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Abstract

Specialised blend films have been prepared by blending 1% w/v konjac glucomannan aqueous with 1% w/v chitosan solution in acetate solution
and drying at room temperature for 24 h. The condensed state structure and miscibility of the blend films were studied by Fourier transform
infrared spectroscopy, scanning electron microscopy, differential scanning calorimetry, and wide-angle X-ray diffraction. The results indicated
that the blend film obtained from an 80/20 mixing ratio of konjac glucomannan and chitosan derivate showed the highest miscibility and blend
homogeneity, and that strong intermolecular hydrogen bonds took place between the amino groups of chitosan and the hydroxyl groups of konjac
glucomannan; thus the tensile strength also achieved its maximum in this ratio. The cell morphologies on the pure and blend films were examined
by light microscopy and cell viability was studied by using MTT assay. The results showed that the particular blend film was more suitable for the
cell culture than the pure konjac glucomannan film, and that the cells cultured on this blend film had greater spreading coefficients than that of the
pure konjac glucomannan film. As a result of the good mechanical properties, miscibility and biocompatibility, the blend film is a promising

biomaterial matrix.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

A wide variety of biomaterials with different physical-
mechanical, chemical and biochemical properties depending
on the biomedical application have been developed in the last
20 years. Directly related to the chemical and biochemical
characteristics of these biomaterials was their biocompatibility,
and it was defined as ‘the quality of not having toxic or
injurious effects on biological systems’ (Serrano et al., 2004).
Recently, biocompatibility had been considered as ‘the ability
of a material to perform with an appropriate host response in a
specific application’ (Serrano et al., 2004), taking into account
the interactivity between the biomaterial and the host. Among
the prominent applications for biomaterials are: controlled
drug delivery (Kissel et al., 1991; Nikolaos, Kelley, Madeline,
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& Anthony, 1999), orthopedic devices (Middleton, & Tipton,
2000), sutures, cardiac pacemakers, and vascular grafts.
Natural polymers such as konjac glucomannan (Ying-qing,
Bi-jun, & Xin, 2005), chitosan (Carreno-Gomez & Duncan,
1997; Takashi et al., 1997; Ding et al., 2004), and gelatin
(DiSilvio, & Downes, 1997; Lopes & Felisberti, 2003; Draye,
et al., 1998) have remained attractive primarily because they
are economical, readily available, and potentially degradable
and compatible due to their origin.

Konjac glucomannan is a heteropolysaccharide derived
from the konjac tuber. It consists of 1,4-linked B-p-
mannopyranose and B-p-glucopyranose units in a molar ratio
of 1.6:1 with a low degree of acetyl groups at the side chain C-6
position and having a molecular weight on average of 0.67-1.9
million (Li & Xie, 2004). It has been generally used in food,
film-formation, chemical engineering, and also specifically in
biomedical applications, for example, drug delivery (Wang &
He, 2002; Pathak, & Barman, 2003), cellular therapy (Slepian
& Massia, 2001), etc.

Chitosan is the most abundant natural polysaccharides
containing nitrogen. It is the N-deacetylated derivative of
chitin, a cationic polysaccharide composed of 3-p-glucosamine
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and N-acetyl-B-p-glucosamine residues with 1,4 linkages
(Majeti & Kumar, 2000; Xiao, Gao, Wang, & Zhang, 2000).
Chitosan and its derivatives have been identified as hydro-
philic, non-toxic, biodegradable, antibacterial materials suit-
able for tissue engineering as the scaffold (Madihally, &
Matthew, 1999; Zhang, & Zhang, 2001; Lee, et al., 2002;
Shanmugasundaram, et al., 2001). It has been used as artificial
skin to accelerate wound and ulcer healing and as a
biocompatible vehicle for sustained release of drug (Oungbho,
& Miiller, 1997). The positive surface charge and biocompat-
ibility of chitosan enabled it effectively to support cell growth
(Zhang, Li, Gong, Zhao, & Zhang, 2002).

