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Abstract
Chronic inflammatory diseases are disorders multifactorial growing on elderly and diabetic populations. 15-deoxy-delta12,14-prostaglandin J2 (15d-PGJ2) acts in 
protective role against oxidative stress and inflammation both in vivo and in vitro.

Here, we present a simple method to incorporate 15d-PGJ2 nanoparticles in acellular human amniotic membrane scaffold, a potential local anti-inflammatory de-
livery system. After completely removing the cells on the amniotic membrane with a sodium dodecyl sulphate and mechanical approach, we seeded Vero cells incor-
porated with 15d-PGJ2 nanoparticles. The morphology of the Vero cells and nanoparticles was observed by scanning electron microscopy (SEM) and phase contrast 
microscopy. The cells cultivated presented the incorporation of the nanoparticles, smooth surface and spherical shape. 

Within this study it was shown that amniotic membrane can be used to incorporate cells and anti-inflammatory loaded nanoparticles for prevention and treatment 
of various diseases.

Introduction
The incidence of people with chronic inflammatory diseases has 

been increasing over the last three decades, threatening human health. 
A number of factors are recognized as causes of the pathogenesis as 
for example the autoimmune diseases, metabolic disorders and chronic 
respiratory disease [1]. 

The 15-Deoxy-Δ12,14-Prostaglandin J2 (15d-PGJ2) is a natural 
ligand of peroxisome proliferator activated receptor γ(PPARγ). This 
molecule has anti-inflammatory property and is involved in a variety 
of physiological and pathological processes, including rheumatoid 
arthritis, myocardial infarction, neural damage, and tumorigenesis [2].

The nanomaterials could provide a revolution in technology 
that will soon impact the diseases treatment methods through new 
nanoparticles delivery systems [3]. The development of new strategies 
for regenerative medicine is one of the most active research in the areas 
of nanotechnology[4]. 

Current advances in biotechnology uses acellular scaffolds to 
regenerate tissues, this is an approach highly beneficial in terms 
of biocompatibility and biofunctionality [5]. The decellularized 
human amniotic membrane is the commonest sources for scaffolds 
used in tissue regeneration because of it good biocompatibility and 
biodegradability [6].

In this study, we aimed to incorporate 15-deoxy-Δ12,14-PG J2 
nanoparticles in acellular human amniotic membrane scaffold as a 
potential local anti-inflammatory delivery system.

Methods
Preparation of acellular human amniotic scaffold

The study was approved by the Hospital Pequeno Príncipe Ethical 
Committee for the usage of biological material for research purposes 
approved under article number 0948-11. All materials were used in 
compliance with ethical guidelines by the Brazilian National Health 
Council. Fresh human amniotic membrane (HAM) was obtained 
after caesarian deliveries. Maternal donors provided informed consent 
and were serologically negative for HIV, hepatitis B, hepatitis C, and 
syphilis. Briefly, blood clots were immediately cleaned off the placenta 
after surgery with phosphate buffered saline (PBS) solution containing 
100 U/mL penicillin and 100 mg/mL streptomycin.

The acellular human amniotic scaffold (AHAS) was prepared as 
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described by Riau et al., 2010 [7]. Part of the human HAM was then 
deprived of amniotic epithelial cells to obtain AHAS by sodium dodecyl 
sulphate in PBS, and incubated with shaking rate of 100 rpm at 37°C 
for 24 h. Finally, the prepared AHAS was rewashed 3 times with PBS.

Nanoencapsulation of 15d-PGJ2 in poly(D,L-lactide-co-glycolide) 
(PLGA) nanocapsules (15d-PGJ2-NC). The 15d-PGJ2-NC were 
prepared by the nanoprecipitation method, as described by Fessi et al., 
1989, and supplied by Dr. Napimoga from Laboratory of Immunology 
and Molecular Biology, São Leopoldo Mandic Institute and Research 
Center [8,9]. 

