
Brimonidina
Tartrato 0,2%
Suspension
Oftalmica

30°C.
Desechar 32 dias
después de abierto.
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Cada mL contiene:
Brinzolamida 10 mg

Brimonidina Tartrato 2mg
Excipientes csp: 1 mL
Cada mL contiene en
promedio 30 gotas
Via de Administracion;
Oftdimica, )
Importado por:
= Laboratorios Alcon de :
Colombia 8.4
Bogota, D.C-Colombia,
Fabricado por:
S.A. ALCON-COUVREUR N.v.
Puurs - Belgica,
Registro Sanitario
INVIMA 2015M-0016682

*Una Marca Registrada de g
1 2015 Novartiy el




REPORTE DE ANALISIS/ANALYSIS REPORT
Muestra/Sample #: 257558

7 Company:  ESPECIALIDADES OFTALMOLOGICAS S.A. Telf. / Phone: 448 19 18 .
| Headquarters: Sede principal Carrera 37 A No. 2 Sur 104, Loma Alejandria, Poblado, Medelli
P ducto / Product: AZARGA
Muestra / Sample: Lote: 5963 Laboratario: Alcon a Novrtis company
Fecha de Recepcion / Reception date: 2018-02-06 Temp. de Recepcién / Temp. Reception: 26,1°C
Cantidad / Amount: 1 Unidad/ 1 unit

Contenedor / Container: Frasco gotero con tapa/ Dropper bottle with lid

Enviada por /Send by:  Tatiana Maria Gomez Gaviria

Aspecto / Aspect: Producto opalescente, homogéneo, libre de particulas extranas/ Opalescent, homogeneous product, free of
foreign particles.
Olor / Smell: Inobjetable/Unobjectionable
Color / Color: Blanco/White
Analisis Fisicoquimico/ Fecha/ Unidad/ Resultado/ Especificaciones(*)/ Método/
Physicochemical Analysis Date Unit Result Specifications(*) Method
Osmolalidad/Osmolality 2018-02-06  mOsm/Kg 286 NA USP 40 <785>

(**) Segin Norma / Acoordinng to Standard:
(*) Métodos acreditados/Methods Accredited: ONAC, Certificado/Certificate: 10-LAB-053 Fecha/Date: 2014-09-05 ISO/IEC 17025:2005

NOTA: Este resultado corresponde, exclusivamente a la muestra recibida y analizada en el laboratorio/This result correspond only to the sample
received and analyzed by the laboratory

Luz‘%. Osorio Castafio
T.P. 01345801606001664
Quimica Farmacéutica U de A
Coordinadora
Fecha de Impresion/printing date: 2018-02-07 Fecha/Date: 2018-02-07
Informe firmado digitalmente, Sin sello seco de TECNIMICRO la informacién no tiene validez/Digitally signed report, without dry seal of TECNIMICRO
this information is not valid
Este informe no puede ser reproducido total ni parcialmente sin autorizacién de Tecnimicro Laboratorio de Analisis S.A.S// This report can't be
reproduced in whole or in part without Tecnimicro Laboratorio de Analisis's authorization

FIN DE INFORME/ END OF REPORT
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ALIADO PRECISO

Equipo

Resultado viscosidad

Kinexus Pro {(www.malvern.com)

YA\NEXUS

Muestra

CL/78 - CHL Biolocus (chbol) FL0875
C17g - CF2 Azarga (Alcen a Novrtis compary) 65963
Cl78 - CF3 Simbrinza (Alcon a Novrtis company? 17G12DE
Cn7g - CF4 Oloftal (tecnoguimicas) 7J360
chye - CFS Brimaftal (tecnoquimicas) 7M336B
C178 - CFB Aqglad ofteno {sopaia) 40154665
Cl78 -CF7 Lumigan {al ergon) E79821
Cl78 - CF8 Ganfort (alle-gon) E79942
Clls0 - CF Darzopt 1076238 5L C
Clig4 - CF1 Alap 0.2% (procaps) Ne4858 SLC
cng4d - CFz Krytan tek ofteno (sophia) 4016194
Cl84 - CF3 Trusopt (MSD) MOA0389

Condiciones de la medida

Sistema de medida: Mato -

Tratorriento:

Platc 40

Tasa de czaladure: 5,000 s-1 a 20,000 s-1
Muestreo: 15 puntos.

Gap:- Qlmm

Temperatura: 25 °C £+ 001 °C

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paulo

WWW, .com

Edificio Copérnico
Tel: (+57) 4 314 0035

(+57) 4 313 8144 (+57)14B7 3776

Tel: (+57) 1 467 3792

Transv. 1 Este N* 57-88 Of 101




Ce COI Azarga (Alcon a Novrtis company)
EL ALIADO PRECISO
Tabla de datos
15 25 55.29 6240.00 8.86
22.5 25 60.85 7181.00 8.473
30 25 66.24 8118.00 8.16
37.5 25 71.68 9056.00 7.915
45 25 77.06 9994.00 7.71
52.5 25 82.55 10930.00 7.551
60 25 88.05 11870.00 7.419
67.5 25 93.54 12810.00 7.304
75 25 99.29 13740.00 7.224
82.5 25 105.1 14680.00 7.158
90 25 111.2 15620.00 7.121
97.5 25 117.6 16560.00 7.101
105 25 123.9 17490.00 7.084
112.5 25 130.9 18430.00 7.104
120 25 138.2 19370.00 7.136
Grafico reporte
Viscosity vs Shear rate
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Viscosidad final

7.5546 | mP

WWW,

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57)4 313 8144

.com

Transv. 1 Este N* 57-88 Of 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776
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cecoltec

ALIADD PRECISO v ]
Informe de resultado tensién superficial

Equipo

Lataphysics QCALS

Caracteristicas del equipo:

Angulo de contacto [°] 0-180°+01°
Tensién superficial e interfacial [Dinas/cm] | 0.01 2000 [Dinas/cm] + 0.01 [Dinas/cm]

Condiciones de medicién:

Técnica usada: Gota - péndulo
Jeringa utilizada:Halmilton de 1 mL
Temperatura: 25°C

Dosificacién: 1 ul/ seg

www.cecoltec.com

Medellin - Colombia Begotda D.C - Colombia
Crd3 AN 18 Sur-1350f. 732 Transv. 1 Este N* 57-88 Of. 101
Centro Empresarial Sac Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57)1 487 3782

(+57) 4 313 8144 (+57)148B7 3776
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cecol

ALIADO PRECISO

Muestras
C78 - TSl Biofocus (obhot) 7A5875
Cl78 - 182 Azarga (Alcen a Novrtls cormoany) 55963
Cu78 - 753 Simbrirza (Alcon o Novrtis company) 17G12DC
78 - 154 Oloftal {tecncauimicas) 7J360
Cl78 - TS5 BriroflLal {tecnoquirmnicas) 7M3926B
CI78 - TS6 Agglad oftenc (soohia) 4015466
Cl78 - TS7 Lumizan (alle-gan) E79821
ClI78 - TS8 Ganort (allergan) E79942
CH80- T51 Dorzopt 1076238 5L C
CIs4d - TSL Alap 0.2% (procaps) 1184658 SLC
Clg84 - Ts2 Krytar tek ofteno (scphia) 4016194
Cl84 - 1S3 Trusopt (MSD) MO40589
Resultados

Cll78 - 151 oll3 5108 SL37

5118 Sle oles 016

Cll7&g=Toe 4776 47.45 47 42 482z 4785 4774 c.es
Ch78-T53] 52824 538 5286 52.96 5315 o314 034
Ch7g -Ts4| 022 5017 50508 oles olag o083 066
Cl78 - TS5 2381 5221 5349 o228 524 5284 0867
Cll78 - To6 A5.31 487 A8.75 48.79 A8.78 A867 0le
CU’g8-T1s7| B346 6325 6331 63.89 6383 6355 0.6
ClI78 - T58 | 6488 B4.33 649 5489 65 5480 024
CH20-Tal 4432 4371 44.08 4473 4465 4421 031
cas4 -T31 6328 b3 32 6362 6319 b=y 6334 015
g4 -Ts2 | 7884 78.26 7742 78.58 7877 7239 054
Clls4 -T33| 4987 4926 4977 4928 496 49.56 0.25
WWW, .com

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

Transv. 1 Este N® 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776
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DOSIS Y POSOLOGIA: La que el
médico indigue.

Agitar bien antes del uso.

Leer el inserto antes del uso v para
detalles adicionales.

Mantener fuera del alcance y de la
vista de los nifios.

Descarlar 4 semanas después de
ahbrir por primera vez.

Producto médico.

VENTA CON FORMULA FACULTATIVA.
Almacenar a temperatura no
mayor a 30°C.

©2010, 2014, 2015 Novartis

Fabricado por:
NOVARTIS BIOCIENCIAS S.A
Av. N. 8. da Assungio, 736

= Sao Paulo - SP - Brasil

Industria Brasilefia

Importado y distribuido por:
LABORATORIOS ALCON
DE COLOMBIA S.A

Bogotd D. C. - Colombia.
Registro Sanitario

INVIMA 2008M-0010040

MUESTRA
- MEDICA
PROHIBIDA
| SUVENTA
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DOSIS Y POSOLOGIA: La que el
médico indigue.

Agitar bien antes del uso.

Leer el inserto antes del uso y para
detalles adicionales.

Mantener fuera del alcance y de la
vista de los nifios,

Descartar 4 semanas después de
abrir por primera vez.

Producto médico
VENTA CON FORMULA FACULTATIVA

Almacenar a temperatura no
mayor a 30°C.
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AZARGA.

COMPOSICIGN: Cada i
contiene: Brinzolamica 10 mg,
Maleato de Timolol 6.8 mg
equivalente a Timolal Base 5 mg.
Cloruro de Benzalconio,
EXCipientes c.s

Cada mL contiene en promedia
30 gotas/mL

10 mg/ml + 5 mg/m|
gotas para los ojos,
suspension estéril

Brinzolamida/Timolol

Contraindicaciones ¥
advertencias: Asma bronquial,
antecedentes de asma o
enfermedad pulmanar
obstructiva cronica intensa,
bradicardia sinusal, bloqueo
auriculoventricular de segundo
| o tercer grado, insuficiencia
cardiaca manifiesta, choque
cardiogénico. Hipersensibilidad
acualquiera de sus
componentes.

El preservante Cloruro de
Benzalconio puede depositarse
en los lentes de contacto
blandos, estos deben colocarse
15 minutos después de la
aplicacién del farmaco.

Uso ocular

Alcon

a Novartis company

4 ===

4

Fabricado por:

NOVARTIS BIOGIENCIAS S.A.

Av.N. 5. da Assungdo, 736
"~ Sé0 Paulo - SP - Brasil

Industria Brasilefia

Importado y distribuido por
LABORATORIODS ALCON
DE COLOMBIA S.A

Bogota D. C. - Colombia.
Registro Sanitario

INVIMA 2009M-0010040

MUESTRA
MEDICA
PROHIBIDA
SU VENTA



REPORTE DE ANALISIS/ANALYSIS REPORT
Muestra/Sample #: 257566

ESPECIALIDADES OFTALMOLOGICAS S.A. Telf. / Phone: 448 191 .
Carrera 37 A No. 2 Sur 104, Loma Alejandria, Poblado, Mede!

Sede principal
TRUSOPT

" Muestra / Sample: Lote: 040314-1; 510538V, Laboratorio: MSD
Temp. de Recepcion / Temp. Reception: 26,1°C

Fecha de Recepcion / Reception date: 2018-02-08
Cantidad / Amount: 1 Unidad/ 1 unit
Contenedor / Container: Frasco gotero con tapa/ Dropper bottle with lid

Enviada por /Send by:  Tatiana Maria Gémez Gaviria
libre de particulas extranas/ Translucent, homogeneous product, free of

Aspecto /| Aspect: Producto translucido, homogéneo,
foreign particles.
Olor / Smell: Inobjetable/Unobjectionable
Color / Color: Incoloro/Colorless
Analisis Fisicoquimico/ Fecha/ Unidad/ Resultado/ Especificaciones(**)/ Método/
Physicochemical Analysis Date Unit Result Specifications(**) Method
Osmolalidad/Osmolality 2018-02-06 mOsm/Kg 282 NA USP 40 <785>

(**) Segun Norma / Acoordinng to Standard:
(*) Métodos acreditados/Methods Accredited: ONAC, Certificado/Certifi

NOTA: Este resultado corresponde, exclusivamente a la muestra recibida y ana
received and analyzed by the laboratory

cate: 10-LAB-053 Fecha/Date: 2014-08-05 ISO/IEC 17025:2005
lizada en el laboratorio/This result correspond only to the sample

ﬂu‘% AT Qeount
Luz E. Osorio Castafio
T.P. 01345801606001664
Quimica Farmacéutica U de A
Coordinadora
2018-02-07 Fecha / Date: 2018-02-07

Fecha de Impresién/printing date:
CNIMICRO la informacion no tiene validez/Digitally signed report, without dry seal of TECNIMICRO

Informe firmado digitalmente, Sin sello seco de TE
this information is not valid

Este informe no puede ser reproducido total ni parcialmente sin autorizacion de Tecnimicro Lal
reproduced in whole or in part without Tecnimicro Laboratorio de Andlisis's authorization

boratorio de Analisis S A.S// This report can't be

FIN DE INFORME/ END OF REPORT
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cecol

ALIADO PRECISO

Equipo

Resultado viscosidad

Kinexus Pro {(www.malvern.com)

YA\NEXUS

Muestra

CL/78 - CHL Biolocus (chbol) FL0875
C17g - CF2 Azarga (Alcen a Novrtis compary) 65963
Cl78 - CF3 Simbrinza (Alcon a Novrtis company? 17G12DE
Cn7g - CF4 Oloftal (tecnoguimicas) 7J360
chye - CFS Brimaftal (tecnoquimicas) 7M336B
C178 - CFB Aqglad ofteno {sopaia) 40154665
Cl78 -CF7 Lumigan {al ergon) E79821
Cl78 - CF8 Ganfort (alle-gon) E79942
Clls0 - CF Darzopt 1076238 5L C
Clig4 - CF1 Alap 0.2% (procaps) Ne4858 SLC
cng4d - CFz Krytan tek ofteno (sophia) 4016194
Cl84 - CF3 Trusopt (MSD) MOA0389

Condiciones de la medida

Sistema de medida: Mato -

Tratorriento:

Platc 40

Tasa de czaladure: 5,000 s-1 a 20,000 s-1
Muestreo: 15 puntos.

Gap:- Qlmm

Temperatura: 25 °C £+ 001 °C

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paulo

WWW, .com

Edificio Copérnico
Tel: (+57) 4 314 0035

(+57) 4 313 8144 (+57)14B7 3776

Tel: (+57) 1 467 3792

Transv. 1 Este N* 57-88 Of 101




Trusopt (MSD) M040389

cecol

ALIADO PRECISO

Tabla de datos
15 25 50.88 6240.00 8.154
22,5 25 5541 7178.00 7.719
30 25 59.83 8118.00 7.369
37.5 25 63.99 9056.00 7.066
45 25 68.12 9994.00 6.816
52,5 25 72.38 10930.00 6.621
60 25 76.54 11870.00 6.449
67.5 25 80.97 12810.00 6.323
75 25 85.42 13740.00 6.215
82,5 25 89.77 14680.00 6.115
90 25 94.54 15620.00 6.053
97.5 25 99.27 16560.00 5.996
105 25 104.3 17490.00 5.960
112.5 25 109.7 18430.00 5.951
120 25 115.1 19370.00 5.942
Grafico reporte
Viscosity vs Shear rate
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Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

Transv. 1 Este N* 57-88 Of 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776



cecoltec

ALIADD PRECISO v ]
Informe de resultado tensién superficial

Equipo

Lataphysics QCALS

Caracteristicas del equipo:

Angulo de contacto [°] 0-180°+01°
Tensién superficial e interfacial [Dinas/cm] | 0.01 2000 [Dinas/cm] + 0.01 [Dinas/cm]

Condiciones de medicién:

Técnica usada: Gota - péndulo
Jeringa utilizada:Halmilton de 1 mL
Temperatura: 25°C

Dosificacién: 1 ul/ seg

www.cecoltec.com

Medellin - Colombia Begotda D.C - Colombia
Crd3 AN 18 Sur-1350f. 732 Transv. 1 Este N* 57-88 Of. 101
Centro Empresarial Sac Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57)1 487 3782

(+57) 4 313 8144 (+57)148B7 3776



©

cecol

ALIADO PRECISO

Muestras
C78 - TSl Biofocus (obhot) 7A5875
Cl78 - 182 Azarga (Alcen a Novrtls cormoany) 55963
Cu78 - 753 Simbrirza (Alcon o Novrtis company) 17G12DC
78 - 154 Oloftal {tecncauimicas) 7J360
Cl78 - TS5 BriroflLal {tecnoquirmnicas) 7M3926B
CI78 - TS6 Agglad oftenc (soohia) 4015466
Cl78 - TS7 Lumizan (alle-gan) E79821
ClI78 - TS8 Ganort (allergan) E79942
CH80- T51 Dorzopt 1076238 5L C
CIs4d - TSL Alap 0.2% (procaps) 1184658 SLC
Clg84 - Ts2 Krytar tek ofteno (scphia) 4016194
Cl84 - 1S3 Trusopt (MSD) MO40589
Resultados

Cll78 - 151 oll3 5108 SL37

5118 Sle oles 016

Cll7&g=Toe 4776 47.45 47 42 482z 4785 4774 c.es
Ch78-T53] 52824 538 5286 52.96 5315 o314 034
Ch7g -Ts4| 022 5017 50508 oles olag o083 066
Cl78 - TS5 2381 5221 5349 o228 524 5284 0867
Cll78 - To6 A5.31 487 A8.75 48.79 A8.78 A867 0le
CU’g8-T1s7| B346 6325 6331 63.89 6383 6355 0.6
ClI78 - T58 | 6488 B4.33 649 5489 65 5480 024
CH20-Tal 4432 4371 44.08 4473 4465 4421 031
cas4 -T31 6328 b3 32 6362 6319 b=y 6334 015
g4 -Ts2 | 7884 78.26 7742 78.58 7877 7239 054
Clls4 -T33| 4987 4926 4977 4928 496 49.56 0.25
WWW, .com

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

Transv. 1 Este N® 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776
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< > Cada ml contiene:
msD Dorzolamida Clorhidrato

Equivalente a Dorzolamida 20 mg

®
Trusopt
DORZOLAMIDA CLORHIDRATO

MUESTRA MEDICA
PROHIBIDA SU VENTA

FRASCO OCUMETER PLUS

Solucion Oftélmica
Estéril al 2% 5 mlL

Vence: 07 2018
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Fabricado y empacada por
MERCK SHARP & DOHME
Chibret, Francia

Importado y Distribuido por:

MERCK SHARP & DOHME COLOMBIAS.A.S.
Bogotd, Colombia,

Reg. San. INVIMA 2007 M-006524-R1

Via de administracidn: Conjuntival.
DOSIS: Usese segin criterio médico,
Venta bajo formula médica,
Paramayor informacin ver inserto
adjunto,

CONTRAINDICACIONES Y ADVERTENCIAS:
Hipersensibilidad a los componentes del
producto.

Consérvese a menos de 30°C, protegido
de laluz,

Manténgase fiera del alcance de los nifios.



REPORTE DE ANALISIS/ANALYSIS REPORT
Muestra/Sample #: 257564

ESPECIALIDADES OFTALMOLOGICAS S.A. Telf. / Phone: 4481918
Garrera 37 A No, 2 Sur 104, Loma Alejandria, Poblado, Mede!

| Sede principal
roducto / Product:  GANFORT
~ Muestra / Sample: Lote: E79942; Laboratorio: Allergan

Fecha de Recepcion / Reception date: 2018-02-06 Temp. de Recepcion | Temp. Reception: 26,1°C

Cantidad / Amount: 3 Unidades/ 3 units

Gontenedor / Container: Plastico preformado

Enviada por /Send by:  Tatiana Maria Gomez Gaviria
Liquido translucido, homogéneo, libre de particulas extrafias/ Translucent, homogeneous liquid free of

Aspecto | Aspect:
foreign particles.
Olor / Smell: Inobjetable/Uncbjectionable
Color/ Color: Incoloro/Colorless
Andlisis Fisicoquimico/ Fecha/ Unidad/ Resultado/ Especificaciones(**)/ Método/
Physicochemical Analysis Date Unit Result Specifications(™) Method
Osmolalidad/Osmolality 2018-02-06 mOsm/Kg 283 NA USP 40 <785>

(**) Segun Norma / Acoordinng to Standard:
(*) Métodos acreditados/Methods Accredited: ONAC, Certificado/Certificate: 10-LAB-053 Fecha/Date: 2014-09-05 ISO/IEC 17025:2005

NOTA; Este resultado corresponde, exclusivamente a la muestra recibida y analizada en el laboratorio/This result correspond only to the sample

received and analyzed by the laboratory

Doy, Clama O20uR <
Luz‘é. Osorio Castario
T.P. 01345801606001664
Quimica Farmacéutica U de A
Coordinadora
2018-02-07 Fecha / Date: 2018-02-07

Fecha de Impresion/printing date:
1a informacién no tiene validez/Digitally signed report, without dry seal of TECNIMICRO

Informe firmado digitalmente, Sin sello seco de TECNIMICRO

this information is not valid
Este informe no puede ser reproducido total ni parcialmente sin autorizacion de Tecnimicro Laboratorio de Anlisis S.A.S/ / This report can't be

reproduced in whole or in part without Tecnimicro Laboratorio de Analisis's authorization

FIN DE INFORME/ END OF REPORT

Muestra/Sample: 257564 :




©

cecol

ALIADO PRECISO

Equipo

Resultado viscosidad

Kinexus Pro {(www.malvern.com)

YA\NEXUS

Muestra

CL/78 - CHL Biolocus (chbol) FL0875
C17g - CF2 Azarga (Alcen a Novrtis compary) 65963
Cl78 - CF3 Simbrinza (Alcon a Novrtis company? 17G12DE
Cn7g - CF4 Oloftal (tecnoguimicas) 7J360
chye - CFS Brimaftal (tecnoquimicas) 7M336B
C178 - CFB Aqglad ofteno {sopaia) 40154665
Cl78 -CF7 Lumigan {al ergon) E79821
Cl78 - CF8 Ganfort (alle-gon) E79942
Clls0 - CF Darzopt 1076238 5L C
Clig4 - CF1 Alap 0.2% (procaps) Ne4858 SLC
cng4d - CFz Krytan tek ofteno (sophia) 4016194
Cl84 - CF3 Trusopt (MSD) MOA0389

Condiciones de la medida

Sistema de medida: Mato -

Tratorriento:

Platc 40

Tasa de czaladure: 5,000 s-1 a 20,000 s-1
Muestreo: 15 puntos.

Gap:- Qlmm

Temperatura: 25 °C £+ 001 °C

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paulo

WWW, .com

Edificio Copérnico
Tel: (+57) 4 314 0035

(+57) 4 313 8144 (+57)14B7 3776

Tel: (+57) 1 467 3792

Transv. 1 Este N* 57-88 Of 101




Ce COI Ganfort (allergan)
EL ALIADO PRECISO
Tabla de datos
15 25 4.247 6217.00 0.6831
225 25 4.824 7155.00 0.6743
30 25 5.416 8092.00 0.6693
37.5 25 6.042 9030.00 0.6691
45 25 6.687 9967.00 0.6709
52.5 25 7.365 10900.00 0.6754
60 25 8.098 11840.00 0.6838
67.5 25 8.859 12780.00 0.6932
75 25 9.669 13720.00 0.7049
82,5 25 10.54 14660.00 0.7195
90 25 11.58 15590.00 0.7426
97.5 25 12.75 16530.00 0.7713
105 25 14.05 17470.00 0.8041
112.5 25 15.29 18410.00 0.8306
120 25 16.16 19340.00 0.8354
Grafico reporte
Viscosity vs Shear rate
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Viscosidad final

0.7218 | mP

WWW,

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

.com

Transv. 1 Este N 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776

E79942




cecoltec

ALIADD PRECISO v ]
Informe de resultado tensién superficial

Equipo

Lataphysics QCALS

Caracteristicas del equipo:

Angulo de contacto [°] 0-180°+01°
Tensién superficial e interfacial [Dinas/cm] | 0.01 2000 [Dinas/cm] + 0.01 [Dinas/cm]

Condiciones de medicién:

Técnica usada: Gota - péndulo
Jeringa utilizada:Halmilton de 1 mL
Temperatura: 25°C

Dosificacién: 1 ul/ seg

www.cecoltec.com

Medellin - Colombia Begotda D.C - Colombia
Crd3 AN 18 Sur-1350f. 732 Transv. 1 Este N* 57-88 Of. 101
Centro Empresarial Sac Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57)1 487 3782

(+57) 4 313 8144 (+57)148B7 3776



©

cecol

ALIADO PRECISO

Muestras
C78 - TSl Biofocus (obhot) 7A5875
Cl78 - 182 Azarga (Alcen a Novrtls cormoany) 55963
Cu78 - 753 Simbrirza (Alcon o Novrtis company) 17G12DC
78 - 154 Oloftal {tecncauimicas) 7J360
Cl78 - TS5 BriroflLal {tecnoquirmnicas) 7M3926B
CI78 - TS6 Agglad oftenc (soohia) 4015466
Cl78 - TS7 Lumizan (alle-gan) E79821
ClI78 - TS8 Ganort (allergan) E79942
CH80- T51 Dorzopt 1076238 5L C
CIs4d - TSL Alap 0.2% (procaps) 1184658 SLC
Clg84 - Ts2 Krytar tek ofteno (scphia) 4016194
Cl84 - 1S3 Trusopt (MSD) MO40589
Resultados

Cll78 - 151 oll3 5108 SL37

5118 Sle oles 016

Cll7&g=Toe 4776 47.45 47 42 482z 4785 4774 c.es
Ch78-T53] 52824 538 5286 52.96 5315 o314 034
Ch7g -Ts4| 022 5017 50508 oles olag o083 066
Cl78 - TS5 2381 5221 5349 o228 524 5284 0867
Cll78 - To6 A5.31 487 A8.75 48.79 A8.78 A867 0le
CU’g8-T1s7| B346 6325 6331 63.89 6383 6355 0.6
ClI78 - T58 | 6488 B4.33 649 5489 65 5480 024
CH20-Tal 4432 4371 44.08 4473 4465 4421 031
cas4 -T31 6328 b3 32 6362 6319 b=y 6334 015
g4 -Ts2 | 7884 78.26 7742 78.58 7877 7239 054
Clls4 -T33| 4987 4926 4977 4928 496 49.56 0.25
WWW, .com

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

Transv. 1 Este N® 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776



Ganfort UD.

SOLUCION OFTALMICA

PARA UNA SOLA APLICACION
LIBRE DE PRESERVANTES

Bimatoprost 0,3 mg/mL/ Timolol 5,0 mg/mL

MUESTRA MEDICA
PROHIBIDA SU VENTA

Para un solo uso 5 viales unidosis estériles de 0,4 mL

il E79942
Vence
ENE 2019

Composicin:
Cada mL contiena:

sodia dibasica
heptahidratado, acico
citrica monohidrato,

: Segin
prescripeion médica
Viales para un s0lo uso,
descartar el sobrante
después de su uso
Condiciones de
Almacenamiento
Ganfort* UD debe

ser aimacenado a una
temperatura no mayor a
30°C.

Aimacenar los viales en
el sobre protegido de la
luz

Cierre doblando el
extrema del sabre,

W §'0 9p $3|142)SA S|SODIUN SIBIA § 05 0j0S Un BIBY

VLN3A NS VOIBIHOHd
VOIO3W veLsInw

. YOIWTYLJO NDIDNT0S

,Qb:ﬂh O, 0068256

SOLUCION OFTALMICA

PARA UNA SOLA APLICACION
LIBRE DE PRESERVANTES

Bimatoprost 0,3 mg/mL/ Timolol 5,0 mg/mL

Para un solo uso

PROHIBIDA SU VENTA

MUESTRA MEDICA

5 viales unidosis estériles de 0,4 mL

Gontraindicaciones y
Advertenias:

ver insarto adjunta
[Manténgase fuera del
alcance de los nifios
Importado y Distribuido
por

Allargan de Golombia 5.
Bogotd D.C.

Registro Sanitaria

No. INVIMA 2014M-0016449
Fabricado por |

Allorgan Pharmaceuticals.
d, Westport, Co.
Irefand

® Marca Registrada de
[Allergan, Inc.

65778C0O10






REPORTE DE ANALISIS/IANALYSIS REPORT
Muestra/Sample #: 257560

ESPECIALIDADES OFTALMOLOGICAS S.A. Telf. | Phone: 448 19 18
37 A No. 2 Sur 104, Loma Alejandria, Poblado, Mede

Headquarters:  Sede principal Carrera
roducto / Product:  OLOFTAL

" Muestra / Sample: Lote: 6P450B; Laboratorio: Tecnoquimicas SA.
Fecha de Recepcion / Reception date: 2018-02-06 Temp. de Recepcion / Temp. Reception: 26,1°C
Cantidad / Amount: 1 Unidad/ 1 unit

Contenedor / Container: Frasco gotero con tapal/ Dropper bottle with lid

Enviada por /Send by:  Tatiana Maria Gomez Gaviria

Liguido transltcido, homogéneo, libre de particulas extrafias/ Translucent, homogeneous liquid free of

Aspecto / Aspect:
foreign particles.

Olor / Smell: Inobjetable/Unobjectionable
Color / Color: Incoloro/Colorless
Analisis Fisicoguimico/ Fecha/ Unidad/ Resultado/ Especificaciones(*)/ Método/
Physicochemical Analysis Date Unit Result Specifications(™) Method
Osmolalidad/Osmolality 2018-02-06 mOsm/Kg 283 NA USP 40 <785>

(**) Seguin Norma / Acoordinng to Standard.

(*) Métodos acreditados/Methods Accredited: ONAC, Certificado/Certificate: 10-LAB-053 Fecha/Date: 2014-09-05 ISO/IEC 17025:2006
NOTA: Este resultado corresponde, exclusivamente a |a muestra recibida y analizada en el |aboratorio/This result correspond only to the sample
received and analyzed by the laboratory

Oloou.bﬁ
Luz E. Osorio Castaiic
T.P. 01345801606001664
Quimica Farmacéutica U de A
Coordinadora
Fecha de Impresion/printing date: 2018-02-07 Fecha / Date. 2018-02-07
Informe firmado digitaimente, Sin sello seco de TECNIMICRO la informacion no tiene validez/Digitally signed report, without dry seal of TECNIMICRO

this information is not valid
Este informe no puede ser reproducido total ni parcialmente sin autorizacion de Tecnimicro Laboratorio de Analisis S.A.S/ / This report can't be

reproduced in whole or in part without Tecnimicro Laboratorio de Analisis's authorization

FIN DE INFORME/ END OF REPORT

ina/Page 1det Muestra/Sample: 257560 It
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cecol

ALIADO PRECISO

Equipo

Resultado viscosidad

Kinexus Pro {(www.malvern.com)

YA\NEXUS

Muestra

CL/78 - CHL Biolocus (chbol) FL0875
C17g - CF2 Azarga (Alcen a Novrtis compary) 65963
Cl78 - CF3 Simbrinza (Alcon a Novrtis company? 17G12DE
Cn7g - CF4 Oloftal (tecnoguimicas) 7J360
chye - CFS Brimaftal (tecnoquimicas) 7M336B
C178 - CFB Aqglad ofteno {sopaia) 40154665
Cl78 -CF7 Lumigan {al ergon) E79821
Cl78 - CF8 Ganfort (alle-gon) E79942
Clls0 - CF Darzopt 1076238 5L C
Clig4 - CF1 Alap 0.2% (procaps) Ne4858 SLC
cng4d - CFz Krytan tek ofteno (sophia) 4016194
Cl84 - CF3 Trusopt (MSD) MOA0389

Condiciones de la medida

Sistema de medida: Mato -

Tratorriento:

Platc 40

Tasa de czaladure: 5,000 s-1 a 20,000 s-1
Muestreo: 15 puntos.

