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ABSTRACT ,

This study was carried out to evaluate the effect of mixed film coating on pharmacokinetics of
paracetamol tablets. The tablet cores were prepared and film-coated with a mixture of pectin
(0.98%wmw), chitosan (0.16%ww), HPMC (0.06%wh), glycerol (0.24%w/w) and 0.1IM HCI
(98.55%wm). A single oral dose (1200 mg) of the Eoated tablets having a coat weight gain of 9%w/
w was administered to 5 healthy male volunteers under fasting conditions. Saliva samples were col-
lected at regular time intervals over a 16 h period and analysed for paracetamol by reverse phase
HPLC. The main pharmacokinetic parameters were determined using non-compartmental analy-
sis. The parameters for the uncoated tablets were similar to published values while wide variations
were observed for the coated tablets. The mean lag time (1,,,) was higher in the coated tablets (2.14
+ 1.21 h) than the uncoated tablets (0.15 + 0.05 h). The mean AUC,. , (16.92 + 9.84 uyg/ml’ k) and
mean Cp (3.15 + 2.10 pug/ml’) of the coated tablets were 47% and 25%, respectively of the corre-
sponding values of the uncoated tablets. There was a 9-fold increase in the mean T, (8.40 £ 2.88
h) of the coated tablets as compared to the uncoated tablets. The rate and extent of drug absorp-
tion was low in the film-coated tablets compared to the uncoated tablets, demonstrating the ability
of the mixed films to modulate drug release. The mixed pectin/chitosan/HPMC film coating has
the potential for use in the design of controlled release dosage forms. '
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Pharmacokinetics; Pectin; Chitosan 2000). The release of drugs from film-coated

formulations will be dependent on the formula-
tion properties of the dosage form as well as the

INTRODUCTION permeability and mechanical properties of the

Various drug delivery systems in the form of
matrix tablets, compression coatings and beads
have been used as carriers for the delivery of
drugs and other bioactive materials to the body.
The use of film coatings as vehicles for the de-
livery of drugs offers significant promise
- (Wakerly et al., 1996, Basit, 2000; Semde et al.,

films.

The use of mixed films in drug delivery involves
the combination of the film-forming properties
of two or morc polymers to form a composite
film coating system with enhanced physico-
chemical propertics. Mixed films can alter the
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drug relcase profiles of tablet cores to achieve
controlled drug relcasc in the gastrointestinal
tract (GIT). Such preparations arc designed to
achieve prolonged therapeutic effect by continu-
ously releasing medication over an extended pe-
riod of time after administration of a single dosc.

Pectin and chitosan are naturally-occurring, hy-
drophilic polymers that have been used in nu-
merous drug delivery applications (Ashford ef
al., 1993; Kim et al., 1999). These polymers arc
strong film-formers, biodcgradable and have
high safety profiles and arc widely uscd in the
food and pharmaceutical industrics. A major
drawback to the usc of these polymers in drug
delivery is their high solubility in aqucous me-
dia. To remedy this problem, gels of pectin, chi-
tosan and hydroxypropylmethylccllulose
(HPMC) have been mixed to form films having
a reduced aqueous solubility and reduced perme-
ability to a model drug than films preparcd with
gels of pectin or chitosan alone (Ofori-Kwakye
and Fell, 2001). HPMC improves the mechanical
properties of the mixed pectin/chitosan films.

This article investigates the effect of mixed film
coating of pectin, chitosan and HPMC on the in
vivo release kinetics of paracctamol tablets in 5
healthy human volunteers intended for con-
trolled drug release in the GIT.

Materials and Methods

Materials

Pectin USP (Citrus Colloids, UK), High molccu-
lar weight chitosan (Chitosan HM) (Sigma-
Aldrich,UK), HPMC (Colorcon, UK), Paraccta-
mol powder and 4-acctaminophen (Sigma
Chemical, USA), Lactose (DMV, The Nether-
lands), Microcystalline cellulpse (Mendell Co.
Lid., UK), Magnesium stcaratc (Glaxo-
SmithKline, UK), Polyvinylpyrrolidonc (PVP)
(GAF Corp., USA), High performance liquid
chromatography (HPLC) grade water and
Methano! (Sigma-Aldrich, Germany), Distilled
water (singly distilled and freshly prepared).

