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Abstract

Interaction between water and microcrystalline cellulose (MCC) measured as retention and cumulative drainage of water (WR% and
CDW%) is investigated for unmilled and micronized standard (Avicel and Emcocel) and silicified (Prosolv) MCC brands. A centrifuge
method was applied with increasing duration and different porosity and thickness of cylindrical powder beds (specimens), in order to
establish optimal determination conditions and quantify alterations in interaction between water and different MCC brands. Also,
changes of specimen thickness due to presence of water (swelling) were followed. It was found that the effect of specimen porosity
and thickness on water drainage (CDW%) appears to be opposite to that on water retention (WR%), while two patterns of WR%
and CDWY% change with specimen porosity and thickness can be distinguished depending on the centrifugation time. Also, WR%
and CDWY% are affected by the MCC brand and the micronization. Unmilled silicified MCC brand (Prosolv) shows significantly lower
retention and higher drainage of water compared to standard unmilled brands (Avicel and Emcocel), while differences between the
unmilled standard Avicel and Emcocel brands are not easily distinguished. Micronization, in general, increases greatly the WR% and
decreases CDWY% for all the tested MCC brands, and enhances their differences even between Avicel and Emcocel. Swelling of specimen
due to presence of water was observed, which was significantly reduced with the micronization, the specimen porosity, and centrifugation
as well, but showed slight variation between the different MCC brands. Values of specimen porosity between 60% and 70%, thickness/
diameter ratio between 0.75 and 1.0, and centrifugation time between 5 and 20 min provide optimal measuring settings for comparison of
MCC brands.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction and silicified grades, and in various particle size ranges. Par-

ticularly for extrusion-spheronization of pellets, the mea-

The interaction between water and powdered micro-
crystalline cellulose (MCC) is very much related to pharma-
ceutical formulation processes such as granulation,
spheronization, and drying, because MCC is widely used as
filler, disintegrant and binder of oral tablets, pellets, and cap-
sules. For alteration of MCC behavior during formulation
processes and particularly for elimination of some limita-
tions to its use, it is manufactured as unsilicified (standard)
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surement of water retention capacity is considered as useful
in characterizing and comparing the behavior of MCC and
of other starch mixtures with dextrins as well as in selecting
optimal amounts of wetting liquid for processing [1].
Importance of the interaction between water and MCC,
besides its complexity and involvement of particle size and
shape changes [2,3], is indicated by the numerous experi-
mental methods employed for its study. Some of them
are NMR [4], near-infrared spectroscopy [5,6], water-vapor
sorption [7], dielectric response [8], thermal analysis [9],
powder and mixer torque rheometry [10], as well as water
movement in powder beds using pressure membrane [11]
and centrifugation measurements [12]. In the last case, a
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simple centrifuge method was applied on wet-massed MCC
samples using fixed centrifugation time and different centri-
fugation speeds and initial water levels as well and the abil-
ity to hold water was compared for MCC grades differing
in their origin, polymer content, and particle size. Differ-
ences in water retention were found, which depended on
water amount added initially and this dependency was
diminishing at higher water addition [12]. Centrifugation
technique has also been applied to standard and silicified
MCC grades, in a manner similar to that applied in the
paper industry [13], by adding relatively large water vol-
umes and measuring its retention and drainage [14,15]. It
was observed that in addition to the speed and time of cen-
trifugation, both retention and drainage of water were
affected by the packing of the particles or the porosity of
the powder bed. The changes of specimen thickness due
to swelling in the presence of water may be involved in
the aforementioned effects and furthermore its consider-
ation may contribute to optimization of the water retention
and drainage testing method. Therefore, it was thought of
interest to investigate in more detail the effects of specimen
porosity and size (initial thickness, before water addition)
on the retention and drainage of water, for standard and
silicified MCC brands before and after micronization, in
parallel with the specimen swelling due to water presence.

In the present work, cylindrical powder columns (speci-
mens) of decreasing porosity and thickness were employed
for two standard and one silicified MCC brands. Increasing
centrifugation time was applied while the mass proportion
of powder and water was fixed (1:3 w/w). This investigation
is expected to be useful in establishing optimal conditions
for the determination of retention and drainage of water
by the centrifuge method, and hence for quantifying alter-
ations in the interaction between water and MCC related to
pharmaceutical processes like granulation and extrusion-
spheronization.

2. Materials and methods
2.1. Materials

Powders of Avicel PH 101 (Batch no. 6950C, from FMC
International, Cork Ireland) and Emcocel M50 (Batch no.
5L2670, from Penwest Pharmaceuticals, Nastola, Finland)
were the standard unsilicified MCC brands and Prosolv
SMCC50 (Batch no. P5S0010, from Penwest Pharmaceuti-
cals, Nastola, Finland) was the silicified brand. The mate-
rials were used as received (unmilled) and after
micronization, performed by milling twice on a fluid energy
mill (Aljet, Plumsteadville, PA, USA), operated at
80-100 psi pressure of compressed air and a feed rate of
1-2 g of powder per minute.

