
C H A P TE R  III

Materials

MATERIALS AND MATHODS

A. M odel drugs

1. Kingcol Brilliant Blue FCF (Lot No. 5-1183, Butterfield food ingredients 

limited, England)

2. Albumin from bovine serum, lyophilized powder (Lot NO.SLBF0550V, 

Sigma-Aldrich, USA)

3. Albumin, Fluorescein isothiocyanate Conjugate bovine (Lot No. 

080M7400, Sigma-Aldrich, USA)

B. Polymers

1. Hydroxypropyl methylcellulose K15M; FIPMC K15M, Methocel K15M 

(Batch No. PD300936, Colorcon Asia Pacific Pvt. Ltd, Singapore)

2. Flydroxypropyl methylcellulose E5; FIPMC E5, Methocel E5LV (Batch 

No. UL24012404, Colorcon Asia Pacific Pvt. Ltd, Singapore)

3. Low molecular weight chitosan (MW 50,000 Dalton, 75-85% de­

acetylation) (Lot No. MKBD3830, Sigma-Aldrich, USA)

4. Poly (butyl กกethacrylate-co-(2-dimethylaminoethyl) methacrylate-co­

methyl methacrylate); Eudragit® E PO (Batch No. G110931200, Evonik, 

Germany)

5. Methacrylic Acid and Ethyl Acrylate Copolymer; Eudragit® L 100-55 

(Batch No. B060204006, Evonik, Germany)

6 . Polyvinyl caprolactam - polyvinyl acetate - polyethylene glycol graft 

copolymer; Soluplus* (Lot No. 84414368E0, BASF, Germany)

C. Additives

1. Colloidal silicon dioxide; Aerosil0 200 (Batch No. 4161061381, Nippon 

Aerosil, Japan)

2. Poly (ethylene glycol); PEG (average MW 3350) (Lot No. MKBJ3254V, 

Sigma-Aldrich, USA)
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อ. Chemicals

1. Calcium chloride, dehydrate (Lot No. AF703220, Ajax Finechem, 

Australia)

2. D-Glucose, anhydrous (Batch No. 071125, Ajax Finechem Pty, Australia)

3. 40% Formaldehyde solution (Germany)

4. Magnesium sulphate (Lot No. 559678, Srichand United Dispensary, 

Thailand)

5. Mucin from porcine stomach, type II (Lot NO.108K0010, Sigma-Aldrich, 

USA)

6. Potassium chloride (Lot No. AF501338, Ajax Finechem, Australia)

7. Potassium phosphate, monobasic (Lot No. 091128, Ajax Finechem Pty, 

Australia)

8. Sodium chloride (Lot No. C27348, Mallinckrodt Baker, Malaysia)

9. Sodium hydrogen carbonate (Lot No. AF701192, Ajax Finechem, 

Australia)

10. Sodium hydroxide (Lot No. 0B334310E, Carlo Erba Reagents, Italy)

11. Sodium phosphate, dibasic (Lot No. 480141, Carlo Erba Reagents, Italy)

12. Sodium phosphate, monobasic (Batch No. AF502342, Ajax Finechem, 

Australia)

E. Equipm ent

1. 4-digit Analytical balance (Model A200S, Sartorius, Germany)

2. 4-digit Analytical balance (Model GR-120, A&D Company Limited, 

Japan)

3. 5-digit Analytical balance (Model X205T, Mettler-Toledo, Switzerland)

4. 5-digit Analytical balance (Model PIR-202i, A&D Company Limited, 

Japan)

5. Attenuated total reflectance Fourier transform infrared spectrometer; 

ATR FT-IR (Model Spectrum One, Perkin Elmar, USA)

6. Centrifuge (Model 5810, Eppendorf, Germany)

7. Differential scanning calorimeter; DSC (ร II EXSTAR 6000, Model 

DSC6200, Seiko Instrument, Japan)
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8 . Differential scanning calorimeter (Model DSC8226, Mettler Toledo,

USA)

9. Fourier transform infrared spectrometer; FT-IR (ALPHA compact FT-IR 

Spectrometer, Bruker Optics, Germany)

10. Jet m ill machine (Current Jet, Model CJ-10, Nisshin Engineering, Japan)

11. High speed granulator (ErweRa® Model AR 400, Erweka, Germany)

12. Hot air oven (Type UL 80, Memmert, Germany)

13. Inverse microscope (Model 1X51, Olympus, Japan)

14. Karl Fischer moisture titrator (MKC-500, Kyoto Electronic MFG. Co., Ltd, 

Japan)

15. Mastersizer 2000 (Model APA2000, Malvern, UK) equipped with 

Scirocco 2000 (Model ADA2000, Malvern, UK)

16. Multilabel counter (Model Victor3TM, Perkin Elmar, USA)

17. Multipoint magnetic stirrer (VARIOMAG* Multipoint 6, Thermo 

Scientific, Germany)

18. Orion Air Dryer (Model RAX9, Orion Machinery, Japan)

19. Optical camera (Nikon Coolpix S3300, Nikon corp., Japan)

20. pH meter (FiveEasyTM FE20-1, Mettler-Toledo, Switzerland)

