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ARTICLE INFO ABSTRACT

Keywords: Metronidazole eye drops have been used to treat Acanthamoeba keratitis. However, ophthalmic preparations also
Metm_n_tdazole have some limitations, one of which is the rapid elimination of the drug, that reducing the effectiveness of the
:(;‘:éms drug. Accordingly, an alternative delivery approach can be applied to overcome this issue. Additionally, as one of
o critical steps in the formulation development, analyitical methods that allow the quantification of metronidazole
Thermosensitive in sin gel z 5 5 i . %
Bol winetie 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
sttu 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.

Method validation

1. Introduction anaerobic bacteria [3]. Acanthamoeba keratitis can be treated using

0.5% metronidazole eye drops mixed with other antiprotozoal prepa-

Infection that presents with corneal ulcerations known as Acantha-
moeba keratitis is caused by Acanthamoeba species. [t was first reported
in 197 3. 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 ophthal-
mology, 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
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rations [4]. Metronidazole eye drops have long been a formulary drugin
pharmacies as an altemative 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
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testing [18,19]. Implementation of AQbD applications in HPLC method mobile phase, flow rate, mobile phase pH, and acetonitrile concentra-
evelopment has been done in many studies, Rozet et al reported using tion (Table 52). Design Exp-r ! frware version 11 5 = Mi
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Fig. 4. Illustrations 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.

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 indi-
cated 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 condi-
tions 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 57).

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 pg/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 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 ac-
curacy is at concentrations between 0.08 and 7.5 pg/mL as indicated by
the 2RSD 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 concen-
tration measurements as above. It meets the criteria for precision mea-
surement 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
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Table 2 and the availability of metronidazole in the comea. Increasing the
Ex vivo ocular kinetic parameters of metronidazole thermosensitive in-situ gels concentration of Pluronic F127 in the formulation A-D seems to cause
(n = 3). o _ tha To  salina tn ha nhtai
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