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Abstract

Dry granulation via roller compaction is increasingly being used as grc nula' ion method for the production of
oral solid dosage forms. Advantages of roller compaction includ = « ~iniplified process compared to wet
granulation and the inherently continuous nature of the proce's. A »mmon problem of dry granulation,
however, is the loss of compactibility of the granules cc m, ared to the ungranulated powders. Here we show a
novel approach to minimize the loss of compacti'sility during dry granulation. The intra-granular addition of
superdisintegrant reduces the loss of compa “tibility ov anhydrous lactose-based granules produced via roller
compaction. This effect is explained by a re di"ce ' hardness of the granules, which promotes granule
fragmentation upon tablet compressic This higher degree of fragmentation increases the lactose surface
available for bonding, thereby impi. ving tablet strength. The results presented here show how intra-granular

superdisintegrants can be usf a 1. minimize the loss of compactibility of a dry granulation formulation.

Keywords: Roller compaction; Dry granulation; Excipients; Superdisintegrants; Compactibility; Tablets

1. Introduction
Granulation of powders is often used in the production process of pharmaceutical solid dosage forms. In a
pharmaceutical granulation step, larger granules are produced from fine active pharmaceutical ingredient
(API) and excipient particles. This improves powder flowability and handling and reduces the propensity to
segregate upon further processing. Dry granulation via roller compaction (RC) is increasingly being used over
wet granulation because of the simplified process without the need of a drying step [1,2]. Furthermore, dry

granulation is of particular interest for moisture-sensitive compounds because of the absence of water or



other solvents [3]. Granulation via RC, being an inherently continuous process, is especially suitable for
incorporation in pharmaceutical continuous manufacturing lines.

A major drawback of implementing a dry granulation step in the production process of pharmaceutical tablets,
however, is the loss of compactibility of the resulting granules compared to the starting materials [4-6]. Here,
compactibility is defined as the ability of a powder to be compressed into a tablet of specified strength [7]. The
loss of compactibility results in a reduced tablet strength for tablets produced via a dry granulation process
compared to a direct compression (DC) process. Several different mechanisms have been proposed to explain
the loss of compactibility of granules prepared via dry granulation [8]. The fwo main mechanisms are granule
size enlargement [9] and granule hardening [10]. Granule size enlargemer. “=su.:s in lower tablet strength due
to less available bonding area between the granules during tableting. ar.uie hardening is explained by
densification of the granules upon increasing the specific compacti. » force during RC. This results in harder
granules with a lower porosity, which show increased resistance *ov.ards deformation and fragmentation upon
tableting and thereby show reduced compactibility [10].

The dominant mechanism for the loss of compacti’.;"'ty . € a dry granulation formulation largely depends on
the deformation behavior of the primary particles .. 2t form the granules [11-14]. Plastically deforming
materials such as microcrystalline cellulose /" 1CC, generally show a larger loss of compactibility than brittle
materials such as lactose [12,15]. This is u. ~au.e plastically deforming materials show loss of compactibility
due to both size enlargement and gi. ~ule nardening mechanisms [8,9,16]. For brittle materials on the other
hand, granule size enlargement is ~on.idered not to result in loss of compactibility because of extensive
fragmentation of the gra 1. 'es ''1".ng tableting [8,11]. Granule hardening, however, results in decreased
compactability of granules co.nposed of brittle materials [12,13,17]. Granule hardening leads to a reduction of
the porosity of the granules, which makes them, in turn, more resistant to fragmentation during tableting. This
lower propensity to fragmentation results in less available bonding area, which reduces tablet strength for the
granulated materials compared to the ungranulated starting materials.

A recent study by Skelbaek-Pedersen et al. showed that the degree of fragmentation of granules produced via
RC largely determines the compactibility of granules composed of lactose or MCC [13]. It was shown that
increasing the specific compaction force during granulation resulted in harder granules for both excipients.
This hardening effect makes the granules less susceptible to fragmentation upon tablet compression.

Therefore, increasing the specific compaction force causes a decrease in tablet tensile strength (TTS) for



tablets compressed from lactose granules, especially after lubrication. The decreased fragmentation tendency
of lactose granules prepared at higher specific compaction forces reduces the formation of lubricant-free
lactose surface, thereby decreasing compactibility [13]. This study demonstrates that for both brittle and
plastically deforming materials, granule hardening occurs upon increasing the specific compaction force. The
resulting loss of compactibility of the granules depends on the deformation behavior of the materials, the
specific compaction force applied during granulation and the addition of lubricant.

