CHAPTER IV

RESULTS

In vitro Evaluation of Mucoadehesive Films

1. Physical characteristics of the mucoadhesive films
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C. The average thickness o Ims 1s given in Table 9.
The thickness of the films from Formulas E15 1:1, E4M 1:1 and HPC 1:1 was
about 120 um. The thickness of the films from Formulas E1SHPC 1:3, 2:3, 3:3,
3:2 and 3:1 was about 130 pm. The thickness of the films from Formulas E15
1:0.67, E4M 1:0.67 and HPC 1:0.67 was about 110 um. The thickness of the films
from Formulas E15 1:0.5, E4M 1:0.5 and HPC 1:0.5 was about 100 um. And that
from Formulas CS 1:1, CS 1:0.67 and CS 1:0.5 was about 255 pm, 209 pum and

197 pum respectively.



Table 8 Physical characteristics of mucoadhesive films
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Formulas Transparency Glossineés Flexibility | Stickiness E::ﬁ:;
CMC 1:1 - ; ) . Sn
CMC 1:0.67 - ; ) ] e
CMC 1:0.5 - ; ) - 3.
CMC 0.5:1 - - - Tk
El5 1:1 +++ ++ - 4+
E15 1:0.67 +++ +1 - el
E15 1:0.5 4+ o - IS
E4M 1:1 +43 § v - FWR
E4M 1:0.67 ol 7K \ _ i
E4M 1:0.5 bt % ‘.gf ] -
E4M 2:1 P Mg& ] b
HPC 1:1 I, e "‘ + TEL 5
HPC 1:0.67 +++ mfl 7 4 o +
HPC 1:0.5 i 4+ .
Cs 1:1 n : - +
CS 1:0.67 - - + Q - %

: o Q)
csros PR A YTETAENTTa — | -
E15HPC 1:3‘ il 4+ ¢t att i i
ersr | TP e WA VT TR | -
El 5HPC13 :3 +++ + 4 - i
E1SHPC 3:2 ++ = % - i
E15HPC 3:1 ¥4 ) + K b

The symbols of (+) and (-) showed the appearance and no appearance, respectively.

The number of the symbol of (+) showed a degree of the appearance.
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Figure 26‘i The photographs of the mucoadhesive films: (A) CMC 1:1; (B) E15 1:1;
(C) E4M 1:1; (D) HPC 1:1; (E) CS 1:1
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Figure 27 The photographs of the mucoadhesive films: (F1) E1ISHPC 1:3; (F2)
E15HPC 2:3; (F3) E15HPC 3:3; (F4) E15HPC 3:2; (F5) E15HPC 3:1
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Table 9 The average thickness of the prepared mucoadhesive films (n=3 each

sample was measured at 5 locations)

Thickness £ SD (um)
Formulas

No.1 No. 2 No.3 Mean *+ SD
E15 1:1 121867 | 1220%3.1 121443 | 121.6£0.5
E151:0.67 | 1154+46 | 1164+74 | 1102469 | 1140+3.3
E15 1:0.5 98.8 +4.0 98.4+65 | 101.3£4.6
EAM 1:1 1212+ 0+ 1476 | 1205123
E4M 1:0.67 | 112.6 3 £ +59 | 1112+14
EAM 1:05 | 1004% 1024 +2.2
EAM 2:1 2046+ 2.6 204.4+ 1.7

=
HPC 1:1 1194+ 1772 121.0 % 1.1
HPC 1:0.67 | 112.8% 41 J| 1114 %41 646 | 1116+ 1.1
HPC1:05 | 1004428 | 4690 8416 | 99.4+09
CS 1:1 2554+ 6.5 [=2518- 252.8+6.5 | 253.3+1.9
AT TR
e T
' F +

CS1:067 | 208469 | 2106+ B8l | 2092412
CS 1:0.5 19446 + 8.6 83 | 196921

1] |
EISHPC 13 | 130636 | 1298+3.0 131@&.4 130.5 + 0.6
E1SHPC 2:3 M= 2 1282+ 1.0

RB3uimai bl

EISHPC3:3 Y1304 £42 | 131229 | 1324%58 | 131310
e R | B LPATAE) T B sos
EISHPC 3:1 | 1288+4.4 | 1294%57 | 1264%44 | 128216
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3. Content uniformity

The results of content uniformity are presented in Appendix C. It was
seen in Table 10 that the concentration of all test films was within the limit as 95-
105% label amount with low %CV.

