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1 message

Spectrochimica Acta Part A <em@editorialmanager.com> Thu, Aug 4, 2022 at 6:33 AM
Reply-To: Spectrochimica Acta Part A <support@elsevier.com>
To: Andi Dian Permana <andi.dian.permana@farmasi.unhas.ac.id>

Dear Dr. Permana,

Thank you for sending your manuscript Validation of spectrophotometric method to quantify chloramphenicol in fluid
and rat skin tissue mimicking infection environment: Application to in-vitro release and ex-vivo dermatokinetic studies
from dissolving microneedle loaded microparticle sensitive bacteria. for consideration to Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy. Please accept this message as confirmation of your submission.

When should I expect to receive the Editor's decision?
We publicly share the average editorial times for Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy to give you an indication of when you can expect to receive the Editor's decision. These can viewed
here: http://journalinsights.elsevier.com/journals/1386-1425/review_speed

What happens next?
Here are the steps that you can expect as your manuscript progresses through the editorial process in the Editorial
Manager (EM).

Currently your manuscript is with the Managing Editor for technical checks.

1. It will be assigned to an Editor and you will be sent a unique reference number that you can use to track it
throughout the process. During this stage, the status in EM will be "With Editor".

2. If your manuscript matches the scope and satisfies the criteria of Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, the Editor will identify and contact reviewers who are acknowledged experts in the field.
Since peer-review is a voluntary service, it can take some time but please be assured that the Editor will regularly
remind reviewers if they do not reply in a timely manner. During this stage, the status will appear as "Under Review".

Once the Editor has received the minimum number of expert reviews, the status will change to "Required Reviews
Complete".

3. It is also possible that the Editor may decide that your manuscript does not meet the journal criteria or scope and
that it should not be considered further. In this case, the Editor will immediately notify you that the manuscript has
been rejected and may recommend a more suitable journal.

For a more detailed description of the editorial process, please see Paper Lifecycle from Submission to Publication:
http://help.elsevier.com/app/answers/detail/a_id/160/p/8045/

How can I track the progress of my submission?
You can track the status of your submission at any time at http://ees.elsevier.com/SAA

Once there, simply:
1.      Enter your username: Your username is: andipermana

If you need to retrieve password details, please go to: https://www.editorialmanager.com/saa/l.asp?i=711227&l=
KI4J3UIN

2.      Click on [Author Login]. This will take you to the Author Main Menu   
3.      Click on [Submissions Being Processed]       

Many thanks again for your interest in Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy.

Kind regards,   

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy

If you require further assistance, you are welcome to contact our Researcher Support team 24/7 by live chat and

http://journalinsights.elsevier.com/journals/1386-1425/review_speed
http://help.elsevier.com/app/answers/detail/a_id/160/p/8045/
http://ees.elsevier.com/SAA
https://www.editorialmanager.com/saa/l.asp?i=711227&l=KI4J3UIN
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email or 24/5 by phone: http://support.elsevier.com

#AU_SAA#

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

__________________________________________________
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/saa/login.asp?a=r). Please contact the
publication office if you have any questions.

http://support.elsevier.com/
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Your Submission SAA-D-22-02512
2 messages

Spectrochimica Acta Part A <em@editorialmanager.com> Sat, Dec 3, 2022 at 2:13 AM
Reply-To: Spectrochimica Acta Part A <support@elsevier.com>
To: Andi Dian Permana <andi.dian.permana@farmasi.unhas.ac.id>

Ms. Ref. No.:  SAA-D-22-02512
Title: Validation of spectrophotometric method to quantify chloramphenicol in fluid and rat skin tissue mimicking
infection environment: Application to in-vitro release and ex-vivo dermatokinetic studies from dissolving microneedle
loaded microparticle sensitive bacteria.
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy

Dear Dr. Andi Dian Permana,

Reviewers have now commented on your paper. You will see that they are advising that you revise your manuscript. If
you are prepared to undertake the work required, I would be pleased to reconsider my decision. 

For your guidance, reviewers' comments are appended below.

If you decide to revise the work, please submit a list of changes or a rebuttal against each point which is being raised
when you submit the revised manuscript.

To submit a revision, please go to https://www.editorialmanager.com/saa/ and login as an Author.
Your username is: andipermana
If you need to retrieve password details, please go to:
http://ees.elsevier.com/saa/automail_query.asp

NOTE: Upon submitting your revised manuscript, please upload the source files for your article. For additional details
regarding acceptable file formats, please refer to the Guide for Authors at: http://www.elsevier.com/
journals/spectrochimica-acta-part- a:-molecular-and-biomolecular-spectroscopy/1386-1425/guide-for-authors

When submitting your revised paper, we ask that you include the following items:

Manuscript and Figure Source Files (mandatory)

We cannot accommodate PDF manuscript files for production purposes. We also ask that when submitting your
revision you follow the journal formatting guidelines.  Figures and tables may be embedded within the source file for
the submission as long as they are of sufficient resolution for Production.For any figure that cannot be embedded
within the source file (such as *.PSD Photoshop files), the original figure needs to be uploaded separately. Refer to
the Guide for Authors for additional information.
http://www.elsevier.com/journals/spectrochimica-acta-part- a:-molecular-and-biomolecular-spectroscopy/1386-
1425/guide-for-authors

Highlights (mandatory)

Highlights consist of a short collection of bullet points that convey the core findings of the article and should be
submitted in a separate file in the online submission system. Please use 'Highlights' in the file name and include 3 to
5 bullet points (maximum 85 characters, including spaces, per bullet point). See the following website for more
information
http://www.elsevier.com/highlights

Graphical Abstract (mandatory)

Graphical Abstracts should summarize the contents of the article in a concise, pictorial form designed to capture the
attention of a wide readership online. Refer to the following website for more information: http://www.elsevier.com/
graphicalabstracts

On your Main Menu page is a folder entitled "Submissions Needing Revision". You will find your submission record
there.

Finally, I would appreciate if you could submit your revised paper by Jan 31, 2023.

https://www.editorialmanager.com/saa/
http://ees.elsevier.com/saa/automail_query.asp
http://www.elsevier.com/journals/spectrochimica-acta-part-
http://www.elsevier.com/journals/spectrochimica-acta-part-
http://www.elsevier.com/highlights
http://www.elsevier.com/graphicalabstracts
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Note: While submitting the revised manuscript, please double check the author names provided in the submission so
that authorship related changes are made in the revision stage. If your manuscript is accepted, any authorship
change will involve approval from co-authors and respective editor handling the submission and this may cause a
significant delay in publishing your manuscript.

Include interactive data visualizations in your publication and let your readers interact and engage more closely with
your research. Follow the instructions here: https://www.elsevier.com/authors/author-services/data-visualization to
find out about available data visualization options and how to include them with your article.

Research Elements (optional)
This journal encourages you to share research objects - including your raw data, methods, protocols, software,
hardware and more – which support your original research article in a Research Elements journal. Research
Elements are open access, multidisciplinary, peer-reviewed journals which make the objects associated with your
research more discoverable, trustworthy and promote replicability and reproducibility. As open access journals, there
may be an Article Publishing Charge if your paper is accepted for publication. Find out more about the Research
Elements journals at https://www.elsevier.com/authors/tools-and-resources/research-elements-journals?
dgcid=ec_em_research_elements_email.

Yours sincerely,

Christian Huck
Editor
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy

Reviewers' comments:

Reviewer #1: This manuscript describes a simple and effective way of quantifying chloramphenicol in biological
samples. The information provided in this manuscript is novel and the results are discussed appropriately. I think that
the manuscript should be accepted for publication after minor revision.

Specific comments:

1. Please change the colors of the UV spectra for "Blank skin tissue" and "CHL in skin tissue" it is difficult to
differentiate them.
2. Could you please provide a brief explanation about the release mechanism from PCL particles? I assume that
bacteria will accelerate PCL hydrolysis accelerating drug release. Is this correct or it might be related with the pH of
the solution. Could you please provide some explanation about this? This could have been described before if so
please include the citation to the relevant work.
3. I think that the selected mathematical models are not a good model for the presented release curves. They show a
sigmoidal shape and these models are not good for this type of curves. I recommend to remove the mathematical
modelling section from this paper as it is not adding any valuable information.
4. Figure 5 is missing the "A" in the legend caption. Please correct this typo

Reviewer #3:
Please go through the manuscript and review how the numbers are stated. Commas should be replaced by periods

Abstract - spell out PVA/PSB/TSB/LLOQ
Line 48-49 - check sentence, it seems to be missing a word
Line 66-67 - check sentence for correctness
Line 84 - spell out MP
Line 106-109 - this sentence needs to be clarified
Line 118 - missing "to" - was added to
Line 156 -clarify how it was dried
Line 179-180 - r2 is the coefficient of determination, not correlation
Line 184 - the term gradient is correct but for consistency with the linearity section, gradient should be replaced by
slope.
Sections 2.6.3 and 2.6.4 should be made more similar. This is then same equation, just with a different weight of the
standard deviation of the blank. However, the descriptions are very different and thus confusing

https://www.elsevier.com/authors/author-services/data-visualization
https://www.elsevier.com/authors/tools-and-resources/research-elements-journals?dgcid=ec_em_research_elements_email
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Line 201 - "in in" one too many
Section 2.7.5 title - check spelling of title "preparation"
Line 247 - check sentence "put into for" is not clear
Lne 279 - add state for Microsoft (WA)
Line 280-280. Remove period and include line 281 in the previous sentence
Line 290. Check the sentence as it is missing a verb
Line 302-304 - check sentences. Capital letter at And, "in in", "while …)" is not a correct sentence.
Figure 1. - the green color in the legend does not match the color on all the plots. The blank skin tissue and CHL in
skin tissue is not present in plots B and D. Is it normal? The blank skin tissue and CHL in skin tissue have the same
color.
Line 326 - "will be concise" does not make sense here
Table 4 - concentration difference. Do you mean range?
Line 338 - r2 is determination, not coefficient
Line 341 - what is exactly meant by variation coefficient?
Table 5 to 9 - what does %RE mean?
Line 427 - spell out LQC, MQC, HQC
Table 10 - why are recoveries only 90%? When the method is used in later section, recovery of 100% is reached.
Why? Discussing is needed here to explain why authors state the method is accurate when 10% active is missing
Line 445 - after F2, replace comma by period
Line 462 - does authors mean PCL composition in MPs?
Line 496 - ". In Figure 4." THIs is not a sentence
Figure 5 - add (A) at the beginning of the legend
Line 520 - please confirm "please and dispersal" are correct terms
Line 531 - what does CAB stand for?
Line 545 - what does DOX stand for?

For further assistance, please visit our customer support site at http://help.elsevier.com/app/answers/list/p/7923. Here
you can search for solutions on a range of topics, find answers to frequently asked questions and learn more about
EM via interactive tutorials. You will also find our 24/7 support contact details should you need any further assistance
from one of our customer support representatives.

