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ABSTRACT

This research focuses on the preparation of cellulose capsules encapsulating gallic acid (GA),
an important component in Bambara groundnut extracts, by water in oil suspension and miniemulsion
polymerizations for cosmetic application using carboxymethyl cellulose (CMC) as a shell.

For high encapsulation performance, CMC was firstly modified to introduce double bond
with 3-(trimethoxysilyl)propyl methacrylate (MPS) as a silane coupling agent named modified-CMC
(m-CMC) at various ratios of CMC:MPS. The FTIR and '"H-NMR results confirmed the successful
modification of CMC. The ratio of 75:25 (%w/w) was selected for further polymerization because of
its high water solubility. Afterward, the m-CMC was subsequently graft copolymerized with
methacrylic acid (MAA) monomer along with the C=C bonds from MPS and formed CMC-graft-
polymethacrylic acid (m-CMC-g-PMAA) as a biocompatible polymer network shell. Various ratios
of m-CMC:MAA were investigated. High stable spherical shape of m-CMC-g-PMAA microcapsules
with high %encapsulation (59-78%) were found at all ratios. At the m-CMC:MAA ratio of 33:67
(%w/w), high stable microcapsules with the highest %encapsulation (78%) were obtained. The
optimum condition of suspension polymerization was used for the preparation of nanocapsules via
miniemulsion polymerization. The appropriate percentage of amplitude for oil droplet generation was
studied. The ultrasonication at 40% amplitude presented spherical shape nanocapsules with high
colloidal stability and the highest loading (37%) and %encapsulation (73%). The rapid controlled-
release of GA were found in both m-CMC-g-PMAA micro- and nanocapsules. Moreover,

the cytotoxicity testing through MTT assay with various capsule concentrations showed



the non-cytotoxic characteristics of m-CMC-g-PMAA microcapsules, nanocapsules and particles in
arange of 0.0001-0.01, 0.0001-0.1 and 0.0001-1 mg/ml.

Therefore, both of the m-CMC-g-PMAA micro- and nanocapsules encapsulated GA were
successfully prepared with high colloidal stability, high loading and encapsulation efficiency.
It is appropriate to apply in cosmetic application at appropriate concentration with satisfactory

required rapid release and non-cytotoxic characteristic.

Keyword:  Carboxymethyl cellulose, Polymethacrylic acid, Gallic acid, Microsuspension

polymerization, Miniemulsion polymerization
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1. mfuenuia wagiaa (Mw 90,000 g/mole) Analytical grade Acros organics

(Carboxymethyl cellulose; CMC) (DS = 0.7)

2. pIALNAAn Purity 98%
(Gallic acid; GA)

3. ASAUNIATAN Purity 99%
(Methacrylic acid; MAA)

4. 3-(laswmend lwda) Insia wmasan Purity 98%

(3-(Trimethoxysilyl)propyl methacrylate; MPS)

5. IVIQ?)‘L! Analytical reagent
(Toluene)
6. NIADETANUS E‘q’f“l/]% Analytical reagent

(Gracial acetic acid)
7. lawedlaasondaifesa -

(PEG-30 Dipolyhydroxystearate; DPHS)

)
8. ¥e5UUNY Waue lodten Analytical reagent

(Sorbitan monooleate; Span-80)

Acros organics

Sigma-Aldrich

Aldrich

RCI Labscan

RCI Labscan

Croda




AN 3.1 (AD)

a0l 1n3a o
9. wulwdanlesoonlyd Analytical reagent Aldrich
(Benzoyl peroxide; BPO)

10. 2, 2’-oz Twda [N-2-A13 UonFona)-2- - Wako Pure
wiaTnsnuniiau] lawse Chemical
(2, 2>-Azobis[N-(2- carboxyethyl)-2-
methylpropionamidine]hydrate; VA-057)

1. Tnwunadeunlessana Analytical reagent Acros organics
(Potassium persulfate; KPS)

12. Tmaeulansasama Analytical reagent Ajax Finechem

(Sodium dodecyl sulphate; SDS)

13. WNamumAsLEan Reagent Plus 99%  Sigma-Aldich
(Methyl methacrylate; MMA)

14. lasinaaealnsmu laswmnasan Technical grade Sigma-Aldich
(Trimethylolpropane trimethacrylate;
TRIM)

15. Twunaiienlaasen loa Analytical reagent Ajax Finechem
(Potassium hydroxide; KOH)

16. 1, 4-Tapaniyy Analytical reagent RCI Labscan
(1, 4-Dioxane)

17. 1@MuUaa Analytical reagent RCI Labscan
(Ethanol)

18. lawinavesunlua Analytical reagent RCI Labscan

(Dimethylformamide; DMF)




AN 3.1 (AD)

a131nl 1n3a o

19. lanaslslimu Analytical reagent ~ RCI Labscan
(Dichloromethane; DCM)

20. oz%lau Analytical reagent ~ RCI Labscan
(Acetone)

21. NADLHING Analytical reagent ~ RCI Labscan
(Ethyl acetate; EtAc)

22. lawiadanenlyd Purity>99% Merck
(Dimethyl sulfoxide; DMSO)

23. mmz"laimyjuiu Analytical reagent ~ RCI Labscan
(Tetrahydrofuran; THF)

24. Twidenlalasues Inveawla Analytical reagent  Ajax Finechem
(Sodium hydrogen ortho phosphate; NaH,PO,)

25. laTamdenlelasnuee Inveala Analytical reagent ~ Ajax Finechem
(Disodium hydrogen ortho phosphate; Na,HPO,)

26. (3-(4, 5-launa lnozwea-2-0a)-2, 5- lailiia = Invitrogen™
mnse Tandoy Tus lud)
(3-(4, 5-Dimethylthiazol-2-yl)-2, 5-
Diphenyltetrazolium Bromide; MTT)

O

27. DINTLDYIYD - Gibco™
(Dulbecco’s Modified Eagle Medium; DMEM)

28. wnalulasiou Purity, 99.99% Praxair

(Nitrogen gas; N,)
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1. wsegiaa alnIns TWladnos
(UV-Visible spectrophotometer)

Y J Y
ﬂamﬁamiﬂmmﬂmm
(Optical microscope; OM)

Y Ja '
NADIYANTIAUDANATOULUUADING A
(Scanning electron microscope; SEM)

1AT99IAYUINDYNIN
(Dynamic light scattering; DLS)

A ) Y A
mimﬂuﬁ"ﬁmﬂmamﬂu
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(Differential scanning calorimeter; DSC)
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(Gas chromatograph; GC)
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(Incubator)
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(Absorption spectrophotometer)
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Phase Chemical 1 2
m-CMC (g) 0.625 0.625

Dispersed phase MAA (g) 0.625 0.625

(water) GA (g) 1.250 1.250
VA-057 * (g) 0.050 0.050
Mixture solvent " (g) 5.000 3.000

Continuous phase Toluene (g) 22.500 22.500

(oil) DPHS (g) 0.750 0.750
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Phase Chemical m-CMC:MAA
75:25 67:33 50:50 33:67
m-CMC (g) 0.937 0.834 0.625 0.417
MAA (g) 0.313 0.417 0.625 0.834
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High performance biocompatible
cellulose-based microcapsules encapsulating
gallic acid prepared by inverse
microsuspension polymerization

Wichsuda Tangsongcharoen,? Patchara Punyamoonwongsa®
and Preeyaporn Chaiyasat®<*

Abstract
In this study, the preparation of biocompatible cellulose-based microcapsules encapsulating gallic acid (GA), an important
antioxidant of Bambara gr d extracts, by water-in-oil inverse microsuspension polymerization was studied. GA and

carboxymethyl cellulose (CMC) were selected as core and shell materials, respectively. For high encapsulation efficiency, CMC
was firstly modified (modified-CMC (m-CMC)) with 3-(trimethoxysilyl)propyl methacrylate (MPS) as a silane coupling agent.
It was subsequently polymerized with methacrylic acid (MAA) monomer through a radical route, forming a PMAA grafted
m-CMC (m-CMC-g-PMAA) biocompatible polymer shell. Using CMC:MPS in a ratio of 75:25 (w/w %), highly water-soluble m-CMC
containing a C=C bond for further radical polymerization was obtained. After inverse microsuspension polymerization at
various ratios of m-CMC:MAA, highly stable spherical m-CMC-g-PMAA microcapsules encapsulating GA were formed in all ratios.
It was observed that the encapsulation efficiency increased with increase in MAA content. m-CMC:MAA in a ratio of 33:67 (w/w%)
pr d the highest encapsulation efficiency which may due to the increase of hydrophilicity of the aqueous phase. It also
presented rapid release and non-cytotoxic characteristics, suited for use in cosmetic products.