2.2. Characterization of powder particles

Size and shape of particles were expressed as circle equiv-
alent diameter (CED) by number and as aspect ratio. They

were determined by using a particle sizing and image anal-
ysis program (Quantimet 500, Leica, UK) and processing
data either selected from direct examination with a CCD
camera (Sanyo VC-2512, Sanyo Electric, Japan) attached
to an optical microscope (Leitz Laborlux S, Wild Leitz,
Germany) or transferred after scanning electron micropho-
tography (JSM 840A, JEOL, Japan) and storage in digital
form. Representative SEM photographs are shown in
Fig. 1.

Volume specific surface area (S,) was calculated from
data of surface-volume mean particle diameter, d,
obtained using the air-permeability method (Fisher Sub-
Sieve Sizer) and the equation:

Sv :6/dsv' (1)

Values of d;, were measured at different porosity between
75% and 55%, Fig. 2, and from these the plateau value
was accepted and substituted in Eq. (1). Porosity represents
the percentage of voids in the powder bed and is calculated
from the expression: porosity % =[1 — m/(v X ps)]x 100
where m and v are the mass and volume, respectively, of
the packed powder, and p; its apparent particle density.
The so-obtained S, (m?cm ) provides a measure of the
envelope particle surface, excluding pores inside the parti-
cle [16].

Density of the experimental powders was measured as
apparent particle density, on an air comparison pycnome-
ter (Beckman, Model 930) and as bulk density according
to the British Standards 1460:1967.

2.3. Determination of water retention and drainage

The experimental arrangement shown in Fig. 3 was
placed in a centrifuge tube (1). The arrangement consisted
of a plated cylindrical brass cup (2) of 50 mm height,
23 mm internal diameter, and perforated bottom (3), sitting
on a plated brass tube (4) of the same internal diameter and
35 mm height. A membrane filter of 0.2 pm pore diameter
was precisely cut to fit the perforated base of the cup (5),
thus preventing any excipient particles from passing into
the drained liquid.

For the specimen preparation, accurately weighed
powder was transferred in the cup after the filter fitting
and was packed to different specimen thickness and
porosity using appropriate compressing lid and hydraulic
press if necessary. The packed powder column was then
saturated with 3x the powder weight distilled water, add-
ed with a pipette to the center of the specimen surface.
This technique is similar to the one used in the paper
industry [13] and is modification of that employed by
Tomer and Newton [17]. The modification is expected
to minimize the effects of the added water amount on
the retention observed by Tomer et al. [12], because no
wet mixing of the powder is done prior to placement
in the cup and the water/powder ratio (x3) employed
was fixed and relatively larger.
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Fig. 1. SEM microphotographs of Avicel (a), Emcocel (b), and Prosolv (c), unmilled (1) and micronized (2).

For the measurement, four supporting tube and cup
arrangements were inserted into the tubes of a centrifuge
(Heinz Janetzki, Engelsdorf-Leipzig, Germany) and
rotated for time intervals from 0.5 min (shortest possible
time) up to 120 min, at 2500 rpm. This speed corre-
sponds to a relative centrifugal force of RCF = 700g
(distance of perforated end of basket from the rotation
axis is 10 cm) at which differences in retention or drain-
age of water between the MCC brands are better distin-
guished comparatively to lower RCF [14]. Centrifugation
was interrupted at regular time intervals and the weight
of the cylindrical brass cup containing the wet powder
mass as well as the weight of drained liquid was

measured. Also, the change in specimen thickness (swell-
ing) was determined.

Experiments were performed at controlled room tem-
perature 20+ 1°C and environmental relative humidity
50 + 5%, to reduce any effects on water evaporation and
hence on retention and drainage. At least three replicated
measurements of water retention and cumulative drained
water were obtained for each unmilled or micronized
brand. Water retention was expressed as percentage
(WR%) on dry basis, calculated from the difference in the
weight after each centrifugation time interval and after
final overnight drying in a fan-fitted oven, at 105 °C.
Drainage of water was expressed as cumulative drained
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Fig. 2. Specific surface area of unmilled (a) and micronized (b) brands of microcrystalline cellulose vs porosity.

Fig. 3. Experimental arrangement used for the determination of water
retention and cumulative drainage of water. (1) Centrifuge tube, (2)
cylindrical cup, (3) perforated bottom, (4) supporting tube, (5) filter, (6)
powder, (7) water, and (8) drained liquid.

water (CDW%), calculated from the weight of liquid col-
lected at the bottom of centrifuge tube (Fig. 3), compared
to that initially added.

