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Abstract Alginate/poly(acryloxyethyl-trimethylammonium
chloride-co-2-hydroxyethyl methacrylate) [poly(Q-co-H)]
microcapsules were prepared by ionic gelation (Ca*") for
adhesion and growth of goat mammary epithelial cell
culture. In the procedure of microcapsule formation,
alginate was first pumped into a CaCl, solution and then
transferred into a poly(Q-co-H). The poly(Q-co-H) was
prepared by free-radical polymerization in aqueous solution
at 60 °C using potassium persulfate as initiator. The
microcapsules obtained were sterilized using gamma
radiation according to International Standards Organization
(ISO)/TR 13409. Scanning electron microscopy studies
indicated the high porosity and rough surface marked by
large wrinkles of the microcapsule surface, and the diameter
of the microcapsule was approximately 497 pm, and
diameters ranking 480-515 pum were obtained. Optical
michrography shows the epithelial morphology acquired by
goat epithelial mammary cells (GMEC) on poly(Q-co-H)/
NaAlg microcapsule surface after 8 h of culture.
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Introduction

Tissue engineering is an emerging multidisciplinary bio-
technology that combines the principles of engineering and
cell biology to facilitate the formation of novo tissues and
organs [1]. This new scientific discipline is primarily
targeted towards the creation of functional biological
substitute as opposed to inert implants. As it is now well
accepted, a tissue-engineered implant is a biological/
biomaterial combination in which some component of
tissue has been combined with biomaterials to create a
device to treat the loss or malfunction of a structural tissue
or organ such as skin, cartilage, bone, and small blood
vessels [2, 7].

The development of this specific approach of tissue
engineering is based on several observations: (1) as it was
stated before, most of the tissues undergo constant
remodeling due to apoptosis and renewal of constituent
cell, (2) isolated cells tend towards forming tissue structures
in vitro if the conditions are favorable, and (3) although
isolated cells have the capacity to remodel and form the
proper tissue structures, they require a template to guide
their organization into the proper architecture [3]. At this
point, we have defined the main factors necessary to
achieve this tissue engineering approach: (1) cells, (2)
growth factors, and (3) their scaffolds.

Hydrogel-based material, specifically polyelectrolyte
complex (PEC) formed by mixing polymers of opposite
charge, have recently attracted attention because of their
potential for use in various biomedical applications
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including drug or bioactive molecule-delivery vehicle, due
to their many advantageous features [4, 5]. Recently, PEC
have been increasingly utilized as cell-immobilization
matrices to produce various biological products (e.g.,
vaccines, proteins, and antibodies), and in tissue engineer-
ing to recreate tissues intended to replace those damaged or
lost [6].

Therefore, this study concentrates on adhesion and
growth behavior of goat mammary epithelial cells in
cultures on novel polyelectrolyte complex prepared by
copolymerization of 2-hydroxyethyl methacrylate and
acryloxyethyl-trimethylammonium chloride.

Methodology
Cell and materials

Goat epithelial mammary cells (GMEC) cell line was
kindly donated by the Genetic Engineering and Biotech-
nology Centre of La Havana (Cuba).

2-Hydroxyethyl methacrylate (H, Merck), potassium
persulfate (K,S,0g, Fluka; 0.001% N), acryloxyethyl-
trimethylammonium chloride (Q, AQUATECH; see
Fig. 1), acetonitrile (CH3CN, Merck), and silver nitrate
(AgNO3, Merck) were used as received.

Sodium alginate (NaAlg) extracted from Macrocystis
pyrifera (medium viscosity) was purchased from SIGMA
Chemical. Its viscosity average molar mass was 3.83x
10* g/mol, which was determined by viscometry in 0.2 M
NaCl at 25 °C. The polysaccharide samples were carefully
purified with our own procedure as described elsewhere [11].

Twice-distilled water (c=1.3 pS cm™') was employed
during the experiments. All other reagents were of extra-
pure grade and used as purchased.
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Synthesis of copolymer

The copolymer poly(Q-co-H) was synthesized by polymer-
ization of H and Q, respectively, in water solution at 60 °C,
using K,S,0g4 as initiator. Comonomer and initiator
concentrations were 1 and 0.01 mol/l, respectively. After
the proper reaction time, the flask content was poured into a
large excess of acetonitrile. The precipitated copolymer was
rotoevaporated to separate the acetonitrile and was dried
under vacuum until constant weight was attained.

Microcapsule elaboration

Sodium alginate was dissolved in distilled water (pH 6.5) at a
concentration of 2.0 wt%. The solution (5 ml) was poured into a
spray dryer nozzle unit using a continuous, automatic infusion/
withdrawal pump at a rate of 50 ml/h and sprayed into 15 ml of
a 0.4% CaCl, solution under magnetic stirring with the aid of
a N jet under pressure. The microcapsules thus formed were
allowed to stand in the CaCl, solution for 10 min, and the
CaCl, solution was decanted. The microcapsules were washed
three times with 200 ml of distilled water and transferred to
15 ml of a poly(Q-co-H) solution (1.5 wt%) and incubated at
room temperature under gentle magnetic stirring.

