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Annexure I

Materials and Methods Details

Reagents and materials

Bone marrow-derived human mesenchymal stem cells (hMSCs) and their specific culture
media were purchased from Lonza (USA). Indium tin oxide (ITO) coated glass plates (50 mm
x 50 mm) were supplied by S. K. Novel Materials & Technologies LLP, New Delhi, India.
Polydimethylsiloxane (PDMS) elastomer (Sylgard 184) was brought from Dow Corning. 3-
(4,5-dimethyl thiazolyl-2-yl)-2,5-diphenyltetrazolium bromide (MTT), propidium iodide (PI),
Hoechst 33342 and paraformaldehyde solution (4%) were acquired from HiMedia, Mumbai,
India. Dichlorodihydrofluorescein diacetate (DCFH-DA), all trans-retinoic acid (RA) and
5,5',6,6'-tetrachloro-1,1',3,3"-tetracthyl benzimidazolyl carbocyanine iodide (JC-1) were
purchased from Sigma-Aldrich. Monoclonal primary antibodies (mouse anti-nestin and rabbit
anti-B-1II tubulin) and secondary antibodies (goat anti-mouse IgG Alexa Fluor 594 and goat
anti-rabbit IgG Alexa Fluor 488) were from Cell Signaling Technology (USA). All the
antibodies were reactive against human antigens and dilutions were done according to
recommended manufacturer protocol. All the electrochemical measurement were measured
using ZIVE SP1 electrochemical workstation (ZIVE LAB, Seoul, South Korea).

MTT Assay

In-vitro cytotoxicity assessment was performed by MTT assay. The viable cells at the density
of 5 x 10* were seeded on coated and uncoated glass chips (control). The cell viability was
evaluated after 24 h while cell proliferation was studied for five days.The cell culture media
was changed every three days. MTT assay is a simple calorimetric method used for
quantification of reduction of yellow coloured tetrazolium salt to purple formazan crystals by
metabolically active cells through mitochondrial dehydrogenase enzyme activity []. After
specified time interval, the culture medium was removed from each well and 360 pl of complete
medium along with 40 ul MTT (2 mg/ml in PBS, pH 7.4) solution was added to each well and
further incubated for 4 h at 37°C. After incubation, the media was removed completely from
each well without disturbing the formed formazan crystals and then solubilized by the addition
of dimethyl sulfoxide (DMSO, HiMedia) solution for 30 min. The optical absorbance was read
at 570 nm by a microplate reader (Synergy H1 hybrid, Biotek, USA) and the percent cell
viability was calculated as the percentage of absorbance of cells seeded on chips in comparison
to absorbance of control cells [Gurunathan et al., 2013]. Three independent experiments in
triplicates were performed for testing the biocompatibility of coated chips relative to control.

Hoechst 33342 /PI assay

Hoechst 33342/PI dual staining was performed to simultaneously visualise the viable and dead
cells seeded on different chips and control for successive days 1, 3, 5 and 7[]. Hoechst 33342,
cell permeable nuclear dye, binds to DNA of both viable and non-viable cells. In contrast, the
red fluorescent PI, a cell impermeable dye, stains the cells which are dead. The cells were
seeded and maintained as described above. After specified period, the depleted media was
discarded and cells were washed twice with PBS. Subsequently cells-laden chips and control
were stained with Hoechst 33342 (1 pg mL™") and PI (Iug mL™") solutions and incubated for
30 min at 37°C in the dark. The cells were finally washed with PBS and images were taken
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using an inverted fluorescence microscope (Nikon Eclipse 90i) in blue and red channels as well
as in phase contrast.

Immunocytochemistry

The cells at a density of 3 x 10* were cultured on coated chips and control for seven days. After
the specified time of culture, the cells were washed with PBS and fixed with 4%
paraformaldehyde for 15 min at room temperature. Cells were rinsed further three times with
PBS 5 min each. Then the fixed chips were blocked in blocking buffer (0.3% Triton X-100 and
5% normal goat serum in PBS) for 60 min. Subsequently, the blocking buffer was aspirated and
chips were incubated with diluted primary antibody (mouse anti-Nestin, 1:3200, rabbit anti-f3
tubulin-III, 1:300 and and mouse anti-GFAP IgG 1;3000) overnight at 4°C. After incubation,
washing was done and diluted secondary antibody (1:1000) was added to chips for 2 h at room
temperature protected from light, followed by Hoechst staining for cell nuclei. The images were
captured using an inverted fluorescence microscope (Nikon Eclipse 901i).

