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The purpose of this study was to develop the delivery system of Thunbergia laurifotia
Linn. (Rang Chuet) callus extract (TC) as an encapsulated microparticles and its wound dressing
material. The encapsulated TC microparticles (TC-MPs) were prepared by spray drying (SD) and freeze
drying (FD) processes using polysaccharide gel from durian fruit-hulls (DG) and sodium alginate (AG) as
an encapsulation polymer. Selected stable TC-MPs were incorporated into freeze dried DG patch for
wound dressing delivery system. Rosmarinic acid (RA) was used as chemical marker and as a model
for encapsulation study of the plant callus extract. preliminary study of the encapsulated RA
microparticles, it was found that SD process created spherical shape microparticles where as FD
process created irregular flat shape particles after sieving to obtain small particles. DG polymer
caused shrinking on the particles obtained from SD process and produced particles larger than those
of AG for both processes. Surface morphology shows that DG created more roughness than AG and
the mixture of polymers lead to producing smoother surface. Solid state characterization shows that
RA turned into amorphous and was incorporated into the polymer as the disappearance of its
melting peak alter SD and FD processes. Entrapment efficiency (EE) of crosslinked SD microparticles
was drastically lower than those of noncrosslinked, and microparticles created by  showed lower
entrapment than those from FD process. DG exhibits slower release than AG since the structure of
DG has more branch chains which might have slower gelling time and longer release period of the
trapped substance, standard RA shows its stability decreased 26.44% after 3 months, stable
formulations including of SNVIAG, FGADG FC2AG FC2DG and FC-2DGAGL1 were chosen for TC
encapsulation. T. laurifotia callus were grown in MS media with 1 mg/L of NAAand 2 g/L of BA and
analyzed using HPLC and founded that 1 mg of callus extract contains 22.05 meg of RA and %yield
of callus extract was 4.72%. Selected TC-MPs were prepared. The morphology, solid state properties,
entrapment efficiency results were similar to those of encapsulated RA microparticles, but TC-FC-1DG
shows the fastest release at initial phase and TGFC2DGAGL1 released the fastest rate in later
phase. case of stability, TCFC-2DGAGL:! shows the best improved stability of rosmarinic acid in all
conditions. These encapsulated microparticles were incorporated into the freeze dried patch. The
TC-MPs-loaded patches display slower release than the patch loaded TC (PTC) and the stability
results were improved compare to PTC in all conditions. These results support the ability of TC
delivery system from DG freeze dried patch used for wound dressing material and suitable to be
developed further in biomedical applications.

Department:  Pharmaceutics and Industrial Student's Signature fffErvi. MM DAL

Pharmacy Advisor's Signature

Field of Study: Industrial Pharmacy Co-Advisor's Signature T E t

Academic Year: 2013



Vi

ACKNOWLEDGEMENTS

| wish to express my sincere gratitude and deep appreciation to my thesis advisor, Dr.
Phanphen W attanaarsakit for her invaluable advice, attention and encouragement throughout my
study. addition, I wish to gratefully thank to my thesis co-advisor, Dr. Narueporn Sutanthavibul
for her helpful advice and encouragement. Also Iwould like to express my gratitude to Associate
Professor Sunanta Pongsamart, Ph.D. for the supply of polysaccharide gel extracted from Durian
fruit-hulls and Associate Professor Suchada Sukrong, Ph.D. for her suggestions and support in

plant cell culture part in this thesis.

| wish to express appreciation to Professor Dr. Garnpimol Ritthidej, Dr. Jittima
Chatchawalsaisin and also Dr. Suchada sukrong to serve as members of the thesis com mittee and

for their valuable suggestions and comments.

Ilwould like to thank CU-D-HIP, Chulalongkorn University for providing equipments and
services and Ratchadapiseksomphot Endowment Fund of Chulalongkorn University

(RES560530157-HR) for the funding on this research project.

| would like to express my appreciation to Dr. Teerapon Soponkanabhorn for thesis
writing advice and also would like to extend my deep appreciation to Mr. Chalermlat Suktap, Mr.
Patanachai Limpikirati and Miss. Ladda Techawiriyathaweesin for their helpful suggestions about

plant cell culture.