21. Planetary ball m ill (Model PM 100, Retch GmbH, Germany) equipped 

with Z r02 chamber and 10 medium-sized balls

22. Sample mill (Model T1-500ET, c M T, Japan) equipped with stainless 

sample chamber and 4S-sized rod

23. Scanning electron microscope; SEM (Model JSM-6510A, JEOL, Japan)

24. Scanning electron microscope; SEM (Model JSM-6400, JEOL, Japan)

25. Shaking incubator (Model LSI-3016A, LabTech, Korea)

26. Spectrophotometer (Model UV-1800, Shimadzu, Japan)

27. Circular dichroism; CD (Model J-715-150L, Jasco, Japan)

28. Water circulation bath (Polystat CCI, Huber, Germany)

29. X-ray powder diffractometer; XRPD (MiniFlex II, Desktop X-Ray 

diffractometer, Rigaku, Japan)

30. Zetasizer (Model Nano-ZS, Malvern, UK)



F. Laboratory supplies

1. Polytetrafluoroethylene coated sheet (Teflon* sheet)

2. Microcentrifuge tube (Corning*, UK)

3. 96 well EIA/RIA plate (Costar*, USA)

4. QuantiPro™ BCA assay kit (Sigma-Aldrich, USA)

5. Polyethersulfone membrane filter (Supor* PALL, USA)
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Methods

1. Film preparation by powder casting m ethod I

The objective of film preparation method I was to investigate appropriate 

type of polymer that could form film by powder casting technique. The powder 

casting was a technique to produce matrix film by casting powder of polymer blend 

on a mold and curing by low energy process. A polymer blend consisted of film­

forming polymer, coalescer, and glidant, all of which were in solid powder form. 

Polyvinyl caprolactam- polyvinyl acetate-polyethylene glycol graft copolymer 

(Soluplus®; ร), low molecular weight chitosan (C), HPMC K15M (HK), HPMC E5 (HE), 

Eudragit® L 100-55 (EL), and Eudragit® E PO (EE) were used as film-forming polymers, 

while polyethylene glycol (PEG or p, average molecular weight 3350) and talc were 

used as coalescer and glidant, respectively. All powders were sieved through 80- 

mesh screen before using. Each film forming polymer was varies amount of PEG and 

then mix with glidant as shown in Table lll-l. The obtained polymer blend was cast 

in mold upon a polytetrafluoroethylene coated sheet (Teflon® sheet) mounted on a 

leveled glass plate, covered with 465-g of glass plate on top as weight loading, and 

then put in a hot air oven at 65 °c for 12 hours.

Table lll- l Percentage amounts of coalescer and glidant in polymer blends.

Formulation code Amount o f coalescer (% พ/พ) Glidant

X-0 0

10% พ /พ  of film- 

forming polymer 

+ coalescer

X-2 20

X-4 40

X-6 60

X-8 80

X-10 100

Remark: X = film  forming polymer; S=SoluplusS, c = low molecular weight chitosan, HK = HPMC 

K1SM, HE = HPMC E5, EL = Eudragitw L 100-55, and EE = Eudragit8 E PO.
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1.1 Effect o f weight loading on the form ation  o f powder casting film

The purpose of this study was to explore the influence of weight loading on 

the characteristics of powder casting film. A selected formulation was prepared 

following the aforementioned powder casting technique. The weight of covered glass 

loaded on top was varied ranging from 0, 105, 155, 310, 465, and 730 g, respectively.

1.2 Effect o f g lidant type

Glidant is an agent which plays an important role in improving flowability of 

powder mixture and enable to maintain uniformity of mixture in compression 

process (137). Although there are several kinds of glidants available in markets, each 

of them has its own advantages. Talc (T) and colloidal silicon dioxide (Aerosil*51 200: A) 

are the popular ones, but suitable concentration for gliding properties is different. T 

acts as glidant at concentration of 1-10%, while concentration of A is 10 times less 

(138).

Therefore, the purpose of this study was to evaluate efficiency of glidants 

used; T and A. The ร formulation was chosen. T of 10% พ /พ  or A of 1% พ /พ  was 

added in ร formulation with 60% พ /พ  of PEG (Table 111-2). The polymer blends were 

manually mixed for 10 minutes and cast following the same procedure in film 

preparation method I.

Table 111-2 Formulations with different types and concentrations of glidant.

Formulation A Form ulation T

Film forming polymer ร ร

PEG (p) 60% 60%

A
1% พ /พ  of amount of

s+p
-

T -
10% พ /พ  of amount of 

S+P
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1.3 Mechanism o f film  form ation by powder casting m ethod

This study was performed in order to elucidate the possible mechanism of 

film formation by powder casting technique. Formulations having a good 

characteristic film with smooth surface were selected and prepared following the 

mentioned procedure. Polymer blends were cast on a polytetrafluoroethylene 

coated sheet mounted on leveled glass plates without any weight loading, and 

ovened at 65°c at different time intervals.

2. Film preparation by powder casting m ethod II

The objective of film preparation II was to investigate appropriate weight ratio 

of selected film forming polymer to positive charge polymer which could form film 

by powder casting technique.