Microcapsule morphological characterization

The shape, size, and the size distribution of the micro-
capsules was characterized by Optical Microscopy (OM,
Model Leitz Metallux 3, Germany). For morphological
studies, microcapsules were affixed on aluminum studs and
coated with platinum using a vacuum evaporator (JFC-
1100, Japan). The microcapsules were then examined using
a scanning electron microscope (SEM, JEOL JSM 6300,
Japan) using a 15 kV accelerating voltage.
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Fig. 2 SEM micrograph of poly
(Q-co-H)/NaAlg polyelectrolyte
microcapsules. (a) Microcapsule
of poly(Q-co-H)/NaAlg.

(b) Surface morphology of poly
(Q-co-H)/NaAlg

Microcapsule irradiation

Microcapsule samples were irradiated in sealed glass bulbs
in vacuum or under oxygen atmosphere in a “°Co gamma
source, at the Center of Technological Application and
Nuclear development, Havana, Cuba. The activity of the
radiation chamber was 10 kCi, and the dose rate was
25 kGy/h according to Fricke and ceric sulfate dosimetry.
The applied doses were in the range of 1 to 100 kGy,
according to International Standards Organization (ISO)/TR
13409 norm.

Preliminary study of cultured cells

GMEC cells were initially cultured in a growth medium
consisting of Dulbecco’s modified essential medium
(DMEM). The culture mediums were supplemented with
10% fetal bovine serum and 1% antibiotic/antimycotic
solution, maintained at 37 °C in a humidified 5% CO,/95%
air atmosphere for cell proliferation. After 2 days, cells
were harvested and grown in a suspension culture with
homogeneous mixing. The cell suspension, containing 2 x
10° cells, was added to 0.25 g of Cytodex 1 microcarriers
(Pharmacia, Upsala, Sweden) used as a control, previously
suspended in 500 ml of DMEM medium with 10% fetal
bovine serum. The suspension was incubated in a spinner
bottle and continuously stirred at low speed. After 48 and
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Fig. 3 Size distribution of poly(Q-co-H)/NaAlg microcapsules

96 h, GMEC cells attached to Cytodex were analyzed under
optical microscopy (Model Olympus, Japan). The same
procedure was utilized in the GMEC culture on poly
(Q-co-H)/NaAlg microcapsules case.

Results and discussion

Preparation and characterization of poly(Q-co-H)/NaAlg
microcapsules

Few researchers have investigated the ion complex forma-
tion between natural and synthetic polymer with opposed
charge. The complexation mechanism involved the forma-
tion of electrostatic attraction between amino group on the
poly(Q-co-H) and carboxyl group on acrylic acid. In our
case, poly(Q-co-H)/NaAlg polyelectrolite complexes were
prepared by inducing the gelation of a sodium alginate
solution with CaCl,. By controlling the stoichiometry of
sodium alginate to CaCl,, the desired amounts of sodium
carboxylate groups were left unreacted, and these were
complexed with poly(Q-co-H) to generate ionic cross-links
between the two polymers [12]. Figure 1 exhibits the

Fig. 4 Photomicrograph of GMEC cell control in the culture medium
used (original magnifications x48)
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Fig. 5 Images of the growth profile of GMEC cell on Cytodex. a Cytodex in the culture medium without cells (original magnification x12).
b GMEC cultures on Cytodex past 8 h (original magnification x12). ¢ GMEC cultures on Cytodex past 8 h (original magnification x48)

complexation reaction schemes between cationic group
(-NH3") of poly(Q-co-H) and anionic group (-COO") of
sodium alginate polymer. These microcapsules were shown
to have good mechanical resistance and stability.

Scaning electron micrographs of poly(Q-co-H)/NaAlg
polyelectrolyte microcapsules and their surface morphology
are shown in Fig. 2. The pores form as a consequence of
the lyophilization process since during cross-linking the
polymers swell in a continuous liquid phase, which is
removed during lyophilization. Another remarkable char-
acteristic of the microcapsule surface was its high porosity
and rough surface marked by large wrinkles.

The microcapsules have a narrow size distribution, and
95% of the microcapsules have diameters ranging from
480.0 to 515.0 um (see Fig. 3).

