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CHAPTER

Recent advances in th i d of & ﬁd their medical applications
have been interested. Cellules nsed.as biomaterial for many medical
applications (Hoenicl 5)._Flowever, 'plan .- ose_is unpurified cellulose
associated with otk § of fntusald fiber | & lignin and hemicellulose while
bacterial cellulose (B&) is g€z trified-cellulose. More r, the production of plant

) (;ellulose product’ \ cd et al., 2004).
The produetion of cellulose by Acetobacter xylinum was reported for the first

time in 1886 by A. J nism can procure glucose,

sugar, glycerol, or oth onvert them into pure cellulose.

Cellulose is synthesized by. bacie he genera Aceobacter, Rhizobium,

_i- the most efficient
‘r X
producer. BC d f-f ays. ntcrpart from plants with its

I

Agrobacteriumy, and

physical and chertt l properties. It has the unique propcrtie ch as high mechanical

strengt lﬁm | tructure.
ﬂguzl 'E[ﬂ i mﬁm e food industry
later in thc fab ci of reinforcéd*pa r amot§~1989) and
AR AN AT TR

vttro and in vivo have demonstrated its biocompatibility (Watanabe 1993 and
Helenius 2006). Due to its good mechanical properties, water sorption capacity,

porosity, stability and conformability, BC has been used in tissue engineering of



cartilage (Svensson, 2005), replacement of blood vessels in rats (Klemm, 2001),
artificial skin for humans with extensive burns (Fontana et al., 1990) and wound-

dressing (Czaja et al., 2006)

Curcumin is a na d found in the plant turmeric

(Curcuma longa L.). Crude w hue and its components

include curcumin, cthoxycurcumin, commonly

called curcuminoids« henols normally existing in

at least two tauton rm is more energetically
stable, both in the

Curcumin T ool it :;f: rolife 'on in breast, colon, oral,
other cancers and = ) macological activity including anti-
- nicrobial, anti-depressant,
chemopreventive, anticanccr; properties (Gafner et al., 2004,
hidaka et al., 2002 and

The piftrialfortte—oi-tho—ouicuniiloaded=empmiCA fiber mats and

iy

I patcties or wound dressings
i
was reported (Orawan et al., 2007). With curcumin incorporated collagen matrix, it

fouhc ! i > 1 11 proliferati
was oﬂ t cm m ?l nd TT proliferation
(Gopinatwy 4). Curcumin could e an?ﬂw(gdl ingﬁats and guinea
. ¢ . . Q/
Viopy 0 : _sEr was
IR TSI TS

In the present research, curcumin was loaded into a BC film synthesized under

corresponding as<cast C/

the static conditions by Acetobacter xylinum. It was then assessed for its potential

use as a carrier for control release and transdermal delivery of curcumin. Various



properties such as surface morphology, physical properties of the curcumin-loaded
BC film were investigated. Furthermore, the absorption and release characteristics of

> examined.

curcumin from the curcumin-loaded BC w
1
\ ’

Objectives —
1. To develop and chas

2. To examing
curcumin-Ig

3. TO evaluate : £ ogical 2 T T ; - }!:-. I 1- 1”'.___.' ﬁlms

]

A

AULINENTNEINS
RN TUUMINYAE



Research Scopes
1. Prepare BC film from biosynthesis under static conditions by 4. xylinum.

2. Develop a procedure for loading g: in into the BC film.

5. Characterize biologicalproperties o eloped BC-curcumin film:

L

_———
w:'lI;T’lﬁi;w-‘ir’-"":li'\’i\'.‘;i’iii.l_-l- saf=1Raf¥a

v,

-;;
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CHAPTER II

ORY
2.1 Cellulose ‘//‘
J
——
Cellulose is comi 1 Gi-the homopolymeref -1, 4-linked D-glucose. The

degree of polymerizafi , \ 0 glucose units with the

crystallization of of a single crystalline
entity (Koyama et s @ straight, almost fully

extended chain as shoy

Blatkwell, 1974).

i¥

The cellulos‘sﬁ'ucture consist oﬁ;crystallmc or non-crystalline state.

cmnﬁiceum A Sl Sk o ot

Both are f u.ud synthesized in naturg; however, cellu e [ is by far the most revalent.

Qﬁw’}ﬁ'ﬂﬁ‘ﬁﬁlﬂwﬂd%’% Hieaa



Cellulose I is exclusively parallel chains. This has been re-affirmed by several
independent approaches using electron diffraction, enzymatic degradation, and silver

labeling of the reducing ends (Koyamaj 1997). The cellulose I allomorph is the

thermodynamically metasta € 3¢ (Ranby, 1952). Cellulose I can be
ot be directly converted to
cellulose 1. Cellulos ble allomorph of cellulose
(Ranby, 1952). Gl i is antiparallel. The chains

are strong evidenc

2.2 Bacterial

Cellulose is synthesi :_.u onging to the general Aceobacter,
LA T

Rhizobium, Aggoba 998)The A. xylinum was

s 0 DR
reported as .'.‘

a2

carried out in eilﬁ_ solid-pk bmerged culture. The methods of

# 1| cellulose could be

production process h*gh]y influence the quallty and quantity of the cel!ulosc and it is

A ALK ALK

these meffidds is not completely pure and contams some impurities, such as culture

TR TR

The biosynthesis of bacterial cellulose was reviewed in detail by Ross et al.,
(1991). As shown in Figs. 2.2, the process includes the synthesis of uridine

diphosphate-glucose (UDPGlc), which is the cellulose precursor, followed by glucose



polymerization into the b-1, 4-glucan chain and nascent chain association into the
characteristic ribbon-like structure, formed by hundreds or even thousands of

individual cellulose chains. The that was excreted into the extracellular

culture by a membrane protein )

Glucose-----amsmmmamn-- 16058 Phosphate------ - ------------ > Glucose -1-
UDP Pyfophosphotyiase -¢llulose Synthase
Phosphate--------- e > UDP-Glugose-«s----------------—-->(Cellulose
Figure 2.2 Proposgd bioghemical pathway ellulose synthesis in A. xylinum (Ross

etal., 199

i Baaz3;-;_“_____;;;__:;;___ﬂ____, bon shaped fibrils, its
macromolecul' g cellulose (Fig. 2.3)
(Iguchi et al., 206 'il ¥
Iﬁensnons cf the'ribbon are 3.2x133hh accordmﬁio Brown et al.,(1976) 3—

s o (b dobid 4 s e 117

ax:cordmg to Yamanaka et al (2000) whereas thezwidth of cellulosefifibers from

AR MAH RS -

pecnvely)

4 (thic



Figure 2.3"SChemati Je BC microfil ght) drawn in comparison

with the fringed #

= influenced by the kind

i
=

of bacterial strain (Jou@s ¢ ak? i % as in’Table 2 I, and the additives in culture

o logical role

.4¢-emhacml"| Fxtracellular p = To -Qp in aerobic
Cellulose nbbons Environment
4chrmnobucre¢' Cellulose ﬁbnl Flocculation in wastewater
wastewater
T VR O\ e
fibn H ationlin wastewater
amwms No distinct fibnls Flocculation in wastewater

