
CHAPTER III
LITERATURE REVIEW

3 .1  M e d i c a l  A p p l i c a t i o n  o f  B C

V arious po lym eric m aterials recently have been  investigated for w ound 

dressing application, bu t the search for an ideal skin substitu te  w ith properties and 

functionality sim ilar to  hum an skin is still continuing. B eing sim ilar to  hum an skin, 

bacterial cellulose can be applied  as skin substitute in treating  extensive bum s 

(C zaja et a l ,  2006) including the care o f  surgical w ounds, bedsores and ulcers 

(C ienchanska, 2004). W ith special characteristics, such as high m echanical strength in 

the w et state, substantial perm eability  for liquids and gases, low irritation o f  skin 

(Saied e t a i ,  2004), low  toxicity , chem ical stability (K urosum i et a l ,  2009), purity  

and uniform ity (M ayall e t a l ,  1990), the gelatinous m em brane o f  the bacterial 

cellulose can be used for the m anufacture o f  artificial skin for tem porary  covering o f  

w ounds. The advantage o f  the BC includes its transparency, w hich allow s for 

con tinuous clin ical observation  o f  the healing progress. W hat is im portant for 

the production o f  bacterial cellulose and in w hat w ay the resu lting  m aterials cou ld  be 

used by industry or possib le  fields o f  application such as health  applications o f  

bacterial cellulose has been review ed (Jonas and Farah, 1998; Saied e t al., 2004).

Fontana e t al. (1990) first reported the application o f  B C  as tem porary  skin 

substitutes. T he product, called Biofill®, can provide non-w oven , shaped ob jects in 

m edicine such as artificial arteries, vessels, skin, and etc. It has been still u tilized  for 

several skin injury treatm ents such as basal cell carcinom a/sk in  graft, severe body
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bum s, facial peeling, sutures, derm abrasions, skin lesions, chronic ulcers, and both 

donor and recep to r sites in skin grafts (C zaja et al., 2006).

M ayall e t al. (1990) used a Biofill® skin substitute in the treatm ent o f  trophic 

ulcerations o f  the  lim bs and showed that th is m aterial w as very effective by 

shortening the c icatrisation  tim e, reducing the contam ination, and saving the cost o f  

treatm ent.

K ucharzew sk i e t al. (2003) show ed tw o m ethods o f  treating  non-healing  

venous leg ulcers. T he  experim ental group o f  patien ts w as treated  w ith BC  w ound 

dressing (Bioprocess®), w hereas the control group w as treated w ith บททa ’ร boot 

hydrocollo id dressing  th a t is w idely used in the therapy o f  these types o f  w ounds. 

The authors in ferred  BC  w ound dressing w as m ore effective in the treatm ent o f  

the chronic venous leg  ulcers than U nna’s boot.

A lvarez e t al. (2004) dem onstrated the use o f  BC in the form  o f  a  hydrated 

m em brane in the  treatm ent o f  chronic venous ulcers. BC  w as m ore effective than  

a  standard pro toco l (non-adherent cellu lose acetate gauze) in the process o f  autolytic 

debridem ent.

A nother very  im portant advantage o f  bacterial cellulose is its m ouldability  

in situ. B y using special technologies, it is possible to  prepare ho llow  fibers [bacterial 

synthesized cellu lose (BASYC®)-tubes], used as artificial blood vessels and ureters. 

A rtificial vessels are used to  replace arteries or veins dam aged as a resu lt o f  tum ors or 

accidents. H igh m echan ical strength in w et state, enorm ous w ater retention values, 

low roughness o f  the  inner surface and a  com plete v italization  o f  BASYC® 

m icrovessel- in terpositions in rat experim ents dem onstrate  the high potential o f  

BASYC® as an  artificial b lood vessel in m icrosurgery (Saied et al., 2004).
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A rtific ial sk in ’s BC for bum  and skin injuries treatm ent d isplays dram atic 

clinical resu lts such as im m ediate pain relief, d im inished post-surgery  discom fort, 

faster healing, reduced infection rate and reduced treatm ent tim e and cost 

(Fontana e t al., 1990). In addition, the w ound healing effects o f  never-dried  BC are 

fully b iocom patib le  and also successfully protected bum  w ounds from  excessive 

external fluid loss, thus accelerating the entire process o f  healing (C zaja et a l., 2006).