© 2018 Society of Chemical Industry

Keywords: gallic acid; carboxymethyl cellulose; inverse microsuspension polymerization; microcapsule
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INTRODUCTION be relatively low (20%-30%). Furthermore, the encapsulated
Plant phenolic compounds can be divided into two groups: particles appeared as non-spherically shaped microcapsules.
flavonoids and phenolic acids. They are known as natural antiox- "€ preparation of alginate capsules by the electrospray tech-
idants to prevent oxidative damage in the body and thereafter ~Nidque also resulted in a low percentage of loading (LD =~
reduce the risk of cancer, cardiovascular diseases and osteoporo- 7~ 12):° Poly(lactic acid-co-glycolic acid) (PLGA) capsules pre-
sis. These natural antioxidants showed ability to decrease the ~ Pared by solvent evaporation T the oil-in-water system have
development of melanin, anti-aging and free-radical scavenging ~ 2¢€n reported with only 22% EE The exploration of new tech-
properties.' -3 niques to improve the GA EE whilst preserving its bloavallabll.lty

Gallic acid (3,4,5-trihydroxyl-benzoic acid) (GA) found in Bam- ' therefore a necessary step for the advanced use of GA active
bara groundnut is one of the most outstanding plant phenolic  compound.

compounds. This plant species (Vigna subterraenea (L.)) is known Mlcro'enc'apsulatlon % deﬁned' a3a Fechmque of encapsulating
in Thai as ‘Thua Rang’. It is-one of Thailand’s annually dormes- solids, liquids or gaseous materials. Since the active compounds

ticated crops mainly cultivated'in the south of Thailand:#S Due are usually enveloped within the inner core of polymeric shells,

to its excellent bioactivity, GA has been used as an active ingre-
dient in cosmetic products. It is a low molecular weight anc o

water-soluble compound.®=? Although it presents many advan- * Correspondence to: P Chaiyasat, Department of Chemistry, Faculty of Science
tages, there are unsaturated bonds in the structure, which make and Technology, Rajamangala University of Technology Thanyaburi, Pathum
it susceptible to light, heat, pH and water.'"'* To resolve this Thani, Thailand. E-mail: p_chaiyasat@mail.rmutt.ac.th

issue, the encapsulation of GA within microcapsules has been

o

. g s : = Department of Chemistry, Faculty of Science and Technology, Rajamangala
proposed for enhancing the shelf-life and stability of GA including University of Technology Thanyaburi, Pathum Thani, Thailand

bioactivity and bioavailability.'®'*-'> GA has been encapsulated

with various kinds of materials such as maltodextrin and gum
i i ique 141617

arablc. by the_ freez? dr.){lng teCh':"que' Although the GA Advanced Materials Design and Development (AMDD) Research Unit, Faculty

shelf-life and its availability were likely to be preserved, the per- of Science and Technology, Rajamangala University of Technology Thanyaburi,

centages of GA encapsulation efficiency (EE) were reported to Pathum Thani, Thailand

o

School of Science, Mae Fah Luang University, Chiang Rai, Thailand

n

e )
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their bioavailability was proved to be protected from the sur-
rounding conditions. The technique allows controlled release of an
active ingredient under desired conditions.®'®'? It could also help
to extend the product shelf-life and long-term stability.”16.18-20
Microsuspension polymerization is a highly efficient method for
the preparation of microcapsules encapsulating various kinds of
core substance. The successful encapsulation of octadecane,?' -
hexadecane,?*?° rubitherm?”:3%3! and methyl anthanilate®? with
various polymers by microsuspension polymerization using an
internal phase separation mechanism has been reported with high
EE and colloidal stability.2%3133-3%

Among all available sources of materials, capsule shells made
of biopolymers have increasingly gained a lot of research interest
because of their biodegradability, biocompatibility and environ-
mental friendly character.?*-*' These polymers can be obtained
from plants and living microorganisms. They are widely used
in the biomedical, packaging, cosmetic, fabric and agricultural
industries.*' 4 One of the most abundant biopolymers is polysac-
charide cellulose.*#54¢ A number of cellulose derivatives have
been commercialized for specific applications. Carboxymethyl
cellulose (CMC) is a well-known water-soluble and pH-sensitive
cellulose derivative3%4446-50 |t has been used as a drug deliv-
ery system and superabsorbent hydrogel.35460-53 The interior
morphology of CMC-based vesicles is tunable by alteration of
the crosslinker, such as divinyl sulfone®' citric acid,**** fumaric
acid®* and radiation crosslinking.*® CMC has also been used as a
shell to encapsulate silver nitrate***® conjugated with linoleic acid
via the coacervation technique,®® as well as to prepare layered
double hydroxide drug nanohybrids*” and CMC-resin gum hybrid
nanoparticles through the nanoprecipitation method.*® However,
thereis no report on the preparation of CMC-based microcapsules
by inverse microsuspension polymerization.

Therefore, in this study, the preparation of biocompatible
CMC-based microcapsules encapsulating GA by water-in-oil
(W/0) inverse microsuspension polymerization was studied.
Modified-CMC (m-CMC) with 3-(trimethoxysilyl) propyl methacry-
late (MPS) as a silane coupling agent” % was subsequently
polymerized with methacrylic acid (MAA) through a radical route,
forming a PMAA grafted m-CMC (m-CMC-g-PMAA) biocompatible
polymer shell. The impact of MPS addition and the alteration of
the MAA weight ratio were also evaluated based on the forma-
tion of microcapsules, colloidal stability and EE of the GA active
compound.

EXPERIMENTAL

Materials

CMC with a molecular weight of 900009 mol-' (analytical
grade; Acros Organics, Morris Plains New Jersey, USA) and
MAA (99%; Sigma-Aldrich, St. Louis Missouri, USA) were used
as the materials for the formation of the microcapsule shell.
GA (purity 80%; Acros Organics) was used as received as
the microcapsule core. MPS (purity 98%; Sigma-Aldrich) as a
silane coupling agent was used for the preparation of m-CMC.
The 2,2"-azobis(N-(2-carboxyethyl)-2-methylpropionamidine)
tetrahydrate (VA-057; Wako Chem, Osaka, Japan) was used as
a water-soluble initiator in the inverse microsuspension poly-
merization. Glacial acetic acid (RCI Labscan, Bangkok, Thailand),
dichloromethane (RCI Labscan), ethanol (RCI Labscan), dimethyl-
formamide (DMF) (RCl Labscan), 1,4-dioxane (RCl Labscan),
toluene (RCI Labscan) and dimethyl sulfoxide (DMSO) (RCI Lab-
scan) were used as solvents as received. Dipolyhydroxystearate

Table 1. Feed composition for the preparation of m-CMC with a
silane coupling agent by the silanization process at various weight
ratios of CMC and MPS

CMC:MPS
Reagents 50:50 67:33 7525
CMC(g) 2.00 2.70 3.00
MPS (g) 2.00 130 1.00
Acetic acid aqueous solution®(g) 100.00 100.00 100.00

2 Acetic acid aqueous solution pH 4.

(DPHS) (Croda, Bangkok, Thailand) was used as a surfactant.
Sodium hydrogen orthophosphate (NaH,PO,) (Ajax Finechem,
Bangkok, Thailand) and disodium hydrogen orthophosphate
(Na,HPO,) (Ajax Finechem) were used for the preparation of
phosphate buffer solution (PBS). Standard Dulbecco’s modi-
fied Eagle’s medium (Sigma-Aldrich) supplemented with 10%
fetal bovine serum (Sigma-Aldrich) was used for cell culture.
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) (Sigma-Aldrich) was used for cytotoxicity testing.

CMC modification and characterization

MPS silane coupling agent was first dissolved in aqueous acetic
acid solution (pH 4) with constant stirring for 30 min to hydrolyse
its methoxy to silanol groups.’”%° After that, appropriate amounts
of CMC were added into the solution according to the feed com-
position listed in Table 1. The mixture was continuously stirred
for 2 h to obtain a homogeneous solution, followed by heating
at 110°C for 3 h.5706¢ The resultant m-CMC was then purified
with dichloromethane to eliminate the remaining MPS. The chem-
ical structure of m-CMC was confirmed by the Fourier transform
infrared (FTIR) and '"H NMR techniques.