Riu:obmm Shord fibrils - Attached to moszs




Table 2.2 summarizes the distinguishing features of bacterial cellulose, as reported by

Krystynowicz and Bielecki et al., (2001)

A

Property ___ _::.,1 I y 7 Description

Purity — - Cellulosc€ theenly biopolymer synthesized
o —

Absence of lighinerhemicelluloses

ol

e and recyclable, a

Great mechanigal sty -f:, = ofi Lre \" .x", ellulose I

" : w_ \ 1 stability
o ﬁ\ \

. [ 44 . t

0 hold water

in the hyd ; : 5-‘

i¥

— High sur{s:ge-to-volume carrier capacity

tation from pulp

durifig blosynthesm unnecessary

RN IR

— Extremely thin, submicron, optical clear

membranes can be assembled
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Property Description
Direct modification of — Delayed crystallization by introduction of dyes
cellulose during assembly

Genetic modi se derivatives (such as

cellulose prog ethyl cellulose, methyl

tallme allomorph

weight of cellulose

2.2 Ciireg

.Rhizomes 0 enc(Curcuma longa L, Zingiberaceae family) has been

o B g ) W e

mﬂamma conditions and othillI diseases. Its Edlcmal pmpcrtlc ve been

N RRIIRES E'Ihi*lm

ficludes curcumin (diferuloylmethane)—(1,7-bis (4-hydroxy-methoxyphenyl)-1,6-

hepadiene-3,5-dione) (Fig. 2.4).
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CHEMICAL STRUCTURES OF CURCUMINOIDS

Figure 2.4 Chemical demethoxy curcumin and
bisdemeto cuteumin ;} _ ~~ antioxidant and/or anti-

inflammatory pr ert] r_,! ahl, 1991).

Curc ”'lf: _ A ght polyphenol, first

| T
chemically cha -:tll ized in 1910, that is generally regatded as the most active

constituent of and coﬁ.lﬁes 2-8% of most tlitmeric preparations (Heath et al., 2004).
uﬂmq NENSWINDS e s e

decades, studymg its antioxidant,ganti-inflammatogy, cancer chemopreyentive and

%mmmwum'mma d
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Chemical properties

Curcumin is a bis-a,b-unsatugated b-diketone. As such, curcumin exists in

equilibrium with its enol tautom

r. Th / b_form predominates in acidic and

neutral aqueous soluti ;.ant in the cell m Wang et al., 1997). At pH 3-7,
— .4 o —

curcumin acts as an extia fonoi . This is because, in the keto

form of curcumin wo methoxyphenol rings

contains a highly 2 onds on this carbon are

tOn On | he adjacent-oxygens (Fig.

%,

very weak due to dglocali

Lt f the heptadienone chain

N,

2.5). In contrast,
predominates, and ¢ donor, a mechanism more

typical for the scavenging a

ddants (Jovanovic et al., 1999).
- - - o ; ] . - -
Curcumin is relatively tiaselible in r, but dissolves in acetone,

dimethylsulphoxide and ¢

&

_!
AULINENTNEINS
ARIAINITUNNINGAY
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Figure 2.5 Tautomerismt offcur conditions. Under acidic

and neutr itiong;’ the bis- \\ redominates, whereas the

enolate fo e pH’ 1ovic et al., 1999).

Chem ;::L'..-j»ii;;lur.u;;ninuunin—:'.
L}

v- i ‘

'II : I'l'
u-'

it a yellow antioxidant substance. It

Curcumin ems that curcumin is

ﬂmm WA e
bR iaThigie) 10131

The degradation kinetics of curcumin under various pH conditions and the
stability of curcumin in physiological matrices were reported (Wang et al., 1997). The

presence of fetal calf serum or human blood, or addition of antioxidants such as
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ascorbic acid, N-acetylcysteine or glutathione, completely blocks this degradation in
culture media or phosphate buffer above pH 7.

Under acidic conditions, the degradation of curcumin is much slower, with

less than 20% of total curcum .' CO ( h (Wang et al., 1997). Other
stable in cell culture medium
containing 10% with less that 20%
decomposition in serum-free medium.
Based on mas rans-6-(4’-hydroxy-3’-
methoxyphenyl)-2 44ioxg=5 e x¢ e tentatively  identified as a major
degradation product whileiva n, erulig acid ar Imethane were identified

as minor degradation products.

ﬂ%ﬂ&ﬂ : T

TR W‘ﬂ‘?ﬂﬂ“ﬂm‘ﬂﬂﬁlﬁ!ﬁ‘ﬁ“‘“

product of curcumin in 0.1 M phosphate buffer at pH 7.2 was tentatively
identified as trans-6-(4’-hydroxy-3’-methoxyphenyl)-2, 4-dioxo-5-
hexenal while the minor products were identified as vanillin, ferulic acid

and feruloylmethane (Wang et al., (1997).
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Since curcumin decomposes rapidly in serum-free medium, precautions must
be taken during cell culture experiments. In addition, the biological effects caused by

especially vanillin, must be taken into

the degradation products of cur

bmay act as an antimutagen by

modifying DNA repli s after cellular DNA damage

caused by mutage enger of superoxide and

hydroxyl radicals.
As a resultgof Lightsfse e v, samples. co -, curcumin should be

protected from light ss yellow and more red.

Curcumin has a molcgula clting point of 183 °C.

Commercial grade ctircus desmethoxycurcumin (MW

e ]

338; typically 10- 20%) and !"‘*‘ EJ ' 308; typically less than
= .

5%, for stru_ct_ures, ae =27 “ et—visible spectrophotometric

investigation, ¥ rmﬁ; ' 420 nm. Studies in
preclinical u-'..ﬂl of ---. at commercial grade
i It

curcumin has the same m!'ubltory effects as pure curcumin (Huang et al., 1995).

ﬂ‘lJEl’J‘VIEWI‘ﬁWEI']ﬂ‘i
Qﬁ?ﬁﬂﬂ‘iﬁumﬂﬂﬂmﬁﬂ




hexahvdrocurcumn

\“'-"ﬁ‘v:{“\fu
i

Figure 2.7 &‘ res of majo . % in in rodents and
amar

Pharmac: i:! I

ﬂu%&b’%se‘lﬂ% I T -

g curcuml per kg body weight) fo¥14 days has shown that low nanom levels are
TR TN o Y &"Elmm
from 0.1 to 1.8 nmol/g tissue (Sharma et al., 2001). In a study of oral curcumin (2
g/kg) in rats performed in India, the investigators suggested that co-administration of
piperine may increase systemic bioavailability following oral dosing by as much as

154%, potentially by inhibition of xenobiotic glucuronidation (Shoba et al., 1998).
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Piperine is primarily found in the fruit of the pepper vine, piper nigrum, and can also
be found in other vegetables and spices such as hot jalapeno peppers. In summary,

curcumin exhibits low oral bioavai in rodents and may undergo intestinal

metabolism; absorbed curci n st-pass metabolism and excretion

in the bile.