Table 10 The average of the percent content of lidocaine HCI in the prepared

mucoadhesive films

Formula AN | 7 ’lfu ent %CV

EIS 1:1 A 2.03

E15 1:0.57 et 2 2.14

EI5 1:0 1.62

E4M 1.98

1.57

EAM 1: 'll 2.37

E4M 2:1 2.95

HPC 1:1 2.75

1.83

o dos | o1 qcull 2.46

| 2.62

CS 1:0.67 102,31 1.52

R AT A3
BIsHPC13 | o 10196 2.29,

ARSI I R

' EB1sHPC3:3 101.89 2.48
E1SHPC 3:2 100.89 2.11
E1SHPC 3:1 101.13 2.09




65

4. Surface topography

Scanning electron photomicrographs showing the surface topography
of HPMC E15 mucoadhesive films as seen in Figure 28. The smooth surface
without any pore in HPMC EI15 free film is depicted in Figure 28A. The
photomicrographs of surface of HPMC E15 films containing lidocaine HCI and
additives of drug to polymer of 1:1 and 1:0.67 exhibited the smooth surface and
homogeneous films. The photomicrographs of cross-sectional area of HPMC E15
films, drug to polymer ratio of\ 7 exhibited dense, smooth and

homogeneous texture. Tex Wthh drug to polymer ratio

was 1:0.5 revealed tha’@ad ;‘sgre articles, rough surface and
some cracks. / ny

The surfac

scanning electron pho din"Fi fure 29. Rather smooth

surface without any por A free fil
photomicrographs of
with various drug and 0 ar :
They exhibited smooth an @o@

could be seen. Increasing ng‘;g,:g}qux?fm_markedly increased the particle
g ,

aggregation. qi_—}, N fj

Figure 30 .'splé" S ron E]motomicrographs showing
the surface topographyd-o HPC mucoad&;lve films. Rather smooth surface

without any pﬂ: wm&r E:J %Wmm Scanning electron

photomlcrograﬁis of HPC film contammg the drug and addmves are depicted in

LT T E /0L
within cross-sec area ce photo ucoadhesive

films prepared from various drug to polymer ratios did not show any differences.

Scanning electron photomicrographs showing the surface topography
of chitosan mucoadhesive films are illustrated in Figure 31. The smooth but
unhomogeneous surface of chitosan free film is shown in Figure 31A. The drug

loaded films were rough as demonstrated in Figure 31 and had void spaces within
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Figure 28 Scanning electron photomicrograph of (A) HPMC E15 free film; (B) E15
1:1 drug loaded film; (C) E15 1:0.67 drug loaded film; (D) E15 1:0.5 drug

loaded film (a = surface, b = cross-section)
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Figure 28 Scanning electron photomicrograph of (A) HPMC E15 free film; (B) E15
151 drugloaded filft; (C) E15]190567 drig Ioadéd | film(D)*E15 1:0.5 drug

loaded film (a = surface, b = cross-section) (Cont.)



68

15k x1g@8 ° g

1S5kUyU XiBo

Figure 28 Scanning electron photomicrograph of (&) HPMC El15 free film; (B) E15
N 1l drug loaded filnt; (€)E1541:0.67 drug loaded-film;(D)E15 1:0.5 drug

loaded film (a = surface, b = cross-section) (Cont.)
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Figure 29 Scanning electron photomicrograph of (A) HPMC E4M free film; (B) E4M
1:1 drug loaded film; (C) E4M 1:0.67 drug loaded film; (D) E4M 1:0.5

drug loaded film (a = surface, b = cross-section)
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Figure 29 Scanring electron photomicrograph of (A) HPMC E4M free film; (B) E4M
hibydrug-oaded-film; (€); E4Mple0:67 sdrugrloadedyfilm; (D) E4M 1:0.5

drug loaded film (a = surface; b = cross-section) (Cont.)
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Figure 29 Scannihg électron photomicrograph of (A) HPMC E4M free film; (B) E4M
ls bydrygAoaded:film; (€)E4Ml0.67 «drug doaded-film; (D) E4M 1:0.5

drug loaded film (a ='surface; b'=cross-section) (€ont.)
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Figure 30 Scanning electron photomicrograph of (A) HPC free film; (B) HPC 1:1
drug loaded film; (C) HPC 1:0.67 drug loaded film; (D) HPC 1:0.5 drug

loaded film (a = surface, b = cross-section)
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loaded film (a = surface, b = cross-section) (Cont.)
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drug loaded film; (C) HPC 1:0.67 drug loaded film; (D) HPC 1:0.5 drug

loaded film (a = surface, b = cross-section) (Cont.)
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Figure 31 Scanning electron photomicrograph of (A) chitosan free film; (B) CS 1:1
drug loaded film; (C) CS 1:0.67 drug loaded film; (D) CS 1:0.5 drug

loaded film (a = surface, b = cross-section)
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Figure 31 Scanmng electron photomlcrograph of (A) chltosan free film; (B) CS 1:1
drug loaded ﬁhn ©)yCS $:0.67 | drug doaded ﬁlm' (D) CS 1:0.5 drug

loaded film (a = surface, b = cross-section) (Cont.)
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Figure 31 S‘canr‘lingr electron photon}_icrograph of (A) chitosan fre¢'film; (B) CS 1:1
drtig lodded\film; (€)5C8 1:0.67 drug doaded film; (D) CS 1:0.5 drug

