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  Sebagai pemenuhan syarat utama, 
beberapa hal perlu diklarifikasi:  

 
a. Ket Fig 1 kurang baik karena tidak 

mendeskripsikan dengan tepat sesuai 

komposisi gambar tersebut yang 
terdiri dari gambar 1 A,B,C, D dan 

E. 
 
 

 
 
 

 
 

 
 
 

 
 
 

 
 
b. Beberapa gambar yang digunakan di 

jurnal ini serupa dengan yang di 

jurnal IJPPS 2014 (karil no. 17). 

Mohon klarifikasi dari ybs 

dengan mengetahui pimpinan PT 
 

 
 
 

 
 

  

 
 
 

 
a. Pada awal submit gambar dibuat 

satu-satu. Tetapi karena ada batasan 

jumlah gambar, tabel dan kata yang 
ada di naskah maka untuk hasil 

karakteristik sediaan terdiri dari 

porosity (%), density (g/cm
3
), 

hardness (MPa), water uptake 

(%) dan swelling ratio (%)  
dijadikan satu.  Permintaan revisi 

gambar ada pada Lampiran Karil 

1.1.  
 

Pada revisi data betul tetapi waktu 
digabung dalam artikel ada 
kesalahan satuan yang tertukar yaitu  

Density (g/cm
3
) dan Porosity (%). 

Artikel ini sudah dipublikasi tahun 
2018, sehingga tidak bisa direvisi. 

 
 
b. Karil 1 dan Karil no 17 yang di 

publikasi di IJPPS 2016  bukan 
IJPPS 2014 merupakan penelitian 

satu payung. 
Formula pada penelitian Karil 1 
berbeda dengan Karil 17.  Pada 

Karil 1 menggunakan 2 macam 
crosslinrker yaitu glutaraldehid 

dan genipin sedangkan pada 

Karil 17 menggunakan 1 
crosslinker  yaitu glutaraldehid 

 

 

 

 

 

Lampiran Karil 1.1 
Permintaan  dan revisi 

gambar 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lampiran Karil 1.2. 
Formula Karil 1 dan 

Karil 17 
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c. Perlu disertai komunikasi proses 
review jurnal 

 

 
d. Daftar pustaka jumlahnya hanya 20. 

Sebaiknya lebih banyak lagi untuk 
level jurnal ilmiah internasional 
bereputasi 

 
 
 

 
 

 
e. Ada 2 jurnal 2012 dan 2014 yang 

mirip namun tidak disitasi. 

 

 

 

 

 

 

 

 

 

 

 

 
f. Acknowledgment selazimnya 

lengkap disebutkan nomor kontrak 

dan tahun hibah. 

 

dengan konsentrasi yang beda.  
Formula Karil 1(Jurnal RPS Vol 

13(1), 2018) dan Karil 17 ( Jurnal 

IJPPS Vol 8(1), 2016) ada pada 

Lampiran Karil 1.2. 
 

c. Korespondensi proses review jurnal 
RPS ada pada Lampiran Karil 1.3. 

 

 
d. Pada artikel yang dipublikasikan di 

jurnal RPS ada pembatasan kata 
yang meliputi kata pada text 

artikel,  References, Tabel dan 

Gambar bukan pembatasan 
jumlah references (2750 kata). 
Ketentuan pembatasan penulisan 

author ada pada Lampiran Karil 

1.4. 
 

e. Ada pembatasan jumlah kata pada 
full text artikel   termasuk kata pada  

References, Tabel dan Gambar 
yaitu 2750 kata. Sehingga 
pemilihan Jurnal yang disitasi 

menjadi sangat penting.  

Jurnal 2012 dan 2014 tidak 

disitasi karena sudah disitasi 

pada Karil 17 (Reference no 19 
dan 20). Sedangkan Karil 17 

disitasi Karil 1 (Reference no. 10). 

Daftar Pustaka Karil 1 dan Karil 
17 terlampir pada Lampiran Karil 

1.5. 
 

f. Tidak ada permintaan no kontrak  

dan tahun hibah pada jurnal. 
 

 

 

 

 

 

 

Lampiran Karil 1.3 
Korespondensi proses 
review jurnal RPS  

 

Lampiran Karil 1.4 

Ketentuan pembatasan 
penulisan author 
 

 
 
 

 
 

 

Lampiran Karil 1.5 
Daftar Pustaka Karil 1 

dan Karil 17. 
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g. Alamat web jurnal seharusnya: 
http://rps.mui.ac.ir/index.php/jrps/in
dex 

 

 
g. URL: 

http://rps.mui.ac.ir/index.php/jrps/a

rticle/view/1805/1825 
     Langsung terbuka artikelnya  
 

     Apabila dengan URL: 
http://rps.mui.ac.ir/index.php/jrps/i
ndex 

 
    Yang terbuka adalah daftar isi   

artikel di  jurnal. 
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LAMPIRAN I



8/20/2020 Gmail - Trs: RPS 16168 editing phase

https://mail.google.com/mail/u/1?ik=0451e26a77&view=pt&search=all&permthid=thread-f%3A1577688655125075088&simpl=msg-f%3A1577688… 1/1

Adrianto Faris <farisadrianto@gmail.com>

Trs: RPS 16168 editing phase
1 message

Esti Hendradi <estihendradi@yahoo.com> Tue, Sep 5, 2017 at 9:45 AM
Reply-To: Esti Hendradi <estihendradi@yahoo.com>
To: Adrianto Faris <farisadrianto@gmail.com>, MUHAMMAD FARIS <farisadrianto@ff.unair.ac.id>, Dewi Melani
<dewiffua96@yahoo.com>

 

Terkirim dari Yahoo Mail. Dapatkan aplikasinya

Pada Selasa, 5 September 2017 12:34, RPS Journal <rps@pharm.mui.ac.ir> menulis:

Dear author
Please modify the figure according to comments.
Thanks
Assistant editor of RPS journal
Dr. Rabbani

School of Pharmacy and Pharmaceutical Sciences
Isfahan University of Medical Sciences
Isfahan
Iran

figures.docx
471K

https://yho.com/148vdq
mailto:rps@pharm.mui.ac.ir
https://mail.google.com/mail/u/1?ui=2&ik=0451e26a77&view=att&th=15e513790ee4d490&attid=0.1&disp=attd&safe=1&zw


 

 

Commented [p1]:  
-Please modify the font of all figures to Times New Roman, un-
bolded, and legible size (10-12). 
-The color of x- and y- axis lines as well as the line for all plots in 
figures should be black. 
Finally please provide the modified excel format. 
 



 

 

Commented [p2]:  
-The cumulative amount of ciprofloxacin released (Y-axis) must be 
presented as percent cumulative ciprofloxacin released. To do so, the 
percent released must be calculated with dividing amount released 
by initial amount of drug in the formulation and then multiplied by 
hundred. 
-Please modify the font of all figures to Times New Roman, un-
bolded and legible size (10-12). 
-The color of x- and y- axis lines as well as the line for all plots in 
figures should be black. 
-The size of symbols must be 3 and the color of them must be black. 
-The thickness of all lines in all figures must be 1 pt and the lines 
should not be dashed line. 
-The symbols description must be replaced in the figures. 
Finally please provide the modified excel format. 
 



 

 

 

Commented [p3]:  
-Please modify the font of all figures to Times New Roman, un-
bolded and legible size (10-12). 
-The color of x- and y- axis lines as well as the line for all plots in 
figures should be black. 
-For the sake of similarity between two FTIR figures and 
convenience interpretation of the figures please remove all the 
ellipses from Fig. A. 
 

Commented [p4]:  
-Please modify the font of all figures to Times New Roman, un-
bolded and legible size (10-12). 
-The color of x- and y- axis lines as well as the line for all plots in 
figures should be black. 
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[RPS]:Thank you for verifying the registration 
Yahoo/Email Masuk 

•  

Research in Pharmaceutical Sciences <editor@rps.mui.ac.ir> 
Kepada:estihendradi@yahoo.com 
Rab, 26 Okt 2016 jam 13.31 
If you cannot see this page properly, please click here. 
 
Dear Dr. Esti Hendradi, 
 
Thank you for confirming registration, you can now submit articles to the journal 
(http://www.journalonweb.com/jrps) using your login name and password. 
 
Your login information is as: 
 
User name:Esti_Hendradi 
Password:estihendradi14 
(username and password are case sensitive) 
 
Regards 
 
Editorial Team 
 
Research in Pharmaceutical Sciences 
 
Message sent on Wednesday, October 26, 2016 
Please add editor@rps.mui.ac.ir as a contact in your E-mail client to ensure that this mail is not considered as a junk mail. 
 
---- END OF MESSAGE ----We appreciate if you could kindly acknowledge the safe receipt of 
the email and attached files.  

•  

• •  •  •   

 

 

 
 
 
 
 

http://www.journalonweb.com/jrps/showmail.asp?id=D2E6D34D0C61D64EAFE3326A1FDC9FE517AF8F147175654AC95878050B25CDEC
http://www.journalonweb.com/jrps


•  

Research in Pharmaceutical Sciences <editor@rps.mui.ac.ir> 
Kepada:estihendradi@yahoo.com 
Rab, 26 Okt 2016 jam 14.40 
If you cannot see this page properly, please click here. 
 
Dear Dr. Hendradi, 
 
NOTE: This e-mail is sent to you as one of the contributing authors. If you are not corresponding 
author, you do not have to do anything. Please co-ordinate with the author designated by your 
group as the corresponding author for this manuscript 
 
A manuscript has been submitted to our journal Research in Pharmaceutical Sciences by Esti 
Hendradi titled 'The effect of different cross link agent glutaraldehyde and genipin in composites 
to the physicochemical characteristics and the release of ciprofloxacin implant'. A copy of the 
acknowledgment mail is attached here with for your reference. 
 
Thanking you 
Editorial Team 
Research in Pharmaceutical Sciences  
 
------------------------------------------------------------------ 
Dear Dr. Hendradi,  
 
Research in Pharmaceutical Sciences has received your manuscript entitled "The effect of 
different cross link agent glutaraldehyde and genipin in composites to the physicochemical 
characteristics and the release of ciprofloxacin implant" for consideration for publication. The 
reference number for this manuscript is "RPS_168_16". Kindly quote this in correspondence 
related to this manuscript.  
 
The manuscript is being reviewed for possible publication with the understanding that it is being 
submitted to one journal at a time and have not been published, simultaneously submitted, or 
already accepted for publication elsewhere either as a whole or in part. Online submission of this 
article implies that the corresponding author has the written consent from all the contributors to 
act as corresponding author. 
 
You are requested to send the signed copyright/contributor form within two weeks. The form can 
be uploaded as an scanned image from your area. The decision about the manuscript will be 
conveyed only on receipt of the form. High resolution images are required at the time of 
acceptance, you should be notified separetrly for the same, if images uplaoded by you are not of 
printable quality. 
 
The Editors will review the submitted manuscript initially. If found suitable, it will follow a 
double-blinded peer review. We aim to finish this review process within a short time frame, at 

http://www.journalonweb.com/jrps/showmail.asp?id=B791A0132065B701CC0ADA8C565FCD67DC49ADD3E58A6A30C630F136A36517C3


the end of which a decision on the suitability or otherwise of the manuscript will be conveyed to 
you via this system. During this process you are free to check the progress of the manuscript 
through various phases from our online manuscript processing site 
http://www.journalonweb.com/jrps. 
 
The journal allows free access (Open Access) to its contents and permits authors to self-archive 
final accepted version of the articles on any OAI-compliant institutional / subject-based 
repository. Effective from1st May 2014, authors are asked to pay a fee of 3,000,000 Rials/100 
USD for original and review articles, 2,000,000 Rials/70 USD for case reports and short 
communications, but only if the article is accepted for publication in this journal after peer-
review and possible revision of the manuscript. Letters and editorials are free of charge. There 
are no additional charges for color illustrations.For details of the payment, please refer to the 
instruction to the authors. 
 
We thank you for submitting your valuable work to the Research in Pharmaceutical Sciences.  
 
Yours sincerely,  
Editor 
Research in Pharmaceutical Sciences 
 
 
 
 
 
 
 
 
 
 
 
 
 
Message sent on Wednesday, October 26, 2016 
Please add editor@rps.mui.ac.ir as a contact in your E-mail client to ensure that this mail is not considered as a junk mail. 
 
---- END OF MESSAGE ----We appreciate if you could kindly acknowledge the safe receipt of 
the email and attached files.  

•  

 
 
 
 
 
 
 

http://www.journalonweb.com/jrps


[RPS]:Article for revision 
Yahoo/Email Masuk 

•  

Research in Pharmaceutical Sciences <editor@rps.mui.ac.ir> 
Kepada:estihendradi@yahoo.com 
Sel, 13 Des 2016 jam 14.36 
If you cannot see this page properly, please click here. 
 
Dear Dr. Hendradi, 
 
NOTE: This e-mail is sent to you as one of the contributing authors. If you are not corresponding 
author, you do not have to do anything. Please co-ordinate with the author designated by your 
group as the corresponding author for this manuscript 
 
Status of the manuscript titled 'The effect of different cross link agent glutaraldehyde and genipin 
in composites to the physicochemical characteristics and the release of ciprofloxacin implant' 
submitted by Dr. Esti Hendradi has been changed and a copy of the mail is as;  
 
------------------------------------------------------------------ 
Dear Dr. Hendradi 
 
With reference to your manuscript entitled 'The effect of different cross link agent 
glutaraldehyde and genipin in composites to the physicochemical characteristics and the release 
of ciprofloxacin implant', please review the comments of the referees from our site 
http://www.journalonweb.com/jrps. The manuscript would be reconsidered after requisite 
modifications as per the comments and instructions provided by the journal.  
 
If you wish to continue with the publication process, kindly make the changes according to the 
comments and upload the revised manuscript from the site along with the point to point 
clarifications to the comments indicating clearly where in the manuscript the changes have been 
carried out. Do check the FAQ related to replying to the comments and uploading a file. The 
contributors' form/images should be sent separately to the Administrative Office of the journal.  
 
The journal allows four weeks for the revision of the manuscript. If we do not hear from you 
within this period, we will consider it your non-desire to continue the article with us. Please also 
note that submission of revised article does not guarantee its final acceptance by the journal.  
 
We thank you for submitting your valuable research work to Research in Pharmaceutical 
Sciences.  
 
With warm personal regards,  
 
Editorial Team  
 

http://www.journalonweb.com/jrps/showmail.asp?id=F7C524C4FDD3D91B117AC88846F553DE1B31DC8849E3DEEDC5C0C69ECCC88834
http://www.journalonweb.com/jrps


Research in Pharmaceutical Sciences 
 
------------------------------------------------------------------ 
 
Message sent on Tuesday, December 13, 2016 
Please add editor@rps.mui.ac.ir as a contact in your E-mail client to ensure that this mail is not considered as a junk mail. 
 
