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bstract

The objective of this study was to determine whether the particle size of extra-granular tartaric acid affects the uniformity of its distribution
ithin BMS-561389 tablets. A near-infrared imaging technique was used to assess the distribution of tartaric acid near the surface of tablet tops

nd bottoms. Three batches of BMS-561389 tablets were manufactured using three lots of granular tartaric acid having different particle size
istributions. Near-Infrared chemical images were acquired on the tops and bottoms of 15 tablets from each lot. Spectra were collected from 1350
o 1600 nm in 10 nm increments and 16 co-added scans at each wavelength. Data were analyzed using ISysTM 3.1 (Spectral Dimensions, Inc.)
hemical Imaging Software. Data analysis consisted of preprocessing, principal component analysis, and image analysis of the principal component

cores image. It was feasible to map tartaric acid particles near the surface of BMS-561389 tablets using near infrared chemical imaging. The
artaric acid particle size statistics based on image analysis results correlated well with pre-compaction measurements using a laser-light scattering
ethod. The image analysis results indicate that segregation of tartaric acid between tablet tops and bottoms was apparent in tablets lots containing
oth the largest and intermediate-size tartaric acid particles. For tablets made with the smallest tartaric acid particles, differences between tablet
ops and bottoms in either the number of tartaric acid particles or the percent tablet surface area covered by tartaric acid were not statistically
ifferent at the 95% confidence level.

2007 Elsevier B.V. All rights reserved.
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. Introduction

BMS-561389 (Razaxaban) is a novel, potent, selective and
rally bioavailable direct Factor Xa inhibitor. The free base form
f BMS-561389 is a weak base with very low intrinsic sol-
bility. It has pH dependent solubility with higher solubility
t acidic pH values that decrease as the pH is increased. The
ydrochloride salt was selected for development. Bioavailabil-
ty of BMS-561389 was found to be dependent on the gastric
H whereby significant reduction in plasma AUC and Cmax was
bserved when BMS-561389 tablets were co-administered with

2 receptor antagonists. The reduction in bioavailability was

ttributed to form conversion and precipitation of the poorly
oluble free base during the initial dissolution of the salt. Incor-

∗ Corresponding author. Current address: Eli Lilly and Company, Lilly Cor-
orate Center, Indianapolis, IN 46285, United States. Tel.: +1 317 433 8272.
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cipal component analysis; Tablet excipients

oration of approximately 17% (w/w) tartaric acid enhanced
issolution behavior and bioavailability of BMS-561389 at the
levated gastric pH condition. Tartaric acid helps to decrease
he micro-environmental pH and thus increase the solubility of
MS-561389 in the local environment of the dissolving dosage

orm. This increase in solubility leads to a lower degree of super-
aturation in the micro-environment hence minimizing free base
recipitation during dissolution of the hydrochloride salt. Once
iluted into the bulk medium, the drug is capable of remaining
n a supersaturated solution for an extended period of time, pro-
iding an opportunity for drug absorption to take place (Badawy
t al., 2006). As a result, development of a BMS-561389 tablet
osage form containing tartaric acid was pursued.

While tartaric acid resulted in the bioavailability benefit
escribed above, its incorporation in the tablet formulation cre-

ted some processing difficulties. The addition of tartaric acid
uring the wet granulation manufacturing process was found to
iminish the chemical stability of the tablets upon storage. As a
esult, a manufacturing process was designed in which tartaric

mailto:Hilden_Lori_R@lilly.com
dx.doi.org/10.1016/j.ijpharm.2007.11.032
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current image cube were obtained using the same parameters
as used for the tablets. Fifteen tablets from each batch were
randomly selected for analysis.
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cid was incorporated in the formulation as an extra-granular
omponent after drying and milling of the wet granulation.

hen a powder grade of tartaric acid was used in the formu-
ation, sticking issues were encountered which were attributed
o adhesion of tartaric acid to the compression tooling. A gran-
lar grade of tartaric acid was used instead as it was found to
ignificantly reduce the filming and sticking during compres-
ion. However, the use of granular tartaric acid could potentially
ead to blend segregation during final blend transfer and/or tablet
ompression.