My sincere gratitude is extended to scientist, staff and classmates in the Department of
Pharmaceutics and |Industrial Pharmacy, Faculty of Pharmaceutical Sciences, Chulalongkorn

University, for their assistance and support.

Above all, | wish to express my infinite thanks and love to my family for their endless

love, care, understancing and encouragement to me to finish this master thesis.



CONTENTS

Page

THAI ABSTRACT oo vovvvrvssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssoes v
ENGLISH ABSTRACT .oovvvvvssvrssvssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes Vv
ACKNOWLEDGEMENTS...oocvvvvvssvnssmmssmsssssssssssssssmssssssssssssssssssssssssssssssssssssssssssssssssssssssnes vi
CONTENTS oo svrsvsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes Vil
I 0 Y N Xil
LIST OF FIGURE........ccuvvvsrvnsrmnssmssssssmsssmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssseses Xiv
LIST OF ABBREVIATIONS......coovvsrrssssssssssssesesissomismssmmssssssssssmsssmsssssssssssssssssssssssssssssssnns il
CHAPTER | INTRODUCTION.....vvcvvsssssssrssestsissssssssssssmsssssssssssssssssssssssssssssssssssssssssssssssssssssns 1
PUrposes 0f the PreSent STUAY o 2
CHAPTER Il LITERATURE REVIEW.....ccccouvivmrmmmmmscnmsmmssmmmsmsssssssssssssssssssssssssssssssssssssssssssssses 3
L MICTOBNCAPSUIALION cvvorsvvstsvsssnssssssisesssssssssss s 3
L1 SPray Arying PrOCESS .commmmmmmmmmssmmmssissasssmssssssmsssssssssssssssssssssssssssssssssssssssssssssssees 4

1.2 FIBRZE ArYiNG PrOCESS cimmmriviimmmssrisisssssmsssssssssssssssssssssssssssssssssssssssssssssssssssses 1

2. PlANT HISSUE CUTUT overvvsrvsivvivsssvssisssissmsssnssvssssssmessssssssssssssssssssssssssssssssssssssssssnes 9
2.1 Thunbergio [aurifoUa LIMN,CAITUS .vvrvvvimsermsnrssisssimssmmssnsmssssssssssssssssssssene 12

K (O o T T I 15
4. Durian fruit hulls polySACCNAITAR ..vvrvvvsrvvscrvmsrvsssrsssssssssssssssssssssssssssssssssssssrssss 16
B, SOUIUM AIGINALE..ovvvvssvvrssvvssssrssssmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 19
B. WOUND ArESSING..vvvsrvvsrvmssssmssssmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 21
CHAPTER Il EXPERIMENTAL .vvvvvssvnssvrsssnssvnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssnses 21
] L 21
Rosmarinic acid microparticles and freeze dried patCh . mmmmmmsmmsssnsnnnn 21
Thunbergia iaurifolio CATUSCUTTUTE covvvvvereeeesees s eceeeeerseseeees s eseesseseeees 21

O 21T S 21
EQUIPMENTS oo eesvvssvssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssenes 28
MASCRIANEOUS cevvvrvrrvrsvrsrrsrssssnsvssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnss 29

Methods 2



1 Preliminary of rosmarinic acid encapSUulation ...
1.1 HPLC analysis and method validation of rosmarinic acid............
1.2 Stress test of roSMarinic aCid......mmmmmmmmmmmmmmmmmsmmsmmmmssmsssmssenne

1.2.1 PROOSTADTIEY ovvrvvssvvrsvvssssssssnssssssssssssssssssssssssssssssssssnnnns

1.2.2 TEMPETALUTE coovvvvssrvvrssssvsmsssmmssssssmssssssssssssssssssssssssssssssssssss

1.2.3 HUMIGIY covvvvvvsvvrsssvnssnsssssssssssssssssssssssssssssssssssssssssssssssnns

12,4 OXIAAEON vvvvvvvvvsrvvsrvsssvsssssssssssssssssssssssssssssssssssssssssssssens

1.3 Preoaration of encapsulated rosmarinic acid microparticles.........
1.3.1 Spray drying ProCeSS....mmmmmmmmmmmmmmmmmmssmssssmssssssssssssssssssssnes