เท film preparation II, two film forming polymers were combined. One of them 

was positively charged polymer; c or EE, because there were several literatures 

indicating that positive charge polymer such as c enhanced mucoadhesive properties 

of mucosal drug delivery, because of electrostatic interaction (91, 139-141) and 

transient opening tight junction (142). The other was selected from film forming 

polymer in film preparation I that could form a completely matrix film with 40% พ /พ  

and 60% พ /พ  of PEG and provided film with smoothness and brittleness. Owing to 

concern about mucosal irritation (143, 144), 40% and 60% พ /พ  of PEG was selected.

For film preparing method, a polymer blend consisted of two film-forming 

polymers, coalescer, and glidant. Weight ratios of film-forming polymers were from 

10:0 to 0:10 of selected film forming polymer in film preparation I and either c or EE, 

and then mixed with 40% พ /พ  or 60% พ /พ  of PEG as well as 1% พ /พ  of A as glidant. 

A polymer blend was cast on a polytetrafluoroethylene coated sheet mounted on a 

leveled glass plate and ovened in hot air oven at 65 °c for 3 and 4 hours for 

formulations containing 60% พ /พ  and 40% พ /พ  of PEG, respectively.
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T a b le  111-3 Form ulations of com b ined  po lym ers used  in film preparation : s c
form ulations.

Form ulation

codes

Ratios o f film -form ing polymers
p A

ร c

SaQ-4 4 6

40% พ /พ  

of s+c

1% พ /พ  of

s+c+p

ร5c 5-4 5 5

ร 6 c 4-4 6 4

S7 C3 - 4 7 3

S8C2-4 8 2

<3-0นร

10 0

S4C6-6 4 6

60% พ /พ  

of S+C

1% พ /พ  of 

S+C+P

S5C5-6 5 5

SfiC4-6 6 4

S7C3-6 7 3

58C2-6 8 2

ร 10C0-6 10 0

Remark: Subscripted numbers meant ratio o f film  forming polymers in combined polymers and 

fo r  the last number, -4 and -6 meant 40% พ /พ  and 60% พ /พ  o f PEG, respectively.



39

T a b le  111-4 Form ulations of com bined  po lym ers used in film preparation : SEE
form ulations.

Formulation Ratios o f film-forming polymers

codes ร EE
r A

S0 EE10-4 0 1 0

S3 EE7 - 4 3 7

ร4 EE6-4 4 6

ร5 EE5-4 5 5 40% พ /พ 1 % พ /พ  of

ร 6 EE4-4 6 4 of s+c s+c+p

S7 EE3 - 4 7 3

S8 EE2-4 8 2

ร9 EE1-4 9 1

S1 0EE0 - 4 1 0 0

S0 EE1 0 - 6 0 1 0

S3 EE7 - 6 3 7

ร 4 EE6 - 6 4 6

S5 EE5 - 6 5 5
60% พ /พ  

of S+C

1 % พ /พ  of 

S+C+P
S6 EE4 - 6 6 4

S7 EE3 - 6 7 3

S8 EEr6 8 2
ร9 EE1- 6 9 1

SioEEq- 6 1 0 0

Remark: Subscripted numbers meant ratio o f film  forming polymers in combined polymers and 

fo r  the last number, -4 and -6 meant 40% พ /พ  and 60% พ /พ  o f PEG, respectively.
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3. Pulverization processes

3.1 Film pulverization by je t m ill (JM)

Film formulations obtaining from selected film-forming polymer in film 

preparation I with 40% and 60% พ /พ  of PEG as well as selected combined polymers 

in film preparation II which could form smooth and brittle film were chosen to 

pulverize by JM. All selected polymeric films were coarsely ground by high speed 

granulator with 30-mesh sieve and then pulverized by a JM machine supplying with

6-7 bars of cool dry air for 10 minutes before collecting powders. The collected 

powders were kept in a desiccator until further use.

3.1.1 Effect o f cycle numbers

The objective of this study was to investigate the appropriate cycle number 

of JM process providing appropriate particle size and size distribution. The selected 

formulation was milled by JM process with different milling cycles from 1 cycle to 3 

cycles.

3.1.2 Effect o f feeding amounts

เท order to evaluate effect of feeding amounts, the selected formulation was 

pulverized with an optimum condition by JM process with different feeding amounts 

ranging from 40 to 150 g.

3.2 Film pulverization by planetary ba ll m ill (PBM)

Effect o f m illing tim e

A film formulation was selected in order to be milled by PBM. Film 

formulation was coarsely ground by high speed granulator with 30-mesh sieve before 

pulverizing by PBM having zirconium oxide (Zr02) chamber with 10 medium-size balls 

and operated with 400 rpm for 10, 30, and 60 minutes.
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3.3 Film pulverization by cryom ill (CM)

The 3 § of selected polymeric films were milled by using Sample mill with 

stainless sample chamber and 4S rod under cryogenic condition supplied by liquid 

nitrogen to control temperature of chamber between (-)160 and (-)180°c. The 

process was operated for 90 minutes. The obtained powders were kept in a 

desiccator until further use.