The effect of porosity was studied at four levels, 75%,
70%, 60%, and 50%, and at a fixed intermediate thickness
of the powder column (12.5 mm), obtained by packing 2—
4 g of powder with the same lid (37.5 mm length). The
effect of specimen thickness was studied at five levels (6.2,
12.5, 17, 23, and 29 mm) and at a fixed intermediate poros-
ity 70%, obtained by packing 1.2-5.5 g of powder with
different lids (21-43.8 mm penetration length).

2.4. Changes in specimen thickness on water addition
(swelling )

The effect of water addition on thickness of packed pow-
der beds and its dependence on initial porosity was estimat-
ed on specimens, prepared at a fixed initial thickness
(12.5mm) and three porosity levels 70%, 60%, and 50%.
The same experimental arrangement and excipient/water
quantities were employed as for the water retention and
drainage determination. A linear variable displacement
transducer (LVDT model D5-200AG, RDP Electronics
UK) was used, which was attached to a metallic block
and connected to a computer, through a signal conditioner
and amplifier (model E309, RDP, UK), for the transfer of
data in ASCII form [18]. A teflon plunger was placed
between the LVDT and the packed powder bed (dry or
wet). Several measurements of thickness were taken with
an accuracy of 0.5 pm when centrifugation was interrupted
at regular time intervals.

2.5. Statistical analysis

For the statistical analysis of the data the SPSS 12.0 sta-
tistical software was used (SPSS Inc. Chicago, IL, USA).

3. Results and discussion
3.1. Physical properties

In Table 1 are summarized the results of particle charac-
teristics for all the experimental powders. Differences in cir-
cle equivalent diameter (CED) between the optical and
scanning electron microscope (SEM) determination may
be attributed to the ability to distinguish the individual
MCC particles from agglomerate [19]. All unmilled or
micronized brands have similar mean CED, aspect ratio,
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Table 1

Particle characteristics of microcrystalline cellulose experimental powders (mean + SD)

Powder CED?® (um) Aspect ratio Specific surface Particle density Bulk density
Optical SEM® Optical SEM® area S, (m”em ) ps (gem™) po (gem™)
Avicel 41 +22 19+ 10 2.04+£0.6 2.14+0.7 0.87 £0.01 1.55 £ 0.01 0.31 £ 0.00
Emcocel 31+27 22+12 2.13+0.7 233+0.8 0.92 £ 0.02 1.54 £0.00 0.31 £0.00
Prosolv 41 +33 20+9 2.09 £0.7 2.31+£09 0.93 £0.01 1.56 £+ 0.01 0.32 £ 0.00
Avicel m® 8+6 9+6 1.99 +0.7 221+0.8 1.94 +0.03 1.53 £0.02 0.25 £ 0.00
Emcocel m® 8+5 11£5 1.97 £ 0.7 234409 2.71 £0.08 1.52 £ 0.01 0.19 £0.01
Prosolv m® 9+6 12+6 1.96 £ 0.7 232409 1.68 £0.02 1.54 £0.01 0.28 £ 0.00

& CED, circle equivalent diameter.
® m, micronized.
¢ SEM, scanning electron microscopy.

air-permeability volume specific surface area (Sy), apparent
particle density (ps), and bulk density (py) except of micron-
ized Emcocel, for which S, and py, values are very different
from those of micronized Avicel and Prosolv. The specific
surface area is higher while the bulk density is lower and
therefore they can both be attributed to higher surface
roughness of micronized Emcocel.

The higher surface roughness of micronized Emcocel
than that of Avicel can be attributed to the source of cellu-
lose and the fibril characteristics or the crystallinity [20].
This is supported by previously published values of specific
surface area of unmilled MCC brands measured by
nitrogen adsorption, which were always higher for
Emcocel 1.33-1.35m?g"!, compared to Avicel 0.98—
1.14 m* g ' [21-23]. They can be considered as evidence
of the higher surface roughness of Emcocel fibrils, because
nitrogen due to small molecular cross-sectional area
(16 A%) has the ability to penetrate fine pores inside the
MCC particles and thus provide information about the
fibril surface texture besides that of particles. The difference
in the surface roughness between Emcocel and Prosolv
should be attributed to the incorporation of SiO, probably
resulting in different fracturing during micronization, since
both Prosolv and Emcocel have the same origin and
micronization is expected to have minimal effect on crystal-
linity [24].

