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Abstract: Metronidazole eye drops have been used to treat Acanthamoebakeratitis. However,
ophthalmic preparations also have some limitations, one of which is the rapid
elimination of the drug, that reducing the effectiveness of the drug. Accordingly, an
alternative delivery approach can be applied to overcome this issue. Additionally, as
one of critical steps in the formulation development, analyitical methods that allow the
quantification of metronidazole in ex vivo corneal permeation and deposition should
also be developed. Here, we report a validated high-performance liquid
chromatography method (HPLC-UV) according to ICH guidelines for the
measurements of metronidazole concentrations following formulation of
thermosensitive ocular in situ gel and its administration in ex vivoporcine corneas. The
development of extraction techniques and optimization of HPLC conditions were
optimized using analytical quality by design. Xselect™ CSHTM C18 HPLC column
(Water, 3.0 x 150 mm, particle size 3.5 m) was used to separate all analytes by
isocratic elution with mobile phases of acetate buffer and acetonitrile with LLOQ value
of 0.08 pg/mL. The resulting method proved to be selective, precise, and accurate and
was succefully applied to determine ocular kinetic profiles of metronidazole from
thermosensitive ocular in situ gel in ex vivoporcine corneas, showing that this approach
was able to improve the concentration of metronidazole in the corneal tissues. We,
therefore, suggested that HPLC-UV approach developed in this study has the potential
to be used in drug release evaluation, therapeutic drug control research, ocular
kinetics, and toxicological evaluation.
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Manuscript Number: MICROC-D-21-01793
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Application to ex vivo ocular kinetic assessments following the application of

thermosensitive ocular in situ gel

Response to Reviewers
We are very thankful to the reviewers for taking the time to provide helpful comments
for improvements for our manuscript. We have addressed each of the reviewers’

comments in detail below.

Reviewer 1

The authors presented HPLC-UV method for quantification of metronidazole and its
application. The language of article is very poor. Introduction section is too large. There
are so many spelling mistakes in the entire paper. Kindly do necessary changes. Please
resubmit the entire paper after appropriate corrections.

Response to Reviewer

We thank the Reviewer for noticing our spelling mistakes and the large Introduction. We
deliberately corrected our poor language and deleted some sentences that we
considered not necessary for the article. We believe that the English of our manuscripit

has now been improved significantly.

Comments to the Author:

1. Application word repeated in the title of the manuscript. Kindly reframe it.

2. Kindly remove rapid word from the title because there are so many papers on
metronidazole which has lower chromatographic run time compared to the present
method.

Response to Reviewer

We thank the reviewer for this valuable suggestion. We have reframe the title so that
the repeating word is avoided. We have also removed the word ‘rapid” as we also agree

that our method is comparable to previous studies.



3. Spelling mistake in line no. 43, Kindly correct it. i.e. "nd". It is actually "and".
Response to Reviewer

Thank you for your suggestion. We have corrected the misspelling word.

4. Kindly use multiplication symbol instead of X in the column dimension.
Response to Reviewer
We thank the Reviewer for suggesting all the detail in our manuscript. We noticed the

mistake and change X in the column dimention to x

5. Literature is incomplete. Kindly cite some paper which has used HPLC and LC-
MS/MS for the quantification of metronidazole in various biological matrices.
Response to Reviewer

Thank you for your suggestion. We have added some literatures in Introduction.

Reviewer 2

Comment to authors:

1. In the abstract:

a. However, its effectiveness has been hampered by several limitations of eye drop
preparations due to rapid elimination from the eye", this sentence signifies that several
limitations are only due to "rapid elimination", which is not true, correction in this
sentence is needed.

Response to Reviewer

We thank reviewers for this valuable suggestion. We have revised the sentences to
address your concerns and hope that it is now clearer. We have changed “However, its
effectiveness has been hampered by several limitations of eye drop preparations due to
rapid elimination from the eye" to “However, ophthalmic preparations also have some
limitations, one of which is the rapid elimination of the drug, that reducing the

effectiveness of the drug.”



b. Line 51: what is ocular "cokinetics"? Put the Trade Mark on "Xselect" CSHTM C18 HPLC
column, like Xselect™.
Response to Reviewer
Thank you for your suggestion. We have corrected the misspelling word that contain

"cokinetics" to “kinetics” and put the Trade Mark on Xselect.

2. In highlights, what does it mean "ex vivo HPLC method", | do not think we should
call it ex vivo, it is simple HPLC analytical method.

Response to Reviewer

We thank reviewers for this valuable suggestion. We have revised the sentences to

address your concerns and hope that it is now clearer.

3. The Poloxamers used to prepare the thermo sensitive in situ ocular gels is not new
(although the method development for metronidazole for ocular use can give a little
novelty). Therefore, the formulations and findings in the present study are different
from the previous reports where these polymers were used for ocular application.
Justify your findings in comparison to the previous reports with proper references such
as:

PMID: 20500130 or DOI: 10.3109/10717544.2010.483255

PMID: 9519158 or DOI: 10.1021/js970090e
https://www.sciencedirect.com/science/article/pii/$1319016420301523

Response to Reviewer

We thank reviewers for this valuable input. Indeed, Poloxamers is not new in the field
of thermosensitive preparation and thus, we agree to incorporate the suggested articles
on our manuscript draft. We have read the articles and justified our findings using the
suggeted citations. More specifically, we have added the our justification in the line 416-
420 and 446-457. We again highly appreciated the suggestion of the reviewers in

improving the quality of this work.
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4. Page?9, line 240: As mentioned "The treated cornea was then placed between the
chambers in the diffusion cells", what was the treatment of the cornea? | think here
freshly excised cornea not the treated one was used. Line 244: What do you mean by
"Kornea"?

Response to Reviewer

We thank the Reviewer for this question. In this study, the treated cornea determined
by freshed cornea with a scleral tissue size of 2-4 mm then washed with cold normal
saline. To avoid misconception we change the “treated” word. There was spelling

mistake in the line 244. We have clarified this in the method.

5. In the equations of LOD and LLOQ, specify the term "Syx". Mention the values in
the text also.

Response to Reviewer

We thank the Reviewer for pointing this out. In the measurement of LOD and LOQ, the
value were expressed as 3.3 x Syx/b and 10.0 x Syx/b, respectively, where Syx is residual
variance due to regression and b is the mean slope of the linear regression curves. We

have clarified this in the method.

6. Line 171-172: what was the v/v ratio of the mobile phase mixture (acetonitrile and
20 mM acetate buffer)?

Response to Reviewer

We thank the Reviewer for reviewing the manuscript in detail and giving the comments
about the v/v ratio of mobile phase. There are 3 variable that we use to optimize the
chromatographic conditions including mobile phase, flow rate, mobile phase pH, and
acetonitrileconcentration. The optimized using The Composite Central Design (CCD)
under response surface methodology, as we can see in the supplementary section Table

S2 for Acetonitrile concentration.



7.  Line 297: | think, the unit of time in the value 61.33 is missing.
Response to Reviewer
We thank you Reviewer for reviewing our manuscript in detail. We rewrote the sentence

to improve its clarity.

8. InTable S3. Mention the unit of excipients used.
Response to Reviewer
We thank the reviewer for pointing this out. We added the unit of excipient used as (%

w/v).

9. Line 226-227: "2.6 Application of validated HPLC method to assess ocular kinetics
evaluation of formulated from thermosenstivie gel formulation" recheck this
subheading.

Response to Reviewer

We thank the Reviewer for informing us to recheck the subheading. We realized that
the previous subheading was not quite right so we changed the subheading to

“Optimization and ocular kinetics evaluation of formulated metronidazole gels”

10. Mention all the excipients with exact weights used in the preparation of stimulated
tear fluid.

Response to Reviewer

We thank the Reviewer for reviewing the manuscript in detail and giving the comments
about all the excipients with exact weights used in the preparation of stimulated tear
fluid. In this study, simulated tear fluid consisting of 6.7 g NaCl, 2.0 g NaHCO3 and 0.08
g CaCl2:2H20 was intially prepared by dissolving all components in 1

L deionized water (final pH of 7.4). We have clarified this in the method.

11.  Although the main of this work is the development and validation of a new and

rapid HPLC-UV analytical method for metronidazole quantification, then maximum data



and tables related to method validation should be presented in the main manuscript
rather than in Supplementary files.

Response to Reviewer

We thank the Reviewer for reviewing the manuscript in detail and giving the comments
about our validation tables. We combined Table S8, S9, S10 that related to method

validation with Table 1 in the main manuscript, respectedly.

12. The drug was analyzed only in the corneal extract, so it is better to mention in the
manuscript that the thermosensitive ocular gel improved metronidazole concentration
in corneal tissues rather than "ocular tissue", because ocular tissue includes iris,
conjunctiva, retina etc.
Response to Reviewer
We would like to thank the Reviewer for the comments. Following the comments, we

have changed "ocular tissue" to “corneal tissue" in our manuscript.



Highlights

Highlights:
e We developed HPLC method of metronidazole for quantification in corneal tissue
e We validated the HPLC method according ICH guidelines
e We successfully applied the method in ex vivo ocular kinetic assay

e Thermosensitive ocular gel improved metronidazole concentration in ocular tissue



Manuscript File Click here to view linked References %

1
2
3
g 1  New HPLC-UV analytical method for quantification of metronidazole: Application to ex vivo
g 2  ocular Kinetic assessments following the administration of thermosensitive ocular in situ gel
8 3
9
10 4 Nur Asmal, Nurul Muhlisah Maddeppungeng!, Muhammad Raihan? Arini Putri Erdiana®,
11 : .
12 5 Achmad Himawan®, Andi Dian Permana**
13 ¢
14
ig 7 1. Department of Pharmacy, Faculty of Medicine and Health Sciences Faculty, Alauddin
17 8 Islamic State University, Samata Gowa, 92113, Indonesia
9

2. Department of Phytochemistry, Faculty of Pharmacy, Hasanuddin University, Makassar,
19 10 90245, Indonesia
20 11 3. Department of Pharmaceutics, Faculty of Pharmacy, Hasanuddin University, Makassar,
21 9 90245, Indonesia

24 14 *Corresponding author:
26 15  Andi Dian Permana
28 16  Faculty of Pharmacy, Hasanuddin University, Indonesia

30 17 Email:andi.dian.permana@farmasi.unhas.ac.id



mailto:andi.dian.permana@farmasi.unhas.ac.id
https://www.editorialmanager.com/microc/viewRCResults.aspx?pdf=1&docID=13106&rev=1&fileID=242953&msid=09d251c5-eca7-4509-912c-63b024da3e8e
https://www.editorialmanager.com/microc/viewRCResults.aspx?pdf=1&docID=13106&rev=1&fileID=242953&msid=09d251c5-eca7-4509-912c-63b024da3e8e

O©CO~NOOOTA~AWNPE

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

Abstract

Metronidazole eye drops have been used to treat Acanthamoeba keratitis. However, ophthalmic
preparations also have some limitations, one of which is the rapid elimination of the drug, that
reducing the effectiveness of the drug. Accordingly, an alternative delivery approach can be
applied to overcome this issue. Additionally, as one of critical steps in the formulation
development, analyitical methods that allow the quantification of metronidazole in ex vivo corneal
permeation and deposition should also be developed. Here, we report a validated high-performance
liquid chromatography method (HPLC-UV) according to ICH guidelines for the measurements of
metronidazole concentrations following formulation of thermosensitive ocular in situ gel and its
administration in ex vivo porcine corneas. The development of extraction techniques and
optimization of HPLC conditions were optimized using analytical quality by design. Xselect™
CSHTM C18 HPLC column (Water, 3.0 x 150 mm, particle size 3.5 m) was used to separate all
analytes by isocratic elution with mobile phases of acetate buffer and acetonitrile with LLOQ value
of 0.08 pg/mL. The resulting method proved to be selective, precise, and accurate and was
succefully applied to determine ocular kinetic profiles of metronidazole from thermosensitive
ocular in situ gel in ex vivo porcine corneas, showing that this approach was able to improve the
concentration of metronidazole in the corneal tissues. We, therefore, suggested that HPLC-UV
approach developed in this study has the potential to be used in drug release evaluation, therapeutic
drug control research, ocular kinetics, and toxicological evaluation.
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1. Introduction

Infection that presents with corneal ulcerations known as Acanthamoeba keratitis is caused
by Acanthamoeba species. It was first reported in 1973. This condition occurs commonly when
someone uses a contact lens washing solution prepared with non-sterile salt tablets and water [1].