A comparative study of the compactibility of several grades of lactose and MCC after dry granulation was
performed by Hein et al. [18]. This study showed that anhydrous B-lactose is a very suitable excipient for dry
MCC were considered less suitable due to relatively poor (re-)compar.an.’ty of these excipients after dry
granulation, resulting in a decreased tablet strength. The superior . ~rformance of anhydrous B-lactose in
terms of compactibility after dry granulation can be explained b, th brittle deformation behavior of the
primary particles. Anhydrous lactose particles consist of - m~.iler microcrystals and are therefore highly
susceptible to fragmentation [19,20]. The brittlens_. anJ' high susceptibility to fragmentation of anhydrous
lactose particles makes this excipient very suitable .~ use in a dry granulation process, as size enlargement will
not affect its compactibility.

Even though several different studies h-.v. focused on mechanistically understanding the loss of compactibility
of different materials after dry granu. ~tion (8,12,21], very little has been published on how to minimize this
undesired effect. The general recc mmrendations to obtain satisfactory compactibility are to apply a low
specific compaction forc'. .~ t1, > o-anulation process and to use starting materials with high compactability
(e.g. using powders with a ve.y small particle size). The aim of the current study is to present a new approach
to minimize the granule hardening effect and resulting loss of compactibility in a dry granulation process.
Through the intra-granular addition of small amounts of superdisintegrant, the loss of compactability of
anhydrous lactose granules prepared by RC is strongly reduced. The observed effects of the addition of
superdisintegrant are explained by considering granule hardening as the main mechanism for the loss of
compactability of brittle anhydrous lactose. The intra-granular addition of superdisintegrant reduces granule
hardness and promotes fragmentation of the granules during tablet compression. This results in a reduced loss

of compactibility of the granules compared to the ungranulated powders. The results of this study present a



new approach to minimize the loss of compactibility of pharmaceutical formulations containing brittle

excipients in a dry granulation process.

2. Materials and methods
2.1 Materials
Anhydrous lactose (SuperTab® 21AN), croscarmellose sodium (Primellose®) and sodium starch glycolate
(Primojel®) were obtained from DFE Pharma (Goch, Germany). The anhydrous lactose used in this study
predominantly consists of B-lactose (84% w/w) with a smaller fraction of a-lactose (16% w/w), as measured by
gas chromatography according to the European Pharmacopoeia. Magnesi-... ste arate (technical grade) was

purchased from Sigma-Aldrich (St. Louis, USA) and was used as receiv -a.

2.2 Roller compaction

The anhydrous lactose and the superdisintegrant were d'y F.ended for 15 minutes at 6 rpm using a PM 600 bin
blender (L.B. Bohle, Ennigerloh, Germany) prior te ,.anu'~tion. Dry granulation was performed using a BRC 25
roller compactor (L.B. Bohle, Ennigerloh, Germany, “ith a constant roller speed of 2 rpm and a gap width of
1.5 mm. Powders were compressed at four ~*¥fei 1t specific compaction forces of 3, 7, 11 and 16 kN/cm. At
compaction forces below 3 kN/cm the r.a.=rnu: was not sufficiently granulated, whereas 16 kN/cm was chosen
as the maximum as higher values wo. 'd approach the limit of the equipment used. The resulting ribbons were
milled using an integrated conica: “iev2 (BTS 100) at 400 rpm equipped with a 1.5 mm rasp sieve. At each
specific compaction forc’., “he v~ cess was run for approximately one minute before collection of the product
was started. About 2 — 2.5 kg of granules were collected before adjusting the specific compaction force to the

next setting.

2.3 Granule size characterization

Particle size distributions of the granules and the ungranulated starting materials were characterized (n = 3) by
dry laser diffraction measurements (Helos/KR, Sympatec, Clausthal-Zellerfeld, Germany). A dry dispersion unit
(RODOS, Sympatec, Clausthal-Zellerfeld, Germany) with a feed rate of 75% and an air pressure of 1.5 bar was
used to disperse the powders. Particle size distributions are reported as the volume equivalent sphere

diameter.



