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Abstract
Reconstructive surgery is the leading, vital yet critical, and brain-storming interdisciplinary �eld.
Fabrication of large-sized, implantable, low-cost, bio-prosthesis like breast implants is a great challenge.
Here, we propose combining the traditional method (decellularization by perfusion technique and cross-
linking) and the contemporary method of co-culture. We used the human placenta for its advantages like
abundant extracellular material, rich vascularity, and conservation of many growth and angiogenic
factors. We con�rmed acellularity by histology, the integrity of the vasculature by CT scan, and the
presence of any pathogens using culture and sensitivity tests. We further re-plasticized sterile placental
scaffold using ADSC (adipose-derived mesenchymal stem cells) and HUVECs (Human Umbilical Vein
Endothelial Cells). Histology con�rmed phenotypic plasticity and cellular migration on the
microvasculature. The functionality of the re-cellularized graft was examined by studying cell viability
and other biochemical assays. In this study, we successfully utilized the human placenta, a discarded,
large-sized, temporary organ, for a pre-vascularized, low-cost, pathogen-free, low-immune, large-size
breast construct. Our study projects the better possibilities of breast reconstruction to avoid post-
operative complications like graft rejection, failure of angiogenesis, infection, capsular contractures, and
muscular damage.

Introduction
The loss of the breasts impairs the physical, mental, and emotional health, but the loss of breast implants
devastates a female. It is the responsibility of clinicians’ and researchers’ not just to reduce feminine
anguish but also to regain con�dence, femininity, and wholeness. Although few studies were designed to
achieve the ideal breast implant, there are still many pitfalls. Graft rejection, failure of angiogenesis,
infection, capsular contractures, muscular damage, and malignancy are to name a few. There is a need
and demand for alternative strategies that will ful�ll all the criteria of an ideal full-sized breast implant
that will also be simple to fabricate and cost-effective.

Implants cast on silicone elastomers, polydimethylsiloxane (PDMS), have been widely applied. Still,
excessive foreign body reactions in the peripheral areas of implants often cause serious side effects such
as capsular contracture, resulting in dis�gurement, pain, need for implant removal, and further surgery
[Barr et al. 2017; Kang et al. 2020]. They poorly recapitulate the biochemical stimuli needed for tissue
regeneration [Rossi et al. 2018]. Adipose tissue grafting is emerging as a promising alternative to silicone
implants. However, this approach does not provide proper mechanical support and is affected by
drawbacks such as fat survival, calci�cation, tissue resorption, and donor site morbidity [Rossi et al.
2018; Hsueh et al. 2017]. Infection is yet another major cause of morbidity after breast implant surgery
[Cometta et al. 2021]. 3D bioprinting is the emerging technology for designing and fabricating desired
size tissue matrix constructs that provide a potential solution for unmet clinical needs [Colle et al. 2020],
along with various bioreactors and biostimulants [Rossi et al. 2018; Hsueh et al. 2017; Colle et al. 2020].
However, for the sustenance of these grafts, timely angiogenesis is essential. Many materials and
technologies have been adopted to create small and micro-sized vessels and to stimulate angiogenesis in
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bigger size implants [Alvarèz et al. 2018, Seo et al. 2018, Xie et al. 2020; Wong et al. 2016]. There is still
large scope for improvising the vasculature of the large size implants [Wong et al. 2016]. Current
advances in re-constructing macro and micro vasculatures are not feasible, practical, or cost-effective
[Panayi et al.2019; Datta et al. 2017]. Also, the timely establishment of vascularity is an essential factor
for cellular survival and maintenance in implants. If perfusion is not established within a crucial time, the
implant is destined to undergo necrosis and thus rejection [Mokhtari-Jafari et al. 2020]. Hence, there is a
need for the pre-vascularized scaffold. Previously, pre-vascularized implants were fabricated using plant
leaves with success [Gershlak et al.2017; Walawalkar and Almelkar et al. 2021].

Here, we formulated experiments that can futuristically build breast implants. Our study focuses on
answering all unmet questions using a sterile human placental scaffold and providing a better hope
towards the tissue remodeling (plasticity) and differentiation towards the desired phenotype. We
fabricated a recellularized decellularized and glutaraldehyde cross-linked placental scaffold. We
con�rmed its acellularity, integrity of vasculature meshwork, and sterility. We co-cultured and expanded
the human umbilical vein endothelial cells (HUVECs) and adipose tissue-derived stem cells (ADSCs) into
the vasculatures and matrices of the placental scaffold. We con�rmed their growth, identity, and
functionality using various biochemical assays.

The novelty of this article is a step-by-step, exquisite journey of a human placenta to the pre-vascularized,
pathogen-free, implantable breast tissue. It stresses the advantages of using the placenta to fabricate the
scaffold and demarcates bene�ciary effects of co-culture of HUVECs and ADSCs. The study lays the
platform and will have a profound impact on reconstructive and cosmetic surgical �elds.

Material And Method
Patient selection for placenta collection (Inclusive and Exclusive Criteria)

Patients (n=10) were selected for obtaining samples by using the following inclusion and exclusion
criteria.

Inclusion criteria:

A. Any age

B. Any gravida

C. Third-trimester Pregnancy

D. Any mode of delivery

E. Multifetal pregnancy

F. Placental calci�cation grade 1 and 2

Exclusion criteria:

A. 1st and 2nd-trimester pregnancies
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B. Placental calci�cation grade 3

C. Torn placenta

D. Any medical disorders in pregnancy

E. Any placental disorder

F. Abruption placentae

G. Any bacterial, viral, fungal infection or infestation

H. Granulomatous or necrotic patches in the placenta

I. Any congenital anomaly of the fetus

J. Adherent placenta (Accreta, Increta, and Percreta)

K. Placental tumors

L. Gestational Trophoblastic Diseases (Benign and Malignant)

Protocol for placenta collection

Vaginal Delivery: After the 2nd stage of labor, the cord was cut nearer to the neonate, keeping more than
10 cm in length of the cord attached to the placenta, and the placental end of the cut cord was clamped
with artery forceps. The 3rd stage of labor was observed passively for signs of separation of the placenta.
Once it was con�rmed that the placenta had been separated, it was extracted using a controlled cord
traction method. Slowly, with rotatory movements, the intact placenta and the membranes were obtained.

Low segment Caesarean section (LSCS): Similarly, after LSCS delivery of the fetus, the cord was cut, and
the placenta was removed using controlled cord traction. Manual removal of the placenta was avoided to
avoid injury to the placenta.

Grouping of the samples

The placenta samples (n=10) were grouped such as non-processed or control (Group I), decellularised
(Group II), decellularized and cross-linked (Group III), re-endothelialized Group II-A, Group III-A, re-
cellularized ADMSCs Group II B, and Group IIIB, co-cultured endothelial and ADMSCs Group IIC and IIIC,
cultured endothelial cells Group A and ADMSCs Group B. 

Placenta perfusion and decellularization 

Placenta, thus obtained, was placed in a mixed solution (2000 ml) of EDTA 1% and PBS (1:1) containing
antibiotics (cipro�oxacin 331.346 g/mol) after the delivery procedure. It was immediately transported to
the lab for the de-cellularization process. Amniotic membranes were removed, and placenta diameter,
thickness, and weight were measured and noted. The placenta was perfused with sterile distilled water
and PBS 1 x till all the blood was drained (5000 ml x 3 times). Further, these cleaned placentae were
subjected to a perfusion-based de-cellularization system under the in�uence of gravity. The onset of �rst
step in perfusion was with 1% EDTA and PBS 1 x (1:1) ratio along with antibiotics (5000 ml)
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(metronidazole 5mg/ml) for 2 h. Then, it was perfused with RBC lysis buffer (5000 ml) containing
antibiotic for two h. It was followed by 5000 ml of 1% EDTA and antibiotic mixture (cipro�oxacin 331.346
g/mol and metronidazole 5 mg/ml) for 2h. Once this was achieved, the placentae were subjected to
distilled water mixed with an antibiotic mixture (5000 ml) (cipro�oxacin 331.346 g/mol and
metronidazole 5mg/ml) for 4 h followed by 1% SDS (5000 ml) mixed with antibiotics mixture for 4h till
the placenta becomes completely decellularized and translucent white. Usually, this whole process takes
almost 72 hrs. The placenta was subjected to Triton-X 100 (5000ml) for 4 h and then washed with PBS
1x (3 times) (Almelkar et al. 2018, Walawalkar et al. 2020).

