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Effects of Food on Bioavailability of Two Indomethacin Capsules Containing Different Sizes of Particles
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Two different indomethacin capsules, a commercial one containing fine drug particles and an experimental capsule
containing 125—177 um particles, were employed in this study. The commercial preparation showed faster in vitro
dissolution than the experimental one. When administered to humans having normal acidity of the gastric juices, the
commercial capsule exhibited higher C,,,, and smaller 7, ,, and mean residence time (MRT) than the experimental one
both in fasting and nonfasting states, although the two capsules were equivalent in area under the serum concentration—
time curve (4 UC). The ingestion of a breakfast delayed the gastrointestinal absorption from both preparations, which

resulted in larger 7,,.,’s and MRT’s and smaller C,,.’s in the nonfasting state. Food, however, did not have any

significant effect on the 4UC’s of the preparations.
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There have been extensive studies on the effects of food
on the bioavailability of drugs.! ~* Such studies are impor-
tant to clarify the alteration in the availability caused by
food and to find dosage forms whose bioavailabilities and
hence therapeutic effects are little influenced by food.
However, most of the studies so far have not paid much
attention to formulation factors and have been performed
with only a single product. The effects of food may vary
according to the lots and types of formulations, since food
affects not only the gastrointestinal absorption of the drug
itself but also the dissolution of drugs and disintegration of
formulations. Our previous studies on griseofulvin,® nali-
dixic acid® and metronidazole® revealed that the effects of
food differed in degree among the products. Therefore,
formulation factors as well as dietary factors should be
taken into consideration when food effects are studied.

In the case of poorly soluble drugs in a physiological fluid
the particle size of drugs is often a key factor controlling the
dissolution rate and bioavailability, but there have been few
studies on food effects with regard to particle size. One
study carried out using nitrofurantoin found different
effects of food between the macrocrystalline and microcrys-
talline products,”® which suggests that food effects may
differ among drug particles of unequal size.

Indomethacin, having low solubility in acidic fluids, is
reported to be effective at the blood level of 3 ug/ml® and to
cause side effects above 5 ug/ml.!%!!) It is usually adminis-
tered postprandially in order to avoid gastric irritation. It is
clearly of interest to follow the blood level after drug
administration with or without food. Previous studies
carried out using conventional capsules showed that the
gastrointestinal absorption of indomethacin was delayed by
food,'®!2714 especially by a high-carbohydrate meal.!®
However, those studies did not pay any attention to the
pharmaceutical characteristics of dosage forms such as the
particle size, dissolution, etc.

In this study, the effects of food on the bioavailabilities
from a commercial capsule and an experimental one which
contained fine and large particles of indomethacin, re-
spectively, were investigated.

Experimental
Preparation Inteban® (lot No. L130, Sumitomo Pharmaceutical Co.,
Ltd.) containing 25 mg of fine particles of indomethacin was selected as a

test capsule (A) from among six brands of capsules, because, in the
preliminary dissolution test at pH 7.2, it dissolved as rapidly as the other
five products (one of the six products dissolved slowly). An experimental
capsule (D) containing 25 mg of indomethacin particles in 125—177 ym
sieve size mixed with 175mg of lactose was also used in this study.

Dissolution Rate The dissolution rate of indomethacin from the cap-
sules was determined by the JP XI paddle and rotating basket methods in
900 ml of pH 7.2 buffer for the JP XI dissolution test of indomethacin
capsules. The mean dissolution rate was determined after three dissolution
runs.

Disintegration Time According to the JP XI disintegration test, the
disintegration time of the indomethacin capsules was determined in water,
JPXI first fluid (pH 1.2) and pH 7.2 buffer used for the dissolution test.

Bioavailability Test Five healthy male volunteers who were all esti-
mated to have high gastric acidity by Gastro test® (Chugai Pharmaceutical
Co., Ltd.)!® participated in this study. Their ages were 22, 37, 24, 23 and
22 years and their weights were 58, 68, 60, 60 and 78 kg, respectively. Each
subject took a test capsule together with 200 ml of water after fasting
overnight or 15 min after ingestion of a breakfast which consisted of 100 g
of bread, 20 g of butter, 35 g of cucumber, 200 m! of milk and a boiled egg.
All subjects then took no food or beverage until 4h after dosing. Blood
samples were taken at intervals up to 24 h after the drug administration
and the serum samples were stored frozen until assay. The drug was
administered at a two-week interval according to a four-way randomized
block design. Serum indomethacin was determined by gas chromatog-
raphy with an electron capture detector as previously described,'® using a
glass column (2 mm x 90 cm) packed with 109, SP 2250 on 100—120 mesh
Supercoport (Gaskuro Kogyo Inc.), with nitrogen gas as a carrier gas. The
injection, detector and column temperatures were 275, 275 and 260 °C,
respectively. The bioavailability was evaluated using the observed values
of maximum serum concentration of the drug (C,y,,), time to Cp,, (T'rar)
mean residence time (MRT)'"'® and the area under the serum
concentration-time curves from zero to 24h (4UC,,,) and zero to infinity
(AUC,) calculated by means of a trapezoidal rule and by the method of
Wagner,'? respectively. The cumulative amount of the drug absorbed was
calculated by the deconvolution method with nonequal sampling times,?®
using the mean pharmacokinetic parameters reported by Duggan et al.,2"
A=295mg/ml, B=0.53mg/ml, a=1.941h"' and f=0.345h"! deter-
mined on the basis of a two-compartment model with rapid intravenous
injection, C=Ade™*+ Be~* (C, blood concentration of the drug; ¢, time).
The cumulative absorbed fractions were normalized on the assumption
that the cumulative fractions 24 h after administration of preparation A in
fasting subjects were complete.