! loaded film (a = surface, b = cross-section) (Cont.)
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Figure 32 Scanning electron photomicrograph of (A) E1SHPC 1:3%drug loaded film;
(B) EISHPC\2:3 drug loaded-film; (C) E1SHPC 3:3 dmg loaded film; (D)
E15HPC 3:2 drug loaded film; (E) and E1SHPC 3:1 drug loaded film (a =

surface, b = cross-section)
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% (B) E1SHPC 2:3 drug loaded film; (C) E15HPC 3:3 drug loaded film; (D)
E15HPC 3:2 drug loaded film; (E) and E15HPC 3:1 drug loaded film (a =

surface, b = cross-section) (Cont.)
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Figure 32, Scanning, ¢lectron photemicrograph of (A) EISHPC 1:3drug loaded film;
(B) E15HPC 2:3 drug loaded film; (C) E15HPC 3:3 drug loaded film; (D)
E15HPC 3:2 drug loaded film; (E) and E15HPC 3:1 drug loaded film (a =

surface, b = cross-section) (Cont.)
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Figure 32 Scannmg electron photomicrograph of (&) E1SHPC 1:3 drug loaded film;
(B) E15HPC 2:3 drug loadedilm; (C) E15HPC.3:3 drug loaded film; (D)
E15HPC 3:2 drug loaded film; (E) and E1SHPC 3:1 drug loaded film (a =

surface, b = cross-section) (Cont.)
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Figure 32 Scannmg electron photorrricrograph of (A) E15HPC 1 3 dfug loaded film;
I () E1sHPE b £ birgk fohdedgintd ) BiSHLLc 33 drbl I6atled film; (D)
E15HPC 3:2 drug loaded film; (E) and E1SHPC 3:1 drug loaded film (a =

surface, b = cross-section) (Cont.)
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the cross-sectional area of film texture. Increasing the proportion of drug,

increased the rough surface and the void spaces.

The scanning electron photomicrograph of the combination of HPMC
E15 and HPC are illustrated in Figure 32. They had rough surfaces with pores.
And the cross-sectioned textures of the mixed polymer films were rough. The
rather rough pores on the surface of the film was observed in Formula E1ISHPC

1:3. The cross-sectional surface o ilm was dense and had aggregate of

particles as depicted in Figur . and homogeneously distributed

The result mucoadhesive films are

shown in Table 11. tion films, the maximum
specific surface area was/obgained’ fiom I5HPC 1:3.. Increasing in proportion of
HPMC EI15 decreased Sp rface areas. E4M 1:1 exhibited higher specific

surface area than E15 1:17 Ei ‘ ;1 film, the specific surface area could not be

ce area (m2/g)
L4
- feNAn Ty
o PO J
, L = .7)

PRI TELI PN
q S 1:0.67 .0846
CS 1:0.5 0.2138
E15HPC 1:3 0.6022
E15HPC 2:3 0.5306
E1SHPC 333 0.4173
E15HPC 3:2 0.2283
E15HPC 3:1 0.0650

* can not be measured
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6. The physicochemical characterization
6.1 Infrared spectrometry

FT-IR spectrum of lidocaine HCI powder in Figure 33 showed the
peak at 1658 cm™ indicating C=C cyclic stretching overlapped with the C=0
stretching (amide I band) at 1673 cm™. The peak at 1545 cm™ was N-H stretching
(amide II band). The peak at 3459 cm™, 3388 cm™ and 3040 cm™ indicated N-H
stretching bands, the peak at 2981 w

rjtretchmg band and the peak at 1275cm’™

The FTW of fM(w;sive film containing drug
"MC' pos illustrated in Figure 34. The

(Formula CMC 1:1), pure
spectrum of film containi fro that of pure drug. The C=0

was C-N stretching band.

stretching band was s
was shifted from 1545

regressed. No new peak was o ervéé‘\ f;rgll
oA
T e

A

The FT-IR s ect’@'&iH © E15 mucoadhesive film containing drug

illustrated in Flgure . The spectru F T :1 showed the peak at 1735
at were the peak of ' j‘o the drug and citric acid
C=C stretching of the drug. Thé'l)eak intensity of amide II
band was redu ﬁ % 42 cm”. The C=C
stretching band aﬂ ﬁﬁiﬁﬁ Wﬂn‘}] ﬁ %s peak intensity was
regressed. No new peak was observed from this spﬂrum

RANIUAIANEAL,....

(Formula E4M 1:1), pure drug, citric acid, menthol and HPMC E4M powder are
depicted in Figure 36. The drug-loaded film showed the spectrum similarly to that of
HPMC E15 film.

cm™ and 1691 cm’!

overlap to the peak o

The FT-IR spectra of HPC mucoadhesive containing drug (Formula
HPC 1:1), pure drug, citric acid, menthol and HPC powder are showed in Figure 37.
The result was similarly to that of HPMCs films (Formula E15 1:1 and E4M 1:1).
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However it was slightly different from HPMCs films at the amide II band (C-N
stretching) that was slightly shifted from 1542 cm™ to 1543 cm™.

