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ABSTRACT 

Bamboo fibers were used as source to prepare cellulose hydrogel films for cell cultivation scaffold. The preparation of 
cellulose solutions was carried out by three different dissolving methods with NaOH-based and NaOH/urea aqueous 
solutions and DMAc/LiCl solution. Several hydrogel films were elaborated and their properties were compared to eval-
uate the effect of the dissolving method. It was found that tensile strength of the resultant hydrogel films increased from 
21 to 66 N/mm2 when DMAc/LiCl was used instead of the NaOH/urea solution. The same tendency was observed in 
the obtained elongation values. Moreover, a remarkable difference in fibroblast cell cultivation was observed in higher 
cell density, when DMAc/LiCl method was used. The obtained results with DMAc/LiCl also were seen to be higher 
than the results for PS dish used as control. However, low cytocompatibility was observed when NaOH and NaOH/urea 
methods were used. The obtained results showed that hydrogel films elaborated with cellulose solution prepared with 
DMAc/LiCl method exhibited good cytocompatibility for the cell cultivation scaffold. 
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1. Introduction 

As reported, scientists have devoted much energy to the 
development of novel hydrogels for tissue engineering. 
This has a purpose in natural polymers like cellulose oc- 
curring in attractive strategy for producing scaffolds for 
tissue regeneration [1,2]. More recently, fibroblast com- 
patibility was reported on scaffold hydrogel films pre- 
pared from agave tequilana weber bagasse for tissue re- 
generation [3]. However, little is known about the meth-
od for elaborating hydrogel films by using cellulose. It is 
known that cellulose is the most important renewable 
resource on the earth. Natural fibers as bamboo can be 
renewable and cheaper for the preparation of hydrogels 
[1-5]. However, the dissolution of cellulose without 
chemical modification or derivation is difficult to achieve 
because of the stiffness and close chain packing caused 
by numerous inter-and intra-molecular hydrogen bonds 
which present in cellulose. Therefore, cellulose still has 
not reached its potential in many areas for all its avail-
ability [6-8]. The most general solvents for dissolving 
cellulose are unsuitable. More common than not,  

cellulose needs to be activated or made accessible to be 
dissolved. In addition, the dissolving methods generate 
hazardous environmental pollution. Moreover, it was 
found that chemical modification or derivatization meth- 
ods might affect the cytotoxicity of the obtained films for 
medical applications [9-12]. Thus, identifying new sol- 
vent systems for cellulose processing would help to re- 
duce these toxicity problems. Some powerful non-deri- 
vatizing organic solvents for cellulose have been devel- 
oped and used for preparing regenerated cellulose films 
and fibers during the last two decades, such as n-me- 
thylmorpholine-n-oxide and ionic liquids [13-15]. In ad- 
dition to solvents mentioned previously, NaOH-based 
aqueous systems have been one focus of cellulose sol- 
vents research because of they can lead to environmen- 
tally friendly, simple, and economic process. Moreover, 
some limitations of NaOH-based aqueous systems have 
been observed on the preparation of solutions from wood 
pulps [16-18]. This due to the intermolecular hydrogen 
bonds presenting in cellulose. The effectively destruction 
of intermolecular hydrogen bonding, is essential for suc- 
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cessful applications of cellulose. Intermolecular hydro- 
gen bonding of polysaccharides can be broken by using 
urea. Interestingly, NaOH and especially urea broke in- 
termolecular hydrogen bondings of polysaccharides, 
loading to enhance water-solubility. The addition of or- 
ganic compounds such as urea, thiourea to NaOH solu- 
tion could have substantial impact on cellulose solubility 
[19-21].  

One of the most useful solvent systems to emerge over 
the last two dacates is N,N-dimethyl acetamide with lith- 
ium chloride (DMAc/LiCl). DMAc/LiCl has become the 
solvent of choice for high-molecular weight cellulose 
analysis, as well as for the determination of solution 
characteristics of a number of other polysaccharides 
[22-24].  

