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Objectives: The purpose of this study was to prepare a sustained delivery mucoadhesive-
thermosensitive formulation containing poloxamer 338 (P338), poloxamer 188 (P188) and
mucoadhesive agents such as chitosan (CHT) and carboxymethylcellulose (CMC) to increase
the ophthalmic bioavailability of Timolol Maleate (TM).

Materials and Methods: Gels were prepared by mixing different amounts of P338, P188 and
mucoadhesive agents in cold isotonic water with a magnetic stirrer. The sol-gel gelation time
of the gels was determined using the test tube inversion method. Viscosity measurements and
analysis of mechanical properties of gel formulations were carried out. In vitro release using
dialysis membrane and ex vivo permeation studies using fresh cow eyes were performed.



Results: The gelation times of the formulations containing 20:2.5 (P338:P188) and 0.1%
CMC and formulations containing 20:2.5 (P338:P188) and 0.1% CHT were found to be 35
seconds and 26.67 seconds, respectively. Optimally selected CHT mucoadhesive-
thermosensitive in situ gelling system can successfully control the release of moderately
hydrophilic drugs such as TM. In the viscosity study, both formulations showed Newtonian
flow, and the viscosity of the CHT gel was found to be higher. CHT gel showed better
mechanical properties than CMC gel. The amount of TM penetrating the cow cornea after 24
hours was 73.38%, 71.80%, 67.25% and 60.55% from the CHT gel, CMC gel, TM solution
and commercial preparation, respectively.

Conclusion: The improved mucoadhesive-thermosensitive in situ gelling system ca
successfully control the release of TM. The significantly lower drainage of TM into t
circulation compared to eye drops provides an advantage in the treatment of gla A a
the use of mucoadhesive agents increases drug penetration. @
Keywords: Timolol maleate, mucoadhesive-thermosensitive, poloxamer, ,
carboxymethy| cellulose, ophthalmic gel

Qa balance between the amount of intraocular

3 ouisis disrupted, which can cause irreversible
blindness if left undiagnosed treated.>> TM in the form of eye drops is one of the most
used drugs in the treatment of ‘e gle glaucoma. Increase of the ocular bioavailability of
TM eye drops is very i or the treatment of glaucoma. This can be achieved by
ensuring not draining a ing the residence time of eye drops.3*

are‘used at high doses or for longer periods to increase ocular
bioavailability, bu reases the likelihood of causing ocular and systemic side effects.®
Popular convgntion lar dosage forms, such as solution or suspension, have several
limitations, netably Jarge drainage factor, short residence time, and poor bioavailability due to

INTRODUCTION
Glaucoma is an eye disease that oc

the high tea urnover.! Such causes usually result in an ocular bioavailability of less
than are able to list the desired properties in an ophthalmic formulation as follows:
beint of drops, not cause blurred vision or irritation, be able to withstand dilution of

al Fluid without rapid precorneal elimination after administration, have a mucoadhesive
suitable for improving drug retention in the precorneal space.®

Different approaches such as hydrogels, in situ gelling systems, microparticles and colloidal
carriers are used to improve the therapeutic efficacy of ophthalmic pharmaceutical
formulations, improving the bioavailability of administered drugs by increasing pre-corneal
residence time and corneal penetration.” Gupta et al. developed a temperature and pH-
triggered gel system using chitosan and poloxamer 407. The formulation developed similar to
our study showed significantly higher drug transport across the corneal membrane and
increased ocular retention time. In our present study, different types (P338, P188) and ratios
of poloxamer were tested and characterization studies were carried out. Furthermore, the



effect of remarkable mucoadhesive agents such as chitosan and CMC were evaluated in terms
of gelation time, viscosity and mechanical properties of the gel. The effect of gel formulations
was demonstrated by in vitro release and ex vivo permeation results compared with the
commercial product in our study.®