The objective of this study was to examine the effect of
article size of granular tartaric acid on the uniformity of its
istribution within BMS-561389 tablets. Segregation of tartaric
cid during die filling and/or the particle rearrangement stage
f compression in the die may result in non-uniformity of its
istribution within the tablet. Given that uniformity of tartaric
cid distribution within the tablet may be critical for its opti-
al effect on bioavailability, a near-infrared imaging technique
as used to assess the distribution of tartaric acid within the

ntact tablets. Near-infrared images were acquired on tablet tops
nd bottoms, near the surfaces. Although near-infrared imaging
s not a surface technique, it is unlikely that the entire depth
f the tablet was sampled. Several literature reports describe the
pplication of this technique for determining content uniformity,
article size and distribution of sample components (Clarke,
004; Lewis et al., 2004; Lyon et al., 2002). Reviews writ-
en by Reich (2005) and Luypaert et al. (2007) describe recent
evelopments in the pharmaceutical domain, describing appli-
ations ranging from raw materials identification to final product
elease.

. Methods

.1. Tablet preparation

Three batches of BMS-561389 tablets were manufactured
sing three lots of granular tartaric acid having different parti-
le size distributions. The tablets were manufactured by a high
hear wet granulation process and contained microcrystalline
ellulose (MCC) as the filler, 15.0% (w/w) BMS-561389, 16.7%
w/w) tartaric acid, 3.0% (w/w) hydroxypropyl cellulose (HPC),
.5% (w/w) croscarmellose sodium (CCS), 0.5% (w/w) colloidal
ilicon dioxide and 0.5% (w/w) magnesium stearate. Granula-
ion was carried out in a Fielder PMA-65 high shear granulator
t a theoretical batch size of 11.7 kg. Water was used as the gran-
lating liquid. BMS-561389 was blended with MCC, HPC and
/2 of the CCS in the high shear mixer for 3 min at 200 rpm
nd high chopper speed. Using a peristaltic pump, 4.0 kg of
ater was subsequently added to the blend in the granulator at
rate of 0.8 kg/min. During water addition, the impeller speed
as maintained at 200 rpm while the chopper speed was main-

ained at high. Following the complete addition of water, the
et granulation was wet massed for 30 s while maintaining the
mpeller speed at 200 rpm and the chopper speed at the high
etting. The wet granulation was dried in a hot air convection
ven at 50 ◦C to a moisture content of not more than 3.5%.
he granulation was then milled using a cone mill fitted with a t
Pharmaceutics 353 (2008) 283–290

0-mesh screen (850 �m, 0.033′′). The milled granulation was
lended with tartaric acid, the remaining CCS and the colloidal
ilicon dioxide for 15 min in a V-blender. In the final step, mag-
esium stearate was added to the V-blender and blended for
0 min. The blend was compressed into round tablets with a
arget tablet weight of 90 mg and a target hardness of 7 Strong
obb Units (SCU)1 using a six station Korsch press, PH106,
tted with shallow concave 1/4′′ tooling. The resulting tablets
ad an average diameter of 6.4 mm and an average thickness of
.3 mm.

.2. Particle size analysis for tartaric acid

Particle size analysis was performed using a Mastersizer
00 laser-light scattering instrument with a Scirocco 2000 dry
ample dispersion unit and ceramic venturi disperser (Malvern
nstruments, Worcestershire, UK). The vibration feed rate was
et at 70% and the dispersive air pressure at 3.5 bar. No sample
reparation was performed; approximately 1 g of dry powder
as scooped into the dry powder accessory unit using a small
etal spatula.

.3. HPLC assay for tartaric acid

To prepare samples for HPLC analysis, each tablet was dis-
ersed in 25 mL of 50% methanol in water. The contents were
and shaken for 1 min followed by sonication and machine shak-
ng for 5 and 45 min, respectively. Finally, the solutions were
ltered through a 0.45 �m nylon filter.

HPLC analysis was performed using a 3-�m, 150 mm ×
.6 mm i.d. Phenomenex Luna C18 Column and a 7 min isocratic
lution method. The mobile phase was comprised of 97.5% (v/v)
ater, 2.4% (v/v) methanol and 0.1% (v/v) phosphoric acid. The

ample injection volume was 20 �L and the mobile phase flow
ate was set at 0.75 mL/min. Analysis was performed at 254 nm.
he concentration of tartaric acid in each tablet was determined
ased on a fit of the integrated peak area to a 5-point standard
urve.

