
Abstract

The brain is, by far, the most complex and delicate
human organ, which has evolved with an extra
protective system, BBB, that prevents harmful
substances from reaching it. Due to this particularity,
pharmacological companies face the challenge of
creating medicines able to efficiently cross it and
reach the brain cells. Thus, relevant in vitro human
BBB models are needed to better underline the
molecular transport mechanisms and improve the
design of targeted therapies for neurological
disorders. With the aim of developing a BBB in vitro
model with properties closest to the ones found in
human brain, a new engineered biomaterial was
synthesized and optimized.
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Introduction

In this work, a blood-brain barrier (BBB) in vitro model
with properties closest to the ones found in human
brain was developed. This BBB model consisted of a
gelatin-based hydrogel incorporating heparin, as a
pro-angiogenic growth factor immobilization
molecule, and hyaluronic acid (HA) as an enhancer of
the mechanical strength and regulator of the
physiological processes related with BBB cells. The
hydrogel 3D-network was achieved by activation of
carboxylic acid groups of heparin and HA with
EDC/sulfo-NHS, which served as crosslinking agent to
the amino groups of gelatin, via click chemistry. The
physicochemical and rheological properties of
hydrogels were investigated, along with in vitro
cellular studies using human endothelial cells
(HUVECs).

Methodology

Gelatin-based hydrogel fabrication

A - Formed though the crosslinking between the amino groups of gelatin and the of
carboxylic acid groups of heparin following activation with EDC/sulfo-NHS (GelHep).
B – Formed though the crosslinking between the amino groups of gelatin and the carboxylic
acid groups of heparin and hyaluronic acid (HA) following activation of with EDC/sulfo-NHS
(GelHepHA).

Results

Conclusion
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Physicochemical characterization In vitro cellular test with endothelial cells (HUVEC-GFP)

Figure 1. Physicochemical characterization of GelHep and GelHepHA,
ranging gelatin concentration from 4 to 7% (w/w). A. Mechanical
test, B. Swelling test, C. and D. Degradation test with Collagenase
type II (3.5 U/mL) of GelHep and GelHepHA samples, respectively.

GelHep or GelHepHA are then loaded with basic fibroblast growth factor (FGF-beta) mediated by electrostatic
interactions between the negative charged heparin molecules and the positive charged FGF-beta, yielding Hydrogel A
(GelHep@GFs) or Hydrogel B (GelHepHA@GFs).
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A major challenge in the development of mimicking BBB
models is the creation of an extracellular matrix (ECM)
able to sustain and create ideal conditions for the spread,
adhesion and close junction of endothelial cells for
several days. The presented gelatin-based hydrogel
crosslinked with heparin and HA, shows great potential
to serve as ECM for HUVEC cells in a BBB model.
- HUVEC cells tend to spread easily in stiff materials.
Herein, we show elastic modulus can be tuned and
strengthened with incorporation of HA;
- Swelling results confirmed that heparin and HA are
successfully crosslinked with gelatin via -COOH and –NH2

functional groups reaction;
- Biodegradation tests validated the successful crosslink
of heparin and HA with gelatin.
- In vitro cellular studies showed the effective
incorporation of growth factor FGF-b into the hydrogels
and its key role in the improvement of the spread and
adhesion of HUVEC cells.
- HUVEC-GFP showed continuous cell spreading and
adhesion in the developed gelatin-based hydrogel for at
least 7 days.

Figure 2. In vitro culture of HUVEC-GPF seeded on 6%GelHep and 6%GelHepHA, with and
without growth factor FGF-b (25 ng/mL) and monitored for 7 days. A. Microscope
fluorescent images. Scale bars: 200 mm. B. Total area (mm) determined by ImageJ. C.
Average size (mm) determined by ImageJ.

- HA improves the mechanical strength (1.6 to 3.0-fold).
- Swelling tests indicate heparin and HA are crosslinked.
- GelHep and GelHepHA are biodegradable.
- Increasing % of gelatin and adding HA slows degradation.

- HUVEC-GFP seeded in gelatin-based hydrogels (GelHep and
GelHepHA) functionalized with growth factor show higher
cellular spread and adhesion.

- HA appears to have a positive effect in cell elongation.
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