Gap:- Qlmm

Temperatura: 25 °C £+ 001 °C

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paulo

WWW, .com

Edificio Copérnico
Tel: (+57) 4 314 0035

(+57) 4 313 8144 (+57)14B7 3776

Tel: (+57) 1 467 3792

Transv. 1 Este N* 57-88 Of 101




Ce CO| Oloftal (tecnoquimicas) 7J360
e

ALIADO PRECISO

Tabla de datoes
15 25 5.584 6217.00 0.8982
22,5 25 6.369 7155.00 0.8902
30 25 7.183 8092.00 0.8877
37.5 25 8.024 9030.00 0.8886
45 25 8.904 9967.00 0.8933
52.5 25 9.819 10900.00 0.9004
60 25 10.78 11840.00 0.9104
67.5 25 11.79 12780.00 0.9222
75 25 12.82 13720.00 0.9345
82.5 25 13.92 14660.00 0.9497
90 25 15.06 15590.00 0.9661
97.5 25 16.35 16530.00 0.9893
105 25 17.91 17480.00 1.025
112.5 25 19.61 18410.00 1.065
120 25 219 19350.00 1.096

Grafico reporte

Viscosity vs Shear rate
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Viscosidad final
0.9477 | mP
WWW, .com
Cr43 A N"18 Sur - 135 Of. 732 Transv. 1 Este N* 57-88 Of. 101
Centro Empresarial Sac Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57) 1487 3792

(+57) 4 313 8144 (+57)1467 3776



cecoltec

ALIADD PRECISO v ]
Informe de resultado tensién superficial

Equipo

Lataphysics QCALS

Caracteristicas del equipo:

Angulo de contacto [°] 0-180°+01°
Tensién superficial e interfacial [Dinas/cm] | 0.01 2000 [Dinas/cm] + 0.01 [Dinas/cm]

Condiciones de medicién:

Técnica usada: Gota - péndulo
Jeringa utilizada:Halmilton de 1 mL
Temperatura: 25°C

Dosificacién: 1 ul/ seg

www.cecoltec.com

Medellin - Colombia Begotda D.C - Colombia
Crd3 AN 18 Sur-1350f. 732 Transv. 1 Este N* 57-88 Of. 101
Centro Empresarial Sac Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57)1 487 3782

(+57) 4 313 8144 (+57)148B7 3776
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cecol

ALIADO PRECISO

Muestras
C78 - TSl Biofocus (obhot) 7A5875
Cl78 - 182 Azarga (Alcen a Novrtls cormoany) 55963
Cu78 - 753 Simbrirza (Alcon o Novrtis company) 17G12DC
78 - 154 Oloftal {tecncauimicas) 7J360
Cl78 - TS5 BriroflLal {tecnoquirmnicas) 7M3926B
CI78 - TS6 Agglad oftenc (soohia) 4015466
Cl78 - TS7 Lumizan (alle-gan) E79821
ClI78 - TS8 Ganort (allergan) E79942
CH80- T51 Dorzopt 1076238 5L C
CIs4d - TSL Alap 0.2% (procaps) 1184658 SLC
Clg84 - Ts2 Krytar tek ofteno (scphia) 4016194
Cl84 - 1S3 Trusopt (MSD) MO40589
Resultados

Cll78 - 151 oll3 5108 SL37

5118 Sle oles 016

Cll7&g=Toe 4776 47.45 47 42 482z 4785 4774 c.es
Ch78-T53] 52824 538 5286 52.96 5315 o314 034
Ch7g -Ts4| 022 5017 50508 oles olag o083 066
Cl78 - TS5 2381 5221 5349 o228 524 5284 0867
Cll78 - To6 A5.31 487 A8.75 48.79 A8.78 A867 0le
CU’g8-T1s7| B346 6325 6331 63.89 6383 6355 0.6
ClI78 - T58 | 6488 B4.33 649 5489 65 5480 024
CH20-Tal 4432 4371 44.08 4473 4465 4421 031
cas4 -T31 6328 b3 32 6362 6319 b=y 6334 015
g4 -Ts2 | 7884 78.26 7742 78.58 7877 7239 054
Clls4 -T33| 4987 4926 4977 4928 496 49.56 0.25
WWW, .com

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

Transv. 1 Este N® 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776
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REPORTE DE ANALISIS/ANALYSIS REPORT
Muestra/Sample #: 257725

ESPECIALIDADES OFTALMOLOGICAS S.A. Telf. | Phone: 448 19 15'
Sede principal Carrera 37 A No. 2 Sur 104, Loma Algjandria, Poblado, Mede!

oducto / Product: ALAP

" Muestra / Sample: Lote: 1164658 SL C; Laboratorio: Procaps
Fecha de Recepcion / Reception date: 2018-02-07 Temp. de Recepcion / Temp. Reception: 26,1°C
Cantidad / Amount: 1 unidad/1 unit

Contenedor / Container: Frasco gotero con tapa/ Dropper bottle with lid

Enviada por /Send by:  Tatiana Maria Gémez Gaviria

Aspecto / Aspect: Liguido translucido, homogéneo, libre de particulas extrafias/ Translucent, homogeneous liquid free of
foreign particles.
Olor / Smell: Inobjetable/Unobjectionable.
Color / Color: Incoloro/Colorless.
‘Analisis Fisicoquimico/ Fecha/ | Unidad/ Resultadol | Especificaciones(*)/ Método/
Physi ical Analysi Date Unit Result Specifications(*™) Method
Osmolalidad/Osmolality 2018-02-07 mOsm/Kg 308 NA USP 40 <785>

(**) Seguin Norma / Acoordinng to Standard:
(") Métodos acreditados/Methods Accredited: ONAC, Certificado/Certificate: 10-LAB-053 Fecha/Date: 2014-09-05 ISO/IEC 17025:2005

NOTA: Este resultado corresponde, exclusivamente a la muestra recibida y analizada en el laboratorio/This result correspond only to the sample
received and analyzed by the laboratory

Jay, €lama_ 020wl <
Luz‘%. Osorio Castaiio

T.P. 01345801606001664

Quimica Farmacéutica U de A

Coordinadora
Fecha de Impresion/printing date: ~ 2018-02-08 Fecha / Date: 2018-02-08
Informe firmado digitalmente, Sin sello seco de TECNIMICRO la informacién no tiene validez/Digitally signed report, without dry seal of TECNIMICRO
this information is not valid
Este informe no puede ser reproducido total ni parcialmente sin autorizacion de Tecnimicro Laboratorio de Andlisis S.A.S// This report can't be
reproduced in whole or in part without Tecnimicro Laboratorio de Analisis's authorization

FIN DE INFORME/ END OF REPORT

Muestra/Sample: 257725 LIRS I
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cecol

ALIADO PRECISO

Equipo

Resultado viscosidad

Kinexus Pro {(www.malvern.com)

YA\NEXUS

Muestra

CL/78 - CHL Biolocus (chbol) FL0875
C17g - CF2 Azarga (Alcen a Novrtis compary) 65963
Cl78 - CF3 Simbrinza (Alcon a Novrtis company? 17G12DE
Cn7g - CF4 Oloftal (tecnoguimicas) 7J360
chye - CFS Brimaftal (tecnoquimicas) 7M336B
C178 - CFB Aqglad ofteno {sopaia) 40154665
Cl78 -CF7 Lumigan {al ergon) E79821
Cl78 - CF8 Ganfort (alle-gon) E79942
Clls0 - CF Darzopt 1076238 5L C
Clig4 - CF1 Alap 0.2% (procaps) Ne4858 SLC
cng4d - CFz Krytan tek ofteno (sophia) 4016194
Cl84 - CF3 Trusopt (MSD) MOA0389

Condiciones de la medida

Sistema de medida: Mato -

Tratorriento:

Platc 40

Tasa de czaladure: 5,000 s-1 a 20,000 s-1
Muestreo: 15 puntos.

Gap:- Qlmm

Temperatura: 25 °C £+ 001 °C

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paulo

WWW, .com

Edificio Copérnico
Tel: (+57) 4 314 0035

(+57) 4 313 8144 (+57)14B7 3776

Tel: (+57) 1 467 3792

Transv. 1 Este N* 57-88 Of 101




Alap 0,2% (procaps) 1164658 SL C

cecol

ALIADO PRECISO

Tabla de datos
15 25 4.991 6217.00 0.8028
22.5 25 5.681 7155.00 0.7940
30 25 6.383 8092.00 0.7888
37.5 25 7.118 9030.00 0.7883
45 25 7.882 9967.00 0.7908
52.5 25 8.686 10900.00 0.7965
60 25 9.543 11840.00 0.8059
67.5 25 10.43 12780.00 0.8158
75 25 11.36 13720.00 0.8281
82.5 25 12.35 14660.00 0.8428
90 25 13.39 15590.00 0.8589
97.5 25 14.51 16530.00 0.8777
105 25 15.67 17470.00 0.8972
112.5 25 16.96 18410.00 0.9212
120 25 18.33 19350.00 0.9472
Grafico reporte
Viscosity vs Shear rate
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Viscosidad final

0.8391 | mP

WWW,

.com

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

Transv. 1 Este N* 57-88 Of 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776



cecoltec

ALIADD PRECISO v ]
Informe de resultado tensién superficial

Equipo

Lataphysics QCALS

Caracteristicas del equipo:

Angulo de contacto [°] 0-180°+01°
Tensién superficial e interfacial [Dinas/cm] | 0.01 2000 [Dinas/cm] + 0.01 [Dinas/cm]

Condiciones de medicién:

Técnica usada: Gota - péndulo
Jeringa utilizada:Halmilton de 1 mL
Temperatura: 25°C

Dosificacién: 1 ul/ seg

www.cecoltec.com

Medellin - Colombia Begotda D.C - Colombia
Crd3 AN 18 Sur-1350f. 732 Transv. 1 Este N* 57-88 Of. 101
Centro Empresarial Sac Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57)1 487 3782

(+57) 4 313 8144 (+57)148B7 3776
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cecol

ALIADO PRECISO

Muestras
C78 - TSl Biofocus (obhot) 7A5875
Cl78 - 182 Azarga (Alcen a Novrtls cormoany) 55963
Cu78 - 753 Simbrirza (Alcon o Novrtis company) 17G12DC
78 - 154 Oloftal {tecncauimicas) 7J360
Cl78 - TS5 BriroflLal {tecnoquirmnicas) 7M3926B
CI78 - TS6 Agglad oftenc (soohia) 4015466
Cl78 - TS7 Lumizan (alle-gan) E79821
ClI78 - TS8 Ganort (allergan) E79942
CH80- T51 Dorzopt 1076238 5L C
CIs4d - TSL Alap 0.2% (procaps) 1184658 SLC
Clg84 - Ts2 Krytar tek ofteno (scphia) 4016194
Cl84 - 1S3 Trusopt (MSD) MO40589
Resultados

Cll78 - 151 oll3 5108 SL37

5118 Sle oles 016

Cll7&g=Toe 4776 47.45 47 42 482z 4785 4774 c.es
Ch78-T53] 52824 538 5286 52.96 5315 o314 034
Ch7g -Ts4| 022 5017 50508 oles olag o083 066
Cl78 - TS5 2381 5221 5349 o228 524 5284 0867
Cll78 - To6 A5.31 487 A8.75 48.79 A8.78 A867 0le
CU’g8-T1s7| B346 6325 6331 63.89 6383 6355 0.6
ClI78 - T58 | 6488 B4.33 649 5489 65 5480 024
CH20-Tal 4432 4371 44.08 4473 4465 4421 031
cas4 -T31 6328 b3 32 6362 6319 b=y 6334 015
g4 -Ts2 | 7884 78.26 7742 78.58 7877 7239 054
Clls4 -T33| 4987 4926 4977 4928 496 49.56 0.25
WWW, .com

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

Transv. 1 Este N® 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776



. 31x26% 60

COMPOSIGION: cada . de
corilene; . bopHACa  clomia:
equialrte 3 olpatadng base 23
Excpientss 659

ViR DE ADMINISTRACION: conuntva

DOSIFICATION: segin cio mécico
L 26 s

GACIONES v
hipersensiblidad
cualkuieia 3¢ 105 COmDMETEs e sl
producta, EMBATATD, Etanci, nibos
menes oe e (3] 008 Owees.
Para et contaminaci) 10 foque i
ponga fa surta del dispeasacar en
contacts oo 1 207a afewlada,

¥ SOLUCION
OFTALMICA

PROCAPS

Alap’g v,

a102 01 A
s BESFIIE 1

ol

GL1L0000Z \

b

W0 dejy

$dv¥O0ud

Eboracn pr Phamayost 5 A

Bogetd - Cokntis

Pora PROCAPS 5.4, Hamancull - Colomiia

Lrea  Terapéices Visn Care
Thinco

D et De La a2 sk 05 U ce

o e D1 o

Santana Mo,

Fr-d5614 Guateal

E Saaike ity 1 i DKM
tac s LISz

Impertao or UNMED DEL PERU 5.4,
Calr Lo Liwianres 185, 536 y 7
5o 5. Limé - Pt AL, 202557811
ey Repes
it Santao o,

Ecunder
Irpartad ¢ disiibuidy oor RODIOME
PHARMACEUTICAL S . {uio-Eruarr).

LT
Producta & o decaco. Admistar bais
cony vghatsa média.

SOLUCION
OFTALMICA  (iieheia b xiawc s
ALMAC A TEMPERATURA INFERIOR A
30°C. EN S0 ENVASE Y EMPAGUE ORIGINAL.
LT

PROCAPS

Alap’) o,

DURANTE
30 DIAS & TEMPERRTURA INFERIDR A 0'C.
S ENVASE Y EMPAGUE DAIGINAL




REPORTE DE ANALISIS/ANALYSIS REPORT
Muestra/Sample #: 257563

ESPECIALIDADES OFTALMOLOGICAS S.A. Telf. / Phone: 448 1918
37 A No. 2 Sur 104, Loma Alejandria, Poblado, Medell

i "adquaners: Sede principal Carrera
oducto / Product: LUMIGAN

4 uestra | Sample: Lote: E79821; Laboratorio: Allergan
Fecha de Recepcion / Reception date: 2018-02-06
Cantidad / Amount: 15 Unidades/ 15 units

Contenedor / Container: Plastico preformado

Temp. de Recepcién / Temp. Reception: 26,1°C

Enviada por /Send by:  Tatiana Maria Gémez Gaviria

Aspecto / Aspect: Liquido translicido, homogéneo, libre de particulas extrafias/ Translucent, homogeneous liquid free of
foreign particles.
Olor / Smell: |nobjetablelunobject'lonable
Color / Color: Incoloro/Colorless
Analisis Fisicoquimico/ Fechal Unidad/ Resultado/ Especificaciones(™)/ Método/
Physicochemical Analysis Date Unit Result Specifications(*™) Method
Osmolalidad/Osmolality 2018-02-08  mOsm/Kg 290 NA USP 40 <785>

(**) Segun Norma / Acoordinng to Standard:

() Métodos acreditados/Methods Accredited: ONAG, Certificado/Certificate: 10-LAB-053 Fecha/Date: 2014-09-05 ISO/IEC 17025:2005
NOTA: Este resultado corresponde, exclusivamente a la muestra recibida y analizada en el laboratorio/This result correspond only to the sample
received and analyzed by the laboratory

D”. AT E Qeouwn &
Luz‘%. Osorio Castafo

T.P. 01345801606001664

Quimica Farmacéutica U de A

Coordinadora
Fecha de Impresion/printing date: 2018-02-07 Fecha / Date: 2018-02-07
Informe firmado digitalmente, Sin sello seco de TECNIMICRO la informacién no tiene validez/Digitally signed report, without dry seal of TECNIMICRO
this information is not valid

Este informe no puede ser reproducido total ni parcialmente sin autorizacion de Tecnimicro Lal
reproduced in whole or in part without Tecnimicro Laboratorio de Analisis's authorization

boratorio de Analisis S.A.S// This report can't be

FIN DE INFORME/ END OF REPORT

ina/Page 1de 1
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cecol

ALIADO PRECISO

Equipo

Resultado viscosidad

Kinexus Pro {(www.malvern.com)

YA\NEXUS

Muestra

CL/78 - CHL Biolocus (chbol) FL0875
C17g - CF2 Azarga (Alcen a Novrtis compary) 65963
Cl78 - CF3 Simbrinza (Alcon a Novrtis company? 17G12DE
Cn7g - CF4 Oloftal (tecnoguimicas) 7J360
chye - CFS Brimaftal (tecnoquimicas) 7M336B
C178 - CFB Aqglad ofteno {sopaia) 40154665
Cl78 -CF7 Lumigan {al ergon) E79821
Cl78 - CF8 Ganfort (alle-gon) E79942
Clls0 - CF Darzopt 1076238 5L C
Clig4 - CF1 Alap 0.2% (procaps) Ne4858 SLC
cng4d - CFz Krytan tek ofteno (sophia) 4016194
Cl84 - CF3 Trusopt (MSD) MOA0389

Condiciones de la medida

Sistema de medida: Mato -

Tratorriento:

Platc 40

Tasa de czaladure: 5,000 s-1 a 20,000 s-1
Muestreo: 15 puntos.

Gap:- Qlmm

Temperatura: 25 °C £+ 001 °C

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paulo

WWW, .com

Edificio Copérnico
Tel: (+57) 4 314 0035

(+57) 4 313 8144 (+57)14B7 3776

Tel: (+57) 1 467 3792

Transv. 1 Este N* 57-88 Of 101




cecol

ALIADO PRECISO

Lumigan (allergan)

Tabla de datos
] | | I
15 25 4.224 6217.00 0.6795
225 25 4.801 7155.00 0.671
30 25 5.399 8092.00 0.6671
37.5 25 6.034 9030.00 0.6683
45 25 6.686 9967.00 0.6708
52.5 25 7.387 10900.00 0.6774
60 25 8.129 11840.00 0.6864
67.5 25 8.906 12780.00 0.6969
75 25 9.742 13720.00 0.7101
82.5 25 10.7 14660.00 0.7298
90 25 11.87 15590.00 0.7609
97.5 25 12.98 16530.00 0.7851
105 25 13.99 17470.00 0.8007
112.5 25 14.88 18410.00 0.8085
120 25 15.41 19340.00 0.7964
Grafico reporte
Viscosity vs Shear rate
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Viscosidad final

0.7206 | mP

WWW,

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule

Tel: (+57) 4 314 0035
(+57) 4 313 8144

.com

Transv. 1 Este N* 57-88 Of 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776

E79821



cecoltec

ALIADD PRECISO v ]
Informe de resultado tensién superficial

Equipo

Lataphysics QCALS

Caracteristicas del equipo:

Angulo de contacto [°] 0-180°+01°
Tensién superficial e interfacial [Dinas/cm] | 0.01 2000 [Dinas/cm] + 0.01 [Dinas/cm]

Condiciones de medicién:

Técnica usada: Gota - péndulo
Jeringa utilizada:Halmilton de 1 mL
Temperatura: 25°C

Dosificacién: 1 ul/ seg

www.cecoltec.com

Medellin - Colombia Begotda D.C - Colombia
Crd3 AN 18 Sur-1350f. 732 Transv. 1 Este N* 57-88 Of. 101
Centro Empresarial Sac Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57)1 487 3782

(+57) 4 313 8144 (+57)148B7 3776



©

cecol

ALIADO PRECISO

Muestras
C78 - TSl Biofocus (obhot) 7A5875
Cl78 - 182 Azarga (Alcen a Novrtls cormoany) 55963
Cu78 - 753 Simbrirza (Alcon o Novrtis company) 17G12DC
78 - 154 Oloftal {tecncauimicas) 7J360
Cl78 - TS5 BriroflLal {tecnoquirmnicas) 7M3926B
CI78 - TS6 Agglad oftenc (soohia) 4015466
Cl78 - TS7 Lumizan (alle-gan) E79821
ClI78 - TS8 Ganort (allergan) E79942
CH80- T51 Dorzopt 1076238 5L C
CIs4d - TSL Alap 0.2% (procaps) 1184658 SLC
Clg84 - Ts2 Krytar tek ofteno (scphia) 4016194
Cl84 - 1S3 Trusopt (MSD) MO40589
Resultados

Cll78 - 151 oll3 5108 SL37

5118 Sle oles 016

Cll7&g=Toe 4776 47.45 47 42 482z 4785 4774 c.es
Ch78-T53] 52824 538 5286 52.96 5315 o314 034
Ch7g -Ts4| 022 5017 50508 oles olag o083 066
Cl78 - TS5 2381 5221 5349 o228 524 5284 0867
Cll78 - To6 A5.31 487 A8.75 48.79 A8.78 A867 0le
CU’g8-T1s7| B346 6325 6331 63.89 6383 6355 0.6
ClI78 - T58 | 6488 B4.33 649 5489 65 5480 024
CH20-Tal 4432 4371 44.08 4473 4465 4421 031
cas4 -T31 6328 b3 32 6362 6319 b=y 6334 015
g4 -Ts2 | 7884 78.26 7742 78.58 7877 7239 054
Clls4 -T33| 4987 4926 4977 4928 496 49.56 0.25
WWW, .com

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

Transv. 1 Este N® 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776
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REPORTE DE ANALISIS/ANALYSIS REPORT
Muestra/Sample #: 257565

ESPECIALIDADES OFTALMOLOGICAS S.A. Telf. / Phone: 4481918 :
Carrera 37 A No. 2 Sur 104, Loma Alejandria, Poblado, Medell

el Sede principal
roducto / Product: KRITAN TEK OFTENO PF

" Muestra | Sample: Lote: 4016194; Laboratorio: Sophia
Fecha de Recepcion / Reception date: 2018-02-06 Temp. de Recepcion / Temp. Reception: 26,1°C
Cantidad / Amount: 1 Unidad/ 1 unit

Contenedor / Container: Frasco gotero ¢on tapa/ Dropper bottle with lid

Enviada por /Send by:  Tatiana Maria Gémez Gaviria

Producto translicido, homogéneo, libre de particulas extrafias/ Translucent, homogeneous product, free of

Aspecto | Aspect:
foreign particles

Olor / Smell: Inobjetable/Unobjectionable
Color / Color: Incoloro/Colorless
Analisis Fisicoquimico/ Fechal Unidad/ Resultado/ Especificaciones(*)/ Método/
Physicochemical Analysis Date Unit Result Specifications(**) Method
Osmolalidad/Osmolality 2018-02-06  mOsm/Kg 313 NA USP 40 <785>

(**) Segun Norma / Acoordinng to Standard:
(*) Métodos acreditados/Methods Accredited: ONAC, Certificado/Certificate: 10-LAB-053 Fecha/Date: 2014-09-05 ISO/IEC 17025:2005

NOTA: Este resultado corresponde, exclusivamente a la muestra recibida y analizada en el |aboratorio/This result correspond only to the sample

received and analyzed by the laboratory

Jap, E\amsn_ O-=0ul
Luz‘%. Osorio Castafio
T.P. 01345801606001664
Quimica Farmacéutica U de A
Coordinadora
2018-02-07 Fecha / Date: 2018-02-07

Fecha de Impresion/printing date:
lly signed report, without dry seal of TECNIMICRO

Informe firmado digitalmente, Sin sello seco de TECNIMICRO la informacién no tiene validez/Digita

this information is not valid
Este informe no puede ser reproducido total ni parcialmente sin autorizacion de Tecnimicro Laboratorio de Analisis S.A S/ / This report can't be

reproduced in whole or in part without Tecnimicro Laboratorio de Anélisis's authorization

FIN DE INFORME/ END OF REPORT




©

cecol

ALIADO PRECISO

Equipo

Resultado viscosidad

Kinexus Pro {(www.malvern.com)

YA\NEXUS

Muestra

CL/78 - CHL Biolocus (chbol) FL0875
C17g - CF2 Azarga (Alcen a Novrtis compary) 65963
Cl78 - CF3 Simbrinza (Alcon a Novrtis company? 17G12DE
Cn7g - CF4 Oloftal (tecnoguimicas) 7J360
chye - CFS Brimaftal (tecnoquimicas) 7M336B
C178 - CFB Aqglad ofteno {sopaia) 40154665
Cl78 -CF7 Lumigan {al ergon) E79821
Cl78 - CF8 Ganfort (alle-gon) E79942
Clls0 - CF Darzopt 1076238 5L C
Clig4 - CF1 Alap 0.2% (procaps) Ne4858 SLC
cng4d - CFz Krytan tek ofteno (sophia) 4016194
Cl84 - CF3 Trusopt (MSD) MOA0389

Condiciones de la medida

Sistema de medida: Mato -

Tratorriento:

Platc 40

Tasa de czaladure: 5,000 s-1 a 20,000 s-1
Muestreo: 15 puntos.

Gap:- Qlmm

Temperatura: 25 °C £+ 001 °C

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paulo

WWW, .com

Edificio Copérnico
Tel: (+57) 4 314 0035

(+57) 4 313 8144 (+57)14B7 3776

Tel: (+57) 1 467 3792

Transv. 1 Este N* 57-88 Of 101




cecol

ALIADO PRECISO

Krytan tek ofteno (sophia) 4016194

Tabla de datos
15| 25.01 70.29 6243.00 11.260
22.5| 25.01 76.93 7181.00 10.710
30 25 83.38 8119.00 10.270
37.5 25 89.84 9056.00 9.920
45 25 96.14 9994.00 9.620
52.5 25 102.5 10930.00 9.376
60 25 108.8 11870.00 9.164
67.5 25 115 12810.00 8.977
75 25 1215 13740.00 8.839
82.5 25 127.9 14680.00 8.713
90 25 134.7 15620.00 8.625
97.5 25 141.8 16560.00 8.566
105 25 148.8 17490.00 8.506
112.5 25 156.4 18430.00 8.483
120 25 164 19370.00 8.469
Grafico reporte
Viscosity vs Shear rate
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Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

Transv. 1 Este N* 57-88 Of 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776



cecoltec

ALIADD PRECISO v ]
Informe de resultado tensién superficial

Equipo

Lataphysics QCALS

Caracteristicas del equipo:

Angulo de contacto [°] 0-180°+01°
Tensién superficial e interfacial [Dinas/cm] | 0.01 2000 [Dinas/cm] + 0.01 [Dinas/cm]

Condiciones de medicién:

Técnica usada: Gota - péndulo
Jeringa utilizada:Halmilton de 1 mL
Temperatura: 25°C

Dosificacién: 1 ul/ seg

www.cecoltec.com

Medellin - Colombia Begotda D.C - Colombia
Crd3 AN 18 Sur-1350f. 732 Transv. 1 Este N* 57-88 Of. 101
Centro Empresarial Sac Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57)1 487 3782

(+57) 4 313 8144 (+57)148B7 3776



©

cecol

ALIADO PRECISO

Muestras
C78 - TSl Biofocus (obhot) 7A5875
Cl78 - 182 Azarga (Alcen a Novrtls cormoany) 55963
Cu78 - 753 Simbrirza (Alcon o Novrtis company) 17G12DC
78 - 154 Oloftal {tecncauimicas) 7J360
Cl78 - TS5 BriroflLal {tecnoquirmnicas) 7M3926B
CI78 - TS6 Agglad oftenc (soohia) 4015466
Cl78 - TS7 Lumizan (alle-gan) E79821
ClI78 - TS8 Ganort (allergan) E79942
CH80- T51 Dorzopt 1076238 5L C
CIs4d - TSL Alap 0.2% (procaps) 1184658 SLC
Clg84 - Ts2 Krytar tek ofteno (scphia) 4016194
Cl84 - 1S3 Trusopt (MSD) MO40589
Resultados

Cll78 - 151 oll3 5108 SL37

5118 Sle oles 016

Cll7&g=Toe 4776 47.45 47 42 482z 4785 4774 c.es
Ch78-T53] 52824 538 5286 52.96 5315 o314 034
Ch7g -Ts4| 022 5017 50508 oles olag o083 066
Cl78 - TS5 2381 5221 5349 o228 524 5284 0867
Cll78 - To6 A5.31 487 A8.75 48.79 A8.78 A867 0le
CU’g8-T1s7| B346 6325 6331 63.89 6383 6355 0.6
ClI78 - T58 | 6488 B4.33 649 5489 65 5480 024
CH20-Tal 4432 4371 44.08 4473 4465 4421 031
cas4 -T31 6328 b3 32 6362 6319 b=y 6334 015
g4 -Ts2 | 7884 78.26 7742 78.58 7877 7239 054
Clls4 -T33| 4987 4926 4977 4928 496 49.56 0.25
WWW, .com

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

Transv. 1 Este N® 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776



KRY{TAN

Solucion Oftéimica Estéril
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REPORTE DE ANALISIS/ANALYSIS REPORT
Muestra/Sample #: 257562

ESPECIALIDADES OF TALMOLOGICAS S.A. Telf. | Phone: 4481918 %

Carrera 37 A No. 2 Sur 104, Loma Alejandria, Poblado, Medelli *

m pany:
Headquarters:  Sede principal
oducto / Product: AGGLAD OFTENO

N uestra / Sample: Lote: 4015466, Laboratorio: Sophia
Fecha de Recepcién / Reception date: 2018-02-06 Temp. de Recepcion / Temp. Reception: 26,1°C
Cantidad / Amount: 1 Unidad/ 1 unit

Contenedor / Container: Frasco gotero con tapal Dropper bottle with lid

Enviada por /Send by:  Tatiana Maria Goémez Gaviria
anslucido, homogéneo, libre de particulas extranas/ Translucent, homogeneous liquid free of

Aspecto / Aspect: Liguido tr
foreign particles.
Olor / Smell: InobjeiablernobjecthnabIe
Color / Color: Incoloro/Colorless
‘Analisis Fisicogquimico/ Fechal Unidad/ Resultado/ Especificaciones(“')t Método/
Physicochemical Analysis Date Unit Result Specifications(*) Method
Osmolalidad/Osmolality 2018-02-06 mOsm/Kg 332 NA USP 40 <785>

(**) Segn Norma / Acoordinng to Standard:
(*) Métodos acreditados/Methods Accredited: ONAC, Certificado/Certificate: 10-LAB-053 Fecha/Date: 2014-09-05 ISO/IEC 17025:2005

NOTA: Este resultado corresponde, exclusivamente a la muestra recibida y analizada en el laboratorio/This result correspond only to the sample

received and analyzed by the laboratory

Japs, Clama_ 020w
Luz‘%. Osorio Castafio
T.P. 01345801606001664
Quimica Farmacéutica U de A
Coordinadora
Fecha de Impresion/printing date: 2018-02-07 Fecha /Date: 2018-02-07
Informe firmado digitalmente, Sin sello seco de TECNIMICRO la informacién no tiene validez/Digitally signed report, without dry seal of TECMIMICRO

this information is not valid
Este informe no puede ser reproducido total ni parcialmente sin autorizacién de Tecnimicro Lab
reproduced in whole or in part without Tecnimicro Laboratorio de Anlisis's authorization

oratario de Analisis S.A.S// This report can't be

FIN DE INFORME/ END OF REPORT

ina/Page 1de 1
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cecol

ALIADO PRECISO

Equipo

Resultado viscosidad

Kinexus Pro {(www.malvern.com)

YA\NEXUS

Muestra

CL/78 - CHL Biolocus (chbol) FL0875
C17g - CF2 Azarga (Alcen a Novrtis compary) 65963
Cl78 - CF3 Simbrinza (Alcon a Novrtis company? 17G12DE
Cn7g - CF4 Oloftal (tecnoguimicas) 7J360
chye - CFS Brimaftal (tecnoquimicas) 7M336B
C178 - CFB Aqglad ofteno {sopaia) 40154665
Cl78 -CF7 Lumigan {al ergon) E79821
Cl78 - CF8 Ganfort (alle-gon) E79942
Clls0 - CF Darzopt 1076238 5L C
Clig4 - CF1 Alap 0.2% (procaps) Ne4858 SLC
cng4d - CFz Krytan tek ofteno (sophia) 4016194
Cl84 - CF3 Trusopt (MSD) MOA0389

Condiciones de la medida

Sistema de medida: Mato -

Tratorriento:

Platc 40

Tasa de czaladure: 5,000 s-1 a 20,000 s-1
Muestreo: 15 puntos.

Gap:- Qlmm

Temperatura: 25 °C £+ 001 °C

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paulo

WWW, .com

Edificio Copérnico
Tel: (+57) 4 314 0035

(+57) 4 313 8144 (+57)14B7 3776

Tel: (+57) 1 467 3792

Transv. 1 Este N* 57-88 Of 101




4015466

Ce CO| Agglad ofteno (sophia)
EL ALIADD PRECISO
Tabla de datos
I ;
15 25 8.122 6217.00 1.306
225 25 9.319 7155.00 1.302
30 25 10.56 8092.00 1.305
37.5 25 11.83 9030.00 1.31
45 25 13.15 9967.00 1.319
52,5 25 14.52 10900.00 1.331
60 25 15.95 11840.00 1.347
67.5 25 17.45 12790.00 1.365
75 25 18.97 13730.00 1.382
82.5 25 20.6 14660.00 1.405
90 25 22.29 15600.00 1.429
97.5 25 24 16540.00 1.451
105 25 25.8 17480.00 1.476
1125 25 27.65 18420.00 1.501
120 25 29.82 19360.00 1.54
Grafico reporte
Viscosity vs Shear rate
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Viscosidad final

1.38486 | mP

WWW,

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

.com

Transv. 1 Este N* 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776




cecoltec

ALIADD PRECISO v ]
Informe de resultado tensién superficial

Equipo

Lataphysics QCALS

Caracteristicas del equipo:

Angulo de contacto [°] 0-180°+01°
Tensién superficial e interfacial [Dinas/cm] | 0.01 2000 [Dinas/cm] + 0.01 [Dinas/cm]

Condiciones de medicién:

Técnica usada: Gota - péndulo
Jeringa utilizada:Halmilton de 1 mL
Temperatura: 25°C

Dosificacién: 1 ul/ seg

www.cecoltec.com

Medellin - Colombia Begotda D.C - Colombia
Crd3 AN 18 Sur-1350f. 732 Transv. 1 Este N* 57-88 Of. 101
Centro Empresarial Sac Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57)1 487 3782

(+57) 4 313 8144 (+57)148B7 3776



©

cecol

ALIADO PRECISO

Muestras
C78 - TSl Biofocus (obhot) 7A5875
Cl78 - 182 Azarga (Alcen a Novrtls cormoany) 55963
Cu78 - 753 Simbrirza (Alcon o Novrtis company) 17G12DC
78 - 154 Oloftal {tecncauimicas) 7J360
Cl78 - TS5 BriroflLal {tecnoquirmnicas) 7M3926B
CI78 - TS6 Agglad oftenc (soohia) 4015466
Cl78 - TS7 Lumizan (alle-gan) E79821
ClI78 - TS8 Ganort (allergan) E79942
CH80- T51 Dorzopt 1076238 5L C
CIs4d - TSL Alap 0.2% (procaps) 1184658 SLC
Clg84 - Ts2 Krytar tek ofteno (scphia) 4016194
Cl84 - 1S3 Trusopt (MSD) MO40589
Resultados

Cll78 - 151 oll3 5108 SL37

5118 Sle oles 016

Cll7&g=Toe 4776 47.45 47 42 482z 4785 4774 c.es
Ch78-T53] 52824 538 5286 52.96 5315 o314 034
Ch7g -Ts4| 022 5017 50508 oles olag o083 066
Cl78 - TS5 2381 5221 5349 o228 524 5284 0867
Cll78 - To6 A5.31 487 A8.75 48.79 A8.78 A867 0le
CU’g8-T1s7| B346 6325 6331 63.89 6383 6355 0.6
ClI78 - T58 | 6488 B4.33 649 5489 65 5480 024
CH20-Tal 4432 4371 44.08 4473 4465 4421 031
cas4 -T31 6328 b3 32 6362 6319 b=y 6334 015
g4 -Ts2 | 7884 78.26 7742 78.58 7877 7239 054
Clls4 -T33| 4987 4926 4977 4928 496 49.56 0.25
WWW, .com

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

Transv. 1 Este N® 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776
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Solucién Oftalmica Estéril
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REPORTE DE ANALISIS/ANALYSIS REPORT
Muestra/Sample #: 257557

ESPECIALIDADES OFTALMOLOGICAS S.A. Telf. | Phone: 4481918

Sede principal Carrera 37 A No. 2 Sur 104, Loma Alejandria, Poblado, Medelll

Producto ! Product: BIOFOCUS

" Muestra / Sample: Lote: 7A5975; Laboratorio: Abbot
Fecha de Recepcion / Reception date: 2018-02-06 Temp. de Recepcién / Temp. Reception: 26,1°C
Cantidad / Amount: 1 Unidad/ 1 unit

Contenedor / Container: Frasco gotero con tapa/ Dropper bottle with lid

Enviada por /Send by:  Tatiana Maria Gomez Gaviria

Liquido translucido, homogeéneo, libre de particulas extrafias/ Translucent, homogeneous liquid free of

Aspecto / Aspect:
foreign particles.

