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ABSTRACT
Objective: This study was aimed to prepare, characterize and evaluate in situ gel formulation for a
sustained ocular delivery of voriconazole.
Material and Method: In situ gels were prepared with three different hydrophilic co-polymers:
Poloxamer 188, 407 and 388. The formulations were characterized in terms of their clarity, pH, viscosity
drug content uniformity and mechanical/rheological properties. Moreover, in vitro drug release and
stabilitystudies were performed.
Result and Discussion: The results showed that the optimized in situ gel formulation had desired in vitro
properties and a good stability over the period of 3 months. Texture profile analysis presented that
formulations offered suitable adhesive and mechanical properties. P2-V formulation exhibited pseudoplastic flow and typical gel-type mechanical spectra (G′ > G″) at different frequecy values and at different
temperatures. Moreover, all formulations showed a sustained drug release for 24 hours. In conclusion,
voriconazole loaded in situ gel could be offered as an encouraging strategy as ocular systems for ocular
infections treatment.
Keywords: Mechanical properties poloxamer, rheological properties, thermo-sensitive in situ gel,
voriconazole
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ÖZ
Amaç: Bu çalışmada vorikonazolün sürekli bir oküler dağılım uygulaması için in situ jel formülasyonu
hazırlamak, karakterize etmek ve değerlendirmek amaçlanmıştır.
Gereç ve Yöntem: İn situ jeller, üç farklı hidrofilik yardımcı polimer ile hazırlanmıştır: Poloxamer 188,
407 ve 388. Formülasyonlar, berraklık, pH, viskozite ilaç içeriği ve mekanik / reolojik özellikleri bakımından
karakterize edilmiştir. Ayrıca, in vitro ilaç salımı ve stabilite çalışmaları yapılmıştır.
Sonuç ve Tartışma: Sonuçlar, optimize edilmiş in situ jel formülasyonunun, istenen in vitro özellikler ve
3 ay boyunca iyi bir stabilite göstermiştir. Doku profili analizi, formülasyonların uygun adhezif ve mekanik
özellikler sunduğunu göstermiştir. P2-V formülasyonu, farklı frekans değerlerinde ve farklı sıcaklıklarda
psödo plastik akışı ve tipik jel tipi mekanik spektrumları (G ′> G ″) göstermiştir. Ayrıca, tüm formülasyonlar
24 saat boyunca sürekli bir ilaç salımı göstermiştir. Sonuç olarak, vorikonazol yüklü in situ jel, oküler
enfeksiyon tedavisi için oküler sistemler olarak teşvik edici bir strateji olarak sunulabilir.
Anahtar Kelimeler: mekanik özellikler poloksamer, reolojik özellikler, termo-duyarlı in situ jel,
vorikonazol

INTRODUCTION
Ocular drug delivery is challenging due to the presence of anatomical and physiological barriers.
These barriers can affect drug entry into the eye following multiple routes of administration (e.g.,
topical, systemic, and injectable) [1]. Topical administration is the most common route of ocular drug
delivery. This route represents a safer administration, therefore a major challenge to the scientists is to
overcome the ocular barriers and reach the tissue target [2].
Although conventional opthalmic dosage forms such as solutions and suspensions are usually
preferred to treat disorders of the eye, the biological protecting factors lead to low ocular absorption and
poor bioavailability (1– 10%). An efficient ocular drug delivery system, which can provide maximum
precorneal residence time, is desirable to overcome ocular barriers and sustain delivery of drugs
following topical administration [3].
Bacterial keratitis may arise secondary to corneal epithelial breakdown associated with dry eye,
contact lens use, trauma or the presence of a persistent corneal suture. Keratitis is also caused by direct
infection or immune-related complications with viruses, bacteria, fungi, yeast and amoeba. Subsequent
long term visual loss occurs as a consequence of corneal scarring affecting the visual axis. The extent
of scarring may be limited if the infection is identified early and treated adequately [4,5]
A second-generation antifungal agent, voriconazole (VCZ), has exceptional properties such as
broad-spectrum activity against resistant fungal species and acceptable tolerability. Besides, studies
have demonstrated excellent efficacy of VCZ against ocular mucosa following topical administration
[6,7].
The in situ thermo-gelling systems are liquid aqueous solutions at room temperature, however
they undergo sol-gel transition on the ocular surface at physiological temperature hence they prolong
ocular residence time. Various in situ gel systems have been developed to prolong the precorneal
duration of the drug and to increase ocular bioavailability [8,9]. Among commonly used in situ gel
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polymers, Poloxamers are well-known thermo-responsive copolymers that exist liquid state at low
temperature (4-5°C) while converting into a gel upon increasing temperature. They have been widely
used in nasal, ophthalmic, vaginal and topical formulations. However, they represent weak mechanical
strength leading to rapid erosion of the polymer.
Therefore; in this study, it was aimed to develop VCZ loaded in situ gel formulation with suitable
gelation temperature and mechanical properties for ocular drug delivery. In accordance with this
purpose, the in situ gels were prepared by using different poloxamer types (Poloxamer 188, 407, 388)
and ratios. Finally, the gels were characterized in terms of their physicochemical parameters, drug
content, mechanical/rheological properties, in vitro drug release and stability.

