CHAPTER III
EXPERIMENTAL

Materials

10.
11.
12,
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.
23.

Lidocaine base : batch No. 101K0120. Sigma, Germany.

Lidocaine hydrochloride : Batch No. 1.1600185. Chemie Meiendors, Germany.
Hydroxypropyl methylcellulo cps. (Methocel®E15): Batch No.
NCO06013T01. Rama Pro! ‘ ailand.

11, Nippon Soda, Japan.
afresh Chitosan Co., Ltd,

fresh Chitosan Co., Ltd.,

a Chem., Thailand.

2. Dow Chemical, USA.
' 1 11 Co.,Ltd. Singapore.
.Hua & Co.,Ltd. Thailand.
Dicalcium pho phate- ""ﬂ-’ 4 0.Ltd., Thailand.
Calcium carbofiake ~tot—No- 21052 i '7d.

Potassium chlon ot. "Mergk, Germany.

Potassium nitrate : %ot No. A264136 117. Merck, Germany.

‘;::::."flmmmmﬁm s
TR NINARIINEAE

Glacial acetic acid : Batch No. K18049863. Merck, Germany.
Methylparaben : Batch No. 406565/1 216000. Fluka, Switzerland.
Sodium chloride : Batch No. F2C273, BDH Laboratory Supplied, England.
Citric acid : Batch No 0086978, Fisher Scientific, England.

Acetonitrile HPLC grade : Batch No. 03010054. Labscan Co.,Ltd. Ireland.
Methanol HPLC grade : Batch No. 03041123. Labscan Co.,Ltd. Ireland.
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24.  Ultrapure Water equipped with filter system (Balson® Balson Inc., USA).

25. Standard buffer solution : Beckman, USA.
All chemical were of analytical grades or pharmaceutical grades and were used

as received.

Equipment

1. Analytical balance : Satorius ' atorius Co.,Ltd., Germany.

2. Magnetic stirrer : Heidol

3. pH meter : Thermo G

4.  Sonicator : ELMA Trta igitals, 30 H, Germany

5.  Diffusion cells :

6.  Hot plate stirrer 4

7.  High-performance ent equipped with the
following iy

10.
11.
¥4

13.
14.
15.

- UV-VIS dete I 1“
- Recorder : C-R6 3

, Japan.
Shimadzu, Japan.

- C-18 ¢Olumi 6 mt | England.
Tensile tester : ‘1-_-—7 X

Ball mill : MSHEID d. |

Hot air oven : Memmniest,type BM600, German

ot WETQ WIS NEINNT

Dlﬂ'erentlalqﬂcanmng calonmeteg NETZCH DSC 200, NE"%SCH—Geratebau,

RARIANNIEM UNINYIA

cafining-electron microscope : JSM-5410LV, Jeol, Japan.
X-ray diffractometer : model JDX-8030, Joel, Japan.
Fourier transform infrared spectrometer : Model 1760X, Perkin Elmer, USA.
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Glassware and Miscellaneous

1.  Dialysis membrane : cut off size 12,000-14,000. Lot No. 28H0141, Sigma,

Germany.

0.45 pm membrane filter : Waters, USA.

Beaker : Pyrex, USA.

Cylinder : Pyrex, USA.

Test tube : Pyrex, USA.

Transfer pipette, Germany ' /y
Volumetric flask, Germany. /
Disposable syringe e Thailénd. d
Filter device : Swinr lbore .
Aluminium foil : 'l/ / / “~

Parafilm : AmeriCan IN@ / g

LB I A N

—
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Methods

A. Preparation

1. Lidocaing it
fy:t \ ‘

Mucosdhesive patches contaming 45 mg @lidocaine per 2 cm’ were
prepared. The compositiens,of formulas are indicated in Tables 2-3. The procedures

for the preparﬂ u,ﬂ@hﬂvﬂ % @W %}f}(ﬂ \‘vﬁug
qua ‘q‘ﬂwaﬂ% ﬁﬁ}%ﬁ]ﬂ:ﬂ\ E*re individudlly

