
J.  Ind. Eng. Chem., Vol. 13, No. 1, (2007) 116-120

Preparation and Characterization of Gelatin-Poly(vinyl alcohol) 
Hydrogels for Three-Dimensional Cell Culture

Su Jung You*, Woong Schick Ahn*, Hong Seok Jang**,****, Moo Il Kang***,****, 
Heung Jae Chun*,

****
,†, Youn Mook Lim*****, and Young Chang Nho*****

*Department of Biomedical Sciences, College of Medicine, Catholic University, Seoul 137-701, Korea
**Department of Therapeutic Radiology, Uijeongbu St. Mary’s Hospital, College of Medicine, Catholic University, 

Uijeongbu 480-130, Korea
***Depatment of Internal Medicine, St. Mary’s Hospital, Catholic University, Seoul 150-713, Korea 

****Institute of Cell & Tissue Engineering, College of Medicine, Catholic University, Seoul 137-701, Korea
*****Division of Radiation Application Research, Korea Atomic Energy Research Institute, Chonbuk 580-195, Korea

Received October 2, 2006; Accepted November 7, 2006

Abstract: In this study, cross-linked hydrogels for 3D cell culture systems were made from a mixture of poly 
(vinyl alcohol) (PVA) and gelatin using a 60Co γ-ray irradiation technique. The physical properties of these 
hydrogels, including their gelatin content, water absorptivity, and gel strength, were examined to evaluate the 
applicability of these hydrogels as the 3D constructs for diploid cell cultures. The gel content and strength in-
creased  upon increasing the radiation dose and decreasing the concentration of gelatin. The degree of swelling 
was inversely proportional to the gel content and strength. The cyto-compatibility of these hydrogels, with re-
spect to their gelatin contents, was evaluated in vitro in cultures of mouse fibroblasts. The fibroblast adhesion 
in the hydrogels increased upon increasing the gelatin content. In addition, the fibroblasts cultured in gela-
tin-containing hydrogels showed improved spreading ability and growth ratios. Therefore, these hydrogels ap-
pear to be suitable for scale-up, and they are promising scaffold materials for large-scale diploid cell cultures.
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Introduction

1)

  Gelatin is a protein product produced by partial hydrol-
ysis of collagen extracted from skin, bones, cartilage, and 
ligaments [1]. The hydrolysis of collagen breaks down 
natural molecular bonds between individual collagen 
strands into a form that rearranges most of the compo-
nents of the extracellular matrix. In addition, gelatin easi-
ly forms a 3D semi-solid colloidal gel with water; the hy-
drophilic nature of gelatin gel allows simple and rapid 
cell seeding, and the seeded cells maintain their viability 
and functions in culture [2]. Therefore, gelatin has been 
widely used as a biological substrate to culture adherent 
cells. Although gelatin shows excellent cyto-compati-
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bility, its practical applications as porous scaffolds for 
cell growth and proliferation are often limited because of 
its brittleness or lack of flexibility [3]. In this study, we 
fabricated 3D gelatin-poly(vinyl alcohol) hybrid hydro-
gel-type scaffolds to overcome the limitations of gelatin 
scaffolds. Poly(vinyl alcohol) (PVA), as a synthetic poly-
mer, has gained popularity as a scaffold supporting mate-
rial for tissue engineering, because it endows mechanical 
stability and flexibility to the conventional scaffolds 
made of natural polymers [4]. In addition, PVA has a hy-
drophilic nature, good biocompatibility, and a con-
sistency similar to that of soft tissue; it may facilitate dif-
fusional exchange of nutrients and waste products with 
the surrounding environment [5]. So far, chemical meth-
ods using low-molecular-weight cross-linking agents 
have been widely employed for the preparation of gela-
tin-PVA hybrid scaffolds [6]. Unfortunately, these cross- 
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linked materials have proved to be cytotoxic [7]. There- 
fore, investigating a new cross-linking method for the 
preparation of hydrogels that exhibit low toxicity and 
compatibility to cells and tissues is desirable in the 
fast-growing field of tissue-engineering. Irradiative cross- 
linking techniques appear to be good candidates to fulfill 
such a role. Radiation can induce chemical reactions to 
modify polymers even when they are in the solid state or 
at low temperature [8]. In addition, radiation cross-link-
ing can be easily adjusted by controlling the radiation 
dose, and it is reproducible [9]. The finished product 
contains none of the residual substances required to ini-
tiate the chemical cross-linking that may restrict its appli-
cation possibilities [10].
  The aim of this study was to evaluate gelatin-PVA 3D 
scaffolds prepared by radiation cross-linking for use as 
tissue engineering scaffold materials. Hybrid scaffolds 
containing different compositions of gelatin and PVA 
were prepared by 60Cobalt gamma-ray (Co γ-ray) 
irradiation. The physical properties of these hybrid scaf-
folds were evaluated in terms of their gelatin/PVA 
composition. The cyto-compatibility of these scaffolds 
was also examined in vitro in cultures of mouse fibro- 
blasts.