Metronidazole is a derivative of 5-Nitroimidazole known to act as a powerful antibacterial
and antiprotozoal. For decades, eye preparations has become a fast growing pharmaceutical
technology [2]. In ophthalmology, general eye drops and topical eye preparations are the most
widely used preparations. It is considered the most efficient form of treating infections of the
foreground structures generally caused by anaerobic bacteria [3]. Acanthamoeba keratitis can be
treated using 0.5% metronidazole eye drops mixed with other antiprotozoal preparations [4].
Metronidazole eye drops have long been a formulary drug in pharmacies as an alternative to the
lack of a commercially available form of eye medications. In ophthalmology, preparations with
0.1% and 0.5% metronidazole solutions have been used to treat Acanthamoeba keratitis [5-7].

Topical administration of the drug is more prevalent among patients and safer than the
intraocular injection, but topical use of this drug has the disadvantage that the drug cannot be
adequately absorbed in the eye and reaches the posterior segment. As a part of trends in topical
formulation, thermosensitive gels have been utilized in overcoming these problems. The term
thermosensitive refers to its ability to form gel or solution reversibly upon at a particular
temperature. This can be achieved by taking advantages of unique properties of some gelling agent
such as N-acrylamide based co-polymers and poly(propylene oxide) (PPO)/ polyethylene oxide
(PEO) block co-polymers [8]. However, previous reports showed that combination of two co-
polymers or its interaction with other gelling agents is required to obtained a relatively precise
temperature for the gel to form [9-11]. To our best understanding, this is the first time the
technology of thermosensitive gels is applied to administer metronidazole in an ocular drug
delivery. Therefore, it is also an important task to assess whether the newly incorporated gel bases
is able to release metronidazole upon application in the eye condition.

Over the last few decades, many improved methods have been undertaken to find and
explore more effective ways of administering eye medications and treatments for various eye
diseases [12]. In transcorneal penetration studies, in vitro cell culture models have been widely

selected. The development of an organotypic corneal construction technique also studies the
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bioavailability of ophthalmic drugs using primary cell cultures and immortalized cell lines. There
is great potential for research into corneal penetration in artificially cultivated human corneas.
Using a research model using cut animal corneal tissue to study drug penetration is one technique
with promising results, although it is necessary to consider the significant variation between
species [13]. One of the developments in the new ex vivo model is to use a porcine cornea disc. It
is considered to be more cost-effective for candidates for transcorneal penetrating topical therapy
[14].

Method development and validation have tremendous importance in the QC of the drug. In
recent years because of its importance, the development of new testing methods for drug
determination has received considerable attention in determining potency of active ingredients in
eye drops. Hence, HPLC is the analytical method of choice for measuring metronidazole [7]. The
HPLC method validation test will be conducted according to guidelines recommended by the
USFDA (2001) [15]. Comparison between the retention times of metronidazole detected in the
drug-free plasma assay and metronidazole derived from drug injection extracted from spiked
plasma will be investigated as a test of specificity and selectivity [7].

Several previous studies related to HPLC and LC-MS/MS for the quantification of
metronidazole in various biological matrices have been carried out. A study by Silva et al (2009)
showed simple, fast, sensitive, and selective results using liquid chromatography (LC)-tandem
mass spectrometry (MS-NONA)[16]. In addition, HPLC and LC-MS/MS for metronidazole
quantification have also been performed on saliva, plasma, and gingival crevicular fluid [17].

Transcorneal penetration of metronidazole using ex vivo porcine corneal model has never
been developed. The development of extraction method before having HPLC assay is essential to
produce maximum drug concentration. Optimization and development of analytical methods, also
recognized as the analytical quality by design (AQbD), are now widely applied to quality by design
(QbD). This concept is considered necessary since the first time it was first introduced by the
USFDA [18]. This concept is known to require less time for experimentation because it uses the
experimental design method (DOE) to obtain possible combinations of parameters and has also
been recommended in robustness testing [18,19]. Implementation of AQbD applications in HPLC
method development has been done in many studies, Rozet et al reported using AQbD approach
for analytical method by HPLC [20]. Prior to analyzing metronidazole with HPLC, we developed

an optimised method for extracting drug form matrix using various sonication time and strirring
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time. This aimed to maximise the number of metronidazole that were measured using HPLC
method. The validated HPLC method will be used to assess the ex vivo ocular kinetics of the drug

after topical application to the eye.

2. Materials and methods
2.1. Chemicals and materials

Metronidazole (>99.9%, purity), analytical grade trifluoroacetic acid, and HPLC-grade
Methanol (MeOH) (Sigma-Aldrich Pte Ltd, Singapore), Xselect CSH ™ Ci3 HPLC column
(particle size 3.5 um, 3, 0 x 150 mm; Waters, Dublin, Ireland), chemical reagent (Sigma - Aldrich
Pte Ltd, Singapore). Other reagents were analytical grade and obtained from standard commercial

supplier.

2.2. Stock Preparation, Calibration Standards and Quality Control Samples

Metronidazole stock solution was prepared by dissolving 50 mg in 50 ml methanol so that
a concentration of 1 mg/mL was obtained. The working solutions were diluted into serial
concentrations for standard calibration, and quality control (QC) solutions. In the calibration of the
test method, a concentration series was made using the stock solution diluted with porcine eye
corneal tissue matrices. The final concentrations obtained ranged from 0.01 to 10 pg/mL. QC
solutions were made in three types of concentrations, namely 0.15 pg/mL, 3.5 pg/mL and 7.5
pg/mL for low QC, medium QC and high QC, respectively. All QC solutions were prepared in

porcine eye corneal tissue matrices.

2.3. Preparation and Analytes Extraction of Samples

Simulated tear fluid consisting of 6.7 g NaCl, 20 g NaHCO3 and 0.08
g CaCl2:2H20 was intially prepared by dissolving all components in 1
L deionized water (final pH of 7.4). Preparation of the sample was conducted by mixing porcine
eye corneal 2,5 g with 2,5 g STF (stimulated tear fluid) pH 7,4 to make porcine eye corneal fluid,
2 mg of metronidazole was added with 2 mL aquadest. The 100 uL of the mixture was centrifuged
with 900 pL porcine eye corneal fluid. The extraction volume, stirring time and sonication time
were evaluated. The response surface methodology to optimize sonication time, vortex time, and

methanol volume (Table S1) used Composite Central Design (CCD) by Design Expert Software
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version 11 (State-Ease, Minneapolis, MN, USA). The response parameters were extraction

performance and fluid evaporation time.

The supernatant liquid was put into a small glass container and then dried up in a fume

hood for about 3 hours. This is done in order to obtain dried residue. The residual mixture and the

100 uL mobile phase were stored in a 0.5 mL centrifuge tube. For 30 seconds, the mixture was

stirred and then rotated at 14,000 rpm x g for 15 minutes. A total of 10 uL of the treated supernatant

solution was injected into the HPLC column. The work steps are illustrated in Figure 1.
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Figure 1. llustration of the work steps

i

2.4. Instrumentation and Optimisation of HPLC-UV conditions

Centrifugation
and removal
of supernatant

Centrifugation and
removal of residue

Supernatant
liquid is
dried up

Simultaneous analysis of the entire analyte applied using HPLC system (Shimadzu

Prominence, Shimadzu, Kyoto, Japan) equipped with PDA detector; acetonitrile and 20 mM
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acetate buffer were utilized as the mobile phases; the separation of analytes using Xselect CSH ™
C18 column (Waters, 3.0 x 150 mm); 3.5 um particle size with guard cartridge.

CCD was used in the response surface methodology to optimize mobile phase, flow rate, mobile
phase pH, and acetonitrile concentration (Table S2). Design Expert® Software version 11 (State-
Ease, Minneapolis, MN, USA) was used in processing the data and performed statistical analyses.
Parameters recorded response were the retention time (RT), the theoretical plates and tailing

factors.

2.5. Analytical method validation
Based on US FDA and ICH guidelines, the developed bioanalytical method was validated
[15,18]. VValidated parameters were precision, accuracy, linearity, selectivity, carry over, extraction

recovery, lower limit of quantification (LLOQ), dilution integrity, and stability.

2.5.1. Linearity, LOD and LLOQ

Linearity was measured by a calibration curve derived from a sample with a working
standard solution. The calibration curve was made of seven levels of concentration with three
separate times.

The limits of detection and limits of quantification were determined by the regression of
the obtained standard curves. LOD and LOQ were represented as 3.3 x Syx/b and 10.0 x Syx/b,
respectively, where Syx is residual variance because of regression and b is the slope mean of the

linear regression curves.

2.5.2. Accuracy and Precision

Accuracy and precision measurements are carried out at three concentrations: low,
medium, and high concentrations in six replicates for the LLOQ and QC samples. Intra-day and
inter-day accuracy and precision evaluations were carried out. The precision test was carried out
to observe the relative standard deviation (RSD) of the responses of all samples, while the accuracy
test was carried out by determining the relative error (RE). The RSD and RE values were set to be

15% for each replication of the sample [15,18].
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2.5.3. Carry-over and dilution integrity

Evaluation of carry-over was accomplished by incorporating the QC samples at high
concentrations. After that, the empty solution was injected. The response of blank solution was
looked after, and the response obtained should not be more than 20% of the sample solution at a
concentration of LLOQ [21].
In this study, all samples were prepared at a concentration 250 pg/mL for each metronidazole. The
solutions were dissolved 5 and 10 times with porcine eye liquid. Accuracy and precision were
finally calculated. To evaluate the integrity of the dilution, samples are analyzed using

concentrations of analyte above the higher concentration of the calibration standard solution.

2.5.4. Extraction recovery

In order to measure the recovery of the extracted metronidazole from the sample matrix,
the values were measured for all analytes from the extracted QC samples, such as the LLOQ), low,
medium and high concentrations. The exact concentration of samples prepared in the mobile phase

will be used.

2.5.5. Stability studies

Metronidazole stability studies were performed with porcine eye corneal fluid under
different storage and treatment conditions. Within 48 hours, an autosampler was carried out to
evaluate the stability of all analyte solutions. The bench-top stability evaluation was carried out at
room temperature for 24 hours, while the long-term stability evaluation was carried out at -20 ° C
for 2 weeks. Evaluation of freeze-thaw stability was carried out in three cycles with a storage
temperature of -20 ° C. Each response obtained was then compared with the initial response of
each solution.

2.6 Application of validated HPLC method to assess ocular kinetics of metronidazole from
thermosenstivie gel formulation in corneal tissue
2.6.1 Thermosensitive in situ ocular gel optimization

Different thermosensitive formulation containing metronidazole were prepared using
Pluronic® F127 (PF127), Pluronic® F88 (PF88), and benzalkonium chloride. In this formulation,
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gelling agent was used at different concentrations (Table S3). The responses to be examined were

physical characteristics of the ocular gel which were gelation temperature and viscosity.

