CHAPTER V

DISCUSSION AND CONCLUSIONS

The purpose of this study was to prepare mucoadhesive film for oral mucosal

administration of lidocaine hydrochloride as a viable alternative dosage forms to
lidocaine hydrochloride injection ux rlf To avoid the toxicity of organic
solvents, CMC, HPMC EIQPMC E ' and chitosan were chosen as
mucoadhesive polymersmf se hers@hese polymers as vehicle for
1 51988 ki et al., 1995, Peh and Wong,

nvatxve polymers are linear molecules.

intraoral mucoadhesive fil
1999 and Senel et al., 2
the rough surface and possibly form

lymer chains and mucus chains.
rces of hydrated HPMC film at pH
hitosan is a cationic polymer.

hich have negative charge at

d to be effective mucoadhesive in

W ;rydrated state (Lehr et al.,

1990, and Patel et al% ]

The mucoadhesrl'e films were prepared by usm castmg method due to the
ease of prepar. rf ver, the duration to
prepare the ﬁl uﬂﬁ%ﬁ ﬁ WEFFJ ﬂul suggested that other
accessible apparatus particularly @ vacuum het-air oven may’ be taken into

i GeEkptd U1 INEUTRE

The physical appearance of the obtained mucoadhesive film formulations

physiological pH. Chitosan ha@en

et +
previous studies usuaﬂy when tesfeﬂ m’a

depended mainly on the nature of the raw materials, particularly their color and water
solubility. Chitosan is yellowish while the cellulose derivatives are almost white
powder, resulting in transparency of the film formulations. While increasing the
content of drug in chitosan films, the transparency was reduced due to the solubility
of the ingredient. As seen in the SEM photomicrographs of chitosan films, increasing

the ratios of drug and polymer increased the aggregate particles.
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Incorporation of the drug in CMC films yielded precipitated particles in the
films. Increasing the content of the drug in CMC films increased the precipitation.
DSC thermograms and X-ray diffractograms indicated that the drug was in the
crystalline form in the film. Due to the precipitation in lidocaine HC1 loaded CMC
films, those films were not further investigated. The precipitation was evident due to
the drug could not completely dispersed in CMC in amorphous or molecular

dispersion state.

The appropriate mucoadbe'bg\ﬁ\ H/ Eere the films with good adhesive

strength, uniform thlckness y air asy to detach from the petri dish

after drying with charact ﬂex1 1hty ot have any crack or fracture.

Both two grades of HPMC Wﬁﬂ%i’idc El5 films were easier

to detach from petri dish_ ghand Im ese results were in agreement
ad lower Young’s modulus and had
higher strain at point of mer ratio of 1:1 was the most

difficult to detach fro

tensile property study th odulus and tensile strength
indicating it was soft and ing the drug to polymer ratios
thickness. Combinati jn of HPM(f EIS 'ﬁn ?he films that were easier
to detach than HPC

-

I - “—,
The SEM phot;:icrographs of lidocaine HCI loaded films at drug to polymer

ratio of 1:1 sh ﬁ les. This indicated
that the drug w ﬁmm('tﬁ olecular dispersion
state, in the ﬁlms at this ratio ©f drug andepolymer. However, the SEM
photonggofkoh o1 Kis thighe dalio o ki B poivngA shidwwed that he
smoothnéss of surface and the cross-section texture were decreased especially in
chitosan films due to the precipitation or aggregation of particles. The concentration
of chitosan in citric acid solution was prepared to be almost saturated solution. Thus,
during the solvent evaporation process, sufficient quality of water was evaporated, the
polymer became insoluble. Therefore, the transparency of the films was reduced and
had precipitation or aggregation of particles. To confirm that the rough textures were