Preparation of m-CMC-g-PMAA microcapsules

The m-CMC-g-PMAA biocompatible microcapsules encapsulating
GA were prepared in a W/O emulsion system with various weight
ratios of m-CMC and MAA monomer (75:25, 67:33, 50:50 and
33:67) under the conditions listed in Table 2. Initially, m-CMC

Table 2. Feed composition for the preparation of
m-CMC-g-PMAA/GA  microcapsules by inverse microsuspension
polymerization of droplets generated by a homogenizer at various
weight ratios of m-CMC and MAA

m-CMC:MAA
Phase Reagents 75:25 67:33 50:50 33:67
Water m-CMC(g) 0.938 0.834 0.625 0417
MAA (g) 0313 0417 0.625 0.834
GA(9) 1.250 1.250 1.250 1.250

VA-057 (8 wt% of 0.025 0.033 0.050 0.067
monomer) (g)
Mixed solvent? 3.000 3.000 3.000 3.000
Oil Toluene (g) 22.500 22.500 22,500 22.500
DPHS (3 wt% of 0.750 0.750 0.750 0.750
overall
solution) (g)

2 Mixed solvent: 1,4-dioxane and deionized water at a ratio of 2:1.
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Figure 1. Schematic diagram for the preparation of m-CMC-g-PMAA/GA microcapsules by inverse microsuspension polymerization in a W/O system.

solution was mixed with MAA, VA-057 and GA solutions using
dioxane-water as a mixed solvent. It was dispersed in an oil
phase of toluene containing DPHS as a stabilizer. It was then
homogenized at 5000 rpm for 5min to form a suspension of
monomer droplets. After that, the suspension was transferred into
a round-bottomed Schlenk flask and closed off with a silicone
rubber septum before being degassed using several N,/vacuum
cycles and finally N,. It was placed in an oil bath at 80°C to
start the polymerization, as shown in the schematic diagram
in Fig. 1.

Characterization of biocompatible CMC-based microcapsules
Structural analysis of m-CMC

The structural modification of CMC was confirmed by using an FTIR
spectrophotometer (Nicolet iS5, Thermo Scientific, USA) and 'H
NMR spectrophotometer (300 Ultra Shield, Bruker, USA) using
deuterated DMSO as a solvent.

Percentage of conversion

A gas chromatograph (Varian Star 3400 CX FID; Agilent, USA)
equipped with a flame ionization detector, using N, and H, flow
rates of 30 mLmin~', air zero at 300 mL min~' and a heating rate
of 10°Cmin~', was employed to examine the MAA conversion.
200 pL of sample suspension (ca 10 wt%) was dissolved in 5 g of
ethanol containing DMF as an internal standard (100 mgkg™),
prior to injection in the instrument. The remaining monomer
concentration (Cyass, Mg kg~') was calculated using

Crostd
Cimas = (A :AR.S) X Cone m
R.ste

where Cg .y Cowe and Cyans are the concentration ratio of stan-
dard MAA to DMF, the DMF concentration (mgkg~') and the
remaining MAA concentration (mgkg™') in the polymerization
system, respectively. Ag.q and Agg are the peak area ratios in
the gas chromatograms, corresponding to the ratios of stan-
dard MAA to DMF and the remaining MAA to DMF, respectively.
The peak areas of MAA monomer remaining in the polymer-
ization and the DMF internal standard were obtained from
the gas chromatograms. Thereafter, the percentage of MAA

conversion (wt%) was calculated based on Cyaas (Mgkg™)
using

CMAA.im _CMAA_S/1O 000

%conversion (MAA) = ( ) X100 (2)

CMAAjni

Cyaaini 1S the concentration (wt%) of MAA before polymerization
from the initial feed composition.

Morphology of microcapsules

The morphologies of the monomer droplets and the
GA-encapsulating microcapsules were observed by using an
optical microscope (OM:SK-100EB and SK-100 ET, Seek Inter
Corporation Ltd, Thailand). A drop of monomer droplet or micro-
capsule suspension was placed on the glass slide with a cover
glass before observation at the appropriate magnification.

Amount of GA in the microcapsules

The GA encapsulation was quantified by using a UV-visible spec-
trophotometer (Lambda a 35; Perkin Elmer, USA). Before measure-
ment, unencapsulated GA located at the microcapsule surface was
washed with acidic aqueous solution (pH 2) and dried at room
temperature. The dried microcapsules (20mg, W,,,) were dis-
solved with 1,4-dioxane and adjusted to a final volume of 25 mL
(V). Thereafter, the obtained solution was measured at 4,,,, ca
260-270nm. The dried weight of GA (Wg,.,,) was examined by

using
=
Wekbo = (%) XV, 3)

where C, is the concentration (mgL~") of encapsulated GA in
dioxane solution (V,, ml) and W, .., is the weight (mg) of encapsu-
lated GA in the dried capsule (W, ,, mg) before being dissolved in
dioxane. For this, the concentrations (mg L™") of encapsulated GA
(Cgp) in the solutions were extrapolated from the GA standard cal-
ibration curve (2, 4, 6 and 8 mg L™"). The quantities of GA in terms
of the experimental (LD,,,) and theoretical (LD,,) percentages of
loading, as well as the percentages of EE, were examined using
Eqns (4), (5) and (6), respectively.

Wen.ex
LD,,, = (ﬂ) X 100 @
caps
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W re
LDy, = = x 100
Wenrep + (Wi (%conversion) /100) + W,,_cyc
)]

D
EE_<LD >><100 (6)

th

Wenrepr Wiy and W,y are the weights of GA, monomer and
m-CMC in the feed compositions (Table 2), respectively.

Controlled release study

The in vitro release study of encapsulated GA was performed
at 37°C in PBS medium. The dried microcapsules (20 mg) were
immersed in 20 mL PBS release medium (0.2 mol L") maintained
at pH ca 5.5 and 37°C and resemble face skin.”’-% At time
intervals of 0, 0.5, 1, 2, 6 and 24h, the release medium was
withdrawn and subjected to UV-visible spectrophotometer at
Amax €0 260-270nm. The concentration (mgL™") of encapsulated
GA in the solution was obtained from the measured absorbance
compared with the standard calibration curve of GA standard
solution at 5,10, 15 and 20mg L~". To determine the quantities of
GA remaining in the microcapsule, the suspension was centrifuged
and redissolved in 1,4-dioxane (25 mL) prior to measurement. The
absorbance was compared with the standard calibration curve of
GA solution (2,4,6 and 8 mgL™").

Cytotoxicity test

The cytotoxicity test of m-CMC-g-PMAA microcapsules encap-
sulating GA was studied with human dermal fibroblasts by the
MTT colorimetric assay to investigate cell viability. Initially, 1 x 10*
fibroblast cells were seeded into each well of 96-well plates. The
cell culture was adjusted to 180 pL of Dulbecco’s modified Eagle’s
medium (containing 10% fetal bovine serum) and incubated at
37 °Cunder a 5% CO, atmosphere for about 24 h. After that, 20 pL
of microcapsule solution at concentrations of 0.0001, 0.001, 0.01,
0.1 and 1 mgmL~" was added and continuously incubated for
24 h.100 pL of MTT solution (5 mg mL~") was added and incubated
at 37°C for 6 h. After incubation, the MTT solution was removed
and 100 pL of DMSO was added to dissolve the violet crystal.
Finally, the absorbance of the solution was measured at 4,,,, ca

560-570 nm.”®~72 The cell viability compared with 100% viability
of untreated cells was calculated using

A
%cell viability = (L”') % 100 @

control

where  Ag.,. and  Ag. are the absorbance of
microcapsule-treated cells and untreated cells, respectively.

RESULTS AND DISCUSSION

Characterization of m-CMC

To polymerize CMC with another monomer via free-radical
polymerization, CMC must be modified with a reagent contain-
ing a double bond. Therefore, in this work, the modification
of CMC with MPS as a silane coupling agent was selected as a
possible mechanism (Fig. 2). It would improve the EE and load-
ing of GA in the microcapsules. First, MPS was hydrolysed to
form reactive silanol groups under acidic conditions at ambi-
ent temperature.’>** The silanol groups subsequently underwent
self-condensation to form —O-Si-O- as confirmed by the appear-
ance of the FTIR characteristic peak at 1070cm™" (Fig. 3).7374 The
acidic conditions were meant to prevent reversible hydrolysis of
the —~O-Si-O- linkage and to ensure the formation of a bidi-
mensional siloxane network.>*%% Chemical reaction between
MPS and CMC was achieved with a thermal treatment at 110°C,%°
yielding m-CMC with terminal C=C side groups ready for polymer-
ization with MAA in the next step. In this step, various CMC:MPS
ratios (50:50, 67:33 and 75:25 w/w %) were investigated. The
increase in MPS content was expected to form a larger content
of a pendant group (-C=C-). As expected, all CMC-containing
samples displayed the IR characteristic peaks corresponding to
the hydroxyl group (3400-3000 cm™"'), glycosidic ring (1577 cm™")
and ether linkage (1007 cm™') of the cellulose backbone (Fig. 3).
The MPS characteristic peaks appearing at 1070-1160 cm~" (Si-O
stretching), 935cm™" (Si-O-CH; stretching), 1714cm~" (C=0)
and 1630 cm~' (C=C) were clearly observed in all m-CMC samples,
suggesting a successful incorporation of MPS moieties within the
CMC structure. As the MPS content was increased, the IR peak
intensity of the C=C linkage slightly increased. However, this in
turn lowered the m-CMC solubility in the dispersed phase. The
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Figure 3. FTIR spectra of CMC (curve (a)), MPS (curve (b)) and m-CMC at various ratios of CMC:MPS (w/w %): 50:50 (curve (c)), 67:33 (curve (d)) and 75:25

(curve (e)).

reason for this could be the increased hydrophobic proportion
of CMC after silanization with MPS. The preparation of polymer
particles/capsules by both normal and inverse microsuspension
including the mini-emulsion polymerization technique generally
requires homogeneity of each phase (disperse and continuous
phases). It was therefore logical to choose the reaction system
with the least amount of MPS, such as 75:25 CMC:MPS, for the
subsequent preparation of microcapsules.