. .""-__~ properties of curcumin in
mice. After intraperito : ‘ n 1) o/kg) to mice, about 2.25
pg/ml of the curcumin ap t 15 min. One hour after
administration, the levels of ¢ fetihin in th ine, spleen, liver and kidneys were

177, 26, 27, and 7.5 pg/g g/g) were observed in the

L
-

v X

ﬂ‘lJEl’JVIEWI‘ﬁWEI’]ﬂ’i
Qﬁﬁﬁﬁﬂimﬂﬁﬂﬂmﬁﬂ



CHAPTER I11

LITERATURE REVIEW

3.1 Application of Ba:
Bacterial c ride|range lications. This mainly is due to a
7/ \ ~. ,,
high purity with a cgy$tallint 1ctufie asorptlon capacity and

mechanical strength " wet stae ' BC s - or it has the suitable
properties especidl t al, 2007). Yet for

lity, strength, porosity,
| et al.,, 2006). The main

biomedical applica
roughness, morphology

potential bacterial cellulg

Food Ap

e

I
In 1992, aﬂl originated in Japan with the introduction of microbial cellulose

into diet drinks. As‘.aﬂult of roductlorﬂﬂf Nata de Coco through xylinus,

O£ TR TR T YAl v

effect, in which the coconut milk was used as a carboa, source. It is belieygdsto protect
anﬁ oo g diden s o g vk «
s den rise of glucose ‘in the urine. Therefore, ‘“Nata de Coco’’ is becoming
increasingly popular. Another popular bacterial-cellulose—containing food product is

Chinese Kombuchar or Manchurian Tea, obtained by growing yeast and Acetobacter
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in a medium containing tea extract and sugar. There is growing use of the fermented
extract for health improvement. The pellicle formed on the surface contains both

cellulose and enzymes healthy for hum ombucha is believed to protect against

certain cancers (Iguchi et aly 20t _' Mg . the bacterial cellulose has been
applied as a functional.food additive: a thi 2xturizer, and/or calorie reducer

= bacterial cellulose from

(ice cream, salad dr:
an agitated cult i Higher, emulsifying cffectithan that from a static

culture, because th oshiet al., 1997)

er in papers, and because it

It

consists of extremely small elusters “of cel icrofibrils, this property greatly

: TR
adds to strength and durability et=pulp wih

38

d into paper. The Ajinomoto

Col’ along w-l 1.‘.“;:1r\rn:\-mﬁ-m‘mnnmmfrun-pn‘i:_,‘_ tive ln developing
o

microbial cellulose! for 329 3). The disintegrated
i

bacterial cellulose was found- to have a remarkably high retention aid function for

L
1

‘. =" -
papermﬁﬂm ﬂﬂm ¥ ; are@ntedfiped by ultrafine
fibrils o v:tenal cellulose. When the agltated'bac erial cellulose an static bacterial

€ .
VSRR, RN b
Qte'n p - et e ial' cel ::Tp ed"in an

agitated culture has a higher retention aid function than that produced in static culture.

It is thought that the bacterial cellulose from an agitated culture has a higher

accessibility of the surface than that from a static culture, because the former has a
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disordered structure (Hioki et al., 1995). Bacterial cellulose also is a valuable
component of synthetic paper, (Iguchi et al., 2000) since nonpolar polypropylene and

heat resistance, and fire-retarding

int of wood pulp in this type of

ory investigations on the

ound care (U.S. Patent

4,655,758,4,588,400). il, Biolfill Industries has

continued to investi ulose and is beginning to

f':i"-""' 728

market specific microbial celltfose product wound care market. Mayall et al.

(1990) used a Biofill sk "‘ e 1y » trophic ulcerations of the

lin;bs and showed that-this-maierial-was-very-efieetive-by-shatiefiing the cicatrisation
\F A

time, reducing th : onta . tment (Fontana et al.,

1990 and 1991). It has been still utilized for several skin injury treatments such as

= P ‘Iﬂ“ET‘T 'ﬁﬁsﬂﬂ‘ﬂm’ﬂ o -

dermabm“ns skin lesions, chronic ulcers, and both donor and receptor sites in skin

ﬁmﬁﬂmﬂd A2 0e0a .

developed and commercialized as an artificial skin (wound dressing) (Ktystynomcz
et al., 2000). A high mechanical strength in the wet state, substantial permeablllty for

liquids and gases, and low irritation of skin, indicated that the gelatinous membrane of
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the bacterial cellulose was superior to conventional quaze as an artificial skin for
temporary covering of wounds. Since bacterial cellulose pellicles can have various
e dressings for extensive wounds. Other
/ as Biofil® and Bioprocess® and
&_appcamd to be excellent as
degree burns, ulcers and

dimensions, it is relatively easy to prod

commercial preparation of 4. x
Gengiflex® are realities.in. th
skin transplants and i

decubitus; while ecovering periodontal

tissues(Jonas et al. as successfully applied in
experiments with dogs toSub # he duramat \ bra 1in (Mello et al., 1997).
Another very importz \ thelr mouldability in situ

(White and Bro hnologies, it is possible to

\

prepare hollow fibe cellt K BASYC)-tubes], used as

artificial blood vessels , 1990). Artificial vessels are used

to replace artt_arics or tumors or accidents. High

low roughness of

mechanical St | i 117 -"!_\-\ibil‘_:_!—:llﬁt '!Ii'h-iin-rbi_'l_ll_'ll’_lilllIll_".":i ’

Ill

a2

the inner surface,-and

nﬂovcssel- interpositions
in rat experiments demonstrate the high potential of BASYC as an artificial blood

071N 103 1T
QTR AT Ay ﬁﬂam

immobilized glucose analyzers in biosensors used for assays of glucose levels. This
bactenal cellulose membrane introduced the electrode stability. In human blood, the

biosensor-coated commercial protecting membranes, as cuprophan (AKZO, England),



22

were stable for 3-4 hr, whereas bacterial cellulose membrane prolonged its stability to

24 hr. Cellulose gels containing immobilized animal cell were used for their culture to

" prosthetic device (to-ieplace disea harpentier et al., 2006). BC

L of non-healing venous leg
ana’s boot hydrocolloid
of wounds BC wound
dressing was found meé -dtive it the treatment ,& hronic vcnous leg ulcers

than Unna’s boot.

3.2 Application o

Anti ‘:’.."QL J

|

Ozaki et al. _‘I(QO) studied the a@n of curcumin on rabbit osteoclast

g R 4 e

stlmul poptosis in the canccr‘cells Since, cancer and bone mﬂammanon are

IR I AN

be useful in the therapy of these diseases

Siwak et al. (2005) demonstrated that curcumin inhibited the growth and
promoted cell death in three different melanoma cell lines. Curcumin appeared to

work by suppressing the production of the proteins in the cancer cells that normally
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protected the cells from cell death. All doses tested decreased cancer cell growth and
triggered cell death. The higher the dose used, the more cancer cells died.

Curcumin triggered the death g and neck squamous cell carcinoma in a

recent study published in This research indicated that the

addition of curcumin 4@ €L inoma resulted in a dose-
dependent growth i was also applied as a
noninvasive topic tumors in mice and
demonstrated inhiba umor grov as ebserved (Lotempio et al.,

2005).