2.6.2 Ex vivo ocular kinetics evaluation of formulated metronidazole gels in corneal tissue

A Franz-type diffusion chamber on the porcine cornea was used in the experiment to
determine the ocular kinetics and drug absorption through the cornea. Immediately after sacrificing
the animal, the eyes of the porcine were collected and the corneas were carefully separated to avoid
damage. This aims to get the porcine’s eyeballs that were still fresh; The cornea with a scleral
tissue size of 2-4 mm was carefully removed, washed with cold normal saline, then stored.

The fresh cornea was then placed between the chambers in the diffusion cells. Epithelial
surface faced upwards, whereas the endothelial surface faced down towards the receptor
compartment. STF at pH 7.4 was filled into the receptor compartment and then stirred gently with
a magnetic stirrer. Thermosensitive in situ gel containing metronidazole was put into the donor
compartment. At predetermined times, the cornea was collected and processed using the optimized

extraction method.

2.7. Statistical analysis

Data were displayed as mean * standard deviation (SD). Calculations of mean, SD, % RSD,
and % RE were calculated using Microsoft Excel® 2016 (Microsoft Corporation, Redmond,
USA). The calculation of ocular kinetic parameters (the maximum metronidzaole concentration in
corneal tissue (Cmax), the time needed to achive the maximum concentration (tmax), the
metronidazole concentration time in the corneal tissue curve from 0 to 72 h (AUC), the mean half-
life (tu2) of metronidazole in corneal tissue and the mean residence time (MRT)) was used by PK
Solver using non-compartment pharmacokinetic analysis [22]. Curves for comparison of drug
concentration and time profiles were created. Statistical data analysis with p <0.05 as a significant
difference was used GraphPad Prism® version 8.3.0 (GraphPad Software Inc., San Diego,

California).
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3. Result and Discussion
3.1 Sample preparation and analytes extraction

One-step protein precipitation was used in this study to extract and prepare metronidazole
from biological matrices. Permana et al. [23] have reported that this procedure is simple to be
applied and used. Any metabolite from biological matrices are removed to avoid analytical error
or column damage. The sample preparation and extraction method were optimized using a central
composite experimental design. As seen in Table S4., two parameters, namely extraction
efficiency and evaporation time, were observed in this optimization process. The results showed
that extraction efficiency and evaporation time in three parameters fitted to the quadratic model
and the value of F for the efficiency of extraction and evaporation time were determined
respectively 10.64 and 1162.7878.

Extraction efficiency and evaporation time was found to be significantly affected (p
<0.001) this optimizing, and p-values represent it was <0.00. Figure 2 depicts a representative
three-dimensional graph showing the response of the selected factors to the extraction efficiency
and evaporation time. The model indicated that the extraction performance was directly
proportional to the volume of methanol, vortex time, and sonication time. The high extraction
efficiency resulted from increasing the amount of methanol volume, vortex time, and sonication
time in the extraction method resulting in higher extraction efficiency.

Finally, according to the CCD analysis, the methanol volume of 525 ml, vortex time of 15
minutes, and 10.091 minutes of sonication time were recommended for the extraction method to

obtain the optimum extraction efficiency evaporation time (Table S5).
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Figure 2. lllustrations of representative response surface plots illustrating the impact of the selected factors on the :

A. Extraction Efficiency; B. Evaporation time.
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3.2 Instrumentation and optimization of HPLC-UV conditions

The RP-HPLC isocratic process was used in this study. Table S6 represented the overview
result of the response surface analysis. The aim of this process is to optimize the mobile phase
conditions including the concentration of acetonitrile, pH, and flow rate. Figure 3 shows HPLC
chromatograms of porcine corneal tissue fluid with and without metronidazole at a retention time
of 7.32 minutes, analyzed at 313 nm. The C18 column demonstrated improved column efficiency
and analyte elution with good resolution, tailing factor, and theoretical plate count. The entire
separation of analytes was done by reverse C18 column due to its flexibility and suitability in

analyzing and separating metronidazole [24].
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Figure 3. Representative HPLC-UV chromatograms of blank porcine eye corneal tissue fluid (A) and metronidazole
with porcine eye corneal tissue fluid (B)
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The optimization process was carried out by observing effects of the theoretical plate,
tailing factors, and retention time fitted in the quadratic model. Our analysis revealed that all of
these parameters gave p-values of less than 0.001 when compared using the F-values from each of
the parameters. The results showed that the F value for tailings factor, theoretical plate, and
retention time were 15.65, 10.97, and 61.33, respectively. Therefore, we are confident that all of
these factors were important to the optimisation process. The effect of the selected factors on
retention time, tailings factor, and theoretical plates is shown in Figures 4 in the form of a
representative 3D graph. The graph shows that the combination of acetonitrile concentration, pH
and flow rate is directly proportional to the tailings factor, theoretical plate and retention time.
The mobile phase pH of an ionizable analyte has a significant impact on the retention activity of
the analyte. It can be said that the pH of the mobile phase is one of the critical parameters and
needs to be considered during the development of the method. One of them is when determining
the pH value to achieve the desired separation. Problems in liquid chromatography often occur
when pH of the mobile phase is close to or equal to the pKa of the compound being analyzed,
which is indicated by a prominent peak. Process accuracy can also be reduced by a broad peak
accompanied by a long tail [25]. Optimization of the mobile phase can be done with this method
by selecting the pH of the mobile phase which is one unit lower than the pKa of the compound
under investigation [23]. In this analysis, an acetate buffer at a concentration of 20 mM was used.
The recommended results under HPLC-UV conditions to obtain optimal tailings factor, theoretical
plates, and retention time using software are acetonitrile concentration of 21,000 %, pH 4.505, and

recommended flow rate of 1.020 ml/min (Table S7).
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Figure 4. lllustrations of representative response surface plots illustrating the impact of the selected parameters on :
A. Tailing factor; B. Theoretical plates and retention time; C. Retention time

3.3 Analytical method validation
3.3.1 Linearity, LOD and LLOQ

The results of the linearity of the methods, LOD, and LLOQ are shown in Table 1. This
method is known to obtain linear values (R = 0.999) at concentrations ranging from 0.01 to 10
ug/ml. Excellent sensitivity was also shown by the LOD and LLOQ values as we found that

metronidazole can be detected at relatively low concentration.
3.3.2 Accuracy and precision

Intra and inter-day measurements were performed to assess the precision and accuracy of this

method. Metronidazole was tested on three different days as a method of evaluating accuracy and
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precision between days. Meanwhile, metronidazole measured on the same day with three
repetitions as part of the intra-day evaluation. Based on the research, it is known that the method
of measuring metronidazole concentrations in intra-day and inter-day measurements with good
accuracy is at concentrations between 0.08 to 7.5 pg/mL as indicated by the %RSD value of not
more than + 15% (Table 1). In addition, this method is also considered to have good precision,
indicated by the %RSD which decreases between 2.16 and 14.39% at the exact concentration
measurements as above. It meets the criteria for precision measurement since it did not exceed *
15% of the %RSD limit (Table 1).

3.3.3 Carry-over and dilution integrity

Evaluation of the carry-over effect was carried out to observe the possibility of
metronidazole signaling in the subsequent measurement of the blank solution by injecting high
concentrations of metronidazole into the HPLC column. The tested blank solution has not more
than 20% LLOQ in the corresponding retention time of metronidazole. The result obtained in this
experiment was that metronidazole was not detected in the sequence of blank solutions. This
indicated the absence of carry-over effects in the HPLC profile.

The dilution integrity was checked by evaluating the consistency of the concentration of
metronidazole after the solution was diluted 5 and 10 times lower than the concentrated solution
of metronidazole. The results of the metronidazole dilution, when analyzed using the method we
developed, showed recoveries between 98.21 + 5.19% and 102.01 + 9.31% with a precision of
4.14%-7.42%. Based on the standard satisfaction range of accuracy (85 - 115%) and precision (+

15%), it can be considered that the results showed excellent dilution integrity.

3.3.4 Recovery of Extraction

Evaluation of the extraction recovery of porcine eye fluid and tissue was carried out by
adding fluid at three different concentrations: low (0.08 and 0.15 pg/mL), medium (3.5 pg/mL),
and high (7.5 pg/mL). In Table 1, it can be seen that the spiked sample recoveries were between
94.19 + 8.76% and 96.51 + 7.84% with a range of %RSD values from 8.12 to 9.80%. These results
of the %RSD value is below +15% of the RSD, hence it is considered that the method is precise

and consistent for the determination of metronidazole concentrations from porcine eye fluid.
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3.3.5 Stability studies

Table 1 shows that metronidazole was stable under all storage conditions when added to
swine eye fluid. In addition, all concentration levels (low, medium, and high) showed values that
were acceptable to the ICH standard for stability validation [26] which were indicated by
recoveries values above 95% with an SD percentage of not more than 15%. Based on the literature
searched, there were no publications regarding the stability of metronidazole in porcine eye fluid.
However, there have been studies regarding the stability of metronidazole in human plasma under
storage conditions similar to those carried out in this study [27].
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Table 1. The results of the HPLC validation of metronidazole (n=6)

Linearity, LOD and LLOQ values

. LLOQ
Slope y-intercept R LOD (ug/mL) (ug/mL)
3762.3 32.796 0.999 0.05 0.08
Intra-day Precision and Accuracy
. Concentration added ~ Concentration found Precision
Replication (ue/mL) (ug/mL) + SD (%RSD) Accuracy (%RE)
0.08 0.073 £ 0.004 5.48 -8.75
1 0.15 0.14 £ 0.003 2.16 -7.33
35 3.57+0.21 5.88 2.00
7.5 7.63+0.54 7.08 1.73
0.08 0.082 + 0.003 3.66 2.50
2 0.15 0.15+0.021 13.64 2.67
35 3.87£0.37 9.56 10.57
7.5 7.82 £ 0.69 8.82 4.27
0.08 0.076 £ 0.006 7.89 -5.00
3 0.15 0.13+£0.015 11.36 -12.00
35 3.94+042 10.66 12.57
7.5 7.43+0.84 11.31 -0.93
Inter-day Precision and Accuracy
Concentration added  Concentration found Precision
Day (ue/mL) (ug/mL) + SD (%RSD) Accuracy (%RE)
0.08 0.076 £ 0.005 6.58 -5.00
1 0.15 0.13+0.019 14.39 -12.00
35 3.84£0.32 8.33 9.71
7.5 7.66 £ 0.63 8.22 2.13
0.08 0.085 * 0.006 7.06 6.25
5 0.15 0.17 £ 0.021 12.43 12.67
35 3.39+£043 12.68 -3.14
7.5 7.65+0.84 10.98 2.00
0.08 0.084 £ 0.004 4.76 5.00
3 0.15 0.13+0.012 9.16 -12.67
35 3.29+041 12.46 -6.00
7.5 7.59+ 054 7.11 1.20
Extraction recoveries
Concentration added (nug/mL) ZOSES( traction Recovery % RSD
0.08 94.19+8.76 9.30
0.15 96.51 + 7.84 8.12
35 92.01 £9.02 9.80
7.5 93.93 + 8.89 9.46
% Stability recoveries (mean + SD)
aCdo dné:;ntratlon Autosampler Bench-top Long-term Freeze-thaw
(ug/mL) (48 h) (24 h) (2 weeks) (3 cycles)
0.08 98.31 £ 8.52 96.95 + 9.04 103.21 £5.42 99.18 +£8.32
0.15 101.02 £7.43 98.72 £ 6.03 97.64 £ 9.51 98.13 £ 8.43
35 99.43 £ 8.03 99.31+£9.43 98.39 £ 8.05 100.92 £ 7.94
7.5 96.53 * 6.05 100.93 £+ 5.65 99.53 £ 6.99 98.53 £ 9.91
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3.4 Physical properties of the formulated gels and evaluation of their ocular kinetics
3.4.1 Gelation temperature and viscosity of the formulated in-situ gels

Factors such as gelation temperature and viscosity, particularly at different conditions, are
some of the most important aspects of studying thermosensitive gel preparations. Hence, we
assessed these properties and compared all four formulations to see the influence of Pluronic F127
and F88 in affecting the physical characteristics of the gels. Since the eye temperature ranges from
33.5 to 35.5 [28], our goal is to formulate a thermosensitive metronidazole gel that forms a gel
around these points.

