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ABSTRACT . Kk

The buccoadhesive lablets of Chlorpheniramine Maleate (CPM) were preparcd using bioadhesive polymers as sodium
carboxymethyl cellulose (NaCMC), sodium alginate, hydroxycthyl ccllulose (HEC), and hydroxypropylmethyl cellulose
(HPMC) in different drug to polymer ratios. The CPM buccoadhesive tablet formulac were subjected to in-vitro permeation
~ studies a1 pH 6.8 (pH of the buccal medium) using chicken pouch membrane. The effect of permeation enhancers, namely,
menthol, sodium lauryl sulphate and sodium salicylate as 5% concentrations, on the in-vitro permeation of CPM from
buccoadhesive lahlicl formulac were studied. The permeation paramelers like permeability coelficient (P, cm/hr), diffusion
coeflicient (D, em*/hr) and the enhancement factor (EF) were calculated according to Fick’s first law of diffusion. The quality
control tests like, disintegration, hardness, friability and weight uniformily were done and the results were compared before and
after the addition of permeation enhancers, using analysis of variance test (ANOVA). It was concluded that the permeation
enhancing cffect of menthol 5% on CPM permeation from all the buccoadhesive tablet formulae is promising, since the
conditions applied experimentally in this work mimic to a large extent that presence in the buccal region could reflect the drug

v el

behaviar towards human buccal membrane,

INTRODUCTION
The oral cavity is an attractive site for drug
" delivery due to ease of administration, fast drug
release and avoidance of possible drug degradation in
“gastrointestinal tract and first-pass metabolism. Buccal
drug delivery specifically refers to the delivery of
drugs within/through buccal mucosa to affect

local/systemic pharmacological actions'".

The mouth is lined with a mucous membrane and
among the least known of its functions is its capability
of serving as a site for the absorption of drugs. In
general, drugs penetrate the mucous membrane by
simple diffusion and are carried in the blood, which
richly supplies the salivary glands and their ducts, into
the systemic circulation via the jugular vein""".

However, " inherent limitations, including short
residence lime, small absorplion area and barrier
property of the buccal mucosa, are challenges fo
buccal drug delivery. Buccal penetration enbancers are
capable of decreasing penetration barrier of buccal
micosa by increasing cell membrane fluidity,
exiracting the structural intercellular  and/or
iracellular lipids, altering cellular proteins, or
altering mucus structure and rheology'’. Various

Penetration enhancers were studied by others®™,
CPM, used in treatment of various allergic

conditions, has a hepatic metabolism which can Jead to
@ dramatic reduction in the amount of drug available

- Ystemically from a given peroral dose but is avoided

by buccal absorption.

'Bioa-dhesl"'e tablets can adhere to the buccal
| ::;: e, and the drug is released upon hydration qf the
b et"'[q?n?mg a hydrogel. Tablets of CPM, consist of
e S51¥e - polymers like: sodium _carboxymethy]
e (NaCMC), sodium alginate, hydroxyethy]

cellulose (HEC), and hydroxypropylmethyl cellulose
(HPMC) were used in this study.

The aim of the current work is to study the
influence of permeation enhancers on the physical
properties and the permeation parameters of CPM
buccoadhesieve tablets.

EXPERIMENTAL
Materials

Chlorpheniramine maleate (CPM) and Menthol.
Adco, (Egypt). Hydroxypropylmethyl cellulose
(HPMC 4000), Sigma, (US.A). Hydroxyethyl
cellulose (HEC, Tylose H300) and Sodium
carboxymethyl cellulose (NaCMC), Memphis,
(Egypt). Sodium alginate (Na alg.), SISCO Research
Laboratories SRL, (India). Talc, Magnesium stearate,
Sodium lauryl sulphate (NaLS), Sodium salicylate (Na
salicylate), Potassium dihydrogen phosphate and
Disodium hydrogen phosphate, ADWIC, (Egypt).
Avicel (Nf 18/USP23 M 101), Tong Sing Chemicals
Co., (China).