3.4 Pulverization o f BSA incorporated film  form ulations

The selected formulations were incorporated with lyophilized BSA powder in 

the amount of 10% พ/พ, prepared by powder casting and then pulverized the 

formulations with the different milling processes under appropriate conditions. The 

obtained powder samples were retained in desiccator for further studies.

4. Characterizations o f powder blends prior to  casting

4.1 Bulk and tapped density

The apparent bulk density is defined as a ratio of the mass of the untapped 

powder sample to its volume depending on both the density and spatial 

arrangement of powder particles in sample (145). Accurate weight (w0) of a powder 

sample was filled in graduated cylinder and then the apparent volume (v0) was read. 

The tapped volume (vt) was determined by tapping the cylinder until the different of 

succeeding volume is less than 2%. The apparent bulk and tapped density can be 

calculated in g/ml as the following equation:

/ ’bulk = W (/V 0 [1]

/ ’tapped -  พ ๙ %  [2]

4.2 Flowability

Compressibility index and Flausner ratio become one of the common 

reported methods for testing powder flow characteristics, because of simple, fast,
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and popular method of predicting. They are evaluated by measuring and calculating 

using bulk density {p bulk) and tapped density (/̂ tapped) as follows:

Compressibility Index (%) = 100 X [(/̂ tapped - /WkV/tfapped] [3]

Hausner ratio =  p t a p p e d / P b u i k  [4]

The measurement was conducted in triplicate (145).

5. Characterizations o f m atrix film s

5.1 Physical evaluation o f film  form ation by powder casting m ethod

After at 65°c for 12 hours, the obtained samples were peeled off from 

polytetrafluoroethylene coated sheet. Smoothness, brittleness, and completeness of 

obtained films were physically and visually observed and optical photographs were 

also taken.

5.2 Film characteristics by scanning electron microscopy (SEM)

SEM studies on film topography of samples were carried out using JSM-6400 

SEM. Before observation under the microscope, the samples were attached on a 

sample stub and sputter-coated with gold. SEM images were taken at various 

magnifications.

5.3 C ontent and weight un ifo rm ity  o f Brilliant Blue in film  preparation

To investigate the effect of glidant type, the selected formulations 

incorporated with Brilliant Blue (BB) of 10% พ /พ  as an indicator were determined for 

their weight and content uniformity. Three obtained film formulations were 

accurately weighed in weight uniformity, while the content uniformity of BB in 

formulations was analyzed by uv spectrophotometer. Sample was randomly 

selected and prepared by weighing matrix film approximate 50 mg, dissolving in 1000 

ml of ultrapure water, and analyzing at 629 nm. Matrix film without BB was used as a 

blank. The measurement was conducted in triplicate and %labeled amount of BB in 

each formulations was calculated.
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6.1 B u lk  d e n s ity , ta p p e d  d e n s ity  and  f lo w a b ili ty  d e te rm in a tio n

S e le c te d  p u lv e r iz e d  fo rm u la tio n s  w e re  d e te rm in e d  fo r  th e ir  b u lk  dens ity , 

ta p p e d  d e n s ity , and  f lo w a b il i ty  as th e  d escrib e d  m e th o d s  in 4.1 and  4.2.

6.2 Process e ff ic ie n c y

T h e  p rocess e ffic ie n cy  o f  p o w d e r p ro d u c tio n  was accessed b y  ca lc u la tin g  

p e rce n ta g e  o f  p ro d u c tio n  y ie ld . P ro d u c tio n  y ie ld  (%) was c a lc u la te d  fro m  th e  w e ig h t 

o f  in itia l fe e d  a m o u n t ( พ 1) and  th e  w e ig h t o f  p o w d e r c o lle c te d  fro m  c o lle c to r  ( พ 2) as 

fo rm u la ;

P ro d u c tio n  y ie ld  (% ) = 100 X [ พ 2A V  1] [5]

6.3 P a rtic le  size and  size d is tr ib u t io n  d e te rm in a tio n

P a rtic le  size a nd  size d is tr ib u tio n  o f  th e  o b ta in e d  p o w d e rs  w e re  m ea su red  by 

laser lig h t sca tte ring  te c h n iq u e  e q u ip p e d  w ith  d ry  d isp e rs ion  u n it fo r  d ry  sa m p le . 

A p p ro x im a te ly  1-2 g o f  sa m p le  was p la ce d  on  th e  tray , and  th e  p o w d e r  was fe d  

th ro u g h  th e  o rifice  w ith  aid o f  2.5 bars o f  air co m p re ss io n . T h e  o b s c u ra tio n  v a lu e  was 

k e p t b e tw e e n  0.5-6.0% . Each sa m p le  was e v a lu a te d  in tr ip lic a te . T h e  p a rtic le  size 

was m ea su red  in th e  v o lu m e -w e ig h te d  m o d e  and th e  d ia m e te r  o f  p a rtic le s  re fe rre d  

to  50%  u n d e r size d ia m e te r  (d(v,0.5)). T he  p a rtic le  size d is tr ib u tio n  was d e te rm in e d  

by span v a lu e  w h ic h  was c a lc u la te d  fro m  th e  fo rm u la ;

Span v a lu e  = [d(v,0.9) -  d(v,0.1)] /  d(v,0 .5) [6]

T he  d(v,0 .1) and  d(0.9) w e re  10% and  90%  u n d e r size d ia m e te r, re sp e c tive ly .