From the above discussion it may be concluded that the
cellulose source together with silicification is responsible
for alterations in the MCC surface resulting in the
improved packing and slightly higher bulk density of
micronized Prosolv compared to both Avicel and Emcocel
and therefore eliciting possible differences with water
interaction.

3.2. Changes in specimen thickness on water addition
(swelling )

From the results presented in Table 2 it can be seen that
the specimen thickness increases due to the water addition
for all the experimental powders. Also it can be seen that
this increase (swelling) was reduced with the microniza-
tion, the specimen porosity, and the centrifugation time
as well. The differences in thickness increase (swelling)

Table 2

Changes in initial thickness (12.5 mm) due to presence of water (swelling)
for three porosity levels of specimen during the centrifugation (mean,
n=4)

Powder Porosity (%) of Swelling (mm)* at
dry specimen centrifugation time
5 min 120 min
Avicel 50 4.55 4.51
Emcocel 50 4.07 3.89
Prosolv 50 4.61 4.37
Avicel m® 50 2.44 2.40
Emcocel m® 50 227 2.18
Prosolv m® 50 2.16 2.09
Avicel 60 3.60 3.32
Emcocel 60 345 3.28
Prosolv 60 3.32 3.18
Avicel m” 60 1.78 1.73
Emcocel m® 60 1.50 1.38
Prosolv m® 60 1.55 1.45
Avicel 70 2.22 1.98
Emcocel 70 2.23 1.98
Prosolv 70 2.84 2.52
Avicel m® 70 0.82 0.67
Emcocel m® 70 0.60 0.42
Prosolv m® 70 0.30 0.11
4 SD =0.05-0.1.

® m, micronized.

between the different MCC brands were slight and not
characteristic.

The reduction of specimen swelling due to micronization
may be attributed to the greater number and strength of
interparticle bonds resulting in increased resistance for
interparticle separation when the particle size increases in
the presence of water. Also, the reduction may be attribut-
ed to the smaller size and size distribution of the interpar-
ticle voids (pores) for the case of micronized brands
resulting in expanded MCC-liquid water interface and
reduced interaction between water molecules and intrapar-
ticle cellulose polymer chains. Similarly, the increase in
swelling with the porosity reduction may be attributed to
greater proportion of internal cellulose polymer chains
comparatively to those on the particle surface. This is also
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indicated by the remarkable decrease of specific surface
area in the packed powder with the porosity, as shown in
Fig. 2a for the unmilled brands. Finally, the swelling reduc-
tion with centrifugation time, which may be due to elimina-
tion of the interaction between liquid water and MCC on
the particle surface, is relatively small compared to the
changes due to micronization and porosity. Therefore, it
confirms the predominance of interaction between water
molecules and intraparticle cellulose polymer chains at
extended centrifugation, and suggests the possibility of dis-
tinguishing the two aforementioned MCC-water interac-
tions or in other words described as capillary, funicular
or pendular (under quick centrifugation) and as sorbed
state (under extended centrifugation).

3.3. Effect of measuring conditions on water interaction

3.3.1. Specimen porosity and centrifugation time

In Fig. 4 are presented plots of water retention (WR%)
and drainage (CDW%) vs porosity of the dry specimen, for
all the powders studied, at a fixed specimen thickness
(12.5 mm) and increasing centrifugation time (0.5, 2.5,
and 5 min). Plots at longer centrifugation time (not shown)
were similar to those of 5 min.

Fig. 4 shows that irrespective of the centrifugation time,
the effect of porosity on water drainage (CDW%) change
appears to be opposite to that on water retention, while
two patterns of WR% and CDW% change with porosity

can be distinguished depending on the centrifugation time.
One pattern with 0.5 min of centrifugation (the shortest
possible, Figs. 4al and bl), which is characterized by slight
initial decrease of WR% with porosity decrease followed by
remarkable increase at the lower porosity, corresponding
to initial increase followed by decrease of CDW%. Another
pattern obtained with 5 min centrifugation (Figs. 4a3 and
b3) is characterized by decrease of WR% for all the range
of porosity examined and by increase of CDW% with
porosity decrease. For intermediate centrifugation time
(2.5 min) the changes of WR% and CDW% with porosity
(Figs. 4 a2 and b2) have similarities either with the first
or the second pattern depending on the MCC brand and
the micronization. Particularly, for the micronized stan-
dard MCC brands the changes are similar to those seen
after 0.5 min centrifugation, but for the unmilled powders
and for the micronized Prosolv as well, the changes are
similar to those seen after 5 min centrifugation.

Alteration in the patterns of WR% and CDW% vs
porosity plots with the centrifugation time should be con-
nected to the proportion of water kept by the columns of
the compacted powder as capillary, funicular or pendular
(under quick centrifugation) and as sorbed state (under
extended centrifugation).