#AU_SAA#

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

__________________________________________________
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/saa/login.asp?a=r). Please contact the
publication office if you have any questions.

Andi Dian Permana <andi.dian.permana@farmasi.unhas.ac.id> Thu, Dec 15, 2022 at 5:52 PM
To: Mukarram Mudjahid <mukarramfarmasist@gmail.com>

[Quoted text hidden]
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Andi Dian Permana <andi.dian.permana@farmasi.unhas.ac.id>

Submission Confirmation for SAA-D-22-02512R1
1 message

Spectrochimica Acta Part A <em@editorialmanager.com> Fri, Dec 16, 2022 at 7:54 AM
Reply-To: Spectrochimica Acta Part A <support@elsevier.com>
To: Andi Dian Permana <andi.dian.permana@farmasi.unhas.ac.id>

Ms. Ref. No.:  SAA-D-22-02512R1
Title: Validation of spectrophotometric method to quantify chloramphenicol in fluid and rat skin tissue mimicking
infection environment: application to in vitro release and ex vivo dermatokinetic studies from dissolving microneedle
loaded microparticle sensitive bacteria.
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy

Dear Dr. Andi Dian Permana,

Your revised manuscript was received for reconsideration for publication in Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy.

You may check the status of your manuscript by logging onto the Editorial Manager as an Author at
https://www.editorialmanager.com/saa/.
Your username is: andipermana
If you need to retrieve password details, please go to:
http://ees.elsevier.com/saa/automail_query.asp

Kind regards,

Editorial Manager
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy

For further assistance, please visit our customer support site at http://help.elsevier.com/app/answers/list/p/7923. Here
you can search for solutions on a range of topics, find answers to frequently asked questions and learn more about
EM via interactive tutorials. You will also find our 24/7 support contact details should you need any further assistance
from one of our customer support representatives.

#AU_SAA#

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

__________________________________________________
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/saa/login.asp?a=r). Please contact the
publication office if you have any questions.

https://www.editorialmanager.com/saa/
http://ees.elsevier.com/saa/automail_query.asp
http://help.elsevier.com/app/answers/list/p/7923
https://www.editorialmanager.com/saa/login.asp?a=r
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Abstract: Cellulitis is a common dermis/subcutaneous tissue skin infection and shared global
disease burden, with a higher incidence for males and people aged 45–64 years.
Application therapy of chloramphenicol (CHL) has been hindered because of its toxicity
and limited penetration into the skin. In this research, CHL was developed into a
bacterially sensitive microparticles which were further incorporated into a microneedle
system to increase penetration. To support this formulation, in this study, UV–visible
spectrophotometry method was validated in methanol, polyvinyl alcohol (PVA) 1%,
phosphate buffered saline (PBS), tryptic soy broth (TSB) (fluid-mimicking infection),
and skin tissue to quantify amount of CHL. The developed analytical method was
subsequently validated according to ICH guidelines. The results obtained showed that
the correlation coefficients were linear ≥ 0.9934. The values of LLOQ inside the
methanol, PVA 1%, PBS, TSB, and skin tissue were 7.20 µg/mL, 4.40 µg/mL, 8.18
µg/mL, 387.48 µg/mL, and 7.27 µg/mL, respectively.  The accuracy and precision of
the developed method were prominent. These methods were successfully applied to
quantify the amount of CHL in microparticle and microneedle system in fluid and tissue
skin infection. The result showed the high drug release microparticle sensitive bacteria,
and high drug retention in ex-vivo dermatokinetic evaluation in rat skin tissue
containing bacterial infection. This was due to the presence of Staphylococcus aureus
bacteria culture that produced lipase enzymes, playing a role in lysing microparticle
matrix to develop selectively delivery antimicrobials. A further analytical method needs
to be matured to quantify CHL inside the in vivo studies.
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The Editor  

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy.  

15th December 2022 

   

Dear Sir/Madam,  

I wish you to consider our manuscript entitled: “Validation of spectrophotometric method 

to quantify chloramphenicol in fluid and rat skin tissue mimicking infection 

environment: application to in vitro release and ex vivo dermatokinetic studies from 

dissolving microneedle loaded microparticle sensitive bacteria.” for publication in journal 

of Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy.  

We have made a few of changes to the manuscript as a result of the reviewers comments. We 

believe that the manuscript is now substantially improved. Importantly, we have made a great 

effort to addressed each of the reviewers comments in the response to the reviewer file. 

We believe that this work will be of great interest to the readers journal Spectrochimica Acta 

Part A: Molecular and Biomolecular Spectroscopy, particularly those working on material and 

polymeric compounds as medical purposes for selective drug delivery administration. The 

manuscript has not been previously published in any language anywhere and it is not under 

simultaneous consideration by another journal. We appreciate your attention. We hope you will 

now consider publishing our research in journal of Spectrochimica Acta Part A: Molecular and 

Biomolecular Spectroscopy and look forward to hearing from you in due course. 

 

Yours sincerely, 

 

 

 

Dr. Andi Dian Permana (on behalf of all authors) 

Department of Pharmaceutics, Faculty of Pharmacy, Hasanuddin University, Makassar, 

Indonesia 

Email: andi.dian.permana@unhas.ac.id 

 

 

Cover Letter



Journal: Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 

Manuscript ID: SAA-D-22-02512 

Title: "Validation of spectrophotometric method to quantify chloramphenicol in fluid and rat skin 

tissue mimicking infection environment: application to in vitro release and ex vivo dermatokinetic 

studies from dissolving microneedle loaded microparticle sensitive bacteria." 

Response to Reviewers 

We are very thankful to the expert reviewers for taking the time to kindly review our manuscript 

and provide helpful comments for improvement and clarification. We have made some changes 

to the manuscript as a result of these comments. We believe that the manuscript is now 

substantially improved. We have addressed each of the reviewers’ comments in detail below. 

Importantly, we have made a great effort to improve the English and the discussion parts of our 

revised manuscript. 

Reviewer #1: This manuscript describes a simple and effective way of quantifying 

chloramphenicol in biological samples. The information provided in this manuscript is novel and 

the results are discussed appropriately. I think that the manuscript should be accepted for 

publication after minor revision. 

1. Please change the colors of the UV spectra for "Blank skin tissue" and "CHL in skin tissue" it 

is difficult to differentiate them. 

Response to Reviewer 

We are very thankful to the Reviewer for taking the time to review this manuscript and for the 

expert review, providing helpful comments. We have corrected this section in the revised 

manuscript. 

(The highlight regarding this context can be seen in lines 281) 

 

Response to Reviewers



2. Could you please provide a brief explanation about the release mechanism from PCL 

particles? I assume that bacteria will accelerate PCL hydrolysis accelerating drug release. Is 

this correct or it might be related with the pH of the solution. Could you please provide some 

explanation about this? This could have been described before if so please include the 

citation to the relevant work. 

Response: 

We are very thankful to the Reviewer for taking the time to review this manuscript and for the 

expert review, providing helpful comments.  

PCL has been reported as a good option for a variety of biological and environmental applications. 

Particularly, PCL's enzymatic biodegradation has been proven for use in controlled drug 

administration and tissue engineering 1. It has been also reported, that SA may release a 

particular enzyme called lipolytic esterase (Lipase), this enzyme can initiate the biocatalytic 

hydrolysis of PCL 2. 

We have included these in the revised manuscript, as follows: 

The results obtained here indicate that CHL encapsulation in PCL MPs may result in an increase 

in CHL release via two different processes. The PCL outer layer initially aided in the MPs' 

attachment to the colony infection. Following this, the bacterial strains lipase released into the 

environment dissolved PCL layers, releasing CHL from MPs. Regarding the impact of pH on 

kinetical release of CHL in MPs-coated PCL, previous research has demonstrated the profile of 

nanoparticles (NPs) release utilizing PCL polymers. The release of carvacrol (CAR) in pure form 

and CAR-PCL NPs was studied at different pH levels in the absence and presence of bacterial 

lipase enzyme. The result shows that the presence of lipase enzyme has a significant greater 

impact on the kinetics of polymer breakdown than the different pH levels (p < 0,05) 3.  This 

explains that the effect of pH resulting from bacterial growth factor does not have a significant 

impact on the kinetics of CHL release from MPs 

(The highlight regarding this context can be seen in lines 543-553) 



3. I think that the selected mathematical models are not a good model for the presented 

release curves. They show a sigmoidal shape and these models are not good for this type of 

curves. I recommend to remove the mathematical modelling section from this paper as it is 

not adding any valuable information. 

Response to Reviewer 

We are very thankful to the Reviewer for taking the time to review this manuscript and for the 

expert review, providing helpful comments. We have removed this section in the revised 

manuscript. 

4. Figure 5 is missing the "A" in the legend caption. Please correct this typo 

Response to Reviewer 

We are very thankful to the Reviewer for taking the time to review this manuscript and for the 

expert review, providing helpful comments. We have added the "A" in the legend caption in the 

revised manuscript 

(The highlight regarding this context can be seen in lines 491) 

Reviewer #3: Please go through the manuscript and review how the numbers are stated. 

Commas should be replaced by periods.  

Response to Reviewer 

We are very thankful to the Reviewer for taking the time to review this manuscript and for the 

expert review, providing helpful comments. We are glad that the Reviewer thinks that our work 

is clearly been well-planned, carefully executed. We have made a number of key changes to the 

manuscript as a result of these comments. We believe that the manuscript is now substantially 

improved. We have addressed each one of the reviewers’ comments in detail.  

 

 



1. Abstract - spell out PVA/PSB/TSB/  

Response:  

We are very thankful to the Reviewer for taking the time to review this manuscript and for the 

expert review, providing helpful comments. We have spell out these words in the revised 

manuscript. 

 (The highlight regarding this context can be seen in lines 21 – 22) 

2. Line 48-49 - check sentence, it seems to be missing a word. 

Response:  

We thank the Reviewer for the comment and very useful insight. As a result, we have added 

several words regarding this content into the revised manuscript, as follows: 

 

These symptoms are also typical in other inflammatory skin conditions, making identification of 

wound-related cellulitis difficult, while bacterial culture is quickly developing. 4. It is possible to 

enhance the degree of chronic wounds that were difficult to heal and required treatment 

management extension. 

  

(The highlight regarding this context can be seen in lines 49 - 52) 

 

3. Line 66-67 - check sentence for correctness. 

Response:  

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript, as follows: 

The system can be designed to adapt responsively release the drug to the specific infected area.  

(The highlight regarding this context can be seen in lines 66 – 67) 



 

4. Line 84 - spell out MP  

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript,  

(The highlight regarding this context can be seen in lines 86) 

5. Line 106-109 - this sentence needs to be clarified. 

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript, as follows: 

Finally, the validated approach was used to determine the drug concentration CHL in the MPs 

system, the drug release profile in-vitro, and ex-vivo dermatokinetic investigations from DMN 

loaded MPs sensitive bacteria. 

