BUKTI

SUBMIT
MANUSKRIP



4/4/23, 10:27 PM Universitas Hasanuddin Mail - ACS Applied Materials & Interfaces - Manuscript ID am-2022-16857x

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

ACS Applied Materials & Interfaces - Manuscript ID am-2022-16857x

1 message

ACS Applied Materials & Interfaces <onbehalfof@manuscriptcentral.com> Mon, Sep 19, 2022 at 4P1I\C/I),
Reply-To: support@services.acs.org

To: andi.dian.permana@farmasi.unhas.ac.id

Cc: mudjahidm20n@student.unhas.ac.id, firzannainu@unhas.ac.id, ritkanurulutami@unhas.ac.id,
sama21n@student.unhas.ac.id, marzamananf21n@student.unhas.ac.id, roskatp21n@student.unhas.ac.id,
rangga.masri@farmasi.unhas.ac.id, andi.dian.permana@farmasi.unhas.ac.id

19-Sep-2022

Journal: ACS Applied Materials & Interfaces

Manuscript ID: am-2022-16857x

Title: "Enhancement in Site-Specific Delivery of Chloramphenicol Using Bacterially Sensitive Microparticle Loaded
Into Dissolving Microneedle : Potential For Enhanced Effectiveness Treatment of Cellulitis”

Authors: Mudjahid, Mukarram ; Nainu, Firzan; Utami, Rifka; Sam, Anwar; Marzaman, Ardiyah; Roska, Tri; Asri,
Rangga; Himawan, Achmad; F. Donnelly, Ryan; Permana, Andi Dian

Manuscript Status: Submitted

Dear Dr. Permana:

Your manuscript has been successfully submitted to ACS Applied Materials & Interfaces.

Please reference the above manuscript ID in all future correspondence or when calling the office for questions. If
there are any changes in your contact information, please log in to ACS Paragon Plus with your ACS ID at

http://acsparagonplus.acs.org/ and select "Edit Your Profile" to update that information.

You can view the status of your manuscript by checking your "Authoring Activity" tab on ACS Paragon Plus after
logging in to http://acsparagonplus.acs.org/.

Journal Publishing Agreement and Copyright

Upon acceptance, ACS Publications will require the corresponding author to sign and submit a Journal Publishing
Agreement. This agreement gives authors a number of rights regarding the use of their manuscripts. At acceptance,
the corresponding author will receive an email linking through to the Journal Publishing Agreement Wizard, which
helps you select the most appropriate license for your manuscript.

For more information please see: https://pubs.acs.org/page/copyright/journals/jpa_fags.html

ACS Authoring Services

Did you know that ACS provides authoring services to help scientists prepare their manuscripts and communicate
their research more effectively? Trained chemists with field-specific expertise are available to edit your manuscript for
grammar, spelling, and other language errors, and our figure services can help you increase the visual impact of your
research.

Visit https://authoringservices.acs.org to see how we can help you! Please note that the use of these services does
not guarantee that your manuscript will be accepted for publication.

Thank you for submitting your manuscript to ACS Applied Materials & Interfaces.
Sincerely,

Dr. Kirk Schanze

ACS Applied Materials & Interfaces

PLEASE NOTE: This email message, including any attachments, contains confidential information related to peer
review and is intended solely for the personal use of the recipient(s) named above. No part of this communication or

https://mail.google.com/mail/u/1/?ik=66e899486 3&view=pt&search=all&permthid=thread-f:1744385033550284839&simpl=msg-f:1744385033550... 1/2


http://acsparagonplus.acs.org/
http://acsparagonplus.acs.org/
https://pubs.acs.org/page/copyright/journals/jpa_faqs.html
https://authoringservices.acs.org/

4/4/23, 10:27 PM Universitas Hasanuddin Mail - ACS Applied Materials & Interfaces - Manuscript ID am-2022-16857x

any related attachments may be shared with or disclosed to any third party or organization without the explicit prior
written consent of the journal Editor and ACS. If the reader of this message is not the intended recipient or is not
responsible for delivering it to the intended recipient, you have received this communication in error. Please notify the
sender immediately by e-mail, and delete the original message.

As an author or reviewer for ACS Publications, we may send you communications about related journals, topics or
products and services from the American Chemical Society. Please email us at pubs-comms-unsub@acs.org if you
do not want to receive these. Note, you will still receive updates about your manuscripts, reviews, or future invitations
to review.

Thank you.

https://mail.google.com/mail/u/1/?ik=66e899486 3&view=pt&search=all&permthid=thread-f:1744385033550284839&simpl=msg-f:1744385033550... 2/2


mailto:pubs-comms-unsub@acs.org

BUKTI
REVIEW
DARI
REVIEWERS



4/4/23, 10:28 PM Universitas Hasanuddin Mail - Revision Requested for Manuscript ID am-2022-16857x

ol
e e
i

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

Revision Requested for Manuscript ID am-2022-16857x

1 message

ACS Applied Materials & Interfaces <onbehalfof@manuscriptcentral.com> Fri, Oct 14, 2022 at 2A21\;
Reply-To: ivanisevic-office@ami.acs.org
To: andi.dian.permana@farmasi.unhas.ac.id

13-Oct-2022

Journal: ACS Applied Materials & Interfaces

Manuscript ID: am-2022-16857x

Title: "Enhancement in Site-Specific Delivery of Chloramphenicol Using Bacterially Sensitive Microparticle Loaded
Into Dissolving Microneedle : Potential For Enhanced Effectiveness Treatment of Cellulitis"

Author(s): Mudjahid, Mukarram ; Nainu, Firzan; Utami, Rifka; Sam, Anwar; Marzaman, Ardiyah; Roska, Tri; Asri,
Rangga; Himawan, Achmad; F. Donnelly, Ryan; Permana, Andi Dian

Dear Dr. Permana:

Thank you for submitting your manuscript for publication in ACS Applied Materials & Interfaces. The reviewer
comments for the above-referenced manuscript are enclosed for your information. The reviewers indicate that the
manuscript requires major revision to address a number of specific points before it can be published.

On the basis of the reviewer comments and my own assessment of the manuscript, | am willing to consider a revised
version of this paper for publication in ACS Applied Materials & Interfaces pending a second round of external review.
In preparing the revision, carefully consider all of the comments made by the reviewers.

We would like to receive your revision as soon as possible, by 03-Nov-2022 at the latest.

In addition to addressing the reviewers' comments, please make sure that your manuscript addresses the following
issues:

1) Funding Sources: Authors are required to report ALL funding sources and grant/award numbers relevant to this
manuscript. Enter all sources of funding for ALL authors relevant to this manuscript in BOTH the Open Funder
Registry tool in ACS Paragon Plus and in the manuscript to meet this requirement. See http://pubs.acs.org/page/
4authors/funder_options.html for complete instructions.

2) ORCID: Authors submitting manuscript revisions are required to provide their own validated ORCID iDs before
completing the submission, if an ORCID iD is not already associated with their ACS Paragon Plus user profiles. This
iD may be provided during original manuscript submission or when submitting the manuscript revision. You can
provide only your own ORCID iD, a unique researcher identifier. If your ORCID iD is not already validated and
associated with your ACS Paragon Plus user profile, you may do so by following the ORCID-related links in the
Email/Name section of your ACS Paragon Plus account. All authors are encouraged to register for and associate their
own ORCID iDs with their ACS Paragon Plus profiles. The ORCID iD will be displayed in the published article for any
author on a manuscript who has a validated ORCID iD associated with ACS Paragon Plus when the manuscript is
accepted. Learn more at http://www.orcid.org.

3) ***Please note that you may receive a follow-up message within one business day describing the non-scientific
changes you must also make to your manuscript before you submit the revision.

4) On resubmission, please provide 2 copies of the final manuscript file:

a) The final revised manuscript file that does not contain any highlighting or editing marks. This file should be
uploaded as the primary manuscript document file.

b) A marked copy of the revised manuscript that shows changes made on revision clearly highlighted. This file should
be uploaded SEPARATELY FROM THE FINAL MANUSCRIPT FILE as Supporting Information for Review.

c) Do not add any highlighting or other editing marks to the supporting information file that is intended to be published
with the manuscript (this file is uploaded as "supporting information for publication").

To revise your manuscript, log into ACS Paragon Plus with your ACS ID at http://acsparagonplus.acs.org/ and select
"My Authoring Activity". There you will find your manuscript title listed under "Revisions Requested by Editorial Office.
Your original files are available to you when you upload your revised manuscript. If you are replacing files, please
remove the old version of the file from the manuscript before uploading the new file.

https://mail.google.com/mail/u/1/?ik=66e899486 3&view=pt&search=all&permthid=thread-f:1746598021286983196 &simpl=msg-f:1746598021286... 1/3


http://pubs.acs.org/page/4authors/funder_options.html
http://www.orcid.org/
http://acsparagonplus.acs.org/

4/4/23, 10:28 PM Universitas Hasanuddin Mail - Revision Requested for Manuscript ID am-2022-16857x

When submitting your revised manuscript through ACS Paragon Plus, you will be able to respond to the comments
made by the reviewer(s) in the text box provided or by attaching a file containing your detailed responses to all of the
points raised by the reviewers.

Please make sure your manuscript adheres to the formatting specifications of ACS Applied Materials & Interfaces.
The instructions are available to authors using the following url: http://pubs.acs.org/page/
aamick/submission/authors.html

You may also find it helpful to look at the online version of the journal at http://pubs.acs.org/journal/aamick.
Thank you for considering ACS Applied Materials & Interfaces as a forum for the publication of your work.

ACS Publications uses Crossref Similarity Check Powered by iThenticate to detect instances of similarity in submitted
manuscripts. In publishing only original research, ACS is committed to deterring plagiarism, including self-plagiarism.
Your manuscript may be screened for similarity to published material.

With sincere regards,

Prof. Albena Ivanisevic

Associate Editor

ACS Applied Materials & Interfaces
Fax: 12023509587

email: ivanisevic-office@ami.acs.org

Reviewer(s)' Comments to Author:

Reviewer: 1

Recommendation: Publish after minor revisions noted.

Comments:

Here are some of the comments regarding the manuscript titted "Enhancement in Site-Specific Delivery of
Chloramphenicol Using Bacterially Sensitive Microparticle Loaded Into Dissolving Microneedle : Potential For
Enhanced Effectiveness Treatment of Cellulitis";

1. Authors are advised to justify microparticles over nanoparticles loading into dissolved microneedle for the treatment
of cellulitis.

2. Are there any choices of natural biodegradable polymers compatible with the drug chloramphenicol in this context?
3. Can the author throw some light on the stability of drug in the dissolving microneedle over time?

Additional Questions:
Is this paper in the top 20% of manuscripts in the field?: No

If this paper is not in the top 20% of manuscripts in the field: It could be improved to be in the top 20% with
appropriate revisions.