caused by precipitation or aggregation of polymer molecules, the DSC thermograms
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of the films with drug to polymer ratio of 1:0.5 were performed. There was no
melting endothermic peak, indicating that the drug was present as an amorphous form
or molecular dispersed in polymeric films. The aggregated particles as seen in SEM
photomicrographs were likely to be the aggregation of amorphous form of the drug,
polymer or other ingredients. The SEM photomicrographs of HPC films had porous
in the cross-section texture. During preparation process, very small air bubbles were
formed by stirring. While drying, flocs were formed and the air bubbles were
expanded. Therefore air bubbles mi apped into the flocs. Porous films were
obtained. The combination of l\kﬂr[ films also showed the porous and
rough texture. During dryiag. ess HPC MC E15 might be separated from
clp"'tate bm'focmgg_gel while HPC formed flocs,

each other. HPMC EIS di i
therefore the solvent ev s hghmogGMe to the surface of the films

were not smooth and ha 0

The specific s
E15 film. This was du

specific surface area.:‘ Unexpeéfedfy S T4 ' s owe fe lowest specific surface

area. These results Were-mnconsistent-withrthe-surface mi orphology and the thickness
st surface was observed in

chitosan film with the ratlo of 1:0.5, and thlckness was the least. Therefore the

chitosan film the highest specific
surface area. Qmﬁ;ﬂﬂod tﬁetermme the MC surface area might
not be oﬁ q%ﬂurregular size
and sh q ﬁfﬁe ﬁa ﬁ.ﬁiﬁd ﬁ\ﬁ;ﬁ ﬁyﬁfﬁ determining

specific surface area due to the specimen’s shape and size was randomization. The
specific surface areas of combination of HPMC E15 and HPC films could be ranked
as E15HPC 1:3 > E15HPC 2:3 > E15HPC 3:3 > E15HPC 3:2 > E15HPC 3:1. They
were consistent with the surface morphology study that EISHPC 1:3 film had the
roughest surface, while EISHPC 3:1 film had the smoothest surface.
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The FT-IR spectra of lidocaine HCI loaded HPMC E15, HPMC E4M, HPC,
chitosan, and combination of HPMC E15 and HPC films showed compatibility of all
ingredients. There was no new peak in the FT-IR spectrum of prepared film. The
spectra of the prepared films were the summation of spectrum of each ingredient.
However, the C=0 stretching bands were shifted to a higher wave number for all
polymeric films. These results could be explained similarly to the oxprenolol HCI in
the previous report (Ozeki et al., 1995), that lidocaine HCI and polymers or polymers
and other ingredients were p0551b1y qu‘ / with each other by hydrogen bonding.

The DSC thermogramsoi:pmpare !&g HCI films showed that there was
no melting endotherrmc‘w}‘ug i DS ograms except CMC 1:1 showed

hich was‘ﬂthg point of lidocaine base.

l; ular dlspersmn or amorphous state in the

very small endothermic

This indicated that the
films except CMC 1:1. h ith‘powder X-ray diffraction also showed that
there was no peak in s h 1nd'1catmg that the drug existed
as molecular dispersio Ims. The result was consistent
with a previous study thaglidocair :_ d. ‘ ﬁ?ne Cl were present as an amorphous
form in the solid dispersio  of HPC (Danjo etal., 1995, Kohda et al., 1997 and
Okamoto et al., 2001). In cases“%HP MC]

.r-l._,

HPMC E15 and E4Mjﬁlms, there were fwo very small pe e?(s in X-ray diffractograms,

at about 9.4° and &ﬁﬂ

indicating that the dr@ was rarely in erystz

J the drug were very low
¢ form ‘_131 polymeric films. Due to

transparency of the ﬁlmg, idocaine HCl Wwas, more possible to existed as molecular

thaﬁqu BB 17
w,mstm:ﬁ%f A A e

Wong, 1 99). Moreover, it must also possess good mucoadhesive strength so that it
can be retained in the mouth for a desired duration. Swelling of film, if excess,
should not be too extensive to prevent discomfort. As such, the mechanical,
mucoadhesive, and swelling properties of film are critical and essential to be

evaluated.
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In this study, the tensile properties of the lidocaine HCl mucoadhesive films
were studied. The tensile testing provided an indication of the strength and elasticity
of the film, which could be reflected by tensile strength, Young’s modulus and strain.
It suggested that films suitable for intraoral administration had to be preferably strong
but flexible.

