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Dechbordee Doungsanjao. (2014). Development of zein biopolymers vased microparticles for drug
delivery systems.. Master thesis, M.S. (Pharmaceutical Product Development). Bangkok:
Graduate School, Srinakharinwirot University. Advisor Committee: Duangratana

Shuwisitkul Ph.D.,Pattravadee Buranatrakul Ph.D.

Microparticles is a drug delivery system for controlling drug release. Zein is a natural
protein. It shows biocompatibility, therefore it is an attractive alternative for the preparation of
microparticles. The main objective of this study was to develop zein microparticles. The effects of
processing parameters on properties of zein microparticles were investigated. Zein microparticles
were prepared by simple coacervation. Microparticles were then characterized by a scanning electron
microscope and a laser light scattering particle size analyzer. Encapsulation efficiency and drug
release of two model drugs (sulfathiazole and lidocaine) was also studied. It was found that the ratio
between the solvent (ethanol) and the non-solvent (water) affected the particle size of the zein
microparticles. An increase in final ethanol concentration as a decrease in volume of added water led
to an increase in particle sizes. The effect of the solvent ratio on the particle morphology of zein
microparticles was not found. For using the spray drying as a drying method, the addition of SLS
resulted in change of ions on the surface of micro-zein particles from positive to negative. An increase
in concentration of SLS helped increase the yield of zein microparticles. At the concentration of
0.02M SLS the largest zein microparticles were obtained. At the concentration above 0.02M of SLS
the microparticles were smaller. When increasing the ratio between the model drugs and zein, the
encapsulation efficiency was increased. Sulfathiazole (anionic model drug) showed the higher
encapsulation efficiency in comparison to lidocaine (cationic model drug). Moreover, sufathiazole
was released faster from zein microparticles. In conclusion, the changes in processing parameter
influences the particles size of zein microparticles. The model drugs with the different ionic charges
lead to the difference in encapsulation efficiency and drug release. The further studies are need to

obtain better properties of zein microparticles
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1. Q‘l.lﬂim InIBINdNALANIIAN (Materials, Instrument and Reagents)

¢ A A
1.1 glnyas 1n50al0

1.
2.
3.
4.

5.

aunsalinTeauia

Magnetic stirrer (Jenway LTD, United Kingdom)

pH meter (perpHect Log R meter model 320, ORION Research, Inc. Boston USA)
Waterbath shaker (SB22, Heto lab Equipment, Bangkok Thailand)

Freeze dryer (CHRIST ALPHA 2-4 LSC, scientific promotion, Bangkok, Thailand)

6. Thermometer

7.
8.
9.
10.
11.
12.
13.

Switzerland)

Kingdom)

14

15.

16.

17.

18.

19.

Desiccators

Centrifugation

Spray drying ( BUchi Laborateechink AG, Germany)

Hood

UV-vis spectrophotometer (VK 50 UV-VIS, Vankel, Weston Parkway, Germany)
Scanning Electron Microscope (SEM JSM-5410, JEOL Ltd., Tokyo, Japan)

Differential scanning calorimeter (DSC) (DSC823e, Mettler-Toledo STARe-System,

. High speed microcentrifuge (TOMY model MX-301, TOMY SEIKO, Japan)

Optical microscope, Stage and ocular micrometer (Nikon, Japan)

Laser light scattering particle size analyzer (Zetasizer, Malvern Instruments Ltd., United

Zetasizer (3000HS, MALVERN, UK)

Incubator shaker (ZHICHENG, Shanghai, China)

SDS-PAGE (NuPAGE, Invitrogen, CA, USA
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1.2 mstad

1. Isopropyl alcohol (P.C. Drug center, Bangkok, Thailand )
2. Methanol (Merck, Darmstadt, Germany)

3. Ethanol (Merck, Germany)

4. Zein (Acros organics, New Jersy,USA)

5. Na2PO4:2H20 (Univar reagent, Australia)

6. NaPO4:2H20 (Univar reagent, Australia)

7. Hydrochloric acid (QREC, New Zealand)

8. Lidocaine (Sigma, USA)

9. Sulfathiazole (USEMEN asn 1Fuaos, Uszmealne)

10. Sodium lauryl sulfate (M1 uge, JusH, Yszmalne)

ad =X
2. IHENIFANH

= = iaa Y a R
1. ﬂ'lﬁ!ﬂitl@l“lﬂﬂ?liﬂi‘]/‘nﬁTllﬂ’clﬂf]ﬂ!Tlﬂ‘l!ﬂ coacervation

a o

Y v ' i1
areduuu 60 Haansy Taasldluiinau 100 Hadans ANinsnivegunToq

Y
(% %

A ' ]
NI (magnetic stirrer) A9QUUYUN 60 DIRUFAToA 1HO1ALAWHUA ANTU 0.2 NTN HAIDINUY

