International Journal of Basic & Clinical Pharmacology
Halder A et al. Int J Basic Clin Pharmacol. 2020 Aug;9(8):1210-1216
http://www.ijbcp.com pISSN 2319-2003 | elSSN 2279-0780

DOI: http://dx.doi.org/10.18203/2319-2003.ijbcp20203087 . _
Original Research Article

Efficacy and safety of bimatoprost 0.01% formulated in tight junction
modulation technology compared to marketed benzalkonium
chloride preserved bimatoprost 0.01% ophthalmic solution
in healthy beagle dogs

Arindam Halder?, Vinod Burade?, Ajay J. Khopade*, Amit Thavkar?

!Department of Formulation Development, 2Department of Biological Research Pharmacology, Sun Pharmaceutical
Industries Ltd., Vadodara, Gujarat, India
3Department of Medical Services, Sun Pharma Laboratories Ltd., Mumbai, Maharashtra, India

Received: 19 June 2020
Revised: 06 July 2020
Accepted: 07 July 2020

*Correspondence:
Dr. Ajay J. Khopade,
Email: Ajay.Khopade@Sunpharma.com

Copyright: © the author(s), publisher and licensee Medip Academy. This is an open-access article distributed under
the terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT

Background: This study was undertaken to compare the efficacy and safety of the new technology tight junction
modulation (TJM) bimatoprost 0.01% (TJM-bimatoprost), containing polyhexamethylene biguanide hydrochloride as
a preservative, and marketed bimatoprost 0.01% (BKC-bimatoprost) in healthy beagle dogs.

Methods: This was a cross-over study and all animals in the study were assigned to one of two treatment arms to
receive either TJM-bimatoprost (n=6) or BKC-bimatoprost (n=6) ophthalmic solution. Dosing for period 1 was
started on day 3 (8 am everyday) and it continued till day 12. Assessments were carried out every day at 8 am, 9 am, 2
pm and 8 pm throughout the study period till day 17.

Results: For the pooled analysis (n=12 in each group) of period 1 and 2, there was a significant decrease (p<0.001) in
mean intra-ocular (IOP) 1 hour post administration as compared to the baseline and this trend continued all
throughout the study in both treatment arms. Twenty fours after last dose, on day 12, IOP measurements were
14.20+£1.59 mmHg and 13.89+1.5 mmHg in the TIM-bimatoprost and the BKC-bimatoprost group respectively. The
analysis of the primary end point revealed that 95% confidence interval for the between group differences in mean
IOP values were well within the pre-defined equivalence margin of £1.5 mmHg. In terms of safety, there was no
difference in mean pupillary diameter in the TIM-bimatoprost and BKC-bimatoprost group.

Conclusions: The results of this study enhance our understanding of the proprietary TIM technology by establishing
efficacy and safety of TIM-bimatoprost in animal models.

Keywords: Tight Junction modulation technology, Bimatoprost 0.01%, Intraocular pressure, Polyhexamethylene
biguanide hydrochloride, Glaucoma

INTRODUCTION receptors.>? Latanoprost, bimatoprost and travoprost are

the molecules belonging to the PG class of drugs.
One of the most effective ways of lowering intra-ocular Although the exact mode of action of these molecules are
pressure (IOP) for glaucoma patients has been the use of not known, receptors present in the ciliary body and
prostaglandin (PG) analogs that exert their action via FP Schlemm’s canal point out towards increased aqueous
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humor outflow.®> PG analogs cause 6.4-6.5 mmHg
reduction in IOP, which is approximately 2 mmHg more
compared to other class of drugs.** For their superior IOP
lowering properties, they are the natural choice for use as
a first line agent.? Safety wise, they are well tolerated but
are known to cause adverse events such as eye irritation,
increased iris pigmentation, distichiasis and conjunctival
hyperaemia.®