Materials and Methods

Preparation of Scaffolds
  Gelatin (from porcine skin) and PVA (MW: 1.46 × 103 
∼8.5 × 104) were purchased from Sigma Chemical 
Company, and used without further purification. Gelatin 
solution (5 wt%) was prepared by dissolving 5 g of gela-
tin powder in 100 mL of distilled water at 25 oC. 15 wt%  
PVA was dissolved in distilled water at 90 oC. The gela-
tin solution was slowly added into the PVA solution to a 
final concentration of 10∼30 v/v%, and mixed at 30 oC 
using a homogenizer at 3000 rpm. The blended solution 
was then filled into a polystylene culture plate. Prior to 
irradiation, the solutions were kept at 30 oC for 12∼24 h  
to remove any air bubbles, and then packed. The aqueous 
gelatin-PVA solution in a petri-dish was irradiated with 
60Co γ-rays of various doses (25∼50 kGy) at room 
temperature.

Gel Content 
  After irradiation, the crosslinked hydrogel was dried un-
der vacuum for 48 h at room temperature and then 
weighed. The hydrogel was kept in hot distilled water at 
60 oC for 48 h. The insoluble part of hydrogel, which 
consisted of only the crosslinked hydrogel, was dried un-
der vacuum at 60 oC for 48 h until the hydrogel reached a 
constant weight. The gel content was defined as follows:
  Gel (%) = (Wd/Wi)×100, where Wd is the dried weight 

of hydrogel after extraction and Wi is the initial weight of 
the hydrogel.

Degree of Swelling
  The weight of completely dried gels was measured. The 
samples were dipped into test tubes filled with PBS (pH 
7.4), the temperature of which was maintained at 36 oC 
in an incubator. The degree of swelling of these samples 
was defined as follows:
  Degree of swelling (%) = (Ws - Wd) / Wd×100, where 
Ws is the weight of the swollen gels. This measurement 
was repeated until the weight of the gels reached a con-
stant fully swollen state.

Gel Strength and Elongation at Break
  The mechanical properties of the hydrogels were ob-
tained by determination of the gel strength. Gel strength 
is the peak force (FB), in grams, multiplied by the dis-
tance (△D) to the rupture measured, in centimeters. 
Tests were conducted by using a “TA-XT2” texture ana-
lyzer at room temperature. The gel was mounted on a test 
die containing a hole.
  Gel Strength (g․cm) = FB×ΔD, where FB is the applied 
force at break and ΔD is the elongated distance of the gel.

Cell Culture
  The cyto-compatibility of hydrogels was evaluated on 
mouse fibroblasts. L929 fibroblasts (ATCC CCL1, 
NCTC clone 929, from mouse connective tissue) were 
suspended in Dulbecco’s modified Eagle’s medium 
(DMEM, Gibco, Grand Island, N.Y, USA) supplemented 
with additives of 10 % fetal bovine serum (FBS, Gibco, 
Grand Island, N.Y, USA)  and 1 % Penicillin strepto- 
mycin (PS, Gibco, Grand Island, N.Y, USA) as an 
antibiotics. Those cells were cultured at 37 oC in an at-
mosphere of 5 % CO2 and 95 % air. To provide a com-
parative study of the function of fibroblasts in different 
culture systems, cells were seeded on each hydrogel in 3 
mL of the same culture medium under the same 
conditions. 
 
Cell Adhesion Assay
  Cell adhesion in three groups of 24-well plates contain-
ing hydrogels was studied at different time intervals. 
Fibroblasts were suspended in 10 % FBS-Dulbecco’s 
modified Eagle’s medium and dispensed on different 
samples at 1 mL per well. This process yielded a cell cul-
ture density of 1×106 fibroblasts on the hydrogel. The 
cells were cultured in a humidified incubator with 5 % 
CO₂(37 oC) for 4, 8, 12, or 24 h, respectively. At each 
time interval, unattached cells were removed by washing 
with PBS. The fibroblast attachment was calculated us-
ing the ‘analySIS Five’ program with an inverted micro- 
scope (CKX-41, Olympus, Japan). 
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Figure 1. Gel contents of the hydrogels (means ± 3.8; n = 3).