Cross-Linking of the decellularized placenta (Group III)

Group III (n = 10) scaffolds were cleaned by �ush ing their luminal surface with sterile 1× PBS (Hi-Media)
and distilled water. These samples were �xed in 0.2% glutaraldehyde (GA) (SD Fine Chemicals, Mumbai,
India) for 9 days and stored at 8°C. On the tenth day, these samples were treated with 10% citric acid for
10 min to neutralize the glutaraldehyde reaction (Almelkar et al. 2013). Finally, Group III cross-linked (0.2%
GA) and citric acid (10%) treated were washed with sterile distilled water till neutral pH was achieved and
stored at 8-degree centigrade temperature (Walawalkar and Almelkar et al. 2019).

Microbial growth assessment for processed samples

The Groups II and III scaffolds were subjected to test if any microbial growth occurs after the
decellularization process by using blood agar, MacConkey’s, and Muller Hinton agar.   The scaffolds
pieces for both the groups were swabbed on blood agar (n=5) as well as on Maygrauled agar (n=5)
surfaces (Petri dishes) using a sterile glass rod. Then the plates were incubated for 24 and 48h to observe
the growth of micro-organisms or colonies or fungus. 

Antibiotics sensitivity and resistance

Further, various antibiotics (total of 33) were tested to check the microbial growth sensitivity and
resistance (Table 1).  An antibiotic disc of 18mm diameter was used to get a zone of inhibition (microbial
growth restriction) and tested the microbial sensitivity and resistance.  

Scaffold treatment with antibiotics and culture

We further selected amikacin, gentamycin antibiotics based on culture sensitivity tests and perfused
them through Group II and Group III scaffolds. Additionally, after 72h, re-swabbing on the blood agar,
MacConkey’s, and Muller Hinton agar plates was done to check if any microbial growth occurrence
persists.       

CT Scan for vascular network

Radiological dye was perfused from the umbilical cord (vein and arteries) end, and it was allowed to �ow
through the entire placental vasculature till the dye gets out through the placental maternal end
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cotyledons. The placental microvasculature network CT scan was done on a CT machine, and scanned
sliced imaging was done at different time points to generate the 3D placental vasculature. This process
was done for Group I, II, and III placentae (maternal and fetal end) samples. Simultaneously, CT-Scan
videography was generated through this process of dye perfusion.  The CT-Scan sliced imaging data were
analyzed using the software RadiAnt DICOM Viewer 2020.      

Histology 

Group I (n=10), II (n=10), and III (n=10) placental tissues were �xed in 10 % of formalin solution and
further processed for dehydration and re-hydration processing. Additionally, the processed tissue samples
were embedded in para�n wax, and blocks were (fabricated) trimmed, followed by transverse section
(T.S) 5 µm (Micron). The slides were sectioned for Group I, II and III and stained with Hematoxylin and
Eosin (H and E) for cellular localization. The stained section was cleared in xylene solution and mounted
with DPX. The slides were assessed for the nuclear and cytosolic organization on a Bright �eld
microscope (Lynx LSM)[Walawalkar and Almelkar et al 2021; Almelkar et al 2018, Walawalkar et al 2020].
 The percentage (%) of decellularization was calculated by the presence and absence of cellular nuclei
using the formula.

Decellularization (%) = [Cell count for fresh Group I − Cell count decellularized Group II and Group III]  ×
100

                                                                             Cell count for fresh Group I  

Evaluation of extracellular matrix

Extracellular matrix (ECM) evaluation for was done for Group I (n=10), II (n=10), III (n=10) placental
tissues. The placental tissues were �xed in 10 % of formalin solution and further processed for block
sectioning with 5 µm (Micron). The slides were stained with stained with hematoxylin-eosin (HE), Verhoff
– von Gieson stain (EVG), Masson Trichrome (MT), [Rieppo et al. 2019] Periodic-acid Schiff’s (PAS),
[Padmanabhan et al.1985] Alician Blue 2.5 (AB 2.5)   [Treesh et al. 2015].  

Human umbilical vein endothelial cell isolation and culture

The isolation protocol for endothelial cells (ECs) was adopted [16, 17]. One end of the HSV was clamped
using artery forceps, and 0.15% collagenase type IV (Sigma Aldrich, St. Louis, MO) and Dispase II (Roche,
Nutley, NJ) were injected to detach the ECs from the tunica intima. The entire length of the vein was
incubated for 20 min at 37 °C. Later, the PBS medium was �ushed through the HSV (Invitrogen, Carlsbad,
CA), and the digest was centrifuged at 1000 rpm for 10 min. The cell pellet was re-suspended in 10%
endothelial cell growth medium-2 (ECGM-2) (Promo-Cell GmbH, Germany), and HSVECs were plated in
culture �asks. At the end of 48h, ECs were fed with ECGM-2 containing 20% Fetal Bovine Serum (FBS)
and 2mM L- glutamine. The HSVEC was maintained until 5 passages (Group A) [Walawalkar et al. 2020].

Cell characterization using a molecular marker (vWF)
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The HUVECs (Group A) from the third subculture were used for the charac terization studies. For
immunocyto chemistry, studies HUVECs were expanded on coverslips and were �xed using 4%
paraformaldehyde. Fixed HUVECs were permeabilized using 50% methanol for 5 min fol lowed by
treatment with 5% bovine serum albumin (BSA) in PBS for 1 h to block nonspeci�c binding sites. Anti-
von-Willebrand factor (vWF), a pri mary non-labeled antibody IgG frac tion of anti-serum developed in the
rabbit (1:200 dilution) (Chemicon, Temecula, CA), was targeted towards the HUVECs, for 12 h at 4°C, fol -
lowed by respective FITC-tagged an ti-rabbit secondary antibody (Invit rogen) for 1 h at 37°C. The
coverslips were mounted on a mounting medi um containing anti-fade (Vectashield, Vector Laboratory,
Burlingame, CA) (Almelkar 2013 OA Mol Bio). The slides were then viewed using a confocal laser-
scanning microscope—LSM 510 Zeiss workstation (Carl Zeiss Meditec AG, Jena, Germany) for cells in
culture for vWF-/- vWF+/+. However, Group IIA (n=5) and Group IIIA (n=5) were directly signaled for
expression of vWF-/- and vWF+/+ [Almelkar et al. 2013].

Isolation of breast (adipose) fat cells and their culture

A breast fat (adipose) tissue sample was obtained after the mastectomy. The sample was cleaned in PBS
(1x) thoroughly to remove traces of blood clots. The washed sample was minced into small pieces and
added to a 50 ml centrifuge tube with making the volume up to 50 ml with PBS. Centrifugation was done
at 2000 rpm for 10 minutes, and the supernatant containing target ADSCs (lipid phase) was aspirated.
The lipid phase was yellow and washed with PBS (1x) at least 2 times with the same centrifugation
speed. Finally, the lipid phase, which contained the target cells were diluted with an equal volume of
collagenase (0.1%) solution (Serva # 17465.02) at 37 °C in a water bath for about 30 minutes. After
enzymatic digestion and incubation, an equal amount of complete medium was added and centrifuged
at 2000 rpm for 10 minutes. Supernatant was discarded and cells pellets were re-suspended in NH
expansion medium. The resuspended cell soup was passed through a 100µm cell �lter in a separate
centrifuge tube. Further, centrifugation was done at 2000rpm for 10 minutes and supernatant was
discarded and fresh NH expansion medium was added. The cells were plated in 60 mm petri-dish and
expanded in culture for 12 days (Group B). 

Breast fat (ADSC) cell labeling (characterization) and sorting using MACS (culture)

The con�uent (12 days) breast fat tissue cells were spitted, and approximately 1x 107 cells/ml were
subjected to cellular characterization (MACS) and culture. Re-suspend the cell pellet in 80µl of buffer /107

cells andadd 10 μL of FcR Blocking Reagent + 10 μL of CD271-APC 10  cells (Mixed well and incubate for
10mins(80C). Refresh the cells by adding 1 mL of buffer per 10  cells (centrifuge at 2000rpm for 10
minutes). Aspirate supernatant and discard with the addition of 70 μL of buffer/107 cells.Add 10 μL of
FcR Blocking Reagent + 20 μL of Anti-APC Micro-Beads per 10  cells and incubate the sample for 15mins
(80C). Wash cells by adding 1 mL of buffer / 10  cells and centrifuge at 2000 rpm for 10 minutes.
Aspirate supernatant entirely and re-suspend cell pellet in 500 μL of buffer per 10  cells. Proceed for
MACS separation by selecting the MACS column and MACS separator according to the cell density (LS
column-1x108 cells). The column was placed in the magnetic �eld using a suitable MACS Separator. The
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column was rinsed with 3 mL of buffer, and the cell suspension was placed onto the column. Then
unlabelled cells were passed through the column 3 times (3ml of buffer). Collect the total e�uent which
is unlabelled cell fraction (CD271-/-). Finally, take a new tube and remove the column from the magnetic
�eld and place it for suitable collection. Pipette 5 mL of buffer onto the column and immediately �ush out
the magnetically labeled cells (CD271+/+) by �rmly pushing the plunger into the column. Further
proliferate the CD271+/+   cells till they become con�uent (Group B).

