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Research title Development of oral fast dissolving electrospun nanofiber patch

containing Andrographic paniculata extract
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Project period 3 year 4 month
Abstract

The leaves of Andrographis paniculata (AP) extract have been traditionally used
for the treatment of diseases such as fever, common cold, cough, sore throat and
gastrointestinal disorder. However, few of dosage forms such as tablets and capsule can
been found in the market due to it is very bitter taste. The goal of this study was to
prepare and characterize of oral fast dissolving electrospun nanofiber patch containing AP
extract. The AP extract was loaded into 10% w/w polyvinyl alcohol: 10% w/w polyvinyl
pyrrolidone (80: 20) solution at 1% w/w, 5% w/w and 10% w/w to a polymer. The
nanofibers obtained from electrospinning process were observed under scanning electron
microscope (SEM). The crystallinity of nanofibers was characterized by powder X-ray
powder diffractometer (PXRD). The wetting time of nanofibers was examined. The content
and release profile of AP extract from nanofibers were performed. The cytotoxicity of
nanofiber was evaluated with human gingival fibroblast cells using MTT assay. The results
show that the average fibers diameters of 1% w/w, 5% w/w and 10% w/w AP extract were
ranged from 218 — 257 nm. The wetting time of nanofiber was approximately 11.67 s. The
AP extract in nanofibers was amorphous form and rapidly released from nanofibers. The
AP extract could release from nanofibers reached to approximately 80% within 15 minutes.
The contents of AP extract in nanofibers were a range of 76 — 83%. The electrospun
nanofiber patch containing AP extract exhibited non-toxic at 75 mg/ml of patch. In
conclusion, AP extract loaded PVA nanofibers was successfully prepared via

electrospinning process and may have potential application for oral fast dissolving delivery.

Keywords Electrospinning, Fast dissolving, Nanofibers, Andrographic panicula
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g‘dﬁ' 1 uananszuaunsoianinsatudls (electrospinning)
U 2 MweneanndeanssmiBidnaseuiiindswens 5000 wih veausiuduledidn
Tnsatlu PVA/PVP fidnsndau (a) 70/30, (b) 80/20 wae () 100/0
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Enlnsaduiifiansadaimzatalasanudiudu (e) 0% wiw, ) 1% wiw, (g)
5% w/w uag (h) 10% w/w
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w/W
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U 8 maienveusiudulemluiiussgansataaniimeanslasfinnandudu 5%
w/wW
U 9 maienveswsiudulenluiiussgansataaniimeanelasfinnandudu 10%
w/wW
5U# 10 uanansuasdesans andrographolide senaniduleunlufiussqyansarn
nnflmzanelasfienandudu (H) 19 wiv, (A) 5% w/w waz () 10%
w/wW
5U# 11 $evazmsegsenves human gingival fibroblast 1wad Tuusiudulediantes
athuiiussgansatmanilmeaslas 0% w/w Aanuidudiusingg Wunan 24
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sU7l 12 fewazn1seejsonves human gingival fibroblast twad luwsuduledidnlag 16
athuftussgansatinainihimzanslas 1% wiw Arnuidudusineg Wunan 24
T
sU7l 13 ewazn1seejsonves human gingival fibroblast twad luwsiuduledidnlag 17
atuitussaansatinanitmeaelas 5% wiv Aanuidudusineg Wunan 24
T
sU7l 14 ¥ewazn1seejsonves human gingival fibroblast twad lusuduledidnlag 17
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Wi

madt 1 dwhuguinansvesduledidnlasatiufiussgansainanimzansles 0% 30
w/w

397 2 durugudnasveadiledidnlnsathuiivssgansadnaniimeaieles 1% 31
w/w

M3t 3 dwhuguinansvesduledidnlasatiufiussgansatinanihmzaneles 5% 32
w/wW

9197 4 duruaudnansenduledidninsatuiussyansaianniiveaneles 10% 33

wW/wW
P59 5 Serazn138udIvesas andrographolide 1ne38 DPPH assay 33
M50 6 Sevavnisdudvesiuduledianinsaliunussgansainanihvzaielas 34

0% w/w 1a8738 DPPH assay

1l 7 Sevasmstiudaveusuduledidnlnsatuiiussgasatnnniimeaslas 34
1% w/w lag35 DPPH assay

3l 8 Serarmatiudavesuruduledidnlnsatuiivssansataaniimeaielas 34
5% w/w Lagd DPPH assay

a7l 9 Serawnatiudaveusuduledidnlnsatuiivssgansatniniimeaelas 35
10% w/w 1n835 DPPH assay

97971 10 NsUanUdesansdday andrographolide 21nurudleBidninsatud 35
Uss9ansainnimeatelas 1% w/w

a5 11 nsvanUdesansddsy andrographolide anusuduledidninsaliui 36
Ussyansanaaniineatelas 5% w/w

an5991 12 nstanUdesansddsy andrographolide annusuiduledidninsalui 36
Uss9ansainnthnea1elas 10% w/w

397t 13 Sorazn139g59A83 human gingival fibroblast wad Tuwsmduledidn 41
Tnsatiufiussgansadaainiimeanslas 0% wiw fnnandudusineg Wy
nan 24 F9las

397t 14 Souazn130¢358AT8Y human gingival fibroblast wad Tuwsuduledian a1
Tnsatiufiussgansaaainiimeanslas 1% wiw Annandudusineg Wy

L3870 24 9139



W
3971 15 Sovazn130¢38AT8Y human gingival fibroblast wad Tuwsuduledian 41
Tnsathufiussgansatnanndimeanelas 5% w/iw Annandiudusineg (Ju
a1 24 Falu
31971 16 Soeazn130¢38AT8Y human gingival fibroblast wad Tuwsuduledian 42
Tnsatlufiussgansataanniimeanelas 109% ww fianuidudusineg Wy

1387 24 Flad
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plate fiv3ansingg

Ut 5 wiwduledidnlnsatiufiusseasataanihmzatelas 5% w/w Uu saliva
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% w/v

% w/w

HS

VIR
pm
UM
CFU
cm
DPPH
DMEM
DMSO
et al.
EtOH
FBS

HPLC

kDa

Aasuedaneallazagandlun13de

Percent weight by volume

Percent weight by weight

Degree Celsius

Microgram

Microliter

Micrometer

Micromolar

Colony-forming unit

Centimeter
2,2-di(4-tert-octylphenyl)-1-picrylhydrazyl
Dulbecco’s modified eagle medium
Dimethyl sulfoxide

and others

Ethanol

Fetal bovine serum

Gram

Hour(s)

High Performance Liquid Chromatography
The half maximal inhibitory concentration
Joule

Kilodalton

Kilovolt

Molar

Minimum bactericidal concentration
Milligram

Minimum inhibitory concentration
Minute

Millimeter

Millimolar

Milliliter
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mPa Megapascal

MTT 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-tetrazolium bromide
MW Molecular weight

ng Nanogram

nm Nanometer

OD Optical density

PBS Phosphate buffer solution

pH Potentia hydrogenii (lat.)