MATERIAL AND METHOD
Materials
VCZ was purchased from Sigma-Aldrich, Germany. Poloxamer 407, 188 and 338 were kindly
gifted from BASF, Turkey. Benzalkonium chloride (BZC) was supplied from Sigma-Aldrich, Germany.
Dialysis membrane (Spectra/por 4, diameter 16 mm, the molecular weight of 12–14 kDa) was purchased
from Spectrum Chemical Mfg. Corp. (USA). Distilled water was used throughout the study. All the
other solvents and chemicals were of analytical or HPLC grade.
Preparation of in situ gel formulations
The in situ gels were prepared according to cold technique [10,11]. The polymeric solutions were
prepared by dispersing the required quantity of Poloxamer 407 and Poloxamer 188 in water using a
magnetic stirrer until the poloxamers completely dissolve. Aqueous solutions were stirred for about two
hours by using magnetic stirrer [12].
For the preparation of ocular in situ gel; VCZ, BZC as well as sodium chloride were incorporated
in aqueous solutions containing P407, P188, P388 and distilled water. BZC (0.02% w/w) was added as
a preservative to the solutions. Sufficient amount of sodium chloride (0.9% w/w) was added to the
mixture to maintain the isotonicity.
Characterization of in situ gels
Appearance
The developed formulations were inspected visually for their clarity, colour and particle content
both in their sol state and gel state.
Determination of sol-gel temperature (Tsol-gel)
20 g of cold formulation was put into a beaker and placed in a temperature-controlled magnetic
stirrer. A thermometer (JG-220 Digital Thermometer, Turkey, −50+260°C±°1C accuracy) was
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immersed in the sample solution for constant monitoring. The solution was heated at the rate of 2°C/min
with the continuous with stirring at 200 rpm. The temperature at which the magnetic bar stopped moving
due to gelation was reported as the gelation temperature. The maximum limit for gelation was checked
up to 60°C and the study was repeated at least 3 times [9].
Gelling capacity
The gelling capacity of the prepared formulation was determined by placing a drop of the
formulation in a beaker at 32 ± 0.5 °C and it was visually observed for gelling time [12].
Determination of pH
The pH of the gel was measured using calibrated pH meter (Mettler Toledo, Switzerland). pH
measurement was repeated at least 3 times and the average pH values of the formulations were
calculated.
Viscosity
The viscosity studies of in situ gels was carried out using a Brookfield viscometer (LVDV-E,
USA). The in situ gel formulations were analyzed with probe 27 at 200 rpm and probe 07 at 20 rpm.
Temperature was set to +4±0.5°C and 25±0.5°C by a circulating bath.
Drug content uniformity
0.125 g of the developed formulations was dissolved in 25 mL mobile phase and drug
concentration was analyzed by high-performance liquid chromatography (HPLC).
HLPC analysis
The VCZ amount was determined with a HPLC system consisted of a gradient pump, a UV
detector (Agilent 1100, Thermo Scientific, Germany) and C18 column (5μm, 150 × 4.6 mm). The
samples were analyzed at 256 nm with 1mL/min flow rate at 25°C. The mobile phase was a mixture of
acetonitrile: ultrapure water (50:50). The retention time of VCZ was 4.098 min [7]. The method was
validated for linearity, limit of detection (LOD) and limit of quantitation (LOQ), precision, accuracy
and specificity, selectivity and stability. The linearity between peak area and concentration was analyzed
using calibration curve obtained from standard solutions of VCZ (1–30 μg/ mL). The accuracy of an
analytical method is the closeness of test results obtained by the method to the true value and is defined
recovery. The prepared standard solutions were injected five times at different levels as a test sample. 8
μg/mL solution was injected ten times in order to evaluate method precision, standard deviation (SD)
and coefficient of variation.
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Spreadability of VCZ loaded in situ gels
To determine spreadability of VCZ loaded in situ gels, 0.1 g of VCZ loaded in situ gels were
transferred to the center of a glass plate (10 cm × 10 cm), which this glass plate had temperature 32 ±
0.5 °C and was compressed under another glass plate of the same size. Thus, the gel was spread out in
between the plates. After one minute, the weight was removed and the diameter of the spread area (cm)
was measured. The measurement was performed in triplicate [9].
Determination of Mechanical Properties
Mechanical properties of gels were determined using a software-controlled penetrometer (TAXT Plus Texture Analyser Stable Micro Systems, UK) equipped with a 0.5 kg load cell. An analytical
probe (10 mm diameter) was twice compressed into gels to a defined depth (15 mm) with a constant rate
(test speed: 2 mm/s) at both 25 and 32°C. Mechanical parameters (hardness, adhesiveness,
compressibility, cohesiveness and elasticity) were calculated from the obtained force–time curves.
Experiments were carried out at least six times [13].
Rheological Measurements
The rheological analysis of the formulations was performed with a controlled stress/controlled
rate rheometer (TA Instruments, Discovery HR-1, Hybrid Rheometer, UK) both at 25°C ± 0.1°C and
32°C ± 0.1°C.
Continuous shear analysis was performed in flow mode, in conjunction with parallel steel plate
geometry (40 mm diameter) and gap of 1000 µm. Briefly, formulation sample was carefully applied to
the lower plate of instrument, ensuring that formulation shearing was minimized and allowed to
equilibrate for at least 1 min prior to analysis. Upward and downward flow curves were measured over
a range of shear rates (0 - 1000 s-1).
Oscillatory analysis was performed after determination of its linear viscoelastic region at 25°C
and 32°C, where stress was directly proportional to strain and the storage modulus remained constant.
Frequency sweep analysis was performed over the frequency range of 0.1 - 10 Hz following application
of a constant stress and standard gap size was 1000 µm.
Storage modulus (G′) and loss modulus (G″), the loss tangent (tanδ) and the dynamic viscosity
(η') and were determined. All rheological properties were examined with at least three replicates [14–
16]
In vitro drug release studies
In vitro release studies were carried out in simulated tear fluid (composition: sodium chloride
0.68 g, sodium bicarbonate 0.22 g, calcium chloride dihydrate 0.008 g, potassium chloride 0.14 g, and
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distilled deionized water to 100 mL [17] to mimic ocular conditions. 5 g of formulations were put into
dialysis membrane (Spectra/Por Regenerated Cellulose, Molecular weight cut off 12–14 kDa) and
capped with closures. Dialysis membranes were placed into 200 mL simulated tear fluid and stirred at
50 rpm (32±0.1°C). 1 mL of sample was withdrawn at a predetermined time intervals of 30 min to during
12 h and the same volume of fresh medium was replaced. The samples were analyzed with HPLC for
determination of the drug content.
Stability of VCZ loaded in situ gels
In order to check physical stability, VCZ in situ gels were stored at 4 ± 1 °C in the refrigerator
and 25±1°C (relative humidity 60%) for 3 months. After storage visual appearance, clarity, pH, gelling
capacity and VCZ content of in situ gels were investigated. The experiments were repeated three times
[18].
Statistical data analysis
Statistical data analysis was performed using the Student’s t-test with P<0.05 as the minimal level
of significance.

