The use of low-quality cotton-derived cellulose films as templates for in situ conductive polymer synthesis as promising biomaterials in biomedical applications
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Instruments for characterizations of conductive polymer@CF composites
The FT-IR spectra of bare CFs, PANI@CF and PPY@CF composites were obtained using an attenuated total reflectance (ATR) connected FT-IR spectrometer (Thermo, Nicolet-iS10). The spectra were recorded in the range of 650 to 4000 cm-1 with a resolution of 4 cm-1.
The thermal stabilities of CFs, PANI@CF and PPY@CF composites were examined using a thermogravimetric analyzer (TGA, SII TG/DTA 6300, Exstar) in a nitrogen environment. The analysis was conducted at a flow rate of 200 mL/min and a heating rate of 10 °C/min, reaching a maximum temperature of 700 °C.
The contact angle (CA) and surface free energy (SFE) values were measured for both bare and in situ conductive polymer-synthesized CFs by applying 10 µL of deionized water or diiodomethane onto the surface of CF-based structures and visualized with a CCD camera on optical tensiometer (Attention Theta Flex, Biolin Scientific). To assure the precision of the measurements, the CA and SFE values of CF-based structures were each measured three times, and the average of these measurements was taken as the final result. To quantify the CA values, a series of 332 frames were taken during a 10-second period after the liquid was deposited onto the surface of the CF-based structures. Furthermore, the Owen-Wendt-Rabel-Kaelble (OWRK) model was employed to calculate the surface free energy. Both CA and SFE values for bare CFs and prepared conductive polymer@CF composites were determined for two different forms of CF-based structures. The first form is mentioned as “as is” which means contact angles of in situ conductive polymer synthesized conductive polymer@CF composites were measured after the in situ conductive polymer synthesis process is completed, the water on the surface of the prepared conductive polymer@CF composites is removed with the help of a napkin. The second form is dried forms of washed CF and conductive polymer@CF composites were used to determine CA and SFE values.
The conductivities of bare CFs, PANI@CF, and PPY@CF composites were determined by measuring the current-voltage relationship using a computer-controlled electrometer (Keithley 2400 Source-Meter) at room temperature. Conductive carbon tapes were attached to the top and the bottom of the compressed CF-based materials to connect the electrodes onto prepared disks, and the conductivities were measured at room temperature using the slope of the Ohmic region of the I–V curves via Eq. (1) and (2).
V = I x R 											       (1)
σ = (1/R) x (I/A)										       (2)
Where, ‘V’ is voltage, ‘I’ is current, ‘R’ is the bulk resistance, ‘σ’ is conductivity, ‘1/R’ is resistivity, ‘l’ is the thickness and ‘A’ is the cross-sectional area of the sample.
Biomedical properties of conductive polymer@CF composites
Hemocompatibility assay
The certain amounts of bare CF, PANI@CF, and PPY@CF composites (10 mg) were each put in 1 mL of 0.9% serum physiologic (SP) solution for a whole day to conduct a hemocompatibility analysis. The clinical research ethics committee of Canakkale Onsekiz Mart University accepted the process by which the blood used in the studies was drawn from healthy participants. The decision numbered 2011-KAEK-27/2022-2200063689. Hemolysis and blood clotting assays were used to evaluate the hemocompatibility of bare CF, PANI@CF, and PPY@CF based composites in vitro, in accordance with the methodology outlined in earlier research [1]. First, freshly collected blood from healthy participants was placed into tubes that contained EDTA, and the tubes were gradually flipped upside down. The hemolysis ratios of the bare CF, PANI@CF, and PPY@CF composites were assessed for red blood cells. To do this, 9.8 mL of SP solution was placed into tubes, and then 0.2 mL of bare CF, PANI@CF, and PPY@CF composites were added at concentrations of 10 mg/mL and shaken. After that, 1.25 mL of SP solutions were added to each tube containing 1 mL of freshly collected blood that had been transferred to separate tubes. To allow the samples to interact with the red blood cells, 0.2 mL of diluted blood was added to tubes holding samples. The tubes were then spun slightly and incubated for 2 h at 37.5 °C in a water bath. After that, 0.2 mL of diluted blood was in contact with 10 mL of SP solution and DI water, respectively, as the negative and positive controls. The procedures and conditions applied to the controls were the same as those to the samples. Once the blood solutions had been incubated for 2 h, they were centrifuged for 5 min at 1340 rpm. The absorbance values of the supernatant solution were then measured using UV-Vis Spectroscopy (SP-UV300SRB, Spectrum) at a wavelength of 542 nm. Eq. (3) was used to determine the hemolysis ratio (%) of the bare CF, PANI@CF, and PPY@CF composites.