6.4 P a rtic le  m o rp h o lo g y

T he  m o rp h o lo g y  o f  p a rtic le s  a fte r JM process w ith  d if fe re n t g rind ing cyc les  

was re c o rd e d  b y  using JSM -6400 o r JSM -6510 SEM. T he  sa m p le s  w e re  a tta c h e d  on  a 

sa m p le  s tu b  and  s p u tte r-c o a te d  w ith  g o ld  b e fo re  obse rv ing  u n d e r m ic ro sco p e . SEM 

im ages w e re  ta k e n  a t va rious m agn ifica tions.

6. Characterization of pulverized formulations
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7.1 M o is tu re  c o n te n t  by  Karl F icsher m e th o d

W a te r c o n te n t d e te rm in a tio n  o f  th e  o b ta in e d  p o w d e r fo rm u la t io n  was carried  

o u t using Karl F ischer m o is tu re  t i t ra to r  a fte r genera ting  p o w d e r  fro m  d if fe re n t 

c o m m in u tio n  p rocesses. A p p ro x im a te ly  5 m g o f  sa m p le  w as w e ig h e d  in to  th e  

t itra t io n  c e ll and  w a te r  c o n te n t (%) was a u to m a tic a lly  c a lc u la te d  b y  th e  m o is tu re  

titra to r . T h e  m e a s u re m e n t was c o n d u c te d  in tr ip lic a te .

7.2 D if fe re n tia l scann ing  c a lo r im e try  (DSC)

T o  c h a ra c te rize  so lid  s ta te  p ro p e rtie s  o f  d rug  and  e x c ip ie n ts  used in th e  

fo rm u la tio n s , DSC was p e rfo rm e d . T he  DSC th e rm o g ra m s  o f  f i lm  and  p o w d e r 

fo rm u la tio n s  w e re  a n a lyze d  by a DSC using e ith e r  DSC6200 o r DSC8226. S am ples 

w ere  a p p ro x im a te ly  w e ig h e d  o f  5 mg and h e rm e tic a lly  sea led  in a lu m in u m  pan. 

S am ples w e re  be ing  sca nn ed  fro m  25-400°C w ith  h ea ting  ra te  10°C per m in u te  u n d e r 

n itro g e n  purge  ra te  o f  60 m L p e r m in u te . Pure in d iu m , a re fe re n ce , was used fo r 

c a lib ra tio n  th e  in s tru m e n t.

7.3 F o u rie r tra n s fo rm  in fra re d  (FT-IR) s p e c tro s c o p y

P h ys ico ch e m ica l in te ra c tio n  was a lso  inve s tig a te d  using FT-IR s p e c tro m e te r. 

For m a tr ix  f i lm  sam p les , FT-IR s p e c tro m e te r  w ith  A tte n u a te d  T o ta l R e fle c ta nce  

(ATR) te c h n iq u e  w as p e rfo rm e d . S a m p le  was pressed in to  d ire c t c o n ta c t w ith  th e  

ATR c ry s ta l and  p e rfo rm e d  fro m  4000-515 cm  1 a t a re s o lu tio n  o f  4 cm  \  As p o w d e r 

sa m p le s  u tiliz e d  an ALPHA c o m p a c t FT-IR s p e c tro m e te r, sa m p le  was p re p a re d  by 

m ixing w ith  p o ta ss iu m  b ro m id e  (KBr) p o w d e r and c o m p re sse d  in to  a disc. T he  disc 

was sca nn ed  fro m  4000-400  cm  1 a t a re s o lu tio n  o f  4 cm  \

7.4 X -ray  p o w d e r d if f ra c to m e try  (XRPD)

7. Physicochemical characterization of matrix film and pulverized formulation

เท  o r d e r  t o  in v e s t ig a t e  t h e  p o l y m o r p h i c  s t a t e  o f  a l l  in g r e d ie n t s  u s e d ,  p h y s ic a l

m ix t u r e s ,  a n d  p u lv e r i z e d  p o w d e r  f o r m u l a t i o n s  w i t h  d i f f e r e n t  k in d s  o f  m i l t i n g

t e c h n i q u e s ,  X R P D  s t u d ie s  w e r e  c a r r ie d  o u t .  D i f f r a c t io n  p a t t e r n s  w e r e  r e c o r d e d  u s in g
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X-ray powder diffractometer. The patterns were performed under cu K-alpha 

radiation, 30 kv voltage, 15 mA current with a scanning rate of 3° min 1 over a 2-theta 

range from 5° to  50°.