U
Y

a I 4 a aa a :’ o a a aa [
1Y 95 Lﬂaiwumamuaa 140 yaaans ilzllﬁ'm‘iazmﬂc?m wunaulsuag 20 Hadans 3 ase
Y

1 [ 1 [ = Y Ja a a a a aa a J
UAEZATIINININOU S5 UIN %z‘lﬂ%u”lﬂﬂmﬁmﬂa ﬂiiﬂ@lﬁq‘lﬂ‘ﬁ 300 yaaang L‘ﬂﬂuﬂﬂi%ﬁjﬂ@]

910 Xinming Liua HagAE Lo L. Muthuselvi HagAe
= LY dia A ci 14 =
2. miﬂﬂmanymgmm"luimmsmﬂaﬂ"lﬂmnmu

= ] [ ~ Ia a
2.1 MIANHIVUIA gﬂimtaxaﬂymzﬂlawullﬂﬂwmmﬂa

]
Jaa a A

ﬁﬁu"lﬂmwwimﬂammﬂu"lﬁ’mdm@ﬂmmﬁ’aﬂ Optical microscope (Nikon, Japan)
NM1a9vee 40x 1z Laser light scattering particle size analyzer (Zetasizer, Malvern Instruments
. . ] = J = 1 [ A
Ltd., United Kingdom) Lla$u1llﬂ!ﬂﬁf]‘].l‘l’lﬁ]\?ﬂ’f)‘l!%%ﬁﬂ‘kl']"’llu']ﬂ gﬂimmzaﬂummm"laﬂmwww
1AaA28 Scanning Electron Microscope (SEM JSM-5410, JEOL Ltd., Japan) 11183018 10,000 1411
2.2 Sodium Dodecyl Sulfate-Polyacrylamine Gel Electrophoresis (SDS-PAGE)
14 SDS-PAGE (NuPAGE, Invitrogen, CA, USA) naaou Tisaudu Tasthdunazdu'ly

Tasmsiiaa 0.25 Tadnsu meruiy protein loading buffer (Protein cell loading buffer 2x with
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pyroninY) 250 Tu1nsaasTuriasanaae 11l centrifuge 7 1.2 rpm 3 W19 gARIRENLIBE19AZ
a Aa a o ! |

10 TuTA38A5 1@ protein loading 10 luTasans w1y 1danudoun 95.5 esruwaideoa 1iunan 3

w1 11 11 centrifuge 1 1.2 rpm 1 w1l v lneealungumandrdimssullsdudronios gel

electrophoresis 1agl¥nszualvlih 200 v 110 mA Mdat/szana 45 1di veain 1d 118 ederh

o A aa Qa}/ [ 09.;‘ A aa I
AU 10 Tadans 5 u1d 1 A5e nasmiudeudled simply blue staining 100 WaQANT Wunan 1

Y

] ' Y
#1119 d19d201108U 100 Tadaas 3 a9 M lrutad9ai ldoren

4

d' a ~ ~ a a
2.3 manlaguulasmaimesveamamssudu lulaswsnina
= =\ A A o ~ LY =
TumsessuduluTasmsnna Mimsaneinavesnmsasunlasdalslumswsou
9 1
Taun
A s A Y a J a & 2 9
2.3.1 Usmasueansgoannisuradnnnizaesuluii tag mamihniigame

o ldinadluluTaswsiiaa dalumsien 2

[ v 2 v b4
M5 2 naasmslasuunlaslsuasvewemueanagmsnlasunlalsuasinaunseganie

USinaninau 95 % 1ON1UDA (ﬂﬁlﬁ?ﬁlhﬁ?ﬁﬁ%ﬁWﬂ%ﬂﬁ 2)
atagaio 40 ndans 55 naans 70 ifadans
10 Haaans 3 ﬂ%gj\i Beaker 1.1 Beaker 2.1 Beaker 3.1
30 Haaans 1 ﬂ%gj\i Beaker 1.2 Beaker 2.2 Beaker 3.2
50 Jaaans 1 ﬂ%ﬂ Beaker 1.3 Beaker 2.3 Beaker 3.3