1.3.2 Freeze drying ProCeSS....mmmmmmmmmmmmmmmmmmmmsmsmsssmssssssssssssnsen

1.4 Characterization of encapsulated rosmarinic acid microparticles
1.4.1 Morphological characterization.....memsmressmsssinsenn

1.4.1.1 Scanning electron microSCOPE...mmmmmmmmrmrmsrnn

1.4.1.2 Dynamic Light SCALLErING..mvvrvvvcrvrmssvrssssssrnnns

1.4.2 Differential Scanning Calorimetry.....mmmmmmmmsmssmsesnn

1.4.3 Fourier Transform Infrared Spectrometry ..vmsrvessnn

1.4.4 X-Ray diffraction analysSiS. ...

145 Determination of entrapment effiCienCy....mvmrvssinn

146 vitro rosmarinic acid release Study...mmmmsmmmnnn

1.4.7 Stability study of encapsulated RA microparticles.........

2. Thunbergio [aurifoiia CallUS eXtract MiCrOParticleS....mmmmmmmmmmmmnnn
2.1 Callus induction and proliferation from T. laurifolia leaves........
2.2 Preparation of encapsulated TC microparticles.....mmmmmmmrmnn
2.3 Characterizations of encapsulated TC microparticles.........
2.3.1 Morphological characterization.........mmmmmmmmmsmsinns
2.3.1.1 Scanning Electron MicroSCOpPe....umvmrvsenn

2.3.1.2 Dynamic Light SCALEriNg....umvmrvvmsrrrsssrssrrnen

viii

33



2.3.2 Differential Scanning Calorimetry....vmresrnnen 36
2.3.3 Fourier Transform Infrared Spectrometry..rmvmsnnes 37
2.3.5 Determination of entrapment effiCiency...mmmmsnnn 31
236 vitro rosmarinic acid release study of encapsulated TC .. 37
2.3.7 Stability study of encapsulated TC microparticles............. 38
3.TC MPs-loaded freeze-aried PatCh . 38
3.1 Preparation of TC MPs-loaded freeze-dried patch ... 38
3.2 Characterization of TC MPs-loaded freeze dried patch....mnnn 39
321 vitro release study of TC-MPs-loaded freeze dried patch 39
3.2.2 Stability study of TC MPs-loaded freeze dried patch.......... 39
4, STALISHCAL ANAIYSIS ovivvvsvvsrsnssressssssvsssssmsssssssssssssssssssssssssssssssssssssssssssssssses 39
CHAPTER V RESULTS AND DISCUSSION....oovvsvmsrvmsrmsrsssssssssssssssssssssssnnns 40
L Preliminary study of rosmarinic acid encapSulation ... 40
1.1 HPLC analysis and method validation of rosmarinic acid........... 40
(I . et oo e N 40
1.1.2 ACCUracY and PreCiSION .mmmmmmmmmmmmsmssssmmsrssmsssssssssssssssssssssssssees 40
113 SENSIIVILY ovvsvvosvvrssssssrssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 41
1.2 Stress test Of roSMAariniC ACIU....ummummsmmrsmemsremsrmmsrmmsssssmsssssssssssssssrsnes 41
1.3 Characterization of rosmarinic acid encapsulation ... 41
1.3.1 Morphological Characterization ... 41

1.3.1.1 Particle morphology from scanning electron
MICTOSCOPE.vvrvvrsrvrssvmssssssssssssssssssssssssssssssssnss 41

1.3.1.2 Particle size of encapsulated rosmarinic acid
MICTOPAITICIES covvrrrvrsrvvssssrsssrsssssssssssssssssssssnnn 46

1.3.2 Solid state characterization of encapsulated RA

MICTOPAITICIES covvvrvvsrvrsssvrssrssssssssssssssssssssssssssssssssssssnens iy
1.3.2.1 Differential scanningcalorimetryanalysis................ 47

1.3.2.2 X-Ray powder diffractionanalysis........mmmmren 50



1.3.2.3 Fourier-Transform Infrared Spectrometry......... 52

1.3.3 Determination of entrapment effiCienCy.....vvvvssvnssnns 58

134 vitro TE18ASE StUAY ovvvrvvssrvmssvvmssssssssssssssssssssssssssssssssssnnns 59