Tablet manufacture

Paracetamol tablet corcs with a nominal weight
of 750 mg; mean diameter of 13.04 £ 0.03 and
mean thickness of 6.67 £ 0.06 (n = 10); breaking
load of 9.6 + 0.7 kp (n = 20) and friability of
0.16% were compressed with a rotary tablet ma-
chine (Manesty Ltd., Liverpool, UK) from gran-
ules of microcrystalline cellulose (Emcocel®
LP200, 19.8% w/w; Emcocel® LM50, 19.8% w/
w), lactose (19.8% w/w), paracetamol (39.7% w/
w) and magnesium stcarate (0.8% w/w).

Film coating

The tablet corcs were film-coated with an Acce-
lacota-10 tablet coater (Manesty Ltd., Liverpool,
UK). The coating formulation, consisting of pec-
tin USP (0.98% w/w), chitosan HM (0.16% w/
w), HPMC E4M (0.06% w/w), glycerol (0.24%
w/w) and 0.1M HCI (98.55% w/w), was spraycd
onto the tablets with a Mancsty spray gun in a

perforated, 61 cm diameter 316L stainless steel

coating drum. The coating formulation was
stirred continuously with a mechanical stirrer o
cnsure homogeneity.

The process parameters uscd to coat the tablets
were: inlet temperature (68-70°C), outlet tem-
perature (50-52°C), tablet bed temperature (32-
35°C), spray rate (13-15 g/ml), spray gun dis-
tance (18 cm), drum speed (8.7 tpm), inlet air
flow (7.5-8.2 m*/h), atomising air pressurc (1.5-
2.0 bar), and fan pressure (0.7-1.0 bar).

Tablets with coat weight gain (CWG) of about
9% were produced and stored in plastic bags at
room tcmperature until required.

Study design

Five healthy human volunteers with mean age of
34.4 + 5.0 yr, weight of 76.4 + 15.8 kg and
height of 173.7 + 5.0 cm werc used for the
study. The volunteers who gave their informed
wrilten consent, were all non-smokers, had no
history of chronic discasc and did not take any
medication or alcohol during and at lcast three
days before the study. After an overnight fast
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(10-12 h), cach voluntcer swallowed a single
dosc of cither the film-coated or the uncoated
paracetamol tablets in a 2-way randomiscd
study. The singlc dose of each formulation con-
sisted of four (4) tablets containing approxi-
mately 1200 mg. of paracctamol. The tablets
were swallowed whole with 200 ml of water and
a further 50 ml uscd to rinsc the mouth to re-
move any adsorbed drug particles. A washout
period of onc week was allowed between the
" administrations of the two tablet formulations.
No food was allowed for at lcast 2 h after tablet
administration.

Saliva samples

Each volunteer collected saliva samples by spit-
ting into 15 ml clear polystyrene screw-cap cen-
trifuge tubes over a 1 min period. Samples were
collected by chewing on Parafilm® (2.5 cm x 2.5
cm) to stimulate saliva production. The saliva
samples were collected before tablet administra-
tion (blank sample) and at 10 min, 30 min, 45
min, 1 h, 1.5h,2h, 25h 3h,4h,5h 6h, 7h,
8h,9h, 10h, 12 h, 14 h, and 16 h-aftcr tablet
administration. The collected samples were
storcd in a freezer until required. Before analy-
sis, the samples were removed from the freczer
and defrosted overnight. The samples were cen-
trifuged at 3000 rpm for 20 min to remove both
mucous and particulate matter.

Assay of paracetamol

The amount of paracetamol in the saliva samples
was dctermined by means of a reversed-phasc
HPLC mecthod previously described by Borin
and Ayres (1989) with minor modifications. So-
lutions of paracctamol (10-1500 pg/ml) and 2-
acctamidophenol  (80ug/ml) were prepared in
distilled water and used as stock and intcrnal
standard, respectively. Standard solutions were
prepared by adding 25 ul of the stock solutions
to 500 pl of the blank saliva. The tcst solutions
were prepared by mixing 200 ul of the standard
solutions or the salivary supernatant (unknown)
with 200 pl of the internal standard in 3 ml
screw cap vials. ‘ '

The test and standard solutions were -analysed
twice with an HPLC system consisting of two
solvent delivery pumps and a system controller
(Shimadzu Corp., Japan). A manual syringc
loading sample injector (Rheodyne Inc., USA)
was uscd to inject 10ul samples into the HPLC.
The mobilc phasc consisted of 25% methanol in
water with a flow rate of 1.5 ml/min. The detec-
tor sensitivity, responsc time and chart speed
were 0.05 AUFS, 0.2 s and 1 cm/min, respec-
tively. A 250 mm x 4.60 mm reverse phase Luna
5 C8 (2) analytical column (Phenomenex Litd.,
UK) fitted with a guard column (Hichrom Litd.,
UK) maintained at room temperature was uscd.
Sample detection was achicved with a variable
UV detector (Kontron Instruments, UK), set at
254 nm. Data were recorded on a Softron PC
integrator (Kontron Instruments, UK).