pKa -log10Ka

PMS Phenazonium methyl sulfate
ppm Parts per million

rpm Round per minute

S second

SD Standard deviation

SEM Scanning electron microscope
uv Ultraviolet
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2.1 d@r54Adl
2.1.1 walumeanslas (Local market at Nakhon Pathom province, Thailand.)
2.1.2 Ethanol AR grade (Labscan co.ltd.)
2.1.3 Polyvinyl alcohol (Fluka, Switzerland)
2.1.4 Polyvinyl pyrrolidone (Sigma, USA)
2.1.5 Methanol HPLC grade and AR grade (Labscan co.ltd.)
2.1.6 Orthophosphoric acid (Labscan co.ltd.)
2.1.7 Dulbecco’s modified eagle medium (GIBCO™, Grand Island, NY, USA)
2.1.8 Fetal bovine serum (FBS) (GIBCO™, Grand Island, NY, USA)
2.1.9 L-Glutamine-200 mM (GIBCO™, Grand Island, NY, USA)
2.1.10 Penicillin G sodium for injection (sterile) (GIBCO™, Grand Island, NY, USA)
2.1.11 Sodium Pyruvate 100 mM (GIBCO™, Grand Island, NY, USA)
2.1.12 Sterile water for irrigation (GIBCO™, Grand Island, NY, USA)
2.1.13 Streptomycin sulfate (sterile) (GIBCO™, Grand Island, NY, USA)
2.1.14 Trypan blue stain 0.4% w/v (GIBCO™, Grand Island, NY, USA)
2.1.15 Trypsin-EDTA (0.25%) solution (GIBCO™, Grand Island, NY, USA)
2.1.16 Tryptone soy broth (TSB) (Lab M Limited, Bury, Lancashire, UK)
2.1.17 2,2-diphenyl-1-picryl-hydrazyl (DPPH) (Sigma-Aldrich®, St. Louis, MO, USA)
2.1.18 Potassium phosphate (Ajax Finechem Australia, New Zealand)
2.1.19 Sodium bicarbonate (BDH AnalaR®, VWR International Ltd. England)
2.1.20 Sodium chloride (Ajax Finechem Australia, New Zealand)
2.1.21 Sodium hydroxide pellet (Ajax chemicals, New South Wales, Australia)
2.1.22 Sodium phosphate (Ajax Finechem Australia, New Zealand)
2.2 Fanaunsal
2.2.1 Beaker 9u1m 20, 50, 100, 250 , 400 waz 1,000 Hadans (SCHOTT®, Germany)
2.2.2 Centrifuge (LEGEND X1R, Thermo Fisher Scientific®, USA)
2.2.3 Cylinder w119 10, 25, 50, 100 waz 1000 dadans Micropipettes ¥141a 20-5000 plL
(BIOHIT® Proline 100-1000 pL, RAININ® Pipet-Lite XLS)
2.2.4 Dropper



2.2.5 Electrical balance (New classic MF, MS204, METTLER TOLEDO®, Switzerland)

2.2.6 Evaporator (Buchi®, Thailand)

2.2.7 Funnel

2.2.8 High Performance Liquid Chromatography (HPLC) instrument (Agilent

Technologies,USA)

2.2.9 HPLC vial (Duran SCHOTT®,Germany)

2.2.10 High voltage power supply (Gamma high voltage research,USA)

2.2.11 Hot plate (IKA®C-MAG HS 7 ,Becthai Bangkok Equipment & Chemicak
Co.,Ltd., Thailand)

2.2.12 Magnetic stirrer and stirrer bar (IKA®RO10, Becthai Bangkok Equipment &
Chemicak Co.,Ltd.,Thailand)

2.2.13 Microplate reader (Accu Reader® Metertech Inc,Taiwan)

2.2.14 Scanning electron microscopy (SEM LEO 1450VP, EDAX®, USA)

2.2.15 Sonicator (Ultrasonic cleaner set,WiseClean® Korea)

2.2.16 Stirring rod

2.2.18 Test tube

2.2.19 Volumetric flask wua 10, 25, 50, 100 waz 1,000 Hagans (SCHOTT® Germany)

2.3 Msnseudsanaanuelunneanelas

2.3.1 msanaluimearglas

nsanmlufitnegatelasyinee3s sonication wag reflux Ingld@iviazatedu ethanol

. water 50 : 50 uazafadeLRBeE19i8133 sonication avthndlutimeanelaslalusvi
avane Tudnsdiu 1:10 waa sonicate Wuwaan 120 w1 ﬁqmmﬁ 75 paAwaTed @aun15anie
835 reflux avtnaluiitnzatelaslalusivazane Tudwnsidiu 1:10 waa reflux Wuan 120
unt figaumgdl 75 ssmiwaiBea ndnatndeissaenilunsesudathdanla inssmeuily
evaporator Mgldan1izayaInie (1)

2.3.2 mM3#1Uaunalans andrographolide Tuasannluimzaiglas

N151UTUIUENT andrographolide Tuansanaluiinganslas ¥innae3s high performance liquid
chromatography (HPLC) 1daadu C18 column (VertiSep™ UPS C18 column 4.6 X 250 mm,

5 Wm, Ligand Scientific, Bangkok, Thailand) mobile phase Ao d@savangNauvad methanol
wae DI water 7USU pH wiriu 2.8 #me phosphoric acid #i8nsndu 6 : 4 Usumsiawiiu 20
lulasdng omsinslnaves mobile phase Tupeau winfu 1 Sadansaeundl 14 detector 1u UV

spectrometer 1ANMUYNIATUYINAY 225 WIluLLns (2)

a



2.3.3 Yszuilugiiueyyadaszvesarsannnndusilsils sae DPPH assay
\w3oa DPPH (MW 394.32) aanuidudu 200 lalasluans Tasdans DPPH 7.89 fiadn3uy
azangluonueausung 100 1adans
WSsuasiegie Ttlaududusieg Tneldieniuea Wudviavate wu 1, 5, 10, 20
way 40 lulasnsu/daddng nawlidniu waniild incubate gaumall 37 esrwa@ed 1Wulian
30 unt W¥rlUinAInsgAnduLAs (Absorbance) 1A11NB1IAAY 520 unTuluns FaBLATeq

microplate reader AUIUMIAT Binhibition MILELNITN 1

A3) 00 —[(A1) e — (A2
%Inhibition:( Javg~[(Al)avg = (A2)avg] X 100 (1)
(43)avg

Tagfl Al = AinsgenAuLaIUeIfiegs
A2 = ANIYANTULEIUB Blank
A3 = ﬁhﬂﬁ@@ﬂﬁuuawaq DPPH
11 %Inhibition wazauLtuinaaeulUasensiienal IC,

e« Aududugavefiiluasensn ICs, azidunsmiavesrnudududusiu

2.4 manssuusuduleunluiiussaansatnanimzanslas

WibuaTazany 10% w/w wedlhifiawoanagea (PVA) waga1sazals 10% w/w woak
falnlsalau (PVP) drnanaufisnsadiunngg (PVA/PVP) Léud 10070, 80/20, wag 70/30
asazanefildgninluussglunaeadaemanafinvuin 5 faddns Mreitriuifulanzauin 216
111U219UU syringe pump wazselaireidulane L917U high-voltage DC power supply
(Gamma High Voltage Research) Tinanusnadnglulfing 15 Alalad 4139A18QN pump MY
§031 0.25 faddnsrotalus szeninesening vaneduisdiusesiuiduled 15 wufiuns
svoznalunmawionusiozadiagi 24 dalus eliléidulefifanuvundseanm 110 - 130
lulaswns suiesesilelumaindulounlunansdisguil 1 Weldsnsrdiuves PVA/PVP fiflaan
wnzaLud Savansansataluiimeanslasasiluasaraneldnsouuiudulefinnududy

19, 5%, 10%w/w Julidfuse magnetic stirrer Wuan 2 Falus

2.5 MmInsivdeuandnuuzvasuruidulounluiiussyansaiaaniineanelas
2.5.1 nymyandevdngIngveuauly neldndesganssaididnasey (Scanning

electron microscope, SEM)



Faurudulelddvuin 0.5 X 0.5 cm thlufinuu Stub @28 carbon tape a1ndualy
\dounes ¢eies Gold Sputter Iniuthludinieldndesganssmididnaseu dedau 3
asefegwnefdweewiniu Weldsunmudhuinngivunaduinuguinalsue sdu
loshe TUsunsy Jmicrovision Jadusinuguénansnegniay 100 1y dramuduanads + dw

Weauunnggiu a5ensmnisnssatevavaadule (3)

- s - awiem |

JUT 1 uanenszuaumsdiininsatuile (electrospinning)

2.5.2 MINTINAOUAMSN WAL NMIEN WUaIALY s Ul
nsnsIdeUdNYaETsmEn eEudle feil
1) nMsnsvdevesrlsnaumaaiiveswnudulelagldinaiin Fourier transform
infrared spectroscopy (FT-IR) THiA30e FT-IR aunuaue1Inay 400 - 4,000 cm-1
2) msnageuadundnvendulesiemeiln powder x-ray diffractometer

(PXRD, Miniflex Il, Rigaku, Japan) 19 Nickel-filttered Cu radiation generated in a sealed tube

operated at 30 kv and 15 mA Uu#in diffraction pattern 7l the Hrange of 5 - 45° §p3IN3

ALNY VAU 4 min™

2.6 msUsziunalunslenveswsiuduleunluiiussgansainainiimzatelas
nattumsdonveswsiudulenluiiussgasadinaniihmezatslas ilaganenszamenses