In addition to the FTIR technique, 'H NMR was also used to
characterize the obtained m-CMC. The spectra of m-CMC at
various CMC:MPS ratios are shown in Fig. 4. The patterns of pro-
ton signals for all three m-CMC samples are quite similar. The
modified samples show a proton signal at a chemical shift (5) of
3.0-3.7 ppm, attributed to the glycosidic ring of the CMC back-
bone (Fig. 4(b)). Characteristic MPS signals (Fig. 4(a)) at chemical
shifts of 5.5 ppm (a) and 6.0 ppm (a), corresponding to C=C pro-
tons in the methacrylate side chains, are observed in all m-CMC
samples (Figs 4(c)-4(e)). The results indicate that the CMC struc-
ture was successfully modified by MPS. Both FTIR and 'H NMR
data confirm the presence of the C=C functional group after
silanization to further polymerize with MAA.

Preparation of biocompatible CMC-based microcapsules
encapsulating GA

The GA-encapsulating CMC-based microcapsules were prepared
by inverse microsuspension polymerization. For this, monomer
droplets, consisting of m-CMC, MAA and VA-057 initiator dissolved
in the dioxane-water solvent mixture, were thoroughly dispersed

in the toluene-DPHS continuous phase. Due to the reactive
C=C moieties along the m-CMC side chains, the material under-
went radical polymerization with MAA, obtaining biocompatible
grafted m-CMC products (m-CMC-g-PMAA). When the grafted
PMAA chains were formed, the m-CMC-g-PMAA microcapsule
shell was formed with a three-dimensional (3D) network by both
covalent crosslinking and hydrogen bonding.”>-7® High monomer
conversions (ca 80%) were obtained for all ratios of m-CMC:MAA
(w/w %). Based on the 3D crosslinked shell, the spherical micro-
capsules obtained in all conditions maintained their shapes and
sizes (Figs 5(a’)-5(d’)) similar to those (Figs 5(a)-(d)) of monomer
droplets. Interestingly, the particle sizes and their distribution
were found to decrease with increasing MAA content. In general,
the preparation of microspheres/capsules by inverse microsus-
pension polymerization is thermodynamically unstable, similar
to that by mini-emulsion polymerization in the W/O system.
The diffusion of hydrophilic monomers in an aqueous phase
from small size into large size droplets during polymerization,
called Oswald ripening,’#° results in an increased particle size.
To solve this problem, highly hydrophilic substances, such as
salts or comonomers, are added to increase the hydrophilicity
in the aqueous droplet. Therefore, in this work, the increased
hydrophilicity of an aqueous droplet by the addition of highly
polar MAA monomer reduces the Oswald ripening effect, as
mentioned above. Thus, the m-CMC-g-PMAA microcapsule size
slightly decreased with increasing MAA content. In addition, the
milky suspensions obtained without any coagulation represent
high colloidal stability even when kept over 3 months.*!
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Figure 5. Optical micrographs of m-CMC/MAA/GA droplets (a)-(d) and m-CMC-g-PMAA microcapsules encapsulating GA with various ratios of
m-CMC:MAA (W/w%): 75:25 (a’), 67:33 (b'), 50:50 (c') and 33:67 (d').
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Figure 6. FTIR spectra of m-CMC (curve (a)), MAA monomer (curve (b)) and m-CMC-g-PMAA copolymer (curve (c)).

To confirm the successful copolymerization of m-CMC with
MAA, the FTIR spectra of m-CMC both before and after inverse
microsuspension polymerization were analysed (Fig.6). The
m-CMC-g-PMAA sample clearly displayed the IR characteristic
peaks of both the m-CMC (Fig. 6, curve (a)) and MAA (Fig. 6, curve
(b)) components. However, the IR absorption peak of the C=C
group at 1630cm~' disappeared (Fig.6, curve (c)), indicating
that m-CMC was successfully polymerized with MAA via a
radical route.

To examine the amount of GA encapsulated within the micro-
capsules, the unencapsulated GA proportion was removed from
the microcapsule surface by washing with acidic aqueous solu-
tion (pH 2). At acidic pH values, the carboxyl groups within the
polymer matrices were believed to be protonated, thus facilitat-
ing non-polar intermolecular attractive forces with the GA active
compound. As such, the entrapped GA seemed to be main-
tained inside the microcapsules. Consequently, the dried micro-
capsules were redissolved in dioxane before measurement with
a UV-visible spectrophotometer. The UV-visible spectrum of the
GA-encapsulating microcapsules was compared with those of the
original m-CMC, GA and dioxane as shown in Fig.7. It is clearly
seen that the maximum absorbance (4,,,,) of standard GA (Fig. 7,
curve (c)) appeared at ca 260-270 nm. The peak was not over-
lapped by any peaks of dioxane (Fig. 7, curve (a)) or m-CMC (Fig. 7,

curve (b)). This peak at ca 260-270 nm was clearly detected in the
case of m-CMC-g-PMAA (Fig. 7, curve (d)), indicating that GA was
successfully encapsulated within the microcapsules. To assess the
amount of encapsulated GA, the absorbance at ca 260-270 nm
of the microcapsule solution was compared with the calibration
plot of GA standard solutions. The weight of GA encapsulated in
the dried microcapsules can then be calculated using Eqn (3). By
using this value, LD, and EE could later be approximated by using
Eqns (4) and (6), respectively. All results are shown in Table 3. All
m-CMC-g-PMAA samples exhibited LD, of around 30-38 wt%.
The EE values of the microcapsules for ratios of m-CMC:MAA
(w/w %) of 75:25, 67:33, 50:50 and 33:67 were approximately
60%, 64%, 65% and 75%, respectively. It can be seen that the
EE of GA increased with increasing MAA content. This may due
to the increased hydrophilicity in the aqueous phase mixture as
well as the formation of the 3D network shell. Because of the
highly stable spherically shaped microcapsules with the highest
EE, GA-encapsulating m-CMC-g-PMAA biocompatible microcap-
sules at an m-CMC:MAA weight ratio of 33:67 were considered as
a promising candidate for cosmetic applications.

Controlled release study
The release performance of the encapsulated GA within
the m-CMC-g-PMAA biocompatible microcapsules at a weight

wileyonlinelibrary.com/journal/pi

© 2018 Society of Chemical Industry

Polym Int 2019; 68: 714-723



Cellulose-based microcapsules encapsulating gallic acid WWW.S0Ci.org SCI

Absorbance
~

(b)
(a

200 250 300 350 400
Wavelength (nm')

Figure 7. UV-visible spectra of dioxane (curve (a)), m-CMC (curve (b)), GA standard (curve (c)) and m-CMC-g-PMAA microcapsule solution in dioxane
(curve (d)).

Table 3. The LD and EE of GA in m-CMC-g-PMAA biocompatible 100 Q
microcapsules prepared at various ratios of m-CMC:MAA
Condition Loading (%)
m-CMC:MAA  Experimental Theoretical Encapsulation (%) 80
75:25 30.15 52.53 60.31
67:33 31.99 53.74 63.99 -
Q
50:50 32.31 51.51 64.62 t 60
33:67 37.67 54.73 75.33 4 |
T
G 40
ratio of 33:67 (m-CMC:MAA) was investigated by in vitro testing.
The in vitro release profile of the GA model compound in PBS at
pH 5.5, mimicking the balanced pH of face skin, is shown in Fig. 8.9° *
In the first 30 min, approximately 67% of GA was released from 0
the microcapsules. Afterwards, GA was continuously released at a
slower rate until exhausted at 24 h. Therefore, the microcapsules
would be potentially used in cosmetics for fast release action to 0O
the skin. 0 2 4 6 8 10 12 14 16 18 20 22 24

- Time (h)
Cytotoxicity test
The MTT assay is a reliable method for cell metabolic activity ~ Figure 8. In vitro release of the GA encapsulated within m-CMC-g-PMAA
assessment. It involves enzymatic conversion of yellow MTT into ~ Microcapsules in PBS of pH 5.5.
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purple insoluble formazan crystal. The intensity of the formed
purple formazan solution in DMSO is directly related to the num-
ber of cells, thus indicating the cell viability.?! The percentage
cell growth of the microcapsule-treated cells was compared to
untreated cells (100% viability). The percentages of treated cell
viability were in the range 96-103. An increase in microcapsule
concentration (from 0.0001 to 1mgmL™") did not affect cell
viability. The results exhibited biocompatibility with negligible
cytotoxicity of m-CMC-g-PMAA microcapsules encapsulating GA
on human dermal fibroblasts.