In the results showing the gelation temperature (Figure 5.1A), it was found that all
preparations formed gel at different temperatures (p<0.05). Formulations A and B formed gels
above body temperature while formulation C showed gelation at around 34.87 + 3.12 °C.
Formulation D, which contains Pluronic F127 alone (20%), formed gels even lower at
approximately 23.64 + 2.19 °C. The data obtained in this experiment indicated that Pluronic F88
as a combination of the gelling agent is required to obtain a suitable gelation temperature for eye
applications. This finding is also in line with the previous report stating that a combination of
longer hydrophobic chain poloxamers such as Pluronic F127 with more hydrophilic co-polymers
is essential to the formation of gelling state at the desired temperature [9,29]. The interactions of
Pluronic F127 with the other materials such as polyethylene glycol (PEG), polyvinylpyrrolidone
(PVP), polyvinyl alcohol (PVA), methylcellulose (MC), and hydroxypropyl methylcellulose
(HPMC) have also been demonstrated as an important factor in order to control the gelation
temperature of the formulated ophthalmic sol-gel preparation [30].

In terms of viscosity, a further investigation on the influence of Pluronic F127 and F88
toward the rheology of formulated gels also provides insight into the importance of this
combination on the physical properties of the gels upon application in eye or storage. As seen in
the Figure 5.1B, the viscosity of the gels increased as the temperature elevated. For instance, the
viscosity of formulation A and B at 4 °C was 131 *+ 9.32 cPs and 143 + 8.54 cPs, respectively.
When the gels are tested at room temperature, the viscosity increases, but the gelling state has not
been acquired. Consistent with gelation temperatures, the viscosity of Formulation C increased
significantly (p<0.05) up to 26483 + 2409 cPs when applied at eye temperature. In addition, this
formulation did not form gel upon storage at 4 and 25 °C which is considered beneficial for storage

conditions.
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On the other hand, Formulation D was already in the gel form when temperature reached
around 25 °C, indicated by its viscosity (up to 23498 + 2192 cPs) and even increased to around
36218 + 3381 cPs at around eye temperature. No formulation was observed to form gel at 4 °C.
Based on these results, we agree that combination of Pluronic F127 and F88 used in formulation
C is the most suitable mixture of these co-polymers to obtain a thermosensitive gel for ocular
administration. However, we are also aware that this experiment is limited to the shorter time of
storage and hence a thoroughly designed stability studies should be carried out to establish effects
of more prolonged or even extreme storage conditions to the formulated preparations.

Pluronic F127 has longer hydrophobic poly(propylene oxide) (PPO) blocks compared to
its hydrophilic poly(ethylene oxide) (PEO) blocks. In contrast, Pluronic F88 has 80% PEO relative
to the other block chains, making this co-polymer more hydrophilic than Pluronic F127.
Hydrophobic PPO blocks are responsible for lowering the gelation temperature while hydrophilic
PEO blocks, otherwise, elevate the temperature [31,32]. A careful NMR study revealed that
dehydration of PPO-PEO micelles in the solution is the key for the gelation of these co-polymers
when applied at the specific temperature [33].

Although our findings mainly suggested that the use of Pluronic F127 and F88 is important
in the solution-to-gel formation, it is interesting to point out that other copolymers have also been
long utilized. For instance, in the formulation of Azithromycin thermosensitive gel, 20-22% of
Poloxamer 404 which contain hydrophobic PPO blocks were incorporated with 5% of Poloxamer
188 and 3-4% Carbopol 974P NF in order to obtain suitable gelation temperature of the oplthalmic
application [34]. Alkholief, M. et.al (2010) also demonstrated this effect using a similar gel base
in which the poloxamer and carbopol ratio was the factors that determine the slight changes in the
gelation temperature [35]. Another example of applicable copolymers is the use of poly-(DL-lactic
acid-co-glycolic acid) (PLGA)—polyethylene glycol (PEG)-PLGA as a thermosenstive gel base to
deliver drugs as an ophthalmic preparations [36]. All of these evidences again supported nature of
these polymer combinations where longer hydrophobic blocks copolymers interact with other
materials to obtain desired properties of the gel bases. Therefore, our study also confirmed that
physical characteristics such as gelation temperature and viscosity of thermosensitive in-situ gels
prepared using block co-polymers depend on the influence of hydrophobic and hydrophilic blocks

from the co-polymers.
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Figure 5. I. Overall physical characteristic evaluation of thermosensitive gel preparations: (A) gelation temperature
(n=3) and (B) viscosity of formulation A-D measured at 4, 25 and 35 °C (n=3); Il. Ocular kinetic study of
metronidazole thermosensitive gels showing concentration of metronidazole (j1g) in corneal matrix over the measured
time (hours). A-D correspond to formulation A-D which contain various types of Pluronic F127 and F88 combinations.
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3.4.2 Ex vivo ocular kinetics evaluation of formulated metronidazole gels in corneal tissue

The validated method obtained in this study was then applied in studying the ocular Kinetic
of the formulated metronidazole gels. The kinetic profiles were obtained by evaluating the
concentration of metronidazole from each formulated preparation in the corneal matrix. The results
showing the summary of the kinetics properties of these formulations was given in Table 2. As
indicated by the data, formulation C revealed the most significant AUC value meaning the
metronidazole in porcine corneal availability is achieved better than the other formulations. It also
showed a significantly higher Cmax (p<0.05) which was reached at approximately 1 hour after
administration.

Meanwhile, this formula's half-life (T%2) was 2.54 + 0.31 hours, a specific resident time of
metronidazole in the examined compartment. Overall, metronidazole concentrations from
formulation A and B were not detected at 5 hours after administration while formulation C and D
can extent the drug release longer (Figure 5.11). It is also interesting to note that formulation A
which contains 5% of Pluronic F127 and 15 % of Pluronic F88 reached the maximum
concentration of 110.81 + 9.32 pg/ml in approximately 30 minutes after application and the longest
time to reach maximum concentration was achieved by formulation D consisting of 20% of
Pluronic F127 and 0% Pluronic F88. The data indicate correlation between the concentration of
Pluronic combination (F127 and F88) and the availability of metronidazole in the cornea.
Increasing the concentration of Pluronic F127 in the formulation A-D seems to cause the Tmax
value to be obtained at a longer time. However, there is an influence of Pluronic 127 combined
with F88 in enhancing the peak corneal concentration, AUC and MRT of metronidazole since the
half-life of formulation D which contains no Pluronic F88 cannot be solely improved by simply
increasing Pluronic F127 concentration. Therefore, the data presented in this study is in line with
our hypothesis that the combination of these two poloxamers is required in such preparations to

obtain better kinetic outcomes of metronidazole.
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Table 2. Ex vivo ocular kinetic parameters of metronidazole thermosensitive in-situ gels (n=3).

Formulation C

Formulation D

Parameters Formulation A Formulation B

Cnax (10) 110.81 +£9.32 89.08 +8.71 171.72 £18.21 30.07+£4.31
Tmax (h) 0.5 0.75 1 2

AUCo. (ug.h) 104.83 +£10.21 189.59 +19.21 843.85 £ 90.29 37.83+£4.32
AUCo.inF (1g.h) 104.83 +11.02 191.28 +20.12 991.36 +91.21 38.04 £3.92
Tuz2(h) 0.25 +0.02 0.78 + 0.08 2.54+0.31 0.38+0.05
MRT (h) 0.69 + 0.07 1.62£0.17 4.56 £0.43 0.93+0.12

The effect of poloxamer matrices in enhancing bioavailability of metronidazole eye
preparations has not been widely available, but some evidence shows that Poloxamer-based gel is
useful in improving ocular drug delivery of other drugs. Our previous report observed that gels
developed using the combination of Pluronic F127 and F68 enhance the ocular Kinetic of
Itraconazole in an optimized thermosensitive gel preparation whether it is applied in an infected
or a normal eye model [9]. Pluronic F127 with other poloxamers is also known to improve the
availability of other incorporated drugs [37]. In terms of metronidazole delivery into eye tissue,
Vanderbilj [6] reported that metronidazole gel showed significant diffusion rate in human and
rabbit eyes compared to the eye solution. Further investigations also revealed that trans-corneal
diffusion of metronidazole in human and rabbit eyes is not affected by the presence of chemical
preservatives such as benzalkonium chloride [38]. In contributing to the previous knowledge
available, the experiment carried out in this study provides a new insight on the relationship
between poloxamer based thermosensitive gels and the kinetics of metronidazole in the eye tissue.
However, it is beyond our scope to evaluate the kinetic profiles of these formulations in human or
animal eye models even though factors such as tissue temperature and physiological conditions
highly influence this type of pharmaceutical preparation. Therefore, we suggested that further
research is carried out in addressing whether these factors are important to establish excellent

kinetic profiles of metronidazole in Pluronic based thermosensitive gels.
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4. Conclusions

The development of a validation method using this new high performance liquid
chromatography (HPLC-UV) method was established. The new approach developed in this study
in which metronidazole concentrations were measured after ex vivo administration in porcine
cornea, had high precision and accuracy, simplicity, and high sensitivity and selectivity for use in
therapeutic drug control research and ocular kinetics evaluation.

As our findings suggested, the formulation of thermosensitive gels represented in this study
revealed influences of PF127 and PF88 combination to produce gels with an excellent gelation
temperature and viscosity and their ocular kinetic properties. The method we developed here was
also applicable in examining the concentration of metronidazole in the formulated thermosensitive
in-situ gel preparations. However, further research is required to fully understand whether this
analysis method can also be implemented in studying the drug administration under pathological

conditions.
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Abstract

Metronidazole eye drops have been used to treat Acanthamoeba keratitis. However, ophthalmic
preparations also have some limitations, one of which is the rapid elimination of the drug, that
reducing the effectiveness of the drug. Accordingly, an alternative delivery approach can be
applied to overcome this issue. Additionally, as one of critical steps in the formulation
development, analyitical methods that allow the quantification of metronidazole in ex vivo corneal
permeation and deposition should also be developed. Here, we report a validated high-performance
liquid chromatography method (HPLC-UV) according to ICH guidelines for the measurements of
metronidazole concentrations following formulation of thermosensitive ocular in situ gel and its
administration in ex vivo porcine corneas. The development of extraction techniques and
optimization of HPLC conditions were optimized using analytical quality by design. Xselect™
CSHTM C18 HPLC column (Water, 3.0 x 150 mm, particle size 3.5 m) was used to separate all
analytes by isocratic elution with mobile phases of acetate buffer and acetonitrile with LLOQ value
of 0.08 pg/mL. The resulting method proved to be selective, precise, and accurate and was
succefully applied to determine ocular kinetic profiles of metronidazole from thermosensitive
ocular in situ gel in ex vivo porcine corneas, showing that this approach was able to improve the
concentration of metronidazole in the corneal tissues. We, therefore, suggested that HPLC-UV
approach developed in this study has the potential to be used in drug release evaluation, therapeutic
drug control research, ocular kinetics, and toxicological evaluation.