A standard calibration curve, linear over the con-
centration range 0.48-71.43 pg/ml (% = 0.9998)
was prepared by using the peak arca ratios of
paracetamol:internal  standard versus  known
paracctamol concentration fitted to a line via
lincar rcgression. The peak arca ratios of
paracetamol:internal standard for the saliva sam-
ples were determined and the paracctamol con-
centration in saliva determined with the usc of
the calibration curve. From the results, plots of
saliva paracetamol concentration versus time for
the voluntcers were made.

Non-compartmental pharmacokinetic
parameters '

Pharmacokinetic paramcters were determined
for cach volunteer using the standard non-
compartmental analysis. The pecak saliva drug
concentration (Cy.x) and the time to reach the
peak saliva drug concentration (T, were ob-
tained directly from the saliva drug concentra-
tion-time profiles. The lag time (T),,) was csti-
mated from the experimental valucs as the mid-
point between the last time at which no drug was
detected and the initial time that the drug was
detected in the saliva. The terminal elimination
ratc constant (Kg;,) was determincd by lcast

Journal of science and technology, volume 25, no. 1, 2005 27



Film coating of Pharmacokinetics -

Ofori-Kwakye and Fell.

squares regression of the concentration-time data
points lying in the terminal log-lincar region of
the curve and was also used to calculate the half-
life (T12= -0.693/Kaiy). The area under the sa-
liva drug concentration-time curve (AUC,.) was
determined by means of the lincar trapezoidal
rule. The AUC,.,, was determined by dividing
the last measured saliva drug concentration (Cy)
by the Koy and adding the resultant value to the
AUC,,, Statistical analyses were carricd out us-
ing one-way analysis of variancc (ANOVA)
from ‘the MICROCAL ORIGIN version 3.54
program.

Results and Discussion

All the volunteers adhered to the study protocol
and completed the study. ‘The tablets were taken
after an overnight fast and food was only al-
lowed at least 2h after swallowing the tablets to
promote rapid gastric emptying of the tablets.
This is because the gastric emptying of tablets is
affected by the size of the tablets and whether or
not the tablets arc administered to a fed or fasted
stomach (Davis, 1987). The tablets used in the
study were large, single unit tablets. Such tablets
arc treated by the stomach as indigestible mate-
rial and arc emptied along with the Phase III ac-
tivity (‘housekeeper’ wave) of the Migrating
Motor Complex.

Saliva was used as the body fluid for the analy-
sis of paracetamol rather than blood plasma as a
strong and highly significant correlation has
been cstablished between the saliva and plasma
concentrations of paracetamol over a wide range
of concentrations (Glynn and Bastain, 1973,
Adithan and Thangam, 1982). Also saliva col-
lection is non-invasive and therefore a simpler
and painless method of acquiring body fluids.

The chromatographic conditions employed in
the study resulted in the formation. of two well-
resolved chromatograms of paracctamol and 2-
acctamidophenol (internal standard) with reten-
tion times of 3.46 min and 7.15 min, respec-
tively.

Figures 1-5 show the saliva paracetamol con-
centration against time profiles for the volun-
teers. In all cases, the saliva concentration of
paracetamol was lower in the film-coated tablets
than in the uncoated tablets. Drug absorption
from the uncoated tablets was fast and occurred
over a relatively short period of time whilst ab- )
sorption from the film-coated tablets was slow
and occurred over an extended period of time.
Drug absorption from the coated tablets was par-
ticularly well controlled in Volunteers 2, 3 and
5.

-

The mixed 4ilms in the coated tablets become
hydrated in aqueous media forming a thick ge-
latinous layer that acts as a diffusion barrier
around the tablet cores (Ofori-Kwakye, 2002).
This increases the diffusion path length of the -
drug moleciiles and thus reduces the rate of drug
rclease from the film-coated tablets. The hydra-
tion of the film coatings can also result in the
leaching of pectin from the film matrices leading
to an increase in the permeability of the film
coatings (Ofori-Kwakye and Fell, 2003). Drug.
relcase from the film-coated tablets is thus
through molecular diffusion through the gelati-
nous layer formed on exposure to aqueous media
and/or erosion of the gel layers formed around

“the tablets. The leaching of pectin will also cre-
ate aqueous channels or water-filled pores in the -

film coatings that may allow the diffusion of
more drug molecules.