.4. NIR image acquisition

Near-infrared chemical images were acquired using a Spec-
ral Dimensions Matrix NIR imaging system. Spectra were
ollected from 1350 to 1600 nm in increments of 10 nm with
6 co-added scans at each wavelength range. The tablets were
laced on a mirror during imaging for ease of background elim-
nation during processing. Prior to collection of data from the
ablets, a Spectralon 99% reflectance standard (Labsphere Inc.,
orth Sutton, NH) background image cube and a camera dark
1 Strong Cobb Units (SCU) is a unit of force used to measure the hardness of
ablets in the pharmaceutical industry, 1 SCU ≈ 7 N.
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.5. NIR image analysis

Data were analyzed using ISysTM 3.1 (Spectral Dimensions,
nc.) Chemical Imaging Software. Data analysis consisted of
reprocessing and processing steps. The first of the preprocess-
ng steps was subtraction of the camera dark cube (D) from the
ackground (B) and sample (S) image cubes; background cor-
ection to correct the spatial and spectral response of the system
ollowed by conversion from reflectance (R) to log (1/R), a unit
imilar to absorbance (A):

= log

(
1

R

)
, where R = (S − D)

(B − D)

To minimize variance from the background, a spatial mask
as applied that eliminated pixels that were outside the tablet

rea. As a result, these pixels were not included in the statistics
nd the spectra from these pixels were ignored in PCA. Pixels
hat were “hot” or “cold” – meaning that they had an abnormally
igh or low response – were removed by replacing their value
y the mean center of a 3 × 3 “neighborhood” of surrounding
ixels. The remaining spectra in the data set were mean centered
nd normalized to unit variance.

Representative images of a tablet top from lot 52250-195
efore and after preprocessing steps are shown in Fig. 1. The
mage on the left is the initial, unprocessed image. From this
mage it can be seen that the diameter of the tablet is approx-
mately 152 pixels. Based on an average tablet diameter of
.4 mm, the diameter of each pixel is approximately 42 �m.
he image in the center is the result following masking where
ll non-tablet pixels were set to “not-a-number” thereby reduc-
ng the number of data points. The image on the right is the
esulting image following the removal of hot or cold pixels and
ormalization using ‘Mean center to and scale to unit variance
y spectrum’. Normalization is a method used to correct for
ath length or thickness differences (Barnes et al., 1989). On
he tablet tops, the number 468 has been embedded (embossed)
n the tablet surface. Following normalization, the embossing is
arely distinguishable from the remaining surface of the tablet.

n addition, the hot and cold (bad) pixels have been removed and
re no longer visible.

A principal components analysis was performed on the pre-
rocessed images. Eight principal components were calculated.

c
i
i
s

ig. 1. Unprocessed image of top of tablet from lot 52250-195 (left), image followin
mage following normalization using ‘Mean center to and scale to unit variance by sp
Pharmaceutics 353 (2008) 283–290 285

he scores images for each of the principal components calcu-
ated for a single tablet are shown in Fig. 2. Principal component
(PC 1) accounted for 97.2% of the total variance in the image,

nd PC 2 accounted for 2.3% of the variance. PC 3 contributed
nly 0.2% to the total variance and the remaining PCs combined
ontributed less than 0.17%. PCs 1–3 show some correlation to
he visual images of the tablets. Interestingly, in PCs 4–8, the
utline of the embossing marking on the tablet can be observed,
ut the embossing does not appear in PCs 1–3, indicating that
he applied normalization effectively removed any significant
ontribution of the embossing to the variance in the images.

Principal component 2 was selected for particle size analysis,
s the PC 2 loading spectrum most emphasized the differences
etween the tartaric acid and excipient spectra (Figs. 3 and 4).
ig. 3 shows the normalized spectra of a single pixel populated
y tartaric acid and a single pixel populated by excipient. Fig. 4
hows the PCA loading spectra for a single pixel overlaid with
he raw spectrum of that pixel. The spectra of the single pix-
ls in the tablet correlate well with the spectra obtained by the
ure components, improving confidence in the analysis. The
ain difference between the NIR spectra of the tartaric acid and

he excipients is in the slope of the spectra between 1400 and
500 nm. Generally speaking, region selection in chemometric
nalysis is based around defined peaks related to the functional
roups in the molecule. However, in this case there were not sig-
ificant molecular bands observable in the NIR spectra, so the
egion of most difference was selected, which was in a baseline.
econd derivative preprocessing, which is a common prepro-
essing step in NIR, would have completely eliminated the most
ignificant difference observed between the spectra and made
his analysis less sensitive.