RESULT AND DISCUSSION
Preparation of In Situ Gel Formulations
Poloxamers represent a class of amphiphilic triblock copolymers comprising a hydrophobic
propylene oxide (PPO) block and two hydrophilic ethylene oxide (PEO) blocks, which can undergo a
reversible sol-to-gel transition upon heating, as a function of their PEO:PPO ratio. Poloxamer 407 and
poloxamer 188 are the two most commonly used poloxamer types for thermosensitive in situ gelling
systems an d they are approved by US Food and Drug Administration (FDA) [19]. Poloxamer 338 is a
new nonionic surface-active agent. The block copolymer poloxamer 338 in aqueous media exhibits
micellar structures which can convert into gel like structures based on their length, concentration and
temperature [20].
The in situ VCZ gels were prepared according to cold technique. Briefly, VCZ, BZC as well as
sodium chloride were incorporated in aqueous solutions containing P407, P188, P338 and distilled
water. BZC (0.02% w/w) was added as a preservative to the solutions. Sufficient amount of sodium
chloride (0.9% w/w) was added to the mixture to maintain the isotonicity. VCZ concentration was 0.1%
(w/w) in all formulations (Table 1).
Different Poloxamer 407, 188 and 338 combinations were tried and evaluated according to their
physical appearance and gelation temperature properties. Topical drug administration is the simplest
and easiest route for localized drug delivery [21]. Topical administration of antifungal agents could have
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an increased impact on the antifungal therapy, given that current formulations present lack of efficacy
due to the rising antifungal drug resistance [22]. For topical ocular formulations, the carriers are desired
to gel at 32oC, which is the eye surface temperature [23]. Among the tried formulations, the poloxamer
ratios given in Table 1 were identified as the most appropriate in situ gelling system for ocular
administration. Therefore, they were chosen as in situ ocular carrier system candidates for VCZ and
evaluated for their properties.
Table 1. Formulation codes (FC) and components of in situ gels
FC