---- END OF MESSAGE ----We appreciate if you could kindly acknowledge the safe receipt of 
the email and attached files.  

•  

•  •  •   
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Research in Pharmaceutical Sciences <editor@rps.mui.ac.ir> 
Kepada:estihendradi@yahoo.com 
Sel, 17 Jan 2017 jam 12.41 
If you cannot see this page properly, please click here. 
 
'RPS_168_16' 
 
 
 
Dear Dr. Hendradi, 
 
This mail is with reference to your manuscript entitled The effect of different cross link agent 
glutaraldehyde and genipin in composites to the physicochemical characteristics and the release of 
ciprofloxacin implant, which was sent to you some time back for revision.  
 
 
 
We have not received the modified manuscript till date. If we do not hear from you within 48 hours, we will 
consider it your non-desire to continue the article with us.  
 
 
Thanking you  
 
 
Executive Editor 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.journalonweb.com/jrps/showmail.asp?id=229B076DD44B6A9FD659F4491D37D1B538155ADF2197F7FBD59109DED21BC997


[RPS]:Article for re-revision 
Yahoo/Email Masuk 
[RPS]:Acknowledgment for revised manuscript2 
Yahoo/Email Masuk 

•  

Research in Pharmaceutical Sciences <editor@rps.mui.ac.ir> 
Kepada:estihendradi@yahoo.com 
Rab, 18 Jan 2017 jam 11.44 
If you cannot see this page properly, please click here. 
 
Manuscript no.: RPS_168_16  
 
Dear Dr. Hendradi 
 
Research in Pharmaceutical Sciences has received your revised manuscript entitled 'The effect of 
different cross link agent glutaraldehyde and genipin in composites to the physicochemical 
characteristics and the release of ciprofloxacin implant.' 
The manuscript will be re-evaluated by concerned referees before final decision on its suitability 
for publication. We will get back to you within four weeks.  
 
We thank you for submitting your valuable research work to Research in Pharmaceutical 
Sciences.  
 
With warm personal regards,  
 
The Editorial Team 
 
Research in Pharmaceutical Sciences 
 
 
 
Message sent on Tuesday, January 17, 2017 
Please add editor@rps.mui.ac.ir as a contact in your E-mail client to ensure that this mail is not considered as a junk mail. 
 
---- END OF MESSAGE ----We appreciate if you could kindly acknowledge the safe receipt of 
the email and attached files.  

•  

• •  •  •   

 
 

http://www.journalonweb.com/jrps/showmail.asp?id=64390EAC86B68EA5876E10AA4E51DE44FF795A84307F9F56D1F0D449E4294F05


Research in Pharmaceutical Sciences <editor@rps.mui.ac.ir> 
Kepada:estihendradi@yahoo.com 
Sab, 11 Feb 2017 jam 13.48 
If you cannot see this page properly, please click here. 
 
Dear Dr. Hendradi, 
 
With reference to your manuscript entitled 'The effect of different cross link agent 
glutaraldehyde and genipin in composites to the physicochemical characteristics and the release 
of ciprofloxacin implant', please review the comments of the referees from our site 
http://www.journalonweb.com/jrps. The manuscript would be reconsidered after requisite 
modifications as per the comments and instructions provided by the journal.  
 
If you wish to continue with the publication process, kindly make the changes according to the 
comments and upload the revised manuscript from the site along with the point to point 
clarifications to the comments indicating clearly where in the manuscript the changes have been 
carried out. Do check the FAQ related to replying to the comments and uploading a file. The 
contributors' form/images should be sent separately to the Administrative Office of the journal.  
 
The journal allows two weeks for the revision of the manuscript. If we do not hear from you 
within this period, we will consider it your non-desire to continue the article with us. Please also 
note that submission of revised article does not guarantee its final acceptance by the journal.  
 
We thank you for submitting your valuable research work to Research in Pharmaceutical 
Sciences.  
 
With warm personal regards,  
 
Editor  
 
Research in Pharmaceutical Sciences 
 
 
Message sent on Saturday, February 11, 2017 
Please add editor@rps.mui.ac.ir as a contact in your E-mail client to ensure that this mail is not considered as a junk mail. 
 
---- END OF MESSAGE ----We appreciate if you could kindly acknowledge the safe receipt of 
the email and attached files.  
 
 
 
 
 
 
 
 
 

http://www.journalonweb.com/jrps/showmail.asp?id=078227B5F7678763E895DB77C9E69A9532E27E44C92C0676475DD47FA4F4B08F
http://www.journalonweb.com/jrps


[RPS]:Article for re-revision2 
Yahoo/Email Masuk 

•  

Research in Pharmaceutical Sciences <editor@rps.mui.ac.ir> 
Kepada:estihendradi@yahoo.com 
Sab, 11 Feb 2017 jam 13.48 
If you cannot see this page properly, please click here. 
 
Dear Dr. Hendradi, 
 
NOTE: This e-mail is sent to you as one of the contributing authors. If you are not corresponding 
author, you do not have to do anything. Please co-ordinate with the author designated by your 
group as the corresponding author for this manuscript 
 
Status of the manuscript titled 'The effect of different cross link agent glutaraldehyde and genipin 
in composites to the physicochemical characteristics and the release of ciprofloxacin implant' 
submitted by Dr. Esti Hendradi has been changed and a copy of the mail is as;  
 
------------------------------------------------------------------ 
Dear Dr. Hendradi, 
 
With reference to your manuscript entitled 'The effect of different cross link agent 
glutaraldehyde and genipin in composites to the physicochemical characteristics and the release 
of ciprofloxacin implant', please review the comments of the referees from our site 
http://www.journalonweb.com/jrps. The manuscript would be reconsidered after requisite 
modifications as per the comments and instructions provided by the journal.  
 
If you wish to continue with the publication process, kindly make the changes according to the 
comments and upload the revised manuscript from the site along with the point to point 
clarifications to the comments indicating clearly where in the manuscript the changes have been 
carried out. Do check the FAQ related to replying to the comments and uploading a file. The 
contributors' form/images should be sent separately to the Administrative Office of the journal.  
 
The journal allows two weeks for the revision of the manuscript. If we do not hear from you 
within this period, we will consider it your non-desire to continue the article with us. Please also 
note that submission of revised article does not guarantee its final acceptance by the journal.  
 
We thank you for submitting your valuable research work to Research in Pharmaceutical 
Sciences.  
 
With warm personal regards,  
 
Editor  
Research in Pharmaceutical Sciences 

http://www.journalonweb.com/jrps/showmail.asp?id=6862DF415AEA12025E47FDEE43644AEAB1789A8E68F59627BD5F715BB8698196
http://www.journalonweb.com/jrps


[RPS]:Acknowledgment for re-revised manuscript 
Yahoo/Email Masuk 

•  

Research in Pharmaceutical Sciences <editor@rps.mui.ac.ir> 
Kepada:estihendradi@yahoo.com 
Sel, 21 Feb 2017 jam 15.26 
If you cannot see this page properly, please click here. 
 
Manuscript no.: RPS_168_16  
 
Dear Dr. Hendradi 
 
Research in Pharmaceutical Sciences has received your revised manuscript entitled 'The effect of 
different cross link agent glutaraldehyde and genipin in composites to the physicochemical 
characteristics and the release of ciprofloxacin implant.' 
The manuscript will be re-evaluated by concerned referees before final decision on its suitability 
for publication. We will get back to you within four weeks.  
 
We thank you for submitting your valuable research work to Research in Pharmaceutical 
Sciences.  
 
With warm personal regards,  
 
The Editorial Team 
 
Research in Pharmaceutical Sciences 
 
 
 
Message sent on Tuesday, February 21, 2017 
Please add editor@rps.mui.ac.ir as a contact in your E-mail client to ensure that this mail is not considered as a junk mail. 
 
---- END OF MESSAGE ----We appreciate if you could kindly acknowledge the safe receipt of 
the email and attached files.  
 
 
 
 
 
 
 
 
 
 

http://www.journalonweb.com/jrps/showmail.asp?id=73D7BC1A8C4CD3E49F0763F6E215E4DD9FCFBEAED032190F83731FB3B6537AF7


 
RPS Editing process 161683 
Yahoo/Email Masuk 

•  

RPS Journal <rps@pharm.mui.ac.ir> 
Kepada:estihendradi@yahoo.com 
Rab, 12 Apr 2017 jam 11.51 
 
Dear author  
Thank you for submitting your article in Journal Research in Pharmaceutical  
Sciences. We have pleased to inform you that your article"The effect of  
different cross link agent glutaraldehyde and genipin in composites to the  
physicochemical characteristics and the release of ciprofloxacin implant" is  
under editing and its proof will be sent to you soon for your confirmation. 
 
 
School of Pharmacy and Pharmaceutical Sciences 
Isfahan University of Medical Sciences 
Isfahan 
Iran 
 

•  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Research in Pharmaceutical Sciences <editor@rps.mui.ac.ir> 
Kepada:estihendradi@yahoo.com 
Sen, 12 Jun 2017 jam 03.31 
If you cannot see this page properly, please click here. 
 
Dear Dr. Hendradi, 
 
We are pleased to inform that your manuscript "The effect of different cross link agent 
glutaraldehyde and genipin in composites to the physicochemical characteristics and the release 
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Abstract 
 
The objective of this study was to determine and evaluate a controlled release implant of ciprofloxacin 
using bBovine hHydroxyapatite (BHA)-chitosan composite and glutaraldehyde or genipin as cross 
linking agent. Ciprofloxacin implants were prepared using BHABovine Hydroxyapatite-chitosan-
ciprofloxacin composition 30:60:10. This composite was further developed using three different 
concentrations of glutaraldehyde or genipin (0.3%, 0.5%, and 0.7%). Implants were formed into pellets 
with 4.0 mm diameter and weighed 100.0 mg using compression method. Further, the prepared 
ciprofloxacin implant was characterized for porosity, density, water absorption capacity, swelling ratio, 
disintegration test, compressive strength, compatibility studies (fourier transforms-infrared 
spectroscopy (FT-IR)), morphology (scanning electron microscope (SEM)), X-ray diffraction (X-RD) 
study, assay, and in vitro drug release. The addition of glutaraldehyde or genipin  as cross-link agent in 
ciprofloxacin implant showed controlled release profile of ciprofloxacin over a time period of 30 days. 
This is due to glutaraldehyde or genipin formed compact structure so the porosity, water absorption 
capacity, and swelling ratio of the implant decreased. SEM photomicrograph revealed low porosity of 
the implant after cross-link with glutaraldehyde or genipin. The FTIR study confirmed the formation of 
covalent imine bonds between chitosan and glutaraldehyde. Moreover, the addition of glutaraldehyde 
or genipin as cross-link agent caused a decrease in the mechanical strength of the implant. Increased 
concentration of glutaraldehyde or genipin reduced the crystallinity of BHA and chitosan, which were 
confirmed by X-RD studies. The results obtained from this study indicated that glutaraldehyde or 
genipin 0.7% had the potential effect to retard ciprofloxacin release from Bovine HydroxyapatiteBHA-
chitosan-ciprofloxacin implant with diffusion and erotion mechanisms for 30 days in the treatment of 
osteomyelitis. 
 
Keywords: Ciprofloxacin iImplant ciprofloxacin; Cross-linker; Glutaraldehyde; Genipin; Released.  
 
INTRODUCTION 
 

Bones are an essential parts of human body which have an important role in supporting the 
physiological functions of the body (1). Complications of bone disease and bone disorder 
caused by traumatic accidents may result in the presence of bone defect. The healing process 
of bone damage or bone fracture is determined by the level of trauma and soft tissue damage 
(2). Some cases of bone damage or bone injury cannot be experienced naturally repaired and 
healed (1). Therefore, clinical rehabilitation to overcome bone defect is expected to rise along 
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with population growth (3).  
Rehabilitation of bone defect cannot be separated fromare associated with the risk of 

infection. The number of complications varied from 1% in the case of total joint replacement 
until to 23% in the case of bone fracture (4). The cause of infection complication is the entry 
of the bacteria into the bone tissue through the defects. The infection occurred occurs because 
of a less sterile surgical process, bacteria that adhere to the implant, bacteria in human skin, 
open wounds, and circulatory patients suffering from infection elsewhere (3,5).  

The occurrence of bacterial infections can be corrected treated by administering antibiotics. 
However, tissue devascularization in the case of bone defect limits the delivery of thecaused 
the antibiotic transfer to the target site become stunted. This condition caused leads to the lower 
antibioticthe concentration of antibiotic in the target tissues target become low  so that and 
consequently the antibiotic is not able to penetrate into the bacteria biofilm layer of bacteria. 
In consequence,This may lead to the bacterial resistance occurs in the target tissue (6). One 
way approach to overcome limit the risk of infection is to administer  giving the antibiotic in 
through the oral or intravenous route for a long period of time.  

To overcome these problems, administering antibiotics can be done delivered locally to the 
by using specific drug delivery systems. The purpose of this such drug delivery systems is to 
providing provide adequate drug concentration at a specific location and ensuring drug release 
profile for a longer period (7). Local drug delivery systems has have several advantages such 
as : (a) reduceminimizing systemic adverse effects, (b) using smaller quantity the number of 
drugs with greater efficiency are used less and secure, avoiding multiple drug therapy, reducing 
risk of toxicity and (c) ease of the efficacy and efficient to delivery of the drug to target site 
(8). Administering antibiotic locally can also minimize the side effects and the risk of toxicity 
than administering antibiotic systemically. In addition, administering antibiotics locally also 
cause high antibiotic concentration in target tissue (3). The release of antibiotic on the target 
tissue is expected to take place continuously for a specific period and the concentration is 
higher than minimum inhibitory concentration (MIC). Controlled release system also can 
enhance the bioavailability of antibiotic in the target tissue. This system is designed to release 
the drug in the target tissue with appropriate rate during specific period ([3)]. The release of 
the drug from implants is affected by the composite.  A composite component that regulates 
the release rate of  of tthe drug from composites is cross-linkers type.  

Chitosan as organic material and bBovine hHydroxyapatite (BHA) as inorganic material 
were used in this research to increase mechanical strength and bone bioactivity in of the 
implants (3) and also to control the release rate of ciprofloxacin as the antibiotic. 
Glutaraldehyde (8) and genipin (9) were used as cross-linkers.  

The objective of this study was to determine and evaluate a controlled release implant of 
ciprofloxacin using Bovine HydroxyapatiteBHA-chitosan composite and glutaraldehyde or 
genipin as cross-link agent according to drugs characteristic.  
 
