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ABSTRACT.

Purpose: To investigate the effect of polyquaternium-1 (PQ)-preserved and benzalkonium chloride (BAK)-preserved travoprost

eye drops on viability of primary human conjunctival goblet cell (GC) cultures and on secretion of mucin and cytokines.

Furthermore, to evaluate the physicochemical properties of the branded travoprost eye drop Travatan� and available generics.

Methods: The effect of travoprost eye drops was evaluated on GC cultures. Cell viability was assessed through lactate

dehydrogenase (LDH) and tetrazolium dye (MTT) colorimetric assays. Mucin secretion was evaluated by immunohis-

tochemical staining. Secretion of interleukin (IL)-6 and IL-8 was measured using BD Cytometric Bead Arrays. pH,

viscosity, droplet mass, osmolality and surface tension were measured for all included eye drops.

Results: In the LDH assay, BAK travoprost caused significant GC loss after 2 hrs of incubation compared to the control.

PQ travoprost caused no GC loss at any time point. Both PQ- and BAK travoprost caused secretion of mucin to the

cytoplasma. No difference in IL-6 and IL-8 secretion was identified compared to controls. The pH values for the generics

were lower (pH 6.0) than the pH value for Travatan (pH 6.7; p < 0.0001). The viscosity was lowest for Travatan, while the

mean droplet mass was higher for Travatan (35 mg) than the generics (28–30 mg; p ≤ 0.0318). The osmolality and surface

tension did not differ between the eye drops investigated.

Conclusion: BAK travoprost caused GC loss, indicating that PQ preservation may be preferable in treatment of glaucoma.

Furthermore, physicochemical properties of branded and generic travoprost eye drops can not be assumed to be identical.

Key words: benzalkonium chloride – glaucoma – goblet cells – ocular surface – polyquaternium-1 – travoprost
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Introduction

Glaucoma is a growing problem world-
wide due to the increasing elderly pop-
ulation (Tham et al. 2014; Kolko
et al. 2015; Kolko 2017). The disease
is associated with high intraocular pres-
sure (IOP), and currently the only med-
ical treatment includes IOP-reducing
agents (Peters et al. 2014; Cvenkel &
Kolko 2020). IOP can be reduced with
eye drops, and prostaglandin analogues
(PGAs) are the first choice because of
their high tolerability and effectiveness
(European Glaucoma Society 2020).
However, treatment is generally associ-
ated with low compliance mainly due to
side-effects (Wolfram et al. 2019), the
most common being pain, stinging,
burning and foreign body sensation
(Jaenen et al. 2007). These are the same
symptoms seen in Ocular Surface Dis-
eases (OSD).

A healthy ocular surface relies on a
stable tear film. The latter consists
mainly of an outer lipid layer, an
aqueous intermediate layer and an inner
mucin layer. The mucin produced on
the human ocular surface is mainly
MUC5AC and it is secreted by the
conjunctival goblet cells (GCs) (Gip-
son 2016). If the GCs are damaged, the
mucin layer will be affected accordingly,
thus the tear film will tend to evaporate
and OSD may occur (Baudouin
et al. 2019; Tiedemann et al. 2019).
OSD is much more common in glau-
coma patients than in the general pop-
ulation, and it is suspected that the
treatment with eye drops is to blame
(Schein et al. 1997; Leung et al. 2008).
Currently available PGAs include lata-
noprost, bimatoprost, tafluprost and
travoprost. In particular, latanoprost
and travoprost formulations are of
interest due to a large number of gener-
ics. According to the European Medici-
nes Agency (EMA), generic drugs must
be identical to the branded drug in
terms of indication, active substance
and dosage form (EMA 2012). New
clinical trials are not required for the
generic drugs to keep medicine costs

down. This means that additives and
physicochemical properties may vary
between the PGA products without
conducting in vivo evaluation studies
of tolerability and efficacy. This has
resulted in a substitution of the preser-
vative in generic travoprost eye drops.
The branded travoprost eye drop is thus
preserved with polyquaternium-1 (PQ)
(EMA 2018), while some of the generics
are preserved with benzalkonium
chloride (BAK) (Danish Medicines
Agency 2019a, 2019b, 2019c, 2019d).
BAK-preserved travoprost (BAK
travoprost) has been shown to cause
more ocular surface side-effects than
PQ-preserved travoprost (PQ travo-
prost) (Kumar et al. 2019), why this
substitution may affect patient compli-
ance.