Differentiation of ADSCs in culture.  

To con�rm that CD271+/+ (ADSCs) cells (Group B) have stem cell differentiation lineage properties, we
subjected them to a speci�c differentiating signaling factor medium. We differentiated CD271+/+ (ADSCs)
cells to osteogenic, adipogenic lineages.  For, CD271+/+ (ADSCs) cells were cultured and expanded in a
24-well plate with DMEM with 20% FBS at a cell density of 1x 10 3 cells /ml. Further, differentiation to
adipose lineage was achieved in the presence of dexamethasone-4mg/ml (1:1000), Insulin- 40 mg/ml
(1:200) and isobutylmethylxanthine (0.5mM). The cells were expanded and maintained with a
conditioning medium for about 15 to 18 days. Oil Red O staining was done to study fat deposition in
plasticity remodeled cells to adipogenic cell phenotype after �xation with 4% paraformaldehyde. However,
for CD271+/+ (ADSCs) cells differentiation to osteogenic lineages, the cells were treated with 10 mM beta-
glycero-phosphate (Merck, Darmstadt, Germany), ascorbic acid 2-phosphate (50 g/ml) and
Dexamethasone (4 mg /ml- 1: 1000) (Sigma). The cells were expanded and maintained with a
conditioning medium for about 15 days. The generation of calcium phosphate deposits was assessed by
staining with Alizarin Red S (Sigma. USA) for 10 min at 4ºC, after �xing the cells with 4 %
paraformaldehyde.

Field emission scanning electron microscopy (FE-SEM)

FE-SEM of Group I, Group II, Group III, Group IIA, Group IIIA, Group IIB, Group IIIB, Group IIC, and Group IIIC
was performed. HUVECs expansion onto the �brin glue (FG) coated surface was analyzed for
endothelization and CD271+/+ (ADSCs) expansion (Almelkar OA Tissue 2013). All group samples were
�xed in 2.5% glutar aldehyde for 2h at room tempera ture. Later, they washed with PBS 1x and dehydrated
with increasingly gradient ethanol for 10 min each. Further, samples were dried overnight and sputter-
coated with gold (Quorum Technolo gies Ltd., UK) and observed un der FE-SEM (Nano NOVA SEM
NPEP303)[Walawalkar and Almelkar et al. 2019; Eswaramoorthy et al. 2018].

Recellularization and cell expansion.

Sterilized and antibiotic-treated decellularised Group II (n=10) and III (n=10) scaffolds were seeded with
500 µl of HUVECs, CD271+/+ ADSCs and co-culture of HUVECs +CD271+/+ ADSCs suspensions with a
cell density of 10 × 104 cells/ml. Subsequent incubation at 37 °C in a humidi�ed atmosphere for 5 hours
was performed to encourage cells to diffuse into and adhere to the scaffold. The cell-loaded scaffolds
were termed Group IIA (n=10), Group IIB (n=10), Group IIC (n=10) and Group IIIA (n=10), Group IIIB (n=10)
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and Group IIIC (n=10) which was then further incubated in ECGM-2 containing 10% FBS for HUVECs, and
the (DMEM) culture media (ADSCs) was refreshed every 5−6 days. Simultaneously HUVECs (Group A,
n=10) and CD271+/+ ADSCs cells (Group B, n=10) were cultured in Petri plates separately to understand
their cell density after reaching con�uence in culture.

Cell viability and non-viability assay

3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (Himedia, Mumbai, India) (5μg/ml) was
used for cell-based biochemical assay for con�rmation of HUVEC expansion on the surface of Group IIA
(n=10) and IIIA (n=10) scaffolds (10,000 cells/II and III scaffold) and tissue culture plate (10,000
cells/well), CD271+/+ (ADSCs) expansion on the surface of Group IIB (n=10) and Group IIIB (n=10), co-
culture of HUVECs+ CD271+/+ (ADSCs) expansion was done Group IIC (n=10) and Group IIIC (n=10),
HUVECS in culture were Group A (n=10) and CD271+/+ (ADSCs) expansion were Group B (n=10). MTT
assay was performed at various day points such as 0 day, 4day, 8 days, and 12 days. HUVECs and
CD271+/+ (ADSCs) expansion expanded by approximately 2 cm in length in all groups scaffold
[Walawalkar et al 2020].

Nitric oxide levels on cells in culture and scaffolds.

Nitric oxide (NO) assay (Himedia, India) was done for the quanti�cation and its release from Group I
(n=10), Group II (n=10), Group III (n=10), Group IIA (n=10), Group IIIA (n=10), Group IIB (n=10), Group IIIB
(n=10), Group IIC (n=10)and Group IIIC (n=10), Group A (n=10) and Group B (n=10). The samples were
crushed, and 200 µl of the gradient of each sample was aliquoted in Eppendorf tubes. Approximately 10
µl of reducing agent (R1) and 10 µl of Griess Reagent 1 & 2 (GR 1 & 2) were added, and the samples were
incubated in a dark room at room temperature for 3 h. The absorbance was taken at 530 nm, and total
NO levels were quanti�ed using monochromator absorbance (Synergy Biotek: SFLX).

Biochemical peroxidation and antioxidant levels for cultured and scaffold expanded cells

Oxidative stress (BIOXYTECH LPO-586, US) using Malondialdehyde (MDA) levels were quanti�ed for
Group I, Group II, Group III, Group IIA, Group IIIA, Group IIB, Group IIIB, Group IIC, Group IIIC and Group A
and Group B. All samples were crushed in chilled lysis buffer [Tris buffer (20mM, pH 7.4)]. Approximately
200 µl of suspension for the assay and added 650 µl R1 reagent (N-methyl-2-phenylindole in acetonitrile)
and 150 µl of 1N HCl to the reaction mixture. The reaction mixtures were incubated for 1 h at 800C. MDA
(peroxidation) levels were quanti�ed at absorbance 520nm using monochromator absorbance (Synergy
Biotek: SFLX) [Walawalkar and Almelkar et al. 2019].

The antioxidant (catalase) levels were estimated for expanded (Group IIA, IIB, IIC, A, B, and Group IIIA, IIIB,
IIIC, A, B) and non-expanded (Group II, Group III) HUVECs. Group I was served as a control sample.
Simultaneously the catalase activity was also quanti�ed for HUVECs in culture. We used the
EnzyChromTM Catalase assay kit (ECAT-100) for the quantitative colorimetric estimation of the catalase
levels. We dissolved all samples in 400 µl of assay buffer (3% H2O2), from which 102 µl of the mixture
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was utilized for the quanti�cation. 1 µl of dye reagent and 1 µl HRP enzyme were added to this mixture,
incubated for 30 mins, and the absorbance was obtained on 570 nm using monochromator absorbance
(Synergy Biotek: SFLX)[Walawalkar et al. 2020].

Picogreen Assay

The samples in groups I, II, III, IIA, IIIA, IIB, IIIB, IIC, III C, A, and B (n = 10) were placed in lysis buffer for 10
min and macerated. 40 μL of each sample was obtained in a 5 ml cuvette, and 3.96 mL of distilled water
was added, followed by DNA samples incubation for 15 min. The absorbance was measured at 260 nm
with ds-DNA levels quanti�ed by a PicoGreen �uorescent assay to con�rm the occurrence of residual
tissue ds-DNA in the decellularized group. All samples were compared to group I. However, for cellular
expansion (DNA duplication) on placental scaffolds (biocompatibility) and re-endothelization and re-
cellularization, co-cultures of scaffolds were also quanti�ed by PicoGreen �uorescence assay.

Statistical analysis

Graphpad Prism 5 software was used to obtain mean ± SD, and a one-way ANOVA (***p < 0.05) test was
performed, and the graph was also obtained. Graph Pad Prism 5 software was used to perform a one-
way analysis of variance (ANOVA, ***p<0.0001) including mean and standard deviation (mean ± SD).
Dunnett’s test was used to compare control groups (mean ± SD) with all other decellularized groups
(mean ± SD).