Results of tensile experiments showed that increasing the viscosity grade of

HPMC would increase the Young’s

us and the tensile strength, indicating that
HPMC E4M films were harder Q\n&\ HPMC E15 films. These may be

partially attributable that thc'%é]; cham C E4M polymer could from the

stronger network. Whlle‘ﬂz_vwmed’fhc s@h films because they had the

lowest tensile strength and ¥6ung’s no ul{s, ; highest percent strain. It was

possible that the hydroxyp bsti . C contained almost entirely

| ay take place. The formation
of side chains with morg'than ole- f pylene oxide resulted in the

longer side chains of HP@ than ' : " ymel et al., 1988), thus HPC were

moderate tensile strength and loVFpercex} frain indicating that chitosan films were
_.--r"'ﬂ""f e o .

hard and brittle. Inmﬁasmg the proport1'6n 0 films of combination of

[ strength. This was due
; cted@ HPMC E15 and HPC had

similar percent strain but €¥combmatlon of HPMC E15 and HPC showed lower percent
strain. More 1‘3 Etl }ﬂ ? T‘rzm Ecreased the percent
strain. It was possible that com 1nat10n 0 El PC prov1ded porous
f““‘“ﬁ*ﬁﬂﬁ“ﬁﬁ'ﬁfﬂwnwmaﬂ

The moisture sorption and swelling of the mucoadhesive films was

-

HPMC E15 and HPC icreased-Young's i
to the mechanical propaties of

investigated by exposing the films to moisture at various percentages relative
humidity. This apparently inconsistent behavior of polymer action on moisture
sorption into film could be explained as follows. Polymer molecules were large
molecules compared to water. They were made up of hundreds of chain segments.
These long-chain molecules were not in the form of extended straight chains but were

tightly folded random coils. Individual polymer coils were not separated, but
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interlocked and entangled with each other. When the polymer came into expose with
moisture, forces of attraction, chiefly hydrogen bonding, started acting between them.
The polymer-water interaction was likely to be preferred over polymer-polymer
interaction. Thus forces holding the polymer segments together were much reduced.
Water molecules forced their way between segments, breaking the polymer-polymer
contacts, surrounding individual polymer coils and established contact with them. As
liquid molecules penetrated into the interstices of the polymer caused the polymer to
hydrate, the polymer started to swell increased in size. The polymer chains began
to unfold and gradually becamg\So! m%hey did not assume the shape of

an extended straight chain-—wiled na polymer was still retained but

T ——" - e —
lume. i aces created as the polymer

with a very much expa :
unfolds were occupied ﬁe
Although, the moi th_QS_@ i € E15 films and HPMC E4M films
ngs’ of HP 15 films were higher than that of
HPMC E4M films. T! irid.iga i \515 films swelled more than
HPMC E4M films even b sb‘rﬁe % t of water. The longer chains of

HPMC E4M were likely t
Therefore HPMC E4M films were denser than

:‘::-:-.; : shorter chains of HPMC EI15.
Y PMC E15 films. It could indicate
that the chains of HPMC BIS were moré thari the ghains of HPMC E4M after
exposure to -'“'"""“-"-'-“-'-—-‘T,‘;“r:*"‘“w than HPMC E15 films
but after the 7" day th?jlifference_ vas red

LE b
flexible

- swﬂing properties of these two

polymeric films were not cg'ferent at high ﬁlative humidity. The results indicated

that HPC abso‘ @a(e} % BWCI ﬁ D E}xﬂ]sﬁl well as HPMC E15.

Chitosan films eould absorb the moisture as well as HPMC E15 films but exhibited
less swelli S b ﬁa i lﬁziner molecular
weighﬁﬁﬁﬁmﬁmﬂgﬁ:ﬁl ﬁ‘ﬂa:l ins coiled tight
together. The results indicated that chitosan films were denser than HPMC E15 films.

Combination of HPMC E15 and HPC provided the films that could absorb
moisture and swell less than HPMC E15 film and HPC film. This was disagreement
with the surface morphology that the combination films had porous surface. It was

possible that upon combination of HPMC E15 and HPC, the polymer complexation
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may occur by hydrogen bonding, thus the hydrophilic groups were shielded. The

hydrophilicity of combination films was reduced.