U petri dish BuAEuEAUSNaNS 12 wufiung WliTendae thanedioy (w3ouain 2.38

n31 Na,HPO,, 0.19 nfu KH,PO,, taz 8 n3u NaCl st 1 ans USu Amnudunsasnagae nsn

phosphoric auld pH Wiy 6.8 = 0.05(1)) lagangiflguduiuazgAeen NMSTEULHULEY
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TodmsunsUsziiunantunisiden datswduleliloun 2 x 2 wufwas widuledanumnun
Uszanas 110 - 130 lalasiuns 1ausiudulevu petri dish Medouly Sufinnmnng 1 3unfiau
wrindlodeniiouy
2.7 Msu1Usuaians andrographolide TuLLeJuLé'uiﬂmiuﬁusiqmiaﬁhmnﬁqmmstas
n19v1UTaua1s andrographolide Tuusiudulouluiiussgansatnaniinzatslas (%
loading efficacy) ilagavansurudule 5 Sadnsu luasazans thanefioulenuea (50:50) 5
fiadans Jude magnetic stirrer LJutian 24 F1lua andutiansazarefilglunseriu
membrane Y@ 0.45 luaseu wiethluiinsizinuuna andrographolide $aeiA3as HPLC

ANMEANTD 2.3.2 INUUTILIAIUINIAT %loading efficacy muaNNITN 2

% loading efficacy = Wwntinansiaunla/dminasnussgadly x 100....... )

2.8 MsAnwIn1sUanUaaedans andrographolide mnu,w'uLé’uiﬂmiuﬁussa;msaﬁﬂmnﬁ']
ngaelas

n1sAnwIn1sUanlasgans andrographolide mﬂLLNuLé’uiauquﬁUssagmiﬁﬁmmﬂﬁw
yrarelas vilhanedion dausiudulelinsuiminfuiueu ldaduiaedend 37 o
waldua wheiaIonug1ianmda 100 seudewit ilefaaniidivun duiegns oenan

AAs1zimUIInal andrographolide feLA3a9 HPLC auan1zlude 2.3.2

2.9 meAnwanuiiuivrssvadvssiudulouluiivsseasatnainimeanslas
mmﬁluﬁwiamaa‘maaLLcjuLﬁuGLstIuﬁmﬁagmiaf"fﬂmﬂ‘ﬂmzmsﬁm o human gingival
fibroblast wad Usziliulagld MTT assay fawlasa1nisuinsgiu (SO 10993-5 indirect contact)
tusiudileuuluimasandlleen Weshdeduma 1 $alus nduazasuiudulow
Tu luomsidsseadfiusAaIngsu (SFM) fiussneudae Dulbecco’s modified Fagle’s medium
(DMEM) 1% l-glutamine 1% lactalbumin wag 1% antibiotic Waz antimycotic Tildgasdudu
Normal human foreskin fibroblast (NHF) il DMEM 75l 10% $5u fifleununutueasad
8000 wadlu 100 lulnsans neanadly 96-well plates trlumzidsaumadinziity plate Wy
181 2 u lu incubate 71 37 ssmwadea Wewadineiidu plate LLéj%@jﬂEJ’]WﬁLgENLGUaﬁEJEJﬂ
wdunuiisheevnsiiuiuduleuluaratey thily incubate Wunan 1 fu ndsnwadle
dulaiuansazangveskudulouluauasuag Jgaasasangeen ldansavaty MTT 1
fiadn3u/fiadans asluunuil incubate Juwian 4 Flus Lﬁamwsm@mmiazma MTT 990 a1

mivasazatuwasaliniwes pH 7.4 azaewdn formazan i plate AlAanwaanilain fe



DMSO 100 lulasdnssengu hluindigandunasiianiuenadu 550 uiluwns lagiedos
microplate reader (Universal Microplate Analyzer, Model AOPUSO1 and AI53601, Packard
BioScience, CT, USA). AUt % cell viability IﬂwqmmdmmﬂﬁawﬁaﬁlﬁﬁLLcjuLﬁuiauWIu

lalaguazarved (SFM) Wunqualunu (100% cell viability) (3)

2.10 msAnwanuasirvawsudulsunluiiussaansafnandmeaalas
nMs@nwiauasivesuiuduloulufiussgasadnainfimeatelesazifiuwsuduled
Arandudu 0% w/w uay 10% w/iw flan1isuni gungdl 30 ssrnwadoa anududinivg 60%
wazfian1neiss gungd 45 ssaneailoa arududuing 75% 1Junan 6 Wou wWeasuiie
Anwidugiuinervesududulonieldndosganssaididnasounaznisusuinvesans

andrographolide Tuuguidule

2.11 MSAATIZHNGERR Statistical analysis

Toyailiannnisnaaewnainmviign 3 ase deyawanalu dAwede = diudeuuy

174

Y
wmsgu 1Wads one-way analysis of variance (ANOVA) d@msuUdiAssiAuuangng Avua
L2 Q‘
il

YK Y]

syautludA? 0.05 Tagladlusunsy (SPSS version 10.0 for Windows (SPSS Inc., USA))
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NaN157¢

3.1 MswseNasainanluimzatglasuasnIsnIIvnauANaN YL
3.1.1 msannluihnzalelas
AT 1 ANSoazNandnuazUINIYes andrographolide annnsanaizatsmemaliauag

FYiNazaIusg 9

- . o . o Andrographolide
W/NTANA MIVNaTaNYy 2RI1EI1U Yield (%)
(¢/100 g)
Reflux Ethanol : water 50: 50 18.86 £ 0.30 9.31 £0.25
Sonicate Ethanol : water 50: 50 17.324 £0.88 891 £0.21
Sonicate Ethanol : water 0:100 14.68 £ 1.78 N/A

N/A fsldwuais andrographolide Tuansarin

wansafaluiimeanelasuanifinisnsil 1 nwan1saaesnuin msadames Reflux
18 Ethanol : water 50 : 50 ﬁ%’aaazmamﬁmmmﬁqmLLazﬁ‘lﬁmmﬁumﬂ’ﬁ andrographolide 110
flande uanifloatadetifissedraieanudn liamsaafnans andrographolide aanunlé
\lean andrographolide Wuansiiazanevldes (@)
3.1.2 msvssdugaiueyyadaszuesansainimearelasiag DPPH assay
lehansaiaseds Reflux fe Ethanol : water 50 : 50 1Nfnw qVSuoYLadasY

b4 e a

835 DPPH assay Wu31 35 DDPH lianunsamansanueuyadaseniels DPPH laillesainans

analldNTuniy DPPH assay AmNgHIT83LANAR0INIgNTATUeUYYaBATEV0IAS

(%
a aa

andrographolide wu31 ldanunsauanignaiueyyadasziiinSosaznsdudeda 50 19 Tugas

ALY 1 - 5 TadnSuseladans

3.2 mawseusuduloulunussyansaiaaniimzanelas
gasinsuvesiuduleNussasadianilmeanglasiianududusiigg laldansiiiuning
U 2 9l Ae lehsuugansululsinusesay 1 uagledveadevas 10 iawainaisanail

nzanglasisavuuin 39 ndudeanausa wsliisnluluresinualilsavutioyas



3.3 MInssauAManeuzvasiuduleulluiussyasainaninzanelas
3.3.1 anwalsneang I Ine veaulenussIaIsannnimgaleles

U 2 LARININEIEIINNADIPANITTAUBLANATOULAZNITNTZIIHVUIALEUNIY

AuY gnansvesunulauly PVA/PVP ‘VIE]G]T]?{’JNG]’NG]

A%‘% é&

~ <
@45 1@.\;
“ g

Mag = 5.00KX WD 9mm EHT = 1000!V Sw\dA SE1

,o'-' “ é ? 19\;\
DY AT
ﬁ\haﬁb"'w

= X /) Glia?"zx s»'
! "4 : - - % 1
w“?’e'l" ':),"&mv‘mg

Mag= 500KX WD= 9mm EHT = 10.00 kV Signal A = SE1

; AT A7
m «\W

‘\.—

4"

\

- Mag= 500KX WD= 9mm EHT = 10.00 kV Signal A = SE1

Ul 2 nmanganndesganssauBidnaseuiimdswets 5000 Wi vesusuduledidnlnsaiu
PVA/PVP finsnaau (a) 70/30, (b) 80/20 wai (c) 100/0

iﬂﬁ 3 LLﬁﬂﬂﬂ?Wﬁ?ﬂ’ﬂ’]ﬂﬂgaﬂ'ﬂaﬂi’iﬁﬂaLgﬂmiBULLa”ﬂ’liﬂ’i“ﬁ]’lﬁJ“UUWQ G ITARES

AuY ﬂa'NSU@QLLN'L!LﬁusLEJVIUiiﬂﬁ’]iﬁﬂﬂﬂqﬂﬁW‘Vl awi%wmmmmumm Wummmawauau
N’]U@UEJﬂa’]QGUBQLGUIEJVINWJ’]NL“Ull‘iJ‘L!‘UENﬁWiaﬂ@ 0, 1, 5 way 10% w/w Winfu 218.47 & 50.71

24331 + 51.57 249.77 £ 55.29 way 256.73 £ 62.17 W1lULUAT ANUEIAU
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R R s
W
! Sl NS

X4 XA

%8, 8% b\\

-
~

|
3

/ ’k : E" ) ‘?‘,v
»! ﬁ"t.’"' \ /e
AN

.