The FT-IR spectra of chitosan mucoadhesive containing drug
(Formula CS 1:1), pure drug, citric acid, menthol, PEG400 and chitosan powder are
presented in Figure 38. The peak at 1733 cm™ was C=O stretching of the drug and
citric acid, overlap to the peaks of C=O stretching of PEG and N-H stretching of the
drug and chitosan. And the other pea t were integration of peaks of the drug,
polymer, PEG, citric acid and “W& slightly shifted or regression of the
peaks. No new peak was o ‘7 \'\m this

The FT-
1:1 with drug loading
HPC powder are preséen
case of HPMC E15 a
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Figure 33 FT-IR spectra of lidocaine HCI
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Figure 35 FT-IR spectra of (A) mucoadhesive film of E15 1:1; (B) lidocaine HCI; (C)

HPMC E15 powder; (D) citric acid; (E) menthol
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Figure 36 FT-IR spectra of (A) mucoadhesive film of E4M 1:1; (B) lidocaine HCI;

(C) HPMC E4M powder; (D) citric acid; (E) menthol
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Figure 37 FT-IR spectra of (A) mucoadhesive film of HPC 1:1); (B) lidocaine HCI;
(C) HPC powder; (D) citric acid; (E) menthol
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Figure 38 FT-IR spectra of (A) mucoadhesive film of CS 1:1; (B) lidocaine HCI; (C)
chitosan powder; (D) menthol; (E) PEG 400; (F) citric acid
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Figure 39 FT-IR spectra of (A) mucoadhesive film of EISHPC 3:3; (B) lidocaine
HCI; (C) HPMC E15 powder; (D) HPC powder; (E) citric acid; (F)

menthol
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6.2 Powder X-ray diffraction

The power X-ray diffraction pattern of citric acid and menthol are
illustrated in Figures 40 and 41 respectively. Citric acid was crystalline which had
major peaks at 15.24°, 18.20°, 22.36", 23.08" and 26.04° 20, and the small peaks
between 10 to 48° 26. Menthol was crystalline and showed high peaks at 8.20°, 9.44",
12.52°, 14.16, 16.40°, 16.68", 17.32’, 19.16°, 20.28" and 21.72° 20, and the small

peaks between 15 to 47 20. The X- actlon patterns of the lidocaine HCI in
original powder and in mucoa wn in Figures 37-42. Lidocaine
HCI was crystalline and s peak 5, 14.13° 16.61°, 25.05°, 25.73",

and the small peaks betwe

By comp ' n of ucoadheswe film of CMC 1:1
was different from that o wd
Figure 42. The CMC

| powder as presented in
aks indicating amorphous

coadhesive film containing

was different from thaij le HCI powder as presented

in Figure 43. Lidocaine HCl had rrEy dominant peaks. The intensity of the
dominant pe ﬁn ﬂﬁf ing that the drug and
other ingredie ﬂ' ﬁdﬁﬁ mai[‘ng]eﬂ 1sper51on. However
obtained film showed small peaks at9.28" and 28.48" 20.

A WIANT I8l Wikl EabE

The X-ray diffraction of mucoadhesive film of E4M 1:1 was different
from that of pure ingredients as depicted in Figure 44. Lidocaine HCI film showed
small peaks at 9.40" and 28.56 20. The result was similar to the case of HPMC EI15
1:1 film.

The X-ray diffraction pattern of HPC powder did not show any
dominant peaks. While from lidocaine HCI mucoadhesive film of HPC 1:1, all peaks
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disappeared as shown in Figure 45. This result suggested that all ingredients existed

as molecular dispersion or as amorphous state.

The powder X-ray diffractogram of chitosan powder did not show any
dominant peaks. No apparent dominant sharp peak appeared in diffractogram of
mucoadhesive film of CS 1:1 as illustrated in Figure 46 indicating that lidocaine HCI

and other ingredients were existed as molecular dispersion or as amorphous state.
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Figure 40 X-ray diffractogram of citric acid
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Figure 41 X-ray diffractogram of menthol
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Figure 42 X-ray diffractograms of (A) mucoadhesive film of CMC 1:1; (B) lidocaine

HCI; (C) CMC powder
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Figure 43 X-ray diffractograms of (A) mucoadhesive film of E15 1:1; (B) lidocaine
HCI; (C) HPMC E15 powder
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Figure 44 X-ray diffractograms of (A) mucoadhesive film of E4M 1:1; (B) lidocaine
HCI; (C) HPMC E4M powder
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Figure 45 X-ray diffractograms of (A) mucoadhesive film of HPC 1:1; (B) lidocaine
HCl; (C) HPC powder
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Figure 46 X-ray diffractograms of (A) mucoadhesive film of CS 1:1; (B) lidocaine
HCI; (C) chitosan powder
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Figure 47 X-ray diffractograms of (A) mucoadhesive film of E1SHPC 3:3; (B)

lidocaine HCI; (C) HPMC E15 powder; (D) HPC powder
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6.3 Differential thermal analysis

Figures 48-53 presents the DSC thermograms of the mucoadhesive
ingredients consisting of lidocaine HCI, citric acid, menthol, polymers and
lidocaine mucoadhesive films. The DSC thermogram of lidocaine HCI displayed
its endothermic peak at 79.3°C due to the melting of crystalline form. The melting
point of lidocaine HCI was 74°C to 79°C (Lund, 1994). The DSC thermogram of

’thermic peak at 42.7°C and 158.4°C,

the lidocaine HCI mucoadhesive
films. These results indi ocai other ingredients changed to

rpuswertheless CMC film with
N ‘-“:. K h ‘3,' - ":'lq,‘

menthol and citric acid showed

respectively. However, no p

either molecular dispers

lidocaine HCI exhibited

A
E
= B
5

C

Qfl V]cmpmmc o‘jlso 180 2

Q‘mﬂﬁﬂim AN Y

Figure 48 DSC thermograms of (A) mucoadhesive film of CMC 1:1; (B) lidocaine
HCI; (C) CMC powder
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7. Tensile properties

