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Abstract

The effect of polycarbophil in different concentrations (0, 5, 10 and 20% w/w) on the bioavailability of diclofenac
sodium from polyethylene glycol suppositories was studied in six beagle dogs. The in-vivo data showed that the 5%
concentration of polycarbophil is the best concentration to be used in formulating polyethylene glycol suppositories
containing diclofenac sodium. At this concentration, the suppositories showed a relative bioavailability of 115.17%
compared to that of suppositories containing 0% polycarbophil. The other two concentrations of polycarbophil (10
and 20%) gave relative bicavailability of 56.46 and 50.21%, respectively. The 5% polycarbophil concentration resulted
in the highest C,, (6.35 + 1.06 gg/ml) compared to 5.54 + 1.21, 1.98 + 0.70 and 1.93 + 1.06 pg/ml for
suppositories containing 0, 10 and 20% polycarbophil, respectively. It was also noted that as the polycarbophil
concentration increased in the formulation the T, decreased indicating faster absorption. Also, the K, values
decreased and the t,, values increased indicating slower release of the drug from the formulation as the polycarbophil
concentration increased. Polycarbophil as a bioadhesive is capable of inducing faster absorption and its effect on
plasma concentration and bioavailability is dependent on its percentage used in the formulation.
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1. Introduction anes (Menasse’ et al.,, 1978; Ku et al., 1986).
Diclofenac is almost completely absorbed from
the intestinal tract (John, 1979; Riess et al., 1986)
and it undergoes first-pass metabolism after oral
administration and about 60% of the dose reaches
the systemic circulation as unchanged compound
(John, 1979).

The suppository form of a drug could avoid the
first-pass liver metabolism depending on the
_ height at which absorption occurs in the rectum.
* Corresponding author. Where drugs carried by the inferior or middle

Diclofenac sodium is a non-steroidal anti-infl-
ammatory drug displaying potent anti-inflamma-
tory, analgesic and antipyretic activities. It owes
its principal effect to inhibition of enzyme cy-
clooxygenase which transforms arachidonic acid
into prostaglandins, prostacyclin and thrombox-

0378-5173/96/515.00 © 1996 Elsevier Science B.V. All rights reserved
PII'S0378-5173(96)04485-7



38 E.A. Hosny et al. | International Journal of Pharmaceutics 136 (1996) 37 41

hemorrhoidal veins go directly into the circula-
tion, thus bypassing the liver, whereas drugs from
the superior vein and orally administered drugs go
directly to the liver before going to the general
circulation. So, drugs that are extensively
metabolised can avoid the so-called “first-pass’
metabolism if the rectal route is used and specifi-
cally if the suppository is retained in the bottom
one-third of the rectal vault.

Polycarbophil (Markus, 1965) is one of the
bioadhesive polymers (Gurney ¢t al., 1984; Ch'ng
et al., 1985; Longer et al, 1985; Nagai and
Machida, 1985) that are capable of adhering to
epithelial tissues or the mucus coat on the surface
of a tissue. It has been used to improve the oral
(Longer et al., 1985; Hosny and Al-Meshal, 1994;
Hosny et al., 1994), ocular (Hui and Robinson,
1986) and rectal (Hosny, 1988; Hosny and
Robinson, 1991; Hosny and Al-Angary, 1995;
Hosny et al., 1995) drug delivery.

The objective of this work was to determine the
effect of different concentrations of polycarbophil
on the in-vivo availability of diclofenac sodium
from suppositories in beagle dogs.

2. Materials and methods
2.1. Materials

Diclofenac sodium was obtained from SPI-
MACO (Qassim, Saudi Arabia). Bulk polycar-
bophil was a kind gift from Lee Laboratories Inc.
(Petersburg, VA, USA). Polyethylene glycol 4000
was from E. Merck (Darmstadt, Germany). All
other chemicals and solvents were of analytical
and HPLC grade.