 (The highlight regarding this context can be seen in lines 108 - 110) 

6. Line 118 - missing "to" - was added to 

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript,  

(The highlight regarding this context can be seen in lines 119) 

 

 



7. Line 156 -clarify how it was dried 

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript, as follows : 

The formed MPs were then collected by centrifugation and washed with distilled water three 

times, separated and stored in a desiccator until dry. 

(The highlight regarding this context can be seen in lines 154-156) 

8. Line 179-180 - r2 is the coefficient of determination, not correlation 

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript. 

(The highlight regarding this context can be seen in lines 179 -180) 

9. Line 184 - the term gradient is correct but for consistency with the linearity section, gradient 

should be replaced by slope  

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript. 

(The highlight regarding this context can be seen in lines 184) 

 

 



10. Sections 2.6.3 and 2.6.4 should be made more similar. This is then same equation, just with a 

different weight of the standard deviation of the blank. However, the descriptions are very 

different and thus confusing 

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript, as follows : 

LLOQ is determined using the equation. (2) below, that the blank ideal divergence (without 

specimen) was symbolled by “sy”, and the slope applied through the calibration curve regression 

equation was symbolled by “b”. 5. 

(The highlight regarding this context can be seen in lines 189-191) 

11. Line 201 - "in in" one too many 

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript 

(The highlight regarding this context can be seen in lines 201) 

12. Section 2.7.5 title - check spelling of title "preparation" 

 Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript. 

(The highlight regarding this context can be seen in lines 229) 

 

 



13. Line 247 - check sentence "put into for" is not clear  

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript. 

(The highlight regarding this context can be seen in lines 244) 

14. Line 279 - add state for Microsoft (WA)  

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript. 

(The highlight regarding this context can be seen in lines 256) 

15. Line 280-281. Remove period and include line 281 in the previous sentence 

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript. 

(The highlight regarding this context can be seen in lines 258) 

16. Line 290. Check the sentence as it is missing a verb  

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript. 

(The highlight regarding this context can be seen in lines 267) 



17. Line 302-304 - check sentences. Capital letter at And, "in in", "while …)" is not a correct 

sentence. 

 Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript. 

(The highlight regarding this context can be seen in lines 278-279) 

18. Figure 1. - the green color in the legend does not match the color on all the plots. The blank 

skin tissue and CHL in skin tissue is not present in plots B and D. Is it normal? The blank skin 

tissue and CHL in skin tissue have the same color. 

 Response: 

We thank the Reviewer for the comment and very useful insight.  

Regarding the blank skin tissue and CHL in skin tissue is not present in plots B and D. This is 

because on those plots media B (PVA) and D (TSB) are not related to CHL measurements on the 

biological matrices of rat skin tissue, so that maximum wavelength interference analysis is not 

carried out on these media. 

19. Line 326 - "will be concise" does not make sense here 

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript. 

(The highlight regarding this context can be seen in lines 301) 

 

 



20. Table 4 - concentration difference. Do you mean range? 

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript. 

(The highlight regarding this context can be seen in lines 302) 

21. Line 338 - r2 is determination, not coefficient 

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript. 

(The highlight regarding this context can be seen in lines 313) 

22. Line 341 - what is exactly meant by variation coefficient? 

Response: 

We thank the Reviewer for the comment and very useful insight.  

The coefficient of variation (CV) is the ratio of the standard deviation to the mean. The higher the 

coefficient of variation will be greater the level of dispersion around the mean. 

23. Table 5 to 9 - what does %RE mean? 

Response: 

We thank the Reviewer for the comment and very useful insight.  

Relative error (RE) when used as a measure of precision is the ratio of the absolute error of a 

measurement to the measurement being taken. In other words, this type of error is relative to 

the size of the item being measured. RE is expressed as a percentage and has no units. 

https://www.statisticshowto.com/accuracy-and-precision/
https://www.statisticshowto.com/ratios-and-rates/#ratio
https://www.statisticshowto.com/absolute-error/


24. Line 427 - spell out LQC, MQC, HQC 

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript. 

(The highlight regarding this context can be seen in lines 401-402) 

25. Table 10 - why are recoveries only 90%? When the method is used in later section, recovery 

of 100% is reached. Why? Discussing is needed here to explain why authors state the method 

is accurate when 10% active is missing 

Response: 

We thank the Reviewer for the comment and very useful insight.  

The % recovery measurement in table 10 illustrates how much CHL levels can be extracted from 

the various extraction procedures employed in biological matrices (rat skin tissue) media, While 

% Recovery (figure 6) in the following section illustrates how much CHL content can be retrieved 

in the MPs system that is placed in the DMN system. So it's different meaning and method.  

We have included these in the revised manuscript, as follows: 

Regarding the %recovery findings in biological matrices obtained average extraction recovery has 

90%. The FDA bioanalytical guideline recommendations emphasize the importance of accuracy, 

consistency, and reproducibility of recovery, acknowledging that the analyte recovery in 

bioanalytical methods does not need to be 100%. Additionally, the % relative standard deviation 

(%RSD) of the mean extraction recoveries throughout all QC levels was 2.91% (≤ 15%), indicating 

the good accuracy, consistency, and reproducibility of the extraction process. As a result, this 

approach is reliable to measure CHL in rat skin tissue media.  

(The highlight regarding this context can be seen in lines 405-410) 



26. Line 445 - after F2, replace comma by period 

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript. 

(The highlight regarding this context can be seen in lines 424) 

27. Line 462 - does authors mean PCL composition in MPs? 

Response: 

We thank the Reviewer for the comment and very useful insight.  

Yes, it’s mean PCL composition in MPs as seen in table 2. Composition of formulations MPs loaded 

with CHL. 

Table 2. Composition of formulations MPs loaded with CHL. 

Composition F1 F2 

PCL (mg/7 ml chloroform) 35 70 

CHL (mg/3 ml methanol) 35 35 

PVA 3% (mL) 25 25 

(The highlight regarding this context can be seen in lines 449) 

28. Line 496 - ". In Figure 4." This is not a sentence  

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript. 

(The highlight regarding this context can be seen in lines 494) 

 



29. Figure 5 - add (A) at the beginning of the legend  

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript. 

(The highlight regarding this context can be seen in lines 491) 

30. Line 520 - please confirm "please and dispersal" are correct terms 

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript. 

Perhaps we used the incorrect word during the translation process, as the word term explains 

the drug release from matrices may involve processes of diffusion, erosion, and leaching or 

dissolution in media. However, we have removed mathematical modelling section from this 

paper, because suggestions from other reviewers mentioning that it’s not adding any valuable 

information. 

31. Line 531 - what does CAB stand for? 

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript. 

Perhaps we used the incorrect word, as the word term means CHL 

(The highlight regarding this context can be seen in lines 515) 

 

 

 



32. Line 545 - what does DOX stand for? 

Response: 

We thank the Reviewer for the comment and very useful insight. We have corrected this section 

in the revised manuscript. 

Perhaps we used the incorrect word, as the word term means CHL 

(The highlight regarding this context can be seen in lines 531) 
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Abstract 15 

Cellulitis is a common dermis/subcutaneous tissue skin infection and shared global disease burden, 16 

with a higher incidence for males and people aged 45–64 years. Application therapy of chloram-17 

phenicol (CHL) has been hindered because of its toxicity and limited penetration into the skin. In 18 

this research, CHL was developed into a bacterially sensitive microparticles which were further 19 

incorporated into a microneedle system to increase penetration. To support this formulation, in this 20 

study, UV–visible spectrophotometry method was validated in methanol, polyvinyl alcohol (PVA) 21 

1%, phosphate buffered saline (PBS), tryptic soy broth (TSB) (fluid-mimicking infection), and skin 22 

tissue to quantify amount of CHL. The developed analytical method was subsequently validated 23 

according to ICH guidelines. The results obtained showed that the correlation coefficients were 24 

linear ≥ 0.9934. The values of LLOQ inside the methanol, PVA 1%, PBS, TSB, and skin tissue 25 

were 7.20 µg/mL, 4.40 µg/mL, 8.18 µg/mL, 387.48 µg/mL, and 7.27 µg/mL, respectively.  The 26 

accuracy and precision of the developed method were prominent. These methods were successfully 27 

applied to quantify the amount of CHL in microparticle and microneedle system in fluid and tissue 28 

skin infection. The result showed the high drug release microparticle sensitive bacteria, and high 29 

drug retention in ex vivo dermatokinetic evaluation in rat skin tissue containing bacterial infection. 30 

This was due to the presence of Staphylococcus aureus bacteria culture that produced lipase en-31 

zymes, playing a role in lysing microparticle matrix to develop selectively delivery antimicrobials. 32 

A further analytical method needs to be matured to quantify CHL inside the in vivo studies. 33 

Keywords: Bacterially Sensitive Microparticles; Cellulitis; Chloramphenicol; Microneedle;        34 

UV-vis Spectrophotometry; Validation. 35 

 36 

 37 

 38 

 39 

 40 

 41 

 42 
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1. Introduction 43 

Cellulitis is a type of soft infection in the dermis / subcutaneous tissue characterized by 44 

warmth, erythema, and pain due to the response of cytokines and neutrophils from bacteria that 45 

penetrate the epidermis [1,2]. Cellulitis is a shared global disease burden. Its incidence rate is 46 

24.6/1000 person-years, and it is more common in men and people between the ages of 45 and 64. 47 

[3]. The location of the infection in the cutaneous tissue with no visible wound in the epidermis of 48 

the skin has been often ignored as ordinary inflammation. These symptoms are also typical in other 49 

inflammatory skin conditions, making identification of wound-related cellulitis difficult, while bac-50 

terial culture is quickly developing. [4]. It is possible to enhance the degree of chronic wounds that 51 

were difficult to heal and required treatment management extension. 52 

The microorganisms most commonly associated with cellulitis infection are Staphylococci 53 

and -hemolytic streptococci bacteria group [5,6]. Multibacterial colonization with different strains 54 

of human skin tissue has been widely reported [7]. This is associated with the interaction of bacteria 55 

with different strains that can synergize the severity of the disease [8]. Accordingly, broad-spectrum 56 

antibiotics are considered in the selection of therapy.Chloramphenicol (CHL) as broad antibiotic is 57 

active against gram- positive, gram-negative bacteria and anaerobic microorganisms [9,10]. Oral 58 

administration of CHL produces systemic effects and has been associated with significant side ef-59 

fects, hematological disorders (aplastic anemia), spinal cord suppression, and availability of inade-60 

quate drug concentrations in specific infectious tissues [11]. Therefore, it requires a long time for 61 

treatment. To overcome these shortcomings, CHL could be designed in dermal preparations to re-62 

duce systemic exposure and increase drug concentrations to adequate target tissues of interest. 63 

