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ABSTRACT

Bacterial cellulose essentially a high value special chemical with specific application and usage.
Some 1s produced commercially as a source of highly pure polymer so called cellulose I. Current uses
of bacterial cellulose are slowly gaining publicity with applications ranging from food additives and
paper binding agents. The bacterial cellulose also used as temporary skin substitute. Modern
medical bictechnoelogy has accepted artificial skin as valid prospect. It has successfully applied by
dermatologist and plastic surgeons. This can applied for human second and third degree skin burn,
skin graft, face peeling, infectious dermolysis, trophic venous and chronic ulcers. The current study
also aims to use the bacterial cellulose for the healing of wounds with slight alterations. Generally
cellulose from Acetobacter xvlenum was used for wound healing, but in this study cellulose from
Rhizobium sp. was used. The bacterial cellulose 1s modified by mixing with alginate and examined
their wound healing activity in experimental mice.

Key words: Bacterial cellulose, woundhealing material, cellulose I microfibril, modified bacterial
cellulose

INTRODUCTION

Cellulose, the most wide spread biobased material on earth (Haigler and Benziman, 1982).
Cellulose 1s synthesized by a variety of organisms ranging from multicellular and unicellular plants
to bacteria. According to bacteria several general known to synthesize cellulose cite Acetobacter sp.
and Rhizobtum sp. so produce cellulose (Napoli ef al., 1975). Cellulose synthesis is an intrinsic
property of Rhizobium strains (Ross et al., 1991) cells produce cellulese fibrils as an extra cellulose
product during growth (Cannon and Anderson, 1991) in the absence of plant cell (Delmer and
Amor, 1995), Bacterial cellulose essentially a high value special chemical with specific application
and usage (Brown, 1989). Bacterial cellulose essentially forms the basis for high quality diaphragm
membranes in which the distribution of fibrils containing parallel joining of the glucan chains yield
fibers possesing high tensile strength (Franz and Alban, 1995). Bacterial cellulose 1s essentially a
high value special chemical with specific application and usage (Okiyama et al., 1993). Some is
produced commercially as a source of highly pure polymer so called cellulose I. This Bacterial
cellulose has a number of potential uses (Okiyvama ef af., 1992; White and Brown, 1989) and is
manufactured in the form of dressing for patient with burns (Fontana ef al., 1990), chronic skin
ulcers, or other extensive less of tissue called Bio fill. The cellulose act as a temporary skin
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substitute (Joris ef al., 1994) with high mechanical strength in the wet state. The high water
capacity of the oxygen permeable film appears to stimulate regrowth of skin tissue (Yoshinga ef al.,
1997, Hinman and Maibach, 1963). The cellulose act as a temporary skin substitute
(Joris et al., 1994) with high mechanical strength in the wet state. Wound dressing based on alginic
material is well known, in literature as well as from commercial point of view, in wound
management (Paul and Sharma, 2004) alginate being a natural haemostat, alginate based
dressings are indicated for bleeding wounds. The gel forrmng property of alginate helps in removing
the dressing without much trauma and reduces the pain experienced by the patient during
dressing changes. The combined use of alginate and a bic-ocelusive membrane dressing in the
management. of split-thickness skin graft donor sites eliminated the pain and the problem of serum
formation and leakage seen routinely with the use of a bio-occlusive dressing alone (Disa et al.,
2001). The high water capacity of the oxygen permeable film appears to stimulate re-growth of skin
tissue (Yoshinga et al., 1997; Hinman and Maibach, 1963).

This moedified bacterial cellulose with alginates act as temporary skin substitute or Biofill. The
present study was aimed to extract bacterial cellulose from Rhizobium sp. and characterization of
bacterial cellulose.

MATERIALS AND METHODS

Extraction and purification of bacterial cellulose: Rhizobium sp. were 1solated from the root
nodules of leguminous plant (Sesbania sesban) around Chinnamanur, Theni District on 7th July
2005 (De Gallardo et al., 1971; Gunasekaran, 1999). After that root nodules were taken to the
laboratory and the root systems were carefully washed with water.