The United States Food and Drug Administration
(USFDA) first approved bimatoprost 0.03%, which
contained 0.005% benzalkonium chloride (BKC). With
this strength, there were reports of increased adverse
events attributable to the class effect of FP receptors.’
Understandably, the company which first marketed
bimatoprost decided to lower the strength of the active
ingredient to 0.01% but increased the concentration of
BKC to 0.02%, in order to increase penetration into the
ocular tissue. The fact that BKC improved the spacing of
the cell-cell tight junctions in biological models was
taken advantage in the revised formulation.” This
hypothesis was proven in a randomized study, wherein
lower strength bimatoprost 0.01% with BKC 0.02% was
found to be equivalent in its IOP lowering effect as
compared to the higher strength older formulation of
bimatoprost 0.03% with BKC 0.005%.8 Although the
ocular side effects were reduced, conjunctival hyperaemia
was still persistent in subsequent reports.® One reason
could be because BKC, apart from been a preservative, is
highly corrosive and its detergent effect leads to tear film
instability by evaporating the aqueous layer of the tear
film. A closer look at the literature also reveals that BKC
causes proapoptotic changes on conjunctival cell lines,
decrease in antioxidants, increase in inflammatory
mediators in lens epithelial cells and DNA damage.1%!
Clinically, reports of increased conjunctival hyperaemia,
pruritis and dry eye have been attributed to BKC.1213

With this background, we have developed a new drug
delivery system based on the principles of improved
retention and permeation combining our proprietary gel
free reservoir (GFR) and transient tight Junction
modulation (TJM) technologies. It has been hypothesized
that the two compounds present in TIM technology will
help to modulate the corneal tight junction to improve the
penetration of bimatoprost. While TIM-1 is a negatively
charged surfactant with an ability to solubilize claudin
binding calcium and phosphorylate tight junction
proteins.'*!> TIM-2 is a positively charged polymeric
molecule which can attach to the negatively charged
phospholipid head of bilayer cell lining to increase the
fluidity of the membrane (Figure 1).® Additionally, it
transiently attaches to the phosphorylated TJ proteins to
delay the claudin remodelling.t” This effect leads to drug
molecule permeation. In addition, GFR technology,
containing two water soluble polymers in an
interpenetrating gel network, increases the mean
residence time of the drug molecule on the ocular surface
and provide lubrication. The polymers are well known for
their use in artificial tears to provide relief to the patients

in case of ocular surface pathological symptoms.
Therefore, these two technologies complement each other
to benefit ocular absorption and safety of bimatoprost, as
compared to BKC.

One of the modulators in the new formulation is
polyhexamethylene biguanide hydrochloride (PHMB).
The other one is sodium lauryl sarcosine. Apart from
being modulators of tight junction, these chemicals also
act as preservative. In addition, PHMB is used as a
microbicide, excipient in cosmetic preparations,
antiseptic in wound healing and orthopedic surgery and
cleansing solution for contact lens.*® Sodium lauryl
sarcosine has been used as a co-preservative in
ophthalmic preparations.’® The first ophthalmic use of
PHMB was approved by European Medicines Agency
(EMEA) in 2007 for Acanthamoeba keratitis.?> However,
as preservative ingredients in the TIM technology drug
delivery  system, the preservative antibacterial
effectiveness test is done as per USP chapter 51.%* A
pharmacokinetic study conducted in rabbits (study no:
BRP17038NG, unpublished data) has shown that
maximum concentration and the area under the curve
achieved with TJM technology bimatoprost 0.01% is
equivalent to low strength bimatoprost 0.01% marketed
formulation. Therefore, to further our understanding of
this new technology, the present study was undertaken to
compare the efficacy and safety of the new formulation
TJM  bimatoprost 0.01% (TJM-bimatoprost) and
marketed bimatoprost 0.01% (BKC-bimatoprost) in
healthy beagle dogs.