- kvﬂ’_..

O

i

- =10, v Sie A=SE1

40
~ 30 +
=
15
520 T
=
=
pu
= 10 -+ 10 -

0 - y 0 -

100 150 200 250 300 350 400 100 150 200 250 300 350 400
Diameter (nm) Diameter (nm)

Wiz o o @
Nl w"ff'ﬁ BAD o) & <
Y , A " w 7N

(

==y Mag= 500K X WD= 9mm ENT = 10.00 kV Signal A = SE1
40

~ 30 - ~ 30 +
= S
® T
g 20 £ 20 +
s 3
g g
& 10 - £ 10 +

0 - 0 -

100 150 200 250 300 350 400 100 150 200 250 300 350 400
Diameter (nm) Diameter (nm)

JUN 3 nmengainndesganssmidianaseuniindsvens 5000 wi vewdwduledibniasatiund
asanaimzanalasanuautu (@) 0% w/w, (b) 1% w/w, () 5% w/w wag (d) 10% w/w uag
nanszRerwInduRugudnaveaLiuduleddninsatuniasadaimeatelasarududu

(e) 0% w/w, (f) 1% w/w, (g) 5% w/w wag (h) 10% w/w
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3.4 msUsziudnwazvasududulounlunussyansainaninzaieglas
FT-IR pattern vasurudulouluniussyansadinainimeanglasianududu 0% w/w uaz

10% w/w uagansafafmeanglas uanaia U7 4

110

105 extract
100
95

90

85

0% wiw extract fiber
80

75

70

% Transmittance

65
60 10% wiw extract fiber
55
50

45

40

4000 3000 2000 1000
Wavenumbers (cm-1)

JUN 4 FT-R pattern vasuruiduleuluniussgansadnainiimearglasiianududy 0% w/w

Y

wag 10% w/w lazarsanaiineaelas

PXRD pattern vasunudulouluniussyansainanfimeanglasiaanududusiigg wanids

gih'?i 5

- M, ()
e et ()

26

U7 5 PXRD pattern vadusuidulounlunussansadinanihvzaislasnanududy (@) 0%

Y

w/w, (b) 1% w/w, (c) 5% w/w, (d) 10% w/w Wkag (e) @rsanaiinnzaielas
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3.5 Msuszdiualunisitenvasuruiduleunlunussgansaiaainimeanslas

IS 1 v a v a vy v ! v
L'Ja']ﬂ’ﬁlfdFJﬂ‘SZJ'ENLLN‘L!LaUIEJUWIUVIUiiﬂﬁ’ﬁﬁﬂ(’W"D']ﬂﬁ'ﬁ/wa']Sigﬂiﬂﬂ'JWNL‘ZJELIEUUWNg] LLﬁﬂQfNE‘U
6-9

JUN 6 nslenvesnuduloulunussyansaiaanimeaiglasiiannududu 0% w/w

JUN 7 msenveswnudulowiluiiussyansainainimeanglasiannududu 1% w/w
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U

U

=
N

il

8 nMsilenvaswsuduleunlunussgansadinaniimeaielasianududu 5% w/w

9 msilenvasuruduleulunusaisadinniimeaielasnauduty 10% w/w
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3.6 M3UIUIUAT andrographolide Tuwsiwdulounlunussaansainanimeanslas
N13USuIaEns andrographolide Tuwsiudulownlunussyansannainmeaielas wui

wiuduleussyansannanimganglasianududy 1% w/w, 5% w/w/ uag 10% w/w a1

loading efficacy (%) Winfusauag 83.90 X 2.38, 76.36 = 2.13 and 79.03 £ 2.78% suasu

3.7 m3Anwn1suanUaawsans andrographolide anusiutdulounluinussyansannainii

Neanglas

JU7 10 uansn1suanuaesans andrographolide aananiduleunluiussyansainaind

NealaTANUTNTUA

120 +
100
80

60

40

Cumulative release (%)

20

0 I I I
0 20 40 60
Time (min)

U 10 uansnisuanuaesans andrographolide aananiduleunluiiussyansadnainiimeany

Tasimnudady (D 1% wiw, (A) 5% w/w uay () 10% w/w

2.10 msAnwanulunessiwadvaswiudulouluiiussyansainainimzaielas
nsAnw1Aduiiuneiwad Human gingival fibroblast #2838 MTT assay whudulew
Tuiiussgansannainilvzatslas anududusiee dnessuduasazaglu DMEM () fina

Wndusingg uaziansazansunldluwad (Wunan 24 $alus nan1snnasuaniaguil 11 - 14
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160 —

190 1L
120 1+
100 -
80 A
60
a0
20
0

control 10 mg/ml 25 mg/ml 50 mg/ml 75 mg/ml 100 mg/ml
Concentration of fiber mats (mg/ml)

%cell viability
I I I

U7 11 Savaznnsegsenves human gingival fibroblast wad luukuduledidnlnsalunussy

ansanmanimeanslas 0% w/w Naududuaige Wunan 24 $alua

160 —
140 4
120 4

100 1+
80
60
a0
20
0

control 10 mg/ml 25 mg/ml 50 mg/ml 75 mg/ml 100 mg/ml
Concentration of fiber mats (mg/ml)

%cell viability
I I

JUT 12 Sewazn150g50ATad human gingival fibroblast wad Tuukuduledidninsaliunussy

Y

asannandimzanslas 1% w/w Aauidudusiie Wunan 24 dalus
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160
140
120
100
80
60

%cell viability

40
20

control 10 mg/ml 25 mg/ml 50 mg/ml 75 mg/ml 100 mg/ml
Concentration of fiber mats (mg/ml)

U7 13 Savaznnsegsonves human gingival fibroblast wad luukuduledidnlnsalunussy

asanmanimeanslas 5% w/w fianuidudusngg Wunan 24 $alug

160
140
120
100
80
60

%cell viability

40
20

control 10 mg/ml 25 mg/ml 50 mg/ml 75 mg/ml 100 mg/ml
Concentration of fiber mats (mg/ml)

U7 14 Savaznisegsonves human singival fibroblast wad luukuduledidnlnsaluiussm

asannandimzanslas 10% w/w Aanududusngg Wunan 24 $alus
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2.11 nsfnwanuavasHudulaunlunussyasainaniinzaielas
nsfneduguivevendulowluniussyansadnainiimezaelasiviusnuf an1sunf
wagan1zsuuie 6 Weuwanaiaguil 15 wagUSuiaans andrographolide 7ifogluusiuidy

lodidnlasatuniansadiniinzaielas wanasanisnen 2

o

I
&

LN

”

7S

!

=7

i
-

4

v,

iy

Lt
5

—

|

| § *
%/
H Q’A ?

