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method was utilized in the in vitro and ex vivo studies, showing that the concentration
of CFZ localized in the ocular tissue was significantly improved following its
incorporation into thermosensitive mucoadhesive in situ gels. In vivo studies with
suitable analytical method must be performed.
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Reviewers' comments:

Reviewer #1: The authors have been developed a new method for validation of
spectrophotometric method for quantification of cefazoline in simulated
tear fluid and porcine ocular tissue from thermosensitive-mucoadhesive in situ ocular
gel preparation. This paper is good presented and results are important for
environmental studies.
Response to Reviewer
We are very thankful to the reviewers for taking the time to provide helpful comments
for improvements to our manuscript. We are grateful that the reviewer thinks that our
manuscript is is good presented and results are important for environmental studies.
We have addressed each of the reviewers’ comments in detail below.

1. There are some typological and grammatical errors. It should be corrected.
Response:
We thank the reviewer for the comment. Following the comment, we have re-checked
the manuscript thoroughly and made significant changes in the typological and
grammatical errors. We believe that the English of the revised manuscript has now
been improved.

2. Related papers should be discussed in the text:
https://doi.org/10.1016/j.microc.2021.106488
https://doi.org/10.1007/s12161-021-02111-3
https://doi.org/10.1093/jaoacint/qsaa107

Response:
We thank the reviewer for the suggestions. Indeed, we agreed that the related papers
could support our study. We have included the suggested papers and other additional
papers in our manuscript.

“Several studies have shown the effectiveness of the spectrophotometry method to
quantify several drugs in the biological matrices (Abdallah et al., 2021; Heidari and
Mammostafaei, 2021; Mabrouk et al., 2020). Furthermore, the spectrophotometry
method has also been applied to quantify drugs in fruits, food and beverages products
(Demir et al., 2021; Khan and Tuzen, 2021; Tuzen et al., 2021). Accordingly, this has
shown that despite its simplicity, this method has been reported to be effective in the
several analytical purposes.”

These additional explanations have now been included in the revised manuscript.

3. Vendor information for instruments and chemicals must be given consistently and
completely: (company and country name).
Response:
We thank the reviewer for the suggestions. Accordingly, we have included all
information regarding vendor detail for instruments and chemicals in the revised
manuscript.

4. Spell of references must be checked.
Response:
We thank the reviewer for the suggestion. Therefore, we have re-checked the
reference and made significant changes in some errors.

5. The results must be compared with literature values
Response:
We thank the reviewer for the suggestions. Accordingly, in the revised manuscript, we
have compared the results obtained with some literatures.

6. LOD and LOQ values must be added to abstract.

Response:
We thank the reviewer for the suggestions. We have included these values in abstract.
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7. Some important figures must be obeyed.
Response:
We thank the reviewer for the comment. In the revised manuscript, we have obeyed all
the important figures. We have discussed all data presented in all figures and
importantly, we also compared the data obtained with the literatures to enhance the
discussion.

I recommended that this paper should be accepted for publication in your journal after
minor revision.
Response:
We are grateful that the reviewer thinks that this paper should be accepted for
publication in this journal after minor revision.

Reviewer #2: This paper reported a spectrophotometric method for quantification of
cefazoline. There are some suggestions which I wanted to share with the author.

1. For the calibration curve in Figure 3, the absorbance of the last selected
concentration is too high. The absorbance should be between 0.2 and 0.8 as far as
possible, where R2 should be close to 0.999. In addition, the fitted equations should be
shown in the paper.
Response:
We thank the reviewer for pointing this out. As mentioned by the reviewer, generally,
the absorbance values of the samples analyzed using spectrophotometer are between
0.2 and 0.8 (Ahmed et al., 2015). However, depending on the instrument used, an
absorbance value of < 1 was also found. Several studies have shown that the
calibration curves which were not between 0.2 and 0.8 could results in acceptable
linearity, and importantly, have been successfully applied to quantify several analytes
(Heidari and Mammostafaei, 2021; Khan and Tuzen, 2021). Accordingly, as the
calibration curves found in our study showed the acceptable linearity, the curves could
be precisely used in the further validation steps. Furthermore, we have included the
fitted equation of the calibration curve in Figure 3 in the revised manuscript. We have
included these explanations in the revised manuscript.

2. The RSD range of precision in section 3.4 is too large. In order to comply with the
method validation, RSD should be at least less than 10% and even better if you can
control it less than 5%. If you cannot make any corresponding changes, please provide
a reference on the result RSD<15% to support this view.
Response:
We thank the reviewer for pointing this out. According to the requirement from ICH
(ICH, 2005), supported by several studies reporting that the accuracy and precision
values should be ± 15% (Permana et al., 2021b, 2021a, 2019), the analytical method
using a spectrophotometer for the determination of CFZ in STF and ocular tissue
developed in this study was found to be precise and accurate. We have included these
explanations in the revised manuscript.

3. Please add the diffusion area and the receiver chamber volume of the Franz
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diffusion cell in section 2.8.2.
Response:
We thank the reviewer for the suggestions. We have included these in the section 2.8.2
in the revised manuscript.

4. Please describe the quantitative process of Figure 5D with more details in section
2.8.2.
Response:
We thank the reviewer for the suggestions. Following the ex vivo permeation study,
after 1 h, 6 h and 24 h, the ocular tissue was removed from the cell diffusion, and the
excess of the formulation was removed. The extraction solvent was mixed with the
ocular tissue using the optimized volume obtained from the method described in
Section 2.5. The mixture was vortexed for 10 minutes and centrifuged for 15 minutes at
7000 rpm. The clear supernatant was dried under a fume hood at 25 °C and the dry
extract was reconstituted using 1 mL of STF. The mixture was vortexed for 5 minutes
and centrifuged for 15 minutes at 7000 rpm. CFZ in the supernatant was measured
using spectrophotometry. We have included these explanations in the revised
manuscript
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Validation of spectrophotometric method for quantification of cefazoline in simulated tear 

fluid and porcine ocular tissue from thermosensitive-mucoadhesive in situ ocular gel 

preparation 

 

Reviewers' comments: 

 

Reviewer #1: The authors have been developed a new method for validation of 

spectrophotometric method for quantification of cefazoline in simulated 

tear fluid and porcine ocular tissue from thermosensitive-mucoadhesive in situ ocular 

gel preparation. This paper is good presented and results are important for environmental 

studies.  

Response to Reviewer 

We are very thankful to the reviewers for taking the time to provide helpful comments for 

improvements to our manuscript. We are grateful that the reviewer thinks that our 

manuscript is is good presented and results are important for environmental studies. We have 

addressed each of the reviewers’ comments in detail below. 

 

1. There are some typological and grammatical errors. It should be corrected. 

Response: 

We thank the reviewer for the comment. Following the comment, we have re-checked the 

manuscript thoroughly and made significant changes in the typological and grammatical 

errors. We believe that the English of the revised manuscript has now been improved. 

 

2. Related papers should be discussed in the text: 

https://doi.org/10.1016/j.microc.2021.106488 

https://doi.org/10.1007/s12161-021-02111-3 

https://doi.org/10.1093/jaoacint/qsaa107 

 

 

 

Response to Reviewers



Response: 

We thank the reviewer for the suggestions. Indeed, we agreed that the related papers could 

support our study. We have included the suggested papers and other additional papers in our 

manuscript.  

 

“Several studies have shown the effectiveness of the spectrophotometry method to quantify 

several drugs in the biological matrices (Abdallah et al., 2021; Heidari and Mammostafaei, 

2021; Mabrouk et al., 2020). Furthermore, the spectrophotometry method has also been 

applied to quantify drugs in fruits, food and beverages products (Demir et al., 2021; Khan and 

Tuzen, 2021; Tuzen et al., 2021). Accordingly, this has shown that despite its simplicity, this 

method has been reported to be effective in the several analytical purposes.” 

 

These additional explanations have now been included in the revised manuscript.  

 

3. Vendor information for instruments and chemicals must be given consistently and 

completely: (company and country name). 

Response: 

We thank the reviewer for the suggestions. Accordingly, we have included all information 

regarding vendor detail for instruments and chemicals in the revised manuscript. 

 

4. Spell of references must be checked. 

Response: 

We thank the reviewer for the suggestion. Therefore, we have re-checked the reference and 

made significant changes in some errors.  

 

5. The results must be compared with literature values  

Response: 

We thank the reviewer for the suggestions. Accordingly, in the revised manuscript, we have 

compared the results obtained with some literatures. 

 

6. LOD and LOQ values must be added to abstract. 

 



Response: 

We thank the reviewer for the suggestions. We have included these values in abstract.  

 

 

7. Some important figures must be obeyed. 

Response: 

We thank the reviewer for the comment. In the revised manuscript, we have obeyed all the 

important figures. We have discussed all data presented in all figures and importantly, we 

also compared the data obtained with the literatures to enhance the discussion.  

 

 

I recommended that this paper should be accepted for publication in your journal after minor 

revision. 

Response: 

We are grateful that the reviewer thinks that this paper should be accepted for publication in 

this journal after minor revision. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Reviewer #2: This paper reported a spectrophotometric method for quantification of 

cefazoline. There are some suggestions which I wanted to share with the author. 

 

1. For the calibration curve in Figure 3, the absorbance of the last selected concentration is 

too high. The absorbance should be between 0.2 and 0.8 as far as possible, where R2 should 

be close to 0.999. In addition, the fitted equations should be shown in the paper. 

