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A public health problem is the loss of tissue due to different etiological factors. Then, a traditional way to
rebuild lost tissue is by culturing cells onto the surface of biomaterials. These cultures have been carried out in
extended surfaces which do not guarantee the cells growth. Nevertheless, in the last years, the culture over
scaffolds arises as a technique which improves momentum, heat, and mass transfer. The biomaterial of these
scaffolds is a choice which establishes the good or bad response from the host cells, and the procedure
conditions to engineer these scaffolds depend on it. Thus, this manuscript aims to stablish the laboratory
conditions to produce chitosan scaffolds. Promptly, it focuses on the study of the conditions to generate
microcarriers by using an electrospray equipment, evaluating the physical and cytotoxic characteristics of the
microcarriers. The polymer solution was discharged onto a polyphosphate solution for crosslinking the
polymer. It was employed a factorial experimental design of three parameters: voltage, polymer concentration
and solution flow rate. Microcarriers obtained were collected in a polyphosphate solution, and washed in a
Hank´s solution. Microcarriers were analyzed in a light microscope in order to obtain the size distribution.
Results evidence a hard relationship between voltage and the mean diameter of the particles, with a none
influence from the flow rate nor polymer concentration. The best condition was with a voltage of 17 kV,
polymer concentration of 0.5% w/v and solution flow rate of 4.5 mL/h. The mean particle diameter for these
conditions was 568.04 ± 81.68 µm. Scanning electron microscopy (SEM) depicts low porosity, which allows
the cell culture over the microcarriers surface. Finally, cytotoxicity of the microcarriers was evaluated by using
a fibroblasts cell line without adverse effect on the cells. In this way, microcarriers may be used for culture of
anchorage dependent cells in spinner bioreactors.

1. Introduction
Traditionally, cells culturing has been realized in 2D employing cells culture flasks, where the cells grow
without mixing, presenting no uniform pH and nutrients concentration distributions inside the bioreactor. Thus,
the cells growth is limited(Martin et al., 2004). For cell culturing with aim to be used in Tissue Engineering,
cellular proliferation must be carried out in 3D environment similar to in vivo conditions. It is possible to
achieve this in a bioreactor because this technology contributes to increase the concentration per unit volume
due to the increment of the rate of cellular proliferation and concentration, diffusion of oxygen to cells, and the
possibility of control cellular concentration(Martin et al., 2004; Plunkett and O´Brien, 2011), reducing the
culture time and increasing in the homogeneity of the culture medium (Malagón-Romero et al., 2015).
Microcarriers are microspheres obtained using different materials, principally polymers or proteins offer a
surface for adhesion and proliferation of anchorage-dependent cells(Lau et al., 2010). There are different
materials employed to obtain temporal scaffolds for cells (Pachence et al., 2007; Warren et al., 2004;
Malagón-Romero et al., 2015). Addionally, Kim et al. (2005) presented that the use of microcarriers has some
advantage as elimination of trypsine to obtain a sheet of cells and less time production. In this way, it is
necessary the developing of microcarriers for anchorage-dependent cells. In the literature it was reported that
2
1 g of microcarriers will cover a superficial area similar to 15 T-flask of 75 cm (Malda and Frondoza, 2006).
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On the other hand, from 2 g of microcarriers it is possible to cover an area near to 2 m2, which is equivalent to
the surface area of human body (Lafrance and Armstrong, 1999).
On the other hand, chitosan is an amino polysacaride obtained at industrial level from n-desacetilation thermoalkaline of the chitin extracted and purified from crustacean (Hospodiuk et al. 2017). Chitosan is widely used
for molding of porous structures, in cell transplantation and tissue regeneration (Karimian et al., 2016),(Radaei
et al., 2017),(Hossain et al., 2015). Chitin fibbers and chitosan are biocompatible and do not generate allergic
reactions. So, they are recommended for surgery suture because do not need to remove from the wound once
it has cicatrized. Along the last decade, chitosan has been widely employed to develop systems for controlled
release drug delivery, tissue engineering at laboratory level and, in manufacturing of cicatrizing films at
industrial level (Songsurang et al., 2011). Due to cationic behavior and the high density of charge, chitosan is
able to adhere to surfaces with a negative charge so it is classified as a bio adhesive material (Zhang and
Kawakami, 2010),(Wu et al., 2011).
Chitosan microspheres have been produced from entanglement of chitosan with tri-polyphosphate (Radaei et
al., 2017). In this way, Chen et al. (2006) produced chitosan microcarriers with diameter in the range 100-200
μm for murine and human fibroblasts cultures. Maeng et al (2010) have developed microcarriers from chitosan
by using an electrospray device, microspheres have a diameter of 150 μm. Wu et al (2011) obtained
microspheres with a diameter of 400 μm using chitosan dissolved in acetic acid discharged in sodium
tripolyphosphate saturated solution. Radaei et al.(2017) obtained microcarriers with a diameter of 350 μm
from a mixture of gelatin and chitosan deposited into a tripolyphosphate solution. This work aims to find
standard conditions to obtain microcarriers with a diameter in the range 150-600 μm employing an
electrospray equipment.