The collected nodules were washed with water. The nodules were then soaked in 4% H,QO, for
2 min and then washed with sterile water for 3 min. Finally nodule treatment included scaking in
a 0.1% HgCl, soln for 2 min an pure culture of Rhizobium sp. (Fordan, 1984) was cobtained by
performing the streak plate technique. One loop full of the nodule juice (inoculum) was streaked
on YEMA plate. The plates are incubated at 28°C for 4-5 days. After incubation the white colonies
are formed on YEMA plates. The YEMA media consist of mannitol -10 g, K, HPO, -0.5 g, yeast
extract -0.5 g, Mg SO, -0.2 g, NaCl -0.1 g, CaCO, -3.0 g, Cangored -10 mL (1:400) (Somasegaran
and Hoben, 1994; Thangaraju and Santhanakrishnan, 1999).

Isolated culture of Rhizobium was grown in Y KM broth for 3 days at £28°C. After 3 days the
culture broth was homogenized aseptically Then the homogenate was filtered through filter paper
and the filtrate was then analyzed (Okiyama et al., 1992; Oikawa et al., 1995). To obtain pure
cellulose the culture broth was washed with distilled water to remove medium components and
treated with 0.5 M NaOH at 90°C for 1 h to eliminate bacterial cells. Then, it 1s centrifuged and
removes supernatant. The cellulese pellets were rinsed extensively with distilled water until the pH
of the water become neutral (Masacka ef al., 1993). The purified cellulose was dried to constant
weight at 105°C and weighed.

Characterization of bacterial cellulose

FTIR: The concentrated 0.05 g bacterial cellulose was mixed with 0.05 g of KBr and make pellet.
The pellet was analyzed through IR spectroscopy for the detection of C=0 bonds O-H bonds and
linkages of bacterial cellulose (Napoli et al.,, 1975). For FTIR measurement cellulose was spotted on
a KPBr crystal. A spectrum one FTIR spectrophotometer was used to measure the absorbance in the

1

range of 4,000-700 em™* with a resclution of 4 em ™ and 128 9 integration.
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SEM: Scanning electron microscopic analysis of Napoli et al. (1975) cellulose I micro fibrils were

used to understand the surface morphology.

Temporary skin substitute (Biofill) production: According to moist wound therapy
{(Winter and Scales, 1963) the active wound dressing may be in the form of feams, gels, hydrogel
and aerosol (Kannon and Garrett, 1995). The temporary skin substitute is made by medification
of bacterial cellulose {Ciechanska, 2004) with alginate (O'Donoghue ef @l.,1997; Paul and Sharma,
2004). The alginate (Thomas, 2000; Suzuki, et al., 1999) and bacterial cellulose mixed in the ratio
of 1:3 and then boiled at 60-80°C for 5 min and then oven dried for 1 h.

Animal studies: Four Balb/c mice were selected for the animal studies and named as M1, M2, M3
and M4. Before performing animal studies weight of the mice is noted. And then, subjected to
anesthesia (chloroxy ether or sulfoxy ether). After that the animals back of this were then, shaved
throughout its length.

The animals had been submitted the wound of circular format, carried through with punch
located in the medium line of the dorsal region. The size of the wound is noted. And then the
temporary skin substitute is coated to the mice M1 and M2 and other two mices M3 and M4 were
allowed for natural healing (without applying modified cellulose). And effect of curing,
hypersensitivity and effect of contraction were measured (Cabral ef al., 1987).

RESULTS

Pure culture isolation: The leguminous plants {(Sesbania sesban) were collected from the various
area arround chinnamanur, the number of nodules and their weight were measured and named
{Table 1). Among these the weight of nodule R4 is high when compare with others. The bactena
Rhizobium were isolated from all the nodules. White, translucent, glistering elevated and
comparatively small colonies were obtained on YEMA medium. Moreover, it don’t take cango red
dye, but some strains of Rhizobium sp. absorb cangored strongly (Subba-Eao, 1977). The symbiont,
isolated from the healthy root nodules was identified to be a Rhizobium species but the species was

not ascertained.

Extraction of cellulose I fibrils: The cellulose I Fibrils were extracted from the Rhizobium
spectes from the root nodules of all plant. The amount of cellulose I Fibrils produced was determined
by dry weight basis. Table 2 shows the dry weights of the cellulose I fibrils. All Rhizobial strains
produced cellulose I fibrils in fairly detectable amounts. But, the amount produced 1s varable. The
high yield strain R4 was selected for further analysis and test. The nodule weight of E4 is high at

the mean time the strain from R4 produced high amount of cellulese.