Numerous studies have been conducted on systems based on a solution gelling in situ using
various polymers that undergo sol-gel phase transitions as a result of physical/chemical
change depending on pH, temperature or a particular ion.®13 Poloxamers are thermosensitive,
non-ionic polyoxyethylene — polyoxypropylene — polyoxyethylene (PEO n —PPO n — PEO n)
tri-block copolymers.'4%5 It transforms from a low-viscosity solution to a gel at room
temperature when its aqueous solution is at a concentration of 18% (w/w) or higher. Since the
solution has a low poloxamer concentration, it loses its gelling ability after dilution w

lacrimal fluid, and this requires a higher concentration (25% (w/w)). In this case [fimg
temperature (GT) will be lower than room temperature and the solution must be n the
refrigerator, making it difficult to prepare and use. Therefore, adding an al poloxamer,
for example poloxamer 188 (P188), is a good alternative to increase the G

The aim of the present study was to prepare TM gel formulations co ing'paloxamer 338

thermosensitive formulation that gels in the eye when liquid at Fe@m temperature is to
develop. It is aimed that the developed formulation is in the,form ofdrops and can be applied
easily, gels at eye temperature, and contacts the eye fog@ longer time, and with its
mucoadhesive feature, it is aimed to improve drug retentien ig'the pre-corneal space. Thus,
the drug will stay in the eye for a longer time and4ncrease, its bioavailability.

MATERIALS AND METHODS
Materials
All chemicals and reagents used were of maceutical and analytical grade. P338 and P188

were provided by BASF (Germany). (lowfmolecular weight) purchased from Sigma
Aldrich (Steinheim, Germany) and ded by Aklar Chemistry (Ankara, Turkey). The
commercial product containing | amount of the TM belongs to Bilim Pharmaceuticals
(Turkey). Active ingredient T, S Merck, USA.

Method

Preparation of Gel Fo tio

Different concentrations and P188 were dissolved in cold isotonic water by mixing
m in an ice bath for 20 minutes. Then, mucoadhesive agents

with magnetic stirrér at 50
(CHT, CMC) wereladdediand dissolved. The formulations were refrigerated for at least 24

hours to ens e dissolution and then TM was added.

Drug con

Here, 0,5 g 0f gelformulation was weighed and stirred in 100 mL of tear fluid for 24 hours at
roo attre and 100 rpm on a magnetic stirrer. TM concentration was measured at 295
n spectrophotometer.*6

The pH values of the gel formulations were measured with a pH meter (Ohaus
Corporatiion,USA) after standing at room temperature for 1 hour. The pH of the developed
gel formulations was adjusted to 7.4.

Measurement of Viscosity

Viscosity measurements of the gels were measured using a stress-controlled cone and a plate
rheometer (Brookfield, DV-111 Rheometer). 0.5mL sample was used and measurement was
performed with spindle type CPE-52. The study was performed in two different situations
with and without the added active ingredient, and three replicates were performed.
Determination sol-gel Time



The test-tube-inverting technique was used to determine the samples' sol-gel gelation times.%’
Briefly, a 10 mL test tube with a diameter of 1.0 cm was filled with 2 ml of the solution, and
time measurements were started when the test tube was placed in a digital water bath at 34°C.
The flowability of the sample was observed every 5 sec by tilting the tubes. The gelation time
was determined as the moment the samples' flow ceased, and the values were noted.

Texture profile analysis (TPA)

A TA-XT Plus Texture Analyzer (Stable Micro Systems, London, UK) was used to analyze
the mechanical properties of the gels. The study was carried out by attaching a penetrometer
(moving probe) probe to the device. Approximately 50 mL of the gel formulation was placed
in a beaker (100 mL). A pressure of 2 mm/sec and a depth of 15 mm was applied twigé on, the
gels with a 10 mm diameter probe. It was adjusted to be 15 seconds between two
compressions in each period.'® Data obtained Texture Exponent 2.0.6.0. calculatéd with a
software program. The mechanical properties of the gel formulations, including'fardness,
tackiness, cohesiveness, and elasticity, were determined.

