XVII MEXAYHAPOIHAA KOH®EPEHIIMA CTYAEHTOB, ACITMPAHTOB U MOJIOABIX YUEHBIX

216 «TEPCIIEKTUBbI PAZBUTUA ®YHAAMEHTAJIbHBIX HAVK»

CHLORAMPHENICOL LOADED PCL/CALCIUM PHOSPHATE COMPOSITE COATINGS
FOR BONE REPLACEMENT APPLICATIONS
A.A. Volokhova'
Scientific Supervisor: Assoc. Prof. Ph.D. S.I. Tverdokhlebov?
"Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050
*Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail:_aar37@tpu.ru

KOMIIO3UTHBIE NKJI/KAJIBIUN-®OCDATHBIE NIOKPHITHSI C BBEJIEHHBIM
XJJOPAM®EHUKOJIOM JIJISI HY K 3SAMEIIEHUASA TE®PEKTOB KOCTEN
A.A. Bonoxosa'

Hayunsrit pykoBouTens: 10UEHT, K.¢.-M.H. C.1. TBepzxo><J1e60132
'HarponanpHeIil HecitenoBaTenbeknii ToMCKHMIA TrOCYIapCTBEHHBIM YHUBEPCUTET
Poccus, r. Tomck, mp. Jlenuna, 36, 634050
*HanmoHa i bHbIH Hece0BaTebekiil TOMCKHI MOMHTEXHHYECKHUit YHUBEPCHUTET,

Poccus, r. Tomck, mp. Jlenuna, 30, 634050
E-mail: aar37@tpu.ru

Anunomauyus. B pabome paccmompenvi 60npochl 6blc80O0NCOCHUS AHMUOAKMEPUATLHOZO LEKAPCMEEHHO20
Cpeocmea U3 KOMNOSUMHBIX NOAUMED/KATbYUL-GHOCHAMHBIX NOKPLIMULL, NOIYUEHHBIX MEeMOOOM MUKPOOY208020
OKCUOUPOBAHUSL HA NOBEPXHOCMU 00pA3408 MUMAaHosblx umnianmamos. Ilonyuenvl 06pasyvl Karbyuil-
Gocpamubix  nokpvimuil, NPONUMAHHLIX  PACMEOPOM —NOJU  (E-KANPOJIAKMOHA) € COPACMBOPEHHbIM
xnopamgpenukonom 6 xowyenmpayusax 5, 15 u 25 macc.% coomeemcmeenno. Hccnedosana cmauusaemocms
NOBEPXHOCMU NOKPLIMULL U NPOU3EEOEHO MOOEIUPOBAHUE NPOYeccd 6blCBOOONCOCHUS XIOPAMPEHUKONA 6
buonoeuueckyo cpedy. Ilokazamo, umo nponumka pacmeopom NOIUMeEPA CHUICAEN CMAYUBAeMOCHb
NOBEPXHOCMU NOKPLIMUL, KAK 68 NPUCYMCMBUL COPACMBOPEHHOU JeKAPCMEEHHOU cyOcmanyuu, maxk u 6es nee.
Veenuuenue codepoicanus xnopampenurona npugooum K NOSbIUEHUIO CMAYUBAEMOCU U, KAK Cledcmeue, K

yeeauveHuro ckopocmu 8b1C80002ICOCHUSL JIeKapcmeerHnozco cpedcmsa.

Introduction. Finding solutions to further improve bone tissue regeneration and eliminate infections that
can possibly occur during the procces of implantation are key tasks in modern traumatology and orthopedics.
One of the most promising ways is to modify the implant surface with the bioactive coatings containing an
antibacterial agent. To obtain those coatings plasma electrolytic oxidation (PEO) is commonly used. Similarity
of the physico-mechanical properties of obtained calcium phosphate coatings with the main component of bones
- hydroxyapatite leads to high biological compatibility stimulating tissue repair, while the antibiotic suppresses
the causative agents of infection. Meanwhile, the problem of poor mechanical characteristics of the coating
remains actual. In our previous work [1], we have already demonstrated the effectiveness of coating
impregnation with a polymeric solution based on poly (g-caprolactone) in order to improve coating elasticity.
The aim of this work was to investigate the effectiveness of chloramphenicol incorporation into the resulting

coatings, as well as the process of antibiotic release into the buffer medium simulating biological fluids.