During the last decade, dermal delivery systems have been developed by designing drugs 64 

into microparticles/nanoparticles [12]. Microparticles are preferred to local infection targets with a 65 

longer drug retention rate in skin tissue than nanoparticles  [13,14]. The system can be designed to 66 

adapt responsively release the drug to the specific infected area [15,16]. The tissue's properties re-67 

sult in lower pH, greater temperature, surface proteins, and increased production of bacterial toxins, 68 

which function as a trigger for infection responsive delivery. [17]. 69 

Enzymes are considered promising since, under mild conditions, the enzymatic reactions 70 

are more efficient and accurate. Moreover, they are also necessary for the bacterial metabolic and 71 

pathological processes [18]. The chemical synthesis of bacterial lipase-sensitive PCL for specific 72 

delivery of antimicrobials was recently reported [19]. It has been reported, that SA may release a 73 
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particular enzyme called lipolytic esterase (Lipase), this enzyme can initiate the biocatalytic hydrol-74 

ysis of PCL [19] . Thus, lipase production at infection sites may be utilized to deliver and prove a 75 

practical, safe treatment approach selectively. This principle led to the development of delivery 76 

systems that selectively deliver drugs to specific sites of infection and reduce toxicity which is 77 

minimal when administered dermally. 78 

Due to its hydrophobic chemical composition, which prevents effective cutaneous 79 

penetration, CHL is not useful for topical treatment of skin infections. Additionally, because human 80 

skin is thicker, it creates an impenetrable barrier that prevents the transdermal delivery of 81 

hydrophobic drugs. Dissolving microneedles (DMN) have the ability to penetrate biofilms and 82 

necrotic tissue in diseased skin by-passing the primary skin barrier [20] and may dissolve larger 83 

needles that are embedded in the skin. Importantly, the administration of DMN has the benefits of 84 

localized, painless, quick delivery, and patient compliance [21]. Given the potential advantages of 85 

this strategy, adding microparticles (MPs) chloramphenicol to DMNs may enhance the quantity of 86 

CHL that penetrate biofilm and necrotic tissue on diseased skin, which may help the treatment of 87 

burns and chronic wounds. 88 

A fundamental part of developing new drug delivery systems in detecting and quantifying 89 

the drug, and therefore, it is crucial to develop an appropriate analytical method. In this research, 90 

the determination of drug content and the amount of drug release concentration from the in vitro 91 

method are critical assessments while developing a bacterial-responsive microparticle system. In 92 

vitro studies are the first phase of evaluating drug release profiles using relevant release media. 93 

In measuring CHL in various matrices, numerous systematic methods have been developed 94 

until now. This includes both these prominent research HPLC-UV  [22] and HPLC-MS/MS [23]. 95 

However, the reported method is unsuitable for a limited budget and time. It also requires sophisti-96 

cated equipment, making it a challenge to implement this in countries/laboratories with middle to 97 

low-income [24]. In contrast, the promise of UV-visible spectrophotometers utilized in detecting 98 

and quantifying CHL is due to their simplicity and cost-effectiveness. This study developed a CHL 99 

quantification method in artificial infection media and artificial skin fluids. There have been reports 100 

from some previous studies that the ability of UV-visible spectrophotometers to quantify various 101 

types of drugs [23,24]. It was crucial to validate the method used to ensure that the development of 102 

analytical procedures is reliable, comparable, and traceable. 103 
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This study aimed to develop and validate a method for analyzing CHL in fluid and rat skin 104 

tissue mimicking infection environment where the UV-visible spectrophotometer was utilized. The 105 

next step was to validate the method in accordance with the guidelines of international conference 106 

harmonization (ICH). The evaluated parameters were linearity, accuracy, precision, the limit of de-107 

tection (LOD), and the limit of quantification (LOQ). Finally, the validated approach was used to 108 

determine the drug concentration CHL in the MPs system, the drug release profile in vitro, and ex 109 

vivo dermatokinetic investigations from DMN loaded MPs sensitive bacteria. 110 

2. Materials and methods 111 

2.1. Material 112 

Chloramphenicol (CHL) was purchased from Merck (Darmstadt, Germany). Polycaprolactone 113 

(PCL), polyvinyl alcohol (PVA), polyvinyl pyrrolidone (PVP), sodium chloride, tryptic soy broth 114 

(TSB), potassium chloride, disodium phosphate, and potassium dihydrogen phosphate, were 115 

obtained from Sigma-Aldrich (Singapore). All other reagents used were analytical grade. 116 

2.2. Preparation of CHL stock solution 117 

The stock solution of CHL was prepared in 2 concentrations, where 10 mg and 20 mg CHL were 118 

weighed into a 10 mL volumetric flask. After that, to dissolve the CHL, methanol was added to the 119 

solutions with concentrations of 1000 µg/mL and 2000 µg/mL were obtained, respectively. 120 

2.3. Measurement of the maximum UV absorption wavelength, testing standard, and quality con-121 

trol specimen preparation. 122 

UV-visible spectrophotometer (Dynamica, HELLO XB-10) was employed to determine the maxi-123 

mum wavelength absorbance. The CHL solution was prepared in concentration of 10 µg/mL in 124 

methanol, PVA 1%, PBS media, and 750 µg/mL in TSB media. The solution was scanned at room 125 

temperature at a 200-400 nm wavelength. Subsequently, six concentrations ranging from 2.5 µg/mL 126 

to 40 µg/mL on methanol, PBS, PVA 1%, skin tissue and 125 µg/mL – 1250 µg/mL on TSB media 127 

were prepared as calibration solutions. 128 

Moreover, in an attempt to ensure the samples meet the expected criteria, each solvent was used as 129 

quality control (QC) samples at four quality levels, which are lower limit of quantification (LLOQ), 130 

low quality control (LQC), medium quality control (MQC), and high quality control (HQC). All 131 

parameters were measured and prepared in 3 replications. 132 
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2.4. Sample preparation and CHL extraction from Skin samples 133 

To prevent any interferences with the measurement, the skin tissue sample was prepared by precip-134 

itating the proteins and other molecules present in the organ. Methanol and acetonitrile were used 135 

to carry out the CHL extraction procedure. As stated in Table 1, different amounts of acetonitrile 136 

and methanol were employed to extract the drug. In the beginning, 1 g of the CHL spiked with 137 

matrices was combined with the extraction solvent. The mixture was then centrifuged at 14000 rpm 138 

for 15 minutes after being homogenized for 10 minutes using a vortex mixer. The obtained super-139 

natant was then left at room temperature to allow the organic solvent to evaporate. The dried extract 140 

was then reconstituted with 1 mL of methanol, homogenized, and centrifuged as before. The result-141 

ing supernatant was then evaluated using UV-visible spectrophotometry. 142 

Table 1. Quantity of organic solvent required to extract CHL from skin tissue samples 143 
 144 

Organic 

Solvent 
Methods Volume (mL) 

 

 

Methanol 

 

A 1 

B 3 

C 5 

D 7 

 

 

Acetonitrile 

 

A 1 

B 3 

C 5 

D 7 

 145 

2.5. Preparation of Chloramphenicol Sensitive Bacterial Microparticles (MPs CHL-PCL) and 146 

Microneedle Loaded MPs CHL-PCL 147 

MPs CHL-PCL were prepared by a solvent evaporation method using polycaprolactone (PCL) as 148 

polymer and polyvinyl alcohol (PVA) as surfactant. Chloroform and methanol were used as solvents 149 

for the organic phase. Briefly, PCL was dissolved in 7 ml of chloroform, and CHL was dissolved 150 

in 3 ml of methanol, then mixed until homogeneous. The aqueous phase was prepared using  PVA 151 

3% solution. The organic phase was added to the aqueous phase and mixed using a mechanical 152 

homogenizer at 500 rpm for 5 minutes. The emulsion system obtained was kept for 5 hours under a 153 

magnetic stirrer to ensure the organic phase evaporated completely. The formed MPs were then 154 
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collected by centrifugation and washed with distilled water three times, separated and stored in a 155 

desiccator until dry. 156 

Table 2. Composition of formulations MPs loaded with CHL. 157 

Composition F1 F2 

PCL (mg/7 ml chloroform) 35 70 

CHL (mg/3 ml methanol) 35 35 

PVA 3% (mL) 25 25 

The dissolving microneedle (DMN) preparations were created. In this investigation, a silicone mold 158 

and the centrifugation process were applied. The mold used possessed several parameters, including 159 

a density of 10x10, pyramidal needles with a height of 700 µm, a base width of 200 µm, and an 160 

interspacing of 200 µm. Each formulation (F1 and F2) contained 1 g of the formula, which contains 161 

MPs CHL-PCL 30%, PVP K-30 25%, PVA 10%, and Aquadest 35%. MPs CHL-PCL was com-162 

bined with the polymer mixture to create the DMN that hold the active ingredient. They were then 163 

subjected to sonication until a clean, bubble-free dispersion was achieved. The polymer-drug com-164 

bination was then put on the mold and centrifuged (LC-04S Centrifuge, Zenith Lab (Jiangsu) Co., 165 

LTD.) for 30 minutes at 3500 rpm. When the centrifugation process was completed, the excess 166 

polymer mixture at the top of the mold was removed and replaced with a fresh polymer mixture. 167 

The MN were then dried for 1 day at room temperature and 1 day at 37oC without being removed 168 

from the mold [27]. 169 

2.6. Validation of analytical methods 170 

2.6.1 Specificity 171 

The comparison of the UV wavelength spectrum of CHL standard solutions in various solvent me-172 

dia is used as an indicator for the specificity parameter. The assessed parameter was used to identify 173 

the possibility of interference among the analyte and the response of an alternative synthesis at the 174 

appropriate wavelength. 175 

2.6.2 Linearity calibration curve 176 

Parameters of the linear measurement of each medium were assessed with six standard solutions 177 

focusing on the appropriate wavelength spectrum. The results were projected in a calibration curve 178 

consisting of six concentrations with the obtained absorbance results. Parameters of determination 179 

coefficient (r2), slope, and y-intercept were then obtained and analyzed [28]. 180 
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2.6.3 Limit of detection (LOD) 181 

The parameter represents the minimum analyte concentration that can be measured with a sample 182 

[29]. LOD was determined using the equation. (1) below, that the blank ideal divergence (without 183 

specimen) was symbolled by “sy”, and the slope applied through the calibration curve regression 184 

equation was symbolled by “b”. 185 

LOD = 
3.3sy

b
 (1) 186 

2.6.4 Lower limit of quantification (LLOQ) 187 

A minimum sample absorption that can be precisely calculated with satisfying precision and accu-188 

racy is called the parameter of LLOQ [28]. LLOQ is determined using the equation. (2) below, that 189 

the blank ideal divergence (without specimen) was symbolled by “sy”, and the slope applied through 190 

the calibration curve regression equation was symbolled by “b”. [30]. 191 

LLOQ = 
10sy

b
 (2) 192 

2.6.5 Accuracy and precision 193 

The precision and the accuracy of parameters specify the propinquity to the reference value and the 194 

degree of among a sequence of measurements applied from several tests in the scientific method. 195 

