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RESULT(S)

PURPOSE
Direct compression (DC) modified release formulations are greatly impacted by excipients and
active pharmaceutical ingredient (API) properties. In this simple method, formulation blends
compress into tablets without a pre-granulation or agglomeration process. Therefore, direct
compression formulations require excipients with improved quality and consistency. API physical
and mechanical properties, such as particle size and compactibility, may also significantly
influence the manufacturing process and product attributes. In this study, the effect of particle
size of acetaminophen (APAP), as a poorly compactible model API, on physical properties and in
vitro performance of direct compression matrix tablets was evaluated. A DC grade of
Hydroxypropyl methylcellulose (HPMC), METHOCEL™ K100M Premium DC2 was used as
release rate-controlling polymer in the study. METHOCEL™ DC2 HPMC grades with improved
flow properties, as compared to other HPMC grades, facilitate direct compression of modified
release matrix tablets resulting in a faster and less expensive product commercialization.

Figure 4: Dissolution profiles of Acetaminophen tablets tested with
USP II Apparatus a) in DIW, b) in SGF

Figure 1 shows particle size distribution and light microscopy images of the three
grades of APAP studied. Densities and flow indices of the different APAP grades are
shown in Table 2. The results indicated clear difference in crystalline particle size
distribution, densities and flow properties. APAP powder with smaller particles exhibited
the lowest density and the worst flow. As expected APAP with largest particle size had
the highest density and the best flow.

The formulation with small crystal APAP had greatest Carr’s index, 29.3. The blend with
medium size crystal had lowest Carr’s index, 18.3 and the best flow. All tested tablets
demonstrated low weight variation with RSD < 0.7% for the tablets with small crystal and
RSD < 0.4% for the tablets with large crystal APAP, indicating satisfactory flow properties of
the blends. (Figure2).

Figure 2. Weight variations of APAP tablets

Figure 1. Particle size distribution and light microscopy of
Acetaminophen variousgrades
A. APAP tablet dissolution in DIW

METHOD(S)
Three grades of acetaminophen (APAP) with a wide range of particle size, d50 27 – 360 micron
were characterized for particle size distribution (PSD) and morphology using a Beckman Coulter
LS 13 320 particle size analyzer and light microscopy. Three tablet formulations containing
each selected grade of acetaminophen at 20% drug load were prepared. Table 1 shows
composition of the formulations.
Appropriate amounts of each ingredient were weighed out to make a 1 kg batch. Silicon dioxide
with part of Avicel were passed through a 40 mesh screen and along with the rest of ingredients,
except magnesium stearate (MgSt), blended in a 4 qt V-blender for 10 minutes at 25 RPM. Next,
the blend was lubricated with sieved MgSt (through a 60-mesh screen) for two minutes. Moisture
content by loss on drying (LOD) was determined using a Mettler Toledo HE73 moisture balance
at a temperature of 105 ºC. Bulk and tapped density tests were performed using a Logan
Instruments TAP-2 in accordance with USP method 1.

All three tablet formulations demonstrated comparable compaction profiles (tabletability,
Figure 3) without any significant effects due to the APAP grade. Friability of all tablets was
less than 0.1% and 0.4% at 100 & 400 drops, respectively, indicating high TS.

Figure 3. Compaction profiles of Acetaminophen formulations
B. APAP tablet dissolution in SGF

A. APAP small sizecrystal

Table 1. Formulation compositions of extended release Acetaminophen
matrix tablets
Ingredients

Supplier

APAP Small
Crystal

APAP Medium
Crystal

APAP Large
Crystal

% w/w

B. APAP medium size crystal

Spectrum Chemical/
Mallinckrodt

20

20

20

Dow

35

35

35

FMC

22

22

22

Kerry

22

22

22

Silicon dioxide (Silica, fumed )

Sigma

0.5

0.5

0.5

Magnesium stearate

Acros

0.5

0.5

0.5

100

100

100

Acetaminophen
HPMC (METHOCEL™ K100MDC2)
Microcrystalline cellulose
PH102)
Lactose monohydrate (

(Avicel®

Fast Flo®)