In Vitro Release Study

Franz diffusion cells were used for the in vitro release study and 0.5 AL ef thesformulation
was transferred to the donor chamber. Artificial tear fluid was filled“into thesreceptor
chamber, which has a 2.5 mL volume, and stirred continuouslysing the,tiny magnetic bar.
The molecular weight of the dialysis membrane used to separatégtite donor and acceptor
chambers is 12,000-14,000 Da. The experiment was carrigd out at'84°C + 2°C. Samples were
taken at the specified time points (0.25 hours, 0.5 hourg{"1 hour, 2 hours, 3 hours, 4 hours, 6
hours, 8 hours, 10 hours and 24 hours) and replacedgvititan equal volume of artificial tear
fluid. Samples were analyzed by UV-spectrophot@metér at 295 nm (n=3). The release profile
was created by plotting the cumulative amouny®f TM, refeased from the formulations over
time.

The artificial tear fluid's ingredients wereffiltered water (g.s. 100 g), sodium bicarbonate
(0.220 g), sodium chloride (0.670 g) andicalcium chloride dehydrate (0.008 g),. This fluid was
used to simulate tear fluid.2

Ex Vivo Permeation Study

Ex vivo experiments were peformed Using cow cornea from the cow eyeball collected from
the slaughter house immediately/afierthe animal was sacrificed.*® The cornea was carefully
removed with 4-5 mm qf’Surfounding scleral tissue. The removed corneas were cleaned with
cold saline and stored_infgg€sh simulate tear fluid before use.?’ The corneas were placed
between the donor@nd régepior compartments of the Franz diffusion cell with the
endothelium facingithe receptor compartment. The temperature was kept constant at 34 + 2 °C
throughout thé experiment. 0.5 mL of each formulation was administered and the experiment
was perfogmed in triplicate (n=3). Subsequently, same procedures used in the in vitro release
study were algo @pplied to the ex vivo permeation study. Permeated amount of TM (%) from
COw gornea Versus time was plotted.

RESURTSYAND DISCUSSION

Polexamers having thermo-gelling properties are non-ionic triblock copolymers consisting of
one ufit of polyoxypropylene and two units of polyoxyethylene units. The gelation process
depends on critical micelle concentration and critical micelle temperature. At the
physiological temperature and certain concentrations, an aqueous solution of returns to a gel
state in situ.

Different poloxamers can be used together to adjust the gelling temperature. Mucoadhesive
polymer and poloxamer containing gels are systems that are being studied extensively as drug
delivery systems. Poloxamer-based mucoadhesive gels have two main advantages: having
both gelation and mucoadhesion properties at the physiological temperature. The presence of
the mucoadhesive polymer in an aqueous poloxamer solution may change the sol-gel



transition temperature, gelation time, rheological properties, and release properties of the
active substance. Similarly, the addition of poloxamer may affect the mucoadhesive property
of the mucoadhesive gel.?*

In the presented study, poloxamer based (two different types combined) mucoadhesive
thermosensitive system was investigated. The aim is to prepare thermogel systems whose
gelling temperature is close to the corneal temperature. Combination of different poloxamers
in different concentrations was used for suitable temperatures. According to literature, the
study's preferred mucoadhesive polymers, CHT and CMC, act as penetration enhancers to
promote the drug's transcorneal permeability.

Additionally, poloxamers, which are marketed as pluronic, have all the characteristic#
including good thermal gelling, non-irritating eyes, and tolerance- that make them acceptable
for ocular administration.??

The retention time of poloxamer-based gels is directly influenced by their mechanical and
rheological characteristics. In case of weak mechanical strength and low vi§cosity, fapid
elimination occurs, while in case of high these values, gel flow becomes ptoblematic.?® To
evaluate these properties, we performed viscosity and TPA analyses ifi this Study.