= I3 Y 9 9 Ao '
2.3.2 ﬂ”ISﬁﬂH"IL‘LIE’JSL“]ﬂ!@]ﬂ’NJJLEUNﬂluq’ﬂﬂWﬂﬂl@ﬂLﬂ%TUf’JaﬂMNﬁ@@ﬂlu"lﬂ(luﬂ"li

= ~ Ia a
mmumu”lﬂﬂwmmﬂa

= Y A iaa Y a .
3. msm3snpaniatu lulasmsifanlamain Spray drying
s lulaswmsmaan 1dainnsiidlremaiia coacervation 300 Haaans MIiINg

a J o 1 4 . -
zivelianududuvesasazareduns dviosas Taeihin1snIUegLUUIATEINIU (magnetic stirrer)

%)}

Y
%

A = a a A Aa Aaa 2L o 9 A ] Y
NYUNYUN 60 aaralFea 11 hood aUUTWIATENT A 200 Haaans ﬁ]QHWVlﬂLGIJWLﬂi’ENWHLLWQ

U Q

= Ia a
uuurles (spray drying) 3¢ lamaursvesdu luIasmsnna
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Ia A a a
3.1 maaseunaur ey luTasms iiRademaila spray drying Taemsiaw SLS

= Yy v A , ~ 2
3.2 MIANHINAUBIANUVUUUUBY SLS mwammmmgazﬂizfqmawu”lﬂmwws

=g v & Y ia a 2 (Y]
4. m‘iﬂﬂ‘lel1miﬂﬂ!ﬂ‘lJEl1!%111“141341?151/‘1151’]!?\@1!!@3miﬂﬂ‘kﬂi’)ﬂﬂmi

v v} = nl da a

ﬂﬂﬂﬂﬂﬂﬂﬂ')ﬂ]ﬂ@ﬂﬁnﬂ"ﬁu Niﬂ'i‘w15‘n!ﬂﬁ

Q . . . 3 ° v

Mmsanwu Iaglden lidocaine 118y sulfathiazole Wuenduuuy Tagaziinmslde lag

g} 1 o = o = :l’ =\ = 4
azagenadlumlmil nousziimsnszaedunaziinsms suamuIuaeumM s sudu Ty Taswis
a A =~ 9 9
NABNFUV AU
a a < [ Ia a
4.1 msanlszansamlumsinuinenin PBanelululaswisifia (Encapsulation
[ a { o o

efficiency) HONIINMTTLIH YD UDNIUDD DONIUINA coacervation ﬁﬁuyamué’a esazanel

sa a 9

Y = = 4 d = | . . =
YueaenduluTaswis inadleniesilumlosenaznou (high speed microcentrifuge)

a =

AW157 10,000 30UADUIN QUNNN 25 0IAUBALT T Wuszezina 5 UM mm‘fuﬁwmii’ﬂﬂ'wmi
@,ﬂﬂﬁuuﬁwmmﬁazma“lﬁd:]u‘uu (supernatant) é’faﬂm%ﬁﬂmi@ﬂﬂﬁuum (UV-vis
spectrophotometer) ﬁ 260 U1 TUWAST V94 lidocaine uazﬁ 265 U1 TUINAT VB4 sulfathiazole 11A7
MuunlszanTanmsfnifAve (encapsulation efficiency) g y1AlaY (drug  loading) A4

quNg

Encapsulation efficiency (%,W/W) amount of Drug in microparticles

Drug initially added

Drug loading (%, W/W)