Total

Figure 5. Dissolution profiles of Acetaminophen tablets tested with
FloVitro in biorelevant media

Target tablet image weight: 400mg
Formulation blends were compressed into 400 mg tablets using a Korsch XL 100 tablet press
equipped with four sets of tooling at 25 rpm press speed. Tablet properties including weight and
dimensions (n=5) were measured manually. Crushing strength was measured using a Key
International HT-300 tablet hardness tester. Friability of tablets (n=20) was performed at 100 &
400 drops using a Key International FT-400 friability tester. Tensile strength (TS) of tablets were
calculated and tablets with TS of 2.1 ± 0.2 MPa were tested for dissolution using USP II
apparatus and FloVitro™ system. The FloVitro dissolution instrumentation comprises three
vessels: gastric, intestinal and systemic. Dissolution media is pumped through the system, while
each vessel is held at a specific pressure, temperature and pH. The tested dosage form is
introduced into the gastric vessel where disintegration and initial dissolution take place. In this
study, using CR matrix tablets, the gastric retention time was set for 2 hours before the tablet was
transferred to intestinal conditions, vessel 2. The dissolved drug is then passed through a filter
membrane in vessel 2 and into the systemic vessel 3 where subsequently cleared. Release data
are collected from the intestinal and systemic vessels in real time. Concentration versus time
data are used to plot a dissolution curve.

Dissolutions of the APAP tablets in deionized water (DIW) and simulated gastric fluid (SGF)
resulted in a consistent release (Figure 4). F2 similarity factors to compare dissolution profiles
of APAP tablets were calculated and are shown in Table 3. F2 values between 50-100
indicate similarity between two dissolution profiles, therefore it is demonstrated that all
dissolution profiles obtainedwere similar.

Table 3. F2 Similarity factors for dissolution profile comparison
APAP Tablets

C. APAP large sizecrystal

Table 2. Densities, flow property indices and particle size
distribution of APAP grades
Bulk
Density

Tapped
Density

Hausner
ratio

Carr’s
Index

d10

d50

d90

Large
Crystal

0.77

0.86

1.12

10.98

118.10

362.70

620.00

Medium
Crystal

0.69

0.85

1.25

19.75

61.45

190.60

368.10

Small
Crystal

0.31

0.53

1.69

40.96

4.65

27.33

184.20

Sample ID

F2
DIW

SGF

Small Crystals vs Medium Crystal

77

85

Small Crystals vs Large Crystal

60

58

However, F2 values were relatively lower for the tablets with extreme difference in APAP
particle size (Table 3). This could be attributed to a higher difference between particle size
and surface area of the APAP in these formulations (d50, 27µ vs 360µ). APAP is a sparingly
soluble API, and the lower surface area of the larger crystals would likely contribute to the
slightly slower release seen in Figure 4. Regardless of the significant differences in APAP
crystal size, there were no significant changes in release profile of the tablets using USP II
apparatus in both media. For further evaluations, formulations with extreme difference in
APAP particle size were tested for dissolution using FloVitro™ to capture potential impact of
the API variation in biorelevant environment. The result showed a slightly lower Cmax for the
APAP tablets with large crystal compared to the small crystal, 9 mg/L vs 11 mg/L,
respectively, (Figure 5). It is indicated that there might be still some differences in drug
pharmacokinetics although METHOCEL™ DC2 was shown to efficiently minimize the impact
of APAP crystal size variation on tablet physical attributes,

CONCLUSION(S)
It is demonstrated that METHOCEL™ K100M Premium DC2 HPMC may be used to develop a robust
controlled release matrix formulation using a simple direct compression process. METHOCEL™ DC2
was able to overcome the impact of the variations in APAP particle size on tablet physical attributes.
Vast differences in particle size of the model drug, acetaminophen, did not have significant effect on
physical properties of the resultant tablets. Acetaminophen tablets demonstrated low tablet weight
variation, high tensile strength and consistent drug release in various media indicating formulation
robustness and excellent properties of the release rate-controlling polymer. It is also shown that an in
vitro biorelevant dissolution using FloVitro™ technology may detect impact of drug particle size on drug
release and potentially predict in vivo variability.