1.3.5 StADIILY STUAY vovcrvrsvvrsrvvmsvrsssrsssssssssssssssmsssssssssssssssssssssssssens 61

2. ThunberSia iourifoiia Callus eXtract MiCroParticleS. ... mmmmrmmmrssssssssssnn 63
2.1 Callus induction and proliferation from TL 1€QVES...vwrvvsvrsssssinn 63

2.2 Morphological characterization of encapsulated TC microparticles.. 64
2.2.1 Particle morphology from scanning electron microscope.... 64

2.2.2 Particle size of encapsulated TC microparticles.......u.. 66
2.3 Solid state characterization of encapsulated TC microparticles........ 67
2.3.1 Differential scanning calorimetry analysisof TC-microparticles
............................................................................................................ 67
2.3.2 X-Ray powder diffraction analysis of encapsulated TC
MICTOPAITICIES ovvvirrvvsrvvsssresrsrsssssssssssssssssssssssssssssssssssssssens 68
2.3.3 Fourier-Transform Infrared Spectrometry..rvrsnvrsnnns 69
2.4 Determination of entrapment efficiency of TC microparticles........ 10
2.5 vitro release study of encapsulated TC microparticleS......uu i
2.6 Stability of encapsulated TC miCroparticles. ... 12
3. TC MPs-loaded freeze dried PatCh..mvvvmssvmssssssssssssssmsssssssssssssnses 14
3.1 vitro releasestudy of TC MPs-loaded freezedried patch......... 75
3.2 Stability study of TCMPs-loaded freeze driedpatCh..mirrcnen 76
CHAPTER V CONCLUSIONS....ovvrsvvsrvsssmsmmsssssmmsssssssssssssssssssssssssssssssssssssssssssssssssssssssses 80
REFERENCES.....cocvssvesvnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsss 83
APPENDICES. ..o vvvvssvrsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss s 84
o 85
e 109

VITA 127



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

LIST OF TABLE

=

Products of plant cell culture from various plant species and use [27]

2 Secondary metabolites extracted from various plant cell culture and yield [27]

3 Class of wound dressing, indications and commercial products [44]

4 Processes and formulations of encapsulated RA microparticles

5 Freeze drying step for encapsulated RA microparticles

6 Formulations of encapsulated-TC microparticles

7 Formulations of TC MPs-loaded freeze dried patch

8 Particle size of encapsulated TC microparticles

9 Entrapment efficiency of encapsulated TC microparticles

10 Raw data of 1stvalidation of FHPLC analysis

11 Raw data of 2nd validation of HPLC analysis

12 Raw data of 3rdvalidation of FHPLC analysis

13 Statistical data of calibration curves of rosmarinic acid analysis

14 Precision ana accuracy of method for determination of rosmarinic acid

15 Stress testing data of rosmarinic acid

16 Particle size of spray dried RA microparticles and freeze dried RA particles

17 Entrapment efficiency of encapsulated RA microparticles

18 stability data of encapsulated RA microparticles storage at 40°C/75% RF!

19 Encapsulated TC particle size

20 Entrapment efficiency of encapsulated TC microparticles

21 Vitro release data of encapsulated TC microparticles

22 stability dataof encapsulated TCmicroparticles storage at 4°c

23 stability dataof encapsulated TCmicroparticles storage at 30°C/75% RFI

24 stability dataof encapsulated TCmicroparticles storage at 40°C/75% RFI

25 vitro release data of TC MPs-loaded freeze dried patch .
26 stability data of TC MPs-loaded freeze dried patch storageat
27 stability data of TC MPs-loaded freeze dried patch storageat
28 stability data of TC MPs-loaded freeze dried patch storageat
29 One-Way ANOVA ofParticle size of encapsulated spray dried RA microparticles..

30 One-Way ANOVA of Particle size of encapsulated freeze dried RA microparticles

31 One-Way ANOVA of Entrapment efficiency of spray dried RA microparticles

32 One-Way ANOVA of Entrapment efficiency of freeze dried RA microparticles

adddi75% RFI...