500KX WD= f0mm Mag= 500KX WO= 9mm EHT=10.00kV  Signal A = SEY

SUM 15 NNEN8RINNAD99aNITAUDIANATOUNANAIENY 5000 Wi vasknuduledianinsatiud

9

e

= v

Hasanafmzarelasanuutuy 0% w/w N113a1 0 Lisu (a), 6 Waunan1izund (b) kay 6
LABUNANILLI (C) WaTAINILUNTY 10% w/w 93a1 0 whou (d), 6 Whaunan1zund (e) uay 6

WBUNEN1ITLSS ()

A15197 2 A1 loading efficacy (%) vosnuuduledianinsatluifiarsanaiimranelasfinan

WY 10% w/w NEN1IZAINE

1380 loading efficacy (%)
0 Lhou 79.03 £ 278
6 LhDUaNIZUNG 7255+ 2.64
6 LADUANTIIZLIS 56.27 + 5.08
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UNN 4

a3Uuaziansalnaniside

4.1 manseanaznsussfiuuiuduledianlnsatiuiiussaasataainiimzaneles
MnuanIARsEnudugILIneweaduls lun1sfnwnounisiindu wudl Snsrdan
Y99 PVA/PVP imnzasazthuisseudunsiuduleiazareiafio 80/20 PVA/PVP iilasannl
Gilofifidnuaed ldumer mndushsdauwes PP 10 20 18y 30 sudnduleasiumadld
$18 lesnaaandiaiuainsolunsgaaraduves PVP Wethaisazans 80/20 PVA/PVP
sussyansatmaniimzaelasinududu 1 - 10% wiv wagthansiunszuaunsdidnlngad
ulsaulddudulowuin dledlsiFeu hifidadaunngludule Tunnanudiduresansardn
yuadurugudnaaadevenduloaglutie 218 - 257 unluwng Wushugudnatsveadule
dutudntosdoifiuanududuresansatn nanmsvaassiaenndestunimmaassnounth (3)
MnuansUsziiudulose Powder X-ray diffractometer wudusiudulodidnlnsatiufiuss
asanaimzanslasynanududunansdnuuzedugiu faavilfazasldegasinisiludes

Un wamsfnwpuaudfiniueiiny finvesarsadaluwiudulefimioudsmaiinddninsal

2 IS

wily Piiuin ansdrdgluasadalifnnisideunyilaiduiidAge

o

BHIUNTTUIUNNT VATIAD
Bnlpsaduils (5)
nmsUszunarlunisilenvesnuduledidnlnsatufiussyasadaivzaislasiinny

WU 10% w/w wuninalunisiden windu 11.67 + 3.5 w1 WawSsuisuiurduledian
Tnsatuniussyansainihnezaiglasnanudududiind 10% w/w asilenlanualuiaidesnii 5
a a o & A ) Svywy ° v a a £ | aa
9 Netlonatesunnanansanmazatsunlatesvinliiiuniantunsienuindu Tukauntiay

[ 7 [ = . . 1 ¥ a a
Wutuvadasannuin (6) nan13@nw loading efficacy 109 wiwduledidnlasadunussqans
anailmzatelasiaututusiigg wuindaesazuinnii 80 nsAnwinisUanUaeuansdiAgy
andrographolide sanainidulenuin uiwduledidninsaliuivssgansadaiimzaislasfiaay

4 % 1 1 o 4 1 @ 1Y a =
WaTusinee) @unsavanateansdifylaegenaiit unninfesay 80 Tual 15 w1¥ waziiou
Seawar 100 Tuan 30 Wil (7)

PNNMsENEIANNLTuYsBwad Human gingival fibroblast wuin wswduledidninsatui
U559ansanaimearalasianududu 0% w/w, 1% w/w kag 5% w/w LaniA1308arAINeg
soRURIAaNINNI1Saua 80 Tumnuudy 10 — 100 Jaansumaiiadans we whuduledanls
salunussyarsanaiingaiglasNnaududuy 10% w/w Lanwr13a8arA1L8ET0AYDUTAR

a

wiiuFeway 36.41 Manadudu 100 Taansudediadans FeasuladmnUsunamesansainly
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wiuduloanniiuliazyiliiinfivnewadladauuzilild winduleddnlnsalunussgansaia
Wmzanglasianuidudunneg iy 75 Jadnsuneiadans (8)
nMsAnwanuavesiwduleddninsatiufiussyansadaimezanslasiianududu
0% w/w waz 10% w/w 381 6 euluaniizunfnazaniizisanudn anyuedugIuIne,
neldndesganssaididnaseunuiduleinnisidumal wasiBumalrunndleiuluaniisiss
USuawe9ans andrographolide anasnaesoray 50 Weinuluannzisadunan 6 weu a1nua
o vo& & G a = Y v
nsnaaesliinmsiusiuduledidninsaluiussyasaiafimeatslas lviusieaineinie

LALAIUYUY
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Natthan Charernsriwilaiwat, Passakorn Prasertrungpanich, Praneet Opanasopit.
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Introduction

Andrographis paniculata (AP) is the useful medicinal plant in Southeast Asian. It is known as “King of
Bitter” in a family of Acanthaceae'. AP have been traditionally used for the treatment of disease such as fever,
common cold, cough, sore throat and gastrointestinal disordered?. The pharmacological effect of AP including
anti-inflammation, anti-oxidant, hepatoprotective and hypoglycemic activities®. The major compound in the
leaves of AP is andrographolide. Andrographolide is a bitter colourless and crystalline diterpene lactone. The
leaves of AP have been available found in the market in dosage forms of tablet or capsule. However, the

development of new dosage form of AP has been limited due to its bitter taste. Recently, nanofibers has been
popularly used as a tool for carrier herbal substance such as mangosteen extracts*, curcumin extract® and
asiaticoside extract®.

Electrospinning is a process that create fibers with ultrafine diameters. The small fibers obtained from
this process exhibit excellent properties such as a high surface area to volume ratio, high density of nanometer
sized pores of the mat and surface functionalization. Many polymer solution can be prepared to fibers under
high voltage electrical power such as polyvinyl alcohol (PVA), polyethylene oxide (PEO), poly lactic acid (PLA)
etc. This process is versatility and has potential for various biomedical applications such as scaffold for tissue
engineering, wound healing and carriers for delivery of drugs and substances*. Recently, electrospun nanofiber
have been investigated as oral fast-dissolving delivery system”38. In this study, PVA was selected as a carrier
for AP extract to prepare nanofiber using electrospinning process. The properties of nanofibers such as
morphology, crystallinity, % loading content of extract, wetting time and release profile were examined.

Methods
Reflux extraction and standardization of AP

The leaf powder of Androghaphis paniculata (AP) was purchased from local market at Nakhon Pathom
province, Thailand. The leaf powder of AP was placed in a 150 ml of 50% v/v aqueous ethanol connected with
reflux apparatus. The ratio of AP to solvent was 1:10 at temperature of 75 °C for 2 h. After extraction the AP
powder residue was filtered and supernatant was collected by centrifugation. The supernatant was dried by a
rotary evaporator under vacuum®. The crude extract of AP was analysed the amount of andrographolide by high
performance liquid chromatography (HPLC). A C18 column (VertiSep™ UPS C18 column 4.6 x 250 mm, 5 um,
Ligand Scientific, Bangkok, Thailand) was used. The mobile phase consisted of a mix of methanol and water
(pH 2.8 with phosphoric acid) at a ratio of 6:4. The injection volume was 20 uL. The flow rate of the mobile
phase was 1 mL/min, and the detector wavelength was fixed at 225 nm?.
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Preparation of AP loaded PVA nanofiber

Briefly, 10% w/w PVA solution was prepared by dissolving 4 g PVA in 36 g distilled water at 80°C and
then allowing the solution to stir with magnetic bar and magnetic stirrer for 4 h. AP crude extract were loaded to
PVA solution at various concentration (1%, 5%, 10%wt) and stirred for 2 h. The AP extract loaded solution was
taken up in a 5 mL plastic syringe equipped with a 20-gauge, stainless steel needle (diameter = 0.9 mm) at the
nozzle. The needle was connected to the emitting electrode of positive polarity of a Gamma High Voltage
Research device. The electric potential was fixed at 15 kV. The nanofibers were collected as-spun on an
aluminum thin foil that was wrapped on a aluminium plate collector. The solution was electrospun at room
temperature, and the collection distance was fixed at 15 cm. The solution feed was driven by a syringe pump,
and the feed rate was fixed at 0.25 mL/h. The process duration was fixed at 24 h in each different weight ratios
that provide a thickness approximately 110 -130 um.

Characterization of AP loaded PVA nanofiber

The morphology and average diameter of the nanofibers was observed under scanning electron
microscopy (SEM; LEO 1450VP, EDAX®, USA). For this process, a small section of the electrospun nanofiber
mats was sputtered with a thin layer of gold prior to SEM observation. The accelerating voltage was fixed at 15
kV. The diameter of nanofibers was measured using software JmicroVision, collected 100 measurements for
each sample.