Is it appealing to a broad audience?: Yes

Does the manuscript give a complete description of the procedures that could be reproduced by others in the field?:
Yes

Are the literature references appropriate and up to date?: Yes

Provides significant insight into or the development of an important application: Good
Work is original and significant: Good

Conclusions adequately supported by data: Good

Clarity of presentation: Good

Potential for impact in materials science and engineering: Good

Reviewer: 2

Recommendation: Major revisions needed as noted.

https://mail.google.com/mail/u/1/?ik=66e899486 3&view=pt&search=all&permthid=thread-f:1746598021286983196&simpl=msg-f:1746598021286... 2/3


http://pubs.acs.org/page/aamick/submission/authors.html
http://pubs.acs.org/journal/aamick
mailto:ivanisevic-office@ami.acs.org

4/4/23, 10:28 PM Universitas Hasanuddin Mail - Revision Requested for Manuscript ID am-2022-16857x

Comments:

The comment for Authors:

This study combined the dissolving microneedles (MNs) and bacteria-sensitive microparticles (MPs) for enhanced
penetration and targeted delivery of chloramphenicol (CHL) to the infection site specifically. This study includes the
microparticle formulation design based on the Design—Expert® application, in vitro and in vivo test on the mutant
drosophila larval infection model. They provide the improvement of the antibacterial activity of MPs and higher
retention duration compared to conventional cream formulation. The design of this study is interesting and
experimental designs are logical and well planned. However, | have the following concerns.

1. Why the authors choose the mutant drosophila larval infection model but not animal model?

2.  The particle size and the zeta potential should be defined. The zeta potential may also affect the particles
contact with bacterial.

3.  The degradation time of PCL is long, how does the chloramphenicol release from the MPs?

4.  How does the authors evaluate the total chloramphenicol quantity in one MN patch?

5.  As shown in Fig. 5C, the XRD figure show the amorphous type of chloramphenicol loaded in the MPs, is the
structure and the activity the same with original one? The author should discuss about that.

6.  Actually, it is suggested that the animal model is necessary.

Additional Questions:
Is this paper in the top 20% of manuscripts in the field?: No

If this paper is not in the top 20% of manuscripts in the field: It could be improved to be in the top 20% with
appropriate revisions.

Is it appealing to a broad audience?: Yes

Does the manuscript give a complete description of the procedures that could be reproduced by others in the field?:
Yes

Are the literature references appropriate and up to date?: Yes

Provides significant insight into or the development of an important application: Fair
Work is original and significant: Fair

Conclusions adequately supported by data: Fair

Clarity of presentation: Fair

Potential for impact in materials science and engineering: Good

FOR ASSISTANCE WITH YOUR MANUSCRIPT SUBMISSION PLEASE CONTACT:
ACS Publications Customer Services & Information (CSI)

Email: support@services.acs.org

Phone: 202-872-4357

Toll-Free Phone: 800-227-9919 (USA/Canada only)

PLEASE NOTE: This email message, including any attachments, contains confidential information related to peer
review and is intended solely for the personal use of the recipient(s) named above. No part of this communication or
any related attachments may be shared with or disclosed to any third party or organization without the explicit prior
written consent of the journal Editor and ACS. If the reader of this message is not the intended recipient or is not
responsible for delivering it to the intended recipient, you have received this communication in error. Please notify the
sender immediately by e-mail, and delete the original message.

As an author or reviewer for ACS Publications, we may send you communications about related journals, topics or
products and services from the American Chemical Society. Please email us at pubs-comms-unsub@acs.org if you
do not want to receive these. Note, you will still receive updates about your manuscripts, reviews, or future invitations
to review.

Thank you.

https://mail.google.com/mail/u/1/?ik=66e899486 3&view=pt&search=all&permthid=thread-f:1746598021286983196 &simpl=msg-f:1746598021286...  3/3


mailto:support@services.acs.org
mailto:pubs-comms-unsub@acs.org

4/4/23, 10:30 PM Universitas Hasanuddin Mail - Permana, Andi Dian am-2022-16857x -- Manuscript Formatting Request - Non-scientific chang...

ol
e e
i

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

Permana, Andi Dian am-2022-16857x -- Manuscript Formatting Request - Non-

scientific changes
1 message

ACS Applied Materials & Interfaces <onbehalfof@manuscriptcentral.com> Fri, Oct 14, 2022 at 12;33'\(/')
Reply-To: eic@ami.acs.org
To: andi.dian.permana@farmasi.unhas.ac.id

14-Oct-2022

Manuscript ID: am-2022-16857x

Manuscript Type: Article

Title: "Enhancement in Site-Specific Delivery of Chloramphenicol Using Bacterially Sensitive Microparticle Loaded
Into Dissolving Microneedle : Potential For Enhanced Effectiveness Treatment of Cellulitis”

Author(s): Mudjahid, Mukarram ; Nainu, Firzan; Utami, Rifka; Sam, Anwar; Marzaman, Ardiyah; Roska, Tri; Asri,
Rangga; Himawan, Achmad; F. Donnelly, Ryan; Permana, Andi Dian

Dear Dr. Permana:

You recently received a Revision Request from Prof. Albena lvanisevic. In addition to addressing the Editor's
concerns and the requests of the reviewers, please complete the following before submitting your revision:

1. Please provide an additional keywords as 5-8 keywords are required.

2.Please make sure to submit a Table Of Contents (TOC) graphic and make sure that it is placed at the end of the
manuscript file.

If you intend to use highlighting, bolding, italics, or marking of any type within the manuscript to indicate changes
made in response to the reviews of your manuscript, we ask that you upload the marked-up copy as a “Supporting
Information For Review Only”.

We look forward to receiving your revised manuscript, so that processing of your manuscript may proceed without
further delay. Thank you for considering the ACS Applied Materials & Interfaces as a forum for the publication of your
work.

Sincerely,

Mallikeswari Parthasarathy
ACS Applied Materials & Interfaces

FOR ASSISTANCE WITH YOUR MANUSCRIPT SUBMISSION PLEASE CONTACT:

ACS Publications Customer Services & Information (CSI)
Email: support@services.acs.org

Phone: 202-872-4357

Toll-Free Phone: 800-227-9919 (USA/Canada only)

PLEASE NOTE: This email message, including any attachments, contains confidential information related to peer
review and is intended solely for the personal use of the recipient(s) named above. No part of this communication or
any related attachments may be shared with or disclosed to any third party or organization without the explicit prior
written consent of the journal Editor and ACS. If the reader of this message is not the intended recipient or is not
responsible for delivering it to the intended recipient, you have received this communication in error. Please notify the
sender immediately by e-mail, and delete the original message.

As an author or reviewer for ACS Publications, we may send you communications about related journals, topics or
products and services from the American Chemical Society. Please email us at pubs-comms-unsub@acs.org if you
do not want to receive these. Note, you will still receive updates about your manuscripts, reviews, or future invitations

https://mail.google.com/mail/u/1/?ik=66e899486 3&view=pt&search=all&permthid=thread-f:1746635937803486823&simpl=msg-f:1746635937803... 1/2


mailto:support@services.acs.org
mailto:pubs-comms-unsub@acs.org

4/4/23, 10:30 PM Universitas Hasanuddin Mail - Permana, Andi Dian am-2022-16857x -- Manuscript Formatting Request - Non-scientific chang...

to review.

Thank you.

https://mail.google.com/mail/u/1/?ik=66e899486 3&view=pt&search=all&permthid=thread-f:1746635937803486823&simpl=msg-f:1746635937803... 2/2



BUKTI
SUBMIT
HASIL
REVIEW



N

w

9
10

11
12
13
14
15

16
17

18
19

20
21
22
23
24
25
26
27
28
29

Enhancement in Site-Specific Delivery of
Chloramphenicol Using Bacterially Sensitive
Microparticle Loaded Into Dissolving Microneedle
. Potential For Enhanced Effectiveness Treatment

of Cellulitis

Mukarram Mudjahid?, Firzan Nainu?, Rifka Nurul Utami®, Anwar Sam?!, Ardiyah Nurul Fitri
Marzaman?, Tri Puspita Roska!, Rangga Meidianto Asri', Achmad Himawan?, Ryan F.

Donnelly?, Andi Dian Permana'*

1. Department of Pharmaceutics, Faculty of Pharmacy, Hasanuddin University,
Makassar 90245, Indonesia
2. Department of Pharmacology and Toxicology, Faculty of Pharmacy, Universitas
Hasanuddin, Makassar 90245
3. School of Pharmacy, Queen's University Belfast, Medical Biology Centre, 97 Lisburn
Road, Belfast. BT9 7BL, UK

*Correspondence should be addressed to Andi Dian Permana (Faculty of Pharmacy,

Hasanuddin University, Indonesia). Email: andi.dian.permana@farmasi.unhas.ac.id



mailto:andi.dian.permana@farmasi.unhas.ac.id

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

ABSTRACT
One of the biggest challenges in infectious disease treatment is the existence of bacterial
infections in underskin wound tissue, such as cellulitis. Compared to other treatments, it is
harder for antibacterial drugs to penetrate the physical barrier on the affected skin with a non-
specific target, making conventional therapy for cellulitis infection more difficult and
considered. In this novel research, we pioneer a combined strategy of dissolving microneedles
(MNs) and bacteria-sensitive microparticles (MPs) for enhanced penetration and targeted
delivery of chloramphenicol (CHL) to the infection site specifically. The polycaprolactone
polymer was used to make MPs because of its sensitivity to bacterial enzyme stimuli. The best
microparticle formulation was discovered and optimized using the Design—Expert®™
application. Furthermore, this study evaluated the antibacterial activity of MPs in vitro and in
vivo on the mutant drosophila larval infection model. This strategy shows that improves the
antibacterial activity of MPs and higher retention duration compared to conventional cream
formulation, and that the inclusion of these MPs into dissolving MNs was able to greatly
improve the dermatokinetic characteristics of CHL in ex vivo evaluation. Importantly, the
antimicrobial efficacy in an ex vivo infection model demonstrated that, following the use of
this strategy, bacterial bioburdens decreased by up to 99.99% after 24 hours. The findings
offered a proof of concept for the enhancement of CHL dermatokinetic profiles and
antimicrobial activities after its preparation into bacterial sensitive MPs and distribution by
MNs. Future research should investigate in vivo effectiveness in an appropriate animal model.
KEYWORDS: Bacterially Sensitive Microparticles, Cellulitis, Chloramphenicol, Dissolving

Microneedle, Polycaprolactone, Dermatokinetic



52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

1. Introduction

Chronic wounds are a major global concern and are typically caused by vascular
insufficiency and infection.! Infection arises as a result of microorganism growth in the wound
site, resulting in a prolonged, excessive inflammatory response, delays in collagen synthesis,
and tissue degradation, leading to higher patient mortality and morbidity risks."> Over $50
billion is spent annually on the management of chronic wounds.* Cellulitis is type of chronic
wound infection located in the dermis/subcutaneous layer of the skin; it is caused by the
immune system’s (cytokines and neutrophils) reaction to bacteria penetrating the epidermis.*°
The location of the infection in the cutaneous tissue with no visible wound in the epidermis of
the skin, is often dismissed as ordinary inflammation. These symptoms are also common
among the others inflammatory skin diseases, making diagnosis of wound-related cellulitis a
substantial challenge at the same time that bacterial cultivation is developing rapidly.’ It is
possible to increase the degree of chronic wounds that ended difficult to heal and needed an
extension in treatment management.