Assessment of mitochondrial membrane potential

The hMSC cells at density of 3 x 10* were seeded on coated and uncoated glass chips (control).
The mitochondrial membrane potential (MMP), was evaluated using JC-1 at different days (day
1 to day 7). The seeded cells were washed once with cold PBS and incubated with JC-1 dye (2
puM) for 20 min in dark at 37°C. The supernatant was removed and cells were washed twice
with PBS and pictured immediately using a fluorescence microscope (Nikon Eclipse 90i).

Quantification of intracellular ROS generation

The healthy viable hMSC cells are harvested and seeded at 3 x 10* on coated and uncoated
glass chips (control). Three independent experiments were performed for ROS estimation. The
cells were maintained following the above mentioned protocol till seven days of cell culture.
At desired time points, cells were washed twice and working solution of 10 uM DCFH-DA in
PBS was instilled into each well for 30 min at 37°C in the dark. Afterward, the cells seeded
chips and control were washed with PBS and subjected to an inverted fluorescence microscope
to visualize the DCF green signals.

The intracellular ROS was quantitatively measured in fluorescence mode of the microplate
reader. The cells were seeded on different substrates (1 x 1 cm2) and control at a density of 5
x 103 cells in a 24-well plate. After 24 h of seeding, the media was discarded and cell-laden
substrates were gently washed with PBS (1x) twice. Afterward, 10 uM DCFH-DA in PBS was
added to each well for 45 min at 37°C in the dark. Now the dye was decanted and the cells were
washed with PBS. Subsequently, the cells were trypsined using Trypsin-EDTA and the cell
suspension was collected and centrifuged for 1200g for 10 min. Further, the supernatant was
discarded and the pellet was resuspended in PBS. 100 pl of dye-loaded cells were added in a
96-well black and transparent bottom plate. The fluorescence reading was recorded with
excitation and emission wavelength at 485 nm and 530 nm, respectively.

Retinoic acid stimulation

The effect of RA on differentation of hMSCs towards neuronal lineage was studied and
compared with the proposed approach of elecrostimulating the stem cells for driving neuronal
differetiation. hMSCs of cell density 1 x 10* were seeded onto ITO surface for 24 h at 37°C.
Afterwards, the seeded hMSCs were incubated with 20 uM, 10 uM, 5 uM, 1 uM and 0.5 uM
RA in growth medium with a final DMSO concentration of 0.1% (v/v). The RA stimulated
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hMSCs were imaged on day 1, 3 and 7 using fluorescence microscope and expression of neural
markers, nestin and B-1II tubulin, were quantified by performing immunocytochemistry.

Morphological changes using scanning electron microscopy

Scanning electron microscopy (SEM) was used to image the morphology of the hMSCs before
and after receiving electrical stimulation. For the analysis, samples were prepared by gently
washing the cells adherent platforms with PBS and fixing them in 4% paraformaldehyde
solution for 15 min. Then, the solution was poured out, followed by washing and finally
dehydrating them by dipping in solutions of 30%, 50%, 70%, 80%, 90%, and 100% ethanol.
The prepared platforms were air-dried and imaged without gold coating.
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Anexture 11

Synthesis of Poly(acryl-1-aminoanthraquinone) conjugated with Maltose-
based Segment

Description of Synthesis: The chemical structures of the synthesized polymers were confirmed
by FT-IR, 'H- and '3C-NMR spectroscopic methods. In the PANT FT-IR spectrum, the
presence of -NH-C=0- group along with aromatic -C=C- symmetric stretchings appeared at
1674 cm™ and 1586 and 1516 cm™! (Figures A7), respectively. In the PANT "H-NMR spectrum,
the chemical shifts appeared at 2.7-0.9 ppm due to RAFT agent moieties at the terminal end of
the polymer chain, the characteristic amide -NH proton appeared at 9.2 to 9.35 ppm and
anthraquinone pendent aromatic protons and benzene protons from RAFT agent appeared at
5.9 to 8.4 ppm as given (Figure A8). In the *C-NMR spectrum, amide carbonyl carbon showed
at 165 ppm and aromatic carbons of the PANT appeared in the range of 115-142 ppm (Figures
A9). The PANT-H-PMAM copolymer of FT-IR spectrum showed characteristic ester O—C=0O-
peak from PMAM block at 1756 cm™ and PANT -NH-C=0- group signal appeared at 1674
cm’! (Figures A7). In the 'TH-NMR spectrum, pendent maltose signals appeared in the range of
5.5-3.6 ppm and 8.4-7.2 ppm due to anthraquinone pendent aromatic protons (Figures A10).
On the other hand, the 3C-NMR spectrum of the copolymer showed signals at 55-70 ppm due
to the maltose pendent of the PMAM segment along with PANT block signals (Figures A11).
Calculated molecular weight values (PANT: 4434, PANT-b-PMAM: 8985 and PMAM: 8148
Da) from the 'H-NMR spectra and SEC studies values of the weight average molecular weights
(Myw) (PANT: 3562, b: 1.1; PANT-b-PMAM: 11319, D: 1.4 and PMAM: 7811 Da, D: 1.2) of
the polymers and their polydispersities (P) are witnessed in annexure 1, Table Al. The
molecular weight values of the polymers from SEC studies and calculation from 'H-NMR
spectra were dissimilar from each other. These dissimilarities may be due to the bulky
anthraquinone and pendant acetylated maltose moieties of the polymer chains which hold
dissimilarities in hydrodynamic volume compared to the polystyrene standards.
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Figure A14. SEC curves of (a) PANT and PANT-b-PMAM using injection volume: 20 pL, run