Hemolysis% = [(As – An) / (Ap – An)] x 100						      	       (3)
Here, “As” is the absorbance of blood samples incubated with bare CF, PANI@CF, and PPY@CF composites, “Ap” is the absorbance of blood samples only incubated with distilled water, and “An” is the absorbance values of blood samples only incubated with SP solution.
By using a blood clotting assay, the impact of bare CF, PANI@CF, and PPY@CF composites on the clotting process during contact with blood was evaluated. In summary, 1 mL of SP solution was used to suspend 10 mg of bare CF, PANI@CF, and PPY@CF composites. 0.2 mL of these solutions was then removed and placed in the middle of flat bottom tubes. Next, 0.81 mL of fresh blood was transferred into a separate test tube together with 64.8 µL of a 0.2 M CaCl2 aqueous solution. Immediately, dropwise additions of 0.27 mL of this blood solution were made to tubes holding specimens. Blood-contact bare CF, PANI@CF, and PPY@CF composites were incubated for 10 min at 37.5 °C in a water bath. After that, the tubes were gradually filled with 10 mL of distilled water and centrifuged for 1 min at 540 rpm. Subsequently, the non-clotting portion (supernatant portion) was moved into tubes with 40 milliliters of DI water, and the tubes were incubated in a water bath at 37.5 °C for 2 h. A fresh test tube was filled with 0.25 mL of blood as a control, then DI water was added to bring the total amount to 50 mL. The control and the samples were subjected to identical circumstances. Following incubation, UV-Vis Spectroscopy was used to determine the samples' absorbance at 542 nm. Using Eq. (4), the blood clotting index of the bare CF, PANI@CF, and PPY@CF composites was determined.
Blood clotting index = (As / Ac) x 100							       (4)
Here, the absorbance of blood samples incubated with “As” bare CF, PANI@CF, and PPY@CF composites and “Ac” are the absorbance value of blood samples incubated in pure water only. The results were created as hemolysis ratio (%) and blood clotting index (%) graphs with standard deviations by computing average values. All tests were carried out in triplicate to ensure accuracy.
Biocompatibility assay
Using L929 fibroblast cells, the cytotoxicity of bare CF, PANI@CF, and PPY@CF composites was assessed using the MTT test.  The fibroblast cells were grown at 37 °C in a 5% CO2 environment in DMEM supplemented with 10% (v/v) FBS and 1% antibiotics. First, 100 µL of the cell suspension was planted in each well of a 96-well plate at a concentration of 5x104 cells/mL in culture media. The plate was kept in an incubator with 5% CO2 at 37 °C. In addition to 100 μL of growing media, separate bare CFs, PANI@CF, and PPY@CF composites weighing 1 mg were carefully put on the cells in the wells. The identical conditions employed for cell development were applied to the plate throughout its 24-hour incubation. Following the incubation period, sterile phosphate-buffered saline (PBS) was used to wash the wells and discard the samples and medium within the plate. 200 µL of DMSO was added to the wells after the MTT agent had been taken out after 2 h. Using a plate reader (Thermo, Multiskan Sky, USA) set to detect absorbance values at a wavelength of 590 nm, the cell viability% of each well was computed by comparing it to that of the control group. Three iterations of each analysis were conducted, and standard deviations were provided for the outcomes.
Antimicrobial activity assay
Certain amounts of bare-CF, PANI@CF, and PPY@CF composites (1, 2.5, 5, and 10 mg) were put to each well of a 24-well plate to conduct the broth-micro dilution test. Next, each well of a 24-well plate was pipetted with 1 mL of nutritional broth (NB). Subsequently, 50 μL of reconstituted suspensions of Escherichia coli ATCC8739 (E. coli), Staphylococcus aureus ATCC6538 (S. aureus), or Candida albicans ATCC10231 (C. albicans), standardized to 0.5 McFarland density, were introduced into every well. The doses at which there was no discernible growth (turbidity) were identified as minimum inhibitory concentrations (MIC) values, which removed 50% of the bacteria, after the plates were incubated at 37°C for 24 hours. To determine the minimum bactericidal concentration (MBC) values that eliminated 99.9% of bacteria, the contents of the wells were lastly grown on nutrient agar plates.
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Figure S1. The digital camera images of CF and CF-based conductive polymer composites in dry form.
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Figure S2. The taken images about droplet formation on CF and PANI@CF composites in both states
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Figure S3. The taken images about droplet formation on CF and PPY@CF composites in both states
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