BC have potential application as an orthopedic biom aterial. Shi et al. (2009) 

developed nanocom posites consisting o f  calcium -deficien t carbonate-con tain ing 

hydroxyapatite (C aD H C A p) in the three-dim ensional (3D ) netw ork o f  B C  nanofibers. 

The experim ental resu lts show ed that the obtained nanocom posites had ou tstanding 

osteoconductiv ity  and bioactivity.

In addition , BC w as applied as an additional m em brane to  protect im m obilized 

glucose analyzers in biosensors used for assays o f  glucose levels. T his bacterial 

cellulose m em brane in troduced the electrode stability. In hum an blood, 

the b iosensor-coated  com m ercial protecting m em branes, as cuprophan  (A K ZO , 

England), w as stab le for 3-4 h, w hereas bacterial cellu lose m em brane prolonged its 

stability to  24 h. C ellu lose gels con tain ing im m obilized anim al cell w ere used for their 

culture to  produce interferon, in terleuk in -1, cytostatic and m onoclonal antibodies 

(Saied e t al., 2004).



T he literatures concerning the w ound healing process and physical and 

physiologic factors that can  affect the rate o f  this process, including the w ound 

dressing product and  the im portance o f  the w ound dressing in m ain tain ing an optim al 

environm ent for w ound healing had been review ed by H anna e t al. ( 1997)

The w ound dressing m ust be preserving m oisture, soft, good perm eability , 

non-toxicity  and  no pyrogen, as w ell as have no bad reaction and stim ulation to  flesh, 

and could prom ote the skin regeneration, accelerate w ound healing by protecting  

w ounds from  infection and by keeping an environm ent o f  w ound, decrease scars and  

so on (D eng e t a l ,  2007 ). T he denatured type collagen, gelatin , has been used in 

m edical industry  as w ound dressing because o f  its excellent biodegradability , 

b iocom patib ility  (D ong e t al., 2006), bioabsorptivity, low  antigenecity  (N agaham a 

e t a l ,  2008) and  high hem ostatic effect (Tom ihata e t al., 1994; Lee e t al., 2003).

Lee e t al. (2003) investigated the cross-linked gelatin /p-g lucan scaffo lds for 

use as a support for the grow th o f  fibroblasts and kératinocytes (norm al hum an skin 

cell). T his รณdy w as in itiated to  evaluate the attachm ent and proliferation  o f  

fibroblasts in to a  scaffold com posed o f  gelatin  and p -g lucan m ixed in various ratios. 

The resu lt show ed that the  porous scaffolds com posed o f  gelatin  and p-glucan had 

the in ter-connected pore structure and the sufficient pore size for use as a  support for 

the grow th o f  fibrob lasts and kératinocytes. M oreover, the cell a ttachm ent and 

proliferation  im proved as the ratio o f  gelatin  increased in the m ix ture, w hereas w ater 

uptake increased w ith  P-glucan contents. T herefore, the b io-artificial skin com posed 

o f  gelatin and  p -g lucan w ill be useful to  prom ote w ound healing. F urtherm ore

3.2 G e la tin  fo r  W ound  Dressing
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the cross-linked gelatin  sponges using a salt-leaching m ethod have been also 

investigated for th e ir potential application as a com ponent o f  artificial skin or tissue 

transp lants to  prom ote epithelialization and granulation tissue form ation in w ounds. 

The fibrob lasts a fter 1 w eek o f  in vitro  culturing show ed a good affin ity  to  

the scaffold (Lee e t al., 2005).

