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Abstract 

The effect of food on the bioavailability of bioadhesive containing indomethacin tablets was evaluated on five 
male beagle dogs. Indomethacin was administered intravenously at a dose of 15 mg and orally in the fasting state 
and after food intake as a bioadhesive tablet at a dose of 25 mg. After dosing, serial blood samples were collected for 
a period of 6 h. Indomethacin plasma concentration was determined by a sensitive high-performance liquid 
chromatographic assay. Food consumption dramatically reduced the area under the plasma concentration-time curve 
(AUC) and the maximum concentration (C,,,) by 86 and 76%, respectively. No significant differences were 
observed in the time to peak concentration (T,,,), mean residence time of the drug in the body (MRT), mean 
absorption time (MAT), elimination rate constant (K,,) and elimination half-life (t,,,) between the fasting and 
postprandial states. The mean gastrointestinal time (MGT) was found to be 0.81 h. The absolute bioavailability of 
the indomethacin bioadhesive tablets in the fasting state and after meal was 85.4 and 11.8%, respectively. 
Complexation of the bioadhesive material with the food contents is the most plausible explanation for the decrease 
in the extent of absorption of indomethacin. 
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1. Introduction 

Bioadhesive polymers for drug delivery pur- 
poses are defined as synthetic or natural poly- 
mers that have the ability to adhere to a biologi- 
cal tissue for an extended period of time (Park 
and Robinson, 1984; Peppas and Buri, 1985). 
These polymers can adhere to gastric mucin/epi- 

thelial cell surfaces either by becoming sticky 
when placed in water and owe their bioadhesion 
to stickiness or through secondary chemical bonds 
especially hydrogen-bonding and also by binding 
to specific receptor sites on the cell surface. One 
such bioadhesive polymer is polycarbophil 
(Markus, 1965) which was shown to be effective 
for oral (Longer et al., 19851, ocular (Robinson 
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In our laborato~ we developed polycarbophiI- 
containing indomethacin tablets (Al-Meshal et 
al., 1992; Hosny and AI-Meshal, 1994a). These 
tablets were shown to disintegrate rapidly in less 
than 1 min, to reduce the incidence of in- 
domethacin induced gastric ulcers, and could be 
prepared by direct compression. These tablets 
are also more bioavailable than the marketed 
capsules ‘Indocid, MSD’ showing 152% relative 
bioavailability (Hosny and AI-Meshal, 1994b). 

No work has been carried out to demonstrate 
the effect of food on the bioavaiIability of bioad- 
hesive-containing dosage forms. Therefore, the 
objectives of this study were two-fold: (1) to eval- 
uate the effect of food on the bioavailability of 
indomethacin from bioadhesive-containing tab- 
lets; and (2) to determine the absolute bioavail- 
ability of indomethacin-containing bioadhesive 
tablets compared to i.v. injection of indomethacin 
solution under fasting conditions. 

2. Materials and methods 

2.1. Materialf 

Bulk polycarbophil was a kind gift from Lee 
Laboratories Inc. (Petersburg, VA, U.S.A.). In- 
domethacin was obtained from Al-Hikma Phar- 
maceutical (Amman, Jordan). Confortid 50 mg, 
i.v. injection was purchased from Dumex Ltd 
(Denmark), All other chemicals and solvents were 
of analytical and HPLC grade. 

2.2. Animals 

Five male beagle dogs, weighing between 7 
and 10 kg, were used in the present study. In- 
domethacin was administered on three occasions 
separated by 2 weeks between each treatment. 
The animals remained in good health through the 
entire period of the study. The dogs were starved 
for about 18 h prior to the experiment, but al- 
lowed water ad libitum. During the experimental 
period each dog was placed in the upright posi- 
tion in the restrainer stand. The legs were shaven 
and a cephalic vein was cannulated using an 
18gauge cannula. The cannula was used for in- 

travenous administration and blood sampling. The 
same five dogs were used throughout the intra- 
venous and oral dosing experiments. 

2.3. Study design and plasma samples 

The three treatment periods were as follows: 
(a) indomethacin administered intravenously at a 
dose of 15 mg; (b) indomethacin administered 
p.o. in the fasting state as a bioadhesive tablet 
(containing 25 mg indomethacin manufactured in 
our laboratories for the purpose of this study); 
and (c) p.o. as a bioadhesive tablet (containing 25 
mg indomethacin) 15 min after intake of 480 ml 
(16 oz.) of dog food mixed with an equal volume 
of water. 