Hidaka et could stop the growth of

human pancreatic nhibited the production of

interlukin-8, a protein p contributed to tumor growth

A.nti-inﬂmm :

.-"': i"‘# the synthesis of

ces in the body ThE natural anti-@ammatory activity of

inflammatory su

curcumin is comparablg=in strength to steroigal drugs, and some nonsteroidal drugs

o aofP b o gl g S . )

Inﬂammayon results from a complex series of actiE and/or reactions ﬂggered by
% W}Mﬂ TRVt Y e
ififection fighting produce a moderate level of inflammation. Chronic inflammation
leads to degenerative conditions like arthritis, a:tc_riosclerosis, etc. Curcumin prevents

the synthesis of several inflammatory prostaglandins and leukotrienes. Curcumin has
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a similar action to aspirin except that curcumin does not cause vascular thrombosis as
the way aspirin does. Curcumin's anti-inflammatory properties may be attributed to its

ability to inhibit pro-inflammato

Antioxidan

Free radical$ cg | chemicals, tissue injury,
infections and auto-impt ? C \\. e body from damage-
caused by free radigals. AL-SO) le eric and its curcumin
component exhibit st ‘to vitamins C and E. One
study showed curcumin £] _,s erful that vitamin E in preventing
lipid peroxidation. Taken in group arra: zemen ch as C-complex, curcuminoids
are three times aSip sl s (Toda et al., 1985).
Curcumigds t BB, 1ot oxidative aind
diation (Kapoor @riyadarsini, 2001). Das
et al., (2002) demo‘slnd that curcumin fsfa potent singlet oxygen quencher at

phm@aumuﬂ il Bl S v

quenchlng by low concentration” of curcum& in aqueous soWns is a

Q W Fald W AW S -

otectmg skin against UV light. Singlet molecular oxygen is an electronically

reductive damage caused to proteins by

excited species of oxygen known to produce in mammalian cells under normal and

pathophysiological conditions.
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Antimicrobial Effects of Curcumin

Chopra et al. (1941) demonstrated that curcuma oil was tested against cultures

concentrations.
Bhavanishan Liad’ asamurt stlgated the activity of
turmeric fractions agaiy Total inhibition of growth

of lactobacilli in the prg§€nce of whelé € Was 1epor : -90ml/100m!)

~ processes that involve
inflammation, granulatiofi ang TSSHE rema jury initiates a complex series of
events that involves interactions of multif il _types, various cytokines, growth
factors, their | migdi d e sxde oficins (ECM). Local

application of v 4 conditions such as

skin diseases, iusmyitcs and chicken pox (Nadka

of turmeric in wourd healing, earlier studi@s/evaluated the effect of curcumin on

e ) R b ot

its effect on wound healing, curcumin treated wound.biopsies showed a large number

AR R A TRy YT

treatcd wound. The presence of myofibroblast in curcumin treated wound

I 19’?6)&5& on the ancient use

demonstrated faster wound contraction (Sidhu et al., 1998).
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Curcumin incorporated collagen matrix treatment showed increased wound
reduction, enhanced cell proliferation and efficient free radical scavenging as

compared with control and collagen treated rats (Gopinath et al., 2004).

Curcumin pretreatment ' a esis of collagen, hexosamine,
DNA and nitrite. Hisielogie -assessm blOPSY specimens showed
t and vascular densities

suggesting that curcumiin mighibe able to improve radiatiensinduced delay in wound

Suwantong ciéil. (2007) | e orporated eurcumin into electrospun cellulose
acetate.fiber mats. Thg ntidl for use-of the curecumir I'*"~{~' e-spun CA fiber mats
and corresponding lins. s topicalltra "\‘ al patches or wound
dressings was reportéd d healing in rats and guinea
pigs. (Sidhu et a/.1999). Curc { tut -.-:' > superior stainless steel stents and
PLGA-only-coated sten or of curcumin stents improved

Sig‘nlﬁcantly 5 .' |:_,rl'n-ﬂ-i.nhr;.u»b.nru.{-.l—hiu-n-;..--.-u."—;-ur.--t:'.‘

.'I Tl
] 1
i i¥

ﬂ‘lJEl'IIVIEWI‘ﬁWEI']ﬂ‘i
Qﬁﬂﬁﬁﬂ‘iﬂlﬂﬁﬂﬂ&ﬂﬁ&l




CHAPTER IV

EXPERIMENTAL

4.1 Materials

4.1.1 Microbial's

The Acetobac led from nata de coco. The

stock culture was kindlV Instttute of Research

and Development of E806d AN kok Thailand.

4.1.2 Chemica

The details of chemicals fise in Table 4.1

__._:'_'{1!_

ax Finechem | ustralla)

#Ajax Finechem (Australia)
mw alm'wmm
um hydroxides Erba (Ttaly)
R U U RN
q Acetone Carlo Erba (Italy) |
Curcumin Fluka (Switzerland)
N,N-dimethylacetamide Sigma-Aldrich (Switzerland)
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4.1.3 Equipments

-Scanning electron microscopy, SE

-Fourier Transform Infraged (FT-1 sttomelea(Perkin Elmer Spectrum One
Massachusetts, USA
-Instron testing macﬁn Stig . :

-UV-vis spectroph@

-Oxygen permeatio analyze(llinois Inst , del 8000, Johnsburg, IL)
4.2 Culture Media 2

The me i Lyo) emented with 5.0% ‘

sucrose , 0.5% ammo iea d. The medium was

T f'
epared by transferring

sterilized at 110 %@ for 5 min. The 5%v/v precultures were-
M) KONIFAN [k
V) e medium. The

actlvated medium was inoculated a‘_’aﬁ C for 7 daysi=w

VWA A I B IR Y

en treated with 1%v/v NaOH at room temperature for 24 h to remove bacterial cells

followed by rinsing with 1%v/v acetic acid and DI water until pH came to 7.
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Afterward, the BC films were air-dried at room temperature (30 %C) and stored in

plastic sheet at room temperature.

Curcumin soliions o/ prepare by dis -«'-.“j arious concentrations of
curcumin (>95% " punty e concentrations. For
comparison, curcuffiin was lgaded n BC{ilms (square platc'of 2.5x2.5 cm?, with the
thickness of 0.0334hm ) dhatvg € forms © [ state (neyer dried film)
and air-dried film b 12.5 ml the curcumin
solution. Afterward, e 11§ were air-dried at room temperature (30

%C) and stored in dry film

4.4 Releasing of .

) .
R NN S s o

1000 ml acetate buffer solution preparation, 150 g of:sodium acetate wasidissolved in

o KL e T Py T

s’owly into the sodium acetate aqueous solution. Finally, distilled water was added

U

into the solution to fill the volume.
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4.4.2. Actual curcumin content
Actual amount of curcumin in the curcumin-loaded BC films was determined.