Results
The texture of unprocessed and processed as well as cross-linked placenta

The fresh placenta (Group I) resembled a highly vascularized bundle of branching networks with cord
blood containing placental products. The thickness (width) of the placenta was measured using a Vernier
caliper (Figure 1I), and it was approximately 1.9 cm. The weight of the placenta was 500 grams. The
length of the umbilical cord was 40 cm (approximately). The placenta was observed from the fetal side
having the umbilical cord progressing towards its base and merging with the placenta. The large
umbilical cord continues and integrates into many macro and microvascular networks (Figure 1H).

The Group II sample showed alteration as the perfusion period was prolonged from 24h (Figure 1B), 48h
(Figure 1C) to 72h (Figure 1D). The entire white and translucent appearance was seen after 72h of
decellularization (Figure.1D).  The images were taken for fetal (Figure 1E) as well as maternal end (Figure
1F, Figure 1G, and Figure 1H) at above mentioned time points in Group I (1A), Group II (Figure 1K), and
Group III (Figure 1L). For Group III (Figure 1L), the cross-linking with 0.2% GA and citric acid neutralization
leads to the modi�cation of the texture of the ECM to robust and rubbery nature with masking any
antigenicity. The modi�cations are due to cross-linking and binding of polymerized GA molecules to the
collagen matrix of the ECM. The polymerization reaction is the aldol condensations. Only GA cross-linked
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the collagen molecules, and unbounded GA is removed by treatment with 10% citric acid, which gives the
Group III matrix a robust rubbery and sticky s nature. 

Sterility testing for Microbial growth

The Group II scaffolds were subjected to test if any microbial contamination persists after the
decellularization procedure. The swabs were rubbed and steaked on the blood agar, Mac Conkey's, and
Muller Hinton agar plates.  After an incubation period of 48h, abundant microbial growth on the culture
plates (Table 1). The colonies' cultures were characterized by the Grams staining method. Proteus
mirabilis and Escherichia coli (E. coli) [Gram Negative Bacilli (GNB)] growths were seen on blood (Figure
2A), MacConkey (Figure 2B), and Muller Hinton agar (Figure 2C) for decellularised placenta tissue (swab)
(Figure 2D).

Further, we examined the antibiotic sensitivity test using various antibiotic discs for these cultured
organisms (Figure 2E, Figure 2F & Table.2).  After the microbial sensitivity test, the decellularised placenta
was perfused with the Cipro�oxin and Metronidazole antibiotics solutions for 12h and PBS 1X containing
the same antibiotics for 4h. Then repeat swab was taken from the same tissue, and culture sensitivity
was done on the blood agar, MacConkey agar, and Muller Hinton agar. After 48hs incubation, we found
an absence of any microbial or fungal colony (Figure 2G and Figure 2H). Simultaneously we cross-linked
with 0.2% GA solution (Group III) and re-examined for any microbial growth. It was observed that the
cross-linked scaffolds for 7 days did not show any microbial growth on blood agar (Figure 2H).

Microvasculature network through CT-Scan.

To assess if any injury to the placental vascular meshwork has occurred during SDS treatment and cross-
linking, we performed the radiological dye perfusion test and did the CT-Scan. The CT-Scan images
showed an intact placental vasculature network in detail without any radiological dye �ow obstruction or
leakages. It was seen for the �rst time that the organization of the placental vasculature system
progressed from the fetal (Figure 3A) towards the maternal end (Figure 3A). Two arteries and a single
vein are seen traveling from the umbilical cord and merging into the highly complicated vascularized
network (Figure C), such as macro arteries (Figure 3D) progressing towards minor arteries and arterioles.
Further contacting of arteriole towards the venules (Figure 3E) and minor veins (Figure3F) and moving
towards the singular junction to form one single vein was observed. The thickness was quanti�ed based
on dye �ow through the vessel walls. It was found that the thickness of the umbilical vein was 12.3mm.
The thickness was lesser towards the branching of the cord and was 10.1mm. Three intact branched
blood vessels’ sliced images were obtained. The 1st vessel thickness was 6.5mm, and the 2nd vessel
thickness was 8.0 mm, 3rd vessel thickness was 5.5 mm. The minor veins measured about 3.3 mm, 1.4
mm, 1.0 mm, 0.9mm. The arterioles and venules portal thickness was signi�cantly lesser and were about
0.1mm, 0.15 mm, 0.01 mm, 0.02 mm, 0.025 mm. 

Extracellular matrix evaluation
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Extracellular matrix (ECM) evaluation with bright-�eld microscopy of Group I, Group II, and Group III
samples (n = 10) stained with Hematoxylin Eosin (HE), the Verho eff–van Gieson (EVG), Masson
Trichrome (MT), PAS, and Alician Blue 2.5.

The Group I, HE staining provided the intact appearance of the placental tissue with the occurrence of
erythrocytes in the micro and macro blood vessels and connective tissue matrix (Figure 4A).
Microvasculature surrounded by epithelial cells of trophoblast, including inner cytotrophoblast and the
overlying syncytial trophoblast, was also seen. The surfaces of the villi showed the occurrence of
syncytiotrophoblast knots. However, the Group II (Figure 4B) and III scaffolds (Figure 4C) showed the
absence of any cellular material with preservation of intact matrix.

The EVG provided evidence of preservation of extracellular matrix and cellular elements for Group I
(Figure 4D). Group II (Figure4E) and Group III (Figure 4F) maximum decellularization with preservation of
extracellular matrix structure. Scattered collagen �bers were stained red and elastin (black) by Verho eff–
Gieson stain. 

The MT staining for Group I showed the staining for nucleus reddish in blood vessel peripheral zone,
interstitial collagen dark bluish-green, and the pink color cytoplasmic matrix is seen in the villous stromal
region (Figure4G). Group II showed the maximum appearance of a dark bluish-green and pink color
matrix devoid of any cells (Figure 4H). Group III (Figure 4I) scaffolds showed a red color matrix along with
dark blue color collagen �xed after 0.2% GA treatment. There was no signi�cant difference observed
between Group II and III scaffolds stained for MT.

PAS-positive staining showed the occurrence for glycopolysacchrides, glycogen, and mucins in the
placental tissue (Figure 4J) for Group I. In Group I, the chorionic villi showed the PAS-positive staining in
the villous core or zone and basement membrane (trophoblast). Cytotrophoblast, as well as syncytial
knots, are seen in the villous stromal zone. In Group I, glycogen reaction was also seen signi�cantly in the
syncytial zone (Figure 4J). In Group II (Figure 4K) and Group III (Figure 4L), PAS-positive reaction was
reduced in villous stroma due to the absence of glycogen cells leaving behind its matrix reaction in the
magenta color of the matrix (Figure 4k). Group II (Figure 4K) and III (Figure 4L) showed the PAS-positive
staining for glycopolysacchrides and mucins but the absence of glycogen (giant cells). 

Alician Blue 2.5 staining for glycosaminoglycans (GAGs) was positive for Group I samples. It showed the
evident positivity staining for the villus core and labyrinthine zonal cells (Figure 4M). However, its reaction
was found to be depleted for Group II (Figure 4N) and III (Figure4O) scaffolds which were devoid of cells.
But its occurrence for faint positivity was still clearly demarcated in the matrix. 

Histology and Histochemistry

Group I histology showed the presence of nucleus and microvasculature along with stained cytoplasm
(Figure 5A). EVG staining for Group I showed the presence of mucopolysaccharides and glycogen in
various villous zones (Figure 5B). Group II showed complete devoid of cells with preservation of matrix
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(Figure 5C) while PAS showed the absence of cells with the only presence of PAS-positive stating for
mucopolysaccharides (Figure 5D). Recellularization of Group IIC and Group IIIC showed expanding
endothelial cells in the acinar area of the villous of the decellularised and cross-linked scaffolds, which
were stained positive for HE (Figure 5E) and PAS (Figure 5F).

Percentage of decellularization

The percentage (%) of decellularization was calculated by the presence and absence of cellular nuclei.
Group II and Group III showed the maximum percentage of decellularization. Group I showed a lack of
decellularization. Details for a percentage of decellularization are provided in the Table.3 

Cell Culture, re-cellularization, and vWF expression

The expanded HUVECs (n=5) reached about 1.2 x 106 cells/ml (Figure 6C) in T-20 tissue culture �asks
(Group A). The HUVECs in culture resembled cobblestone morphology (Figure 6A and Figure 6B). Further,
HUVECs were cultured and expanded on the �brin glue coated (FG) coated Group IIA and Group IIIA
scaffolds and maintained till they became con�uent. vWF+/+ signal was obtained HUVECs expanded in
culture (Figure 6F and Figure 6G), both nucleus and vWF imaging was also done as merged image
(Figure 6F). vWF-/- signal was obtained with only nuclear staining with DAPI (Figure 6B). The HUVECs
expanded on the Group IIA (Figure 6H), and Group IIIA (Figure 6I) scaffolds showed the positive vWF+/+

expression. vWF+/+ expression indicated that the endothelial cells expanded on the FG coated Group IIA
and Group IIIA scaffolds did not alter its phenotypes and retained their character.

