CHAPTER III

EXPERMENTAL

Materials

1. Lidocaine hydrochloride: Bat R3 44/00784. Supplement from The

Government Pharmaceutical Organiza Bangkok, Thailand.

2. Sodium carboxymethylce!lulos: | é—‘ No. E3103/294. Distributed
by Srichan United Dispensary, Thai

3. Hydroxypropyl me ' ' 1°E4M premium): Batch
No. MM94040112 i ed: H tion Co., Ltd., Bangkok,
Thailand A :

b \ e ocel®E15): Batch No.
MM110921E. Dis R na Production Co.; Ltd., Bangkok, Thailand.

5. Hydroxypropyl cellulos :Ba . CE21h . Nippon Soda, Japan.

6. Chitosan (85% deacety tlﬂm-i tributed by Seafresh Chitosan

9. Menthol: Batch I\E 1010715. cd by S@hand United Dispensary,
Thailand.

10. Ethanol 9ﬂ %ﬁx@dﬂ E} w @ weﬁjpf}ﬁﬁmcal Organization,

Bangkok, Thailand.
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12. Dx-sodlum hydrogen phosphate anhydrous: Batch No. 1E708110F. Carlo Erba
Reagenti, Italy.

13. Sodium hydroxide pellets: Batch No. 7708MVKK. Mallinckrodt Baker,
Maxico.

14. Glacial acetic acid: Batch No. 428580717. BDH Laboratory Supplies,
England.

15. Methylparaben: Batch No. 406565/1 21600. Fluka, Switzerland.
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16. Potassium chloride: Batch no. TA915536 124. Merck, Germany.

17. Potassium nitrate: Batch no. A264163 117. Merck, Germany.

18. Magnesium nitrate: Batch no. A325253 132. Merck, Geramany.

19. Sodium chloride: Batch no. K2367963 705. BDH Laboratory Supplied,
England.

20. Acetonitrile HPLC grade: Batch No. 01070042. Labscan Asia, Co. Ltd.,

Thailand.
21. Methanol HPLC grade: Ba ’/) 70114. Labscan Asia, Co. Ltd.,
Thailand. /

22. Ultrapure Water equi
23. Standard buffer sol

filtgr system (Balson®, Balson Inc., USA),

All chemical Cal, 0 grades and were used as
received. : |
Equipments
1. Analytical balance: Satori us Co., Ltd., Germany
2. Magnetic stirrer: Heidolphs mode! M
3. pH meter: Bec A 7 :
4. Micropipet: Pip _
5. Sonicator: Ultrasou 900, Elma, &rmany.
6. Diffusion cells: Modified from Franz’s@iffusion cell.
. Wt B, i TS e £ 17]9
8. High-perfor'runance liquid chromatography (HPLC) instrument equipped with

»RRHA AN IUNNNINETRNE .

- Liquid chromatograph pump: LC-10AD, Shimadzu, Japan.

- UV-VIS detector: SPD-10A, Shimadzu, Japan.

- Recorder: C-R6A chromatopac, Shimadzu, Japan.

- Microsyring 100 pl: SGE, Australia.

- C-18 column, 250 x 4.6 mm, 5 um: Hypersil® BDS, England.
9. Tensile tester, Instron 5565. Instron Corp., England.
10. Ball mill
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11. Hot air oven: Memmert type BM600, GmbH, Germany.

12. Micrometer: Teclock Co., Japan.

13. Differential scanning calorimeter: NETZCH DSC 200, NETZSCH-Geratebau,
GmbH, Germany.

14. Scanning-electron microscope: JSM-5410LV, Jeol, Japan.

15. X-ray diffractometer: Model JDX-8030, Jeol, Japan.

16. Fourier transform infrared spectrometer: Model 1760X, Perkin Elmer, USA.

del Flowsorb 230FC, Micromeritics

17. Surface area determination €

Glassware and Mi

1. Dialysis membrangy ze 12,00 . ot No. 28H0141, Sigma,
Germany. et NN
0.45 pm membrane fi
Beaker: Pyrex, USA.
Cylinder: Pyrex, USA.
Test tube: Pyrex, USA."
Transfer pipette: HBG, Germany: '
Volumetric flasks ' HBG, Germans v

Disposable syri V

2 0 Nl oE W R

Filter device: Swinaex, Millipore, USA.
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Methods