amount of Drug in microparticles

amount of microparticles

=2 o 1 v ~ Ia a
4.2 ﬂﬁﬁﬂi&l19@31ﬂ1'§ﬂﬁﬂ‘ﬂﬁi’)EJ@]’JEJT@@ﬂﬁ]”Iﬂ“]iublllIﬂiWﬁVlma

sa a Y

ﬁTﬂTiﬂﬂﬁ@ﬂ5ﬁ§1ﬂ15ﬂﬁﬂﬂﬁ@EJGT’JEﬂﬂ’t]ﬂ‘t‘lWﬂ‘ﬂdfukllliﬂ'iWﬁ‘ﬂmaﬂ’JﬂLﬂ?ﬂﬁ waterbath

shaker Tag1ddnaramsazanenily phosphate buffer pH 6.8 itag 0.1 HCI



15

a

14dna1anmsazaretlu phosphate buffer pH 6.8 $143% 100 Jadans ﬁqmwgm 37105
AR gﬁm‘hamﬁmazqmmﬁiwmﬂ WmTiUasara1oh 60, 120, 180 1AL 240 WA
AR ‘1@ﬂ‘]ﬂ%ﬁ‘ﬁﬁ15’3@E]Nf)’t’]ﬂﬂJﬁLﬂﬂ%ﬁiﬁﬁhﬁﬁﬁzﬁﬁ phosphate buffer pH 6.8 navVa4 1)
TSasvesmsazaremnaunasanal 1drsuhded i laluinszimanududuveen
Tao141A599 UV-vis spectrophotometer 71 260 11 TuILAT V94 lidocaine 1Az 265 w1 TuINAT VD4

sulfathiazole

@ < o a aa { a
1ddnatemsazaredlu 0.1N HC1 §1u9u 100 adaas Hguugil 37+ 0.5 osrusaifod

=

0 Al o < { o w oaj
NBDIADITNNITYUNYNINNY Vl?ﬂ?ilﬂﬂﬁ'"lﬁﬁga"lﬂ‘ﬁ 15,30, 60 ez 120 m‘ﬁ AU NN
Ao o 1 a ‘q Y A o Y 1a 1A
1/]1!“5]'J’E)fﬂ\‘l@@ﬂiJTJ!,ﬂi"lzﬁGlWWlllﬁ"lﬁa$ﬁ18J 0.1 HCI ﬂﬁ‘U'@Nllﬂalﬁ‘]_lﬁll'l@']i‘lJ’l’Nﬁ']iﬁga"lﬂwnlﬂiJ

Y = o w 1 AN Y a J Yy 9 Y & .
AaDALIAN !La'Jﬂ\‘llﬂ@'J’f]fﬂ\?“l/lUlﬂUlll')Lﬂﬁ'l$ﬁ‘Vi']ﬂ'J"I‘lJL“UiJ‘UH‘lJ@QEJ']I@fJGl‘HLﬂi’GQ UV-vis

spectrophotometer 1260 W1 luwA Y04 lidocaine 11azh 265 W1 TUIUAT VD4 sulfathiazole
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Y

o 1 A saa 9 = 1 1< AA a Ao 1 =
szuvihdende lulaswinfadezUsieilunsanavazinuriGeu livguse Fnwams

[ =

a a a 1 LY 1 1 [ o
W@ lu Tasms niAadomatia coacervation Wuiladenise inanednyauzvedlulnsms
nAa
[ A [ 1 3, 4 v daa A o
naranInaaslsulasusandiuvesiuazueanegea wun lulasmsnAanes ey

9 9 ]
Tannmsiauihaslumsazargenuealni ieanududugamevouenuealudisuaaaa

=

2104433 3UDY 17.50 %v/v M IRvmeved lulasmsnaanesou laanas Tagladu lulaswisn

9 k4 9
o [ 9 o

a ] ] a 4 a I A A
faeglugie 0.3-1.0 lulaswas vazlumsidmnsgameaioiimaduluTasmstinansay
o 09/‘ 1 sa a A [ 1 a oal
10 ml $119u 3 A59 ez 14 luTasmsiaantivuamiiny 1,037 dam @aums@auii 30 ml 1
k4 4
[ [ Ja a 1w o w [
asaaz 50 ml 1 59 92 IdvuavedluTasmsMAaminy 426.1  1ag 313.9 dnm AWEIAY A9
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a o & o -
AT NN 3 uamﬂmmmgnm,mimumﬂaumqqﬂﬁm e L‘}Jaimummmmuaaiumiaxmﬂ GLL!