8. D e te rm in a tio n  o f  m u c o a d h e s iv e  p ro p e rtie s

8.1 เท vitro  m u c o a d h e s iv e  s tud ies

The mucoadhesive property was investigated by a modified method 

described by Vyas et al. (146). A fresh small intestine o f porcine obtained from a 

local authorized slaughterhouse was kept in ice pack and used within 1 hour of 

killing. It was cut into 5-6 cm long pieces, then incised, and cleaned by washing with

0.9% normal saline. Sample formulations were prepared by accurate weighing of 

powder formulations staining with fixed amount of BB, used as indicator, while a 

control formulation was physical mixture of BB and lactose powder. Powders were 

applied onto the mucosal intestine. Next, incubation at 90% RH (147, 148), ambient 

temperature for 15 minutes was conducted before installing the mucosa in the 

funnel with an angle of 40° relative to horizontal plane and rinsing with warm 

simulated nasal fluids (SNF) (pH 6.0) at 32 ± l° c  (147, 148) with pump rate 5 m l/m in 

by peristaltic pump. The washed was collected at 10, 20, 30, 60, 90, and 120 

minutes, and after 120 minutes, BB were extracted from tissues by shaking tissues in 

SNF for 3 hours. The washed and the extracted were analyzed by uv 

spectrophotometer, and photographs were subsequently taken.
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Figure ll l- l Schematic processes o f mucoadhesive property evaluation using porcine 

intestinal mucosa.

8.2 Viscosity evaluation

Powder formulations were evaluated for their mucoadhesive properties as 

their viscosity in mucin dispersion in which the method was modified from Callens et 

al. (149) by using viscometers instead o f oscillatory rheometer. Two types o f 

viscometer were available; cone/plate rotational viscometer and Sine-wave Vibro 

viscometer. Briefly, 8% w /v mucin dispersion was prepared by dispersing porcine 

mucin powder in pH 6.0 SNF. Then powder formulations were dispersed with the 

concentration o f 10% w /v in the mucin dispersion, and the obtained admixtures 

were incubated at 32±l°c for 15 minutes before measuring by RotoVisco-1 rotational 

(RV-1) viscometer. The measurement was operated by using cone/plate type (cone 

diameter o f 60 millimeter, r  angle C60/1) with shear rate o f 3500 sec \  The 8% 

mucin dispersion in SNF was used as a control. The measurement was done in 

triplicate.

Since this type o f viscometer may breakdown polymer-mucin network during 

continuous flow  (149), Sine-wave Vibro viscometer, which operated by vibrating o f 

tuning-fork and did not damage to  the sample (150), was selected to  confirm and 

support the results from rotational viscometer. Therefore, the viscosity o f the
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obtained admixtures was also carried out by another viscometer, SV-10 Vibro 

viscometer. The measurement was also done in triplicate.

8.3 Z e ta  p o te n t ia l e v a lu a tio n

เท order to substantiate charged effect to mucoadhesive properties, zeta 

potential o f powder formulations was determined by a Zetasizer. Samples were 

prepared by dispersing powder formulations in ultrapure water and 8% mucin 

dispersion to 1% w/v, and the experiment was conducted in quintuplicate.

9. P ro te in  In te g r ity  s tu d y

9.1 S o d iu m  d o d e c y l s u lfa te  p o ly a c ry la m id e  gel e le c tro p h o re s is  (SDS- 

PAGE) s tu d y

The primary structure of the BSA incorporated in the formulations was 

determined by SDS-PAGE. เท addition to determine the primary structure of protein, 

SDS-PAGE technique also provided information related to MW, charge of proteins, 

and purity. Powder formulations were dissolved in PBS (pH 6.0) to  the BSA 

concentration of 200 pg/ml. The samples, native BSA, and a MW reference marker 

(SeeBlue<5> Plus2 Prestained Standard) were mixed with sample buffer (NuPAGe'8 LDS 

Sample Buffer), reducing agent (NuPAGE*8 reducing agent), and deionized water, and 

then were boiled for 10 minutes. The electrophoresis was run in vertical 

electrophoresis cell. The bands were observed by Coomassie blue (SimplyBlue* 

SafeStain) staining.

9.2 BSA se co n d a ry  s tru c tu re  d e te rm in a tio n s

Circular dichroism (CD) spectroscopy is a technique to evaluate structural 

information o f protein; secondary and tertiary structure. เท the far-UV region (240-180 

nm), CD spectrum is used to determine the protein secondary structure, while in the 

near-UV region (320-260 nm) the tertiary structure was observed (151, 152).

The secondary structures of the BSA incorporated formulations were 

measured on a CD compared with native BSA solution. Each 11-mg powder
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formulation containing 1-mg BSA was dissolved with 10-ml o f PBS pH 6.0, as 0.1 

mg/ml o f native BSA solution was prepared as a control. CD spectra were recorded in 

ellipticity (0, ทาDeg) as a function o f wavelength ranging from 250 to 190 nm. PBS (pH

6.0) was run as background.

For CD operating condition, samples were measured in 0.1-cm pathlength of 

rectangular quartz cell at room temperature. Scanning wavelength was from 250 to 

190 nm with 1.0 nm of resolution, 1.0 nm of bandwidth, 100 ทาDeg of sensitivity, and 

100 nm/min o f scan rate. The number of scan was 5.