Multiple blood samples (5 ml) were collected 
in evacuated glass tubes (heparinized vacutainers, 
Becton & Dickinson, CA, U.S.A.) before and at 
0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 5.0 and 
6.0 h after dosing. The plasma was then sepa- 
rated after centrifugation and stored frozen at 
- 20°C pending analysis. 

2.4. Analysis of plasma samples 

Indomethacin plasma concentrations were 
measured using a specific, sensitive, and validated 
high-performance liquid chromatographic proce- 
dure (AlAngary et al., 1990). This assay involves 
extraction of plasma samples enriched with itra- 
conazole (internal standard), with diethyl ether 
after acidification with glacial acetic acid. Follow- 
ing evaporation to dryness, the residues were 
reconstituted in the mobile phase and aliquots 
were injected into the chromatograph and efuted 
with ethanol/water/glacial acetic acid (6.5 : 34 : 
l%, v/v). The liquid chromatographic systems 
consisted of a model 6000A solvent delivery pump, 
model U6K injector, and model 481 UV detector, 
set at 254 nm. The column was a 4 pm C-18 
reversed phase column (all from Waters Associ- 
ates, Milford, MA, U.S.A.). The within-day coef- 
ficient of variation (CV) ranged from 2.7 to 5.7%, 
while the between-day CV ranged from 3.6 to 
6.1%. The absolute recoveries ranged from 94 to 
97% over the concentration range 0.1-10 pg/ml. 
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2.5. Phamacokinetic analysis 

Pha~acokineti~ parameters for indometha~in 
following oraf administration were determined 
from the plasma concentration-time data. The 
maximum plasma concentration CC,,,> and the 
corresponding time CT’,) were obtained directly 
from the plasma concentration-time profiles. The 
area under the plasma concentration-time curve 
(AUC) and the area under the first moment 
curve (AUMC) were estimated according to the 
linear trapezoidal rule and extrapolated to infin- 
ity using standard techniques (Gibaldi and Per- 
rier, 1982). The apparent elimination rate con- 
stant (K,,) was calculated by the technique of 
least-squares regression analysis. The data of 
plasma indomethacin concentrations after intra- 
venous administration were analyzed by a linear 
two-compartment open model with elimination 
from the central compartment (El-Sayed et al., 
1990). The mean residence time of the drug in 
the body (MRT), mean absorption time (MAT), 
mean gastrointestinal time (MGT) and absolute 
bioavailability (F) of the oral tablets were calcu- 
lated using the following equations: 

AUMC 
MRT=- 

AUC 

MAT = MRT,, - MRT, 

MGT = MATpostprandially - lMATfas*ing 

AUC, dose, 
E;=-.- 

AUC iv dosepo 

where MRT,, is the mean residence time after 
oral administration and MRTiy denotes the mean 
residence time after i.v. administration. 

2.6. Statistical analysis 

The effect of food on the pharmacokinetic 
parameters of indomethacin following oral ad- 
ministration was evaluated statistically using anal- 
ysis of variance and unpaired Student’s t-test on 
a microcomputer statistical package (SAS, Statis- 
tical Analysis System). Statistical differences were 
considered significant at the level of 0.05. Phar- 
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Fig. 1. Mean plasma concentration of indomethacin following 

oral administration of the bioadhesive tablets to five dogs in 

the fasting state (0) and postprandially (0). 

macokinetic parameters are presented as mean k 
SD. 

3. Results 

The mean plasma concentration-time curves 
for the five dogs following the oral administration 
of the bioadhesive tablets of indomethacin in the 
fasting and non-fasting conditions are shown in 
Fig. 1. Food consumption produced a significant 
reduction in indomethacin plasma concentrations 
from 0.5 h onwards (P < 0.01). 