Olor / Smell: Inobjetable/Unobjectionable
Color / Color: Incoloro/Colorless
Analisis Fisicoquimico/ Fecha/ Unidad/ Resultado/ Especificaciones(*)/ Método/
Physicochemical Analysis Date Unit Result Specifications(™) Method
Osmolalidad/Osmolality 2018-02-06 mOsm/Kg 298 NA USP 40 <785>

(**) Segin Norma / Acoordinng to Standard:
(*) Métodos acreditados/Methods Accredited: ONAC, Certificad

NOTA: Este resultado corresponde, exclusivamente a la muestra
received and analyzed by the laboratory

o/Certificate: 10-LAB-053 Fecha/Date: 2014-09-05 ISO/IEC 17025:2005
recibida y analizada en el |aboratorio/This result correspond only to the sample

Jap, elasma O=0ud <
Luz‘%. Osorio Castafo
T.P. 01345801606001664
Quimica Farmacéutica U de A
Coordinadora
2018-02-07 Fecha / Date: 2018-02-07

Fecha de Impresion/printing date:
co de TECNIMIGRO la informacién no tiene validez/Digitally signed report, without dry seal of TECNIMICRO

Informe firmado digitalmente, Sin sello sef
this information is not valid

Este informe no puede ser reproducido total ni parcialmente sin autorizacion de Tecnimicro Laboratorio de Analisis S.A.S// This report can't be
reproduced in whole or in part without Tecnimicro Laboratorio de Andlisis's authorization

FIN DE INFORME/ END OF REPORT

-
-~
tr

ina/Page 1 de 1 Muestra/Sample: 257557
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cecol

ALIADO PRECISO

Equipo

Resultado viscosidad

Kinexus Pro {(www.malvern.com)

YA\NEXUS

Muestra

CL/78 - CHL Biolocus (chbol) FL0875
C17g - CF2 Azarga (Alcen a Novrtis compary) 65963
Cl78 - CF3 Simbrinza (Alcon a Novrtis company? 17G12DE
Cn7g - CF4 Oloftal (tecnoguimicas) 7J360
chye - CFS Brimaftal (tecnoquimicas) 7M336B
C178 - CFB Aqglad ofteno {sopaia) 40154665
Cl78 -CF7 Lumigan {al ergon) E79821
Cl78 - CF8 Ganfort (alle-gon) E79942
Clls0 - CF Darzopt 1076238 5L C
Clig4 - CF1 Alap 0.2% (procaps) Ne4858 SLC
cng4d - CFz Krytan tek ofteno (sophia) 4016194
Cl84 - CF3 Trusopt (MSD) MOA0389

Condiciones de la medida

Sistema de medida: Mato -

Tratorriento:

Platc 40

Tasa de czaladure: 5,000 s-1 a 20,000 s-1
Muestreo: 15 puntos.

Gap:- Qlmm

Temperatura: 25 °C £+ 001 °C

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paulo

WWW, .com

Edificio Copérnico
Tel: (+57) 4 314 0035

(+57) 4 313 8144 (+57)14B7 3776

Tel: (+57) 1 467 3792

Transv. 1 Este N* 57-88 Of 101




7A5875

cecol Biofocus (cbbot)
EL ALIADO PRECISO
Tabla de datoes
15 25 19.34 6228.00 3.105
22,5 25 21.89 7165.00 3.054
30 25 24.39 8103.00 3.01
37.5 25 26.92 9041.00 2.978
45 25 29.49 9979.00 2.956
52.5 25 32.08 10920.00 2.937
60 25 34.73 11860.00 2.929
67.5 25 37.38 12800.00 2.921
75 25 40.1 13730.00 2.919
82.5 25 4301 14680.00 2.93
90 25 4591 15610.00 2.94
97.5 25 4898 16550.00 2.959
105 25 52.29 17490.00 2.99
112.5 25 55.53 18430.00 3.013
120 25 59.11 19370 3.052
Grafico reporte
Viscosity vs Shear rate
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Viscosidad final

2.9785 | mP

WWW,

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

.com

Transv. 1 Este N* 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776




cecoltec

ALIADD PRECISO v ]
Informe de resultado tensién superficial

Equipo

Lataphysics QCALS

Caracteristicas del equipo:

Angulo de contacto [°] 0-180°+01°
Tensién superficial e interfacial [Dinas/cm] | 0.01 2000 [Dinas/cm] + 0.01 [Dinas/cm]

Condiciones de medicién:

Técnica usada: Gota - péndulo
Jeringa utilizada:Halmilton de 1 mL
Temperatura: 25°C

Dosificacién: 1 ul/ seg

www.cecoltec.com

Medellin - Colombia Begotda D.C - Colombia
Crd3 AN 18 Sur-1350f. 732 Transv. 1 Este N* 57-88 Of. 101
Centro Empresarial Sac Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57)1 487 3782

(+57) 4 313 8144 (+57)148B7 3776
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cecol

ALIADO PRECISO

Muestras
C78 - TSl Biofocus (obhot) 7A5875
Cl78 - 182 Azarga (Alcen a Novrtls cormoany) 55963
Cu78 - 753 Simbrirza (Alcon o Novrtis company) 17G12DC
78 - 154 Oloftal {tecncauimicas) 7J360
Cl78 - TS5 BriroflLal {tecnoquirmnicas) 7M3926B
CI78 - TS6 Agglad oftenc (soohia) 4015466
Cl78 - TS7 Lumizan (alle-gan) E79821
ClI78 - TS8 Ganort (allergan) E79942
CH80- T51 Dorzopt 1076238 5L C
CIs4d - TSL Alap 0.2% (procaps) 1184658 SLC
Clg84 - Ts2 Krytar tek ofteno (scphia) 4016194
Cl84 - 1S3 Trusopt (MSD) MO40589
Resultados

Cll78 - 151 oll3 5108 SL37

5118 Sle oles 016

Cll7&g=Toe 4776 47.45 47 42 482z 4785 4774 c.es
Ch78-T53] 52824 538 5286 52.96 5315 o314 034
Ch7g -Ts4| 022 5017 50508 oles olag o083 066
Cl78 - TS5 2381 5221 5349 o228 524 5284 0867
Cll78 - To6 A5.31 487 A8.75 48.79 A8.78 A867 0le
CU’g8-T1s7| B346 6325 6331 63.89 6383 6355 0.6
ClI78 - T58 | 6488 B4.33 649 5489 65 5480 024
CH20-Tal 4432 4371 44.08 4473 4465 4421 031
cas4 -T31 6328 b3 32 6362 6319 b=y 6334 015
g4 -Ts2 | 7884 78.26 7742 78.58 7877 7239 054
Clls4 -T33| 4987 4926 4977 4928 496 49.56 0.25
WWW, .com

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

Transv. 1 Este N® 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776
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REPORTE DE ANALISIS/ANALYSIS REPORT
Muestra/Sample #: 257726

ESPECIALIDADES OFTALMOLOGICAS S.A. Telf./ Phone: 4481918
Carrera 37 A No. 2 Sur 104, Loma Algjandria, Poblado, Mede

4 Sede principal
Producto / Product: DORZOPT

" Muestra / Sample: Lote: 1168398 SL D; Laboraterio: Procaps

Fecha de Recepcion / Reception date: 2018-02-07 Temp. de Recepcién / Temp. Reception: 26,1°C

Cantidad / Amount: 1 unidad/1 unit

Contenedor / Gontainer: Frasco gotero con tapa/ Dropper bottle with lid

Enviada por /Send by:  Tatiana Maria Gomez Gaviria

Aspecto / Aspect: Liquido translucido, homogéneo, libre de particulas extrafias/ Translucent, homogeneous liquid free of
foreign particles.
Olor / Smell: Inobjetable/Unobjectionable.
Color / Color: Incoloro/Colorless.
Anilisis Fisicoquimico/ Fechal Unidad/ Resultado/ Especificaciones(**)/ Método/
Physicochemical Analysis Date Unit Result - Specifications(™) Method
Osmolalidad/Osmolality 2018-02-07 mOsm/Kg 283 NA USP 40 <785>

(**) Segiin Norma / Acoordinng to Standard:

(*) Métodos acreditados/Methods Accredited: ONAC, Certificado/Certificate: 10-LAB-053 Fecha/Date: 2014-09-05 ISO/IEC 17025:2005

NOTA: Este resultado corresponde, exclusivamente a la muestra recibida y analizada en el laboratorio/This result correspond only to the sample
received and analyzed by the laboratory

Luz‘% Osorio Castafio
T.P. 01345801606001664
Quimica Farmacéutica U de A
Coordinadora
Fecha de Impresién/printing date: ~ 2018-02-08 Fecha/Date; 2018-02-08
Informe firmado digitalmente, Sin sello seco de TECNIMICRO la informacion no tiene validez/Digitally signed report, without dry seal of TECNIMICRO

this information is not valid
Este informe no puede ser reproducido total ni parcialmente sin autorizacion de Tecnimicro Laboratorio de Andlisis S.A.S/ / This report can't be
reproduced in whole or in part without Tecnimicro Laboratorio de Andlisis's authorization

FIN DE INFORME/ END OF REPORT
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cecol

ALIADO PRECISO

Equipo

Resultado viscosidad

Kinexus Pro {(www.malvern.com)

YA\NEXUS

Muestra

CL/78 - CHL Biolocus (chbol) FL0875
C17g - CF2 Azarga (Alcen a Novrtis compary) 65963
Cl78 - CF3 Simbrinza (Alcon a Novrtis company? 17G12DE
Cn7g - CF4 Oloftal (tecnoguimicas) 7J360
chye - CFS Brimaftal (tecnoquimicas) 7M336B
C178 - CFB Aqglad ofteno {sopaia) 40154665
Cl78 -CF7 Lumigan {al ergon) E79821
Cl78 - CF8 Ganfort (alle-gon) E79942
Clls0 - CF Darzopt 1076238 5L C
Clig4 - CF1 Alap 0.2% (procaps) Ne4858 SLC
cng4d - CFz Krytan tek ofteno (sophia) 4016194
Cl84 - CF3 Trusopt (MSD) MOA0389

Condiciones de la medida

Sistema de medida: Mato -

Tratorriento:

Platc 40

Tasa de czaladure: 5,000 s-1 a 20,000 s-1
Muestreo: 15 puntos.

Gap:- Qlmm

Temperatura: 25 °C £+ 001 °C

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paulo

WWW, .com

Edificio Copérnico
Tel: (+57) 4 314 0035

(+57) 4 313 8144 (+57)14B7 3776

Tel: (+57) 1 467 3792

Transv. 1 Este N* 57-88 Of 101




C

Viscosidad final

ecol

Dorzopt 1076238SLC
ALIADD PRECISO
Tabla de datos
15 25 7.805 6217.00 1.255
225 25 8.935 7155.00 1.249
30 25 10.11 8092.00 1.249
37.5 25 11:32 9030.00 1.253
45 25 12.56 9967.00 1.26
525 25 13.87 10900.00 1.272
60 25 15.22 11840.00 1.285
67.5 25 16.64 12780.00 1.302
75 25 18.12 13730.00 1.32
82.5 25 19.65 14660.00 1.34
90 25 21:29 15600.00 1.365
97.5 25 22.98 16540.00 1.389
105 25 24.78 17480.00 1.418
112.5 25 26.69 18410.00 1.45
120 25 28.69 19360.00 1.482
Grafico reporte
Viscosity vs Shear rate
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Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule

Tel: (+57) 4 314 0035
(+57) 4 313 8144

.com

Transv. 1 Este N 57-88 Of

Edificio Copérnico
Tel: (+57) 1487 3782
(+57)14B7 3776

101




cecoltec

ALIADD PRECISO v ]
Informe de resultado tensién superficial

Equipo

Lataphysics QCALS

Caracteristicas del equipo:

Angulo de contacto [°] 0-180°+01°
Tensién superficial e interfacial [Dinas/cm] | 0.01 2000 [Dinas/cm] + 0.01 [Dinas/cm]

Condiciones de medicién:

Técnica usada: Gota - péndulo
Jeringa utilizada:Halmilton de 1 mL
Temperatura: 25°C

Dosificacién: 1 ul/ seg

www.cecoltec.com

Medellin - Colombia Begotda D.C - Colombia
Crd3 AN 18 Sur-1350f. 732 Transv. 1 Este N* 57-88 Of. 101
Centro Empresarial Sac Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57)1 487 3782

(+57) 4 313 8144 (+57)148B7 3776
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cecol

ALIADO PRECISO

Muestras
C78 - TSl Biofocus (obhot) 7A5875
Cl78 - 182 Azarga (Alcen a Novrtls cormoany) 55963
Cu78 - 753 Simbrirza (Alcon o Novrtis company) 17G12DC
78 - 154 Oloftal {tecncauimicas) 7J360
Cl78 - TS5 BriroflLal {tecnoquirmnicas) 7M3926B
CI78 - TS6 Agglad oftenc (soohia) 4015466
Cl78 - TS7 Lumizan (alle-gan) E79821
ClI78 - TS8 Ganort (allergan) E79942
CH80- T51 Dorzopt 1076238 5L C
CIs4d - TSL Alap 0.2% (procaps) 1184658 SLC
Clg84 - Ts2 Krytar tek ofteno (scphia) 4016194
Cl84 - 1S3 Trusopt (MSD) MO40589
Resultados

Cll78 - 151 oll3 5108 SL37

5118 Sle oles 016

Cll7&g=Toe 4776 47.45 47 42 482z 4785 4774 c.es
Ch78-T53] 52824 538 5286 52.96 5315 o314 034
Ch7g -Ts4| 022 5017 50508 oles olag o083 066
Cl78 - TS5 2381 5221 5349 o228 524 5284 0867
Cll78 - To6 A5.31 487 A8.75 48.79 A8.78 A867 0le
CU’g8-T1s7| B346 6325 6331 63.89 6383 6355 0.6
ClI78 - T58 | 6488 B4.33 649 5489 65 5480 024
CH20-Tal 4432 4371 44.08 4473 4465 4421 031
cas4 -T31 6328 b3 32 6362 6319 b=y 6334 015
g4 -Ts2 | 7884 78.26 7742 78.58 7877 7239 054
Clls4 -T33| 4987 4926 4977 4928 496 49.56 0.25
WWW, .com

Cr43 AN"18 Sur - 135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

Transv. 1 Este N® 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776
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Resultados de analisis producto GAAP ofteno®



Sede principal
roducto / Product: GAAP OFTENO
Muestra / Sample: Lote: 4016594; Fabricante: Sophia

Fecha de Recepcion / Reception date: 2018-03-08
Cantidad / Amount: 1 Unidad x 3 ml /1 unitx 3 ml

REPORTE DE ANALISIS/ANALYSIS REPORT
Muestra/Sample #:

ESPECIALIDADES OFTALMOLOGICAS S.A.

260962

Telf. / Phone: 4481918
Carrera 37 A No. 2 Sur 104, Loma Alejandria, Poblado, Medellin®

Temp. de Recepcion / Temp. Reception: 27,0°C

Contenedor / Container: Frasco gotero con tapa/ Dropper bottle with lid

Enviada por /Send by:  Tatiana Maria Gomez Gaviria

Aspecto | Aspect: Liquido translucido, homogéneo, libre de particulas extrafias/ Translucent, homogeneous liquid free of
foreign particles.
Olor / Smell: Inobjetable. / Unobjectionable.
Color / Color: Incoloro. / colorless.
Analisis Fisicoquimico/ Fechal Unidad/ Resultado/ Especificaciones(**)/ Método/
Physicochemical Analysis Date Unit Result Specifications(*) Method
Osmolalidad/Osmolality 2018-03-08  mOsm/Kg 349 NA USP 40 <785>

(**) Segun Norma / Acoordinng to Standard:

(*) Métodos acreditados/Methods Accredited: ONAC, Certificado/Certificate: 10-LAB-053 Fecha/Date: 2014-09-05 ISO/IEC 17025:2005
ala muestra recibida y analizada en el laboratorio/This result correspond only to the sample

NOTA: Este resultado corresponde, exclusivamente

received and analyzed by the laboratory

Fecha de Impresién/printing date: ~ 2018-03-09
Informe firmado digitalmente, Sin sello seco de TECNIMICRO la informacién no tiene validez/Digitally signed report, without dry seal of TECNIMICRO

this information is not valid

Doz, elasma_ O=our <
Luz'%. Osorio Castafio

T.P. 01345801606001664

Quimica Farmacéutica U de A

Coordinadora
Fecha / Date:

2018-03-09

Este informe no puede ser reproducido total ni parcialmente sin autorizacién de Tecnimicro Laboraterio de Analisis S.A.S/ / This report can't be

reproduced in whole or in part without Tecnimicro Laboratorio de Analisis's authorization

FIN DE INFORME/ END OF REPORT

ina/Page 1 de 1

Muestra/Sample: 260962




B 2 GPS-F-40
GESTION PRESTACION DEL SERVICIO

VERSION 1

Ceco teC CERTIFICADO DE ANALISIS VISCOSIDAD — CURVA FECHA

E ADO PRECISO £
S ‘ DE FLUJO APROBACION | 07/032018

Equipo

OPHTHA

No aplica

08/03/2018

08/03/2018

Natalia Jaramillo

Kinexus Pro MALI023074
Informativa

Y\\NEXUS

Muestra

Cl20R2~CEl GAAP ofteno Lote 4016594

Condiciones de la medida

Sistema de medida:
Tratamiento: Barrido de tasa de cizallamiento
Tasa de cizalladura: 5000 s-1 hasta 20000 s-1
Muestreo: 15 Puntos
Gap: 01 mm
Temperatura: 25 "C £ 0.01°C

www.cecoltec.com

Medellin - Colombia Bogota D.C - Colombia
Cr43 AN°18 Sur - 135 Of. 732 Transv. 1 Este N* 57-88 Of. 101
Centro Empresarial Sao Paulo Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57) 1467 3792
(+57) 4 313 8144 (+57)1467 3776

Paginalde3



s 2 GPS-F-40
O GESTION PRESTACION DEL SERVICIO

cecol

EL ALIADO PRECISO

CERTIFICADO DE ANALISIS VISCOSIDAD — CURVA FECHA

DE FLUJO APROBACION | 07/03/2018

Tabla de datos

7.5 25 10.34 5341.00 1.937
15 25 10.95 6217.00 1.762
225 25 12.3 7154.00 1.719
30 25 13.67 8092.00 1.689
375 25 15.06 9030.00 1.668
45 25 16.5 9968.00 1.655
52.5 25 17.99 10910.00 1.648
60 25 19.5 11850.00 1.646
67.5 25 21.1 12790.00 1.65
75 25 22.74 13730.00 1.657
82.5 25 24.45 14660.00 1.667
90 25 26.27 15600.00 1.684
97.5 25 28.14 16540.00 1.701
105 25 30.12 17480.00 1.723
112.5 25 32.22 18420.00 1.749
120 25 34.37 19360.00 1.776

Grafico reporte

Viscosity vs Shear rate
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Cr43 AN 18 Sur - 135 Of. 732 Transv. 1 Este N° 57-88 Of, 101
Centro Empresarial Sao Paulo Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57) 1467 3792
(+57) 4 313 8144 (+57)1467 3776

Pagina2de3




s 2 GPS-F-40
GESTION PRESTACION DEL SERVICIO

VERSION 1

cecoltec

-~ . .. | CERTIFICADO DE ANALISIS VISCOSIDAD — CURVA | FECHA

DE FLUJO APROBACION |  O7/03/2018
Viscosidad final
1.692 mP 0.0436
Revisién
Cumple 0O No cumple O No aplica X
www.cecoltec.com
Medellin - Colombia Bogotda D.C - Colombia
Cr43 AN®18 Sur - 135 Of. 732 Transv. 1 Este N° 57-88 Of. 101
Centro Empresarial Sao Paulo Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57) 1467 3792
(+57) 4 313 8144 (+57)1467 3776

Pagina3de3



cecoltec

ALIADO PRECISO

Informe de resultado tensién superficial

Equipo

Cataphysics QCA1G

Caracteristicas del equipo:

Angulo de contacto [*]

0-180°=x0I°

Tensién superficial e interfacial [Dinas/cm]

0.01 200[Dinas/cm] + 0.01 [Dinas/cm]

Condiciones de medicién:

Técnica usada: Gota - péndulo
Jeringa utilizada:Halmilton de 1 mL
Temperctura: 25°C

Dosificacién: 1ulL/ seg

www.cecoltec.com

Medellin - Colombia
Crd43AN"18 Sur-135 Of. 732
Centro Empresarial Sac Paule
Tel: (+57) 4 314 0035

(+57) 4 313 8144

Bogota D.C - Colombia
Transv. 1 Este N® 57-88 Of. 101
Edificio Copérnico

Tel: (+57) 1487 3782
(+57)14B7 3776
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cecoltec

ALIADO PRECISO

Muestras

Cleoe -TS1 GAAP ofteno Lote 4018534

Resultados

1 [Dinas/cm) 57,64
2 [Dinas/cm] 5754
3 [Dinas/cm] 6777
4 [Dinas/cm] G756
5 [Dinas/cm] 57,61
Promedio [Dinas/cm] 57644
Desviacién estdndar 0,057

www.cecoltec.com

Medellin - Colombia Bogota D.C - Colombia
Crd43AN"18 Sur-135 Of. 732 Transv. 1 Este N* 57-88 Of. 101
Centro Empresarial Sac Paule Edificio Copérnico
Tel: (+57) 4 314 0035 Tel: (+57) 1487 3782

(+57) 4 313 8144 (+57)1467 3776
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Anexo 5. Capitulo general Productos
oftalmicos-pruebas de calidad.



686 (771} Productos Oftalmicos / Fruebas Fisioas P40

{7713 PRODUCTOS OFTALMICOS—PRUEBAS DE CALIDAD

INTRODPUCCION

Lo peoductos oftdlmizos son productos estdrles que esidn destinados a la aplicacidn en cualguier estructurs ooular, |r|f.1u-
wendo Ios espacios adyacentes a ung cstryctura ooglar y espacios droupdantes Inmediztas.

Las vias de administracidn de los productos aftdlmicoes s dividen en tres cabegoras generales: tplcas, inveccinnes intraocies
lares & iryecciones extracoulares. Los rmiedicamentos Bogicos estin destinedos o la admenistracion en un componente de ks su-
perficle ocular, tal como el pdmrada, |@ conjurtiva o la cdrnea v pueden producir efectos dstémicos o locales. Las invecciones
intraccilares v s exiracculanes e sdministran a través ded tajide confuntivo externs. Las vias oftdlmicas de administracién in-
Cluysn, enTre olras: 1as vies wplca, subvonjuntlval, subtenoniana, subretiniana, subooroidal, intrcormeal, intreesclenal, supraco-
roadal, intravitrea, intracamaral, yaxtaascleral ¥ retrabulbar (ver & Fgora ). Los productos oftdlmicos s2 administran an el ojo
mediants una amplia variedad de formas farmacduticas, incluyenda, entre otras: scluckones, suspensiones, ungiientas, geles,
emuksiones, Hras, invecciones, inserlos @ implantes,

Wi i i e Bt g
e
FE e o T T --'::__\
Wia subronjuntival i
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%

e,
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/{/{
]
wia laresdes = ——s iR fecTi Infestar
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Figura 1. Algunas vias de edminstracion en el ojo

Fste capitule proves listas de los reguisiios de prushas de calidad de productos comunes y consalidadas en un formate
coherente v condise. Bste copivle s aplicakle, e parts o on su totaliced, cuanda s hogn veferencia al Mistmo en une mahe-
arafla de un medicamenta (ver Advertencias Genensles, 3. 10 Aplicabiticod de Jos Normasy, Bl capituio Induye ks prusbas de cali-
fad para la via de administragdn espedlica. Las prushas de celidad liftadas pueden ssrusadas por los fabricantes, sequn co-
rrespenda, en el desarolle de nuevas morografias para medicamento gus se van 3 presentar ante Ja USP-NF

[MaTa—~Tudas las referencias a los capitulos superienes a {1000} son Gnicamente para propositos informativos ¥ pusden usar-

52 Lomo ul recurso Ot Bstos capitulos no son de cemplimienie cbligatorio a menos gue se exija su aplicacitn explicitamen-
te.]

FORMAS FARMACEUTICAS GFTALMICAS

Este capituls tratz las camacteristicas especificas de las tormas farmacéuticas que se administran a cualquier estructura en ¢l
oo, Ve gf capitulo Foirmas Formacéuticas (11513 para informacién adicional schre la descripeltin y ia tabricacion de formas far-
raceuticas.

Log productas oftdlmicos tienan raquisitas [dSnticos o similares a fee produchas inyectanles @ implantes, Fara mayor mferma.
cion sebre los eequizitos de estas fosreas farmacéulicas, ves ef capitulo Medicementos invecialies ¥ en irmokantes (1),

Dependiendo de la formulacian, e sistema de envase-cierme v Bf proceso de eslerizacian, pueden oourrir cambios per de-
graciachn Yo carmbios morfeldgicos durants & ctapa de esterilizackon del preceso de fabricacidn, los cuales deben minimizar-
58, Las [emperabutes requendas para (2 esterlizacian por auteciave pueden ocasionar dafos irreverdiles a ciertas farmas farms-
céuiicas, tabes coma SUSpensionss, semisdidos, emulsiones, entre otras, mienfras que la fltracdon es apbcable solo a fermala-
ciones que contiznen pariculas con mmafios de partiowias <02 pm, Una altermativa es fabricar & procucto a partn de ingre-
dlerites esifriles en un ambiente asdptica

Fara productos multidosis, se requisre un conservante antimicrobiano adecuado y se debe demostrar s efectividad durante
la vida il del producto.

Soluciones

[MoTA—En esta SeCC Bn 9 indiuyen aguelins produectos sSlidas que, 3l reccndiituifos de acuerds con s instrucciones en |3
etiqueta, dam lugar a une solecidn.]



USP 40 Priebas Fisicar £ 4751 Productos Oftdlmices 687

£| tigmpo de contacto de s soleciones oftélmicas tpicas con la cdrnea se incrementa con la visoosidad de fas fenmulacio-
nes. Diversos politmenos sintétices, aluides, entre otros, el akehol poliviniict, 18 poliviniipirolidona, el poletilenglicol, e ac-
da pelizcrilico ¥ muchas dervados de celulosa, tales como la hipromele<s y la fidroxieticeluloss e usan cominmeante como
rrsjoradores de Ja viscosidad debido a su compatibilicad fisioldgica v & sus propledades fisicoquimicas satisfactonas.

Otra forrma de incrementar e tempo de contacte con la edinea implica £f wso de palimeres qua proveen a la formulacion
liguida una conslistencia semizdlida =5l cuande se colaca en gl drea conjuntiva o en la comea. De et forma, 3 b instiacién
simple e [a soluckn le sigue una permanencia prolengada comao resulitado de las propledades vseostdsticas del hidrogel for-
mizd, B “hidregel” o los “geles de base atuose™ son redes Tidimensionales de cadenas de polimenes gue contienen agua
dentro ce la rad, La red puede sar una estructura entrécnizada fisica o quimicamente (un enlzce covatente) entrs cadenas de
polimeros. Bl contenido de agua de los bidrogeles puede gjustorse moduolando e composicon y la conformacian de los poli-
meros, tdes como €l balance idrofilico/hdeofdbico de las cadenas de polirmenos v ks grupos Taterales y i grads de entrecne-
zamferte. El tandmeno de geiificacidn in gty ¢ ocasiohado par un carmbio en fa contarmacian de lof pakirnerss qus pueds ser
desencadensco por estimulos extemus, tabes como (2 emperaturs, ef pH, el contenide idnico ¥ el fluido [sgrimad al momenio
de la administracién en el oo, Ademds, algunas polireres pueden inmeractuar, mediante enlaces no covalentes, con k mucing
conjuntival y mantener la formulacidn en contacto con (o5 tefidos de fa carmea,

Lag seluciones pueden inyectarse no sedo por fa via intravitrea, sins también por otras vias, tales camo las vias suboonjunt-
val, subrtenoniona, retrobulbar, sepraceroidal v submetiniana,

Suspensiones

IMoTA—En esta seccida se indieyen agqualing productos sdlidos gue, al reconstiiulles de acuerde con ks instruccones en 1
etigueta, dan lugar a una suspensidn.j

Se pueds considerar 8l Uso de suspensionas ACL0SAS 1 le0sas por una varedad derazones, tales toma las siguientes: 1)
medicamentas poco solubles en agua; 2) medicamentos con baja estabilidad acuosa; y 3) en casos en los que 85 necesarn
incrarnentar of dernpo de contacto con o ojo e inuementa |z humectackin del ojo. El tamanoe de pardoulz del imedicemento a
menycs 22 rechuce a niveles <T0 pm en wn inkento por svitar fa produccidn excesiva de Egrimas.,

[espuss = la instilacion topica, s sspera que las particulas se mantengan en el fondo de saco v que ef farmaco se disuelvz
v s bbore lentarmente a partin de log estructuras pofindriens mediante difusion, disoludon, degradecion pelimérica o inlercam-
i ibnlco.

Las suspensionss pueden imyeciarse no solo por la v intravitrea, sinoe también por akras vies, tales coma subeon]untivel,
subtenordana, retrabulbar, supracorcidal v subrotiviaona.

Unglientos

Los wigtentos oflalmicos soi producios semisolidaos gue por lo general estan destinedos a aglicacion en la conjuntiva, 1a
cames o & pérpade, Twnen un mayor Bempo de contacks @n comparcion cen muchas soluciones, Una base para ungiiento
aftalmice adecuada no provoca irtacion en el ofp v peemite |3 difusidn del firmaco a teawds de las secreciones que bafian ef
ajo.

La mayeeia de las bases cleosas v exentas de agua para wngliento ofl@#mico estdn compuestas de potrobate blanco v pelrola
to licido (aceite mineral) o |2 base para ungients oftilmies es una modificacitn de i farmula 2 base de petralate, Estan
disefiadas para fundirse a |2 temperatura corporal, También se pueden vsar otras tipoes de bases Fpofiicas paca unglieste. Un
vehicule anhidro puede presentar venlajas pars los medicamentos sensibles a ls humedad,

Geles

Los productns sesmisalidos de tipo gel son ung altermativa a los ungiiEnlos tradicion ales y se basan en = efiecto de fncremens
tar la viseosidad pars profongar 12 retendon del farmaco ¢ el ojo, Se pueden usar vaos Upos de agentss gelificantes, tales
coma denvados del dcicde poliacrfico, carbémers @ hipromel osa

Emulsiones

Las emulsones cftdlmicas tépicas por to general s preparan disoviendo o dispersands e firmace en una fase olooss, agre-
gandn agenbes ermubsionantes y de suspensidn adecuados, y mezclando con agua vigerosamente para formar une emulsidn
uniforime de acede en agua. Cada fse por o general se esteriliza antes o duranie kb carga en el vago de mesclado. Se pusda
usar homogenizacion de atto corte para reducir f tamadis d2 las gotites de aceite o tamafios submicronicos, o cual puede
e arar (& estabiidad flsca de lps micefas de acerte evitanda gue 12 fusionen, La farm s fasmacuticn resultante debe contener
gulitas de aczite pequefias suspendidas de maners eniforme,

La justificacian mas comiin parz desarrallar wna emolsion oftdlmica s 1z lirmitada salubiliclad er agua de los idmmeos, Las
farmacos pueden agregarse a la fase en la que sean solubles al inicio del proceso de febricacicn, o el firmaco puede ser agre-
Qadt despuss fe preparar 13 smulsifn madiante un process adecuads de dispersidn,
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1a estabifidad fisica de lo emulitn puede medirse mediante enices de dispessian de e Que caractetizan le distribaee g del
tamans de gldbulos en o fase olansa, Se pueden agregar surfactantes adecuades para mejorar la estabilicad de la emulsidn.

Tiras

Laes tiras oftilmicas pueden tener dferentss vsos oftalmicos que induyen, enire otros, el uss gomo urd heramitnta de’ding-
fasticn para visualizar defeckos o aberraciones en &l apitalio de la cdrrea o para medi |a cantidad de produceidn de [dgrirmas.
Se Fabrican won papet g filtro ¥ pueden contener camglestos, tales corme Aucrescaina sédica, Seenvasan de forma irndivid ual
para presenvar a esteriBdad hasta € moments da s uso,

Inyectables

Auncue los m}-m:tablcs'm consideran unaforma farmaciéutica para propésites de nomenclaturs, no s fratan comd tales en
este capitulo. Referirse a las formas fisicas aproplades, tales como soluc dr, suspensidn b otres, para obiener informadion gere-
Tk,

Insertos

Los insertas oftalmicos ¥ los sisternas oculares son tormas farmacéuticas salidas de kamano v forma apropiadas que se cale-
can e el fondo del saco conjuniiva, en el puinto lageineal (Figura 23 0 en o odimea, Los mserios @ merudo pueden raticarse, s
se presentan efectos adversas y provesr la lheracidn prolongada del Brmato durante clerto pedoda. Los insertos pueden ser
ercwionzhhes {snhibles) o no erosionables {insolutles). La Eheracian de firmacns a partic de los inserbos solibles implica dios
shapas: 1) s liberacion répida de una pordan del lirmoce a medida gue el fuidy bgrmal peretra en ol sisterigs y 2) I libess-
cidn lenta @ mecida que so forma una capa de gl en 2 supeficle del insarto. Los escudas de colageno fabricadas a partir de
toldgeno de ia esclarfitica parcing o da tejidn dérmica bovdno—y los dispositivos obtenldas por maldeo, extrisiin o compre-
sichn (iminiTaddetas) de polmeros gelficanies—perenecen a eils calegona de inserios seluldes. Los polimeros oerosionalsles
(o, dervados de oeiating entracruzacha v poliloteras) pueden Usarse para praparsr insertos erosionables; astas matrices a<-
tian comn degdsitos o interactdan con las moléculas del frmaco a traves de enlaces |Abiles. '

Fgura 2. Punto lagrimal.

Los insertas solubles pueden tener ef farmaco incorporado en mairices erosinnables, tales como hidrxipropilceluless, acido
hialurgnice, carbomen v dcide pollacriico. Los insertos selubdes pueden cofocarse en el fondo de sece inferior v por ko general
e gisuetven dentro de lag 1224 hotas, Los productos polimanicos ercdionables s dauelven gradualmaente mientras libsran 2|
farmaco y pur ko tanto af paciente nao tene que retitar ef inserto poliméren srosiorakle después de msarln,

Lo msertos inselubies pueden terer una estructurg de matriz o un depdsito, SU mecanismo de acoidn s& basa en la difusian
i un fluido en el dispositive, disolvigndo ef medicamenta y |3 creaciin de una solucidn satwrada gue se dibera al medio cesde
#f inserte mediante difusion. Esos insertos insslubles deben ser retirados caspués de certo perfade.

Implantes

Lo imnpiantes <2 myectan ¢ implantan en €l segrento anterior (ntracameral, subconjuntival, subtenoniane u or2s partes
del segmentn aiprioc a en as cavidades intiavieas, ¥ los Implantes pueden presentarse €0 diversas [ommas, s come un
disco ¢ una vanllz delgada. Los implantes pueden fabricarse con polmerns ne bisgegradalles o bindegradables.

Eritre [os tipos de implantes (polimena) sdlidos no biedegradables se encuentran los implames de tipo depdsite ques se an-
clan a la escleréitics, en los que of farmaco es liberado # través de un pollmers semipermeable no biodecraciable. Loz implantes
tipo depdsito pusden febricarse & partir de una vanedad de materizles, incluido & alcobol pellvinilico-etilemdinilacelato. Los
palimeras blodegradabibes pueden Usarse para formar implantes solidos inyectables,
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Productos de Combinacién de Medicamento-Dispositivo

Una combinacion de medicarmento oftéimico-dispositho es un producto que en fa mayoefe de jos casos esld const ihuido por
dos componentss. Uno es una fonma fanmacdutica que contiens fos Tanmacos ¥ e oo es un dispositivo gue activard o facilitard
la penetacion de bos farmacos a partir de la ferma famaciutica en una region particular dof ofo, Algunes sjermphes de los dis-
positvos son agquellos que generan ondas (calor o uz).

Este capituln $& aplica solo ol componente de s forma farmacéutica del producto de comiinacion de rmedicamente oftalmi-
co-dispositive, Las reglamentaciones apropladas de ls FDA con retpecto a los dispasitvos médicns deben psarss para el com-
ponente def dispositivo.