The purpose of this study was to compare the prepara- 
tion method of cellulose solutions from bamboo fibers by 
NaOH-based aqueous, NaOH/urea and DMAc/liCl sys- 
tems to elaborate hydrogel films for fibroblast cell culti- 
vation. 

2. Experimental Procedure 

2.1. Materials 

Bamboo fibers were provided from Hokuetsu Kishu Pa- 
per Mill CO. Sodium hydroxide and urea were purchased 
from TCI (Tokyo, Japan). N,N-dimethyl acetamide was 
purchased from TCI (Tokyo, Japan) and stored for more 
than 5 days over potassium hydroxide before uses. Lith- 
ium chloride was dried at 80˚C for 12 h in a vacuum ov-
en. Ethanol was purchased from Nacalai Tesque. Inc 
(Tokyo, Japan). Tripsin-M-ethylenediaminetetraacetate 
(Trypsin-EDTA) was purchased from Gibco (Tokyo, 
Japan) and formaldehyde (37 vol% aqueous solution) 
was from Wako Co., Ltd. NIH3T3 mouse embryonic 
fibroblast cells were also purchased from BioResource 
Center (Japan). 

2.2. Preparation of Cellulose Solutions 

NaOH-based aqueous method: the cellulose fibers (1 g) 
were washed and swollen in ethanol followed by water 
according to exchange solvent technique. Then, cellulose 
fibers were dissolved in sodium hydroxide aqueous 9 
wt%. The suspension was stirred for 10 h and then frozen 
at −20˚C to become a solid state. After being frozen in 
about 15 h, the solid mass was taken out the freezer and 
thaw at ambient condition [25]. 

NaOH/urea method: cellulose fibers (1 g) were dis- 
solved in urea aqueous solution (14 wt%) pre-cooled to 
0˚C with stirring for 1 min. Then, urea aqueous solution 
(24 wt%) pre-cooled to 0˚C was added immediately with 
stirring vigorously for 2 min. The solution was kept at 
0˚C during 12 h and left at room temperature until the 
solution became liquid again [21]. 

DMAc/LiCl method: cellulose fibers (1 g) were treated 
by three steps of solvent exchange. First, fibers were sus- 
pended in 300 mL of distilled water and stirred overnight, 
after water was removed, ethanol (300 mL) was added to 
the swelled fibers and the mixture was stirred for 24 h. 
Then, ethanol was removed and DMAc was added and 
then stirred for 24 h. Then, DMAc (previously dried with 
potassium hydroxide) was added to the swelled cellulose 
fibers to obtain 1 wt% solution, and LiCl (6 wt%) was 
added. The mixture was stirred at room temperature for 3 
days until a viscous solution was obtained [15].  

2.3. Preparation of Hydrogel Films 

NaOH-based aqueous method: the obtained solution (10 
g) was cast on the glass plate and heated at 70˚C. Then, 
distilled water was poured into the glass plate to gently 
wash the semi-membrane obtained and reduce the alka- 
line and remove the insoluble cellulose. After washing, a 
second drying process was carried out at 75˚C until a 
dried membrane was obtained. Second washing step was 
done to enhance the mechanical properties. Finally, a 
third drying step was carried out at 75˚C until a dried 
membrane was obtained. 

NaOH/urea aqueous method: the obtained solution (10 
g) was poured on a glass plate and coagulated with iso- 
propanol overnight. The resulting film was washed by 
ethanol 3 times.  

DMAc/LiCl method: 10 g of cellulose solution were 
poured into a glass plate tray (10 cm diameter) and kept 
for 12 h in a container filled with 20 mL of ethanol as 
coagulant. The resulting film was washed by ethanol 3 
times and then submerged in water for 12 h.  

The films obtained for the different dissolving metho- 
ds were submerged in 100 mL of distilled water and pla- 
ced in a shaking bath at 25˚C for 24 h to remove traces of 
chemical compounds, distilled water was changed each 2 
h. Finally, the hydrogel films were immersed in distilled 
water for 12 h and kept in phosphate buffered saline 
(PBS) at 4˚C in a plastic container.  