CONCLUSIONS

The m-CMC-g-PMAA biocompatible microcapsules encapsulating
GA were successfully prepared by inverse microsuspension poly-
merization. Upon silanization, the incorporation of the C=C bond
into the m-CMC structure allowed it to polymerize with MAA
monomer via the free-radical route to form a microcapsule shell.
The spherical m-CMC-g-PMAA microcapsules formed at all weight
ratios of m-CMC:MAA were impressively stable. However, it was
found that the EE of GA increased with increasing MAA content.
The reason for this may the increased hydrophilicity in the aque-
ous phase mixture and the formation of a 3D network through-
out the microcapsule shell. The microcapsules encapsulating GA
at an m-CMC:MAA weight ratio of 33:67 showed the highest EE
with rapid release and non-cytotoxic characteristics, suited for use
in cosmetic products where quick release to the skin is required.
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Online 20 December 2018 was studied using carboxymethyl cellulose (CMC) as a shell.

Keywords: Initially, CMC was modified with 3-(trimethoxysilylpropyl
carboxymethyl cellulose,  methacrylate (MPS) as a silane coupling agent at a ratio of

polymethacrylic acid, CMC:MPS of 75:25 (%w/w). The FT-IR results confirmed the
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gallic acid, miniemulsion

polymerization

successful modification of CMC. The C=C bonds from silane

coupling agent were observed in m-CMC spectrum which were

further polymerized with methacrylic acid (MAA) monomer to form

3D-network CMC-graft-polymethacrylic acid shell. Various ratios of

m-CMC:MAA and stirring rate for monomer droplet preparation

were investigated. It was found that the optimum condition was a

m-CMC:MAA  at 33:67 and 40% amplitude, respectively. The

obtained nanocapsules presented high colloidal stability, spherical

shape and nano-sized with high loading and encapsulation

efficiency at 24 and 73%, respectively.
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Abstract: In this study, the preparation of cellulose-based microcapsules encapsulating
gallic acid (GA) by suspension polymerization in oil-in-water (o/w) emulsion system is
studied. The GA, an important ingredient of Bambara groundnut extract, and carboxymethyl
cellulose (CMC) were selected as a core and shell materials, respectively. For high
encapsulation efficiency, CMC was firstly modified with 3-(trimethoxysilyl) propyl
methacrylate (MPS) as silane coupling agent. The characteristic IR absorbance peaks of
modified CMC at 802, 1150, 1640 and 1720 cm™ corresponding to Si-C, Si-O-Si, C=C and
C=0 stretching, respectively, were observed. It was then polymerized with ethylene glycol
dimethacrylate (EGDMA) and methylmethacrylate (MMA) monomers by miniemulsion
polymerization. The influences of pH of modified CMC solution and co-stabilizer on the
formation of microcapsules were investigated. It was found that at acidic (pH4) condition,
the coagulation of microcapsules was clearly observed. When the pH was increased to 7 and
10, the coagulation was reduced. However, small amount of the coagulated microcapsules
was still observed. The addition of polyvinyl alcohol as co-stabilizer was effectively
decreased the coagulation leading to the formation of stable spherical microcapsules.
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In this study, the preparation of cellulose-based capsules encapsulating gallic acid by suspension polymerization in oil-in-water (o/w) emulsion
system is studied. The gallic acid (GA), an important ingredient of Bambara groundnut extract, and carboxymethyl cellulose (CMC) were selected as a core
and shell materials, respectively. For high encapsulation efficiency, CMC was firstly modified with 3-(trimethoxysilyl) propyl methacrylate (MPS) as a silane
coupling agent. The characteristic IR absorbance peaks of modified CMC at 830, 1070, 1600 and 1700 cm™' corresponding to Si-C, Si-O-Si, C=C and C=0
stretching, respectively, were observed. It was then polymerized with methacrylic acid (MAA) monomers by microsuspension polymerization. The influences
of ratio of CMC:MPS (1:1, 2:1 and 3:1) on the formation of microcapsules were investigated. It was formed that at 1:1 condition, the coagulation of
microcapsules was clearly observed. When the ratio was increased, the coagulation was reduced. However, small amount of the coagulated microcapsules
was still observed. The percent encapsulation and loading were not seem different.

Introductlon Results and Dlscussmns
‘Modification CMC with 3. Pyl (MPS)
Bambara Groundnut as a silane via

Polymer shell

Core material

/‘ Gallic acid; GA

Fig. § Structure of modified-CMC via sllanization

| @ - W\(

PR SR f \ r \ “,.A . Table 3 FTIR theoretical analysis results of modified-CMC
el Rall et [ { 'ﬁ Tl wevemmber ey
Anti-aging and bioavailability of i
Inhibitor of substance | 4 1 (@ 1070 §i-0-Si stretching

Urcllbite ool o M i pension polymerization : ol Canil ®) 830 SCH; stretching

— e (e 1700 C=0 bonding
b @ 1600 C=C bonding
Improved to.. Fig. 4 Chemical structure with FTIR spectrscopy: (a) CMC, )MPS | ) 1150 S0 eee

o More storage stability
o Protect against inactivation
Apply in cosmetic

and (c) modified-CMC

‘Preparation of the capsule encapsulating gallic acid with suspension polymerization

=T
i o
e
with 3-(trimeth propy MPS) :
as asilane via Fig. 6 Photos of cellulose microcapsules encapsulating gallic acid -
Table 1 Reagent amounts for modification ! after synthesized 24 hr at various rati of CMC:MPS; a) 1:1, b) 2:1 and ¢) 3:1 i
of cellulose (MCMC)* Hmethorysiytpropy
e P v o i st
Ratio of CMC:
Ingrodients P i
R e e e =
s @) 200 27 10 Fig. 8 TGA thermograms of
(a) cellulose microcapsues, (b) GA and (c) mCMC
cucig) 20 130 300
Acetic acd squeous e
soluton®

110,31
*hosse x-—;nuudu
aimydroqurane 1 s

Fig.1 Schematic for the

0A i the concanraion of galic acd
Table 2 Reagent amounts for the preparation of capsules obtained from
with various ratio of modified-CMC:MAA® { (0.001-0.1wt%)
Phase Ingredients phs of cellulose lic acid Weapsule is the weight of polymer
mnrmvnmmloﬂ)((ahcammandm\)o)((z b, c'and d) capsule
Water  nomce g) 0625 1 | atvarious ratio of CMC:MPS; (a.a') 1:1, (bb) 2:1 and (c.¢) 3:1 Woncapasie 31 Won cecipe 876 the weights
i of encapsulated curcumin in_polymer
e 5 capsule of 0.02 g and in the recipe
GA(g) 1250 bkl o 4 Th nt en lation (% E)
VA-0S7 (8wt.% of monomer) (g) 0.100 Reactive silanol ' %E = Waacapsue X 100
i z = ahomeiak
O Toluene(g) 22500 N H By product b JA' Waa-recipe
Fig.2 In lhul with fu = \
OPHS (g) 0750 the silane-coupling technique Jl \
Wi The percent loading (% LD)
o e o LCHCHPS (11,21 na 1) e
o e i A — | NS DI S7100)
capsule gallic acid with suspension polymerization _Waa<apsule

Weapsuio

< Fig. 9 UV-spectra of cellulose microcapsules encapsulated galic
Manamer éhuj acid, gallic acid, mCMC and solvent
140366.CHC; mCIWC Droplet.
Vahacryic c MAK >
esd \ A

Table 4. The results of percentage of loading and encapsulation of various ratio of CMC:MPS microcapsules

Qsm om. Sin | T scan ¥ CMC:MPS Loading (%) Encapsulation (%)
t-:— Q ,j s 11 2117 4234
onose 2y
== 21 2831 56.62
Q1 are: 0P Toens
Water pt + Monomers + initator + Soivent 31 2286 45.73
Fig.3 s tic acid
by suspansion polymerization wih oi-in-water system
+ V. Nedovic, A Kalusevic, V. Manojlovic, S. Levic, And B. Bugarski, "An Overview Of Encapsulation Technologies For Food Applications,” Procedia > Achleved to modify CMC wi(h MPS (sllane coupling-agent)
Food Science, Vol 1, Pp. 1806- 1815 > Achi 5 d GA b
+ P.Chayasat, §. Noppalit, M. Okubo. And A. Chalyasat, “Do Encapsulated Heat Storage Materials Realy Retain Their Original Thermal 2 Lk ot Y
Properties?,” Physical Chemistry Chemical Physics, Vol. |7 Pp 1053-1059. poly with w/o system
+ A Bo Cristo Sores Aves, . M. Mainardos, And . M. K Gall ts Antioxidant . 5 3 .
Activiy.” Materials Science And Engineering: C, Vol. 60, Pp g > Ratio of CMC:MPS to of



MANHIN Y

M9E19INIIAIUIN



1.