112
114



Xl

Table 33 One-Way ANOVA of stability of encapsulated RA spray dried microparticles at
accelerated CONAITION ... ..oiiiiiiiiiie et e et e e es 120

Table 34 One-Way ANOVA of stability of encapsulated RA freeze dried microparticles at

acCelerated CONTITION ... .oii e e e e e st et e st e e e e e s 122
Table 35 One-Way ANOVA of Particle size of encapsulated TC microparticles.........ccccceeeiinneen. 124
Table 36 One-Way ANOVA of Entrapment of encapsulated TC microparticles.........cccccceeevnnneen. 125

Table 37 One-Way ANOVA of stability encapsulated TC microparticles 40°C/75%RH 3 months. 126
Table 38 One-Way ANOVA of stability of TC MPs-loaded freeze dried patch at 40°C/75%RH 3



Xl

LIST OF FIGURE

Figure 1 Characteristics of microsphere and microCapsule..........ccccooooiiiiiiiiiiiiie i 3
Figure 2 Composition and sample flow of spray drying technique...........cccoooiiiiiiiinii s 6
Figure 3 Composition of freeze drying Machine ... 7
Figure 4 Composition of freeze drying Machine...........oo e 7
FIgUre 5 PIaNt tISSUE CUITUTIE ...cooiiiiiiiie ettt e e ettt e e e et e e e e e e nbe e e e e e nneeeeeas 9
Figure 6 Cycle of tissue culture from explant to plant via callusinduction...........cccccoeciiiiiiiiiinnneen. 10
Figure 7 Thunbergia iaurifOlia [EAVES.........cccciiiiiiiis ettt ae et re e e snae e 12
Figure 8 Callus induction and culture on hard Media.......cccociiiiiiiiie e 13
Figure 9 structure Of rOSMAINIC ACTH ......iiiiiiiiiiii e e e e eeeeeas 15

Figure 10 Durian fruit hulls for extraction (left), polysaccharide gel extracted from durian fruit hulls

(7€) K (o2 OSSR 16
Figure 11 The scheme of extraction DG from durian fruit hullsS [4]......ccooiiiiiii s 17
Figure 12 structure of galactose, rhamnose, arabinose residues and pectin..........cccccccceeeriiiiineeenn. 18
Figure 13 structure of SOAIUM AIGINALE. ..ot 19
Figure 14 Calcium crosslinked of sodium alginate of MG-bIOCKS.........c..oeeiiiiiiiiiiiiiiiieeeeee e 20
Figure 15 Egg-box model of of sodium alginate calcium crosslinking.........ccccoeooieiiiiiniiiiie i, 20
Figure 16 Timeline of wound healing PhaseS [44]......cou it 22
Figure 17 Pathway of reactive oxygen species that produced in inflamedtissues [16].................... 23
Figure 18 Dressing patches used for WoUNd dreSSING..........uueeieiiiiiiiieaaiiiiieie e eriieeee e ee e siaeee e 24
Figure 19 Calibration curve of roSMariniC @Cid...........cuuieiiiiiiiiiiiiia it 40
Figure 20 SEM image of noncrosslinked-spray dried RA micropartiCles........ccoooveeiiiiiieniiniiiienennne 44
Figure 21 SEM image of freeze dried RA MICrOPartiCleS. ..o 46

Figure 22 Particle size of noncrosslinked and crosslinked spray dried and freeze dried

[0 TTe] fo] o= U {4 (=X T PP PPPPPPRTPPPPPPTTN: 47
Figure 23 DSC thermogram Of roSMAriNIiC GCI0.........uueiiiiiiiiiiiie e 48
Figure 24 DSC thermogram of polymers, physical mixture of polymers and physical mixture of
rosmariniC acid With POIYIM BT e ettt e e e et e e e e e e nbr e e e e e nneee 48
Figure 25 DSC thermogram of spray dried RA MiCropartiCles.........cccuiiiiiiiiiiiie e 49
Figure 26 DSC thermogram of polymers, mannitol and blank crosslinkedfreeze-dried powders.. 49
Figure 27 DSC thermogram of crosslinked-freeze dried RA particlesS........cccciiiiiiiiiiniieeneen, 50
Figure 28 XRD diffractogram of noncrosslinked-spray dried RA microparticles..........ccccocveeiniineeen. 51