In Danish pharmacies, the medicine
price is set by pharmaceutical compa-
nies for a 14-day period, and the
patient must always be offered the
currently cheapest eye drop. Changes
in the price every fortnight mean that
patients can receive different eye drops
every time they pick up a new prescrip-
tion (Danish Medicines Agency 2019a,
2019b, 2019c, 2019d). If there are
differences among the eye drops, it
can result in variations in side effects,
compliance and consequently fluctua-
tions in IOP.

This study examines the effect of PQ
travoprost and BAK travoprost on
cultured primary human conjunctival
GCs in terms of viability, mucin and
cytokine secretion. Furthermore, the
physicochemical properties of the
branded and generic travoprost eye
drops available in Denmark are mea-
sured.

Materials and Methods

Travoprost ophthalmic solutions

Eye drops included the following
40 lg/ml travoprost ophthalmic solu-
tions: Travatan� (Novartis Euro-
pharm Limited, Dublin, Ireland,
10 lg/ml PQ), Travoprost Stada

(STADA Arzneimittel AG, Bad Vilbel,
Germany, 150 lg/ml BAK), Travo-
prost Teva (Teva Pharmaceutical
Industries Ltd., Petah Tikva, Israel,
150 lg/ml BAK) and Bondulc (Actavis
Group PTC ehf., Hafnarfj€ordur, Ice-
land, 150 lg/ml BAK).

Human conjunctival GC cultivation

Cultivation of GCs from human con-
junctival tissue was approved by the
Danish National Committee on Health
Research (H-17007902) and the Nor-
wegian Regional Committees for Med-
ical and Health Research Ethics (REK:
2013/803). Cultivation and reseeding
were performed as previously described
(Hedengran et al. 2021). The cells were
cultured for 14 days before reseeding.

Assessment of GC viability

GC viability was determined by lactate
dehydrogenase (LDH) assays and
tetrazolium dye (MTT) colorimetric
assays 3–5 days after reseeding. Viabil-
ity was measured in triplicate on pure
donor cultures from at least three
individual donors. A control was
included in all assays. Control GCs
were incubated with complete culture
medium with additives. Survival in the
control was set to 100%.

The LDH assay was performed as
previously described (Hedengran
et al. 2021). The GCs were incubated
with 1:7 (v/v) culture medium-diluted
eye drops for 30, 60 and 120 min at
37°C, 5% CO2/ 95% air. Absorbance
was measured at 490 nm using a Spec-
traMax i3X multi-mode microplate
reader (Molecular devices, California,
USA). Viability was calculated as the
ratio between LDH release before
membrane permeation and total LDH
release. The percentage of living GCs
was calculated relative to the control.

For the MTT assay, the GCs were
incubated for 30 min at 37°C, 5%
CO2/ 95% air with 1:7 (v/v) culture
medium-diluted eye drops. The diluted
eye drops were removed, and fresh
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culture medium was added along with
12.5 mM thiazolyl blue tetrazolium
bromide (M5655; Sigma-Aldrich, Mis-
souri, USA) in 1X Phosphate Buffered
Saline (PBS). The GCs were incubated
for an additional 60 min at 37°C before
the stop solution 0.01% (v/v) HCl in
10% (w/v) sodium dodecyl sulphate
(SDS) in PBS was added. The GCs
were incubated at room temperature
(RT) for 18 hr. Absorbance was mea-
sured at 560 nm on the SpectraMax
i3X multi-mode microplate reader. Via-
bilities for the GCs incubated with eye
drops were calculated as fluorescence
percentage compared to the control.

