


IBU and APAP fixed-dose drug combinations are
available in the market. The FDA has approved combi-
nations with 250 mg of APAP and 125 mg of IBU with
the indication of "temporarily relieves minor aches

and pains due to headache, toothache, backache,
menstrual cramps, muscular aches and minor pain of
arthritis".”

Combination tablets of IBU and APAP are particularly
challenging to manufacture, given these drugs' poor
flow and compressibility. Granulation processes are
employed to overcome these issues through drug
densification with fillers and binders. Albeit advanta-
geous, adding excipients reduces the weight percent
(% wt.) of the drug in the final formulation, leading to

a significant increase in tablet size. Large tablet sizes
(=21 mm in length + width + depth) have lower patient
acceptability and, typically, higher production costs.®

Formulated drugs or coprocessed APIs can be
designed for DC formulations, an efficient alternative
to wet or drug granulation methods. DC is the
preferred manufacturing route of pharmaceutical
companies due to its simplicity, resulting in time and
cost savings. It encompasses three processing steps:
dispensing, blending, and tableting. Granulation
requires several steps: granulation, binder addition,
drying (for wet granulation), and sizing.

Ibuprofen DC 85 W has improved
flowability compared to pure
ibuprofen because its needle-shaped
particles are covered with colloidal
silicon dioxide and then granulated
with selected excipients, presenting
a more suitable shape with larger size.

Ibuprofen DC 85 W is a well-formulated coprocessed
ibuprofen optimized for direct compression. This prod-
uct has improved flowability compared to pure ibupro-
fen because its needle-shaped particles are covered
with colloidal silicon dioxide and then granulated with
selected excipients, presenting a more suitable shape
with larger size. The granules have also been opti-
mized to reduce punch sticking and tablet size while
still having excellent compressibility. It contains 85%
ibuprofen and 15% of the following pharmaceutical
inactive ingredients: croscarmellose sodium (Ph. Eur.,
USP quality), microcrystalline cellulose (Ph. Eur., USP,
JP quality), and colloidal silicon dioxide (Ph. Eur., USP

quality).

KRIS OPA P-90FH (APAP DC 90) is a formulated
acetaminophen commercially available as a DC grade
containing 90% APAP, and the last 10% includes povi-
done K-30, crospovidone, pregelatinized starch, and
stearic acid, all designed for an improved DC manu-
facturing process.

This study aims to assess whether a DC blend of
coprocessed IBU and APAP with additional excipients
is suitable for manufacturing FDC tablets with desired
parameters of hardness, tensile strength, and disinte-
gration time.




Materials and methods

Direct compressible Ibuprofen DC 85 W (BASF, USA)
containing 85% wt. of IBU and KRIS OPA P-90FH
(Sri Krishna Pharma, India), with 90% wt. APAP were
selected as the studied coprocessed drugs. Micro-
crystalline cellulose or MCC 102 (IFF, USA), fumed
silica (Evonik, Germany), and magnesium stearate
(Mallinckrodt, USA) were also added to the tablet
formulations. Advil® Dual Action (Haleon) containing

250 mg APAP + 125 mg ibuprofen, and Nuromol® e

Dual Action Pain Relief (Reckitt Benckiser), 500 mg / P o

APAP + 200 mg ibuprofen, were used as reference /‘/ € |
formulations for the study with regards to the drug f ‘
doses. The excipients in these two commercial FDC J/'

drug products differ from the studied blends.® 1

Two formulations (F1 250/125 and F2 500/200) were

prepared with the DC coprocessed drugs of APAP

and IBU. The composition details are given in Table 1. N
Since APAP DC 90 comprises 50% wt. of the total \
formulation, to overcome the elastic recovery nature \ PR
of the drug (APAP) and improve the overall tableting
process, an additional amount of plastic deforming
material was added to the blend for compress-

ing tablets. A popular plastic deforming diluent,

MCC 102, was added in Formulations 1 and 2 along
with coprocessed drugs and other excipients. lbu-
profen DC 85 W has good compressibility and plastic
deforming characteristics to improve the compres-
sion characteristics of tablet blends in the manufac-
turing of APAP + IBU FDC tablets. This streamlined
manufacturing method is aimed to support the
preparation of cost-effective tablets of APAP + ibu-
profen with advantages over the processing time.