2.4. Evaluation of Hydrogel Films 

Before the preparation of the hydrogel films, shear vis- 
cosity of the obtained cellulose solutions was measured 
by a B type viscometer at 25˚C. Water contents of the 
resultant hydrogel films were determined by weighing 
the wet and dry samples by following. Samples of 5 mm 
diameter were cut from cast films, dried in a vacuum 
oven and weighed. The samples were then swollen in 
PBS for 36 h and blotted lightly with filter paper to re- 
move excess PBS. The weight of the swelled samples 
was then determined. The percent of equilibrium water 
content (EWC) was calculated based on EWC = Wh − 
Wd/Wh × 100. Where Wh is the weight of the hydrated 
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sample and Wd is the dry weight of the sample. For each 
specimen, four independent measurements were deter- 
mined and averaged [26]. 

Tensile strength and elongation of the hydrogel films 
were measured on LTS-500-S20 (Minebea, Japan) with 
universal testing machine equipped with a 2.5 kN cell. 
Strips (50 × 10 × 1 mm) were cut from cast films with a 
razor blade. Strain was recorded by means of Zwick- 
Makrosense clip-on displacement sensors. One set of 
samples (five strips each) was measured and each set was 
repeated 3 times. Only samples which ruptured near mid- 
specimen length were considered for calculation of ten- 
sile strength. The values of the tensile strength and elon- 
gation were calculated by using the following: 

Tensile strength (N/mm2) = Maxilum Load/cross-sec- 
tion area. 

Elongation (%) = (Final length (mm) – Initial length 
(mm))/(Initial length (mm)) × 100 

Water contact angle (WCA) measurements were car- 
ried out by using a contact angle goniometer (Kyowa 
Interface Science). Samples of 2 × 2 cm were cut from 
cast films. Samples were stuck on a glass slide and 
mounted on the goniometer. A total of 3 µL of distilled 
water was dropped on the airside surface of the film at 
room temperature. And the values of the contact angle 
were measured after 10 seconds and at least eight meas- 
urements were averaged for each prepared film to obtain 
a reliable value. 

2.5. Cytotoxicity of Hydrogel Films 

Hydrogel films circles with 30 mm diameter were used 
for cell seeding purposes. The samples were sterilized 
with 70 and 50 wt% of aqueous ethanol for 30 min and 
then, rinsed twice with PBS for 30 min. Finally, the hy- 
drogel films were swelled in Dulbecco’s modified eagle 
medium (DMEM) for 2 h before seeding procedure. The 
NIH3T3 mouse embryonic fibroblast cells were cultured 
at 37˚C in 95 wt% of relative humidity and 5 wt% of 
CO2 environment. The culture medium was in 90 wt% of 
DMEM supplemented with 10 wt% of fetal bovine serum 
(FBS) and 1 wt% of penicillin/streptomycin. The cells 
were seeded (cell density 8 × 103 cm2) on the hydrogel 
films and tissue culture grade polystyrene dish (PS dish) 
was used as control. The cells were used for imaging and 
characterization purpose after 4, 24, 48 and 72 h of cul- 
ture. The sample image was obtained using an inverse 
microscope (Olympus CKX41, Japan). Approximately, 
50 cells were analyzed per image. For each sample, five 
images were analyzed to obtain an unbiased estimated of 
the cell morphology. The results presented herein were 
based on three independent experimental runs. The meas- 
urements were assessed statically using a one-way analy- 
sis of variance (ANOVA) test followed by Student’s t 
Test with a significance criterion of p < 0.05. 