CEALEDAD DEL MEDICAMENTG

Los procedimientos v los criferios de aceptacidn para e snalisis de productos oftélmicos se dividen en dos celegoias: 1)
acuelhos que evaldan los atributes gencrales de calidad, pog, identificacidn, poetencla, pureza (2 impurezas), esterilidad v parti-
culas; v 23 aguellos que evaldan ¢ desemipefic in vitro del prodwcta, e dedir, disolucidn o liberacian de los fanmacas a pardr
del producto. Las proshas de calidad evallan (2 integridad de b forms farmacButica, misntras gque las prushat de dedermpeiao
evaiian la iheraciéin de fpmacos y alros atribilos que se refadonan con el desermpedio in vive, Enconjunde, las pruebas de
calidad y de desempelio aseguran |y identidad, contenido, calldad, pureza v sficadia def medicamento. Este capitulo tata las
prushas de calidad pars productos oftéimices. Las prusbas de desempefio {dischuciinfliberacidn de tarmacas) se tratan en el
capituky Prodisctes Litalmicos—Sroebos ie Desernpefo (1771),

Fruehas Universales

En este caplbulo, fz division de ks proebas de calidad del producto en prisbas gniversales y en pruebas sspecficas no sigue
e rnarera esbricte la gueia de la BOH Q64 Specdications: Tesd Procedures ard Acceptance Critena far Wew Diug Sebstances and
Mepe Drug Procticts: Chamical Sthsparnss (dispronible en ingiés en wasaichang). Bn este capifuls, prisbas untversales sa refiera
a las pruehas que son aplicable: s todos fos productes oftdlmicos, independientements del tipo de e farmactutica,

DESCRIPCEIN

Se vebe provesr uria descripcion caalitative del medicamento. Lo cnlerdos de aceptacion deben contensr a apatiencia final
sopptable, que incluya [y transparenda v el color de la forma farmacéutica w del ersasado, 5 el colar camibia durants ¢l alima-
cenamients, pusde ser aproplacds un procedimienta cuantitativo. Esta no es una prus ba farmacopeica, aunqus forma parte de
la especificacion del fabricante del medicamenta

ACHENTIFICACION

Las pruebas de identificacidn se tratan an |as Advertencias v Reguisitos Gemenaler 5.40. Las prusbas de identificacian deben
establecer 3 identidad del firmaco o frmacos presantes en el aeficulo v deben discriminar enbre compuestas con estructugas
estrechamenta relacionadzs potencialmente presentes. Las pruebas de identidad deben ser especilicas para s [armacos [poef,
espectroscopia on el nfrarreje (R, por sus siglas en nglés)]. Los mitedos espectrofotamétrioss en ol infrarmg|o cercane [MIR,
por sus shglag en inglésy o Baman pueden ser aoeptables para la identificackdn del medicamento. Las procedimientos de icenti-
licacion de uso mas amplio para faomacos contenidos @n formas fsrmacéuticas sen jos procedimientos cromatoyrficos que
inglyen uRa carmgaracion con [of astindarss aproplados: (ver 103 capitl los Cremotogrofia (6211 v Prusba de Idertlifcacion gor
Cromatogrefio en Copo Delgeas (201)), La identificacidn maediante un salo tiemps de retencion cromatogrifico no constituye
una prusha especifica.

WALDRACIGN

e debe wsar una prusba expsciicd ¢ indicadora de (2 estabilidad para determinar la concentracion (contenido) del madica-
menbe, Para €asos @ 1oy que e juslifgue el uso de una veloracitn no especiica, se deben usar olros procedimientos aneliticos
pars logeer la especificidad general. Se debe usar un procedimiento especlico cuando exsts evidenda de interferencia de exci-
pientes con | prueba de valoracidn no especifica. Se encuentra dispanible informacién adicional sobre valaraciones especifcas
en ins capitules Artibidticos—Valwrmoiones Microbickigioas (81, (821 y Cramatograiio foaica (1065).

IMPUREZAS
Pueclen estar presentes impurezas del procesn, subproductos sintétices y ottas impurezas orgdnicas e inorganicas en ef fir-

rmaca y en los axcipientes usados an 3 fabricacion dsl medicarments. Estat impurezas son contraladas por las monografiss de
farmacos v excipientes, 3¢ debxen monitonear las impurezss orgdnicas gue surgen de la degradadion del Farmaon e of medica-
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rreto ¢ aguellas imp rezas gue surgen durante ¢f procesa de fabricacidn del medicameanto, Todos los articulos cumplen con
los pecuisitos ce kot capitukas mpurezar flementple s imites {2227 y Disolveries Residuales (4671

PH

Yer el capftulo pH (7915, Las lEgrimas rommales teren un pH de aproximadamente 7.4, £ ojo puede talerar productos en un
intervalo de valores de pH desde aproximadamente 3,0 hasta aproximadarmente 8,6, dependiends de la capacidad de amorti-
quackin de lz Tormulackin, B valor de pH de la formuiaddn debe ser aguél en = gue el producto ses més estable. Las formula-
ciongs gue ¢ contran en los extremos del Intensaio de pH aceptarie tendrén UNa mejor aceptacion por parte del paciente si la
formulaciones tienen una baja capacidad de amortiguadon.

DSRACLARIDAD

Ver el capitulo Dsnrodaiidod ¥ Qsmelaridad {785), Los productos ofdlmicos pueden ser talerados enun insralo bastante
amplio de torveidad (doruro de sodio 8l ,5%-3%, equvalents a aprosimadamente [71-1711 mQsmyky), Las seluiones hi-
potdnicas s toleran mejor que las soluciones hipertnicas. 3¢ deben tornar precaucionss para asequrar gue el producte man-
Bane tu osmolaridad durante 1a vida gil. Se debe tener en cuenta auslguier posibla contribucidn o interferencia del siskerna de
CUTELEN

PARTICULAS ¥ WATERIA EXTRARA

Todos los productos oftdlmicos deben ser inspeccionados con respecto a la integridad del envase y, en la medida de lo posi-
ble, para determinar [a presencia de particulas extzafias y olrservabdes (particulas visiples). Bstas particulas indeseables sungen
de das tuenics extrinsecas (es decl, materla extrafial; @ Infringecas o mareda relacionads con gl producto. La matesia sxtrinses
2 no puede asociarse can el products o € proceso, La incorperacion de partioulas infinsecas ocurre durante e montaje def
products o resulla de cainbios con e paso ded tempo. Una tercers categoria, b materia inherente, deseribe un estads fisico o
particulas que son un atrfbuts esperado del preduchs.

Se renulers una Inspeecitn del den por Clentn para bos productos inyectables en ervases Darsparentes a fin de elimmar os
envases finales con particulas visibles. Cuande sea diticl realizar una inspeccian del 1009 del producte invectable & el ervase
linal, coma n ef cas de Ins anvates apacos, Se pueden isar métndos alterativas para determinar la ace ptabilidad, £ capdiulo
Partitules Visibfes er lvectables (T90) proves gufss adichenales para 1os métedos de itspecdon general ¥ una definicidn de
*esencialmente axento de particulas visibles” para el cumpliodento de las partidas,

S Gins las categ orias aplicables para la administracion de productos en tepdos oculares, La administracion ntraocolar inclu-
wee oo Ioy produclos off3lmicos que atraviesan (penstiran el tejido conjuniivo, tales como (4 odrmes v js sciedrics. La
adminstracién extraccular de productas oftdlmicos induye a todos ks demds componentes y espacios. Para o contenido de
parbiculas subreisiblos, se deben seguin |2s guias de la USP. Los productos pare wso inrzocular deben curmplir con el Capltuio
Particudas en Soluciemes Oftdimicas (B, Los productos para uso extrancular deben cuemplit con el capitulo Particeirs en Inyec-
Iphtes {FBE). Los aspechos o ferer en coenta para fa evaluecion del producto y los antecedenies para ambos imétodas subvisis
bies se encuentran en ¢l capilulo Afgtodos para fo Determinacion e Porticulas ¢ dipectobles ¥ Solucfoses Ofalmeas {1788).

ESTERILIDALY

Las fermas farmecéuthoas oftdimices debren cumplir con los requisites ded capituko Prsebos de Eserifidad (715 § los ingredien-
teos espasiicos usados en la formiutacidn no s& prestan para las téenicas de asterilizacidn de rutiha, se pusden usar ingredientss
quee curmples con bos requisitos de esteritidad descrites en el capituio (71} usando una técnica de fabricacion aséplica, £ emva-
se pamario para los productos oft@imicos deberd ser esténl al moments de lenado y de cierre, ks obligatonio que 1os ervases
primarios para los producios oftdlmicos estén selfades v que scan a prueba de alterackin intencional de modo que s asegurs
ia esterridad ai momenio del primer e,

COMIERVANTES ANTIMICROBIANGS

S deben agregar agentes antimicrobianos a los productos gue se arvasan en envases gue germiten retirar o administrar
dosis miltiples, a manos que prevalerca una de las douientes condiciones: 1} e proveen instrucciones distinias en la mono-
grafia individuad; 2) fa sustoncia contene un radionucleado con una media vida Meica de <24 hosas; v 3) el medicamenlo, 50
agentes adiclonales, ene la suficiente capacidad microbicida para curnplic con los requisitos del capituio Proebas de efcecia
Antimicrotiang ¢51). Las sustancias deben cumplir con los reguisitos de los capitulos {51} y Agentss Antimigmdiaras—{ onfemida
4341}, S deben establorer enlenos de acaplacion para el confenido de consarvantes antimicrobianes: en producios de unida-
des miltiphes. .
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ERDOTORINAS BACTERMAMAS

Todas s medicamentas oftalmicas h,ﬁemdus dehen preparsrse de manera gque minimicen ks endotexings bacterianas se-
i se deflinen en e tepflulo Pruehe de Emiditonmas Bectenanos (85} Los limites son no mas de 0.5 UE/mL para los productas
de frigecidn oftdlmica v no més de 2,0 UEfdosis/ojo para fos mecdicamentas myactados o implartados. Por o general, esta
prueks na s requenida pana dos productas oftilmicos de aplicacion tpica. Esbe capitulo no trata fns limites de endotoxing pam
los dispositvns que se inysotan o implantan.

UMIFORMIDAD DF UMIDADES DF DROSIFECACION

Ests prueba es aplicable & las fovmas larmaced licas envesadas en envases unitasios. Induye tanko fe masa de la forma ferma-
céutica v al contenido del fénmaco en |a fornsa farmacéutica, £a proebs puede realizarse madiante uniformidad de contanido o
varlaclon de peso (ver &l capitule U'nifarmidad de Unidadas de Dosifizacidn (S051.

CONTERMIO CE LOS ENVASES
Se debre determinar gl contenide de lox spvases de Tos productos aftdlmicos (wer ¢l capitulo Lenade Minima (75550,
SUSTARNCIAS LIXIVIABLES ¥ SUSTAMNCIAS EXTRAIBLES

El sistorna do ervasa no debe IRteractuar fisica ri quimicamiente con @ producie de hingund maners que altess el contenl-
da, la calidad o 1 pureza del medicamenta. £l sistema ele envase debe cumplir con los requesites de fes capflulos Topones flas-
SORRENCOS purg fmpectolies (381}, Envoses—bidrio (860}, Materales Pidnticos e Conrmuccitn (661,11 v Sistemes de Envoses Fidsti-
03 pora Yo Formoodutioo (661,25 Se pusds encontrar informacion adicional sobre los sistzmas de emvase en los capftules
Eunivackdn de Sustancios Extrafbles Relacionogas oon Envases Formaocéuticos p Stiternas o Adminizbrocicon (1663} v fvaliueodn de
Sustancias Lxnviabies Reteciormades con Emvases Farmacéutions i Sistemos de Adminntrocian (16640 La evaluadion de posbies sus-
tancias Axiviables y sustancias extraililes, v el establecimisnto de citerios de aceptacion para estos compuestos deben tensr an
cuerty 2 evaluacian de resgos del products, suindlcacion y su sisterma de envase.

Ademds, se delre tener en cuenka que una eveluacion de nesgos del impacto de las sustancias exlrables/sustancias lixivis-
bles, en una via de administracion booica o intrasodiar es una actividad desafiante. Las cvaluaciones toxicoldgicas o de scguni-
darl de las sustancias lixiviables o de lag sustancias extraibles en (o3 componienies de srmases (i marios o sscindanios por ko
regular no estan disponitdes pad vies de sdminisbecién oftalmices. Uni evaluadion de riesgos preeds moluir la eveluiacion de e
noxicolonia v fa sequridad a partir de otras vias de administracion ¥ una evaluacian de |z fngesta Diadia Total de las sustanclas
ectrailes sustancias lixiviakles que se estan evaluande, La prepoandermngia de dichas evaluagones conileva a una ot macian
cel Hesgo de las sustancias extraifiessustancias lixiviables madiante la adminisirackin ocular af paciente,

IMTECRIDAL DEL EMVASE-(CIERRE

El sisterna de envase debe sermrse o sellarse de mansra tal gue se prevengs la contaminacian o fa pérdida de contenldng ¥
dhebie chermostrar que e a praeba de llemscidn inencons). La validacion de la integridad del envase debe demosinar [a ausea-
da de penetracidn de contarminacion microbiana ¢ de impurezas guimicas o fisicas (ver el capituly Erofwacidin ge i1 Integridod
ael Envarse—Proguctos Sstdrites 12070,

Pruebas Espacificas

YISCOSDAR

Ui incrementg en a viscosidad aumenla & Gempo de residencia 2n el ojo. 50 embarge, [a difusion del lanmaco desde la
formulacion hacle 2l ajo padria verse inhibida debido a la alte viscosidad del products. Los unglientos oftblmicos estan disefa-
oz para tenar una viscoswisd may alta & fin de prolongar el tiempa de rendencia en 2l ofa. La indusidn de la evaluacén de fa
wiscosidad en fa especificacion del producto debe basarse en 2l tipo de fopma farmacdutica v 20 3 los cambies en la visoosidad
del procucts sfectardn su desemnpefio. Esta me 25 una pruchs farmacopeica, sungue forma parte de la especificacion del fabri-
cante del medicamanto, Yer lns capfhubos Viaroudod—Métodas Capifires £911), Wisonsidard—Métnons fotatorios (9120 y Yiscos-
dipd—teldtodo de Bolo Rodante (913},

COMTEMIDO DE ANTIORDANTES

% el medicamenta presents anfinxidantes, se deben establecer prushas para determinar & contenice de os mimos, a me-
s guie se pueda deteclar la degradacion por oxidacion wsardo obto métado de prosta, @l coma wn andlisis de imperesas, e
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deben establecer criterios de aceptacién para ol contenido de antioxscantes, los cuales deben basarse en los niveles de antioxi-
dantes necesarins para mantener 13 estabilidad del producto en todas lzs etapas 2 lo largo del uso propuesto v de su vida Otil,
CAPACIDAD DE RESUSPENSION/ CAPACIDAD DE REDISPERSIIN

Se debe tener 2n consideracin e establecimiento de una buena eslabilidad faica de una suspensidn, 5i las particulas sedi-
mentan y evenlualmente producen un residuo en la parte inferlor del envase, deben ser redispersadas ripidamente 2 mormen-
to de su uso para legrar la uniformidad de la dosificacion.

TAMANG DE PARTICULA Y DISTRIBUCION DEL TAMARO DE LA PARTICULA

Se debe avaluar ol potenclal de cualguier cambio en el tamanio de la particula de las suspensiones y de las emubdones ofldk
micas madiante ef andlisis de estabilidad (ver el capitulo Medicicn def Tarnodio de Particula por Difraediin de Luz (429),

TAMANO DE LAS GOTAS

Pata los medicamentos oftdimicos dlspensados coma gotas, los tamafios de las gotas por lu genesal estan entre 20y 70 al
El tamafio de las gotas puede controlarse por pess o por volumen y por Io reqular se evalda durante ¢ desarrolio del producto

SUSTANCIAS AGREGADAS

Ye pueden sgregey sustancias adecuedas a los unguentos oftalmices para aumentar su estabilidad, a menos que s¢ prohiba
s uso en da monografia individuat correspendiente, y demgre v cuanda sean inocuas on 1as cantidades administradas y no
interfieran con ia eficacia terapéutica o con las respuestas a las valoracionss y las pruebas especificadas. Por lo regular, deben
evaluarse durante el desaolio ded producto. e prohibe el uso de ingredientes cuyo dnice objetivo sea otongar coer, olor o
sabos.

(7765 MICROSCOPIA OPTICA

La microscopia Sptica para fa caracterizacion de particulas por lo gereral es zna téonica adecuada para particulas con un
tamafio de T um o maver. Etiimite Inferior 8583 determinado por la resolucitn del microseopio, B limite superior es mencs
estricto y estd determinade por las dificultades que preseata para carecterizar particu s de mayor lamano, Ademas de la mi-
Sroscopia Hplica, existen diversas téonicas altemativas para fa caracterizacion de particudas. La microscopla dptica es yna téeni-
<@ sumamente recomeandable para caractarizar particuias que no on estéricas, métedo que tambiin puede constituir la base
de oitos métedos de cabibracion mas rutinarios y mds rapidos.

APARATO

Emplear un microscopio eslable ¥ protegide de vibrationes, Es necesario que o aumento d=l mraroscopio (resultadn del au-
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debajo de & plating del microscopio se deben emplear candensadorss comrecides al menos por ehemacion eserica. La speriura
seal del dicfragma del condensador y la presendia de sceites de inmersiGn afectan la apeitura numérica del condensador de les
accesorios ubicados por debajo de la plating v €5 necesanio que esta Cuincida con la del abjetiva en las condiciones de use.
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The members of the Tear Film Subcommittee reviewed the role of the tear film in dry eye disease (DED).
The Subcommittee reviewed biophysical and biochemical aspects of tears and how these change in DED.
Clinically, DED is characterized by loss of tear volume, more rapid breakup of the tear film and increased
evaporation of tears from the ocular surface. The tear film is composed of many substances including

K‘?J’W"rdf‘-'. lipids, proteins, mucins and electrolytes. All of these contribute to the integrity of the tear film but exactly
Dry eyf: qlsease how they interact is still an area of active research. Tear film osmolarity increases in DED. Changes to
Eﬁgz'l:tem" other components such as proteins and mucins can be used as biomarkers for DED. The Subcommittee
Mucin recommended areas for future research to advance our understanding of the tear film and how this
Osmolarity changes with DED. The final report was written after review by all Subcommittee members and the
Proteome entire TFOS DEWS Il membership.

Tear film © 2017 Elsevier Inc. All rights reserved.
Tear film stability

Tears

1. Overview of the tear film in health

A stable preocular tear film is a hallmark of ocular health, largely
because it forms the primary refracting surface for light entering
the visual system and it protects and moisturizes the cornea. The
three layered model of the tear film proposed by Wolff[1,2] has had
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http://dx.doi.org/10.1016/].jtos.2017.03.006
1542-0124/© 2017 Elsevier Inc. All rights reserved.

an overwhelming allure because it is simple and logical: a mucin
layer covering the ocular surface and lowering the supposed hy-
drophobicity of the epithelial cells; an aqueous layer to nurse the
exposed ocular epithelium by providing lubricity, some nutrients,
antimicrobial proteins and appropriate osmolarity; and a lipid layer
to prevent loss of the aqueous layer through overspill and evapo-
ration. There is a continual return to this three layered model,
despite Doane stating over 20 years ago that the three layered
structure “is a considerable simplification of reality” [3]. This has
generally limited novel perspectives that might lead to a clearer
understanding of the dynamics, structure and function of the tear
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film and the changes that occur to cause dry eye, The precorneal
tear film behaves as a single dynamic functional unit [4] with
different compartments.

Laxity of terminology means that there is ready acceptance of
information that may not be entirely correct. For instance, “tear
osmolarity is approximately 302 mOsm/L" is often accepted ter-
minology, but in reality such a value is for tears sampled from
within the lower tear meniscus. While it may represent the os-
molarity of the tear film spread over the ocular surface, there is
no evidence of this, A consequence of being aware of where the
samples being measured are coming from and how they are
collected may lead to a more cautious approach to extrapolating
data to the tear film that covers the ocular surface and, ultimately,
a better understanding of its composition, structure and spatial
distribution. Optical coherence tomography (OCT) has allowed
non-invasive measurements of both the upper and lower menisci
in terms of height, area, and curvature of the surface and while
the upper and lower meniscus in an individual appear to be
identical in these parameters, none of these parameters corre-
spond to central tear film thickness [5], but lower meniscus
height seems to correspond to the volume of mucoaqueous tears
[6.7].

When the eyes are open the tears are distributed in three
compartments, which are the fornical compartment (which oc-
cupies the fornix and retrotarsal space), the tear menisci and the
preocular tear film. The fornical compartment is assumed to be
narrowest in the region of the lid wiper of the lid margin, which is
directly apposed to the globe. The preocular tear film overlies the
exposed conjunctiva and cornea [8]. The precorneal tear film fol-
lows the contours of the cornea, and is usually highly stable [9]. The
pre-bulbar film follows the varying contours of the bulbar con-
junctiva. The preocular tear film is the whole tear component thatis
spread over the exposed surface of the eye. Results from studies
using ultrahigh resolution OCT has resolved the debate over the
thickness of the tear film. It is extraordinarily thin, 2—5.5 um thick
over the corneal region (precorneal tear film), and these data
concur with estimates of tear film thickness using interferometry
techniques [8—10]. The tear film is so thin that the roughness of the
corneal surface (~0.5 pm) cannot be ignored [11]. Neither the tear
film thickness over the conjunctival region, nor the roughness of
the conjunctival surface has been measured. Water has a high
surface tension and therefore to form such a thin film of water
without it collapsing onto the surface or forming lenses, the surface
on which it spreads has to have similar properties to water and the
surface tension of the water at the air interface has to be lowered
[12,13].

The apical surfaces of the corneal and conjunctival epithelia
have transmembrane mucins 14|, which increase the adhesion
tension for water, facilitating the spread of the tears across the
ocular surface. Transmembrane mucins attached to the microplicae
of the epithelial cells extend up to 500 nm (0.5 pum) into the tear
film [ 15,16]. They also constitute a line of defense for the epithelial
cells against infection and injury [17,18].

Much remains to be learned about the mucoaqueous compo-
nent of the preocular tear film and whether it is the same within all
compartments, In addition to oxygen, metabolites and electrolytes,
the tear film contains antimicrobial peptides, proteins and soluble
immunoglobulins that protect the ocular surface from infection.
The sensitivity of modern proteomics techniques has allowed the
identification of more than 1500 proteins [19], and more than 200
peptides originating from several of those proteins [20]. The nature
of the vast majority of these proteins and peptides reflects that
tears are also a mechanism for removal of cellular debris that occurs
due to the turnover of ocular epithelial cells. In addition, sensitive
lipid studies also show that tears contain a lipid profile similar in

ratio to meibomian lipids, but with a relative abundance of phos-
pholipids [21].

Shortly after a blink, the mucoaqueous component of the pre-
ocular tear film is believed to become physically isolated from the
upper and lower menisci, such that diffusion between these com-
partments does not occur [22,23]. This isolation has been observed
as a black line at the ocular margins in fluorescein-labeled tears.

The tear film lipid layer is approximately 40 nm thick [24],
lowers the surface tension at the air interface of the preocular tear
film and results in spreading of the tear film over the ocular surface.
A feature of the preocular tear film is that it resists evaporation, and
it is purported that the tear film lipid layer is responsible for this
|25—27,67]. The complete nature of the tear film lipid layer is un-
known, but it is likely it has surfactant molecules at the mucoa-
queous interface and lipophilic molecules at the air interface.
Unlike the aqueous component of the preocular tear film, which
appears to be isolated shortly after a blink, the lipid layer of the tear
film appears to be continuous over the menisci and indeed con-
tinues to move upwards over the ocular surface following a blink.
Observations using various interference techniques at different
magnifications show that the lipid layer is variable in thickness
across the ocular surface. This movement and continuum from the
meibomian gland orifices, and direct observation of secretions from
the meibomian glands onto the ocular surface, indicate that the tear
film lipid layer is almost entirely derived from meibomian gland
secretions. It is unknown iflipids from the tear film lipid layer move
into the mucoaqueous compartment of the preocular tear film, or if
lipids from other ocular tissues (origin unknown) transverse the
mucoaqueous compartment and adsorb to the tear film lipid layer.
By examining the shear rheology of films of meibomian lipids
in vitro and comparing them with other lipids, there is evidence
that meibomian lipid films spread over a mucoaqueous subphase,
causing the subphase to resist collapse as it thins [28]. Dilatational
rheology studies also confirmed that the viscoelastic films of tear
lipids, meibum and contact lens lipid extracts are predominantly
elastic, which may enhance their capability to stabilize the air/tear
surface [29—-31].

2. Biophysical measurements of the tear film
2.1. Tear film structure and dynamics

There is evidence that, in the above described three layer
structure of the tear film, the mucin layer has a decreasing gradient
of concentration from the epithelium towards the aqueous layer
|32]. It is also commonly considered that the aqueous and mucin
layers are a single layer of mucoaqueous gel (referred to hereafter
as the mucoaqueous layer) [33].

The tear film lipid layer is derived from meibum secreted from
the lid margins and is spread onto the tear film with each blink,
driven by surface tension forces, It plays an important role in sta-
bilizing the tear film and in the past has been thought to play a key
role in retarding tear evaporation [25—27,67]. The lipid layer can be
investigated with interferometry techniques. The color and
brightness of the interference images are analyzed to yield lipid
layer thickness [24,34—37]. The thickness of the lipid layer has been
reported to be from 15 to 157 nm, with a mean of 42 nm [24].

Evidence from reflection spectra of the precorneal tear film
suggested the tear film has a thickness of approximately 2 um [9].
OCT techniques find the thickness of the tear film to range from 2 to
5.5 um [10,38—42].

To elucidate the structure of the tear film, studies have made use
of multiple methods. These include combining a wavefront sensor
with OCT [43], using fluorescein tear breakup time (TBUT) and
Schirmer test [43], applying fluorescein and assessing using a
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rotating Scheimpflug camera (Pentacam, Oculus, Germany) [44],
simultaneously recording videos of fluorescence and imaging tear
film lipid layer [45], and using dual thermal-fluorescent imaging
[46].

The bulk of the tear volume and flow is via secretion from the
lacrimal gland [47.48|, with a smaller portion secreted by the
conjunctiva [49]. In animal studies, tears can be produced by the
accessory lacrimal glands in the conjunctiva even after removal of
the main gland [50]. Both parasympathetic and sympathetic nerves
innervate the main lacrimal glands [51,52] and a few sensory nerves
have also been identified [51]. The nerves are located in close
proximity to acinar, ductal, and myoepithelial cells as well as being
close to blood vessels [51,52]. Stimulation of the lacrimal gland and
secretion occur via the cornea —trigeminal nerve—brain-
stem—facial nerve—lacrimal gland reflex arc. Afferent sensory
nerves of the cornea and conjunctiva are activated by stimulation of
the ocular surface. Efferent parasympathetic and sympathetic
nerves are then activated to stimulate secretion from acinar and
tubular cells in the lacrimal gland [53].

Tears have been classified into four broad types - basal, reflex,
emotional and closed-eye. (see review by Craig et al.) [54]. Basal
tears (sometimes referred to as open-eye tears) are tears that
constitutively coat the eye and are deficient in dry eye. Reflex tears
are produced upon stimulation of the ocular surface (for example
by onion vapor) or stimulation of the reflex arc (for example by
nasal stimulation of the sneeze reflex). Emotional tears are also
produced upon stimulation, but in this case via emaotions such as
sadness. Closed-eye tears are those that can be collected from the
ocular surface immediately after a period of sleep. Basal, reflex and
emotional tears are produced mainly from the lacrimal glands via
the neural arc [55], but differ in their constitution, for example, the
concentration of various proteins change [54]. Secretion from the
lacrimal gland is greatly reduced during sleep, and so the consti-
tution of closed-eye tears is somewhat different to that of other
types with, for example, an increased amount of serum-derived
proteins leaking from the conjunctival blood vessels [54].

A two-step process of tear film deposition through a blink has
been proposed [56]. In the first step, the upper lid pulls a layer of
tears over the cornea by capillary action; in the second step, the
lipid layer drifts upward, which may drag up aqueous tears along
with it. The upward drift of the lipid layer can be observed using
interferometry imaging approaches [57]. After the blink, tear film
redistribution occurs due to the negative hydrostatic pressure
within the nascent menisci. This draws liquid from the forming tear
film and eventually causes the precorneal portion to separate from
the menisci. The boundary can be observed as a black line of
reduced fluorescence in the fluorescein-stained tear film, indicating
where the aqueous layer is thin but the lipid layer remains intact
[58,59].

Tears flow from the supply region towards the puncta, located
on the lids near the nasal canthi, to facilitate their turnover and
removal [60,61]. Tear turnover rate has been estimated to be
16 + 5%/min [62—64]. Between blinks, thinning of the tear film
occurs, which can be observed using several different approaches
|40,57,65,66]. Most of the observed tear thinning between blinks is
due to evaporation [25—-27,57,65,67,68].

Tear production, turnover and volume can be estimated by
several methods, but there is limited correlation between different
tests [69]. Accordingly, a combination of tests should provide a
more reliable diagnosis and increase the specificity and sensitivity
of dry eye diagnosis [ 70]. The phenol red thread test (Hamano test)
[71]is a measurement of tear volume or change in tear volume with
time, by observation of the amount of wetting of a phenol red dye
impregnated cotton thread placed over the inferior eyelid. The
Schirmer test [72] is a measure of tear production and is

undertaken by observing the wetting of a standardized paper strip.
Historically, the Schirmer I test is performed without anesthesia
and thus measures predominantly reflex tearing. A variation on the
Schirmer | test involves use of topical anesthesia and claims to
reflect the basal secretion of tears, although a contribution from
reflex tearing cannot be discounted [626]. Tear volume can also be
measured by fluorophotometric assessment, and demonstrates an
apparent normal human volume of approximately 8 + 3 ul [47,62].
Tear meniscus height (TMH) is linearly proportional to the lacrimal
secretory rate [47]. Differences in TMH and radius of curvature can
be used to aid diagnosis of dry eye [7,73,74]. Tear clearance rate is
the rate at which the preocular tear film or an instilled marker of
the tears is removed from the tear film by dilution or drainage from
the tear volume [75]. Tear clearance rate measurement is seldom
petformed in the clinical setting. Tear dynamics can be estimated
by dividing the value of the Schirmer test with anesthesia by the
tear clearance rate, giving the Tear Function Index [7G]. This value
has been shown to have greater sensitivity for detecting dry eye
than either one of these tests alone [76].

2.2. Tear film stability on eye and ocular surface wettability

A stable precorneal tear film has long been viewed as one of the
hallmarks of ocular health, largely because it provides the primary
refracting surface for light entering the visual system as well as
creating a protective and lubricated environment for the tissues of
the palpebral and bulbar surfaces. Unlike some other species,
whose tears can remain stable for many minutes [77], the human
tear film tends to collapse or “break up” in under half a minute or
50, unless it is re-established by the act of blinking. While all in-
dividuals will manifest this behavior if blinking is prevented for
long enough, rapid appearance of regions of localized drying is
viewed as evidence for tear film disorder, particularly in dry eye,
and so observations of stability are commonly and frequently per-
formed as a diagnostic aid.

Experiments have shown that tear film thinning and breakup
occur mainly as a result of evaporation from the tear film, rather
than due to fluid flow, whether that be tangentially within the film
itself, or radially across the ocular surface [78,79]. Using reflectivity
and tear fluorescein as respective indicators for lipid and mucoa-
queous layer thickness, King-Smith et al. suggested a lack of cor-
respondence between dry eye and both lipid layer thickness and
thinning rate [45]. Further, thinning rate was not affected by
apparent thickening of the lipid layer with lipid emulsion-based
eye drops [24], suggesting that the lipid was a poor barrier to
evaporation [45]. Perhaps it is the whole healthy preocular tear film
that resists evaporation from the ocular surface, and hence thin-
ning? Measurement of TBUT may provide a better indicator of the
ability of the preocular tear film to prevent evaporative losses.

Acquiring a TBUT is a relatively simple task, but interpreting the
result is not straightforward because of its inherent variability
[80,81]. A number of approaches to improving repeatability have
been suggested, including taking multiple readings and averaging
or selecting a subset of values [82,83], minimizing the amount of
fluorescein instilled [84—86] and, most significantly, eliminating
the use of fluorescein altogether, This last approach, via a number of
different methods, provides a non-invasive breakup time (NIBUT)
value. Tear film additives are avoided, the examination environ-
ment should ideally introduce no additional sources of heat, air
movement, humidity etc., and head posture and blinking behavior
are standardized. Inevitably however, the extent to which these
conditions are achieved varies somewhat between methods.

Early efforts in acquiring a NIBUT projected a grid pattern
[87,88] or keratometry mires [89,90] onto the surface of the tear
film and viewed their distortion in time after a blink. While it is still
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possible to use keratometer-based methods in clinical situations, a
degree of subjectivity is involved in judging when the image
distortion first occurs. Increasing sophistication in both image
capture and computational capability has led to a refinement of the
technique, using both automated detection and more detailed
targets. In most cases, these targets are identical to those originally
developed and used for measuring corneal shape (keratoscopes)
and consist of multiple concentric rings whose angular subtense is
sufficient to cover more or less all of the visible cornea. The image of
this target is reflected from the anterior surface of the tear film and
captured for subsequent analysis [91-98]. Typically, multiple,
sequential images are acquired during the inter-blink period and
image analysis software utilized to automatically detect the onset
of areas of breakup.

Although repeatability has not been reported for all the devices
using this approach, the available data are in reasonable agreement
that they operate with a coefficient of variation of around 10%
[92,94], which is roughly three times better than traditional TBUT
measurement [92], Despite this improvement, the range of values
reported for normal individuals is broad, being from about 4 to 19 s
(Table 1). It may be that this reflects the different algorithms being
used to extract breakup data among the various instruments, a
suspicion that is strengthened by the observation that the corre-
sponding dry eye breakup times are consistently about half those
given for normal eyes. Thus, while inter-instrument comparisons
are likely to be difficult to interpret, data derived from a given in-
strument type appear reasonably reliable and offer quite good
sensitivity and specificity in distinguishing dry-eyed individuals
from normals (Table 1). Further details may be obtained from the
Tear Film and Ocular Surface Society's Dry Eye Workshop I (TFOS
DEWS 1I) Diagnostic Methodology report [99].

Ocular surface thermography has been used to measure NIBUT,
on the principle that breakup is associated with evaporative cooling
and therefore thinning areas in the tear film show up as cool spots
in the thermograph [46]. The technique is suggested to be reliable
[100], although test-retest confidence intervals have not been made
available so far. While data are limited to a single study, NIBUT
derived from this method appear similar to those from the lower
end of the videokeratoscopy range. Again, dry-eyed subjects yield
breakup times that are about half those of normals, with levels of
sensitivity and specificity being similar to those from video-
keratoscopy (Table 1).