However, chitosan also has some drawbacks, it being
soluble in aqueous medium only in the presence of a small
amount of acid. Its mechanical properties have also proved to
be unsuitable in some biomedical applications (Chuang,
Young, Yao, & Chiu, 1999; Hu, Jou, & Yang, 2004).

This paper reports work aimed at modifying chitosan by
blending it with konjac glucumannan to improve the
mechanical properties and water solubility and the biocompat-
ibility of chitosan as a konjac glucomannan/chitosan blend
film. The morphological structure, thermal stability, and
mechanical properties of the blend films were studied by
infrared (IR), wide-angle X-ray diffraction (WAXD), differ-
ential scanning calorimetry (DSC), scanning electron micro-
scope (SEM), and electron tensile test. The relationship
between the structure and their physicochemical properties is
discussed. In addition, the work also sought to find out whether
a konjac glucomannan/chitosan blend film would have the
desired biocompatibility according to the MTT (3-[4,5-
dimethylthiazol-2-yl1]-2, 5-diphenyltetrazolium bromide; Thia-
zolyl blue) assay and cell morphological observation.

2. Materials and methods
2.1. Materials

Konjac glucomannan was extracted and purified from the
tuber of Konjac Amorphophallus. The tubers were sliced to
about 8 mm in thickness and then dried under heated air at
65 °C for about 6 h. The dried sheets were pulverized by mill.
The crude flour was immersed in 50% (v/v) aqueous methanol
for 3 h and then dried at 50 °C under reduced pressure. Then,
the raw konjac flour was extracted with benzene—absolute
alcohol (4:1 v/v) and trichloromethane—n-butanol (Sevag
method) for five times, respectively. The fat- and protein-
extracted flour was dissolved with a mixture of distilled
water/hydrogen peroxide [H,O: 30% H,O,=5:1 (v/v)] and
heated at 40 °C for 20 min; After environmental cooling to
room temperature, the hydrosol was centrifuged at 17,000g for
20 min (Himac Centrifuge, Hitachi). Then, acetone was added
to the supernatant and stirred. After being filtered with a
128 pm mesh sieve, the white cotton-like precipitate was
squashed, and then dried by vacuum freeze drying (Li & Xie,
2004). This konjac glucomannan had a viscosity-average
molecular weight (Mv) as determined by viscometry of

9.89X 10° according to the Mark—Houwink equation [n]=
5.96 10°Mv" " at 25 °C.

The chitosan was purchased from Wuhan Tianyuan
biomaterial Co. (Wuhan, China). Its degree of deacetylation
was measured to be 85% by the method of Tingda Jiang (2002),
and the viscosity-average molecular weight (Mv) of the
chitosan was determined by viscometry and result
was 1.68X10° according to the Mark—Houwink equation
[n]1=1.424%10"3 Mv*? at 25 °C.

2.2. Preparation of blend films

Purified totally soluble konjac glucomannan was dissolved
in distilled water to a concentration of 1 wt%. Chitosan was
dissolved in a 0.8 wt% aqueous sodium to prepare a
concentration of 1 wt% solution. The solutions of konjac
glucomannan and chitosan with different mixing ratios [90/10,
80/20, 60/40, 40/60 and 20/80 konjac glucomannan/chitosan
(w/w)] were cast onto polystyrene plates and dried at room
temperature. A series of blend films were there by obtained and
coded as KC1, KC2, KC4, KC6, and KC8. The films obtained
from pure konjac glucomannan and chitosan was coded as
KGM and CHI.

2.3. Characterization of films

The powdered films were blended with potassium bromide
and laminated, and the IR spectra were recorded with a Nicolet
(USA) Nexus 470 FTIR spectrometer. Film samples of about
100 pm thickness were coated with gold in 0.1 T vacuum
degree; The cross-section morphologies were observed on a
Hitachi X-650 SEM. The X-ray diffraction (XRD) curves of the
films were recorded with a Rigaku (Japan) D/max-RB X-ray
diffractometer and used a Cu Ko target at 40 kV and 50 mA.
The diffraction angle ranged from 60 to 5°. The crystallinities
of the films were calculated by X.= (F./(F.+ F,))100%,
where F, and F, are the areas of crystal and non-crystalline
regions, respectively. The DSC of the film samples (10 mg)
was performed under a nitrogen atmosphere with a DSC 200PC
(NETZSCH, Germany) with a flow capacity of 25 ml/min from
30 to 400 °C at a heating rate of 10 °C/min. The tensile strength
(o) and breaking elongation (¢;,) of the films were measured on
an electron tensile tester CMT-6104 (Shenzhen Sans Test
Machine Co., Ltd, China) with a tensile rate of 250 mm/min
according to the Chinese standard method (GB/T4456-96).