PHMB electrostatically adheres to
phospholipid membrane

o® °

W&M&%

Increased Permeability v

A densely packed bilayer
membrane

Figure 1: Tight junction modulation technology.
METHODS
Animals

Twelve beagle dogs (6 male and 6 female) were used in
this study. On receipt of animals to the laboratory,
veterinary health check-up was done to ensure all animals
were healthy. Animals were acclimatized for one week
before beginning of treatment. The animals had a mean
age of 1-2 years and weight ranging between 9 and 15
kgs. They were kept in enclosures (2-3 animals per
enclosure) with a temperature of 18-37°C and relative
humidity of 30-70%. Alternating 12 hour light and dark
cycles was followed and animals were fed with dog pellet
feed (pedigree) ad libitum. All necessary permissions

International Journal of Basic & Clinical Pharmacology | August 2020 | Vol 9 | Issue 8 Page 1211



Halder A et al. Int J Basic Clin Pharmacol. 2020 Aug;9(8):1210-1216

including institutional animal ethics approval were
procured and the study conformed to all the guidelines
laid down by the committee for the purpose of control
and supervision of experiments on animals (CPCSEA).?

Study design

This was a cross-over study and all animals in the study
were assigned to one of two treatment arms to receive
either TJM-bimatoprost ophthalmic solution (n=6) or
BKC-bimatoprost (n=6). Baseline assessments were done
on day 1 and 2 that included IOP and pupil diameter
measurements, observation for blepharospasm and
conjunctival hyperaemia. Dosing for period 1 was started
on day 3 (8 am everyday) and it continued till day 12.
Assessments were carried out every day at 8 am, 9 am, 2
pm and 8 pm throughout the study period till day 17.
After end of period 1, there was a washout period of 10
days and the animals crossed over for treatment during
period 2. Activities for the period 2 were undertaken in a
similar manner i.e. assessments from day 1 to day 17 and
dosing from day 3 to 12.

Study procedures

Preceding treatment, on day 1 and day 2, IOP
measurements were obtained from left eye of each dog at
8 am and 8 pm and the values were averaged out for
computation of initial baseline reading. For measuring
IOP, pneumatonometer model 30 classic™ (Reichert,
USA) was used and each dog was restrained manually
without sedation in a head up position. The
pneumatonometer probe was placed lightly covering the
entire span of cornea in horizontal position and allowed
to rest for 10-15 seconds. Five consecutive IOP readings
were recorded, and values with a standard deviation of <1
were displayed on the screen. After each use, the probe
filter was cleaned by using a to cotton swab that was
immersed in normal saline. Care was taken to ensure that
only gentle pressure was applied to carry out the cleaning
procedure.

On day 3, each animal was weighed using a digital
weighing balance and left eye of each animal was
assigned to receive either test or reference solution.
Immediately after reading at 8 am, 30 ul (3 mcg)
equivalent to 0.01% of TJM-bimatoprost or BKC-
bimatoprost ophthalmic solution was instilled once daily
for the 10 consecutive days (day 3 to day 12). IOP
readings were taken at 9 am (1 h), 2 pm (6 h), 8 pm (12
h) and 8 am (24 h). Although day 13-17 constituted the
wash out period, IOP measurements were obtained once
each day at 9 am.

As part of the safety assessment, pupillary diameter
(pupil size), blepharospasm and conjunctival hyperaemia
were assessed, during and after treatment for respective
assigned eye. Pupillary diameter was defined as the size
of the pupil that becomes constricted after administration

of bimatoprost. Measurements were carried out in
uniform illumination on the horizontal axis in the center
of the pupil using a millimeter ruler (mm).
Blepharospasm was defined as spasm of the muscles that
control the eyelids. Conjunctival hyperemia was defined
as redness of the eye. Blepharospasm and conjunctival
hyperemia were evaluated using 4 points rating scale
(0=none, 1=mild, 2=moderate and 3=severe).

Descriptive statistics were used to describe the variables
mean +SD (standard deviation). Equivalence margin was
defined such that the lower and upper bound of the 95%
confidence interval estimate had to be within £1.5 mmHg
of the primary variable i.e., mean 0P difference between
the treatment groups. The percentage reduction in IOP
and change in absolute values of IOP (AIOP) for both test
and reference formulations were calculated with respect
to the baseline using one-way repeated measures analysis
of variance (ANOVA) followed by Bonferroni post-tests.
P value less than 0.05 was declared as statistically
significant. All statistical analysis was carried out with
PRISM (GraphPad version 5.03, 10 December 2009).