Cell adhesion and growth

Cell growth on culture medium and scaffold (Cytodex) controls
Figure 4 shows the optical micrograph for the GMEC
culture cell control. It was observed that there was a

prevalence of fibroblastic cells, and small quantities of
epithelial cells was observed too. The cellular single-layer

seed reached a 50% of sump coating after 8 h. Omelchenko
et al. [10] described a fibroblastic cell as a fusiform
appearance or tapered along a parallel axis. Therefore, the
epithelial cells are described with a spherical appearance.

MacDonald et al. [8] report the cellular heterogeneity
observed in this culture which constitutes a characteristic
feature in the primary cell culture.

Regarding the growth pattern of GMEC cells in both
cultures [Cytodex and poly(Q-co-H)/NaAlg], it was inter-
esting to observe whether influence of the scaffold surface
would affect its growing profile and morphology. Cytodex
was employed as control for evaluation of cell morphology
attached to microcapsules [9]. As shown in Figs. 5 and 6,
GMEC cells grew initially in both types of scaffolds, but
the growing appearance of the cells was distinctive for each
type of microcapsule.

GMEC culture on sterilized microcapsules of poly(Q-co-H)/
NaAlg

The cell culture on sterilized microcapsules of poly(Q-co-H)/
NaAlg grew in the same way as the controls used.
Micrography demonstrated the surprising form of the cell
attached to the matrix scaffold.

Fig. 6 Images of the growth profile of GMEC cell on sterilized
microcapsules of poly(Q-co-H)/NaAlg. a Microcapsules of poly
(Q-co-H)/NaAlg in the culture medium without cells (original
magnification x12). b GMEC cultures on microcapsules of poly

@ Springer

(Q-co-H)/NaAlg past 8 h (original magnification x12). ¢ GMEC
cultures on microcapsules of poly(Q-co-H)/NaAlg past 8 h (original
magnification x48)



Colloid Polym Sci (2008) 286:463—467

467

Following the same analysis described above, Fig. 6
shows two images; Fig. 6a corresponds to sterilized
microcapsules of poly(Q-co-H)/NaAlg in the culture medi-
um without cells. Figure 6b and ¢ shows the GMEC culture
past 8 h; in this image, the morphology of the cell attached
to sterilized microcapsule can be appreciated. The epithelial
morphology acquired by cells is probably a consequence of
the poly(Q/H)-NaAlg microcapsule surface.

Conclusions

We proposed a new type of porous polyelectrolyte complex
microcapsules from alginate and poly(Q-co-H) which was
used as scaffold for adhesion and growth behavior of goat
mammary epithelial cell culture. The microcapsule was
prepared by complex coacervation and characterized by
optical microscopy and scanning electron microscope. The
results indicated the high porosity and rough surface
marked by large wrinkles of the microcapsule surface; the
diameter range of the microcapsule was 480-510 pm.

The study of culture GMEC cells on sterilized micro-
capsules of poly(Q-co-H)/NaAlg by optical microscopy

showed the epithelial morphology acquired by goat
epithelial mammary cells on microcapsule surface after
8 h of culture.

References

—

. Griffith L, Naughton G (2002) Science 295:1009-1014
. Joon Kong H, Smith MK, Mooney DJ (2003) Biomaterials
24:4023-4029
. Lanza RP, Langer R, Chick WL (1997) Academic Press. Austin, TX
. Langer R, Vacanti JP (1993) Science 260:920-926
. Langer R (1999) J Control Rel 62:7-11
. Langer R (1990) Science 249:1527—-1533
. Langer R (1998) Nature 392:5-10
. MacDonald C (1994) In: Davis JM (ed) Virus culture. Basic cell
culture: A practical approach. Oxford University Press, NY, USA
. Miranda PV, Gonzalez-Echeverria F, Blaquier JA, Mahuran DJ,
Tezon JG (2000) Mol Hum Reprod 6:699-706
10. Omelchenko T, Fetisova E, Ivanova O, Bonder EM, Feder H,
Vasiliev JM (2001) Proc Natl Acad Sci 15:8632-8637
11. The American Society for Testing and Materials (2002) Standard
guide for the characterization and testing of alginate for use in
biomedical and tissue engineering medical product applications, 10 pp
12. Valdés O, Agiiero L, Zaldivar D, Solis Y, Katime I (2005) Rev
Iberoam Polim 6(3):287-298

[c BN Be RV IS N

Nl

@ Springer



	Adhesion and growth of goat mammary epithelial cells on novel polyelectrolyte complex
	Abstract
	Introduction
	Methodology
	Cell and materials
	Synthesis of copolymer
	Microcapsule elaboration
	Microcapsule morphological characterization
	Microcapsule irradiation
	Preliminary study of cultured cells


	Results and discussion
	Preparation and characterization of poly(Q-co-H)/NaAlg microcapsules
	Cell adhesion and growth
	Cell growth on culture medium and scaffold (Cytodex) controls
	GMEC culture on sterilized microcapsules of poly(Q-co-H)/NaAlg


	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