preparediby dissolving the polymer in distilled water. The polymeric solutions were
stirred at room temperature overnight in order for complete hydration and swelling.
Chitosan was pulverized in a ball mill and passed through 80 mesh screen. Required
quantity of chitosan (5% w/w) was gradually dispersed in half of required volume of
water. The amount of citric acid giving 3% w/w acid in final solution was dissolved in

another part of water and then added into previous dispersion. The polymer solution



was adjusted to weight with water. Then lidocaine was added into the polymeric

solutions. The solutions were poured on glass plate (9.0 cm in diameter) and left to

stand until the trapped bubbles were removed. The patches were dried for 12 houss or

until constant weight in a hot air oven at 45°C. The dried films were stored in

desiccator until the time for analysis.

The lidocaine mucoadhesive films were prepared by using ratio of drug :

polymer as 2:0.5, 2:1 and 2:2.

The physical chara
stickiness and ease to peel
would be chosen for furth

arency, glossiness, flexibility,

ass'plate-were-observed. The satisfied formulas
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Table 2 The formulations of lidocainé ba:
Substance b :

® 1 2 3 5 e 7 9 |10 | 11| 12| 13| 14|15
Lidocaine base 20 | 20 | 20 |20 "’ J; 20 |20 202020207 2¢
HPMC E15 (E15g) 05 [ 10 [ 20 -

HPC-H (HPCg) 5 ’é 7
Chitosan 50,000 (CS;z) 7 bR 20
Chitosan 100,000 (CS,z) o = 05 | 10 | 20
Carbopol 934P (CBg) e 3 05 | 10 | 2«
Purified water gs. 30.0 | 30.0 3” 30.0 30.0 {300 | 30.0 | 30.0 | 30.0 | 30.0 | 30.0 | 30.
Table 3 The formulations oﬂounﬂl’}n%ﬂl% @Wﬁ ’] ﬂ ﬁ

Formulation (g) Y,

@ a W’T {MM"}WW 2] B[]
Lidocaine HCI %2.0 20120202020 20 20 2072012070201 201 20 | 2«
HPMC E15 (E15;) 05 | 10 | 20
HPC-H (HPCy) 05 | 10 | 20
Chitosan 50,000 (CS,;) 05 | 1.0 | 20
Chitosan 100,000 (CS.u) 05 | 10 | 20
Carbopol 934P (CBy) 0.5 1.0 | 2«
Purified water gs. 30.0 | 30.0 | 30.0 | 30.0 | 30.0 | 30.0 | 300 | 300 | 30.0 | 30.0 [ 30.0 | 30.0 | 30.0 | 30.0 | 30.
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2.  Preparation of backing

The solvent-based free films were prepared by casting method as
previously described. Briefly, ethyl cellulose (EC) as film-forming polymer and
triacetin as plasticizer were dissloved in 95% ethanol, forming 1-3% (w/v) solution of
EC. Triacetin was added in ratio of 0-3% (w/v) solution. The solution of about 10 ml

was cast on glass plates and dried at 45°C for 6 hours.

Table 4 The formulations of backing usi se as polymer
Substances - : ulations
B1 B 7 B7 | B8 | B9 | B10 | Bl1 | B12
Ethyl cellulose (2) ) 2 | 313133
Triacetin (g) 3 0 1 2 3
Ethanol gs. (ml) 1 100 | 100 | 100 | 100 | 100

B = formulation of backi

The physi

stickiness and ease to peel o

would be chosen for further dey

5. Backing with drug H ee film would be determined

l1rrace

ing with inorganic substances which
pydroxide, dicalcium phosphate, and
pour the drug free film

julations are shown in table

; term of detachment force

—\ ﬁ’?ﬂ‘iﬁﬁ%’ﬂ‘?ﬁﬁ g
s R RAAIAIDLNA T NEAL L

substance in 0.1-0.4 g per 100 ml of the selected backing solution.