Figure 2. Degree of swelling (means ± 4.7; n = 3).

Morphology Assay
  To observe the morphologies of the adhered fibroblasts 
on each hydrogel, the cell culture media were removed 
and the hydrogels were washed twice using phosphate- 
buffered saline (PBS). After washing, the hydrogels were 
fixed in 2.5 % glutaraldehyde solution for 30 min. Fixed 
samples were washed three times in PBS 7.4, stained 
with Giemsa’s azur eosin methylene blue (Merck, 
Darmstadt, Germany), and then observed under a phase- 
contrast microscope (BX51, Olympus, Japan).  

Statistics
  Statistical evaluation of the data was performed using 
Student’s t test. Probability (p) values < 0.05 were con-
sidered to indicated statistically signification differences; 
these values were calculated with the assistance of Origin 
6.1 software (OriginLab, Northampton, MA, USA). The 
results are expressed as mean ± S. D. (SD).

Figure 3. Tensile strengths of the hydrogels (means ± 4.8; n =3).

Figure 4. The elongation of hydrogels (means ± 4.1; n = 3).

Results and Discussion
  Figure 1 shows the gel content of the hydrogels pre-
pared by γ-ray irradiation. The gel contents were in the 
range 80∼97 %. The gel content increased upon de-
creasing the gelatin content in the gelatin-PVA hy- 
drogels. This finding may be attributed to the differences 
in the dissolution characteristics of two polymers [5]. 
However, the increase in the radiation dose was found to 
surmount this problem to a certain extent. The degree of 
swelling was in the range 90∼190 % (Figure 2). The de-
gree of swelling increased as the concentration of gelatin 
increased and as the radiation dose decreased. The swel-
ling percentage was inversely proportional to the gel 
percentage. The durability and the elasticity are also im-
portant characteristics of ideal scaffold materials for use 
as constructs of cultivated cells [11]. The tensile st- 
rengths and elongations of the hydrogels are shown in 
Figures 3 and 4, respectively. The tensile strength of the 
gelatin-PVA hydrogels increased as the concentration of 
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Figure 5. Changes in cell adhesion with respect to incubation 
time (n = 3).

Figure 6. Morphologies of attached fibroblasts (Day 1).

gelatin decreased and as the radiation dose increased. 
This result may imply that the brittle characteristics of 
gelatin can be compensated for by the toughness of PVA 
[12]. All of the samples had tensile strengths and elonga-
tions over 120 g ․ cm and 80 %, respectively.
  Figure 5 represents the changes in cell adhesion on the 
hydrogels. Cells were readily attached to the hydrogels, 
and the number of attached cells increased upon increas-
ing the gelatin content. Most synthetic hydrogels, such as 
PEG and PVA, are known to prevent cellular adhesion 
for long periods of time, because most cells do not have 
receptors for hydrogel polymers [13]. However, gelatin, 
as a denatured collagen, contains a large number of gly-
cine, proline, and hydroxyproline residues. A typical st- 
ructure is -Ala-Gly-Pro-Arg-Gly-Glu-4Hyp-Gly-Pro- [1]. 
Therefore, incorporation of gelatin to synthetic hydrogels 

Figure 7. Morphologies of attached fibroblasts (Day 7).

provides various kinds of ligands that bind to the re- 
ceptors on cell surfaces, providing enhanced adhesion. 
  Observation of the morphological changes of attached 
cells is a very important means for predicting post cel-
lular responses; spreading, proliferation, and survival. An 
ideal scaffold must provide the contact guidance for con-
trolling cell adhesion and directing cell migration that in-
fluencing cell proliferation [13,14]. Figures 6 and 7 show 
the morphologies of attached fibroblasts. The large pop-
ulations of cells on the scaffolds with gelatin adopted 
more extensively spread morphologies, with longer cyto-
plasmic extensions that those observed in the absence of 
gelatin. From these observations, it may be concluded 
that gelatin promoted cell adhesion as well as cellular 
tractional activities through signal transduction pathways 
between intracellular and extracellular environments.
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