Equipment

Magnetic  stirrer,  Thermolyne - Corporation,
Dubuque lowa, (U.S.A). An electric Balance, Mettler
AJ100, (Switzerland). Spectrophotometer, Jenway Ltid,
Model 6105 UV/V is Felsted, (United Kingdom).
Light microscope (XSP-13A), (China). Tablet
compression machine, with flat faced single punch
with diameter 0.8cm, Erweka, Type EK: 0, Erweka -
apparatus, - Frankfurt, (Germany). Plastic syringe (5
ml), external diameter 1.1 cm, internal diameter 1 cm,
Amico, (Egypt). pH meter, - Jenway, (United
Kingdom). Dial Micrometer, Model 120-1206 (Baty, .
. Ltd, Sussex), (England). InStat computer progra

co

test, sofl ware Ralf Stohlm;m.
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Methodology -
T) Preparation of CPM bioadhesive tabl
a) CPM bloadhesive tablets withow! enhancer

Table (1) shows the composition of CPM tablets
using differet broadhesive polymers, each tablet
weighing 144 mg and comtaming 24 mg of CPM,
Polymers {HPMC 4000, HEC. NaCMC. Na alg.).
Avicel PH-101, magnesium stearate, talc and the drug
wore weighed, mixed using mortar and a pestle, and
tableted by direct compression o produce five
formulae,

Tuhle (1): Composition of CPM tablets vsing different
bioadhesive polymers

membrane was carried out by using a simplified
assembled diffusion cell. as shown in figure (1)
Chicken buccal membrane was stretched around the
cut side of the plastic syringe with an effective
permeation area of 0.79 cm’. Each tablet was pressed
on the mucosa of chicken buccal membrane for 30
seconds: half m! of phosphate buffer pH 6.8 was added
10 the donor chamber. The temperature of the buffer
solution pH 68 in the recepior Was maintained at
3740.5°C. and it was stirred magnetically at 100 r.p.m
Samples withdrawn from the receptor medium at 0.5,
115, 2.25 3 35 and 4 hrs"" were subjected 10
spectrophotometric analysis at Ay 0f 260 nm.

The permeshility of CPM was evaluated before and

i | Weight (mg) per tablel after inclusion of permeation enhancers in the different
“Fa aig “ el M| S=TIIE( [*=~"FHPME/ = **FHL( | .
i “ Nl MO Na(MC tablet formulae.
| -J;;. I 2 ' bl 24 - 24 24 P N
iy rsery
T g L ozie | 2 | e | o216
A Vil — Plastic syringe
by |11136( 9696 | 7536 | 0696 | 9696
My . _ Buccondhesive tblet
ficarale o aH h AL i Checleen huceal membrane wetted with halt ml of
‘ oy : N . hufler solution of pii 68
(O TN T T T L T ies

™ drug  polymer (1:0.3) F** drug © polymer (1:09).
F*** drug : polymer (1 1 8)
F**** drug  polymer (1 0 9) in polymer/polymer rstie
11
b CPA binadhesive rablen with diffj evemt emhancen
The CPM buccoadhesive tblet formular wen
prepared es previously. with the addmaom of 3% of
cach enhancey [menthol, sedwm laury! sulphae
{NaLS) and soduum salicy lave (Na sehicy tate)[**
1) Quality control studies
The prepared CPM buccoadbmsive @bicts were
rvaluated for umiformey of weight hardmess, trabelin
and disintegranon with withow! permesiion enhancers
Mean values. and the siadend devisbians were
calculated™

1Y) Permention Studies

o Tis , .

. Fresh chichen pouch mesdwsnes of wmiform
huckness, devosd of famy ussor meterials were used
for e stady To emmwe that the epibeinm had
wperated from the underhing connective tissue and
”’“P‘mﬁ&mamnMvnmuh
“ml‘r | _

N Yoo Permestion of CPM
" P : q through (hicken

Fig. 1: Diffusion cell.