Tables 1 and 2 are the non-compartmental phar-
macokinetic parameters for the uncoated and
film-coated paracetamol tablets, respectively.
The pharmacokinetic parameters for the un-
coated tablets were similar to published values
(Borin and Ayers, 1989; Hossain and Ayers,
1996) whilst variations in the parameters were
observed for the coated tablets. A longer mean
lag time (2.14 + 1.21 h) was observed between
the administration of the film-coated tablets and
the onset of absorption in comparison to the un-
coated tablets (0.15 + 0.05 h) in the volunteers.
The mixed film coating was thus able to substan-
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Fig. 5. Saliva concentration of paracetamol after the admini-
stration of a single dose (1200 mg) of uncoated and film-

coated (9% w/w) paracetamol tablets to Volunteer 5.

Table 1: Non-compartmental pharmacokinetic parameters for uncoated
paracetamol tablets

VOLUNTEER  Cm Toex  Thg  Keim Tin AUC o AUC o
1 1046 150 013 0203 341 28.69 28.81

2 1204 050 025 0.339 2.04 41.19 41.38

3 1149 050 013 0233 2.97 33.08 33.39

4 1324 1.00 013 0154 4.50 35.36 35.69

5 1594 100 013 0276 2.51 40.26 40.40
MEAN 1263 090 015 0241 3.09 35.72 35.93

SD! 210 042 005 0071 0.94 517 5.17
CV*(%) | 1663 4667 3333 2946 30.42 14.47 14.39

18D = Standard deviation; *CV (%) = Coefficient of variation
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Table 2:

Non-compartmental pharmacokinetic parameters for

film-coated paracetamol tablets

VOLUNTEER (oot % % 0 02 ) G

1 471 5.00 0.86 0.121 5.73 18.43 18.97

2 - 1.34 9.00 3.50 0.450 ].54 3.96 4.01

3 1.66 12.00 2.75 0.263 2.63 10.77 12.97

4 6.05 ‘ 6.00 0.86 0.467 1.48 30.92 31.08

5 1.99 10.00 2.75 0.146 4.75 12.16 17.56

MEAN 3.15 8.40 2.14 0.289 3.23 15.25 16.92

SD! 2.10 2.88 1.21 0.163 1.93 10.16 9.84

CcV? (%) 66.67 3428 56.54 56.40 59.75 66.62 58.16

!SD = Standard deviations *CV (%)= Coefficient of variation

tially delay the onset of drug release from the
film- coated tablets. The mean C,. of
paracetamol from the coated tablets (3.15 +
2.10 pg/ml) was significantly (p <0.05) lower
than that of the uncoated tablets (12.63 + 2.10
pg/ml). The mean T, for the film-coated tab-
lets. (8.40 + 2.88 h) was significantly (p <0.05)
higher than those of the uncoated tablets (0.9 +
0.42 h). The mean C. and T, values indi-
cate a slow rate of paracetamol absorption
from the film-coated tablets. There were sig-
nificant differences (p <0.05) in the mean
AUCo,and AUC,, values between the coated
and uncoated tablets. The relatively low value
of the mean AUCyand AUC,, for the film-
coated tablets is suggestive of a low extent of
drug absorption from the coated tablets.

There was no significant difference (p< 0.05)
in the mean Ty, and K, values for the coated
and uncoated tablets. The mixed film coating
modified the absorption profiles of the drug to
an extent that the mean saliva concentration of

paracetamol from the coated tablets was sub-
therapeutic (3.15+ 2.10 pg/ml) as an average
saliva concentration of 2 5 pg/ml is reported by
Hossain and Ayres (1996).to correlate with
therapeutic efficacy. The mixed film coating
thus have the effect of modulating the rate and
extent of drug absorption from the film-coated
tablets, making them suitable for controlled
drug delivery.

CONCLUSIONS

Mixed films consisting of pectin, chitosan and
HPMC was successfully used to coat paraceta-
mol tablet cores. /n vivo studies of the uncoated
and film-coated tablets in 5 healthy volunteers
have shown that the films are able to modulate
the releasé of the drug, allowing the dosage
form to exhibit controlled release properties.
The films reduced the rate and extent of drug
absorption from the coated tablets by reducing
Crex and AUC,,. , and increasing the T, of the
volunteers as compared to the uncoated tablets.
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A manipulation of the composition of the mixed
film coatings will thus provide a suitable film
coating system -that will act as a carrier for the
controlled delivery of drugs to the gastrointesti-
nal tract.
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