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Absorption of Ibuprofen Coated by Anhydrous Silicic Acid
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We studied the dissolution and absorption of ibuprofen (IB) from a three-layer tablet: the 1st layer (CIB
layer) consisted of IB which was coated with anhydrous silicic acid (CIB), the 2nd layer was bromovalerylurea
and anhydrous caffeine, and the 3rd layer was bromovalerylurea and ethenzamide. Differential scanning
calorimetry and powder X-ray diffraction studies showed that the crystallinity of IB was not influenced by the
preparation of CIB. The dissolution and absorption of IB from the CIB layer of the three-layer tablet were com-
pared with those of a commercial tablet. In a test solution at pH 1.2, the dissolution rate of IB from the CIB layer
was higher than that from the commercial tablet; moreover, the time for peak concentration (7,,,,) after adminis-
tration of the CIB layer was significantly shorter. The T, of the CIB layer tablet was about 52 min, while that of
the commercial tablet was about 103 min. The rapid dissolution and absorption of IB in the CIB layer may be

due to enhanced permeation, disintegration and disaggregation of CIB.

Key words ibuprofen; absorption; anhydrous silicic acid

Ibuprofen (IB), a propionic acid derivative with anti-in-
flammatory activity, is a valuable drug. We previously stud-
ied its compatibility,” controlled-release dosage form," and
evaluation of tablet sticking.! Here we examined the absorp-
tion rate of IB. A number of researchers have investigated the
relationship between the drug’s dissolution and absorption
rates (e.g., Simmons et al.,*” Herzfeldt and Kummel,?”
Gillespie et al.,’ Stead et al.,”” and Fini et al.,*®)). Albert
and Gernaat® reported that administration of multiple doses
of IB concomitantly with aspirin reduced IB plasma levels to
less than half those observed with IB alone. The method of
polyvinylpyrroridone solid dispersion was reported by Najib
et al.,” and that of urea solid dispersion was reported by
Mura et al.®) Imai et al.,*® Kimura et al.,*” and Acarturk et
al.% reported that low-molecular gelatin was very a effective
additive in increasing the absorption rate of IB, since it im-
proved permeation. However, that method requires large
amounts of low-molecular gelatin, reducing the IB content in
capsules and/or tablets; therefore, large capsules and/or
tablets are required. The reason appears to be that the particle
size of low-molecular gelatin is larger than that of IB. We
found that anhydrous silicic acid is a suitable substance for
increasing the permeability of IB, since its particle size is
markedly smaller than that of IB.

Materials and Methods

Materials 1B (ds; 14.3 m) purchased from Boots Co., Ltd., anhydrous
silicic acid (dsp; 12X 107 um, Aerozil Nippon Co., Ltd., Japan), crystalline
cellulose (Asahi Chem. Co., Ltd., Japan), low-substituted hydroxypropil-
methylcellulose (Shin-Etsu Chem. Co., Ltd., Japan), hydroxypropylmethyl-
cellulose (Shin-Etsu Chem. Co. Ltd.,), talc (Asada Co., Ltd., Japan) and
magnesium stearate (Taihei Chem. Co., Ltd., Japan) were used.

Preparation of coated IB with anhydrous silicic acid (CIB) IB
(75.6% wi/w), anhydrous silicic acid (6.3% w/w), low-substituted hydroxy-
propylmethylcellulose (10.5% w/w), crystalline cellulose (4.4% w/w) and
hydroxypropylmethylcellulose (3.2% w/w) were mixed. Hydroxypropyl-
methylcellulose (5.7% w/w) was dissolved and anhydrous silicic acid (4.5%
w/w) was suspended in 25% ethanol. The mixed powder was coated with the
anhydrous silicic acid suspension, in a 1:0.85 proportion by weight, using a
fluidized bed granulator.

Tablets Anhydrous silicic acid (18.4% w/w), low-substituted hydroxy-
propylmathylcellulose (61.3% w/w), talc (18.4% w/w) and magnesium
stearate (1.8% w/w) were mixed. CIB and mixed powder were mixed in a
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1:0.135 proportion by weight. We prepared two granules, one consisting of
ethenzamide and bromovalerylurea, and the other of anhydrous caffeine and
bromovalerylurea. A three-layer tableting machine (Kikusui Co., Ltd.,
Japan) was used to obtain the schematic diagram of the three-layer tablet
shown in Fig.1.

Thermal Analysis DSC 7 (Perkin Elmer Co., Ltd.) was used for ther-
mal analysis. Thermograms were obtained by heating at a constant rate of
5°C per minute.

Scanning Electron Microscopy A scanning electron microscope
(S2500, Hitachi Co., Ltd.,) was used to observe the morphology of the sur-
face of IB and granules.

Powder X-Ray Diffractometry Powder X-ray diffraction patterns were
obtained on a Rigaku Denki Geiger RAD-C, using CuK ¢ radiation, over a
range of (20) 3—40° (speed 4°/min) at room temperature.