MATERIALS AND METHODS 
 
Materials 

Ciprofloxacin (Shangyu Jingxin Pharmaceutical Co. Ltd, ) ; Bovine Hydroxyapatite (BHA) 
from (Tissue Bank RSUD DR Soetomo Surabaya, Indonesia);  cChitosan with MW 30 -1000 
kD (Biotech, Indonesia) mMolecular weight 30-1000 kDalton; glutaraldehyde 25% p.a (Merck 
Millipore-, Germany); Genipin was obtained from (Challenge Bioproduct Co., Ltd., Taiwan). 
Glacial aAcetic acid, glacial p.a (Merck), KBr IR (for sSpectroscopy), Na2HPO4 Na2HPO4p.a, 
(Merck), K2HPO4 p.a, KH2PO4 p.a, and NaCl p.a (Merck-, German). and Deionized water was 
used throughout this study.Aquabidestilata. 
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Preparation of homogeneous chitosan powder 
Homogenous chitosan powder was obtained by dissolving chitosan flakes in acetic acid 

solution (1%,) v/v). The solution was stirred at 400 rpm on a mechanical stirrer for 24 hours to 
obtain chitosan solution with 2% w/v concentration. 1 M NaOH solution was added into 
chitosan solution until the pH reached neutral (pH,  = 7). After the addition of NaOH solution 
into chitosan solution, chitosan gels could be obtained. Chitosan gels were dried at 40 °C for 
24 hours.. tThe dried chitosan gels were sieved by 1 mm sieve to produce homogeneous 
chitosan powder.  
 
Formulation of ciprofloxacin-loaded bovine hydroxyapatite-chitosan-ciprofloxacin implant 
using glutaraldehyde or genipin as cross link agent  

The implant was produced prepared by using direct compression method. Ciprofloxacin was 
dissolved in distilled wateraquabidestilata, Bovine Hydroxyapatite BHA was added gradually 
and mixed until homogenhomogenizedization  with ciprofloxacin. Chitosan powder was added 
to cCiprofloxacin-Bovine HydroxyapatiteBHA blend and mixed until homogenizationwell. 
Distilled waterAquabidest wasere added gradually with continuous stirring until aform wet 
granules mass formed. Wet granules mass were sieved using through a 1- mm siever and dried 
overnight (24 hours) at 40 °C to obtain dried granules. Dried granules were immersed in 
glutaraldehyde solution or genipin solution at various concentration of crosslinkers (0.3%, 
0.5%, and 0.7% concentration) for 24 hours until the color was changed. The composition of 
various formulations was is mentioned given in Table 1. Granules were washed with distilled 
water to remove the residual glutaraldehyde and or genipin. At the final stage, granules were 
washed with phosphate buffer saline (PBS) at pH 7.40. To ensure the absence of glutaraldehyde 
residues, the rinsed solution tested with Schiff reagents. Granules were dried in an oven at 
40 °C for 24 hours. Dried granules (100 mg) were weighed out 100 mg, pressed using tablet 
press machine with 4.0 mm diameter and the compression pressure was set to 2 tons. 
 
Evaluation of implants  
Density test  

The density of the implant was calculated from the weight of the implant (in the dry state) 
divided by volume of the implant (10,11) through the equation below. The density of the 
implant could be calculated using equation 1.  

Density = Wi𝑊𝑊𝑖𝑖 
VV

                                         (1) 

where, Wi is the weight of the implant at the initial condition, and V is the volume of the 
implant.  
 
Porosity test  

The implant was weighed in the initial condition (in the dry state and ), then the implant was 
placed in 5 ml mL water for 1 minute. The implant was taken out from the water after 1 minute 
immersion process and placed in filter paper to remove the excess water on the surface of the 
implant. The implant was weighed again to obtain the wet weight  ([10,11)].  The porosity of 
the implant could bewas calculated using equation 2.  

Porosity (%) =  Ww− Wi
Implant volume

                          (2) 

where, Ww is the wet weight of the implant and Wi is the initial weight of the implant. Implant 
volume was calculated from pellet thickness multiplied with by implant surface area. An 
implant is a cylindrical form with 4.0 mm diameter and 0.525 mm thickness.  
 
Water absorption capacity and swelling ratio 
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The implant was weighed in the initial condition (dry state and ), then implant was immersed 
in 5 ml mL phosphate buffer saline (PBS,) pH 7.4 for 1 minute at temperature 37 °C ±.± 0.5 °C. 
The implant was withdrawn and gently blotted with filter paper to remove the excess water and 
weighed again (10-13). The percentage of water absorption capacity and swelling ratio of the 
implant was calculated using equations 3 and 4.  

Water absorption capacity =  Ww−Wi
Wi

 ×  100               (3) 

Swelling ratio =  Ww−Wi
Ww

 ×  100                                     (4) 

where, Wi is the weight of implant in dry state and Ww is the weight of the implant after 
immersion process in phosphate buffer saline (PBS,) pH 7.40. 
 
Hardness test  

The implant was pressed by load cell compression machine 5 mm/min by autograph E-10 
instrument. The hardness of the implant obtained from the force (F, in newton unit) which was 
displayed at the instrument divided by contact surface area of the implant (in mm unit) (14).  
 
Disintegration Test 

Implant was immersed in 5 ml mL phosphate buffer salinePBS, pH 7.4 at 37 °C ± 0.5 °C. 
Visual inspection was done to observe the changing of implant structure which was caused by 
erosion and degradation (14-16).  
 
Evaluation of implant morphology using scanning electron microscope (SEM)  

Morphology of the implant was observed using scanning electron microscope (SEM). The 
samples were fitted to aluminum stubs with conductive paint and were sputter-coated with gold 
(17). The difference of implant morphology before and after cross-linking process was 
observed using specific magnification.  
 
Drug content 

The implant was placed in a mortar and milled, then transferred into Erlenmeyer flask. 100 
ml mL HCL 0,.1 N was added into Erlenmeyer flask which contained milled implant and stirred 
for 24 h (400 rpm) until form suspension. The suspension was filtrated, and the filtrate was 
diluted to determine ciprofloxacin concentration. The absorbance of this solution was observed 
using spectrophotometer UVultraviolet (UV)-Vis visible at three wavelengths (260 nm, 270 
nm, and 280 nm). (∆), aAbsorbance which was obtained from the observation extrapolated in 
standard curve equation to obtain ciprofloxacin HCL concentration. Determination of 
ciprofloxacin content in the implant was done triplicate (18).  
 
In vitro drug release study  

The implant was placed in a vial containing 5 ml mL of phosphate buffer saline (PBS,) pH 
7.4. The vial was placed on a shelf and incubated in water bath at 37 °C ± 0.5 °C. Sampling 
was conducted by pipetting 1 ml mL of elution fluids at predetermined time intervals (1st, 3rd, 
5th, 7th, 9th , 12th , 14th , 16th , 18th , 20th , 22th , and 24th  h on first day and every 24 h for 30 
days) and replaced with fresh buffer to maintain sink condition. The sample solution was 
filtered with Millipore membrane ()(ø = 0.45 μm). Appropriate dilution was prepared using 
phosphate buffer saline (PBS,) pH 7.4. The absorbance of the solution was analyzed using UV 
spectrophotometer at three wavelengths (260 nm, 270 nm, and 280 nm). Cumulative percent 
drug release was found at each time interval. The release of ciprofloxacin HCL from the 
implants was assayed in triplicate (16,19).  
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Data analysis  
The results of implant evaluation (density, porosity, swelling ratio, water uptake, hardness, 

and area under the curve (AUC) of in vitro release profile) was statistically analyzed using one 
way aAnalysis of vVariance (ANOVA) with 95% confidences interval.  
 
Characterization of the implant 
Fourier transforms infrared (FTIR) spectroscopy 

A sample of the implant was combined with KBr and pressed into a pellet. The solid pellet 
was analyzed using fourier transform-infrared (FT-IR) spectroscopy in the wave number range 
4000-400 cm-1 (17). 
 
X-ray diffraction study  

The X-ray diffraction (X-RD) study was carried out to determine the crystal phases of the 
implant using monochromatic Cu Kα radiation (40 KV, 30 MA).  X-ray diffractionRD peaks 
of the implants were compared to the diffraction peaks of pure materials (ciprofloxacin HCL, 
Bovine HydroxyapatiteBHA, and chitosan) in 2θ scan range of 5-50° (17). 
 
RESULTS 
 
Density of implant  

The result of density test on the implants that have been cross-linked using glutaraldehyde 
and genipin can be seen in Fig. 1 
 
Porosity of implant  

The porosity of the implants that have been cross-linked using glutaraldehyde and genipin 
can be seen in Fig. 1.  
 
Water absorption capacity  

Water absorption capacity of the implants that have been cross-linked using glutaraldehyde 
and genipin can be seen in Fig. 1.  
 
Swelling ratio of implant 

The swelling ratio of the implants that have been cross-linked using glutaraldehyde and 
genipin can be seen in Fig. 1.  
 
Hardness of implant 

The result of hardness test on the implants that have been cross-linked using glutaraldehyde 
and genipin can be seen in Fig. 1.  
 
Disintegration test 

“Disintegration test” was done by visual observation after implant have been crosslinked 
with glutaraldehyde and genipin. The dDisintegration profile of implants with three different 
concentrations of glutaraldehyde showed that formula with the lowest disintegration was F3-
0.7% glutaraldehyde. At the opposite, F3-0.3% glutaraldehyde showed greater disintegration 
than two others formula. The lower concentration of glutaraldehyde as a cross-linking agent 
caused hydrolysis process in polymer chains inducing erosion process (2220). The increase of 
glutaraldehyde concentration caused an increase in cross-link density. Implants with higher 
cross-link density had lower hydrophilic groups, so that the structure of the implants became 
difficult to extend in water (2321).  
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Evaluation of implant morphology using scanning electron microscope (SEM) 
SEM micrograph of the implant that has been cross-linked using glutaraldehyde and genipin 

are presented in Fig. 2. Based on the micrograph, it could be seen that there was small pores in 
the structure. These pores facilitate the release of ciprofloxacin from the implants.   
 
Drug content 

The result of ciprofloxacin HCL content in an implant that has been cross-linked using 
glutaraldehyde and genipin can be seen in Table 2. Drug content of all formulations was 
determined by UV spectrophotometer using three-wavelength methods.  
 
In vitro drug release study 

The cumulative amount of ciprofloxacin that has been released in PBS, pH 7.40, from the 
implant that has been cross-linked using glutaraldehyde and genipin could be seen in Fig 3. 
The release profile of ciprofloxacin HCL from the implants showed that ciprofloxacin release 
was at a therapeutic level of ciprofloxacin for osteomyelitis (2-50 μg/mlmL) (2422,2523). This 
condition could be kept for 30 days.  
 
Fourirer transform infrared (FTIR) spectroscopy 

The infrared spectrum of ciprofloxacin, BHAovine Hydroxyapatite, chitosan, implants 
BHAovine Hydroxyapatite-chitosan-ciprofloxacin before the cross-linking process, and 
implants Bovine HydroxyapatiteHA-chitosan-ciprofloxacin after the cross-linking process 
with three different concentrations of glutaraldehyde and genipin can be seen in Fig. 4. FT-IR 
spectrum of BHAovine Hydroxyapatite-chitosan-ciprofloxacin implant after crosslinking 
process using glutaraldehyde showed a peak shift characteristics of chitosan on wavenumbers 
1658,67 cm-1 (C=O stretching in amide group) to the lower wavenumbers around~ 1630 cm-1. 
This band is most probably composed of amide I band of chitosan (appears at 1658.67 cm-1) 
and the C=N stretching band of Schiff’s base that according to the literature appears at wave 
number 1620-1660 cm-1 (8). Moreover, the peak characteristic of aldehyde could not be seen 
in the FT-IR spectrum of BHAovine Hydroxyapatite-chitosan-ciprofloxacin implant after 
crosslinking process using glutaraldehyde. This condition showed that the implant did not 
contain free aldehyde group. Based on the results of the FT-IR spectrum, it was known that 
there was a shift of the N-H stretching vibrations and O-H stretching vibrations from chitosan 
molecules. In addition, the loss of peak at wave number 1363 cm-1 (the vibration bending of 
CH3) and 1155 cm-1 (the vibration bending of C-O-C) observed in FT-IR spectrum of the 
implant compared to FT-IR spectrum of pure chitosan. FT-IR spectrum of Bovine 
HydroxyapatiteHA-chitosan-ciprofloxacin implant that has been cross-linked using genipin 
also can be seen in Fig. 4. The spectrum showed a characteristics peak shift of chitosan to the 
lower wavenumbers. Characteristic peak of chitosan on wavenumbers 1639,55 cm-1 (C=O 
stretching of amides group) shift to the lower wavenumbers 1622.19 cm-1 at 0.7% genipin 
concentration, 1637.62 at 0.5% genipin concentration, and 1622.19 cm-1 at 0.3% genipin 
concentration. Increased of genipin concentration caused an increase of C=C bond intensity of 
genipin. 
 
X-ray diffraction study 

X-ray diffractionRD of the implants after cross-link using glutaraldehyde can be seen in Fig. 
5. Based on the results, it was known that the characteristics peak of ciprofloxacin in 2θ 8,.2°; °, 
9,.0°; °, 19,.3°; °, 19,.8°; °, and 26,.5° did not appear in a diffraction spectrum of Bovine 
HydroxyapatiteBHA-chitosan-ciprofloxacin implant. This condition indicated that 
ciprofloxacin was molecularly dispersed in the implant. X-ray diffraction of the implant after 
cross-link using glutaraldehyde showed that the peak intensity of BHA in 2θ ≈ 26° and 2θ ≈ 

Formatted: Font: 12 pt

Formatted: Highlight

Formatted: Font: Times New Roman

Formatted: Font: Times New Roman

Formatted: Font: Times New Roman



7 
 

32° decreased compared to X-ray diffraction of pure BHA and the implants before the cross-
linking process. The X-ray pattern of chitosan shows major crystalline peaks at 2θ ≈ 10° and 
2θ ≈ 20°. But, the X-ray diffraction of the implants indicated that these peaks became wider 
and weaker. The decrease crystallinity of chitosan molecules caused by the deformation of 
hydrogen bond in the molecular structure of chitosan. Substitution of glutaraldehyde molecules 
destroyed the regular structure of chitosan molecules so that the structure of chitosan molecules 
became amorph (2624). A similar case also happened on the Bovine Hydroxyapatite HA 
diffraction. The addition of glutaraldehyde damage regularity on BHAovine Hydroxyapatite 
crystal lattice. The decreased of BHAovine Hydroxyapatite crystallinity in line with the 
increased of glutaraldehyde concentration.  
 