The initial slight decrease of WR% and increase of
CDW?Y% with porosity decrease, observed with quick centri-
fugation, may be explained due to particle packing interac-
tions, which seem to be responsible for similar increased
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Fig. 4. Water retention (a) and cumulative drainage of water (b) vs porosity, at fixed specimen thickness (12.5 mm) and different centrifugation time

(1 =0.5min, 2 =2.5min, 3 = 5 min).
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negative slope in the plots of S, vs porosity of unmilled
brands, in Fig. 2a, for porosity higher than 70%. The
following increase of WR% or decrease of CDW% seen
in Figs. 4al and bl should be due to the reduction in the
pore size and to the increased capillarity, which hinder pas-
sage of water through the powder bed and increase reten-
tion of water as capillary and funicular state. However,
the increase of WR% or decrease of CDW% with porosity
decrease, seen after 5 min centrifugation for all powders
and after 2.5 min for the micronized Prosolv and all the
unmilled brands, should be ascribed to increased interpar-
ticle contacts, resulting in reduction of surface available for
solid-liquid interaction. With 2.5min centrifugation,
WR% does not increase and CDW% does not decrease,
at porosity lower than 60%, for the case of micronized silic-
ified brand (Prosolv) as it does for the micronized standard
brands (Avicel and Emcocel). This should be attributed to
reduced proportion of funicular water due to different par-
ticle—particle or cellulose-water interactions caused by the
presence of SiO,.

In conclusion, the interaction between water and MCC
measured as WR% and CDW% except for the specimen’s
porosity depends on the MCC processing (micronization
and silicification). Also, porosity of powder specimen
between 70% and 60% provides optimal comparison of dif-
ferent MCC brands and more than 2.5-min centrifugation
time is necessary to avoid water retention in capillary and
funicular state.

I Nikolakakis et al. | European Journal of Pharmaceutics and Biopharmaceutics 63 (2006) 278-287

3.3.2. Specimen thickness and centrifugation time

The plots of water retention and drainage vs thickness of
dry specimen, Fig. 5, also show two different patterns; one
for 0.5 min and another for 2.5 min centrifugation. Plots
obtained at longer centrifugation time (not shown) were
similar to those of 2.5 min. For 0.5 min centrifugation,
Fig. 5al, WR% decreases remarkably with the specimen
thickness up to 12.5mm, then remains more or less
unchanged up to 23 mm, and finally increases greatly at a
higher thickness. For 2.5 min centrifugation, Fig. 5a2,
WR% decreases up to 17 mm and remains unchanged
thereafter. The changes of CDW% with specimen thickness
for all the centrifugation times are seen to be opposite to
those of water retention. The above results show that
WR% and CDW% are less dependent on thickness in the
range between 17 and 23 mm. This thickness is close to
specimen diameter (thickness/diameter ratio between 0.75
and 1) and may indicate relation to possible variation of
powder packing and liquid distribution within the speci-
men (powder column).

The relatively high WR% and the low CDWY% seen in
Fig. 5 with the lowest specimen thickness or powder weight
(1.2 g) studied, although fixed water/powder ratio was
used, should be due to the relatively short duration of
water flow in the powder bed. Other possible reasons
may be the easier airflow that is developed during the cen-
trifugation as well as the different porosity of the powder
adjacent to the wall of the cup [25]. The increase of
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Fig. 5. Water retention (a) and cumulative drainage of water (b) vs specimen thickness, at fixed porosity (70%) and different centrifugation time

(1 =0.5min, 2 = 2.5 min).
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WRY% and decrease of CDW% after quick centrifugation
(0.5 min) at high specimen thickness (Figs. 5al and bl)
should be due to the longer path that the liquid needs to
travel through the powder and inadequacy of time to drain
out. This increase of WR% and decrease of CDW% at high
thickness is not seen however after 2.5 min centrifugation,
probably due to sufficiency of time for water uptake and
swelling of the powder particles, resulting in equilibrated
alteration of their dimensions, total porosity, and tortuos-
ity. Therefore, values of specimen thickness/diameter ratio
between 0.75 and 1 should be used for comparison of the
water retention capacities and water drainage of MCC
powders and centrifugation time above 2.5 min should be
applied.

3.4. Effects of MCC processing on water interaction

3.4.1. Micronization

From Figs. 4 and 5, it can be seen that WR% of the
micronized samples is much greater and CDW% much low-
er than that of the corresponding unmilled samples. This
should be attributed to the larger surface area of the
micronized powders in contact with water, leading to
immobilization of larger water amounts, and also to the
smaller pore size or pore capillarity. It is also seen that
the differences between the brands are greatly enhanced
due to micronization, and that for WR% the results follow
the order Emcocel > Avicel > Prosolv, which is the same
with that of specific surface area (Table 1). For drainage
the order is: Prosolv > Avicel > Emcocel, which is reverse
from that of specific surface area. Therefore, since micron-
ization is expected to have minimal effects on the crystallin-
ity of MCC [24], the surface roughness or the source of
cellulose or the fibril characteristics, together with silicifica-
tion, should be responsible for the observed marked differ-
ences in the retention and drainage of water between the
micronized brands.