These variables were assessed by measuring the inter-day and intra-day QC samples, which are 196 

HQC, QMC, LQC, and LLOQ. Percent relative error (%RE) and relative standard deviation 197 

(%RSD) were determined to express a quality that is accurate along with precise [31]. 198 

2.6.6 Extraction recovery 199 

The absolute extraction recovery determination was calculated by comparing the response value of 200 

CHL in quality control samples (LLOQ, LQC, MQC, and HQC) from skin tissue to those obtained 201 

for freshly prepared solutions of the concentrations of the same samples (LLOQ, LQC, MQC, and 202 

HQC) [29]. 203 

2.7. Application of analytical methods 204 

2.7.1. Size Estimation Calculation and Particle Size Distribution 205 

Particle size was calculated using a microscopic method using an optical microscope equipped with 206 

a digital camera for as many as 300 particles. To see the shape and surface of the CHL MPs pro-207 

duced. Analysis of the particle size distribution by looking at the polydispersity index (PDI) value 208 

using the equation. 209 
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𝑃𝐷𝐼 =  
𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛

 𝑚𝑒𝑎𝑛 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟
 
2

     (3) 210 

2.7.2. Calculation of % Encapsulation and Drug Loading Efficiency 211 

The MPs suspension was centrifuged, the supernatant was taken, and then analyzed using a UV-Vis 212 

spectrophotometer at a maximum wavelength of 274.8 nm. The calculation of % encapsulation ef-213 

ficiency (EE) and % drug loading (DL) follows the following equation: 214 

%𝐷𝐿 =
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐸𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑒𝑑 𝐷𝑟𝑢𝑔

𝑇𝑜𝑡𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡
 100    (4) 215 

%𝐸𝐸 =
𝐷𝑟𝑢𝑔 𝑇𝑜𝑡𝑎𝑙−𝐷𝑟𝑢𝑔 𝐹𝑟𝑒𝑒

𝐷𝑟𝑢𝑔 𝑇𝑜𝑡𝑎𝑙
𝑥100     (5) 216 

2.7.3. Drug content measurement of DMN loaded CHL-PCL 217 

The needle in the DMN is taken out by scraping the needle, then the needles is dissolved in water. 218 

After that, the solution was then centrifuged at 5000 rpm for 10 minutes. The precipitated MPs were 219 

then dissolved with an organic solvent (methanol: chloroform) to remove the polymer matrix. The 220 

samples were then analyzed using a UV-Vis spectrophotometer to measure drug content. 221 

2.7.4. In vitro Release Study of Microparticle Sensitive Bacteria in Bacterial Culture 222 

The In vitro release study of MPs was conducted to evaluate the sensitivity of bacteria to polymers 223 

by designing MPs on media containing the presence or absence of bacteria. In bacterial culture 224 

media, MPs dispersed in 20 mL of bacterial culture (equivalent to 0.5 Mc Farland) were placed in 225 

an orbital stirrer at 100 rpm, temperature 37 ± 1°C. Samples (500 µL volume) were then taken at 226 

predetermined time points (0,5, 2, 4, 6, 8, 12, and 24 hours). The sample was then centrifuged at 227 

10,000 rpm for 15 minutes, and the concentration was calculated with a UV-vis spectrophotometer. 228 

2.7.5. Ex vivo Dermatokinetic studies on infection skin rat model of microneedle preparation 229 

2.7.5.1. Preparation of ex vivo model of infection on rat skin 230 

Prior to the experiment, Wistar rat abdominal skins were shaved and adjusted in PBS (pH 7.4). The 231 

rat skins were cleaned in ethanol at a 70 percent concentration for one hour. The ethanol in the skins 232 

was evaporated before use by placing them in a biosafety cabinet for 20 minutes. Briefly, a biopsy 233 

punch was used to make a wound in the skin's surface (Stiefel, Middlesex, UK). Then, with a few 234 

minor adjustments, the earlier published protocols were used to create ex vivo models of biofilm on 235 

rat skin [32]. After that, 50 μL of the diluted SA bacterial suspensions (2 x 105 CFU/mL) were 236 

dripped to the wound of the skin and distributed evenly after the skins were mounted on TSA plates. 237 
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The skins were transferred to fresh TSA plates every day for five days while the plates were 238 

incubated at 37 °C to facilitate the growth of the biofilm on the injured skin. 239 

2.7.5.2. Ex vivo dermatokinetic studies 240 

The ex vivo dermatokinetic studies were also evaluated Using the procedure outlined  [20, 32] with 241 

slight modification. Ex vivo dermatokinetic experiments of DDMN containing MPs CHL-PCL were 242 

conducted in normal skin and ex vivo infection model in rat skins. The skins that had previously 243 

been fastened to the donor compartment of the Franz diffusion cells were manually placed for 30 244 

seconds. The receiver compartment, which contained PBS, was further connected to the donor 245 

compartment (pH 7.4). Afterwards, 5 g of stainless-steel mass was used on top of the DMN to 246 

prevent movement during the trial. The experiment was conducted at 600 rpm and 37 ±  1 °C. The 247 

DMN were separated from the skins in order to assess the concentration of CHL in the skins at 248 

various specified time intervals. The skins were cleaned three times, put into glass vials, and given 249 

2.5 mL of water. The mixtures were centrifuged at 3000 rpm for 15 minutes after being vortexed 250 

for 30 minutes. AAS was used to measure the silver content in the supernatant. PKSolver (China 251 

Pharmaceutical University, Nanjing, China) was used to construct the dermatokinetic profiles [34]. 252 

2.8. Statistical Analysis 253 

All results were reported as means ± standard deviation (SD). The mean, SD, linear regression 254 

analysis, %RSD and %CV of each sample in the validation method were processed using 255 

Microsoft® Excel 2016 (Microsoft Corporation, Redmond, Washington, USA). GraphPad Prism® 256 

version 6 (GraphPad Software, San Diego, California, USA) was utilised to statistically analyse the 257 

results where a p-value < 0.05 denoted a significant difference. 258 

3. Results and Discussion 259 

3.1. Selection of sample preparation method and drug extraction 260 

In this study, methanol and acetonitrile, two organic solvents, were used to extract CHL from skin 261 

tissue. Table 3. displays the outcomes of every extraction technique. The findings demonstrated that 262 

the extraction efficiency might be increased by using more solvent during the extraction procedure. 263 

Methanol offered a greater extraction recovery than acetonitrile, it was also discovered. The find-264 

ings indicated that techniques C and D had the greatest extraction recovery percentages for extract-265 

ing CHL from methanol, with respective values of 91.54 ± 2,67 percent and 94.77 ± 0,96 percent. 266 

Furthermore, both of these approaches were not a significantly difference (p > 0.05). Because it 267 
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required the least quantity of solvent while still providing the best extraction recovery, method C (5 268 

mL methanol) was selected as the best extraction technique for this investigation. 269 

 270 

Table 3. Mean extraction recovery of CHL of each method with methanol and acetonitrile from skin tissue (n = 3) 271 

Organic 

Solvent Methods Volume (mL) 

%Extraction 

Recovery ± 

SD 

%RSD 

 

 

Methanol 

 

A 1  18.52 ± 1.90 10.26 

B 3 41.78 ± 1,24 2.97 

C 5 91.54 ± 2.67 2.91 

D 7 94.77 ± 0.96 1.01 

 

 

Acetoni-

trile 

 

A 1 12.18 ± 0.82 6.72 

B 3 12.45 ± 3.11 24.96 

C 5 39.92 ± 1.90 4.74 

D 7 62.38 ± 3.27 5.24 

 272 

3.2. Selectivity of UV-Vis spectrophotometric method 273 

In order to prevent interferences between CHL and other chemicals contained in microparticle, mi-274 

croneedle, and vaginal tissue during the examination utilizing UV-Visible spectrophotometry, a 275 

specificity test was conducted [29, 33].  As was already noted, the content of CHL in the formulation 276 

was determined using the analytical technique in methanol. Additionally, the analytical method's 277 

development in PBS, PVA, and TSB was done in order to calculate the CHL in vitro, while skin 278 

tissue sample was used to calculate the CHL in ex vivo studies. Figure 1 show representative UV 279 

spectra of CHL and several blank in various media. 280 
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 281 

Figure 1. Representative UV spectra of CHL and several blank in Methanol (A), PVA (B), PBS (C), TSB (D). 282 

 283 

Based on the analysis results, in all media, the measurement of the blank spectra of MPs, DMN, 284 

and skin tissue, there was no peak that appeared at the wavelength of CHL in each medium. These 285 

findings showed that the inclusion of additional MPs, DMN, and tissue skin ingredients did not 286 

cause any interference [35]. 287 

After measurements were made, there was a shift in the optimum absorption, but it was still in the 288 

optimum absorption area of CHL in the medium methanol, PBS, and PVA 1%. There was a shift in 289 

the absorption of a longer wavelength in TSB media. These results are also consistent with those of  290 

Tseplin et al. who found that the particular impact of the polar solvent, which presents itself here as 291 

a bathochromic shift of one of the π–π* bands, is generated by the creation of hydrogen bonds 292 
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between solvent molecules and the molecule as a result, by a decrease in the energy gap between 293 

the corresponding occupied (π) and empty (π*) molecular orbitals [36]. Based on the results ob-294 

tained, the method developed in this study was specific at the appropriate wavelength. 295 

3.3. Linearity, LOD, and LLOQ 296 

In assessing the linearity parameters and determining the rates of LOD and LLOQ from the scien-297 

tific form, the measurement graph was produced by calculating the CHL standard solution concen-298 

tration of each medium (methanol, PBS, PVA 1%, and TSB) utilizing the advanced UV-vis spec-299 

trophotometry. The spectra of standard solutions across various media are depicted in Figure 2. 300 

Linearity, LOD, and LLOQ settings of the CHL can be seen in Table 4 and Figure 3. 301 

Table 4. Calibration curve properties for CHL analysis with the quality of LOD and LLOQ. 302 

Media Concentration Range 

(µg/mL) 
r2 

LOD. 

(µg/mL) 
LLOQ. 