The primary method for managing infected wounds is surgical debridement, which
includes the removal of necrotic and wound tissue. This is usually followed by a regimen of
antimicrobial medications for long-term therapy, either topically or systemically.”
Additionally, numerous reports of several bacterial strains colonizing human skin tissue have
been reported.” This is related to the interaction of different strains of bacteria, which can
synergistically increase disease severity.!? Therefore, broad-spectrum antibiotics should be
considered when selecting effective treatment. Chloramphenicol (CHL) is a broad-spectrum
antibiotic that blocks the peptidyl transferase activity of the bacterial ribosome, which prevents
protein chain elongation and inhibits development growth of bacteria.!! CHL is effective
against Enterococcus faecium in addition to being a broad-spectrum antibiotic, which has led

to its consideration for the treatment of vancomycin-resistant enterococcus.!'"'2. However,
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systemically-administered CHL possesses harmful side effects, such as bone marrow
damage.!"!>!3 This is aggravated by the fact that, due to the rise of antibiotic resistance, CHL
has recently been given to patients in higher doses.!! Therefore, it is necessary to create and
develop a technique for selective drug administration that can prevent the exposure of CHL to
unwanted sites.

Numerous attempts have been previously reported to address this specific problem.
Antibiotic delivery, in particular, can be modified by increasing targeting efficiency or reacting
to environmental triggers, such as enzyme, pH, or temperature '*. Natural polymers such as
chitosan, cellulose, and albumin are capable of showing both thermal and pH responsive
properties, rendering their vast application for drug delivery °. However, precise drug release
still cannot be completely achieved with these polymers, since the biological pH and
temperature fluctuate within a particular range due to individual variances and the degree of
infection '°. Designing a more precise drug release which can only be induced at a very specific
environmental trigger can become the solution. For instance, it has been reported that
Staphylococcus aureus (SA) can produce specifically enzyme like lipolytic esterase. This
enzyme can initiate the biocatalytic hydrolysis of a polymer called polycaprolactone (PCL).!”
Given this unique property, PCL can be employed as suitable materials to specifically deliver
antimicrobial agents only to the infected tissues. Hence, this approach could prevent exposure
to healthy tissues, resulting in a safer therapeutic approach. One of the utilizations of this
polymer is the formulation of microparticulate or nanoparticulate delivery system.!® Small
molecules and moderately sized molecules, in the form of micro/nanoparticles, can easily
penetrate both the endothelium of the blood and the lymphatic capillary.'® Particularly for skin
delivery, microparticles (MPs) have shown to retain drugs better than NPs, and can help

localize long-term drug retention in the skin.’®*! For that reason, we hypothesize that
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incorporating chloramphenicol into MPs may enhance their efficiency targeting in skin wound
infections.

The effectiveness of the few therapy options for infected wounds is currently limited
by toxicity issues and low-to-moderate eschar penetration concerns. Despite the fact that
bacterial conjunctivitis has previously been treated with chloramphenicol ointment, there are
less data supporting its use in the prevention or treatment of infections in skin wounds.??
Chloramphenicol is ineffective for the topical treatment of skin infections due to its
hydrophobic chemical components,'! which limit effective cutaneous penetration, as human
skin creates an impenetrable barrier that prevents the hydrophobic medication from being
transported that way. The issue becomes more significant in the event of an infected lesion,
when the medicine should penetrate through the skin around infection area and to improve its
therapeutic index.!! Dissolving microneedles (MNs) are a medication delivery system that may
bypass the primary epidermal barrier.”> MNs can essentially offer a quick, painless, locally
focused, and patient-compliant administration strategy.?* Dissolving MNs, in contrast to
hypodermic needle injections, are made of biocompatible polymers and are capable of self-
dissolving. Therefore, their use does not result in the production of biohazardous sharps
waste.””> Considering the benefits of this technique, adding MPs to dissolving MNs may
enhance the quantity of MPs that reaches the necrotic tissue of infected skin, thereby possibly
improving chronic wound infection management for cellulitis.

This study implemented a novel strategy for potentially improving chronic wound
treatment from cellulitis by pioneering the production of MPs loaded with CHL and attached
in dissolving MN system. The MPs were evaluated for their structure, antibacterial properties,
size, and others physicochemical characterization. To examine the effectiveness of MPs in in
vivo evaluation, we employed the immunodeficient mutant Drosophila larval model. The

release behavior of CHL in MPs was specifically tested with and without the presence of
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microorganisms commonly found in chronic infection wounds of cellulitis. The MPs were then
added to dissolvoing MNs, which were evaluated for their insertion and mechanical
characteristics. Ex vivo infection models in excised infected and normal rat skin were used to
explore the ex vivo dermatokinetic characteristics of CHL-loaded MPs. Finally, to assess the
potential effectiveness of this inquiry, an ex vivo skin infection model was used to examine the

MPs ability to penetrate and eliminate the burden of bacterial infection.

2. EXPERIMENTAL SECTION

2.1. Materials. Chloramphenicol (CHL) (purity, 100.00%) was purchased from Merck
(Darmstadt, Germany). Polycaprolactone (PCL) (MW 80,000), polyvinyl alcohol (PVA) (MW
9,000-10,000), Polyvinyl pyrrolidone (PVP) (MW 40,000), sodium chloride, Tryptic Soy
Broth (TSB), potassium chloride, disodium phosphate, and potassium dihydrogen phosphate,

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

2.2. Preparation of chloramphenicol sensitive bacterial microparticles (CHL-
Loaded MPs) Following a previously described procedure with minor modifications, PCL was
used as the polymer and PV A as the surfactant to create CHL microparticles using a solvent-
evaporation approach.! Briefly, PCL was dissolved in 7 mL of chloroform and CHL in 3 mL
of methanol. The mixtures were then combined until homogenous. Then, the polymer—drug
mixture was added dropwise into the 25 mL aqueous phase containing 3% PVA as the
hydrophilic surfactant under mechanical homogenizer at 500 rpm for 5 minutes. To ensure the
organic phase evaporated entirely, the emulsion system was left under a magnetic stirrer for
five hours. The MPs were then centrifuged to facilitate collection, rinsed three times with

distilled water, and dried. Figure 1 illustrates the schematic preparation of CHL-loaded MPs.
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Figure 1. Schematic illustration of preparation of CHL-loaded MPs.

2.3. Optimization of CHL-Loaded MPs through Experimental Design. CHL-
Loaded MPs were created using Design-Expert™ (version 13, Stat-Ease, Inc.) by optimizing
the crucial process parameters. Following the response surface methodology and central
composite design (CCD), three independent variables can influence the characteristics of the
resulting MPs: CHL-PCL ratio (X1), stirring speed (X2), and stirring time (X3). The program
carried out 15 runs of formulas for provided values of low and high levels of these factors,
denoted by 1 and +1, respectively. These values were also established empirically during pre-
formulation screening. For CHL-Loaded MPs optimization, dependent variables to be
examined included particle size (Y1), polydispersity index (PDI) (Y2), entrapment efficiency
(EE%) (Y3), and drug loading (DL%) (Y4). Table 1 displays the composition of 15

formulations with the dependent variable outputs.
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Table 1. Composition, characteristics design, and mean of particle size, PDI, entrapment

efficiency (EE), and drug loading (DL), of CHL-loaded MPs

Independent Variables Dependent Variables
Run X2 X3 Y1 Y3 Y4
X1 Y2
(rpm)  (minutes)  (um) (%) (%)
F1 1 500 15 17.96 0.022 41.54 22.77
F2 1 1000 10 16.40 0.018 32.74 16.37
F3 15 500 15 59.46 0.030 50.82 3.17
F4 1 1500 5 7.38 0.010 38.76 19.38
F5 8 1000 10 49.04 0.009 44.69 4.96
F6 8 1500 10 30.34 0.010 44.31 4.92
F7 15 1000 10 58.85 0.012 49.10 3.06
F8 8 1000 15 38.41 0.004 37.42 4.15
F9 1 1500 15 5.82 0.389 34.55 17.27
F10 1 500 5 22.37 0.010 44.41 22.20
F11 8 1000 5 54.53 0.008 44.98 4.99
F12 15 1500 5 55.13 0.005 49.19 3.07
F13 15 1500 15 47.10 0.007 45.46 2.84
F14 8 500 10 58.68 0.012 45.56 5.06
F15 15 500 5 71.26 0.013 55.70 3.48

2.4. Characterization of CHL-loaded MPs. The diameter and polydispersity index

(PDI) of CHL-loaded MPs were determined using a microscope (Olympus CS33, Olympus

Corporation) and was calibrated using a 10x magnification Optilab® camera. Zeta potential of

CHL-loaded MPs was determined using zeta potential analyzer (Brookhaven, New York,
USA)

An indirect technique was used to measure the EE of CHL in the MPs formulations.?®

After three washing cycles, the free CHL concentration in the supernatant was measured using
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spectrophotometry UV-VIS (Dynamica, HALO XB-10, Dynamica Scientific Ltd, UK).

Finally, equation (1) was used to determine the EE of CHL.

Drug Total-Drug Free

EE% =
/o Drug Total

x 100% (Equation 1)

To determine the DL percentage of CHL in MPs formulations, 10 mg of dried MPs was
dispersed into a 7:3 methanol: chloroform mixture, which was placed in sonicator for one hour
to disrupt the MP matrix. Following a 15-minute centrifugation at 14,000 rpm of the
suspension, the concentration of CHL in the supernatant was determined using a
spectrophotometer UV-VIS (Dynamica, HALO XB-10, Dynamica Scientific Ltd, UK).

Equation (2) was used to calculate the DL percentage.

Amount of Encapsulated CHL

DL% =
° Total Weight

x 100 % (Equation 2)

A scanning electron microscope (SEM) was used to examine the morphologies of the
CHL-loaded MPs (Hitachi, Krefeld, Germany). A Fourier transform infrared (FTIR)
spectrometer (Accutrac FT/IR-4100TM Series, Jasco, Essex, UK) was used to examine the
chemical interactions between each component in the formulas. A differential scanning
calorimeter was used to conduct thermal profile investigation of CHL, polymers, physical
mixtures, and CHL-loaded MPs (DSC 2920, TA Instruments, Surrey, UK). An X-ray
diffractometer instrument was used to perform crystalline profile diffraction on CHL and CHL-

loaded MPs (Rigaku Corporation, Kent, England).