2. Materials and Methodology
2.1 Preparation of solutions
Chitosan (Sigma-Aldrich, medium molecular weight) was dissolved in acetic acid 100 mM (Sigma-Aldrich,
99.7% purity) at two different concentrations 1.0 % y 0.5 % w/v. For increasing the dissolution of the polymers
in the solvent, solution was submitted to ultrasound in an equipment (ATU- ATM40-2LCD) at a frequency of 50
Hz for 10 minutes at room temperature. Solutions were kept at 5 °C until they were employed according to the
experimental design.
2.2 Determining the viscosity and conductivity of polymeric solutions
Viscosity was determined in a Rotational Viscometer (Cannon LV Model 2020) at room temperature.
Additionally, conductivity was determined in an multiparametric equipment Hanna HI9829-03041 (Romania).
2.3 Experimental procedure to obtain microcarriers
Microcarriers were obtained in an electrospray equipment. This equipment has a maximum voltage source of
30kV (CZE1000R, Spellman), a syringe pump (KDS100), a high voltage probe (HVP-40DM, Pintek), a nozzle
and a collector. The distance between nozzle and collector was maintained in 25 cm. In the collector, a
commercial sodium tri-polyphosphate solution of 5% w/v in water was deposited to collect microcarriers.
2.4 Experimental design for microcarriers obtaining
It was analyzed the effect of different variables on the diameter and morphology of the microcarriers.
According to the reported in literature (Karimian et al. 2016),(Altobelli et al. 2016) it was evaluated voltage,
solution flow and polymer concentration. Table 1 presents the experimental design employed in this work.
2.5 Particle Size Determination
Microspheres obtained by electrospray were washed 5 times with a PBS solution. Once finished the last
washed, microspheres were washed with Hank´s isotonic sterile solution (MSDS). A sample of the
microspheres was fixed on a slide glass and were analyzed in an inverted microscope, equipped with a digital
camera. It was taken 5 photos with 10 X magnification for each test. By using the free software ImageJ
(www.rsbweb.nih.gov/ij) it was determined the diameter of the microcarriers. Statistical analysis was
performed for determining the mean diameter and standard deviation.
2.6 Characterization by scanning electronic microscopy (SEM).
Microcarriers were cross-linked with glutaraldehyde at 1 % in PBSA solution. Microcarriers were dehydrated in
grade series of ethanol (50 %, 70 %, 90 % and 100 %). Once suspended the microcarriers in absolute
ethanol, they were drying in a desicattor for 24 h. Samples were sputter coated with gold (108 Auto/SE 7008-
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220 Sputter Coater) for 40 s and examined in Scanning Electronic Microscopy SEM (Phenom ProX,
Switzerland).
2.7 Determination of cytotoxicity of the microcarriers.
Microcarriers were extended on a petri dish and were sterilized with ultraviolet for 1 h in a laminar flow cabinet.
Then, microspheres were suspended in 70 % ethanol for 12 h and were washed twice with PBS sterile until
eliminate residual ethanol. Finally, microcarriers were suspended in DMEM and were maintained at 37 °C for
24 h. It was determined the concentration of microcarriers per mL by counting the number of microspheres
2
presents in 10 μL, by employing an invert microscope. Concentration was adjusted to 6 cm /mL in the DMEM
medium, according to ISO 10993-12. Solution was kept in incubator at 37 °C for 24 h to guarantee extraction
of components from the material.
Cytotoxicity evaluation employed murine fibroblasts CRL 476. Fibroblasts were cultured in 96-well
microculture plates. Each well was loaded with different volumes of extract; control assay was cells without
extract. Viability was determined by MTT(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) at 72 h.
10 μl of MTT was added to each well and was incubated for 4 h at 37 °C. Supernatant was removed and
formazan crystals were extracted with 200 μl of DMSO (di-methyl sulphoxide). Absorbance was determined
for each well at 570 nm in ELISA equipment. Cellular viability was compared for each well vs the negative
control (cells without extract). This test was developed by triplicate.
Table 1: Experimental design parameters
Test