Results

- Dissolution and Disintegration Although most commer-
cial indomethacin capsules are reported to contain less than
10—50 um of particles,>® no detailed information is avail-
able on the surface areas or particle sizes. Therefore, in
order to determine the ratio of surface area of a commercial
test product (A) to that of the experimental product (D),
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Fig. 1. Dissolution of Indomethacin from Preparations A (@) and D
(A) Plotted in a First-Order Fashion

The values are the means of three determinations by the JP XI paddle method at
120 rpm in 900 ml of pH 7.2 medium.
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Fig. 2. Mean Serum Levels of Indomethacin after Oral Administration

of 25 mg of Preparations A (Left Figure) and D (Right Figure) to Humans
(n=6) Having Normal Gastric Acidity in Fasting (Open Symbols) and
Nonfasting States (Closed Symbols)

The vertical lines show S.E. a) p<0.01. b) p<0.05.

the dissolution rates were first determined by the JPXI
paddle method at a high stirring rate (120 rpm), where the
drug particles were well dispersed in the dissolution me-
dium. Figure 1 shows the mean amount of drug not
dissolved versus time curves, which declined exponen-
tially.?> The rate constants determined from the linear
portions were 0.452+0.012 min~! (mean+S.D., n=3) for
preparation A and 0.0614+0.0122 min~! for preparation
D. Assuming that the surface area is proportional to the
rate constant,?® the ratio of the area of preparation A to
that of preparation D is calculated to be 7.4, which means
that the diameter of particles in preparation A is about 16—
24 um if the particles are assumed to be spherical.

The dissolution rates of the two preparations were also
determined under various conditions which were reported
in our previous paper.?* When determined by the rotating
basket method at 100 rpm according to the JP XI specifi-
cation for indomethacin capsule, more than 959 of the
drug was dissolved from capsule A in 20min while
29.24+1.9% (mean+S.D.) was dissolved from capsule D.
This means that capsule A met the JP requirement for
indomethacin capsules (more than 759, of the drug to be
dissolved in 20 min) but capsule D did not.

The disintegration times of preparations A and D de-
termined -by the JP XI disintegration test at pH 7.2 were
5.3+0.8 (mean+S.D.) and 3.0+ 1.0 min, respectively, and
similar values were obtained in water and pH 1.2 medium.
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TaBrLE I. Mean Pharmacokinetic Parameters after Oral Administration
of Two Different Capsules Containing 25 mg of Indomethacin to Humans

Parameter Capsule Fasting Nonfasting l:f‘::::i
Crnax A 1.638+0.289*”  1.163+0.322 NS
(pg/ml) D 0.883+0.059 0.677+0.116 NS
max A 1.8+0.4 2,6+0.5 NS
(h) D 3.6+0.29 5.0+0.6 p<0.05
MRT? A 3.68+0.25Y 5.52+0.402 p<0.05
(h) D 5.70+0.38" 7.28+0.24Y  p<0.01
AUC,,, A 4.66+0.65 4.73+0.35 - NS
(h- ug/ml) D 4.11+0.29 4.82+0.67 NS
AUC A 4.89+0.64 5.00+0.40 NS
(h- pg/ml) D 4.31+0.31 5.12+0.69 NS
0P A 0.098 +0.022 0.115+0.018 NS
(™Y D 0.112+0.015 0.126 +0.011 NS

a) Means+S.E. b) The difference between capsules A and D was significant at
p<0.05 by the paired r-test. ¢) MRT was determined using the serum levels from
zero to the final sampling time. d) k. elimination rate constant. NS: not
significant at p <0.05.
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Fig. 3. Mean Cumulative Amounts of Indomethacin Absorbed in
Humans (n=6) after Oral Administration of Preparations A (O) and D
(A) in the Fasting State and Preparations A (@) and D (A) in the
Nonfasting State

The absorption 24 h after administration of preparation A in fasted subjects was
assumed to be complete and each value was normalized. The vertical lines show S.E.