Inorganic substances

Amount of inorganic substances

(g/100 ml of the selected backing solution)

Aluminium hydroxide 0.1 0.2 0.3 04
Dicalcium phosphate 0.1 0.2 03 0.4
Calcium carbonate 0.1 0.2 0.3 04
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3.  Preparation of lidocaine patches

After the preparation of the backing, lidocaine film from the selected matrix
film was prepared, put on the backing and dried at 45°C for 12 hours in order to make
as layer. Then using carbopol 934P 1%, 2% and 3% w/v and pour from 4 ml to 10 ml

on the matrix film, dried at 45°C until constant weight and the dried patches were
evaluated.

B. Evaluation
—— : abkirie Were - 7-\. transparency, ease to peel

2. Thickness meas

The thic nesy Jneasured by a micrometer.

The samples were meast triplic as-easured at five locations

|

AU ININTNEINT
R IU U IEaY

as figure 10. The m

Figure 10 The measured positions of thickness of the films



41
3. In vitro evaluation of mucoadhesive patches

The satisfactory formulas of the patches were chosen and evaluated as follows

and compared with commercial product, Dentipatch®.

3.1 Tensile properties

The ultimate tensile strength, modulus of elasticity (Young’s modulus) and

procedure.

.00 x 80.00 mm) by using a

om humidity for 1 hours before

tested. The thickness of gac 25 the mean value of five separate measurements
taken along the length o shriip : s . ctometer. Then the strips were
carefully clamped by an upp - i atic flat-faced grip and were extended
by the test machine at speed of 5

auntil it was ruptured.
#‘/ﬂ“,} t

The tensile sffess was plotted again 't give stress-strain curve,
and ultimate tensile @we as 0 bree \% reported. The mean and

standard deviation of the y es obtained fro; nx—detenmnatlons

ﬂUEJ’J‘V]EJWﬁﬁWEJ’]ﬂ‘i

Adhesive property ¢

a;mmnmumnmaﬂ

Adhesive propert een backing

The adhesiveness of the films which had both layer of backing and drug free
film were measured by fixing the films between the aluminium flat surfaces on an
Instron tensile tester equipped with computer integrated data acquisition. The samples
were cut into small pieces (1.00 x 1.00 cm). The moving part was raised at a constant

speed (20mm/min) and the force required for detachment 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.

3.2.2. Mucoadhesive property of lidocaine patches

The patches were cut into small pieces (1.00 x 1.00 cm). Each piece of

sample was fixed with the backing side on the aluminium flat surfaces and placed the

, | with 100 pl of artificial saliva
pH 7.0 and left to swell«for n. Adfte me (2 min) of contact. the
- 2001 and the force required for
- detachment was recorded. BN yzed Using, eries IX software (Instron
corp.) and were repo ag3fthe’ makimurh 40 equired for detachment per cross

sectional area.
3.3 Content unifg

The content uniforrmii m, the mucoadhesive patches were
quantitatively determiflgd gan of sl c@, ratio by HPLC method.
The standard USP me\iad X
lj )

For analysis purp@sgsthe film was cuginto ten small pieces (l .00 x 2.00 cm).

s s 4 B DI G, s

their content uni mlty Each piece was analyzed lﬁdlssolvmg in h(y) ml of water in
o QAR B PGB YA R B s
completel ¥ 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.

42
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3.4 Analysis of lidocaine

3.4.1 HPLC chromatographic condition

The chromatographic condition used was adapted from USP24. Its
condition was presented as follows:
Column - Hypersil® C18 column (250 x 4.60 mm), Sum (UK)
Detector : UV detector was set at 254 nm

Flow rate

Attenuation

Chat speed

Injection vo

Internal stand

ml of ul r fond i as adjusted'to pH 3.4 with 1N sodium
hydroxide. 8 s ofiithis: on wash mixed with 3 volume of

ﬁarameter %used for the assay validation were

st o WAL DA TS
ARISRIUNRINY1AY

Under the chromatographic condition used, the peak of
lidocaine base and lidocaine HCI had to be completely separated from and be interfered
by the peak of other components in the sample. Phosphate buffer and non-active

ingredients, including HPMC E15, HPC-H, Chitosan, EC and carbopol 934P were



injected. Chromatograms were evaluated by comparing with the standard solution of

lidocaine base and lidocaine HCI.
b) Accuracy

Three sets of standard solutions of lidocaine base and lidocaine

HCI having concentrations of 100-300 pg/ml were prepared and injected. The

ihed by analyzing three sets

of five standard solutiongfof : 256 HCI in the same day. Peak
area ratios of lidocaine basgfand'lid - iternal standard were compared

and percentage coefficient of #ariagion 7ot gachi concentration were determined.