Tensile properties including, percent strain at point of break, Young’s
modulus and ultimate tensile strength are presented in Table 11 and Figures 54-59.
Focused on percent strain at point of break as shown in Figures 54 and 55, HPC
films had the highest percent strain when compared to films from other polymers
within drug to polymer ratio of 1:0.67. There is no significant difference between
HPC and HPMC E15 films when compared within drug to polymer ratios of 1:1
and 1:0.5, upon test with one-way. W he lowest percent strain at point of

break was observed in chl@ ﬁlms })‘mg to polymer ratios. For the
combination of polymers? EM 1: MEIS HPC, 3:0) and HPC 1:1

(HPMC E15:HPC, 0:3 tpcrc:mﬁ Increasing the proportion
oint

‘of HPMC E15 decrea: atp

reak.

5,

films had the highest

and 1:0.5. Atdrugtop rat;g @ﬂ
of Young’s modulus. Fo cqmbinatlorr lymers, decrease in proportion of
HPMC EI15 likely decrease thc}'loﬂng m@:as shown in Figure 57.

) . £

Focused.dn tensile strength as shoy in Fig 58, HPMC E4M films

—
exhibited the highest galue of tensile streng
shown in Figure 58, whgre s HPC films h d the lowest value. The comparison of

the tensile stﬁgu\ﬂl(g WW@hWﬂ@ﬁﬁpolymem films are

shown in Figuré!59. Increasing HPMC ElS content increased the tensile strength

TR AINTUNAIINYIANY

Comparlson in viscosity grades of HPMC, HPMC E15 (15 cps) and
HPMC E4M (4000 cps), HPMC of higher viscosity grade exhibited higher

Young’s modulus and tensile strength but lower percent strain at point of break.

for al}'ljirug to polymer ratios as



Table 12 Tensile properties of lidocaine HCl mucoadhesive films

% Strain Young's Ultimate
Formula at point of break modulus tensile strength
+ SD (%) + SD (Mpa) + SD (Mpa)
E15 1:1 180.503 +£5.691 |  164.509 + 9.633 31.357 + 1.807
E151:0.67 | 155.644+8.737 |  96.951 +7.850 21.360 + 1.413
E151:0.5 | 138.480 ijé 5.818 +0.219
E4M 1:1 18.354 2 A1 33.666 + 1.138
E4M 1:0.67 104.94"0'—’—’ ‘ 30.029 + 1.915
E4M 1:0.5 | 179.699% 19.221 £ 1.712
HPC1:1 | 183.584+ 4731 +0.564
HPC 1067 | 236.39% 262011 11.728 +2.220
HPC1:05 | 168420+ 31 3591 6.645 + 1.440
CS 1:1 135.503 + 22}}2?2}4 6.729 18.678 + 0.654
CS 1:0.67 - 20.103 +0.972
CS 1:0.5 8.404 + 0.375
E1SHPC 1:3 | 152,419 ol . 10476+ 0756 008 + 0.622
EISHPC 2:3 | 9130.421 +4.335 | 27.054 +3.522 7.238 +0.853
[ 1 - QL

pisuq 35| 628 ERmE|) 1920864 ol ) “ifdid 0226
EISHPC32 | 61310£4.038 | 138.853+21.966 12.891 + 0.634

E15HPC 3:1

59.536 £ 6.239

166.895 £ 28.561

18.293 + 1.497

109
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Figure 55 Percent strain at point of break of lidocaine HCl mucoadhesive films from

combination of HPMC E15 and HPC with drug to polymer ratio of 1:1
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Figure 57 Young’s modulus of lidocaine HCl mucoadhesive films from combination

of HPMC E15 and HPC at drug to polymer ratio of 1:1
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Figure 59 Ultimate tensile strength of lidocaine HCl mucoadhesive films from

combination of HPMC E15 and HPC at drug to polymer ratio of 1:1
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8. Moisture sorption and swelling property
8.1 Moisture sorption study

As shown in Figures 60-63, the moisture sorption of various
mucoadhesive films showed an increase in moisture sorption with an increase of
relative humidity. Focused on drug to polymer ratio of 1:1, chitosan provided the
films that could absorbed more moisture than other polymers, while HPC films

could absorbed the least. At 53%, 84%RH, the moisture sorptions of all

polymers were at equilibri after exposure to the moisture

except those of chitosan fi inually showed an increase in

moisture sorption with an_inerea f tiny e lower relative humidity
(53%RH), no statisticy Aslobserve n HPMCs and HPC but in
higher relative humidi isture. When tested with
one-way ANOVA, both C E4M (4000 cps) showed
no statistically signi 10n at the same time and the

of both polymers showe stgnificant ence when compared to either
Formula E15 1:1 or Formula HPC
at higher relative huridity.

ignificant difference was observed

Focused| on hi; lym raﬁs of 1:0.67 and 1:0.5, as

shown in Figures 61 and 62 the results of moisture sorption were similar to those

e fr°mﬁﬂﬂ”3ﬁﬂ‘ﬂ'ﬂ"§ NBINT
AR AINIUNAINYIAY
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Figure 60 Percentage of moisture sorption of mucoadhesive films prepared from various polymers with drug to polymer ratio of 1:1