Figure 29 XRD diffractogram of crosslinked-spray dried RA microparticles..........ccccceeiviiiiiieiiinnnn. 51



XV

Figure 30 XRD diffractogram of crosslinked-freeze dried RA particles.........ccccoevveeiiiiiiieeiiiiinneeeens 52

Figure 31 FTIR spectra of rosmarinic acid, physical mixture of polymer DG and AG and physical

mixture of rosmarinic acid With POIYMEIS... ..o 53
Figure 32 FTIR spectra of noncrosslinked-spray dried RA microparticles........ccccceviiiieiiiiiiienee i, 54
Figure 33 FTIR spectra of noncrosslinked-spray dried RA microparticles........ccccccovvvviveeiiiiienee i 55
Figure 34 FTIR spectra of crosslinked-spray dried RA microparticles..........ccccoiiieiiiiniiieeeeiiieeeen 56
Figure 35 FTIR spectra of crosslinked-freeze dried RA microparticles.......cccccceovviiiieeiiiiiiiee e, 57
Figure 36 FTIR spectra of crosslinked-freeze dried RA microparticles........cccccoovcveiiiiiiii e, 57
Figure 37 FTIR spectra of microparticles made of DG1% by SD and FD ProCessS......ccccceuvveveeeennnnne 58
Figure 38 Entrapment efficiency of encapsulated RA microparticles...........cccoovvieeiiiiiiiieeeciiiiiieneeen, 59
Figure 39 Release profiles of noncrosslinked-spray dried RA microparticles...........ccccvvvveviieiiiennn. 60
Figure 40 Release profiles of freeze dried RA microparticles..........cccccoviiiiieeiiiiiiie s 61
Figure 41 stability stucy of noncrosslinked-spray dried RA microparticles..........coocveeeiiiiieeeenicnnnen. 62
Figure 42 stability study of crosslinked-freeze dried RA microparticles........ccccovcviiieeeiiieeenieeenenen. 62
Figure 43 T. laurifoiia callus before harvesting and freeze drying ProCess..........cccoevevvevveieecriieernnns 63
Figure 44 T. laurifolia freeze dried callus (left) and T. laurifoiia callus extract (right)..................... 63
Figure 45 SEM image of encapsulated TC MiCroPartiClesS.......cccviuiiiriiiiiiiee e 66
Figure 46 Particle size of encapsulated TC MICIOPArtiCIES. .....c.coiiiiiiiiiiiiiiiie e 67
Figure 47 DSC thermogram of encapsulated TC MiCropartiCles........ccccvvieiiiiiiniie e 68
Figure 48 XRD diffractogram of encapsulated TC miCropartiClesS.......cccooveeiriieiiiire e 69

Figure 49 FTIR spectra of TL callus extract, TL callus extract freeze dried, spray dried and freeze
(o g T=To B N 4] Tod {0 o F= 1 o] 1= SRR 70

Figure 50 Entrapment efficiency compared between noncrosslinked-spray dried TC microparticles

with crosslinked-freeze dried TC MICIOPAITICIES....cc.uviiiiiiiiiiiiie e 71
Figure 51 vitro releaseprofiles of encapsulated TC mMicroparticles.........ocooeevieieieieveceeeseene, 72
Figure 52 stability study of encapsulated TC microparticlesstored in 4°C.......cccccevvieieniiienieeecninenn. 73
Figure 53 stability study of encapsulated TC microparticles stored in 30cC/75%RPI........................ 73
Figure 54 stability study of encapsulated TC microparticles stored in 40°C/75%RFi.........ccccceeveenee 74
Figure 55 TC MPs-loaded solution in aluminium mold before freeze drying process..........ccccco..... 74
Figure 56 TC MPs-loaded freeze dried PatCh.......cccciiiiiiiiii i 75
Figure 57 SEM image TC MPs-loaded freeze dried patch (XI50).....cccccceiiiiiiiiiiiiiiiie e 75
Figure 58 vitro release profiles of TC MPs -loaded freeze dried patCh..........cccceeveviiviecicieriencennas 76
Figure 59 stability study of TC  MPs -loadedfreezedried patch storedat4°c........... 77
Figure 60 stability study of TC  MPs -loadedfreezedried patch  storedat 30°C/75%RFI78
Figure 61 stability study of TC  MPs -loadedfreezedried patch  storedat 40°C/75%RF179