Poccus, Tomck, 21-24 anpensa 2020 r. TowMm 2. Xumus



XVII MEXAYHAPOIHAA KOH®EPEHIIMA CTYAEHTOB, ACITMPAHTOB U MOJIOABIX YUEHbBIX

«TEPCIIEKTUBbI PA3ZBUTUA ®YHAAMEHTAJIbHBIX HAVK» 217

Research methods. Samples fabrication is described in our previous publication [1]. The samples
obtained were titanium disks with a calcium phosphate coating deposited by the PEO method, which was
impregnated with a solution of polycaprolactone (PCL) in hexafluoroisopropanol with concentrations of
chloramphenicol of 5, 15, and 25 wt.%, respectively.

The wettability of samples was characterized by deposing of 3 pl drops of polar (water and glycerin)
liquids using Kriiss Easy Drop contact angle measurement system. Droplets were placed at different position on
samples and images were captured after the 1 min and 2 min disposition of each drop. All the data were obtained
from an average made from the measurements taken at five different spots on the surface of the respective
sample, with the standard deviations all shown.

Drug release study. Samples were immersed in Phosphate Buffer Saline (PBS, pH 7.4) at 25 °C with three
replicates for each group of samples. At predetermined time points, a 1 mL aliquot was withdrawn for further
analysis and replaced with an identical volume of the fresh medium. The amount of released chloramphenicol
was determined using high performance liquid chromatography (HPLC). Chloramphenicol concentration was
determined by HPLC (Milichrom A-02, Russia), using a C18 column (2x75 mm, 3.5 pm, Milichrom, Russia)
with Water/Acetonitrile 7:3 v/v as the mobile phase. The retention time of chloramphenicol was found to be 3.0
min, at a flow rate of 0.2 uL/min at 35 °C. The drug was detected at A=278 nm using an injection volume of 20
pL. The amount of the released chloramphenicol was converted to the weight using a calibration curve and then
plotted as a cumulative amount of the drug released against time.

Results. Wettability is one of the key parameters of medical devices intended for implantation into the
human body. Measurement results are presented in Table 1. The most hydrophilic coating was the one obtained
using the PEO method, whereas after impregnation with polycaprolactone, the surface wettability of the samples
significantly (more than 2 times) worsens due to the hydrophobicity of polycaprolactone. However, with an

increase in the chloramphenicol content in the coatings, a tendency to the contact angle decrease is observed.

Table 1

Water contact angles after 1 minute of exposure

) . Ti PEO PCL __ Ti PEO PCL __ Ti PEO PCL
Ti PEO Ti PEO PCL Chl 5% Chl 15% Chl 25%
Q, deg 22,6+10,3 67,5+1,1 68,5+1,6 63,8426 50,05+1,75

To check the preservation of bacteriostatic properties of titanium samples with antibacterial coating for 7
days, the drug release profiles were studied. The obtained profiles are presented in Figure 1. The highest total
value of released drug corresponded to the sample with the highest initial concentration of chloramphenicol (25

wt.%), and the lowest, similarly, to the sample with the lowest concentration (5 wt.%).
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Fig. 1. Chloramphenicol release profiles. Seven days of exposure in PBS at 25 °C

The bulk of released chloramphenicol took only 2 hours to be burst released from all samples. The
hydrophobicity of the PCL surface impedes the release medium permeation into the coatings. Therefore, a
relatively slow drug release during next 7 days of the experiment is hypothesized to be due to the gradual wetting
of the surface, the ensuing permeation of the medium into the fibers and the consequent release of the drug from
them. In contrast, a three times higher amount of released drug from 15wt.% and 25 wt.% samples is directly
related to an increased surface wettability of the coatings surface, which is demonstrated above in Table 1.

With the measurement error given, it can be assumed that the amount of drug released from the samples
with 15wt.% and 25 wt.% is approximately equal. This may be due to the poor solubility of chloramphenicol in
aqueous solutions, as a result of which more than a certain limiting concentration of the drug cannot be released
into the buffer solution.

Conclusion. Thus, it was shown that the drug release of the from the coatings continues during the entire
considered period of time (7 days). The drug release profiles and results of the surface wettability study of the
obtained materials allow us to conclude that the concentration of chloramphenicol equal to 15 wt.% is the most
suitable for further research and development of osteo-substituting materials.

This work was performed in National Research Tomsk Polytechnic University and financially supported
by the Ministry of Science and Higher Education of the Russian Federation, Federal Target Program (agreement

No 14.575.21.0140, unique identifier RFMEFI57517X0140).
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