2.4 Tableting

Prior to tableting, both the granulated products and the ungranulated powders used for direct compression
were lubricated by adding 0.5% w/w of magnesium stearate (MgSt) and blending for 2 minutes at 90 rpm in a
Turbula blender (Turbula T2F, Willy A. Bachofen, Basel, Switzerland). Tablets were compressed using a rotary
tablet press (RoTab T, Luxner, Berlin, Germany) at compression forces of 5 kN, 10 kN and 15 kN. Tablets with a
weight of 250 mg were compressed using flat beveled punches (iHolland, United Kingdom) with a diameter of
9 mm. The rotating frequency was kept constant at 25 rpm, resulting in a dwell time of 60 ms. The tableting
procedure used for direct compression of the ungranulated powders was ...~ sa. 1e as for the granulated

materials.

2.5 Tablet characterization

Tablet weight, diameter, height and crushing strength (n = 2J) were analyzed using an automated tablet tester
(AT50, Sotax, Basel, Switzerland). The force requir~ . *o . “eak a tablet was measured at a constant speed of 2
mm/s. The tablet tensile strength (TTS) was calcula.~d from the tablet crushing strength (TCS), tablet diameter

(D) and tablet height (H) using equation 1 [2°1"

_ 2-TCS

TS = —
n-D-H

€y

The loss of compactibility afte - roller compaction was quantified as the slope of a linear fit of the TTS as a
function of the specific compaction force. The relative loss of compactibility was calculated as the ratio of the
absolute loss of compactibility and the TTS of tablets produced via a direct compression process.

The solid fraction (SF) of the tablets was calculated based on the true density p;,.. and the apparent density of

the tablets papparent, according to equation 2:

m
x 100% = T2 h » 1009 )

ptrue ptrue

_ Papparent

SF



where m is the tablet mass, r is the tablet radius and h is the tablet height. For the true density, values of py =
158¢g cm’ for anhydrous lactose, pye = 1.53 g cm’ for croscarmellose sodium and Pirwe =1.52 8 cm” for
sodium starch glycolate were used, as determined by helium pycnometry (AccuPyc Il 1340, Micromeritics,
Norcross, USA) [23]. For the mixtures of anhydrous lactose and superdisintegrant, a weighted average of the
Piree Values of the individual components was used to calculate SF.

Tablet disintegration time was measured in demineralized water at a temperature of 37 °C using a tablet
disintegration tester (Erweka ZT122, Germany). The disintegration time was reported in seconds for each
tablet individually. A tablet was considered disintegrated when all lactose was fully dissolved and no powder

was visible anymore. The reported disintegration time is the average of si*. :~div.Jual measurements.

3. Results
3.1 The effect of croscarmellose sodium on granule compactin.'itv
Croscarmellose sodium (CCS) is a superdisintegrant that 75 c,emonly used in formulations of pharmaceutical
tablets. Particles of CCS show a fibrous structure a-.." arc hydrophilic in nature. Within a tablet, CCS forms a
network-like structure throughout the tablet matri. ‘vhich promotes the penetration of water [24]. Blends of
anhydrous lactose with varying amounts of ©7S (.%, 4% and 8% w/w) were granulated by RC, in order to study
the effect of CCS on compactibility in a .1, eranulation process. As a reference, pure anhydrous lactose
without any superdisintegrant was ii. "luded. Powders were granulated using varying specific compaction
forces, resulting in a median gran. ' s ze (x50) of approximately 500 um. The addition of CCS showed little
effect on the size distrib’ ...~n € t'.e granules produced (Figure S1).
To quantify the loss of comp...ctibility of the granules, tablets were compressed from granules prepared at
different specific compaction forces. Direct compression of the ungranulated starting materials was performed
as a reference. Figure 1 shows how the tablet tensile strength decreased upon increasing the specific
compaction force for anhydrous lactose with varying amounts of CCS. For all formulations, increasing the
specific compaction force in the granulation process resulted in a lower TTS. Increasing the amount of CCS in
the formulation reduced TTS for tablets produced via a direct compression process (data at 0 kN/cm in Figure
1). For tablets produced from roller compacted granules, however, the effect of CCS on tablet strength was
dependent on the specific compaction force used in the granulation process. At specific compaction forces in

the range of 7 - 16 kN/cm, the addition of small amounts of CCS (2% — 4% w/w) prior to granulation resulted in



an increase in tablet strength compared to pure anhydrous lactose. At these higher specific compaction forces,
the highest TTS values are obtained for the formulation with 4% w/w CCS. Further increasing the amount of
CCS to 8% w/w decreased TTS over the whole range of specific compaction forces tested, indicating that an
optimum level of CCS exists.