Response: 

We thank the reviewer for pointing this out. As mentioned by the reviewer, generally, the 

absorbance values of the samples analyzed using spectrophotometer are between 0.2 and 

0.8 (Ahmed et al., 2015). However, depending on the instrument used, an absorbance value 

of < 1 was also found. Several studies have shown that the calibration curves which were not 

between 0.2 and 0.8 could results in acceptable linearity, and importantly, have been 

successfully applied to quantify several analytes (Heidari and Mammostafaei, 2021; Khan and 

Tuzen, 2021). Accordingly, as the calibration curves found in our study showed the acceptable 

linearity, the curves could be precisely used in the further validation steps. Furthermore, we 

have included the fitted equation of the calibration curve in Figure 3 in the revised 

manuscript. We have included these explanations in the revised manuscript. 

 

 

2. The RSD range of precision in section 3.4 is too large. In order to comply with the method 

validation, RSD should be at least less than 10% and even better if you can control it less than 

5%. If you cannot make any corresponding changes, please provide a reference on the result 

RSD<15% to support this view.  

Response: 

We thank the reviewer for pointing this out. According to the requirement from ICH (ICH, 

2005), supported by several studies reporting that the accuracy and precision values should 

be ± 15% (Permana et al., 2021b, 2021a, 2019), the analytical method using a 

spectrophotometer for the determination of CFZ in STF and ocular tissue developed in this 

study was found to be precise and accurate. We have included these explanations in the 

revised manuscript. 

 



 

3. Please add the diffusion area and the receiver chamber volume of the Franz diffusion cell 

in section 2.8.2.  

Response: 

We thank the reviewer for the suggestions. We have included these in the section 2.8.2 in the 

revised manuscript.  

 

4. Please describe the quantitative process of Figure 5D with more details in section 2.8.2. 

Response: 

We thank the reviewer for the suggestions. Following the ex vivo permeation study, after 1 h, 

6 h and 24 h, the ocular tissue was removed from the cell diffusion, and the excess of the 

formulation was removed. The extraction solvent was mixed with the ocular tissue using the 

optimized volume obtained from the method described in Section 2.5. The mixture was 

vortexed for 10 minutes and centrifuged for 15 minutes at 7000 rpm. The clear supernatant 

was dried under a fume hood at 25 °C and the dry extract was reconstituted using 1 mL of 

STF. The mixture was vortexed for 5 minutes and centrifuged for 15 minutes at 7000 rpm. CFZ 

in the supernatant was measured using spectrophotometry. We have included these 

explanations in the revised manuscript 
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Abstract 

In the formulation development, it is necessary to validate the analytical method as a critical step. Here, 
we validated the spectrophotometric method of cefazoline (CFZ) from thermosensitive-mucoadhesive in 
situ gels in simulated tear fluid (STF) and ocular tissue for in vitro and ex vivo studies, respectively. The 
method was validated as per ICH guidelines, showing excellent linearity with the correlation coefficient 
values of 0.9997 in STF and 0.9981 in ocular tissue with acceptable precision and accuracy. The LOD values 
were 0.496 µg/mL and 2.390 µg/mL in STF and ocular tissue, respectively. Moreover, LOQ values were 
1.504 µg/mL in STF and 7.242 µg/mL in ocular tissue. The method was utilized in the in vitro and ex vivo 
studies, showing that the concentration of CFZ localized in the ocular tissue was significantly improved 
following its incorporation into thermosensitive mucoadhesive in situ gels. In vivo studies with suitable 
analytical method must be performed. 
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Compounds  Cefazoline 
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Procedure We developed and validated the spectrophotometric method of CFZ in 
simulated tear fluid (STF) and ocular tissue for in vitro and ex vivo studies, 
respectively. The method was successfully validated as per the ICH 
guidelines. 
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1. Rationale 

Bacterial keratitis is a potentially blinding corneal infection and has been categorized as a neglected 

tropical disease. Prior to blindness, there are several important signs and symptoms associated with the 

disease, including acute ocular pain, decreased vision, corneal ulceration, and infiltrates in the anterior 

chamber [1]. Several studies around the world have consistently reported Gram-positive bacteria as the 

most common etiology of this infection [2,3]. Several risk factors have been identified, including contact 

lens use, trauma, ocular surface and eyelid diseases, post ocular surgery, use of topical steroids, and 

systemic immunosuppression [3]. The pathogenesis associated with each risk factor occurs in a complex 

and multifactorial manner that begins with the accumulation and attachment of microbes to the corneal 

surface. For example, the use of contact lenses as a risk factor most often occurs due to impaired tear 

exchange, resulting in stagnation under the contact lens hence facilitating the adherence and 

accumulation of commensal bacteria at a later timepoint [4].  

Topical antibiotic has become the first line in the treatment of bacterial keratitis [5]. Cefazoline (CFZ) is a 

first-generation cephalosporin antimicrobial used for keratitis infections therapy by inhibiting bacterial 

cell wall synthesis. CFZ is available in eye drop preparations with a dose of 3,5 mg/mL [6]. However, when 

applied via ocular route, only 5% of the applied drug could penetrate the ocular tissue due to short contact 

of the preparations in the ocular tissue [7]. Additionally, many drug companies promote drugs at a scale 

50 µL as the maximum volume for the application of eye drops. However, generally, 20 µL of these eye 

drops do not touch the eye surface, and only 30 µL remains on the ocular surface area. Thus, the 

application of eye drop preparations is not optimal due to the excessive application volume required. 

Consequently, various new drug delivery systems have been created to overcome these issues. For 

example, structural changes of pharmaceutical preparations from liquid to gel in an in situ condition, well-

known as thermosensitive in situ gel, has attracted the attention of researchers to employ this approach 

to increase the retention time of drugs on the surface of the eye [8]. Several studies have shown that the 

formulation of active substances in thermosensitive preparations was able to improve the concentration 

of drugs in the ocular tissue [8,9]. In addition, the presence of mucosa in the ocular tissue could improve 

the ocular contact by using the mucoadhesive system [8]. Accordingly, the combination of 

thermosensitive and mucoadhesive could be an alternative approach to deliver CFZ to the ocular tissue 

for keratitis treatment. 

In the formulation development, in vitro and ex vivo assessments shall be conducted before performing 

in vivo evaluation. In vitro study is used to predict the release manner of the formulated drugs. 



Importantly, in ocular delivery studies, ex vivo is performed by using corneal tissue of animals to mimic 

the in vivo conditions [10]. By performing the ex vivo studies, some formulations might be eliminated from 

the in vivo studies and, thus, could minimize the use of animals in the in vivo studies. In the in vitro and ex 

vivo evaluation, analytical methods to quantify active substances should be developed and validated. 

Analytical procedures allowing the precise determination of drugs in the development studies is crucial. 

Essentially, analytical validation procedures must be in place to ensure reliability, traceability or 

comparability of results. Thus, developing and validating the analysis procedure to determine the amount 

of cefazolin in the in vitro and ex vivo studies is the important steps for the development of new dosage 

forms [11]. 

In terms of the analytical method, several techniques have been developed to quantify CFZ, including 

high-performance liquid chromatography and mass spectroscopy. Alternatively, the UV-Vis 

spectrophotometry method is usually preferable with its advantages. Analytical methods other than UV-

Vis spectrophotometry are expensive, in contrast to the UV-Vis spectrophotometry method which has the 

advantages of being time-efficient, economical, widely available, easy and simple to use, relatively 

accurate, and results are obtained satisfactory. Essentially, no residue is produced when the analysis uses 

reagents or solvents [12,13]. Spectrophotometry is a method used mainly in routine analysis or research 

for identification. Additionally, in the developing countries, spectrophotometric method could potentially 

be a great favor to be applied. Several studies have shown the effectiveness of the spectrophotometry 

method to quantify several drugs in the biological matrices [14–16]. Furthermore, the spectrophotometry 

method has also been applied to quantify drugs in fruits, food and beverages products [17–19]. 

Accordingly, this has shown that despite its simplicity, this method has been reported to be effective in 

the several analytical purposes. Therefore, in this study, as part of the formulation development process, 

we validated the method for the quantification of CFZ in thermosensitive-mucoadhesive ocular 

preparation. The validated method was utilized to analyze the drug content in the formulation, in vitro 

permeation, ex vivo permeation and ex vivo retention in the ocular tissues. 

2. Procedure 

2.1 Material 

Cefazolin sodium salt (CFZ) (purity 89.1-110.1%) was obtained from Sigma Aldrich Pte Ltd. (Singapore, 

Singapore). Pluronic® F127 and F68 were kindly provided by BASF Indonesia (Jakarta, Indonesia). Sodium 

chloride (NaCl). Sodium bicarbonate (NaHCO3) and calcium chloride dihydrate (CaCl2·2H2O) were obtained 

from Merck (Jakarta, Indonesia). Other materials were analytical grade.  



2.2 Preparation of Stock Solution 

Simulated tear fluid (STF) was prepared by dissolving 6.7 g NaCl, 2.0 g NaHCO3 and 0.08 g CaCl2·2H2O in 1 

L deionized water. The final pH was adjusted to 7.4 [20]. CFZ stock solution was prepared by weighing 10 

mg of CFZ and put into a 10 mL volumetric flask. STF was added to dissolve the CFZ and then made up to 

the mark to obtain a final concentration of 1000 µg/ml. 

 

2.3 Determination of maximum wavelength 

250 µL of the stock solution of CFZ was transferred into a volumetric flask prior to dilution with STF for up 

to 10 mL (concentration 25 µg/ml). The absorbance of the solution was measured at a wavelength of 200-

400 nm using a UV-Vis spectrophotometer (HALO XB-10, Dynamica Scientific Ltd. United Kingdom). The 

maximum wavelength was determined from the absorption in the sample. 

 

2.4 Preparation calibration standards and quality control samples 

In this study, calibration standards and quality control samples were prepared in two different matrices, 

namely STF and porcine ocular tissue. STF was used in the drug content in the formulation, in vitro 

permeation and ex vivo permeation studies. Porcine ocular tissue was used in the ex vivo retention in the 

ocular tissues. 