15

L9°0:1 Jo oner sswiAjod 03 Snip ym s1owikjod snorrea wioyy paredaid swiyiy aa1saypeoonw jo uondios amjsiow Jo a8ejuaon 19 amgig

LYOT SO

L9°0:1 OdH &

LYOTINVH N

LT STAE

76

Fray

AERERH AL PR R SR E S R RS e

€S v6 8 SL

f
“Aubly

)
'8'
B :
o

o)
€ gu& SL €S

Kep il

JRIANNTU Y

- 0C

- 0€

uondIios aMmISIOA[Y,




116

6'0:1 Jo onex sowiAjod 03 Snip ym siowikjod snorrea woxy paredaid swyiy saissypeoonur Jo uondios am)siowr Jo agejuasio 79 amdig

gorso 0T OdHE SOTINYH = SO1STHE

Hi%
¥6 ¥8 SL €S v6 v8 SL 139 v6 ¥8 SL 3. v6 3

| ﬂ
y -0z
\ = =
e "
13 A - - o€
IeY <
o — o - 0
i We&E=y ol o~
Kep L : Aep u (Cokep o
@ C - 05
=
(C2

- 09

UonaIos SIMISION%




117

sowiAjod 03 3nip yym DJH PUe S8 DNH JO UoneuIquiod woxy paredaid swiyiy sArsaypeoonu Jo uondios axmysiow Jo 33ejusoisg ¢ amsrg

1:1 Jo onjex

0'€ OdHSIHE  [:€ DAHS T CEOdHSTHE €€ DdHSTHE €T DdHSIH O

€1 OdHSTH ™

€0 OdHSTH

Hd%
¥6 8 SL €S v6 14 SL €< v6 ¥8 SL €S

ARG URSET

U AN ST P ni ]

AN BT 1

Kep L | Aep ¢ | Kep €

3 i

‘bR ot

- i

ARVANNT U Uas

§ <
(@)}
SHSHBE u

L

SL

Aep 1

- ST

- SV

- 0¢

UONAIOS SINISIOIA[Y,




118

8.2 Swelling property of mucoadhesive films

As shown in Figures 64-67, the swelling of mucoadhesive films
increased with the increasing relative humidity. At drug to polymer ratio of 1:1 and
75%RH and 84%RH, HPMC EI15 films showed higher value of swelling than HPMC
E4M, as shown in Figure 64. But when tested with one-way ANOVA, statistically
significant difference were not observed for all relative humidities. At 53% RH

chitosan films could swell less than other polymeric film. Although chitosan films

could swell more than other poly

ers at relative humidity (84% and 94%RH),
chitosan films had slower swelling r ﬁymcm. Comparison between
1

HPC and other polymer ited slower swelling rate than
HPMC E15 at 75% and ‘
for all relative humidi

94%RH.

was observed at the 7" day

1 chitosan film at 84% and

the highest swelling after t ] _».-‘-—_ ti‘l highest swelling at 94%RH
in the 1* day. But at the
indicated that HPMC E15 r

i,
Focuse;on the combination polymer of HPMC E15 and HPC, the

ratio of 3:1 hﬁ uﬁw‘ﬁlﬁ i’ ﬂ:ﬁvl humidity (84% and
94%RH). But lativ PC could swell less
than HPMC E15 film which had the fhaximum swellin

ﬂmaﬂnmumq%maa
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Figure 67 Percentage swelling of mucoadhesive films containing combination of HPMC E15 and HPC with drug to polymer ratio of 1:1
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9. Mucoadhsive property

The mucoadhesiveness was determined in term of detachment force by
measureing the force required to pull the test film, prehydrated with phosphate
buffer pH 6.8 and attached on the aluminium flat surface (n=10). The detachment
force results are present in Appendix C. Figure 68 shows the detachment forces of
lidocaine HCI mucoadhesive films containing different polymers and ratio of drug
to polymer. An increase in the drug content was associated with a corresponding
erred from Figure 68 that HPMC E15
ollowed by HPMC E4M, HPC

and chitosan in similaﬁ : @or drug to polymer ratio of
1:1, chitosan film exhibited hi m¢ e than HPC film.

15, HPMC E4M and _. i g nt difference (p>0.05) in

every drug to polymer gati@. : rug to polymer ratio of 1:1,

decrease in detachment force. {: ‘

achieved the highest value

other drug to polymer r L X : 1:0.5) (p<0.05).

ase.s
In the case of drug,lo—p—g;ym f 1:1, the detachment force could
be ranked as: HPMQ}EIS > HPl\ZC E4fvi = chito ’C (p<0.05). In the case

‘ force could be ranked as:
HPMC E15 > HPMC@M > HPC = chitose <0.05). And in the case of drug to
polymer ratio of 1:0.5, the detachment force could be ranked as: HPMC E15 >

HPMC EAM ﬂ%&?ﬁ}%}%’%"’w BN
DY aV-R{ar (O IL giah 1 TAY:Y

films w1t11 various ratio of HPMC E15 and HPC could be ranked as: HPMC E15 to
HPC ratio of 3:0 > 3:1>3:2>3:3>2:3>1:3>0:3.
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Figure 69 The detachment force of lidocaine HCl mucoadhesive films from

combination of HPMC E15 and HPC at drug to polymer ratio of 1:1
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10. In vitro drug release and penetration from the mucoadhesive films

In this study, five models of penetration kinetics: zero order, first
order, Higuchi model, Weibull model and Korsmeyer-Peppas model (power law
expression model) were used to assess the drug penetration model (Brazel and
Peppas, 2000, Costa and Lobo, 2001 and Siepmann and Pappas, 2001). The

equations for the drug penetration model are shown in Table 12.