Table 1: Direct compression tablet composition of Formulation 1 (F1 250/125) and
Formulation 2 (F2 500/200)

Ingredients Formulation 1 (F1 250/125) Formulation 2 (F2 500/200)
mg/tab % w/w mg/tab % w/w

APAP DC 90 277.8 50.50 555.6 50.50
(250 mg of APAP) (500 mg of APAP)

Ibuprofen DC 85 W 1471 26.75 235.3 21.40
(125 mg of IBU) (200 mg of IBU)

Fumed Silica 5.0 0.90 10.1 mg 0.92

MCC 102 113.0 20.55 285.0 mg 25.91

Magnesium Stearate 71 1.30 14.0 mg 1.27

Total 550.0 100.0 1100.0 100.0
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The blends for tablet compression were made by first
sieving APAP DC 90 and fumed silica through a 14
mesh (1.41 mm) and mixing for 5 minutes at 15 RPM
in a V-blender (Blend Master- Lab blender, USA). This
APAP-silica mixture was then blended with lbuprofen
DC 85 W and MCC 102 (co-sifted using 14 mesh) for
15 min at 15 RPM. Lastly, magnesium stearate was
sieved through a 30 mesh (0.6 mm) and added to

the final blends, then mixed for 3 minutes at 15 RPM.
Tablets were produced using a STYLOne Evo
compaction simulator (Medelpharm, France) at the
speed of 20 tablets/min. Formulation 1 (F1 250/125)
was compressed using 10 mm round biconcave
punches, and Formulation 2 (F2 500/200) tablets
were made using 19 x 9 mm oblong biconcave
punches. Considering the material properties and the
tablet dimensions of formulations, the pre-compres-
sion forces of 6 kN for F1 250/125 and 8 kN for

F2 500/200 were evaluated, along with the effect

of the main compression force, ranging from 10 to

30 kN. The pre-compression aims to eliminate the
entrapped air between the granules and allow the
granules to undergo stress relaxation before main
compression. To maximize stress relaxation, the
pre-compression force should be close to the maxi-
mum that could cause a tablet defect (lamination),
allowing all possible stress relaxation to occur before
the main compression."

Tablet hardness, weight, and thickness were all
measured with an Erweka GmbH (Erweka, Germany)
for 20 samples (N=20). The breaking force, or hard-
ness, was determined with a tablet hardness tester
using the USP method (<1217> Tablet Hardness)."
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Figure 1: Tablet shape and dimensions.
(a): for Equation 1 and (b): for Equation 2.

Tensile strength provides a measure of the tablet
strength normalized by its dimensions. For biconcave
punches (10 mm round and 19 x 9 mm oblong), the
equations used to calculate the tensile strength were:

o= 10P )
t={" t f W
nD?(2.84 5-0.1267+3.15 5 +0.01)

Equation 1: Equation for tensile strength of cylindrical convex faced
(round) tablets.

O = g( 10P )
t™ 3 2 t_ t w
nD (2.84D O.126W+3.15D+0.01)

Equation 2: Equation for tensile strength of convex-faced elongated
(oblong) tablets.

Where oy is the tensile strength, P is the tablet hard-
ness (N), it is the Pi constant (3.14), D is the tablet
diameter, W is the wall height of the tablet, and t is
the overall tablet thickness in millimeter.'

The dimensions were determined with a caliper, and
the wall height was calculated as the overall tablet
thickness less the cup depth of the punches (see
Figure 1).

Tablet disintegration times were determined via a
Distek sensIR 3200 (Distek, USA) with a sample num-
ber of N=6 in purified water at 37 °C + 2°C as per
USP procedure for uncoated or plain-coated tablets
(<701> Disintegration)." In this study, the maximum
acceptable disintegration time was considered 30
minutes since these drugs combination is not yet
monographed in the USP.
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Results and discussion
Tablet hardness and tensile strength

Tablet hardness was measured at different compression forces with and without pre-compression,

as shown in Figure 2. These values were used to calculate tensile strength as per the equations previ-
ously mentioned. Pre-compressed tablets resulted in higher tablet hardness compared to tablets with
no pre-compression. At higher main compression forces, the effect of pre-compression on tablet hard-
ness is more pronounced. This data indicates good compressibility properties of the blend of APAP DC
90 and Ibuprofen DC 85 W for a DC process. Using 6 kN of pre-compression in the F1 250/125, the
tablet hardness ranged from 87 to 189 N when applying the main compression force of 10 to 30 kN.
Hardness values of the F2 500/200 with 8 kN pre-compression had a minimum of 66 N (for 10 kN
compression force) and a maximum of 183 N (for 30 kN compression force). Lower tablet hardness
was observed for blends tableted with no pre-compression, even at higher main compression forces.

Manufacturability profile
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Figure 2: Manufacturability profile (tablet hardness vs. compression force) of F1 250/125 and F2 500/200 with and without
pre-compression.
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Like hardness, the tensile strength values also pro-
vided strong evidence of the pre-compression effect
on both formulations, as shown in Figure 3. A tensile
strength value >1.5 MPa indicates tablets with suf-
ficient mechanical strength. Both pre-compression
trials exhibited maximum values of tensile strengths of
1.9 MPa for F1 250/125 and 2.2 MPa for F2 500/200
at 300 MPa compression pressure and an optimal
tensile strength of around 1.7-1.8 MPa at 250 MPa of
compression pressure for both formulations. With no
pre-compression, F1 250/125 and F2 500/200 tablets
had tensile strength values less than 1.5 MPa through-
out the entire range of compression pressure applied
(100-300 MPa), confirming their lower mechanical re-
sistance. These data highlight the significant relevance
of pre-compression for manufacturing FDC tablets of
IBU and APAP via a DC process.