3. Results and Discussion 

3.1. Preparation of Hydrogel Films 

Figure 1 shows shear viscosity of the obtained cellulose 
solutions. The white cellulose fibers from bamboo were 
used (Figure 2(a)). The cellulose solutions made with 
bamboo fibers varying the dissolving method showed a 
significant difference in shear viscosity value around 107 
Cp, 109 Cp, and 165Cp for NaOH-based aqueous meth-
od, NaOH/urea aqueous method and DMAc/LiCl method, 
respectively. The change could be attributed to the effect 
on the cellulose fibers by the chemical compounds used 
in the different methods. McCormick et al., reported that 
compounds such as sodium hydroxide tend to affect 
changes in the molecule: the remaining cellulose is either 
degraded, its crystallinity has been altered and/or it is not 
absolutely pure [27]. It was also observed that shear vis-
cosity value was higher in the cellulose solution prepared 
by DMAc/LiCl method. This could be due to it has been 
reported that the DMAc/LiCl method can dissolved cel-
lulose with a molecular weight of more than 106 under 
ambient conditions without severe degradation or other 
undesirable reaction. 

It was seen that a remarkable difference in appearance 
was observed in the obtained hydrogel films. All the cel- 
lulose solutions prepared from bamboo fibers (Figure 
2(a)) by different dissolving method were transparent. 
On the other hand, the hydrogel film elaborated with 
cellulose fibers dissolved by NaOH/Urea method showed 
a white color and low transparency (Figure 2(b)). Lower 
white color was observed in hydrogel film prepared with 
cellulose fibers dissolved by NaOH-based aqueous me- 
thod (Figure 2(c)). In addition, only a highly trans- par-
ent and color less hydrogel film was obtained when 
DMAc/LiCl method was used for the preparation of cel- 
lulose solution (Figure 2(d)).  

Table 1 also lists hydrogel film properties, as equilib- 
rium water content at room temperature for 36 h.  

The water content decreased from 31.2% to 10.9% 
when the dissolving method was change from DMAc/ 
LiCl to NaOH/urea for the preparation al cellulose solu- 
tion. This could be attributed the effect of NaOH on the 
cellulose fibers. Thus, when DMAc/LiCl method was 
used for the preparation of cellulose solution, water mol-
ecules were capable of penetrating and interacted easily 
into the obtained hydrogel films. For uniaxial tensile 
testing, the hydrogel samples (50 × 10 × 1 mm) were 
placed between two clamps and the film was then pulled 
away. Table 1 shows that higher elongation and tensile 
strength was observed in the films elaborated with cellu- 
lose solution prepared with DMAc/LiCl method. Tensile 
and elongation values increased from 21 to 66 N/mm2 
and from 8% to 33.5%, in the cases of NaOH/urea and 
DMAc/LiCl, respectively. Water contact measurements  
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Figure 1. Shear viscosity of hydrogel films elaborated with 
cellulose solution prepared with different dissolving method. 
Shear viscosity was measured at 6 and 60 rpm at 25˚C. 
 
 (a) (b) 

(c) (d) 

 

Figure 2. Cellulose fibers and hydrogel films for (a) bamboo 
fibers, (b) film obtained when NaOH/urea and, (c) film ob-
tained when NaOH method, were used and (d) for film ob-
tained when DMAc/LiCl was used. 
 

Table 1. Properties of hydrogel films. 

Dissolving 
method 

EWC 
(%) 

Elongation
(%) 

Tensile strength 
(N/mm²) 

WCA 
(degree)

DMAc/LiCl 31.2 33.5 66 61 

NaOH 14.1 13 27 35 

NaOH/urea 10.9 8 21 32 

 
showed that the surface of films obtained with cellulose 
solutions prepared with NaOH were more hydrophilic 
with a contact angle around 32˚ compared with the hy- 
drophilic behave observed on the surface of hydrogel 
films elaborated with cellulose solution prepared with 
DMAc/LiCl with contact value around 61˚. 

3.2. Cytotoxicity of Hydrogel Films 

If the present hydrogels would be applied for healing 
repair as scaffold, another important issue to consider is 
fibroblast growing on the hydrogel surface [3]. In order 
to observe such behavior, phase-contrast light micro- 
scope images were used. Figure 3 shows cell density of 
the hydrogel films prepared.  