2.5. Hemolytic activity of CHL-loaded MPs. In this investigation, the hemolysis
potential of the cells may be utilized to evaluate the biocompatibility and safety of the designed
drug delivery system. Following a previously described procedure, an in vitro hemolytic
experiment was carried out to evaluate the hemolytic activity of CHL-Loaded MPs.?’ Briefly,
erythrocytes were collected from the blood of healthy female Sprague—Dawley rat by

centrifugation at 2000 RCF for 10 minutes. The blood was then washed with PBS and
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processed to three cycles of centrifugation under the same conditions. The erythrocytes were
washed and resuspended in PBS to a final concentration of 10% v/v. In 900 pL of samples
containing CHL and CHL-loaded MPs diluted in PBS until they reached 5, 50, and 500 pg/mL
concentrations. Then, 100 uL of the produced cell (erythrocytes) suspension was added. After
that, the mixtures were centrifuged at 14,000 RCF for 10 minutes after being incubated at 37°C
for 60 minutes. Finally, to determine the amount of free hemoglobin, UV-visible spectroscopy
was used to measure the absorbance of the supernatant (Dynamica, HALO XB-10).
Accordingly, PBS and distilled water were used as negative and positive hemolytic controls.
To assess the hemolysis of the samples, a change in the color of sample mixture was also seen.
For each concentration, the experiment was run in three replications. Equation (3) was used to

determine the hemolysis percentage:

OD (Test Sample)-OD(Negative controll)
OD (Postive controll)-OD (Negative controll)

Hemolysis (%)= x 100% (Equation 3)

2.6. In-vitro antibacterial activities

2.6.1. Culture of bacterial strains. The microorganism employed in this investigation
was SA ATCC 25923. The strains were purchased from LGC Standards in Middlesex, UK,
kept at 4°C, and were sub-cultured on new media at regular intervals. Before each antibacterial
experiment, the bacterial strains were cultured overnight and incubated at 37°C in TSB media.
Serial dilutions with TSB were used to create inoculums of bacteria (placing the diluted mixture
on tryptic soy agar (TSA) plates allowed for the accurate counting of bacteria), resulting in

final concentrations of 1.5 x 108 colony forming units (CFU)/mL.

2.6.2. Determination of minimum inhibitory concentration and minimum
bactericidal concentration. As previously described, a microtiter broth dilution technique was

used to determine the minimal inhibitory concentrations (MICs) and minimal bactericidal
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concentrations (MBCs) of CHL and CHL-loaded MPs in 96 well bottom plates.?® Various
concentrations of CHL and CHL-loaded MPs (3.125-200 pg/mL) were used to calculate the
MIC in TSB along with the corresponding equilibrated concentrations of chloramphenicol.
Each tube received a 100 pL volume of each bacterial inoculum, which was then cultured for
24 hours at room temperature (See Figure 2a). The positive and negative controls utilized were
TSB and TSB with bacteria, respectively. The lowest concentration of the tested substance,

which had no visible growth after 24 hours of incubation, was considered the MIC.

MBC was calculated by cultivating 20 ul on TSA plates and incubating them at 37°C
for 24 hours in wells corresponding to the MIC and the above-mentioned dilutions. The
researchers then determined how many bacterial colonies were present on the plates. The MBC
was determined to be the lowest concentration that inhibited 99.9% of bacterial growth.

Equation (4) was used to determine the killing percentage

Killing percentage (%) = Sl (Coﬁﬁgigzzg;perimem) x 100% (Equation 4)

2.6.3. Time kill assay. Following the procedure outlined before described, the time-
killing kinetics of CHL and CHL-loaded MPs against SA was determined.?® MPs loaded with
CHL were created and added to the bacterial suspensions (1.5 x 108 CFU/mL). CHL doses
corresponding to MIC, 2x MIC, and 4x MIC were also prepared and applied. Then, 37°C of
incubation was applied to the bacterial cultures. 20 ul aliquots from the cultures were obtained
at intervals of 0, 2, 4, 6, 8, 12, 18, and 24 hours and aseptically injected on TSA plates. To
calculate the bacteria’s viable CFU, the plates were incubated for 24 hours at 37°C. The
procedure was performed in triplicate, and a log CFU/mL vs time kill curve was constructed.

Figure 2a illustrates the schematic time Kill assay.
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Figure 2. Schematic illustration of MIC, MBC, and time kill assay (A), infection

experiment on Drosophila larva infection model (B).

2.7. In vivo antibacterial activities in Drosophila larval model

2.7.1. Bacterial strains and fly stocks. SA ATCC 25923 was the bacterial strain used
as the infecting agent. It was purchased from LGC Standards in Middlesex, UK, and kept at
4°C. Bacteria were cultivated separately in TSB medium and incubated at 37°C. When the
cultures had grown to their maximum potential, they were collected, rinsed with PBS, and
employed in the tests. This study used the psh [1];;modSP[KO] Drosophila line, which is an
immunodeficient fly line that lacks toll pathway activity. All flies were kept on conventional

cornmeal-agar medium at a temperature of 25°C.
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2.7.2. Infection experiment. The infection experiment on larval Drosophila was carried
out as previously described with minor modifications.*® Two and a half days after egg laying,
the researchers began infecting mid-L2 larvae. Animals were put in a 1.5 mL microcentrifuge
tube for 30 minutes per test, along with 300 pl of crushed bananas and 300 ul of an overnight
bacterial culture (See Figure 2b). A foam stopper was used to obstruct the animals, ensuring
that they stayed at the bottom of the tube for the duration of the infection. Upon completion of
this stage, they were quickly cleaned in 30% ethanol before being put on a petri dish with a
new fly medium free of yeast and containing CHL-laoded MPs. Waiting durations and

infections were conducted at 29°C.

2.8. In-vitro release study of CHL-loaded MPs in bacterial cultures. The in vitro
release study of CHL-loaded MPs in bacterial cultures was determined. The release tests of
CHL and CHL-loaded MPs were carried out in presence or absence of bacteria in fluid
mimicking infection media.!’ Briefly, MPs with a CHL equivalent of 50 mg were dissolved in
50 mL of the bacterial cultures and incubated at 37°C and 100 rpm in an orbital shaker. At
0.25,0.5,0.75,1, 2, 3,4,5, 6, 7, 8, and 24 hours of incubation, samples from the cultures were
taken out and inoculated on TSA plates with the proper dilutions. At predetermined intervals,
0.5 mL aliquots of the sample were removed and filtered. The concentration of CHL in the

filtrate was measured using a spectrophotometer UV-VIS.

To assess the kinetic release profiles, DDSolver (China Pharmaceutical University,
Nanjing, China),®! was used to fit in Five mathematical models like, zero-order kinetics (ZO),

first-order kinetics (FO), higuchi model, korsmeyer—peppas (KP), and hixson—crowell (HC).
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Zero Order Kinetics : C; = Cy+ kgt (Equation 5)
First Order Kinetics : InC,=InC,+k;t  (Equation 6)
Higuchi Model : C, = kyv/t (Equation 7)

Korsmeyer-Peppas Model : C; = kgpt" (Equation 8)

Hixson-Crowell Model : C:/ 3= C(l)/3kHct (Equation 9)
Ct denotes the concentration of CHL at period t, CO indicates a primary combination
of CHL in-side of medium (t=0), KO, K1, KH, KP, and KHC were the coefficients of release
of the relevant kinetic models. A calculation from every type will be explained and the fit of

release kinetics was selected by a reciprocity of coefficient (r?).

2.9. Formulation Design and Manufacture of CHL-MPs loaded Dissolving
Microneedle (MNs). A two-step manufacturing procedure was used to create two-layered
dissolving MNs, with a few minor modifications.?®% The polymer solutions were mixed with
the ratio depicted in Table 2. The same quantity of CHL-loaded MPs pellets was combined
with the polymer mixture to create the MNs formulation. They were then exposed to sonication
to achieve a clean bubble-free dispersion. Then, 50 mg of the mixture was poured into the
silicone MN molds. The polymer—drug combination was then put on the mold and centrifuged.
Following centrifugation, the extra polymer mixture at the top of the mold was extracted and
replaced using a spatula; the formulas were kept at room temperature for 4 hours. Following
that, the two-layered MNs were created by pouring an aqueous gel containing blank polymer
mixtures. Then, the molds were centrifuged again. The produced MNs were then dried for 24
hours at room temperature and 24 hours at 37°C without being removed from the mold (See
Figure 3). In addition to MNs with CHL-loaded MPs, MNs with free CHL were generated for
additional research using the same procedure. Figure 3 is schematic illustration of

manufacturing the two-layered MNs.



302 Table 2 Composition of formulations MNs containing CHL-loaded MPs

Concentration (%b/b)

Formulas
MPs PVP PVA Aguadest
F1 25 20 15 40
F2 25 20 20 35
F3 25 20 25 30
F4 25 25 20 30
F5 25 15 20 40
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Figure 3. Two-layer dissolving MNs manufacturing scheme (A), MNs dimensions (B).

formulas were kept at room
temperature for 4 hours

2.10. Mechanical strength and penetration ability test. To assess the MNs response
after applied pressure, mechanical strength and penetrating ability tests were carried out using
the previously stated approach with minor modifications.®? This assessment was done by
measuring the MNs capacity penetration through eight layers of parafilm®, which was the
same thickness as the top layer of human skin. Pressure (30 N) was used to apply the MNs for
30 seconds. A weight of 3.06 kg was placed on top of the microneedles to create this pressure.
It is important to note that during the trial, equal pressure was applied to all sides of the MNS.

Then, the number of holes in each layer of parafilm® was counted and MNs size and shape
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were examined under a microscope in accordance with technique described previously.*® The
following calculations are used to compute the proportion of mechanical strength and MNs

penetration capability.®*

initial height-height after preassure applied

compression % = x 100% (Equation 10)

initial height

Number of holes in n layer

% penetration of n layer = x 100%  (Equation 11)

total number of holes

2.11. Calculation of drug content localized to the needles. To quantify the amount of
CHL in MNs, needle MNs were scraped carefully from the baseplate using a scalpel and then
dissolved in 5 mL of distilled water. Methanol : chloroform mixture with ratio of 7 : 3 (2 ml)
was added to the dispersion and placed in sonicator for one hour to disrupt the MP matrix.
Following a 15-minute centrifugation at 14,000 rpm of the suspension, the concentration of
CHL in the supernatant was determined using a spectrophotometer UV-VIS (Dynamica,

HALO XB-10, Dynamica Scientific Ltd, UK)

2.12. Stability Test of MPs-CHL loaded into MNs. MNs containing CHL-loaded MPs
were kept in static storage at 25°C. The initial sizes, PDIs, EE, DL, and zeta potentials were
compared to those obtained in 10 days and storage at 25°C to determine stability. The statistical

analysis was used to assess the significance stability of MPs.

2.13. Dissolution study, ex vivo dermatokinetic studies and anti-infection activity in

ex vivo model of infection on rat skin

2.13.1. Preparation of ex vivo model of infection on rat skin. Wistar rats’ abdomen
skins were removed and placed in PBS before the experiment (pH 7.4). Rat skins were washed
in ethanol at a 70% concentration for one hour. The skins were kept in a biosafety cabinet for
20 minutes to allow the ethanol to evaporate before wounding the surface 5 mm with a biopsy

punch (Stiefel, Middlesex, UK). The previously reported procedures were then applied to
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develop ex vivo models of infection on rat skin, with a few minor modifications.® After
wounding and infection, the skins were transferred on TSA plates and 50 pL of the diluted
bacterial suspension (1.5 x 108 CFU/mL) were equally injected to the wound of the skin. Every
day for five days, the skins were moved to new TSA media plates, which were then incubated

at 37°C to encourage the formation of the infection.