Poloxamer
407 (%)

Poloxamer
188 (%)

Poloxamer
338 (%)

VCZ
(%)

BZC
(%)

Physiological saline (0.9%
w/w) (q.s) (g)

P1-V

20

5

-

0.1

0.02

100

P2-V

20

8

-

0.1

0.02

100

P3-V

20

18

0.5

0.1

0.02

100

Characterization of in situ gel formulations
Psysicochemical parameters of in situ gel formulations are important factors to be considered in
the formulation development phase especially for ocular application. Firstly, the formulations were
inspected visually for organoleptic properties. Clarity is a quality control test to reduce number of the
large particles in the formulation which may cause irritation and tear flow and hence the loss of drug
from ocular surface [24]. Therefore; first of all, formulations were visually inspected for their clarity,
color and particle content. Visual observation showed that all of the in situ gels were found to be clear,
colorless and free of foreign particles.
In previous studies, the corneal contact time has been increased to varying degrees by different
ophthalmic dosage forms. However, most of these carriers (e.g. ointments)

have not been fully

accepted, because of blurred vision [25]. In this respect; in situ gels are advantageous because of their
transparent structure. In addition, they extend the corneal contact time and, in this way, they also increase
patient compliance.
pH is one of the most important parameters involved in ophthalmic formulations and it was
measured using a pre-calibrated pH-meter. The normal physiological pH of the ocular mucosa ranges
from 6.5 - 8.5 [9]. pH value of all formulations was found to be between 7.1 – 7.5 and they are within
the range of ocular mucosa (Table 2).
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Table 2. Physicochemical properties of in situ gels

FC

Clarity

pH

Gelling
temperature
(oC)

Gelling
Capacity
(sec)

Spreadability
(cm)