Immunocytochemistry for evaluation of

mucin secretion

Coverslips with GCs from three indi-
vidual donors were prepared for
immunohistochemical staining. The
slides were incubated for 30 min at
37°C, 5% CO2/ 95% air with 1:7 (v/v)
culture medium-diluted Travatan or
Travoprost Stada after 14 days of cul-
tivation. Travoprost Stada was
included as a representative for the
BAK-preserved generics. A negative
control was made by incubating GCs
with culture medium. Coverslips were
fixated with 4% (w/v) paraformalde-
hyde and stored at 4°C until staining.
TritonX-100 diluted 0.1% (v/v) in PBS
was used to permeate the cell mem-
brane. Nonspecific binding was blocked
using 3% (w/v) bovine serum albumin
(ab181831; Sigma-Aldrich, Missouri,
USA) in PBS. Coverslips were incu-
bated with antibodies specific to
cytokeratin-7 (CK7; anti-cytokeratin7,
1:500 v/v; ab181831; Abcam, Cam-
bridge, England) and MUC5AC
(anti-mucin, 1:200 v/v; M5293; Sigma-
Aldrich,Missouri, USA).Washing with
PBS was then performed and the slips
were incubated with fluorescent
secondary antibodies Alexa488 (anti-
rabbit, 1:500 v/v; A11034; Gibco, Life
Technologies, Massachusetts, USA)
and Texas red (anti-mouse, 1:200
v/v; T862; Gibco, Life Technologies,
Massachusetts, USA). DAPI (40,6-
diamidino-2-phenylindole, 0.3 lM;
D3571; Invitrogen, Massachusetts,
USA) was used to stain the nuclei.
Axioskop 2 (Zeiss; G€ottingen, Ger-
many) with an AxioCam MRm camera
(Zeiss; G€ottingen, Germany) and HXP
120 lighting unit (Zeiss; G€ottingen,
Germany) was used for imaging and

Fiji ImageJ 1.49 for picture optimizing
and merging.

Measurement of cytokine/chemokine

secretion

Cytokine/chemokine secretion was
determined 3–5 days after reseeding.
The secretion was measured on GCs
from three individual donors. The GCs
were incubated with Travatan or
Travoprost Stada diluted 1:7 (v/v) in
serum-free culture medium for 30 min
at 37°C 5% CO2/ 95% air. Travoprost
Stada was included as a representative
for the BAK-preserved generics due to
the complexity of the analysis. For
each donor, a control of GCs incu-
bated with culture medium was
included. The eye drops were removed
and the GCs were incubated for 6 hrs
with serum-free medium. After cen-
trifuging for 10 min at 1000 rounds per
minute (r.p.m.), the supernatant was
removed, placed on ice and stored at
�20°C until further analyses. Before
the analyses, the supernatant was spun
down again for 10 min at 1000 r.p.m.
at 4°C. BD Cytometric Bead Arrays,
Cytokine XL and Chemokine kits (BD
Biosciences, NJ, USA) was prepared
according to the manufacturer’s proto-
col. At a ratio of 1:1:1 the supernatant,
antibody-conjugated beads and phyco-
erythrin (PE) secondary antibodies
were incubated for 3 hrs. After wash-
ing, beads were detected using a BD
AccuriTM C6 personal flow cytometer
(Becton Dickinson, NJ, USA). Secre-
tion of the following cytokines and
chemokines was determined: inter-
leukin (IL)-8 (C-X-C Motif Chemokine
Ligand (CXCL)-8), IL-1b, IL-6, IL-10,
tumour necrosis factor (TNF), IL-
10p70, C-C Motif Chemokine Ligand
(CCL)-5/Regulated upon Activation,
Normal T-cell Expressed, and Secreted
(RANTES), CXCL9/monokine induced
by gamma interferon (MIG), CCL2/
monocyte chemoattractant protein
(MCP)-1 and CXCL10/Interferon
gamma-induced protein (IP)-10. These
were quantified using a standard curve
based on an internal control provided in
the kit.