14 a ¢ (a I a d
mi‘miaﬂazwmuemasaﬂaﬂmﬂuwamms

I 2 @ 1 A gy 9 9 2 o A
AYLATYUTITAIDYINNANTNLVNIUIDIAL 10 Tﬂﬂumuﬂazawimamuaa‘w

a 4 4 y a A Y] a [
sznoudrelamnanosulud Aaududy 100 Haansu/nlansy vz ldaanududuvos

A

s A o A o dy A A aa
yauUaLNaINIae (C )Tﬂﬂﬂ”l‘l«l?]ﬂ!i]”lﬂﬁhﬂ?i‘ﬂ (1 TagiinunfinveansatuniInIan

MAA, S

=

s A o A s =R Y] ) ¥
voueuos thouny lawiiaosu1luaaald91n GC chromatogram azf1urmdooazh
s < a s = o 1 a s q 9 o
vouswoesilaswilunedwes anaunsn 2) aredraneames lulasuadagainld aa1izas
H k4 H v
MINMARUINT 1 LagHUNNAVOIEIITINTTIULAZAIDEI AIA1TINNIANUING 2

1 9
Tavdrodranedmes lulasundyailf il luzlarsuviuasniiuasuia 200

'
a

a a I =Y an - [ [
luTasaas aatludSunansammaianizudu 6.672 x 10° 05y luenuea 2 a5y Uszneu'll
9 a 4 4 Aa a o a I Yy 9 aa A 9 Aa a o
arelamnanesuilud 0.2 Haansy AatluanuEuTuATAUNIAI AN UAY 3,336 HaansTu/

Alansy

d’ A ~ Y a
MaeManIni 1 anngldlumsmsousag lagualegaiuniaunadn

m-CMC : MAA : GA MAA (g) GA (g)

16.50 : 33.50 : 50.00 0.834 1.25

‘ BAITIUNOANOIN1FAD m-CMC:MAA N3o8as 33:67

Taei11n m-CMC 1az MAA 0 0.417 148z 0.834 N5 AINAIAY AIA1T19N 3.7

¥ v
A A

MINIMANUINT 2 NUNNAVOIA1TAN 9 910 GC chromatogram

Retention time (min) Peak area

Sample DMF 100 ppm 11.809 1,317,907
atOh MAA 3336 ppm 17.222 10,118,900
Sample DMF 100 ppm 11.793 1,379,379

at8h MAA 16.483 2,458,533




9 Y sa A
ANUANYUVBINOUBIBTHINAD (C,,,, o)
CMAA,ini/ CMmaAAS /
CDME,ini ~ CbMEs
ATCAMAA ini AreapaA.S
AT€apMF,ini AreapMmr,s

. CMAA ini X AreappF,ini X Areapaa,s c o
= X
AR CDMF,ini X Areapaa ini X Areapmpr.s e

A
130
A 9 9 aa 1 a L% é [ 1 9 o
Copanm NO ANUITNTUYDINTAILNIATAANBUNDAIND LTtavu 3 luanitzaanard1di
~ I 3’; o = aa L I'4
Mot usuasnavua 25 nsu addsuansanaTan sulluvovomeasnielu
v a I A Aa o A o
STV 0.834 NTU AluANUTUTY 3,336 Taansu/n Tansy
A dy d’d a 4 Jd o d' 1T W
Areap, A0 wunnaved lawnanesunlugd aan1319manuIAN 2 110U 1,317,907
A dy A~ aa A a o Y
Area,,,, ( A© Nunfinvesnsammasanwiae luszuuneawe 15wy (18910 GC chromatogram)
A9NITIMIANUINT 2 1101 2,458,533 1
= Yy 9 a 4 S 1w A Aa o A [
Contrin 8E Cppyp 1O ANuINTUINAIFIUved lawiaresut ludminy 100 Hadnsu/nTansy

¥ v
Area,,,, .0 funfinvesnsaumasanneunodwe lsiwiu (14910 GC chromatogram)

X

1IR3 19N IARLINT 2 1M1AD 10,118,900

A A A~ a o Jd o A 1w
Area o wumwmaﬂmumﬂmuﬂm AT WNIARNUINT 2 NN 1,379,379

DMF.,S

9
v W

daiu ansaminnududuvensawmasaaiiioninmanedwe lswdu (C,,,

3336 ppm x 1,317,907 x 2,458,533
CMAA,S =

) x 100 ppm
100 ppm x 10,118,900 x 1,379,379

=774.41 Haansw/nlansu



¥ A o A < a s 3 Yy 9
iaaaz‘ﬂuaumuasgﬂaﬂuzﬂuwaamas (%ConverSIOn) Tﬂﬂﬂ’J”I?JLGlJiJ"IJUGUE’)Q

ATAUMAIANNDUND LD 15 1H

CMAA,S
' CMAA,jini™ 10,000
%Conversion (MAA) = o x 100 2)
MAA,ini

A
U9

A ) aa ' a v A I Yy 9 9
C o ﬂ'ﬂiJHJﬂJGUH"lIE’NﬂiﬂLiJ‘V]"Iﬂiaﬂﬂi’JuWi’JmiJﬂllﬁLcﬁﬁlfu AnuaNulNIUIova 3.336

MAA ini

%} -7
Taeimain

C Ao ANuTNTUYRINTAMAT aANIMADINMINo A 315U 774.41 HaanTu/Alansu

MAA,S

a I g @
aadluanudududosas 0.077 Tagrimiin

E
Y

Y} ~ s A 3 a s . Yo X
AU anIandesaznuauemeslasulunedes (Y%conversion) laaail

3.336 -0.077
%Conversion (MAA) = T x 100

=97.69



2. mswmifSnansasnadangniniumielusalya vazdszansmwlumsiniy

nsaunadnluneameIunlya

a aAa

Binansaunadaiigniniiumeluuadyadie s 1dinading-35ida aulnlasalasi
(UV-Visible spectroscopy) Tasta3suensazatonsaunadamasgiuiinnumdududiady fe
2468uaz 10 Haansu/ans FehinisaunusInueIAaugIgai 270,01 w1 Tuiwas
Tag'lideusiuivesdsznoudu q Tussuy Aimsganaunasiinnunduduvesmsazats

nsaunaanuIasguludiazate 1, 4- lasonau ga112AI9131901ARUINT 3

M51MARNUINT 3 AINITANAULAINANMITUTUYeIAITAZAIINTALNAAANIATFIU T

@191 azaly 1, 4- 1aeonisy i’mmﬁwgﬂﬂﬁuumﬁﬂ 270.01

max

w1 luuas
Concentration of GA (mg/L) Abs
2 0.13262
4 0.22494
6 0.32112
8 0.41418
0.5
0.4 y =0.047x +0.038 o
R?*=0.99994
[ o'
2023
e \
o =
o .-
202 -
<
o
0.1
0
0 2 4 6 8 10

Concentration (mg/kg)



U

o 2 a lﬂ‘ < a a ol < a
ATHI ﬂiu]mﬂiﬂ!!ﬂﬁﬂﬂﬂgﬂ nmumdluum]cga uazdszansmnlumsnniunsaunadn

Tuwedmeinniaya

o a

A & a s A v ] ~ 3 iy a
Lﬁ‘JJ°'l]TﬂﬂTiﬂN‘WﬂaL?Jﬂillﬂﬂﬂuja‘ﬂﬂ1ﬂllﬂ$‘ﬂ11‘ﬁuﬁﬂ (Wcaps) NUINUN 22.80 UAANTY

a

5
azawlu 1, 4- laeenwu Tavdsulsuanilu 25 Gadans (v) flumsazarediedaizud

U
9

MNHwiealemstilaasazaied10613 0.1 Jaaans Hauny 1, 4- laoonasu 10 iadans

. . an Gl [ d' g’/ o [ ' =) d'

(dilution factor = 10) 35 M5t@3 suAINIMAIAKRUINT 1 90w lUdaninsganauuasiinim
A A o a Y A Y o

g1IAAUAGINUEITAZANTAUNAAAVIATTIU 1AAINITAANAULEA (Abs) 0.19469 1d21i111)

unuluannsIduATIUeIaITazaIenIALNaanuIAT I IUINEAIUINWIAMTNTUVD

a A v < A a o A @
nsaunaaangnimnumelunailya C,, (Nadnsu/nlansy)