Viscosity (cP)
+4°C

25°C

P1

+++

7.375
±0.009

30.733
±0.231

2.100
±0.1

1.575
±0.035

13.467±0.141*

255.00±1.838*

P1-V

+++

6.327
±0.006

30.500
±0.500

1.800
±0.100

1.300
±0.082

15.697±0.135*

275.10±2.796*

P2

+++

7.168
±0.009

32.233
±0.115

1.300
±0.100

1.625
±0.035

110.000±3.270*

276.15±0.212*

P2-V

+++

1.575
±0.096

125.50±4.270*

285.26±0.314*

+++

32.200
±0.265
27.300
±0.200

1.233
±0.058

P3

6.357
±0.006
7.553
±0.019

1.800
±0.100

1.487
±0.052

432.933±0.751*

550.00±4.142**

P3-V

+++

6.617
±0.006

27.767
±0.306

1.500
±0.100

1.325
±0.096

445.266±0.642*

575.20±3.213**

(*: probe 27 200 rpm; **: probe 07 20 rpm)

An ideal in situ forming gel should be free flowing at a low temperature, transform into a
semisolid after contacting the ocular surface, and remain in the gel form under conditions of maximum
lacrimal fluid dilution [26]. The in situ gels developed in this study showed a gelation temperature
around 32oC. At this temperature, the administered formulations are expected to transform from sol to
gel state and prolong the ocular drug release. It can also be seen from Table 2 that, incorporation of
%0.1 VRC didn’t significantly affect the gelling temperature and gelling capacity of the formulations.
The gelling capacity is defined as the time taken for the transition of liquid phase to a gel. In this
experiment, the gelling capacities of in situ gels were found to be within 0.5 - 2.1 sec. As demonstrated
in Table 2, the gelling capacity increased when the concentration of P188 increased. For example,
formulation P1 has longer gelation time (2.1 sec) than P2 formulation (1.3 sec).
The results of viscosity were shown in Table 2. The viscosity results of the formulations were
different under 4 and 25 oC temperature conditions which are storage conditions of the in situ gel
formulations. As the collected results showed, the increasing concentration of Poloxamer 188 increased
the viscosity of the in situ gel. Poloxamer188 is a more hydrophilic poloxamer and is used as an auxiliary
gelling agent for modification of Tsol-gel. P188 consists of higher PEO: PPO ratio (79:28) compared to
P407 (100:65) and usually incorporated in the P407 thermogels to increase the Tsol-gel [19].
The spreadability results showed that the formulated in situ gels (P2 and P2-V) were most
effective i.e. they showed best results for spreadability. The results of spreadability were shown in Table
2. Spreading diameter of the P1, P1-V, P3 and P3-V formulations demonstrated that is similar for all
formulations.
The analytical method was developed and validation studies were carried out for VRZ. If the
standard deviation less than the acceptance criteria which is 2%, the analysis system for the
determination of assay is to verify [27]. The LOD and LOQ tests for the procedure were performed on
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samples containing very low concentrations of analyses [28]. The LOD and LOQ were determined as
0.022 μg/mL and 0.065 μg/mL, respectively. The used method for VCZ analysis was found to be linear.
Finally, the drug content uniformity of P1-V, P2-V and P3-V were found to be 93.622±1.157,
92.625±0.609 and 98.288±0.630, respectively.
Determination of Mechanical Properties
Ocular in situ gel formulations should have suitable mechanical properties for easy
administration, high spreadability on the ocular mucosa and strong adhesion. Texture profile analyses
(TPA) were performed to gather information about the gel structure and to determine the resistance of
formulations to compressive stresses and subsequent relaxation. The mechanical properties of the
formulations were characterized in terms of hardness, compressibility, adhesiveness, elasticity and
cohesiveness. The obtained results and force-time curves were given in Table 3, Figure 1 and Figure 2.
Briefly, hardness expresses the applicability of the gel to ocular surface and it should be low to
allow easy administration and good spreadability. Compressibility value determines sample deformation
under compression. It should be low to remove the formulation easily from the container during
administration. This value also shows high spreadability at the application site. It can be seen that,
depending on the increase in the temperature; hardness and compressibility values were significantly
increased, which indicates, improved gel strength. This increase was in accordance with oscillatory
rheology results, i.e. increased elastic behavior (represented by G´) was exhibited with increasing
temperature.
Table 3. Mechanical properties of the formulations
Formula
tion code
P1
P1-V
P2
P2-V
P3
P3-V