Each specimen (square plate; 2.5 >m’) was immersed in 4 ml of 2:1 v/v

amount of curcumi ‘ : Shimadzu UV-2550 UV-vis

spectrophotometer

The release ¢ - cupln fr rou in loaded BC films was

ubility of curcumin in the

acetate buffer solutio #B { séleasin di (96. v/v acetate buffer with
ﬁ-ﬁf . )

0.5% v/v Tween 80 and 3% v/%inetha; i d. Each specimen (square plate; 2.5

x 2.5 cm’) was immersed ifi 30 m emperature of 37 °C. At a

specified immersion-perio -""""""-“-—-“-“""":‘- either 1 ml of a

sample solution v “of the fresh medium was

refilled. The amount 3‘f curcumin in the sample solutions was determined using the

o ﬁ‘ﬂ”ﬂ“‘?“ﬁ ﬁ'ﬁﬁ‘mﬂ na .
WAASNAMARAINGAE

The BC-curcumin films were characterized by Scanning electron micrographs

(SEM) for investigating morphology, by Brunauer-Emmett-Teller (BET) for finding
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the pore size, porosity, and pore size distribution, by universal testing machine for

determining stress-strain curve, by Fourier transform infrared (FT-IR) spectrometer

The surfac and :\\ ""“.":--. films were examined
| LU x.,

by scanning electron mlcrographs were taken
with JOEL JSM-5¢ cchnological research
equipment centre) ere frozen in liquid
nitrogen, immediatgly snapps : . e um-dried en, the films were sputtered
with gold and photofgibbell The AT MCAR A kept in dry place before
examination. SEM was @btained at -. onsidered to be a suitable

The specim J10,000X  for surface

)

morphology ane

4.5.2 Fourier Transform Infrared Spectroscopy (F@R

]ﬁ‘ﬁ?ﬂ JLLICAAL LK

sample. FIIR spectra of the dcvcloped films were recorded with a Perkm Elmer

SuriHy R NG
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4.5.3 Mechanical Testing

The tensile strength and elongation at break of the dried BC and BCC films

were measured by Instron fac| ] 5567, NY, USA) with 1kN load
cell at Polymer Engineering Labe ate Pepartment of Chemical Engineering,
Faculty of Engineeringy« I nivﬁlm samples were cut into
strip-shaped specime 1"""--_ e test conditions follow

ASTM D882 as a stang - properties. Two ends of the

specimens were place : instrument, leaving a
length of 6 mm g seed of the instrument
‘was 10 mm/min. vere the average value

determined from at les

4.5.4 Water Absorpt "f-" "’ acity €

LTHIA

=

Water _ab WA ingd by immersing the
preweighted ofideied BC and BCC G temperature until
equilibration. Tthms were then removed from tt cwaterm"lcr excess water at the
surface of the films ‘agﬂotted out with Kiiwipes paper, the weight of the swollen

wﬂumwnwgmi pa—

change. atcr content was determiped by gravune method (Kim er au996) and

amma%wwaum’mma d

WAC(%) = WW x100

d

Where W, and W, denoted the weight of hydrate and dry membrane, respectively.
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4.5.5 The Oxygen Permeability Measurement

Oxygen transmission rate (OTR) of the dried BC and BCC films was

Technological ReseareheThe ondtion ilowed ASTM D3985. The

determination of OTR wassdone'ai 23°C \*\ um1d1ty The film was held
; . i A _ \\\\ One side was exposed to a

N

.-"'

Water vapor transmiss ‘m g WV ; e and BCC films with area of

nitrogen atmosphere n ation of oxygen in the

nitrogen side

4.5.6 The Wateg Vs 'lr'"

50.00 cm?’, was measured a 2. Thailand Institute of Scientific

. and Technologicdl F ond Tl E-96 with desiccant
)

method. The ?f lowing conditions:

temperature 38 % Relative Humidity, 98%. The test ﬁimen is sealed to the

d crateofwater

open mo t of test containing a deMant and the assembly placed in a
centroll

vapor movement through the specinien into the desiceant.

0 ‘W’l@mwjm ANINIA Y

The antibacterial test of BC-curcumin films against Escherichia coli Gram (-)

and Staphylococcus aureus Gram (+) bacteria was determined at Microbiology
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Laboratory, Department of Microbiology, Faculty of Sciences, Chulalongkorn
University. The film samples were cut into 25 mm width and 50 mm length. Testing

of antibacterial activity of the films was ps ed according to the method described

Parallel Streak Method)s e Sampl orthC amtibacterial assay were sterilized

by using UV irradiatio ation was 24 hours at 37

i 21

4.5.8 Antifun

Testing anti ivity'of the BG-curcumin was performed accor&ing
to AATCC 39-1989(Asse: extile Me als: | dew and Rot Resistance of
Textile) at Microbiolog atory, D ent icrobiology, Faculty of
Sciences, Chulalongkorn Univet e fif bles were punch into round-shaped

sample of 3.8 cm diamefér~The f or the_antifungal test were

sterilized by Ising UV irmadiation for 20 min in each sidc Aspergillus niger

Y. Y

inoculated on al 2 elﬁ.nd incubated at 30 °C
ﬂUﬂ.QJﬁLEm INYINT

QAT -

transferred aseptically to 24-well culture plates. The experiments were conducted in
triplicate. One milliliter of culture medium was added to each well to equilibrate the

samples for 30 min before cell seeding. Inhibition of cell proliferation on BC and
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BCC films were determined by MTT assay as previously described (Wasina et al.,
2010). Briefly, cells were seeded into 24-well culture plates (Nunc, Rockford, IL) at

an initial density of 3x10* cells per. wel BCC and BC films. Cells were incubated

at 37°C in a humidified atm o)\ of 5 d 5% CO, for 16 h. Then, the
culture medium was ovcd and re 4 3 h by melanoma B16

complete growth medi [EM fe tures of melanoma B16.
Mh

The number of livig

4.5.10 ol- -yl) -2,5- diphenyl-
tetrazolium brom: ction of the yellow
tetrazolium salt to parpleformazan erysial hydrogen: e@mes secreted from

the mitochondria of ount of purple formazan

crystals formed was proportjo: al 1o the able cells. First, the culture

s

mcdlum was aspirated and replace with 2 [ solution {(3-[4, 5-dimethylthiazol-
;:s;...-f .é'

2-yl]-2 5- diph ef] After that the plate was

incubated at 37 "‘f_ ‘ ‘ or 5 minutes at 4°C,
| I .

the medium was gspirated and the formozan product was disselved in 100 ul DMSO

in each well. The ce was measured’u$ing a Microplate reader (Benchmark

mﬂ%&l@%ﬂ‘ﬁw AN
ammnim UANINYA Y



CHAPTER V

RESULTS AND DISCUSSIONS

5.1 Characterization ¢

The bacteri was produced in _the form of a pellicle on the

surface of a culture médiud Dis' to the uniqu * properties of BC and
curcumin, it was intergstingfto absotb curc 1to BC film as it might improve the
biological properiies of the developed B ‘I n film. Therefore, in this work, the
modification of thg/BC as petfon ading umin into a BC film

synthesized under the inum. It was then assessed

for its potential use as x ":' i case and transdermal delivery of

curcumin. The structure, c;nc swelling, components, chemical

structure and bi ole gi h
W )

were also examinéd a #lm with no curcumin

e addition of curcumin

. .
content. Moreover the absorption and release characteristi¢s of curcumin from the

- curcumin-loaded BC"fﬂalso investigated ./

AUEITENINYINS
AR TUNNINGAY
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5.1.1 Surface morphology

BC with the addition ofst rgumin.  Figuré ™Sl (@) presents SEM images of
individual BC withe e dddifion of ¢urcumin. The upper SEM images show the
surface morphologye

respectively. The lo j€s are section 2 00'and 10,000 magnifications.