2.13.2. Dissolution study. The MNs dissolution study was assessed in an ex vivo model
of skin infection. Briefly, the MN arrays were physically implanted into the epidermal area,
and a 5.0 g cylindrical stainless-steel weight was placed on top to guarantee the array stayed in
place. MN arrays were collected at various interval time points and examined using a Leica

EZ4 D stereo microscope.

2.13.3. Ex vivo dermatokinetic studies. Ex vivo dermatokinetic tests of MNs containing
free CHL and CHL-loaded MPs were performed on excised full-thickness skin in both infected
and infection models. This investigation was conducted using the previously outlined
methodology.?®% Initially, cyanoacrylate glue was used to affix the skin to the franz cell
diffusion cells’ donor compartment. The receiver chamber with PBS was coupled with another
donor compartment., and the MNs were manually forced into the skin for 30 seconds (pH 7.4).
The MNs were kept in place during the experiment by a cylindrical stainless steel mass that
weighed 5 g. The recipient compartment’s temperature was maintained at 37 + 1°C, and
Parafilm® was employed to seal the donor compartment and sampling side. At 600 rpm, the
compartment was agitated. At regular intervals (1, 2, 3, 4, 5, 6, 8, and 24 h), the MNs were
taken, and the skin was then three times washed with sterile water. To extract the CHL released
in the skin, the skin sample was then collected and the surface was cleaned with distilled water.
After cleaning, the skin sample was cut into small pieces and 2 ml of PBS was added to extract

CHL from the tissue. The sample was then vortexed for 5 minutes and centrifuged at 14,000
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rpm for 15 minutes. The supernatant was analyzed using a UV-VIS spectrophotometer

instrument (Dynamica, HALO XB-10, Dynamica Scientific Ltd, UK).

To assess the dermatokinetic profiles, PKSolver (China Pharmaceutical University,
Nanjing, China),®! was used in a one-compartment open model. We calculated the drug
concentration time curve from time zero (t=0) to the end experimental time point (t=24 h)
(AUC), the mean half-life (t1/2), the mean residence time (MRT), the maximum drug
concentration in skin (Cmax), and the time of maximum concentration (tmax). To ensure that
the skin extraction method was only able to remove the CHL released from MPs without
harming the MPs, the extraction method was applied to the CHL-loaded MPs dispersion, and
processed using the same steps. It should be noted that the extraction method did not affect the
CHL encapsulated in the MPs. Comparative investigations were carried out utilizing MPs that

were loaded with specific amounts of CHL and needle-free patches conveying free CHL.

2.13.4. Antimicrobial activity in ex vivo model of infection on rat skin. The technique
previously described,®3¢ was used to measure anti-infection activity, with a few minor
modifications. 20 pL of the supernatant from dermatokinetic experiments 24 and 48 hours after
application time was inoculated onto TSA plates and was incubated for 24 hours at 37°C to
assess the anti-infection effectiveness of MNs formulation loaded with CHL and MPs-CHL in
an ex vivo model. Additionally, the same procedure was carried out using cream containing
CHL and CHL-loaded MPs on the diseased skin. Finally, the number of viable CFU was
determined. Normal skin was utilized as a negative control, while infected skin was used as a

positive control without MNs treatment.

2.14. Statistical analysis. The findings of the experiment were presented as means and
standard deviations (SD) of the means. GraphPad Prism® version 6 was used (GraphPad

Software, San Diego, California, USA) for statistical analysis. An unpaired t-test was employed
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to compare the two groups. In addition, the Kruskal-Wallis test with a post-hoc Dunn’s test
was utilized to compare different groups. Statistical significance is indicated by a value of

p < 0.05.

3. Results and Discussion

3.1. Formulation of CHL-loaded MPs. The solvent-evaporation approach was used to
prepare CHL—loaded MPs, because this approach is suitable for producing MPs containing
hydrophobic compounds such as CHL.* The initial issue was choosing an organic phase that
could dissolve both chloramphenicol and the polyester polymer, PCL. A mixture of methanol
and chloroform solvent with a ratio of 7: 3 was used to create CHL-Loaded MPs because these
solvents mixed well and homogenously (i.e.,clear), and no harmful chlorinated organic
solvents were used to incorporate the drug into the MPs. The cosolvent was also employed to
aid in the solubility of CHL, which was then integrated into the hydrophobic core of CHL-

loaded MPs.

3.2. Statistical analysis of experimental data by Design-Expert software. A total of 15
formulations with various level of ratio CHL: PCL (X1), stirring speed (X2), and stirring time
(X3) were successfully formulated and screened using CCD under Design-Expert™ (version
13, Stat-Ease, Inc, Minneapolis, USA). The best mathematical model was selected based on
statistical goodness-of-fit including F-value, predicted and adjusted R-squared values, and
adequate precision. After confirming the model significance in terms of an analysis of variance
test with a p-value of 0.05 or below, the data were evaluated. The impact of each independent

variable on different answers was calculated after critical analysis.

3.2.1. Effect of independent variables on particle size. The physicochemical
characteristics (e.g., drug loading, release profile, bioavailability) and physiological behavior

(e.g., interaction with plasma components, phagocytosis, uptake) of MPs are commonly
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dependent on particle size.3” The 15 formulations tested in this study had mean particle sizes
between 5.82 and 71.26 pum (Table 1), which is ideal for skin penetration and retention.?
Compared to the quadratic and two-factor models, the linear model, with an R-squared value
of 0.9196 and an adjusted R-squared value of 0.8976, was determined to be the best match for
answer Y1. ANOVA was used to assess the linear model’s significance for the quantitative
impacts of variables on response. The linear model had a significant ANOVA result (p < 0.05)
and a model F-value of 41.92. The signal to noise ratio is measured by “Adeq Precision,” and
a value greater than 4 is preferred.®® The calculated ratio, 19.827, suggested that the anticipated
model would be helpful in guiding the design space. An empirical polynomial equation based

on data analysis was produced and is represented by the following coded factors:

Mean particle size (um)

Y1 = +39.34292 + 3.16933X1 — 0.016791X2 — 0.838608X3 (Equation 12)

Regarding the ANOVA results, CHL:PCL Ratio (X1) and stirring speed (X2) had a
significant impact on particle size. According to Equation (12), the significant positive
coefficient for X1 indicated that the particle size significantly increased with increasing
polymer concentration (p < 0.05). This can be explained by the fact that when polymers are
more highly concentrated, there are more interactions between particles during emulsification.
This causes the fusing of partially formed particles, which in turn causes an increase in particle
size.®® Additionally, increasing polymer content increases the organic phase’s viscosity, which
finally slows down its diffusion into the aqueous phase and produces bigger microparticles.*°
Further, the significant negative coefficient for X2 indicated that the particle size significantly
decreased with increasing stirring speed (p < 0.05). This is because emulsification at fast speed

can lead to a reduction in emulsion globules; as a result, a lower emulsion globule size

permitted the production of smaller microparticles. As homogenization proceeds more quickly,
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more energy is released, which causes the polymeric organic phase to disperse more quickly
and produces small microparticles with monomodal distributions. The values of the X2 and X3
coefficients were negative, indicating an inversely proportional effect with the resulting
particle size response. However, stirring time coefficients for X3 were not significant

(p > 0.05).

Two variables can have simultaneous impacts, which can be shown in 3D surface plots.
Plot X1X2’s curved shape showed that the factors strongly interacted to affect particle size.
Although CHL:PCL ratio and stirring speed are clearly correlated to particle size, these
relationships are not statistically significant (p > 0.05) based the positive coefficient value for
stirring time (X3). As seen in Figure 4A, two and three dimensional surface plots vividly
demonstrate how numerous independent factors affect particle size. The intensity of the red
hue indicates an increase in particle size with corresponding changes CHL:PCL ratio, stirring

speed, and stirring time
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Figure 4. 2D and 3D response surface graphs displaying the impact of independent factors on particle size (A), EE% (B), and DL% (C).

Particle size (um)

Particle size (um)

Posticie size (um)

b

Entrapment Efficiency (%)

Entrapment Efficiency (%)

Entrapment Efficiency (%)

One Factor
1
.
-
.
T T T T T T
A CHL: PCL Ratio
One Factor
-
:
(] .
-
- - e oo
B: Stiing Speed (rpm)
One Factor
-
. .
-
.

C: Stiring Time (minute)

Entrapment Efficiency (%)

Entrapment Efficiency (%)

Entrapment Efficiency (%)

A:CHL: PCL Ratio

Drug Loading (%)

Drug Loading (%)

Drug Loading (%)

One Factor
L
!
.
\
- -
e
L L
A CHL: PCL Ratio
One Factor
worg -
. . -
T T
A A A .o
8:Stiring Speed (rpm)
One Factor
. . )
T T
H ' H " " M

C: Stirring Time (minute)

g
g
§
2
&




452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

3.2.2. Effect of independent variables on polydispersity index. The polydispersity index
(PDI) is a value that describes sample heterogeneity by size distribution. Polydispersity can occur
due to size distribution in the sample or agglomeration and aggregation of samples during the
synthesis and analysis process. Size heterogeneity will cause fluctuations in the amount of drug that
penetrates and is retained in the skin. In this study, the average PDI value is below 0.05, which
indicates a monodispersed system. Based on the results of the analysis, there is no mathematical
model that follows the trend of good PDI values. The ANOVA test results also showed a data trend
that was not significant (p > 0.05). This suggests that none of the independent variables—polymer

ratio (X1), stirring speed (X2), or stirring time (X3)—significantly affected the PDI values.

3.2.3. Effect of independent variables on EE percentage. To achieve the necessary
bactericidal activity, MPs must have the capacity to encapsulate a sizable quantity of CHL. Table 1
shows the EE percentage achieved for CHL, which ranged from 32.74 to 55.70%. A linear model
with R-squared of 0.8589 and adjusted R-squared of 0.8204 was determined to be the best match
for response Y2 when compared to quadratic and two-factor models. The linear model is significant
according to the ANOVA test (p < 0.0001), and the model’s F-value is 22.32, meaning that there is
only a 0.01% possibility of mistake. Additionally, a low CV value of 5.96% clearly indicated a high
level of accuracy and dependability of the experimental data. The Adeq precision number (15.850)
showed the effectiveness of the anticipated model for navigating the design space. Based on data

analysis, the EE equation is presented below.

Entrapment Efficiency (%)

Y3 =+ 47.09142 + 0.832379X1 — 0.005147X2 — 0.464984 X3 (Equation 13)
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According to the ANOVA results, the linear coefficients (X1, X2, and X3) with p-values
0.05 substantially impacted the EE percentage. The positive coefficient for X1 in Equation (13)
demonstrates that as the concentration of hydrophobic polymer increases, EE increases (p < 0.05),
which may be explained by the hydrophobicity of CHL and its higher miscibility in the organic
phase. Previous research has noted this pattern for hydrophobic medicines, indicating that enhanced
interactions with polymeric solutions and increased organic phase consistency diminish drug

partitioning in the aqueous phase, leading to higher MPs encapsulation.*!