2.4. Cell culture

L929 fibroblast cells (obtained from Tongji Medical
College of Huazhong University of Science and Technology,
Wuhan, China) were cultured in RPMI medium 1640 contain-
ing 10% fetal bovine serum and 100 mg/ml penicillin and
100 mg/ml streptomycin. They were incubated in a 37 °C
water-jacketed incubator equilibrated with 5% CO, and kept at
approximately 99% relative humidity; the culture medium was
changed every 3 days. At confluence, the fibroblast cells were
harvested and subcultivated in the same medium.
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2.5. Extraction method

The KC2 blend film was soaked in serum-supplemented
culture medium (RPMI 1640) under 6 cm?/ml of culture
medium for 72 h at 37 °C according to the Chinese standard
method, the supernatant was extracted carefully, neutralized to
exclude the effect of pH and filtered through a 0.2 um film filter
(GB/T16886.5-97). So the extracts that contained almost all the
soluble compounds of the KC2 blend film in culture medium
was obtained. Then the extracts were diluted with culture
medium, a series of the extract dilutions (50, 25, 12.5, and
6.25% (v/v)) was collected. The cells were seeded into 96-well
plates at a density of 1X 105 cells/ml. The culture medium
(100 pl) was replaced with each concentration extract dilutions
after 24 h. After 24, 48, and 72 h incubation, the viability of
every group was assessed by the MTT assay (see below).
Serum-supplemented culture medium (RPMI 1640) was used
as control groups.

2.6. MTT assay

The cytotoxicity of KC2 extracts was evaluated against
L.929 cells by using the methyl tetrazolium (MTT) assay in a
96-well plate method (Eick, et al., 2002). MTT (3-(4,5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) was
dissolved in phosphate-buffered saline which was prepared
with NaCl 8.00 g, KC10.20 g, NaHPO, 1.15 g, KH,PO,0.20 g,
H,O 1000 ml (0.1 mol/l pH 7.2) at 5 mg/ml and filtered for
sterilization. MTT in PBS (25 ul) was added to each well of 96-
well plates. After 4 h incubation at 37 °C, unreacted dye was
removed by aspiration and the purple formazan product was
dissolved in dimethyl sulfoxide (150 pl/well) and measured
spectrophotometrically using an enzyme-linked immunosor-
bent assay (ELISA) Reader (MODELS550, BIO-RAD, USA) at
490 nm (OD490). The spectrophotometer was calibrated using
culture medium without cells. The relative cell growth (%)
related to control cells containing cell culture medium without
extracts was calculated from the following equation:

[OD]iex:

—100%
[OD] control

Relative cell growth (%) =

2.7. Light microscopy

The solution or mixed solution under test was spread on
coverslips and dried at room temperature, and sterilized for
30 min by UV irradiation. They were cast onto the 6-well plate.
The cells were seeded into the 6-well plates at a density of 1 X
10° cells/ml. The growth of fibroblasts on blend films was
observed and photographed under an inverted microscope
(Olympus, Tokyo, Japan) after 48 h.

The growth of fibroblasts on blend films was observed and
photographed under an inverted microscope (Olympus, Tokyo,
Japan) every day. Photographs were taken every 24 h. Pristine
glass surfaces were used as control groups.