However, from Figs. 4 and 5 the differences in water
retention and drainage between the unmilled brands are

a 100

® Avicel
= Emcocel
A Prosolv

0 20 40 60 80 100 120

not easily distinguished. To make these clearer, specimens
corresponding to the plateaus, as they appear in Figs. 4
and 5, indicating reduced dependence of water retention
and drainage on specimen’s porosity and thickness, were
used (porosity =70% and thickness = 17 mm). The
obtained results, Fig. 6, show that there are considerable
differences in the WR% or CDW% values between the silic-
ified and the standard MCC brands, at centrifugation time
between 5 and 90 min, but very small differences at short
(<5 min) and long (>90 min) centrifugation. On the con-
trary, no differences in retention and drainage can be seen
between the two unmilled standard MCC brands of differ-
ent cellulose source (Avicel and Emcocel), at any centrifu-
gation time.

3.4.2. Silicification

The statistical significance of the overall effect of MCC
brand and centrifugation time on retention and drainage,
and their possible interaction, were tested employing a
mixed factorial or split-plot ANOVA experimental design
(General Linear Model — repeated-measures procedure,
SPSS Advanced statistics 1997). It included two indepen-
dent variables, one qualitative and one quantitative. The
qualitative variable (within factor) had three levels (Avicel,
Emcocel and Prosolv) and the quantitative variable
(between factor) had nine levels (0.5, 2.5, 5, 10, 20, 40,
60, 90, and 120 min).

The effects of cellulose brand on WR% and CDW%
were found significant, with p = 0.008 (df =2, F=8.042)
and p=0.013 (df =2, F=6.994), respectively. Also the
interactions between the cellulose brand and centrifugation
time were also significant, with p=0.011 (df =16,
F=2213) and p <0.001 (df = 16, F = 4.140). These inter-
actions were further analyzed by comparing separately the
differences in the WR% and CDW?% values between each
of the standard MCC brands (Avicel and Emcocel) and
the silicified Prosolv, at all centrifugation times, using the
Bonferroni test adjusted for multiple comparisons. The
results are summarized in Table 3.
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Fig. 6. Water retention (a) and cumulative drainage of water (b) vs centrifugation time, at fixed specimen porosity (70%) and thickness (17 mm).
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Table 3

Pairwise comparisons of water retention (%) and cumulative drained water (%) mean values obtained at different centrifugation time for each of the

standard MCC brands (Avicel and Emcocel) and the silicified brand (Prosolv)

Centrifugation time (min) Brand compared

Water retention (%)

Cumulative drained water (%)

to Prosolv Mean difference Std. error p Mean difference Std. error P
0.5 Avicel 2.180 0.936 0.126 0.709 0.340 0.190
2.5 3.411 0.884 0.010 1.165 0.286 0.007
5.0 3.802 0.969 0.009 1.273 0.320 0.008
10.0 4.057 1.018 0.008 1.246 0.361 0.019
20.0 3.337 1.026 0.026 1.143 0.370 0.034
40.0 3.162 1.053 0.040 1.118 0.375 0.041
60.0 3.048 1.024 0.042 1.106 0.377 0.045
90.0 2.944 0.985 0.041 1.088 0.380 0.051
120.0 2.123 0.740 0.050 0.459 0.354 0.673
0.5 Emcocel 1.831 0.936 0.237 0.473 0.340 0.581
2.5 2.531 0.884 0.051 0.794 0.286 0.058
5.0 3.262 0.969 0.022 1.042 0.320 0.026
10.0 3.816 1.018 0.011 1.178 0.361 0.026
20.0 3.650 1.026 0.016 1.308 0.370 0.016
40.0 3.326 1.053 0.031 1.318 0.375 0.017
60.0 3.044 1.024 0.042 1.318 0.377 0.017
90.0 2.681 0.985 0.064 1.322 0.380 0.018
120.0 1.630 0.740 0.157 0.725 0.354 0.204

From the pairwise comparisons presented in Table 3, it
can be seen that Prosolv shows significantly lower retention
(p <0.05) compared to Avicel, from 2.5 to 90 min centrifu-
gation, and significantly higher drainage (p <0.05) from
2.5 to 60 min centrifugation. Compared with Emcocel,
Prosolv shows significantly lower retention (p < 0.05) from
5 to 60 min and significantly higher drainage (p < 0.05)
from 5 to 90 min. Maximum of mean difference in water
retention and drainage between Avicel and silicified
Prosolv, significant at p < 0.01, is noticed for centrifugation
time of 10 and 5 min, respectively. Between Emcocel
and Prosolv the maximum mean difference is noticed
at 10 min centrifugation time for water retention (p =
0.011), but at 90 min for cumulative drainage (p = 0.018).
This retarded drainage may be indicative of higher water
affinity for Emcocel compared to Avicel, which is expressed
clearly after micronization as higher WR% or lowered
CDWY% (Figs. 4 and 9).