10. BSA c o n te n t  d e te rm in a tio n

Selected film and powder formulations obtaining from JM, CM, and PBM were 

dissolved in PBS (pH 6.0) and content of BSA was determined by using bicinchoninic 

acid protein assay kit (QuantiPro™ BCA assay kit). Each protein solution was mixed 

with BCA working reagent at ratio 1:1 in 96-well plate and then incubated at 37 °c for 

2 hours. The absorbance of mixtures was measured at 560 nm on a 

spectrophotometer (Microplate reader, VICTOR3, Perkin-Elmar, USA). The calibration 

curve o f BSA was used to quantify amount o f BSA in formulations. Actual amount of 

BSA content was then calculated as followed:

% BSA content = 100 X (actual amount of BSA/theoretical amount o f BSA) [7]

11. เก vitro  BSA re lease  s tud ies

The in vitro BSA release test of the powder formulations was determined by 

vertical Franz diffusion cells and equipment. Hydrophilic polyethersulfone filter (PES, 

Supor® membrane filter) with pore size 0.45 micron was selected as membrane for in 

vitro release because it has extremely low protein binding properties (153). Such a 

membrane was treated by pre-hydrating with SNF (pH 6.0) at least 2 hours prior used. 

The pre-hydrated filters were mounted on receptor compartments which were filled 

with pH 6.0 SNF as well as magnetically stirred at 100 rpm, and then the diffusion 

cells were allowed to equilibrate at 3 2 ± rc  for 30 minutes. The 11-mg powder 

formulations were dispersed on the membrane surface in the donor compartments.
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O n e -m l sa m p lin g  v o lu m e s  w e re  p e r io d ic a lly  e x tra c te d  fo r  BCA assay, and  fresh 

re p la c e m e n t m e d iu m  o f  sam e v o lu m e s  was re in tro d u c e d  in to  re c e p to r 

c o m p a r tm e n ts  via sa m p lin g  arm s. T he  a c c u m u la tiv e  a m o u n t o f  BSA re lease  o f  each 

fo rm u la tio n  versus t im e  was p lo tte d . A d d it io n a lly , th e  da ta  w e re  a n a lyze d  by 

D D Solver p rogram  (154), an a dd -in  p rogram  fo r  drug re lease  m o d e lin g , in o rd e r to  

c a lc u la te  th e  f i t te d  re lease  k in e tic  m o d e l.

12. เท vitro  p e rm e a b il ity  s tu d ie s

in o rd e r  to  e v a lu a te  th e  p o te n t ia l o f  a spec ific  a n a to m ic a l s ite  such as nasal as a 

ro u te  o f  d rug  d e liv e ry , p e rm e a tio n  s tu d y  was p e rfo rm e d  b y  using Franz d iffu s io n  c e ll 

and  p o rc in e  nasal m uco sa  w h ich  is c o m p a ra b le  w ith  h u m a n  m uco sa  w ith  large 

a va ila b le  area o f  m uco sa  (155) and  is a lso  eas ily  a ccess ib le  and  a v a ila b le  in T ha ila n d . 

เท a d d it io n , in tra n a sa l drug d e liv e ry  is a p rom is ing  ro u te  fo r  b ra in  ta rge ting , and  tw o  

m ain  p a th w ays  fro m  nose  to  bra in  are re le v a n t to  o lfa c to ry  and  re s p ira to ry  regions 

(52). Thus, p e rm e a tio n  s tu d y  had to  p e rfo rm  on  b o th  o lfa c to ry  m uco sa  (OLF) and 

re sp ira to ry  m u co sa  (RES).

12.1 O lfa c to ry  and  re s p ira to ry  tissue  p re p a ra tio n

P orcine  OLF a nd  RES w e re  is o la te d  fro m  d o m e s tic a te d  pigs a fte r  s la u g h te re d  

in th e  lo c a l a u th o r iz e d  s lau gh te rh ou se . The  heads w ere  lo n g itu d in a lly  inc ised  a long  

th e  la te ra l w a lls  o f  th e  nasal c a v ity  and  tra n s p o rte d  in ice b o x  to  th e  la b o ra to ry . T w o  

a n a to m ic a l ty p e s  o f  m u co sa e  w e re  o b ta in e d . OLF, p a le  y e llo w -c o lo re d  m ucosae , 

w e re  lo c a te d  o n  th e  e th m o tu rb in a te  b o n e  and th e  las t p o r tio n  o f  d o rsa l nasal 

co n ch a e  near th e  ro o f o f  th e  nasal cav ity , w h ile  RES, redd ish  p in k  m uco sae , w e re  

o b ta in e d  fro m  th e  v e n tra l nasal co nch a  a t th e  a n te rio r  p a rt o f  th e  nasa l ca v ity  (156, 

157). T he  excised  m uco sae  o f  each ty p e  w ere  d ire c t ly  c le a n e d  as w e ll  as se p a ra te ly  

s to re d  in pH 7.4 PBS on  ice fo r  fu rth e r  use. T he  e x p e rim e n ts  w e re  p e rfo rm e d  w ith in  1 

h o u r o f  p ro c u re m e n t o f  th e  m ucosae .
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12.2 T issue in te g r ity  by  tra n s -e p ith e lia l e le c tr ic a l res is tance  (TEER) 

m e a s u re m e n t

The integrity of tissues used were determined before, during, and after the 

experiment by observing the TEER value (156, 158, 159). Briefly, epithelial Volt-Ohm 

meter were modified by immersing one electrode on donor compartment above 

tissue about 1 millimeter, as the other in receptor compartment at the determined 

time (0, 30, 60, and 120 minutes). Tissues with TEER value less than 40 n.cm2 or 

decreasing greater than 20% of the initial value were excluded (155, 156).