3. Results and discussion
3.1. Structure and miscibility

In the IR spectra of the films of KC1, KC2, KC4, KC6,
and KC8, KGM and CHI (Fig. 1), the absorption band at
3441 cm ™' and the peaks at 2924 cm~ ' were assigned to the
stretching of —OH groups and C-H of methyl in konjac
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Fig. 1. FTIR spectra of the KC1, KC2, KC4, KC6, KC8, KGM and CHI films.
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Fig. 2. The DSC curves of the KC1, KC2, KC4, KC6, KC8, KGM and CHI
films.
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Fig. 3. WXRD diffraction curves of the KC1, KC2, KC4, KC6, KC8, KGM and
CHI films.

glucomannan; the characteristic absorption bands of mannose
in konjac glucomannan appeared at 886 and 804 cm ™~ '. The
broad peak at 1638 cm ™~ ! was assigned to stretching of C—O of
associate hydroxy groups. The absorption band at 3445 cm ™!
was assigned to the stretching of N-H groups bonded to —OH in
chitosan; the peaks at 1371 cm ™' ware assigned to the
characteristic bending absorption band of amino groups and
the stretching of amide III; the peaks at 1077 cm™' were
assigned to the characteristic absorption band of CgOH.
Compared with the spectrum of (pure) KGM and CHI, the
following changes had taken place in the blend films. The
absorption band around 3440 cm ™~ ! broadened and shifted to a
lower wave number with the increase of konjac glucomannan,
indicating the gradual increase of intermolecular hydrogen

bonds between chitosan and konjac glucomannan. The
stretching of carbonyl at 1723 cm ™' of konjac glucomannan
disappeared; and the stretching of intramolecular hydrogen
bonds at 1638 cm ™' in konjac glucomannan coupled and
shifted to a lower wave number, suggesting that the new
hydrogen bonds between chitosan and konjac glucomannan
molecules in the blend films occurred.

The DSC curves of the KGM, KC1, KC2, KC4, KC6, KC8,
and CHI films (Fig. 2) were used to determine the compatibility
of the blend by means of testing the endothermic peaks. In the
CHI curve, the main feature was that there was an endothermic
peak at 283 °C. The presence of such an endothermic peak
could not be attributed to the melting point of chitosan since a
recrystallization peak did not occur on subsequent cooling.
Hence, this peak, evident in the DSC traces, essentially
characterizes the thermal behavior of chitosan. The presence of
this peak presumably resulted from the thermal decomposition
of the glycosidic bonds of chitosan. Similarly, KGM revealed
the decomposition peaks at 266 and 320 °C. The DSC curve of
the konjac glucomannan/chitosan blend films exhibited the
thermal properties of the two main polymers: the decompo-
sition temperature of the konjac glucomannan, and the
decomposition temperature of chitosan which shifted to a
temperature 10 °C lower than in the pure chitosan. In addition,
the difference of the decomposition temperature of konjac
glucomannan and chitosan was least in the KC2 curve. In
general, the glass-transition temperature (7)) of blend films
was difficult to detect by using the ordinary DSC technique; in
this paper, we did not give the exact value of T,, but the
changes of number and location of the endothermic peaks in
DSC curve indicated that konjac glucomannan and chitosan

Fig. 4. SEM photographs of the cross-section for KC1, KC2, KC4, KC6 and KC8 films.
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Fig. 5. Tensile strength (o},) and breaking elongation (¢&,) dependence of the
content of KGM film.

120 ——24h
+
@ 10 48h
< —&—72h
%100-
5
— 90_
8
2 s
B
jo
X 70}

6 | | | | | |
%% 20% 40% 60% 80% 100% 120%
Concentration (v/v)

Fig. 6. Effects of the concentration of the extracts of KC2 on the relative cell
growth of 1.929 cells after 24, 48 and 72 h.

form a hydrogen-bonding interaction between them in the
blend films.

The WXRD curves of KGM, KC1, KC2, KC4, KC6, KC8,
and CHI films are shown in Fig. 3. The crystallinities of KGM,
KCl1, KC2, KC4, KC6, KC8, and CHI were 48.9, 45.9, 31.5,
49.3, 45.7, 42.1 and 37.6%, respectively. Four crystal peaks
could be recognized at around 26=7.8, 11.1, 17.8 and 23.4° in
the XRD pattern of CHI. The pure KGM film showed a non-
crystalline state and only had a very broad peak around 20=
20.0°. With the increase of the content of konjac glucomannan,
the diffraction peak corresponding to 11.1° of chitosan became
gradually lowered, and the diffraction angle neared more and
more to 20.0° accordingly. The same regularity could be drawn
in regard to diffraction peak around 26=7.8, 17.8 and 23.4°.
The diffraction peaks of KGM and CHI drew closer to each so
it indicated that the interaction between KGM and CHI
increased with the increase of konjac glucomanan content.