Gelation Time Study

Different combinations of P338, P188, CMC and CHT were studied tofrepare the
mucoadhesive-thermosensitive gel formulations. It was found thatthe polymer compositions
had an impact on the physicochemical properties of in situsgel formulations including TM.
For instance, the formulation's Tsol-gel reduced when tie P338 amount was increased. Also,
the difference in the mucoadhesive agent also changed the,gelation time. The gelling times
were found to be 26.67 sec for the CHT gel and 35,seg’for the CMC gel as the most suitable
(Table 1). Soriano-Ruiz et al.?* reported the prgparatiengels using different ratios of
poloxamer and chitosan and measured their gelatign times. The gelling time was 1.16 minutes
when 20% poloxamer 0.5% chitosan wasfsed, and*0.86 minutes when the poloxamer ratio
was 22%. As the poloxamer concentration incréased at certain concentrations, the gelation
time was shortened. Gratieri et al.?>sfoupd the'gelation temperatures of gels prepared using
16% poloxamer and 0.5%, 1%, 1.5%hitgsan as 33 + 0.8°C, 32 + 1.7°C, 31 + 1.3°C,
respectively. Morsi et al. developed a Ketorolac tromethamine loaded thermosensitive in situ
gel system for the treatment of\gostoperative ocular inflammation. Different concentrations of
poloxamer and HPMC weére iseddin gel systems. Similar to our study, it was determined that
as the poloxamer concentigtion increases, the gelation time and gelation temperature
decreases.?®

Measurement of VAiscosity

Viscosity megsurements of the ophthalmic gel formulations were obtained with and without
TM. Whilg, the viscgsity of the CHT gel formulation was 1572.66 mPa.s, the CMC gel
formulation'was¥ound to be 915 mPa.s and the viscosity values increased with the addition of
drugeThe rhgegrams of gel formulations showed Newtonian flow behavior at 25°C when
shear stgesSwvas plotted against shear rate (Figure 3). Similar to our study, Tirnaksiz et al.?! in
theig study, they concluded that the poloxamer solutions they prepared at different
concefitrations (10%, 12.5% and 15%) showed Newtonian flow at three temperatures (25°C,
30°C and 35 °C).

Texture Profile Analysis

According to the Texture Profile analysis results, the mechanical properties of both systems
were found to be similar (Table 2). The amount of work needed to separate the probe from the
formulation is defined by the adhesiveness value, which is related to adhesive characteristics.
The aim is to enhance the drugs retention time, hence a higher adhesiveness quantity suggests
stronger adhesion at the surface. According to the experiment's results, the CHT gel
formulation, which also exhibits higher gel strength properties, achieved the maximum



adhesiveness value. Cohesiveness indicates the difficulty in breaking down the internal
structure of the gel and the effect of repeated stresses. Elasticity feature is that the gel is
structurally restored after compression and deformation. A low numerical value indicates high
product flexibility.?’

Hardness is defined as the force required to achieve a certain deformation and refers to the
applicability of the gel to the desired area.?® It is desirable that the hardness values of the
formulations be low so that the formulation can be easily taken from the container and applied
to the mucosal area.?® In our study, the hardness value of the CHT gel is lower than the CMC
gel. It has been stated in the literature that there is a correlation between viscosity and
hardness.>® We found that, the hardness value of the CHT gel, which has a lower viscgsity,
was also found to be lower than the CMC gel, in line with the literature.

Higher adhesive property in CHT gel is an important parameter in mucoadhesivg gel destgn,
as better gel contact and retention will provide better clinical efficacy.

In Vitro Release and Ex Vivo Permeation Study

The in vitro drug release profile of CMC gel, CHT gel, commercial produgt and M solution
is shown in Figure 4A. As expected, there was a faster release in the /Mjsol®tion in the first
hours compared to other formulations, and the release rate was less ferg€elsystems. The
release of drug from the gels and TM solution was characterizegd byfan‘iitial phase of high
release (burst effect).31 The end of 24 hours, drug release was Obté@ined at approximately at
the same percentage for the gels. Whereas at the end of 24,hours, TM released from the
commercial products was 82% of the dose.

Figure 4B displays the results of the ex vivo permeation tests4The cumulative percentage of
drug release through the cow corneal membrane was shghtly less compared to the dialysis
membrane. This might be because the dialysisgnemBgang’just acts as a basic mechanical
barrier, whereas the cornea’s epithelium, stroma,and endothelium act as a lipophilic
hydrophilic barrier for corneal penetratiof”>* The amount of TM penetrating the cow cornea
after 24 hours was 73.38%, 71.80%, 67.25% ane 60.55% from the CHT gel, CMC gel, TM
solution and commercial preparatiom, respeetively. Although the difference was found to be
statistically insignificant (p>0.05, onewayANOVA), the permeability of gel formulations is
higher than that of the solutiopand commercial product. Thanks to its thermosensitive
mucoadhesive gel formulationsT M penetrated the cornea more effective for a longer period.
Thermosensitive in situ aydrogelSimay increase ocular bioavailability by prolonging drug
release.®