(µg/mL) 

MeOH 2.5 – 40 0.9981 2.37 7.20 

PVA 1% 2.5 - 40 0.9993 1.45 4.40 

PBS 2.5 - 40 0.9975 2.70 8.18 

TSB 125 - 1250 0.9934 127.87 387,48 

Skin Tissue  2.5 - 40 0,9981 2,40 7,27 

 303 

Based on the data in Table 6, Each calibration curve comprised six concentration levels: 2.5, 5, 10, 304 

20, 30, 40 µg/mL in MeOH, PVA 1%, PBS, and skin tissue media. While the TSB media obtained 305 

six concentrations of calibration curves, namely, 125, 250, 500, 750, 1000, and 1250. Since there 306 

was no concentration data in the matrix or a similar reference to find out about CHL levels, the 307 

concentration points in the calibration curve were used in the calculation. 308 

The slopes and their coefficient of variation as the parameter for analyzing linear equations were 309 

determined because they were the most prominent indicator of the sensitivity of analytical methods 310 

and their quantification capabilities. Linear relationships were obtained between absorbance and 311 

concentration in 2.5 – 40 µg/mL for CHL-MeOH, CHL-PVA 1%, CHL-PBS, CHL-Skin Tissue and 312 

125 – 1250 µg/mL for CHL-TSB. The value of the determination coefficient (r2) of the four CHL 313 

regression equations on Methanol, PVA 1%, PBS, skin tissue, and TSB were 0.9981, 0.9993, 314 
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0.9975, 0,9981 and 0.9934, respectively. It was shown from the results that the calibration curves 315 

determination coefficients (r2) were more than 0.99, and their variation coefficients were less than 316 

25%. Hence, it can be concluded that we satisfied the acceptance criteria, and a high sensitivity was 317 

achieved in the four-study media. Therefore, a range of 2.5 – 40 µg/mL values for CHL-MeOH, 318 

CHL-PVA 1%, CHL-PBS, and 125 – 1250 µg/mL for CHL-TSB can be used for LOD and LLOQ 319 

calculations. Quality LOD and LLOQ of CHL inside the methanol were 2.37 and 7.20 µg/mL, on 320 

PVA 1% were 1.45 and 4.40 µg/mL, on PBS 2.70 and 8.18, on skin tissue 2.40 and 7.27,  and on 321 

TSB medium were 127.87 and 387.48 µg/mL. 322 
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 323 

Figure 2. Spectrum of CHL standard solutions in of Methanol (A), PVA (B), PBS (C), TSB (D), Skin Tissue (E). 324 

 325 

 326 

 327 

 328 

 329 

 330 

E 
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 340 
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 349 

 350 

 351 

 352 

Figure 3. Calibration Curves CHL-Methanol (A), CHL-PVA (B), CHL-PBS (C), CHL –TSB (D),  353 
CHL-Skin Tissue (E), (mean ± SD, n= 3) 354 
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3.4. Accuracy and precision 360 

Determination of accuracy in intra-day and inter-day amounts using the advanced method exhibited 361 

accurate values for PVA 1% (Table 5), methanol (Table 6), PBS (Table 7), TSB (Table 8), skin 362 

tissue (9). The measurement of ratio error values is under 15%, which complied the preconditions 363 

of the ICH guidelines. Intra-day and inter-day precision were also examined to be adequate. Intra-364 

day and inter-day precision for all solvents determined %RSD values ranging from 0.23% - 13.61% 365 

and 0.3% - 3.38% which obeyed the limits of the ICH guidelines (15%) [37]. Thus, the method 366 

developed using UV-vis spectrophotometry to determine CHL was found to be accurate and                 367 

precise. 368 

 369 

 370 

 371 

 372 

 373 

 374 

 375 

 376 

 377 

 378 

 379 

 380 

 381 

 382 

 383 

 384 
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Table 5. The Results of evaluation of precision and accuracy of CHL analysis in PVA 1% (mean ± SD, n= 3)  385 

Interday Precision and Accuracy 

Replication 
Concentration 

added (µg/mL) 
Found concentration 

(µg/mL) ± SD 
Precision 

(%RSD) 
Accuracy (%RE) 

1 

4.40 4.29 ± 0.070 1.63 2.53 

7.5 7.36 ± 0.05 0.72 1.75 

30 30.28 ± 0.12 0.39 0.96 

15 14.52 ±0.069 0.48 3.17 

2 

4.40 4.16 ± 0.11 2.66 5.37 

7.5 7.44 ± 0.07 1.01 0.76 

30 30.09 ± 0.14 0.48 0.3 

15 14.43 ± 0.07 0.48 3.78 

3 

4.40 4.43 ± 0.09 2.16 -0.59 

7.5 7.67 ± 0.04 0.59 -2.32 

30 30.77 ± 0.07 0.23 2.59 

15 14.79 ± 0.16 1.08 1.34 

Intraday Precision and Accuracy 

Day 
Concentration 

added (µg/mL) 
Found concentration 

(µg/mL) ± SD 
Precision 

(%RSD) 
Accuracy (%RE) 

1 

4.40 3.77 ± 0.046 1.21 14.32 

7.5 6.89 ± 0.05 0.72 8.11 

30 30.08 ± 0.09 0.31 0.29 

15 13.49 ± 0.09 0.67 10 

2 

4.40 3.85 ± 0.02 0.67 12.59 

7.5 7.32 ± 0.09 1.30 2.36 

30 29.92 ± 0.09 0.30 -0.26 

15 13.43 ± 0.14 1.06 10.42 

3 

4.40 3.91± 0.04 1.17 11.21 

7.5 7.36 ± 0.14 1.90 1.76 

30 30.28 ± 0.09 0.30 0.96 

15 13.74 ± 0.07 0.51 8.37 

 386 

 387 
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Table 6. The Results of evaluation of precision and accuracy of CHL analysis in MeOH (mean ± SD, n= 3) 388 

Interday Precision and Accuracy 

Replication 
Concentration 

gained (µg/mL) 
Found concentration 

(µg/mL) ± SD 
Precision 

(%RSD) 
Accuracy (%RE) 

1 

7.2 7.30 ± 0.11 1.51 -1.48 

10 10.73 ± 0.08 0.79 -7.36 

30 32.55 ± 0.11 0.34 8.51 

20 22.18 ± 0.08 0.39 -10.93 

2 

7.2 7.35 ± 0.10 1.43 -2.08 

10 10.86 ± 0.08 0.78 -8.63 

30 32.76 ± 0.11 0.34 9.21 

20 22.27 ± 0.09 0.41 -11.36 

3 

7.2 7.40 ± 0.14 2.02 -2.87 

10 10.79 ± 0.13 1.22 -7.93 

30 32.27 ± 0.23 0.71 7.57 

20 22.23 ± 0.12 0.57 -11.15 

Intraday Precision and Accuracy 

Day 
Concentration 

gained (µg/mL) 
Found concentration 

(µg/mL) ± SD 
Precision 

(%RSD) 
Accuracy (%RE) 

1 

7.2 7.87 ± 0.13 1.65 -9.30 

10 10.61 ± 0.15 1.45 -6.1 

30 31.14 ± 0.10 0.32 3.82 

20 21.41 ± 0.14 0.69 -7.06 

2 

7.2 8.03 ± 0.12 1.55 -11.62 

10 10.75 ± 0.10 0.98 -7.5 

30 31.28 ± 0.30 0.97 4.27 

20 21.66 ± 0.26 1.22 -8.31 

3 

7.2 8.16 ± 0.04 0.55 -13.37 

10 10.86 ± 0.12 1.15 -8.66 

30 31.2 ± 0.17 0.54 4 

20 21.48 ± 0.10 0.49 -7.41 

 389 

 390 
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Table 7. The Results of evaluation of precision and accuracy of CHL analysis in PBS (mean ± SD, n= 3) 391 

Interday Precision and Accuracy 

Replication 
Concentration 

added (µg/mL) 
Found concentration 

(µg/mL) ± SD 
Precision 

(%RSD) 
Accuracy (%RE) 

1 

8.27 8.62 ± 1.17 13.61 -4.23 

12.5 14.02 ± 0.06 0.43 -12.21 

30 31.43 ± 0.13 0.42 4.78 

20 21.96 ± 0.14 0.66 -9.8 

2 

8.27 8.05 ± 0.15 1.91 2.66 

12.5 13.86 ± 0.36 2.60 -10.88 

30 30.51 ± 0.74 2.42 1.71 

20 21.65 ± 0.60 2.77 -8.25 

3 

8.27 7.98 ± 0.16 2.09 3.50 

12.5 13.77 ± 0.45 3.28 -10.18 

30 30.93 ± 0.73 2.38 3.11 

20 21.66 ± 0.82 3.81 -8.31 

Intraday Precision and Accuracy 

Day 
Concentration 

added (µg/mL) 
Found concentration 

(µg/mL) ± SD 
Precision 

(%RSD) 
Accuracy (%RE) 

1 

8.27 7.82 ± 0.15 1.92 5.36 

12.5 13.48 ± 0.34 2.58 -7.84 

30 30.85 ± 0.67 2.18 2.83 

20 21.38 ± 0.12 0.58 -6.91 

2 

8.27 8.19 ± 0.08 1.08 0.96 

12.5 13.61 ± 0.11 0.81 -8.93 

30 31.2 ± 0.12 0.38 4 

20 21.39 ± 0.06 0.31 -6.98 

3 

8.27 8.06 ± 0.17 2.12 2.49 

12.5 13.57 ± 0.26 1.95 -8.61 

30 31.27 ± 0.12 0.38 4.23 

20 20.87 ± 0.40 1.94 -4.38 

 392 

 393 
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Table 8. The Results of evaluation of precision and accuracy of CHL analysis in TSB (mean ± SD, n= 3) 394 

Interday Precision and Accuracy 

Replication 
Concentration 

added (µg/mL) 
Found concentration 

(µg/mL) ± SD 
Precision 

(%RSD) 
Accuracy (%RE) 

1 

388 397.66 ± 15.06 3.78 -2.49 

450 457.66 ± 10.10 2.20 -1.70 

938 922.66 ± 20.81 2.25 -1.63 

600 608.5 ± 16.39 2.69 -1.41 

2 

388 366 ± 13.91 3.80 5.67 

450 416.83 ± 15.06 3.61 7.37 

938 912.66 ± 5.77 0.63 -2.70 

600 579.33 ± 7.21 1.24 3.44 

3 

388 369.33 ± 8.77 2.37 4.81 

450 421 ± 9.01 2.14 6.44 

938 894.33 ± 19.41 2.17 -4.65 

600 572.66 ± 10.10 1.76 4.55 

Intraday Precision and Accuracy 

Day 
Concentration 

added (µg/mL) 
Found concentration 

(µg/mL) ± SD 
Precision 

(%RSD) 
Accuracy (%RE) 