For STF, the stock solution was diluted with STF to obtain a calibration standard solution with a 

concentration from 0.625 to 20 µg/mL. Then, quality control samples were prepared by diluting CFZ stock 

solution using STF to achieve low quality control (LQC) concentration (2 µg/mL), medium quality control 

(MQC) concentration (10 µg/mL), and high quality control (HQC) concentration (15 µg/mL).  

To prepare porcine tissue matrices, initially, the tissue was crushed, then added to distilled water in a ratio 

of 9:1. This mixture was then homogenized for 10 min. After obtaining the tissue matrices, a series 

concentration (40 – 1.25 g/mL) were made by spiking the stock solution to the tissue matrices [21]. 

Afterwards, the LQC (10 µg/mL), MQC (20 µg/mL), and HQC (30 µg/mL) of CFZ in tissue matrices were also 

prepared in a similar fashion. 

 

2.5 Sample preparation and extraction of CFZ from ocular tissues 

For quantification of CFZ in the ocular tissue for the ex vivo studies, sample extractions using two organic 

solvents, methanol and acetonitrile, were carried out [22,23]. In this study, 1 g of tissue spiked CFZ was 

used. To optimize the extraction process, several volumes of each solvent 1 mL, 3 mL, 5 mL and 7 mL, 

were used. Briefly, the solvent was mixed with the tissue and vortexed for 10 minutes. Following this step, 



the mixture was centrifuged at 7000 rpm for 15 minutes (LC-04S Centrifuge, Zenith Lab (Jiangsu) Co., LTD. 

China). The supernatant was collected, and the organic solvent was evaporated in a fume hood. 

Afterwards, 1 mL of STF was added into the dry extract and vortexed for 5 minutes. The samples were 

then centrifuged at 7000 rpm for 15 minutes and the clear supernatant was measured using 

spectrophotometric.  

 

2.6 Preparation of CFZ thermosensitive-mucoadhesive gel 

CFZ thermosensitive-mucoadhesive gel was prepared using the cold method by dispersing a combination 

of Pluronic® F127 16% and Pluronic® F68 4% w/w in cold distilled water (at 4oC) and maintained under 

constant stirring to form poloxamer solution and then kept in the refrigerator overnight until a clear 

solution was observed. Hyaluronic acid 0.2% w/w was dissolved in hot water until a clear solution was 

formed and dissolved in poloxamer solution. CFZ 0.35% was dissolved in distilled water and dissolved in 

poloxamer solution. Benzalkonium chloride 0.01% was added to the poloxamer solution and stirred until 

a clear solution was formed [24]. 

 

2.7 Method validation 

2.7.1 Specificity 

In an attempt to perform the specificity test, CFZ solution in gel formulation, blank gel formulation, CFZ in 

ocular tissue matrices and blank ocular tissue matrices were used. All samples were scanned using 

spectrophotometry UV-Vis at the wavelength between 200 nm and 400 nm. Specificity was evaluated by 

observing the peak of CFZ in each sample.  

 

2.7.1 Linearity, LOD and LOQ 

The correlation coefficient values of the calibration curves obtained from STF and ocular tissue were used 

as a parameter for linearity. Furthermore, the calibration curve was also used to calculate limit of 

detection (LOD) and limit of quantification (LOQ) using the following equation [25]: 

LOD = 
3.3 σ

𝑆
    (Equation 1) 

LOQ = 
10 σ

𝑆
    (Equation 2) 

Where σ = the SD of the response of the data and S = the slope of the calibration curve. 

 

 



2.7.2 Accuracy and Precision 

Accuracy and precision were determined in intra-day and inter-day measurements. Intra-day was 

measured three times in a day, while inter-day was measured three days in a row. After the measurement 

for intra-day and inter-day the relative standard deviation (RSD, %) and relative errors (RE, %) were 

calculated to interpret the values of accuracy and precision, respectively. LOQ, LQC, MQC, and HQC were 

used in this method, where the values should be ±15% [26]. 

 

2.7.3 Determination of extraction recovery 

The extraction recovery was obtained by comparing the measured value of matrix concentrations with 

the extracts of the blank matrices with equivalent analyte [27].  

 

2.7.4 Dilution integrity 

The effect of sample dilution should be determined during the validation of the quantitative method. To 

perform this, CFZ was prepared in the concentrations of 75 µg/mL in STF and 200 µg/mL in ocular tissue. 

Each sample was diluted 5 times and 10 times, and the RSD and RE values were then calculated.  

 

2.8 Application of the method 

2.8.1 Determination of drug content  

The thermosensitive-mucoadhesive gel was weighed accurately and diluted with STF to obtain a final 

concentration of 10 µg/ml and tested for drug content using a UV-Vis spectrophotometer. In this study, 

the result of the drug content formula was also compared with the result of 10 µg/ml CFZ solution [28]. 

 

2.8.2 In vitro, ex vivo permeation and ex vivo retention study of CFZ from thermosensitive-mucoadhesive 

gel 

In this study, both in vitro and ex vivo evaluations were carried out using Franz cell diffusion, where the 

difference between the two methods was the membranes used. The in vitro test used a dialysis membrane 

(Spectra-Por®, 12,000 - 14,000 MWCO dialysis membrane)  [29], while the ex vivo test used porcine cornea 

tissue [30]. Prior to the experiment, 24 mL of STF was filler in the inside receiver compartment of the Franz 

cell diffusion, then stirred at 100 rpm and accurately maintained the temperature at 37 °C. 

After the pretreatment steps, the formulation was weighed accurately equal to 10 mg of CFZ. The sample 

was put above the membrane and covered with the top part of Franz cell diffusion. The diffusion area of 

the Franz diffucion cell was 4.9 cm2. For every certain time span, 1 ml was sampled from the cell diffusion 



arm, and 1 ml of fresh STF was added again. Sampling was carried out at 0.25, 0.5, 0.75, 1, 2, 3, 4, 5, 6, 7, 

8, and 24 hours. The absorbances of samples were measured the absorbance using spectrophotometry 

with an appropriate dilution. 

Following the ex vivo permeation study, after 1 h, 6 h and 24 h, the ocular tissue was removed from the 

cell diffusion, and the excess of the formulation was removed. The extraction solvent was mixed with the 

ocular tissue using the optimized volume obtained from the method described in Section 2.5. The mixture 

was vortexed for 10 minutes and centrifuged for 15 minutes at 7000 rpm. The clear supernatant was dried 

under a fume hood at 25 °C and the dry extract was reconstituted using 1 mL of STF. The mixture was 

vortexed for 5 minutes and centrifuged for 15 minutes at 7000 rpm. CFZ in the supernatant was measured 

using spectrophotometry. In both in vitro and ex vivo studies, CFZ solution was used as a control. 

The release kinetic profile was calculated using the following equations [31] 

𝑍𝑒𝑟𝑜 𝑂𝑟𝑑𝑒𝑟 𝐾𝑖𝑛𝑒𝑡𝑖𝑐𝑠: 𝐶𝑡 = 𝐶0 + 𝑘0𝑡  (Equation 3) 

𝐹𝑖𝑟𝑠𝑡 𝑂𝑟𝑑𝑒𝑟 𝐾𝑖𝑛𝑒𝑡𝑖𝑐𝑠: ln 𝐶𝑡 = ln 𝐶0 + 𝑘1𝑡 (Equation 4) 

𝐻𝑖𝑔𝑢𝑐ℎ𝑖 𝑀𝑜𝑑𝑒𝑙: 𝐶𝑡 = 𝑘𝐻√𝑡 (Equation 5) 

𝐾𝑜𝑟𝑠𝑚𝑒𝑦𝑒𝑟 − 𝑃𝑒𝑝𝑝𝑎𝑠 𝑀𝑜𝑑𝑒𝑙: 𝐶𝑡 = 𝑘𝐾𝑃𝑡𝑛 (Equation 6) 

𝐻𝑖𝑥𝑠𝑜𝑛 − 𝐶𝑟𝑜𝑤𝑒𝑙𝑙 𝑀𝑜𝑑𝑒𝑙: 𝐶𝑡

1
3⁄

= 𝐶0

1
3⁄

𝑘𝐻𝐶𝑡 (Equation 7) 

Where Ct is the concentration of cefazoline released at time t, C0 is the initial amount of CFZ in STF (at 

t=0), k0 is constant of zero-order kinetics, k1 is constant of first-order kinetics, kH is constant of Higuchi 

model, kKP is constant of Korsmeyer-Peppas model, and kHC is constant of Hixson-Crowell model. 

 

2.9 Statistical analysis 

GraphPad Prism® version 6 (GraphPad Software, San Diego, California, USA) was applied to perform the 

statistical analysis. p values < 0.05 represent a statistical difference between data analyzed. 

3. Data, value and validation 

3.1 Determination of maximum wavelength and specificity 

As a critical step in the development of formulation, the validation of the analytical method should initially 

be developed. In this study using UV-Vis spectrophotometry, the maximum wavelength of CFZ in the two 

matrices used, namely STF and porcine ocular tissue, was firstly determined. As shown in Figure 1, one 

spectrum peak in STF was observed at 272 nm, and two spectral peaks at 220 nm and 272 nm were 

observed from the ocular tissue matrices.  



 

Figure 1. Maximum UV absorption of CFZ in STF (A) and ocular tissue (B). 

 

To decide the wavelength used for the analysis process, the specificity test was carried out. In this step, 

the spectrum of the possible interferences was also observed. Blank thermosensitive formulation and 

blank tissue were scanned, and it was found that both samples showed peaks around 220 nm (Figure 2). 

Therefore, 272 nm was selected as the wavelength used in the further steps. 

