Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/26/12

For personal use only.

DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 15(14-16), 2227-2243 (1989)

THE IN VITRO AND IN VIVO PERFORMANCE OF AQUEOUS BASED
ENTERIC COATS OF NEUTRALISED HYDROXYPROPYL METHYL
CELLULOSE PHTHALATE

J R Bloor, P V McAuley, N Thakore, J A Stead

Roussel Laboratories
Kingfisher Drive
Swindon  SN3 5BZ

United Kingdom

ABSTRACT

Prednisolone tablets, enteric coated with neutralised
hydroxypropyl methylcellulose phthalate (HPMCP)  were
compared with Deltacortril tablets (Pfizer) by compendial
in vitro testing and a pharmacokinetic study in 12
volunteers. Despite satisfactory compliance for both
products with the specifications for enteric products of
the European Pharmacopoeia and the Jnited States
Pharmacopoeia a significant difference in lag time before
prednisolone was detected in plasma was observed between the
products and only the Deltracortril tablet was concluded to

exhibit true enteric properties.
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The failure of the neutralised HPMCP coating probably
results from incomplete gastric conversion to its
acidic form due to the majority of subjects having
gastric pH values in excess of those stipulated in the
compendial in vitre tests. Alternative in vitro

testing procedures are proposed.

0 TON

Aqueous based enteric film coatings are
increasingly available and offer advantages in terms of
cost, environmental impact, non flammability and
reduced toxicity (1, 2). These advantages are achieved
sometimes at the expense of technical problems relating
to poor surface appearance, blockage of the spray gun,

slower drying times and some tablet adhesion.

It has been reported (3) that some of these
technical problems can be overcome for hydroxypropyl
methylcellulose phthalate (HPMCP) by converting the
majority of the carboxyl groups to the salt form with
an alkali metal or an amine. After coating, full
enteric properties are achieved by treatment with acid
to convert the carboxyl groups to the acidic form.
This work was extended by Stafford (4) who suggested
through in vitro testing, after strictly controlled
spray coating to avoid defects, that the acid treatment
phase was unnecessary and that enteric properties could
be achieved very rapidly after exposure to gastric

fluid in vivo.

This approach is potentially very attractive in

simplifying the production process but the satisfactory
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TABLE 1
FORMULATION OF COATING SOLUTION

Component % w/v Source

HPMCP 12.5 Shin-Etsu Chemical Co., Tokyo
type HP-55

Sodium

hydroxide BP 1.0 Albright & Wilson, Cumbria, UK

Dispersed Red
11652 2.0 DF Anstead Ltd, Billericay, UK

Purified water| to 100

in vivo conversion of neutralised HPMCP will be
dependent upon the acidity of the stomach contents and
it has been observed from studies in over 1500 subjects
that 35% of gastric pH measurements were 6.0 or above
and only 41% less than 3.5 (5).

In view of the reported wide inter and intra
subject variations in gastric pH it was felt important
to test the enteric properties of neutralised HPMCP
in vivo by pharmacokinetic testing of tablets wusing
prednisolone as a model drug and allowing comparison
with a widely used commercial tablet form of enteric

prednisolone.

MATERIALS AND METHODS

Dosage Forms
Deltacortril tablets, 5mg (Pfizer), batch number
4-007D.
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Table 2

eratin onditions for ra oatin

PARAMETER CONDITION

Drum rotation speed 12 rpm
Inlet air temperature 60 — 70° C
Outlet air temperature 35 — 40° C
Spray nozzle diameter 1lmm
Spray on 30 secs
Spray off 5 secs
Spray rate 50g/min
Total coating time 3 hours
Average coat weight 10 mg

Prednisolone cores, 5mg, compressed from

Precortisyl (Roussel) granules batch number 7R-172-1.

Preparation of Coating Solution
An aqueous coating solution of HPMCP was prepared

according to the formula in Table 1.

The HPMCP was dispersed in the water by high speed
mechanical mixing and the Sodium Hydroxide added as an
aqueous solution. After hydration and solution of the
HPMCP at 4°C for 16 hours the dye was added before

coating.