The loss of compactibility due to dry granulation could be described with a linear fit of the decrease in TTS
upon increasing specific compaction force (Figure 1). The slope of the linear fits was used to quantify the loss
of compactibility, with the values shown in Table 1. Anhydrous lactose without any CCS (black lines in Figure 1)
showed the strongest decrease in TTS after granulation. Increasing the amount of CCS in the formulation
reduced the loss of compactibility. The loss of compactibility also depend- . ~ ta. let compression force, where
tablets produced at the highest compression force of 15 kN showed t'ie _*rongest decrease in TTS. The relative
loss of compactibility values (Table 1), however showed little depe:.‘ence on tablet compression force. The
relative loss of compactibility was clearly dependent on the amc 'nt of CCS added. For pure anhydrous lactose,
a 3 to 4% decrease in tablet strength for each kN/cm of f src : epplied in the granulation process was found.
Upon addition of 2% w/w of CCS prior to granulati~. tn. relative decrease in TTS was reduced to values of 2
to 2.5% per kN/cm. Further increasing the amount € CCS reduced the loss in TTS to only 1 to 2% per kN/cm of

specific compaction force applied.

Table 1. Loss of compactibility and rc stive loss of compactibility values for tablets of anhydrous lactose with

varying amounts of CCS, prepareu ~t tree different tablet compression forces.

CCs
Tablet compressior. force  Loss of compactibility (MPa Relative loss of compactibility (%
(%
(kN) cm/kN) cm/kN)
w/w)
5 -0.034 -3.0
0 10 -0.070 -2.9 -3.4
15 -0.176 -4.4
5 -0.024 -2.2
2 10 -0.055 -2.3 -2.4

15 -0.097 -2.6



5 -0.015 -1.6

4 10 -0.040 -1.8 -1.7
15 -0.060 -1.8
5 -0.001 -0.2

8 10 -0.023 -1.6 -1.1
15 -0.034 -1.5

Since the relative loss of compactibility showed little dependence on tablet compression force, one general
value for the relative loss of compactibility could be obtained for each forr ulation. This general value is based
on a linear fit of the decrease in relative tablet strength upon increasing <pec “ic compaction force for the TTS
data obtained at the three compression forces taken together (Figure S2). The resulting slope of these linear
fits is shown in the last column of Table 1 as the relative loss of comy ~ctibility for each formulation. These
values confirmed that the addition of CCS prior to granulation rew - es the loss of compactibility after RC.
While anhydrous lactose without any CCS showed a 3.4% d-.cr :ase in TTS for each kN/cm increase in specific
compaction force, this value was reduced to only .., % fo. the formulation with 4% w/w of CCS. This effect also
resulted in higher absolute TTS values for the formu. *ions with 2% and 4% w/w CCS compared to pure
anhydrous lactose, if a specific compaction u. ~e i 7 kN/cm or higher was used in the granulation process
(Figure 1).

The solid fraction (SF) of the tablets w.*h varying amounts of CCS were obtained using equation 2. Figure 2
shows how the SF changes upen in -~ asing the specific compaction force for tablets produced at three
different compressison forc °s. 1..e SF showed a strong dependence on tablet compression force with tablets
compressed at 5 kN showing the lowest SF (Figure 2a) and tablets compressed at 15 kN showing highest SF
values (Figure 2c). The specific compaction force applied during RC also had an effect on tablet SF. In general,
increasing the specific compaction force resulted in more densification of the material during granulation,
which increased SF of the final tablets. For the formulations with 0% and 2% w/w of CCS, however, the 10 kN
tablets showed no increase in SF upon increasing the specific compaction force (Figure 2b). The 15 kN tablets
even showed a decrease in SF (Figure 2c). For the formulations with higher amounts of CCS, increasing the

specific compaction force resulted in an increase in SF for all three tablet compression forces investigated.