The pharmacokinetic parameters of in- 
domethacin following oral administration of the 
bioadhesive tablets with and without food intake 
are listed in Table 1. Food dramatically reduced 
the area under the plasma concentration-time 
curve (AUC) (11.79 + 5.69 and 1.61 + 1.43 pg h 
ml- for the fasting state and after meal, respec- 
tively) and the maximum plasma concentration 
CC,,) (3.90 k 1.36 and 0.94 of: 1.7 pg/ml for the 
fasting state and non-fasting conditions, respec- 
tively). No significant differences were noted in 
the Tmax, MRT, MAT, I(,, and t 4 parameters 
between the fasting and non-fasting dogs. The 
mean gastrointestinal time (MGT), which is the 
difference in absorption time between the fasting 
and postprandial states, was found to be 0.81 h. 
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Table 1 
Mean pharmacokinetic parameters of indomethacin following 
oral administration of bioadhesive tablets (containing 25 mg 
indomethacin) to five fasting dogs before and after food 

Parameter 

AUC (~8 h 
ml-‘) 

Fasting Food 

Mean + SD CV Mean* SD CV 
(%I (%o) 

11.79+ 5.69 48.2 1.61* 1.43 a 88.6 

C,,,, (fig/m0 3.9Oi 1.36 34.7 0.94 rl: 1.17 a 124.0 
T,,, (h) 1.90+ 0.55 28.8 2.2011.35 61.4 
MRT (hf 3.57* 0.67 18.9 3.9211.59 40.7 
MAT (h) 2.13i 1.41 66.2 2.94+ 1.75 59.5 
K,, (h .- ‘) 0.36* 0.00 16.3 0.42iO.13 30.1 
t+ (h) 1.96+ 0.35 17.7 1.76 i 0.56 31.7 

F (%I 85.4Oi47.20 55.2 11.80+9.10 a 77.7 

Mean + SD of five dogs. 
a Significantly different; P < 0.005. 

The absolute bioavailability of the indomethacin 
bioadhesive tablets in the fasting state and after 
meal was 85.4k47.2 and 11.8&9.1%, respec- 
tively. 

4. Discussion 

The results of this investigation demonstrate 
that food consumption dramatically reduced the 
extent of absorption of indomethacin from the 
bioadhesive tablets. The area under the plasma 
concentration-time curve (AUC) and the C,,, 
were reduced by 86 and 76%, respectively. Al- 
though the time to maximum plasma concentra- 
tion (?;nax> increased by 16% postprandially, this 
change was not statistically significant. Neverthe- 
less, interdog variation in Y’,‘,,,, determined as 
CV, was large after meal (61.4%) compared to 
the fasting dogs (28.8%). 

The possibility of a decrease in the extent of 
absorption as a consequence of the delay in gas- 
tric emptying is remote, since the Tm,,, MRT and 
MAT remained unchanged between the two 
treatment periods. The mean absorption time in 
fasting dogs was 2.13 f 1.41 h, which was 49 min 
shorter than after food intake (2.94 i 1.75 h), 
This shows that food intake delayed the absorp- 
tion process of indomethacin bioadhesive tablets, 

the delay being represented by the mean gas- 
trointestinal time, MGT (0.81 h). Nevertheless, 
this delay was not statistically significant (p = 
0.4415 for MAT). 

The most plausible explanation for the signifi- 
cant decrease in bioavailability (F) of in- 
domethacin bioadhesive tablets (86% decrease 
relative to the fasting dogs) is the complexation of 
the bioadhesive material with the food contents. 
There may be other reasons for the low bioavail- 
ability of these bioadhesive tablets after meal. 
One of the reasons is the effect of food on 
increasing pH of the gastric contents which con- 
sequently influences the surface charge of both 
gastric mucus and polymer (Ch’ng et al., 1985). 
The food aIso affects the degree of hydration of 
the bioadhesive polymer (Chen and Cyr, 1970) 
and its viscosity (James and Marriot, 19821, which 
in turn are critical for its adhesive strength. As 
shown previously (Smart et al., 19841, higher pH 
values disfavor adhesion between gelatin gels and 
plates coated with p75 SCMC and tragacanth. 
Also, it has been reported (Park and Robinson, 
1985) that polycarbophil exhibited m~imum 
bioadhesion at pH much lower than its pK, value 
(4.7) and better adhesion occurred in the stomach 
than in the intestine (Rao and Buri, 1989). 

In conclusion, polycarbophil-dietary compo- 
nent interaction seems to be the main reason for 
the low bioavailability of these indomethacin 
tablets when administered after food intake. Also, 
the effect of dietary component on the physiolog- 
ical conditions that affect the bioadhesive charac- 
teristics of polycarbophil shouId not be over- 
looked. 

Acknowledgements 

The authors would like to acknowledge the 
competent technical assistance of Mr M. Al- 
Dardiri and Mr KM. Lutfi. 