1. Preparation of Lidocaine Hydrochloride Mucoadhesive Films

Mucoadhesive films containing 20 mg of lidocaine hydrochloride per

2

2.5 cm” were prepared. The compositions of the formulas are indicated in Tables

1-6. The procedures for preparing mucoadhesive films were as follows:

U/ ill and passed through a 80-mesh
gradually dispersed in half of

Chitosan was pulv i

screen. Required quantxty

e
required volume of water
solution was dissolved i A

dispersion. The plastici

iving 3% w/w acid in final

RC- H and CMC 1.5%w/w

led water. All polymeric

weight with water.
solution were prepared

solutions were stirred J ht in order that the polymer

would completely hydrat v ; I_.J ution was filtered through a
gauze cloth in order to re Jcsx . r before used. Then lidocaine
hydrochloride, citric acid and,mﬁ Y oholic solution of menthol were
added into the polym?&xc solutions. The sol é: red on glass plate (9.7
cm in diameter) an to stand s were removed. The

films were dried for ahours or weighﬂﬁn a hot air oven at 55°C.
The dried films were stofedsin desiccator until the time of analysis.

The qylé oElJt@ lmcgnﬂ?mucoﬂheswe f?ms are presented in
e AR A DTN e
E4M, H re the'nu 1:1, 1:0.67

and 1:0. 5 or 2:1, described the drug content in the term of weight ratio of drug and
polymer. Combinations of HPMC E15 and HPC were coded as EISHPC and the
numbers following this code were the ratio of HPMC and HPC. For the

combination films, drug to polymer ratio was fixed of 1:1.
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Table 2 The formulations of lidocaine hydrochloride mucoadhesive films using CMC

as mucoadhesive polymer

Formulation code
Substance
CMC 1:1 CMC 1:0.67 CMC 1:0.5 CMC0.5:1
(g/plate) (g/plate) (g/plate) (g/plate)
Lidocaine HCI 0.6 0.6 0.6 0.3
NaCMC
(1.5% w/w in water) + 2 A

Table 3 The formulatio ‘o)-""o- hydrochloride mucoadhesive films using

HPMC E15 as

/7//&\\\ s

Substan
usce / M E15 1:0.5
& (g/plate)
Lidocaine HCI I \ 0.6
HPMCEILS - 0
(1.5% w/w in water)
Citric acid 0T 0.18
Menthol 'ué R 036
(50% w/w in ethanol) /4 — .

Table 4 The formulatwrg.of lidocaine hydrochloride mucoadhesive films using

HPﬂ%%%@WWBWﬂ?

Forunlatlon code

Q) an\ ¢ ' | |E [| E4aM2:1
Y (g/plate) (g/plate) (g/plate) (g/plate)
Lidocaine HCI 0.6 0.6 0.6 0.12
HPMC E4M
(1.5% w/w in water) 50 bl a4 9
Citric acid 0.18 0.18 0.18 0.36
Menthol
(S0 wiv in ethanol) 0.36 0.36 0.36 0.72




chitosan as mucoadhesive polymer
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Table 5 The formulations of lidocaine hydrochloride mucoadhesive films using

Substance

Formulation code

Table 6 The formulati

1 _cajﬁgk &

: PaLL
as mucoadhesive pol S

CS 1:1 CS 1:0.67 CS 1:0.5
(g/plate) (g/plate) (g/plate)
Lidocaine HCI 0.6 0.6 0.6
Chitosan 4
(1% w/w in water) 49 )
PEG400 .08 0.06
Citric acid 0.9
Menthol
(50% w/w in ethanol N > Hidt
=
NE

oadhesive films using HPC

i fa'.‘,.'..if". ation code
Substance VA 1:0,67 HPC 1:0.5
] (g/plate)
Lidocaine HCI b
(1.5% }3\5 15 ater) [ 40 200 ?
Citric ar 1 -‘s UAE

jﬁ"ﬂ 0.36
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Table 7 The formulations of lidocaine hydrochloride mucoadhesive films using

mixture of HPMC E15 and HPC-H as mucoadhesive polymers with drug to

polymer ratio of 1:1

Formulation code
Substance E1SHPC | EI15HPC | E15HPC | E15HPC E15HPC
1:3 2:3 33 3:2 3:1
(g/plate) | (g/plate) | (g/plate) | (g/plate) | (g/plate)
Lidocaine HCI 0.6 | 0.6 0.6 0.6
HPMC E15 ‘
(1.5% w/w in water) L 4 4t 30
HPC-H . ,
(1.5% w/w in water) /i 2{{ | e W
Citric acid 0 = 0.18 0.18
Menthol
(50% w/w in ethanol) ‘ 2 (= G5 fhak
J.’j‘f ;q
BEEL