Mucoadhesive drug delivery systems was proposed and formulated to be
localized onto biological surface. A mucoadhesive force was required between the
drug delivery system and the biological surface successfully to retain the system and
retard the natural clearance process. In the present study, the adhesive strength of the
mucoadhesive films were studied in term of the detachment force. The detachment
force was measured by detachiné m rated films from the aluminum
supporters. The chemical b,g&gg did not oé& to no presence of mucin chain.
Therefore the adhesmr@ﬂy be, esta@fommg the mechanical and
: . substraté‘(.bél‘thxowuz et al. 1999). The

or crevices of the substrate resulted in the

physical bonding of the

inclusion of the polym
adhesion of the two sub polymer chalns to penetrate into the

;'itoﬁ)e.. Qgh obile and flexible. Therefore the

crevices, the polym

Ao,
swelling property of t ymer would alject. adhesive strength. The amount of
i ¥ d ki JEX ] q 1
water that used to prehydrat tﬁe ﬁlms,d!%‘appl d strength, the contact time and
Py wdd,

,V}ﬁs‘f?féuall;r d

e mucoadhesive measurement.

HPMC E15 filins-had-the highest-detachmeni-foreg. | These were possible that
prehydrated HPMC 15 film had the mo st 1l pogmer chain. Therefore the

polymer chains coul consequently to penetrate into the crevices of the substrate.
Comparison iﬁ ﬁ C EI15 had higher
adhesive strelmngl‘ IE'];Y‘T WE‘I"I‘WI (1988) noted that
the bioadhesive force increased with the incresin ar weight of
polyma %ﬁ ’Jﬂﬁ ﬂ ﬁtmaum ’L‘; @O%Ii ;]nﬁte contact time

were not enough to hydrate HPMC E4M film so the rigid chains could not penetrate

into the crevices.

Although chitosan films were swollen and absorbed moisture more than
HPMCs films but the adhesive strength of chitosan films were less than HPMCs
films. It was possible that the amount of water was not enough to hydrate chitosan

film or unfold chitosan chains. Therefore, chitosan chains were not sufficiently
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flexible to penetrate into the cervices of the substrate. In agreement with Guo (1994),

this study found that chitosan films had lower adhesive strength than the HPMCs

films.

While the study of swelling property noted that swelling of HPC and HPMC
E15 films was not different, the mucoadhesive study found that HPC films had lower
detachment forces. This was attributable that the higher molecular weight, the longer

chain molecules coiled tightly together therefore even water could penetrate into the

ins were not sufficiently flexible to
wver it might be possible that the

tﬁﬂmt enough to hydrate the HPC

coil of the polymer chain but
penetrate into the cervices
amount of water (200ul)

polymer chains.

For the films

increased the adhesive

detachment force (N/cm2 )

ARANFUNTINLIAY

20 30 40 50 60 70 80
Proportion of HPMC E15 (%)

Figure 82 Relationship between the detachment force and proportion of HPMC E15

in the combined polymer films
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The in vitro releases and penetrations of the drug from mucoadhesive films
were studied. The results of the drug penetrated through dialysis membrane showed
that the drug penetrated from HPMC E15 films was faster than from HPMC E4M
films. These results were consistent with the swelling property study that HPMC E15
films could swell more than HPMC E4M films. When the polymer swelled the void
spaces were increased with the polymer unfolded and the coils hydrated. The drug

substantially diffused through these voids. Moreover the hydrated HPMC E15 films

had lower viscosity than HPMC E4 d films. The drug would be trapped into
more viscous hydrated films. J‘Qgré‘fg} e of drug were reduced. While the
fastest penetrate was obseﬂhﬁi H_I:,C Ltél‘though, HPC polymer could be

| bécanie opaque-during penetration process. Its
rdro h‘é;bic m%oup at the end of the chain.
er c bon imparted the hydrophilic character

soluble in water below
hydroxypropyl group
The secondary hydro

hold as much water as i d_pri ' droxyl group found on related
polymers. When the soluti s h abi e bonds were broken and the
polymer began to lose
becomes insoluble, a state ‘described- point, which normally for HPC was
42°C (Rudu et al., 1988). Thc,o;a‘;;?g;gyltric_ acid provided esterification of
the hydroxyl group;)_,of HPC. This estenﬁcatm%