2.2. Methods

2.2.1. Preparation of suppositories

Suppository formulations containing 50 mg of
diclofenac sodium were prepared by the fusion
method by melting the base PEG 4000, on a water
bath, adding the drug and the polycarbophil (if
present) subsequently with trituration after each
addition till a homogenous mass was produced.
The molten mass was then poured into a 1-g mold

and cooled in a refrigerator. The displacement
values of polycarbophil and diclofenac sodium in
PEG 4000 were determined (Vidras et al., 1982).

2.2.2. Animal studies

Six healthy male beagle dogs weighing 12.58 +
1.72 kg were used in this study. The dogs were
maintained on a normal diet with free access to
water. At least 1 week was permitted between
successive dosing in the same animal. During the
experimental period, each dog was placed in an
upright position in a restrainer stand. The legs
were shaven and a cephalic vein was cannulated
using an 18 gauge cannula. Blood samples (5 ml)
were taken into heparinized vaccutainer tubes at
0.0, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 5 and 6 h after
rectal administration. The tubes were then cen-
trifuged for 10 min. and plasma was aspirated and
stored at — 20°C prior to analysis.

2.2.3. Diclofenac assay

Diclofenac in plasma was analysed by a rapid
and sensitive high performance liquid chromato-
graphic method (El-Sayed et al., 1988).

2.2.4. Pharmacokinetic calculations

The maximum plasma concentration (C,,,,,) and
the time to reach this maximum (T,,,) were ob-
tained from the plasma concentration-time curves.
The area under the curve up to the last sampling
time point (AUC, () of diclofenac sodium in
plasma was calculated by using the linear trape-
zoidal method. The elimination rate constant (K))
was determined by the linear regression of the log
linear terminal portion of the plasma concentra-
tion-time curve. The apparent elimination half-life
(t,-) was calculated as 0.693/K,. The AUC, _
was calculated using the relation AUC, _, , =
C /K, where C, is the last measurable concentra-
tion. The AUC, _, o, values, as measurements of
the extent of drug absorption, were determined by
adding the two AUC’s, AUC, _ o = AUC,
+ AUC, _ ..

2.2.5. Statistical analysis

The difference between formulations was evalu-
ated using Analysis of Variance (ANOVA) on
microcomputer statistical package (SAS, Statisti-
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tions. All data were expressed as mean + stan-
dard deviation (X + S.D.).

3. Results and discussion

Fig. 1 and Table 1 provide the mean plasma
concentration-time profiles of diclofenac sodium
a supc for the tested formulations as well as their mean
® 10%pe pharmacokinetic parameters after their rectal in-
0 20%pC sertion into beagle dogs. In order to study the
effect of different polycarbophil concentrations (5,
10 and 20% w/w) on bioavailability of diclofenac
sodium, it was necessary to test the polyethylene
glycol suppositories containing no polycarbophil.
This formulation resulted in C,_,, 5.54 + 1.21
pg/ml and T, of 1.15 + 0.34 h. The AUC, _, ,
h was 15.86 + 3.61 ug-h/ml and the AUC, _, ,
+— T was 18.72 + 3.69 ug-h/ml. On addition of 5%
' ‘ concentration of polycarbophil to this formula-

Time(h) tion, the plasma concentrations increased signifi-

cantly (P < 0.05) and C,,,, reached to 6.35 +

Fig. 1. Megn' plasma concentration of diclofenac sc.)diu.m after 2.14 pg/ml and the T,,, is reduced to 0.95 +
e o, s et sk 0.1 inatng fster absorpion. The AUC,
T 6 and AUC, _, , increased to 17.59 + 4.47 and

4 0%hpC

Conc . (Hg/ml)

dogs 21.56 + 4.62 ug-h/ml, respectively, producing

relative bioavailability of 115.17% compared to

the polyethylene glycol suppositories with no
cal Analysis System). The difference was consid- polycarbophil. This effect indicates that polycar-
ered significant at P values of 0.05 or less. Fur- bophil induced rapid absorption of diclofenac
thermore, the data were analyzed by Fisher’s sodium from the suppositories by virtue of its
Least Significant Difference (LSD) method to re- effects on increasing the intimacy of contact to the
veal any significant different between the formula- absorbing mucosa, producing a steep concentra-
Table 1