SEM is an important method for characterization of the
miscibility of two or more polymers. The compatibility of two
kinds of high polymer could be evaluated from the degrees of
homogeneity and the compactness has of the blend film, i.e. the
blend would be homogeneous and compact when the two kinds
of high polymer had a good miscibility. The scanning electron
micrographs of the films were shown in Fig. 4. The cross-
section morphologies of the film CH8 were an obvious phase
separation, the phase separation decreased again with the
increase of konjac glucomannan content. When the ratio of
konjac glucomannan to chitosan was 80:20 by weight, the
blend film KC2 showed smooth and homogeneous cross-
section morphology, suggesting a high miscibility and blend
homogeneity between the chitosan and konjac glucomannan.

Fig. 7. Photographs of L929 cells cultured for 48 h on KGM, CHI, KC2 and pristine glass (light micrograph, X 100).
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3.2. Mechanical properties

The study of mechanical properties is of primary importance
for determining the performance of materials, especially that of
film materials. The tensile strength (¢,) and breaking
elongation (¢,) dependence of the konjac glucomannan content
are shown in Fig. 5. The tensile strengths of the blend films
increased with the increase of konjac glucomannan content,
and the maximum value appeared at the KGM/CHI=80/20
mixing ratio (KC2) and achieved 88.05 MPa. The breaking
elongation (e&,) of the film was about 33% of average. The
considerable enhancement in tensile strength of blend films
indicated that intermolecular interactions between the konjac
glucomannan and chitosan in them.

3.3. Biocompatibility of the KC2 blend film

MTT reagent is a pale yellow substrate, which produces a
dark blue formazan product when incubated with viable cells.
Therefore, the level of the reduction of MTT into formazan
could reflect the level of cell metabolism. Fig. 6 shows effects
of the concentration of the extracts on the relative cell growth
after 24, 48 and 72 h. The relative cell growth of extracts and
dilutions were more than 75% after 24, 48 and 72 h. The
relative cell growth increased with the decrease of the
concentration of extracts, and fibroblasts proliferated in low
concentration extracts relative to the control. In addition, the
relative cell growth increased with the increase of days.

Photographs of the mouse fibroblast L.929 cells cultured for
48 h on the various materials are shown in Fig. 7. The surfaces
of the KGM, CHI and KC2 films have different effects on the
fibroblasts. Only a fraction of cells could attach on to the KGM
membrane. In contrast, when the films were blended by
chitosan, they became substrates with properties much like
those of controls. The cells attached and spread on the KC2
blend film surfaces without apparent impairment of cell
morphology.

From the MTT assay and cell morphology evaluation, it was
confirmed that the KC2 blend films had good biocompatibility
and in this respect was the best of the films produced.

4. Conclusions

A series of transparent blend films, prepared by blending 1%
w/v aqueous konjac glucomannan with 1% w/v chitosan in
acetate solution according to predetermined ratios and drying
at 40 °C on polystyrene plates for 4 h, all exhibited mechanical
properties in dry state that were obviously higher than those of
chitosan film. The mechanical properties achieved their
maximum when the weight ratio of konjac glucomannan to
chitosan was 8:2. FTIR, SEM, WAXD and DSC proved good
miscibility between chitosan and konjac glucomannan in KC2
blend film. The strong intermolecular hydrogen bonds existing
between the amino groups of chitosan and the hydroxyl groups
of konjac glucomannan in the blend films resulted in the
enhancement of mechanical properties. In addition, the MTT
assay and cell morphology evaluation proved that the KC2

blend films had good biocompatibility, making it possible to
apply the KC2 blend film to biomaterial.
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