L7 , Y |
blocking the hydrop!’r’i‘é; hydroxyl groups, « Qh'g
HPC film was placed tho the donor compartment of th&iffusion cell, the esterified

polymer became opa u ,qnﬁli)je g%ﬁ!ﬁ El\ﬁﬁnﬁas below 37°C. This
finding agreefﬁf'ﬁlj ﬂr i d R ussell Desmarais (1988).
Therefore, the sfscous gel was not' formed, the.drug was not trapped in the gel.

o0y YU SHOVHAT 0 S VDAL NN e e g

could be'diffused through this porous. The penetration rates of the drug through

ed water solubility by

point to decrease. When

dialysis membrane from HPC films were evidently faster than from other polymeric
films. Although, the moisture sorption and swelling of chitosan films were high, the
drug penetration rates were not high. It was possible that the drug was entrapped in
the structure of chitosan resulted in the slow penetration of drug from chitosan films.

Combination of HPMC E15 and HPC provided the porous films. The fastest of drug
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penetration rate was observed in HPMC E15 to HPC ratio of 3:3. It was likely that
the high porosity of this film caused the fast penetration rate.

Comparison between E4M 1:0.5 and E4M 2:1, the same drug to polymer ratio
but different drug loading, the drug penetration rate in term of amount of drug
penetrate, mg per square centimeters, the penetration rate of the drug from E4M 2:1
was faster than E4M 1:0.5. In term of percent cumulative amount of drug penetrated
showed that E4M 1:0.5 film exhibited faster penetration than E4M 2:1 film. The

thickness of E4M 1:0.5 film w l \
rate from E4M 1:0.5 film in % e
—

of drug loading in E4Mw >

law of diffusion (Kalia an

f E4M 2:1 film, the drug penetration

FF T

The drug release wi odt!,ﬁiﬁyms ane showed that the drug release rate

ysis membrane. However, the results
of lidocaine HCI relea: ne were.correlation with the results
of the drug penetrate ialysis me; . . Its indicated that dialysis

membrane could be u; :- as the supporter in the drug p etratlon studies although it

was a barrier f ijsgi ﬁ%’%%‘ﬁﬂ CEE ﬁi:ﬁﬁ 1:1 film was slightly
faster release those from HPC 1:1,
E4M 1:1 and CS 1:1 films, respectively.

PRSI INANEaY

erent kinetic equations were applied to interpret the penetration rate from
the mucoadhesive films through dialysis membrane. When plotted as penetration of
lidocaine HCI from its saturated solution versus time, a linear relationship (R? =
0.9989) was observed indicating the linear penetration profile, a behavior of ideal
method of drug release in order to achieve a pharmacological prolonged action. To
characterize the penetration mechanism of lidocaine HCI from its saturated solution
through dialysis membrane, the » value of power low expression model was 0.9934

(R* = 0.9988) exhibiting case-II transport or zero order (time-independent linear
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transport). This result was consistent with the result of treatment with zero order
model. This was possible that the donor compartment had a large amount of drug, the .

drug penetrate was constant.

The penetration kinetics of lidocaine HCl from HPMC E15, HPMC E4M,

HPC and chitosan for all of ratios of drug and polymer, when treated with Weibull
model were slightly more linear relationship than when treated with Higuchi model.
The results indicated that there was no f amental kinetic adequately to characterize
the penetration Kinetic propertles O}&] and there was no single parameter
related with the intrinsic %ﬂon rate‘édrug (Costa and Lobo, 2001).
However, Higuchi had Wationﬂcoefﬁm than 0.98. To characterize
/f etrated through dialysis membrane from