Since the specific surface areas of the unmilled stan-
dard MCC brands and silicified Prosolv were similar
(0.87-0.93m*>cm™>), the lower WR% and higher
CDWY% of Prosolv shown in Fig. 6 should be due to
the silicification process. Presence of SiO, on the particle
surface may affect the solid-liquid interaction and cause
reduction in wetting and penetration of water into the
particles of unmilled Prosolv, as that found for the envi-
ronmental moisture uptake [26].

In the plots of CDW% vs centrifugation time, Fig. 6,
three phases can be distinguished, a rapidly increasing
initial phase at <5 min followed by a slower increasing
phase between 5 and 20 min, and a nearly constant phase
after 20 min centrifugation. These phases are probably
related to the distribution state of retained water in the

MCC powder (capillary, funicular or pendular and
sorbed) and its reflection on drainage. The slight
decrease of CDW% for the silicified Prosolv with centri-
fugation longer than 100 min, seen in Fig. 6, may be
attributed to extended evaporation of water, resulting
from the strong airstream developing inside the centri-
fuge during rotation.

4. Conclusions

Retention and drainage of water in different brands
of microcrystalline cellulose powder (standard Avicel
or Emcocel and silicified Prosolv) measured by the cen-
trifuge method depend on the porosity of the specimen
used, its thickness, and on the centrifugation time. Sig-
nificant change of specimen thickness due to presence of
water (swelling) was observed, which was reduced with
the micronization, the specimen porosity, and centrifu-
gation as well, but was slightly different between the
various MCC brands. Porosity between 60% and 70%,
specimen thickness/diameter ratio between 0.75 and
1.0, and centrifugation time between 5 and 20 min pro-
vide optimal settings for comparison of the different
brands.

Unmilled silicified MCC (Prosolv) shows significantly
lower retention and higher drainage of water compared
to standard unmilled brands (Avicel and Emcocel), while
differences between the unmilled standard Avicel and
Emcocel brands are not easily distinguished. Microniza-
tion, in general, increases greatly the water retention and
decreases drainage of water for all the tested powder and
enhances their differences even between the standard
brands (Avicel and Emcocel).



L Nikolakakis et al. | European Journal of Pharmaceutics and Biopharmaceutics 63 (2006) 278-287 287

References

[1] S. Almeida Prieto, J. Blanco Mendez, F.J. Otero Espinar, Starch—
dextrin mixtures as base excipients for extrusion-spheronization
pellets, Eur. J. Pharm. Biopharm. 59 (2005) 511-521.

[2] H. Hatakeyma, T. Hatakeyma, Interaction between water and
hydrophilic polymers, Thermochim. Acta 308 (1998) 3-22.

[3] R. Ek, H. Lennholm, R. Davidson, C. Nystrom, G. Ragnarsson, Pore
swelling in beads made of cellulose fibres and fibre fragments, Int. J.
Pharm. 122 (1995) 49-56.

[4] M. Froix, R. Nelson, The interaction of water with cellulose from
nuclear magnetic resonance times, Macromolecules 8 (1975) 726-730.

[5] G. Buckton, E. Yonemochi, W.L. Yoon, A.C. Moffat, Water sorption
and near IR spectroscopy to study the differences between micro-
crystalline cellulose and silicified microcrystalline cellulose before and
after wet granulation, Int. J. Pharm. 181 (1999) 41-47.

[6] J. Rantanen, H. Wilkstrom, R. Turner, L.S. Taylor, Use of in-line
near-infrared spectroscopy in combination with chemometrics for
improved understanding of pharmaceutical processes, Anal. Chem.
77 (2005) 556-563.

[7] G. Zografi, M.J. Kontny, A.Y.S. Yang, G.S. Brenner, Surface area
and water vapor sorption of microcrystalline cellulose, Int. J. Pharm.
18 (1984) 99-116.

[8] F. Khan, N. Pilpel, An investigation of moisture sorption in
microcrystalline cellulose using sorption isotherms and dielectric
response, Powder Technol. 50 (1987) 237-241.