Regarding the other parameter coefficient, the negative coefficient for X2 dan X3 indicated
that entrapment efficiency significantly increased with decreased parameter speed and time of
Stirring (p < 0.05). This may be due to the higher speed and longer time of homogenization; more
energy is released in the process that leads to a rapid dispersion of polymeric organic phase. As a
result, the entrapment process becomes shorter, and more drug is released in the polymer matrix,
thereby reducing the entrapment efficiency. Surface graphs in two and three dimensions clearly
show how different independent factors affect the EE% (Figure 4B). The intensity of the red hue
corresponds to an increase in the EE% with the corresponding changes in changes of CHL: PCL

ratio, stirring speed, and stirring time.

3.2.4. Effect of independent variables on DL percentage. DL is the process of incorporation
of drug into a carrier system. The DL percentage for CHL, which varied from 2.84 to 22.77%, is
shown in Table 1. In comparison to linear and two-factor models, a quadratic model with R-squared
0f 0.9971 and an adjusted R-squared of 0.9918 was found to be the best fit for answer Y4 (DL).
According to the ANOVA test, the quadratic model is significant (p < 0.05), and the model’s F-
value is 190.29, implying that there is only a 0.01% chance of error. Additionally, a low CV value

of 5.37% made it abundantly evident that the experimental results had a high degree of
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dependability and accuracy. Adeq Precision is parameter that measures the signal to noise ratio. A
ratio greater than 4 is desirable. This study obtained a ratio of 36.367, indicating adequate signal
and showing that the expected model was very useful for traversing the design space. Based on data

analysis, the final equation is shown below.

Drug Loading (%)

1

2ot 0.000729 + 0.021958X1 + 0.000104X2 — 0,005387X3 — 0.000402 X12 (Equation 14)

According to the ANOVA results, the CHL:PCL ratio (X1), stirring speed (X2), and stirring
time (X3), and the polynomial models of CHL: PCL ratio (X1%) were significant (p < 0.05).
However, the remaining term coefficients were not significant (p > 0.05). Based on Equation (14),
the positive coefficient for X1 is associated with the 1/Y4 value indicating that the drug loading
decreased significantly with increasing CHL:PCL ratio (p < 0.05). this phenomenon is the same as
previously described regarding the entrapment efficiency by the hydrophobicity of CHL and higher
miscibility in the organic phase. Thus, the enhanced interaction with the polymer solution and the
increased consistency of the organic phase reduced drug partitioning in the aqueous phase, leading
to higher MP encapsulation. However, the increase in the CHL:PCL ratio will increase the weight

of the microparticles, thereby also decreasing the DL value.

The positive coefficient for X2 when associated with variable 1/Y4 values indicates that
drug loading decreases significantly with increasing stirring speed (p < 0.05). This phenomenon is
similar to the one previously described. This may be due to the higher speed and longer
homogenization time; more energy is released in the process, which leads to the fast dispersion of
the polymer organic phase. As a result, the entrapment process becomes shorter, and more drug is

released into the polymer matrix, thereby reducing the entrapment efficiency and resulting in a
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reduced DL value. However, this is different from the X3 parameter. The negative coefficient for
X3 when associated with variable values indicates that drug loading increases significantly with
longer stirring time (p < 0.05). Surface graphs in two and three dimensions clearly show how
different independent factors affect the DL% (Figure 4C). The intensity of the red hue corresponds
to an increase in the DL% with the corresponding changes in changes CHL:PCL ratio, stirring

speed, and stirring time.

3.3. Optimization and validation. Following analysis of polynomial equations with
independent and dependent variables, additional optimization and validation were performed. The
optimal formula solution for CHL-loaded MPs creation with desired properties was obtained for
this purpose by using design expert software (minimum for particle size and PDI and maximum for
EE and DL). The improved formulation had a 1:1 of CHL to PCL, a stirring speed of 500 rpm, and
5 minutes of stirring time. The projected values of particle size (Y1), polydispersity index (PDI)
(Y2), entrapment efficiency (EE%) (Y3), and drug loading (DL%) (Y4) at these levels were 29.697,
0.012, 42.955, and 23.283, respectively. These values had a desirability of 0.647 (i.e., having a
64.7% chance of producing the predicted results in terms of dependent variable). CHL—loaded MPs
were then created using the recommended ideal values, and the projected model’s accuracy was
checked. The validity of the CCD used to generate the necessary CHL-loaded MPs formulation was

proven by the minimal variance between theoretical predictions and actual outcomes.

3.4. Physicochemical characterization of optimized MP CHL—PCL formulation. The
breadth of the size distribution and subsequent medication penetration through the skin are
determined by both particle size and PDI. The predicted and observed response variables of the
optimal manufacturing CHL-loaded MPs can be seen in Table 3. The 24.33 um particle size of the

optimized CHL-loaeded MPs formulation was consistent with the expected value (28.595 um). The
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0.010 PDI value obtained was also consistent with the expected value (0.011), showing that the
formulations were monodisperse and homogenous. Figure 5D shows the morphologies of CHL-
loaded MPs as seen by SEM. SEM scans revealed that all formulations had spherical shapes.
Regarding the other parameters, the most crucial factors affecting MPs’ desired therapeutic action
were entrapment efficiency and drug loading. EE and DL percentages of 40.96 and 20.48%,
respectively were displayed by optimized CHL-loaded MPs, which were close to the expected
values of 42.61 (EE) and 21.53% (DL). Based on the validation findings, the results align with the

predicted value with a bias level below of 15%.

Table 3. Predicted and observed response variables of the optimal manufacturing CHL-Loaded

MPs
Y1 Y2 Y3 Y4
Predicted 2859 0.011 4261 2153
Observed 2433 0,010 4096 19.12
Predicted Error (%) 1489 8,727 3,87 11.19

It was found zeta potential measurements for microparticles (MPs) was -7.54 £ 0.65 mV.
The presence of the ionized carboxylic groups of PCL was the cause of the negative zeta potentials
observed for MPs *. The amount of MPs adhering to the bacterial cell surface of SA corresponds
closely with the values of zeta potential difference *. It has been previously reported that the zeta
potential value of SA was -35.6 mV.** As a result, it is possible to infer that the higher of zeta
potential difference between SA and MPs as a straightforward and brief description of the good

adsorption mechanism in bacteria-MPs systems.
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To confirm that there had been no chemical interactions between CHL and the ingredients
used to create MPs, FTIR analysis was employed. Chloramphenicol’s characteristic infrared peaks
show the existence of a free hydroxyl group, N-H stretching, aromatic stretching, CH, asymmetric
and symmetric stretching, and C-O stretching.!! Figure SA displays the FTIR spectra CHL, and
CHL-loaded MPs. The CHL spectrum display had absorption peaks of 3487 OH stretching
vibration, 3218 NH stretching vibration, 2978 aromatic C—H stretching vibration, 1686 C=0
stretching vibrations, and 1549 NO; stretching peak. These peaks are similar to those reported in
previous investigations.?? It has been concluded there were no chemical interactions between CHL
and the components used to generate CHL-loaded MPs, and all of the characteristic CHL peaks

were identical in the MPs, demonstrating the existence of all key functional groups of CHL.

Figure 5B displays the differential scanning calorimetry (DSC) analysis findings for CHL
and CHL-loaded MPs. Because CHL crystals have melting temperatures around 148°C, the data
exhibited pronounced endothermic peaks. However, with CHL-loaded MPs, this peak was not seen.
Figure 5C shows the XRD diffractograms of the pure CHL and its MP formulations. Due to the
strong crystalline features of CHL, sharp characteristics peaks of CHL were seen at 2e values from
15-24. The spectra obtained are the same as the results reported in previous studies.!'! These peaks,
however, were not visible in MPs formulations, which is identical to the findings of the DSC
investigation. The total encapsulation of CHL in amorphous or solution form in the MP polymers
utilized in this work may be the source of the lack of the CHL peak in the DSC and XRD analyses.
However, the lack of the CHL peak did not affect the pharmacological activity of CHL, which is in
agreement with FTIR results that showed all of the characteristic CHL peaks were identical in the

MPs, demonstrating the existence of all key functional groups of CHL.
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Figure. 5. FTIR spectra of CHL and CHL-loaded MPs (A). DSC thermogram of CHL and CHL-
loaded MPs (B). X-ray diffractogram of CHL and CHL-loaded MPs (C). SEM images of CHL-
loaded MPs (The white scale bar represents a length of 100 um in each case) (D), Determination of
hemolytic activity of CHL-loaded MPs at concentration ranges of 5 pg/mL, 50 ng/mL, 500 pg/mL

by comparing the color of the serum and plasma with that of positive and negative controls (E).
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3.5. Hemolytic activity of CHL-loaded MPs. Hemolytic activity study in mammalian
erythrocytes is used to assess antimicrobials’ bacterial selectivity of toxicity. According to our
investigation, the hemolysis value for MPs was 0% through measurements using the
spectrophotometric method. It has also seen by clearer and more translucent erythrocyte cells that
have been measured after MP therapy and compared to the positive control (distilled water) (see
Figure 5E). Manufacturing CHL-loaded MPs did not exhibit significant hemolysis (5%) in any of
the tested doses (5, 50, and 500 ppm). The results showed that MP compositions are safe to use

since hemolysis indices lower than 5% are considered safe.*’

3.6. In-vitro release kinetic study of CHL-loaded MPs. Studies on kinetical drug release
provide the information of how long a drug substance stays in the system. The kinetical release
study of CHL and CHL-loaded MPs was conducted in both the absence and presence of the bacteria
in several media (See Figure 6). We chose PBS as the initial kinetics media for investigation because
it reflects typical skin fluid media. Regarding in CHL-loaded MPs, the findings revealed in PBS
media that 5.13 £ 0.72%, was the percent CHL determined after 24 hours in its media. To evaluate
drug release patterns and show that the release profile was solely controlled by bacteria, we also
looked at fluid imitating illness (TSB) without bacteria. The findings revealed the percentage of
CHL released in TSB media was 5.34 + 1.06 after 24 hours. It was discovered that both media had
lower CHL levels compared to pure chloramphenicol. This was because there was no bacterial
enzyme stimulus to lyse the polycaprolactone polymer, which would have allowed the medication
to stay stable in the microparticle polymer matrix. According to the statistical analysis, there was
no statistically significant difference between the release profiles of CHL-loaded MPs and

chloramphenicol when compared to PBS and TSB media (p > 0.05). This demonstrated that release
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in the bacterial responsive microparticle system was unaffected by the environment devoid of

bacteria.

Regarding the in vitro release profile of CHL-loaded MPs on TSB medium with presence
of bacteria, the percentage of CHL determined after 24 hours in CHL-loaded MPs was 110.66 +
13.04%. The TSB Media that presence of bacteria demonstrated higher drug release. This is due to

bacteria culture in media producing lipase enzymes that were used to lyse the MPs matrix and detect

chloramphenicol concentrations in the medium.

%Drug Release
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Figure 6. In vitro release profile of CHL-loaded MPs and CHL in several media
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The statistical analysis revealed that the bacterial TSB media with PBS and the absence of
bacteria had noticeably different release profiles. Figure 6 shows the levels of pure CHL in all test
medium reached close to 100% after 3 hours of administration. The MPs preparation in media that
contained bacteria reached up to 100% after 8 hours. It is suggested that microparticle production
can sustain the release of CHL, hence extending the period of exposure to bacteria. This is a good
strategy for the administration of antibiotics.