3.2 The effect of sodium starch glycolate on granule compactibility

To test whether other superdisintegrants showed a similar effect on loss of compactibility of the granules,
roller compaction and subsequent tableting was also performed for anhydrous lactose in combination with
sodium starch glycolate (SSG). A formulation with 4% w/w of SSG was used, as this amount resulted in optimal
TTS values after dry granulation with CCS. In contrast to CCS, SSG particles have a spherical morphology and
the particles swell upon contact with water [25,26] Figure 3 shows the TTS for tablets with 4% w/w of both
superdisintegrants, produced after RC with increasing specific compaction forces. Tablets with SSG showed a
significantly lower tablet strength compared to CCS, both for DC and after dry granulation. The negative effect
of SSG on compactibility is in line with the elastic deformation behavior of .. is e, cipient [27]. The loss of
compactibility upon increasing specific compaction force was similar for . 2tn superdisintegrants (Table 2).
Furthermore, the increase in tablet SF after roller compaction was . 'so very similar for tablets with either CCS
or SSG (Figure S3). Compared to anhydrous lactose without any . ' _rdisintegrant (black squares in Figure 3),
the addition of SSG resulted in a reduced loss of compact bi'.ty, as indicated by the slope of the linear fits. The
absolute TTS values, however, were not increased .., on “he addition of SSG. This indicates that this
superdisintegrant reduces the loss of compactibility, ~f the granules but does not improve the absolute
compactibility of the formulation.

The relative loss of compactibility is age’i "macpendent of tablet compression force for the formulation with
SSG (Table 2). Therefore a single line. - fit was used to describe the relative loss of compactability, using the
TTS data obtained at the three di/~re 1t tablet compression forces (Figure S4). The obtained slope of 2.0% per
kN/cm for the formulatir (. *viv. €€G was slightly higher than for the formulation with 4% w/w CCS. This
indicated that CCS is slightly ..iore effective in reducing the loss of compactibility in a dry granulation process.
The value obtained, however, was significantly lower than the 3.4% per kN/cm obtained for the formulation
without any disintegrant (Table 1). So SSG reduced the relative loss of compactibility after RC, as indicated by
the linear fits in Figure 3. However, the absolute TTS values of the tablets with SSG were significantly lower
than those of tablets made with CCS, making CCS a more suitable superdisintegrant for the optimization of

tablet strength in a dry granulation process.

Table 2. Loss of compactibility and relative loss of compactibility values for tablets of anhydrous lactose with

4% w/w of CCS or SSG, prepared at three different tablet compression forces.



Tablet compression Loss of compactibility (MPa Relative loss of compactibility
Superdisintegrant

force (kN) cm/kN) (% cm/kN)
5 -0.015 -1.6

4% CCS 10 -0.040 -1.8 -1.7
15 -0.060 -1.8
5 -0.015 -2.0

4% SSG 10 -0.039 -2.2 -2.0
15 -0.051 -1.8

To test whether the compaction forces applied during RC affected the dis.nte ~racion properties of the
superdisintegrants used, disintegration time of the tablets was meas'rea. ®revious research on the effects of
dry granulation on superdisintegrant function has shown that RC ha. 'ittle effect on the performance of CCS
[28]. Data on the disintegration time of tablets with varying amouw s of CCS or SSG is given in the
supplementary information (Figure S5). The specific com »a .tic n force used in the granulation process had
limited effect on the disintegration time of tablet- w. h su ~erdisintegrant. The addition of CCS or SSG prior to
granulation did promote tablet disintegration, as the disintegration time was shorter compared to that of
tablets without any superdisintegrant. Incrr.a."vg vne amount of CCS in the formulation resulted in shorter
disintegration times for tablets produce d L. th via DC and after RC. A minor decrease in disintegration time
was observed upon increasing sperific ~ompaction force, which was in line with the lower TTS of the tablets
prepared at increased specific ~om, ~_tion forces. Therefore, the disintegration mechanisms of CCS and SSG

were not significantly afiec.~d v, the forces applied during the dry granulation process.

4. Discussion
In order to explain how the addition of superdisintegrant prior to granulation reduces the loss of
compactibility of anhydrous lactose, the proposed mechanisms for the loss of compactibility need to be
considered. Granule size enlargement has been previously shown not to affect the compactibility of brittle
materials such as lactose [11,29]. Also for the current study, size enlargement cannot explain the observed loss
in compactibility since the size of the granules does not increase upon increasing the specific compaction force

from 7 to 16 kN/cm (Figure S1). The granules prepared at higher specific compaction force, however showed



reduced compactibility. Granule hardening has been shown to affect the compactibility of granules prepared
from brittle materials such as lactose monohydrate [13]. Increasing the specific compaction force in the
granulation process results in harder granules that are less susceptible to fragmentation upon tableting. It is
therefore likely that a similar granule hardening mechanism accounts for the loss of compactibility of the
anhydrous lactose used in this study.