Dilution of %
100-times
(dilution factor = 10)

. UV:Visible
 spectroscopy

Diluted solution

apsule solution
¢ P ik Pipette 0.1 ml of

Polyr_ner cap§ule 22.80g capsule solution
in 1, 4-dioxane add 1, 4-dioxane and
and adjust volume to 25 ml adjust volume to 10 ml

~ v

MUMANKINT 1 LRUNINNISIAI suaIsazaeies1uIadSuansaunaanfignannunielu

U

a a v 3 a a J
uatya vazdszansnmlumsaninunsaunadnlunedmeiuailyga



wanuduiuveinsaunaanlumsazaeitos
VINANNS y =0.047x +0.038
ANMIANAULAIVBITITAZA18AI0E1ADIN AD 0.19469

UNUALND y = 0.19469

0.19469=0.047x + 0.038
(0.19469 — 0.038)

X =

0.047
=3.334 Yaansu/nlansy

NANUTUTUYDINTAUNAAANAININDDD N (3.334 Haansu/nTansw) 114 amnsam

v
v A

Y 9 a v 3 1 =) )
anududuvoansaunaangninnunieluualganeudens (c,,) laasi

C =3.334x 100

GA

=333.40 Haansw/nlansu

a 1 H @ a
%1ﬂﬂ’313JL"ISJ)3J“’ﬁ}usllﬂﬂﬂiﬂuﬂﬁaﬂﬂ@uﬂ"lilﬁﬂi]'NETHJ1§ﬂﬁ1u1ﬁuﬂﬂiﬂuﬂaaﬂ (WGA)
o d’
ANANUNITN (3)

Cea

WGA,exp (mg) = X VS (3)
1000
A
¥\)3}

Vv, A 151103104eN50a18N0UNTIABINNNL 25 Uadans

Y
LY

Y Y
Aoy ansannihminnsaunaaauis (W) laail

333.40
WGA,exp = 1000 x 25

=8.335 Yaansu




HANII
o [ [ A =\ a Yy 9 3 o a Y
1502 AIA10819N0 UITVNNNTALNARAANMTUTU LaZINHTNNTAUNATALTA
A9 333.40 HaanSu/A lansu uag 8.335 Haansu aud1ay
d1m5uiesaznIuIsgnINNIINAREY (%LD,, ) 1aziesasn1suITAIUNGYE (%LD,)
4 4 4 I~ a P ¥ o o
Tagazl95osaznvouowoslasuilunedwesnldluaniizil Fosaz 97.69) WmnaAiuda uas

dszansmmlumsnndy (%EE) Tagldaums @) (5) uaz (6) mudiay

WGA,exp
%LD,, - —=1] x 100 @)
Wcaps
WGA rep
0 =
A)LD‘h Wi (%conversion) x100 ()
WGA,rep % 100 + Wm-CMC
LDy
%EE = x 100 (6)
% LDy,

A
o

Y
o v a v a Aa o

{ v 3 1
Ao Wiminnsaunaanngnininunielutaleauiamny 8.335 Haansu

GA,exp

[

A a s A9 o q ¥ Y A% o A a
W, Ao weawesualganatuazhliuveiinmin 22.80 aaniu
Y MO A H o H
Wer W, M08 W, A UMERYRINIALNATA NTAINMATAA ttaziwag laaiinisn)doy
nyInan1zmMsasen lulasunilegamiiny 1.25 0.834 uag 0.417 N3y
MR
.oA A T S a o4 Aoy
%conversion A9 3p8azNuoNoWesAsuTunedwoin Ia luanziiminy Sesaz 97.69

4
Y

Y
Yo
Ay esaMIesazmMIuIIIAINMINAR8T (%LD,, ) laasil

8.335
%LD, = x 100
P 22.80

=36.56




Y = Yo 2
uazaNInMIiesarMIuIIgn NG Ef (%LD,) lanail

1.25

%LD,, - 0.834 x 97.69
1.25 + T +0.417

x 100

=50.37

A
139
%LD,, o $00azNTUITIAIWNITNABDUMNY 36.56
A 9 a1 v

%LD, A9 T080¥NTUITINUNGHRNINY 50.37

@ g’; a a v 9 dy
gy ansanlszansnnlumsdnny (%EE) 1aaqil

36.56

%EE - ] x100
53.98

67.73



Y U a a d d’ v
3. msniegazmsilaaildesnsaunadnvesnedmeslulnsuniagaiinaine q luaniz
110% 7.4

] ' a ° o a s A o Y
fﬂi‘}’?15@8@3ﬂTﬁﬂaﬂﬂa@ﬂﬂﬁﬂl!ﬂaﬁﬂﬂlﬂﬂlmﬂﬂéﬂ Iﬂﬂ'ﬂ1ﬂ13%ﬂWﬂa!NﬂiLlﬂﬂ“§aﬂﬂ1i1’T

A1 A

Y a =) % 1 4 {
ua1naln 10 Haansy urluaisazarenematiwmosnarfies 7.4 M118100.5 1 2 6 uag 24
@ a d a a d’ U a 4 9 d’ A aa a
¥ 1ua Basziilinansaunaaanilaailassvinnwedmeiualyga arensesgli-raiia
A P4 Aa Y LA
adnIns I Tadiwes anuuduveansaunaanluaisazareomulaiiviiosnarfitoy 7.4
a a (% a [ 1 A d' d' =1 1
@adnfu/ans) Taninaiganaundan A_ 260-270 urlwuas iWednyinisdanlany
nsaunaan luundealasiiouiuaisazatensaunaanuiasgiuianuEudy 5 10 15 uag 20
A a o a ()] Y k4 A 1 A A Y 9
aansu/ans Tagludoununuesnlsznoudu q luszun smsganaunasianududuyes
A Y] P [
asazargnsaunaanuInsgiuluaisazarsdomatiiosnariey 7.4 an112A901519

MANUINT 4

M3MANUINT 4 ANuTuduvesaITazatensaunaaauinsgiulumsazarovedva

wvlesiafitey 7.4 Javinarganaunasi A_ 26026 urluwas

Concentration of GA (mg/L) Abs
5 0.27958
10 0.52150
15 0.77037
20 1.03790
1.2
1 y = 0.0505x + 0.0214
R?=0.99946 ‘
8038 .
2 3
©
£06 .
2 a
Q -
<0.4
°’
0.2
0
0 5 10 15 20 25

Concentration (mg/kg)



o a d $ Q'J
M Jesazmyanilasansaunadnvesnedmeslaulasunilyaiinnar 0.5 ¥3lus (30 i)

=

luansazaewoamniivilasnivoy 7.4

2 @ a 4 Ay o Yy 9 A ¥ @ A a o
lelﬁ]1ﬂﬂ13"]f\‘]W@alil'ﬂjllﬂﬂ"gaﬂa’]\illagﬂ’]iWLlﬁq (W_ ) nu1viun 10.41 yaansy

caps

' o o A { a a aa : IS
uylumsazareodlmiviios oy 7.4 Nl5uas 10 Taddas (V) Fuduanududuves

' 9
’ﬁ1§ﬂ$ﬂTfJGl’J’OfJNLill&Ll (C ) ﬁ]"Iﬂ‘l!'lll%@%TQﬁI’JEJﬂ"Iﬁ']JL']JG]E‘T"Iiaga”IEJ@’J’OEJN 0.2 yaaang

GA,ini

A ™ P o A ~ A aa
wuarsazareveaatvlilesniitoy 7.4 UsuaSurasiilu 10 Haaans (dilution factor = 5)
ad =) 2 d‘ g’/ o U 1 A d' di =) %
ABmsaseuaanInaianuIny 2 vintwi lldaainsganauuaaianueadu@einuy

A1502219NTAUNAAANIATFIY TAAINITAANAUIAT (Abs) 0.33310 udi lunuluaunis

~ v 3

IFUATIVONIEITAZA1UNTALNAAANIATTIUIHEM UM IANNT NI U0 INTALNAAATNIYNA NI

U

meluuailga C, (Haaniu/mnlaniu)

Dilution of
50-times
(dilution factor = 5)

UV-Visible
spectroscopy

Diluted solution
Capsule solution
Pipette 0.2 ml of

Polymer capsule 10.41 mg capsule solution
in PBS buffer solution add PBS buffer solution
and adjust volume to 10 ml and adjust volume to 10 ml