= Ia a
ﬂﬁmiﬂllllhiﬂi‘il‘lﬁﬂlﬂa

H,O (ml)
" % Ethanol in Z-average
95 % Ethanol (ml) 2
solution (d.nm)
addition)
40 10 mlx 3 31.67 1037
40 30mlx 1 31.67 426.1
40 50mlx 1 17.50 313.9
55 10mlx 3 38.70 894.6
55 30mlx 1 38.70 > lpm
55 50mlx 1 33.71 462.4
70 10 mlx 3 44.33 > lpm
70 30mlx 1 44.33 > lpm
70 50 mlx 1 39.12 > lpm
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< J o Y 0 q ¥ /2 '
11 solvent  uaz1iuilu non-solvent tiorirae 1y Iuszuy szl iesidudveq solvent Aoe

4 1

Y Y ' Y v
anad TaeMmIAuATUITNIZING nucleation YU (UDIAN non-solvent  ATINTDIAZASINT 1N WOA
J 1 YR~ Jda a 1 Y] d‘ a d? a g =
wesaznoaau luTaswmsniaa Tae1usau8 nucleus NAAVUIINNITAY non-solvent ASITNI
o Ja a { ] -4
Wl laau luTasmsadantvuia lvgau®
g‘ { Ia A
AMIANYINAVDL non-solvent  (111) N1F1umsasonluTaswsnaa (mwilsznau 9)
Y
4 a o
Tasazaneduluuoanodod 95% uaz@uiinau lAaNUNTUUBAUBNIUDA 20, 30, 40 LA 50 %viv
A a j’ A a Y = ) Y = Ja a ld? o w
winlSiesthidugaiieanas Trathlivuevesoymadululaswisiaa vy awdiay

E4

) Y ' v
fatl 155.6, 54.2, 886.8 UAE 1,424 d.nm (409910 MIAvNTesauiesnsunsIi1ine nucleus
=~ daa Ao Y 1 A Ao (] [ A A d%‘ o
woudu luTasmsnnansiudesndt tagFundiazaieaguunzny nucleus MAATUNAINS

a 3’ o 9 o Y Ja A |d? 1 a oy a 8)
AUUIRTUHIUUBDY '1/]11?7"’1]1!1@”11111513WTﬁ‘l/l!,ﬂﬁalﬁmuslll‘m"lﬂﬂ'ﬂﬂ']ﬁm‘lJufluﬂﬂﬂﬂﬁJ'lﬂ

1600
1400 50, 1,424
1200
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800

a00
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Ja o 1 1 1% o 1
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YFudenduuny Sulfathaizole aoFunadulumsii luTasmsnaa
) 9N 18IUVON Sulfathaizole : Zein 111NY 0.05:1
V) 0N 1TIUVON Sulfathaizole : Zein M1V 0.1:1
f1) 9A319IUVON Sulfathaizole : Zein 11101 0.2:1

3) 9MI1EIUVDN Sulfathaizole : Zein NNV 0.4:1
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a3 1 1 o o 1
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YF1adIdunuy Lidocaine aod3uadulumsilulasmsniaa
f) 9AF18IUVON Lidocaine : Zein 1111 0.05:1
V) 9MF19IUVON Lidocaine : Zein 11101 0.1:1
) 9A319IUVON Lidocaine : Zein 191101 0.2:1

3) 9MI19IUVDN Lidocaine : Zein 11101 0.4:1
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= = Y A sa a Y a . U a
ﬂﬁﬂﬂy1ﬂ1§!,€°'liEJlIPNLL‘VNG]ﬂﬂiJIﬂiWﬁ‘ﬂLﬂaﬂ’mmﬂuﬂ spray drying wuNUsuaves

{ Ja a

= 1 c;y o Y A 9 Ia A aa =
SLS fimase mviinveswauied 1a vueves luTasmsinanazlszanarvesdu luTasminida
v Y
Tasn151aY SLS AANWTUIY 0,0.005,0.01ua% 0.2 M 92 131 MITAVDINILT AN
o U (% da
0.029,0.102,0.434,118% 0.645 ¢ AMNE1AD Aquaaslunimszney 13 tazvuiavesdu lulasmsa
ifia Tagn1s@n SLS NANNENTY 0,0.005,0.01,0.2,0.4,082 0.1 M IAIM1AU 886.8, 6137, 5441,
Y [ v
3465, 2542 1Az 775.8 dnm MNA1AY Awaaluaiig 4 aaiudeagd Idudomuanududuves
4?1 A 9 09/ o Y A sa a dgl A A Y 9
SLS Y1308 9218 thniinvesnwauredu luTasms Ananniu vaziliamua Ny uduvea SLS
1w 9 = Ia a [} 9y a Y 9 1
MY 0.02 M a2 TdvinavesduluTasmsmiaalvage dudy SLS anmduduuinniin 0.02 M
o Y = I a 3 = Y A Ja a 9
vz ldvinavesdu lulasmisiina@natas uaza1nnses suraiady lu Tasnms ninaae
a . a o Y A = Ja a =
AR spray drying Wumstan SLS i ldlszynarveseyniadulyTnaswsmiaanlasuainuan