The crystallinity of the nanofiber was characterized by powder x-ray diffractometer (PXRD, Miniflex I,
Rigaku, Japan) with Nickel-filtered Cu radiation generated in a sealed tube operated at 30 kv and 15 mA. The
diffraction patterns of the nanofiber mats were recorded in the #range of 5 — 45° at a scanning rate of 4 min-’

The % content of AP extracts in the PVA nanofibers was analyzed by dissolving the nanofibers (5 mg)
into 5 mL of distilled water for 24 h. Then, 1 mL of the solution was analyzed using HPLC to determine the
amount of andrographolide. The amount of andrographolide was used to calculate the amount of extracts in the
nanofiber mats. The % content was calculated using equation 1:

Content (%) = (La/Lt) X 100 1)

where La is the amount of AP extracts that are embedded in the nanofibers and Lt is the theoretical amount of
AP extracts (obtained from the feeding condition) incorporated into the nanofibers.

Wetting time of AP loaded PVA nanofiber

Briefly, two layers of absorbent paper were placed on a Petri dish with a diameter of 12 cm. After the
paper was thoroughly wetted with artificial saliva (2.38 g NazHPO4, 0.19 g KH2PO4, and 8 g of NaCl per liter of
distilled water adjusted with phosphoric acid to a pH of 6.8 + 0.05)'9, the excess artificial saliva was completely
drained out. The AP extract loaded PVA nanofibers was cut to 2 X 2 cm that have the thickness approximately
110 -130 um. Then the nanofibers were placed on the wet paper. The 10% AP extract loaded PVA nanofibers
and the picture was recorded every second until the nanofibers completely wet.

Release profile of AP loaded PVA nanofiber

The release profile of AP extract from the PVA nanofiber was investigated in artificial saliva. The pieces
of nanofibers were submerged in medium that was incubated at 37 °C under shaking at 100 rpm. At a given
time, an aliquot of the release medium solution was analyzed by HPLC.

Results

After extraction, the yield of AP extract in 50% v/v aqueous ethanol was 18.86 + 0.3% and the amount
of andrographolide in AP extract was 9.31 £+ 0.25 g in 100 g of extract. Figure 1 shows the SEM images and
diameter distribution of AP extract loaded PVA nanofibers. The average diameter of 0%, 1%, 5% and 10% AP
extract loaded PVA nanofibers were 218.47 + 50.71, 243.31 £ 51.57, 249.77 + 55.29 and 256.73 + 62.17 nm,
respectively. The bead formation could not observe in nanofibers. The PXRD patterns of AP extract loaded PVA
nanofibers are shown in figure 2. The strong crystalline peak could not observed in the diffractogram of all
nanofibers. This result indicated that AP extract was incorporated into the PVA nanofiber in an amorphous state.
The % content of 1%, 5% and 10% AP extract loaded PVA nanofibers were 83.90 + 2.38, 76.36 + 2.13 and
49.03 £ 2.78%, respectively. Figure 3 present the wetting time of 10% AP extract loaded PVA nanofibers. The
time for the nanofibers completely wet was 11.67 + 3.5 seconds.
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Figure 1. SEM image of (a) 0%, (b) 1%, (¢) 5% and (d) 10% AP extract loaded PVA nanofibers and diameter
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Figure 2. PXRD pattemn of (a) 0%, (b) 1%, (c) 5%, (d) 10% AP extract loaded PVA nanofibers and (e) AP
exiract.

Figure 3. Wetting of 10% AP extract loaded PVA nanofibers.

The release profiles of AP extract from PVA nanofibers are shown in Figure 4. The result showed that
the AP exiract fast released from all nanofibers to artificial saliva. 80% of AP extract could be released within
15 minutes and almost 100% in 30 minutes.

TJPS 2017, 41 (Supplement Issue): 83



120 +

Cumulative release (%)

0 t 1 1
0 20 40 60

Time (min)

Figure 4. Release profiles of (H) 1%, (A) 5% and (®) 10% AP extract from PVA nanofiber. Data express as
mean + SD (n=3).

Discussion

The morphology of PVA nanofiber was smooth and without bead structure in all concentration of AP
extract. The average diameter of fibers was in a range of 218 — 257 nm. The average diameter of nanofibers
slightly increased when the amounts of AP extract increased. This result was in accordance with our previous
study, which indicated that the incorporation of Garcinia mangostana (GM) extracts into the electrospun
chitosan/PVA nanofibers did not affect their morphology and the average diameters of the nanofiber ranged
between 205.56 to 251.35 nm*. The PXRD patterns indicated that the AP extract loaded PVA nanofibers were
in an amorphous state. After electrospinning process, the PVA and AP extract solidified very rapidly, leading to
a decrease in mobility of AP extract molecules. The AP extract could be incorporated into PVA nanofibers
approximately 80%. This indicated that AP extract was well mixed with PVA due to it hydrophilicity properties
of extract. The nanofibers exhibited rapid wetting time and release of AP extract due to the highly porous
structure of nanofiber and hydrophilicity of PVA&.

Conclusion

In conclusion, AP extract loaded PVA nanofibers was successfully prepared via an electrospinning
process. The SEM images illustrated that the diameter of fibers was in a range of 218 — 257 nm and without
bead formation. The PXRD diffractogram indicated that AP extract loaded PVA nanofibers was in an amorphous
state. The AP extract could be incorporated into PVA nanofibers approximately 80%. The nanofibers rapidly
wet within 11.67 seconds in artificial saliva and rapidly release AP extract. This nanofiber may have potential
application for oral fast dissolving delivery.

Acknowledgements
This work was financially supported by the Research Grant of Burapha University through National
Research Council of Thailand (Grant no.17/2559)

References
1. ChualLs, Latiff NA, Mohamad M. J Appl Res Med Aromat Plants. 2016;3:64-70.
2. Okhuarobo A, Ehizogie Falodun J, Erharuyi O, Imieje V, Falodun A, Langer P. Asian Pac J Trop Dis.
2014;4:213-22.
3. Sermkaew N, Ketjinda W, Boonme P, Phadoongsombut N, Wiwattanapatapee R. Eur J Pharm Sci.
2013;50:459-66.
4. Charernsriwilaiwat N, Rojanarata T, Ngawhirunpat T, Sukma M, Opanasopit P. Int J Pharm. 2013;452:333-
43.
Tsekova PB, Spasova MG, Manolova NE, Markova ND, Rashkov IB. Mater Sci Eng C. 2017;73:206-14.
Zhu L, Liu X, Du L, Jin Y. Biomed Pharmacother. 2016;83:33-40.
Li X, Kanjwal MA, Lin L, Chronakis IS. Colloids Surf B Biointerfaces. 2013;103:182-8.
lllangakoon UE, Gill H, Shearman GC, Parhizkar M, Mahalingam S, Chatterton NP, et al. Int J Pharm.
2014;477:369-79.
9. Akowuah GA, Zhari |, Norhayati I, Mariam A. J Food Compost Anal. 2006;19:118-26.
10.Peh KK, Wong CF. J Pharm Pharm Sci. 1999;2:53-61.

© N O

o5 TJPS 2017, 41 (Supplement Issue): 84



F18UATUN5EU
1@ UIlASINITTEUVLUIMSUATE - duaiadl 17/2559
TAsen15338UssinneuyszanaiuselanuRuganyusgura (QUUSTIMLRLAL)
Useinteuuseann w.e. 2559

UINYIFEYINA

Folasenis nsiawukuduledidniasaliuunluararasilulinfivssyansadnanihmzanslas

[y [y

YormtlAsIMTILETUNY An.HeLAST. algSey LS ladn

189Ul AWATUN 1 gateu WA, 2558 BeTuNl 31 unsIA w.A. 2562

JregIailiums 3 U 4 wieu awudiui 1 aanau w.a. 2558

F1UURUNLISU

[

3183U

007 1 (50%) U lotudl 9 fiquiey w.e. 2559

09fl 2 (40%) U 1o tuil 3 AAIAN W.A. 2559

07 3 (10%) um SslallaSu

37U
318318
318713 sulszanadisall slssnaildass | Sunulueande/iy
1. AIRBULNUY 40,000 UM 40,000 UM 0 UM
2. A9 99,600 UM 99,600 UM 0 UM
3. ANJE0 230,400 UM 238,488.96 UM \iu 8,088.96 UM
4. pldany 35,000 UM 27,075 U™ 9IM 7,925 U
5. ANA3Aouet 0 um 0 um 0 um
6. AassayUlng 45,000 UM 45,000 U 0 UM
3734 450,000 U 450,163.96 U 163.96 UM

L% 6

(nN.0A.A9.00550y 193eyAs3 ladni)

26

[ [

o/ L% a v
Wmtlasansidediunu



UIFTUIUNIY

1. Chua LS, Latiff NA, Mohamad M. Reflux extraction and cleanup process by column
chromatography for high yield of andrographolide enriched extract. J Appl Res Med
Aromat Plants. 2016;3:64-70.