DISCUSSION 

 
The result of this research is to obtain bone implant with ciprofloxacin as an active 

ingredient and chitosan-BHA composite. Hopefully, with the addition of genipin and 
glutaraldehyde as cross-linker, the implant has good physical characteristics and controlled 
drug release. In the beginning, implant was characterized. After that, the release of 
ciprofloxacin from the implant was observed.   

Aldehyde groups of glutaraldehyde (C=OH) react with chitosan amine groups (-NH2) 
produced covalent crosslinking through a Schiff base reaction (8,2025,2126).  

The crosslinking reaction mechanism between chitosan and genipin occurred in low acidic 
and neutral conditions. A nucleophilic attack by the amino groups of chitosan on the olefinic 
carbon atom at C-3 occurred, this condition followed by opening the dihydropyran ring and 
attacked by the secondary amino group on the newly formed aldehyde group. In other words, 
genipin act as a dialdehyde (9). 

The density of the implants after the cross-linking process with glutaraldehyde was lower 
than before cross-linking process. Moreover, the result of statistical analysis using one-way 
ANOVA showed that there was no significant difference in density between the implants which 
used three different concentration of glutaraldehyde (P > 0.05). Based on this result, it could 
be concluded that the difference of glutaraldehyde concentration did not affect the implant 
density. On the other hand, statistically, analysis using one-way ANOVA showed that there was 
a significant difference of implant density before and after cross-link using genipin (P < 0.05). 
The result of statistical analysis using one-way ANOVA showed that there was no significant 
difference of density between the implants which used three different concentration of genipin 
(P > 0.05). Based on this result, it could be concluded that the difference of genipin 
concentration did not affect the implant density. 

The result of statistical analysis using one-way ANOVA to the formula that using three 
different concentrations of glutaraldehyde showed that there was a significant difference of 
porosity between F3-0.3% glutaraldehyde and F3-0.7% glutaraldehyde (P < 0.05). Increasing 
glutaraldehyde concentration of 0.7% caused an increase of porosity than 0.3% glutaraldehyde. 
The increase of glutaraldehyde concentration caused the structure of the implants became 
looser. Higher concentration of glutaraldehyde led the structure of the implant became amorph, 
so that the porosity of the implant increased (27).  

Statistically, analysis using one way ANOVA showed that there was a significant difference 
of porosity before and after cross-link using genipin (P < 0.05). The porosity of F3 was 
significantly different with F3-0.3% genipin and F3-0.7% genipin. In addition, the result of 
statistical analysis using one-way ANOVA to the formula that using three different 
concentration of genipin showed that there was a significant difference of porosity between F3-
0.3% genipin and F3-0.5% genipin. Increasing genipin concentration of 0.5% caused a 
decrease in porosity than 0.3% genipin. The increase of genipin concentration caused the 
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structure of the implants became more compact. Genipin affected network size which was 
formed between chitosan chainchains. The increase of genipin concentration led to the size of 
the network became smaller, so that the porosity of the implant decreased. 

Water absorption capacity of the implants after the cross-linking process was higher than 
before cross-linking process. The result of statistical analysis using one way ANOVA to the 
formula that using three different concentrations of glutaraldehyde showed that there was a 
significant difference of water absorption capacity between F3-0.3% glutaraldehyde and F3-
0.7% glutaraldehyde (P < 0.05). The increase of glutaraldehyde concentration to 0.7% caused 
markedly decrease water absorption capacity. Cross-linking process with glutaraldehyde 
restricted water molecules to enter into chitosan structure (28). On the other hand, statistically, 
analysis using one-way ANOVA showed that there was a significant difference of water 
absorption capacity before and after cross-link using genipin (P < 0.05). Water absorption 
capacity of the implants after the cross-linking process with genipin was higher than before 
cross-linking process. The result of statistical analysis using one-way ANOVA to the formula 
that using three different concentrations of genipin showed that there was no significant 
difference of water absorption capacity between three formulas. Based on this resultsthese 
results, it could be concluded that the difference of genipin concentration did not affect water 
absorption capacity of the implants. 

The result of statistical analysis using one way ANOVA to the formula that using three 
different concentrations of glutaraldehyde showed that there was no significant difference of 
swelling ratio among three formulas (P > 0.05). On the other hand, there was a significant 
difference of swelling ratio of the implant, before and after cross-link using genipin (P < 0.05). 
The swelling ratio of the implants after the cross-linking process was higher than before cross-
linking process. Statistically, analysis using one way ANOVA showed that there was no 
significant difference of swelling ratio between three formulas which used three different 
concentration of genipin (P > 0.05). 

Cross-linking process using glutaraldehyde caused the characteristic of biomaterial became 
brittle. Increasing glutaraldehyde as cross-link agent more than 0.2 % decreasedecreases the 
mechanical strength of the implants (29). The hardness of the implant after cross-link using 
genipin was lower than before cross-link. Based on statistical analysis using one- way ANOVA, 
it could be found that there was a significant difference of implant hardness before and after 
the cross-linking process. The result of statistical analysis using one- way ANOVA to the 
formula that using three different concentrations of genipin showed that there was no 
significant difference of hardness between three formulas.  

The disintegration profile of implants with three different concentrations of glutaraldehyde 
showed that formula with the lowest degradation was F3-0.3% genipin. At the opposite, F3-
0.7% genipin showed greater disintegration than two others formula. In the specific case, the 
increased of cross-link agent concentration caused a decrease of material crystalinity. The 
cristalinity of F3-0.7% was lower than F3-0.3%, so that the ability of water to penetrate in 
implants structure became easier and the implants degrade easily. 

There was a change of diffraction pattern before and after cross linking process using 
genipin. This phenomenon indicated a change in the degree of crystallinity. Characteristic peak 
of chitosan in 2θ 10° and 20° did not appear in the implant diffraction. In addition, characteristic 
peak of Bovine Hydroxyapatite HA in 2θ 26° and 32° decreased compare to the diffraction of 
pure Bovine Hydroxyapatite HA and implant before cross linking process. The increased of 
genipin concentration in the implant caused a decrease of cristalinity. This can be observed 
through a decreased of peak intensity in line with the increased of genipin concentration.  

There are many factors that influence the drug release profile of the implants. This includes 
drug concentration in the dosage form, drug solubility, and drug-carrrier interaction. In this 
research, ciprofloxacin interact with implant’s’ composite (24,30.,31). Therefore, drug release 
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study showed that ciprofloxacin release from bone implant with glutaraldehyde crosslinker 
with different concentration have no significant difference. In the same way, with difference 
crosslinker (genipin) also showed no significant difference.    

Adding cross-linker to the implant formula could control the drug release either in the initial 
release to prevent burst effect and in the sustained release process.  

The release of ciprofloxacin from BHA-cChitosan-cCiprofloxacin implant using 
glutaraldehyde as cross-linked shows controlled release. The same result happened using 
genipin as cross-linker.  

The release mechanism of ciprofloxacin from BHA-cChitosan-cCiprofloxacin using 
glutaraldehyde and genipin cross-linker starts with the swelling process and followed with drug 
diffusion. One system involves the diffusion of drugs from a reservoir through a biodegradable 
matricesthrough biodegradable matrices. Glutaraldehyde and genipin hamper the degradation 
process so the drug release will be controlled. 

Using genipin, the degradation process is faster compared with using glutaraldehyde as 
crosslinker. Nevertheless, the ciprofloxacin concentration released from the implant using 
glutaraldehyde and genipin was meet the therapeutic range criteria according to Indonesian 
Ministry of Health (2-50 ug/mL) for 30 days. Drug release study showed that ciprofloxacin 
release from bone implant with glutaraldehyde and genipin crosslinker using different 
concentration have no significant difference. This result happened because using high 
concentration of cross linker, implant becoming more stiff with less mechanical strength. The 
decrease of cristalinity forming an amorphous structure contributed with the reduction of 
mechanical strength (26,27). 

To conclude with, bone implants with ciprofloxacin using cChitosan-BHA composite and 
crosslinker glutaraldehyde and genipin 0.7% showed the best result. Therefore, the release of 
ciprofloxacin for 30 days meets the standard requirements (2-50 mg). Glutaraldehyde or 
genipin 0.7% had the potential effect to retard ciprofloxacin release from BHAovine 
Hydroxyapatite-chitosan-ciprofloxacin implant for 30 days in the treatment of osteomyelitis. 
 
CONCLUSION  

 
The results obtained from this study indicated that glutaraldehyde or genipin 0.7% had 

potential effect to retard and control ciprofloxacin release from BHAovine Hydroxyapatite-
chitosan-ciprofloxacin implant with diffusion and erotionerosion mechanism for 30 days in the 
treatment of osteomyelitis. 
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Table 1. The composition of implant formulations. 

Formulation code Cyprofloxacin (%) 
Composite composition (%) Cross-linker (%) 

Bovine hydroxyapatite  Chitosan Glutaraldehyde Genipin 
F3 10 30 60 - - 
F3-0.3% GA 10 30 60 0.3 - 
F3-0.5% GA 10 30 60 0.5 - 
F3-0.7% GA 10 30 60 0.7 - 
F3-0.3% GE 10 30 60 - 0.3 
F3-0.5% GE 10 30 60 - 0.5 
F3-0.7% GE 10 30 60 - 0.7 

Genipine (GE), glutaraldehyde (GA). 
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Fig. 1. Density (g/cm3), porosity (%), water uptake (%), swelling ratio (%), and hardness (MPa) of implant with 
cross-linker glutaraldehyde (GA) and cross-linker genipin (GE). Each column represents the mean ± SD of three 
determinations. 
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Fig. 2. Scanning electron microscopyEM micrograph of ciprofloxacin implant that has been cross linked (with 
30.000×X magnification): (A) bovine hydroxyapatite-chitosan-ciprofloxacin (30:60:10) with 0.7% 
glutaraldehyde, (B) bovine hydroxyapatite-chitosan-ciprofloxacin (30:60:10) with 0.7% genipin. The green lines 
inside in micrograph show the pore size of the implant. 
 
 
Table 2. Drug content of implant formulations 

Formulation code Drug content (%) 
F3-0.3% GA 96.04 ± 7.11 
F3-0.5% GA 84.80 ± 10.34 
F3-0.7% GA 87.31 ± 3.40 
F3-0.3% GE 92.81 ± 7.96 
F3-0.5% GE 95.30 ± 1.07 
F3-0.7% GE 92.81 ± 2.41 

Each data represents the mean ± SD of three determinations. 
(GA), glutaraldehyde and (GE), genipin. 
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Fig. 3. The profile of cumulative amount of ciprofloxacin release from implant formulation cross-linker 
glutaraldehyde (GA) and genipin (GE). Each point represents the mean ± SD of three determinations. 
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Fig. 4. Fourirer transform infraredFT-IR spectrum of (A) ciprofloxacin, (B) bovine hydroxyapatiteBHA, (C) 
chitosan, (D) glutaraldehyde, (E) formula 3 bovine hydroxyapatite-chitosan-ciprofloxacin implant (30:60:10), (F) 
formula 3-0.3% glutaraldehyde, (G) formula 3-0.5% glutaraldehyde, and (H) formula 3-0.7% glutaraldehyde (left) 
and genipin (right). 
 
 

 
Fig. 5. X-ray diffraction spectrum of (A) chitosan, (B) formula 3 bovine hydroxyapatite(BHA)-chitosan-
ciprofloxacin implant (30:60:10), (C) formula 3-0.3% glutaraldehyde, (D) formula 3-0.5% glutaraldehyde (left) 
and genipin (right), (E) formula 3-0.7% glutaraldehyde (left) and genipin (right), (F) BHA, and (G) ciprofloxacin. 
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would be better to describe the potential clinical benefits in the discussion 
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Reply to the reviewers’ comments 

Reviewer 
Number 

Original comments of the reviewer Reply by the author(s) Changes done on 
page number and 
line number 

1 In the “ Introduction” the authors should introduce 
the use of chitosan and hydroxyapatite for bone 
tissue engineering 

Chitosan as organic material and Bovine 
Hydroxiapatite as inorganic material 
were used in this research to increase 
mechanical strength and bone bioactivity 
in implants [3]. Glutaraldehyde   [8] and 
genipin [9] were used as cross-linker.  
The objective of this study was to 
determine and evaluate a controlled 
release implant of ciprofloxacin using 
Bovine Hydroxyapatite -chitosan 
composite and glutaraldehyde or genipin 
as cross-link agent according to drugs 
characteristic.   
 

Page 3, 128-133 

1 The genipin and glutaraldehyde crosslinked the 
chitosan, what’s the function of Bovine 
Hydroxyapatite in the implant? In the FTIR and 
XRD following BHA in the formulations is not 
clear and should be discussed. 

Bovine Hydroxiapatite as inorganic 
material were used in this research to 
increase mechanical strength and bone 
bioactivity in implants [3].  

 

1 The molecular weight of chitosan should be noted 
in the materials. 

Chitosan Medical Grade (Biotech 
Surindo). Molecular weight varied from 
30-1000 KD according to CoA. 

Page 4, 147 

1 “Mechanism of crosslinking” should be Already moved to RESULT  Moved to page 6-7, 



transformed to the Result section.  278-288 
1 For determining the porosity, the authors should 

display BET test. The implant has a hydrogel 
structure and adsorbs the water, so using water for 
porosity test is incorrect. 

There is no spesific equipment available 
for determining the porosity  

 

1 Equation 2 and Equation 4 are the same. This 
equation is used for determining the swelling ratio 
and should be omitted from porosity test. 

Porosity (%) = Ww-Wi/implant 
volume                                                                       
(Eq. 2) 
Where Ww is the wet weight of implant 
and Wi is the initial weight of implant.  
Implant volume calculated from pellet 
thickness multiplied with implant surface 
area. Implant are cylindrical form with 
4.0 mm diameter and 0.525 mm 
thickness.  
 

Page 5, 197-202 

1 For determining the swelling ratio, the duration 
time of immersion of implants in the buffer should 
be noted. 

The duration time of immersion of 
implants in the buffer was  1-minute   

Page 5, 207 

1 “Degradation test” should be changed to the 
“disintegration test”. 

Already revised  
 

Page 5, 223 

1 The results of Degradation test were not shown. “Disintegration test” was done by visual 
observation after implant have been 
crosslinked with glutaraldehyde and 
genipin 

Page 7, 310-311 

1 Analysis of ciprofloxacin was performed at 3 
wavelengths, the authors display about this method. 

Multiple wavelengths  with three 
different wavelengths is a 
spectrophotometric method to eliminate 

 



interference absorbance from implant 
excipients in the determination of 
ciprofloxacin.  
The measurement was done for 
maximum wavelength, 10 nm above, and 
10 nm below.  
(Cazedey and Salgado, 2012). 
 