MNMANUINT 2 LmuﬂTV‘IﬂﬁL@%ﬂuﬂ1iﬂ$a18lﬁﬂﬁ1u?}m%}@Elﬂzﬂ'liﬂaﬂﬂﬁlﬂﬂﬂimlﬂﬁaﬂ"ﬂ@ﬂ

woawe$ lulnsuniya



Y 9 a A ' o A
mmmmmummﬂsmmaaﬂwgﬂﬂaﬂﬂa@ﬂwmmﬂmmn

VINANNS y =0.0505x +0.0214
ANMIANAULEIVITITAZA18AI0I1ADIN AD 0.33310

unuAie y = 0.33310

0.33310=0.0505x + 0.0214
(0.33310-0.0214)

X =
0.0505

= 6.172 Yaansu/nlansy

Y 9 a A ' LAy 9 A 9 9 a o
anudiuTuvensaunaanngnianlase A ldsiuAennududuvesnsaunadnnas
A (% g’/ o 9 Y a d’ 1
1IN AITU AWITOMIAIUIRIANU YT uveInsaunadaignilanlassainuniga
Y
(C,,) NouIaI N Il
Conen ~6.172x 50

=308.60 Haansw/nlansu

o <3| 2 o a { ' o {
vagimsuasihnhminnsaunadn (W, ) ngniaaildes asaumsi (3)

GA el

Coa
W =T NN= 3)

GA rel S

1000

A
U9

> @ ¢ A T oW a aa
v, fio Ysmnansazarevleaaiiviosidiies 7.4 miny 10 Hadans

. y E
Ay snmnsavnhminnsaunadauda (W, ) Tadall
308.60
W (M) = x 10
1000

=3.09 Yaaniy



Y
9 I 1 a o a
nnundauiudesaznmstanlaosniaunann (%GA release) Iagtneunuasuia

nsaunaannoumstanilase asaunisi (8)

WGA rel
%GArelease =|—"""—] x100 )

WGA,cap

A
o

W, Ao USumvesnsaunadnignianlassasluasazareeaiativies @aaniu)

GA,rel
19101 3.09 Haansu/n lansy

A a a A Aa o = @ 1 9
A\ o ‘1Jsmmmmﬂimmaaﬂlmmﬂga (Waansy) cmluﬂmazmmnmaﬂa:msmﬁ;

GA,cap

1 W a 4 (¥ o
AWNINARBI (LD, ) 1MnuTesaz 43.55 lasnedwesuntyauiaininmin 10.41

=

aansy NS IUNTALNAAAININD 10.41 x 0.4355 = 4.533 Haan5y

f=9)]

S
v

Y 1 a Y v 2
Ay asemsegazmsdantdasensaunaan (%GA release) llﬂ JU

3.09

%GA release =\ x 100
4.53

=68.21

AN

Fovazmstaniassnsaunaan Ao 68.21 AIUEIAL

v o ' a a 4 {
wasniinmsnadeunisdanildaesnsaunadaavinwedwes luTasuaiganian
= o s x ' a A

30 Wil luensazaevlomlaivios Aoy 7.4 Falilsumlandassnsaunadnniosas 68.07

Z =< a a A A A & 9 A d‘ 2
nnduazAnyfsansaunaaanmas uualga Tesuntganiuenaiemioundss 911

[ a I A Aaa [ 1 =

azarelu 1,4 laoonwu nazdiulsuasiu 25 Haddas nazdaninisganauuaves

a A = o a = Y
nsaunaann A_ 270 mnTuwas Tasfisunuaisazalonsaunadnniasgiuinnududu

a o a

0.1030.5081.0uay 1.20aansw/ans Tasludeoununvesntsznovon q luszuy

2

AN1TgANAULAINAMIT T UYIaITazatensaLnaanuIasgIulualiiazaie

1, 4-laeoniwu 49112AINITNMANUINT 4



o a ! a d Y
anna Sinansatnadnfimasluwedmedlnsuniyanna 30 i

A ) @ s . 4 {
Funniunenunlgasinaisazateeaativilesdransoslumiosounailgal
2 o [ = I Aa aa ]
urte mintiuthwazatelu 1, 4- lasenau nazdsulsuanilu 25 Taddas (v) amiuazide
9 a o 1 a aa o o a I
1Menemstilaesazaiefied19 0.2 Jaaaas wauny 1, 4- laeonau uazlivlsuaniu
a aa . . g’/ o % 1 =) d‘ d‘ = v
10iadans (dilution factor = 5) 910U T TanIn1sganauuaIiaIveIAdUIREINY
A1502a19NTALNAAAVIATTIN 1aAINITRANAUNAL (Abs) 0.0923 a2 Tunuluaunis
IHUATIVOIAITAZAIONTAUNADANIATTIUINO A UIUMIANMTNTUYBINTALNAaATINAD

meluunlya ,, . aaniwnlaniu)

Y 9 a A A o A
1’?W’TJ’]NL"UN"UU"U@\‘]ﬂiﬂllﬂaaﬂm!ﬁa@iullﬂﬂﬂéaﬁa\ﬁNﬂ!ﬁ]ﬂﬂ’N

VINANMS y =0.0587x +0.0227
AIMIAANAULAIVOIA1TALAIWAIVI1UTDIN 7D 0.0923
unuAie y = 0.0923

0.0923 =0.0587x + 0.0227
(0.0923 - 0.0227)

X =

0.0587
= 1.1857 Haansw/nlansu

'
A

v & A Y 9 A A A o A v 2
ﬂTV]llﬂ‘Ll‘Llﬂ'ﬂﬂ'J'llJHlll"llﬂ%’f)ﬂﬂiﬂ&tﬂﬁﬂﬂﬂ!ﬁﬁﬂlullﬂﬂ‘lﬁﬂﬁaﬂﬂTﬂﬁ]ﬂﬂ%‘l ANUU
o y 9 a A A ' A Yo A
’ngﬁammmmmmmmmummﬂsmmaaﬂwmaamﬂalmmﬂcya (CGAISS) NOUIIDIN vl,ﬂ U
C =1.19x 50

GA res

= 59.50 aansu/ans

& o <3| 2 @ a 9 % A
nnwmnsnlasthniminnsagnaaauna (W,,) asaumsi (3)

CGA,res
WGA,res (mg) = X V (3)
1000




A
o

v, flo Ysuadhazaie 1, 4- laoonwuminy 25 liaaans

Y
LY

2 o a A A Y v dy
aaiy ennsarnnhminnsaunadaiias luuaiya (w,, ) 1adall

59.50
WGAres - X 25
’ 1000

= 1.49 Yaaniy

4 S, ¥ a 4 A . ~ o a
nndundautuiosaznsaunaaninivao (%GA residue) IﬂﬂlﬂﬂUﬂUﬂ5N1m

NIALNAAANOUNITINDIN ﬁ)’JfJfﬁJﬂTi (10)

WGA,res
%GA residue = x 100 (10)
WGA,ini
A
1o
Wi, . 10 YSnavesnsaunadaimaeneluuailya (C,, ) noumeauify 1.49 ladnsu

A =N a 1 1 Aa a o =< @ 1 9
W, 10 Y3mnavesnsaunaaanoumsdantase (aandy) deluaaizdsnanisesasms
T W a o { g 9]
UTTYAUMITNAR (%LD,) mnudooaz 43.55 TaoneawesualyauiaMitmin 10.41
Taansy NS anTauNaanIMINY 10.41 x 0.4355 = 4.533 Haansu

S
v W

Y 1 a Yo 2
Al ensamsesazmstdandasensaunaan (%GA release) llﬂ JU

1.49

%GA residue x 100
4.53

32.89

ARSI
Y 9 A A A < ¥ o a Y Y
AITUIVUUVUHUDINTALUDAAANLN D Lﬂuumuﬂﬂsmmaammq LAazIvyne

AIALNAAANIHAD AD 1.49 HaanTy uazioeay 32.89 mua1al

Y
Tasmsmivsazmstanasensaunadnvesniaalunidesanzitesuaznnal

A= Aan o v o 1 v J
NANHIUITNITATUIUAIAIDYINAINGAD



v 9

%E)—ETQG UNTMIFFAT ANNITUITY

v A S} A v

W 1eu Yina 11 5UIAY 2536

d’ v 1 9 =\ a 14 a 14 [

oy 25 HYUIUAUSTIU 3 D.UINUNT F.UINUNT 74 YN 3-5 1UAAUUIYI

HUNTINBUNTT VLATUNNUNIUAT 10230
= a = a = J a ~ a 4
MmN USgaias arvivnualidszgnd nvusdisnalinedinos
dnindsaneenaas uaneasuliinan
wasInsfnm 084-667-7577

D1 wichsuda.joy@gmail.com



	ปกนอก
	ปกใน
	หน้าอนุมัติ
	บทคัดย่อ
	กิตติกรรมประกาศ
	สารบัญ
	บทที่ 1
	บทที่ 2
	บทที่ 3
	บทที่ 4
	บทที่ 5
	บรรณานุกรม
	ภาคผนวก
	ภาคผนวก ก
	ภาคผนวก ข
	ประวัติผู้เขียน