12.3 เท vitro  p e rm e a tio n

For in vitro permeation study, selected powder formulation was incorporated 

with FITC-BSA as an indicator compared to solution formulation. For sample 

preparation, 11-mg powder formulation consisted of 500 pg FITC-BSA and 500 pg BSA 

without conjugating with FITC, while solution formulation was prepared by dissolving 

500 pg FITC-BSA and 500 pg non-FITC conjugated BSA in 200 pi of pH 6.0 PBS.

The permeability of FITC-BSA through OLF and RES was investigated by 

vertical Franz diffusion cells. The diffusion chambers were filled with freshly prepared 

PBS (pH 7.4) and controlled temperature at 3 7 ± rc  by warm recirculating water bath 

with stirring rate o f 500 rpm. The excised mucosa was mounted between the donor 

and receptor compartment which had 0.45 micron of Supor® filter as a supportive 

membrane. The epithelial and ventral sides of mucosa were contacted with the 

upper donor compartment and the supportive membrane, respectively. The system 

was equilibrated for 30 minutes prior to conducting an experiment. Eleven-mg of 

powder formulation or 200 pi o f solution formulation was introduced on the 

epithelial side on the donor compartment. At the determined time (before applying 

sample, 10, 20, 30, 45, 60, 90, and 120 minutes), 0.5-ml sampling volume was 

periodically withdrawn, and fresh replacement medium of same volume was 

reintroduced into a receptor compartment via the sampling arm. The amount of 

FITC-BSA permeated through both types of nasal mucosae was analyzed by a 

fluorescence spectrophotometer. Samples were made in triplicate and in
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q u in tu p lic a te  fo r  p e rm e a tio n  th ro u g h  OLF and  RES, re s p e c tiv e ly . T h e  a c c u m u la tiv e  

p e rce n ta g e  o f  FITC-BSA re lease  o f  each fo rm u la tio n  was p lo t te d  versus tim e .

A fte r  fin ish ing  p e rm e a tio n  s tu dy , a m o u n t o f  FITC-BSA w h ic h  was n o t 

p e rm e a te d  th ro u g h  th e  m u co sa e  on  th e  d o n o r c o m p a r tm e n t was in ve s tig a te d  by a 

f lu o re s c e n c e  s p e c tro p h o to m e te r.

12.4 H is to m ic ro s c o p ic  e x a m in a tio n s

T he  p o rc in e  OLF and  RES w h ich  w ere  tre a te d  and  u n tre a te d  a fte r  th e  2 hours 

o f  th e  p e rm e a tio n  s tu d y  w e re  p e rfo rm e d  b y  h is to m ic ro s c o p ic  s tu d y  in o rd e r to  

e v a lu a te  a ny  e p ith e lia l dam ages caused  by th e  fo rm u la tio n s . T he  m uco sae  w ere  

im m e d ia te ly  fixe d  in 10% n e u tra l b u ffe re d  fo rm a ld e h y d e  s o lu tio n , e m b e d d e d  in 

pa ra ffin  w ax, and  p re p a re d  accord ing  to  s ta nd a rd  p ro ce d u re s . Each 5 -p m  th ic k  

se c tion  was s ta in e d  w ith  h e m a to x y lin  and  eosin  (FI&E) and  a n a lyze d  u n d e r an inverse 

m ic ro s c o p e  w ith  phase c o n tra s t and  flu o re sce n ce .

13. Data ana lys is  a n d  s ta tis tic a l m e th o d s

Data w e re  p re s e n te d  as ทาean±SD fo r  th e  resu lts  p e rfo rm e d  up  to  th re e  

m e a su re m e n ts . T h e  in d e p e n d e n t pa ired  t- te s t  o r s im p le  analysis o f  va riance  (O ne 

w ay-AN O VA) w e re  u tiliz e d . For m u lt ip le  co m p a riso n s  a m o ng  g roup , T u k e y ’ s and 

D u n n e tt's  T3 pa irw ise  co m p a riso n s  w e re  p e rfo rm e d , if  th e re  was o r was n o t 

h o m o g e n e ity  o f  va rian ce  (L e v e n e ’ s tes t), re sp e c tive ly . A ll ana lys is  w e re  s ta tis tic a lly  

d e te rm in e d  using IBM81 SPSS8 sta tis tics ve rs ion  21 and  s ign ifican t d iffe re n ce s  w ere  

c o n s id e re d  a t a le v e l o f  p -va lu e < 0 .0 5 .
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