Permeability Studies A 0.05ml drop of water was added to the tablets.
The film of the commercial tablet was peeled off in this test, and the time re-
quired for the 0.05 ml drop of water to permeate the tablet was recorded.

Disintegration and Disaggregation Studies Disintegration tests were
performed according to the JPXIII, using 1st fluid (pH 1.2).

Dissolution Studies Dissolution tests were performed according to the
JP XIII, using 1st fluid (pH 1.2, 900ml) and 2nd fluid (pH 6.8, 900 ml)
maintained at 37 °C and a paddle at 100 rpm. The concentration of IB in the
solution was determined by HPLC.

In Vivo Studies 1) In Vivo Study 1 (Three-Layer Tablet): Six healthy
volunteers aged 21—23 years and weighing 50.0—66.0 kg were used in the
study with their informed consent. The three-layer tablets were given to the
volunteers with 150 ml of water. Blood samples were taken before adminis-
tration (10 ml), and 10, 20, 30, 40, 60, 120, 180, 240, 360 and 480 min after-
ward. Serum IB concentrations were measured with HPLC. To 0.5ml of
serum was added 0.25ml of 1M HCI, 50 ul of flurbiprofen as an internal
standard, and extraction was done with isooctane—isopropyl alcohol (85:15
v/v), and the mixture was centrifuged for 5min at 2000 rpm. The organic
phase was evaporated, the residue was dissolved in 1ml of methanol and
30 ul was injected into HPLC.

2) In Vivo Study 2 (Commercial Tablet): From fifteen healthy volunteers
aged 21—36 years and weighing 53.0-—61.5kg, blood samples were taken
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Schematic Diagram of Three- Layer Tablet

Fig. 1.

A: CIB layer, B: anhydrous caffeine and bromovalerylurea-layer, C: ethenzamide and
bromovalerylurea-layer.
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Fig. 2. Scanning Electron Micrographs
A: ibuprofen, B and C: CIB.

before administration and 15, 30, 60, 120, 240, 360 and 480 min afterward.
The design of in vivo study 2 and measurement of IB concentration were the
same as for in vivo study 1.

Results and Discussion

Scanning electron micrographs of IB are shown in Fig.
2A, and that of CIB in Figs. 2B and 2C . A large CIB particle
(e.g. Fig. 2C) was an agglomerate of fine CIB particles (e.g.
Fig. 2B). The surface of IB (Fig. 2A) was smooth, in contrast
to the rough surface of CIB, suggesting that IB was com-
pletely coated with anhydrous silicic acid.

The crystallinity of IB in CIB was compared with that of
IB and/or the mixture of coating materials, as determined by
thermal analysis (Fig. 3) and powder X-ray diffraction (Fig.
4). The DSC thermograms of IB revealed a sharp endotherm
(melting point) at 76 °C; the mixture of coating materials ex-
hibited no peak, and CIB exhibited a sharp peak endotherm
at about 76 °C. This result indicates that no interaction exists
between the coating materials and IB. The diffraction pattern
of CIB was the same as that of IB, and the diffraction pattern
of the mixture of coating materials exhibited only a halo. The
crystallinity of IB was about 59.17% and that of CIB was
about 56.42%, which were determined by Ruland method.
This result indicated that the crystallinity of IB in CIB was
not affected by the method of preparation.

The process involved in getting IB into solution and its ab-
sorption from a solid dosage form can be briefly represented
by the following schema: Solid dosage form disintegration
granule or aggregate disaggregation fine particle dissolution
drug in solution gastric or intestinal absorption bioavailabil-
ity. Permeability is one of the important factors affecting dis-
solution rate, as well as disintegration and disaggregation.
The results of permeability testing are shown in Table 1. IB
shows poor wettability, so that its permeation time was more
than 600 s. However, the permeation time of the CIB layer of
the three-layer tablet was 7s, although it would be thought
that anhydrous silicic acid would make the surface of CIB
hydrophilic. And the permeation time of the CIB layer of the
three-layer tablet was shorter than that of the commercial
tablet, although the film of the commercial tablet was peeled
in this test. Thus, in vivo, the CIB layer of the three-layer
tablet may result in significantly shorter permeation time
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Fig. 3. DSC Thermograms

A: IB, B: mixture of coating materials, C: CIB.
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Fig. 4. Powder X-Ray Diffraction
A: IB, B: mixture of coating materials, C: CIB.

than that of the commercial tablet.

Table 2 shows the disintegration and disaggregation times
of the CIB layer of the three-layer tablet compared with those
of the commercial tablet. These times were difficult to distin-
guish, therefore, the disaggregation time was determined by
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Table 1. Permeation Time

Permeation time (s)

1B >600

CIB layer 7

Commercial tablet 18
a) IB alone.