Coating Procedure

A 10Kg charge was coated in a 24 inch Accela Cota,

Manesty Machines Ltd, Liverpool UK, using a Walther
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Pilot spray gun, Richard C Walther GmbH, Wuppertal,

West Germany.
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The operating conditions for the spray coater are

given in Table 2.

Tablet Testing

In vitro

For this study tablets were tested using the
disintegration and gastro-resistance test of both
the United States Pharmacopoeia and the European
Pharmacopoeia. The dissolution of prednisolone
from coated tablets followed the USP XXI procedure
which involved monitoring drug release in a pH 6.8
phosphate buffer after 2 hours in 0.1M

hydrochloriec acid.

In vivo

Twelve (7 male and 5 female) healthy
volunteers aged between 18 and 42 were studied in
a single dose randomised cross over study of the
two enteric coated tablets, each dose separated by
at least six days. The volunteers who were + 15%
of ideal weight had no course of drug therapy
within four weeks prior to the study or medicine
of any type within 72 hours of the study or
alcohol in the previous 24 hours. All volunteers
underwent a full medical examination and blood and

urine specimens were —collected for routine

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/26/12

For personal use only.

2232 BLOOR ET AL.

haematology, biochemistry and wurinalysis tests.
The dose was administered half an hour after
completing a standard breakfast of cereal, toast,
butter and marmalade with one cup of tea or
coffee. The tablet was swallowed with 100ml of
water and 20ml blood samples collected at 0.5, 1,
1.5, 2, 2.5, 3, 4, 6, 8 and 11 hours. Volunteers
were not allowed to lie down for 2 hours after
dosage and during this time no food or fluid was
taken. The assay of prednisolone in plasma
followed the radioimmunoassay method described by
Chakraborty and English (6).

ND ON

The characteristics of the prednisolone tablets
after coating with neutralised HPMCP and the

Deltacortril tablets are summarised in Table 3.

The data from both batches of tablets are very
comparable and comply with the current tests of the
European Pharmacopoeia and the United States

Pharmacopoeia with regard to enteric properties.

The plasma concentration of prednisolone in each
volunteer together with the mean concentrations are
provided in Table 4 for the neutralised HPMCP coated
tablets and Table 5 for the Deltacortril tablets. The
mean plasma levels as a function of time for both
tablets are shown in Figure 1. The mean peak plasma

levels are of the same order for both products as are
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TABLE 3
Characteristics of Tablets Studied

PARAMETER Neutralised | Delta-
HPMCP Cortril
coated

Diameter (mm) 6.5 7.5

Prednisolone assay (mg) 4.96 5.17

Disintegration (Ph Eur & USP| passes passes

Test for enteric products) tests tests

Dissolution: after

2 hours in 0.1M HC1 None None
detected detected

% released in pH 6.8

phosphate buffer at 10 mins | 45 51

and after 20 mins 97 98

the mean areas under the plasma curves, being
69lmg.hr.ml_1 for Deltacortril and 656ng.hr.ml—1
for the neutralised HPMCP coated tablet when

extrapolated to infinity.

However, there is a very clear difference between
the two products with regard to the lag time between
drug administration and its first detection in the
plasma (limit of detection 5ng/ml). The lag time for

each volunteer is shown in Figure 2.

The mean time for prednisolone to appear in the
blood was 4.2 hours (range 2 to 8 hours) for the
Deltacortril product and 1 hour (range 0.5 to 1.5
hours) for the neutralised HPMCP coated product. There
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FIGURE |
MEAN PLASMA PROFILES OF TWO 5mg PREDISOLONE E.C. TABLETS
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is no overlap in the ranges and the difference is

absolute.

Gastric emptying of non disintegrating tablets is
variable, particularly after food (7) and will be
affected by product size (8). However, gamma camera

studies have shown that after a light meal mean gastric

Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/26/12

residence times of 3 to 4 hours can be expected (9).
These findings would support the conclusion that the
Deltacortril plasma profile is consistent with that of

an adequately enteric coated tablet.
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FIGURE 2.
LAG TIMES TO ABSORPTION FOR TWO ENTERIC COATED
PREDISOLONE TABLETS

In a properly controlled study it is improbable
that the volunteers, whilst under study with the HPMCP
coated tablet, would show consistently faster gastric
emptying than when wunder study with Deltacortril,
particularly when the tablet diameter is of the same

order for each product.