I @
Wuay asuaasluaisg 4

0.7

0.02, 0.645
0.6

0.5

0.01,0.434
0.4

Weight (g)

0.3

0.2

0.005, 0.102

0 0.005 0.01 0.015 0.02 0.025

Concentration SLS (M)

v o 1 oy @ @
Amlsenou 13 L!ﬁﬂﬂﬂ??ﬂﬁﬂWM‘ﬁi%ﬂ'}NuWﬂuﬂNQLLﬁQﬂUﬂ?WNL%M%ﬂﬂJ’OQ SLS
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MIN 4 Haasuaeuma wag UszanArveseynagu lulaswisniaa
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N9 Zein H,0 95% H,O (ml) | Total(ml) | SLS(M) Z- ZP(mV)
199 Protein (ml) Ethanol A3 2 Ave(d.nm)
(g) A5 1 (ml)
%~Ethanol
0 886.8 73.1
0.005 6137 -29.6
20 ml 3 0.01 5441 -31.8
40 0.2 113.65 126.24 v 300

A34 0.02 3465 -25.9
Y 2542 -27.0
0.1 775.8 -32.7

= o a A A Yo ) 3 A A sa
ﬂ'liﬁﬂﬂ'lﬂ’]'lllﬂ\“lﬁ'J"]J?J\?“]ﬂ!Tﬂi@lum'0UlﬂTlJﬂ'J'liJﬁ'ﬂui]'lﬂellu@@uﬂ']ﬁmiEliJG]fuhbJIﬂi‘W'lﬁfl

a A =~ 2 A Yy 9y =2 =K ' = =
na l,umfum«uuTﬂwummimﬁauaaw"lﬂmﬂmmaau WWANHIINISUIUNITIATINY

HANTENUADANNAIAIVDITY Tald SDS-PAGE (NuPAGE, Invitrogen, Carlsbad, CA, USA) t1ag

o . I~ o 1 ) [l ~ J L. X . . {
11 Protein Marker 1 11 udiiount @ae61991 1% 181A Zein 1ag Zein Microparticles 11 19103

Y [
Miminaaes #alsng 1 vunaTuanaves 115Au Zein 1az Zein Microparticles 31 19,000 kDa

9
1w Y P . [ o 1 2 1 [
iag 22,000 kDa in1n %Qﬁiqﬂllﬂ’ﬂ Zein Protein AN UININIUUVUADUNITNATDIN NG LL@B{’J&J\‘]

=~ 1A ' A " 2 ~Aq v z dy o .
Huwa Tuanamuay lunaeuuias 1ag Zein Protein Ml lunsnaaoenssil iunuy o - Zein

iosnnyuia lu@naluf 19,000 kDa tag 22,000 kDa (nwilsznou 14)
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22,000 kDa

19,000 kDa

Zein Microparticles

o o . Y v A ' o ' ~Aq Y
.ﬂTWﬂigﬂf]CU 14 119N 13N1 SDS-PAGE Iﬂﬂu'] Protein Marker M11%Lﬂu@3lﬂﬂﬂﬂ’] ﬁj@fﬂ\ﬂﬂi%

@A Zein Commercial 118 Zein Microparticles 11 191AM391A5NAA03

nnluTasmisnmanmsonld wuidsusenldasludrSuiinadeviialoy (drug

. a a v o« . . o v AAo 9 |
loading) wazdszansnmlunsdmnuen (encapsulation efficiency) Tagdsunuaeduuy iy