Figures 2 and 3 show that pre-compression force is
relevant for particle arrangement and consolidation of
powder inside the dies, also by releasing entrapped
air between the particles. This tableting step enables
closer granule contact, contributing to their binding
and densification when the main compression force
is applied, improving tablet strength. In addition,
pre-compression acts by extending the dwell time of
the compression process, and due to this effect, it can
improve the tablet's mechanical properties, such as
hardness and tensile strength, by providing a better
powder compaction.'

The predominant mechanism of compaction of

APAP is fragmentation resulting in weak and capped
tablets.'® Besides, APAP is known to exhibit extensive
elastic recovery after the decompression phase result-
ing in the mechanical failure of tablets. An alternative
to reduce the excess storage of elastic energy during
the compression process is to add a plastic excipient
to the elastic APAP ingredient.

The powder blend of APAP DC 90, Ibuprofen DC 85 W,
and MCGC, along with applied pre-compression forces,
resulted in the formation of compacts that undergo
some stress relaxation before the final compression
owing to tablets with superior mechanical strength
due mainly to the plastic deformation of the Ibuprofen
DC 85 W and the additional MCC 102.

In addition, pre-compression acts by
extending the dwell time of the com-
pression process, and due to this effect,
it can improve the tablet's mechanical
properties, such as hardness and tensile
strength, by providing a better powder
compaction.

Tabletability profile
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Figure 3: Tabletability profile (tensile strength vs. compression pressure) of Formulation 1 (F1 250/125) and Formulation 2

(F2 500/200) with and without pre-compression.



Ejection stress

Ejection force values measured during compression
were converted to ejection stress data to account
for tablet dimensions. Maximum ejection stresses of
3 MPa are generally recommended for the tableting
process.” Figure 4 represents the ejection stress
results of the two formulations plotted against the
compression force applied. A lower ejection stress
was obtained for the F2 500/200 formulation, which
has the higher APIs doses and the larger tablet size.
Since tablets from F1 (10 mm) have a larger surface

area than the ones from F2 (19 x 9 mm), they have

a higher contact with the die wall, leading to greater
stress, even though the amount of lubricant has

been approximately the same for both formulations.
Although ejection stress values showed an increasing
trend with higher compression forces, they are well
within the broad acceptance range for both the formu-
lations, F1 and F2 (with and without pre-compression),
and no lubrication problem is anticipated for these
formulations.

Tablet ejection stress
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Figure 4: Tablet ejection stress values of Formulation 1 and Formulation 2 with and without pre-compression.




Tablet disintegration

Disintegration time was evaluated for tablets com-
pacted at 30 kN (with and without pre-compression).
Tablets from Formulation 2 (F2 500/200) disintegrated
in less than three minutes, and Formulation 1 (F1
250/125) was slightly slower at six minutes, as pre-
sented in Figure 5. These results indicate the fast-
disintegrating behavior of tablets made with a combi-
nation of Ibuprofen DC 85 W and APAP DC 90.

Disintegration time
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Figure 5: Tablets’ disintegration time of Formulation 1 and Formulation 2 with and without pre-compression and compressed
at 30 kN.
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These results indicate the
fast-disintegrating behavior
of tablets made with a
combination of Ibuprofen

., DC 85 W and APAP DC 90.
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Ibuprofen DC 85 W could
ensure excellent tablet
\ engraving and outstanding
- tableting processability,
achieving ideal mechanical
strength at suitable parameters
and demonstrating outstanding
applicability in the APAP and IBU
formulation for direct
compression.

Conclusion

The combination of lbuprofen DC 85 W and APAP
DC 90 presented ideal characteristics for direct
compression. The plastic deformation of Ibuprofen
DC 85 W and the use of directly compressible micro-
crystalline cellulose mitigate APAP's poor tabletability
and compressibility behavior. Using a coprocessed
APAP was also relevant for the success of the for-
mulation since the drug by itself has poor flow and
compressibility. Uniform and fast tablet disintegration
was achieved for the studied FDC formulations.

The study results indicate the role of pre-compres-
sion in achieving the desired tablet properties of
louprofen DC 85 W and APAP fixed-dose combi-
nation tablet formulation. Tablet strength exhibited
direct relation with the applied pre-compression
forces for both formulations. The pre-compression
force is relevant for particle arrangement and con-
solidation inside the dies, releasing entrapped air
between the particles. This tableting step enables
closer granules contact, contributing to their binding
and densification when the main compression force
is applied, leading to more resistant tablets with
improved tabletability. In addition, pre-compression
extends the dwell time by compacting the powder
two times, driving an important influence on materials
that undergo plastic deformation, like IBU and MCC.'®
This is crucial for tableting materials like APAP that
have weak interparticle bonding, compact by frag-
mentation and present high elastic recovery. lbupro-
fen DC 85 W could ensure excellent tablet engraving
and outstanding tableting processability, achieving
ideal mechanical strength at suitable parameters and
demonstrating outstanding applicability in the APAP
and IBU formulation for direct compression.'®
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