4
was de' ined by comparing each

concentration of lidocaing base and lidocaine HCI standard solutions that were

O L T A

(%CV) of lidocdihe base and lldocau‘p HCI to their mtemal standard peak arca ratios

o QR YRIRTOIHNAD A e

determined.
d) Linearity
Lidocaine base and lidocaine HCI standard solutions ranging

from 10 to 400 pg/ml were prepared and analyzed. Linear regression analysis of pcak

area ratios versus their concentrations was performed.



3.43 System suitability 5

a) Resolution
The resolution was a function of column efficiency and was

specified to ensure that lidocaine base and lidocaine HCI was resolved from methyl
paraben. The resolution, R was determined by the equation

In which t; and t, were ‘base or lidocaine HCI and

57 // é}\\ \ dmg widths at the base of

methly paraben, respe
peaks obtained by extrap

T ... 2]

y
i i o oS A BRI S B T e 11

paraben, at 5% hﬂght f was the distance from the &eak maximum ta’the leading edge

or e R FREFIT LN AGFHIPEY Yo om

baseline.



3.4.4 Calibration curve of lidocaine base and lidocaine HCI "6

a) Stock solution

The stock solution of internal standard was prepared by
transferring about 20 mg of methyl paraben, accurately weighed, to a 100-ml
volumetric flask. Ultrapure water was used to adjust to volume. Then 1 ml of this

solution was pipetted and transferred into 100-ml volumetric flask then adjusted to

'_ basﬂcmne HC1 were prepared by

transferring about 50 shed, to a 100-ml volumetric

flask. Deionized water was \ \

pipetted and transfe - sionized water was used to

volume with ultrapure water.
The stock solutions.a

n 10 ml of this solution was

adjusted volume.

docaine (100, 200,300, 400, and 500 p
g/ml) containing 1 [t °__ﬂ;ﬁ:7j7: paraben gpafed from stock solution of

lidocaine and methyligar o H e with ultrapure water.

3.5 The physicechemical characterization

ﬂﬂﬂlﬂﬂ8ﬂ§W87ﬂ§

mﬂys@%@% TV IRVEL Iy S

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

patches. Infrared spectra were examined by using a fourier transform infrared



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

sample disc was determined by FT-IR spectrometer within the wave numbers of 500-

4000 cm’.
3.5.2 Powder X-ray diffractometry

Powder X-ray diffractometry was used to determine the diffraction

angles of substances that showed cystz interplannar spacing of the crystal

planes. This mode was used tg st stalllmty of polymers and drug

—

after preparation whic ouid—explain Hsmchcmxcal properties of

mucoadhesive patches.

powder of lidocaine afid pg /./ / \;\\\

nickle-filtered CuKo rédiatié 2ol di : ote ated in the »-20 scanning

the patches and the initial

. the diffraction method with

N
4 v s

mode between 5° and 66
3.5.3 Differghtidl sé:

Differential Sc hing. calo ¥y was used to determine the
thermograms of polyie i A il thermal energy patterns
between the original :'.5"_.‘ : ‘H luated. This method was
used to study interacti betweer ca ofs after mm paration. About 2 mg of
original powder or 5 mg of psgducts of each gample were accurately welghed into the

e ST IR e, N

the reference pan hade by the same method exceptglthout powderJ he thermal runs

e QI IR TR R WAVRE PR or 3¢ o

200°C, sefisitivity + 50 pv and chart speed 10 mm/min in static air atmosphere.

a7
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3.6 Moisture sorption and swelling property

3.6.1 Moisture sorption study

The moisture sorption of mucoadhesive patches of 1.00 x 2.00 cm small
strip were determined. The original dry weight (Wo) of the strips at room temperature
(about 25°C) was obtained after keeping them for 24 hours in a desiccator which filled
with silica gel. Then they were placed inside desiccators containing saturated solutions
of magnesium nitrate (53%RH), so ide (75%RH), potassium chloride
(84%RH) and stored at 25°G.( m s, 1987). At appropriate time
intervals (1, 3, 5, and 7 days)rthe-patchef w BRIt nd weighed immediately
(W,). The percentages O istilie sc on es were calculated by the

following equation.