Flow (ml/h)

Voltage (kV)

Solution concentration
(% w/v)

A

2.5

14

1

B

1.5

14

1

C

3.5

14

1

D

4.5

14

1

E

2.5

14

0.5

F

1.5

14

0.5

G

3.5

14

0.5

H

4.5

14

0.5

I

2.5

17

1

J

1.5

17

1

K

3.5

17

1

L

4.5

17

1

M

2.5

17

0.5

N

1.5

17

0.5

O

3.5

17

0.5

P

4.5

17

0.5

3. Results and Discussion
Viscosity of the solutions were 66.4 ± 2.1 cP for 0.5% w/v and 321 ± 3.2 cP for 1.0% w/v concentration.
Pancholi et al. (2009) reported for chitosan solutions at 0.5% and 2% w/v, a range of viscosities from 40 cP to
825 cP, Similarly, Zhang and Kawakami (2010) reported 32.4 cP for 1.5% w/v solution. The results obtained
were in the range reported in the technical sheet published by Sigma-Aldrich (200 – 800 cP for 1% w/w in 1%
v/v acetic acid). So the viscosities obtained were similar to reported.
On the other hand, conductivity obtained was 7.67 μS/cm for 0.5% chitosan solution and 14.18 μS/cm for
1.0% chitosan solution. Zhang and Kawakami (2010) reported values of conductivity in the range 200 and 290
μS/cm for chitosan dissolved in acetic acid (90% v/v) for concentrations of 1.5 to 2.0 % w/v, respectively. The
difference is due to molecular weight of the polymer and acetic acid concentration.
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Figure 1. Diameter of the microcarriers obtained experimentally for different experimental conditions.
Maeng et al. (2010) reported production of microcarriers from chitosan employing electrospray but without
high voltage, and obtained particles with a diameter upper of 1 mm. The purpose of high voltage is to
decrease the diameter of the particles. In this work, Taylor cone was formed in voltages 14 kV – 17 kV, but
with a voltage of 14 kV, the electric potential was not sufficient for enabling pulverization of the solution, so,
the particles obtained were with high diameter. In the Figure 1, assays A-H correspond to electric potential of
14 kV and assays I-P correspond to electrical potential of 17 kV. When electrical potential was increased,
diameter particles decreased. This result was similar to reported in the literature consulted (Radaei et al.
2017), because as voltage increases, the polymer droplet from needle separates more easily and the diameter
decreases. In this work the most important variable was electrical potential according to diameter obtained
(Figure 1), and the diameter was independent of polymer solution concentration (0.5 w/v and 1.0 w/v) and flow
rate (1.5 ml/h – 4.5 ml/h).
The effect of the concentration of the solution is not significant on the diameter. This result is contrary to
Maeng et al (2010), who reported that increasing the concentration of the solution from 0.5% to 2.0 %, the
diameter of particle also increases from 350 µm to 890 µm. In relation with the flow rate, when the flow rate
was increased, diameter of the microparticles will no increase. Similarly, this result is contrary to report
(Radaei et al. 2017) who concluded that decreasing the feeding flow rate, resulted in less accumulated drop
volume which results in a decreased diameter. These results are due to the concentration solution, because
the solution was diluted and the presence of the polymer in solution not affected the volume of the drop.
All of assays were developed at constant distance (25 cm), because if it is employed upper distance, defects
in the surface will appear due to impact between particle and solvent. If the distance is less, solvent will not
evaporate. Due to considerable effect of electrical potential, we classified in two groups the results obtained:
high voltage (assays A-H) and low voltage (I-P). The best conditions correspond to M test ((0.5% w/v, 2.5
mL/h, electric potential 17 kV and distance 25 cm), due to it was the assay with less standard deviation (57.25
µm). The diameter obtained was 543.75 µm, which is upper to reported in the literature consulted (Chen et al.,
2006; Maeng et al., 2010; Wu et al., 2011; Radaei et al. 2017). The range reported in the literature is 150 μm
– 400 μm, however the diameter obtained it is possible to use for culturing cells in the spinner bioreactor.
By Scanning Electronic Microscopy (SEM) were taken a photo for high and low voltage groups and are shown
in Figure 2. According to this Figure, microcarriers surface has some imperfections due to evaporation of
acetic acid and low concentration of the chitosan solution employed. Wu et al. (2011) reported that a
concentration of 2% w/v to generate more stable microcarriers with possibility to control the shape, size and