1 In “In vitro drug release study” the volume of 
release medium is very low (5 ml) in comparison to 
the sampling volume (1 ml), and 20% of the 
medium was replaced with fresh buffer at each 
sampling point time. This can cause error. 

Implants were meant to be used in bones. 
Bones contain 31% water, much less than 
skin and muscles.   
The addition buffer was homogenized 
first before sampling. As a result, it 
didn’t interfere with the sampling 
process.  
 
 

 

1 X and Y axis in Fig 3 should be corrected. 
Cumulative drug released percent against time 
should be plotted not cumulative drug released 
concentration. Indeed, number of days should not 
have decimal points. 

In this research, cumulative drug release 
isn't calculated in percent against time 
because concentration are related with 
daily measurement to calculate the 
sustain release in the drug itself.  
 

 

1 The authors didn’t discuss why different formula 
released the drug with the same manner? 

There are many factors that influence the 
drug release profile of the implants. This 
includes drug concentration in the dosage 
form, drug solubility, and drug-carrrier 
interaction. In this reseach, ciprofloxacin 

Page 10, 468-473 



interact with implant’s composite 
[24,30.31]. Therefore, drug release study 
showed that ciprofloxacin release from 
bone implant with glutaraldehyde 
crosslinker with different concentration 
have no significant difference. In the 
same way, with difference crosslinker 
(genipin) aslo showed no significant 
difference.    
Added in DISCUSSION 

1 The SEM images were not uploaded correctly. Reupload SEM image  
 

 

1 At the end of discussion the authors should 
conclude about the study. 

To conclude with, bone implants with 
ciprofloxacin using Chitosan-BHA 
composite and crosslinker gluaraldehyde 
and genipin 0.7% showed the best result. 
Therefore, the release of ciprofloxacin 
for 30 days meet the standard 
requirements (2-50 mg). Glutaraldehyde 
or genipin 0.7% had potential effect to 
retard ciprofloxacin release from Bovine 
Hydroxyapatite-chitosan-ciprofloxacin 
implant for 30 days in the treatment of 
osteomyelitis. 
 

Page 10, 474-478 

1 At the lines number of 161, 238,260, please change 
“,” to “.” 

Already changed  

1 At the line numbers of 105 please change the red Already changed  



point to black point. 
    
2 the abstract needs re-writing with respect to the 

structure and the content. It also contains many 
typos and grammatical errors. 

Already revised   

2 incomplete literature review! the papers on 
chitosan-hydroxyapatite hydrogel hasn't been 
addressed. 

Chitosan-hydroxyapatite hydrogel 
reviewed in reference [9, 20, 21] 
 

 

2 the aim of study has not been well defined at the 
end of the introduction section. 

The objective of this study was to 
determine and evaluate a controlled 
release implant of ciprofloxacin using 
Bovine Hydroxyapatite-chitosan 
composite and glutaraldehyde or genipin 
as cross-link agent according to drugs 
characteristic.   
 

Page 3, 131-133 

2 there are some ambiguous parts in the materials and 
methods section that needs to be revised or 
explained: homogeneous chitosan powder 
(homogeneous?), the compression pressure of 2 
tons, mechanism of crosslinking section (unrelated 
to the materials and methods section), the 
calculation of hydrogel porosity, assay of drug 
content by extrapolating of the UV-Vis calibration 
curve constructed at 3 wavelengths, the mechanical 
strength of the implant which has only been tested 
in term of hardness in dry state. 

homogeneous chitosan powder is grinded 
chitosan into a powdery form.  

 

2 some parts in the results section are related to the According to the RPS journal, RESULT  



discussion. P values have only been presented in 
the discussion, so it is suggested to combine the 
results and the discussion sectons. 

and DISCUSSION section must be 
separated . 

2 there are some justifications that have to be re-
considered: molecular dispersion of ciprofloxacin 
in the XRD experiment (or may be only an 
amorphous drug state), no free glutaraldehyde has 
been remained (FTIR of free glutarladehyde at the 
corresponding amount is missing), etc. 

Ciprofloxacin shifting into amorphous is 
an important factor because ciprofloxacin 
release depends on the drug solubility.  
 

 

2 the discussion section has been started with the 
non-significant density findings. It is recommended 
to begin this section with what the study is 
concerned about and also to discuss only about the 
most important findings. 

Already added  
 
The result of this research is to obtain 
bone implant with ciprofloxacin as an 
active ingredient and chitosan-BHA 
composite. Hopefully, with the addition 
of genipin and glutaraldehyde as cross-
linker, the implant has good physical 
characteristics and controlled drug 
release. In the beginning, implant was 
characterized. After that, the release of 
ciprofloxacin from the implant was 
observed.   
 

Page 9, 390-394 

2 there is no discussion about the drug release from 
the implant that should be included. 

There are many factors that influence the 
drug release profile of the implants. This 
includes drug concentration in the dosage 
form, drug solubility, and drug-carrrier 
interaction. In this research, ciprofloxacin 

Page 10, 468-474 



interact with implant’s composite 
[24,30.31]. Therefore, drug release study 
showed that ciprofloxacin release from 
bone implant with glutaraldehyde 
crosslinker with different concentration 
have no significant difference. In the 
same way, with difference crosslinker 
(genipin) also showed no significant 
difference.    
 
Added to DISCUSSION 
 

2 there is no interesting conclusion coming from the 
effect of type and the concentration of crosslinks on 
the physicochemical and the drug release 
properties. 

This research showed that bone implant 
with genipin cross-linker with the 
concentration of 0.3%, 0.5%, and 0.7% 
has potential in the treatment of 
osteomyelitis. Genipin also less toxic 
material compared with other cross-
linker available  

 

    
3 There are numerous grammatical points and the 

manuscript requires a thorough English editing 
prior to publication. 

Already revised  

3 The authors have discussed the availability of 
retard ciprofloxacin release. The clinical 
importance has been explained in the introduction. 
It would be better to describe the potential clinical 
benefits in the discussion section. 

Glutaraldehyde or genipin 0.7% had the 
potential effect to retard ciprofloxacin 
release from Bovine Hydroxyapatite-
chitosan-ciprofloxacin implant for 30 
days in the treatment of osteomyelitis. 

Page 10, 476-478 



 
Added in the last section of 
DISCUSSION  

    
4 Please provide ACKNOWLEDGEMENT section if 

applicable. 
Added 
 

Page 11, 489-494 
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 48 
 49 
 50 
Abstract 51 
 The objective of this study was to determine and evaluate a controlled release implant 52 
of ciprofloxacin using Bovine Hydroxyapatite-chitosan composite and glutaraldehyde or 53 
genipin as cross link agent. Ciprofloxacin implants were prepared using Bovine 54 
Hydroxyapatite-chitosan-ciprofloxacin composition 30:60:10. This composite was further 55 
developed using three different concentrations of glutaraldehyde or genipin (0.3%, 0.5%, and 56 
0.7%). Implants were formed into pellets with 4.0 mm diameter and weighed 100.0 mg using 57 
compression method. Further, the prepared ciprofloxacin implant was characterized for 58 
porosity, density, water absorption capacity, swelling ratio, degradation test, compressive 59 
strength, compatibility studies (FT-IR), morphology (SEM), X-ray diffraction study, assay, 60 
and in vitro drug release.  61 
 The addition of glutaraldehyde or genipin  as cross-link agent in ciprofloxacin implant 62 
showed controlled release profile of ciprofloxacin over a time period 30 days. This is due to 63 
glutaraldehyde or genipin formed compact structure so the porosity, water absorption 64 
capacity, and swelling ratio of the implant decreased. SEM photomicrograph revealed low 65 
porosity of the implant after cross-link with glutaraldehyde or genipin. The FTIR study 66 
confirmed the formation of covalent imine bonds between chitosan and glutaraldehyde. 67 
Moreover, the addition of glutaraldehyde or genipin as cross-link agent caused a decrease in 68 
the mechanical strength of the implant. Increased concentration of glutaraldehyde or genipin 69 
reduced the crystallinity of BHA and chitosan, which were confirmed by XRD studies. The 70 
results obtained from this study indicated that glutaraldehyde or genipin 0.7% had the 71 
potential effect to retard ciprofloxacin release from Bovine Hydroxyapatite-chitosan-72 
ciprofloxacin implant for 30 days in the treatment of osteomyelitis. 73 
 74 

Keywords: Implant ciprofloxacin; Cross-linker; Glutaraldehyde; Genipin; Released.  75 
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 90 
 91 

INTRODUCTION 92 
 93 

Bones are an essential part of human body which have an important role in supporting 94 
the physiological functions of the body [1]. Complications of bone disease and bone disorder 95 
caused by traumatic accidents may result in the presence of bone defect. The healing process 96 
of bone damage or bone fracture is determined by the level of trauma and soft tissue damage 97 
[2]. Some cases of bone damage or bone injury cannot be experienced naturally repair [1]. 98 
Therefore, clinical rehabilitation to overcome bone defect is expected to rise along with 99 
population growth [3].  100 

Rehabilitation of bone defect cannot be separated from the risk of infection. The number 101 
of complication varied from 1% in the case of total joint replacement until 23% in the case of 102 
bone fracture [4]. The cause of infection complication is the entry of the bacteria into the 103 
bone tissue through the defects. The infection occurred because of a less sterile surgical 104 
process, bacteria that adhere to the implant, bacteria in human skin, open wounds, and 105 
circulatory patients suffering from infection elsewhere [3,5].  106 

The occurrence of bacterial infection can be corrected by administering antibiotics. 107 
However, tissue devascularization in the case of bone defect caused the antibiotic transfer to 108 
the target site become stunted. This condition caused the concentration of antibiotic in tissue 109 
target become low so that the antibiotic is not able to penetrate into the biofilm layer of 110 
bacteria. In consequence, bacterial resistance occurs in the target tissue [6]. One way to 111 
overcome the risk of infection is giving the antibiotic in oral or intravenous route for a long 112 
period.  113 
To overcome these problems, administering antibiotic can be done locally by using specific 114 
drug delivery system. The purpose of this drug delivery system is providing drug 115 
concentration at a specific location and ensuring drug release profile for a long period [7]. 116 
Local drug delivery system has several advantages (a) reduce systemic effect, (b) the number 117 
of drugs are used less and secure, and (c) efficacy and efficient to deliver the drug [8]. 118 
Administering antibiotic locally can also minimize the side effects and the risk of toxicity 119 
than administering antibiotic systemically. In addition, administering antibiotic locally also 120 
cause high antibiotic concentration in target tissue [3]. The release of antibiotic on the target 121 
tissue is expected to take place continuously for a specific period and the concentration is 122 
higher than minimum inhibitory concentration (MIC). Controlled release system also can 123 
enhance the bioavailability of antibiotic in the target tissue. This system is designed to release 124 
the drug in the target tissue with appropriate rate during specific period [3]. The release of the 125 
drug from implants is affected by the composite. A composite component that regulates the 126 
release of the drug is cross-linker.  127 
Chitosan as organic material and Bovine Hydroxyapatite as inorganic material were used in 128 
this research to increase mechanical strength and bone bioactivity in implants [3]. 129 
Glutaraldehyde   [8] and genipin [9] were used as cross-linker.  130 
The objective of this study was to determine and evaluate a controlled release implant of 131 
ciprofloxacin using Bovine Hydroxyapatite-chitosan composite and glutaraldehyde or genipin 132 
as cross-link agent according to drugs characteristic.   133 

 134 
 135 
 136 
 137 
 138 
 139 
 140 
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MATERIALS AND METHODS 141 

 142 

Materials 143 
 144 
 Ciprofloxacin (Shangyu Jingxin Pharmaceutical Co. Ltd) ; Bovine Hydroxyapatite 145 
(BHA) from Tissue Bank RSUD DR Soetomo Surabaya; Chitosan (Biotech Indonesia) 146 
Molecular weight 30-1000 kDalton; glutaraldehyde 25% p.a (Merck Millipore-German); 147 
Genipin was obtained from Challenge Bioproduct Co., Ltd., Taiwan. Acetic acid glacial p.a 148 
(Merck), KBr IR (for Spectroscopy) Na2HPO4 p.a (Merck), K2HPO4 p.a, KH2PO4 p.a, NaCl 149 
p.a (Merck-German) and Aquabidestilata 150 
 151 
Preparation of homogeneous chitosan powder 152 
 153 
 Homogenous chitosan powder was obtained by dissolving chitosan flakes in acetic acid 154 
solution (1%) v/v. The solution was stirred at 400 rpm on a mechanical stirrer for 24 hours to 155 
obtain chitosan solution with 2% w/v concentration. 1 M NaOH solution was added into 156 
chitosan solution until the pH reached neutral (pH =7). After the addition of NaOH solution 157 
into chitosan solution, chitosan gels could be obtained. Chitosan gels were dried at 40°C for 158 
24 hours. The dried chitosan gels were sieved by 1 mm sieve to produce homogeneous 159 
chitosan powder.  160 
 161 

Formulation of Bovine Hydroxyapatite-chitosan-ciprofloxacin implant using 162 
glutaraldehyde or genipin as cross link agent  163 
  164 
 The implant produced by compression method. Ciprofloxacin was dissolved in 165 
aquabidestilata, Bovine Hydroxyapatite added gradually and mixed until homogen with 166 
ciprofloxacin. Chitosan powder was added to Ciprofloxacin-Bovine Hydroxyapatite blend 167 
and mixed until homogen. Aquabidest were added gradually with continuous stirring until 168 
form wet granules mass. Wet granules mass were sieved using 1 mm siever and dried 169 
overnight (24 hours) at 40 °C to obtain dried granules. Dried granules were immersed in 170 
glutaraldehyde solution or genipin solution (0.3%, 0.5%, and 0.7% concentration) for 24 171 
hours until the color was changed. The composition of various formulations was mentioned 172 
in Table 1. Granules were washed with aquabidest to remove the residual glutaraldehyde and 173 
genipin. At the final stage, granules were washed with phosphate buffer saline (PBS) pH 174 
7.40. Granules were dried in an oven at 40 °C for 24 hours. Dried granules were weighed 100 175 
mg, pressed using tablet press machine with 4.0 mm diameter and the compression pressure 176 
was 2 tons. 177 
 178 

 179 
Evaluation of implant  180 
Density test  181 
 The density of the implant was calculated from the weight of the implant (in the dry 182 
state) divided by volume of the implant [10,11].  The density of the implant could be 183 
calculated using Eq. (1).  184 
                                                                                                                    (Eq. 1) 185 