Table 13 The penetration kinetic mod i 4

Model

Zero order 2 | . N= O+ kt

First order \‘\ Q= InQp + kt

Higuchi = k'

Weibull w) =bxlogt-loga
Power law expression ' Qo= kt"
(Korsmeyer-Peppas) GGG - =lnk+nint

O, was the amount of drug released in itial amount of drug in
the solution (most g penetrated at infinite

time (which should be equal to the p orporate@vithin the pharmaceutical

dosage form at time 7 = 0),

ﬂ‘lJEJ’WIEJ‘Vl‘ﬁWEJ’Wﬂﬁ

The plo of these kinetic énodels of each preparation were constructed.

e AT STINIPE T o e

penetratipn.

The concentration of lidocaine hydrochloride saturated solution used in
drug penetration study was 691.04 mg/ml. The drug was rapidly penetrated
through dialysis membrane into pH 6.8 phosphate buffer. About 6.4 mg of the
drug, equal to 80% of the drug loading in the mucoadhesive films (8 mg/cm?), was
penetrated within 27 minutes. The penetration-time profile of lidocaine

hydrochloride saturated solution is shown in Figure 70. However, it was found
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that the drug penetration rate from saturated solution was fast. Its penetration
kinetic was fitted to both zero order (R* = 0.9988) and the power expression model
(R? = 0.9988).

The drug penetration data in this study are presented in Appendix C.
The penetration-time profiles of lidocaine HCl mucoadhesive films are shown in
Figures 71-75. Eighty percent of drug loaded in the films was released from HPMC
E15, HPMC E4M and HPC within 60 t s. While release of drug from chitosan

films were more sustained. igurés\i‘ the penetration-time profiles of
mucoadhesive films with d% u g loa were prepared from different
polymers, HPMC E15, HPMC 4\ nd- an, respectively. As shown in
Figures 71-74, the releasgsand.pe .,"Qf i: through dialysis membrane
slightly increased with th ( t:‘}%%ratlos When tested with
two-way ANOVA, statistig# ‘ ani-d*ﬁa' of penetratlon-tlme profile was not
observed between the'sa ' of‘drug and polymer except

chitosan films which were
and CS 1:0.5.

en Formulas CS1:1, CS1:0.67

o -

s s .
The influence of” ‘fhﬁ&tlogbinmiom polymers on the in vitro
penetration of drug Ll'ﬁough dxaT;fsrs memb% W‘ ed

data were presented; ifi-Appendix-€-—+Formuia-EiSHPE : 33 exhibited higher drug
penetration than the H v C E15 to HPC rati , ’3:2 3:1 and 3:0 but showed
no significantly dlfferent when compared upon the ratio of 0:3 (p < 0.05) as shown in

e ﬂuEJ’WIEJWﬁWEJ’Wﬂ’ﬁ

As shown in Figures 76-78, the penetrationstime profiles of

oS T B 5 S 4 e i

observed!! HPC films exhibited the highest drug release and penetration. And
chitosan films showed the slowest. When test with two-way ANOVA, statistical

out. The drug penetration

significant differences were observed (p < 0.05) except between the penetration from
Formulas E15 1:1 and HPC 1:1.

As shown in Figures 79 and 80, the penetration-time profiles of the
HPMC E4M mucoadhesive films of different drug loading at the same drug to

polymer ratio were observed. About 7.10 mg/cm® and 13.43 mg/cm? of the drug were
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penetrated through dialysis membrane within 60 minutes from the Formula E4M 1:0.5
and E4M 2:1, respectively. Figure 80 revealed that Formula E4M 2:1 displayed
slower release and penetration through dialysis membrane than E4M 1:0.5 in term of

percentage of cumulative amount.

The release of lidocaine HCl mucoadhesive films without dialysis
membrane is shown in Figure 81. Statistically significant difference was observed by

two-way ANOVA (p < 0.05) that e-time profiles of the drug from chitosan

films were significant different\\__‘ ith other formulas. The influence of

various grades of HPM ifference in release of the drug

when tested with two-wa ; s showed higher drug release
profile than films of HPMC 1 \ fore, - igher drug release profile was

oy

constants of the penetration

kinetic models of lidoc U dialysi e are summarized in Tables

LTI

behavior typical Ot:ﬁ homogeneous mat w-f’"‘ij*';" When treated with power law
L 8 "

equation to all fo (i et \i e observed (0.5 <n <1).