365

aperture. Due to low chitosan concentration, microcarriers volume diminish during dehydratacion with ethanol
and finally they had a distinct volume from original suspension, in spite of they were cross-linked with
glutaraldehyde at 1%. However, in this work was analyzed the possibility of employing a low concentration of
chitosan in order to diminish cost or the microcarriers.

Figure 2: SEM of the microcarriers obtained for low voltage (14 kV, left) and high voltage (17 kV, right).
Viability cellular percentage obtained for cytotoxicity assay was 118.30 ± 16.64% at 72 h. This result is the
comparison between absorbance of negative assay (well without microcarriers) and assays (well with
microcarriers). This result indicates that microcarriers did not have toxicity for fibroblasts, so it is possible to
culture cells in bioreactor on the microparticle surface. Radaei et al. (2017) reported culture of cells for 7 days
on the surface of chitosan microcarriers without toxicity detected. According to these result, microspheres may
be an ideal candidate to act as carriers for cells or directly applied to the target site (Hossain et al. 2015). In
this way, micrrocarriers could be as hemostatic in the wound or injure for patients.

4. Conclusions
This article analyzed the experimental conditions to obtain microcarriers from chitosan by using electrospray.
Microcarriers may be used for culturing cells in a spinner bioreactor or directly applied on injure or wound due
to low toxicity found. The diameter obtained is higher reported in the literature consulted (543.75 ± 57.25 μm),
but is possible to use as scaffold for culturing anchorage-dependent cells. Other alternative is applying on the
wound due to hemostatic characteristics offers by chitosan. The low concentration employed for chitosan
solution is an additional advance in this work, because the cost of the final product may diminish for patients.
Acknowledgments
Authors express their acknowledgment to Universidad ECCI and Universidad Santo Tomás for financial
support and the Electrospray Laboratory of the Universidad Nacional de Colombia for the space for
developing this paper. Also, acknowledgment for Dr. Carlos Guerrero and M.Sc. Angie Bedoya for their
collaboration for cell viability assays.
Reference
Altobelli, R., Guarino, V., Ambrosio, L., 2016, Micro- and nanocarriers by electrofludodynamic technologies for
cell and molecular therapies. Process Biochemistry, 51(12), pp.2143–2154.
Chen, X.-G., Liu, C., Liu, Cet al., Meng, X., Lee, C, Park, H., 2006, Preparation and biocompatibility of
chitosan microcarriers as biomaterial. Biochemical Engineering Journal, 27(3), pp.269–274.
Hospodiuk, M., Dey, M., Sosnoski, D., Ozbolat, I., 2017, The bioink: A comprehensive review on bioprintable
materials. Biotechnology Advances, 35(2), pp.217–239.
Hossain, K.M.Z., Patel, U., Ahmed, I., 2015, Development of microspheres for biomedical applications: a
review. Progress in Biomaterials, 4, pp.1–19.