 186 
Where Wi is the weight of the implant at the initial condition, V is the volume of the implant.  187 
 188 
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 Porosity test  189 
 The implant was weighed in the initial condition (in the dry state), then the implant 190 
was placed in 5 ml water for 1 minute. The implant was taken out from the water after 1 191 
minute immersion process and placed in filter paper to remove the excess water on the 192 
surface of the implant. The implant was weighed again to obtain the wet weight [10,11].  The 193 
porosity of the implant could be calculated using Eq. (2).  194 
 195 
 196 
Porosity (%) = Ww-Wi/implant volume                                                                       (Eq. 2) 197 
 198 
 199 
Where Ww is the wet weight of implant and Wi is the initial weight of the implant.  200 
Implant volume calculated from pellet thickness multiplied with implant surface area. An 201 
implant is a cylindrical form with 4.0 mm diameter and 0.525 mm thickness.  202 
 203 
 204 
Water absorption capacity and swelling ratio 205 
          The implant was weighed in the initial condition (dry state), then implant was 206 
immersed in 5 ml phosphate buffer saline (PBS) pH 7.4 for 1 minute at temperature 37 °C 207 
±.0.5 °C. The implant was withdrawn and gently blotted with filter paper to remove the 208 
excess water and weighed again [10-13]. The percentage of water absorption capacity and 209 
swelling ratio of the implant was calculated using Eq. (3) and Eq. (4).  210 
 211 

                              (Eq. 3) 212 

                            (Eq. 4) 213 

 214 

Where Wi is the weight of implant in dry state and Ww is the weight of the implant after 215 
immersion process in phosphate buffer saline (PBS) pH 7.40. 216 
 217 
Hardness test  218 
 The implant was pressed by load cell compression machine 5 mm/min by autograph E-219 
10 instrument. The hardness of the implant obtained from the force (F in newton unit) which 220 
was displayed at the instrument divided by contact surface area of the implant (in mm unit) 221 
[14].  222 
 223 
Disintegration Test 224 
 Implant was immersed in 5 ml phosphate buffer saline pH 7.4 at 37 °C ± 0.5 °C. Visual 225 
inspection was done to observe the changing of implant structure which was caused by 226 
erosion and degradation [14-16].  227 
 228 

Evaluation of implant morphology using scanning electron microscope (SEM)  229 
 Morphology of the implant was observed using scanning electron microscope (SEM). 230 
The samples were fitted to aluminum stubs with conductive paint and were sputter-coated 231 
with gold [17]. The difference of implant morphology before and after cross-linking process 232 
was observed using specific magnification.  233 
 234 
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Drug content 235 
 The implant was placed in a mortar and milled, then transferred into Erlenmeyer flask. 236 
100 ml HCL 0,1 N was added into Erlenmeyer flask which contained milled implant and 237 
stirred for 24 h (400 rpm) until form suspension. The suspension was filtrated, and the filtrate 238 
was diluted to determine ciprofloxacin concentration. The absorbance of this solution was 239 
observed using spectrophotometer UV-Vis at three wavelengths (260 nm, 270 nm, and 280 240 
nm). ∆ Absorbance which was obtained from the observation extrapolated in standard curve 241 
equation to obtain ciprofloxacin HCL concentration. Determination of ciprofloxacin content 242 
in the implant was done triplicate [18].  243 
 244 

In vitro drug release study  245 
  The implant was placed in a vial containing 5 ml of phosphate buffer saline (PBS) pH 246 
7.4. The vial was placed on a shelf and incubated in water bath at 37 °C ± 0.5 °C. Sampling 247 
was conducted by pipetting 1 ml of elution fluids at predetermined time intervals (1st, 3rd, 5th, 248 
7th, 9th , 12th , 14th , 16th , 18th , 20th , 22th , and 24th  h on first day and every 24 h for 30 days) 249 
and replaced with fresh buffer to maintain sink condition. The sample solution was filtered 250 
with Millipore membrane (ø = 0.45 μm). Appropriate dilution was prepared using phosphate 251 
buffer saline (PBS) pH 7.4. The absorbance of the solution was analyzed using UV 252 
spectrophotometer at three wavelengths (260 nm, 270 nm, and 280 nm). Cumulative percent 253 
drug release was found at each time interval. The release of ciprofloxacin HCL from the 254 
implants was assayed in triplicate [16,19].  255 
 256 

Data analysis  257 
 The results of implant evaluation (density, porosity, swelling ratio, water uptake, 258 
hardness, and AUC of in vitro release profile) was statistically analyzed using one way 259 
Analysis of Variance (ANOVA) with 95% confidences interval.  260 
 261 
Characterization of the implant 262 
 263 
Fourier transform infrared (FTIR) spectroscopy 264 
   A sample of the implant was combined with KBr and pressed into a pellet. The solid 265 
pellet was analyzed using FT-IR spectroscopy in the wave number range 4000-400 cm-1 [17]. 266 
 267 
X-ray diffraction study  268 
 The X-ray diffraction study was carried out to determine the crystal phases of the 269 
implant using monochromatic Cu Kα radiation (40 KV, 30 MA).  X-ray diffraction peaks of 270 
the implants were compared to the diffraction peaks of pure materials (ciprofloxacin HCL, 271 
Bovine Hydroxyapatite, and chitosan) in 2θ scan range 5-50° [17]. 272 
  273 

 274 

 275 

RESULTS 276 

 277 
Mechanism of crosslinking 278 
Mechanism of glutaraldehyde crosslinking 279 

 Aldehyde groups of glutaraldehyde (C=OH) react with chitosan amine groups (-NH2) 280 
produced covalent crosslinking through a Schiff base reaction [8, 20,21].  281 
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 282 
Mechanism of genipin crosslinking 283 
 The crosslinking reaction mechanism between chitosan and genipin occurred in low 284 
acidic and neutral conditions. A nucleophilic attack by the amino groups of chitosan on the 285 
olefinic carbon atom at C-3 occurred, this condition followed by opening the dihydropyran 286 
ring and attacked by the secondary amino group on the newly formed aldehyde group. In 287 
other words, genipin act as a dialdehyde [9]. 288 

 289 

Density of implant  290 
The result of density test on the implants that have been cross-linked using glutaraldehyde 291 
and genipin can be seen in Fig. 1 292 
 293 
Porosity of implant  294 
The porosity of the implants that have been cross-linked using glutaraldehyde and genipin 295 
can be seen in Fig. 1.  296 
 297 
Water absorption capacity  298 
 Water absorption capacity of the implants that have been cross-linked using 299 
glutaraldehyde and genipin can be seen in Fig. 1.  300 
 301 
Swelling ratio of implant 302 
  The swelling ratio of the implants that have been cross-linked using glutaraldehyde and 303 
genipin can be seen in Fig. 1.  304 
 305 
Hardness of implant 306 
 The result of hardness test on the implants that have been cross-linked using 307 
glutaraldehyde and genipin can be seen in Fig. 1.  308 
 309 
Disintegration test 310 

 “Disintegration test” was done by visual observation after implant have been 311 
crosslinked with glutaraldehyde and genipin. The Disintegration profile of implants with 312 
three different concentrations of glutaraldehyde showed that formula with the lowest 313 
disintegration was F3-0.7% glutaraldehyde. At the opposite, F3-0.3% glutaraldehyde showed 314 
greater disintegration than two others formula. The lower concentration of glutaraldehyde as 315 
a cross-linking agent caused hydrolysis process in polymer chains inducing erosion process 316 
[22]. The increase of glutaraldehyde concentration caused an increase in cross-link density. 317 
Implants with higher cross-link density had lower hydrophilic groups, so that the structure of 318 
the implants became difficult to extend in water [23].  319 

  320 
Evaluation of implant morphology using scanning electron microscope (SEM) 321 
 SEM micrograph of the implant that has been cross-linked using glutaraldehyde and 322 
genipin are presented in Fig. 2. Based on the micrograph, it could be seen that there was 323 
small pores in the structure. These pores facilitate the release of ciprofloxacin from the 324 
implants.   325 
 326 
Drug content 327 
 The result of ciprofloxacin HCL content in an implant that has been cross-linked using 328 
glutaraldehyde and genipin can be seen in Table 2. Drug content of all formulations was 329 
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determined by UV spectrophotometer using three-wavelength methods.  330 
 331 
In vitro drug release study 332 
 The cumulative amount of ciprofloxacin that has been released in PBS pH 7.40 from 333 
the implant that has been cross-linked using glutaraldehyde and genipin could be seen in Fig 334 
3. The release profile of ciprofloxacin HCL from the implants showed that ciprofloxacin 335 
release was at a therapeutic level of ciprofloxacin for osteomyelitis (2-50 μg/ml) [24, 25]. 336 
This condition could be kept for 30 days.  337 
 338 
Fourirer transform infrared (FTIR) spectroscopy 339 
  The infrared spectrum of ciprofloxacin, Bovine Hydroxyapatite, chitosan, implants 340 
Bovine Hydroxyapatite-chitosan-ciprofloxacin before the cross-linking process, and implants 341 
Bovine Hydroxyapatite-chitosan-ciprofloxacin after the cross-linking process with three 342 
different concentrations of glutaraldehyde and genipin can be seen in Fig. 4. FT-IR spectrum 343 
of Bovine Hydroxyapatite-chitosan-ciprofloxacin implant after crosslinking process using 344 
glutaraldehyde showed a peak shift characteristics of chitosan on wavenumbers 1658,67 cm-1 345 
(C=O stretching in amide group) to the lower wavenumbers ~ 1630 cm-1. This band is most 346 
probably composed of amide I band of chitosan (appears at 1658.67 cm-1) and the C=N 347 
stretching band of Schiff’s base that according to the literature appears at wave number 1620-348 
1660 cm-1 [8]. Moreover, the peak characteristic of aldehyde could not be seen in the FT-IR 349 
spectrum of Bovine Hydroxyapatite-chitosan-ciprofloxacin implant after crosslinking process 350 
using glutaraldehyde. This condition showed that the implant did not contain free aldehyde 351 
group. Based on the results of the FT-IR spectrum, it was known that there was a shift of the 352 
N-H stretching vibrations and O-H stretching vibrations from chitosan molecules. In addition, 353 
the loss of peak at wave number 1363 cm-1 (the vibration bending of CH3) and 1155 cm-1 (the 354 
vibration bending of C-O-C) observed in FT-IR spectrum of the implant compared to FT-IR 355 
spectrum of pure chitosan. FT-IR spectrum of Bovine Hydroxyapatite-chitosan-ciprofloxacin 356 
implant that has been cross-linked using genipin also can be seen in Fig. 4. The spectrum 357 
showed a characteristics peak shift of chitosan to the lower wavenumbers. Characteristic peak 358 
of chitosan on wavenumbers 1639,55 cm-1 (C=O stretching of amides group) shift to the 359 
lower wavenumbers 1622.19 cm-1 at 0.7% genipin concentration, 1637.62 at 0.5% genipin 360 
concentration, and 1622.19 cm-1 at 0.3% genipin concentration. Increased of genipin 361 
concentration caused an increase of C=C bond intensity of genipin. 362 
 363 
   364 
X-ray diffraction study 365 
 X-ray diffraction of the implants after cross-link using glutaraldehyde can be seen in 366 
Fig. 5. Based on the results, it was known that the characteristics peak of ciprofloxacin in 2θ 367 
8,2°; 9,0°; 19,3°; 19,8°; and 26,5° did not appear in a diffraction spectrum of Bovine 368 
Hydroxyapatite-chitosan-ciprofloxacin implant. This condition indicated that ciprofloxacin 369 
was molecularly dispersed in the implant. X-ray diffraction of the implant after cross-link 370 
using glutaraldehyde showed that the peak intensity of BHA in 2θ ≈ 26° and 2θ ≈ 32° 371 
decreased compared to X-ray diffraction of pure BHA and the implants before the cross-372 
linking process. The X-ray pattern of chitosan shows major crystalline peaks at 2θ ≈ 10° and 373 
2θ ≈ 20°. But, the X-ray diffraction of the implants indicated that these peaks became wider 374 
and weaker. The decrease crystallinity of chitosan molecules caused by the deformation of 375 
hydrogen bond in the molecular structure of chitosan. Substitution of glutaraldehyde 376 
molecules destroyed the regular structure of chitosan molecules so that the structure of 377 
chitosan molecules became amorph [26]. A similar case also happened on the Bovine 378 
Hydroxyapatite diffraction. The addition of glutaraldehyde damage regularity on Bovine 379 
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Hydroxyapatite crystal lattice. The decreased of Bovine Hydroxyapatite crystallinity in line 380 
with the increased of glutaraldehyde concentration.  381 
 382 
 383 