RESULTS AND DISCUSSION
FiaCMC . Pha alg, FHEC. PHPMC/NaCMC and
FHEC Nal'MC have been chosen from previous
symudy ', and showed optimum resulls regarding in-
varo release rates. bioadhesive force, swelling index
md  wnowenvironmert pH, were subjected to
permeation studics 3s in the current work

Quality comtrof tests

The prepmred CPM buccoadhesive tablets were
cvalnsed for emformity of weight, hardness, friability
ad dimmegranon before and afier the addition of
permeation enhamcers. Mean values. and the standard
devianons were calculated as shown i table ().

i was found tan all the mvestigated tablets
formuiee se @il complied with the US
Pharmecopocia!™” requirements. regarding  weight
wuiorminy and fnability

The dismiegration time of tablets of formulae
FNal MC, FHPMC NaCMC did not affect by the
mcorporetion of permestion enhsncers as they swelled
rather than dismtsgrated  Whiie FNa alg FHIEC.
FHECNaCMC scquired faster disitegratson -in the
presence of permeanion enbuncers. These resulG may
be dor w the hugher water shsorptun sad swelling
properties of FNalMC and PMPMC wmlative 10 Fa
aig and FHEC. . : o
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The quality control test values were treated using °

.amlysis of variance which performed on different
formulae with / without enhancers. Post ANOVA test
was peffmmod.awording © Tukey-Kramer multiple
comparisons using the InSiat computer program test.
The results are shown in table (2).

In-vitro permeation of CPM through chicken
pouch membrane with/without enhancers

Before a buccal drug delivery system can be

formulated. buccal absorption/permeation studies must
be conducted to determine the feasibility of this route
of administration for the candidate drug.
Animal mucosa of rat, chicken, hamster, rabbit, dog,
monkey and pig have been used in other buccal drog
smorprion  or  permeation  studies”*'™.  Freshly
- slsughtered and conditioned chicken pouch membrane
was osed in this study because of its availability and
suitable consistency of the ussue.

Treating the in-vitro permeation data in accordance
with fick's first law of diffusion”™®, the statistically
rreated  kinetic parameter (b), is used for the
determinmion of the diffusion coefficient D (cm’/hr)
of the drug through chicken pouch membrane,
according to the following equation;-

), = (dQ/di) /A = PC, = DCJh
), = s the steady state flux of CPM when diffuses
through a unit area of a membrane (mg/cm’/hr), and is
represented by the slope of the linear regression plot of
- the amoumt of CPM penetrated per unil aréa versus
e
(dO ), ~ s the amount of the drug permeated per
unit e (mg b ') )
A « the surface area of diffusion (0.79cm™).
D = is the diffusion coefficient of the drug (cm™/br).
P = 15 the permeability coeflicient (cm hr )
C, * s the inival drog concemtration in the domos
phase (48 my 'om ') '
B = ix the thickness of the membrane (70 pm i.e., 0.007
em),

formudse with without permeation enbancees ploed
' VErSES lime. Auwmrwb!lﬂ‘mmi
bigh flux, withost amy iag nme, & prompt ranspon &
‘&g was cheerved. After 30 min., @ steady stme fimx
way reached uy represcrted by the linear part of the
- Permcalion profile. The linear part of all curves was
asedt foy the determination of the stady state flux tla)
¢ porineability coefficiont (P) and other

' D“'Hlllmmm w Slmwm
“-"‘"!“f*‘ax;mamm;mnpumm&rmﬂ"*
B i i pormeabiny charsctéristics

v
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g or fhgmrmm
Tl :mhﬁﬂngic-imhmmy be'snhanced -

in two major ways, The first is by modification of the
physicochemical properties of the drug to optimize
membrane/vehicle partition coefficient. the second
way involves interaction with the components of the

biological membrane to increase its permeabi liey ",

Because there is little information available on oral
mucosal absorption enhancement and no buccal
products that contain, these agents are available in the
markel, an attempt was made fo increase the degree of
permeation of CPM from different formulae, The
permeation enhancers, like 5% menthol, 5% NaLS and
5% Na salicylate have been incorporated separately in
the selected formulae.