Figure 62 BUCHI mini spray dryer (left) and Freeze dryer (LYOLAB) (Fight).....cococeeiiiiiiniininiiienineen, 88



XV

Figure 63 HPLC chromatogram of standard rosmarinic acid 200pg/mM l.......coccveiiiiiiiiiiiiiiiiiiiieeees 88
Figure 64 HPLC chromatogram of entrapment of SN-IDGAG2:1..........cccuuiiieiiiiiiieieeeiiiiee e 89
Figure 65 HPLC chromatogram of entrapment of FC-IDGAG2:1.........cccouiiiiiiiaiiniiiiiee e 90
Figure 66 HPLC chromatogram of ethanol TL callus eXtracCt.........cccceeiiiiiiiiiiiiiiiiiie e 91
Figure 67 HPLC chromatogram of rosmarinic acid from PTC-FC-2DGAGL:1.........cccovoiiieeiiniinienennnns 92
Figure 68 Calibration curve of 19 Validation........cooiuiiiiiiiiiiiiie e 96
Figure 69 Calibration curve of 2rdvalidation.............oiiiiiiiiiii e 96
Figure 70 Calibration curve 0f 3 validation.........ooiiiiiiiiiia e 97
Figure 71 Spray dried FA microparticles (left), freeze dried cake (fight).........cccoeeniiiieiiiiiiiienns 99

Figure 72 TL callus(left-top row), TL callus before harvested (right-top row), TL callus before

freeze drying process (left-bottom row) and freeze dried TL callus (right-bottom row).............. 103
Figure 73 Encapsulated TC microparticles: TC-SN-1AG (left), TC-FC-2DGAGL:1 (right).....cccccccvvrennee 103
Figure 74 HPLC chromatogram of TL callus ethanol extract (NAA1, BA2 media) (HPLC : Run at 0.9

LNV 0 T ) RO RRPO 104
Figure 75 HPLC chromatogram of TL callus water extract (NAAL, BA2 media)........ccccvveeeerenunnnen. 104
Figure 76 FTIR spectra of TL callus extract, sodium alginate and TC-SN-1AG.........ccccceeeiririeeennnn. 105

Figure 77 FTIR spectra of TL callus extract, mannitol and physical mixture of TL callus extract
WIER MANNITTO .o et e et sre e nes 106
Figure 78 PTC-FC-2DGAGTL  andPaCKagiNg. . cecuuueeeeeeauiieieeeiaiiiieeaeeaitiiea e e e sieneeaesasnteeeeesannbbeeeeesennnenes 108

Figure 79 Franz diffusion cell (left), TC MPs-loaded patch release study using Franz diffusion cell



XV

LIST OF ABBREVIATIONS

RA Rosmarinic acid

DSC Differential Scanning Calorimetry
XRD X-Ray Powder Diffractometry

FTIR Fourier Transform Infrared Spectroscopy
SEM Scanning Electron Microscope

pm Micrometer ( ), Micron ()

mm Millimeter ()

cm Centimeter ()

nm Nanometer ()

cml Centimeter-gram-second

RH Relative humidity

% Percentage

min minute ()

MPs Microparticles

NAA Alpha-Naphthaleneacetic acid

BA 6-Benzyl Aminopurine

TL Thunbergia lourifoiio LinN.

TC Thunbergia [aurifoiio Callus extract
TC MPs Encapsulated TC microparticles

Spray drying process



FD

5N

SNB

AG

PTC

%EE

et al

Freeze drying process

Noncrosslinked-spray dried microparticles

Blank noncrosslinked-spray dried

microparticles

Crosslinked-spray dried microparticles

Crosslinked-freeze dried microparticles

Sodium alginate

Polysaccharide gel from durian fruit hulls

TC-loaded freeze dried patch

% Entrapment efficiency

et alii, and others

XVII



	Cover (Thai) 

	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents


	Abbreviations