RESULTS

Baseline 10P for period 1 did not significantly differ
between groups (n=6 in each) (22.73+1.25) mean +SD
(standard deviation) vs 22.94+1.33 mmHg for TJM-
bimatoprost and BKC-bimatoprost respectively. Mean
IOP measurements, percentage change from baseline and
absolute change from baseline in IOP values decreased
steadily but were comparable across both treatment arms
throughout study period 1. At the end of study period 1
(276 h from day 0), the mean IOP measurements were
14.42+1.91 vs 13.62+1.36 mmHg in TJM-bimatoprost
and BKC-bimatoprost arms respectively. This value
represented a statistically significant absolute IOP change
from baseline of 8.32+1.95 and 9.32+2.10 mmHg; and
percentage reduction of 36.53+7.98 and 40.38+7.74 for
TJIM-bimatoprost and BKC-bimatoprost treatment groups
respectively. Maximum decrease in IOP measurements
were recorded 6 hours post drug administration in both
the groups.

During the washout period the, IOP values increased by
approximately 4-6 mmHg. Expectedly, even after
crossover the results were similar in both treatment arms.
Table 1 illustrates the mean IOP, percentage reduction in
IOP and absolute change from baseline in IOP on first
day of treatment over a 24 hours period.

In order to overcome intra-individual variations,
measurements were pooled and analyzed. In this analysis
(n=12 in each group), baseline measurements were
21.274£1.82 and 21.35+2.04 mmHg in TIJM-bimatoprost
and BKC-bimatoprost treatment groups respectively.
There was a significant decrease (p<0.001) in IOP 1 hour
post administration as compared to the baseline and this
trend continued all through the treatment period.
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Table 1: Comparison of IOP reduction in TIM-Bimatoprost and BKC-bimatoprost in healthy beagle dogs.

Time (hours)

21.27+1.82

21.35+2.04

No. of 10P
IS animals parameters Baseline
10P Pl
(Mean£SD) P2
Testitem ¢ % reduction glz
A TOP Pl -
(Meant£SD) P2 -
10P Pl
(Meant£SD) P2
Il?tg:ﬁrence n=6 % reduction glz
A TOP Pl -
(Meant£SD) P2 -
10P
(MeanzSD)
Testitem  n=12 % reduction Pl & -
A TOP P2
(Mean+SD) )
10P
(MeanSD)
ith:rfT(]erence n=12 % reduction EIZ&
A TOP
(Mean+SD) )

P1=period 1, P2 period 2; IOP units in mmHg; *p<0.05 (from baseline).

22.73+1.25
19.80+0.76

22.94+1.33
19.77£1.17

15
1.0
I
0.0
4 i
-1.0

— >

Mean TOP difference (mmHg)

13 8 AM 9 AM 2PM 8 PM

#Mean difference (T-R) -0.20 0.11 -0.22 0.21
Lower CI 1,017 0827 | -1.088 | 0387
Upper CI 0.617 1027 0.648 0.807

Figure 2: Mean IOP difference between TIM-
bimatoprost and BKC-bimatoprost ophthalmic
solution.

Twenty fours after last dose, on day 12, IOP
measurements were 14.20£1.59 mmHg for TJM-
bimatoprost and 13.89+1.51 mmHg for BKC-bimatoprost

group.

Importantly, the analysis of the primary end point
revealed that 95% confidence interval for the between
group differences in mean IOP values were well within
the pre-defined equivalence margin of +1.5 mmHg
(Figure 2). This was true for all time points throughout
the study period.