'
A v 1

a % 1 a I~
lidocaine 1422 sulfathiazole NIoATIAIHVDSIAUGINAULVVAYTIIMFWATY 1:4 , 122, 111,

v
v A

A A o 1 A Aaa o @ 1 o [ 3 . a A
uaz 2:1 Jadnsuaslaaans mud1ay wondsunlarenduuuily sulfathiazole Hisz@nsamn
] ' Y . . < Y A < o
MINNINUEIGINIT P13 1% lidocaine 1 ue1duun 1iieI9naNUluilszgauveadien
sulfathiazole @130 UNU 1AANUYTZIVINVY amino acid TuFuNnIszyan (szysw

Ja a g % o
youdulyTaswisiaauuan) (m1519 5) Tunsdived lidocaine  Fuiludrendunuuilszyuan
Y Aa a v 9 =Y Y A a v Q& =X A 9 (Y=t
udIlsz@nimmmsinmnuiaziesndt g laalsz@nsammsnnnuie 90% 1ieededal

1o o . {2 { o [ v . .
W land UV amino acid TuFuniulszyaundiamnsoduiuladny lidocaine
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Aa A v o 9 = Ia A
ATN 5 Llﬁﬂ\‘lﬂigﬁ‘ﬂ‘ﬁﬂTWﬂﬁﬂﬂlﬂ']_lfJ"ILLﬁ?U‘L!"IﬂIﬂ?J“’U@W]'JEJT@L!LLTJ‘]JGluGBI.!UhJIﬂﬁv\HﬁVILﬂa

Preparation of microparticles Encapsulation efficiency (%) Drug Loading (%)
(Concentration of model drug : zein) ) ) ) ) ) )
Sulfathiazole Lidocaine Sulfathiazole Lidocaine
Model Drug 0.25, zein 1 mg/ml (1:4) 98.96 90.26 19.79 18.05
Model Drug 0.50, zein 1 mg/ml (1:2) 99.00 90.55 33.00 30.15
Model Drug 1, zein 1 mg/ml (1:1) 98.98 90.23 49.49 45.11
Model Drug 2, zein 1 mg/ml (2:1) 99.01 91.73 66.01 61.16

=2 v & Y da Aa =2 (Y] v o
2. ﬂ1§ﬂﬂ‘lsﬂfniﬂﬂ!ﬂ‘].lf]”I!"ll”lul‘].nu\'luiﬂ’iw15‘mﬂﬁ!!ﬂ$ﬂ1§ﬂﬂ‘]el”lﬂﬂ‘ﬂﬂ"li‘ljﬂﬂ‘l.]ﬁﬂﬂﬂ?ﬂ"l
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U
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Tugusnsnzgnilantldssesnaindululasminfasdusiaiailumslasassvesiiog

u

Ia a

v A o a a . Ja a
Indnurrseuuenvedlulaswismaa MldiRamagngu (microporous) DuduluTaswisiaa
o g A Ja a ' vy . (1,5)
naanniunnedmelululasmsninaszlanildoseenuiod1esd9 Y sustained-release
= ' o 9 . . . = Ia
mMsAnu1InIanaosdiendunuy sulfathiazole 1ag lidocaine ®0n1NTHU TN IATWISH
a A o 9 a 3 (9
waluaanensa esiaeenszmnge1vis laely 0.1 N nsalalasnaesn (pH 1.07 ) Wudlnaia
' 4 o 3 @ & o
msazans uazluganzaruiediaesdr ldianlaelsoalativivies pH 6.8 1udinatems
= Ja a 1 @ 9 FI) ' '
aza1e 3nnsnaaany u'lulaswmsnnaszlandassdrendauuuulunialdsiniiluas
d' = vAa 1 Y R o Y a ~ Y 4
wleannduliauiianuaenialunszimizemis laa 3si ldinamsazarevesduiios lulaswis
Aa A a c; o a a 1 1 1
nnamannuwgud 3ei I9du luTasmsaRalaaldesenluannznsaldadiniiluanngais
TunmsanvimstandaesvesdTuadiaduuuuaedsuadu wansnaasanunluaniignia

1 =~ Jaa A ' . < ' 1 . .
LHagaN “IﬂﬂlhlilIﬂiWWi‘ﬂLﬂﬁNﬂWiﬂﬁﬂﬂﬁﬂﬂﬂW sulfathiazole N5 INMIUanilaose lidocaine
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Lidocaine in Phosphate Buffer pH 6.8
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