2. Akowuah GA, Zhari |, Norhayati I, Mariam A. HPLC and HPTLC densitometric
determination of androgra -pholides and antioxidant potential of Andrographis paniculata.
J Food Compost Anal. 2006;19:118-26.

3. Charernsriwilaiwat N, Rojanarata T, Ngawhirunpat T, Sukma M, Opanasopit P. Electrospun
chitosan-based nanofiber mats loaded with Garcinia mangostana extracts. Int J Pharm.
2013;452:333-43.

4. Sermkaew N, Ketjinda W, Boonme P, Phadoongsombut N, Wiwattanapatapee R. Liquid
and solid self-microemulsifying drug delivery systems for improving the oral bioavailability
of andrographolide from a crude extract of Andrographis paniculata. Eur J Pharm Sci.
2013;50:459-66.

5. Tsekova PB, Spasova MG, Manolova NE, Markova ND, Rashkov IB. Electrospun curcumin-
loaded cellulose acetate/polyvinylpyrrolidone fibrous materials with complex architecture
and antibacterial activity. Mater Sci Eng C. 2017;73:206-14.

6. Illangakoon UE, Gill H, Shearman GC, Parhizkar M, Mahalingam S, Chatterton NP, et al.
Fast dissolving paracetamol/caffeine nanofibers prepared by electrospinning. Int J Pharm.
2014;477:369-79.

7. Li X, Kanjwal MA, Lin L, Chronakis IS. Electrospun polyvinyl-alcohol nanofibers as oral
fast-dissolving delivery system of caffeine and riboflavin. Colloids Surf B Biointerfaces.
2013;103:182-8.

8. Charernsriwilaiwat N, Opanasopit P, Rojanarata T, Ngawhirunpat T, Supaphol P.
Preparation and characterization of chitosan-hydroxybenzotriazole/polyvinyl alcohol
blend nanofibers by the electrospinning technique. Carbohydrate Polymers. 2010;81:675-
80.

27



NTANUIN

28



mALl

4206

250
200

150

100

50

JUT 1 lasunlaunsuvesansanatuiimeanelas

12000 —+

10000 + y =42.084x - 22.354

R?=0.9999
8000

6000

Area

4000

2000

0 50 100 150 200 250 300

Concentration (ug/ml)

gﬂﬁ 2 N3NNI IUETT andrographolide

29



a3197 1 iduhugudnansvenduledidnlasatiuiussgansainainiliveaialas 0% w/w

Diameter (nm) Range (nm) | Frequency
118.58 181.63 197.33 220.62 263.11 0-50 0
131.55 186.05 198.70 229.04 263.11 51-100 0
141.46 186.05 198.70 229.04 263.11 101-150 a4
148.91 186.05 198.70 229.04 265.16 151-200 40
156.00 187.49 200.05 232.56 265.16 201-250 29
156.00 187.49 200.05 232.56 265.16 251-300 22
162.79 187.49 200.05 232.56 265.16 301-350 5
162.79 187.49 208.01 233,72 272.20 351-400 0
162.79 187.49 208.01 233,72 272.20 Mean 218.4719
162.79 187.49 208.01 237.16 280.04 SD 50.71055

164.44 191.77 208.01 237.16 280.04
164.44 191.77 209.30 239.43 281.00
164.44 191.77 209.30 239.43 282.92
164.44 191.77 209.30 250.47 283.87

167.70 191.77 210.59 250.47 287.66

167.70 191.77 21441 251.55 305.88

177.11 191.77 214.41 255.81 364.01

177.11 191.77 214.41 255.81 367.71

177.11 197.33 214.41 260.01 367.71
181.63 197.33 220.62 260.01 396.03
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a5197 2 idwshuguidnansvenduledidnlasatuiussgansadnainilvzaialas 1% w/w

Diameter (nm) Range (nm) | Frequency

145.83 196.86 231.09 253.52 282.61 0-50 0
152.17 200.42 231.09 254.45 283.44 51-100 0
156.76 200.42 234.14 261.77 283.44 101-150 1
156.76 200.42 235.14 261.77 285.93 151-200 20
158.26 205.09 235.14 261.77 290.04 201-250 37
158.26 214.11 239.13 261.77 290.04 251-300 31
165.56 214.11 240.12 262.67 290.04 301-350 7
173.91 214.11 240.12 262.67 292.47 351-400 a4
175.27 217.39 243.05 265.36 292.47 Mean 243,31
175.27 217.39 243.05 268.90 302.79 SD 51.58
175.27 217.39 243.05 272.39 307.44

179.27 218.48 243.05 272.39 307.44

179.27 218.48 247.86 272.39 311.26

179.27 221.70 247.86 274.98 313.53

185.74 221.70 247.86 276.69 339.58

185.74 221.70 247.86 276.69 348.50

194.44 223.82 247.86 276.69 351.21

195.65 223.82 247.86 278.40 358.53

196.86 226.96 25352 278.40 361.81

196.86 226.96 25352 282.61 422.10

31




a13197 3 idwrugudnanswenduledidnlasatiuiussgansainainilvzaielas 5% w/w

32

Diameter (nm) Range (nm) Frequency

160.25 201.23 228.79 259.15 302.25 0-50 0
160.25 204.88 232.01 260.10 302.25 51-100 0
161.78 204.88 240.37 266.67 302.25 101-150 0
161.78 204.88 240.37 267.59 302.25 151-200 20
169.24 204.88 240.37 267.59 302.25 201-250 33
169.24 204.88 240.37 267.59 314.27 251-300 27
173.56 209.64 240.37 267.59 314.27 301-350 16
173.56 209.64 244.44 268.51 314.27 351-400 a4
177.78 210.82 245.45 270.35 315.84 Mean 249.77
179.16 210.82 245.45 278.44 330.36 SD 55.29
183.25 213.31 248.45 278.44 330.36

183.25 218.86 248.45 278.44 333.33

188.56 219.99 248.45 278.44 333.33

189.87 219.99 251.42 281.09 334.07

189.87 222.22 251.42 282.84 336.28

191.16 222.22 253.37 288.89 345.70

191.16 222.22 253.37 288.89 359.01

191.16 223.33 253.37 289.74 377.12

198.76 223.33 255.56 292.29 380.38

198.76 228.79 259.15 298.14 421.64




a5197 4 iduhuguinanswenduledidnlasatiunussyansainainilvzaialas 10% w/w

Diameter (nm) Range (hm) Frequency
119.67 203.28 237.28 271.26 309.52 0-50 0
142.29 204.88 240.37 272.73 309.52 51-100 0
159.09 204.88 244.78 273.67 316.55 101-150 2
160.25 204.88 245.83 273.67 318.17 151-200 17
160.71 210.82 245.83 273.67 318.17 201-250 29
163.89 210.82 248.45 274.87 321.41 251-300 29
169.24 214.41 248.45 277.42 321.41 301-350 14
173.56 214.41 248.45 277.42 325.41 351-400 9
173.56 219.99 253.37 278.44 325.41 Mean 256.73
179.16 223.84 253.37 278.44 330.36 SD 62.17
179.16 223.84 253.37 281.12 346.17
179.16 223.84 253.37 284.58 351.36
191.16 226.62 254.10 288.89 356.25
191.16 227.27 254.10 295.45 361.75
192.85 227.27 259.13 296.33 382.33
195.51 227.27 259.13 298.93 386.36
195.51 227.27 260.10 298.97 387.03
195.51 228.79 265.04 305.76 388.36
198.76 23177 267.59 309.12 397.52
201.23 237.28 268.51 309.12 424.55
5197t 5 Sovaznistiuduesans andrographolide 1nei33 DPPH assay
concentration %Inhibition
mean SD
meg/ml n=1 n=2 n=3

