VOLUME - 12, ISSUE - 04, APRIL - 2023 * PRINT ISSN No. 2277 - 8160 » DOI : 10.36106/gjra

CYTOTOXICITY TESTING OF A NOVEL CROSSLINKED PRF (C-PRF)
DEVELOPED FOR DENTAL PULP TISSUE ENGINEERING PURPOSE

M.D.S.; M.Phil, Ph.D.(Scholar) Associate. Prof. ADCH (Jamshedpur),
Jharkhand, India *Corresponding Author

M.D.S.; Ph.D. Prof. Emeritus JISU(Kol), ,India
M.D.S.; Ex-Prof and HOD of RADC(Kol),India
Ph.D. (IIEST) Shibpur, India

Dr. Suman Kar*

Dr. R. R. Paul
Dr. H. D. Adhikari
Dr Ankita Das

Dr. Jaydeep
Samanta

M.D.S. Associate professor, HIDSAR, Haldia,WB,India

Dr. Swarupananda
Bera

Dr. Debjyoti
Karmakar

J:N: 538 7:Xe3 @ Background- Whole pulp amputation followed by pulp space disinfection and filling with an artificial

material causes loss of significant amount of dentin leaving a non-vital and weakened tooth.
Regenerative endodontics with its emerging field of modern tissue engineering has demonstrated promising results using stem
cells associated with scaffolds and responsive molecules. [1] Introduction- PRF was recognized as the “second generation” of
this family of biomaterials. [6] PRF being tested in pulp tissue engineering by different research groups showed mixed results.
(7.8) Research studies have shown that the interactions between the cells and their niche are closely related to
physicochemical properties of the scaffolding materials [9, 10]. As PRF is a fragile gel its physical character needs to be
improved by cross linking and thereby more longer period of liberation of its growth factors and delayed disintegration in
physiological system. Aims and Objectives- Aim of our study was to prepare a very economical and autologous biomaterial for
pulp tissue engineering by crosslinking of PRF with tannic acid. Our objective was to detect cytotoxic effect of tannic acid in PRE
Methods and Materials- We followed Choukroun et al. protocol to prepare PRF samples from whole venous blood collected
from donors. PRF samples were then cross-linked in freshly prepared TA solution in dapendish for 10 minutes at room
temperature. Concentrations of TA 1 wt% was used for preparing samples. After crosslinking, the gels were washed with normal
saline for S min. to ensure that all excess TA was removed. The viability of cells cultured on the scaffolds was assessed through
MTT assay (EZcountTM MTT cell Assay Kit, HiMedia, Mumbai, India). Observations- Both MTT Assay and Phalloidine staining
showed favourable results of no clear cytotoxic effects of C-PRE. Conclusion- Based on the results of the cell viability analysis it
can be concluded that none of the tannic acid crosslinked PRF created any clear cytotoxicity in the MC3T3 cells. So, C-PRF can
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safely be used as scaffold for dental pulp or similar tissue engineering purposes.

INTRODUCTION:

Dental pulp is a soft connective tissue containing blood
vessels and nerves to sustain its own physiological functions
and those of the adjacent tissues. It is also a residence for cells
of different types, including odontoblasts populated at the
dentin surface and fibroblasts distributed throughout the
extracellular matrix (ECM) of the pulp. The ECM is also rich in
terms of collagens (collagens type 1: 56%, type 3: 41%, type 5:
2%) and noncollagenous (chondroitin 4- and 6-sulfate: 60%,
dermatan sulfate: 34%, keratan sulfate: 2%, and
glycosaminoglycans as proteoglycans) [1]

Regeneration potential of dental pulp will certainly avoid
complications associated with the endodontically treated
tooth. Endodontically treated tooth leads to considerable
structural deformations due to removal of part of enamel,
dentin, and pulp. Such deformations may result in tooth
fracture and trauma as the postoperative tooth becomes
deceased and brittle. Because of the lost pulpal sensation and
inability of the tooth to detect microbial challenges, it can also
be more susceptible to re-infections [2].

Biomaterials for tooth regeneration are expected to provide a
homelike environment for cells, be biocompatible and
biodegradable, allow functionality for a variety of cells, be
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clinically applicable, and possess multiple structural
characteristics due to well-orchestrated hierarchical
structures and functions of dental tissues. However, research
studies have shown that the interactions between the cells and
their niche are closely related to physicochemical properties
ofthe scaffolding materials. [3,4]

PRF in now been widely used in dentistry in various clinical
regenerative situations. Although this regenerative modality
still remains unfamiliar to many clinicians, the evidence
supporting its use has accumulated over the years,
demonstrating its ability to improve tissue regeneration. The
combination of PRF with regenerative therapy has been
shown to be most promising for periodontal regeneration of
intrabony and furcation defects, as well as soft tissue root
coverage of gingival recessions. Evidence from the medical
literature suggests that PRF is able to decrease infection
following tooth extraction and may further limit dimensional
changes of alveolar ridge following tooth loss. Nevertheless,
ease of use of PRE, combined with its low cost and autologous
source, makes it an ideal biomaterial worth further
investigation across a variety of surgical procedures in
dentistry [5].