~ 3

.ﬂl.l-i
vArop ‘c 9) opcrty, aﬁer air-drying

at room temperature and 1 ingWwith w e pote diameter of the swollen form

As shown in the abovg figures th ?-f; -- Il - \ found ultrafine fiber network

structure of micro fibril§ belov

was 0.2-1.0 um, whereas e dried film was less than 0.1 pm.

The dimension of the dried BEC fil comparable to an ultrathin

membrane (K[Bnifietets2004)—— -
W Y )

Figure 5.1 ;ii to (f Ages 0 J he BCC films with the
a JI
adsorption using the curcumin solutions at the concentrations of 0, 0.2, 0.4, 0.6, 0.8
-9

B8R -

ril network. he loading of curcumin, curcumin could integrate

VL WE Y Y gieh (113 b

curcumin particles inserted into BC fibril network.
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ure 5.1 (a SEM 1mag4c:s
B O /™ .-f . =
3

;'
in @]gm t¢ (5\)@0
Cross-sectlon(xl 0,000)

of snrface morpholéj@ of the drlggi ﬁl’aﬂ' at none-

ﬁ,%vkw !;Bﬁ swm; a cabjs tsmorlm Noiahi ©
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1 m  x 10,000

AUYANYNTNYAS

3
Figure 5.1 (b) SEM images of sufface mo holoﬁf the dried films @/0.2 mg/ml
Q WP] \5 m ‘3 mfu‘\ se 1&:& 0)and

9

(C) Cross-section(x10,000)
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"
Y
"
i
=

N o ']
W ¥

( ql"lglﬂt& s,it_w (#) SBM images of*é_,gga?%;}mcinﬂmldgy éf @e[dﬁeg film$yat 0:4 jmg/ml

curcumin supplement: (A) Top view; (B) Cross-section (x3,500)and

(C) Cross-section(x10,000)



x 3,500

f o ) #?:fﬁr " ..:_h . 3
ﬁ%ﬂﬁWLHEMﬂﬁhﬁ .
Nt o) Gk e O%LMM ANYAE Lo

L

curcumin supplement: (A) Top view; (B) Cross-section (x3,500)and

(C) Cross-section(x10,000)
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AugIngningng = -
A A DIAUNRVNLAR ..

curcumin supplement: (A) Top view; (B) Cross-section (x3,500)and

(C) Cross-section(x10,000)
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wff fun _x10800 B S5um  x3500
(

(
L_]_u‘;‘""'ll"f

L 2 e
= : "x.- 1 B3 A7 as0

-

AUHINENINNS

A ASATUUBATNUNAL.e

9

L
1Mm  x 10,000

curcumin supplement: (A) Top view; (B) Cross-section (x3,500)and

(C) Cross-section(x10,000)
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5.1.2 FTIR analysis

réscaiehy the sample of BC and BCC
-—

films were analyzed MR™ The presence of peakata ific wave number would
indicate the preseng : fic/Chemi qﬁ‘«"‘ﬁx in Figure 5.2, the FTIR
T,
” \'\

spectra of the BC

material (Lee et at.,

er ranging from 2000-

1000 cm™. The BC #ilm sho ' “in Rigure 5.2 (a), which

The strong band" of Cutcuinis -‘ cm - 18 due to the enol carbonyl

was attributed to

stretching vibration as shewed i .u*” T ). Al
r Hﬂ-{ -,

film was presented in the spetira of :'.?.. 3C imin films. However, the carboxyl
)\
group band for BCC filn ?:5?!’ 2 (€

1aracteristic bands of the BC

ifted from 1639.38 cm™ to

e a1+ - . B 7 ¥+ B ¥ e B S E . difference between

£7

1634.87, 1634.

f the f ed to ”:‘J raction between the

absorption bands@
components of the uipolymcrs and curcumm

AU NN TN TS

curcuminffilms and the BCC ﬁlms but not found in the BC film, mdlcatlng the

Q‘W’Tﬁ"ﬁ"ﬂ‘"‘fmﬂiﬁ’mﬁﬂﬁﬂ
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(N

(e)

(d)
®
E (c)
"]
2 .{b)

- fa)

2000 700 500 L 1200 1100 1000

I;-'i

ﬂ‘lJEl’J'VI VI‘WIEI']ﬂ’i

Figure 5. FI'IR spectra of BC C-curcumin films in wave numbers ranging

q mmmmmmﬁ i
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5.1.3 Mechanical properties

Mechanical properties are o ifa of the most important properties because

virtually all service condit' : ARk f end-use applications are involved
some degree of mect ling  TherefOiggmin®this study, the mechanical
properties such as thedensile Stiergth, Y M‘\ slongation at break were
examined. \

Tensile strength (Mpa)

1.0

ammnmuﬁ'ﬁ"’a‘%mﬂ

ure 5.3 The tensile strength of the BC-curcumin films as a function of curcumin

loading concentration.

1.2
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Figure 5.3 illustrated the change of tensile strength of films as a function of
curcumin content. The tensile strength of the BC film at the average thickness of 40

films decreased from 126.41 to 47.91

MPa when the curcumin loadin entraion was increased from 0.0 to 1.0 (mg/ml).
It was found that the ig isile streng decrefised” wthe increase of the curcumin

content.

8.00 -

6.00 -

4.00 A

Young's Modulus(Mpa)

AT AMEN S WE NS

Cur ‘gumm Concentratlon (mg/ml)

AANNIAUINIININALL.

curcumin loading concentration.
Figure 5.4 shows the change of young’s modulus of the BC-curcumin films as

a function of curcumin content with the average thickness of 40 um. The young’s

[
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modulus of the BC film was 5.56 MPa, which was the maximum observed value in
the test. The minimum young’s modulus was 1.84 MPa at the BCC loading with

curcumin solution at concentration of |

§.00 -
r
~ 600 ¢
= -
D
S
=t
$
s
2 400
=
= {
&
5
S 200 -
|
0.00 - ;
0.0 1.0

thaebbs v ¥

Figure 5.5 The E or gation at break of the BC-curcumin mémbranes as a function of

o ryrinenng.......
% R REE TR (L ok T

curcumin was 3.28% and it found that the elongation at break also decreased with the

increased of curcumin content.
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Overall the addition of curcumin resulted in BCC films with inferior

mechanical properties in comparison to the BC film. The intermolecular bonds

weak but rigid structure with | xibl owever, the tensile strength of

the BCC films was stil lsuperidrincomparisoft g Gthembiopolymer fiims.