 384 
 385 
 386 
 387 

DISCUSSION 388 

  389 
The result of this research is to obtain bone implant with ciprofloxacin as an active 390 

ingredient and chitosan-BHA composite. Hopefully, with the addition of genipin and 391 
glutaraldehyde as cross-linker, the implant has good physical characteristics and controlled 392 
drug release. In the beginning, implant was characterized. After that, the release of 393 
ciprofloxacin from the implant was observed.   394 
 The density of the implants after the cross-linking process with glutaraldehyde was 395 
lower than before cross-linking process. Moreover, the result of statistical analysis using one-396 
way ANOVA showed that there was no significant difference in density between the implants 397 
which used three different concentration of glutaraldehyde (P > 0.05). Based on this result, it 398 
could be concluded that the difference of glutaraldehyde concentration did not affect the 399 
implant density. On the other hand, statistically, analysis using one-way ANOVA showed that 400 
there was a significant difference of implant density before and after cross-link using genipin 401 
(P < 0.05). The result of statistical analysis using one-way ANOVA showed that there was no 402 
significant difference of density between the implants which used three different 403 
concentration of genipin (P > 0.05). Based on this result, it could be concluded that the 404 
difference of genipin concentration did not affect the implant density 405 
 The result of statistical analysis using one-way ANOVA to the formula that using 406 
three different concentrations of glutaraldehyde showed that there was a significant difference 407 
of porosity between F3-0.3% glutaraldehyde and F3-0.7% glutaraldehyde (P < 0.05). 408 
Increasing glutaraldehyde concentration of 0.7% caused an increase of porosity than 0.3% 409 
glutaraldehyde. The increase of glutaraldehyde concentration caused the structure of the 410 
implants became looser. Higher concentration of glutaraldehyde led the structure of the 411 
implant became amorph, so that the porosity of the implant increased [27].  412 
Statistically, analysis using one way ANOVA showed that there was a significant difference 413 
of porosity before and after cross-link using genipin (P < 0.05). The porosity of F3 was 414 
significantly different with F3-0.3% genipin and F3-0.7% genipin. In addition, the result of 415 
statistical analysis using one-way ANOVA to the formula that using three different 416 
concentration of genipin showed that there was a significant difference of porosity between 417 
F3-0.3% genipin and F3-0.5% genipin. Increasing genipin concentration of 0.5% caused a 418 
decrease in porosity than 0.3% genipin. The increase of genipin concentration caused the 419 
structure of the implants became more compact. Genipin affected network size which was 420 
formed between chitosan chain. The increase of genipin concentration led to the size of the 421 
network became smaller, so that the porosity of the implant decreased. 422 
 Water absorption capacity of the implants after the cross-linking process was higher 423 
than before cross-linking process. The result of statistical analysis using one way ANOVA to 424 
the formula that using three different concentrations of glutaraldehyde showed that there was 425 
a significant difference of water absorption capacity between F3-0.3% glutaraldehyde and 426 
F3-0.7% glutaraldehyde (P < 0.05). The increase of glutaraldehyde concentration to 0.7% 427 
caused markedly decrease water absorption capacity. Cross-linking process with 428 
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glutaraldehyde restricted water molecules to enter into chitosan structure [28]. On the other 429 
hand, statistically, analysis using one-way ANOVA showed that there was a significant 430 
difference of water absorption capacity before and after cross-link using genipin (P < 0.05). 431 
Water absorption capacity of the implants after the cross-linking process with genipin was 432 
higher than before cross-linking process. The result of statistical analysis using one-way 433 
ANOVA to the formula that using three different concentrations of genipin showed that there 434 
was no significant difference of water absorption capacity between three formulas. Based on 435 
this results, it could be concluded that the difference of genipin concentration did not affect 436 
water absorption capacity of the implants. 437 
 The result of statistical analysis using one way ANOVA to the formula that using three 438 
different concentrations of glutaraldehyde showed that there was no significant difference of 439 
swelling ratio among three formulas (P > 0.05). On the other hand, there was a significant 440 
difference of swelling ratio of the implant, before and after cross-link using genipin (P < 441 
0.05). The swelling ratio of the implants after the cross-linking process was higher than 442 
before cross-linking process. Statistically, analysis using one way ANOVA showed that there 443 
was no significant difference of swelling ratio between three formulas which used three 444 
different concentration of genipin (P > 0.05) 445 
 Cross-linking process using glutaraldehyde caused the characteristic of biomaterial 446 
became brittle. Increasing glutaraldehyde as cross-link agent more than 0.2 % decrease the 447 
mechanical strength of the implants [29]. The hardness of the implant after cross-link using 448 
genipin was lower than before cross-link. Based on statistical analysis using one-way 449 
ANOVA, it could be found that there was a significant difference of implant hardness before 450 
and after the cross-linking process. The result of statistical analysis using one-way ANOVA to 451 
the formula that using three different concentrations of genipin showed that there was no 452 
significant difference of hardness between three formulas.  453 
 The disintegration profile of implants with three different concentrations of 454 
glutaraldehyde showed that formula with the lowest degradation was F3-0.3% genipin. At the 455 
opposite, F3-0.7% genipin showed greater disintegration than two others formula. In the 456 
specific case, the increased of cross-link agent concentration caused a decrease of material 457 
crystalinity. The cristalinity of F3-0.7% was lower than F3-0.3%, so that the ability of water 458 
to penetrate in implants structure became easier and the implants degrade easily. 459 
  There was a change of diffraction pattern before and after cross linking process using 460 
genipin. This phenomenon indicated a change in the degree of crystallinity. Characteristic 461 
peak of chitosan in 2θ 10° and 20° did not appear in the implant diffraction. In addition, 462 
characteristic peak of Bovine Hydroxyapatite in 2θ 26° and 32° decreased compare to the 463 
diffraction of pure Bovine Hydroxyapatite and implant before cross linking process. The 464 
increased of genipin concentration in the implant caused a decrease of cristalinity. This can 465 
be observed through a decreased of peak intensity in line with the increased of genipin 466 
concentration.  467 
 There are many factors that influence the drug release profile of the implants. This 468 
includes drug concentration in the dosage form, drug solubility, and drug-carrrier interaction. 469 
In this research, ciprofloxacin interact with implant’s composite [24,30.31]. Therefore, drug 470 
release study showed that ciprofloxacin release from bone implant with glutaraldehyde 471 
crosslinker with different concentration have no significant difference. In the same way, with 472 
difference crosslinker (genipin) also showed no significant difference.    473 

To conclude with, bone implants with ciprofloxacin using Chitosan-BHA composite and 474 
crosslinker glutaraldehyde and genipin 0.7% showed the best result. Therefore, the release of 475 
ciprofloxacin for 30 days meet the standard requirements (2-50 mg). Glutaraldehyde or 476 
genipin 0.7% had the potential effect to retard ciprofloxacin release from Bovine 477 
Hydroxyapatite-chitosan-ciprofloxacin implant for 30 days in the treatment of osteomyelitis. 478 
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 479 
 480 
 481 
 482 

CONCLUSION  483 
  484 
 The results obtained from this study indicated that glutaraldehyde or genipin 0.7% 485 
had potential effect to retard ciprofloxacin release from Bovine Hydroxyapatite-chitosan-486 
ciprofloxacin implant for 30 days in the treatment of osteomyelitis. 487 
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Abstract 
 
The objective of this study was to determine and evaluate a controlled release implant of ciprofloxacin using 
bovine hydroxyapatite (BHA)-chitosan composite and glutaraldehyde or genipin as crosslinking agents. 
Ciprofloxacin implants were prepared using BHA, chitosan, ciprofloxacin at 30:60:10 and using three different 
concentrations of glutaraldehyde or genipin (0.3, 0.5, or 0.7%) as crosslinkers. Implants were formed as mini-
tablet with 4.0 mm diameter weighing 100 mg using compression method. Further, the prepared ciprofloxacin 
implants were characterized for porosity, density, water absorption capacity, swelling, degradation, 
compressive strength, compatibility (Fourier transforms-infrared spectroscopy (FT-IR)), morphology 
(scanning electron microscope (SEM)), X-ray diffraction (X-RD), and in vitro drug release. The addition of 
glutaraldehyde or genipin as crosslinkers in ciprofloxacin implant showed controlled release profile of 
ciprofloxacin over a time period of 30 days. SEM photomicrograph revealed low porosity of the implant after 
crosslinking with glutaraldehyde or genipin. The FTIR study confirmed the formation of covalent imine bonds 
between chitosan and glutaraldehyde. Moreover, the addition of glutaraldehyde or genipin as crosslinkers 
caused a decrease in the mechanical strength of the implant. Increased concentration of glutaraldehyde or 
genipin reduced the crystallinity of BHA and chitosan, which were confirmed by X-RD studies. The results 
obtained from this study indicated that glutaraldehyde or genipin had the potential effect to retard ciprofloxacin 
release from BHA-chitosan-ciprofloxacin implant for 30 days. 
 
Keywords: Ciprofloxacin implant; Crosslinker; Glutaraldehyde; Genipin 
 

 
INTRODUCTION 

 
Bones are essential parts of human body 

which have an important role in supporting the 
physiological functions of the body (1). 
Complications of bone disease and bone 
disorder caused by traumatic accidents may 
result in the presence of bone defect. The 
healing process of bone damage or bone 
fracture is determined by the level of trauma 
and soft tissue damage (2). Some cases of bone 
damage or bone injury cannot be naturally 
repaired and healed (1). Therefore, clinical 
rehabilitation to overcome bone defect is 
expected to rise along with population growth 
(3).  

Rehabilitation of bone defects is associated 
with the risk of infection. The number of 
complications varied from 1% in the case of 
total joint replacement to 23% in the case of 
bone fracture (4). The cause of infection 

complication is the entry of the bacteria into the 
bone tissue through the defects. The infection 
occurs because of a less sterile surgical process, 
bacteria adhering to the implant, bacteria in 
human skin, open wounds, and circulatory 
patients suffering from infection elsewhere 
(3,5). The occurrence of bacterial infections can 
be treated by administering antibiotics. 
However, tissue devascularization in the case of 
bone defect limits the delivery of the antibiotic 
to the target site. This condition leads to the 
lower antibiotic concentration in the target 
tissues and consequently the antibiotic is not 
able to penetrate into the bacteria biofilm layer. 
This may lead to the bacterial resistance in the 
target tissue (6).  
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To overcome these problems, antibiotics can 
be delivered locally by using specific drug 
delivery systems.  

The purpose of such drug delivery systems 
is to provide adequate drug concentration at a 
specific location ensuring drug release profile 
for a longer period (7). Local drug delivery 
systems have several advantages such as 
minimizing systemic adverse effects, using 
smaller quantity of drugs with greater 
efficiency, avoiding multiple drug therapy, 
reducing risk of toxicity and ease of the delivery 
of the drug to target site (8). In addition, 
administering antibiotics locally also cause 
high antibiotic concentration in target tissue (3).  

The release of antibiotic on the target tissue 
is expected to take place continuously for a 
specific period and the concentration is higher 
than minimum inhibitory concentration (MIC). 
Controlled release system also can enhance the 
bioavailability of antibiotic in the target tissue. 
This system is designed to release the drug in 
the target tissue with appropriate rate during 
specific period (3).  

The combination of bovine hydroxyapatite 
(BHA) as inorganic material and chitosan as 
organic material could construct implants with 
porous structure and adequate mechanical 
strength to support bone formation. But, 
previous study revealed that drug release from 
hydroxyapatite-chitosan composite was so fast. 

In this study, chitosan as organic material 
and BHA as inorganic material were used to 
increase mechanical strength and bone 
bioactivity of the implant (3) and also to control 
the release rate of ciprofloxacin as the 
antibiotic. Glutaraldehyde (8) and genipin (9) 
were used as crosslinkers. 
 

MATERIALS AND METHODS 
 
Materials 

Following materials were used in the present 
study. Ciprofloxacin (Shangyu Jingxin 
Pharmaceutical Co. Ltd, ); BHA (Tissue Bank 
RSUD DR Soetomo Surabaya, Indonesia); 
chitosan (Biotech, Indonesia); glutaraldehyde 
25% (Merck Millipore, Germany); Genipin 
(Challenge Bioproduct Co. Ltd., Taiwan). 
Glacial acetic acid, KBr IR (for spectroscopy), 
Na2HPO4, K2HPO4, KH2PO4, and NaCl 

(Merck, Germany). Deionized water was used 
throughout the study. 
 
Preparation of homogeneous chitosan powder 

Homogenous chitosan powder was obtained 
by dissolving chitosan flakes in acetic acid 
solution (1%, v/v). The solution was stirred at 
400 rpm on a mechanical stirrer for 24 h to 
obtain chitosan solution with 2% w/v 
concentration. 1 M NaOH solution was added 
into chitosan solution until the pH reached 
neutral (pH, 7). After the addition of NaOH 
solution into chitosan solution, a chitosan gel 
was obtained. Chitosan gel was dried at 40 °C 
for 24 h. the dried chitosan gel was sieved by  1 
mm sieve to produce homogeneous chitosan 
powder.  
 
Formulation of ciprofloxacin-loaded bovine 
hydroxyapatite-chitosan implant  

The implant was prepared using direct 
compression method. Ciprofloxacin was 
dissolved in distilled water; BHA was added 
gradually and mixed until homogenized with 
ciprofloxacin. Chitosan powder was added to 
ciprofloxacin-BHA blend and mixed well. 
Distilled water was added gradually with 
continuous stirring until a wet mass formed. 
Wet mass were sieved through a 1-mm sieve 
and dried overnight (24 h) at 40 °C to obtain 
dried granules. Dried granules were immersed 
in glutaraldehyde or genipin solution at various 
concentrations (0.3, 0.5, or 0.7%) for 24 h until 
the color was changed. The composition of 
various formulations is given in Table 1.  

Granules were washed with distilled water to 
remove the residual glutaraldehyde or genipin. 
At the final stage, granules were washed with 
phosphate buffer saline (PBS) at pH 7.40. To 
ensure the absence of glutaraldehyde residues, 
the rinsed solution tested with Schiff reagents. 
Granules were dried in an oven at 40 °C for 24 
h. Dried granules (100 mg) were weighed out, 
pressed using tablet press machine with 4.0 mm 
diameter and the compression pressure                  
set to 2 tons.  
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Table 1. The composition of implant formulations. 

Formulation Cyprofloxacin (%) 
Composite (%) Crosslinkers (%) 

BHA  Chitosan Glutaraldehyde Genipin 
F3 10 30 60 - - 
F3-0.3% GA 10 30 60 0.3 - 
F3-0.5% GA 10 30 60 0.5 - 
F3-0.7% GA 10 30 60 0.7 - 
F3-0.3% GE 10 30 60 - 0.3 
F3-0.5% GE 10 30 60 - 0.5 
F3-0.7% GE 10 30 60 - 0.7 

(GE), genipine; (GA), glutaraldehyde; (BHA), bovine hydroxyapatite. 
 

Evaluation of implants  
Density test  

The density of the implant was calculated 
from the weight of the implant (in the dry state) 
divided by volume of the implant through the 
equation below.  

Density = W
Implant volume

                                              (1) 

where, W is the weight of the implant. Implant 
volume was calculated by multiplying the 
implant thickness by implant surface area. An 
implant was cylindrical with 4.0 mm diameter 
and 0.525 mm thickness.  
 
Porosity test  

The implant was weighed in the dry state and 
placed in 5 mL water. The implant was taken 
out from the water after 1 min and placed on a 
filter paper to remove the excess water on the 
surface of the implant. The implant was 
weighed again (10). The porosity of the implant 
was calculated using equation 2.  

Porosity (%) =  Ww− Wi
Implant volume

                                    (2) 

where, Ww is the wet weight of the implant and 
Wi is the initial weight of the implant.  
 
Water absorption capacity and swelling ratio 

The implant was weighed in dry state and 
immersed in 5 mL PBS, pH 7.4 for 1 min at          
37 ± 0.5 °C.  

The implant was withdrawn and gently 
blotted with filter paper to remove the excess 
water and weighed again (11). The percentage 
of water absorption capacity and swelling ratio 
of the implant was calculated using equations 3 
and 4.  

Swelling ratio =  W𝑤𝑤−W𝑖𝑖
𝑊𝑊𝑖𝑖

 ×  100                               (3)  

Water absorption capacity =  W𝑤𝑤−W𝑖𝑖
𝑊𝑊𝑤𝑤

 ×  100          (4) 

where, Wi is the weight of implant in the dry 
state and Ww is the weight of the implant after 
immersion process in PBS, pH 7.40. 
 
Hardness test  

The implant was pressed by load cell 
compression machine 5 mm/min by autograph 
E-10 instrument. The hardness of the implant 
obtained from the force (F, in newton unit) 
which was displayed at the instrument was 
divided by contact surface area of the implant 
(in mm unit) (10).  
 
Degredation test 

Implant was immersed in 5 mL PBS, pH 7.4 at 
37 ± 0.5 °C. Visual inspection was done to 
observe the changing of implant structure which 
was caused by erosion and degradation (12).  
 