The efficacy of the different enhancers was
determined by comparing the permeability of CPM in
the presence or absence of enhancer. It was defined as
the enhancement factor (EF) which was calculated

using the following equation!'**":-

EF = P (enhanced) / P (control)

Where:

P (enhanced) = permeability coefTicient obtained for
tablets containing enhancer. o
P (control) = permenbility coefficient obtained for
tablets without enhancer,

As shown in table (3) regarding the enhancement
factor parameter (EF) since menthal has maximum EF
between all other enhancers, it enhances the
permeation of CPM from all formuloe through chicken
buccal membrane. On the contrary, NaLS and Na
salicylate caused no enhancement of drug permeation
bt they suppressed the permeation of CPM from FNa
alg |, FHEC3 (while NaLS only caused supression ol
the permeation of CPM from FHEC/NaCMC) These
results were confirmed by statistical studies. One way
analysis of variance between the EF values of the three

_enhancers with different formulag, Post ANOVA lest

was performed according to Tukey- Kramer multiple
comparisons using the InStat computer program iesl
(Fig 6).

Histograms of EF for penetration enhancing
aetivity of menthol, NaL.S and Na salicylate are shown
in figure (6). . , '

Enhancement resulting from the presence of
sodigm ‘aury] suiphate and sodium salicylate was
negligible. These results are in accordance with
Martay etal®’. ' '