5.1.5 The degree g

600

e

=

<
e

Degree of swelling

[ 3]

<

(=1
i

ﬂ‘lJEl’JVIEWI‘ﬁW gIN%
’Qﬁ'l Mﬂ‘iﬁﬁ‘ﬁm‘}%ﬂflﬁﬂ

Figure 5.6 Degree of swelling of the BC-curcumin film as a function of curcumin

loading concentration.
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The BCC films were further characterized for the swelling ability after

submersion in water for 48 h (see Figure 5.6). The degree of swelling of BC film was

444% in water. The swelling ability o t' /ws was gradually decreased from 444 to

ed from 0.0 to 1.0 mg/ml. The

308% when curcumin loadi tratio] ca
degree of the swelling Oﬁml_s dec jase g@asing the curcumin content.

T —
the BCC fi igh hydrophobic property

The less water coul

of curcumin ( Ja

5.1.6 Water vapor pi

800

600

400

WVTR (g/mZday)

200

RN TRARAATIYN 6T

Figure 5.7 The water vapor transmission rate of the BC-curcumin films as a function

of curcumin loading concentration (mg/ml).
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The water vapor transmission rate (WVTR) of the BC film was not
significantly affected by curcumin loading at the concentration up to 1 mg/ml. The

water vapor transmission rate o -curcumin membranes were 435-597

ission rate of the BC-curcumin

vand Bioclusive® (Wu al et.,

1995).
3500 -
3000 -

2500 -

-

L]

a

E 2000 -

2

g 1500 -
1000 -
500 -

Bioclusive®

N

Figure 5.8 The watcll"yapor transmission rate of the commercial films.

ﬂ‘lJEl’WIEWl‘ﬁWEI']ﬂ‘i
Q‘W’mﬂﬂ‘iﬁu UANINYA Y



5.1.7 Oxygen permeability test (OTR)

52

3.00

1.50 A

OTR (ce/m*day)

0.00
0.0

Figure 5.9 Oxygen trans:

= ///é

&)\

=rare-uiinc

curcumin loading coBéeniratio

. Figure & he

curcumin films, 7S

that, it was observ
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5.1.8 Antibacterial Activity

[n this study, both Escherichia coli and Staphylococcus aureus were used as

curcumin and BCC L mgiml"Cuicumin exhibited neselear zone against all bacterial
strains (E. coli andg$
samples was obse

However, it

t curcun in at concentration of
;\ cus aureus but it had no

2.5-50 mg/ml had aniib

Antimicrobial effect

-No clear zone
-Inhibition of growth
under the sample

-No clear zone
-Inhibition of growth
under the sample

BCC-loading with 1.0 mg/£

curcuniin’solution
L]

-No clear zone
-Inhibition of growth

Ifl ﬂ ..,-_.under the sample

| | Mo clear zone
-Inhibition of growth

. undér.the sample

¢
mﬁﬁj . 1
‘jm:curcumiuso;t.gjﬂEI ot growih

under the sample

BCC-loading with 1.0 mg/ml
: -No clear zone
curcumin solution -Inhibition of growth
under the sample

Table 5.1 The antimicrobial effect of BC and BC-Curcumin films.
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us for 24 h.. incubated

1o 1) (e 11210
RABNA TN UM INYINY

In this study, 4Aspergillus niger was used as the test fungai to examine the
antifungal activity of BC and BC-curcumin films. ‘I'he antimicrobial eftect ot BC

films with loading curcumin in different concentration was shown in Table 5.3 and
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Figure 5.10. The film samples of BCC-0.5 mg/ml curcumin and BCC-1 mg/mi
curcumin films exhibited the significant effect on the growth of Aspergillus niger. On

the basis of this observation, it could be proposed that the antifungal activity of BC

solution of 0.5-1.0 mg/ml.
t of curcuma inhibited the
tcdl um digutatiun

growth of Aspergillus nige andfe 2 pq_hor et al., 1997).

Observed growth
Fungi -
Result
Aspergillus Trace (less than 10%)
niger
Trace (less than 10%)

BC

BCC-0.5

BCC-1.0

Figure 5.12 The growth of Aspergillus niger on BC and BCC the specimens, at 30°C

for 1 days.
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eﬁ.on the Bmc specimens, at 30°C

BC BCC-0.5 BCC-1.0
Figure 5.15 The growth of Aspergillus niger on the BC and BCC specimens, at 30°C

for 5 days.
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5.2 Absorption and Release of curcumin from curcumin-loaded BC film

Absorption of actual amount curcumin in BC film need to be

cumin (mg/cm®)
3( C film
curcumin concep

into BC.filn

Using dried film

0.57+0.04

e T T

1.96+0.02

2.27+0.01

2.42+0.18

176.97+0.36 6.08+0.1
o/

8 =1
Kol dYitJYl da NE

Table 5.3"Actual amount of curcum ‘p was absorbed mto BC film in wet (ncver dried)

PRI UNAINY QY

With the adsorption using the curcumin solutions at the

- concentrations of 0.2, 0.4, 0.6, 0.8 and 1 mg/ml absorbed into the wet BC films, the
actual amount of curcumin in films were 47.52, 78.55, 98.91, 124.61 and 176.97 mg

per cm’ BCC film, respectively. Comparatively, much lower values were observed for



59

the curcumin loaded BC films that were prepared from the curcumin solutions
absorbed into the dried BC films, where the actual amount of curcumin in films were

0.57, 1.96, 2.27, 2.42 and 6.08 mg ps ’ BCC film, respectively. The superior

equilibrium water conteapofthe. wet (ne vas 18.2 g water/ g dried film,
which was more tham3= fo g swi "‘\ \
pter) ' \ e cureumin-loaded BC films

The releasgg€haragteristies jof cu from

- vere carried out using the
acetate buffer solutiog o oy cch 8 4. % v/v methanol (B/T/M
medium) at 37°C. Previgislyh Suwadtong et @00 i5ed a B/T/M medium to study
the release characteristics puriin fror .- in=loaded e-spun CA fiber mats

and corresponding as-cast CA ulative release profiles of curcumin

- = _.i-f-"
from the curcumin-loaded BC" fiims were 1 iwo different manners, i.e., as

the pcrcentage ’, ------------------------------ ; ‘actual weight of the

specimens and asThe pe il 1ﬁlcascd divided by the

actual weight of curc:?nm in the spccxmcns

ﬁ w Tﬂﬂ‘mwﬂﬂ ﬂ A?ncrease in the

cumulativg|release of curcumin durmg 1200 min (20 hours) of the immersion in

CUMEN R meh ()15 ke

released of the films increased with increasing the amount of curcumin loaded in the
wet BC films. Specifically, for the BC-curcumin films that were prepared from the

curcumin concentration of 0, 0.2, 0.4, 0.6, 0.8 and 1 (mg/ml), the amount of curcumin
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after 60 hours released was ~5, ~8, ~11, ~15 and ~19 % (mg of curcumin/mg of
specimen x 100), respectively. When reported as the percentage of the weight of

curcumin released divided by the 2 eight of curcumin in the specimens, the

curcumin-loaded BC film speci '-II"“-. ‘ oh f' od @ gapid increase in the total amount

of curcumin released duging 01200 min (0-20-h61s)0f the immersion and the slow

release of curcumin was er, the maximum amount of

curcumin released i nt of curcumin-loading

slightly increased vaded in BC films. The

BC-curcumin films 1 50 utlons of 0.2, 0.4, 0.6,

rcumin at ~81, ~82, ~87, ~88

""l

0.8 and 1.0 (mg/ml) gave

and ~91 % (based On acgial amount of cur nzlo "\ espectively.
The results sho absorbed in the curcumin-
loaded BC specimens could beseieased : o /M medium.