Keywords:

Metronidazole, keratitis, HPLC, thermosensitive in situ gel, ocular kinetic, method validation
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1. Introduction

Infection that presents with corneal ulcerations known as Acanthamoeba keratitis is caused
by Acanthamoeba species. It was first reported in 1973. This condition occurs commonly when
someone uses a contact lens washing solution prepared with non-sterile salt tablets and water [1].

Metronidazole is a derivative of 5-Nitroimidazole known to act as a powerful antibacterial
and antiprotozoal. For decades, eye preparations has become a fast growing pharmaceutical
technology [2]. In ophthalmology, general eye drops and topical eye preparations are the most
widely used preparations. It is considered the most efficient form of treating infections of the
foreground structures generally caused by anaerobic bacteria [3]. Acanthamoeba keratitis can be
treated using 0.5% metronidazole eye drops mixed with other antiprotozoal preparations [4].
Metronidazole eye drops have long been a formulary drug in pharmacies as an alternative to the
lack of a commercially available form of eye medications. In ophthalmology, preparations with
0.1% and 0.5% metronidazole solutions have been used to treat Acanthamoeba keratitis [5-7].

Topical administration of the drug is more prevalent among patients and safer than the
intraocular injection, but topical use of this drug has the disadvantage that the drug cannot be
adequately absorbed in the eye and reaches the posterior segment. As a part of trends in topical
formulation, thermosensitive gels have been utilized in overcoming these problems. The term
thermosensitive refers to its ability to form gel or solution reversibly upon at a particular
temperature. This can be achieved by taking advantages of unique properties of some gelling agent
such as N-acrylamide based co-polymers and poly(propylene oxide) (PPO)/ polyethylene oxide
(PEO) block co-polymers [8]. However, previous reports showed that combination of two co-
polymers or its interaction with other gelling agents is required to obtained a relatively precise
temperature for the gel to form [9-11]. To our best understanding, this is the first time the
technology of thermosensitive gels is applied to administer metronidazole in an ocular drug
delivery. Therefore, it is also an important task to assess whether the newly incorporated gel bases
is able to release metronidazole upon application in the eye condition.

Over the last few decades, many improved methods have been undertaken to find and
explore more effective ways of administering eye medications and treatments for various eye
diseases [12]. In transcorneal penetration studies, in vitro cell culture models have been widely

selected. The development of an organotypic corneal construction technique also studies the
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bioavailability of ophthalmic drugs using primary cell cultures and immortalized cell lines. There
is great potential for research into corneal penetration in artificially cultivated human corneas.
Using a research model using cut animal corneal tissue to study drug penetration is one technique
with promising results, although it is necessary to consider the significant variation between
species [13]. One of the developments in the new ex vivo model is to use a porcine cornea disc. It
is considered to be more cost-effective for candidates for transcorneal penetrating topical therapy
[14].

Method development and validation have tremendous importance in the QC of the drug. In
recent years because of its importance, the development of new testing methods for drug
determination has received considerable attention in determining potency of active ingredients in
eye drops. Hence, HPLC is the analytical method of choice for measuring metronidazole [7]. The
HPLC method validation test will be conducted according to guidelines recommended by the
USFDA (2001) [15]. Comparison between the retention times of metronidazole detected in the
drug-free plasma assay and metronidazole derived from drug injection extracted from spiked
plasma will be investigated as a test of specificity and selectivity [7].

Several previous studies related to HPLC and LC-MS/MS for the quantification of
metronidazole in various biological matrices have been carried out. A study by Silva et al (2009)
showed simple, fast, sensitive, and selective results using liquid chromatography (LC)-tandem
mass spectrometry (MS-NONA)[16]. In addition, HPLC and LC-MS/MS for metronidazole
quantification have also been performed on saliva, plasma, and gingival crevicular fluid [17].

Transcorneal penetration of metronidazole using ex vivo porcine corneal model has never
been developed. The development of extraction method before having HPLC assay is essential to
produce maximum drug concentration. Optimization and development of analytical methods, also
recognized as the analytical quality by design (AQbD), are now widely applied to quality by design
(QbD). This concept is considered necessary since the first time it was first introduced by the
USFDA [18]. This concept is known to require less time for experimentation because it uses the
experimental design method (DOE) to obtain possible combinations of parameters and has also
been recommended in robustness testing [18,19]. Implementation of AQbD applications in HPLC
method development has been done in many studies, Rozet et al reported using AQbD approach
for analytical method by HPLC [20]. Prior to analyzing metronidazole with HPLC, we developed

an optimised method for extracting drug form matrix using various sonication time and strirring
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time. This aimed to maximise the number of metronidazole that were measured using HPLC
method. The validated HPLC method will be used to assess the ex vivo ocular kinetics of the drug

after topical application to the eye.

2. Materials and methods
2.1. Chemicals and materials

Metronidazole (>99.9%, purity), analytical grade trifluoroacetic acid, and HPLC-grade
Methanol (MeOH) (Sigma-Aldrich Pte Ltd, Singapore), Xselect CSH ™ Cig3 HPLC column
(particle size 3.5 um, 3, 0 x 150 mm; Waters, Dublin, Ireland), chemical reagent (Sigma - Aldrich
Pte Ltd, Singapore). Other reagents were analytical grade and obtained from standard commercial

supplier.

2.2. Stock Preparation, Calibration Standards and Quality Control Samples

Metronidazole stock solution was prepared by dissolving 50 mg in 50 ml methanol so that
a concentration of 1 mg/mL was obtained. The working solutions were diluted into serial
concentrations for standard calibration, and quality control (QC) solutions. In the calibration of the
test method, a concentration series was made using the stock solution diluted with porcine eye
corneal tissue matrices. The final concentrations obtained ranged from 0.01 to 10 pg/mL. QC
solutions were made in three types of concentrations, namely 0.15 pg/mL, 3.5 pg/mL and 7.5
pg/mL for low QC, medium QC and high QC, respectively. All QC solutions were prepared in

porcine eye corneal tissue matrices.

2.3. Preparation and Analytes Extraction of Samples

Simulated tear fluid consisting of 6.7 g NaCl, 20 g NaHCO3 and 0.08
g CaCl2:2H20 was intially prepared by dissolving all components in 1
L deionized water (final pH of 7.4). Preparation of the sample was conducted by mixing porcine
eye corneal 2,5 g with 2,5 g STF (stimulated tear fluid) pH 7,4 to make porcine eye corneal fluid,
2 mg of metronidazole was added with 2 mL aquadest. The 100 uL of the mixture was centrifuged
with 900 pL porcine eye corneal fluid. The extraction volume, stirring time and sonication time
were evaluated. The response surface methodology to optimize sonication time, vortex time, and

methanol volume (Table S1) used Composite Central Design (CCD) by Design Expert Software
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version 11 (State-Ease, Minneapolis, MN, USA). The response parameters were extraction

performance and fluid evaporation time.

The supernatant liquid was put into a small glass container and then dried up in a fume

hood for about 3 hours. This is done in order to obtain dried residue. The residual mixture and the

100 pL mobile phase were stored in a 0.5 mL centrifuge tube. For 30 seconds, the mixture was

stirred and then rotated at 14,000 rpm x g for 15 minutes. A total of 10 uL of the treated supernatant

solution was injected into the HPLC column. The work steps are illustrated in Figure 1.
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Figure 1. llustration of the work steps

2.4. Instrumentation and Optimisation of HPLC-UV conditions

Centrifugation and
removal of residue

Supernatant
liquid is
dried up

Simultaneous analysis of the entire analyte applied using HPLC system (Shimadzu

Prominence, Shimadzu, Kyoto, Japan) equipped with PDA detector; acetonitrile and 20 mM
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acetate buffer were utilized as the mobile phases; the separation of analytes using Xselect CSH ™
C18 column (Waters, 3.0 x 150 mm); 3.5 um particle size with guard cartridge.

CCD was used in the response surface methodology to optimize mobile phase, flow rate, mobile
phase pH, and acetonitrile concentration (Table S2). Design Expert® Software version 11 (State-
Ease, Minneapolis, MN, USA) was used in processing the data and performed statistical analyses.
Parameters recorded response were the retention time (RT), the theoretical plates and tailing

factors.

2.5. Analytical method validation
Based on US FDA and ICH guidelines, the developed bioanalytical method was validated
[15,18]. VValidated parameters were precision, accuracy, linearity, selectivity, carry over, extraction

recovery, lower limit of quantification (LLOQ), dilution integrity, and stability.

2.5.1. Linearity, LOD and LLOQ

Linearity was measured by a calibration curve derived from a sample with a working
standard solution. The calibration curve was made of seven levels of concentration with three
separate times.

The limits of detection and limits of quantification were determined by the regression of
the obtained standard curves. LOD and LOQ were represented as 3.3 x Syx/b and 10.0 x Syx/b,
respectively, where Syx is residual variance because of regression and b is the slope mean of the

linear regression curves.

2.5.2. Accuracy and Precision

Accuracy and precision measurements are carried out at three concentrations: low,
medium, and high concentrations in six replicates for the LLOQ and QC samples. Intra-day and
inter-day accuracy and precision evaluations were carried out. The precision test was carried out
to observe the relative standard deviation (RSD) of the responses of all samples, while the accuracy
test was carried out by determining the relative error (RE). The RSD and RE values were set to be

15% for each replication of the sample [15,18].
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2.5.3. Carry-over and dilution integrity

Evaluation of carry-over was accomplished by incorporating the QC samples at high
concentrations. After that, the empty solution was injected. The response of blank solution was
looked after, and the response obtained should not be more than 20% of the sample solution at a
concentration of LLOQ [21].
In this study, all samples were prepared at a concentration 250 pg/mL for each metronidazole. The
solutions were dissolved 5 and 10 times with porcine eye liquid. Accuracy and precision were
finally calculated. To evaluate the integrity of the dilution, samples are analyzed using

concentrations of analyte above the higher concentration of the calibration standard solution.

2.5.4. Extraction recovery

In order to measure the recovery of the extracted metronidazole from the sample matrix,
the values were measured for all analytes from the extracted QC samples, such as the LLOQ), low,
medium and high concentrations. The exact concentration of samples prepared in the mobile phase

will be used.

2.5.5. Stability studies

Metronidazole stability studies were performed with porcine eye corneal fluid under
different storage and treatment conditions. Within 48 hours, an autosampler was carried out to
evaluate the stability of all analyte solutions. The bench-top stability evaluation was carried out at
room temperature for 24 hours, while the long-term stability evaluation was carried out at -20 ° C
for 2 weeks. Evaluation of freeze-thaw stability was carried out in three cycles with a storage
temperature of -20 ° C. Each response obtained was then compared with the initial response of
each solution.

2.6 Application of validated HPLC method to assess ocular kinetics of metronidazole from
thermosenstivie gel formulation in corneal tissue
2.6.1 Thermosensitive in situ ocular gel optimization

Different thermosensitive formulation containing metronidazole were prepared using
Pluronic® F127 (PF127), Pluronic® F88 (PF88), and benzalkonium chloride. In this formulation,



233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263

gelling agent was used at different concentrations (Table S3). The responses to be examined were

physical characteristics of the ocular gel which were gelation temperature and viscosity.

2.6.2 Ex vivo ocular kinetics evaluation of formulated metronidazole gels in corneal tissue

A Franz-type diffusion chamber on the porcine cornea was used in the experiment to
determine the ocular kinetics and drug absorption through the cornea. Immediately after sacrificing
the animal, the eyes of the porcine were collected and the corneas were carefully separated to avoid
damage. This aims to get the porcine’s eyeballs that were still fresh; The cornea with a scleral
tissue size of 2-4 mm was carefully removed, washed with cold normal saline, then stored.