ADSCs culture, CD271+/+ (ADSCs) cells differentiation to osteogenic and adipogenic lineages 

The ADSCs cells (n=10) reached about 1.5 x 106 cells/ml and resembled spindle shape elongated
whirlpooling pattern in culture (Figure 7A, Figure A1, Figure A2). As the differentiation of CD271+/+ ADSCs
(Figure 7B, Figure B2, Figure 7B2) progressed, it was observed that cell proliferation was reduced. Further,
the adipogenic differentiation resembles the lipid vacuoles generation in the cytosol area of the cell and
begins to develop and merge over time. Generation of lipid vacuoles was con�rmed with Oil Red O
staining, which indicated the differentiation of ADSCs to adipocytes (Figure 7E). The ADSCs were also
observed to undergo osteogenic differentiation as con�rmed by the Alizarin Red S (Figure 7D) staining
technique for the osteogenic calcium deposits and alkaline phosphatase (Figure 7C). Further CD271+/+

ADSCs cells were proliferated on FG coated Group IIB and Group IIIB placental scaffolds. Co-culture for
Group IIC and Group IIIC showed the expansions.

Scanning Electron Microscopic (FE-SEM) studies 

FE-SEM for Group I (Figure. 8A) showed vascular cells in the villous zone and the basement membrane.
Vascularised cytotrophoblast and elongated longitudinal syncytial knots are seen in the stromal core.
However, Group II (Figure. 8B) and Group III (Figure. 8C) showed devoid of any cells on the placental
matrix surface.  Coating of FG on placental scaffolds (Figure. 8D) showed the occurrence of meshwork
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on the decellularized ECM villous surface. Re-endothelization was seen for Group IIA (Figure.8E) and
Group IIIA (Figure.8F) on the villous core zone of the ECM surface. The remolding of the HUVECs as per
the ECM architecture was seen on the surface of the FG-coated Group IIA and Group IIIA scaffolds.
Similar ADSCs organization was observed on Group II B (Figure 8G) and Group III B (Figure 8H) placental
scaffolds. Group II C (Figure 8J) and Group III C (Figure 8K) showed successful expansion of both the
cells that is HUVECs and CD271+/+ (ADSCs) on the decellularized and cross-linked scaffolds.  

Percentage cell viability assay

Group A expanded in culture reached about 51.34 % ± con�uence on the 12th day; however, HUVECs
seeded with a cell density of 10,000 cells/Group IIA and Group IIIA scaffolds showed higher metabolic
proliferation rate and increase in percent viability as compared to HUVECs expanded in culture (Table 4).
CD271+/+ ADSCs cells proliferated in culture reached 96.88 % con�uence on 12th day while CD271+/+

ADSCs cells seeded with approximately 10,000 cells/Group IIB and Group IIIB showed increased cellular
expansion rate (Figure 9 Table 3). Co-culture cells expansion on Group IIC and Group IIIC led to maximum
expansion and high cellular viability (Table 4).   The non-viability of the cells on the scaffolds was
inversely proportional to cellular expansion (Table 4).

Total Nitric oxide (TNO) levels 

TNO assays were carried for Groups I, Groups II, Groups III, Groups IIA, Group IIIA, Groups II B, Groups III C,
Group A, and B (Figure 10A and Table 5). The TNO levels were higher for Group I samples than Group IIA,
Group IIIA, Group A, Group B. The TNO levels were absent for 0.0 Group II) and Group III scaffolds. Group
IIB showed comparatively lesser as compared to Group IIA and IIIA. The co-culture showed an increase in
TNO levels for Group IIC, Group IIIC compared to Group IIB and IIIB but lesser than Group IIA and Group
IIIB. Group A and Group B in culture showed lesser TNO levels as compared to all other groups. One-way
analysis of variance showed the level of signi�cant ***p < 0.0001 for all the groups. Group I, TNO levels
were compared with all other groups, and level of signi�cance (***p < 0.0001) was obtained by
performing Dunnet test analysis and column statistics.

Malondialdehyde (MDA) levels

The lipid peroxidation (MDA) levels (Mean ± SD nmoles/ml/mg proteins) for Group I were 28.07 ± 8.78
nmoles/ml/mg proteins. However, Group II, Group III has the lowest MDA compared to the other groups
(Figure and Table 5).  There was a rise in the MDA levels for Group IIA and Group IIIA. Group IIB, Group IIIB
has lesser levels in comparison to Group IIC, Group IIIC. Group A in culture also showed MDA levels higher
than and Group B. It was noted that there was not much difference between Group IIA and Group IIIA
peroxidation levels. At the same time, Group I showed maximum MDA levels compared to the rest of all
other groups. It was interesting to note that Group II and Group III were devoid of any cellular expansion
still showed lesser MDA levels. It might be due to proteinaceous matrix lipids and proteins oxidation after
decellularization (Figure10B and Table 5).  
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Catalase levels

The cellular antioxidant levels such as catalase were quanti�ed for Group I, Group II, Group III, Group IIA,
Group IIIA and HUVECs in culture (Figure 10C and Table 5).   Catalase levels for Group I was, higher while
Group II and III did not show any catalase activity due to the absence of cells. However, Group IIA and
Group IIIA are lesser than Group I, Group IIC, and Group IIIC.  There was not much difference in the
catalase activity on the re-endothelialized surfaces.   The Group A catalase activity was higher than
Group B but lesser than other groups (Figure 10C and Table 5). 

DNA Quanti�cation

From the above performed biochemical assays, it was observed that cells were performing their
metabolic and biochemical activities such as generation of free radical or peroxidation molecules and
their counteractive scavenging system of anti-oxidants like catalase enzymes. The cell viability assays,
as well as non-viability assays, were also supporting the cellular performance on the placental scaffolds.
So we also quanti�ed the DNA levels for the groups mentioned above. Interestingly, we found the
moreover similar �ndings to cell viability experiments and an increase in the DNA absorbance for various
cell expanded groups (Figure 10 D and Table 5). It was also interesting that co-culture groups IIC and IIIC
showed higher ds-DNA absorbance than other groups. From this, it was observed that ds-DNA levels were
higher in Group I samples and signi�cantly lower levels were estimated for Group II and Group III
scaffolds; re-cellularized groups showed an increase in the ds-DNA levels and tried to achieve nearly level
of Group I (Figure 10 D and Table 5).

Discussion
The demand for breast implant-based reconstructions and augmentations surgeries globally has
increased more than thrice since their inception in the 1960s. Continued improvisation and modernization
have been incorporated in the current era [Barr et al. 2017]. Breast implants, lipo-�lling, and microsurgical
free tissue transfer are often applied procedures performed for reconstructions [Van Damme et al. 2021].
The major obstacles in breast implant are microbial infection [Cometta et al. 2021], immunologically
(MHC/HLA) graft rejection [Almelkar et al. 2018], secondary reaction [Barr et al. 2017; Kang et al. 2020],
failure to re-vascularize the graft [Mokhtari-Jafari et al. 2020], and inability to establish the adipose fat
tissue [Hsueh et al. 2017], generation of cancer tissues [Nagura et al. 2020]. Hence, there is a need for
alternative reconstructive strategies [Van Damme et al. 2021] to yield an easy to construct, fast-track,
durable, minimal side effects and cost-effective breast implant. Our study is about using the human
placenta effectively to fabricate an acellular scaffold with abundant ECM and vascular meshwork onto
which HUVECs, as well as ADSCs, could be expanded successfully to yield sterile, pre-vascular, and full-
size breast implants.

Even though the placenta is treated as a bio-medical waste after parturition, it has many advantages. Its
excellent extracellular matrix (ECM), rich vascular architecture, conservation of growth factors, high
availability, cost-effectivity, and simplicity of collection make it a choice of the organ to be decellularised
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and re-constructed [Baracho Trindade Hill et al. 2020]. The lagendroff protocol of decellularization and
cross-linking with polymers provide a potential for fabricating grafts with complete acellularity, low
residual immunogenicity, along improving bioprosthesis properties of the matrices [Schneider et al. 2018].
In the present study, we successfully removed all clots and achieved acellularity by using EDTA solution,
RBC lysis buffer, SDS, Triton X 100 in a sequential manner over 72h.