Tahble 1: Weight of nodules

Plant name Place (Chinnamanur) Soil type No. of nodules/fplant Nodule weight (g)
R1 Site 1 Red soil 36 0.46
R2 Site 2 Red soil 28 0.38
R3 Site 3 Red soil 34 0.45
R4 Site 4 Red soil 38 0.48
R5 Site 5 Red soil 28 0.17
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Table 2: Dry weight of cellulose [ fibrils

S. No. Nodule sample Dry weight (g)/100 mL
1 R1 0.96
2 R2 0.83
3 R3 0.93
4 R4 0.97
5 R5 0.78

Fig. 1: Scanning electron microscopic view of cellulose I microfibrils at 600X
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Fig. 2: IR spectrum of bacterial cellulose

Scanning electron microscopic observation: Analyzing the cellulose-I fibrils on SEM Fig. 1
reveals that the fibrils form a unique ribbon 3-8 nm thick and approximately 100 nm wide
(Reynolds, 1963).

Spectroscopy

FTIR spectroscopy: The extracted bacterial cellulose I fibrils were analyzed 1n IR spectroscopy.
They exhibited absorption bands characteristic of the chemical groups and bonds in the cellulose
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molecule. The band at 3650-3584 cm ™! indicates the presence of OH group (Napoli ef al., 1975)
(Fig. 2). The band at 835-805 cm™' indicates the presence of substitution. The band at
1385-1380 em ! indicates the presence of C-H vibrations. The band at 1750-1782 em™! indicated
the C=0. Among the above results, it finally confirms the cellulese fibrils are produced by the
bacteria (spectro metric identification of organic compounds-silverstein bassler).

Animal studies

Effect of biofill on wound recovery: The temporary skin substitute (modified bacterial cellulose
with alginate) is applied to the experimental wound created in mice. The analysis of morphometric
and morphological parameters (Table 3) were carried. The (Biofill) temporary skin has effective in
curing wounds. Bio fill 1s a natural product that 1s derived from cellulose and alginate. This material
15 known in the wound management field for its haemostatic properties. Further, it also possesses
other biclogical activities and affects macrophage function that helps in faster wound healing
{Balassa and Purdden, 1984). It also has an aptitude to stimulate cell proliferation and histo
architectural tissue organisation (Muzzarell, 1989). The biological properties including
bacteriostatic and fungistatic properties are particularly useful for wound treatment. On compairing
the cellulose treated mice M2 heal faster than M1,

Like alginate material, there is also number of references on cellulose in wound treatment
{(Prudden et al., 1970). Flexible, thin, transparent, novel cellulose alginate complex membranes
caused an accelerated healing of incision wounds in a rat model compared with others application
of the bio fill on full-thickness skin incisions made on the backs of mice significantly induced wound
contraction and accelerated wound closure and healing compared with the untreated controls
(Table 4).

Early returns to normal skin color at biofill areas were demonstrated. Treatment with cellulose
and alginate demonstrated a substantial decrease in treatment time with minimum scar formation

Tahble 3: Wound recovery of Balb/c mice (M2) on applying with biofill

Day Weight of wounded mice (g) Regrowth or healing of skin Hyper sensitivity reactions Yes/No
1 34.654 - No
34.786 - No
34.859 Y No
35.032 Y No
14 35.032 4 No
21 35.002 4 No

-: Absence of growth; +: Regrowth or healing of skin

Tahble 4: Wound recovery of Balb/c mice(M3) on without applying with Biofill

Day Weight of wounded mice (g) Regrowth or healing of skin Hyper sensitivity reactions Yes/No
1 35.424 - No
35.424 - No
35.429 - No
35.429 Y No
14 35.434 Y No
21 35.434 Y No
26 35.441 4 No
31 35.445 4 No

-: Absence of growth; +: Regrowth or healing of skin
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on animals (Muzzarelli, 1989). An enzyme lysozyme 18 excreted from the wounds. These enzymes
act on the bacterial cellulose and break them inte bic active mono saccharides and bio active
oligosaccharides which stimulates angiogenesis and tissues regeneration.

Generally the cellulose from Acetobacter origin is used in wound healing. But, this study is
attempted to use cellulose from Rhizobacterial origin. The physio chmical properties of cellulose from
Ehizobium sp. is similar to Acetobacter sp. In order to reduce the pain of wound dressing the
bacterial cellulose 1s mixed with alginate. This alginate cellulose dressing maintains the wound in
wet condition and helps to reduce the function of macrophages. As a result the amimal 1s free of

allergic reaction and the wound healing 1s faster than natural healing.
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