All the systems discussed so far are commercially available and
so could feasibly be used in routine clinical practice. The following
discussion deals with instruments that are more complex and/or
unlikely to be applicable outside a research setting. Recently, lateral
shearing interferometry has been used to monitor changes in tear
film stability. This instrument uses an optical wedge to laterally
shift the wavefront reflected from the tear film surface and rotate it

Table 1

so that it can be made to interfere with itself [101,102]. Information
about the shape of the reflecting surface is contained in this
wavefront and can be extracted from the resulting interference
pattern. Note that this differs from colored fringe methods, such
those of Guillon [103], or the interferometer developed by Doane
[104], both of which rely on interference between light reflected
from different surfaces within the tear film, such as the front and
back of the lipid layer. Using fast Fourier transformation, images
derived with the shearing technique can be processed to generate a
surface stability index parameter (M2). Sequential image acquisi-
tion allows M2 to be followed over the blink cycle, in real time, at a
resolution determined by the video frame rate. It is claimed that
this method is relatively insensitive to eye movements and the
degree of dryness of the surface being measured [105] and is better
able to discriminate dry eyed subjects from normal than either
dynamic area high speed videokeratoscopy or wavefront sensing
[106].

Another technique that may be developed for clinical applica-
tion is the use of double pass methods. The basis for double pass
methods is that the view of the retina obtained using a double pass
optical system, in which the image forming light traverses all the
optical surfaces of the eye twice (once on entry and again on exit),
will be affected by scattering from all these surfaces, including the
tear film. Thus, analysis of double-pass retinal images on the time
scale of the blink cycle may provide an indirect measure of tear film
stability. Deteriorations in image quality metrics such as intensity
distribution index [107], Strehl ratio, modulation transfer function
cut-off frequency and objective scattering index [108] are observed
in dry eye. More data are needed to establish the diagnostic ability
of this approach for discriminating dry eye.

2.3. Vision quality

An association between dry eye and compromised visual acuity
postulated by Rieger [110] is poorly documented using high
contrast letter acuity [ 111]. However, based on the measurement of
“functional visual acuity”, whereby acuity is measured after sus-
pension of blinking for several seconds, dry eyed subjects do
significantly worse than normals [111]. Delayed blinking generates
subtle wavefront aberrations that more rapidly give rise to higher
order aberrations after the blink in dry eye individuals [112]. In an
effort to directly link tear film changes to visual loss, a three
channel optical system that allowed concurrent measurement of
letter contrast acuity, TBUT and refractive aberrations was con-
structed, Although the data reported were for contact lens wearing
eyes only, progression of TBUT was clearly associated with both
visual performance reduction and declining optical quality [113].

Summary of non-invasive breakup time (NIBUT) measurements in normal and dry-eyed subjects, together with discrimination diagnostic metrics. NIBUT = non-invasive

breakup time; AUC

area under the curve of a receiver operating characteristic graph plotting sensitivity vs. 1-specificity,

Sensitivity ~ Specificity

Instrument Principle

Author (Reference) NIBUT Normal (sec) NIBUT Dry Eye (sec) AUC
Hong et al. 2013[94] 43 £ 0.3 20+02 0.83
n=41 n=44
Gumus et al. 2011[97] 49+ 16 24+ 25 Mildn =23
n=25 1.2 + 1.8; Moderate n = 11
0.4 + 0.5; Severe n = 11
Downie 2015 [92] 194 +53 79+49 0.92
n=17 n=28
Koh et al. 201695 97 +£67 4613
n=31 n=49
Su et al. 2016[109] 45+ 09 21+11 0.88
n=31 n=42

841 75.6 Oculus keratograph Videokeratoscopy
822 88.0 Tomey RT7000 Videokeratoscopy
815 94.4 Medmont E300 Videokeratoscopy
Keratograph M5 Videokeratoscopy
80.0 89.0 IT-85, United Integrated Services Co  Thermography
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24. Tear osmolarity

Tear film osmolarity has been described as a single measure-
ment that gives insight into the balance between tear production,
evaporation, drainage and absorption [114]. In the 1995 National
Eye Institute/Industry Workshop [115], tear hyperosmolarity was
included as a global feature of dry eye and in the 2007 TFOS DEWS
definition and classification report [ 116] tear film hyperosmolarity
was identified as one of the two core mechanisms of dry eye and
included in the definition. This section will mainly focus on new
knowledge gained since the 2007 reports.

The terms tear film osmolarity and osmolality have frequently
been employed interchangeably, with osmolarity being the more
common term, and is the term used throughout this manuscript
[117,118]. Both refer to the amount of osmotically active particles,
although with small differences [119] that are clinically irrelevant,
Previously, tear film osmolarity was primarily measured via
freezing point depression or vapor pressure osmometry, but a se-
ries of factors have limited their usage in clinical settings
[118—121]. Clinical evaluation of tear osmolarity has increased with
the introduction of a new osmometer that collects a 50 nL tear
sample and analyzes its electrical impedance (TearLab, San Diego,
CA, USA).

Mean tear film osmolarity values in normal participants range
from 270 to 315 mOsm/L [122—137], with an overall average of 300
mOsm/(L, which is similar to the value stated by Tomlinson et al.,
who reviewed studies between 1978 and 2004 [ 138]. There seems
to be no statistical or clinically relevant effect on tear osmolarity of
age [128,139—141], race [140,142,143], hormonal fluctuation in
women with a regular menstrual cycle [131,144], or oral contra-
ceptive pill use [131,144]. Vehof et al. investigated the influence of
genetic factors on dry eye in female twins and found an estimated
heritability of 40% for osmolarity [145]. Variation between normal
right and left eyes is 6.9 + 5.9 mOsmy/L [146]. Data on the effect of
sex on tear osmolarity remain equivocal, with Lemp et al. [128] and
Versura et al. [ 126] reporting no significant effect of sex, which is in
agreement with a previous review of the literature [54], whilst
Fuerst et al. [140] show significantly higher tear film osmolarity in
men (311.8 vs. 302.3 mOsm/L). An increase in tear osmolarity has
been observed after sleep deprivation, exposure to high altitude
and religious fasting [135,147,148]. In accordance with previous
studies, prolonged eye closure has been found to lead to tear hypo-
osmolarity but data about diurnal variations are equivocal
[130,134,139,142,149]. Some authors [ 130,142 ] show a shift towards
lower values mid-day, followed by an increase, whilst others
[134,139,149] show no significant effect of time. There is a positive
relationship between plasma osmolarity and tear osmolarity and
both are raised in patients with dry eye disease or with systemic
dehydration [150—152].

The concentration of electrolytes in the mucoaqueous layer
mainly determines the osmolarity of the normal tear film, and
secretion mechanisms and contribution to tear film osmolarity
have been previously summarized [117,119]. Various mathematical
models, as summarized and furthered by Braun et al., have stated
that the osmolarity across the ocular surface is different to that
measured in the tear meniscus [153]. During the blink interval the
tear film thins over the cornea, mainly due to evaporation, leading
to a hyperosmotic shift [153,154]. The level of hyperosmotic shift
depends on the thinning rate, which is driven by the evaporation
rate [154]. In the event of a low thinning rate, such as 1 pm/min,
tear film osmolarity over the ocular surface will increase from 300
mOsm/(Lto 332 mOsm/L over a 25 s period, but will increase to 1830
mOsm/L in the case of a rapid thinning rate of 20 pm/min [153].
During tear film breakup, local spikes of tear osmolarity around

1900 mOsm/L have been predicted [153]. Those rates are signifi-
cantly higher than those observed in the tear meniscus, partly due
to the mixing of the tear fluid from the ocular surface with that in
the meniscus during the blink and secretion of new tears. In the
non-dry eye, the predicted osmolarity difference between the tear
film over the ocular surface and in the tear meniscus is fairly small,
but is predicted to increase in dry eye, particularly when there is
increased evaporation with reduced TMH [68]. The peak in tear film
osmolarity during tear film breakup is supported by studies
investigating ocular comfort sensations. A slow increase in ocular
discomfort has been demonstrated during tear thinning, with a
sharp increase at tear film breakup or before a blink [155,156]. Liu
et al. evaluated the subjective response during tear film breakup
and tried to match the experienced sensation by instilling hyper-
osmolar drops [157]. The detection threshold for NaCl drops was
454 + 14 mOsm/kg, with overall discomfort increasing as osmo-
larity increased. On average, a salt solution with 809 mOsm/kg was
needed to evoke the same ocular response as during TBUT, ranging
from 696 to 972 mOsm/kg [ 157]. The link between tear evaporation,
tear thinning and tear film osmolarity is further supported in
clinical studies showing a significant correlation between increased
evaporation, tear film osmolarity and decreased tear stability, or
automated measures of tear film surface quality breakup time be-
ing a clinical marker for tear hyperosmolarity in moderate to severe
dry eye [92,158].

As summarized in the 2007 TFOS DEWS report, tear hyper-
osmolarity in dry eye has been attributed to increased evaporation
or a higher impact of evaporation in low volume [116,159]. Mean
tear film osmolarity values for dry eye in studies until 2008 ranged
between 311 and 360 mOsm/L, with an average of 326.9 mOsm/L
[119,138]. Table 2 summarizes the values obtained in studies since
2009 that aimed to establish osmolarity values in dry eye or
investigated the feasibility of osmolarity measurements in the
diagnosis or treatment success of dry eye. Using different degrees of
dry eye severity and etiologies, mean values range between 297 and
337 mOsm/L, with an overall mean of 315. Higher tear film osmo-
larity values have been reported with increased dry eye severity
grade [126,128,160—164]. For example, normal, mild/moderate, and
severe dry eyes have average tear osmolarity values of 302 + 8
mOsm/L, 315 + 11 mOsm/L and 336 + 22 mOsm/L, respectively
[162], Suzuki et al. and Sullivan et al. found a significant correlation
between dry eye severity scores and measured tear film osmolarity
(r = 047 and r = 0.74, respectively) [160,162]. Despite similar
outcomes, it must be noted that the criteria for dry eye severity
were not uniform among studies, with authors using different cut-
off values, different calculation of scores and different decisions
about the inclusion of tear film osmolarity as a diagnostic factor for
dry eye severity, which could have introduced selection bias [116].

Although there can be large within-subject fluctuations
[130,137,141,149], Eperjesi et al. proposed that changes of 33 mOsm/
L or higher can be considered clinically relevant [141]. The insta-
bility of osmolarity readings has been attributed to compromised
homeostasis of the dry eye tear film. Differences between readings
can be considered a marker for tear film instability [128,133,146].
Such interpretation may be supported by studies showing higher
variability between measurements or eyes with higher osmolarity
values or more severe dry eye [128,133,137,139,165].

Despite a general shift in tear film osmolarity with dry eye, there
is a large overlap in osmolarity values between normal and dry eye
participants. Sensitivity and specificity measurements of osmolar-
ity for dry-eye diagnosis using a threshold of 294 mOsm/L were 67%
and 46% respectively [ 143], 40% and 100% using a threshold of >310
mOsm/L and Sjogren syndrome patients [ 166]. For a more in-depth
analysis of statistical measures of performance and potential
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Table 2
Tear film osmolarity values in dry eye and non-dry eye subjects.
Author Testing Method Measurement from Non-Dry Eye Dry Eye Change % Dry Eye Group Definition
one eye, combined  (mOsm/L) (mOsmy/L)
eyes, or Worst eye
Khanal et al,, 2009  Freezing point NK 30839 +9.29 33001 +13.34 66 Aqueous deficient; TFOS DEWS
[123] depression 32557 + 1476 53 Evaporative dry eye: TFOS DEWS
Messmer et al., Electrical One eye 307.1 £ 113 3089 + 140 06" =3 of the following criteria were fulfilled:(1) ocular
2010 [122]° impedance surface disease index (OSDI) > 15; (2) staining of the

cornea in the typical interpalpebral area; (3) staining of
the conjunctiva in the typical interpalpebral area; (4)
tear film breakup time < 7 s; (5) Schirmer test < 7 mm in
5 min; (6) the presence of blepharitis or meibomitis.

Suzuki et al, 2010 Freezing point One eye - 3097 £223 Modified TFOS DEWS Grades 1-4
[160] * depression
Tomlinson et al., Electrical One eye 308 + 6.2 21 +72 41 NIBUT <10 s, Schirmer I test <5 mm, and positive
2010 [125]* impedance symptoms
Freezing point 310+72 323 +14.7 4.0
depression
Versura et al, 2010 Electrical Worst eye 2955+98 2981+ 106 09" Mild; 0SDI 13—-21, meibomian gland dysfunction
[126] impedance variably present
306.7 + 9.5 3.7 Moderate; OSDI 23—-32, MGD variably present,
TBUT < 10 s, Schirmer < 10 mm
3144 + 10.1 6.0 Severe; OSDI 33—100, MGD frequent, TBUT < 55,

Schirmer < 5 mm, moderate to marked corneal and
conjunctival staining

Jacobi et al,, 2011 Electrical One eye 301 (298-304) 320(301-324) 59 TFOS DEWS Grade 3
[127]* impedance
Lemp et al., 2011 Electrical Worst eye 3008 + 7.8 315+ 104 45 Mild/Moderate; modified TFOS DEWS classification
[128] impedance system
336.7 + 22.2 10.7 Severe; modified TFOS DEWS classification system
Utine et al,, 2011 Electrical Both eyes 2949 + 83 3019+114 23 Primary Sjogren syndrome
[164] impedance
Lietal, 2012 [130] Electrical Both eyes 298 + 142 304 +10.8 2.0" 0SDI >12 and a TBUT of <10 s or Schirmer test score of
impedance <5 mm
Sullivan et al., 2012 Electrical Both eyes - 3071 +99 Mild/Moderate; modified TFOS DEWS classification
[161] impedance system
3243 + 198 Severe; modified TFOS DEWS classification system
Szalai et al,, 2012 Electrical Both eyes 3035+ 129 2968 + 16.5 23" Non-Sjogren syndrome; at least 2 of the following 3
[129]* impedance objective dry eye tests: Schirmer I value < 10 mm per

5 min, TBUT <10 s, fluorescein corneal staining >4
bright spots

3034 + 17.2 0" Sjogren syndrome
Bunya et al, 2013 Electrical Both eyes 3145 + 180 Severe Sjogren syndrome
[167] impedance
Chen et al., 2013 Electrical Both eyes 3016 + 142 -
[131] impedance
Hassan et al., 2013 Electrical Both eyes 30362+ 1220 —
[132] impedance
Keech et al,, 2013 Electrical Both eyes 3040 = 84 3340 + 256 9.0 Symptomatic participants; OSDI =20
[133] impedance
Amparo et al,, 2014  Electrical Worst eye - 3128 + 203 A previous diagnosis of dry-eye disease
[168]* impedance
Berchicci et al., Electrical Both eyes = 314 +22.1 Graft-Versus-Host Disease
2014 [169] impedance
Garciaetal, 2014  Freezing point Both eyes 270 £ 44 -
[134] depression
Koktekir et al., 2014  Electrical Both eyes 285.6 + 8.2 -
[135] impedance
Bunya et al, 2015  Electrical Both eyes 312(299-326) 307 (296-325) —1.6° Blepharitis
[137] impedance 314 (306-321) 06 Sjogren syndrome
Downie 2015 [92]  Freezing point Both eyes 296.2 £ 99 3250+ 178 89 0SDI score of >18, tear osmolarity > 316
depression mOsm/L and at least one (of three) consecutive
fluorescein TBUT of <10 s, in at least one eye
Na et al, 2015 Electrical Both eyes 296 300 1.0 Graft-Versus-Host Disease
[170] impedance
Schargus et al., Electrical Worst eye 300 + 16.5 337 +36 11.0 Ocular Graft-Versus-Host Disease
2015 [171] impedance
Tukenmez-Dikmen  Electrical Both eyes e 3081 +85 TFOS DEWS Grade 1&2

etal, 2015 [163] impedance 3189 + 128 TFOS DEWS Grade 3&4

¢ Do not provide information on the use of artificial tears prior to measurements. All other studies stipulated that no artificial tears were to be used, with washout periods
ranging from no use at the visit to 1 month.
" Results were not statistically different between control and dry-eye groups.
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selection bias of subjects included, please refer to the TFOS DEWS I
Diagnostic Methodology report [99]. Future studies are required to
establish consistent cut-off values for dry eye, which are ideally
derived from a study population where osmolarity was not a
diagnostic criterion and where the sensitivity and specificity are
tested in an independent cohort.

2.5. Tear ferning

Assessment of ferning patterns has been proposed as a simple
and economical test of dry eye [172—178]. Normal individuals
commonly display dense, uniform, closely branching ferns (Fig. 1)
that change with altered tear functionality and chemical
composition.

Collection of tears from the lower temporal tear meniscus with a
capillary tube is most commonly used [124,126,178—190], with a
low coefficient of variance [ 191]. It should be borne in mind that the
composition of tears collected from the meniscus may not be
reflective of that over the entire ocular surface, and thus the ferning
pattern obtained may differ with differing collection sites. A tear
sample of 14 pL is expelled onto a clean glass slide, allowed to dry
at stable room temperature (20—26 “C) and humidity (<50%),
observed using white light microscopy and photographed within
10—-15 min. Factors shown to influence the ferning pattern are tear
volume [173], room temperature and humidity during drying [190],
covering the tear sample during drying [174], time between
collection and assessment [174], and oil on glass slides [191].

Many authors [124,126,177,179,181-183,186,188,190,192—-198]
grade tear fern patterns using the 1 (complete, uninterrupted
ferning pattern with no spaces between ferns) to 4 (complete
absence of ferning) scale of Rolando (Fig. 1) [172]. The scale displays
good intra- and inter-observer agreements, particularly when
collapsing grades for normal (grade 1 or 2) and abnormal (3 and 4)
patterns [ 185,199]. However, representation of only a portion of the
entire ferning pattern [ 185], and usage of full grades [ 199| may have
increased the repeatability of the scale.

Tear ferning patterns are independent of sex [175,181],

hormonal fluctuations in women with a regular menstrual cycle
[182,197], races on the Asian continent [ 181] and time of day during
waking [180]. Degradation of tear fern patterns, indicating
abnormal tear functionality, occur upon eye opening after
wakening [179], with contact lens wear [186] and with increasing
age, independent of dry eye status [124,181,198,200]. The effect of
reflex tearing on ferning patterns remains equivocal, with Norn
[191] demonstrating no effect on ferning patterns when reflex
tearing was provoked by inhalation of ammonium chloride, but an
improvement in ferning patterns after exposure to draught, which
was hypothesized to result from reflex tearing [201].

Ferning in dry eye tears is less regular, with increasing space
between ferns and shortening of ferns, culminating in an absence of
ferning. Over 90% of keratoconjunctivitis sicca patients fell into
ferning classes 3 and 4 [172,202] Sjogren syndrome patients
exhibited 87.8% and 83.3% respectively with grades of 3—5 [176].
However, another study with Sjégren syndrome patients found
only 59% and 48% showed class 3 and 4 ferning patterns [177]. 50%
of post-menopausal women with dry eye symptoms fell into class 2
[124]. Using average grades, mean and median values range be-
tween 2.0 and 2.9 for participants with dry eye [126,176,182,195].
Using the 5-point Masmali scale, the authors reported a median
value of 2.3, with 72.5% of samples graded between 2.0 and 3.0
[178]. Classifying ferning into normal and abnormal patterns or
comparison of mean values between dry eye and non-dry eye
participants can be analytically effective with this scale. Overall
good sensitivity (80—90%) and specificity (75—89%) has been
demonstrated for Sjogren syndrome [186], but more studies are
needed to establish sensitivity and specificity and cut-off values in
other forms of dry eye before this relatively simple approach is
translated into private practice.

2.6. pH

Mean tear pH values range between 6.8 and 8.2, with individual
values ranging between 5.2 and 8.6 [203—216]. Yamada et al. [215]
compared the pH values of collected tears to those measured on the

Fig. 1. Examples of tear ferning patterns for Rolando's grade 1 (A), 2 (B), 3 (C), 4 (D). From Maragou et al., 1996. Clin Rheumatol. 15: 125-32 [177].
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eye and found an alkaline shift of 0.1 pH units in collected tears,
which was thought to be caused by interaction of the tear fluid with
air. As with all physical measures of the tear film, the collection site
may influence the result obtained. Tears collected for pH assess-
ment are typically those from the lower meniscus and may not be
reflective of the pH over the ocular surface.

There seems to be no effect of sex [205,212], but age [210,212],
time of day [204,210], eye closure [204,210], prolonged eye opening
[208,210,213], blinking [208] and reflex tearing [208] have been
shown to affect pH values. An alkaline shift of approximately 0.2 pH
units can be observed between 10 and 50 year olds or between
groups of under and over 40 year olds [210,212]. Slight acidification
of the tear film by approximately 0.2 pH units can be observed after
eye closure overnight or for 1 h [204,210]. Blinking causes a slight
acidic shift, but overall the tear film shifts from acidic to alkaline
throughout the day, with a difference of usually no more than 0.6
pH units [204,208,210], An alkaline shift of 2.5 + 0.6 pH units/min
has also been observed with prolonged eye opening, with a
maximum value of 9.3, however, the tear film reaches equilibrium
after 30—60 s [208]. It is important to remember that pH is
measured on a logarithmic scale such that for every one unit
change in pH there is a 10-fold change in the concentration of
hydrogen ions.

Investigations in dry eye using pH indicator paper showed no
significant difference in pH mean values between a dry eye and
control group (7.46 + 0.24 and 7.45 + 0.23 respectively), although
12% of participants with dry eye displayed a pH value over 7.7,
compared with only 4% in the control group [214]. Norn [205],
using a micro-electrode inserted into the inferior conjunctival
fornix, found tears in participants with keratoconjunctivitis sicca to
be significantly more alkaline compared to non-dry eye partici-
pants when both eyes were measured (0.2 pH unit shift), but not
when only one was assessed (0.05 pH unit shift). Reporting a sys-
temic error, with the second eye measured showing an alkaline
trend, the authors judged their observation in dry eye to be unre-
liable [205]. Using a similar method, Khurana et al. reported a small
alkaline shift of 0.1 pH units in participants with dry eye compared
to non-dry eye ones [214]. Various methods have been used to
measure tear film pH, each having their own limitations. To date,
there is limited evidence for a change in pH values with DED.

2.7. Tear evaporation

Inter-blink tear evaporation may contribute to dry eye. Tear
evaporation rate has been considered an indicator of tear lipid layer
stability [217-220], with higher tear evaporation rates associated
with increased tear thinning, ocular dryness and discomfort
1220—-222]. An early study on humans measured the evaporation
rate using an instrument adapted from dermatology [223], but this
technique involved touching the corneal surface, which is a stim-
ulus for reflex tearing and likely resulted in an overestimation of
evaporation rates. Non-invasive analysis in an environment with
relative humidity between 30 and 40% revealed a tear film evapo-
ration rate of 04-50 x 1077 gfcm?/sec (Table 3)
[25-27,67,123,224-242]. This very large range of evaporation rates
may derive from use of different assays. Measurements undertaken
with ventilated chambers may better mimic natural air flow on the
ocular surface than closed preocular chambers [243], although fast
measurement (<10 s) closed chamber devices may be appropriate.
Currently there is no commercially available instrument dedicated
to detection of tear film evaporation. Thus, researchers have either
used in-house designed systems or modifications of closed cham-
ber dermatological units [25,158,239].

The effect of age and sex on tear evaporation rates is equivocal.
Some studies have shown that older age groups (>45 years) have

1.5 times higher evaporation rates than younger adults and women
have evaporation rates approximately 1.4 times higher than men
|244—246], but other studies have failed to show any impact of age
or sex [240,247]. Subjects who blink more than normal (likely being
a consequence of evaporation) or have a larger exposed ocular
surface have increased tear evaporation rates [246,248]. Low hu-
midity increases evaporation [249—251], with tear evaporation
rates of healthy individuals increasing by >40% with a 10% reduc-
tion in relative humidity [249]. Increased tear evaporation rates in
low humidity (5%) environments has been associated with reduced
lipid layer thickness and tear film stability [251]. Meta analyses
point to a 2—3 fold increase in tear evaporation rate as a diagnostic
cut-off for DED, with a sensitivity of 45.5—61.2% and a specificity of
79.8-90.6% [252].

3. Biophysical studies of tears
3.1. Tear film evaporation and the lipid layer

Goggle-based chambers detect very low but dispersed tear
evaporation rates of 0.14 + 0.07 pL/min in the healthy eye, but
0.26 + 0.16 pL/min for patients with meibomian gland dysfunction
(MGD) [252]. Tear film thinning kinetics measured by interferom-
etry suggests a higher tear evaporation rate of 1.137 pL/min in the
healthy eye, which is a value similar to that of water [25,252]. The
thickness of the lipid layer may not affect the evaporation rate
unless it is very thin (less than 24 nm) or completely absent
124—27,67]. Nonetheless, increased expression of meibum in
normal eyes correlates with reduced evaporation in both healthy
individuals and patients with DED [233,253]. An abnormal tear film
lipid layer is associated with increased evaporation [24-27,67].
Evaporation rates differ substantially between different studies,
likely due to challenges in controlling environmental factors such
as air flow and humidity [254]. Whether only evaporation from the
ocular surface is being measured is also not always clear.

Such in vivo variability makes in vitro studies attractive [255].
Meibum films with physiological thickness do not retard evapora-
tion in in vitro studies [255]. Evaporation found in studies using
meibum films is in the range of 6—8% [225,256,257], or less in
studies using artificial tear film lipid layers of up to 100 nm thick
[253,254,257,258]. Only non-physiologically thick, 4 pm
or > 17 um, meibum films can reduce the evaporation of water in
laboratory experiments, but then by only 7 or 23% respectively
1225,254], Straight chain alcohols and acids and pure wax esters
used alone can retard evaporation [259—261]. Monolayers of tear
film-like wax esters can retard evaporation when used at temper-
atures 3 °C lower than their bulk melting temperature
1258,260,261]. However, meibum has a much more complex
composition, structure and thermotropic behavior compared to the
model films, and the melting temperature of meibum (~30 °C)
[262—-264] is lower than the ocular surface temperature (35 °C).
Recently in vitro studies with the Interfacial Dewetting and
Drainage Optical Platform (i-DDrOP) on silicone hydrogel (SiHy)
contact lenses have shown that the mucoaqueous subphase
beneath thinner parts of meibomian films thins and dewets faster
compared to that seen below thicker “islands” in the meibomian
layer [265]. Therefore, it might be possible that meibum may locally
be an effective barrier to evaporation. Suppression of tear evapo-
ration by the lipid layer is thus poorly understood.

Three evaporation suppression hypotheses have been proposed:
(1) the effect is based on a certain organization of the lipid layer, as
proposed previously [266]; (2) the lipid layer is not solely the
structure that is responsible for the retardation of evaporation, but
specific protein or mucin (or a combination) interactions are also
needed [267]. However, whole tears collected by capillary tube,
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Table 3
Evaporation of tears from normal eyes.
Technique used Evaporation rate {mean =+ SD) Relative Reference
( x 10 7 glem?fsec) humidity (%)
Open chamber with no temperature and humidity control 26.9 (+NR) NR Hamano et al,, 1981 [226]
Closed ventilated chamber using resistance hygrometry 50+ 16.6 50% Cedarstaff & Tomlinson
1983 [227]
Temperature and humidity sensors interconnected with constant humidity 41+ 04 30% Rolando & Refojo 1983
[228]
Closed chamber modified dermatologic evaporimeter with two sensors placed at a 125+ 18 NR Trees & Tomlinsen 1990
known distance from ocular surface [229]
Closed chamber, temperature and humidity sensor 156 + 3.8 40% Tsubota & Yamada 1992
[230]
Closed chamber humidity sensor 147 £ 6.7 30% Mathers 1993 [217]
Closed chamber humidity sensor 0.4 (+NR) 50% Craig & Tomlinson 1997
[67]
Ventilated chamber with constant airflow of known water content 41+14 NR Goto et al. 2003 [232]
Closed chamber humidity sensor 108 +£5.3 NR Thai et al. 2004 [236]
Closed chamber humidity sensor 15173 30% Guillon & Maissa 2008
[237]
Closed chamber humidity sensor 58+28 NR Khanal et al., 2009 | 123]
Quartz crystal humidity sensor 50+28 18% Kojima et al., 2011 [234]
Closed chamber humidity sensor 0.04 + 0.01 [ul,’min]cmz) 30% Arciniega et al,, 2011
[233]
Infrared thermography in a controlled adverse environmental chamber 26+ 11.1 45% Petznick et al., 2013 [235]
Ventilated chamber with constant airflow of known water content 7760 30-50% (in Hirayama et al., 2013
room) [238]
Closed chamber humidity sensor 55.6 (95% Cl: 40.8—75.8) (g/m?/h)  56% Rohit et al., 2014 [239]
Flow Evaporimeter 26 (£NR) 40% Peng et al, 2014 [25]
Ocular thermography 66.1 + 21.1 (W/min) NR Yeo et al., 2016 [240]
Closed chamber humidity sensor 79 + 33 (g/m?/h) 45% Alghamdi et al,, 2016

[241]

NR = Not Reported,

apparently with all tear lipid and protein species and at least some
mucins [17,19,21,268—272], evaporate in vitro with water-like rates;
(3) water evaporation from the ocular surface is not at all controlled
by lipids and the lipid layer has other functions [257]. A thick
duplex film enriched with unsaturated and branched chain lipids,
as found in meibum, is a much less effective barrier to evaporation
than tightly packed lipid monolayers [273].

If tears do evaporate at the same rate as water, eventually the
concentration of secretory mucins and proteins in the lipid layer
would increase, and approximate mucin near the surface of the
cornea [274]. A dense polymer network of mucin has a high hy-
dration “water holding” property and might suppress further tear
evaporation [275]. It is also possible that mucins, together with
proteins and polar lipids from tears, enhance spreading and
structure of the tear film lipid layer. Thus all tear film key constit-
uents may contribute to increased evaporative resistance.

3.2. Clinical observation and harvesting of tear film lipids

The tear film lipid layer is derived predominantly from meibum
from the meibomian glands and spreads upward over the muco-
aqueous layer [8] with blinking. Thinning of the lipid layer supe-
riorly may create a rise in surface tension as a driving force for
spreading [8]. Spreading may initially involve interaction between
polar lipids and the mucoaqueous layer [276]. Polar lipids then
carry nonpolar lipids [277]. In the normal eye, spreading of the lipid
layer can be observed clinically by interference video microscopy as
an upwardly moving front of horizontally disposed, colored fringes
(Fig. 2). Fringes reflect topographic variations in thickness of the
lipid layer and are thereby reflective of its intermolecular organi-
zation. The lipid layer is compressed during the down stroke of the
blink and restored in the upstroke, with only a moderate distur-
bance of its organization between consecutive blinks [4,26].

Spreading is rapid at first (about 10 mm s~1), although lagging
behind the upper lid [278]. Spreading slows and stabilizes after one
second or more, with the interference pattern showing remarkable
stability over the remainder of the blink [34,278]. Spreading is
slower and less laterally arranged in dry eye patients [34,278], with
reduced stability of the lipid layer fringes [279], suggesting that
intermolecular stability is lost.

The dynamic nature of the lipid layer allows it to respond to the
shear stress induced by the changing area of the air-tear interface
during blinking. The lipid layer must be compressible during the
down-sweep [280,281], but must spread rapidly after the up-
sweep of the lid [26]. Polar lipids decrease the surface tension of
the air-tear interface and increase the spreading rate of the lipid
layer. Non-polar lipids increase the compressibility and stability of
the lipid layer [281]. Imbalances in composition show as impaired
viscoelastic properties.

Human meibum comprises ~90% of the tear film lipid layer,
and is often investigated as the archetype for the tear film lipid
layer. Commercially available clinical devices (such as Yoshitomi's
meibomian gland pressure forceps, or Arita's meibum collector)
[120,282] ensure collection of <0.5 mg meibum per donor, thus
allowing for multiple repetitions of experiments. The different
meibum collection procedures (by glass microcapillary tube,
Dacron swab, cytology micro brush, or spatula) and inherent
intra- and inter-individual variability may contribute to variations
in the amount and composition of the meibum samples
[283-285].

The most representative tear film lipid layer mimic might be the
lipid extract of whole human tears. However, to-date only one
study has used it for in vitro analysis of surface tension [286], which
is not surprising considering the difficulties in collecting a sufficient
sample for reproducible experiments. Lipids extracted from de-
posits adsorbed on worn contact lenses have been used [287],
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although they contain higher amounts of phospholipids than
meibum, Schirmer strips can be used to collect lipids [288]. The tear
film contains ~8% of amphiphilic (polar) lipids [289—291] that may
be released from the lipid-binding protein lipocalin [292] from the
mucoaqueous layer upon organic solvent extraction. These phos-
pholipids are at very low levels in meibum [21272], but as sur-
factants, if they are not bound to lipocalin, may have a significant
role at the tear interface [255,285,293].

3.3. Surface tension of tears

The tear film lipid layer lowers the tear surface tension, thus
sustaining the tear film's high area-to-volume aspect ratio. Tear
surface tension of healthy individuals is 43.6 + 2.7 mN/m [294],
rising to 53.0—55.5 mN/m after delipidation, which is remarkably
close to the upper boundary of values observed in samples
collected from patients with dry eye, of 49.6 + 2.2 mN/m [286].

Supplementing delipidated tears with meibum lipids does not
restore the surface tension [286,295]. Normal surface tension may
thus rely on lipids and perhaps some proteins and glycoproteins
from the mucoaqueous layer, such as lipocalin, lysozyme, and
mucin, that are thought to intercalate with the lipid layer
[272,276,296]. Increased surface tension in dry eye implicates
abnormally enhanced protein content at the air/tear interface as a
consequence of a compromised lipid layer. Proteins appear to take
hours to penetrate a normal meibum lipid layer [297-300].

Data on the thermotropic phase transitions (via spectroscopy,
differential scanning calorimetry and X-ray diffraction studies)
[262,264,301-303] and interfacial and bulk rheology [29,301,302]
of tear lipids in vitro and in vivo, suggest a thick viscoelastic
duplex structure composed of a monomolecular layer of amphi-
philic polar lipids at the mucoaqueous surface and a generally
unstructured shear thinning lipophilic suspension at the lipid-air
interface. The lipophilic suspension consists of lipid lamellar-
crystallite particulates immersed in a continuous liquid phase
with no long-range order. An alternative hypothesis rebrands the
old folded trilayer model of McCulley and Shine and views the tear
film lipid layer as a lamellar sandwich [304]. Lamellar models de-
mand an ordered, almost rigid solid [302], which conflicts with the

need for rapid reorganization during blinking.

Due to the abundance (>90%) of non-polar lipids, both meibum
and contact lens extracts do not spread as monolayers at the air/
water surface, but instead form thick (10 nm to >100 nm) duplex
films. They are thick enough to display bulk properties with two
separate interfaces, but thin enough to neglect the effects of grav-
ity) [257,285,288,301,302,305]. Uniform spreading of meibum is
enhanced by polymers that contain polyanionic polysaccharide
moieties, such as hyaluronic acid and secretory mucin glycopro-
teins [296,305], that form polymer interfacial gel-like networks due
to hydrogen bonding of the polymer moieties with each other and
with the phospholipid head groups. As a consequence, film vis-
cosity is enhanced, and a more uniform 2-dimensional (2D) dis-
tribution of lipids and water is achieved [257,296,305].