References 

Al-Angary, A.A., El-Sayed, Y.M., Al-Meshal, M.A. and Lutfi, 
K.M., High-performance liquid chromatograph~c analysis 



E.A. Hosny et al. /International Journal of Pharmaceutics 112 (1994) 87-91 91 

of indomethacin in serum. J. Clin. Pharmacol. Ther., 1.5 

(1990) 257-265. 

Al-Meshal, M.A., Al-Mahrouk, G.M. and Hosny, E.A., The 

effect of particle size and concentration of polycarbophil 

on its physical properties and the pharmaceutical charac- 

teristics of prepared indomethacin tablets. Alex. J. Pharm. 
Sci., 6 (1992) 318-321. 

Chen, J.L. and Cyr, G.N., Composition producing adhesion 

through hydration-adhesion in biological systems. In 

Manly, R.S. (Ed.), Academic Press, New York, 1970, pp. 

163-181. 

Ch’ng, H.S., Park, H., Kelly, P. and Robinson, J.R., Bioadhe- 

sive polymers as platforms for oral controlled drug deliv- 

ery: II. Synthesis and evaluation of some swelling, water- 

insoluble bioadhesive polymers. J. Pharm. Sci., 74 (1985), 
399-405. 

El-Sayed, Y.M. Al-Meshal, M.A., Al-Angary, A.A., Lutfi, 

K.M. and Gouda, W.M., Accelerated clearance of intra- 

venously administered indomethacin by oral activated 

charcoal in rabbits. Int. J. Pharm., 64 (1990) 109-115. 
Gibaldi, M. and Perrier, D., Pharmacokinetics, Dekker, New 

York, 1982. 

Hosny, E.A., Rectal drug delivery using a bioadhesive-con- 

taining dosage form. Ph.D. Thesis, School of Pharmacy, 

University of Wisconsin, Madison, 1988. 

Hosny, E.A. and AlAngary, A.A., Formulation and evalua- 

tion of sustained release indomethacin suppositories. Alex. 
J. Pharm. Sci., 7 (1993) 173-176. 

Hosny, E.A. and Al-Meshal, M.A., Formulation of com- 

pressed indomethacin tablets using polycarbophil. Pharm. 
Ind., (1994a) in press. 

Hosny, E.A. and Al-Meshal, M.A., In-vivo evaluation of a 

bioadhesive-containing indomethacin tablets. Drug Deu. 
Ind. Pharm., (1994b) in press. 

Hosny, E.A. and Robinson, J.R., Rectal drug delivery of 

ketoprofen using a bioadhesive-containing suppository, 2nd 
Anglo-Egyptian Conference of Pharmaceutical Scientists, 
Abstract Book, 18, Alexandria, Nov. 9-12, 1991. 

James, S.L. and Marriot, C., An investigation of the effect of 

an antacid mucosal protective on gastric mucus. Pharm. 
Acta Heh., 51 (1982) 265-270. 

Longer, M.A., Ch’ng, H.S. and Robinson, J.R., Bioadhesive 

polymers as platforms for oral controlled drug delivery: 

III. Oral delivery of chlorthiazide using a bioadhesive 

polymer. J. Pharm. Sci., 74 (1985) 406-411. 
Markus. R.L., US Patent 3,202,577, 1965. 
Park, K. and Robinson, J.A., Bioadhesive polymers as plat- 

forms for oral-controlled drug delivery:methods to study 

bioadhesion. ht. J. Pharm., 19 (1984) 107-127. 
Park, H. and Robinson, J.R., Physico-chemical properties of 

water-insoluble polymers important to mucin/epithelial 

adhesion. J. Controlled Release, 2 (1985) 47-57. 
Peppas, N.A. and Buri, P.A., Surface interfacial and molecu- 

lar aspects of polymer bioadhesion on soft tissues. J. 
Controlled Release, 2 (1985) 257-275. 

Rao, K.V.R. and Buri, P., A novel in situ method to test 

polymers and coated microparticles for bioadhesion. Int. J. 
Pharm., 52 (1989) 265-270. 

Robinson, J.R. and Li, Y.H.K., Ocular disposition and 

bioavailability of pilocarbine from Piloplex@ and other 

sustained release drug delivery system. In Ticho, U and 

David, R. (Eds), Recent Advances in Glucoma, Excerpta 

Medica, Amsterdam, 1984, pp. 231-236. 

Smart, J.D., Kellaway, I.W. and Worthington, H.E.G., An 

in-vitro investigation of mucosa-adhesive materials for use 

in controlled drug delivery. J. Pharm. Pharmacol., 36 (1984) 
295-299. 