A decellularised placenta scaffold preserves considerable growth and angiogenic factors. Previously, the
enhanced maturation and survival of seeded hiPSC-CMs were studied successfully [Jiang et al. 2021]. A
Bio-engineered cardiac patch fabricated from decellularised placenta contained considerable growth and
angiogenic factors, including vascular endothelial growth factor (VEGF), platelet-derived growth factor
(PDGF), insulin-like growth factor-1 (IGF-1), essential �broblast growth factor (FGF), angiogenin, and
angiopoietin-2. It exhibited organized mechanical contraction and synchronized electrical propagation
[Jiang et al. 2021]. Similarly, the bovine placental scaffold was found to have the potential to support
bovine mesenchymal stem cell adherence and differentiation into osteogenic and chondrogenic lineages
[Baracho Trindade Hill et al. 2020; Özdemir et al. 2020]. The cross-linking with polymers by aldol
condensation reaction leads to masking antigenicity [Almelkar et al 2013]. Here, we cross-linked the
placental scaffolds with 0.2% glutaraldehyde (Fig. 1L) as glutaraldehyde is an excellent sterilizing agent.
It binds to the collagen proteins by an aldol condensation reaction. However, unbound glutaraldehyde is
highly toxic, so we neutralized it by treating it with a 10% citric acid solution. It altered the scaffold's
property to robustness and rubbery.

Infection is one of the major obstacles in the clinical applications of implants [Cometta et al. 2021]. To
overcome this, we used antibiotics (mixture) in the decellularization process. Yet, we performed a culture
sensitivity test to rule our existence of any pathogens and sensitivity to the antibiotics. It was found that
Proteus mirabilis and Escherichia coli (E. coli) [Gram Negative Bacilli] growth was seen on decellularised
placenta tissue (swab) (Group II). The reperfusion with indicated antibiotics was done. The sterility was
effectively achieved and con�rmed by a repeat culture and sensitivity test. However, Group III did not
show any microbial growth on the culture sensitivity test (Fig. 2 & Table 2). With proper cross-linking
(Glutaraldehyde 0.2%) and neutralization (citric acid 10%), microbial growth was successfully destroyed.
However, we recommend using the culture sensitivity test on any scaffold before subjecting it to the re-
cellularization and implantation. Few studies are now emerging for recommending the culture and
sensitivity tests on scaffolds [Cometta et al. 2021]. Decellularization, preservation protocol, and storage
time in�uence the biomechanical and biological properties of allografts and xenografts [Asgari et al.
2021]. Although storage time did not interfere with collagen and VEGF contents and their cyto-
biocompatibilities, 3 months’ preservation at -20°C is suggested as the optimal storage period to retain its
antibacterial activity and high stimulation of new vessel formation [Asgari et al. 2021].

The next obstacle is the lack of vascularity in a larger-sized implant. The previous studies establishing
minor and micro-vascularity in a graft used many innovative techniques [Schneider et al. 2020; Lin et
al.2019; Hallman et al. 2021; Nie et al.2018]. Yet, no single straightforward and cost-effective protocol
speci�es both sized vessels in large-sized grafts. It is proved that there is a need for a pre-vascularized
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scaffold for the fabrication of an implant. Previously plant-based pre-vascular scaffolds were used unto
which mammalian cells were successfully seeded [Gershlak etal.2017; Walawalkar and Almelkar et al.
2021; Rehnke et al 2020]. However, they can yield 2D scaffolds. For a large size 3D construct, a ready-to-
use and pre-vascular scaffold can be obtained using a placenta. It is a temporary organ that is
considered biological waste. The decellularized human placenta vessels can be a potent graft material
[Schneider et al. 2018; Schneider et al. 2016]. In the present study, we utilized the placenta for their
qualities to fabricate the scaffold. We con�rmed the patency of the vasculature by injecting a radio-
opaque dye and taking images using a CT machine. For the �rst time, in the present study, we con�rmed
that using the decellularization protocol mentioned above, the small-sized vasculature can be kept intact.
The minimally sized vessels have a thickness of 3.3 mm,1.4 mm, 1.0 mm, 0.9 mm. There was no
blockage or leakage in the dye �ow. It con�rms the potentiality of the placenta as an ideal pre-
vascularized biomaterial for future 3D large-sized implants.

Histologically Group I, showed the presence of cells in various micro and macro blood vessels along with
intact preservation of ECM. The elastic proteins were seen with EVG staining (Group I, Group II, and Group
III), collagen was seen with MT staining for Group I, Group II, and Group III, PAS reaction was positive for
glycopolysacchrides, glycogen, and mucins (Group I, Group II and Group III), Alician Blue stained
glycosaminoglycans (GAGs) for Group I, II, III. The percentage of decellularization was also studied for
Group II. Group III versus Group I (Table. 3). Similarly, we assessed the percentage of decellularization for
Group II and III. It was found that both the groups showed higher levels of percentage of decellularization
in comparison to Group I.

HUVECs expanded in 2D culture showed a typical cobblestone phenotype at day 2 (Fig. 6A), day 8th (Fig.
6B), and day 12th (Fig. 6C). Molecular marker signals for vWF+/+ were also seen for HUVECs in culture for
Group A (Fig. 6F and Fig. 6G). HUVECs cultured on the decellularized placenta vessel matrix performed re-
endothelialization and maintained phenotypic characteristics and cell-speci�c expression patterns
[Almelkar et al. 2013, Walawalkar et al.2019] of vWF+/+ for Group IIA (Fig. 6H) and Group IIIA (Fig. 6I). The
signal for vWF+/+ showed no alteration in the molecular phenotype when HUVECs were remodeled on
Group IIA and Group IIIA scaffolds. Adipose-derived cells were chosen as the cell source as they are easy
to isolate, non-tumorigenic, and �exibly differentiable (Fig. 7A) [21, 32]. The ADSCs were characterized by
CD 271+/+ (Fig. 7B, Fig. 7B1, Fig. 7B2) stem cell-speci�c markers and allowed to differentiate into various
lineages. The differentiated CD 271+/+ cells stained positive for ALP+/+ (Fig. 7C), alizarin red +/+ (Fig. 7D)
and oil O red +/+ (Fig. 7E) in culture conditions.

SEM imaging Group I (Fig. 8D) showed the orientation and architectural form of cells and placental
matrix interaction. However, Group II (Fig. 8B) and Group III (Fig. 8C) showed a complete absence of any
cellular forms. Fibrin acts as a natural biological sealant with its meshwork organization which supports
the cellular expansions and is previously reported [Walawalkar et al. 2019]. So here, we coated the
placental surfaces with �brin glue, and the formation of the �owery meshwork was seen (Fig. 8D).
Cellular re-endothelialization was seen for Group IIA (Fig. 8E) and Group IIIA (Fig. 8F). Similarly, Group IIB
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(Fig. 8G) and Group IIIB (Fig. 8H) support the expansion of ADSCs on the placental scaffolds. Co-cultured
HUVECs and ADSCs seeded onto Group IIC (Fig. 8I) and Group IIIC (Fig. 8J), adhered to the scaffolds with
cellular plasma membrane podia projections and established cell-scaffold communication along with
maintaining cell-cell communication [Almelkar et al. 2013].

Our �ndings showed cellular interaction with scaffolds (Fig. 9) in our above-performed experiments, so it
was an important parameter to assess whether the cells were viable or not. We performed cell viability
assays and veri�ed their growth kinetics at various day intervals. Some researchers have tried to report
the expansion of cells on the scaffolds by different assays [Walawalkar and Almelkar 2021]. Our �ndings
showed that co-cultured (Group IIC and Group IIIC) supports the maximum cellular expansion compared
to Group IIA, Group IIIA, Group IIB, and Group IIIB. The expansion of cells in culture (Group A and Group B)
was done to compare the viability and non-viability with other expanded groups. The cell viability was
inversely proportional to the non-viability (Group IIA and Group IIIA).

One of the most critical physiological mechanisms of endothelial cells is the maintained hemostasis. NO
generation maintains the hemostasis of the blood vasculatures through vasodilation. For any blood
vessel (angiogenesis) during stress conditions, the rapid-�re of NO release through the eNOS pathway is
done [Walawalkar and Almelkar 2021]. It also emphasizes the normal functioning of endothelial cells. In
our study, we quanti�ed the NO to be highest in Group I (Fig. 10A). Group A showed increased NO levels in
comparison to Group B. However, re-endothelialized Groups IIA and Group IIIA showed increased NO
levels compared to Group IIC and Group IIIC. The Group IIB and Group IIIB also showed NO levels but were
lesser than re-endothelialized groups.