Films of meibum and contact lens lipid extracts are non-
collapsible, which helps them to withstand the dramatic area
changes during the blink. In some studies, meibum layers show
almost full surface pressure (7)/area reversibility (i.e. very low
w/area hysteresis), which point to meibum's capacity to rapidly
reorganize during area cycling (as a model for the interblink period)
[29,296,305-307]. Interestingly, meibum films expand and thin at
lower temperatures (23-25 °C), but shrink and thicken at physio-
logical (=35 °C) temperatures [29,263,301,305,308]. Such behavior
agrees with the liquid suspension model of the non-polar lipids of
the lipid layer. The non-polar lipid oily cap might act as a lipophilic
solvent [29,301,309—311] to accommaodate polar lipids, which may
form inverse micelles within it, during temperature-induced
interface/bulk redistribution of the polar layer and during film
compression. In other words, it may prevent expulsion of polar
lipids into the aqueous phase such that polar lipids can promptly
return to the mucoaqueous interface at film expansion.

Meibum interfacial properties and structure are largely insen-
sitive to changes in osmolarity [312,313]. However, both meibum
and contact lens lipid extracts are sensitive to the presence of
(glyco)proteins (lactoferrin, lysozyme, mucin, lipocalin, serum al-
bumins, lactoglobulin, lactoferrin, secretory IgA, Keratin, lung sur-
factant proteins) [297—300,307,314] and pharmaceutical agents
(hyaluronic acid, benzalkonium chloride, SofZia, Polyquad, whole
eye drops and lens care solutions) [305,315—317] in the film

Fig. 2. Tear film lipid layer interferometry grading patterns. From Yokoi et al., Correlation of tear lipid layer interference patterns with the diagnosis and severity of dry eye, Am ]
Ophthalmol. 1996; 122: 818-24 [35]. A = Grade 1 (gray uniform), B = Grade 2 (gray non-uniform), C = Grade 3 (few colors non-uniform), D = Grade 4 {many colors non-uniform),

E = Grade 5 (partly exposed corneal surface).
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subphase. However, even in sub-physiologically “diluted”
(5-10 mN/m vs. ~30 mN/m) meibum films, the kinetics of the
penetration of such substances is much slower (>1 h) than the
physiological time scale [297—300].

An alternative mechanism has been proposed, whereby the
proteins or pharmaceuticals dissolved in the mucoaqueous sub-
phase do not have to insert into the meibum or contact lens lipid
extracts films. Instead, they need only to interact with polar lipid
head groups aligned at the mucoaqueous interface. This is a rapid
interaction that immediately alters the structure and dynamic
interfacial properties of the layers [287,305,311]. These data, along
with studies evaluating the impact of lipid (or lipophilic) inclusions
directly into meibum layers, demonstrate that non-surface active or
lipophilic substances are well tolerated by tear lipid films
[318—322], while polar surface active ingredients can disrupt the
film's structural integrity and surface properties [314—317], In-
teractions between the tear film lipid layer and pharmaceutical
agents are of particular pharmacokinetic importance as they may
impart long term effects at the ocular surface, in light of the much
slower in vivo turnover rate of the tear film lipid layer compared to
the mucoaqueous layer (0.93 + 0.36%/min vs. 10.3 + 3.7%/min
respectively) [323].

Shear rheology experiments have demonstrated the viscoelastic
nature of meibum films, which were able to stabilize tear film-
mimicking films and to reduce the critical film thickness for dew-
etting [28]. The protective effect of meibum layers was stronger
than that of Newtonian arachidonic acid and primarily viscous
dipalmitoylphosphatidylcholine films, in line with the classic
paradigm that viscoelastic surfactants are particularly effective at
stabilizing thin films [324].

Meibum and contact lens lipid extract films also display visco-
elastic behavior in dilatational rheology studies [29-31], with
predominantly elastic properties, thereby enabling resistance to
deformation during tear film breakup. Whereas films of meibum
collected from healthy donors are continuous, thick and predomi-
nantly elastic, films from patients with meibomian gland
dysfunction are discontinuous, patchy and show viscoelasticity
compromised at time scales (ie at low frequencies) encompassing
the durations of blink and interblink intervals found in vive [29].
The in vitro data correlate well with the impaired spreading and
heterogeneous structure of the tear film lipid layer of patients with
MGD seen in vivo [29]. Similar characteristic differences in the
viscoelastic properties are reported between films of contact lens
lipid extracts from Caucasians versus dry eye-susceptible Asians
[30,325]. More attention should be paid to the capacity of the lipid
layer to elastically stabilize the air/tear interface.

3.4. Tear film lipid layer bulk properties

Differential scanning calorimetry reveals that the phase transi-
tions in meibum start at 10-15 °C and end at 35-36 °C, with a
melting temperature (Tm) of ~30 °C [264,302]. Thus, it is reason-
able to assume that in the meibomian gland orifices meibum is both
disorganized and liquid to facilitate excretion. When exposed to the
cooler (33-35 °C) ocular surface, meibum solidifies to a partially
melted liquid crystalline state, thereby enhancing lipid layer in-
plane elasticity, and via denser 2D molecular packing, ensuring a
barrier to water evaporation.

Combining differential scanning calorimetry with small- and
wide-angle X-ray diffraction points to meibum as a liquid suspen-
sion consisting of lipid lamellar-crystallite particulates immersed in
a continuous liquid phase, with no long-range order at physiolog-
ical temperature [262,264,301-303]. Hot stage cross-polarized
light microscopy confirms such a view and reveals that in mei-
bum from patients with MGD there is an increased presence of

non-lipid, non-melting, chloroform-insoluble inclusions of protein,
including cytokeratin [262], Spectroscopy studies also confirmed
that MGD meibum contains more protein and relatively less methyl
groups (CH3) and cis double bonds (cis=CH) compared to normal
meibum [303]. The increased content of non-melting proteina-
ceous particles that are poorly miscible with lipid can account for
the impaired spreading and discontinuous structure of meibum
films in vitro and for their worsened viscoelasticity and evaporation
suppression capability in vitro and in vivo [29-31].

Bulk shear rheology evaluation suggests that meibum is a shear
thinning liquid of extremely high viscosity [302]. At 35 °C, the shear
viscosity of bovine and human meibum is approximately 10°
greater than that of water and 3—4 orders of magnitude more
viscous than mineral oil. However, such high bulk viscosity is
inconsistent with the high mobility of fluorescent probes reported
in meibum layers [296] and with the rapid reorganization of mei-
bum films during area cycling [29,296,305—307|. More research
needs to be performed to resolve this issue.

Research on the bulk rheology of non-stimulated (or mildly
stimulated) tears is relatively old, but in light of the new findings on
the tear lipidome, there is a need for reappraisal. Human reflex
tears collected after cold air stimulation are non-Newtonian and
shear thinning [326]. Their viscosity at rest is ~9 ¢P and when shear
is applied it rapidly drops to 1 cP (at shear rates > 100 s ')
[327,328]. This indicates that the tear constituents, and particularly
the compounds dissolved in the mucoaqueous layer, when at rest
form a “transient” intermolecular network via weak non-covalent
interactions (hydrogen-bonding, hydrophobic and/or electrostatic
interactions etc.). Thus, they increase the mucoaqueous layer vis-
cosity in the open eye, which raises its resistance to thinning and
enhances tear film stability. At blink, the high shear applied by the
eyelid breaks these weak interactions, the intermolecular network
disintegrates and the aqueous can flow like water, thus preventing
any damage that high viscosity may cause to the underlying corneal
epithelium. The exact nature of the compounds involved in the
transient intermolecular network remains unclear. Pure mono-
component solutions of mucin or tear proteins in physiological
concentrations are low viscosity andfor Newtonian fluids. Also, if
the lipocalin-bound lipids are extracted, then tears become a low
viscosity Newtonian fluid. This suggests that lipid/protein in-
teractions, lipocalin and possibly lysozyme and lactoferrin play
important roles in the shear thinning property of tears.

An interesting study found that when whole human tears are
subjected to shear (at rates of 2—160 sec '), dry eye tears need >10
times longer relaxation times compared to normal tears
(2.8 £ 0.14 s vs. 0.26 + 0.12 s) in order to equilibrate after the shear
is ceased [328]. This suggests that a longer period should be needed
for dry eye tear film, compared to a healthy one, to stabilize at the
ocular surface after a blink. This demonstrates the potential
importance of elasticity for tear film stability.

4. Biochemical properties of tears
4.1. The tear lipidome

In the normal eye, clear oil can be expressed from the meibo-
mian orifices, which are located anteriorly to the mucocutaneous
junction of the lid rim [329], by pressing on the glands through the
lids. Expressibility is greatest nasally and least temporally [330]. An
average amount of meibum stored in the meibomian glands is in
the range of several hundred micrograms per eyelid [26]. The lid
reservoir contains at least 30 times the amount of lipid present on
the surface of the tear film (approximately 300 pg vs. 10 pg,
respectively) [331,332]. Comparison of the lipids from meibum and
whole tears [21,255,333] showed that the classes and ratios of lipids
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in whole tear samples were very similar to the classes and ratios of
lipids and ratios in meibum, The only exception was phospholipids,
the majority of which may be from another source.

Tears from the meniscus and meibum have been extensively
studied to determine if changes in one or more components can be
correlated with dry eye. Overcoming the technical difficulties
involved with collection and processing small volumes without
contamination has formed a major part of this journey, and
therefore these studies have included developing techniques for
collecting, identifying and quantifying both specific families of
lipids and individual lipids. Techniques for analyzing meibum and
tear lipid components have been extensively reviewed in previous
publications [159,276,284,309,334]. Techniques employed to mea-
sure lipid composition each have limitations. Mass spectrometry
(MS) is excellent for identifying lipid species, but until recently, has
been weak in quantification, Nuclear magnetic resonance (NMR) is
quantitative, however, single signals may derive from many
different species of lipids. Only by a process of elimination can in-
dividual lipids be attributed to particular spectra.

Meibum is composed of approximately 95% non-polar lipids and
5% amphipathic lipids. Collection methods can alter the composi-
tion of the amphipathic lipids [282]. In humans, the non-polar
component is composed of 30—50 mol% (ie the fraction of the
wax esters compared to the total amount of lipid expressed as
moles) of wax esters [284,309,334], 30—45 mol% of cholesterol
esters [21,335,336] and a small percentage of triglycerides (~2%)
[309]. The wax esters generally have an oleic acid component
(€18:1) and the alcohol components vary from C18-C30. A feature
of the cholesteryl esters is that they have very long acyl chains,
predominantly C22:1-C34:1 [21,272]. In both cases, the acid groups
can have odd numbers of carbons (such as C25) and this is unusual
because fatty acids are normally synthesized using acetic acid (2C)
as the building block. Other lipids found in meibum include free
cholesterol, which makes up <0.5 mol% and phospholipids, which
make up <0.01 mol% of meibum [21]. The predominant amphi-
pathic lipid family found in meibum is the (O-acyl)-w-hydroxy fatty
acids (OAHFAs), which comprise about 4 mol% of total meibum
[21,336,337]. The amount of OAHFAs and the low level of phos-
pholipids imply that OAHFAs are the major surfactants in the tear
film lipid layer, and although this has not been shown, it gathers
support from in vitro experiments where OAHFAs have been shown
to readily spread over large surface areas of an mucoaqueous sub-
phase [320].

The range of mol% of total lipids for each major lipid class means
that to correlate one of these main classes of non-polar lipids with
dry eye requires a very large change relative to normal. In this re-
gard, it should be noted that an earlier finding that normal, but not
dry eye subjects, did not have cholesteryl esters [338] has not been
confirmed in more recent studies [333,336].

Particular genetic profiles that correlate with particular ratios of
lipids in tears or meibum have not been studied, but if there were
such correlations, ethnicity does not appear to be a factor, because a
population study of Asians found similar lipid ratios [336] to those
found in other studies [21,272]. The ratios of lipids in meibum do
not vary with age [339], but there are changes in certain polar lipids
(not identified) in meibum with sex and age [340]. Whether or not
the ratio changes for an individual as they develop dry eye has not
been studied, although there is a relatively large variation in mol%
lipid types among individuals [341]. Recently, using NMR spec-
troscopy, squalene was detected in meibum [318,342]. Squalene is
of interest because it illustrates an example of a lipid that might
play a protective role rather than a role in the formation of the tear
film lipid layer. Squalene is anti-inflammatory and antibacterial and
could have antioxidant properties by scavenging free radicals pro-
duced by UV rays [343].

Arecent development in the field has been to compare meibum
and the lipids of whole tears from the meniscus [21,341], This
centers on the concept that the lipid layer of the tear film might
contain not only lipids derived from meibomian glands, but also
lipids that have migrated from the mucoaqueous layer. Toe put this
in perspective, the upper limits of total lipid concentration reported
in whole tears collected from the meniscus are 380—580 pmol/uL
(~0.5 mmol/L) [291,344], of which non-polar lipids comprise
~85mol%, OAHFAs ~4mol% and phospholipids ~10mol%. For indi-
vidual subjects, main lipid classes in whole tears were in the same
ratios as those found in meibum, except for phospholipids that
derive from the meniscus, irrespective of the analytical technique
used. The relative amount of phospholipid varies markedly be-
tween individuals from 1 to 30 mol% of total lipids; lysophospha-
tidylcholine is the most abundant species [341]. However, over a 3-
day period, the ratios for an individual were the same [341].

Whether phospholipids contribute to lipid layer performance is
an area of debate. Some argue for insufficient available phospho-
lipid [309], with most of the intact phosphatidylcholine (but not
lysophosphatidylcholine) bound to lipocalin. Others suggest that
there is sufficient phospholipid in stimulated tears to form a
monolayer [292]. Assuming 0.5 mmol/L (5 x 10" * mol/L) total lipid
and 10mol% phospholipid (5 x 10> mol/L) in whole tears and a
total tear volume of 10 pL (107> L), then the total number of
phospholipid molecules [345] available for lipid layer adsorption
would be 3 x 10" (5 x 107% x 1077 x 6 x 10%3). If one assumes a
lipid layer surface area of 2 cm? (or 2 x 10'6 A2), ~70 A% (2 x 10"6 A%/
3 x 10') should be available per surface phospholipid, which is
identical to the area occupied by a single phosphatidylcholine
molecule [345]. This calculation is based on the understanding that
all phospholipids in 10 pL of tears have adsorbed to the tear film
lipid layer and none is bound to lipocalin in the mucoaqueous layer.
There is a strong case for a ‘perched tear film', and if this were the
case then the true ocular surface tear volume would be about
0.06 pL. Overall, it appears that phospholipids are insufficient to
form a layer. The countering argument is that phospholipids
collected from tears of the meniscus were already part of the lipid
layer at higher concentration and so there are more than ample
phospholipids to form a layer at the ocular surface.

Several studies have investigated whether the collection tech-
nique of whole tears from the meniscus affected the lipid profiles
obtained [288,290,291]. Rohit and co-workers compared flushed &
reflex tears with basal tears and found a relative mol’% increase of
phospholipids and free cholesterol [291], pointing to a preference
for basal tears, and suggested care to avoid reflex tearing during
collection. Moreover, reflex or flush tears contain very low levels of
several lipids. Others found lipid profiles from capillary-collected
basal tears and flushed tears to be almost identical [290], and that
tears collected by Schirmer strips had similar profiles to these but
with a greater amount of total lipid (~7.5 times). Two studies
examined the lipid profile on different regions of the Schirmer
strips that were used to collect tear samples. Using an IR method,
Borchman and colleagues estimated that in the first 5 mm of the
Schirmer strip, only 5% of the lipids were from the meibomian
glands and also noticed that the lipid profile did not change over
the first 15 mm [288]. Contrary to these findings, Lam and co-
workers using a MS method, showed that the first 5 mm was
composed of 15% phospholipids and approximately 80% was made
up of meibomian lipids [290]. They also noticed that in the next
5 mm of the strip, the quantity of meibomian lipids halved, with
few other lipids being detected and no signal for phospholipids.
These results suggest that the use of Schirmer strips to collect tears
may be not reliable.

In another study of mixed purpose, the main lipid classes found
in meibum of wearers of contact lenses with and without dry eye
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were compared. The opportunity was also taken to compare the
effect of different collection techniques (microcapillary tube,
Dacron swab, cytology micro-brush, spatulas) and extraction
techniques (immediate and following storage) [283] on the lipid
profiles obtained. A cytology micro-brush was the most efficient at
recovering phospholipids (50%), followed by the spatula (40%),
microcapillary tube (38%), and Dacron swab (23%), and the authors
concluded that the choice of collection device and extraction
method plays a significant role in the detection of meibum lipids,
particularly phospholipids [283]. This study also showed that
contact lens wearers not suffering from dry eye were more likely to
have inorganic phosphates present in their meibum samples
compared with samples from contact lens wearers who had dry eye
[283]. Another study that compared lipid composition of meibum
collected using cotton buds, the meibomian gland evaluator and
meibomian gland forceps demonstrated that the use of the evalu-
ator resulted in smaller polar lipid quantities than the cotton bud
approach [282]. There were no significant differences between
techniques for nonpolar lipids [282].

Several studies have evaluated the impact of age on the
composition of meibum and lipids from whole tears from the
meniscus and compared these with subjects suffering from MGD
[288,303,339,346—350]. Interestingly, Lam et al. found OAHFAs to
increase with age [333], which is unexpected because they also
found that OAHFAs decreased with dry eye [336]. There was no
difference in meibum phospholipid between males and females
[351], but another study has shown a difference in polar (not
identified) between the sexes [340]. Studies using NMR have shown
that there was an increase in order of the molecules in MGD relative
to age-matched controls and a corresponding decrease in lipid or-
der with age [303]. An investigation of the meibum from Asians
with different severities of dry eye showed that there was no
overall difference in the ratios of the different classes of lipids be-
tween dry eye patients and normal subjects [336]. The proportion
of total lipids that were triacyl glycerols was higher in the mildest
category of dry eye compared with more severe categories, and the
relative percentage of OAHFAs to total lipids progressively fell with
increasing severity of dry eye. This was the only class of lipids to do
so [336]. Some changes in the relative percentage of individual
species of lipids to total lipid detected were found, but the trends
were not consistent in direction across the dry eye categories.

Recently, several studies have profiled lipids in whole tears from
the meniscus of patients with different severities of DED
[21,289-292,333,344,351,352]. Beyond the relative ease of tear
collection versus meibum, marked levels of phospholipids are
detectable in tears, ratios of lipids in whole tears from the meniscus
reflect lipid-species ratios in meibum, and all meibum lipids have
been identified in the tears. Table 4 summarizes recent studies
(adapted from Millar and Schuett) [255]. Lam et al. observed a
decrease in low molecular weight wax esters and a tendency of
medium molecular weight wax esters to be more unsaturated
although total tear lipids were unchanged in dry eye patients versus
control subjects [290]. Another study by the same group used
HPLC/MS/MS to determine correlations between structure-specific
human amphipathic tear lipids and dry eye [333]. They found that
several amphipathic lipids, cholesteryl sulfates, glucosylceramides,
ganglioside mannoside 3, and lysophosphatidylcholines, were
positively correlated with increased Schirmer [ results, and that
phosphatidic acids and phosphatidylglycerols showed a negative
correlation. Small amounts of cholesteryl sulfate in meibum and
tears from patients suffering with dry eye syndrome have been
detected [290,333]. However, its role in meibum or the tear film
needs further investigation. These components are commonly
associated with epithelia, where they are believed to have a sec-
ondary messenger role [353]. It is possible that the cholesteryl

sulfate detected in Lam et al.'s samples [290] may have originated
from meibomian ductal cells.

In summary, tear lipid profiles from studies to date are variable,
warranting investigation of the source(s) of variation (collection
methods, analysis techniques or a combination of both) and close
collaboration among different tear and meibum lipid laboratories
worldwide. An initial step would be comparative analysis of a
common shared sample towards comprehensive procedural stan-
dardization of all analytical and collection steps.

4.2. Mucins

Mucins are large high molecular weight glycoproteins that
contain one or more protein domains, rich in serines and threo-
nines, which are extensively glycosylated via O-glycan attach-
ments, These important glycan chains constitute a significant part
(50—80%) of the weight of the mucin [354,355]. Mucins, the
building blocks of mucus, in general are present at apical epithelial
surfaces of the respiratory, gastrointestinal, and reproductive tracts,
as well as the ocular surface. Mucins provide a variety of protective
functions, including but not limited to, lubrication, barrier forma-
tion and hydration. Fig. 3 demonstrates the role of mucins in the
tear film structure.

At least 20 mucin genes (MUC) have been identified in humans
[356], the products of which are classified into two types: secretory
mucins and transmembrane mucins. The secretory mucins are
further subdivided into large gel-forming mucins and small soluble
(or non-gel forming) mucins [356]. The gel forming mucins are
MUC2, MUC5AC, MUC5B, MUC6 and MUC19, the small soluble
mucins are MUC7, MUC8 and MUC9, and 10 others have been
characterized as transmembrane [356]. Ocular surface mucins are
synthesized by corneal and conjunctival epithelia and lacrimal
glands, where they contribute to the epithelial barrier and prevent
binding of pathogens to the ocular surface, and are present in the
tears where they maintain hydration [17,18,271,357—359]. The role
of mucins in ocular surface health and DED is a subject of great
interest, that has been reviewed a number of times in recent years
[15,359-362].

Gel-forming mucins can be incredibly large, up to 40 MDa,
thanks to their ability to multimerize through disulfide bonding of
cysteine rich domains that flank the large central tandem repeat
region [355]. The source of gel-forming mucins on the ocular sur-
face are goblet cells of the conjunctiva, with MUC5AC being the
most abundantly expressed [271,359] (though mRNA for others
have also been found [363,364]). The abundance of MUC5AC pre-
sent on the ocular surface is determined by the number of
conjunctival goblet cells and the stimulation of its secretion by
these cells. Gel-forming mucins are important for hydration of the
ocular surface, and have also been suggested to play an important
role in not only tear structure, but also in preventing debris and
pathogens from binding to the ocular surface and damaging cells
[18] by clearing them from the ocular surface through entrapment
in the mucus layer and blinking [17,359].

Several studies have demonstrated decreased levels of MUC5AC
in dry eye, yet it is important to note that altered levels of MUC5AC
(and gel forming mucins in general), both decreased and increased,
can negatively impact ocular surface health. As such, mucin pro-
duction must be tightly regulated for ocular surface homeostasis. [n
patients with moderate DED a decrease in the total number of
goblet cells, as well as empty goblet cells, has been observed by
impression cytology [365]. MUCSAC has also been shown by
impression cytology to be lower in dry eye patients with severe
symptoms compared to mild and moderate symptoms [366], which
was associated with increased inflammation, and (along with
decreased levels of MUC16) in patients with an unstable tear film or
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Table 4
Concentration of lipids in tears (adapted from Millar and Schuett) [255].
Lipid Saville et al, Saville et al, Rantamaki et al, Dean and Glasgow Brown et al,, Rohitetal,2014 Lametal, Lametal, Lametal,
2010 [289]  2011(351] 2011 [352] 2012 [292] 2013 [21] [291] 2014 [290] 2014 [333] 2014 [344]
Basal Reflex Flush
Collection method Cap” Cap Cap Cap (reflex) Cap Cap Cap Cap Sch Sch Sch
Mol %
Cholesterol-Ester 39 548 357 33 44.8 43 33
Wax Ester 43 291 186 30 35.2 30 46
Cholesterol 82 172 -20 5.9 8 8
OAHFA 44 ~25 <1 <1 25 2 1.1
Trigylceride 21 28 ) 2
Phospholipids:
Phospholipid total 12
Phosphatidylcholine 1.6 25 2 3
Lysophosphatidyl- 8 0.5 0.8 1.7
choline
Phosphatidyl- 08 0.7 1 12
ethanolamine
Lysophosphatidyl- 13 16 2
ethanolamine
Phosphatidylserine 0.5 0.1 05 03
Sphingomyelin 1.1 15 3
Ceramide
Concentration
pmolful ng/ng tear kM ng/ml pmol/ul pmol/ml
Cholesterol-Ester 178.1 279 135
Wax Ester 818 155 83
Cholesterol 166 98 59
OAHFA 43 04 01
Trigylceride 1.5 16 01 02
Phospholipids:
Phospholipid total 11 29.6
Phosphatidylcholine 6 209 194 16 1.1 05
Lysophosphatidyl- 35 95 32
choline
Phosphatidyl- 52 01 01 0
ethanolamine
Lysophosphatidyl- 15 12 0
ethanolamine
Phosphatidylserine 0.1
Sphingomyelin 5 0.9 19 16 06
Ceramide 09
Total lipid (pmol/uL) -380 ~100 ~40 0.58

2 Cap = collected by capillary tubes; Sch = collected by Schirmer strips.

aqueous deficiency compared to control eyes [ 367]. Consistent with
these findings, very recently, goblet cell deficiency, and thus
decreased MUCS5AC expression, was observed in subjects (office
workers using visual display terminals) with DED, particularly so in
moderate to severe cases [368]. In patients with atopic kerato-
conjunctivitis, the number of goblet cells and MUC5AC mRNA levels
were significantly diminished [369]; a concomitant increase in
MUCI6 was also observed and the authors speculated that MUC16
compensates for lack of MUC5AC, In Sjogren syndrome patients,
decreased MUC5AC mRNA and protein in tears and decreased
MUC19 mRNA and protein has also been reported [270,364]. In
summary, there is an abundance of data demonstrating DED is
associated with decreased levels of MUC5AC.

MUC7 is currently the only small soluble mucin to be detected in
ocular tissue, but it has not been detected in tears
271,363,370,371|. MUC7 is small (~180 kDa) [ 372 | compared to gel-
forming mucins, and exists as a monomer with a typical rigid
structure ‘bottle-brush’ shape provided by water-binding O-glycans
[361,373]. While MUC7 is expressed in the acinar cells of the
lacrimal gland and in human conjunctiva, it is not known which cell
type is responsible for synthesis and secretion in the conjunctiva,
nor is it known what stimulates MUC7 secretion in ocular tissues
|271,363,370,371]. As MUC7 has not been detected in the tears, its

putative role in the tear film is not well understood. It is reasonable
to speculate, based on MUC7 having the expected O-linked glycans
of a mucin, that it would contribute to hydration of the ocular
surface, However, no studies to date clearly demonstrate the
function of MUC7 on the ocular surface. MUC7 expression, as
assessed by mRNA levels in conjunctival impression cytology, has
been reported to not be different between normal and patients
with dry eye [374].

Transmembrane mucins expressed in the most superficial cell
layer of the corneal and conjunctival stratified epithelia include
MUC1, MUC4, and MUC16 [15,17,375]. MUC20 is one of the more
highly expressed mucins in the human conjunctiva and is pre-
dominant along the plasma membranes of intermediate cell layers
[376,377]. Transmembrane mucins have large extracellular do-
mains, a hydrophobic membrane-spanning domain, and a short
cytoplasmic domain. The extracellular domain comprises the tan-
dem repeats rich in serine and threonine, which are subject to 0-
linked glycosylation [354], and can extend up to 200—500 nm
above the ocular surface [362]. Soluble forms of MUC1, MUC4, and
MUC16 have been detected in tears [271]. MUC16 has recently been
localized to mucin granules of goblet cells as well, though its
function remains to be determined [16]. In general, the trans-
membrane mucins play important protective roles on the ocular
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Fig. 3. The tear film structure showing the mucins and galectin of the glycocalyx, soluble mucins and proteins in the mucoaqueous layer and the surface lipid layer. Adapted from

Craig et al., 2013 [54].

surface. These include, consistent with those mentioned above,
hydration of the ocular surface, and anti-adhesive properties be-
tween the cells of the conjunctiva and ocular surface [361], as well
as contributing to tear film stabilization [15]. The cytoplasmic
domain can associate with cytoskeletal components and also have
numerous phosphorylation sites that suggest it may function in cell
signaling [378,379]. A direct comparison between MUC 1 and
MUC16 barrier function in the same epithelium suggested that
transmembrane mucin barriers vary in the context of other trans-
membrane mucins, and that MUC16 provides a major barrier when
present [380]. Messenger RNA transcripts of the transmembrane
mucins MUC13, MUC15, MUC17 have been identified in human
conjunctiva [381], but neither their presence in tears nor their
functions have yet been elucidated.

Transmembrane mucins also contribute to the highly organized
protective epithelial barrier on the apical glycocalyx of the ocular
surface epithelia cells though binding to galectin-3 (a multivalent
B-galactoside-binding lectin) [382]. Indeed, galectin-3 co-localizes
with MUC1 and MUC16 on the apical surface of epithelial cells, in a
carbohydrate-dependent manner, and plays a key role in main-
taining mucosal barrier function. The concentration of galectin-3
protein in tears (but not conjunctival epithelium expression) was
found to be significantly higher in patients with dry eye and asso-
ciated with epithelial dysfunction in dry eye, and the data
demonstrate proteolytic cleavage of galectin-3 that may contribute
to impaired ocular surface barrier function [383].

Changes in transmembrane mucin have been observed in pa-
tients with DED, but remain controversial. In post-menopausal
women with non-Sjogren syndrome dry eye, increased MUC1 and
MUC16 mRNA and protein levels have been reported relative to

controls [384)]. Similarly, increased MUC1 and MUC16 mRNA and
soluble protein levels have been observed in Sjogren syndrome
[385,386], Conversely, decreased levels of MUC1 and MUC4 mRNA
levels were reported in conjunctival epithelia of dry eye patients,
and those authors suggested MUC1 mRNA levels could be used as a
diagnostic biomarker for dry eye [374]. Such alterations could be
the result of dry eye-related inflammatory mediators (eg IL-1, IL-6,
IFN-v, TNF-a) regulating the expression of transmembrane mucin,
although, to date, studies examining this hypothesis have been
in vitro only [387-389|. In patients with complete androgen
insensitivity syndrome who have DED [390], MUC1 mRNA and
protein as well as the gel forming MUC5AC levels were decreased
compared to those in control patients [376].

Altered glycosylation of ocular mucins has been observed in dry
eye. Differential regulation of genes involved in glycosylation, as
well as altered distribution of the responsible enzymes, has been
observed in the conjunctiva of patients with DED [276,391]. Alter-
ation of MUC16 sialylation, as shown by using the monoclonal
antibody H185, has been detected in patients with dry eye symp-
toms [392,393]. Upregulated sialylation of MUC1 in mild-to-
moderate dry eye and a decrease in severe dry eye has also been
observed [394]. Indeed, altered sialylation of mucins in DED ap-
pears to depend on disease severity; whereas increased sialylation
has been noted in the earlier stages of disease development, it is
eventually lost with disease progression [395,396]. Increased sia-
lylation on the cell surface would increase negative charge and
enhance cell repulsion, as well as hydration through attraction of
water. Additional work is required on the glycosylation of mucins
and mucin-like molecules in DED.

A mucin-like glycoprotein called lubricin, or proteoglycan 4, is
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present on the ocular surface, where it provides lubrication and
plays a protective role [397]. Lubricin was originally discovered in
synovial fluid and on the surface of cartilage, and was found to also
be present at the epithelial surface of human cornea and con-
junctiva, though it is yet to be detected in tears [397]. Lack of
lubricin on a mouse eye is associated with increased ocular surface
damage, as demonstrated by an increase in corneal fluorescein
staining [397], though to date no studies exist demonstrating al-
terations in lubricin expression with dry eye. In vitro, lubricin re-
duces friction at a human cornea-eyelid biointerface, as well as
tissue-contact lens biomaterial interfaces [398-400]. Recently, re-
combinant human lubricin was found to demonstrate improve-
ment in both the signs and symptoms of DED compared to a control
drop based on hyaluronate) [401]. Another heavily O-linked
glycoprotein found in tears is Deleted in Malignant Brain Tumors-1
(also known as gp-340) and this has two isoforms [402]. The role of
this protein in the tear film is unknown, although gp340 has been
shown to be identical with the salivary agglutinin that strongly
binds to bacteria and can activate the complement system
|403,404] so may be involved in host defense.

In conclusion, mucins are critical to ocular surface health and
deregulation of their synthesis is an important factor in ocular
surface disease. Decreased MUCS5AC expression and alteration in
mucin glycosylation in dry eye is a consistent finding among most
studies, while changes in transmembrane mucin expression is
more variable (see Stephens & McNamara [360] for summary ta-
bles). Additional work is required to elucidate the role of individual
mucins in disease, with the potential confounding factor of
compensatory and/or complementary responses. Such work will
likely benefit from the use of new, sophisticated genomic, glycomic
and proteomic methods.

4.3. The tear proteone

The mucoaqueous layer contains salts and numerous proteins
derived from the lacrimal gland and conjunctiva. A much expanded
understanding of the tear proteome [405,406] has been achieved
over the past decade and this section will concentrate on research
conducted within this time frame. Techniques that have been used
for proteomic analysis include unbiased tandem mass spectro-
metric (MS/MS) sequencing [19,268,269,407-414], candidate
immunocapture [368,415—421| and other approaches (Table 5),
from which a select group of putative disease biomarkers have
emerged (Tables 6 and 7).

MS/MS runs are fed by trypsinized tear protein fragments
that are first subjected to reverse-phase C-18 (without or
with cation exchange [269,407]) separation. In some cases, tear
proteins were first partitioned by 1- or 2-D sodium dodecyl
sulfate polyacrylamide gel electrophoresis [269,408,409,414],
which offers the advantage of separating monomers from poly-
mers, or were collected into normal or dry eye pools for dif-
ferential labeling by mass [407] or by fluorescence [408]. In
other cases, tear proteins were first adsorbed onto protein chips,
disks or tips bearing C-8, C-18 or cation ion exchange chemistry
[410,422], or abundant albumin was first immunodepleted from
tears [409], the latter an acknowledgement of the limited dy-
namic range of MS/MS, by which changes in less abundant tear
proteins are overlooked.

Although well-suited for discovery, MS/MS coupled with chro-
matography is currently not practical as a quantitative, high
throughput tear diagnostic, despite some success in a few academic
studies. For this reason, candidate immunological approaches have
been explored (Table 6) [270,368,415,417,420,421,423—436]. These
include antibody array (16 inflammatory cytokines [437]),

sandwich ELISA (for MMP-9 [415418421], MUC5AC [368], IL-1p
and IL-6 [415]), direct ELISA (lacritin [416,438]), and bead adsorp-
tion [439] (13 inflammatory cytokines, EGF, vascular endothelial
growth factor (VEGF) [417,419], TGFB1 and 2 [420]). An expanded
selection of quantitative immunoassays built on validated bio-
markers (Tables 6 and 7) should be the way of the future. In-
vestigators should be careful to control for non-specific tear matrix
effects [437,440], and independently validate commercial immu-
noassays where possible (one commercial lacritin ELISA displayed
no reactivity for purified recombinant lacritin [405]).