ﬂ‘lJEl'IIVIEWI‘ﬁWEI']ﬂ‘i
Qﬁﬂﬁﬁﬂ‘imﬂﬁﬂﬂmﬁﬂ
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_ Cumulative release of curcumin

(%, based on actual weight of specimens)

Figure 5.19
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+ 1 mg/ml curcumin-loaded BC films
208 mg/ml curcumin-loaded B s
0.6 mg/mi curcumin-loaded |BC ' 3
A 0.4 mg/ml curcumi I'—I \‘ 3
0.2 mg/mi curcufiie C fim

x
\!
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sion time (min)

inin-loaded BC films

repaited f relSased curcumin divided

by N actual weight of specimens
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5.3 Cytotoxic effects of BC-curcumin

140 -
120 1

100

(=]
o

% viabillity
3

40 4

20

L
- -

Figure 5.20 Cyto r'l ' -ﬁ: moma cells.

¢ BE ﬁlm loading with 0.5 mg/ml curcumin $6lution

f TS eTS
m’i‘“‘“’“iﬂ:ﬁiﬁi AAIgAA

the BC film is illustrated in Figure 5.20. Both the extract of the BCC-0.5 and BCC-1.0
(mg/ml) significantly inhibited the viability of the dermal cancer cells within 3 hours.

Figure 5.21 demonstrated the amount of curcumin that was released from BC-
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curcumin film into water after the incubation. Within 3 hours, the amount of curcumin
released from the BCC films which were prepared from the curcumin solutions at

concentration of 0.5 and 1.0 (mg/mb) 0.078 and 0.088 mg/ml, respectively.

Curcumin has been #_- oxidant, anti-inflammatory, cancer

chemopreventive and ar Cancer- hl, 1991; Ozaki et al., 2000;
Hidaka et al,, 2002 study indicated that the

release of curcumig ma cancer proliferation

and triggered cancg cher curcumin content

caused more cancer ¢

Amount of curcumin release
into water (mg/ml)

Pl

Tune (hGurs)

Ire S 2 A@ual amount? curcumin that was releasedmo water afte a- El

incubation.

+BCC film loading with 0.5 mg/ml curcumin solution

m BCC film loading with 1.0 mg/ml curcumin solution



CHAPTER VI

CONCLUSIONS A} ECOMMENDATIONS

6.1 Conclusions

In this stud a0 cellulose ~was modified by loading with

/'/ e \\:\ d that interactions might
present between the hydroxyl ggoups of BC | \ thewcarb bonyl group of curcumin.
1 VigE /. -1 [ \

The SEM micrograp t e decrease of average

pore size when in€reasifig glirclinin gont ? i\\- ) particles were incorporated

\

- ”
into BC fibril network. _ .m...- y \
The influence of th m ti ep

was investigated. The teSile/Stiength, Y odultis and Elongation at break of

curcumin solution. The

haracteristics of the film

the bacterial cellulose-curc J " /e\ ”ff “found to be relatively lower than

those of the BC film Significantly decreased

with the incre ?" fr ..‘u .0-0.6 mg/ml. The
' T

f the films with increasing curcumin i ontent was observed.

decrease in OTR

IOV Tt 2012

From the examination of dntibacterial andgamtifungal properti€s,/the BCC
Wb b of o s b bl o4 1
dlsplayed antifungal activity against Aspergillus niger. However, the antibacterial test
with the BCC films exhibited no clear zone against Escherichia coli and

Staphylococcus aureus.
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The loading concentration and film structure were found to be important
factors that affected the absorption characteristics of curcumin in bacterial cellulose

film. With the curcumin solution at goncgntration of 1 mg/ml loading into wet BC

iman melanoma cells

showed that the amg Cum ed 1r s could be released into

~‘I~
e growth of melanoma cancer

""l

the cell culture mediw

within 3 hours.

6.2 Recommendations for futurestudies

R

Based ofi dhis study.further studies for the improvement af bacterial cellulose

o d

film are "'5'- .

i

1. The study (fwifying bacterial cﬂybsc by incorporated with other herbal

A ULINENINEING

2. The study for more apflicﬁions.

RIANNIMNAININY
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- DATA OF MEMBRANE CHARACTERIZATION

Table A1 Data of Figure 5.4

s o
Curcumin — — ngth )
concentration(mg/m —"'"' ‘ﬁ 5 | Average | S.D.
9
’WM 17,4 128:
0 0.17.{ 12854, | 159.23 | 126.41 | 29.13
o RS
0.2 mﬂgl \\ 7871 | 98.14 | 19.05
; 6728 | 5935 | 8.79
04 fl/ ux R
0.6 ” ‘ -m' “\ "?‘l 67.16 | 57.71 | 1147
AL
: 50106448 | 4379 | 4327 | 4961 | 10.72
1 'ﬂm “\ 622 | 5878 | 4791 | 801
e L
=
Table A2 Data of Figure 5.5 =12/ =
_.c:_l—-
trati
ey 5 Average | S.D.
¢ 556 | 0.21
415 | 053
ARIRIASH e
q 0.6 _ 2.85 | 3.0155 | 2.8657 | 3.1333 | 27692 | 2.93 | 0.15
0.8 2.0978 | 1.9953 | 3.9106 | 3.531 | 22604 | 276 | 0.89
1 2.0259 | 1.7291 | 0.9881 | 1.9898 | 2.4885 | 1.84 | 0.55




Table A3 Data of Figure

5.6

76

Curcumin

Elongation at break(%)

concentration(mg/ml)
5 Average | S.D.
0 5.6162 6.05 0.39
0.2 5.8508 5.59 0.49
0.4 5.0955 5.44 0.34
0.6 4.86 4.72 0.38
0.8 2933 3.33 0.44
. -
1 i ”Ff 3.8995 1\1 26708 | 328 | 052
.ﬁﬂ.‘p '*‘.--_-_.l d
Table A4 Data of Figure 5.7 =
} _r,.fsﬂ"" ,u
Curc .‘-‘ -— Degree al pure water
concentration(nigy/
5 Average | S.D.
42830 | 461.22 18.68
11.05
6.09
6.61
q -
0.8 295.77 | 332.81 | 324.24 | 331.69 | 286.57 | 31422 |21.54
1 309.59 | 290.93 | 308.11 | 308.06 | 322.22 | 307.78 |11.13




i}

Table A4 Data of Figure 5.8

WVTR (g/m?/day)
Curcumin concentration(mg/m!
Average S.D.
597.29 90.45
481.56 35.11
43479 | 185.57
506.15 89.69
Table A6 Data of Fig
A '
Pl OTR (cc/m¥/day)
Curcumin concentration(mg/fml) i W :
\ Average S.D.
¥ : 2.24 0.15
1.26 0.01
m 1.13 0.16
0.74 0 67 0. 70 0.05

’Qﬁ'lﬁﬁﬂ‘imﬂﬁﬂﬂﬁl'lﬁﬂ
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