The observation that the addition of superdisintegrant reduces the loss of compactibility of the granules can
be explained by a reduced granule hardening effect. The poor compactibility of the superdisintegrant particles
reduces the hardness of the granules, making them more prone to fragmenrtation during tableting. The higher
degree of fragmentation of granules with intra-granular superdisintegran* . _sui.; in more available bonding
area during tableting and thereby reduces the loss of compactibility c. u. > granules compared to the
ungranulated powders. It is only at high specific compaction forces, ‘vhere the loss of compactibility is
relatively large, that the addition of superdisintegrant also has a 0« tive effect on the absolute compactibility
of the granules. The higher degree of fragmentation of g'anules with superdisntegrant is further supported by
the solid fraction of the tablets produced from gre-.. 'es ,-repared at varying specific compaction forces (Figure
2). For tablets with 4% or 8% w/w of CCS, increasin,, the specific compaction force results in an increase in SF.
This higher SF is the result of densification o *he , awders during dry granulation. For anhydrous lactose
without any superdisintegrant, the incr7.a_~ i 5F is reduced. At a tablet compression force of 15 kN, a
decrease in SF upon increasing the s, ~cific compaction force is observed (Figure 2c). Granule hardening could
be a reason for this decrease in 51, as :he integrity of the harder granules structure survives the tablet
compression step [10,12°. =ra, *'I".cion at high specific compaction force results in granules that are less prone
to fragmentation during tab... compression. A similar mechanism was recently proposed for dry granulation of
lactose monohydrate, where the decreased fragmentation tendency of granules compacted at higher specific
compaction force resulted in decreased tabletability [13]. This resistance to fragmentation or deformation
results in more resistance of the granules towards densification upon tablet compression, thereby causing the
observed decrease in SF of the tablets. The intra-granular addition of superdisintegrant promotes granule
fragmentation and therefore an increase in SF upon increasing specific compaction force is observed.
Previous studies on the reduced compactibility of granules produced via RC have indicated that lubrication of
the granules prior to tableting strongly affects compactibility [8,12,13]. It has been shown that increasing the

specific force has negligible effect on the compactibility of lactose monohydrate granules without the addition



of lubricant [13]. For lactose granules lubricated with MgSt on the other hand, a higher specific compaction
force results in a decreased TTS. This can be explained by the decreased fragmentation tendency of granules
prepared at higher specific compaction force, which results in greater MgSt coverage of the granule surfaces
upon tableting [13]. In the current study, 0.5% w/w MgSt was added to all granules prior to tableting, since in a
pharmaceutical manufacturing process the addition of a lubricant is generally required to reduce friction
during tableting. The combination of the decreased fragmentation tendency of harder granules and the
coverage of the granule surface with MgSt therefore results in the observed decrease in TTS with increasing
specific compaction force. Intra-granular superdisintegrant promotes grani'le fragmentation, thereby creating
clean lactose surface that is free form lubricant during the tableting proce.., wn.zh reduces the loss of
compactibility of the granules. A schematic overview of the proposed inc ~hanism is shown in Figure 4.

A positive effect of CCS on the absolute TTS values is only observeu vhen a high specific compaction force is
used in the granulation process. At low specific compaction forc. = *ae poor compactibility of the
superdisintegrant outweighs the positive effect of the su serJicintegrant on granule fragmentation. Only at
higher specific compaction forces, where fragmen*_“ion ~f the granules is strongly decreased due to granule
hardening, the superdisintegrant positively contrib.*as to the absolute tablet strength. The crossover point
from a negative effect to a positive effect of ~'1pe. disintegrant on TTS shows a dependence on the
compression force used in the tableting p. ~“ce.s. At the lowest compression force of 5 kN (Figure 1a), the
addition of CCS only shows a positive ~ffecc on TTS at the highest specific compaction force of 16 kN/cm. At
this low tablet compression force, *he degree of granule fragmentation is relatively low and therefore the
effect of CCS is limited. 2. ~ cu.~r.ession force of 15 kN (Figure 1c), the addition of CCS already shows a
positive effect on absolute 775 at a specific compaction force of 7 kN/cm. At this higher tablet compression
force, granules show a higher degree of fragmentation and therefore the effect of the superdisintegrant is
more pronounced. Therefore, the cross-over point from a negative effect to a positive effect of
superdisintegrant on TTS depends on the tableting process. For tablets with SSG, the TTS values obtained are
much lower compared to CCS and a positive effect of SSG on tablet strength is only observed at both a high
specific compaction force during granulation and a high tablet compression force (Figure 3c). For all other
process settings, the formulation without superdisintegrant shows higher tablet strength compared to the

formulation with SSG.