Temperature
(°C)
25°C
32°C
25°C
32°C
25°C
32°C
25°C
32°C
25°C
32°C
25°C
32°C

Hardness
(g) ± SD
0.588±0.025
8.167±0.904
0.603±0.015
12.508±0.715
0.231±0.015
10.255±2.261
0.312±0.007
8.213±0.839
52.476±4.793
62.471±2.984
39.301±2.757
79.018±0.714

Compressibility
(g⋅sec) ± SD
1.087±0.013
12.852±2.395
1.121±0.047
19.939±2.914
0.161±0.017
13.947±2.059
0.337±0.010
6.863±0.660
95.827±10.097
132.936±9.109
66.951±7.110
103.778±4.057

Adhesiveness
(g⋅sec) ± SD
0.594±0.017
12.885±2.913
0.608±0.020
18.838±2.354
0.581±0.010
11.367±0.459
0.558±0.005
5.600±1.024
91.426±7.964
121.771±6.999
60.291±5.153
79.218±6.072

Cohesiveness
± SD
1.057±0.027
1.033±0.083
1.052±0.008
1.016±0.031
0.976±0.025
1.111±0.088
1.011±0.015
1.085±0.243
0.971±0.045
1.027±0.049
0.941±0.107
1.154±0.059

Elasticity
± SD
0.968±0.010
1.532±0.189
1.018±0.061
1.504±0.462
1.013±0.169
1.299±0.247
1.021±0.032
0.990±0.036
1.271±0.177
1.181±0.056
1.252±0.116
1.062±0.165
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Figure 1. Force-time curves of the gel formulations at 25°C (Blue line: P1, Yellow line: P1V, Green
line: P2, Purple line: P2V, Red line: P3, Black line: P3V)