Since the loading spectrum of principal component 2 was
ound to be most closely related to the difference between the
artaric acid spectrum and the excipient spectrum, it was utilized
or the selection of particles with a contour delineation tool. The
ontour tool allows the user to select a threshold and create a
inary image showing the pixels above and below that thresh-
ld. However, the Isys image analysis particle statistics results

an be affected by the choice of contour or threshold level. Typ-
cally, a user would adjust the level until the spatial feature of
nterest is surrounded by the contour. In this case, this seemingly
traightforward process was somewhat complicated for the anal-

g masking where all non-tablet pixels were set to “not-a-number” (middle) and
ectrum’ (right).
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F rough PC 4. Bottom row (L to R) PC 5 through PC 8. PC 1 captured 97.19% of the
v ch captured less than 0.08% of the variance of the image. Note that the embossing is
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Fig. 3. Spectra of a single pixel populated by excipient (dashed line) or tartaric
acid (solid line) after processing prior to PCA (background correction and nor-
malization). The major difference in these spectra is the slope in the region from
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ig. 2. PC score images of top of tablet from lot 195. Top row (L to R) PC 1 th
ariance in the image, PC 2 captured 2.34%, PC 3 captured 0.18%. PCs 4–8 ea
isible in PCs 4–8, but is not obvious in PCs 1–3.

sis of extra-granular tartaric acid. The difficulty arose when
wo or more particles lie in close proximity to each other mak-
ng it difficult to distinguish them as separate, single particles.
ptimally, a contour level should be selected that is capable of
istinguishing between closely spaced particles and large single
articles. The effect of contour level on particle statistics can be
een in Fig. 5. An image of the top of a tablet from lot 52250-195
s shown in the first row. The threshold was adjusted to a fine
ontour level (−0.71) on the top left and adjusted to a coarse
ontour level (−0.14) on the top right. In a similar fashion, an
mage of the tablet bottom is shown in the second row with a fine
ontour level (−0.71) on the bottom left and a coarse contour
evel (−0.14) on the bottom right. To give the reader perspec-
ive on these values, the practical range for setting the contour
evel ranged from approximately −0.9 (extremely fine) to −0.1
extremely coarse). By setting the contour to a fine level, the user
s able to differentiate closely spaced larger particles as separate
articles. However, this results in fragments or chips broken off
f larger particles during the compaction step being counted as
ndividual particles. The opposite happens if a “coarse” con-
our level is used. Fragments of larger particles are not counted

s individual particles, closely spaced particles are counted as a
ingle particle, and the tablet surface between the closely spaced
articles is included in the surface area of tartaric acid calculated.

1400 to 1500 nm. This region is best represented in PC 2.

able 1
omparison of IsysTM particle statistics results based on PCA analysis of images of tablet tops and bottoms from lot 195 using a fine (left) or coarse (right) contour

evel

Contour level # Included particles % Area covered Mean equivalent diameter (pixels) Mean equivalent diameter (�m)

verage top (St. Dev) Fine 91.8 (19.9) 1.9 (0.4) 4.7 (0.7) 319.2 (29.4)
verage bottom (St. Dev) Fine 86.1 (17.9) 1.6 (0.3) 4.5 (0.7) 315.0 (33.6)
verage top (St. Dev) Coarse 27.3 (6.3) 5.9 (0.4) 13.9 (1.0) 583.8 (42.0)
verage bottom (St. Dev) Coarse 29.3 (4.3) 5.9 (0.4) 15.3 (1.8) 642.6 (75.6)

or comparison, the D50 particle size statistic from Malvern measurements made on the pre-compacted material was 302.7 �m.
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Fig. 4. PCA loading spectra for a single pixel overlaid with the raw spectrum of that pixel. Top left: raw spectrum (dotted) and PC 1 loading (solid) in a pixel
populated by excipient. Middle left: raw spectrum (dotted) and PC 2 loading (solid) in a pixel populated by excipient. Bottom left: raw spectrum (dotted) and PC 3
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oading (solid) in a pixel populated by excipient. Top right: raw spectrum (dott
pectrum (dotted) and PC 2 loading (solid) in a pixel populated by tartaric acid
y tartaric acid.

his artificially raises the surface area and reduces the number
f particles. For comparison, the particle statistics for all tablets
rom lot 52250-195, both top and bottom, were calculated using
oarse and fine contour levels. The resulting particle statistics
re listed in Table 1. As expected, the number of included parti-
les was much higher and the percentage area covered was lower
ith the fine contour level as opposed to the coarse contour level.
A single contour level was selected and used for all images

o minimize changes in observed particle size based on contri-

utions from portions of partially buried particles. To select the
ppropriate contour level for the remaining analyses, the mean
quivalent particle diameter resulting from particle statistics cal-
ulated at each contour level was compared with the median