 

Figure 2. Representative UV-Spectra of CFZ in thermosensitive gel and blank formulation (A) and blank ocular tissue and CFZ 

solution (B). 

  

3.2 Preparation of samples and extraction of CFZ from ocular tissue 

To determine the concentration of CFZ localized in the ocular tissue after ex vivo studies, the extraction 

method was screened. The results showed that the extraction recoveries when methanol was used were 

11.83 ± 0.78%, 37.79 ± 2.28%, 91.44 ± 0.49% and 93.05 ± 2.30% for 1 mL, 3 mL, 5 mL and 7 mL of extraction 

volumes, respectively. On the other hand, 8.81 ± 0.60%, 17.74 ± 5.20%, 33.75 ± 0.82% and 56.91 ± 0.90% 

of extraction recoveries were found when acetonitrile was used with volumes of 1 mL. 3 mL, 5 mL and 7 



mL, respectively. It was found that methanol was more effective than acetonitrile. In our study, despite 

the higher extraction recovery obtained from 7 mL methanol, the recovery obtained from 5 mL was not 

statistically (p > 0.05) different compared to 5 mL. Therefore, 5 mL methanol was selected for further 

studies. 

 

3.3 Linearity, LOD, and LOQ 

In this evaluation, the calibration curves in STF and ocular tissue were found to be linear, with the 

correlation coefficient values of 0.9997 and 0.9981, respectively. It has been reported in a previous study 

that the acceptable linearity of the calibration curve in the analytical validation was ≥ 0.998 [26,32,33]. 

The curves of calibration solutions of CFZ in STF and ocular tissue are shown in Figure 3. Moreover, the 

spectrums of all samples in the calibration solution are depicted in Figure 4. Generally, the absorbance 

values of the samples analyzed using spectrophotometer are between 0.2 and 0.8 [34]. However, 

depending on the instrument used, an absorbance value of < 1 was also found. Several studies have shown 

that the calibration curves which were not between 0.2 and 0.8 could results in acceptable linearity, and 

importantly, have been successfully applied to quantify several analytes [15,17]. Accordingly, as the 

calibration curves found in our study showed the acceptable linearity, the curves could be precisely used 

in the further validation steps. Furthermore, the LOD and LOQ were determined in STF and ocular tissues. 

These values were obtained from calibration curves. It was found that the LOD of CFZ in STF and ocular 

tissue were calculated to be 0.496 µg/mL and 2.390 µg/mL, respectively. Moreover, LOQ values were 

1.504 µg/mL and 7.242 µg/mL in STF and ocular tissue, respectively. 

 

Figure 3. The calibration curve of CFZ in STF (A) and ocular tissue (B). 

 



 

Figure 4. Spectrum of CFZ standard solutions in STF (A) and ocular tissue (B) 

 

3.4 Accuracy and precision 

Accuracy and precision were evaluated in STF and ocular tissue. LOQ, LQC, MQC, and HQC were used for 

inter-day and intra-day measurements with three replications for each measurement to determine the 

value of accuracy and precision. After measuring inter-day and intra-day, the relative standard deviation 

(RSD) and relative error (RE) values were calculated. Where precision was denoted by RSD and accuracy 

was denoted by RE. For STF, it can be seen in Table 1 that intra-day RSD values were in the range of 1.35% 

- 12.13%, and RE values were in the range of -3.76% - 9.45%. In Table 2, it can be seen that the accuracy 

and precision values for inter-day, where the RSD values were in the range of 1.2% - 11.66% and the RE 

values were in the range of -9.86% - 9.81%.  

 

 

 

 

 

 

 

 

 

 



Table 1. Intra-day precision and accuracy data of spectrophotometry for quantification of CFZ in STF (n = 

3) 

Intra-day Precision and Accuracy 

Replication 

Concentration 

added 

(µg/mL) 

Concentration found 

(µg/mL) ± SD 

Precision 

(%RSD) 

Accuracy (%RE) 

1 

1,5 1,44 ± 0,13 8,82 -3,76 

2 2,03 ± 0,25 12,13 1,45 

8 8,54 ± 0,18 2,14 6,76 

15 15,47 ± 0,73 4,72 3,12 

2 

1,5 1,61 ± 0,11 7,00 7,42 

2 1,96 ± 0,09 4,78 -1,91 

8 8,72 ± 0,18 2,10 9,05 

15 15,32 ± 0,21 1,35 2,10 

3 

1,5 1,64 ± 0,09 5,27 9,45 

2 1,98 ± 0,20 10,13 -0,99 

8 8,30 ± 0,27 3,25 3,72 

15 15,31 ± 0,23 1,50 2,05 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2. Inter-day precision and accuracy data of spectrophotometry for quantification of CFZ in STF (n = 

3) 

Inter-day Precision and Accuracy 

Day Concentration 

added 

(µg/mL) 

Concentration found 

(µg/mL) ± SD 

Precision 

(%RSD) 

Accuracy (%RE) 

1 

1,5 1,55 ± 0,08 5,18 3,35 

2 2,06 ± 0,05 2,24 2,97 

8 8,09 ± 0,28 3,51 1,12 

15 15,18 ± 0,55 3,62 1,19 

2 

1,5 1,57 ± 0,18 11,66 4,88 

2 2,14 ± 0,15 6,79 6,94 

8 8,43 ± 0,47 5,60 5,32 

15 15,12 ± 0,43 2,87 0,78 

3 

1,5 1,35 ± 0,13 9,42 -9,86 

2 2,08 ± 0,16 7,94 3,89 

8 8,79 ± 0,11 1,20 9,81 

15 14,98 ± 0,86 5,73 -0,13 

 

 

For ocular tissue matrices, it can be seen in Table 3 that for intra-day, the RSD values were between 1.28% 

and 8.6%, and the RE values were between -6.76% and 8.16%. While on the inter-day, the RSD values 

were in the range of 3.43% - 9.52% and the RE values were in the range of -10.98% - 7.79% (Table 4.). 

According to the requirement from ICH [35], supported by several studies reporting that the accuracy and 

precision values should be ± 15% [22,23,36], the analytical method using a spectrophotometer for the 

determination of CFZ in STF and ocular tissue developed in this study was found to be precise and 

accurate. 

 

 

 

 

 



 

Table 3. Intra-day precision and accuracy data of spectrophotometry for quantification of CFZ in ocular 

tissue (n = 3) 

Intra-day Precision and Accuracy 

Replication 

Concentration 

added 

(µg/mL) 

Concentration found 

(µg/mL) ± SD 

Precision 

(%RSD) 

Accuracy (%RE) 

1 

7,24 7,54 ± 0,65 8,60 4,14 

10 9,90 ± 0,82 8,32 -1,02 

20 18,65 ± 0,62 3,34 -6,76 

30 32,45 ± 0,73 1,28 8,16 

2 

7,24 7,35 ± 0,46 6,21 1,49 

10 9,65 ± 0,58 6,00 -3,46 

20 18,96 ± 0,61 3,21 -5,18 

30 32,07 ± 0,69 2,15 6,91 

3 

7,24 7,50 ± 0,53 7,02 3,59 

10 9,85 ± 0,67 6,79 -1,52 

20 19,86 ± 1,33 6,71 -0,71 

30 31,24 ± 2,22 7,10 4,13 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4. Inter-day precision and accuracy data of spectrophotometry for quantification of CFZ in ocular 

tissue (n = 3) 

Inter-day Precision and Accuracy 

Day Concentration 

added 

(µg/mL) 

Concentration found 

(µg/mL) ± SD 

Precision 

(%RSD) 

Accuracy (%RE) 

1 

7,24 7,48 ± 0,41 5,49 3,35 

10 10,23 ± 0,35 3,43 2,34 

20 18,45 ± 1,46 7,94 -7,77 

30 30,92 ± 1,85 5,98 3,08 

2 

7,24 7,80 ± 0,28 3,54 7,79 

10 9,59 ± 0,50 5,26 -4,07 

20 18,49 ± 0,95 5,15 -7,57 

30 31,80 ± 1,71 5,37 6,00 

3 

7,24 7,30 ± 0,40 5,45 0,83 

10 9,87 ± 0,94 9,52 -1,32 

20 17,80 ± 0,79 4,45 -10,98 

30 31,23 ± 2,18 6,99 4,10 

 

 

 

3.5 Extraction recovery 

The extraction recovery of CFZ from the ocular tissue matrix is summarized in Table 5. This study was 

performed to evaluate whether the extraction method could be applied in the determination of CFZ 

retained in the ocular tissue in the ex vivo studies. The obtained recovery values were in the range of 

90.38-93.90%, with RSD values less than 15%. In some studies, regardless the values of the extraction 

recovery, it has been reported that RSD values of the average of the extraction recovery should be < 15% 

[22,23,36]. Therefore, the extraction method was found to be precise for the application in the further ex 

vivo studies. 

 

 



 

Table 5. Mean extraction recovery of CFZ in ocular tissue (n = 3) 

Concentration 
%Extraction 

Recovery ± SD 
%RSD 

4.24 µg/mL 90.38 ± 1.24 1.37 

7.5 µg/mL 92.51 ± 3.33 3.60 

15 µg/mL 93.90 ± 3.77 4.01 

24 µg/mL 92.08 ± 5.45 5.92 

 

3.6 Dilution integrity 

In the analysis process, due to a low sample volume, it could result in highly concentrated samples. 

Accordingly, the samples with excessively high concentrations above the set calibration range might be 

found and should be adjusted accordingly. To bring the analyte concentration within a validated 

concentration range and allow reanalysis of the samples, a dilution integrity test was carried out [37]. In 

this evaluation, all samples in the STF and porcine ocular tissues showed the dilution integrity with RSD 

and RE values of ± 15%. The dilution integrity showing the RSD and RE values which were ± 15% was found 

to be optimized in several analytical validation process [22,23,36]. Therefore, even though the 

absorbances of samples were above the absorbance of the calibration standard solution, it could be 

determined by the appropriate dilution.  