Currently, almost 1800 proteins are known to constitute the
human tear proteome. Before the original TFOS DEWS report in
2007, 491 proteins had been identified [268]. In 2012, Zhou et al.
|19] reported 1543 proteins, of which 1304 were new. Over half are
indicated to be ‘intracellular’ or associated with the 'plasma
membrane' by Gene Ontology, but those that selectively decrease
or increase in ocular surface diseases and thus are potential bio-
markers are to date largely 'extracellular’ according to Gene
Ontology [270,368,407,408,410,411,425,428,430,431,434,441—-448].

Other technical considerations include the method of tear
collection, whether topical anesthesia is employed to reduce reflex
tearing [442], sampling from open versus closed eyes [268,437] and
the optimal collection point on the eye. Capture of tears by
microcapillary tubes is most common in proteomic studies
[268,269,408,409,418—421,432,437,450], although others collect
tears onto Schirmer strips [269,407,410—412,442|, using sponges
[409,415,429] or via micropipette tip [368,417,450]. Posa et al. [456]
and Grus et al. [442] note that microcapillary tubes and Schirmer
strips are equally effective, whereas Green-Church et al. [269]
suggest that the tear film collection method impacts proteins pre-
sent in the sample. However, Schirmer strips are preferred by pa-
tients for comfort and perceived safety. Schirmer strips also appear
to retain proteins <40 kDa [442]. Most studies fail to mention the
use of anesthesia, whether tears are from open or closed eyes, and
the site of collection by tubes and sponges (sampling is slightly
more common from the lateral [417-419,450] versus medial [420]
canthus). Noting whether anesthesia has been used is important,
with relative levels of 15 tear proteins, possibly more, differing
between basal and reflex tears [457]. Previous studies have shown
that certain tear proteins such as lysozyme, lactoferrin, and
lipocalin-1 are regulated, in that their concentration remains
approximately the same during changes to the amount of tears
being produced (for example during reflex tearing) [457]. Other
proteins, such as slgA, are constitutive or have a constant level of
production, such that their concentration decreases during in-
creases in tear fluid production [458]. Some proteins appear in the
tear film via leakage from conjunctival bloed vessels [459,460]. The
concentration of sIgA could be used to normalize protein levels that
might be affected by collection of reflex vs. non-reflex tears [461],
and this is an area worthy of further study, although sIgA is
deregulated in some pathological conditions. Indeed, it is currently
not known whether most of the proteins within the proteome are
constitutive, regulated or derived from serum (or elsewhere). A
correct normalization process usually involves a “normalizer pro-
tein” or “housekeeping protein” [462]. A strict definition of a
housekeeping protein is a constitutive protein that should be
expressed under normal and pathological conditions at relatively
constant levels. Such a protein has yet to be described in tears. A
publication of cerebral spinal fluid proteomics indicates that the
preferable way to quantify proteins is to first match the samples on
total protein amount and then normalize the data based on the
median intensities [463]. This technique has yet to be used in tear
film biochemistry studies.

Human tear biomarkers might predict, diagnose and even, in
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Table 5
Mass spectrometric approaches.

Name Abbreviation Approach

Surface-Enhanced Laser Desorptionflonization Time- SELDI-TOF- Peptides are initially screened by differential binding chemistry (ie hydrophobic, anion, cation

Of-Flight Mass Spectrometry MS

exchange), then are ionized and masses determined.

Matrix-Assisted Laser Desorption/lonization Time-Of- MALDI-TOF Peptides are separated by liquid chromatography, or 2D or 1D polyacrylamide gel electrophoresis,

Flight Mass Spectrometry MS
Isobaric Tag for Relative and Absolute Quantitation iTRAQ
Tandem Mass Spectrometry MS/MS

then ionized and masses determined.
Stable isotope tagging to differentiate peptides from different sources, ie. normal vs. dry eye.
lonized peptides are separated by mass, selected ions are fragmented, further separated and

sequence derived.

some cases, be therapeutic for ocular surface disease. Nine early
candidate biomarkers were identified primarily by immunoassay
(see Tables 5 and 6 for expanded details):

a) epidermal growth factor (EGF): reduced in Sjogren syndrome
and aqueous deficient dry eye (ADDE) 430,464, augmented
in evaporative dry eye due to MGD [417].

b) interleukin 1 (IL-12): increased in Sjogren syndrome dry
eye and MGD [433].

c) interleukin 6 (IL-6): increased in Sjogren syndrome dry eye
[432,465].

d) lactoferrin (LTF): reduced in Sjogren syndrome and non-
Sjogren syndrome dry eye [466].

e) lipocalin 1 (LCN1): a putative auto-antigen for Sjogren syn-
drome [467] that is decreased in MGD [468].

f) matrix metalloproteinase 9 (MMP-9): increased in Sjogren
syndrome dry eye, but unchanged from normal in MGD
[433].

g) MUC5AC: reduced in Sjogren syndrome dry eye [270,469].

h) plasmin activity from plasminogen (PLG): increased in
Sjogren syndrome dry eye [434].

i) group IIA phospholipase A2 (PLA2G2A): increased in dry eye
[470,471).

Seven more have been identified by unbiased MS/MS analysis of
2-D gel protein bands that differed in quantity between normal and
blepharitis tears [443]. Selectively down-regulated biomarkers
were albumin (ALB), immunoglobulin kappa variable 3—20 (IGKV3-
20), serpin peptidase inhibitor clade A member 1 (SERPINAT),
prolactin-induced protein (PIP), cystatin S (CST4), lacritin (LACRT)
and lysozyme [443].

Topping the ‘extracellular’ list of deficient or augmented bio-
markers in unbiased MS/MS screens (Table 6)in decreasing order of
replications (respectively =6, 5, 4, 3, 2) listed alphabetically are
(=6) lacritin, lactoferrin, lipocalin 1, prolactin-inducible protein,
proline rich 4 (PRR4) and $100 calcium binding protein A8
(S100A8); next (5) are cystatin S (CST4), lysozyme (LYZ) and
secretoglobin family member 2A member 1; followed by (4) albu-
min (ALB) and $100 calcium binding protein A9 (S100A9); and (3)
alpha-2-glycoprotein 1 (AZGP1), apolipoprotein A-Il (APOA2), beta
2 microglobulin (B2M), haptoglobin (HP), orosomucoid 1 (ORM1),
polymeric immunoglobulin receptor (PIGR), proline rich lacrimal 1
(PROL1), secretoglobin family member 1D member 1, serpin
peptidase inhibitor clade A member 1; and finally (2) actin beta
(ACTB), complement component 3 (C3), deleted in malignant brain
tumors 1 (DMBT1), enolase 1 (alpha; ENO1), secretoglobin family
member 2A member 2, transferrin (TF). Thirty-four other ‘extra-
cellular’ proteins are deficient or augmented in single unbiased MS/
MS screens - many from Sjogren syndrome.

Among intracellular proteins (Table 7) [407,409,411,424,425,
429,430,433,444,446,464,470,472] in decreasing order of replica-
tions (respectively 4, 3, 2) are annexin A1 (ANXA1), followed by
annexin All (ANXA11), glutathione S-transferase pi 1 (GSTP1),

peroxiredoxin (PRDX5), S100 calcium binding protein A4 (S100A4),
S100 calcium binding protein A6 (S100A6) and S100 calcium
binding protein A1l (S100A11). Seven others are deregulated in
single unbiased MS/MS screens to date. The surprisingly large
representation of intracellular proteins in tears is presumed to be
due to normal shedding of ocular surface epithelial cells [268], but
why so few are more abundant in diseased tears is unknown. The
classification of proteins by gene ontology, whilst useful, is a fairly
blunt technique as, for example, secretory phospholipase A2 group
IIA is classified as an intracellular protein when it is known to be
secreted onto mucosal surfaces [470,473].

Not detected by MS/MS, but apparent by candidate immuno-
screening or activity assays (Table 6) [415,417,420,421,423,424,426,
427,429,432,433,449,450] were several growth factors and cyto-
kines. VEGF levels were increased in MGD [417]. Elevated in ADDE
were soluble epidermal growth factor receptor, colony stimulating
factor 3 (CSF3), transforming growth factor activity, and soluble
tumor necrosis factor superfamily member 1B (TNFRSF1B) [429].
Levels of twelve chemokines were augmented in ADDE or MGD
[424,427,429). Fifteen interleukins or interleukin-associated mole-
cules were for the most part increased in ADDE but two decreased
and one increased in MGD [415,417,423,425,427,429]. There was
disagreement over whether interferon gamma (IFNG) is increased
or decreased in ADDE (although it is clearly increased in animal
dry eye models) [423,427,429,474,475]. MMP-9 was increased in
ADDE, post-LASIK dry eye, blepharitis, and conjunctivochalasis
[415,421,433]. Five intracellular or plasma membrane tear proteins
were detected only by candidate immuno-screening: transforming
growth factor alpha (TGFA), phospholipase A2 group IIA (PLA2G2A),
aquaporin 5 (AQP5), interleukin 1 alpha (IL1A) and interleukin
33 (IL33) - all increased in ADDE. AQP5 and IL1A were also
increased in Sjogren syndrome, and the latter also in MGD
[410,417,423,425,427,429,430,432,433,464,476,477]. It is note-
worthy that of extracellular biomarkers most are immune-related
(34 proteins), or fall under the category of protease/inhibitor/
antimicrobial (14 proteins), or carrier/binding/protein steroid
associated (11 proteins), or cytoprotective/anti-apoptotic (6 pro-
teins). Intracellular ones are most commonly associated with cell
communication/signal transductions (6 proteins), metabolism/en-
ergy pathways (4 proteins) or regulation of transcription/nucleic
acid metabolism (4 proteins).

To date, half of the candidate biomarkers (Tables 5 and 6) lack
immunological validation. Once confirmed, dry eye versus normal
protein concentrations are needed, for which there should be good
agreement among different laboratories. Initial values have been
documented for several members of the interleukin family (IL1A,
IL1B, IL-2, IL-4, IL-5, IL-6, IL-10), CXCL8 (415,424,425 427|, TNF-a
and [FN-y [427,432|, MMP-9 [415] and MMP-9 activity [421,433],
LTF and EGF [425,430,433,450], ENO1, S100A4 [407], LYZ, TF, LCN1,
ALB, AZGP1 [450], CALCA, NPY, NGF, CCL3, CCL4, and CCL5
[424,426], Values for IL1B, IL-6, MMP-9 and TNF-z vary greatly.
Most have not been subjected to replication by others. If the
assumption that biomarkers repeatedly deficient or augmented in
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Human ‘extracellular’ tear proteins reported to decrease or increase with ocular surface pathology. Right column: # articles detecting a significant change from normal by:
unbiased mass spectrometric screening (‘US') and/or a candidate immuno-detection or activity detection approach [CA]; NP, not performed. ‘Extracellular’, in whole or part by

Gene Ontology.
Gene Protein Change from Normal & Pathology Known Function(s) # Articles
Symbol us/[ca]
Angiogenesis
VEGF vascular endothelial growth 1TADDE [449], TMGD [417] angiogenesis, endothelial cell migration 0/[2]
factor A
ZG16B zymogen granule protein 16B LADDE, | MGD |, ADDE/MGD [414] angiogenesis, pancreatic adhesion, proliferation 1/[NP]
Calcium
AHSG alpha-2-HS-glycoprotein 1SSDE [411] calcification inhibitor 1/[NP]
ANXA2 annexin A2 1SSDE [411] osteoclast formation and bone resorption 1/[NP]
ANXAS annexin A5 LSSDE [411] promotes Ca®* channel activity 1/[NP]
CALCA calcitonin related polypeptide LADDE [426] Ca®* regulation o/[1]
alpha
CALR calreticulin 1SSDE [411] Ca®' binding protein in ER and nucleus; 55 1/[NP]
dssocC,
NPY neuropeptide Y 1SSDE [426)] promotes Ca?' signaling o/[1]
Carbohydrate
ENO1 enolase 1, (alpha) TADDE [407,414] glycolytic enzyme 2[[1]
TADDE/MGD [414]
Carrier/Binding Protein/Steroid Associated
ALB albumin 1ADDE [444,450], |BL [443], 1 CLDE [408], carrier protein 4/[2]
1FK [441], 1MGD [451]
AZGP1 alpha-2-glycoprotein 1 LADDE [447,450], |MGD [409], 1FK [441] zine-binding, lipid degradation, cell adhesion  3/[1]
DMBT1 deleted in malignant brain LADDE, | ADDE/MGD [414], 1CLDE [408] scavenger receptor, binds surfactant protein D 2/[NP]
tumors 1
HP haptoglobin TADDE [447], TCDK [445], 1FK [441] hemoglobin binding, turnover to diminish iron 3/[NP]
loss
LCN1 lipocalin-1 1 TADDE [409,423,424,447 450], |FK [441], hydrophobic protein binding, cysteine protease 9/[3]
IMGD [451], | SSDE [411,428) inhibitor
SCGB1D1  secretoglobin family 1D member 1* | 1ADDE [410,447|, |CLDE [408|, | MGD [451] in complex that binds steroids, including 3/11]
androgen
SCGB1D2  secretoglobin, family 1D, member2 |MGD [451] in complex that binds steroids, including o/[1]
androgen
SCGB2A1  secretoglobin, family 2A, | 1ADDE [409,410,414,424,447], | ADDE/MGD [414] possibly binds steroids, including androgen 5/[NP]
member 1°
SCGB2A2  secretoglobin, family 2A, member 2 | ADDE [447], 1CLDE [408] cell migration? 2/[NP]
TCN1 transcobalamin 1 LADDE [447] binds and helps move vitamin B12 into cells  1/[NP]
TF transferrin LADDE [414,450], 1ADDE{MGD [414], 1SSDE [411] iron binding and transport to proliferating cells 2[[1]
Cell Adhesion/Motility/Structure
ACTB beta actin TMGD [409], 1SSDE [411] cell structure, motility 2[[NP]
CFL1 cofilin 1 1SSDE [411] cytoskeleton organization 1/[NP]
LGALS3 lectin, galactoside-binding, TADDE [446] cell adhesion, T cell regulation, antimicrobial ~ 1/[NP]
soluble 3
LGAIS7B  galectin 7 IMGD [409] cell - cell and cell matrix communication 1/[NP]
MIF macrophage migration inhibitory ~ 1SSDE [411] chemo attractant and cell communication 1/[NP]
factor
Cell Growth
EGF epidermal growth factor 1 1ADDE [424], tMGD [417,431],1 NK [431], | 1SSDE mitogen: growth & differentiation 1/[6]
[430,431,451]
EGFR soluble epidermal growth factor ~ $ADDE [429] transmembrane receptor kinase o/[1]
receptor
GCSF granulocyte colony stimulating 1ADDE [449] colony-stimulating factor o/[1]
factor
GMCSF granulocyte monocyte colony TADDE [449] colony-stimulating factor o/[1]
stimulating factor
LACRT lacritin JADDE [447], | ADDE/MGD [414], |BL [443], basal tearing, cell survival, wound healing 8/[1]
|CDK [445], | CLDE [408], |FK [441], | SSDE
[411,428,452]
NCF nerve growth factor (beta TADDE [426] neuronal differentiation and growth o/[1]
polypeptide)
Cytoprotective/Anti-Apoptotic
CASP14 caspase 14 1SSDE [411] apoptosis induction 1/[NP]
CLU clusterin 1SSDE [411] inhibits apoptosis 1/[NP]
MUC5AC  mucin 5AC LADDE [368], | tSSDE [270,411] mucus/gel-forming, cytoprotective, hydrophilic 1/[2]
PIP prolactin-inducible protein LADDE [407,409,424,447],1 BL [443], 1CLDE [408,453], inhibitor of T-cell apoptosis, aspartyl protease 8/[NP]
|SSDE [411]
PROL1 proline rich, lacrimal 1 JADDE [414,447|, | ADDE{MGD [414], | MGD [414], possible ocular protective function 3/[NP]
1 TAO [446]
PRR4 proline rich 4 (lacrimal) 1ADDE [410,414,442,447], | MGD [414] | CLDE [408], possible ocular protective function 8/[NP]
1SSDE [411,428], | TAO [446]
Immune
a complement component 3 1ADDE [447], 1SSDE [411] complement activation 2[[NP]
c4A complement component 4A 1SSDE [411] cleaved to a trimer for complement activation 1/[NP]
CCL2 chemakine (C-C motif) ligand 2 1TADDE [429,449] monocyte, basophil specific chemotaxis 0/[2]

(continued on next page)
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Gene Protein Change from Normal & Pathology Known Function(s) # Articles
Symbol us/[CA]
L3 chemokine (C-C motif) ligand 3 1ADDE [424], 1SSDE [424] inflammatory response o/[1]
CCL4 chemokine (C-C motif) ligand 4 1ADDE [424], 1SSDE [424] inflammatory, chemokinetic 0/[1]
CCL5 chemokine (C-C motif) ligand 5 1ADDE [424], 1SSDE [424] chemoattractant, histamine release o/[1]
ccL1t chemokine (C-C motif) 11 1ADDE [449] Eosinophil chemotaxis o/[1]
CCL15 chemokine (C-C motif) ligand 15  1ADDE [429] neutrophil, monocyte, and lymphocyte o/[1]
chemotaxis
CSF3 colony stimulating factor 3 1ADDE [429] production, different, function of granulocytes, 0/[1]
(granulocyte) macrophages
CX3CL1 chemokine (C-X3-C motif) ligand 1 1ADDE [429], tMGD [417] neutrophil chemotaxis 0/[2]
CXCL5 chemokine (C-X-C motif) ligand 5 1ADDE [429] inflammatory cytokine, neutrophil activation  0/[1]
CXCL8 chemokine (C-X-C motif) ligand 8 1ADDE (427,449 inflammatory mediator 0/[2]
CXCL9 chemokine {C-X-C motif) ligand 9 1SSDE [436] T cell chemotaxis o/[1]
XCL1o chemokine (C-X-C motif) ligand 10 1SSDE [436], TMGD [417] T cell, monocyte chemotaxis 0/12]
CXCL11 chemokine (C-X-C motif) ligand 11 1ADDE [436], 1SSDE [436] T cell chemotaxis o/[1]
ELANE neutrophil elastase 1SSDE [411] phagocytosis and leukocyte migration 1/[NP]
IL1B interleukin 1 beta 1ADDE [423,427,429,449|,1CCH [415] pro inflammatory response 0/[5]
ILIRN interleukin 1 receptor antagonist ~ $ADDE (435449, tMGD [417] cytokine activity 0/[3]
IL1R1 interleukin 1 receptor, type | 1ADDE [429] immune mediator o/l1]
(soluble)
12 interleukin 2 1ADDE [427] T, B cell proliferation o/[1]
4 interleukin 4 | ADDE [427,429] immune response, growth factor o/12]
L5 interleukin 5 1ADDE [423427] B cell, eosinophil growth & differentiation 0/[2]
L6 interleukin 6 1ADDE [423,425,427,429,432], 1CCH [415], B cell, nerve cell differentiation 1171
1MGD [425], 1SSDE [411,425]
IL6R interleukin 6 receptor alpha 1ADDE [429] regulation of immune response, hematopoiesis., 0/[1]
acute-phase reaction
IL6ST interleukin 6 signal transducer 1ADDE [429] shared interleukin transducing receptor subunit 0/[1]
IL-9 interleukin 9 1ADDE [449] Cell proliferation, anti-apoptosis 0/[1]
Lo interleukin 10 1ADDE [427] inflammation, immunaoregulation o/[1]
IL12 interleukin 12 1ADDE [449], | ADDE [429] activated T, NK cell mitogen 0/12]
IL15 interleukin 15 1ADDE [449] cell proliferation of natural killer cells o/[1]
IL16 interleukin 16 (lymphocyte 1ADDE [429] CD4* lymphocyte, monocyte, eosinophil o/[1]
chemoattractant factor) migration
IL17A interleukin 17A | ADDE [429] proinflammatory response 0/[1]
IFNG interferon, gamma | 1ADDE [423,427,429] immune-regulatory, antiviral 0/[3]
JCHAIN Jjoining chain of multimeric IgA 1CDK [445] linkage of IgA or IgM monomers 1/[NP]
and IgM
IG Immunoglobulin G tRA + 55 [454] Immunoglobulin 0/[1]
ORM1 orosomucoid 1 1ADDE [407,414], 1 ADDE/MGD [414], 1SSDE [411] modulator of acute-phase immune activity 3/[NP]
ORM2 orosomucoid 2 1SSDE [411] modulator of acute-phase immune activity 1/INP]
PEBP1 Phosphatidyl-ethanolamine 1ADDE [414], 1 ADDE/MGD [414] modulates NF-kB in Sjogren syndrome 1/INP]
binding protein 1
SERPING1  serpin peptidase inhibitor clade A 1SSDE [411] complement activation regulator 1/[NP]
member 1
TGFB transforming growth factor beta 1 1SSDE [420] suppress IL-2 T cell growth 0/[1]
activator & 2 activation
TNF tumor necrosis factor 1ADDE [423,427,432],15SDE [432] autoimmune, pyrogen, mitogen, differentiation 0/[3]
TNFRSF1B  soluble TNF receptor superfamily  1ADDE [429] part of TNF receptor heterocomplex o/l1]
member 1B
Lipid/Cholesterol
APOA2 apolipoprotein A-1l 1FK [441], 1SSDE [411] in high density lipoprotein particles 2/[NP]
Other/Unknown
B2M beta-2-microglobulin 1ADDE [410], | CLDE [408] loss associated with hypercatabolic 2/INP]
hypoproteinemia
POTEL POTE ankyrin domain family 1TAO |446] ? 1/INP]
member [
SMR3B submaxillary gland androgen | ADDE [442] & 1/[NP]
regulator protein 3B
SoD1 superoxide dismutase 1 1SSDE [411] Antioxidant 1/[NP]
Phosphatase/Kinase/GTPase/Other Enzyme Phosphatase
F2 coagulation factor II (thrombin) 1SSDE [428] fibrinogen to fibrin conversion 1/INP]
MMP9 matrix metallopeptidase 9 1ADDE [415],1BL [415],7CCH [415], TMGD [433], matrix collagen [V and V degradation 0/[3]
1PLDE [421],1SSDE [433]
5$100A8 $100 calcium binding protein A8 1ADDE [407,409,410,414,424,442,446], 1SSDE [411], cytakine & inhibitor of casein kinasef 9/[NP]
(calgranulin A) 1MGD [414,448], | TAO [446] [nflammation
§$100A9 $100 calcium binding protein A9 1ADDE [407,409,414,424], 1 ADDE/MGD [414] 1SSDE possible inhibitor of casein kinase 6/[NP]
(calgranulin B) [423], TMGD [414,448]
Protease inhibitor/Antimicrobial
AZU1 azurocidin 1 (cationic antimicrobial 1SSDE [411] antibacterial and monocyte chemoattractant  1/[NP]
protein 37)
osT1 cystatin SN tADDE [423], |MGD [409] cysteine protease inhibitor 1/[1]
CST4 cystatin S | ADDE [447], | BL [443], |FK [441], | MGD [409], cysteine protease inhibitor/antimicrobial 5/[NP]
1SSDE [428]
CTSB cathepsin B | SSDE [428] lysosomal cysteine protease 1/INP]
CTSS cathepsin S 1SSDE [455] lysosomal cysteine protease 0/[1]
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Gene Protein Change from Normal & Pathology Known Function(s) # Articles

Symbol us/[cA]

DCD dermcidin 1SSDE [411] C-terminal antibacterial, N-terminal prosurvival 1/[NP]

IGHA1 immunoglobulin heavy constant ~ |SSDE [411] microbial and foreign antigen defense 1/[NP]
alpha 1

IGKV3-20  immunoglobulin kappa variable 3- |BL [443] microbial and foreign antigen defense 1/[NP]
20

IGLC2 immunoglobulin lambda constant2 |ADDE [447] microbial and foreign antigen defense 1/[NP]

LTF lactoferrin JADDE [409,424,444,450], 1FK [441], | MGD [451], iron metabolism, antibacterial 6/[4]

1SSDE [411,430,433)

LYZ lysozyme 1 ADDE [407,447,450], |BL [443], |SSDE [411] hydrolase, antibacterial 5/[NP]

PIGR polymeric immunoglobulin LADDE [447], |CDK [445], |SSDE [411] antibacterial, polymeric Ig transcellular 3/[NP]
receptor transport

PLG plasminogen 1SSDE [434] activates urokinase-type plasminogen activator, 1/[NP]

collagenase
S100A7 5100 calcium binding protein A7  1SSDE [411] chemotactic, antibacterial 1/[NP]

(psoriasin)
SERPINA1
member 1

serpin peptidase inhibitor clade A TADDE [423,442], |BL [443], 1FK [441]

serine protease inhibitor, anti-inflammatory 3/[1]

ADDE = aqueous deficient dry eye; BL = blepharitis; CCH

conjunctivochalasis; CDK = climatic droplet keratopathy; CLDE = contact lens-related dry eye; FK

Fusarium

keratitis; MGD = meibomian gland dysfunction; NK = neurotrophic keratopathy; PLDE = post-LASIK dry eye; RA + S5 = rheumatoid arthritis with Sjégren syndrome; SSDE =

Sjdgren syndrome-associated dry eye; TAO = thyroid-associated orbit pathology.
2 Also known as lipophilin A.
" Also known as mammaglobin B, mammaglobin 2 & lipophilin C.

unbiased MS/MS screens may indeed be the most promising, then
future priority could be given to the extracellular biomarkers that
have been commonly found by MS/MS screening and, with the
exception of LTF and LYZ, have not been subjected to this kind of
analysis.

Poor efficacy of anti-inflammatory agents for dry eye highlights
the need for new therapeutic strategies [478]. Some biomarkers -
all extracellular ones deficient in dry eye - have shown benefits for
ocular surface homeostasis andjor tearing in preclinical and, in
some cases, clinical situations. Albumin [479], lactoferrin [480] and
lacritin [481] each have prosurvival and wound healing activities
479,482 |. When applied topically, albumin was reported to provide
symptom relief in most dry eye patients with graft versus host
disease [483]. Lactoferrin can promote healing of damaged human
corneal epithelial cells in culture [484]. In a mouse corneal alkali
injury model, topical lactoferrin protected corneal epithelial cells
from hydrogen peroxide oxidative damage [485], and when fed to
one year old mice, reportedly reduced inflammation of both
lacrimal glands and the conjunctiva, and reduced oxidative stress
|486]. A lactoferrin supplement was recently reported to increase
tearing in a randomized double blind placebo controlled dry eye
study in humans [487], and to restore tearing and TBUT in a ran-
domized controlled study of cataract surgery-induced dry eye
[488]. Topical lacritin reduced corneal staining in the Aire~- mouse
model of dry eye [489] and promoted the health of cultured human
corneal epithelial cells exposed to interferon gamma and tumor
necrosis factor [481] or to benzalkonium chloride [490]. Normal
human tears immunodepleted of lacritin lacked cell survival ac-
tivity. Spiking lacritin, but not the truncation mutant C-25, into
ADDE tears restored cell survival activity [481]. Topical lacritin, but
not C-25, promoted basal tearing when applied topically to eyes of
normal rabbits [491]. Topical lacritin (discovered out of an unbiased
screen for factors that promote basal tearing) [438] also restored
tearing in Aire I~ dry eye mice [489). Tear film stability is enhanced
by interaction of lysozyme with the tear protein vitelline mem-
brane outer layer protein 1 homolog (VMO1) [492].

A successful biomarker(s) should facilitate the prognosis, diag-
nosis and monitoring of ocular surface disease in patients. It should
also aid in the development of new therapeutics. Several individual

biomarkers have been proposed, including lysozyme and lacto-
ferrin [159], and MMP-9 [421]. Grouping biomarkers into an opti-
mized panel may offer superior sensitivity and sensitivity (Table 8)
[407,409,410,421,442,450,493], as revealed by Receiver Operating
Characteristic (ROC) curve analysis which plots true positive
(sensitivity) and false positive (specificity) rates respectively on y-
and x-axes. The Area Under the upward rising Curve (AUC) is a
measure of test accuracy, with a perfect test having an AUC value of
1, but is surprisingly lacking for several assayed biomarkers
(Table 8). However, all these markers require further validation in
independent studies and cohorts of participants from different
geographic populations, age and etiology of DED. Panels in their
present form require mass spectrometry, an approach currently not
appropriate for day-to-day patient analysis. Evolution of panels into
an integrated immunological assay holds considerable promise.

Biomarkers should help identify and screen out individuals at
risk of developing DED prior to refractive eye surgery, that itself can
promote extended dryness. To date, biomarker analysis has been
carried out after LASIK [421,494] but not before. Prophylactic
treatment for at risk individuals might also be possible, for example
treatments that promote natural basal tearing, ocular surface ho-
meostasis and corneal sensory innervation. Similarly, diagnosis of
the type [409] and severity [407,410,430,432,444,450] of dry eye, or
other ocular surface pathology [446], should become much more
precise. One can also imagine a precision medicine approach to dry
eye, whereby deficiency of one or several functionally-relevant tear
proteins is topically corrected. Follow up of patients may also be
more accurate, such as monitoring of tear MMP-9 after surgery for
conjunctivochalasis [418], or for monitoring the increase of tear
lacritin, lysozyme and prolactin-inducible protein, and decrease of
enolase 1 (alpha), S100A6 and S100A11 coincident with reduced
ocular surface inflammation one year after switching patients from
preserved latanoprost to preservative-free tafluprost for glaucoma
[495].

Currently, the only commercial options to investigate tear film
biomarkers are Inflammadry® (MMP-9) and TearScan™ Lactoferrin
Diagnostic Test Kit. Inflammadry detects ~40 ng/ml or more MMP-
9, with indicated sensitivity and specificity values respectively of 85
and 94%, and negative and positive predictive values respectively of
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Table 7

Human ‘intracellular’ tear proteins reported to decrease or increase with ocular surface pathology. Right column: # articles detecting a significant change from normal by
unbiased mass spectrometric screening {*US’) and/or a candidate immuno-detection or activity detection approach ('CA’); NP, not performed. Designated as 'intracellular’ or

associated with the 'plasma membrane’ by Gene Ontology.

Gene Protein Change from Normal & Pathology Known Function(s) # Articles with
Symbol Change
from Normal: US/
[CA]
Regulation of transcription/Nucleic acid metabolism
BAZ2B bromodomain adjacent to zinc finger TADDE [444] likely transcription regulator activity 1/[NP]
domain 2B
MDN1 midasin AAA ATPasel TTAQ [446] ribosome maturation 1/[NP]
RREB1 ras responsive element binding protein TADDE [444] zinc finger transcription factor 1/[NP]
18
SMARCA4 Transcription activator BRG1 TADDE [446], | TAO [446] transcription regulation 1/[NP]
Cell communication/Signal transduction
ANXA11  annexin A1l TADDE [409], 1SSDE [411] calcium-dependent phospholipid binding protein 2{[NP]
PLAA phospholipase A2-activating protein 1 ADDE [409] secosteroid 12,25-dihydroxy vitamin D3 signaling 1/[NP]
S100A6 5100 calcium binding protein A6” TADDE [409], 1SSDE [411] calcium binding/epithelial integrity, growth 2{[1]
S100A11  S100 calcium binding protein A11° TADDE [407], 1SSDE [411] calcium ion binding 2{[NP]
S100A12  $100 calcium-binding protein A12¢ 1SSDE [411] proinflammatory, calcium binding 1/[NP]
TGFA transforming growth factor alpha TADDE [429] targets EGFR to stimulate cell differentiation and o/[1]
proliferation
Cell growth and/or maintenance
5100A4 5100 calcium binding protein A4 tADDE [407 409] calcium binding possibly in cell motility, invasion 2{[1]
Cytoprotective/Anti-Apoptotic
ALDH3A1 aldehyde hydrogenase 3A1 TADDE/MGD [414] promotes survival of corneal epithelial cells 1/[NP]
HSPB1 heat shock protein family B (small) TADDE [446] stress resistance, organization of actin T/[NP]
member 1
Metabolism/Energy pathways
ANXA1 annexin Al TADDE [409,424,446],1SSDE [411] inhibits phospholipase a2, anti-inflammatory 4/[NP]
GSTP1 glutathione S-transferase pi 1 1 ADDE [409], 1CCH [472] links reduced glutathione to electrophilic & 2{[NP]
hydrophobic molecules
PRDX5 peroxiredoxin 5 tADDE [409], 1CCH [472] antioxidant, reduces hydrogen peroxide and alkyl 2/[NP]
hydroperoxide
PLA2G2A  phospholipase A2 group 1A TADDE [470] hydrolysis of phosphoglycerides 0/[1]
Transport
AQPS5 aquaporin 5 TADDE [430], 1SSDE [430] tear, saliva, pulmonary secretion; water of[1]
channel protein
Immune response
IL1A interleukin 1 alpha TADDE [425433], 1 MGD [433], 1SSDE hematopoiesis, immune response, inflammation 0/[3]
[433.464]
L33 interleukin 33 TADDE [429] Th2 cell mat; mast/natural killer cell, basophil, o/[1]

eosinophil activator

ADDE = aqueous deficient dry eye; CCH = conjunctivochalasis; MGD = meibomian gland dysfunction; SSDE = Sjogren syndrome-associated dry eye; TAO = thyroid-associated

orbitopathy.
¢ Also known as zinc finger motif enhancer-binding protein 1.
b Also known as calcyclin.
© Also known as calgizzarin.
4 Also known as calgranulin C.

73% and 97% [493]. Clinical studies suggest specificity and sensi-
tivity of 80% in patients with pseudoexfoliation syndrome [496],
positive agreement of 81% and a negative agreement of 98% in dry
eye patients [497], and 57% detection of MMP-9 in post-LASIK dry
eye patients [421]. However, in a population with no previous
diagnosis of DED and who were classified as having mild dry eye in
the study, the Inflammadry assay was positive for only 11% of
subjects with symptoms of dry eye [498], and in a study of symp-
tomatic (DEQ-5 =6) subjects, only 39% tested positive with the
Inflammadry test [499]. These data suggest that the Inflammadry
test is better at detecting moderate to severe dry eye subjects. The
lactoferrin assay has indicated sensitivity and specificity values,
respectively, of 83 and 98%, and precision of <9% coefficient of
variation. Both are semi-quantitative assays.

Proteomics and biomarker cell biology are progressively trans-
forming ocular surface clinical research. From proteomics, new
immunoassays will enhance prognosis and diagnosis. From cell
biology, new therapeutics should emerge. Proteomic discovery will
continue to be challenged by the nine orders of magnitude between
the most (mg/mL) and least (pg/mL) abundant proteins [500].
Development of multiplexed systems that allow simultaneous

quantification of several biomarkers in a single tear sample
(commercially available only thus far for cytokines, interleukins
and metalloproteinases - although development work is underway)
[446,501-503], and coordinated clinical validation studies are
needed. More information is needed on biomarker dynamic range,
cut-off definition, specificity, sensitivity, positive predictive value
and negative predictive value, and linkage of biomarker detection
to treatment.