2. In vitro Evaldation of the Mucoadhe ve Films

o "3 -
Il

2.1 Physical characteristics o
.y

Tran g.__..;__;.__..;-___:_...:_..:.:__r,, :
detachment from gleifﬂ i

LANIANENINENS
Y G Gl 1 ek i

at five locations. The mean and the standard deviation of thickness were

coadhesive films

rved. Ease to peel off
~and stickiness were also
(]

calculated.

2.3 Content uniformity determination

The content uniformity of lidocaine HCI in the bioadhesive films
was quantitatively determined by mean of absorption peak area ratio by HPLC

method. The standard USP method was followed:
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For analysis purpose, the film was cut into ten small rectangular
‘pieces (1 x 2.5 cm) with an accurate weight. Each piece was determined to
contain 20 mg of lidocaine HCl. They are individually tested for their content
uniformity. Each piece was analyzed by dissolving in 100 ml of water in 100-ml
volumetric flask and shaken at room temperature until the film was completely
dissolved in water. The obtained solution was taken to measure the absorbance by
HPLC. The percentage of active drug within the test films was calculated from the

calibration curve.

sed was adapted from

Column i), 5 i {UTC)
Detector
Flow rate , . R 1Ef
Attenuation

Chart speed

Injection volume

Internal standard “methyl paraben 10 pg/ml

Mobile phase ﬂ u ﬁ‘ﬁﬁ EJYI%’M ﬁvlth 930 ml of water,
dj m with IN sodium

roxide. 8 volume ofethis solution Was mixed with 3

ARR STV I AR Y T

freshly and filtered through a 0.45 pm membrane filter then

degassed by sonication for 30 min prior to use.

2.4.2 Validation of HPLC method

The analytical parameter used for the assay validation were

specificity, accuracy, precision and linearity (USP24/NF19, 1999).



31

a) Specificity

Under the chromatographic condition uéed, the peak of
lidocaine HCI had to be completely separated from and not be interfered by the
peak of other components in the sample. Phosphate buffer and non-active
ingredients, including HPMC E15, HPMC E4M, HPC-H, chitosan, menthol and
citric acid were injected. Chromatograms were evaluated by comparing with the

standard solution of lidocaine HCI.

b) A

THTEESGis of andidSouton
 of Stan ons of lidocaine HCI having
concentrations of 5-2 prepared and injected. The percentage of the

analytical recovery of eag

s determined by analyzing
three sets of five standard Solu ; ons of lidocaine | in the same day. Peak area
ratios of lidocaine HCI to ,W ;p a

"(%Q.V’) of each ¢ eie. determined.

@ The between run precision was determined by comparing

each concenuﬂ uﬂd’(ﬂ %q &kﬂ@ w ﬂﬂnﬂhﬁ were prepared and

injected on dl&rent days. The percentage cgfﬁcxent of va&}tlon (%CV) of

i@ TGN B N PO o o

standard’solutions having the same concentration were determined.

n . were compared and percentage
¥ e

coefficient of varia

d) Linearity

Lidocaine HCI standard solutions ranging from 5 to 25 p
g/ml were prepared and analyzed. Linear regression analysis of peak area ratios

versus their concentrations was performed.
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2.4.3 System suitability

System suitability tests were used to verify that the
resolution and reproducibility of the chromatographic system were adequate for

analysis to be done.

a) Resolution

The resoluti

was specified to ensure that li

The resolution, R, was dete

as a function of column efficiency and
T%esolved from methyl paraben.