A ccelera tion  o f  w ound healing by dressing with grow th factors has been 

studied. G elatin  w as found to be a  suitable m aterial for production  o f  dressing w ith 

grow th factor. T anaka e t al. (2005) dem onstrated the biological activ ity  o f  epiderm al 

grow th factor (EG F) included in the gelatin film  by cell p roliferation  assay  using 

N IH 3T3 fib rob lasts and PA M 212 kératinocytes. EG F contain ing gelatin  sheet m ight 

have therapeutic  po ten tialities for dressing o f  various skin w ounds (bum s surgical 

rem oval o f  skin). The results show ed that the developed gelatin  film  w as very  thin 

and preservable, w hich the high activity o f  EG F rem ained stable even after dried  in 

gelatin film . M oreover the gelatin sheet containing E G F w as effective  to  accelerate  

the rate o f  w ound closure. It induced early reepithelialization and high ly regulated  

repair o f  ex tracellu lar m atrix  in derm is.

D eng e t al. (2007) developed the chitosan-gelatin sponge w ound dressing 

(C G SW D ), evaluated  the  toxicoligical according to the national sanitation  m in istry  

criterion W S5-1-87, ISO  and A STM  and tested  the antibacterial properties com pared 

w ith  m edicine (used m edicine-sensing test paper). They found that the use o f  

the C G SW D  in w ound healing m ade w ound healing  speed qu icker than using 

V aseline sterile gauze and the form ed scar w as not bulge distinctly .

T he ideal system s for tissue repair have to  perm it an  effective release o f  

therapeutic  agen ts and flow  o f  nu trients to  proliferating cells. T he m ass transfer o f
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kératinocyte grow th factor (K G F) to  wound healing through Sem i-interpenetrating 

netw orks (sIPN s) th a t prepared to  m im ic extracellu lar m atrix  from  unm odified gelatin 

(aid in w ound healing) and p o ly e th y len e  glycol) d iacry la te  (PEG dA ) w as 

characterized by B ad er e t al. (2009). The sIPNs w ere show n to  be effective m atrices 

for the delivery o f  drugs and grow th factors, as w ell as for the transport o f  nu trients to 

p roliferate  cells during  w ound healing.

3 .3  G e l a t i n - C a r b o h y d r a t e  B l e n d s

B lending o f  polym ers is one o f  the sim plest m ethods to  ob tain  a variety  o f  

physical and chem ical properties from  the constituent po lym er a t a  m olecu lar level. 

T he gain in new er properties depends on the degree o f  com patib ility  or m iscib ility  o f  

the po lym er (N agaham a e t al., 2008). Gelatin, because o f  its low  in tensity  and high 

brittleness, is rarely  used alone, being often used after m odification  th rough several 

m ethods, such as b lending (D ong et al., 2006). T here w ere several literatures show ed 

the efficacy o f  cross-linked gelatin-based sponges com posed  o f  gelatin and 

po lysaccharides for w ound-dressing m aterials (Choi e t al.; 1999 (a,b); Choi e t al., 

2001; H ong e t al., 2001).

Lii et al. (2002) dem onstrated a suitable m ethod fo r syn thesis o f  

carboxym ethyl cellu lose-gelatin  com plexes. In the  com plex, both com ponents are 

bound w ith  covalen t bond by electrosynthesis m ethod. T he  elastic m odui o f  

the m icrocrystalline cellu lose-gelatin  blends was studied by K asap is (1999).

Lee e t al. (2004) developed the com posite film s m ade from  b lending tw o 

differen t biopolym ers, gellan and gelatin. First, they determ ined  the effect o f  

gellan /gelatin  ratio  and N aC l concentration on the m echan ical p roperties o f
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these film s. T he tensile  strength o f  the com posite film s decreased linearly as 

the gelatin ratio  increased, w hereas the tensile elongation  increased w ith  increasing 

gelatin ratio. T hen , they  investigated the w ater solubility that ranged from  30 to  52%, 

w hich w as low er than  that o f  other biopolym er film s such as cellulose (55-84% ). 

T he w ater so lub ility  decreased w ith increasing gelatin ratio  up to  40% . The sw elling  

ratio o f  the com posite  film s was also significantly decreased w ith  increasing gelatin 

ratio up to  40% .