Culture and seeding of VERO cells with 15d-PGJ2-NC

Vero cells (ATCC® CCL-81™) were cultured for 7 days in DMEM 
(Dulbecco’s modified Eagle medium, Invitrogen) supplemented with 
10% FBS (fetal bovine serum, Invitrogen) and 100 U/mL penicillin and 
100 mg/mL streptomycin at 37°C with 5% CO2. The culture medium 
was changed every 2 days. The Vero cells were seeded on plastic plate 
wells over AHAS and with 15d-PGJ2-NC in concentration of 10 µg/
mL for 24h in order to cells incorporate the nanoparticles, after the 
incubation time the plate was washed with PBS. Phase contrast images 
were obtained with Axio Vert.A1 (Zeiss).

Scanning electron microscopy (SEM)

The morphology and structure of the cells with 15d-PGJ2-NC 
cultivated in AHAS were examined in a JEOL 1200EX II microscope 
(Jeol ltda, Akishima) operating at 80 kV. In order to perform the SEM 
analysis, material was fixed on top coverslip, dried, mounted on a stub 
for SEM, fixed in 2.5% (v/v) glutaraldehyde (Sigma-Aldrich) in PBS 
and post-fixed with 1% (v/v) and 0.1 M sodium cacodylate trihydrate 
(Sigma-Aldrich).

Results
SEM morphology

Nanoparticles characteristics of 15d-PGJ2 in the Vero cells 
cultivated on acellular amniotic membrane were revealed by SEM 
analysis. Figure 1 shows the vero cells cultivated on AHAS (a), Vero 

cells incubated with 15d-PGJ2 10 µg/mL (b). Vero cell cultivated 
on AHAS and incubated with 15d-PGJ2 10 µg/mL at 6.500x (c) and 
13.000x (d). The presence of 15d-PGJ2 in the surface the amniotic 
membrane can be noticed. At 15d-PGJ2 concentration (10 µg/mL), a 
more uniform covering of the cell is observed.

Discussion
In recent decades, the nanotechnology has progressed rapidly. 

One of the most important factors in regenerative medicine is the 
preparation of a scaffold. Acellular amniotic membrane human 
scaffolds have recently become the focus of interest mainly due to the 
possible beneficial and applications in regenerative medicine [10]. 

So far, various decellularization methods have been suggested to 
develop extracellular matrix derived scaffolds. Tissue engineering using 
acellular scaffods has introduced a new field of repair in the treatment 
of wounds tissues or diseases [11]. 

HAM is an appropriate substitute for reconstruction of various 
organs and tissues due to its availability, low cost and low risk of viral 
disease transmission and immunologic rejection [12]. The overall aim 
of this study was to develop a type of surface covered by nanoparticles 
and cells with tissue engineering applications in the form of a 3D 
scaffold.

The use of chemical approach for decellularization shown in SEM 
completely removal of cells while leaving the matrix intact, unlike in 
other studies[13].

An intact extracellular matrix is essential for recellularization, 
because the extra cellular matrix contains components necessary for 
cell attachment, proliferation, and ultimately tissue remodeling [14]. 
In this study, we demonstrated the recellularization efficiency with 
the cultivation of VERO cells in AHAS provide an adequate in vitro 
microenvironment for proliferation and incorporation 15d-PGJ2 
nanoparticles in acellular scaffold.
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Conclusion
15-deoxy-Δ12,14-prostaglandin J2 (15d-PGJ2) is one of the potent 

ligand of peroxisome proliferator-activated receptor γ (PPARγ), 
suppresses proliferation and induces intracellular apoptosis in different 
events in excessive inflammation. This study showed that AHAS could 
be used as a biomaterial and be applied as a scaffold for regenerative 
medicine and nanoparticle delivery.  
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Figure 1. Phase contrast images of Vero cells in amniotic membrane after 24 hours. (A): 
Vero cells plated on amniotic membrane. (B): Morphological rearrangement of cell 24h 
post- incubated with 15d-PGJ2 nanoparticles with the formation of homogeneous spherical 
aggregates (note the magnified image of particle agglomerate [arrow]). (c): The SEM 
images show Vero cells on acellular amniotic membranes cultured after 24 h: Cells on 
amniotic membrane and nanoparticles with cells on membranes (d,) (note the cell with 
nanoparticles (15d-PGJ2) on cell membrane [arrow]). The bar scale is 50 μm.
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