The fresh cornea was then placed between the chambers in the diffusion cells. Epithelial
surface faced upwards, whereas the endothelial surface faced down towards the receptor
compartment. STF at pH 7.4 was filled into the receptor compartment and then stirred gently with
a magnetic stirrer. Thermosensitive in situ gel containing metronidazole was put into the donor
compartment. At predetermined times, the cornea was collected and processed using the optimized

extraction method.

2.7. Statistical analysis

Data were displayed as mean * standard deviation (SD). Calculations of mean, SD, % RSD,
and % RE were calculated using Microsoft Excel® 2016 (Microsoft Corporation, Redmond,
USA). The calculation of ocular kinetic parameters (the maximum metronidzaole concentration in
corneal tissue (Cmax), the time needed to achive the maximum concentration (tmax), the
metronidazole concentration time in the corneal tissue curve from 0 to 72 h (AUC), the mean half-
life (tu2) of metronidazole in corneal tissue and the mean residence time (MRT)) was used by PK
Solver using non-compartment pharmacokinetic analysis [22]. Curves for comparison of drug
concentration and time profiles were created. Statistical data analysis with p <0.05 as a significant
difference was used GraphPad Prism® version 8.3.0 (GraphPad Software Inc., San Diego,

California).
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3. Result and Discussion
3.1 Sample preparation and analytes extraction

One-step protein precipitation was used in this study to extract and prepare metronidazole
from biological matrices. Permana et al. [23] have reported that this procedure is simple to be
applied and used. Any metabolite from biological matrices are removed to avoid analytical error
or column damage. The sample preparation and extraction method were optimized using a central
composite experimental design. As seen in Table S4., two parameters, namely extraction
efficiency and evaporation time, were observed in this optimization process. The results showed
that extraction efficiency and evaporation time in three parameters fitted to the quadratic model
and the value of F for the efficiency of extraction and evaporation time were determined
respectively 10.64 and 1162.7878.

Extraction efficiency and evaporation time was found to be significantly affected (p
<0.001) this optimizing, and p-values represent it was <0.00. Figure 2 depicts a representative
three-dimensional graph showing the response of the selected factors to the extraction efficiency
and evaporation time. The model indicated that the extraction performance was directly
proportional to the volume of methanol, vortex time, and sonication time. The high extraction
efficiency resulted from increasing the amount of methanol volume, vortex time, and sonication
time in the extraction method resulting in higher extraction efficiency.

Finally, according to the CCD analysis, the methanol volume of 525 ml, vortex time of 15
minutes, and 10.091 minutes of sonication time were recommended for the extraction method to

obtain the optimum extraction efficiency evaporation time (Table S5).
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Figure 2. lllustrations of representative response surface plots illustrating the impact of the selected factors on the :
A. Extraction Efficiency; B. Evaporation time.
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3.2 Instrumentation and optimization of HPLC-UV conditions

The RP-HPLC isocratic process was used in this study. Table S6 represented the overview

result of the response surface analysis. The aim of this process is to optimize the mobile phase

conditions including the concentration of acetonitrile, pH, and flow rate. Figure 3 shows HPLC

chromatograms of porcine corneal tissue fluid with and without metronidazole at a retention time

of 7.32 minutes, analyzed at 313 nm. The C18 column demonstrated improved column efficiency

and analyte elution with good resolution, tailing factor, and theoretical plate count. The entire

separation of analytes was done by reverse C18 column due to its flexibility and suitability in

analyzing and separating metronidazole [24].
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Figure 3. Representative HPLC-UV chromatograms of blank porcine eye corneal tissue fluid (A) and metronidazole

with porcine eye corneal tissue fluid (B)

12



302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322

The optimization process was carried out by observing effects of the theoretical plate,
tailing factors, and retention time fitted in the quadratic model. Our analysis revealed that all of
these parameters gave p-values of less than 0.001 when compared using the F-values from each of
the parameters. The results showed that the F value for tailings factor, theoretical plate, and
retention time were 15.65, 10.97, and 61.33, respectively. Therefore, we are confident that all of
these factors were important to the optimisation process. The effect of the selected factors on
retention time, tailings factor, and theoretical plates is shown in Figures 4 in the form of a
representative 3D graph. The graph shows that the combination of acetonitrile concentration, pH
and flow rate is directly proportional to the tailings factor, theoretical plate and retention time.
The mobile phase pH of an ionizable analyte has a significant impact on the retention activity of
the analyte. It can be said that the pH of the mobile phase is one of the critical parameters and
needs to be considered during the development of the method. One of them is when determining
the pH value to achieve the desired separation. Problems in liquid chromatography often occur
when pH of the mobile phase is close to or equal to the pKa of the compound being analyzed,
which is indicated by a prominent peak. Process accuracy can also be reduced by a broad peak
accompanied by a long tail [25]. Optimization of the mobile phase can be done with this method
by selecting the pH of the mobile phase which is one unit lower than the pKa of the compound
under investigation [23]. In this analysis, an acetate buffer at a concentration of 20 mM was used.
The recommended results under HPLC-UV conditions to obtain optimal tailings factor, theoretical
plates, and retention time using software are acetonitrile concentration of 21,000 %, pH 4.505, and

recommended flow rate of 1.020 ml/min (Table S7).
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Figure 4. lllustrations of representative response surface plots illustrating the impact of the selected parameters on :
A. Tailing factor; B. Theoretical plates and retention time; C. Retention time

3.3 Analytical method validation
3.3.1 Linearity, LOD and LLOQ

The results of the linearity of the methods, LOD, and LLOQ are shown in Table 1. This
method is known to obtain linear values (R = 0.999) at concentrations ranging from 0.01 to 10
ug/ml. Excellent sensitivity was also shown by the LOD and LLOQ values as we found that

metronidazole can be detected at relatively low concentration.
3.3.2 Accuracy and precision

Intra and inter-day measurements were performed to assess the precision and accuracy of this

method. Metronidazole was tested on three different days as a method of evaluating accuracy and
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precision between days. Meanwhile, metronidazole measured on the same day with three
repetitions as part of the intra-day evaluation. Based on the research, it is known that the method
of measuring metronidazole concentrations in intra-day and inter-day measurements with good
accuracy is at concentrations between 0.08 to 7.5 pg/mL as indicated by the %RSD value of not
more than + 15% (Table 1). In addition, this method is also considered to have good precision,
indicated by the %RSD which decreases between 2.16 and 14.39% at the exact concentration
measurements as above. It meets the criteria for precision measurement since it did not exceed
15% of the %RSD limit (Table 1).

3.3.3 Carry-over and dilution integrity

Evaluation of the carry-over effect was carried out to observe the possibility of
metronidazole signaling in the subsequent measurement of the blank solution by injecting high
concentrations of metronidazole into the HPLC column. The tested blank solution has not more
than 20% LLOQ in the corresponding retention time of metronidazole. The result obtained in this
experiment was that metronidazole was not detected in the sequence of blank solutions. This
indicated the absence of carry-over effects in the HPLC profile.

The dilution integrity was checked by evaluating the consistency of the concentration of
metronidazole after the solution was diluted 5 and 10 times lower than the concentrated solution
of metronidazole. The results of the metronidazole dilution, when analyzed using the method we
developed, showed recoveries between 98.21 + 5.19% and 102.01 £ 9.31% with a precision of
4.14%-7.42%. Based on the standard satisfaction range of accuracy (85 - 115%) and precision (+

15%), it can be considered that the results showed excellent dilution integrity.

3.3.4 Recovery of Extraction

Evaluation of the extraction recovery of porcine eye fluid and tissue was carried out by
adding fluid at three different concentrations: low (0.08 and 0.15 pg/mL), medium (3.5 pg/mL),
and high (7.5 pg/mL). In Table 1, it can be seen that the spiked sample recoveries were between
94.19 + 8.76% and 96.51 + 7.84% with a range of %RSD values from 8.12 to 9.80%. These results
of the %RSD value is below +15% of the RSD, hence it is considered that the method is precise

and consistent for the determination of metronidazole concentrations from porcine eye fluid.
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3.3.5 Stability studies

Table 1 shows that metronidazole was stable under all storage conditions when added to
swine eye fluid. In addition, all concentration levels (low, medium, and high) showed values that
were acceptable to the ICH standard for stability validation [26] which were indicated by
recoveries values above 95% with an SD percentage of not more than 15%. Based on the literature
searched, there were no publications regarding the stability of metronidazole in porcine eye fluid.
However, there have been studies regarding the stability of metronidazole in human plasma under
storage conditions similar to those carried out in this study [27].
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Table 1. The results of the HPLC validation of metronidazole (n=6)

Linearity, LOD and LLOQ values

: LLOQ
Slope y-intercept R LOD (ug/mL) (i)
3762.3 32.796 0.999 0.05 0.08
Intra-day Precision and Accuracy
L Concentration added ~ Concentration found Precision
Replication ol (ug/mL) + SD (%RSD) Accuracy (%RE)
0.08 0.073 £ 0.004 5.48 -8.75
1 0.15 0.14 £ 0.003 2.16 -7.33
3.5 3.57+0.21 5.88 2.00
7.5 7.63+0.54 7.08 1.73
0.08 0.082 + 0.003 3.66 2.50
2 0.15 0.15+ 0.021 13.64 2.67
35 3.87 £0.37 9.56 10.57
7.5 7.82 £ 0.69 8.82 4.27
0.08 0.076 £ 0.006 7.89 -5.00
3 0.15 0.13+0.015 11.36 -12.00
3.5 3.94+£042 10.66 12.57
7.5 7.43+0.84 11.31 -0.93
Inter-day Precision and Accuracy
Concentration added  Concentration found Precision
Day (st (ug/mL) £ SD (%RSD) Accuracy (%RE)
0.08 0.076 £ 0.005 6.58 -5.00
1 0.15 0.13+0.019 14.39 -12.00
35 3.84+£0.32 8.33 9.71
7.5 7.66 £ 0.63 8.22 2.13
0.08 0.085 + 0.006 7.06 6.25
2 0.15 0.17 £ 0.021 12.43 12.67
35 3.39+£043 12.68 -3.14
7.5 7.65+ 0.84 10.98 2.00
0.08 0.084 £ 0.004 4.76 5.00
3 0.15 0.13+0.012 9.16 -12.67
35 3.29+041 12.46 -6.00
7.5 7.59+ 054 7.11 1.20
Extraction recoveries
Concentration added (pug/mL) T]SEIS( GBI REETYET) % RSD
0.08 94.19 £ 8.76 9.30
0.15 96.51 + 7.84 8.12
3.5 92.01 £9.02 9.80
7.5 93.93 + 8.89 9.46
% Stability recoveries (mean + SD)
aC(;) dnecsntratlon Autosampler Bench-top Long-term Freeze-thaw
(ug/mL) (48 h) (24 h) (2 weeks) (3 cycles)
0.08 98.31 £+ 8.52 96.95 £ 9.04 103.21 £5.42 99.18 £ 8.32
0.15 101.02 £ 7.43 98.72 £ 6.03 97.64 £ 9.51 98.13 £ 8.43
3.5 99.43 + 8.03 99.31 £9.43 98.39 + 8.05 100.92 £ 7.94
7.5 96.53 * 6.05 100.93 £ 5.65 99.53 + 6.99 98.53 £ 9.91
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3.4 Physical properties of the formulated gels and evaluation of their ocular kinetics
3.4.1 Gelation temperature and viscosity of the formulated in-situ gels

Factors such as gelation temperature and viscosity, particularly at different conditions, are
some of the most important aspects of studying thermosensitive gel preparations. Hence, we
assessed these properties and compared all four formulations to see the influence of Pluronic F127
and F88 in affecting the physical characteristics of the gels. Since the eye temperature ranges from
33.5 to 35.5 [28], our goal is to formulate a thermosensitive metronidazole gel that forms a gel
around these points.