5.00 10.40 11.50 9.31 10.40 1.09

4.00 11.68 10.40 9.12 10.40 1.28

3.00 12.96 7.85 6.93 9.25 3.25

2.00 12.77 17.52 12.77 14.36 2.74

1.00 12.41 12.04 12.04 12.17 0.21

0.50 11.31 11.50 10.40 11.07 0.59
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AN5197 6 Sevaznisdudweiuduledidninsatuiiussansatnaniimezanelas 0% w/w

17835 DPPH assay

concentration %Inhibition
mean SD
mg/ml n=1 n=2 n=3

5.00 14.96 13.45 15.52 14.64 1.07
4.00 12.70 15.71 13.26 13.89 1.60
3.00 15.34 17.98 17.79 17.03 1.47
2.00 12.70 12.32 14.39 13.14 1.10
1.00 13.64 11.19 12.51 12.45 1.23
0.50 11.00 12.88 15.34 13.07 2.17

A5 7 Fevarnisdudweniuduledidninsaliuniussgansainanivzatelas 1% ww

1ne75 DPPH assay

concentration %Inhibition
mean SD
mg/ml n=1 n=2 n=3

5.00 23.44 23.07 22.12 22.88 0.68
4.00 16.47 14.96 19.67 17.03 2.41
3.00 19.67 18.92 22.12 20.24 1.68
2.00 15.34 17.79 19.11 17.41 1.91
1.00 13.83 1477 16.47 15.02 1.34
0.50 8.36 10.62 14.77 11.25 3.25

A3197 8 Sevaznisdudwauduledidninsatiuiiussansatnaniimezanelas 5% w/w

1ne35 DPPH assay

concentration %Inhibition
mean SD
mg/ml n=1 n=2 n=3

5.00 23.82 30.99 23.44 26.08 4.25
4.00 33.63 36.64 19.11 29.79 9.38
3.00 29.10 32.12 30.61 30.61 1.51
2.00 24.58 27.78 25.71 26.02 1.63
1.00 15.52 22.69 13.07 17.10 5.00
0.50 13.07 15.15 14.39 14.20 1.05
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A1399 9 Fevaznisdudwesnuduledidninsaluiivssgansatnanivzaislas 10% w/w

17835 DPPH assay

concentration %Inhibition
mean SD
mg/ml n=1 n=2 n=3

5.00 33.44 32.50 37.40 34.44 2.60
4.00 41.17 41.36 44.56 42.36 1.91
3.00 32.12 27.97 36.64 32.24 4.34
2.00 18.16 10.81 11.75 13.58 4.00
1.00 17.22 21.56 21.94 20.24 2.62
0.50 -1.63 4.02 6.66 3.02 4.24

1599 10 n1sUanUaesasd1Aey andrographolide nunuduledianinsatduniussyansanin

NN mzatelas 1% w/w

Time %Cumulative release
(min) n=1 n=2 n=3 nean >V
0 0.0 0.0 0.0 0.0 0.0
1 24.1 23.2 24.9 24.1 0.8
3 33.8 34.0 33.2 33.7 0.4
5 46.4 47.3 42.2 45.3 2.7
10 56.3 58.1 61.4 58.6 2.6
15 77.5 82.0 83.6 81.0 3.2
30 91.1 92.8 97.4 93.8 33
60 102.1 99.1 109.3 103.5 53
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nngaelas 5% w/w

1599 11 nsUanUdesasd1Aey andrographolide Mnunuduledianlnsatiufiussyansanina

Time %Cumulative release
(min) n=1 n=2 n=3 nean >0
0 0.0 0.0 0.0 0.0 0.0
1 18.1 15.8 17.5 17.1 1.2
3 38.7 36.4 35.7 37.0 1.5
5 55.7 51.8 52.3 53.3 2.1
10 7.1 72.4 67.7 72.4 a.7
15 88.4 84.1 78.1 83.6 5.2
30 101.9 99.9 95.4 99.1 33
60 102.8 101.3 98.5 100.8 2.2

nngatelas 10% w/w

1399 12 n1sUanUaesasd1Aey andrographolide nunuduledianinsatduniussyansanin

Time %Cumunitive release
(min) n=1 n=2 n=3 mean 0
0 0.0 1.1 2.1 0.0 0.0
1 37.1 36.1 33.7 35.7 1.8
3 64.4 55.9 51.6 57.3 6.5
5 65.1 67.1 61.1 64.5 3.1
10 74.4 78.1 80.1 77.5 2.9
15 92.2 89.5 88.0 89.9 2.1
30 96.6 94.9 90.6 94.0 3.1
60 108.4 105.1 102.2 105.2 3.1
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N=3

U7 3 wiwduledidniasaliunussgansainainiinzaialas 0% w/w uu saliva plate fivaan

F99)
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N=2

N=3

5UM 4 wiuduledidnlnsaduiiussaansannainiimeanslas 1% w/w vy saliva plate 7ivian

Y 9

#199)
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N=3

5T 5 wiuduledianinsalufiussansainainimezanelas 5% w/w vu saliva plate a0

199
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N=2

N=3

U7 6 wiwduledidnlnsaliunussaansadnainilinganslas 10% w/w uu saliva plate fivaan

#199)
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3197 13 Sorazn150g30mvad human gingival fibroblast wad lunkuduledianiasaliun

vssyansatinaniiveaialas 0% w/w Nenadudusingg Wuan 24 43lu9

%cell viability

Sample
n=1 n=2 n=3 n=4 n=5 mean SD

control 100.40 99.65 98.90 98.27 102.78 100.00 1.75

10 mg/ml 108.92 105.54 104.16 102.41 104.66 105.14 241

25 mg/ml 118.45 120.08 111.31 113.56 114.06 115.49 3.64

50 mg/ml 145.02 146.65 139.76 136.63 141.64 141.94 4.03

75 mg/ml 150.66 151.42 146.78 145.90 151.17 149.19 2.63

100 mg/ml | 118.20 139.13 132.36 136.63 132.24 131.71 8.10

3197 14 Sorazn159g30mvad human gingival fibroblast wwad Tuwkuduledianinsaliun

vssgasannaInilvzatalas 1% w/w fenududusing Wunan 24 43l

%cell viability

Sample
n=1 n=2 n=3 n=4 n=5 mean SD

control 100.36 100.36 99.34 96.16 103.79 100.00 2.73

10 mg/ml 112.68 119.41 113.44 110.52 115.35 114.28 3.35

25 mg/ml 111.79 111.92 107.60 106.58 109.25 109.43 241

50 mg/ml 113.44 117.76 113.31 104.17 112.17 112.17 4.96

75 mg/ml 101.88 115.73 108.36 92.86 119.79 107.72 10.78

100 mg/ml 88.80 91.46 99.59 77.11 89.94 89.38 8.06

AN31971 15 Seeazn1segsenues human gingival fibroblast wad Tuwnudulediantasalud

vssgasannaInivzatalas 5% w/w fenadudusing Wuan 24 43l

%cell viability

Sample
n=1 n=2 n=3 n=4 n=5 mean SD

control 97.58 99.55 99.93 107.10 95.84 100.00 4.29

10 mg/ml 107.22 113.53 111.80 113.28 105.12 110.19 3.80

25 mg/ml 106.73 116.25 104.75 107.84 105.99 108.31 4.58

50 mg/ml 121.32 116.00 119.84 118.23 113.53 117.78 3.09

75 mg/ml 104.50 113.90 111.30 119.71 93.25 108.53 10.14

100 mg/ml 80.76 94.73 78.41 95.23 80.39 85.90 8.34
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3197 16 Sorazn159g30mvad human gingival fibroblast wwad Tunkuduledianlnsaliun

vssyasatnaniiveaialas 10% w/w enadudusingg Wuan 24 43lu9

%cell viability
Sample
n=1 n=2 n=3 n=4 n=5 mean SD
control 101.42 94.45 102.14 102.62 99.38 100.00 3.34

10 mg/ml 110.55 110.55 113.19 112.83 112.11 111.85 1.25

25 mg/ml 135.42 131.70 143.35 138.07 134.82 136.67 4.37

50 mg/ml 143.23 134.58 144.20 143.96 135.06 140.21 4.93

75 mg/ml 83.63 75.70 83.51 87.96 82.43 82.65 4.42

100 mg/ml 35.93 34.73 36.89 39.89 34.61 36.41 2.16

a2
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