D ong e t al. (2006) developed alg inate/gelatin blend film s to  use in controlled 

release applications. T he result from  the FT-IR  spectra show ed a  strong ev idence o f  

the in term olecu lar in teractions and good m olecular com patib ility  betw een alg inate 

and gelatin . T he X -ray  diffraction patterns o f  A G  film  indicated the strong in teraction 

betw een alg inate and  gelatin  w hich has destroyed the close pack ing  o f  the alg inate 

m olecules for the  form ation o f  regular crystallites. M oreover the  m axim um  value o f  

tensile  strength and  elongation at breaking w ere both observed w hen the con ten t o f  

gelatin  w as 50 %  พ /พ . T he results indicated that blending is effective in im proving 

the m echanical p roperties o f  the drug loaded films.

W ound dressing  m aterial with dense surface is required  for protecting  

the evaporation  o f  exudates from  wound. H ow ever, a dense surface layer w as not 

form ed in the gelatin -g lucan , a  natural com plex carbohydrate, sponges (Lee e t al.,

2003). T his m igh t be from  the low concentration o f  gelatin (0.7 %  พ /พ ). In addition , 

the average pore size and  porosity o f  the sponges decreased w ith decreasing gelatin  

content. D eng e t al. (2007) developed the chitosan-gelatin  sponge w ound dressing 

(C G SW D ) m ade from  chitosan as m ain m aterial and gelatin  as assistan t m aterial w ith
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appropriate cross-link ing agent and som e other assistants. M any form er experim ents 

had proved that C G SW D  w as soft, perm eable and preserving m oisture.

3 .4  G e l a t i n  C r o s s - l i n k e d  b y  T a n n i c  A c i d

The cross-link ing m ethods can be classified as physical cross-link ing  and 

chem ical cross-link ing. Physical treatm ents such as UV- and  y -  radiation  could  induce 

cross-linked gelatin  gels w ith w eak  interaction, w hereas chem ical agents such as 

aldehydes cou ld  cause cross-linking betw een the am ino acid  chains o f  gelatin  w ith 

strong in teraction. H ow ever, these agents have high tox ic ity  and m ight con tam inate 

the product. T herefore, the natural cross-linking agents such as genipin, feru lic  and 

tannic acid have been  used as cross-linking agent for gelatin  (B igi et al, 2002; C ham bi 

and G rosso , 2006; C ao e t al., 2007).

T annins also  referred to  as tannic acid (TA ) is a w ater-so lub le  polyphenol 

consisting  o f  a  central carbohydrate (glucose) and phenol carboxylic  acids w hich have 

a  m olecular w eigh t betw een 500 and 3000 D altons. It is found in a  variety  o f  fruits 

and vegetab les and  acts as a  natural antim icrobial agent and antiox idan ts (C hung et 

a l ,  1998; T aitzoglou  e t a i ,  2001; Cao et al., 2007; Balange and B enjakul 2009; K im  

e t al., 2010). D ue to  its ability to  bind protein, Cao e t al. (2007) stud ies in fluences o f  

concentrations o f  T A  on the properties o f  gelatin to  be used in pack ing  as edib le film s. 

T he resu lt show ed that TA  could  act as a  cross-linking agen t for gelatin  film  and 

could decrease sw elling ratio  as w ell as had no obvious effect on w ater vapor 

perm eability  o f  the  film . M oreover, the properties o f  the film s treated  by  T A  could  

becom e better a fte r being stored for m ore than 90 days.
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F urtherm ore, tannic acid was reported as a therapeutic  agen t to  heal burned 

skins. T he norm al tanning process consists o f  an increase in the am ount o f  cross- 

linking betw een collagen fibrils ๒ a collagen m atrix  w hich is a sim ilar p rocess that 

takes place in the  denatured  protein m ass o f  burned skin. C onsequently , the bum  

w ounds exh ib ited  the positive effects such as pain reduction , low er in fection  risk, 

stim ulation o f  epiderm al regeneration, faster w ound healing, be tte r scar form ation , 

reduced m orta lity  and reduction o f  plasm a loss (H upkens e t a l ,  1995). In the sam e 

w ay, H eijim en e t al. (1997) investigated cross-linking o f  derm al sheep collagen  w hich 

has been used as a m odel o f  hum an skin by tannic acid. T he resu lts suggested  that 

tannic acid could have a  function in vivo  in bum  treatm ent by b ind ing bum  tox ins and 

inhibiting degradation  o f  the rem aining derm al m atrix.
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