[9] K.E. Fielden, J.M. Newton, P. O’Brien, R.C. Rowe, Thermal studies
of the interaction of water and microcrystalline cellulose, J. Pharm.
Pharmacol. 40 (1988) 674-678.

[10] P. Luukonen, T. Schefer, F. Podczeck, M. Newton, L. Hellén, J.
Yliruusi, Characterization of microcrystalline cellulose and silicified
microcrystalline cellulose wet masses using a powder rheometer, Eur.
J. Pharm. Sci. 13 (2001) 143-149.

[11] K.E. Fielden, J.M. Newton, R.C. Rowe, Movement of liquids
through powder beds, Int. J. Pharm. 79 (1992) 47-60.

[12] G. Tomer, H. Patel, F. Podczeck, J.M. Newton, Measuring the water
retention capacities (MRC) of different microcrystalline cellulose
grades, Int. J. Pharm. 12 (2001) 321-325.

[13] M.C. Asensio, J. Seyed-Yacobi, C.C. Tijerina, Determination of the
capillary pressure function for paper using centrifuge data, in: TAPPI
Proceedings, Engineering Conference, 1994, pp. 981-989.

[14] I. Nikolakakis, K. Kipouros, S. Malamataris, Retention of water in
silicified microcrystalline cellulose, Eur. J. Pharm. Sci. 19 (2003) S42.

[15] I. Nikolakakis, K. Tsarvouli, S. Malamataris, Effect of operator
variables on the water retention and drainage determination in
microcrystalline cellulose, in: Proceedings of the International Meet-
ing on Pharmaceutics, Biopharmaceutics and Pharmaceutical Tech-
nology, Nuremberg, 15-18 March 2004.

[16] T. Allen, Particle Size Measurement, third ed., Chapman & Hall,
London, 1981, pp. 443-445.

[17] G. Tomer, J.M. Newton, A centrifuge technique for the evaluation of
the extent of water movement in wet powder masses, Int. J. Pharm.
188 (1999) 31-38.

[18] K. Kachrimanis, S. Malamataris, “Apparent” Young’s elastic mod-
ulus and radial recovery for some tableted pharmaceutical excipients,
Eur. J. Pharm. Sci. 21 (2004) 197-207.

[19] R. Ek, G. Alderb6rn, C. Nysrom, Particle analysis of microcrystalline
cellulose: differentiation between individual particles and their
agglomerates, Int. J. Pharm. 111 (1994) 43-50.

[20] C. Gustafsson, H. Lennholm, T. Iversen, C. Nystrom, Evaluation of
surface and bulk characteristics of cellulose I powders in relation to
compaction behavior and tablet properties, Drug Dev. Ind. Pharm. 29
(2003) 1095-1107.

[21] P. Luukonen, T. Schafer, L. Hellén, A.M. Juppo, J. Yliruusi,
Rheological characterization of microcrystalline cellulose and silici-
fied microcrystalline cellulose wet masses using a mixer torque
rheometer, Eur. J. Pharm. Sci. 188 (1999) 181-192.

[22] S. Westermarck, A.M. Juppo, L. Kervinen, J. Yliruusi, Microcrys-
talline cellulose and its microstructure in pharmaceutical processing,
Eur. J. Pharm. Biopharm. 48 (1999) 199-206.

[23] S.R. Levis, P.B. Deasy, Production and evaluation of size reduced
grades of microcrystalline cellulose, Int. J. Pharm. 213 (2001)
13-24.

[24] T. Suzuki, H. Nakagami, Effect of crystallinity of microcrystalline
cellulose on the compactability and dissolution of tablets, Eur. J.
Pharm. Biopharm. 47 (1999) 225-230.

[25] Y. Cohen, A.B. Metzner, Wall effects in laminar flow of fluids
through packed beds, AIChE J. 27 (1981) 705-715.

[26] K. Kachrimanis, I. Nikolakakis, S. Malamataris, Tensile strength
and disintegration of tableted silicified microcrystalline cellulose:
influences of interparticle bonding, J. Pharm. Sci. 92 (2003) 1489-
1501.



	Water retention and drainage in different brands of microcrystalline cellulose: Effect of measuring conditions
	Introduction
	Materials and methods
	Materials
	Characterization of powder particles
	Determination of water retention and drainage
	Changes in specimen thickness on water addition (swelling)
	Statistical analysis

	Results and discussion
	Physical properties
	Changes in specimen thickness on water addition (swelling)
	Effect of measuring conditions on water interaction
	Specimen porosity and centrifugation time
	Specimen thickness and centrifugation time

	Effects of MCC processing on water interaction
	Micronization
	Silicification


	Conclusions
	References