Measurement of physicochemical

characterization

All physicochemical properties were
measured in triplicate for all eye drops
on three containers of each solution.

pH value, viscosity, drop mass, drops
per container, osmolality and surface
tension were measured. pH value was
measured at RT on a calibrated 744 pH
meter (Metrohm; Nordic ApS, Heri-
sau, Switzerland). To measure viscos-
ity, a TA ARG2 rheometer (TA
Instruments, Newcastle, DE) equipped
with a 20 mm 1 degree truncated cone
was used. After mounting the sample, a
conditioning step was initiated includ-
ing a 10 second preshear with a shear
stess of 10 Pa followed by equilibration
for 5 min. A shear rate of 5000 1/
second was chosen, as this is within the
range of shear rates in a human eye
blinking (Tiffany 1991). Four measure-
ment points were collected per decade
(log mode) with a sample period of
10 seconds. The measurement was set
to accept a 5% tolerance for three
consecutive measurements, with a max-
imum of 1 min per time-point. All
measurements were performed at
21°C using soft bearing mode. Drop
mass was measured at RT on a XS105
Dual Range analytical balance (Mettler
Toledo International, Ohio, USA)
measuring 10 drops in the beginning,
middle and end of emptying a con-
tainer. The number of drops in a
container was counted manually at
RT. Osmolality was measured with
freezing point depression (Osmomat
3000; Gonotec, Berlin, Germany). Sur-
face tension was assessed through the
Wilhelmy method with a platinum
rood probe and force tensiometer K-
100c (Kr€uss GmbH, Hamburg, Ger-
many) using the software version
3.2.2.3068 (Laboratory Desktop,
KR €USS GmbH). The measurements
were performed at RT with an immer-
sion depth of 0.5 mm and detection
speed of 10 mm/min accepting a stan-
dard deviation of <0.1 mN/m based on
20 values.

Statistics

The software program GraphPad
Prism version 9.0.0 for Windows
(GraphPad Software, La Jolla, Cali-
fornia, USA) was used for statistical
analyses and graphics. Three drop
mass measurements and one osmolality
measurement were eliminated as signif-
icant outliers through grubbs’ test with
a 0.05 significance level, which did not
affect the results. Normal distribution
of datasets was determined through
QQ-plots. Abnormal distribution was
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only found in datasets on ratio of IL-6
secretion and LDH release after 30 min
of incubation. One-way analysis of
variance (ANOVA) was used for the
datasets with normal distribution.
Dunnet’s multiple comparison test
was used when comparing viability
and cytokine release between eye drops
and the control, and Tukey’s multiple
comparison test was used when com-
paring physicochemical properties.
Non-parametric Kruskal-Wallis test
was applied for the ratio of IL-6
secretion and LDH release after
30 min of incubation. Mixed effect
analyses were applied for statistics on
LDH assays, MTT assays and cytokine
secretion. Statistical analyses on cyto-
kine secretion were performed on the
ratio of cytokine secretion compared to
the control. A p-value of <0.05 was
considered statistically significant.

Results

BAK-preserved travoprost reduces GC

viability

The LDH assay revealed a linearly
time-dependent cytotoxicity for all
BAK travoprost eye drops. After
120 min of incubation, BAK travo-
prost caused a significant GC loss
compared to the control (p ≤ 0.0187,
one-way ANOVA) (Fig. 1). No differ-
ences between the control and PQ
travoprost were identified at any time
point. The MTT assay showed a sig-
nificant effect on GCs for all eye drops

after 30 min of incubation compared
to the control (p ≤ 0.013, one-way
ANOVA) (Fig. 2).

PQ- and BAK-preserved travoprost cause

mucin secretion

Secretion of mucin from GCs was
evaluated with immunohistochemical
stainings after 30 min of incubation
with PQ travoprost or BAK travo-
prost. A negative control incubated
with culture medium showed no mucin
secretion as the mucin (seen as red) was
located in vesicles around the nuclei
(seen as blue). GCs incubated with PQ
travoprost or BAK travoprost showed
mucin dispersed to the cytoplasma. The
cell borders are outlined by cytoskele-
ton staining (seen as green). This indi-
cates a secretagogue effect of both PQ-
and BAK-preserved travoprost eye
drops (Fig. 3).