1 

388 363.08 ± 10.77 2.96 6.42 

450 426.83 ± 14.21 3.33 5.14 

938 861.83 ± 18.76 2.17 -8.12 

600 580.16 ± 15.27 2.63 3.30 

2 

388 340.16 ± 11.54 3.39 12.32 

450 397.66 ± 11.54 2.90 11.62 

938 841 ± 17.32 2.05 -10.34 

600 555.16 ± 14.43 2.59 7.47 

3 

388 346 ± 10.89 3.14 10.82 

450 401 ± 10 2.49 10.88 

938 850.16 ± 28.75 3.38 -9.36 

600 557.66 ± 17.01 3.05 7.05 

 395 

 396 
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Table 9. The Results of evaluation of precision and accuracy of CHL analysis in skin tissue (mean ± SD, n= 3) 397 

Interday Precision and Accuracy 

Replication 
Concentration 

added (µg/mL) 
Found concentration 

(µg/mL) ± SD 
Precision 

(%RSD) 
Accuracy (%RE) 

1 

7.28 7.61 ± 0.24 3.18 4.47 

10 9.93 ± 0.71 7.11 -0.70 

20 19.42 ± 0,91 4.66 -2.91 

30 31.21 ± 0.67 2.14 4.05 

2 

7.28 7.80 ± 0.35 4.48 7.08 

10 9.74 ± 0.17 1.71 -2.55 

20 19.64 ± 0.48 2.47 -1.81 

30 32.37 ± 0.46 1.43 7.91 

3 

7.28 7.84 ± 0.39 4.98 7.69 

10 10.47 ± 0.46 4.41 4.69 

20 20.08 ± 0.51 2.52 0.39 

30 32.08 ± 0.71 2.23 6.93 

Intraday Precision and Accuracy 

Day  
Concentration 

added (µg/mL) 
Found concentration 

(µg/mL) ± SD 
Precision 

(%RSD) 
Accuracy (%RE) 

1 

7.28 7.43 ± 0.24 3.20 2.00 

10 9.52 ± 0.16 1.71 -4.77 

20 19.22 ± 0.47 2.47 -3.89 

30 31.42 ± 0.70 2.23 4.73 

2 

7.28 7.66 ± 0.38 5.00 5.15 

10 9.18 ± 0.66 7.19 -8.22 

20 18.66 ± 0.47 2.53 -6.70 

30 30.57 ± 0.65 2.14 1.91 

3 

7.28 7,61 ± 0.34 4.49 4.56 

10 9,68 ± 0.43 4.45 -3.19 

20 19,01 ± 0.89 4.67 -4.97 

30 31,71 ± 0.45 1.43 5.69 

 398 

 399 
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3.5. Extraction Recovery 400 

The quantities of lower limit of quantification (LLOQ), low quality control (LQC), medium quality 401 

control (MQC), and high quality control (HQC) were extracted from skin tissue were compared to 402 

the concentrations obtained by testing samples at the same concentrations to determine the extrac-403 

tion recovery from the technique utilized in this investigation. Table 10 shows the outcomes of the 404 

typical extraction recovery. The FDA bioanalytical geudeline recommendations emphasize the im-405 

portance of accuracy, consistency, and reproducibility of recovery, acknowledging that the analyte 406 

recovery in bioanalytical methods does not need to be 100%. Additionally, %RSD of the mean 407 

extraction recoveries throughout all QC levels was ≤ 15%, indicating the good accuracy, con-408 

sistency, and reproducibility of the extraction process. As a result, this approach is reliable to meas-409 

ure CHL in rat skin tissue media. 410 

Table 10. Average extraction recovery of CHL in skin tissue (n = 3) 411 

Sample Concentration 

(µg/mL) 

%Extraction Re-

covery ± SD 
%RSD 

 

 

Skin 

Tissue 

LLOQ (5,13) 91.47 ± 1.40 1.53 

QC (7,5) 90.93 ± 1.42 1.56 

MQC (15) 90.84 ± 1.29 1.42 

HQC (24) 91.72 ± 1.73 1.88 

 412 

3.6. Application of the analytical method 413 

3.6.1. The Properties of analysis and In- vitro release studies of Microparticle Sensitive Bacteria 414 

A UV-visible spectrophotometric method form that has been thoroughly validated was then applied 415 

to confirm the quantity of CHL in the microparticle system. The characteristics of the microparticles 416 

can be seen in Table 11, and the MPs release profile can be seen in Figure 5. 417 

Table 11. Results of Measurement of Particle Size, PDI, %EE, and %DL MPs CHL (mean ± SD, n= 3) 418 

Formulation Particle Size PDI % EE % DL 

F1 0,59 ± 0,02 0,117 ± 0,01 40.94 ± 2.88 20.47 ± 1.44 

F2 1,29 ± 0,09 0,121 ± 0,01 39.61 ± 3.23 13.20±1.07 

 419 

The results showed that an analysis from CHL-carried MPs detected by SEM will be visualized in 420 

Figure 4. As shown in SEM images, all formulations were approximately spherical. Notably, the 421 
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sizes discovered in this study were closely correlated with the findings from SEM analysis and were 422 

found to be 0.59 ± 0.02 µm and 1.29 ± 0.09 µm for F1 and F2, respectively.  It was found that the 423 

particle size of F1 were significantly smaller (p < 0.05) compared to F2. It has been postulated that 424 

increase in the amount of polymer will increase the particle size due to a rise in the polymer's 425 

viscosity, which causes the creation of bigger emulsion droplets and subsequently larger sizes of 426 

the microparticle [38][39]. For PDI values, it was found that the values were in the range of 0.117 427 

± 0.01 and 0.121 ± 0.01, demonstrating the generally homogeneous and monodispersed profile of 428 

these MPs [40]. 429 

 430 

 431 

 432 

 433 

 434 

 435 

 436 

 437 

 438 

Figure 4. SEM Visualization Image of F1 (A) and F2 (B) (The black scale bar represents a length of 10μm in 439 
each case). 440 

Regarding the EE, it was found that the EE of MPs F1 were not significantly (p > 0.05) compared 441 

to MPs F2. These results propose that there can be a relatively high amount of CHL that might be 442 

entrapped in the PCL MPs. The lower EE may be due to the higher hydrophobicity nature of PCL 443 

than CHL. Percentage EE will depend a lot on the polymer type and polymer drug affinity [41] . 444 

Therefore, the encapsulation of CHL were low in this polymer. The percentage of encapsulation 445 

efficiency in F1 and F2 were 40.94 ± 2.88% and 39.61 ± 3.23, respectively. In terms of DL, the 446 

values F1 and F2 were 20.47 ± 1.44 and 13.20 ± 1.07, respectively. Based on the results obtained, 447 

the increase in the number of polymers (2: 1) in formula 2 decreased the percentage of DL values. 448 

This occurred due to the increase of MPs (PCL polymer) composition while retaining the quantity 449 

of CHL in the MPs, resulting in a decreasing DL value. 450 
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Validated analytical methods also determined the cumulative amount of CHL after in vitro release 451 

studies on various media. Figure 5. (A) shows PBS media's in vitro release profile. The results 452 

showed that the % CHL measured after 24 hours in F1 and F2 were 12.75 ± 1.46 and 9.46 ± 1.13, 453 

respectively. Figure 5. (B) shows the MPs release profile  in-vitro on TSB media. The results 454 

showed that the % CHL measured after 24 hours in F1 and F2 were 13.41 ± 1.55 and 10.02 ± 1.27, 455 

respectively. In both media, it was found that the lower levels of CHL were measured in F1 and F2 456 

when compared to pure CHL due to the absence of a bacterial enzyme stimulus that lyses the PCL 457 

polymer so that the drug remains stable in the MPs polymer matrix. The statistical analysis results 458 

showed that the release profiles of F1, F2, and CHL, compared to both PBS and TSB media, were 459 

not significantly different (p > 0.05). This indicated that the media without bacteria did not affect 460 

drug release in the bacterial responsive MPs system. Figure 5. (C) shows in vitro release profile of 461 

MPs on TSB media and bacteria. The results showed that the % CHL measured after 24 hours in 462 

F1 and F2 were 99.29 ± 11.10 % and 79.45 ± 9.34 % respectively. In TSB, media containing bacteria 463 

showed high drug release. This was due to the SA bacteria culture that produced lipase enzymes 464 

that played a role in lysing the MPs matrix to measure CHL levels in the media [17,38]. 465 
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 490 

Figure 5. (A) in vitro MPs-CHL release in PBS media, (B) in vitro MPs-CHL release in TSB media, (C) in vitro 491 
MPs-CHL release in TSB + Bacteria media (mean ± SD, n= 3) 492 

The statistical analysis results showed significantly different release profile results between bacte-493 

rial TSB media with PBS and TSB without bacteria. In figure 5, shows the release profile of pure 494 

CHL in all test media showed a rapid drug release profile with levels reaching almost 100% at 3 495 

hours, while the microparticle release profile in media containing bacterial stimuli almost reached 496 

100% at 24 hours. Figure 5 shows that the drug release profile of F1 is higher than F2. It is shown 497 

that drug release is affected by particle size when drug loading is high (40%). Chen et al also found 498 

the same results as we observed regarding the difference in particle size affecting the time and % 499 

drug release [43]. The larger surface area of smaller MPs results in a higher concentration of drug 500 

molecules at the surface of microspheres, ready for a faster release. 501 

Thus, in contrast to sterile media, the higher release of CHL from PCL MPs in the bacterial system 502 

was possible to be an indicator that the bacteria are releasing the enzymes. Additionally, this result 503 
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was consistent with that of Wu et al., who observed that the addition of an enzyme multiplies PCL 504 

degradation by a factor of 1000 compared to degradation in an aqueous medium alone. [44]. A stark 505 

contrast between the release of CHL when the bacteria is present or absent demonstrated that the 506 

proposed method has the potential for selective delivery at infection sites. Therefore, it was proven 507 

from these results that loading CHL into a responsive MPs system can avoid release at non-specific 508 

sites. 509 

3.6.2. The Properties of analysis and Ex- vivo dermetokinetic studies of Microneedle Loaded MPs 510 

CHL-PCL 511 

For improved penetration profile, the MPs were incorporated into DMN (Figure 6A and 6B). The 512 

quantity of CHL in the microneedle loaded MPs CHL-PCL was also determined using the approved 513 

spectrophotometry UV-visible technique. Figure 6C shows the results, which revealed that 97.64 ± 514 

3.21, 98.09 ± 2.43, and 97.12 ± 2.76 percent of the CHL were recovered from the F1, F2, and Pure 515 

CHL in DMN, respectively. These results demonstrated that the concentration of CHL was unaf-516 

fected by the incorporation of CHL into DMN preparation. All formulations had acceptable recov-517 

ery percentages, which fell between 95 and 105 percent in accordance with the ICH standard for 518 

acceptable recovery percentage [37]. 519 

 520 

 521 
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 522 

Figure 6. The microscope images of DMNs containing F1 (A) and F2 (B). CHL recovery (%) from DMN F1, F2, and 523 
CHL (C). 524 