Evaluation of implant morphology  

Morphology of the implants was observed 
using a scanning electron microscope (SEM). 
The samples were fitted to aluminum stubs with 
conductive paint and were sputter-coated with 
gold. The differences between implant 
morphology before and after crosslinking process 
were observed using specific magnification.  
 
Drug content 

The implant was placed in a mortar and 
milled, then transferred into an Erlenmeyer 
flask. 100 mL HCL 0.1 N was added into 
Erlenmeyer flask contained milled implant and 
stirred for 24 h at 400 rpm until a suspension 
was obtained. The suspension was filtrated and 
the filtrate was diluted to determine 
ciprofloxacin concentration. The absorbance of 
this solution was observed using a 
spectrophotometer at three wavelengths of 260, 
270, or 280 nm. (∆), absorbance which was 
obtained from the observation extrapolated in 
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standard curve equation to obtain ciprofloxacin 
HCL concentration. Determination of 
ciprofloxacin content in the implant was done 
in triplicate (10)  
 
In vitro drug release study  

The implant was placed in a vial containing 
5 mL of PBS, pH 7.4. The vial was placed on a 
shelf and incubated in water bath at 37 ± 0.5 °C. 
Sampling was conducted by pipetting of 1 mL 
of elution fluids at 1, 3, 5, 7, 9, 12, 14, 16, 18, 
20, 22, and 24 h on first day and every 24 h for 
30 days and replaced with fresh buffer to 
maintain sink condition. The sample solution 
was filtered with Millipore membrane (ø = 0.45 
μm). Appropriate dilution was prepared using 
PBS, pH 7.4. The absorbance of the solution 
was analyzed using UV spectrophotometer at 
three wavelengths of 260, 270, and 280 nm. 
Cumulative percent of drug release was found 
at each time interval. The release of 
ciprofloxacin HCL from the implants was 
assayed in triplicate (10).  
 
Characterization of the implant 
Fourier transforms infrared spectroscopy 

A sample of the implant was combined with 
KBr and pressed into a tablet. The solid tablet 
was analyzed using Fourier transform-infrared 
(FT-IR) spectroscopy in the wave number range 
4000-400 cm-1. 
 
X-ray diffraction study  

The X-ray diffraction (X-RD) study was 
carried out to determine the crystal phases of 
the implant using monochromatic CuKα 
radiation (40 KV, 30 MA). X-RD peaks of the 
implants were compared to the diffraction 
peaks of pure materials (ciprofloxacin HCL, 
BHA, and chitosan) in 2θ scan range of 5-50 °. 
 
Data analysis  

The results of implant evaluation including 
density, porosity, swelling ratio, water uptake, 
hardness were statistically analyzed using one 
way analysis of variance (ANOVA) with 95% 
confidences interval.  
 

RESULTS 
 
Physical characteristics of the implants  

Physical characteristics including density, 

porosity, water absorption capacity, swelling 
ratios, and hardness of the glutaraldehyde or 
genipin crosslinked implants are shown in  Fig. 
1. The content of ciprofloxacin HCL in implants 
is also shown in Table 2.  
 
Degradation test 

Degradation test of implants crosslinked 
with glutaraldehyde or genipin was done by 
visual observation. The result showed 
formulations containing 0.7% of crosslinkers 
had lowest degradation time. In contrast, 
formulations containing 0.3% of crosslinker 
showed longest degradation time. 
 
Implant morphology  

SEM micrograph of the implants crosslinked 
with glutaraldehyde or genipin is presented in 
Fig. 2. Based on the micrograph, it could be 
seen that there was small pores in the structure. 
These pores facilitate the release of 
ciprofloxacin from the implants. 
 
In vitro drug release study 

The in vitro release profiles of ciprofloxacin 
from prepared implants in PBS, pH 7.40 are 
illustrated in Fig 3. The release profile of 
ciprofloxacin HCL from the implants showed 
that ciprofloxacin release was at a therapeutic 
level of ciprofloxacin for osteomyelitis (2-50 
μg/mL) (13). This condition could be kept for 
30 days.  
 
Fourirer transform infrared spectroscopy 

The infrared spectrum of ciprofloxacin,             
BHA, chitosan, implants BHA-chitosan-
ciprofloxacin before the crosslinking process 
and implants BHA-chitosan-ciprofloxacin after 
crosslinking process with three different 
concentrations of glutaraldehyde and genipin 
can be seen in Fig. 4.  
 
Table 2. Drug content of implant formulations 

Formulations  Drug content (%) 
F3, 0.3% GA 96.04 ± 7.11 
F3, 0.5% GA 84.80 ± 10.3 
F3, 0.7% GA 87.31 ± 3.40 
F3, 0.3% GE 92.81 ± 7.96 
F3, 0.5% GE 95.30 ± 1.07 
F3, 0.7% GE 92.81 ± 2.41 

Each data represents the mean ± SD of three 
determinations. (GA), glutaraldehyde and (GP), genipin.  
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Fig. 1. Porosity (g/cm3), density (%), hardness (MPa), water uptake (%), and swelling ratios (%) of implants with 
crosslinker glutaraldehyde (GA) and crosslinker genipin (GE). Each column represents the mean ± SD of three 
determinations. 
 

 
Fig. 2. Scanning electron microscopic micrographs of crosslinked ciprofloxacin implants (with 30.000 × magnification). 
(A) bovine hydroxyapatite-chitosan-ciprofloxacin (30:60:10) with 0.7% glutaraldehyde, (B) bovine hydroxyapatite-
chitosan-ciprofloxacin (30:60:10) with 0.7% genipin. The green lines inside the images show the pore size of the implants. 
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Fig. 3. The profile of cumulative ciprofloxacin released from implants crosslinked with glutaraldehyde (GA) or genipin 
(GE). Each point represents the mean ± SD of three determinations. 
 

 
Fig. 4. Fourirer transform infrared spectra of (A) ciprofloxacin; (B) bovine hydroxyapatite; (C) chitosan; (D) 
glutaraldehyde; (E) formulatin 3, bovine hydroxyapatite-chitosan-ciprofloxacin implant (30:60:10); (F) formulation 3, 
0.3% glutaraldehyde (left) and genipin (right); (G) formulation 3, 0.5% glutaraldehyde (left) and genipin (right); and (H) 
formulaion 3, 0.7% glutaraldehyde (left) and genipin (right). 
 
FT-IR spectrum of BHA-chitosan-
ciprofloxacin implant after crosslinking process 
using glutaraldehyde showed a             peak shift 
characteristics of chitosan on wavenumbers 
1658,67 cm-1 (C=O stretching in amide group) 
to the lower wavenumbers around 1630 cm-1. 
This band (1630 cm-1) is most probably 
composed of amide I band of chitosan (appears 
at 1658.67 cm-1) and the C=N stretching band 
of Schiff’s base that according to the literature 
appears at wave number 1620-1660 cm-1 (8). 
Moreover, the peak characteristic of aldehyde 
could not be seen in the FT-IR spectrum of 
BHA-chitosan-ciprofloxacin implant after 
crosslinking process using glutaraldehyde. This 
condition showed that the implant did not 
contain free aldehyde group. Based on the 
results of the FT-IR spectra, it was known that 

there was a shift of the N-H stretching 
vibrations and O-H stretching vibrations from 
chitosan molecules. In addition, the loss of peak 
at wave number 1363 cm-1 (the vibration 
bending of CH3) and 1155 cm-1 (the vibration 
bending of C-O-C) observed in FT-IR spectrum 
of the implant compared to FT-IR spectrum of 
pure chitosan. FT-IR spectrum of BHA-chitosan-
ciprofloxacin implant that has been crosslinked 
with genipin also can be seen in Fig. 4. The 
spectrum showed a characteristic peak of 
chitosan (C=O stretching of amides group) shift 
to the lower wavenumbers. In addition, 
increasing genipin concentration caused an 
increase of C=C bond intensity of genipin. The 
obtained data              from FTIR study evidenced 
intermolecular interaction between components 
in the system.   
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Fig. 5. X-ray diffraction spectra of (A) chitosan; (B) formulatin 3 bovine hydroxyapatite (BHA)-chitosan-ciprofloxacin 
implant (30:60:10); (C) formula 3, 0.3% glutaraldehyde; (D) formulation 3, 0.5% glutaraldehyde (left) and genipin (right); 
(E) formulation 3, 0.7% glutaraldehyde (left) and genipin (right); (F) BHA, (G) ciprofloxacin; and (H)  
 
X-ray diffraction study 

X-RD of the implants after crosslinking with 
glutaraldehyde and genipin are demonstrated in 
Fig. 5. Based on the results, it was known that 
the characteristic peak of ciprofloxacin in 2θ 
8.2 °, 9.0 °, 19.3 °, 19.8 °, and 26.5 ° did not 
appear in a diffraction spectrum of BHA-
chitosan-ciprofloxacin implant. This condition 
indicates that ciprofloxacin was molecularly 
dispersed in the implant. X-ray diffraction of 
the implant after crosslinking with 
glutaraldehyde or genipin showed that the peak 
intensity of BHA in 2θ ≈ 26 ° and 2θ ≈ 32 ° 
decreased compared to X-ray diffraction of 
pure BHA and the implants before the 
crosslinking process. The decreased of BHA 
crystallinity was in line with the increased of 
glutaraldehyde and genipin concentrations. 
This condition indicated the addition of 
glutaraldehyde and genipin damage regularity 
on BHA crystal lattice.  

The X-ray pattern of chitosan shows major 
crystalline peaks at 2θ ≈ 10 ° and 2θ ≈ 20 °. 
But, these peaks became wider and weaker in 
X-ray diffraction of the implants. This finding 
could be due to decreased crystallinity of 
chitosan molecule caused by the deformation of 
hydrogen bond in the molecular structure of 
chitosan. Substitution of glutaraldehyde and 
genipin molecules destroyed the regular 
structure of chitosan molecules so that the 
structure of chitosan molecules became amorph 
(14) 

DISCUSSION 
 
The purpose of this research was to obtain 

chitosan-BHA composite containing 
ciprofloxacin as a bone implant. The obtained 
data showed that with the addition of genipin or 
glutaraldehyde as crosslinkers the implant has 
good physical characteristics and controlled 
drug release.  

Fig. 1A shows the porosity of implants 
crosslinked with different concentrations of 
glutaraldehyde or genipin. Interestingly, as 
glutaraldehyde or genipin concentrations 
increased, the porosity of implant was also 
increased though not significant. In most 
studies, the porosity decreased with increasing 
crosslinking concentration. In agreement with 
our study, such phenomenon observed by Bie, 
et al, (15) when chitosan-collagen scaffold was 
crosslinked with genipin (0.1-2%). Gorczyca, 
et al. (16) also reported similar results when 
crosslinked porous chitosan–collagen–gelatin 
scaffolds were prepared using genipin with 
concentrations between 0.5-2%. These findings 
explained more favorable condition for ring-
opening polymerization of genipin and its long-
range crosslinking effect on polymeric blends.  

The density of the implants after the 
crosslinking process with glutaraldehyde or 
genipin was lower than that before crosslinking 
process. This is probably due to the increased 
porosity of the implants after crosslinking. 
However, as shown in Fig. 1B, there were no 
significant differences between densities of the 
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implants prepared with three different 
concentrations of genipin or glutaraldehyde 
(P > 0.05). Based on these results, it could be 
concluded that the different concentrations of 
genipin or glutaraldehyde did not affect the 
implant density. This may be due to the outer 
layers of implants being crosslinked, thereby 
limiting crosslinking of inner layers (17).  

As shown in Fig. 1C hardness of the 
implants was decreased greatly when the 
implants crosslinked with genipin and 
glutaraldehyde possibly due to increased 
porosity. Xu, et al. (18), also showed the 
mechanical strength of a calcium phosphate-
chitosan scaffold depends mainly on porosity 
and lower porosity is helpful to enhance the 
biomechanical strength of the engineered 
constructs.  

In agreement with our findings, Schiffman, 
et al. (19) showed that increasing 
glutaraldehyde concentration as the crosslinker 
more than 0.2 % decreased the mechanical 
strength of the implants. In another study by Mi, 
et al. (20), crosslinking of chitosan membrane 
with glutaraldehyde or genipin up to a certain 
concentration (0.5 mM) increased its ultimate 
strength. However, with further increasing the 
concentration of crosslinkers, the mechanical 
strength of membrane decreased. This finding 
was explained with disruption of hydrogen 
bond interaction between chitosan molecules 
and reduction of its crystallinity.  

As it is shown in Figs. 1D and 1E, water 
absorption capacity and swelling ratio of the 
implants after crosslinking process with 
glutaraldehyde or genipin was higher than that 
before crosslinking process.  

The crosslinks in implant formed by the 
glutaraldehyde and genipin increased the 
porosity and reduced the crystallinity as well as 
mechanical strength of the implants which 
increased the swelling ratio and water content 
of implants. However, we observed that 
increasing genipin or glutaraldehyde 
concentrations does not have a significant effect 
on water absorption capacity and swelling 
ratios of the implants.  

The degradation test showed formulations 
containing 0.7% crosslinker has lowest 
degradation time.  

In contrast, formulations containing 0.3% 

crosslinker indicated longest degradation time. 
This could be due to the lower mechanical 
strengh of formulations containing 0.7% 
crosslinker, thus the penetration of water to the 
implant structure became easier and the 
implants degraded faster. The degradation 
process is faster once genipin was used                   
as crosslinking agent compared to 
glutaraldehyde. 

There are many factors influencing the drug 
release rate from implants. This includes drug 
concentration in the formulation, drug 
solubility, and drug-carrier interaction. In 
addition, addition of crosslinker to the implant 
could control the drug release. Implants 
prepared with different concentrations of 
glutaraldehyde and genipin showed almost the 
same release profiles possibly due to the 
interaction of ciprofloxacin with implants’ 
composite. Ciprofloxacin concentration 
released from the implants will meet the 
therapeutic range of ciprofloxacin according to 
Indonesian Ministry of Health (2-50 ug/mL) for 
30 days. As shown in Fig. 3, the suitable drug 
release can be obtained with the lowest 
glutaraldehyde and genipin content in order to 
limit the toxicological effects of the cross 
linking agents.  
 

CONCLUSION 
 

To conclude with, bone implants containing 
ciprofloxacin using chitosan-BHA composite 
and crosslinkers glutaraldehyde or genipin 
0.3% showed the best results. Therefore,               
the release of ciprofloxacin for 30 days      meets 
the standard requirements (2-50 mg). 
Glutaraldehyde or genipin 0.3% had the 
potential effect to retard ciprofloxacin release 
from BHA-chitosan-ciprofloxacin implant for 
30 days in the treatment of osteomyelitis. 
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