PQ- and BAK-preserved travoprost does

not increase cytokine release

Cytokine secretion from GCs was
assessed after 30 minutes of incubation
with PQ travoprost or BAK travo-
prost. Secretion of IL-6 and IL-8 was
identified. There were no significant
differences in secretion from GCs
between PQ travoprost and BAK
travoprost compared to the control
(Fig. 4). No secretion of IL-1b, IL-10,
TNF, IL-10p70, CCL-5/RANTES,
CXCL9/MIG, CCL2/ MCP-1 or
CXCL10/IP-10 was detected.

Physicochemical properties differ between

branded and generic travoprost eye drops

All physicochemical properties were
measured in triplicate for each eye drops
on three containers of each travoprost
ophthalmic solution (Fig. 5). The pH
value varied between the branded Tra-
vatan (pH 6.7) and the generic travo-
prost eye drops (pH 6.0; p < 0.0001,
one-way ANOVA). Differences in vis-
cosity were identified with Travatan
having the lowest viscosity (0.76 mPa.s)
and Travoprost Teva the highest
(0.93 mPa.s; p < 0.0001, one-way
ANOVA). The mean drop mass was
higher for Travatan (35 mg) compared
to generics (28–30 mg; p ≤ 0.0318, one-
way ANOVA), and there were fewer
drops in a bottle of Travatan (69 drops)
compared to the generics (87–92 drops;
p ≤ 0.007, one-way ANOVA). The
osmolality and surface tension did not
differ between the eye drops.

Fig. 1. Relative cell survival of primary human conjunctival goblet cell (GC) cultures assessed

through lactate dehydrogenase (LDH) assays. Results are presented as mean cell survival relative

to a fixed 100 % survival for the control � standard deviation. Cultures were incubated for 30, 60

and 120 min with polyquarternium-1 (PQ)- or benzalkonium chloride (BAK)-preserved travo-

prost eye drops. Cultures from three individual donors were included. The large bar shows

significant decrease in GC survival after 2 hrs incubation with the generic BAK-preserved

travoprost eye drops compared to the control. There were no differences in survival between the

control and Travatan at any time point. Only p-values <0.05 are shown.

Fig. 2. Relative cell survival of primary

human conjunctival goblet cell (GC) cultures

assessed through tetrazolium dye (MTT) col-

orimetric assays. Results are presented as

mean cell survival relative to a fixed 100 %

GC survival for the control � standard devi-

ation. Cultures were incubated for 30 min with

polyquarternium-1 (PQ)- or benzalkonium

chloride (BAK)-preserved travoprost eye

drops. Cultures from three individual donors

were included. Significant decrease in GC

survival was identified for all travoprost eye

drops. Only p-values <0.05 are shown.

822

Acta Ophthalmologica 2022

 17553768, 2022, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aos.15163 by D

et K
ongelige, W

iley O
nline L

ibrary on [27/10/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Discussion

The current study showed that generic
BAK travoprost eye drops were more
cytotoxic than PQ travoprost. Signifi-
cant differences in pH value, viscosity,
droplet mass and droplets per bottle
between the branded and generic travo-
prost eye drops were identified.
Immunohistochemical staining showed
mucin secretion in GCs incubated with
BAK- or PQ travoprost compared to
control GCs. No increased secretion of
IL-6 and IL-8 was detected after incu-
bation with BAK- or PQ travoprost.

Cell viability was affected by BAK
travoprost in a linearly time-dependent
manner assessed through LDH assays,
whereas PQ travoprost was not cyto-
toxic at any time point. According to
MTT assays, PQ travoprost caused
16% GC loss, while BAK travoprost
caused 34–42% GC loss after 30 min.
The LDH assay is a sensitive cytotox-
icity assay that allows detection of low
levels of cell death through membrane
damage. The MTT assay detects inhib-
ited proliferation. When comparing the
two assays, one gains insight into a
possible mechanism behind BAKs

toxic effect. The difference between
the results from the LDH and MTT
assays could be due to an inhibited
proliferation, which ultimately leads to
cell death for the BAK-preserved eye
drops after 120 minutes incubation.
BAK has previously been thought to
be toxic due to an inhibition of the
mitochondrial function, which sup-
ports the current theory (Datta
et al. 2017).