Figure 2. Force-time curves of the gel formulations at 32°C (Blue line: P1, Red line: P1V, Green line:
P2, Yellow line: P2V, Brown line: P3, Purple line: P3V)
Adhesiveness value defines the work required to detach the probe from the formulation and it can
be related to adhesive properties. Higher adhesiveness value indicates greater adhesion at the tissue
surface and it is a desired characteristic to increase the drug retention time. Based on the results it can
be seen that, highest adhesiveness value was obtained with P3 formulations, which also shows high gel
strength properties. Also in all of the formulations, the increased temperature caused higher adhesive
properties.
Cohesiveness shows the effect of repeated shearing stresses on the formulations. Elasticity
represents the return rate of the deformed sample to its beginning condition. Lower numerical value in
the elasticity indicates greater product elasticity. As it can be seen from Table 4; cohesiveness and
elasticity values are nearly 1 as expected and they did not significantly change with the addition of VRC
or increasing temperature (P>0.05).
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Rheological Measurements
The evaluation of rheological properties for in situ gels is one of the most important parameters
for predicting their in vivo behavior. The rheological properties especially affect both ease of application
and retention within the application area. Therefore; P2-V formulation, which showed gelling
temperature at 32°C, was selected and evaluated for its rheological behavior. The rheological properties
were determined both at room temperature (25°C) and at eye temperature (32°C) to observe the changes
in the gel structure.
First of all, the shear stress changes upon shear rates have been observed to determine whether
the rheological behavior of the formulation is Newtonian or non-Newtonian. Obtained results showed
that in continuous shear rheometry, P2-V formulation showed a non-Newtonian pseudo-plastic flow,
showing decreasing viscosity with progressive increases in the shear rate both at 25°C and 32°C (Figure
3). In accordance with this results, it was previously reported in the literature that at temperatures
especially higher than the sol-gel transition temperature, non-Newtonian flow is typical for poloxamer
solutions [29,30]. Also, it can be seen that higher viscosity and shear stress values were obtained at
higher temperature values which indicates the temperature-dependent gellation. This result is also
compatible with the results of mechanical analysis where significantly higher hardness values are
observed at higher temperature values.
Furthermore; P2-V formulation was subjected to a sinusoidal shear stress and oscillatory rheology
studies were performed. In this way, both elastic-like and viscous-like properties were determined. The
structural and dynamical properties were elucidated and two dynamic modui were obtained: 1) the
storage modulus (G´, a measure of the elasticity); and 2) the loss modulus (G´´, representing viscous
components at given frequency).
It was stated in the literature that a strong gel should exhibit a solid-like mechanical spectrum and
the storage modulus should be higher than the loss modulus (G´ > G´´) [31]. Figure 4 shows the plots
of G´ and G´´ as a function of frequency at two different temperature values. It can be seen that, at both
temperature values, G´ dominated G´´ for all frequency ranges, which indicates a strong gel structure.
The gap between the two moduli is wider at 32°C indicating stronger gel strength (G´ >> G´´) [32].
The loss tangent is the value of phase angle (tanδ = G´/G´´) and it is a measure of the relative
contribution of viscous components to the mechanical properties of the materials. As it can be seen from
Figure 4, it was <1 both at 25°C and 32°C which shows solid gel response. As tanδ becomes smaller,
the elasticity of the formulation increases, while the viscous behavior is reduced. As expected, tanδ value
of P2-V was found to be higher at 25°C than 32°C which indicates that the formulation showed more
elastic property at higher temperature value and this result is in accordance with the results of oscillatory
measurements [33].
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Dynamic viscosity (η´) is described as the flow resistance of the formulation in the structure state
to oscillating movement. The higher dynamic viscosity value means the greater the resistance to flow.
In our study, η´ value was found to be significantly higher as the temperature increases and it indicates
more consistent gel structure. This result is also in accordance with other mechanical and rheological
studies.
In vitro drug release studies
In vitro drug release of P1-V, P2-V and P3-V formulations was evaluated by dialysis bag method
and the results were given at Figure 5. The results showed that the Poloxamer type or ratio did not
significantly affect the release rate of VRC from the in situ gel formulations. In all of the formulations,
sustained drug releases were obtained up to 24 hours.

Figure 3. Viscosity versus shear rate graphs of the formulations
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Figure 4. Frequency-dependent changes of viscoelastic properties of P2-V formulation

Figure 5. In vitro drug release results of VCZ loaded in situ gels (n:3, ±STD)
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Stability
According to the detailed characterization studies, the optimized VCZ loaded in situ gel P2-V
was chosen as optimum formulation and was subjected to stability study for three months at 4 ± 1 °C in
the refrigerator and 25±1°C (relative humidity 60%). Based on research, testing of stability aimed to
know the time of storage and the use of a material. The stability study revealed no significant change in
visual appearance, clarity, pH, gelling capacity and drug content of the formulation (Table 4). Thus, in
can be concluded that VCZ in situ gel formulated with 20% (w/w) P 407 and 8% (w/w) P 188 was
successfully formulated for ocular administration.
Table 4. Stability studies results of VCZ loaded formulations (P2-V)
t=0

t=3

4 and 25 oC

4 oC

25 oC

pH

6.357±0.006

6.697±0.006

6.987±0.006

Drug content (%)

92.6255±0.609

92.487±1.844

92.657±0.276

Parameters

The generally poor bioavailability of ophthalmic formulations can be improved by new
formulations with a prolonged residence time. In this study, the potential of VCZ loaded thermosensitive
in situ gels as drug carriers for ocular delivery was evaluated. The optimized VCZ loaded in situ gel
formulation obtained from this study was composed of 20% (w/w) P 407 and 8% (w/w) P 188 as the
gelling matrix. This will ensure that the patient could be treated at much longer time points, meaning
that patients could be treated as outpatients, reducing hospital admissions.
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