W. xpxesswn model was used to treat the

the mechanism of lido

mucoadhesive films, t

penetration data. The co "efﬁcipﬁt were, more than 0.99 and the » values

were between 0.5 an

penetrations of the dru mucoa esive lms were synchronization between

= ol e

-eia)gahonﬁﬁtiolle (sWellmg-controlled) penetration
i

o A
mechanism. Chitosan fil h’%d-_:ﬁae hig of n, higher n value, due to
polymer chain relaxation dommatmng 1ck __port

N e .
2 .
The penetration kinetie-of the-drug-from-combina Of HPMC E15 and HPC

me? than Higuchi model. The
a

diffusion-controlled and ‘

films, treated with Wet .‘ 1l model was slightly

result indicated that there was no fundamental kinetic quately to characterize the

penetration ki mﬁ ?m \ﬁ ﬂnﬂ] arameter relate with
the intrinsic "@ ra ost Lo 01). However, the
relative coefficient when treated w1ﬁ'1 Hi ﬁe r\a{ 987 except
o B | DV ok M T | PR

mechamsm when treated with power law expression model found the values of n
were between 0.5 and 1 in all combination ratios exhibiting a non-Fickian release
behavior controlled by combination of diffusion and chain relaxation mechanism.
The penetration of drug from E15HPC 3:3 gave the highest » value, due to the drug

penetrate from E1SHPC 3:3 film was more depended on the swelling rate of film than

the drug penetrate from other ratio of combination films. Therefore the consistency
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with the relative coefficient when treated with Higuchi model was less than those of

other combination ratios.

Comparison between Formulations of E4M 1:0.5 and E4M 2:1 on the
penetrations kinetic of drug revealed that the linear relationships when treated with
Weibull model were slightly more than when treated with Higuchi model. The results
indicated that there was no fundamental kinetic adequately to characterize the
penetration kinetic properties of the and there was no single parameter relate
with the intrinsic penetration rate (}f\trj osta and Lobo, 2001). However, the
correlation coefficients wh«&ated wi i model were more than 0.993.
Characterization of the Wtran m@hem treated with power law
expression model found t ali f n are MOS and 1 in all combination
c.,lllavmr onErolled by combination of
M2 had Digher 7 value (n = 0.9212)
ated that polymer chain relaxation
tii\ckness of E4M 2:1 film was

ratios indicating a noi
diffusion and chain relax
than E4M 1:0.5 (n = 0!
dominated Fickian tr

more than that of E4M 1:

Conclusions L
S et e '. 4 .

The intraora:r hucoadhesive fil ould W horizon in drug delivery

- . 4 = .
system. These rathqﬂ thin and flexikb adherﬂ to the intraoral mucosa,

remained in place and pgnetrated their drugbpntent steadily for reasonable length of

time and mﬁﬂ E}:t{} ‘Hoﬂlﬁﬁ Wﬂ@ﬂ ised to prepare the

mucoadhesive films was simple by usmg common equlpments All materials were

L AG NPT RN PR (11
wer::caé :’:I q‘ fo w oadh ag;yety ntial btained films

were thin and so flexible to use along the curvature of the oral cavity except the films
containing CMC which were precipitation. Based on the results, formulations
containing HPMC E15 as mucoadhesive polymer produced films with the highest
mucoadhesive strength. The physicochemical characterization of HPMC E15, HPMC
E4M, HPC, chitosan and combination of HPMC E15 and HPC films revealed the
compatibility of ingredients and lidocaine HCI existed in the films as molecular

dispersed or amorphous form. At the drug to polymer ratio of 1:1, the drug was
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homogeneous dispersed in the films. Increasing drug to polymer ratios tended to
produced unhomogeneous films. Combination of HPMC E15 and HPC provided the
films that had rough and porous surface. The tensile properties of the films were
evaluated. HPMC E4M films were harder and stronger than HPMC E15 films.
Chitosan provided the films that were hard and brittle, while HPC provided soft and
tough films. Incorporation of HPC into HPMC E15 film was to reduce the rigidity of
HPMC EIS5 films. The penetrations of drug from HPMCs, HPC and combination of

study. These films had nucc , sive and tensile properties and released
90% of lidocaine HCI conte riod hin
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