The conjunctiva consists of epithelial
cells and GCs. While epithelial cells
make up the vast majority of the
conjunctiva, GCs are important in
keeping the surface lubricated through
mucin secretion. If the GCs are dam-
aged, mucin secretion will decrease, the
tear film will be disrupted and OSD
may occur (Baudouin et al. 2019). On
cultured human conjunctival epithelial
cells, BAK travoprost has been found
to be more cytotoxic than PQ travo-
prost (Brignole-Baudouin et al. 2011).
Therefore, all conjunctival cells are at
risk when applying BAK-preserved eye
drops, as many glaucoma patients do
daily. The deleterious effect of BAK
compared to PQ has previously been
seen in clinical trials evaluating Ocular

Surface Disease Index (OSDI) scores,
quality of life and impression cytology
grades, where PQ travoprost was sig-
nificantly better than BAK travoprost
(Sezgin Akc�ay et al. 2014; Kumar
et al. 2019; Kumar et al. 2020). How-
ever, the IOP-lowering effects of PQ-
and BAK travoprost have been shown
to be comparable (Gandolfi et al. 2012;
Peace et al. 2015). In rabbits, instilla-
tion with BAK travoprost induced
hyperemia, abnormalities in the ocular
surface, damaged epithelial cells,
inflammatory cell infiltration, and
decreased GC density (Liang
et al. 2012). This was not seen for PQ
travoprost. Of note, the current
laboratory-based study provides infor-
mation on a single acute exposure of
PQ- and BAK travoprost to cultured
GCs. Clinical trials, however, provide
information on multiple instillations in
the eye over a period of time. Both
types of studies are key in getting the
full picture of how a drug affects
the ocular tissue and patients. Both
the laboratory studies and clinical stud-
ies indicate that PQ travoprost has a
better safety profile and tolerability
than BAK travoprost in terms of OSD.

Fig. 3. Secretion of mucin from primary human conjunctival goblet cell (GC) cultures assessed through immunohistochemical stainings. GCs were

incubated for 30 minutes with culture medium as a negative control, polyquarternium-1 (PQ)-preserved Travatan or benzalkonium chloride (BAK)-

preserved Travoprost Stada. Travoprost Stada represents the BAK-preserved generics. The nucleus was blue with DAPI (40,6-diamidino-2-

phenylindole), the cytoskeleton green with anti-cytokeratin-7 and the mucin red with MUC5AC. The three stainings were merged. Dispersion of

mucin to the cytoplasma indicates a secretagogue effect for both BAK- and PQ-preserved travoprost. Stainings were performed on cultures from three

individual donors. Scale bar = 100 lm.
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While a decrease in mucin can cause
OSD, increased mucin secretion is seen
in various conditions with chronic
inflammation and allergy as a way to
protect the ocular surface against
inflammatory agents and allergens
(Dartt & Masli 2014). The mucin secre-
tion induced by acute exposure to PQ-
and BAK travoprost in GC cultures
may theoretically indicate an irritant
effect when applying PQ- or BAK-
preserved eye drops. The exact mech-
anism behind the secretion, however, is
unknown. Furthermore, the current
study does not show what causes the
mucin secretion. It could be due to the
preservatives but also the active com-
pound. Most importantly, there is no
difference in secretion between the
generic BAK-preserved eye drop and
the branded PQ-preserved eye drop. A
difference in tolerability based on
mucin secretion is, therefore, unlikely.