Diurnal variation of mean IOP values across both the
treatment arms are depicted in (Figure 3). Variations in
both treatment arms were similar and once the drug

49 54 60 72
17.30+2.67 17.1842.50 16.62+1.78  18.78+2.30
17.23+1.60 14.90+1.83  13.80+0.65 16.72+1.40
23.93+10.62 24.63+7.83  26.89+6.77  17.394+8.65
24.98+3.28  35.11+6.04 32.23+8.46  27.92+9.01
5.43+2.41 5.55+1.67 6.12+1.60 3.95+1.99
2.57+1.26 4.90+1.53 6.00+0.47 3.08+1.87
17.72+2.57 16.63+1.35 17.25+1.80 18.28+1.58
18.22+1.91 14.98+1.89 15.43+2.40 16.40+2.44
23.01+8.16  27.33+6.52  24.69+7.61 20.27+5.32
19.93+6.40 34.21+5.91 32.23+8.46  27.92+9.01
5.22+1.63 6.30+1.72 5.69+1.93 4.65+1.32
1.55£1.48 4.78+0.98 4.33+1.29 3.37+1.49
17.27£2.10* 16.04+2.41* 15.21+1.95* 17.75+2.11*
24.46+7.52 29.87+8.63 33.30+8.46 22.11+9.51
4.00£2.37 5.23+1.57 6.06+1.13 3.52+1.90
17.97£2.18* 15.81+1.79* 16.34+2.23* 17.34+2.19*
21.47+7.17 30.77+6.94 28.46+8.62 24.10+8.11
3.39+2.43 5.54+1 .55 5.01+1.72 4.01+1.50

administration was stopped the mean IOP began to
steadily rise for the next 3 days.

Mean IOP (mmHg) at 1, 6, 12 and 24 Hours

= TIM-bimatoprost
-+ BKC-bimatoprost

10P (mmHg + SD)
>

Bascline Treatment Washout

0 24 48 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240 252 264 276 289 337 385

Time (hours)

Figure 3: Mean IOP (mmHg) after once daily
instillation of TIM-bimatoprost and BKC-
bimatoprost in healthy beagle dogs: 30 pl/day for 10
days for each period (n=12).

In terms of safety, there were no difference in baseline
mean pupillary diameter (8.97+0.60 vs 8.82+0.57 mm for
TJIM-bimatoprost and BKC-bimatoprost respectively).
Repeated measures analysis of variance between baseline
and the subsequent measurements (1 h, 6 h and 12 h post
dose) showed statistically significant (p<0.001)
differences in both treatment arms. There was
approximately 4 mm decrease in pupil size immediately 1
hour post drug administration, indicating severe miosis.
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However, non-significant differences were observed at 24
hours post administration measurement in most days
except for day 11 and 12 in for TIM-bimatoprost group
and day 12 in BKC-bimatoprost group. Baseline
conjunctival hyperaemia scores were 0.42+0.67 and
0.17£0.39 in the TJM-bimatoprost group and BKC-
bimatoprost group. Throughout the study period, the
conjunctival hyperaemia scores were only of mild grade
(score 1 to 2) and 1.17+0.72 and 1.08+0.51 were the
highest scores reported in TIM-bimatoprost group and
BKC-bimatoprost group respectively. It is also
noteworthy to mention that no incidence of
blepharospasm was detected in both treatment arms.

DISCUSSION

PG analogs effectively decrease IOP by increasing the
outflow of aqueous humor. Although this is the most
plausible mechanism explaining the action of PG analogs,
some reports point out to a possibility of a FP receptor
independent action.?® Irrespective of the mechanism,
quantification of 1OP lowering is the barometer through
which effectiveness of anti-glaucoma medication can be
assessed. Apart from efficacy, reasonable safety profile is
paramount. In this context, the newly developed TIM
formulation from SPARC may not only increase efficacy
by improving ocular penetration but may decrease the
adverse events profile as well.

In our study, we tested the efficacy of IOP lowering
effects of two formulations in healthy beagle dogs. This
was a cross-over study and when the pooled results of
both study periods were analyzed, TJM-bimatoprost
0.01% was adjudicated to be equivalent to BKC-
bimatoprost 0.01% treatment arm, as the between group
difference for IOP was within 1.5 mmHg i.e., the
equivalence margin.