In the results showing the gelation temperature (Figure 5.1A), it was found that all
preparations formed gel at different temperatures (p<0.05). Formulations A and B formed gels
above body temperature while formulation C showed gelation at around 34.87 + 3.12 °C.
Formulation D, which contains Pluronic F127 alone (20%), formed gels even lower at
approximately 23.64 + 2.19 °C. The data obtained in this experiment indicated that Pluronic F88
as a combination of the gelling agent is required to obtain a suitable gelation temperature for eye
applications. This finding is also in line with the previous report stating that a combination of
longer hydrophobic chain poloxamers such as Pluronic F127 with more hydrophilic co-polymers
is essential to the formation of gelling state at the desired temperature [9,29]. The interactions of
Pluronic F127 with the other materials such as polyethylene glycol (PEG), polyvinylpyrrolidone
(PVP), polyvinyl alcohol (PVA), methylcellulose (MC), and hydroxypropyl methylcellulose
(HPMC) have also been demonstrated as an important factor in order to control the gelation
temperature of the formulated ophthalmic sol-gel preparation [30].

In terms of viscosity, a further investigation on the influence of Pluronic F127 and F88
toward the rheology of formulated gels also provides insight into the importance of this
combination on the physical properties of the gels upon application in eye or storage. As seen in
the Figure 5.1B, the viscosity of the gels increased as the temperature elevated. For instance, the
viscosity of formulation A and B at 4 °C was 131 + 9.32 cPs and 143 + 8.54 cPs, respectively.
When the gels are tested at room temperature, the viscosity increases, but the gelling state has not
been acquired. Consistent with gelation temperatures, the viscosity of Formulation C increased
significantly (p<0.05) up to 26483 + 2409 cPs when applied at eye temperature. In addition, this
formulation did not form gel upon storage at 4 and 25 °C which is considered beneficial for storage

conditions.
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On the other hand, Formulation D was already in the gel form when temperature reached
around 25 °C, indicated by its viscosity (up to 23498 + 2192 cPs) and even increased to around
36218 + 3381 cPs at around eye temperature. No formulation was observed to form gel at 4 °C.
Based on these results, we agree that combination of Pluronic F127 and F88 used in formulation
C is the most suitable mixture of these co-polymers to obtain a thermosensitive gel for ocular
administration. However, we are also aware that this experiment is limited to the shorter time of
storage and hence a thoroughly designed stability studies should be carried out to establish effects
of more prolonged or even extreme storage conditions to the formulated preparations.

Pluronic F127 has longer hydrophobic poly(propylene oxide) (PPO) blocks compared to
its hydrophilic poly(ethylene oxide) (PEO) blocks. In contrast, Pluronic F88 has 80% PEO relative
to the other block chains, making this co-polymer more hydrophilic than Pluronic F127.
Hydrophobic PPO blocks are responsible for lowering the gelation temperature while hydrophilic
PEO blocks, otherwise, elevate the temperature [31,32]. A careful NMR study revealed that
dehydration of PPO-PEO micelles in the solution is the key for the gelation of these co-polymers
when applied at the specific temperature [33].

Although our findings mainly suggested that the use of Pluronic F127 and F88 is important
in the solution-to-gel formation, it is interesting to point out that other copolymers have also been
long utilized. For instance, in the formulation of Azithromycin thermosensitive gel, 20-22% of
Poloxamer 404 which contain hydrophobic PPO blocks were incorporated with 5% of Poloxamer
188 and 3-4% Carbopol 974P NF in order to obtain suitable gelation temperature of the oplthalmic
application [34]. Alkholief, M. et.al (2010) also demonstrated this effect using a similar gel base
in which the poloxamer and carbopol ratio was the factors that determine the slight changes in the
gelation temperature [35]. Another example of applicable copolymers is the use of poly-(DL-lactic
acid-co-glycolic acid) (PLGA)—polyethylene glycol (PEG)-PLGA as a thermosenstive gel base to
deliver drugs as an ophthalmic preparations [36]. All of these evidences again supported nature of
these polymer combinations where longer hydrophobic blocks copolymers interact with other
materials to obtain desired properties of the gel bases. Therefore, our study also confirmed that
physical characteristics such as gelation temperature and viscosity of thermosensitive in-situ gels
prepared using block co-polymers depend on the influence of hydrophobic and hydrophilic blocks

from the co-polymers.
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Figure 5. I. Overall physical characteristic evaluation of thermosensitive gel preparations: (A) gelation temperature
(n=3) and (B) viscosity of formulation A-D measured at 4, 25 and 35 °C (n=3); Il. Ocular kinetic study of
metronidazole thermosensitive gels showing concentration of metronidazole (ug) in corneal matrix over the measured
time (hours). A-D correspond to formulation A-D which contain various types of Pluronic F127 and F88 combinations.
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3.4.2 Ex vivo ocular kinetics evaluation of formulated metronidazole gels in corneal tissue

The validated method obtained in this study was then applied in studying the ocular Kinetic
of the formulated metronidazole gels. The kinetic profiles were obtained by evaluating the
concentration of metronidazole from each formulated preparation in the corneal matrix. The results
showing the summary of the kinetics properties of these formulations was given in Table 2. As
indicated by the data, formulation C revealed the most significant AUC value meaning the
metronidazole in porcine corneal availability is achieved better than the other formulations. It also
showed a significantly higher Cmax (p<0.05) which was reached at approximately 1 hour after
administration.

Meanwhile, this formula's half-life (T%2) was 2.54 + 0.31 hours, a specific resident time of
metronidazole in the examined compartment. Overall, metronidazole concentrations from
formulation A and B were not detected at 5 hours after administration while formulation C and D
can extent the drug release longer (Figure 5.11). It is also interesting to note that formulation A
which contains 5% of Pluronic F127 and 15 % of Pluronic F88 reached the maximum
concentration of 110.81 + 9.32 pg/ml in approximately 30 minutes after application and the longest
time to reach maximum concentration was achieved by formulation D consisting of 20% of
Pluronic F127 and 0% Pluronic F88. The data indicate correlation between the concentration of
Pluronic combination (F127 and F88) and the availability of metronidazole in the cornea.
Increasing the concentration of Pluronic F127 in the formulation A-D seems to cause the Tmax
value to be obtained at a longer time. However, there is an influence of Pluronic 127 combined
with F88 in enhancing the peak corneal concentration, AUC and MRT of metronidazole since the
half-life of formulation D which contains no Pluronic F88 cannot be solely improved by simply
increasing Pluronic F127 concentration. Therefore, the data presented in this study is in line with
our hypothesis that the combination of these two poloxamers is required in such preparations to

obtain better kinetic outcomes of metronidazole.
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Table 2. Ex vivo ocular kinetic parameters of metronidazole thermosensitive in-situ gels (n=3).

Parameters Formulation A Formulation B Formulation C Formulation D
Crax (Hg) 110.81 +9.32 89.08 + 8.71 171.72 £18.21 30.07+4.31
Timax () 0.5 0.75 1 2

AUCo- (ug.h) 104.83 +10.21 189.59 + 19.21 843.85 + 90.29 37.83+£4.32
AUCo.ine (Hg.h) 104.83 +11.02 191.28 + 20.12 991.36 £91.21 38.04 £3.92
Tz (h) 0.25 + 0.02 0.78 + 0.08 2.54+031 0.38£0.05
MRT (h) 0.69 + 0.07 1.62+0.17 4.56 +0.43 0.93+0.12

The effect of poloxamer matrices in enhancing bioavailability of metronidazole eye
preparations has not been widely available, but some evidence shows that Poloxamer-based gel is
useful in improving ocular drug delivery of other drugs. Our previous report observed that gels
developed using the combination of Pluronic F127 and F68 enhance the ocular Kinetic of
Itraconazole in an optimized thermosensitive gel preparation whether it is applied in an infected
or a normal eye model [9]. Pluronic F127 with other poloxamers is also known to improve the
availability of other incorporated drugs [37]. In terms of metronidazole delivery into eye tissue,
Vanderbilj [6] reported that metronidazole gel showed significant diffusion rate in human and
rabbit eyes compared to the eye solution. Further investigations also revealed that trans-corneal
diffusion of metronidazole in human and rabbit eyes is not affected by the presence of chemical
preservatives such as benzalkonium chloride [38]. In contributing to the previous knowledge
available, the experiment carried out in this study provides a new insight on the relationship
between poloxamer based thermosensitive gels and the kinetics of metronidazole in the eye tissue.
However, it is beyond our scope to evaluate the kinetic profiles of these formulations in human or
animal eye models even though factors such as tissue temperature and physiological conditions
highly influence this type of pharmaceutical preparation. Therefore, we suggested that further
research is carried out in addressing whether these factors are important to establish excellent

kinetic profiles of metronidazole in Pluronic based thermosensitive gels.
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4. Conclusions

The development of a validation method using this new high performance liquid
chromatography (HPLC-UV) method was established. The new approach developed in this study
in which metronidazole concentrations were measured after ex vivo administration in porcine
cornea, had high precision and accuracy, simplicity, and high sensitivity and selectivity for use in
therapeutic drug control research and ocular kinetics evaluation.

As our findings suggested, the formulation of thermosensitive gels represented in this study
revealed influences of PF127 and PF88 combination to produce gels with an excellent gelation
temperature and viscosity and their ocular kinetic properties. The method we developed here was
also applicable in examining the concentration of metronidazole in the formulated thermosensitive
in-situ gel preparations. However, further research is required to fully understand whether this
analysis method can also be implemented in studying the drug administration under pathological

conditions.

Acknowledgement
The authors wish to thank BASF SE (Jakarta, Indonesia) for kindly providing Pluronic®.

References

[1] A Keratitis, Major review, 42 (1998) 4-6.

[2] P. Baranowski, B. Karolewicz, M. Gajda, J. Pluta, Ophthalmic drug dosage forms:
Characterisation and  research  methods, Sci. World J. 2014 (2014).
https://doi.org/10.1155/2014/861904.

[3] C. Freeman, M.K. Lacy, K.C. Lamp, C.D. Freeman, N.E. Klutman, M.K. Lacy,
Pharmacokinetics and Pharmacodynamics of the Nitroimidazole Antimicrobials, (1999).
https://doi.org/10.2165/00003088-199936050-00004.

[4] E.Y.Yeung, S.C. Huang, R.J. Tsai, Acanthamoeba Keratitis Presenting as, (2015).

[5] P. Van Der Bijl, A.D. Van Eyk, D. Meyer, Diffusion of Metronidazole Released from
Aqgueous Solution and a Gel Through Human and Rabbit Corneas, (2004).
https://doi.org/10.1089/jop.2004.20.421.

[6] P.VanDerBijl, A.D. Van Eyk, H.I. Seifart, D. Meyer, Diffusion of Metronidazole Released

from Aqueous Solution and a Gel Through Human and Rabbit Corneas, J. Ocul. Pharmacol.

23



538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568

[7]
[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Ther. 20 (2004) 421-429. https://doi.org/10.1089/jop.2004.20.421.

B. Kubiak, Technology of eye drops containing metronidazole, (2014).

B. Jeong, S.W. Kim, Y.H. Bae, Thermosensitive sol—gel reversible hydrogels, Adv. Drug
Deliv. Rev. 64 (2012) 154-162. https://doi.org/10.1016/j.addr.2012.09.012.