Mean® pharmacokinetic parameters of diclofenac sodium after rectal administration of polyethylene glycol suppositories containing
0, 5, 10 and 20% (w/w) polycarbophil

Parameter Polycarbophil Conc. (%%)
0% 5% 10% 20%

Crax (ug/ml) 5.54 + 1.21 635 + 2.14 1.98 + 0.70 1.93 + 1.06
Tomax (h) 1.15 + 0.34 095 + 0.11 075 + 0.0 038 + 0.21
Ky (h™H 0.37 £ 0.06 0.28 + 0.04 0.18 + 0.07 0.13 + 0.04
ty,, (h) 1.79 + 0.50 245 + 031 435 £ 1.75 583 + 1.62
AUC, _, , (ug-h/ml) 1586 + 3.61 17.59 + 447 6.52 + 2.24 496 + 1.32
AUC, _, ., (ug-h/ml) 18.72 + 3.69 21.56 + 4.62 10.57 £ 1.20 9.40 + 1.48
Rel. bioavailability - 115.17% 56.46% 50.21%

“Data presented as mean + S.D.
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tion gradient to favor drug absorption. Polycar-
bophil also causes localization of the suppository
in the lower region of the rectum and hence
improves the bioavailability of diclofenac sodium
since it will avoid first-pass liver metabolism,
Also, polycarbophil has been proved lately to
increase the permeability of the epithelial tissues
(LueBen et al., 1994). As the polycarbophil con-
centration increased to 10 and 20% w/w, the
plasma concentration reduced significantly (P <
0.05) giving C,,,,, of 1.98 + 0.70 and 1.93 + .06
ug/ml, respectively. Also, the areas under the
curve are reduced significantly to 10.57 + 1.20
and 940 + 148 pug-h/ml, giving relative
bioavailability of 56.46% and 50.21%., respec-
tively. Increasing the polycarbophil concentration
in the suppository formulations from 0 to 5, 10
and 20% resulted in reduction of T, ,, from 1.15
+ 034 t0 095 + 0.11,0.75 + 0.0 and 0.38 +
0.21 h, respectively. This could be due to several
factors. Some of these factors are related to the
bioadhesive power of the polymer. Others are
related to the formulation itself. It has been
shown (Chen and Cyr, 1970) that for maximum
adhesion to occur, perfect matching of adhesive
sites should be achieved in presence of an opti-
mum amount of water near or at the interface. If
water present is not sufficient to hydrate the poly-
mer, the adhesive sites are not completely liber-
ated and exposed for bioadhesion. This could be
the case in the rectum as the amount of rectal
fluid is very limited and as the polycarbophil
concentration increased in the formulation to 10
and 20%, the rectal fluid becomes insufficient to
hydrate the polymer.

In the rectum, the rectal fluid has no buffer
capacity and it usually takes the pH of the formu-
lation. In these formulations, increasing the poly-
carbophil concentration from 0 to 5, 10 and 20%
w/w decrease the pH from 6.1 to 5.6, 5.1 and 4.1,
respectively. This decrease in pH affect the di-
clofenac sodium solubility as i1t decreases as the
pH decrease.

The viscosity of the formulation and conse-
quently the viscosity of the rectal flud as a
medium for dissolution of the drug affect both the
bioadhesion strength and also the release of the
drug from the suppository formulations. The vis-

cosity of the suppositories increased markedly as
the polymer concentration increased to 10 and
20%, thus reducing the release of the drug. Also
maximum bioadhesion requires an optimum vis-
cosity of the medium (Dittgen et al., 1989).

As a conclusion, polycarbophil as a good
bioadhesive polymer that is not absorbed and
does not produce any undesirable systemic effects
and approved by FDA for use in humans could
be used as an additive in suppository formulations
to increase the rate and extent of drug absorption
provided that it is used in the proper concentra-
tion.
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