Table 2. Tablet Disintegration Time and Disaggregation Time

Disintegration time (s)  Disaggregation time (s)

CIB layer
Commercial tablet

40 (35—42)
120 (110—150)

55 (53—56)
280 (270—290)

Dissolved
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Fig. 5. Dissolution Profiles of IB

@: The CIB layer of the three-layer tablet at pH 1.2.
A: Commercial tablet at pH 1.2.
O: The CIB layer of the three-layer tablet at pH 6.8.
A: Commercial tablet at pH 6.8.

subtracting the disintegration time using the auxiliary tube
(wire openings: 0.42 mm) from the disintegration time using
JP XIII.

The disintegration time of the CIB layer of the three-layer
tablet was 40 s, while that of the commercial tablet was 120s.
Both these disintegration times may have been shorter than
the other normal commercial tablets. The disaggregation
time of the CIB layer of the three-layer tablet (55s) was
markedly shorter than that of the commercial tablet (280 s).

Figure 5 illustrates the profiles of dissolution of IB from
the CIB layer of the three-layer and the commercial tablets.
The rate of dissolution of IB from the CIB layer was higher
than that from the commercial tablet at pH 1.2, but the disso-
lution profiles of IB for these two tablets were almost the
same at pH 6.8.

Figure 6 shows the mean serum concentrations of IB
against time after oral administration to humans. The
bioavailability parameters were calculated from serum con-
centration—time curves up to 8 h, and the results are summa-
rized in Table 3. The time for peak concentration (7,,,,) of IB
from the CIB layer of the three-layer tablet was less than that
for the commercial tablet. The tablets contained ethenza-
mide, anhydrous caffeine and bromovarerylurea; there is no
report that these drugs affect the rate of absorption of IB.
Furthermore, these drugs did not affect the crystallinity of IB
in CIB, because they were not contained in the CIB layer
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Fig. 6. Serum Concentrations of IB
O: The CIB layer of the three-layer tablet, A: commercial tablet.
Table 3. Pharmacokinetic Parameters of IB
Dose Trax Cax AUC
(mg) (m) (ug/ml)  (h-pg/ml)
CIB layer 144 52.00 14.96 2843.7
Commercial tablet 150 103.32 13.72 2920.7
Table 4. T,,, Comparison
Sample T ()
Capsule A? 2.17
Tablet BY 1.32
Capsule C¥ 2
Capsule D? 1.25
Tablet E¥ 1.39
Solution F? 0.46—0.53
Tablet G¥ 1.38
Tablet H 1.70
Tablet 12 2.48
Tablet J 1.88
Tablet K¥ 2.07
Tablet L9 1.9
Tablet M? 2.04
Tablet N 1.36
Effervescent tablet?” 2.11
Commercial tablet 1.72
The CIB layer of the three-layer tablet 0.87
a) Ref. 2¢); b) Ref. 2d); c¢) Ref.3; d) Ref. 7.
(Fig. 1).

Many studies have been performed in attempts to improve
the bioavailability of IB. Table 4 shows values of T, as an
index of the absorption rate of IB in recent studies. 7, of
the solid dosage form was about 1.3—2.4 h, while 7}, of the
solution dosage form was 0.5 h, and the 7, ,, of the CIB layer
of the three-layer tablet was 0.87 h. These findings suggested
that the rate of absorption of IB from the CIB layer of the
three-layer tablet was the fastest of all solid dosage forms. It
is known that IB dissolves only minimally in stomach but
readily dissolves in the small intestine, and that dissolved IB
is rapidly absorbed in there. It appears that the absorption
rate of IB from the solid dosage form was increased because
the rate of movement of IB into the small intestine was in-
creased. Tables 1 and 2 suggest that the CIB layer of the
three-layer tablet disintegrated and disaggregated in stomach,

NII-Electronic Library Service



December 1998

and rapidly moved into the small intestine. Thus, the rate of
absorption of IB from the CIB layer of the three-layer tablet
is rapid.

In addition, Imai et al.* reported that the solid IB formu-
lation using low-molecular gelatin improved the rate of ab-
sorption (7,,,, was about 0.7 h) of IB. Their report is not in-
cluded in Table 4. It was difficult to compare the absorption
rate of the CIB layer of the three-layer tablet with that of the
solid IB formulation using low-molecular gelatin, because
their in vivo absorption studies used not humans, but beagle
dogs. The solid IB formulation using low-molecular gelatin
did not affect the crystallinity of IB but did improve wettabil-
ity; these findings were the same as for CIB. It might be as-
sumed that the absorption rate of the solid IB formulation
using low-molecular gelatin and the CIB layer of the three-
layer tablet were nearly the same. However, CIB has the ad-
vantages of high IB content and productivity. The IB content
of the solid IB formulation using low-molecular gelatin was
lower, at 50% w/w, than that of CIB, 69.1% w/w. These find-
ings suggest that anhydrous silicic acid is significantly more
effective than low-molecular gelatin. In addition, CIB could
be prepared by the general wet granulated method using a
fluidized bed.
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