Studies comparing different materials with PRF used in
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coronal pulpotomy techniques in context of pulp tissue
regeneration have proved some promising results [6,7] As PRF
compressive strength is very less, it was assumed that cross-
linking PRF will improve its compressive strength and better
suit for pulp tissue engineering purposes.

Tannic acid (TA, C76H52046), a naturally occurring water-
soluble polyphenolic extract, has been approved as a safe
compound by the US Food and Drug Administration (FDA),
which made it a safe excipient/active additive in food, drink,
and pharmaceutical formulations. (8-10) TA is abundantly
available, as it is commonly present in plant leaves (e.g.,
green tea), fruit skins, vegetables, nuts, red wine, coffee, and
wood bark. TA (penta-m-digalloyl glucose) contains a unique
hydrolyzable structure of tannin with a glucose moiety core.
(11) The hydroxyl groups of this glucose are esterified with five
digallic acids. (12) TA exhibits antioxidant, antimicrobial,
antiviral, and anti-inflammatory properties. (13) TA's broad
range of bioactivities makes it a potent and viable
pharmaceutical additive molecule for various indications.

AIMS AND OBJECTIVES
Aim of our study was to test cytotoxicity of our novel tannic acid
crosslinked PRF (C-PRF)

METHODS AND MATERIALS

PREPARATION OF PRF

The protocol followed is that of “Choukroun et al.[14] Written
consent was taken previously from the donors. The PRF
preparation protocol is very simple. Around 10 ml of whole
venous blood is collected in sterile glass tubes of 10 ml
capacity without anticoagulant. Another 10 ml tube with
normal saline was taken as counterbalance in centrifugal
machine. The tubes were then placed immediately in a
centrifugal machine [Fig-] and are immediately centrifuged at
2700 r.p.m. for 12 min. Three distinct layers were appeared in
the tubes: Lower red layer containing red blood cells, upper
straw colored platelet poor plasma and in the middle segment
the turbid fibrin clot PRF [Fig- ]. We can obtain the PRF
extracting the matrix from the tube with forceps and removing
the red clot. The success of this technique depends entirely on
the blood collection and the transfer speed in the centrifuge.

PREPARATION OF THE NOVEL CROSSLINKED PRF (C-PRF)
Tannic acid (TA) powder was purchased from Sigma-Aldrich
(Bangalore, India). PRF was prepared freshly as described
above. PRF samples were crosslinked in freshly prepared TA
solution in dapendish for 10 minutes at room temperature. TA
was used at a concentration of 1 wt% for preparing samples.
After crosslinking, the gels were washed with normal saline for
5 min. to ensure that all excess TA was removed.

Fig.- PRF PRF in TA soln.

Crosslinked PRF inleft Uncrosslinked PRF in right

CYTOTOXICITY TESTING:
Cell Culture:

For biological assays, the scaffolds (PRE, C-PRF) were seeded
with MC3T3 at a concentration of 5x104 cells/ml and cultured
as described for each experiment.

Cell viability:

The viability of cells cultured on the scaffolds was assessed
through MTT assay (EZcountTM MTT cell Assay Kit, HiMedia,
Mumbadai, India). After 1 and S days culture, MTT solution was
added to each well along with serum-free cell culture media.
Cells were incubated for another 4[1h at 37[]°C and 100 ul of
solubilization buffer was added to the well plates. The well
plates were placed on a shaker for 10[Jmin. The scatffolds were
discarded and 100 ul of the supernatant from each sample
group was pipetted into a fresh 96-well plate. The optical
density at 570[Jnm and 670 nm was measured using an UV-Vin
multi-plate spectrophotometer
(ThermoScientificTMMultiskanTMGO Microplate
Spectrophotometer, Finland). The experiment was performed
in triplicate and percentage cell viability was calculated by
using the following formula:

(Absiess — Absbiai) <100
(Absconrol— Abspiank)

where, Abs,_, Abs,,and Abs_,signify absorbance of the
sample, blank and control at 570 nm.

% cellviability=

Phalloidine staining:

After culturing for 5 days, the cell seeded scaffolds were
washed in PBS (pH 7.4) and fixed in 4% paraformaldehyde for
15 min. After washing with PBS, the scaffolds were incubated
with 50 ug/ml rhodamine-conjugated phalloidin (Invitrogen,
CA, USA) for 90 min and counterstained with 1 ug/mL of DAPI
for 1 min. Cell images were acquired through inverted
fluorescence microscope (Nikon Eclipse T[] U, Japan)
equipped with 20x objective. The blue excitation wavelength
was set at 340-380 nm which emitted at 435-485 nm. Similarly
forred, the excitation wavelength was set at 512-552 nm which
emitted at 565-615 nm.