In vitro release of tie gels developed in our study, ex vivo permeation study was performed
and compared withigel formulations, solution and commercial product. Thus, it has been
observed thatfthe TM"g€l systems delay the release and prolongs the retention time in the eye.
In particular, different types of poloxamers (P338 and P188) have been used in combination
instead_of poloxamer 407 used in many literatures. At the same time, different gel
formulations*have been developed with the addition of mucoadhesive agents.?>33-3

In another study, an ocular gel system that sensitive to temperature and pH was developed
ustag poloxamer and chitosan polymers. In the in vitro transcorneal permeability study, the
gel system developed with the drug solution was compared. After 4 hours, the permeability of
the drug through the goat cornea is 42.11% =+ 2.1% for the solution and 63.41% + 2.6% for
the gel system. This situation was interpreted as being explained by the good transmucosal
enhancer properties of chitosan.®

Similar to our study, one study concluded that the ophthalmically developed in situ gel
showed significantly improved bioavailability compared to a commercial aqueous solution.
The developed in situ gel formulation was noted to show potential for use as delivery systems
of carteolol HCI with superior ocular bioavailability.3® Gratieri et al.?® in their study, they
developed a thermosensitive gel formulation by experimenting with different ratios of



poloxamer and chitosan. The results showed that chitosan improved the mechanical strength
and tissue properties of poloxamer formulations. It has been reported that the developed
poloxamer/chitosan gel is in contact with the corneal surface four times more than a
conventional solution. It is concluded that the developed in-situ shaping gel is a promising
tool for the topical treatment of ocular diseases.

Ocular bioavailability and retention time of TM can be increased with in situ gel formulations
prepared using different polymers other than our study, such as carbopol, polycarbophil,
cellulose acetophthalate (CAP) latex, gellan gum, alginate, ethyl (hydroxyethyl) cellulose,
methyl cellulose and Smart Hydrogel™. It can be suggested that the effectiveness of th
developed gel formulations be supported by in vivo studies.

CONCLUSION

In this study, thermosensitive-mucoadhesive ophthalmic gel formulations were ¢
using different types and concentrations of poloxamer and mucoadhesive pol
developed gel formulations are liquid at room temperature, and when applié
they can gel form in a short time such as 26.67 (CHT gel) or 35 seconds («

In the TPA analysis, the hardness value of the CHT gel was found t0 ver than the CMC
gel in relation to the viscosity. As a result of in vitro release, f rughselease was observed
in the TM solution compared to other formulations in the first , but at the end of 24
hours, approximately the same percentage of drug releaseas obtained with the gels.

@ cornea longer and more
ulations. The developed gel

systems effectively controlled the release of relativel
maleate compared to eye drops and increased dfug bility with mucoadhesive polymers.
Thermosensitive-mucoadhesive hydrogels are effective systems for increasing ocular
bioavailability and reducing the frequency of appliCation by prolonging drug release. It was
concluded that the developed gel formulations are better in contact with the corneal surface

than a commercial solution, makin ing tool for the topical treatment of ocular
diseases and better patient compli
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Figure 1. The figure shows the gels in solution form at 25 °C (A) a nsformed into

gels at 34 °C (B)
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Table 1. Gelation time of different in situ ophthalmic gel formulations at 34 °C.
System P338:188 CMC CHT (%w/v) Gelation ime
(Yow/v) (Yowl/v) (sec)
CMC gel 18:2,5 0,1 - O
20:2,5 0,1 - G
22:2,5 0,1 - gel
CHT gel 18:2,5 - 0 Q 68,33
20:2,5 - 26,67
22:2,5 - & gel
Table 2. The mechanic %f the gel formulations
%hesiveness Cohesiveness Elasticity
C (9.sec) £ SD +SD +SD
CHT ge +0,452 | -16,097+0,179 0,882+0,016 0,559+0,014
20,857+1,482 | -14,999+2,982 0,916+0,047 0,544+0,025
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