A.D. Permana, R.N. Utami, P. Layadi, A. Himawan, N. Juniarti, Q.K. Anjani, E. Utomo,
S.A. Mardikasari, A. Arjuna, R.F. Donnelly, Thermosensitive and mucoadhesive in situ
ocular gel for effective local delivery and antifungal activity of itraconazole nanocrystal in
the treatment of fungal keratitis, Int. J. Pharm. 602 (2021) 120623.
https://doi.org/10.1016/j.ijpharm.2021.120623.

R. Parhi, Development and optimization of pluronic® F127 and HPMC based
thermosensitive gel for the skin delivery of metoprolol succinate, J. Drug Deliv. Sci.
Technol. 36 (2016) 23-33. https://doi.org/10.1016/j.jddst.2016.09.004.

J. Varshosaz, M. Tabbakhian, Z. Salmani, Designing of a Thermosensitive
Chitosan/Poloxamer In Situ Gel for Ocular Delivery of Ciprofloxacin, Open Drug Deliv. J.
2 (2008) 61-70. https://doi.org/10.2174/1874126600802010061.

R. V Moiseev, P.W.J. Morrison, F. Steele, V. V Khutoryanskiy, Penetration Enhancers in
Ocular Drug Delivery, (2019).

P. Agarwal, I.D. Rupenthal, In vitro and ex vivo corneal penetration and absorption models,
Drug Deliv. Transl. Res. (2016) 634—647. https://doi.org/10.1007/s13346-015-0275-6.

G. Begum, T. Leigh, E. Courtie, R. Moakes, G. Butt, Z. Ahmed, S. Rauz, A. Logan, R.J.
Blanch, Rapid assessment of ocular drug delivery in a novel ex vivo corneal model, Sci.
Rep. (2020) 1-12. https://doi.org/10.1038/s41598-020-68254-1.

F.D.A. Cder, Bioanalytical Method Validation Guidance for Industry Bioanalytical Method
Validation Guidance for Industry, (2018).

M. Silva, S. Schramm, E. Kano, E. Koono, V. Porta, C. Serra, Development and Validation
of a HPLC-MS-MS Method for Quantification of Metronidazole in Human Plasma, J.
Chromatogr. Sci. 47 (2009) 781-784. https://doi.org/10.1093/chromsci/47.9.781.

C. Sagan, A. Salvador, D. Dubreuil, P.P. Poulet, D. Duffaut, 1. Brumpt, Simultaneous
determination of metronidazole and spiramycin | in human plasma, saliva and gingival
crevicular fluid by LC-MS/MS, J. Pharm. Biomed. Anal. 38 (2005) 298-306.
https://doi.org/10.1016/j.jpba.2004.12.033.

24



569
570
571
572
573
574
575
576
S77
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

R.M. Haleem, M.Y. Salem, F.A. Fatahallah, L.E. Abdelfattah, Quality in the pharmaceutical
industry - A literature review, Saudi Pharm. J. 23 (2015) 463-469.
https://doi.org/10.1016/j.jsps.2013.11.004.

R. Peraman, K. Bhadraya, Y.P. Reddy, 868727, 2015 (2015).

E. Rozet, P. Lebrun, P. Hubert, B. Debrus, B. Boulanger, Design Spaces for analytical
methods, TrAC - Trends Anal. Chem. 42 (2013) 157-167.
https://doi.org/10.1016/j.trac.2012.09.007.

FDA, Guidance for Industry: Bioanalytical Methods Validation, US Department of Health
and Human Services, (2018) 1-37.

Y. Zhang, M. Huo, J. Zhou, S. Xie, PKSolver: An add-in program for pharmacokinetic and
pharmacodynamic data analysis in Microsoft Excel, Comput. Methods Programs Biomed.
99 (2010) 306-314.

A.D. Permana, E. Wahyudin, Ismail, M.N. Amir, M. Raihan, Q.K. Anjani, E. Utomo, P.
Layadi, R.F. Donnelly, New and sensitive HPLC-UV method for concomitant
quantification of a combination of antifilariasis drugs in rat plasma and organs after
simultaneous  oral  administration, Anal. Methods. 13 (2021) 933-945.
https://doi.org/10.1039/d0ay02258f.

S. Imre, M.T. Dogaru, C.E. Vari, T. Muntean, L. Kelemen, Validation of an HPLC method
for the determination of ciprofloxacin in human plasma, J. Pharm. Biomed. Anal. 33 (2003)
125-130. https://doi.org/10.1016/S0731-7085(03)00151-1.

A.D. Permana, I.A. Tekko, H.O. McCarthy, R.F. Donnelly, New HPLC-MS method for
rapid and simultaneous quantification of doxycycline, diethylcarbamazine and albendazole
metabolites in rat plasma and organs after concomitant oral administration, J. Pharm.
Biomed. Anal. 170 (2019) 243-253. https://doi.org/10.1016/j.jpba.2019.03.047.

ICH, Validation of analytical procedures: text and methodology Q2 (R1). ICH harmonised
tripartite guideline, (2005).

S.L. Stancil, L. van Haandel, S. Abdel-Rahman, R.E. Pearce, Development of a UPLC-
MS/MS method for quantitation of metronidazole and 2-hydroxy metronidazole in human
plasma and its application to a pharmacokinetic study, J. Chromatogr. B. 1092 (2018) 272—
278. https://doi.org/10.1016/j.jchromb.2018.06.024.

J.-H. Tan, E.Y.K. Ng, U. Rajendra Acharya, C. Chee, Study of normal ocular thermogram

25



600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

using textural parameters, Infrared Phys. Technol. 53 (2010) 120-126.
https://doi.org/10.1016/j.infrared.2009.10.006.

B. Jeong, S.W. Kim, Y.H. Bae, Thermosensitive sol—gel reversible hydrogels, Adv. Drug
Deliv. Rev. 54 (2002) 37-51. https://doi.org/10.1016/S0169-409X(01)00242-3.

S.D. Desai, J. Blanchard, In Vitro Evaluation of Pluronic F127-Based Controlled-Release
Ocular Delivery Systems for Pilocarpine, J. Pharm. Sci. 87 (1998) 226-230.
https://doi.org/10.1021/js970090e.

E. Baloglu, S.Y. Karavana, Z.A. Senyigit, T. Guneri, Rheological and mechanical properties
of poloxamer mixtures as a mucoadhesive gel base, Pharm. Dev. Technol. 16 (2011) 627—
636. https://doi.org/10.3109/10837450.2010.508074.

A. Khattab, S. Marzok, M. Ibrahim, Development of optimized mucoadhesive
thermosensitive pluronic based in situ gel for controlled delivery of Latanoprost:
Antiglaucoma efficacy and stability approaches, J. Drug Deliv. Sci. Technol. 53 (2019)
101134. https://doi.org/10.1016/j.jddst.2019.101134.

J. Ma, C. Guo, Y. Tang, J. Wang, L. Zheng, X. Liang, S. Chen, H. Liu, Salt-Induced
Micellization of a Triblock Copolymer in Aqueous Solution: A 1 H Nuclear Magnetic
Resonance Spectroscopy Study, Langmuir. 23 (2007) 3075-3083.
https://doi.org/10.1021/1a063203v.

F. Cao, X. Zhang, Q. Ping, New method for ophthalmic delivery of azithromycin by
poloxamer/carbopol-based in situ gelling system, Drug Deliv. 17 (2010) 500-507.
https://doi.org/10.3109/10717544.2010.483255.

M. Alkholief, M.A. Kalam, A. Almomen, A. Alshememry, A. Alshamsan,
Thermoresponsive sol-gel improves ocular bioavailability of Dipivefrin hydrochloride and
potentially reduces the elevated intraocular pressure in vivo, Saudi Pharm. J. 28 (2020)
1019-1029. https://doi.org/10.1016/j.jsps.2020.07.001.

P.S. Chan, JW. Xian, Q. Li, C.W. Chan, S.S.Y. Leung, K.K.W. To, Biodegradable
Thermosensitive PLGA-PEG-PLGA Polymer for Non-irritating and Sustained Ophthalmic
Drug Delivery, AAPS J. 21 (2019) 59. https://doi.org/10.1208/s12248-019-0326-X.

K. Al Khateb, E.K. Ozhmukhametova, M.N. Mussin, S.K. Seilkhanov, T.K. Rakhypbekov,
W.M. Lau, V. V. Khutoryanskiy, In situ gelling systems based on Pluronic F127/Pluronic
F68 formulations for ocular drug delivery, Int. J. Pharm. 502 (2016) 70-79.

26



631 https://doi.org/10.1016/j.ijpharm.2016.02.027.
632 [38] P.van der Bijl, A.D. van Eyk, H.I. Seifart, D. Meyer, In vitro transcorneal penetration of

633 metronidazole and its potential use as adjunct therapy in acanthamoeba keratitis, Am. J.
634 Ophthalmol. 138 (2004) 702. https://doi.org/10.1016/j.aj0.2004.08.014.
635

27



BUKTI
ACCEPTED



Andi Dian Permana <andi.dian.permana@farmasi.unhas.ac.id>

Decision on submission to Microchemical Journal
1 message

Microchemical Journal <em@editorialmanager.com> Thu, Oct 14, 2021 at 1:35 PM
Reply-To: Microchemical Journal <support@elsevier.com>
To: Andi Dian Permana <andi.dian.permana@farmasi.unhas.ac.id>
Manuscript Number: MICROC-D-21-01793R1
New HPLC-UV analytical method for quantification of metronidazole: Application to ex vivoocular kinetic assessments
following the administration of thermosensitive ocular in situgel
Dear Dr. Permana,
Thank you for submitting your manuscript to Microchemical Journal.
| am pleased to inform you that your manuscript has been accepted for publication.
My comments, and any reviewer comments, are below.
Your accepted manuscript will now be transferred to our production department. We will create a proof which you will
be asked to check, and you will also be asked to complete a number of online forms required for publication. If we

need additional information from you during the production process, we will contact you directly.

We appreciate you submitting your manuscript to Microchemical Journal and hope you will consider us again for
future submissions.

Kind regards,
Justyna Plotka-Wasylka
Editor

Microchemical Journal

Editor and Reviewer comments:

Reviewer 2: Comments and suggestions have been considered and responded by the authors.

More information and support

FAQ: When and how will | receive the proofs of my article?
https://service.elsevier.com/app/answers/detail/a_id/6007/p/10592/supporthub/publishing/related/

You will find information relevant for you as an author on Elsevier’s Author Hub: https://www.elsevier.com/authors

FAQ: How can | reset a forgotten password?
https://service.elsevier.com/app/answers/detail/a_id/28452/supporthub/publishing/kw/editorial+manager/

For further assistance, please visit our customer service site: https://service.elsevier.com/app/home/supporthub/
publishing/. Here you can search for solutions on a range of topics, find answers to frequently asked questions, and
learn more about Editorial Manager via interactive tutorials. You can also talk 24/7 to our customer support team by
phone and 24/7 by live chat and email.

#AU_MICROCH#

To ensure this email reaches the intended recipient, please do not delete the above code

We would like to hear your feedback on this email communication. Please let us know what you think by filling out this


https://service.elsevier.com/app/answers/detail/a_id/6007/p/10592/supporthub/publishing/related/
https://www.elsevier.com/authors
https://service.elsevier.com/app/answers/detail/a_id/28452/supporthub/publishing/kw/editorial+manager/
https://service.elsevier.com/app/home/supporthub/publishing/

1 min feedback form. <https://forms.office.com/r/JPOHfAdtmA>

In compliance with data protection regulations, you may request that we remove your personal registration details at
any time. (Use the following URL: https://www.editorialmanager.com/microc/login.asp?a=r). Please contact the
publication office if you have any questions.


https://forms.office.com/r/JP0HfAdtmA
https://www.editorialmanager.com/microc/login.asp?a=r