Bioavailability The bioavailabilities of the two indometh-
acin preparations were estimated in human subjects who
had normal acidity of the gastric juices in order to avoid the
effects of gastric acidity on the bioavailability.!®’ Figure 2
shows the mean serum concentration time—curves of the two
preparations given under fasting or nonfasting conditions.
The serum levels rose more slowly under the nonfasting
condition than under fasting. Statistically significant differ-
ences between fasting and nonfasting states were found in
the serum levels at 0.5 and 4 h for preparation A and at 4, 6
and 8 h for preparation D. Table I lists the in vivo param-
eters. Food had a tendency to delay MRT’s and T,,,’s of
both preparations and to reduce the C_,’s. The mean
C,..x S of preparations A and D given with food were about
70 and 809% of those without food, respectively. The
findings suggested that food retarded the absorption of the
drug in the gastrointestinal tract. This was seen clearly well
when the in vivo absorption profiles were plotted (Fig. 3).
The absorption curves of both preparations shifted to the
right due to food, and the average shifts at the 50%
absorption level of the two products were similar, namely
1.6 h for preparation A and 1.9 h for preparation D. On the
other hand, the AUC’s of large and fine particles were
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almost equal and food did not significantly affect the
AUC’s as previously shown,'3'* which indicates almost
complete absorption from the particles.

When the two preparations were compared, preparation
D showed slower in vivo absorption than preparation A
both in the fasting and nonfasting states (Fig. 3). It appears
that the in vivo as well as in vitro dissolution varied
depending on the particle sizes, whether food was present
or not.

Discussion

There have been a few studies investigating food effects
using different sizes of drug particles. In this study food
delayed the absorption of indomethacin from both the large
and small particles. The delays are probably attributable to
retarded dissolution caused by delayed gastric emptying
due to food,?>’ because indomethacin should dissolve better
in the intestine than in the stomach judging from the pH-
solubility characteristics, approximately 2mg/ml at pH 7
and less than 0.025mg/ml at pH 1—35, respectively.'®
Although food elevates the gastric pH, it would not signif-
icantly accelerate the dissolution of indomethacin, since
the elevated pH would not much exceed pH 52%2” and
would not continue long.2®

In a previous study on nitrofurantoin,’® food also
delayed the absorption from the microcrystalline prepara-
tion (particle size: <10 um) but not from the macrocrystal-
line one (particle size: 74—177 yum) which showed poor
availability in the fasting state. Instead, food markedly
enhanced the bioavailability. The enhancement was prob-
ably attributable to promoted dissolution due to the
improved solubility of the drug, because hydrophobic drugs
are solubilized by bile,?® secretion of which is facilitated by
food, and also by dietary components. The delayed gastric
emptying caused by food might contribute to enhancing the
bioavailability, since it makes it possible for a greater
amount of drug to be dissolved in the stomach. Such
improvements in the drug dissolution and hence in
bioavailability seem to more than counterbalance the de-
layed absorption brought about by food. Accelerated ab-
sorption due to food was also observed in microsize and
ultramicrosize formulations of griseofulvin.*

These findings suggest that, among various factors of
food, the solubilization of drugs and the retardation of
gastric emptying have great influence on the dissolution and
absorption of drug particles, and the observed effects of
food vary depending on which effect is larger. The solubiliz-
ing effects, especially of biles, are probably more important
for such drugs as nitrofurantoin and griseofulvin, which are
practically insoluble in physiological fluids, than for in-
domethacin, which is soluble in the intestinal fluid. When
the solubilizing effects are negligible, the absorptions of
drug from large and small particles may be only retarded by
food, as observed in this study, and the similar delays both
in the fine (< 10—50 ym) and large particles (125—177 um)
of indomethacin indicate that food equally delays the
gastric emptying of particles smaller than 175 um while it
markedly retards that of particles larger than 0.5—3.0
mm.3?

In addition to the effects on drug dissolution, food effects
on the disintegration and dispersion of dosage forms®3"
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should also be considered. Previous findings of different
effects of food on three brands of microcrystalline prepara-
tions of nitrofurantoin® suggest that food accelerated their
disintegration, especially that of poorly available products.
However, its effects on the indomethacin preparations
employed in this study seemed to be negligible because of
their rapid disintegration.

Thus, it is necessary to consider the formulation factors
including particle size, dissolution rate, etc. in the study of
food effects in order to clarify whether the effects are mainly
caused by food-drug and/or food-formulation factor in-
teractions, although we found little difference in food
effects between large and fine particles of indomethacin in
this study.
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