3
c
c
6

d PC 1 loading (solid) in a pixel populated by tartaric acid. Middle right: raw
om right: raw spectrum (dotted) and PC 3 loading (solid) in a pixel populated

re-compaction particle size measured using the Malvern. The
ean equivalent diameter represents the mean diameter of

pproximated circles, where each particle is approximated to
circle that occupies the same area as the particle. Parti-

les with areas less than 6 pixels were omitted from this and
ubsequent analyses because 6 pixels is approximately 95 �m
for spherical particles) and this is well below the lowest D10
alue (149 �m) measured on the tartaric acid starting mate-
ial. For tablet tops, the mean equivalent particle diameter was

19 ± 29 �m at the fine contour level and 584 ± 42 �m at the
oarse level. For tablet bottoms, the mean equivalent parti-
le diameter was 315 ± 34 �m at the fine contour level and
42 ± 76 �m using a coarse contour level. The Malvern D50
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the three lots used. The tartaric acid used in tablet lot 52250-190
was milled using a Fitz mill (hammer mill) to reduce the particle
size of that particular lot to be within the range of interest for
the study, the particle size range stated above is for the milled

Table 2
Malvern particle size analysis results for tartaric acid listed according to the
ig. 5. Results of fine contour level (column 1) versus coarse contour level (col
ablet top are shown in the first row and the tablet bottom in the second row.

article size for this lot was 302.7 �m. Since the mean equiva-
ent diameter from the particle statistics determined at the fine
ontour level of −0.71 were most similar to the pre-compaction
artaric acid measurements made with the Malvern (based on
n average pixel size of approximately 42 �m), the fine contour
evel was selected for all analyses.2

. Results and discussion

The %R.S.D. of tartaric acid potency by HPLC (n = 5) was
.02, 0.75 and 2.15 for tablets that were imaged from lots 52250-
86A, 52250-190 and 52250-195, respectively. These values
ndicate that tartaric acid was homogeneously distributed within
he bulk granulation resulting in low variability in the tartaric

cid content between tablets. However, such data does not per-
it conclusions to be drawn regarding the spatial distribution of

artaric acid within individual tablets.

2 A fine vs. course contour level comparison was performed on only one of
he three lots of tablets; thus, the apparent accuracy of the technique was not
onfirmed.

t

T

5
5
5

). All images are of tablet number 2 from lot 52250-195. The images from the

The D10, D50, D90 and D[4,3] particle size values for tartaric
cid as measured by Malvern are listed in Table 2, according to
ablet lot. Of the three lots of tablets, lot number 52250-186A
ontained the largest tartaric acid particles. The smallest tartaric
cid particles were incorporated into tablet lot 52250-195. The
idth of the particle size distribution of tartaric acid in tablet lot
2250-190 was broader than in lots 52250-186A or 52250-195
nd the measured particle size distribution was intermediate of
ablet lot number in which the tartaric acid was incorporated

ablet lot number Particle size by Malvern (�m)

D10 D50 D90 D[4,3]

2250-186A 370.3 544.6 796.6 567.6
2250-190 (milled) 169.2 435.3 748.3 449.0
2250-195 149.1 302.7 569.9 331.2
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aterial. The tartaric acid used in tablet lots 52250-186A and
2250-195 was not milled because the ‘as-is’ particle size fell
ithin the range of interest.
The IsysTM particle size statistics values for the three tablet

ots are listed in Table 3. The mean equivalent tartaric acid par-
icle diameter, an average of the measurement from the 15 tops
r bottoms from each tablet lot, is listed in units of pixels and
icrons in columns 1 and 2, respectively. The average number

f (individual) particles having an area greater than 6 pixels (and
herefore, included in the statistical analysis) is listed in column

and the average of the percent tablet surface area covered by
artaric acid is listed in the last column.

Lot 190 had more tartaric acid particles with area greater than
pixels per tablet top or bottom (Table 4) than either of the other

wo lots. The difference between the number of particles on the
op and bottom of lot 186A is not statistically significant at 95%
onfidence.