IL-6 is a proinflammatory cytokine,
whereas IL-8 is both proinflammatory
and proangiogenic (Li et al. 2003;
Ghasemi et al. 2011; Zahir-Jouzdani
et al. 2017). IL-6 concentration has
been found to increase in tear film from
patients treated with BAK-preserved
latanoprost, PQ travoprost or BAK-
preserved bimatoprost compared to
controls (Lopilly Park et al. 2012), and
both IL-6 and IL-8 have been found to
be increased in patients treated with
BAK-preserved eye drops compared to
preservative-free (PF) eye drops
(Mohammed et al. 2020). While the
present study did not show a significant
increase in cytokine secretion, IL-6 and
IL-8 secretions were 1.47- and 1.95-fold
higher for GC incubated with BAK
travoprost and 1.4- and 1.74-fold higher
for GC incubated with PQ travoprost
compared to the control. An eye drop-
induced increase in cytokine secretion

can therefore not be excluded and may
be part of the damage to the ocular
surface, loss of GCs and development of
OSD (Na et al. 2012; Baudouin
et al. 2019).

Significant differences were found
between the branded travoprost eye
drop Travatan and the generics in terms
of pH value, viscosity, droplet mass and
number of drops per bottle. The
observed variation in the pH values of
the eye dropsmay raise concern, as a pH
value of 6.7 was measured for Travatan,
whereas all the generics had a pH value
of 6.0. By comparison, the pHof the tear
film is 7.6 (Fischer &Wiederholt 1982).
In a previous study by Wadhwani
et al. (2016), the pH values of Travatan
and three generics hereof were deter-
mined to be 5.8 and 4.7–5.9 respectively.
A similar difference has been identified
between the branded latanoprost eye
drop Xalatan (pH 6.0) and the latano-
prost generics (pH 6.7–6.8), proving
that this issue goes beyond travoprost
eye drops (Kolko &Koch Jensen 2017).
Formulation variations across conti-
nents may occur. As Wadhwani
et al. (2016) conducted their research
in Asia, where the proclaimed pH value
of Travatan is 6.0 (Monthly Index of
Medical Specialities 2021), differences
from our results may be due to this fact.
In Europe, the pH value of Travatan is
not declared in the Summary of Product
Characteristics (SmPC). It should be
noted that the observed variations in pH
are within the pH range given in the
SmPC of Travoprost Stada (5.5–7.0).
To our knowledge, the effect of pH
value on the development of OSD has
not been investigated. However, expo-
sure to highly acidic or alkaline fluids
can cause an ophthalmic emergency and
permanent damage the ocular surface.
Hence, variations in the pH value of eye
drops will very likely affect tolerability.

The viscosity of the tear film is lower
in patients with dry eyes (6.9 mPa.s)
than in controls (11 mPa.s) (McDonnell
et al. 2019). The measured viscosities in
the current study and in the study by
Wadhwani et al. (2016) were notably
smaller than this (≤1 mPa.s), posing a
potential risk factor for developing dry
eyes when using travoprost eye drops.
The differences identified between the
branded and generic travoprost eye
drops were small and are unlikely to
have clinical relevance.

The droplet mass varied with only
5 mg from approximately 30 mg for

Fig. 4. Secretion of interleukin 6 (IL-6) and interleukin 8 (IL-8) from primary human conjunctival

goblet cell (GC) cultures. Secretion is presented as mean concentration � standard deviation after

30 min of incubation with polyquarternium-1 (PQ)-preserved Travatan and benzalkonium

chloride (BAK)-preserved Travoprost Stada. Travoprost Stada represents the BAK-preserved

generics. As a negative control GCs were incubated with culture medium. Secretion was measured

on GCs from three individual donors using BD Cytometric Bead Arrays. No differences in