 

3.7 Application of the analytical method 

3.7.1 Drug content determination of CFZ in the thermosensitive-mucoadhesive in situ gel formulation 

The spectrophotometer method was initially applied to determine the amount of CFZ recovered from the 

thermosensitive-mucoadhesive formulation. In this study, CFZ solution with a similar concentration was 

also determined for the drug content. As shown in Figure 5A, the % recovery of CFZ from the 

thermosensitive-mucoadhesive gel was 99.19 ± 4.04%, and % recovery of CFZ from the control eye drop 

was 99.04 ± 2.39%. The ICH has recommended that the acceptable recovery percentage in the formulation 

product lies between 95 and 105% [38]. Therefore,  it can be concluded that no intervention between 

each excipient with CFZ could affect the recovery of CFZ from the formulation [39]. 

 



 

Figure 5. Recovery percentage of CFZ from thermosensitive gel and solution (A), in vitro permeation profile of  CFZ from 

thermosensitive gel in comparison with control solution (B), ex vivo permeation profile of  CFZ from thermosensitive gel in 

comparison with control solution (C) and ex vivo retention of CFZ in ocular tissue (D). (mean ± SD, n= 3) 

 

3.7.2 In vitro, ex vivo permeation and ex vivo retention study of CFZ from thermosensitive-mucoadhesive 

gel 

In the in vitro and ex vivo permeation studies, the percentage of CFZ permeated through the membrane 

and ocular tissue was determined [40]. For the topical treatment of the ocular cornea, the amount of drug 

concentration in the ocular tissue is very influential for the effectiveness of treatment for bacterial 

keratitis. The formulation of thermosensitive-mucoadhesive gel was developed to localize the drug in the 

ocular tissue with a low permeation manner. Initially, in vitro permeation between thermosensitive 

mucoadhesive in situ gel and control eye drop was compared. It can be seen that after 24 hours, in vitro 

permeation of CFZ from the control solution was 100.77 ± 8.048 % and from the thermosensitive 

mucoadhesive in situ gel was 50.67 ± 4.12% (Figure 5B). Furthermore, using the same method, the ex vivo 



permeation study through ocular tissue of CFZ from the thermosensitive mucoadhesive gel was compared 

to the control solution. The percentage of permeated drugs are depicted in Figure 5C. Based on the 

results, following 24 hours, 99.58 ± 10.64% and 39.4 ± 3.21% of CFZ were permeated from control solution 

and thermosensitive mucoadhesive gel, respectively. Therefore, the formulation of CFZ into 

thermosensitive mucoadhesive gel was able to sustain the release of CFZ in a controlled manner. 

It was important to determine the release mechanism of CFZ from the thermosensitive mucoadhesive in 

situ gel formulation in vitro and ex vivo permeation study. The release mechanism determination was 

performed by fitting the data result to different mathematical kinetic models [41]. The release mechanism 

was determined based on the correlation coefficient (R2) value nearly to 1. Based on the result, in vitro 

and ex vivo studies showed the same release mechanism of CFZ from thermosensitive mucoadhesive in 

situ gel formulation (Table 6). Both studies depicted that the release mechanism followed Higuchi's model. 

This model indicates that the release of CFZ from the formulation was potentially caused by the gradual 

swelling of  the polymers [42]. 

 

 

Table 6. In vitro and ex vivo correlation coefficient of CFZ from thermosensitive mucoadhesive in situ gel 

formulation in different mathematic kinetic models. 

 

Mathematic model 
Correlation Coefficient (R2) 

In vitro Ex vivo 

Zero Order Kinetics 0,7043 0,6328 

First Order Kinetics 0,8026 0,8026 

Higuchi Models 0,8344 0,8344 

Krossmeyer – Peppas Model 0,2271 0,2271 

Hixson – Crowell Model 0,7330 0,7330 

 

 

As mentioned previously, the main purpose of the development of this formulation was to improve the 

concentration of CFZ in the ocular tissue. Therefore, the ex vivo retention study was carried out. Figure 

5D presents the concentration of CFZ in the ocular tissue following the application of the thermosensitive 

mucoadhesive gel in comparison with the control solution.  After the administration of thermosensitive 

mucoadhesive formulation, the concentrations of CFZ retained were 208.76 ± 62.16 µg/g tissue, 1007.71 



± 179.83 µg/g tissue and 1479.49 ± 284.12 µg/g tissue after 1 h, 6 h and 24 h. On the other hand, in the 

control solution group, significant lower (p < 0.05) concentrations of CFZ were observed. After 1 h and 6 

h, only 384.82 ± 56.99 µg/g tissue and 245.26 ± 60.78 µg/g tissue of CFZ were localized in the ocular tissue. 

Furthermore, no CFZ was detected after 24 h. Thus, thermosensitive mucoadhesive in situ gel formulation 

could increase the retention of CFZ in the ocular tissue and would potentially make the therapy more 

effective. Mowing forward, further study involving in vivo studies with appropriate analytical methods 

must be conducted. 

 

4. Conclusion 

The present study showed the development of validation of the analytical method of CFZ in the in vitro 

and ex vivo evaluation steps of the formulation of thermosensitive mucoadhesive in situ gel. The method 

was developed in the simulated tear fluid (STF) and ocular tissue. The analytical method developed in this 

study was based on the spectrophotometry method, showing excellent linearity with correlation 

coefficient values of 0.9997 in the STF and 0.9981 in ocular tissue. Furthermore, the inter-day and intra-

day precision and accuracy values were not more than 15%, indicating that the method was precise and 

accurate. Finally, our accurate and precise method was applied to determine CFZ in the drug content 

determination, the in vitro and ex vivo permeation study, as well as ex vivo retention study from 

thermosensitive mucoadhesive in situ gel formulation. 
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Abstract 

In the formulation development, it is necessary to validate the analytical method as a critical step. Here, 
we validated the spectrophotometric method of cefazoline (CFZ) from thermosensitive-mucoadhesive in 
situ gels in simulated tear fluid (STF) and ocular tissue for in vitro and ex vivo studies, respectively. The 
method was validated as per ICH guidelines, showing excellent linearity with the correlation coefficient 
values of 0.9997 in STF and 0.9981 in ocular tissue with acceptable precision and accuracy. The LOD values 
were 0.496 µg/mL and 2.390 µg/mL in STF and ocular tissue, respectively. Moreover, LOQ values were 
1.504 µg/mL in STF and 7.242 µg/mL in ocular tissue. The method was utilized in the in vitro and ex vivo 
studies, showing that the concentration of CFZ localized in the ocular tissue was significantly improved 
following its incorporation into thermosensitive mucoadhesive in situ gels. In vivo studies with suitable 
analytical method must be performed. 
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Compounds  Cefazoline 

Data category Spectral, in vitro release, ex vivo delivery, drug concentration 

Data acquisition format UV-Vis Spectrum 

Data type Analyzed 

Procedure We developed and validated the spectrophotometric method of CFZ in 
simulated tear fluid (STF) and ocular tissue for in vitro and ex vivo studies, 
respectively. The method was successfully validated as per the ICH 
guidelines. 
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1. Rationale 



Bacterial keratitis is a potentially blinding corneal infection and has been categorized as a neglected 

tropical disease. Prior to blindness, there are several important signs and symptoms associated with the 

disease, including acute ocular pain, decreased vision, corneal ulceration, and infiltrates in the anterior 

chamber [1]. Several studies around the world have consistently reported Gram-positive bacteria as the 

most common etiology of this infection [2,3]. Several risk factors have been identified, including contact 

lens use, trauma, ocular surface and eyelid diseases, post ocular surgery, use of topical steroids, and 

systemic immunosuppression [3]. The pathogenesis associated with each risk factor occurs in a complex 

and multifactorial manner that begins with the accumulation and attachment of microbes to the corneal 

surface. For example, the use of contact lenses as a risk factor most often occurs due to impaired tear 

exchange, resulting in stagnation under the contact lens hence facilitating the adherence and 

accumulation of commensal bacteria at a later timepoint [4].  

Topical antibiotic has become the first line in the treatment of bacterial keratitis [5]. Cefazoline (CFZ) is a 

first-generation cephalosporin antimicrobial used for keratitis infections therapy by inhibiting bacterial 

cell wall synthesis. CFZ is available in eye drop preparations with a dose of 3,5 mg/mL [6]. However, when 

applied via ocular route, only 5% of the applied drug could penetrate the ocular tissue due to short contact 

of the preparations in the ocular tissue [7]. Additionally, many drug companies promote drugs at a scale 

50 µL as the maximum volume for the application of eye drops. However, generally, 20 µL of these eye 

drops do not touch the eye surface, and only 30 µL remains on the ocular surface area. Thus, the 

application of eye drop preparations is not optimal due to the excessive application volume required. 

Consequently, various new drug delivery systems have been created to overcome these issues. For 

example, structural changes of pharmaceutical preparations from liquid to gel in an in situ condition, well-

known as thermosensitive in situ gel, has attracted the attention of researchers to employ this approach 

to increase the retention time of drugs on the surface of the eye [8]. Several studies have shown that the 

formulation of active substances in thermosensitive preparations was able to improve the concentration 

of drugs in the ocular tissue [8,9]. In addition, the presence of mucosa in the ocular tissue could improve 

the ocular contact by using the mucoadhesive system [8]. Accordingly, the combination of 

thermosensitive and mucoadhesive could be an alternative approach to deliver CFZ to the ocular tissue 

for keratitis treatment. 