The increased release of CHL from MPs in the presence of bacteria is due to the fact that
the presence of bacteria can produce enzymes specifically to accelerate degraded PCL matrix. This
is supported by the fact that no drug release was observed when the MPs were suspended in the
sterile culture media. This outcome aligned with that of Wu et al., who found that the inclusion of
an enzyme stimulate PCL degradation by a factor of 1000 fold in comparison to degradation in an
aqueous medium alone.*” The suggested technique has the potential for selective delivery at
infection sites, as seen by the significant difference in CHL release depending on the presence and
absence of the bacterium. These findings therefore show that loading CHL into a flexible MPs
system can prevent release at nonspecific locations.

To explain the CHL release profile of CHL-loaded MPs, the results from the in vitro release
investigations on bacterial growth medium were subsequently fitted to five mathematical models.

Table 4 displays the findings of the CHL-laoded MPs and CHL release kinetics investigation.
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Table 4. Representative Kinetic model of drug release MP-CHL

Kinetic Model
Formulation Korsmeyer- Hixson-
Zero Order | First Order  Higuchi
Peppas Crowell
CHL 0.9851 0.8334 0.8167 0.9391 0.9226
CHL-loaded MPs 0.9902 0.6800 0.7658 0.9132 0.7716

According to in vitro release tests, CHL-loaded MPs and pure chloramphenicol matched the
kinetic models proposed by zero order (ZO). The prospective use of ZO drug delivery systems may
make it possible to accurately control release kinetics and extend therapeutic drug concentration
windows. As a result, these systems can increase therapeutic effectiveness, reduce adverse effects,
and decrease administration frequency, all of which can lead to improved patient compliance and

disease management.*®

This approach has been chosen to characterize drug removal from the
polymeric model dependent on polymer response with stimulus bacteria and dispersion of MPs

drugs.

3.7. In-vitro antibacterial assays

3.7.1. MIC and MBC. Furthermore, investigation was conducted into the antibacterial
activity of formulations containing free CHL and CHL-loaded MPs. Table 5 describes the
comparisons of MIC and MBC values between the CHL solution and their MP formulations. The
MIC value for CHL-loaded MPs against SA ATCC 25923 was 12.5 pg/mL, which same that of free
CHL (12.5 pg/mL); see table 4. The MBC value of CHL-loaded MPs (25 ng/mL) was equal to the

MBC of free CHL (25 pg/mL).



659

660

661

662

663

664

665

666

667

668

669

670

671

Based on the findings, CHL and CHL-loaeded MPs may be classified as an intermediate

category for the inhibition of SA strains. According to the clinical and laboratory standards institute

criteria for MIC < 8 pg/mL was considered susceptible, < 16 pg/mL was considered intermediate,

and > 32 pg/mL was considered resistant.*’

Table 5. MIC of free CHL and CHL-loaded MPs

Antimicrobial Concentration (ppm)
properties 200 100 50 25 125 625 3.125
CHL G 6 60 6 60 &
CHL-LoadedMPs () () () () () () (¥

All MBC values in this investigation were greater than MIC values, demonstrating that

higher CHL concentrations were necessary to inhibit the bacterial cultures. When comparing the

ratio of MBC to MIC, it was discovered that this ratio was always 4. Bacteriostatic is indicated by

a ratio of less than 4 and bactericidal by a ratio of 4.>° As a result, our research suggested that CHL

and CHL-loaded MPs both have bactericidal properties.
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Figure 7. (A) Time kill assay of CHL and CHL-loaded MPs against SA (means + SD, n=3). (B)
Anti-infection activity in 96 well microtiter plate of CHL and CHL-loaded MPs against SA (means
+ SD, n=3). (C) Survival of in psh[1];;modSP[KO] drosophila melanogaster larvae upon 30 minutes
of oral infection with SA in terms of pupae and adult flies” parameter. (D) Trial study to observation
in coloring microparticles after concomitant oral administration in drosophila larva model.

3.8. In vivo investigation on a Drosophila larval infection model. The evaluation of
antimicrobial activity of CHL-loaded MPs against SA ATCC 25923 was carried out using
Drosophila larvae as the infection model. Drosophila larval has recently been used in the infection
experiment to demonstrate the virulence of three clinical strains of SA .*° From previous research,
it is evident that the larval model of infection is easy-to-use and can serve as a suitable host for SA
infection, thus beneficial to be used as a rapid in vivo screening platform. In our investigation, we
employed the immunodeficient psh[1];;modSP[KO] line. Psh and ModSP, a mutant line lacking
two important components in the Toll pathway. The absence of these components thus prevent the
production of AMPs, which is necessary for the activation of humoral innate immunity in response
to SA infection in Drosophila. ®°2 This results in a condition that resembles immunodeficiency,
facilitating the easy preparation of an infection model. Such mutant flies have been demonstrated
to succumb to pathogens faster than their wild-type counterparts.®®** Through this model of
infection, we can rule out the role of toll-mediated innate immunity responses in Drosophila that

play a major role in SA infection thereby confirming the antibacterial effect of the drug candidates.

For the preliminary investigation, we tested dyed microparticles to examine if the
microparticles created could be delivered orally to a Drosophila larval model (see Figure 7D). If the
MPs entered orally, they were visible on the larvae abdomen. Based on the findings, the MPs were

successfully visible on the larva abdomen under a microscope after concomitant oral administration.
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Infection parameters were assessed by counting the number of pupae that have successfully
formed, and how many pupae succeeded in becoming adult flies. If the infected larva grow to form
pupae, there are two chances that a pupa will not develop into an adult fly, according to our
hypothesis. The first possibility is that an increase bacterial infection burden causes larvae to die
during the pupa stage. Another possibility is that the infection causes the energy generated to focus
on infection recovery, leaving insufficient energy for the pupa to become an adult fly. Based on
Figure 7C, infected larvae without treatment showed larval death; only a few survived to become
pupae and adult flies. According to several studies, the increased mortality rate of the dying host
has been connected to bacterial load.>* Since giving CHL-loaded MPs, which was mixed on fly
food, increased the survival rate of infected Drosophila larva. Because this finding is not
significantly different than in healthy controls (p > 0.05), it is tempting to assume that this phenotype
was caused by the prevention of bacterial growth in vivo model. According to these results, there
are two possible steps of MPs system that could accelerate the killing of bacteria, thereby preventing
larvae death. The MPs were initially made linked to the infection by the outer layer of PCL. After
that, the presence of the bacterial strains lipase destroyed PCL layers, causing the release of CHL
from MPs, which then killed the bacteria. This supports earlier researchers’ findings that toll
immunodeficient flies were more susceptible to bacterial infection. Additionally, similar outcomes
were seen in psh[1];;modSP[KO] mutant flies that lacked cellular innate immunity and have a lower
survival rate than healthy controls.> This mutant fly might survive longer in the presence of CHL-
loaded MPs because it lacks the cellular innate immunity that is known to defend against SA. These
findings revealed that the antibacterial activity of CHL-loaded MPs against SA was not based on
activation of cellular immunological responses, but rather by direct interactions between chemicals

present in the MPs and bacteria.
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3.9. Fabrication of two-layered MNs. CHL is ineffective for the topical treatment of skin
infections due to its hydrophobic chemical components, which limits effective cutaneous
penetration. Barriers to effective penetration include thicker skin and the formation of biofilms that
inhibit drug penetration to the site of infection. Therefore, the CHL-laoded MPs in this investigation
were further formed into MNs arrays to enhance the penetration of the antibacterial agents and can
be disrupt responsively with contact the infection site of bacteria. The dissolving MNs were created
by combining PVA and PVP, two water soluble polymers. In our earlier research, dissolving MNs
with adequate mechanical characteristics could not be created using a single polymer.?** In
contrast, the C=0 groups of PVP and the -OH groups of PV A interact to create a hydrogen bond,
increasing the mechanical strength of MNs.? Figure 8A illustrates the morphologies of MNs seen
under a light microscope, demonstrating that all DMN formulations created sharp needles. In this
investigation, two-layered MNs formulations with various polymer concentrations were created to
find the best mechanical properties.

3.10. Evaluation of mechanical and insertion properties of dissolving MNs. The
mechanical toughness of the MNs arrays was assessed to ensure that MNs arrays were strong
enough to resist compression. The ability of MNs to be inserted into the skin is important since the
needle must be able to break through the stratum corneum in order to deliver the substance drug
into the normal skin layers.’> The proportion of MNs, the needles height that was reduced in this
study following 32 N/MN array that is equivalent to human hand compression pressure. A
calculation was made to determine mechanical strength. The mechanical characteristics of each
formulation are shown in Figure 8C as a percentage reduction in MNs, which compared height of
needle before application pressure force. For MNs-F1, MNs-F2, MNs-F3, MNs-F4, and MNs-F5,

the decreases in MN height were determined to be 14.82 + 1.55%, 4.56 = 2.66%, 4.96 + 2.66%,
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10.73 = 1.17%, 11.97 + 0.89%, respectively. As a result, the mechanical characteristics of the
dissolving MNs arrays were unaffected by the formulation of CHL-loaded MPs. Despite the fact
that F4 and F5 had larger percentages of height losses than F2 and F3, several studies have indicated
that DMN formulations with a percentage of height decrease of about 25% were acceptable.

As a skin stimulant for the insertion qualities force, eight layers of Parafilm® were used.
This model has been certified to mimic human skin for MNs insertion investigations >°. The study’s
results are shown in Figure 8D. The formulation of the MN regarding different polymer
concentrations (PVA and PVP) as mentioned previously, had no effect on any of the MNs’ insertion
qualities (p > 0.05), similar to how it had no effect on the mechanical properties. Four layers of
Parafilm® were able to be penetrated by the MN arrays. The typical thickness of each layer of
Parafilm® is 126 um. Thus, DMNs were placed up to a height of 378 um. F1, F4, and F5 produced
holes in the third layer that were responsible for 34.66 £ 5.85%, 57.66 £ 6.11%, and 49.66 = 8.02%,
respectively, of the total holes. F2 and F3 produced holes in four layers and were respectively
responsible for 75.33 = 12.01% and 26.66 + 5.13%, of the total holes. As a result, F2 was chosen
for further testing since it had a good penetration layer and holes created compared to other
formulas.

To estimate how long it would take for the needles to dissolve in the skin after
administration, dissolution experiments of MN formulations incorporating drug-loaded MPs were
examined. According to Figure 8B, breakdown of MNs while in the skin occurred after 15 minutes,
with needle disintegration and a drop in height being apparent after 5 minutes. This showed that the

formulation met acceptable criteria for MNs formulations.
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Figure 8. (A) Images taken under a light microscope of the MP-containing MN formulations. (B)
Morphology of dissolving microneedle containing CHL-Loaded MPs after skin administration. (C)
The percentage height reduction of needles on the arrays formulated containing free CHL and CHL-
loaded MPs compared to blank MN arrays (means + SD, n=3). (D) Percentage of holes created in
Parafilm® layers, using an insertion force of 32N/array for MN formulations containing CHL-
loaded MPs (means + SD, n=3).