Similarly, although gastric pH can vary widely (5)
and a high gastric pH would be expected to accelerate
drug release and absorptibn, a high gastric pH bias in

favour of the HPMCP volunteers is also improbable.
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Infra-red analysis of the coat on the Deltacortril
tablets used in this study indicated that the enteric
polymer was cellulose acetate phthalate (CAP).

This finding can be supported by other work on
Deltacortril tablets (10). Both CAP and HPMCP have
very similar pKa values, in the region of 4.5,
however, changes in dissolution rates as a function of
pH for different materials of similar pKa have been
reported (11). This is due to the negative charges
produced after partial dissociation impeding the
dissociation of remaining carboxylic acid groups due to
an increased attraction for hydrogen ions. The
magnitude of these effects depends on the proximity of
ad jacent phthalate groups. Davis (11) calculated this
distance as 8.5A for HPMCP and 7A for CAP and
attributed the slower dissolution rate of CAP to this
dimensional difference. Although this difference in
dissolution rate between CAP and HPCMP may contribute
to the observed difference in lag times in vivo it is
unlikely to be the major cause. It is more probable
that the observed differences jin vivo are primarily
due to inadequate conversion of the neutralised HPMCP
to the acidic form under the prevalent gastric pH

conditions.

The sensitivity of adequate conversion of
neutralised HPMCP to the acidic form was assessed by
examining the disintegration and dissolution
characteristics as a function of pH. Deltacortril
tablets were examined in a similar manner and

comparative disintegration data are presented in Table
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TABLE 6

Disintegration Times (mins) of Neutralised HPMCP
Coated Tablets and Deltacortril Tablets
as a Function of pH.

Product pH

1.2 2.0 2.5 3.0 4.0 5.06.0

Neutralised
HPMCP Tablets >120 90-120 60-120 30-60 30 20 15

Deltacortril >120 >120 >120 >120 >120 >120 60
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FIGURE 3.
PERCENT OF DRUG RELEASED IN DIFFERENT pH
MEDOIA FOR NEUTRALISED HPMCP COARTED TABLETS
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FIGURE 4.
PERCENT OF DRUG RELEASED IN DIFFERENT pH
MEDIA FOR BELTACORTIL TABLETS (B5mg>
6 and dissolution data in Figures 3 and 4. The

neutralised HPMCP coat did not offer 2 hours protection
from disintegration above pH 1.2 whilst the
Deltacortril tablet showed an adequate performance up
to pH5.

The dissolution performance closely reflected the
disintegration characteristics and was independent of
coating weights between 5 and 25mg for the neutralised
HPMCP tablet.
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This study supperts other work (12) suggesting
that the pH of the stomach can influence the rate of
drug absorption from enteric formulations and that
contemporary compendial testing does not recognise

gastric pH variations and its place in bioavailability.

In order to propose more realistic in vitro
conditions for disintegration or dissolution testing,
it is important to have a good understanding of the
inter and intra subject gastric pH profile and a better
knowledge of the relationship between in vitro testing

and in vive performance.

The work of Kuna (5) giving an average gastric pH
of 4.5 (range 2.0 to 7.2) is complemented by that of
Shibuya (13) who reported pH values of the resting
stomach from 30 subjects in the range 2 to 5.5. With
this wide gastric pH profile it will be difficult to
propose a universally acceptable in vitro pH test
which will ensure, for the whole population, both
gastric protection and subsequent rapid and complete

absorption in the small intestine.

However, a gastric pH test at 4.5 would make a
significant improvement in the discrimination of the
in vitro test for gastric protection. This value is
in broad accord with the apparent critical pH for
dissolution of enteric tablets proposed by Kaniwa (12)
but it must be recognised that disintegration in the

stomach could occur in subjects with clear anacidity.
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In making the gastric pH test more discriminating
it is important to ensure that the product will release
drug promptly in the small intestine and a reduction in
the time for disintegration at pH 6.8 to 30 minutes is
probably also now appropriate. In addition, in view of
our improved knowledge of gastric emptying times, the
testing period at pH 4.5 might be extended to 3 hours,
particularly for larger dosage forms administered with

or after food.
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