In the formulation development, in vitro and ex vivo assessments shall be conducted before performing 

in vivo evaluation. In vitro study is used to predict the release manner of the formulated drugs. 

Importantly, in ocular delivery studies, ex vivo is performed by using corneal tissue of animals to mimic 



the in vivo conditions [10]. By performing the ex vivo studies, some formulations might be eliminated from 

the in vivo studies and, thus, could minimize the use of animals in the in vivo studies. In the in vitro and ex 

vivo evaluation, analytical methods to quantify active substances should be developed and validated. 

Analytical procedures allowing the precise determination of drugs in the development studies is crucial. 

Essentially, analytical validation procedures must be in place to ensure reliability, traceability or 

comparability of results. Thus, developing and validating the analysis procedure to determine the amount 

of cefazolin in the in vitro and ex vivo studies is the important steps for the development of new dosage 

forms [11]. 

In terms of the analytical method, several techniques have been developed to quantify CFZ, including 

high-performance liquid chromatography and mass spectroscopy. Alternatively, the UV-Vis 

spectrophotometry method is usually preferable with its advantages. Analytical methods other than UV-

Vis spectrophotometry are expensive, in contrast to the UV-Vis spectrophotometry method which has the 

advantages of being time-efficient, economical, widely available, easy and simple to use, relatively 

accurate, and results are obtained satisfactory. Essentially, no residue is produced when the analysis uses 

reagents or solvents [12,13]. Spectrophotometry is a method used mainly in routine analysis or research 

for identification. Additionally, in the developing countries, spectrophotometric method could potentially 

be a great favor to be applied. Several studies have shown the effectiveness of the spectrophotometry 

method to quantify several drugs in the biological matrices [14–16]. Furthermore, the spectrophotometry 

method has also been applied to quantify drugs in fruits, food and beverages products [17–19]. 

Accordingly, this has shown that despite its simplicity, this method has been reported to be effective in 

the several analytical purposes. Therefore, in this study, as part of the formulation development process, 

we validated the method for the quantification of CFZ in thermosensitive-mucoadhesive ocular 

preparation. The validated method was utilized to analyze the drug content in the formulation, in vitro 

permeation, ex vivo permeation and ex vivo retention in the ocular tissues. 

2. Procedure 

2.1 Material 

Cefazolin sodium salt (CFZ) (purity 89.1-110.1%) was obtained from Sigma Aldrich Pte Ltd. (Singapore, 

Singapore). Pluronic® F127 and F68 were kindly provided by BASF Indonesia (Jakarta, Indonesia). Sodium 

chloride (NaCl). Sodium bicarbonate (NaHCO3) and calcium chloride dihydrate (CaCl2·2H2O) were obtained 

from Merck (Jakarta, Indonesia). Other materials were analytical grade.  



2.2 Preparation of Stock Solution 

Simulated tear fluid (STF) was prepared by dissolving 6.7 g NaCl, 2.0 g NaHCO3 and 0.08 g CaCl2·2H2O in 1 

L deionized water. The final pH was adjusted to 7.4 [20]. CFZ stock solution was prepared by weighing 10 

mg of CFZ and put into a 10 mL volumetric flask. STF was added to dissolve the CFZ and then made up to 

the mark to obtain a final concentration of 1000 µg/ml. 

 

2.3 Determination of maximum wavelength 

250 µL of the stock solution of CFZ was transferred into a volumetric flask prior to dilution with STF for up 

to 10 mL (concentration 25 µg/ml). The absorbance of the solution was measured at a wavelength of 200-

400 nm using a UV-Vis spectrophotometer (HALO XB-10, Dynamica Scientific Ltd. United Kingdom). The 

maximum wavelength was determined from the absorption in the sample. 

 

2.4 Preparation calibration standards and quality control samples 

In this study, calibration standards and quality control samples were prepared in two different matrices, 

namely STF and porcine ocular tissue. STF was used in the drug content in the formulation, in vitro 

permeation and ex vivo permeation studies. Porcine ocular tissue was used in the ex vivo retention in the 

ocular tissues. 

For STF, the stock solution was diluted with STF to obtain a calibration standard solution with a 

concentration from 0.625 to 20 µg/mL. Then, quality control samples were prepared by diluting CFZ stock 

solution using STF to achieve low quality control (LQC) concentration (2 µg/mL), medium quality control 

(MQC) concentration (10 µg/mL), and high quality control (HQC) concentration (15 µg/mL).  

To prepare porcine tissue matrices, initially, the tissue was crushed, then added to distilled water in a ratio 

of 9:1. This mixture was then homogenized for 10 min. After obtaining the tissue matrices, a series 

concentration (40 – 1.25 g/mL) were made by spiking the stock solution to the tissue matrices [21]. 

Afterwards, the LQC (10 µg/mL), MQC (20 µg/mL), and HQC (30 µg/mL) of CFZ in tissue matrices were also 

prepared in a similar fashion. 

 

2.5 Sample preparation and extraction of CFZ from ocular tissues 

For quantification of CFZ in the ocular tissue for the ex vivo studies, sample extractions using two organic 

solvents, methanol and acetonitrile, were carried out [22,23]. In this study, 1 g of tissue spiked CFZ was 

used. To optimize the extraction process, several volumes of each solvent 1 mL, 3 mL, 5 mL and 7 mL, 

were used. Briefly, the solvent was mixed with the tissue and vortexed for 10 minutes. Following this step, 



the mixture was centrifuged at 7000 rpm for 15 minutes (LC-04S Centrifuge, Zenith Lab (Jiangsu) Co., LTD. 

China). The supernatant was collected, and the organic solvent was evaporated in a fume hood. 

Afterwards, 1 mL of STF was added into the dry extract and vortexed for 5 minutes. The samples were 

then centrifuged at 7000 rpm for 15 minutes and the clear supernatant was measured using 

spectrophotometric.  

 

2.6 Preparation of CFZ thermosensitive-mucoadhesive gel 

CFZ thermosensitive-mucoadhesive gel was prepared using the cold method by dispersing a combination 

of Pluronic® F127 16% and Pluronic® F68 4% w/w in cold distilled water (at 4oC) and maintained under 

constant stirring to form poloxamer solution and then kept in the refrigerator overnight until a clear 

solution was observed. Hyaluronic acid 0.2% w/w was dissolved in hot water until a clear solution was 

formed and dissolved in poloxamer solution. CFZ 0.35% was dissolved in distilled water and dissolved in 

poloxamer solution. Benzalkonium chloride 0.01% was added to the poloxamer solution and stirred until 

a clear solution was formed [24]. 

 

2.7 Method validation 

2.7.1 Specificity 

In an attempt to perform the specificity test, CFZ solution in gel formulation, blank gel formulation, CFZ in 

ocular tissue matrices and blank ocular tissue matrices were used. All samples were scanned using 

spectrophotometry UV-Vis at the wavelength between 200 nm and 400 nm. Specificity was evaluated by 

observing the peak of CFZ in each sample.  

 

2.7.1 Linearity, LOD and LOQ 

The correlation coefficient values of the calibration curves obtained from STF and ocular tissue were used 

as a parameter for linearity. Furthermore, the calibration curve was also used to calculate limit of 

detection (LOD) and limit of quantification (LOQ) using the following equation [25]: 

LOD = 
3.3 σ

𝑆
    (Equation 1) 

LOQ = 
10 σ

𝑆
    (Equation 2) 

Where σ = the SD of the response of the data and S = the slope of the calibration curve. 

 

 



2.7.2 Accuracy and Precision 

Accuracy and precision were determined in intra-day and inter-day measurements. Intra-day was 

measured three times in a day, while inter-day was measured three days in a row. After the measurement 

for intra-day and inter-day the relative standard deviation (RSD, %) and relative errors (RE, %) were 

calculated to interpret the values of accuracy and precision, respectively. LOQ, LQC, MQC, and HQC were 

used in this method, where the values should be ±15% [26]. 

 

2.7.3 Determination of extraction recovery 

The extraction recovery was obtained by comparing the measured value of matrix concentrations with 

the extracts of the blank matrices with equivalent analyte [27].  

 

2.7.4 Dilution integrity 

The effect of sample dilution should be determined during the validation of the quantitative method. To 

perform this, CFZ was prepared in the concentrations of 75 µg/mL in STF and 200 µg/mL in ocular tissue. 

Each sample was diluted 5 times and 10 times, and the RSD and RE values were then calculated.  

 

2.8 Application of the method 

2.8.1 Determination of drug content  

The thermosensitive-mucoadhesive gel was weighed accurately and diluted with STF to obtain a final 

concentration of 10 µg/ml and tested for drug content using a UV-Vis spectrophotometer. In this study, 

the result of the drug content formula was also compared with the result of 10 µg/ml CFZ solution [28]. 

 

2.8.2 In vitro, ex vivo permeation and ex vivo retention study of CFZ from thermosensitive-mucoadhesive 

gel 

In this study, both in vitro and ex vivo evaluations were carried out using Franz cell diffusion, where the 

difference between the two methods was the membranes used. The in vitro test used a dialysis membrane 

(Spectra-Por®, 12,000 - 14,000 MWCO dialysis membrane)  [29], while the ex vivo test used porcine cornea 

tissue [30]. Prior to the experiment, 24 mL of STF was filler in the inside receiver compartment of the Franz 

cell diffusion, then stirred at 100 rpm and accurately maintained the temperature at 37 °C. 

After the pretreatment steps, the formulation was weighed accurately equal to 10 mg of CFZ. The sample 

was put above the membrane and covered with the top part of Franz cell diffusion. The diffusion area of 

the Franz diffucion cell was 4.9 cm2. For every certain time span, 1 ml was sampled from the cell diffusion 



arm, and 1 ml of fresh STF was added again. Sampling was carried out at 0.25, 0.5, 0.75, 1, 2, 3, 4, 5, 6, 7, 

8, and 24 hours. The absorbances of samples were measured the absorbance using spectrophotometry 

with an appropriate dilution. 