time: 40 min and set name: 241017 PS_DMF.
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Figure A1S5. Powder X-ray diffraction curves of the synthesized polymers. X-ray

diffractograms: CuKa radiation (land continuous) (A=1.54 A) at a scan speed of 0.045° min™'.
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Figure A16. (a) UV-vis and (b) fluorescence spectra of the ANT monomer in DMSO solution.
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Figure A17. Cyclic voltammetry curves of (a) ANT and (b) MAM monomers in DMF (10
mM).
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Table A1. Synthesized polymers yields and molecular weights.

Molecular weight® by SEC
Polymer code Yield (%) 'H-NMR spectrum My (g/mol) b
PANT 71 44342 3562 1.1
PANT-b-PMAM 70 9540° 11319 1.4
PMAM 68 8148¢ 7811 1.20

AANTsw % (Ios compared to Ie7-92) + Trw; where, ANTs: ANT molecular weight; Is7-9.2:
intensities in "H-NMR spectra at J 6.7-9.2 pendent anthraquinone aromatic ring proton; Ios: at
0 0.8 ppm RAFT agent methyl protons and Tr: RAFT agent fragments molecular weight (280)
at PANT chain terminal ends.

®[ANTsw + MAMgy] x (Iog4 compared to Is.9 and Is> ) + Try; where, ANTsy: ANT molecular
weight; MAMj,: MAM molecular weight; Iso: intensities in 'H-NMR spectrum at § 8-9 ppm
pendent anthraquinone aromatic ring proton; ls»: maltose anomeric proton J 6.2 ppm; log4: &
0.84 ppm RAFT agent methyl protons and Ttw: RAFT agent fragments molecular weight (280)
at PANT-b-PMAM chain terminal ends.

‘MAMsy % (l1.922 compared to [1.4)+Ts; where, MAMgy: MAM molecular weight, 1i.92:
intensities in "H-NMR spectra at 6 1.9-2.2 ppm methacrylated methyl proton; I 4: at § 1.4 ppm
terminal methyl protons and Tr: ATRP initiator fragments molecular weight (195) at PMAM

chain terminal ends.
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Table A2. Themal characteristics of the synthesized polymers.

TGA® (°C) DSC® (°C)
Polymer code % Char Tm®
Tas%  Tatos  Tonset at 750 °C T, (AH J/g)
PANT 300 333 367 26.6 36 166 (0.30)
PANT-b-PMAM 297 320 354 27.6 39 170 (0.97)
PMAM 284 294 288 10.4 48 159 (0.95)

sunder N> atmosphere; "data on second heating; °peak temperature.

Table A3. Photochemical properties of the PANT and PANT-h-PMAM.

Polymer Amax®  Emission
code (nm) Ama®  Ahma®  ET€4,,. 4 Erumo® AQEEtt Eg®  Enomo"
(nm) V) (eV) (eV) (eV)

PANT 410.1  435.70 25.6  -0.1752 -4.6248 500.13 2.47 -7.0948
PANT-b- 412.1  437.66  25.56 -0.2954 -4.5046 497.42 249 -6.9966

PMAM

afrom UV-vis spectrum in DMSQO; *from fluroscence spectrum in DMSO, ®emission Amax-Amax,
dCV curve onset value, ®=-(4.80 + E?¢% ), fUV-vis spectrum onset value, Calculated from

Eg=1240/Aonse(UV-Vis), "=Erumo-Eg.
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