Lagging behind immunoassay and discovery is an appreciation
for the biology of biomarkers. Are there disease modifications, such
as glycosylation, methylation, acetylation or covalent cross-linking,
and disease-upregulated slice variants? N-glycosylation in climatic
droplet keratopathy was the subject of one MS/MS study [445] and
Perumal et al. [504] discovered different methylated isoforms of
proline-rich protein 4 in tears for which disease or functional im-
plications are unknown. Cross-linking by tissue transglutaminase
(TGM2) in tears may play an important disease role, as conjunctival
expression of TGM2 is elevated both in Sjogren syndrome and MGD
[505], and substrates include S100A7, annexin Al, alpha-2-HS-
glycoprotein, enolase 1, actin, beta-2-microglobulin, plasminogen
[506], and lacritin [507]. Notably, TGM2 constitutively inactivates
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Table 8
Diagnostic power of individual and panels of biomarkers for dry eye discrimination relative to normal controls.
Biomarker Dry Eye  Numberof AUC CA(%) Sensitivity Specificity PPV~ NPV Technique Reference
(reference) subjects (%) (%)
(dry-eye/
normal)
Individual
ALB ADDE 160/45 0729 — 425 909 971 - Protein LabChip Versura et al., 2013 [450]
Bionalyzer
ANXAL ADDE 63/43 - 89.7 920 856 - - 2D-PACE/ Soria et al., 2013 [409]
MALDI-TOF MS
ANXAT1 ADDE 63/43 = 76.0 84.0 61.6 = - 2D-PAGE/ Soria et al., 2013 [409]
MALDI-TOF MS
AZGP1 ADDE 160/45 0759 - 56.9 87.5 818 - Protein LabChip Versura et al., 2013 [450]
Bionalyzer
CsT4 ADDE 63/43 = 67.7 90.2 272 — = 2D-PAGE/ Soria et al., 2013 [409]
MALDI-TOF MS
ENO1 ADDE 56/40 0.850 — 77.0 88.5 e = ITRAQ Zhou et al., 2009 [407]
LCN1 ADDE 160/45 0843 - 65.5 94.9 971 - Protein LabChip Versura et al., 2013 [450]
Bionalyzer
LTF ADDE 160/45 0812 - 44.2 93.2 945 — Protein LabChip Versura et al., 2013 [450]
Bionalyzer
LYZ ADDE 160/45 0826 — 57.8 96.6 979 - Protein LabChip Versura et al., 2013 [450]
Bionalyzer
MMP9 ADDE 14363 = o 85.0 94.0 97.0 73.0 Immunocapture Sambursky et al.,
2013 [493]
ADDE 146/91 - - 81.0 98.0 - — Immunocapture Sambursky et al.,
2014 [497]
PLDE 14/34 - — 57.1 - — — Immunocapture Chan et al,, 2015 [421]
PIP ADDE 56/40 0810 — i 87.1 = = ITRAQ Zhou et al., 2009 [407]
PLAA ADDE 63/43 = 923 94.2 88.0 = = 2D-PAGE/ Soria et al., 2013 [409]
MALDI-TOF MS
PRDX5 ADDE 63/43 = 75.1 91.6 45.6 = e 2D-PAGE/ Soria et al., 2013 [409]
MALDI-TOF MS
S100A6 ADDE 63/43 - 90.6 93.8 848 - - 2D-PACE/ Soria et al., 2013 [409]
MALDI-TOF MS
TF ADDE 160/45 0.885 — 70.8 96.7 981 — Protein LabChip Versura et al., 2013 [450]
Bionalyzer
Panel
PRR4, S100A8, ADDE 88/71 0.93 - 90.0 90.0 - - SELDI-TOF-MS Grus et al,, 2005 [442]
SERPINAT,
SMR3B plus
two unknowns
(3700 and 3916 Da)
ENOL, PIP, ADDE 56/40 0.96 — 91.0 90.0 — - iTRAQ Zhou et al., 2009 [407]
LCN1, S100A9
ANXAIT, ANXA11, ADDE 63/43 1.00 94.6 96.0 92.0 - - 2D-PACE/MALDI-TOF Soria et al., 2013 [409]
CST4, PLAA, MS
S100A6
B2M, PRR4 ADDE 40[39 1.00 == 100.0 100.0 — = SELDI-TOF-MS Boehm et al,, 2013 [410]
(4043 & 4078 Da) MGD 40/39 1.00 - 100.0 100.0 o -
S100A8, SCGB1D1,
SCCB2A1
ALB = albumin; ANXA1 = annexin Al; ANXA11 - annexin A11; AZGP1 - alpha-2-glycoprotein 1; CST4 - cystatin §; ENO1 = Enolase 1; LCN1 - Lipocalin 1; LTF = lactoferrin;

LYZ = lysozyme; MMP9 = matrix metalloproteinase 9; PIP = prolactin-induced protein; PLAA = phospholipase A2 activating protein; PRDX5 = peroxiredoxin 5;

S100A6 = S100 calcium-binding pratein A6; TF

transferrin; PRR4 = praoline-rich protein 4; S1T00A8

5100 calcium-binding protein A8; SERPINA1 = serpin family A member

1: $100A9 = 5100 calcium-binding protein A9; B2M = beta-2 microglobulin; SCGB1D1 = secretoglobin family 1D member 1; SCGB2A1 = secretoglobin family 2A member 1.

ADDE = aqueous deficient dry eye; MGD - meibomian gland dysfunction.

lacritin's C-terminal ‘business end’ necessary for cell targeting
[507], and more higher order protein complexes have been noted in
dryeye [508], the latter also perhaps from mis-folding as a potential
new direction in dry eye research.

4.4. Lipid-protein-mucin interactions

Secreted mucins may have an active role in lipid organization at
the surface of the tear film [296,509] and phospholipid transfer
protein functions to scavenge lipophilic substances from ocular
mucins [510], but data supporting a direct interaction between
mucins and lipids are lacking. In the epithelial glycocalyx, the
transmembrane mucins MUC1 and MUC16 bind galectin-3 to pro-
mote ocular surface barrier function [382]. This interaction is
dependent on the surface recognition carbohydrate residues and

the capacity of galectin-3 to form surface lattices [511]. The altered
mucin glycosylation observed in DED could lead to loss of galectin-
3 binding affinity and release of cellular galectin-3 into the tear
film. This hypothesis is supported by increased shed galectin-3
levels in dry eye tears concomitant with a galectin-3 proteolytic
cleavage product with the potential to impair proper barrier func-
tion [383]. Clusterin, a cytoprotective chaperone, inhibits MMP-9
|512] and interacts with galectin-3 to ameliorate ocular surface
barrier disruption by a sealing mechanism on the ocular surface
|513]. Elevated levels of MMP-9 have been linked to epithelial
barrier disruption.

The dominant lipid binding protein in tears is lipocalin-1
[255,514,515]. Lipocalin-1 (previously known as tear prealbumin)
can bind a broad range of lipid ligands such as fatty acids, choles-
terol and phosphatidyl lipids, but has a low affinity for
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lysophospholipids [515,516]. Lipocalin stabilizes the tear film by
both scavenging lipids from the hydrophobic ocular surface into the
mucoaqueous layer [517], and by interacting with tear polar lipids
to reduce surface tension [286]. Whether lipocalin-1 is altered in
ADDE is uncertain (Table 6). It is increased in tears of intolerant
contact lens wearers [518], but decreased in tears of patients with
MGD [468] and Sjogren syndrome [519] (Table 6).

Other proteins known to interact with lipids in the tear film
include the tear surfactant proteins B and C [520], apolipoprotein D
[521], lysozyme [299], keratins [300], secretoglobins (also known
as lipophilins, mammaglobins, lacryglobin and uteroglobins)
[522—524] and phospholipid transfer protein [525]. Of these, only
levels of lysozyme are altered in dry eye (down in ADDE and
Sjogren syndrome dry eye, and in blepharitis — see Table 6).

Some soluble tear proteins interact with the epithelial cell sur-
face to help promote ocular surface health, Lacritin is a multi-
functional tear protein that in its monomeric form [507] binds cell
surface heparan sulfate proteoglycan syndecan-1 [526] to promote
basal tear secretion [438]. Binding of lacritin to syndecan-1 is
dependent on heparanase modification of heparan sulfate to
expose both a 3-O-sulfate site in cleaved heparan sulfate and the
core protein sequence GAGAL [527]. Tear levels of active lacritin
monomer are reduced in all forms of dry eye (Table 6) and in ble-
pharitis [443]. Further, the levels of heparan sulfotransferases are
downregulated in conjunctival cells from dry eye patients [376],
which could influence heparanase cleavage andjor lacritin binding
of syndecan-1 [527]. Vitelline membrane outer layer 1 homolog has
been shown to interact with lysozyme and stabilize the tear film
[492], but the relevance of this interaction to DED has not been yet
established.

4.5. The tear metabolome

The aim of metabolomics is to identify, determine, interpret, and
quantify the complex time-related concentration, activity, and flux
of endogenous metabolites in cells, tissues, and other biosamples
[528]. The mucoaqueous layer of the tear film contains electrolytes
(such as sodium, potassium, calcium, magnesium, chlorine, phos-
phate, bicarbonate), protein fragments as peptides, and metabolites
(such as amino acids, urea, glucose, lactate). Because the levels of
the latter are low (confounded by low volumes of sample), the tear
metabolome is poorly characterized [529].

The main analytical techniques implemented in metabolomics
analysis are proton nuclear magnetic resonance spectroscopy ('H
NMR) [530531], MS, gas chromatography, and liquid
chromatography-MS (LC-MS) [532,533]. Following information-
dependent acquisition, directed liquid chromatography/tandem
mass spectrometry (LC-MS/MS) coupled to peak mining can be
performed, using isotope pattern matching [534]. NMR and GC-MS
(gas chromatography mass spectrometry) offer high reproducibility
and straightforward identification of metabolites. NMR is nonde-
structive, requires minimal sample preparation and offers the
benefit of obtaining quantitative data simultaneously. However, it is
the least sensitive of the above techniques and may be biased to-
ward the detection of high-abundance metabolites.

The analysis includes extraction of metabolites, chromato-
graphic separation and acquisition of data. Post-acquisition data
processing typically comprises peak detection and alignment, fol-
lowed by chemometric analysis to identify the marker ions. Me-
tabolites are then identified through database searches, and their
identities are confirmed by comparison of retention time and tan-
dem mass spectra with pure standards [535]. However, no analyt-
ical platform can resolve and detect all the metabolites in a sample
[534].

The study of tear metabolite profiling is of particular interest, as

metabolomics provides an insight into the dynamic biochemical
processes occurring in biological systems [536]. The most
comprehensive description of human tear metabolome has been
published by Chen et al., [534] who identified 60 metabolites rep-
resenting diverse compound classes, of which 16 had been previ-
ously reported. To date, 85 metabolites have been identified in the
tears of normal human subjects, 41 previously reported [537—546]
and 44 newly reported by Chen et al. [534].

Healthy and dry eye tears display differences. Reduced levels of
carnitine in dry eye patients appear to associate with low retention
of water in the mucoaqueous layer. This may contribute to hyper-
evaporation associated with hyperosmolarity [542]. Nakatsukasa
et al. [537] have identified 23 amino acids in healthy subjects and
found reduced levels of taurine, methionine, and arginine in the
severe dry eye patients, in comparison with those in healthy in-
dividuals, relative to a change to total amino acid concentration,
The concentration of diadenosine polyphosphates increases in tears
from dry eye subjects and those with Sjogren syndrome [547,548].

Most recently, differences between the metabolomic profiles of
reflex tears in patients with mild-to-moderate and moderate DED
and healthy subjects have been analyzed using "H NMR spectros-
copy [530]. Differences between tear metabolite levels were found
for cholesterol, N-acetylglucosamine, glutamate, creatine, amino-
n-butyrate, choline, acetylcholine, arginine, phosphoethanol-
amine, glucose, and phenylalanine (Table 9). The healthy subjects
had elevated concentration of glycoproteins, lipids, cholesterol,
leucine, glycerol, and glutamate in comparison with dry eye pa-
tients. In the dry eye samples, an increase in glucose and lactate and
a decrease in formic acid and N-acetylglucosamine levels were
found. Increased levels of serotonin have been correlated with dry
eye signs and symptoms and higher concentrations of this neuro-
transmitter have been found in symptomatic ADDE tears compared
to tears of symptomatic dry eye patients with normal tear pro-
duction [549].

Finally, the effect of antioxidants and polyunsaturated fatty acid
oral treatments on the profile of reflex tear metabolites has been
demonstrated [531]. The metabolomics methods have some limi-
tations for the study of human tears and further studies are
required to broaden our knowledge of the tear metabolome,
However, it is clear that the metabolome reflects the status of local
and systemic biological processes, opening new routes of identifi-
cation of potential biomarkers for disease diagnosis and treatment
monitoring.

5. Translational dry eye animal models of tear film

There are several genetic, surgically or dry chamber/drug-
induced models of DED in different species [489,550—554|. The
most characterized model is the desiccating stress murine model
without or with prior injection of scopolamine to block para-
sympathetic stimulation of tear secreting machinery [555—574]. [n
this dry eye mouse desiccating stress model, the levels of several
tear cytokines and chemokines and some others molecules
increase as a result of dry eye induction (Table 10). These changes
are similar to those found in human tears (although not
always evaluated with the same techniques; see Table 6)
[407,409-411,415,424,425,427,429,432,442,444,446,447.450].
Some, such as IL-17, do not always behave similarly [429]. The
regulatory effects of cytokines and chemokines in tears have been
observed after depletion of antigen presenting cells in mice [566]. It
should be noted that the most commonly expressed mRNAs in
mouse and human lacrimal gland differ substantially [575].

Zhou et al. [576] have reported on similarities to human dry eye
tear protein expression in a rabbit model of Sjogren syndrome-
associated dry eye induced autoimmune dacryoadenitis
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(Table 10). The expression of S100A6, S100A9, and serum albumin
was upregulated in this model, whereas TF, PIP, polymeric immu-
noglobulin receptor (plgR) and Ig gamma chain C region were
downregulated. In this animal model, the changes in the expression
of S100A6, TF, PIP, and plgR were verified. The protein plgR may be
unique to Sjogren syndrome, while the remaining proteins were
also found in the tears of non-Sjogren syndrome dry eye patients
[407,409,448].

The Harderian gland, that releases secretions onto the ocular
surface and fills the orbit of all animals with the exception of pri-
mates, is a potential complicating factor that is largely often over-
looked. Butovich et al. [577] have compared the mouse, canine,
rabbit, and human meibum lipidomes using HPLC and GLC. This
study demonstrated that mouse and human meibomian lipidomes
are most closely matched, and the canine lipidome is the second
closest, Thus, the rabbit is not the best model of the human tear film
for studying the lipidome biochemistry and biophysics [577].

Some progress has also been made in the search for appropriate
dry eye models with respect to severity. Three rabbit dry eye
models for mild (lacrimal gland and nictitating membrane
removal), moderate (conjunctival burn with 50% trichloroacetic
acid), and severe manifestations of dry eye (combination of both
methods), have been developed [578]. However, there is a lack of
studies analyzing tear instability in these models [579].

6. Non-pathophysiological factors impacting the tear film
6.1. Contact lenses

Contact lens wear increases the risk of developing dry eye from
between 2.01 and 2.96 times [580—-582|. Contact lenses compart-
mentalize the tear film into two layers; the outer pre-lens tear film
layer in front of the lens, and the inner post-lens tear film layer,
which lies between the lens and the cornea [583,584]. With lens
wear, the tear film undergoes extensive biophysical and biochem-
ical changes, which have the potential to influence tear function
and/or contact lens tolerance.

In 2013 TFOS published the outcomes of a workshop on Contact
Lens Discomfort, including a subcommittee report of Contact Lens
Interactions With the Tear Film [54]. The following were associated
with worsening of comfort during lens wear: increases in the
rapidity of tear film breakup time on the cornea or over the surface
of a contact lens; higher contact lens water content; the grade of
tear ferning (grade 0 vs, grades 1 or 2); increased tear evaporation
rate during contact lens wear; reduced tear flow rate and tear
volume; impaired tear film lipid layer; mucin degradation on

Table 9
Metabolite differences in the tears of dry eye tears in comparison to control subjects.

contact lenses; increases in the concentrations of lipocalin-1,
secretory phospholipase A2 (and activity), and lipid aldehyde
products. The following section will concentrate on references
published since that report.

In cross-sectional studies there are no statistically significant
differences in tear film osmolarity between contact lens wearers
and non-lens wearers [131,585]. The concentration of phospholi-
pase A2 levels in tears has been associated with an increased
concentration of malondialdehyde, which is also a by-product of
phospholipid degradation and shorter TBUT over a contact lens
[586].

The limited thickness of the post-lens tear film (1-2 um) has
clinical implications, as the stagnation of tears beneath a contact
lens is believed to be one of the major causes of complications seen
with contact lens wear, including mucin ball formation and ocular
surface staining [587]. Technological limitations have not allowed
for the accurate and non-invasive determination of fluid circulation
between the pre- and post-lens tear film, a phenomenon
commonly referred to as tear exchange or tear turnover, Fluo-
rophotometry studies on tear exchange have demonstrated that
tear exchange occurs in 30 min with soft lenses [588,589], which is
longer than that with rigid lenses or no lens wear [590]. This large
difference probably relates to lens size and material stiffness, and
therefore lens movement with the blink. Silicone hydrogel mate-
rials were reported to improve tear exchange by 5% compared to
hydrogels [589] due to the slightly higher modulus, which im-
proves lens movement. Good tear exchange may minimize the risk
of adverse sequelae via timely flushing of debris and metabolic by-
products from the ocular surface. Innovations in soft lens designs,
in an attempt to increase tear exchange, have not proven clinically
effective thus far [587].

A thicker lipid layer during contact lens wear is associated with
increased stability of the tear film, increased interblink period and
decreased tear evaporation rate [586]. Using interferometry, the
lipid layer thickness over soft contact lenses was estimated to be
around 15 nm [586]. Reduced pre-lens TBUT values have been
associated with increased symptoms of discomfort in hydrogel
contact lens wearers [586]. A prospective, randomized, crossover
study, showed that a daily disposable silicone hydrogel contact lens
manufactured from delefilcon A permitted significantly longer
NIBUT compared to lenses made from narafilcon A and filcon II-3, in
addition to inducing significantly less corneal staining after 16 h of
wear [595]. However, the study found no improvement in comfort
with any particular contact lens [595]. Use of a liposomal eye spray
has been reported to improve pre-lens TBUT [586]. Recently, a
prospective, randomized, double blind study reported a favorable

Metabolites

Change in dry eye tears

Reference

Cholesterol/lipids
N-Acetylglucosamine

Glutamate

Carnitine

Taurine

Methionine

Arginine

Serotonin

Total creatine

Arginine + phosphoetanolamine
Phenylalanine
Cholinefacetylcholine

Choline

Glucose

Amino-n-butyrate

Diadenosine polyphosphates (Ap4A and Ap5A)

B e T T e e i

Galbis-Estrada et al,, 2014 [530]
Galbis-Estrada et al., 2014 [530]
Galbis-Estrada et al., 2014 [530]
Galbis-Estrada et al., 2014 [542]
Nakatsukasa et al,, 2011 [537]
Nakatsukasa et al,, 2011 [537]
Nakatsukasa et al., 2011 [537]
Chhadva et al., 2015 [549]
Galbis-Estrada et al., 2014 [530]
Galbis-Estrada et al,, 2014 [530]
Galbis-Estrada et al., 2014 [530]
Galbis-Estrada et al., 2014 [530]
Galbis-Estrada et al., 2014 [530]
Galbis-Estrada et al., 2014 [530]
Galbis-Estrada et al., 2014 [530]
Carracedo et al., 2010 [547] Peral et al., 2006 [548]
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Table 10
Animal tear proteins that appear to decrease or increase in induced dry eye.
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Dry Eye Animal Model

Tear Change from Normal & Induced Reference

DE

Technology for
Tear Analysis

Aqueous deficient dry eye Rabbit Induced autoimmune dacryoadenitis

(lacrimal insufficiency) (IAD)
Combined lacrimal insufficiency Mice Desiccating stress (DS) model and
and evaporative dry eye scopolamine

models

Aqueous deficient Mice  IL-2r alpha (CD25) knockout mice
(develop Sjogren syndrome-like
disease)

Preganglionic parasympathetic ~ Rabbit Parasympathetic denervation

denervation

1S100A6, 15100A9, 1ALB, LTF, |PIP,
LplgR, 11g y chain C region

iTRAQ + nanoLC-
nanoESI-MS/MS

Zhou et al., 2013 [576]

TIL-17 Immunaobead De Paiva et al.,, 2009 [555,
assay Dursun et al., 2002 [568]
11L-1f, TNF-g, IL-2, [L-6, CCL5, CXCL10, Luminex Schaumburg et al., 2011
IFN-y, 1L-17, IL-10 [566]
1IL-1e, TNF-#, IL-2, IL-12, [FN-y, [L-4 Immunobead Corrales et al., 2007 [574]
and IL-10 (mouse strain dependent) assay
1L-1, MMP9 ELISA, Luo et al., 2004 [591]
Zymography
1 SP-D ‘Western Heimer et al., 2013 [592]
immunoblot
1 MMP1, MMP3, MMP9 Activity assay Corrales et al.,, 2006 [573]
1 IL-12 and IFN-y Luminex De Paiva et al,, 2010 [554]

TCGRP after cyclosporine treatment ELISA Toshida et al., 2009 [593 ],

Toshida et al., 2007 [594]

S5100A6 = 5100 calcium-binding protein AG; S100A9 = 5100 calcium-binding protein A9; ALB = albumin; TF = transferrin; PIP = prolactin-induced protein; pIgR = polymeric
immunoglobulin receptor; Ig = immunoglobulin; IL = interleukin; TNF = tumor necrosis factor; CCL = C-C motif chemokine ligand; CXCL = C-X-C motif chemokine ligand;

IFN = interferon; MMP-9 = matrix metallopeptidase 9; SP-D

effect of Omega 3 fatty acid supplements in improving tear film
stability, tear film breakup time and wear comfort in contact lens
wearers [596].

The hypothesis that inflammation may be involved in contact
lens discomfort has not been supported by two studies examining
levels of cytokines in tears of contact lens wearers. One study
examining tear cytokine concentrations of symptomatic and
asymptomatic lens wearers found no difference in the concentra-
tion of 11 cytokines in tears, including IL-1B, IL-6 and IL-8 [597]. The
other study found no change in the concentration of 14 cytokines in
tears over the course of a day wearing contact lenses, even though
comfort was significantly reduced [440]. The latter study did find
the concentration of VEGF was correlated with ocular comfort, but
the change in VEGF concentration was more pronounced when
contact lenses were not worn rather than during lens wear.

Although previous studies evaluating transmembrane mucins
during contact lens wear reported conflicting results, using
fluorescein-labeled wheat germ agglutinin (F-WGA) as a marker,
Fukui et al. [598] reported less fluorescence intensity in soft contact
lens wearers. Observing a positive correlation between tear film
breakup time and F-WGA fluorescence, the authors suggested that
a decrease or compositional alteration of ocular surface glycocalyx
could be a factor in contact lens-induced dryness. Disturbance of
the glycocalyx during contact lens wear may be due to slower
epithelial turnover and consequently decreased quality of surface
mucin, contact lens-induced friction and resultant inflammation, or
restricted tear exchange resulting in restricted delivery of secreted
mucins on the corneal surface [598].

What is still unclear is the natural history of contact lens
discomfort. Are people who experience contact lens discomfort
normal before lens wear and at risk of developing symptoms of dry
eye even on contact lens removal entirely as a result of wearing
lenses? Or are those people predisposed to dry eye (perhaps having
subclinical signs or symptoms) and contact lens wear tips them
towards dry eye?

6.2. Hormonal factors

Low androgen levels have been reported to be consistently
associated with dry eye [599]. Biophysical and biochemical changes
in the tear film in postmenopausal women have been investigated

= surfactant protein-D; CGRP = calcitonin gene-related peptide.

in a few studies. Tear osmolarity in postmenopausal women with
dry eye symptoms were shown to be significantly higher than those
without symptoms [124], and sex hormene levels correlated with
tear osmolarity [600,601]. Tear ferning tests were also reported to
have higher grades in postmenopausal women with dryness com-
plaints than asymptomatic postmenopausal women [124]. As for
the biochemical changes, although tear film levels of lipocalin and
lysozyme do not seem to change in postmenopausal women with
dry eye [602], in one study lactoferrin levels were reported to
significantly decrease [603]. The effect of hormone replacement
therapy is controversial; some studies suggested it improves tear
function tests and increases goblet cell density [604,605], whereas,
others reported hormone replacement therapy (particularly estro-
gen alone) to be associated with a higher risk of dry eye [606]. A
further, more exhaustive discussion on this topic is provided in the
TFOS DEWS II Sex, Gender, and Hormones report [607].

Thyroid eye disease may be associated with tear function ab-
normalities. Increased dryness symptoms, decreased tear film
breakup time, decreased corneal sensitivity, and increased ocular
surface staining have been reported both during the active and
inactive phases of Graves' ophthalmopathy [608,609]. Increased
tear osmolarity [610,611] and increased levels of inflammatory
mediators such as IL-1p, IL-6, IL-8 and plasminogen activator
inhibitor-1 have also been found in the tear film of patients with
active Graves' ophthalmopathy [609,612].

6.3. Environmental factors

The use of visual display units (VDU) is also a factor that is
associated with dryness symptoms, even in young subjects. Up to
27.4% of VDU users reportedly have high tear osmolarity levels
[613]. Kojima et al. [614] reported that long-term VDU users (using
digital devices more than 4 h per day) exhibited a significantly
reduced TMH and increased symptom scores compared to short-
term VDU users and controls. VDU-related dryness has been
attributed to reduction in spontaneous blink rate [615—-618], pre-
dominance of incomplete blinks [615], the presence of MGD [619],
lipid layer instability and decreased TBUT [614,615]. In normal
subjects, NIBUT has been shown to decrease significantly after
30 min of playing a computer game [93]. The resultant tear film
hyperosmolarity was suggested to be reliable in diagnosing dry eye
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in VDU users, and osmolarity levels were shown to correlate with
tear function tests and tear film breakup levels [620]. Frequent
breaks from VDU use, blinking awareness training and moist cool
air devices were reported to provide relief of ocular dryness and
improvement of tear stability for these subjects [238,621].

In vitro and in vivo studies have shown that increasing the
ambient temperature increases the tear evaporation rate, TBUT,
lipid layer thickness, and ocular surface temperature [254,622].
High altitude exposure, with cold and dry air, leads to a decrease in
TBUT and an increase in tear film osmolarity [148]. Controlled
environmental chamber studies provide a way of controlling the
environmental temperature and humidity independently or
together. One controlled environmental chamber study showed
that, after 2 h exposure in the chamber, TBUT decreased, corneal
staining and tear MMP-9 levels increased in both symptomatic
(mild to moderate dry eye) and asymptomatic control subjects
exposed to 5% (low) humidity in a desiccating environment [419].
The authors concluded that acute adverse changes in environ-
mental conditions could lead to significant functional deterioration
in subjects with or without dry eye symptoms [419]. In another
study, changing the humidity from 40% (normal) to 5% (low)
significantly increased tear evaporation rate, decreased lipid layer
thickness, increased tear instability, and reduced tear production
|251]. Exposing non-adapted contact lens wearers to a controlled
environmental chamber for 20 min increased tear osmolarity,
evaporation rates, visual symptoms and tear instability significantly
for hydrogel wearers compared to silicone hydrogel wearers [234].
Another factor that may impact the tear film, leading to signs and
symptoms of dry-eye, is air pollution [623]. Exposure to traffic-
derived air pollution reduces the goblet cell numbers in the con-
junctiva [624]. Further details can be found in the TFOS DEWS II
latrogenic Dry Eye report [625].

In conclusion, several factors, including contact lens wear and
environmental conditions (such as VDU use, ambient temperature
and humidity) significantly affect tear film stability and function.
However, it is yet to be established if any of these changes can lead
to the development of chronic DED.

7. Conclusions and new frontiers

A two layered tear film model of the tear film's structure is
preferred over the traditional three layered model, with a muco-
aqueous gel layer lying beneath, but at least partly integrated with,
an overlying lipid layer. The mucoaqueous layer makes up the bulk
of the thin (2—6 pm) tear film, but most data on thickness is from
the precorneal tear film and there is virtually no data on the pre-
conjunctival and other compartment tear films. The lipid layer is
very thin, at approximately 42 nm.

Tears are distributed over the ocular surface by the combined
actions of the lids, capillary movement and upward drift of the lipid
layer. Tear film thinning and breakup occurs mainly as a result of
evaporation of water from the tear film, and breakup times are
usually twice as rapid as normal, for people with DED. The devel-
opment of lateral shearing interferometry or double pass methods
may improve discrimination of TBUT between normal and dry eye
subjects.

It is important that future studies be clear about how, and from
which compartment, tears are collected, and the type of tears (re-
flex, basal, or after sleep). Most studies that have measured tear film
osmolarity have used tears from the lower tear film meniscus and
have shown increases in tear osmolarity with dry eye. However, it is
likely that the osmolarity of the lower meniscus does not accurately
reflect the osmolarity over the rest of the ocular surface. Develop-
ment of techniques to measure tear film osmolarity over the
cornea, ideally before and after the tear film ruptures, may provide

important insight into diagnosis, improve discrimination of the
type of DED present, assist with development of new treatments,
and provide more accurate tests for monitoring treatments for DED.
Tear evaporation rates increase with dry eye by approximately two-
fold. However, the lack of commercially available, reliable evap-
orimeters to measure this in the clinic limits its use to specialized
facilities. The development of evaporimeters that can be used in
clinical settings and take into account variations in ambient
humidity and temperature would be extremely valuable.

Mucins help to stabilize and spread tears by binding, via their
high levels of glycosylation, to water. The lipid layer reduces the
surface tension of tears, allowing the thin film to avoid collapse. The
lipid layer is probably responsible for reducing evaporation of tears,
but how this occurs and the role of proteins and mucins in this
process requires further investigation. Also, further investigation is
needed to understand how proteins and mucins form the mucoa-
queous gel.

The traditional belief that the tear film lipid layer can reduce
water evaporation from the mucoaqueous layer has been recently
questioned, by experiments in vitro that have shown that meibum
or artificial lipid mixtures can only reduce evaporation of under-
lying water by < 8%. It may be that intercalating proteins and
mucins in the tear film lipid layer are needed to reduce evaporation.
However, if this is the case, then results showing the importance of
the ability of the tear film lipid layer to reduce the surface tension of
tears and that the presence of proteins in this layer disrupts this
system are difficult to reconcile. Also, proteins in meibum impair its
spreading and worsen its viscoelasticity. Clearly, more studies in
these areas are needed.

The tear lipidome has been explored in great detail since the
publication of the first TFOS DEWS report in 2007. At least five,
probably more, lipid classes are present, with each class having
many different types due to the large number of possible fatty acids
than can be esterified within each class. The majority of lipids in
meibum and the tear film lipidome are wax and cholesterol esters.
Debates regarding the presence of phospholipids in meibum have
largely been settled and experiments show very low levels of this
lipid class in meibum. However, the presence of relatively high
levels of phospholipids in the tear film lipidome then begs the
questions of where these originate from, and indeed if they are
really in the tear film lipid layer or are extracted from lipid-binding
proteins in tears such as lipocalin (and thereby sequestered away
from the tear film lipid layer). Studies have shown that dry eye may
be related to changes in the tear film lipidome, especially to
changes in the concentration of OAHFAs, but more work is required
to confirm these findings. Multi-laboratory and multi-national
testing of common pooled meibum and tear lipid extracts is
required to provide baseline lipidome data that can then be used as
a gold standard to examine the effects of dry eye and its treatments.

There are various mucins found in tears, with the major soluble
mucin being MUC5AC and the transmembrane mucins being MUC1,
MUC4 and MUC16. However, mRNA for other mucins has been
found in ocular surface epithelial cells, and so may be present in
tears, although perhaps in low concentrations. There are changes to
the concentration of MUC5AC, MUC1, MUC4 and MUC16 in tears of
dry eye subjects, but not all studies agree on the magnitude or di-
rection of the changes. However, decreased MUC5AC expression
and alteration in mucin glycosylation in dry eye is a consistent
finding among most studies. Further studies using the latest gly-
comic, proteomic and genomic techniques will be beneficial in
helping to determine the role of changes to mucin in DED.

There has been an explosion in the number of proteins known to
be present in the tear film proteome, with approximately 1800
proteins being present. The use of non-biased MS methods to
evaluate changes to proteins, along with more traditional immuno-
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assays, has helped to show that several proteins change from
normal levels in dry eye tears, These proteins can be used as bio-
markers, which might help to predict, diagnose and even, in some
cases, be therapeutic for dry eye. However, MS is not appropriate for
converting into point-of-care analysis, whereas immunological
techniques may be. To date, many candidate biomarkers found by
MS have yet to be validated by immunological techniques.
Furthermore, validating the biomarkers in separate populations is
often lacking, resulting in a lack of data on sensitivity and speci-
ficity. Data that have been generated on specificity and sensitivity of
protein biomarkers show that panels of at least four proteins are
superior to individual proteins. More information is needed on
biomarker dynamic range, cut-off definition, specificity, sensitivity,
positive predictive value and negative predictive value, and linkage
of biomarker detection to treatment. Also, testing application of
biomarkers in animal models to demonstrate whether they can
alleviate dry eye signs is lacking for many.

Investigations into the tear film metabolome have been small
and sporadic, but much could be learned from more research in this
area. The metabolome is a measure of endogenous metabolites in
tears. Due to the fact that these metabolites can be many and var-
ied, sophisticated laboratory techniques are needed during the
discovery phase, and so development of assays appropriate for
point-of-care use will need to be made for any metabolites that can
be used as biomarkers, Changes to amino acids or their derivatives
in the tear film of dry eye subjects have been found to be possible
markers of the disease.

This subcommittee also examined the effect of non-
pathophysiological factors impacting the tear film. Epidemiolog-
ical evidence pointing to the high risk of having dry eye if the
person has been a contact lens wearer has focused attention in this
area, as had the publication of the TFOS report of Contact Lens
Discomfort in 2013 [54]. Recent data does not support an under-
lying inflammatory response being associated with contact lens
discomfort, but there are clearly changes to the tear lipid layer and
mucins during contact lens wear. Whether these changes are
transient or more permanent has not been investigated. Further-
more, it is unclear whether those people who have increased
discomfort or dryness symptoms during contact lens wear were
predisposed to becoming dry eye patients even if they did not wear
lenses, or whether lens wear accelerated their path toward DED.
With our increasing use of electronic means to communicate, the
associated dry eye symptoms that can occur and how to manage or
treat these is an area worthy of research in the future,

The tear film is clearly required for a healthy ocular surface.
There are several changes to the tear film that occur in dry eye. How
biochemical changes relate to biophysical changes, and how these
relate to clinical manifestations of tear film stability and volume are
not currently known, although progress is being made in many of
these areas. The development of a holistic model of tear film
structure and function, and changes that occur during dry eye will
likely be forthcoming in response to current and future research.
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