% moisture sorption v A ", » )\ %0 e 3]

where W, is the original dry weightof the sirip patches, W, is the weight of the strip

patches at time t. The measurement was riade i tiplicate.

The mucoadhesive patches were cut into 1.00 x 2.00 cm small strips.

The strips weﬂ durﬂna t%l g’%tﬁl%ﬂ;].\fx}giﬁcmmeter at room

temperature (aboq'l 25°C) by keepingthem in the d iccator whlch with silica gel
e S R U FHEIR el
desiccators containing saturated solutions of sodium chloride (75%RH), potassium
chloride (84%RH), and potassium nitrate (94%RH) and stored at 25°C. At appropriate
time intervals (1, 3, 5, and 7 day), the patches were taken out, and the size (wide and
length) and thickness of the patches was measured immediately and then the volume
(V) was calculated. The percentage of swelling was calculated by the following

equation.
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% swelling = Vi~ Vo) xYI000B ... ..cococciciissnsnn [4]
—

where V is the original volume of the strip films, V; is the volume of the strip films at

time t. The measurement was made in triplicate.

3.7 In vitro drug release and penetration from mucoadhesive patches

The release and pen efration mucoadhesive patchess were
1). The internal diameter of

meable surface area of 2.27

‘ \\ pH 6.8 phosphate buffer as

determined using modified
each cell was 1.70 cm, cori
cm’. The receptor comp

penetration medium.

The mucoadhesi as clam sed between the donor and the receptor
compartments with dialysi fa 6101 ation study (Senel et al., 2000) or

without dialysis membrane o) ' fudy. In case of drug penetration through

dialysis membrane, The mucoadh@siys “was_placed directly onto the dialysis
membrane. The dialysiSyn -mbranes were pretreats nrdersing in deionized water
at room temperature fesfovernight anc u-' Clof deionized water for 2

min in order to wash otﬂny water soluble contaminates. @ier that, they were soaked
in phosphate buffer pH 6.8 uatil used. A smallymagnetic stirring bar (4 x 7 mm) was

ssced in e 34 DAY ASH Y AT o aifsion o

(capacity 14 ml) \%s filled with phosphate buffer sol tion pH 6.8 unti t reached to the
RGP 3 AN s o
was placed, leaving no air bubbles i in the chamber. The temperature of the assembled
diffusion cell was maintained at 37+1°C by the means of circulating water jacket
connected to a constant temperature water bath. A portion of the receiver medium (10
ml each) was withdrawn through at predetermined time interval. The same volume of

the solution withdrawn was returned to the chamber at each withdrawal. The amount
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of drug released or penetrated was assayed by the HPLC method. The triplicate

determinations of each of sample were measured.

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

and mucoadhesive patches.

Dialysi
Buffer pH 6.8

water Jacket PR

Ceﬂ%ﬁ?ﬂﬁ*lh

QRASEA NI

Figure 11 Schematic diagram of the apparatus for the in vitro release and penetration
studies
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3.8 Stability of mucoadhesive patches

All patches were kept in aluminium foil and sealed with polypropylene tape in
order to prevent the patches from light and moisture as shown in figure 12.

Lidocaine patch

Polypropylene tape

Figure 12 Diagra

ine of the Thai FDA. The
as in table 6.

The stability of

suggested accelerated stug

ideline of the Thai FDA.

Table 6 The stability study @' ‘
The collected sample e Time Frequency to
temperature (°C) | ) T - collect the sample
LY, 1;;' ) (months)
45 1] : 4 | 0,1,2,3,4 or

o AUEINENINEINT ons

P AT AN B ot

patches were brought to determine the content by using HPLC method at 0, 1, 2, 3

and 4 months. After 4 months, all patches were also tested on an X-ray

diffractrometer.
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