Although the primary end point was proven, it is
imperative to scrutinize the results to comprehensively
conclude the equivalent efficacy of the new formulation.
A closer look at the results revealed that there was no
difference in mean IOP at baseline (21.27+1.82 vs
21.35+2.04 mmHg). However, 10P values were
statistically significant ten days after treatment in
comparison to the baseline, with a mean value of
14.20£1.59 vs 13.89+£1.51 mmHg representing an
absolute change of 7.07+2.20 vs 7.46+2.59; and
percentage reduction of 37.64+7.74 vs 39.01+7.30 in the
TJIM-bimatoprost and BKC-bimatoprost treatment arms
respectively. In the Lee et al study, where a sustained
release intracameral preparation of bimatoprost 0.01%
was used in beagle dogs the mean IOP at baseline was 19
mmHg and an absolute reduction up to 6-7 mmHg was
seen after treatment.?* This meant an approximate 35%
reduction in IOP from the baseline. These findings taken
together are comparable to our study findings. Further, in
a glaucomatous dog study, the absolute reduction in IOP
was 20 mmHg at the end of 5 days of treatment with
bimatoprost 0.03%.2°> Additionally, the results of the Kato
report also contrasted with our study as there was 17

mmHg decrease in mean IOP from the baseline after 1-2
weeks of treatment with another PG analog, latanoprost.?®
These disparate results could be explained because the
dogs had a higher baseline 0P of 40.5 mmHg, a known
covariate effecting the reduction of IOP with anti-
glaucoma medications.

Further, the mean IOP in our study 1-hour post
administration of the drug decreased by 3-4 mmHg
initially (day 3) and 5-6 mmHg towards the end of
treatment period (day 12). In contrast, there was 4-5
mmHg decrease in IOP in the first 24 hours and 7-8
mmHg decrease 24 hours post administration of drug on
day 12. The maximum decrease in IOP were generally
seen around 6 hours post administration of the drug.
Moreover, fluctuation due to diurnal variation in mean
IOP was 3-4 mmHg on an average across ten days of
treatment. These results were agreeable with the Lee et al
study as the quantum of reduction achieved were
similar.?*

Bimatoprost is known to induce miosis immediately after
administration. In our study, the pupil size decreased
from a baseline value of approximately 8mm to 4mm
one-hour post administration of the drug. Not
surprisingly, the Gelatt study also showed similar
decrease in pupil size as the baseline reading of 5mm
decreased to 1mm, implying severe miosis induced by
bimatoprost.?> However, it is noteworthy to mention that
higher concentration of bimatoprost 0.03% was used in
this study. Conjunctival hyperaemia noticed in this study
was also of mild to moderate grade which was noted in
both arms. This can be attributed to the class action of
bimatoprost.

Although the results are limited to animals’ models,
nevertheless, the study suggest that the new TJM
technology lower strength bimatoprost 0.01% could be an
effective alternative to the marketed bimatoprost 0.01%
which contains BKC 0.02% as a preservative. The
reduced strength marketed BKC-bimatoprost has shown
to be efficacious with a superior safety profile compared
to bimatoprost 0.03% in a 12 months multi-centre,
randomized clinical study.® Notwithstanding the decrease
in adverse events compared to the higher strength
bimatoprost, the ocular surface adverse events
attributable to BKC were still persistent in subsequent
reports.’ New formulation of SPARC with TMJ
technology could overcome this limitation and further
improve the safety outcomes. This study gives a
preliminary insight into the expected benefit with the new
technology. As with any drug development process, the
next logical step would be to clinically test the TIM-
bimatoprost 0.01% ophthalmic solution in large human
population to concretely establish the safety and efficacy.

CONCLUSION
The results of the study show that TJM-bimatoprost

0.01% has equivalent IOP lowering activity in
comparison to the marketed BKC-bimatoprost 0.01% in
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healthy beagle dogs. Safety results were also comparable
and, thus, the study furthers our understanding of the
proprietary TJM technology.
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