366

Karimian, M., Mashayekhan, S., Baniasadi, H., 2016, Fabrication of porous gelatin-chitosan microcarriers and
modeling of process parameters via the RSM method. International Journal of Biological Macromolecules,
88, pp.288–295.
Kim, S., Gwak, S., Choi, C., Kim, B., 2005, Skin regeneration using keratinocytes and dermal fibroblasts
cultured on biodegradable microspherical polymer scaffolds. Journal of Biomedical Materials Research
Part B: Applied Biomaterials, 75B(2), pp.369–377.
Lafrance, M.L., Armstrong, D.W., 1999, Novel living skin replacement biotherapy approach for wounded skin
tissues. Tissue engineering, 5(2), pp.153–170.
Lau, T.T., Wang, C., Wang, D.A., 2010, Cell delivery with genipin crosslinked gelatin microspheres in
hydrogel/microcarrier composite. Composites Science and Technology, 70(13), pp.1909–1914.
M.Yoon, D., Fisher, J., 2006, Polymeric Scaffolds for Tissue Engineering Applications. In Tissue Engineering
and Artificial Organs. Electrical Engineering Handbook. CRC Press, pp. 18–37.
Maeng, Y.-J., Choi, C., Kim, H., Kim, J., 2010, Culture of human mesenchymal stem cells using
electrosprayed porous chitosan microbeads. J Biomed Mater Res, 92, pp.869–876.
Malagón-Romero, D., Vivas, J., Garzón-Alvarado, Diego Godoy-Silva, R., 2015, Proliferation of 3T3 fibroblasts
in a spinner type reactor on microcarriers of fibrin-alginate. IFMBE Proceedings, 49, pp.170–173.
Malda, J., Frondoza, C.G., 2006, Microcarriers in the engineering of cartilage and bone. Trends in
Biotechnology, 24(7), pp.299–304.
Martin, I., Wendt, D., Heberer, M., 2004, The role of bioreactors in tissue engineering. Trends in
Biotechnology, 22(2), pp.80–86.
Pachence, J.M., Bohrer, M.P., Kohn, J., 2007, Chapter Twenty-Three - Biodegradable Polymers. In R. L. L. B.
T.-P. of T. E. (Third E. Vacanti, ed. Burlington: Academic Press, pp. 323–339.
Pancholi, K., Ahras, N., Stride, E., Edirisinghe, M., 2009, Novel electrohydrodynamic preparation of porous
chitosan particles for drug delivery. J Mater Sci: Mater Med, 20, pp.917–923.
Plunkett, N., O´Brien, F.J., 2011. Bioreactors in tissue engineering. Technology and Health Care, 19, pp.55–
69.
Radaei, P., Mashayekhan, S., Vakilian, S., 2017. Modeling and optimization of gelatin-chitosan micro-carriers
preparation for soft tissue engineering: Using Response Surface Methodology. Materials Science and
Engineering C, 75, pp.545–553.
Songsurang, K., Praphairaksit, N., Siraleartmukul, K., Muangsin, N., 2011, Electrospray Fabrication of
Doxorubicin- Chitosan-Tripolyphosphate Nanoparticles for Delivery of Doxorubicin. Archives of Pharmacal
Research, 34(4), pp.583–592.
Warren, S.M. et al., Fong, K.D., Nacamuli, R.P., Song, H.M., Fang, T.D. Longaker, M.T., 2004, Biomatériaux
de réparation de la peau et de l’os en chirurgie plastique. EMC - Chirurgie, 1, pp.583–591.
Wu, X, Peng, C., Huang, F., Kuang, J., Yu, S., Dong, Y., Han, B., 2011, Preparation and characterization of
chitosan porous microcarriers for hepatocyte culture. , 10(5), pp.509–515.
Zhang, S., Kawakami, K., 2010, One-step preparation of chitosan solid nanoparticles by electrospray
deposition. International Journal of Pharmaceutics, 397, pp.211–217.