In which t; and t; were HCl and methyl paraben,

respectively. W, an “at the base of the peaks

obtained by extrapolati ively's _' ight .\ he peak to the baseline.

injected standard solutic

v‘ >

s

m < . (2)
in which Wy \ﬂ u Hd? weEJ M§ mﬁlﬁ ﬁthyl paraben at 5%

height, f was the distance from the peak maximum,to the leadinggedge of the peak,
PARTGRAREE E VR AT e
B p

2.4.4 Calibration curve of lidocaine hydrochloride

a) Stock solutions

A stock solution of internal standard was prepared by
transferring about 20 mg of methyl paraben, accurately weighed, to a 100-ml

volumetric flask. Deionized water was used to adjust to volume. Then 1 ml of
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this solution was pipetted and transferred into 100-ml volumetric flask then

adjusted to volume with deionized water.

A stock solution of lidocaine HCl was prepared by
transferring about 50 mg of lidocaine HCI, accurately weighed, to a 100-ml
volumetric flask. Deionized water was used to adjust to volume. Then 10 ml of

this solution was pipetted and transferred into 100-ml volumetric flask. Deionized

water was used to adjust to volume. ’
b) S@Iy& ibration curve
2 =
a soluti ocaine HCI (5, 10, 15, 20 and
25 pg/ml) containing '

were prepared from stock

oy diluted and adjusted to

scanning electron microsc pe’%‘%gs- ples Wwere attached to the slab surfaces
with double-sided adhesive -té.geﬁ%hd} hen coated with gold to a thickness of

electron photomicrog j ,v > take nagnifications.

A
N8 e TR
e specific surface area and the total pore volume of the films
. €. ; :
i T AL el eed, VTR &L, o v o7
equipme qt. he a 1l t'into pi (about 0.2 x 0.7
mm). Then they were kept in desiccator for 1 weak in order to remove the residual

moisture prior determined. The specific surface area was calculated automatically.

2.7 The physicochemical characterization

Infrared spectrometry, X-ray diffractometry and differential

thermal analysis were used to characterize the substances in the films.
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2.7.1 Infrared spectrometry

Fourier transform infrared spectrophotometry (FT-IR) was
to study the change in the functional groups of the polymers, drug and the

mucoadhesive films.

Infrared spectra were examined by using a Fourier transform

infrared spectrometer. The obtained films were examined by using KBr disc. The

f whlch were taken from initial
mgxth -—...__-LF acid using KBr disc.

sample disc was determined by F meter in the wavenumbers 400-4000

cm’’. These spectra were co

powder of lidocaine HCl

2.7.2 P

used to determine the

diffraction angles of s _Shoy S . and interplannar spacing

The X%ﬁﬁr

ams from the films and the initial
s

powder of hdocalnp;ﬁICl polymers, memgl‘

diffraction methods with nickle-filterex fion' of Jeol diffractometer
and 6@6 at 1.50" per second.

AU N 1)

Differential sganmng calonmetry was used to determine the

QA6 G BRI IR e e

betweenfthe original substances and their products were evaluated. This method

d were examined by the

operated in the ©-20 &nning mode

was used to study interaction between components after preparation.

About 2 mg of original powder or 5 mg of products of each
sample were accurately weighed into the DSC pan. Then it was crimped with the
sealed pan and was placed in the equipment beside the reference pan made by the

same method except without powder. The thermal runs were controlled at a
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heating rate of 10°C per minute and in the range of 30°C to 200°C, sensitivity £ 50

pv and chart speed 10 mm/min in static air atmosphere.

2.8 Tensile properties

The ultimate tensile strength, modulus of elasticity (Young’s
modulus) and percentage of strain at point of break were examined by using an

universal tensile testing machine (Instron 5565, Instron Crop.) equipped with 10N

tension load cell under ASTM [ﬁ -88. The relative humidity of the
laboratory for testing was_ % an re was 254+2°C. The data of

The fi into small 5 rips (2 x 80 mm) by using
a standard knife. T s

oom humidity for 1 hour

before tested. The t an value of five separate

measurements taken al sing micrometer. Then the

strips were carefully cla y neumatic flat-faced grip and
P L

were extended by the test chlm*_*'at p -f-u-~ -5.0 mm/min until it was ruptured.