The release kinetics of CHL from MPs after DMN treatments were then examined in a dermatoki-525 

netic investigation. The ex vivo infection model in rat skins and uninfected skin were used in this 526 

investigation. Only choramphenicol released by MPs were measured in order to demonstrate that 527 

the presence of bacterial infection had no other effect on the release of CHL in the skin. The skin 528 

samples were vortexed with water at each interval to achieve this, to see how much CHL was re-529 

tained in the skin. Our findings showed that this approach would only extract CHL released from 530 

MPs since no CHL was found in the supernatant of MP dispersion. 531 

In this study, we explain to compared the dermatokinetic characteristics of our method to DMNs F1 532 

and F2 with CHL but no MP formulation (DMN-CHL). Figure 9 shows the concentration of CHL 533 

released from MPs in the skin vs application time for the kinetic profiles of CHL in normal skin and 534 

ex vivo infection models following application of DMNs. Table 13 has shown lists the dermatoki-535 

netic profiles of CHL following application of DMNs, including Cmax, Tmax, T1/2, AUC, and 536 

MRT. As shown, DMNs-MPs released CHL much less (p < 0.05) than DMN- CHL in the absence 537 

of bacterial growth in normal skin. The Tmax values of CHL from MN-MPs F1 and F2 were found 538 

to be considerably lower (p < 0.05) compared to the other formulation due to the explanations pro-539 

vided for the Cmax results..This suggested that the inclusion of  CHL into MPs would make it 540 



 29 

possible to avoid the non-specific release of CHL. The release of CHL from DMN-MPs, in contrast 541 

to DMN- CHL, was considerably increased (p < 0.05) in ex vivo infection models made from SA. 542 

The results obtained here indicate that CHL encapsulation in PCL MPs may result in an increase in 543 

CHL release via two different processes. The PCL outer layer initially aided in the MPs' attachment 544 

to the colony infection. Following this, the bacterial strains lipase released into the environment 545 

dissolved PCL layers, releasing CHL from MPs. Regarding the impact of pH on kinetical release of 546 

CHL in MPs-coated PCL, previous research has demonstrated the profile of nanoparticle release 547 

utilizing PCL polymers. The release of carvacrol (CAR) in pure form and CAR-PCL nanoparticles 548 

(NPs) was studied at different pH levels in the absence and presence of bacterial lipase enzyme. 549 

The result shows that the presence of lipase enzyme has a significant greater impact on the kinetics 550 

of polymer breakdown than the different pH levels (p < 0.05) [45].  This explains that the effect of 551 

pH resulting from bacterial growth factor does not have a significant impact on the kinetics of CHL 552 

release from MPs. Specifically, when compared to the DMN-F2 formula,  DMN-F1 had a higher 553 

drug release due to the smaller particle size in F1 compared to the F2 formula. In the case of smaller 554 

MPs, the greater surface area produces a higher number of drug molecules at the surface of micro-555 

spheres, ready for faster release. 556 

 557 

 558 

  559 
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Table 13. Lists the dermatokinetic characteristics of  CHL in uninfected rat skin as well as ex infection models created by SA after the administration of DDMN-560 

F1, DMN-F2, and DMN-CHL. (means SD, n = 3) 561 

Parameter Unit 
DMN + F1 DMN + F2 DMN + CHL 

Normal Infection Normal Infection Normal Infecion 

t1/2 h 4.35 ± 0.47 34.20 ± 3.76 3.28 ± 0.36 28.50 4.04 ± 0.44 4.14 ± 0.45 

Tmax h 7 ± 0.91 4 ± 0.52 7 ± 0.91 4 ± 0.52 2 ± 0.26 2 ± 0.26 

Cmax μg/cm3 15.02 ± 1.86 353.98 ± 43.89 10.87 ± 1.34 298.34 ± 36.99 387.35 ± 48.03 371.23 ± 46.03 

AUC 

0-t 
μg/cm3.h 111.65 ± 13.50 3355.96 ± 406,07 79.20 ± 9.53 2444.10 ± 295.73 1583.74 ± 191.63 1587.71 ± 192.11 

AUC 

0-inf_obs 
μg/cm3.h 117.12 ± 15.46 8203.39 ± 1082.84 80.52 ± 10.62 5246.17 ± 692.49 1634.65 ± 215.77 1642.79 ± 216.84 

MRT 

0-inf_obs 
h 9.80 ± 1.16 47.67 ± 5.67 8.59 ± 1.02 39.58 ± 4.71 5.36 ± 0.63 5.56 ± 0.66 

562 
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Regarding the AUC value, the AUC values of CHL from DMN-MPs especially F1 in ex vivo infec-563 

tion models was discovered to be considerably higher compared to other formulations, demonstrat-564 

ing a good ex vivo skin bioavailability of our technique. It was discovered that the DMN containing 565 

free CHL showed MRT less than 6 h in terms of retention duration in the infected skin. The MRT 566 

values of CHL from DMN-MPs were found to be considerably higher (p < 0.05) than those of 567 

DMN-CHL, in the case of the retention period in the skin. A lower application time for CHL in the 568 

treatment of skin infections may be possible because to the increased MRT. As a result, it can lead 569 

to patients accepting this strategy. The combination of responsive MPs and DMNs might success-570 

fully transfer chlramphenicol into an ex vivo biofilm model, according to our findings. 571 
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 591 

Figure 9. The ex vivo concentrations and time profiles of CHL following the application of DMN-F1, DMN-F2, and 592 
DMN-CHL in non-infected rat skin (a), as well as ex vivo infection models formed by SA (b) 593 
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4. Conclusion 594 

This research aimed to maturate and confirm a CHL analysis procedure that utilizes a UV-visible 595 

spectrophotometric method. This study's proposed method went through a validation process with 596 

these five parameters: accuracy, precision, linearity, LOD, LLOQ, and extraction recovery. The 597 

outcomes indicated which total recognition specifications were right defined and satisfied all of the 598 

qualifications from the ICH instructions. In addition, an accepted scientific method was successfully 599 

used to calculate the characteristics of the entrapment efficiency, drug loading, percentage recovery, 600 

drug release profile of MPs CHL-PCL, and ex vivo dermatokinetic of microneedle MPs CHL-PCL 601 

. To conclude, the method that has been validated has numerous applications for CHL studies to 602 

formulate and characterize bacterial responsive microparticle and microneedle systems.  603 
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Dear Dr. Andi Dian Permana,

I am pleased to confirm that your paper "Validation of spectrophotometric method to quantify chloramphenicol in fluid
and rat skin tissue mimicking infection environment: application to in vitro release and ex vivo dermatokinetic studies
from dissolving microneedle loaded microparticle sensitive bacteria." has been accepted for publication in
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy.

Comments from the Editor and Reviewers can be found below.

Your accepted manuscript will now be transferred to our production department and work will begin on creation of the
proof. If we need any additional information to create the proof, we will let you know. If not, you will be contacted
again in the next few days with a request to approve the proof and to complete a number of online forms that are
required for publication.

We encourage authors of original research papers to share the research objects – including raw data, methods,
protocols, software, hardware and other outputs – associated with their paper. More information on how our open
access Research Elements journals can help you do this is available at https://www.elsevier.com/authors/tools-and-
resources/research-elements-journals?dgcid=ec_em_research_elements_email.

Thank you for submitting your work to this journal.

With kind regards,

Christian Huck
Editor
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy

Comments from the Editors and Reviewers:

Reviewer #1: The authors have addressed all the comments. I think that manuscript should be accepted for
publication.

Reviewer #3: Across the manuscript. Change r2 to r2

Line 66-67 - "The system can be designed to adapt responsively release the drug to the specific infected area
[15,16]." - correct sentence. Maybe: The system can be designed to adapt release of the drug to the specific infected
area.

https://www.elsevier.com/authors/tools-and-resources/research-elements-journals?dgcid=ec_em_research_elements_email


4/4/23, 10:22 PM Universitas Hasanuddin Mail - Your Submission SAA-D-22-02512R1

https://mail.google.com/mail/u/1/?ik=66e8994863&view=pt&search=all&permthid=thread-f:1754843734687120842&simpl=msg-f:1754843734687… 2/3

Lines 89-90 - "A fundamental part of developing new drug delivery systems in detecting and quantifying the drug," -
please correct sentence. I think in should be replaced by is

Line 95 - "these prominent research" - not sure what this means. Maybe "research articles"

Line96 - "reported method is unsuitable" - plural. "method are"

Line 195 - "degree of among a sequence" - not sure what this means

Line 218 - "The needle in the DMN is taken out by scraping the needle, then the needles is dissolved in water." -
please review this sentence. Is only 1 needle removed? Needle/needles is/are

Line 266 - "91.54 ± 2,67 percent and 94.77 ± 0,96 percent" - use % sign and . instead of , for decimals

Line 279 - "show" - replace by shows

Figure 3 legend. It stated mean +- SD n=3 but I only see 1 point and no error bar. Please clarify

Line 402 - "were extracted from skin tissue were compared" - delete the first "were"

Line 405 - "FDA bioanalytical geudeline recommendations" - guideline

Table 11 - replace , by .

Lines 441-442 - "F1 were not significantly (p > 0.05) compared to MPs F2." - significantly what? Different?

Line 494 - "In figure 5, shows" - replace by figure 5 shows

Line 501 - ", ready for a faster release" - it is not clear what this means

Line 532 - "In this study, we explain to compared" - maybe replace by we compared

Line 535 - "Table 13 has shown lists" - please clarify

Line 540 - "results..This" - delete 1 .

Line 550 - "has a significant greater" - significantly

Line 556 - ", ready for a faster release" - it is not clear what this means

Line 563 - "especially" - specifically

For further assistance, please visit our customer support site at http://help.elsevier.com/app/answers/list/p/7923. Here
you can search for solutions on a range of topics, find answers to frequently asked questions and learn more about
EM via interactive tutorials. You will also find our 24/7 support contact details should you need any further assistance
from one of our customer support representatives.
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Dear Dr. Andi Dian Permana,

I am pleased to confirm that your paper "Validation of spectrophotometric method to quantify chloramphenicol in fluid
and rat skin tissue mimicking infection environment: application to in vitro release and ex vivo dermatokinetic studies
from dissolving microneedle loaded microparticle sensitive bacteria." has been accepted for publication in
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy.

Comments from the Editor and Reviewers can be found below.

Your accepted manuscript will now be transferred to our production department and work will begin on creation of the
proof. If we need any additional information to create the proof, we will let you know. If not, you will be contacted
again in the next few days with a request to approve the proof and to complete a number of online forms that are
required for publication.

We encourage authors of original research papers to share the research objects – including raw data, methods,
protocols, software, hardware and other outputs – associated with their paper. More information on how our open
access Research Elements journals can help you do this is available at https://www.elsevier.com/authors/tools-and-
resources/research-elements-journals?dgcid=ec_em_research_elements_email.

Thank you for submitting your work to this journal.

With kind regards,

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy
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