3D Printing of Conducting Polymer Devices for
Electroceutical Management of Bacterial Biofilms
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ABSTRACT

Today, antibiotic-resistant bacteria represent a global health challenge, especially for the control of catheter-associated urinary tract
infections (CAUTI). Conventional antibacterial treatments for CAUTI require a high dose of antibiotics that could cause side effects in
the patients. For this reason, it is necessary to develop effective antibacterial therapies that require less amount of antibiotics.
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Fabricated Materials and Specimens
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Therefore, the present work aims to explore the viability of integrating 3D printed conductive polymer catheters in an electrotherapy to

fight against CAUTI. For this purpose, catheters (small tubes) were 3D printed using a commercial (Protopasta®) and different lab-made 4- Prl:[tmg speed set at 30 mm/s with line T J/A(‘ O . ’
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After growing E.coli biofilms on the surface of the 3D printed structures, these were integrated into an electro-therapy system to study E.coli Biofilm-Coated Catheters fabricated filaments. lgure 10: / 08" Figure 11: PLA/AC

bone specimens.

their performance. Mechanical and electrical properties of the fabricated materials were also evaluated via tensile test and impedance coin specimens.
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The materials characterization experiments suggest that all the fabricated materials exhibit lower elastic module and tensile strength
than Protopasta®.
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The present work aims to explore the viability of integrating 3D printed conductive polymer catheters in an electro-therapy to fight against

CAUTI. For this purpose, catheters (small tubes) were 3D printed using a commercial (Protopasta®) and different lab-made conductive

filaments. After growing E.coli biofilms on the surface of these 3D printed structures, these were integrated into an electro-therapy system Figure 6: Catheters rolled on Petri dishes.
to study their performance.

@@@ CONCLUSIONS

s e ot " LU et s e > Preliminary results indicate that the proposed electro-therapy concept could be used as an alternative against antibiotic resistance of
CAUTI causing bacteria. It is necessary to perform further experimental research.
a b ¢ Filament Fabrication Process » PLA/AC filaments having a compositi01.1 of AC < 3 wt% were fabr.icated via .extrusion using a solvent—fre§ coating method. At AC wt % > 3,
the filament was to brittle to place in spooler. Selection of inappropriate temperatures of extrusion caused problems during the
Temperatures of the fabrication of filaments such as clogging of the nozzle and/or bubbles in filament.
Polyvinyl PLA pellets 525 carme e xS extruder chamber in the > Tensile test analysis suggests that the commercial material (Protopasta®) exhibits better mechanical properties than the fabricated
Almhol(ﬂi _10%%52 HAp coated PLA pellets Filabot EX6 were filaments. Both the elastic modulus and tensile strength decrease with the AC content in the specimens. These results suggest a poor
A% z%%g?é Ty *ﬁﬁ% adjusted depending on interaction between the PLA and the filler. Sample with 2% AC are out of the trend.
‘g/% | 5550 oggo% e E % the wt% of activated » Impendence analysis suggests that the filaments fabricated with a concentration of AC of 1wt% and 3wt%, has a slightly higher electrical
v o> P —y— %‘% % :'? carbon content. For the conductivity than Protopasta®. Samples with 2% AC are out of this trend.
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Figure 1: (a) Two-way catheter -30 cc balloon capacity, (b) Cross-sectional image of a catheter removed from a patient after blockage with biofilms, / l pedonthespest Nozzles of 6.o-mm and > glomplete lnl\s/it.allatlon and tralnl(ilg 'O}f illew1 equlpr}rllent: Test-Eqmtyd 1bOlH—B 1Behnchtop .TeI.nperature/ Humidify Chamber and the

(¢) Futuristic electro-therapy to prevent CAUTI. Filament il uorescent Microscope to proceed with the electro-therapy concept and bacterial characterization.

l — 1.0-mm were set at 200 > Perform electro-therapy experiments using the fabricated filaments to evaluate their performance.
oI SOOI NSNS °C, while the glass bed » Obtain images of the microstructure of the fabricated filaments/specimens via Scanning Electron Microscopy (SEM) to understand

b (EdE filabot plate temperature was their mechanical, electrical, and antibacterial performance.
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» It is recommended to (1) implement a wet-based procedure to enhance the dispersion of the fillers in the polymer matrix (PLA), and (2)
the use fillers of nanometric size to avoid nozzle clogging.

O B J E CTIVE S Filabot spooler Filabot air path Filabot EX6 filament extruder Set at 60 OC. The printing

speed was set at 30
Figure 7: Filament fabrication process. mm/s with a line

This research project has three main objectives:
pattern.

(1) Determine the feasibility of integrating 3D printed conductive polymer catheters into an electro-therapy to help combat antibiotic REFERENCES ACKNOWLEDGMENTS
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material.

(3) Determine the performance of the fabricated catheters in the proposed electro-therapy.
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