RESULTS

Sample AbsS570 Abs570 Abs570 Abs670 Abs670 Abs670 Abs 570-67@bs 570-678bs 570-678vg 570-670est-Blank% cell viability
Blank 0046 0048 0045 0043 0046 0043 0003 0002 0002 0002333

Control 0419 0412 0415 0105 0125 0198 0314 0287 0217 0272667 0270333 100

™M 0194 0195 0195 0055 0051 0058 0139 0144 0137 0.14 0.137667 50.92478

MC 0167 0227 0229 0059 0055 005 0108 0172 0173 0151 0.148667 54.99383

F 017 0173 0179 0064 0061 0064 0106 0112 0115 0111 0.108667 40.19729

FC 0183 018 0184 0065 0067 0066 0118 0119 0118 0118333 0116 42.90999

— Prf Sample from male donor, F- Prf Sample from female
donor, MC- Crosslinked Prf Sample from male donor FC-
Crosslinked Prf Sample from female donor. Both MTT Assay
and Phalloidine staining showed favourable results of no
clear cytotoxic effects of C-PRE

DISCUSSION:

A second generation platelet concentrate, or PRE is frequently
referred to as Choukroun's PRE The PRF is made up of blood
components that aid in faster wound healing. A three
dimensional immune concentrate with a specific composition
might be thought of as PRE It contains a variety of growth
factors, including insulin like growth factor, platelet derived
growth factor, and transforming growth factor 1, which all
demonstrate a variety of potent local features, including cell
migration, attachment, proliferation, and differentiation. In

GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS = 77



VOLUME - 12, ISSUE - 04, APRIL - 2023 * PRINT ISSN No. 2277 - 8160 » DOI : 10.36106/gjra

the context of tissue engineering, it has been demonstrated to
be an effective biomaterial for pulp regeneration. PRF
functions as an inter-positional and therapeutic biomaterial
[15].

A recent study demonstrated that the hydrogel network based
on TA could satisfy demands for a lengthy clinical time as well
as physiological capabilities with antioxidant, antibacterial,
and anti-inflammatory properties [16]. Also, according to Du
et al. research, a hybrid hydrogel made of PEG, quaternized
chitosan (QCS), and TA (PEGDA/QCS/TA) was created using
chemistry that was inspired by the chemistry of mussels. [17]
Several hydrogen bonds between TA and PEG allowed for the
introduction of features like anti-swelling, high mechanical
strength, antibacterial, and great adhesive qualities to a
variety of surfaces. In a different investigation, we discovered
that crosslinking with tannic acid improved the physical
features of PRE. [18] Genipin (GP), a natural crosslinker, was
used by Tatiana C. et. al. to improve the hydrogel's physical
properties with the goal of creating a hydrogel with adjustable
qualities for tissue engineering applications. Four
concentrations of GP were used in two distinct cross-linking
procedures to create a stable fibrin gel network of hydrogel.
The hydrogels' crosslinking density, mechanical
characteristics, swelling, and enzymatic degradation were
evaluated for each GP content and fabrication technique.
Whereas in method I: Simultaneous gel creation and cross-
linking increases the mechanical properties of the gel, in
method II: Cross-linking after gel formation produces a high
crosslinking and maintains the gel shape for lengthy periods
of time. This study supports the use of GP as a suitable fibrin
cross-linker at various doses to support L929 cells' ability to
survive in vitro for 21 days[21].

However, because genipin is an expensive crosslinker, we
experimented with cheaper crosslinkers, like tannic acid, for
potential biomedical uses. The biocompatibility of biomedical
materials can be revealed via cytotoxicity.[20] Recent
research by Lu Denga et al. DC2.4 cells, a cell line of white cell
dendrite cells, were used to test the toxicity of various
concentrations of TA. As compared to the negative control, TA
at concentrations up to 10 g/mL did not significantly affect the
viability of DC2.4 cells. In contrast to the negative control,
DC2.4 cells began to exhibit considerable toxicity at 50 g/mL
or greater concentrations of TA. In spite of the fact that this
concentration of TA showed high toxicity in comparison to the
negative control, it is noteworthy that the cell viability was
maintained at 80.1% in the presence of 50 g/mL of TA. The
information on cytotoxicity is significant for guiding the in vivo
biological uses of TA. [21] Also, the tannic acid crosslinked
samples (lwt %) from male and female donors in our
investigation demonstrated no clear cytotoxicity.

CONCLUSION:

Based on the results of the cell viability analysis it can be
concluded that none of the tannic acid cross-linked PRF
created any clear cytotoxicity in the MC3T3 cells. So, C-PRF
can safely be used as scatfold for dental pulp or similar tissue
engineering purposes.
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