cytokine secretion were identified compared to the control. Only p-values <0.05 are shown.
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the generics (on average) to 35 mg for
Travatan. The effect of this on efficacy
is debateable. A smaller drop will result
in less wash out, which will increase
contact time between active substance
and the ocular surface – but also less
applied active substance. Travatan
contained 69 drops, and the generics
contained approximately 90 drops (on
average) as expected with the differ-
ences in drop mass as all bottles con-
tained 2.5 ml. Droplet mass is not
expected to have impact on tolerability
nor development of OSD.Little varia-
tion in osmolalities of the eye drops
was identified (273–278 mOsm/kg) and
all were close to the osmolality of the
tear film (303.2 mOsm/kg) (Murube
2006). Wadhwani et al. (2016) identi-
fied larger variations (262–313 mOsm/
kg), with three out of four eye drops
being hyperosmolal compared to the
tear film. In patients with OSD, hyper-
osmolality is most often the case
(Murube 2006). Hyperosmolality have
been shown to cause tear film evapo-
ration, epithelial cell inflammatory
response and GC loss (Dry Eye
WorkShop 2007). However, all mea-
sured osmolalities were close to the tear
film and are unlikely to have clinical
relevance.

The measured surface tensions of the
eye dropswere all similar (approximately
42 mN/m) and close to the surface ten-
sion of the tear film (43.6 � 2.7 mN/m;
Tiffany et al. 1989). In patients with dry
eyes, a high surface tension is most often
seen, and it is associatedwith a short tear
break-up time (Tiffany et al. 1989). The
surface tension of the travoprost eye
drops is probably not relevant in the
development of OSD.

The differences in preservation and
pH value between branded and generic
travoprost eye dropswill likely cause the
branded travoprost to have better tol-
erability. Furthermore, efficacy can be
affected. This could be due to a differ-
ence in drug uptake but more likely due
to compliance. If the generic eye drops
have worse tolerability, compliance and
with it efficacy will decrease.

There are limitations to the current
study. When performing analyses on
GCs, the eye drops were diluted to
mimic the dilution in the tear film upon
instillation. The design of this study is
of course static. Upon instillation in
the eye, the concentration of the eye
drops will gradually decrease, which is
not tested in our setup. Of note, the

Fig. 5. Physicochemical properties of the branded travoprost eye drop Travatan and the generics

Travoprost Stada, Travoprost Teva and Bondulc. pH value, viscosity (mPa.s), drop mass (mg),

number of drops per bottle, osmolality (mOsm/kg) and surface tension (mN/m) were measured.

Values are shown as mean � standard deviation. Significant differences in pH value, viscosity,

drop mass and number of drop per bottle were identified. Only p-values ≤0.05 are shown.
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dilution caused the difference in pH
values to diminish to 7.6–7.7. The
differences in the eye drops’ cytotoxic-
ity are, therefore, likely not due to
differences in pH value. The studies
were performed on GC cultures, and
the cells may not act entirely the same
in cultures and in vivo. Nevertheless,
BAK travoprost presented more cyto-
toxic profile compared to PQ travo-
prost. Furthermore, the sample size of
cultures from three donors when
investigating mucin and interleukin
secretion is rather small. The physico-
chemical properties were measured on
newly opened bottles of eye drops. The
eye drops have a durability of 1 month
after breakage and the properties may
change during this month. Upon instil-
lation the physicochemical properties
will further change as the eye drops are
diluted in the tear film. The significance
of differences in physicochemical prop-
erties is, therefore, speculative. To fur-
ther investigate the impact of
differences between branded and gen-
eric travoprost eye drops on safety,
tolerability and efficacy, clinical trials
with evaluations of GC density and
OSD would be of interest.

Conclusion

The introduction of generics has caused
drug prices to fall, making treatment
more accessible to patients. However,
with the very few requirements set by
medical authorities, eye drops can vary
on various parameters. We identified
significant differences in both preserva-
tion and physicochemical properties
between branded and generic travoprost
eye drops. In addition, we found that
BAK-preserved travoprost eye drops
are more cytotoxic to GCs than PQ-
preserved travoprost eye drops. The
inappropriate addition of BAK in gen-
eric travoprost eye drops could poten-
tially give patients more adverse effects
and consequently decrease compliance.
In the long run, such differences can
cause patients to lose sight. In order to
increase compliance and decrease risk of
glaucomatous progression, more regu-
lations are needed regarding production
of generics.
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