The tensile sitgésfyas (Qf otte

stress-strain curve, and ultimsa : strength as v well as elongation at break was
and standard dev

determinations. Stat‘| cal analyses were performed

d against the percent strain to give

were obtained from six-

ng two-way ANOVA and

reported. The mea

differences Wﬁ considéredat a level of

TINTENYNS

oisture sorption and swelling property

q ma»ammuwn NYINE

The mucoadhaesive films were cut into 1 x 2.5 cm small
strip. The strips were determined the original dry weight (W,) at room
temperature (about 25°C) by keeping them in the desiccator which filled with
silica gel for 24 hours. Then they were placed inside a desiccator containing
saturated solutions of magnesium nitrate (53%RH), sodium chloride (75%RH),
potassium chloride (84%RH), and potassium nitrate (94%RH) and stored at 25°C
(Umprayn and Mendes, 1987). At appropriate time intervals (1, 3, 5, and 7 days),
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the films were taken out, and weigh immediately (W;). The percentages of

moisture sorption of the films were calculated by the following equation.

% moisture sorption = W;—-Wyx100%  ......... 3)
Wy

where W, is the original dry weight of the strip films, W, is the weight of the

strip films at time t. The measurement was made in triplicate.

2.9.2 Swellin

Tw mut into 1 x 2.5 cm small
strips. The strips were det ] : hickn ss at room temperature (about
25°C) by keeping them i ‘ ith silica gel for 24 hours

containing saturated i ' sodium hloride (75%RH), potassium chloride

(84%RH), and potassium ni M GRH) and ‘stored at 25°C. At an appropriate

where Vo is tﬂ %ﬁialm Eﬁq {W:&l h| ﬂﬁg volume of the strip

films at time t. q!lhe measurement was made in tri al'lcate

ARIANNIUUNIINYIRS

% 2.10 Mucoadhsive property

The adhesive forces of the mucoadhesive films in contact between
aluminium flat surfaces were determined using Instron tensile tester equipped with
computer integrated data acquisition system. The relative humidity of the
laboratory for testing was about 55% and temperature was 25+2°C. The films
were cut into small pieces (1 x 2.5 cm). Each piece of sample was placed on the

surface of aluminium stationary platform then moistened with 200 pl of phosphate
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buffer pH 6.8 and left its swell for 2 min. The moving part, which was aluminium,
was then brought in contact with the film. Adhesion of films to substrate was
brought on after the application of constant force of 2 g. After a pre-set time (2
mim) of contact, the crosshead was raised at a constant speed (20 mm/min) and the
force required for detachment between the sample and the aluminium was
recorded. The data were analyzed using Series IX software (Instron corp.) and
were reported as the maximum force required for detachment per cross sectional

area. Experiments were run in (f: 1 Statistical analysis were performed
er

using single factor ANOVA ani_dxff n51dered at a level of p<0.05.

.‘#

4
se and penetration from mucoadhesive films

were determined usi
diameter of each cell
area of 2.27 cm’. Th
phosphate buffer as pene

The muco dhééwé-"f’ lm‘@am ed between the donor and the
receptor compartments with d&ajyji_s*m?mmbr penetration study (Senel et al.,
2000) or without dlfi}sxs membrane for gase of drug penetration
through dialysis m ane, the mucoadhes: laced directly onto the

dialysis membrane. "J*he dialysis membranes were é'nktreated by immersing in

deionized wat zﬂ erature for ta en rinsing with 80°C of
deionized watﬁ ﬁ lﬁl%dgl] ﬂlﬁfﬁ%ﬂﬁﬁiluble contaminates.
After that, they were soaked in phosphate buffer pH 6.8 until mused. A small
o, b N3 T 9 ) 9 B opmment
rotated at 750 rpm. The diffusion cell (capacify 14 ml) was filled with phosphate
buffer solution pH 6.8 until it reached to the top level of the receiver chamber on
which the dialysis membrane or mucoadhesive film was placed, leaving no air
bubbles in the chamber. The temperature of the assembled diffusion cell was
maintained at 3741 C by the means of a circulating water jacket connected to a
constant temperature water bath. A portion of the receiver medium (10 ml each)

was withdrawn through the 0.8 pm membrane filter at predetermined time interval.
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The same volume of the solution withdrawn was returned to the chamber at each
withdrawal. The amount of drug released or penetrated was assayed by the HPLC

method. The triplicate determinations of each of sample were measured.

Saturated solution of lidocaine HCl was determined for drug
penetration through dialysis membrane in order to compare drug penetration

profiles of solution and mucoadhesive films.

Figure 25 j:;ﬁﬂgjﬁ %ﬁ;ﬁ%ﬂr wlﬂﬁr‘\ﬂnﬁase and penetration
RINNTUUNINEIAY
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