Following the ex vivo permeation study, after 1 h, 6 h and 24 h, the ocular tissue was removed from the 

cell diffusion, and the excess of the formulation was removed. The extraction solvent was mixed with the 

ocular tissue using the optimized volume obtained from the method described in Section 2.5. The mixture 

was vortexed for 10 minutes and centrifuged for 15 minutes at 7000 rpm. The clear supernatant was dried 

under a fume hood at 25 °C and the dry extract was reconstituted using 1 mL of STF. The mixture was 

vortexed for 5 minutes and centrifuged for 15 minutes at 7000 rpm. CFZ in the supernatant was measured 

using spectrophotometry. In both in vitro and ex vivo studies, CFZ solution was used as a control. 

The release kinetic profile was calculated using the following equations [31] 

𝑍𝑒𝑟𝑜 𝑂𝑟𝑑𝑒𝑟 𝐾𝑖𝑛𝑒𝑡𝑖𝑐𝑠: 𝐶𝑡 = 𝐶0 + 𝑘0𝑡  (Equation 3) 

𝐹𝑖𝑟𝑠𝑡 𝑂𝑟𝑑𝑒𝑟 𝐾𝑖𝑛𝑒𝑡𝑖𝑐𝑠: ln 𝐶𝑡 = ln 𝐶0 + 𝑘1𝑡 (Equation 4) 

𝐻𝑖𝑔𝑢𝑐ℎ𝑖 𝑀𝑜𝑑𝑒𝑙: 𝐶𝑡 = 𝑘𝐻√𝑡 (Equation 5) 

𝐾𝑜𝑟𝑠𝑚𝑒𝑦𝑒𝑟 − 𝑃𝑒𝑝𝑝𝑎𝑠 𝑀𝑜𝑑𝑒𝑙: 𝐶𝑡 = 𝑘𝐾𝑃𝑡𝑛 (Equation 6) 

𝐻𝑖𝑥𝑠𝑜𝑛 − 𝐶𝑟𝑜𝑤𝑒𝑙𝑙 𝑀𝑜𝑑𝑒𝑙: 𝐶𝑡

1
3⁄

= 𝐶0

1
3⁄

𝑘𝐻𝐶𝑡 (Equation 7) 

Where Ct is the concentration of cefazoline released at time t, C0 is the initial amount of CFZ in STF (at 

t=0), k0 is constant of zero-order kinetics, k1 is constant of first-order kinetics, kH is constant of Higuchi 

model, kKP is constant of Korsmeyer-Peppas model, and kHC is constant of Hixson-Crowell model. 

 

2.9 Statistical analysis 

GraphPad Prism® version 6 (GraphPad Software, San Diego, California, USA) was applied to perform the 

statistical analysis. p values < 0.05 represent a statistical difference between data analyzed. 

3. Data, value and validation 

3.1 Determination of maximum wavelength and specificity 

As a critical step in the development of formulation, the validation of the analytical method should initially 

be developed. In this study using UV-Vis spectrophotometry, the maximum wavelength of CFZ in the two 

matrices used, namely STF and porcine ocular tissue, was firstly determined. As shown in Figure 1, one 

spectrum peak in STF was observed at 272 nm, and two spectral peaks at 220 nm and 272 nm were 

observed from the ocular tissue matrices.  



 

Figure 1. Maximum UV absorption of CFZ in STF (A) and ocular tissue (B). 

 

To decide the wavelength used for the analysis process, the specificity test was carried out. In this step, 

the spectrum of the possible interferences was also observed. Blank thermosensitive formulation and 

blank tissue were scanned, and it was found that both samples showed peaks around 220 nm (Figure 2). 

Therefore, 272 nm was selected as the wavelength used in the further steps. 

 

Figure 2. Representative UV-Spectra of CFZ in thermosensitive gel and blank formulation (A) and blank ocular tissue and CFZ 

solution (B). 

  

3.2 Preparation of samples and extraction of CFZ from ocular tissue 

To determine the concentration of CFZ localized in the ocular tissue after ex vivo studies, the extraction 

method was screened. The results showed that the extraction recoveries when methanol was used were 

11.83 ± 0.78%, 37.79 ± 2.28%, 91.44 ± 0.49% and 93.05 ± 2.30% for 1 mL, 3 mL, 5 mL and 7 mL of extraction 

volumes, respectively. On the other hand, 8.81 ± 0.60%, 17.74 ± 5.20%, 33.75 ± 0.82% and 56.91 ± 0.90% 

of extraction recoveries were found when acetonitrile was used with volumes of 1 mL. 3 mL, 5 mL and 7 



mL, respectively. It was found that methanol was more effective than acetonitrile. In our study, despite 

the higher extraction recovery obtained from 7 mL methanol, the recovery obtained from 5 mL was not 

statistically (p > 0.05) different compared to 5 mL. Therefore, 5 mL methanol was selected for further 

studies. 

 

3.3 Linearity, LOD, and LOQ 

In this evaluation, the calibration curves in STF and ocular tissue were found to be linear, with the 

correlation coefficient values of 0.9997 and 0.9981, respectively. It has been reported in a previous study 

that the acceptable linearity of the calibration curve in the analytical validation was ≥ 0.998 [26,32,33]. 

The curves of calibration solutions of CFZ in STF and ocular tissue are shown in Figure 3. Moreover, the 

spectrums of all samples in the calibration solution are depicted in Figure 4. Generally, the absorbance 

values of the samples analyzed using spectrophotometer are between 0.2 and 0.8 [34]. However, 

depending on the instrument used, an absorbance value of < 1 was also found. Several studies have shown 

that the calibration curves which were not between 0.2 and 0.8 could results in acceptable linearity, and 

importantly, have been successfully applied to quantify several analytes [15,17]. Accordingly, as the 

calibration curves found in our study showed the acceptable linearity, the curves could be precisely used 

in the further validation steps. Furthermore, the LOD and LOQ were determined in STF and ocular tissues. 

These values were obtained from calibration curves. It was found that the LOD of CFZ in STF and ocular 

tissue were calculated to be 0.496 µg/mL and 2.390 µg/mL, respectively. Moreover, LOQ values were 

1.504 µg/mL and 7.242 µg/mL in STF and ocular tissue, respectively. 

 

Figure 3. The calibration curve of CFZ in STF (A) and ocular tissue (B). 

 



 

Figure 4. Spectrum of CFZ standard solutions in STF (A) and ocular tissue (B) 

 

3.4 Accuracy and precision 

Accuracy and precision were evaluated in STF and ocular tissue. LOQ, LQC, MQC, and HQC were used for 

inter-day and intra-day measurements with three replications for each measurement to determine the 

value of accuracy and precision. After measuring inter-day and intra-day, the relative standard deviation 

(RSD) and relative error (RE) values were calculated. Where precision was denoted by RSD and accuracy 

was denoted by RE. For STF, it can be seen in Table 1 that intra-day RSD values were in the range of 1.35% 

- 12.13%, and RE values were in the range of -3.76% - 9.45%. In Table 2, it can be seen that the accuracy 

and precision values for inter-day, where the RSD values were in the range of 1.2% - 11.66% and the RE 

values were in the range of -9.86% - 9.81%.  

 

 

 

 

 

 

 

 

 

 



Table 1. Intra-day precision and accuracy data of spectrophotometry for quantification of CFZ in STF (n = 

3) 

Intra-day Precision and Accuracy 

Replication 

Concentration 

added 

(µg/mL) 

Concentration found 

(µg/mL) ± SD 

Precision 

(%RSD) 

Accuracy (%RE) 

1 

1,5 1,44 ± 0,13 8,82 -3,76 

2 2,03 ± 0,25 12,13 1,45 

8 8,54 ± 0,18 2,14 6,76 

15 15,47 ± 0,73 4,72 3,12 

2 

1,5 1,61 ± 0,11 7,00 7,42 

2 1,96 ± 0,09 4,78 -1,91 

8 8,72 ± 0,18 2,10 9,05 

15 15,32 ± 0,21 1,35 2,10 

3 

1,5 1,64 ± 0,09 5,27 9,45 

2 1,98 ± 0,20 10,13 -0,99 

8 8,30 ± 0,27 3,25 3,72 

15 15,31 ± 0,23 1,50 2,05 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2. Inter-day precision and accuracy data of spectrophotometry for quantification of CFZ in STF (n = 

3) 

Inter-day Precision and Accuracy 

Day Concentration 

added 

(µg/mL) 

Concentration found 

(µg/mL) ± SD 

Precision 

(%RSD) 

Accuracy (%RE) 

1 

1,5 1,55 ± 0,08 5,18 3,35 

2 2,06 ± 0,05 2,24 2,97 

8 8,09 ± 0,28 3,51 1,12 

15 15,18 ± 0,55 3,62 1,19 

2 

1,5 1,57 ± 0,18 11,66 4,88 

2 2,14 ± 0,15 6,79 6,94 

8 8,43 ± 0,47 5,60 5,32 

15 15,12 ± 0,43 2,87 0,78 

3 

1,5 1,35 ± 0,13 9,42 -9,86 

2 2,08 ± 0,16 7,94 3,89 

8 8,79 ± 0,11 1,20 9,81 

15 14,98 ± 0,86 5,73 -0,13 

 

 

For ocular tissue matrices, it can be seen in Table 3 that for intra-day, the RSD values were between 1.28% 

and 8.6%, and the RE values were between -6.76% and 8.16%. While on the inter-day, the RSD values 

were in the range of 3.43% - 9.52% and the RE values were in the range of -10.98% - 7.79% (Table 4.). 