The results of the current study show that the mechanism proposed in Figure 4 can be applied for the dry
granulation of anhydrous lactose, an excipient that shows very brittle deformation behavior with a high
propensity to fragment. It is likely that this positive effect of superdisintegrants on granule compactibility is
only valid for granules composed of brittle materials. Excipients with plastic deformation behavior such as MCC
do not show extensive fragmentation upon tablet compression. Therefore, the mechanism proposed in Figure
4 cannot be applied for materials that deform plastically. Such materials generally show a much larger loss of
compactability after dry granulation due to both granule hardening and size enlargement [12]. Minimizing the
loss of compactibility of MCC using the approach presented here would therefore be challenging. It would be
of interest, however, to further investigate the effect of superdisintegran*. _n g, anule compactibility using
other excipients with varying deformation mechanisms. Furthermore it.. likely that the positive effect of CCS
on granule compactibility could also be achieved through the intra-_ranular addition of other components. For
example, the addition of a small amount of an elastically deforn..~s polymer prior to dry granulation may also
reduce granule hardness and improve granule compactik lit',. Further investigation of varying excipients in
combination with different minor components is r~_, tirc ¥ to explore the applicability of the described

mechanism in a pharmaceutical manufacturing pro. ~ss.

5. Conclusions
The results presented in this study si. “w that intra-granular addition of superdisintegrant in a dry granulation
formulation can significantly redu. = tt.e loss of compactibility of the granules produced. The observed effects
are explained with grant’.c ha, '=~.ing as the main mechanism behind the loss of compactibility. Increasing the
specific compaction force apiied during roller compaction results in harder granules that are less prone to
fragmentation during tablet compression. This reduced degree of fragmentation decreases the formation of
unlubricated lactose surfaces available for bonding, which reduces tablet strength. Incorporating small
amounts of superdisintegrant within the granules counteracts the hardening effect, thereby increasing the
propensity of the granules to fragment during tablet compression and reducing loss of compactibility. The
reduced loss of compactibility is observed for the intra-granular addition of both CCS and SSG. To optimize
tablet strength, however, the addition of CCS is preferred as this results in significantly improved tablet
strength compared to SSG. The intra-granular addition of superdisintegrant presents a new approach to

minimize the decrease in tablet strength for a dry granulation process, compared to a direct compression



process. It should be noted that only small amounts of superdisintegrant will have a positive effect on
compactability, as larger amounts will reduce the overall compactibility of the formulation and thereby reduce
tablet strength. The applicability of the mechanism described here remains to be tested for powders with

varying deformation behaviors in future work.
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Figure 1. Tablet tensile strength plotted as a function of specific compaction force for tablets with varying

amounts (% w/w) of CCS, compressed at (a) 5 kN, (b) 10 kN and (c) 15 kN. Error bars represent standard



deviations calculated over 20 tablets for each data point. Solid lines represent linear fits to quantify the loss of

compactibility upon increasing specific compaction force.

Figure 2. Solid fraction of tablets produced at compression forces of (a) 5 kN, (b) 10 kN and (c) 15 kN. Error
bars represent standard deviations calculated over 20 tablets. The amount of CCS in the formulation affects

the impact of the specific compaction force on tablet solid fraction.

Figure 3. Tablet tensile strength plotted as a function of specific compaction force for tablets with 4% w/w of
CCS or SSG and without superdisintegrant, compressed at (a) 5 kN, (b) 10 '.;* anu (c) 15 kN. Error bars
represent standard deviations calculated over 20 tablets for each dat~. pcnt. Solid lines represent linear fits to

quantify the loss of compactibility upon increasing specific compac.'~n force.

Figure 4. Schematic representation of the proposed mec'iarsm for the loss of compactibility after dry
granulation of anhydrous lactose with and withou* _ 'oe. disintegrant. The intra-granular addition of
superdisintegrant promotes the fragmentation of g. ~nules during tablet compression, resulting in more
unlubricated lactose surface available for be=ing The resulting effect on tablet strength depends on the
amount of superdisintegrant added, thr 5, =ci..c compaction force during granulation and the tablet
compression force used.
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