Further, to understand cellular metabolism, we investigated lipid peroxidation (malondialdehyde) and
antioxidant levels. It is very well understood that an active and normal cell generates reactive dynamic
species and reactive oxygen species [Walawalkar and Almelkar 2021, Almelkar et al. 2013]. The
generation of ROS leads to cell membrane peroxidation (including organelles) with impairment of its
functionalities (DNA fragmentation) [Almelkar et al. 2013] The cells have their defense systems known as
antioxidants (scavenging oxidants and free radicals) to cope with this oxidative stress attack. There are
various enzymatic cascade pathways to counterattack peroxidation levels and decrease them and
maintain cells to normal. One of such enzymes is catalase (CAT) [Walawalkar and Almelkar 2021]. Here,
we studied the levels of malondialdehyde (MDA) as an oxidant and catalase as an antioxidant. It was
observed that MDA and CAT levels were higher for Group I. The CAT levels were absent for Group II and
Group III but showed signi�cantly lesser MDA levels. The MDA (Fig. 10B) levels were lower than CAT (Fig.
10C) levels for scaffolds expanded and cell-cultured groups. It demarcates that re-cellularisation
establishes the normal functioning of cells onto the scaffolds and which can be implantable.

Next step �nally, we moved on towards the DNA quanti�cation levels [Walawalkar and Almelkar 2021,
Walawalkar et al. 2020; Walawalkar and Almelkar 2019]. It was an optimistic note to observe that DNA
levels estimated also showed an increase in the various groups (Fig. 10D). The co-cultured groups (Group
IIC and Group IIIC) showed higher DNA levels than cells culture groups (Group A and B). Simultaneously,
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we observed that Group IIA, Group IIIA, Group IIB, and Group IIIB showed an increase in DNA levels
compared to Group A and Group B (Fig. 10D). It indicates that placental scaffolds can support cell
proliferation along with maintained cellular performances.

Advanced technologies in the �eld of tissue engineering should not hamper feasibility and access to its
clinical applications. Also, they should not be the cause of any morbidity, either physical, mental, or
emotional. It is vital to �nd a solution that is a simple, feasible, and low-cost combination of
contemporary and traditional techniques in bio-engineering. In this study, we could successfully utilize the
placenta, a discarded, large-sized, temporary human organ, for fabricating a breast implant. We could
fabricate a pre-vascularized, low-cost, pathogen-free, low-immune, large-size implant. Using traditional
methods of decellularization, cross-linking, and contemporary approach of co-culture of ADSCs and
HUVECs on placenta have yielded satisfactory results in fabricating breast implants. We emphasize this
method helps fabricate many other large-sized implants.

Conclusion
Reconstructive surgery is a leading and vital yet brain-storming and critical interdisciplinary �eld. The aim
is not just to evolve organs and organoids but to fabricate practical, clinically applicable, lab-to-bed
solutions. Breast implants are one of such major reconstructive surgeries. As the human era is now being
replaced as a super-human era with never before achieved advancements in technologies, we are still
searching in the dark for large-sized clinically transplantable organs. We can reach them by combining
traditional knowledge with modern technologies. With this study, we hope to ful�ll all lacunae related to
fabricating large-sized implants. The study will have a signi�cant impact in the near future of the �eld of
breast bio-engineering.
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Table 1 Microbial examination for samples

 

 

Processing Type

 

Placenta

+

decellularized

 

 

Placenta

+

decellularized

+

cross-linked

 

 

Placenta

+

decellularized

+

Antibiotics

 

Placenta

+

decellularized

+

cross-liked

+

Antibiotics

Type of Culture Agar: Blood Agar, MacConkey Agar, Muller Hinton Agar

Type of Organism isolated & Staining: Proteus mirabilis and Escherichia coli (E. coli), Grams  

                                                                     staining, [Gram Negative Bacilli (GNB)]. 

*Note: CFU= Colony Forming Unit, GNB= Gram Negative Bacilli, Signi�cant Growth = +++, Non-
Signi�cant Growth= -/+, No Growth= -/-/-
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Table 2 Microbial Culture Sensitivity Test

Sr

No

Sample
Groups

 

ANTIBIOTICS

Antibiotics Disc Expected Zone of
Inhibition  [Positive Control]

Results of
Specimens

[Zone of
inhibition]

1 II, III AMOXY + CLAV (18 mm) S (20 mm)

2 II, III AMPI + SULBACT (15 mm) R (09 mm)

3 II, III CLINDAMYCIN (21 mm) S (23 mm)

4 II, III CO – TRIMOXAZOLE (16 mm) S (18 mm)

5 II, III DOXYCYCLINE (16 mm) S (19 mm)

6 II, III CIPROFLOXACIN (21 mm) R (11 mm)

7 II, III LEVOFLOXACIN ( 17 mm) R (12 mm)

8 II, III OFLOXACIN (16 mm) R (05 mm)

9 II, III AMIKACIN (17 mm) S (19 mm)

10 II, III GENTAMYCIN (15 mm) S (17 mm)

11 II, III NITROFURANTOIN ( 17 mm) S (24 mm)

12 II, III CEFEPIME (18 mm) S (21 mm)

13 II, III CHLORAMPHENICOL (18 mm) S (20 mm)

14 II, III FOSFOMYCIN (16 mm) S (18 mm)

15 II, III TIGECYCLINE (19 mm) S (21 mm)

16 II, III CEFADROXIL (18 mm) S (19 mm)

17 II, III CEFPODOXIME (21 mm) S (23 mm)

18 II, III CEFUROXIME (18 mm) S (20 mm)

19 II, III CEFEPIME (18 mm) S (21 mm)

20 II, III CEFIXIME (19 mm) I (16 mm)

21 II, III CEFOTAXIME ( 23 mm) S (25 mm)

22 II, III CEFPIROME (18 mm) S (21 mm)

23 II, III CEFTAZIDIME (18 mm) R (08 mm)

24 II, III CEFTIZOXIME (20 mm) S (25 mm)

25 II, III CEFTRIAXONE+
SULB

(21 mm) R (13 mm)
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26 II, III CEFOPERAZ+ SULB (21 mm) S (23 mm)

27 II, III CEFTAZIME+ TAZO (18 mm) S (19 mm)

28 II, III CEFTRIA + TAZO (21 mm) S (23 mm)

29 II, III PIPERAC + TAZO (21 mm) I (17 mm)

30 II, III IMIPENEM (23 mm) I (19 mm)

31 II, III MEROPENEM (23 mm) I (18 mm)

32 II, III COLISTIN (11 mm) S (14 mm)

33 II, III POLYMIXIN (12 mm) S (16 mm)

    *Note: Interpretation: Gram-negative micro-organism with signi�cant growth,
sensitive to all antibiotics except for Intermediate- meropenem, piperac + Tazo,
ce�xime, imipenem & Resistant – ampi + sulbactam, levo�oxacin, ceftazidime,
ceftriaxone + sulb, cipro�oxacin, o�oxacin. [I: Intermediate, R: Resistant, S: Sensitive]
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Table 3

Sr
No.