According to the requirement from ICH [35], supported by several studies reporting that the accuracy and 

precision values should be ± 15% [22,23,36], the analytical method using a spectrophotometer for the 

determination of CFZ in STF and ocular tissue developed in this study was found to be precise and 

accurate. 

 

 

 

 

 



 

Table 3. Intra-day precision and accuracy data of spectrophotometry for quantification of CFZ in ocular 

tissue (n = 3) 

Intra-day Precision and Accuracy 

Replication 

Concentration 

added 

(µg/mL) 

Concentration found 

(µg/mL) ± SD 

Precision 

(%RSD) 

Accuracy (%RE) 

1 

7,24 7,54 ± 0,65 8,60 4,14 

10 9,90 ± 0,82 8,32 -1,02 

20 18,65 ± 0,62 3,34 -6,76 

30 32,45 ± 0,73 1,28 8,16 

2 

7,24 7,35 ± 0,46 6,21 1,49 

10 9,65 ± 0,58 6,00 -3,46 

20 18,96 ± 0,61 3,21 -5,18 

30 32,07 ± 0,69 2,15 6,91 

3 

7,24 7,50 ± 0,53 7,02 3,59 

10 9,85 ± 0,67 6,79 -1,52 

20 19,86 ± 1,33 6,71 -0,71 

30 31,24 ± 2,22 7,10 4,13 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4. Inter-day precision and accuracy data of spectrophotometry for quantification of CFZ in ocular 

tissue (n = 3) 

Inter-day Precision and Accuracy 

Day Concentration 

added 

(µg/mL) 

Concentration found 

(µg/mL) ± SD 

Precision 

(%RSD) 

Accuracy (%RE) 

1 

7,24 7,48 ± 0,41 5,49 3,35 

10 10,23 ± 0,35 3,43 2,34 

20 18,45 ± 1,46 7,94 -7,77 

30 30,92 ± 1,85 5,98 3,08 

2 

7,24 7,80 ± 0,28 3,54 7,79 

10 9,59 ± 0,50 5,26 -4,07 

20 18,49 ± 0,95 5,15 -7,57 

30 31,80 ± 1,71 5,37 6,00 

3 

7,24 7,30 ± 0,40 5,45 0,83 

10 9,87 ± 0,94 9,52 -1,32 

20 17,80 ± 0,79 4,45 -10,98 

30 31,23 ± 2,18 6,99 4,10 

 

 

 

3.5 Extraction recovery 

The extraction recovery of CFZ from the ocular tissue matrix is summarized in Table 5. This study was 

performed to evaluate whether the extraction method could be applied in the determination of CFZ 

retained in the ocular tissue in the ex vivo studies. The obtained recovery values were in the range of 

90.38-93.90%, with RSD values less than 15%. In some studies, regardless the values of the extraction 

recovery, it has been reported that RSD values of the average of the extraction recovery should be < 15% 

[22,23,36]. Therefore, the extraction method was found to be precise for the application in the further ex 

vivo studies. 

 

 



 

Table 5. Mean extraction recovery of CFZ in ocular tissue (n = 3) 

Concentration 
%Extraction 

Recovery ± SD 
%RSD 

4.24 µg/mL 90.38 ± 1.24 1.37 

7.5 µg/mL 92.51 ± 3.33 3.60 

15 µg/mL 93.90 ± 3.77 4.01 

24 µg/mL 92.08 ± 5.45 5.92 

 

3.6 Dilution integrity 

In the analysis process, due to a low sample volume, it could result in highly concentrated samples. 

Accordingly, the samples with excessively high concentrations above the set calibration range might be 

found and should be adjusted accordingly. To bring the analyte concentration within a validated 

concentration range and allow reanalysis of the samples, a dilution integrity test was carried out [37]. In 

this evaluation, all samples in the STF and porcine ocular tissues showed the dilution integrity with RSD 

and RE values of ± 15%. The dilution integrity showing the RSD and RE values which were ± 15% was found 

to be optimized in several analytical validation process [22,23,36]. Therefore, even though the 

absorbances of samples were above the absorbance of the calibration standard solution, it could be 

determined by the appropriate dilution.  

 

3.7 Application of the analytical method 

3.7.1 Drug content determination of CFZ in the thermosensitive-mucoadhesive in situ gel formulation 

The spectrophotometer method was initially applied to determine the amount of CFZ recovered from the 

thermosensitive-mucoadhesive formulation. In this study, CFZ solution with a similar concentration was 

also determined for the drug content. As shown in Figure 5A, the % recovery of CFZ from the 

thermosensitive-mucoadhesive gel was 99.19 ± 4.04%, and % recovery of CFZ from the control eye drop 

was 99.04 ± 2.39%. The ICH has recommended that the acceptable recovery percentage in the formulation 

product lies between 95 and 105% [38]. Therefore,  it can be concluded that no intervention between 

each excipient with CFZ could affect the recovery of CFZ from the formulation [39]. 

 



 

Figure 5. Recovery percentage of CFZ from thermosensitive gel and solution (A), in vitro permeation profile of  CFZ from 

thermosensitive gel in comparison with control solution (B), ex vivo permeation profile of  CFZ from thermosensitive gel in 

comparison with control solution (C) and ex vivo retention of CFZ in ocular tissue (D). (mean ± SD, n= 3) 

 

3.7.2 In vitro, ex vivo permeation and ex vivo retention study of CFZ from thermosensitive-mucoadhesive 

gel 

In the in vitro and ex vivo permeation studies, the percentage of CFZ permeated through the membrane 

and ocular tissue was determined [40]. For the topical treatment of the ocular cornea, the amount of drug 

concentration in the ocular tissue is very influential for the effectiveness of treatment for bacterial 

keratitis. The formulation of thermosensitive-mucoadhesive gel was developed to localize the drug in the 

ocular tissue with a low permeation manner. Initially, in vitro permeation between thermosensitive 

mucoadhesive in situ gel and control eye drop was compared. It can be seen that after 24 hours, in vitro 

permeation of CFZ from the control solution was 100.77 ± 8.048 % and from the thermosensitive 

mucoadhesive in situ gel was 50.67 ± 4.12% (Figure 5B). Furthermore, using the same method, the ex vivo 



permeation study through ocular tissue of CFZ from the thermosensitive mucoadhesive gel was compared 

to the control solution. The percentage of permeated drugs are depicted in Figure 5C. Based on the 

results, following 24 hours, 99.58 ± 10.64% and 39.4 ± 3.21% of CFZ were permeated from control solution 

and thermosensitive mucoadhesive gel, respectively. Therefore, the formulation of CFZ into 

thermosensitive mucoadhesive gel was able to sustain the release of CFZ in a controlled manner. 

It was important to determine the release mechanism of CFZ from the thermosensitive mucoadhesive in 

situ gel formulation in vitro and ex vivo permeation study. The release mechanism determination was 

performed by fitting the data result to different mathematical kinetic models [41]. The release mechanism 

was determined based on the correlation coefficient (R2) value nearly to 1. Based on the result, in vitro 

and ex vivo studies showed the same release mechanism of CFZ from thermosensitive mucoadhesive in 

situ gel formulation (Table 6). Both studies depicted that the release mechanism followed Higuchi's model. 

This model indicates that the release of CFZ from the formulation was potentially caused by the gradual 

swelling of  the polymers [42]. 

 

 

Table 6. In vitro and ex vivo correlation coefficient of CFZ from thermosensitive mucoadhesive in situ gel 

formulation in different mathematic kinetic models. 

 

Mathematic model 
Correlation Coefficient (R2) 

In vitro Ex vivo 

Zero Order Kinetics 0,7043 0,6328 

First Order Kinetics 0,8026 0,8026 

Higuchi Models 0,8344 0,8344 

Krossmeyer – Peppas Model 0,2271 0,2271 

Hixson – Crowell Model 0,7330 0,7330 

 

 

As mentioned previously, the main purpose of the development of this formulation was to improve the 

concentration of CFZ in the ocular tissue. Therefore, the ex vivo retention study was carried out. Figure 

5D presents the concentration of CFZ in the ocular tissue following the application of the thermosensitive 

mucoadhesive gel in comparison with the control solution.  After the administration of thermosensitive 

mucoadhesive formulation, the concentrations of CFZ retained were 208.76 ± 62.16 µg/g tissue, 1007.71 



± 179.83 µg/g tissue and 1479.49 ± 284.12 µg/g tissue after 1 h, 6 h and 24 h. On the other hand, in the 

control solution group, significant lower (p < 0.05) concentrations of CFZ were observed. After 1 h and 6 

h, only 384.82 ± 56.99 µg/g tissue and 245.26 ± 60.78 µg/g tissue of CFZ were localized in the ocular tissue. 

Furthermore, no CFZ was detected after 24 h. Thus, thermosensitive mucoadhesive in situ gel formulation 

could increase the retention of CFZ in the ocular tissue and would potentially make the therapy more 

effective. Mowing forward, further study involving in vivo studies with appropriate analytical methods 

must be conducted. 

 

4. Conclusion 

The present study showed the development of validation of the analytical method of CFZ in the in vitro 

and ex vivo evaluation steps of the formulation of thermosensitive mucoadhesive in situ gel. The method 

was developed in the simulated tear fluid (STF) and ocular tissue. The analytical method developed in this 

study was based on the spectrophotometry method, showing excellent linearity with correlation 

coefficient values of 0.9997 in the STF and 0.9981 in ocular tissue. Furthermore, the inter-day and intra-

day precision and accuracy values were not more than 15%, indicating that the method was precise and 

accurate. Finally, our accurate and precise method was applied to determine CFZ in the drug content 

determination, the in vitro and ex vivo permeation study, as well as ex vivo retention study from 

thermosensitive mucoadhesive in situ gel formulation. 
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