When treﬂd with Weibull model to all for'ﬂ.llas, the highest coefficients

RINNINUNIINGINY
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Figure 71 Effect of drug concentration on penetration of lidocaine HCI from HPMC
E15 films through dialysis membrane (n=3)
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lidocaine HCI from HPMC

Figure 73 Effect of drug concentration on penetration of lidocaine HCl from HPC

films through dialysis membrane (n=3)
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Cumulative amount
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Figure 74 Effect of drug hdocame HCI from chitosan

films throug
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Figure 75 Effect of various ratio of polymer on penetration of lidocaine HCI from
combination of HPMC E15 and HPC films through dialysis membrane

(n=3)
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Figure 77 Effect of various polymer on penetration of lidocaine HCI through dialysis

membrane at drug to polymer ratio of 1:0.67 (n=3)
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Figure 79 Effect of various drug loading in HPMC E4M mucoadhesive films on

penetration of lidocaine HCI (n=3)
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Figure 81 The release-time profiles of lidocaine HCI (without dialysis membrane)
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Table 14 The coefficients of deternination, kinetic constants and diffusion exponent

of lidocaine HCI penetrated through dialysis membrane from

mucoadhesive films

) Higuchi Weibull
Zero order First order
Formula model model
R’ k R R? k R? k
saturated i
_ 0.9989 | 718.33 0.9.932% ﬁ/ 0.9885 | 6799.3 | 0.9997 | 1.0490
solution 1 \ g
El151:1 0.9380 | 023141 0.9848 ‘hos 9886 | 2.1384 | 0.9977 | 0.8016
H—_ o ————
EI151:0.67 | 0.9315 )750 0.6282 09844 | 2.1465 | 0.9937 | 0.8396
1 Ly M-h""-.._
E151:0.5 0.9613 170.2 /}(9 0.6431 | 09965 | 2.1009 | 0.9992 | 0.8401
E4M 1:1 0.9568 17022214 0. '53)56%6 0.9955 | 2.0397 | 0.9962 | 0.8421
E4M 1:0.67 | 0.9579 470.2i74 .%93? ‘-9.9961‘?{1.9956 0.9998 | 0.7773
L .Y
E4AM 1:0.5 | 0.9499 | 0.23 0.9917 1 0 0.§93i‘ 2.1309 | 0.9996 | 0.8000
E4AM 2:1 0.9631 | 04514 | 0.9862 | 0?91 42140 | 0.9976 | 0.8996
J‘;‘A_}I_ ey
HPC 1:1 0.9528 | 0.2473 [“0.9880 0.9935 | 23168 | 0.9997 | 0.8670
HPC 1:0.67 0.9505¥0.2456 1-0.9882 70%'!" | 019928 123027 | 0.9999 | 0.8404
’ - o |
HPC 1:0.5 0.9583 170 1 24202 | 0.9994 | 0.8895
CS 1:1 0.9776 | 0.1726 0.9990 | 1.7707 | 0.9991 | 0.9230
CS 1:0.67 0.9747 | 04796 | 0.9906 | 0.7268 %9?2_9‘ 18451 0.9956 | 0.9030
CS 1:0.5 ; 9 01 42 | 0.9974 1|9do 0.9991 | 0.9162
qJ
EISHPC 1:3 | 0.9502 | 0.2274 w0.988'6 0.6084 |49:992 f }%244 &.si987 0.8187
Al l.La CEala€al N4
ElSHPC“%:s o.iﬁ 0.2355 § 0:99419M0.6210 || 6.9983 [-2.1941 | 0:9999 | 0.8377
EISHPC 3:3 | 0.9155 | 0.2296 | 0.9722 | 0.5858 | 0.9759 | 2.1744 | 0.9933 | 0.8138
EISHPC 3:2 | 0.9422 | 0.5390 | 0.9858 | 0.6355 | 0.9904 | 2.2060 | 0.9980 | 0.8463
EISHPC 3:1 | 0.9356 | 0.2331 | 0.9856 | 0.6047 | 0.9866 | 2.1548 | 0.9976 | 0.8119

calculate from time range of 5-45 minutes

R? was coefficient of determination and k was correlation constant.
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Table 14 The coefficients of determination, kinetic constants and diffusion exponent
of lidocaine HCI penetrated through dialysis membrane from

mucoadhesive films (Cont.)

— : Power law expression model
R n k
saturated solution 0.9988 0.9934 0.9934
E15 11 0.0731
E15 1:0.67 0.0545
E151:0.5 0.0527
E4M 1:1 0.0514
E4M 1:0.67 0.0677
E4M 1:0.5 0.0718
E4M 2:1 0.0315
HPC 1:1 0.0629
HPC 1:0.67 0.0744
HPC 1:0.5 0.0679
CS1:1 0.0271
CS 1:0.67 0.0333
CS 1:0.5 0.0312
EISHPC 1:3 ¢ .0.9961 o 0.6961 0.0622
E15HPC 2: 0.9985° 0 0.0627
EISHPC 33 © 0.9949¢ 07110 @ 00670
E1SHRC U1 Tobsss o V1 1 dlesa o0 Cloosis
ElSHﬁC 351 0.0691
Calculate from O/Q.< 0.6

R? was coefficient of determination, k was correlation constant, and » was diffusion

exponent.
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