Sample 

Number

(n)

Comparison
between
Groups

Percentage of
Decellularization and
Standard Deviation

(Mean % ± SD)

One Way Analysis of Variance
(ANOVA)               ***p < 0.0001

 

1

 

n = 10

 

I versus II

 

0.6960 % ± 0.3682 versus
98.10 % ± 0.885

 

 

 

***p < 0.0001

 

2

 

n = 10

 

I versus III

 

0.6960 % ± 0.3682 versus
97.70% ± 1.128

 

 

 

***p < 0.0001

 

3

 

n = 10

 

II versus III

 

98.10 % ± 0.8885 versus
97.70% ± 1.128

 

 

ns

*Note: Group I: Control placenta, Group II: Decellularised placenta, Group III: Decellularized placenta +
cross-linked.
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Table. 4

Sample number
(n)

Groups

 

Percentage of cell viability on
12th day

[Mean % ± SD]

Percentage of non-cell viability on
12th day

[Mean % ± SD]

n=5 IIA 54.41 % ± 10.2 41.59 % ± 9.49

n=5 IIIA 66.14 % ± 12.74 45.91 % ±10.52

n=5 A 51.34 % ± 9.37 57.23 % ± 13.15

n=5 B 96.88 % ± 19.34 3.12     % ± 19.34

n=5 II B 94.06 % ± 18.54 19.54 % ±15.62

n=5 IIIB 88.24 % ± 17.42 11.76 % ±17.42

n=5 II C 111.8 % ± 20.51 -11.84 % ±20.51

n=5 III C 97.74 % ±17.64 2.26 % ±17.64

*Note:  Group IIA: Re-endothelialized placenta, Group IIIA: Re-endothelialized cross-linked placenta,
Group IIB: CD271+/+ ADSC cellularized placenta, Group IIIB: CD271+/+ ADSC cellularized cross-linked
placenta, Group IIC: co-cultured placenta, Group IIIC: co-cultured cross-linked placenta, Group A:
Endothelial cells in culture, Group B: CD271+/+ ADSC in culture.
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Table 5

Groups and
Sample Number
(n)

Nitric
oxide
levels

(Mean ±
SD)

µmoles/ml

Lipid Peroxidation

(Mean ± SD)
nmoles/ml/µg
proteins

Catalase
levels

(Mean ± SD)

nmoles/ml/
µg proteins

One Way Analysis of
Variance (ANOVA)

***p < 0.0001

I (n=10) 98.72 ±
20.76

28.07 ± 8.78  178.6±20.41  

 

 

 

 

 

***p < 0.0001

II (n=10)
1. ± 0.0  

  (ns)

0.34 ± 0.25 (ns) 0.0 ± 0.0 (ns)

III (n=10) 0.0 ± 0.0 0.3180 ± 0.2369 (ns) 0.0 ± 0.0

IIA (n=10) 65.90 ±
9.20

6.78 ± 2.57 63.040.0 ±
23.64

IIIA(n=10) 66.69 ±
10.07

6.05 ± 1.87 66.64 ±17.92

IIB (n=10) 21.45 ±
2.04

1.671 ± 1.0 60.67 ±28.65

IIIB (n=10) 18.42 ±
2.52

2.527 ± 1.456 46.17 ±22.59

IIC (n=10) 49.75
±2.91

4.406 ±2.399 131.4 ±14.52

IIIC (n=10) 48.70
±1.046

5.880 ± 2.327 134±24

A (n=10) 33.84 ±
14. 11

2.835 ±0.9103 40.75 ±10.80

B (n=10) 11.49 ±
1.89

0.8640±0.1491 49.35 ±10.0

*Note: Group I: Control placenta, Group II: Decellularised placenta, Group III: Decellularized placenta +
cross-linked, Group IIA: Re-endothelialized placenta, Group IIIA: Re-endothelialized cross-linked
placenta, Group IIB: CD271+/+ ADSC cellularized placenta, Group IIIB: CD271+/+ ADSC cellularized
cross-linked placenta, Group IIC: co-cultured placenta, Group IIIC: co-cultured cross-linked placenta,
Group A: Endothelial cells in culture, Group B: CD271+/+ ADSC in culture.

Figures
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Figure 1

Fresh placenta (non-processed) with intact umbilical cord (fetal end) (Fig.1A) and cotyledons (maternal
end) (Fig.1E). Decellularisation of placental (fetal end) at various time point 24h (Fig.1 B), 48h (Fig.1C),
72h (Fig.1D). Maternal end of placenta with cotyledon becoming dark to translucent at various time point
24h (Fig.1F), 48h (Fig.1G), 72h (Fig.1H). The thickness of the placenta was measured by the Vernier
caliper (Fig.1I). The gradient �ow during perfusion from the umbilical cord to cotyledons and their exit
was seen (Fig.1J). Translucent placental after decellularisation was labeled as Group II (Fig.1K). The
decellularised and cross-linked placenta was labeled as Group III (Fig.1J).



Page 30/39

Figure 2

The gram-negative organism is seen on blood agar (Fig 2 A), MacConkey (Figure 2B), Muller Hinton agar
(Figure 2C, Fig.2D). Culture sensitivity for E.coli (Fig.2E) and Proteus mirabilis (Fig. 2F). Swabs post-
treatment show the absence of colonies for Group II (Fig.2G) and Group III (Fig. 2H).
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Figure 3

CT-scan images for the placental (cotyledons) and fetal side along with the branching of the vasculature.
The umbilical cord resembles the stem tapering towards the arterioles’ and venules’ meshwork of
capillary organization.
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Figure 4

Histology (H-E stain) showed the presence of cells in the blood vessels of the placenta for Group I
(Fig.4A), while Group II (Fig.4B) and Group III (Fig.4C) showed complete absence of cells. ECM evaluation
shows the presence of collagen and elastin for Group I (Fig.4D), Group II (Fig.4E), Group III (Fig.4F).
Collagen staining was seen with MT for Group I (Fig.4G), Group II (Fig.4H), Group III (Fig.4I).
Glycopolysacchrides, glycogen, and mucins in the placental tissue were stained PAS-positive for Group I
(Fig.4J), Group II (Fig.4K), Group III (Fig.4L). Alician Blue was positive glycosaminoglycans (GAGs) Group
I (Fig.4M), Group II (Fig.4N), Group III (Fig.4O).
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Figure 5

Group, I showed the presence of cells in placental blood vessels (Fig.5A), the glycopolysacchrides,
glycogen, and mucins stained positive for Group I (Fig.5B). Group II showed the absence of cells (Fig.5C)
with the only presence of Glycopolysacchrides, glycogen, and mucins (Fig.5D). Re-cellularized Group IIC
(Fig.5E) showed the presence of cells in the acinus zone of blood vessels. ECM such as
Glycopolysacchrides, glycogen, and mucins was well preserved even after re-cellularisation and stained
PAS-positive for Group IIC (Fig.5F).



Page 34/39

Figure 6

The proliferation of HUVECs in the culture on the 2nd day (Fig.6A), 8th day (Fig.6B), and 12th day (Fig.6C).
HUVECs characterization was done with vWF+/+ expression (Fig.6 F (merge) and Fig. 6G). DAPI shows the
only presence of a cellular nucleus (Fig. 6E). There was a negative signal for non-expression of cells of
marker (Fig.6D), the re-endothelialized scaffold Group IIA (Fig.6H) and Group IIIB (Fig.6I) showed positive
expression for vWF+/+.
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Figure 7

ADSC expanded in culture (Fig. 7A, Fig. 7A1, Fig. 7A2) showed a whirlpooling pattern. CD271+/+ (Fig. 7B,
Fig. 7B1, Fig. 7B2) cells sorted and cultured from ADSCs proliferated cells achieved their
con�uence. CD271+/+ differentiated to osteogenic (Fig.7C and Fig.7D), adipogenic (Fig.7E) lineages in
culture.



Page 36/39

Figure 8

SEM Imaging showed the presence of cells on Group I (Fig. 8A) sample. Group II (Fig.8B) and Group III
(Fig.8C) showed the absence of cells leaving behind only ECM. Fibrin meshwork onto the placental
scaffold was seen (Fig.8D). Re-endothelialization for seen for Group IIA (Fig. 8E) and Group IIIA (Fig. 8F).
Expansion of ADSCs was also seen for Group IIB (Fig.8G) and Group III B (Fig.8H). Co-cultured cells for
Group II C (Fig.8I) and Group IIIC (Fig.8J) also showed re-cellularisation of placental matrix surfaces.
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Figure 9

Cell viability assays were done at various day (0 D, 4 D, 8 D, and 12 D) intervals for cell viability and non-
viability. The co-cultured groups showed maximum cell viability for Group IIC and Group IIIC. The level of
signi�cance ***P < 0.05 was obtained for Group IIC and Group IIIC cell viability (Table.4). 
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Figure 10

The NO levels were higher for Group I (98.72 µmoles/ml ± 20.76) (Fig.10A). The level of signi�cance
obtained by one-way ANOVA was ***P < 0.0001 by Tukey's test (Fig.10A). The comparison was made
among all groups, and a level of signi�cance was obtained (Table.5). The MDA levels were signi�cantly
higher for Group I, One Way Analysis of Variance showed a level of signi�cance ***P < 0.0001 (Tukey's
test) (Table.5). Catalase levels (Fig.10C) examined in contrast to MDA levels we found that CAT levels
were also higher in Group I in comparison to rest other groups, the level of signi�cance obtained by
Tukey's test was ***P < 0.0001 (Table.5). The DNA quanti�cation was performed for cellular proliferation
on the scaffold and non-scaffold groups. The One-way-ANOVA showed ***P < 0.0001 by Tukey's test
(Table. 5).
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