3.11. Calculation of drug content localized to the needles. Upon drying the MN arrays, it
was found that each one contained 70.58 pug CHL, with a percent recovery of 98.09 + 1.82%. The
dose of CHL in one MN array in the succeeding trials was thus reflected by these medication
quantities.

3.12. Stability Test of MPs-CHL loaded into Dissolving Microneedle. The capacity of the
formulations to preserve the MPs stability, especially their sizes, PDIs, entrapment efficiency, drug
loading and zeta potentials, is one of the essential criteria in the formulation of MPs into dissolving
MNs. Table 6 shows the MPs characteristics in the MNs formulations. These results imply that the
particle size, EE%, DL%, and zeta potential of CHL-loaded MPs were not significantly (p > 0.05)
affected by the inclusion of MPs into MNss arrays. Regarding the PDI value, it increased after being
added to MNs but still produced a PDIs below 0.05, indicating that the formulations are still

homogeneous and monodisperse.



788 Table 6. Particle size, PDI, zeta potential, EE, and DL of formulations of CHL-loaded

789 MPs in MNs formulation (means = SD, n = 3).
Characteristics Days 0 Days 3 Days 7 Days 10
Particle Size (um) 25.43 +1.32 24.65 + 1.54 25.65 + 1.31 25.87 + 1.45
PDI 0.054 + 0.003 0.043 £ 0.004 0.051 + 0.005 0.049 + 0.004
Zeta Potential (mV) -71.19+0.44 -7.09 + 0.36 -7.11 £ 0.52 -7.05+0.43
EE (%) 39.69 + 2.76 39.54 + 2.65 38.56 + 3.01 38.44 +2.41
DL (%) 18.43+1.34 18.31+1.17 18.16 + 1.37 18.14 +1.29
790
791 3.12. Ex vivo dermatokinetic studies. The main goal in this investigation was to determine

792  of dermatokinetical profile of CHL- loaded MPs in skin layers, where SA colonizes, infects, and
793  produces wound skin infection. In order to do this, a dermatokinetic analysis was created and carried
794  outtoexamine the CHL release kinetics from MPs following MNs application. This study employed
795  normal skin and infected model on rat skin tissue to prove that the presence of a bacterial infection
796 isonly impact on the release of chloramphenicol in the skin, chloramphenicol secreted by MPs was
797  assessed. This was done in order to determine how much CHL was retained in the skin by vortexing
798  the skin samples with water at each interval. Our findings demonstrated that this method would only
799  extract CHL produced by MPs because no CHL was discovered in the MP dispersion’s supernatant

800 after sample vortexing.

801 The dermatokinetic profile of our method in this investigation was compared of MNs
802  containing CHL-loaded MPs (MNs-CHL MPs) and without MPs formulation (MNs-CHL). To
803  compare their effectiveness with the previously stated methods, the dermatokinetic properties of a

804  conventional cream containing CHL (cream-CHL) and cream containing CHL-loaded MPs (cream-
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CHL MPs) were also evaluated. Figure 9a—b shows the concentration of CHL released with another
approach delivery system in the skin vs. application time following its application. The
dermatokinetic parameters of CHLs, including Cmax, Tmax, T1/2, AUC, and MRT, also were
calculated as shown in Table 6. This result demonstrated, in the absence of bacterial growth in
normal skin, MNs-CHL MPs produced CHL concentrations significantly lower than MNs-CHL
(»p < 0.05). This phenomenon also occurs in the application system for conventional cream
preparations. Due to the justifications given for the Cmax results, the Tmax values of CHL from
MNs-CHL MPs was also discovered to be significantly lower (p < 0.05) than those from the other
formulations in normal skin. This suggested that the nonspecific release (normal skin test) of CHL
may be prevented by incorporating CHL into MPs. The level of Cmax of CHL in conventional
cream preparations was significantly lower than in MNs preparations (p < 0.05). This was due to
the hydrophobic chemical components of CHL and CHL-loaded MPs, which limit effective
cutaneous penetration. This is a proof concept that the application of the MNs system can increase

the concentration drug penetration for dermal drug administration.

Regarding ex vivo infection models using SA, the release of chloramphenicol from MNs-
MPs was significantly enhanced (p < 0.05) compared to MNs-CHL. According to the findings of
this study, CHL encapsulation in PCL matrix, may boost CHL concentration through two separate
methods. The MPs’ initial adhesion to the colony infection was made easier by the PCL outer layer.
After then, the environment was exposed to bacterial strains whose lipase broke down PCL layers,

releasing CHL from MPs.

Regarding AUC, it was discovered that the AUC values of CHL from MNs-MPs in ex vivo
infection models were considerably greater (p > 0.05) than those of other formulations,

demonstrating the improved ex vivo skin bioavailability of our strategy. To assess retention duration
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in the skin, we examined the MRT parameter, which shows how long drug molecules stay in skin
tissue. It was discovered that the MRT values of CHL from DMN-MPs were significantly higher
(p <0.05) than those of MNs-CHL, cream-MPs, and cream-CHL, demonstrating a longer retention
period in the skin. Because of the enhanced MRT, a shorter application period for CHL in the
treatment of skin infections may be feasible. As a result, it could influence patients to adopt this
approach. Our results suggest that chloramphenicol may be effectively transferred into an ex vivo

infection model via a combination of responsive MPs and MNss.

3.13. Anti-infection activity in ex vivo model of infection on rat skin. The reduction of
bacterial bioburdens in ex vivo infection models made of SA was examined by measuring the viable
cell counts to evaluate the effectiveness of this strategy. In an ex vivo rat skin wound model, post-
infection CFU counts revealed a significant decrease in microbial load in all various treated wounds
compared to untreated wounds. Figure 10A—B displays the study’s findings. Regarding cream
conventional preaparatios, with only around 90.77 + 6.46% of the bacterial bioburden reduced after
24 hours. While, on MPs-CHL were made into cream conventionally resulting in 58.88 + 8.38%
decrease in bacterial bioburden, resulted in the lowest anti-infection performance in ex vivo

infection models

Regarding DMNss preparation, CHLs were applied to both bacterial ex vivo infection models,
and the results showed 96.38 + 1.27% decrease in bacterial bioburden after 24 hours of treatment.
In DMNs containing MPs-CHL showed 99.99 + 0.01%. Although the Cmax of MN-free CHL was
greater than the MBC of CHL to bacterial strain, the retention period of CHL after application was
less than the time required by CHL to totally kill the bacterial. Consequently, only around 96.38%
of the bacterial loads of strain decreased after the administration of MN-free CHL. This suggested

that DMNs could enhance the effectiveness of CHL as anti-infection agents. A number of studies
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have demonstrated that adding antibacterial drugs to MNs increased their antibacterial activity.
57.20.33.58 Essentially, the adoption of this strategy was able to completely remove the SA since DMN-
MPs had the optimum ex vivo skin bioavailability in the dermatokinetic testing. Consequently, there
were two key advantages of administering CHL that were loaded with PCL-MPs and delivered via

DMN:E.

The dermatokinetic profiles in this investigation show that manufacturing CHL into MPs
could be improved and controlled using this method as opposed to conventional cream formulation.
This method may increase the effectiveness of CHL in ex vivo infection models in rat skin generated

by SA.
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Table 6. Lists the dermatokinetic characteristics of chloramphenicol in uninfected rat skin as well as ex infection models

created by SA after the administration of DMN-MPs, DMN-CHL, cream-MPs and cream-CHL. (means SD, n=3)

Condition Formulation Cmax Tmax (h) T1/2 (h) AUC 0-t AUC 0-inf_obs MRT (h)
(ng/cm® (ng/em?.h) (ng/cmd.h)
DMN-MPs 058 £0.11 6.33+1.15 12.30 + 8.87 6.33+1.20 10.09 +5.40 21.06 + 14.16
DMN-CHL 36.27 £1.01 2.00 £ 0.00 4.89 +1.35 97.81 £ 2.62 99.41 + 3.44 3.87+0.76
Normal Skin
Cream-MPs 0.12 £ 0.07 24.00 £ 0.00 N/A 1.41+0.83 N/A N/A
Cream-CHL 2.08 £ 0.47 5.00 £ 0.00 7.02+2.14 7.99+1.50 9.59+1.62 13.06 +4.91
DMN-MPs 35.73+1.43 6.00 £ 0.00 19.79 + 6.03 375.38+9.57  737.55 +160.00 31.67 £ 8.62
Infected Skin  DMN-CHL 35.86 + 1.63 2.00+0.00 5.76 + 3.46 92.95+1.93 94.06 + 2.48 3.48 +0.33
By SA Cream-MPs 2.67 £0.29 6.00 £ 0.00 6.39 £ 2.05 0.58+1.24 10.52 +1.77 9.81+1.94
Cream-CHL 2.19+0.46 5.00 £ 0.00 6.39 + 2.67 8.68 + 2.98 9.64 +£3.43 10.03 + 2.44
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(means = SD, n=3). (B) Images of culture plates showing the ex vivo removal of SA infection
from wounds on rat skin at interval time 0’ (above) and 24 hour (below).

The study’s hypothesis that responsive MPs containing CHL may be successfully
delivered into the skin via dissolving MNs and can then demonstrate their antibacterial action
at the site of infection has been supported by the study’s encouraging preliminary findings. The
ability for site-selective delivery and long retention time in the area of infection in the skin,
which may potentially increase the efficacy of antibacterial therapy for burns and chronic

wounds, are the key advantages of the selective delivery system we have developed here

compared to conventional cream dosage form. DMNs might therefore be employed to deliver
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antimicrobial drugs topically to wounds, and their combination with certain MPs could be a
feasible substitute for existing antimicrobial treatment strategies.
4. Conclusion

To improve the antibacterial capability of CHL, specifically for the treatment of
cellulitis, this study explored the novel combination strategy of bacterially sensitive MPs with
dissolving MN arrays. The MPs had a diameter of about 24.33 um and were spherical in form.
Additionally, the presence of bacterial cultures had a significant impact on the release of CHL
from the MPs, demonstrating the effectiveness of this approach for targeted delivery. The
evaluation of the antibacterial activity of MPs in vitro and in vivo on the mutant Drosophila
larval infection model was carried out. This result demonstrates antibacterial properties of
CHL,; after being made into bacterial responsive microparticle system, its efficacy did not
decrease. It is significant that adding these MPs to MN arrays made from PVP and PVA
combined with these MPs gave rise to MNs with adequate mechanical characteristics and
insertion capabilities. In infection tissue models in full-thickness rat skin, dermatokinetic
experiments showed that the MNs improved the ability of MPs to penetrate bacterial when
compared to a needle-free patch. Finally, the combined method of microparticle responsive
bacteria with dissolving MNs demonstrated proof of principle for successful anti-infection
action in ex vivo infection models, as evidenced by a reduction of bacterial bioburden up to
99.99%. However, more thorough research is required, including toxicity tests and in vivo
pharmacodynamic research using appropriate animal infection models. To confirm the work’s
full potential before integrating this delivery method into clinical practice and patient

treatment, acceptance and usability studies should be carried out.
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