A remarkable difference was observed when the dis- 
solving method for the preparation of cellulose solutions 
was changed (ANOVA, p < 0.05). Moreover, the number 
of adherent cells on the hydrogel films was higher when 
DMAc/LiCl was used, this was significant (Student’s 
t-test, p < 0.05, n = 6). This results were significant com- 
paring NaOH and NaOH/Urea method (Student’s t-test, p 
< 0.05, n = 6). After 72 h of cultivation cell density on 
hydrogel films elaborated with cellulose solution pre- 
pared with DMAc/LiCl method showed an increased. 
This increase was significant comparing with PS dish 
results (Student’s t-test, p < 0.05, n = 6). These results 
were consistent with the reported by Salem, et al., they 
observed higher cell density on surface with a contact 
angle around 60˚ [28] as the observed on hydrogel films 
elaborated with cellulose solution prepared with DMAc/ 
LiCl method.  

As shown in Figure 4, phase-contrast light microscope 
images revealed a remarkable difference on fibroblast 
pattern in the morphology for PS dish (a-c) used as con- 
trol, and the hydrogel films (d-l).The Hydrogel films 
obtained in the DMAc/LiCl system was used for cases of 
(d-f). The adherent cells showed longer axis shape of the 
grown adherent cells as compared with those adhered on 
the PS dish at the same condition (a-c). Moreover, the 
boundaries of the adherent cells on the cellulose films 
obtained when DMAc/LiCl method was seemed to be 
clear tightly adhesion at 4h for (d) on the hydrogel sur- 
face showing a diffuse shape on the cultivated cell edge. 
In addition, anisotropic shape was observed in the first 4 
h of cell culture. It was also noticed that the anisotropic 
shape increased in the adherent fibroblast cells after 72 h 
(d) of culture time passed [3]. These results revealed that 
the hydrogel films obtained from DMAc/LiCl solution 
had higher cytocompatibility ratherthan the PS dish used. 
On the other hand, the cellulose obtained in the NaOH 
method was used as (g-i) adherent fibroblast cells 
showed lower anisotropic shape as compared to PS dish 
at 4 h. In addition, no significant difference on the num- 
ber of adherent fibroblast cells and less change in mor- 
phology was observed during the 72 h. When the NaON/ 
urea was used as (j-l), the adherent cells had also less 
anisotropic shape, butround shape was observed at 4 h. 
The boundaries of the fibroblast cells seemed to show 
poor adhesion of the cellulose films and to be less re- 
markable difference in the observed at 72 h. These re- 
sults showed that the low cytocompatibility of the hy-  
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Figure 3. Cell number on the hydrogel films surfaces as 
function of culture time. The dissolving method for the 
preparation of cellulose solution was varied. An asterisk 
indicates statistically significant different from PS dish used 
as control (p < 0.05). Mean ± SEM (n = 6). 
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Figure 4. Phase-contrast light images, (a-c) PS dish used as 
control, (d-f) DMAc/LiCl method, (g-i) NaOH method and 
(j-l) NaOH/urea method. The time culture was 4, 24 and 72 
h. 
 
drogel films obtained by the NaOH and NaOH/urea 
methods. This could be attributed to the lower water at- 
tachment rather than the sample surface of the DMAc/ 
LiCl for the NaOH and NaOH/urea films. It has been 
reported for the silicon scaffolds that lower contact angle 
values and low mechanical properties affected fibroblast 
adhesion [28]. 

4. Conclusion 

Cellulose hydrogel films from bamboo fibers dissolved 
by three different methods were obtained. Depending of 
the dissolving method used, hydrogel film exhibited 

lower tensile strength, elongation and contact angle in the 
case of NaOH and NaOH/urea systems. On the other 
hand, very good cytocompatibility was observed in the 
hydrogel films elaborated with DMAc/LiCl solution. It 
was proved that the dissolving method used for the prep-
aration of the cellulose solution affects the properties of 
the obtained films. These results suggest that hydrogel 
films elaborated with cellulose solution prepared with 
DMAc/LiCl showed better possibility of usage for tissue 
engineering scaffold. 
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