‘Mentho! is known to form eutectic mixrares with
cenain compounds™ A major benefit of using
menthol @ permeation enhancer is its safery profile®",
forthermore, because of the pleasant taste associated
with yaenthol and its abifity 10 decrease the binerness
of CPM. so its ase in a bucce! delivery muy increase
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ith withoul rn*-.tﬂiv:"__'__________m__ o
Table (2): Physical praperties © of CPM B buum-u!hr“w rab iets W by % ;l Nardinhon .: ————
o Withwithout | eight 1 (whw) | 48D | thme(minpsy
Formula enhancer hséﬂ'ﬂ ¢ 5D ..!.hf_ I %
¢ _______1_____}_____,__,1_‘__.._.._ — - e | e
withoul Tr::m 144 462030 | g 1152004 R -»-w-—_....f |
with ::menmol 749 4021 14 O 137:012 | 3891200 |  west
FNaCMC O 7ei0 16 ' | 2264120 | ewm
wngxtass | 0| LT ii”f 2782100 | swm
e Nals | 1528:240" | 0 98210 i! a7t ;0_’;1 1 _4_';'.':',’_“_*5
without enhancer | 147 606£2 10 9 0002004 | 234 d °
e Sv menthol | 148082200 | 072782002 T;__‘ 674170 | 8
’ — !
v h5%NaSal | 1531100° 10 aos2011* "} 3472210 § 1
with 5% Na LS 1523:054"_03451005' L__aymm 1 J .
without enhancer | 147 622 80 0_16_939_‘_1 x -.!P bt i-—w’-ﬂ -
ih 5% menthol | 1409:060 | 06071021 | amnsse |8
e with 5% Na Sal 149 24:0_30 _O_?P@ﬂ a3 L._._‘.?f.'. %d‘_«_‘ _‘_1"-__4
with 5% Na LS 15332:083°°| O 74640 18 1 ?Migi_ '_'_5__
without enhancer 145 4424 40 0 22840 04 462027 “ml____’
5% menthol | 1526£134° | 00012062 | 448250 b s
FHPMC/NaCMC ; - ————
with 5% Na Sal 152 421 14 09711008 2192080 ° swef|
whS%NalS | 1526:080° | 02712007 | 2442190 | Swel
without enhancer | 1454243 20 02062012 | 4 482077 | Sast
' * | 34842 Y 1 '
FHEC/NaCMC vn.th 5% mentho! 149 810 90. 0 8624032 3482210 -
with 5% Na Sal 152.2+¢1 09 0.890+0 08° 2152150 e B
with 5% Na LS 152 4:0.90° | 0090:009°° | 2482080 15 1
a b and c - are significart different from control, menthol, sodium solicylate and sodiwm ford nppw
containing formulae respectively. using one way ANOVA followed by Turkey Kramer & post AN & mow for
multiple comparison at P<0.05
Table (3): Permeation parameters of CPM from different formulae with/without enhancer -
Formula With/without R Intercept | D107 | 1- Ty g
enhancer (a) cm'/hr | mgem Phr o emhr '
without enhancer 0.978 2442 1132 | Q7% ¢ o@s | -
FNaCMC with 5% menthal 0991 2176 1436 | 098 T -;:‘-*_"_TE: ,
. . 1 - T - ——— )
with 5% Na salisylate | 0992 1451 0852 | oss4 | oar2 ! © 3
- y ‘ .‘..__._--—--‘
with 5% Na LS 0986 | 1903 1132 | oTe | oo | 190
withoul enhancer 0975 | 2404 2457 | 1685 | o3 | :
FNa alg with 5% menthol 0.992 526 2740 | §70 } oot 1 ¢ :
— g
with 5% Na salisylate_| 9992 | 0835 1657 | 1136 | ooa | 0¢ |
' - ) | TR
with S%Mﬂg_lzg__, -_i’ o7 s ! 249) |_}](’w4.! N 0 gad 6'_(_}__!_':_ 0.'59’
{without enhancer 0962 | 3068 1808 1.240 0.026 |- i
FHEC with 6% menthol |, 0997 | 2284 1855 | 1066 ﬂ, il
with 5% Na salisylate 0977 2977 1 025 0703 0.0IS ro 57 !
- J....—--—-
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Tabl'e (3): contmued
ke
| without enhancer 0.961 2,121 1.602 1.099 0.023 -
 FHPMC/NaCMC lwith 5% menthol 0997 | 1771 | 1419 | 0973 | 0020 | 0.89
t with 5% Na salisylate | 9-987 1.741 1451 0995 | 0021 | 091
with 5% Na LS 0.996 0.706 1.295 0.888 0.019 | 081
\without enhancer 0.997 | 2201 1.497 1.026 0.021 -
FHEC/NaCMC |with 5% menthol 0.993 2.008 1.770 1.214 0.025 | LIS
with 5% Na salisylate | 0998 1.583 1.496 1.026 0.021 | 1.00
with 5% Na LS 0.987 1.232 0.940 0.645 0.013 | 0.63
D is the diffusion coefficient, J,, is the permeation rate constant.
P 15 the permeability coefficient. EF is the enhancement factor
- 12 - 7 -
y —e— FNaCMC —o— FNaCMC
g —8—FNa alg o - =g—FNa alg
£ 10 —erHEC 8 —a—FHEC
. —o— FHPMC/NaCMC 5 | —@—FHPMC/NaCMC
¥ 8 - —e—FHEC/NaCMC —e—FHEC/NaCMC
< g |
‘ 1
£s
‘ i
i ; i
&) 0
0o 05 1 16 2 25 3 35 4

o 056 1
Time (hr)

Fig. (In
permeation profile
through chncken pouch membrane

15 2 25 3 35 4

Lffec: of % menthel on the m-Villo
of CPM from differemt formulae

—o— FNaCMC
—&—FNa alg

0

- Fig. (4 Effect of 5% NaL$ on the m-visro
. Polile of CPM fom different farmudac
| chicken pouch membrane - ,

45 2 25 3 35 4

es 1
. Time (b

permeation
through

Time (hr)

Fig. (5): Effect of 5%Na salicylate on the in-vitro
won profile of CPM from different formulae

through chicken pouch membrane.
2
- o 5%Menthol 8 5%NaSalicylate
w 1.6 | B5%NaLS
g
g12
e
g os
2 04
&

Fig. (o) H
scuvity of the di

formuiae

¥ Significany different with menthot &t p-<0 05

istogram of the penetration enhancing
fferent enluncers on the different
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Conclusion:

It was concluded that the permeation enhancing
effect of menthol 5% on CPM permeation from the
puccoadhesive tablet formulae is promising, since the
conditions applied experimentally in this work mimic
10 a large extent that presence in the buccal region,
could reflect the drug hehavior towards human buccal
membrane.
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