The percent of the tablet surface area covered by tartaric acid,
veraged over the top and bottom of each tablet, and the differ-
nces between the percent surface area covered by tartaric acid
n tablet tops and bottoms are shown in Fig. 6. In terms of percent
ablet surface area covered by tartaric acid, it is visually appar-
nt that lot 186A had the greatest difference between tablet tops
nd bottoms, the most tartaric acid overall and the greatest varia-
ion. Lot 195 had the smallest difference between tablet tops and
ottoms, the smallest percent area covered and the least varia-
ion. Lot 190 fell in between. The differences between lots, with
espect to the percent of the tablet surface area covered by tar-
aric acid, were statistically significant (p � .05, Welch ANOVA
or means; O’Brien, Brown-Forsyth, and Levene tests for vari-
nces). It is worth noting that lot 186A was produced using the
oarsest tartaric acid and lot 195 the finest, but with only 3 lots
f material, a discussion of causation based on statistics alone
ould be problematic. The top versus bottom difference was

tatistically significant for lots 186A and 190 (two-tailed t-test

or paired data, p = .0008 and p = .0005, respectively, each lot
nalyzed separately).

The difference in percent area covered by tartaric acid
etween top and bottom surfaces for lots 186A and 190 sug-

ig. 6. Percent area covered by tartaric acid. The difference between tablet top
nd bottom versus the average of top and bottom are plotted. Plotting symbols
dentify the three lots. Ta

bl
e

3
Is

ys
pa

rt
ic

le
T

M
st

at
is

tic
s

re
su

lts
fo

r
ex

tr
a-

gr
an

ul
ar

ta
rt

ar
ic

ac
id

in
ta

bl
et

s
fr

om
lo

t

M
ea

n
eq

ui
va

le
nt

di
am

et
er

(p
ix

el
s)

M
ea

n

18
6A

a
19

0a
19

5a
18

6A

A
vg

.t
op

(S
t.

D
ev

)
13

.0
(2

.2
)

9.
5

(1
.3

)
7.

6
(0

.7
)

55
9.

0
A

vg
.b

ot
to

m
(S

t.
D

ev
)

9.
9

(1
.9

)
8.

5
(1

.2
)

7.
5

(0
.8

)
41

5.
8

A
fin

e
co

nt
ou

r
le

ve
l(

−0
.7

1)
w

as
us

ed
fo

r
al

la
na

ly
se

s.
T

he
va

lu
e

lis
te

d
is

th
e

av
e

a
Ta

bl
et

lo
t.



290 L.R. Hilden et al. / International Journal of

Table 4
Number of tartaric acid particles per tablet top or bottom with area greater than
6 pixels

Lot Difference top–bottom Average of top and bottom

Difference Standard deviation Average Standard deviation

186A −3.7 ± 3.7 6.7 26.0 ± 2.0 3.7
190 1.3 ± 4.9 8.4 33.6 ± 2.1 3.7
1

L
p

g
a
d
l
t
o
t
a
t
c
S
p
g

b
o
s
t
t

n
b
a
D

A

t
s
R

R

B

B

C

L

L

L
A.S., 2002. Near-infrared spectral imaging for quality assurance of pharma-
95 0.9 ± 4.2 7.5 28.0 ± 2.3 4.2

ot 190 was statistically different from lots 186A and 195 (Tukey-Kramer, HSD,
� 0.05). All confidence intervals were 95%, each lot was analyzed separately.

ests some segregation of tartaric acid within the tablet. Tartaric
cid is blended with milled granulation having a geometric mean
iameter of 100–150 �m as determined by mesh analysis. A
arge difference in particle size, therefore, exists between tar-
aric acid and the granules, which would promote segregation
f the two components under certain conditions. The uniform
artaric acid distribution between tablets (as shown by the HPLC
nalysis) and the systematically higher percent covered for the
op tablet surface suggests that segregation is taking place in the
ompression process and not in the preceding unit operations.
uch segregation of tartaric acid can possibly occur in the initial
article rearrangement stage of compression where the smaller
ranules can percolate between the larger tartaric acid particles.

Since segregation is enhanced as the particle size difference
etween components is increased, it is expected that segregation

f tartaric acid would be decreased by the reduction of its particle
ize. While it may be difficult to make firm conclusions with only
hree lots of tartaric acid tested, data presented above suggests
hat segregation is minimal for lot 195 and hence there was

R

Pharmaceutics 353 (2008) 283–290

o difference observed in the area covered between the top and
ottom surfaces for this lot. It appears that segregation of tartaric
cid within the tablet can be minimized when the tartaric acid
50 value approaches 300 �m.
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