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Abstract

Minitablets are an innovative dosage form with a diameter of <3 mm that offer solutions for many unmet needs in pediatric
patient populations, as they are easy to swallow and allow for individual dosage adjustments based on current body weight.
They provide a valuable alternative to often-used normal-sized tablets or liquid drug formulations, while combining pal-
atability with improved drug product stability. However, producing minitablets via direct compression is challenging, as
excipients must meet high demands to ensure excellent flowability, suitable content uniformity, rapid disintegration times and
good palatability simultaneously. To address these challenges, the use of tricalcium citrate tetrahydrate (TCC TB), a brittle
direct compression excipient with outstanding flow properties, excellent hardness yield and neutral taste was investigated. In
this context, a direct comparison to the frequently used fillers Tablettose® 80, galenlQ™ 721, Vivapur® 102 and Vivapur®
200 was undertaken. Minitablets with a total weight of 8 mg were produced using a StylOne® Classic 105 ML compaction
simulator. As model drug for pediatric use, furosemide was chosen in a drug load of 6.25% or 12.5%. Superior performance
of TCC TB minitablets was found in terms of disintegration time, content uniformity and tensile strength. For galenlQ™ 721,
tableting was challenging, as tablet defects occurred due to material sticking to the punches. Tablettose® 80 failed to achieve
acceptable content uniformity and tensile strength values. Both Vivapur® grades achieved comparable results to TCC TB
minitablets. Consequently, TCC TB presents high potential as filler for minitablet production in an extended industrial setting.
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Introduction

The selection of safe excipients for child-appropriate dosage
forms is limited, as not only active pharmaceutical ingredients
can have different effects in children than in adults, but also
excipients are able to trigger adverse effects [1]. This is espe-
cially relevant for liquid drug formulations, as they often rely on
the use of various additional ingredients such as sweeteners, pre-
servatives, antioxidants, co-solvents or surfactants, all of which
can cause additional side effects and require careful use in for-
mulation development [ 1-5]. Furthermore, liquid formulations
are associated with error-prone volumetric filling and measuring
processes, which can result in over- or underdosing for the child
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[6, 7]. Nevertheless, liquid forms of medication remain the most
common, especially for young children and infants.

Most of these excipients can be avoided by using a solid
drug formulation like small-sized minitablets instead, as they
require less excipients while also providing better stability
[8]. In comparison to other solid dosage forms like pellets or
granulates, minitablet production via direct compression is
favorable as minitablets are more uniform in size and weight
and can be easily counted out for the correct dose [9-11].

The development of minitablets gained particular inter-
est in recent years with a focus on geriatric and pediatric
patient groups, as minitablets are adjustable to the cur-
rent body weight and, because of their small size of under
3 mm, are easy to swallow [8, 12—15] (Fig. 1). Studies have
shown that young children of 6 months accept and swallow
multiple minitablets without any problems [16—18]. Addi-
tionally, a randomized controlled trial showed superior
acceptability of minitablets compared to syrups in young
children [19]. Geriatric patients with swallowing disorders
also profit, as shown by an improved acceptability [20].
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Fig.1 Size of 2 mm TCC TB minitablets in comparison to a 7 mm
tablet. Scale in cm (bottom) and inch (top)

However, excipients need to meet high demands in
order to produce minitablets via direct compression effec-
tively, as the manufacturing process requires specialized
small-diameter tableting tooling. Therefore, the final for-
mulation needs excellent powder flowability to ensure an
even and complete filling of the die [21]. A narrow particle
size distribution with a maximum particle size below 1/3
of the die diameter is also favorable to prevent occlusion
and allow for an even filling process [21, 22]. Addition-
ally, higher wall friction compared to normal-sized tablets
occurs, resulting in a higher shear stress applied to the
used materials [12].

The disintegration time of produced minitablets has to
be very short to allow young children or elderly people
good accessibility, while an acceptable or neutral taste is
of advantage as well. At the same time, minitablets should
contain sufficient tensile strength to allow safe handling dur-
ing processing and packaging. Fulfillment of the pharmaco-
peial requirements with regard to content uniformity is also
crucial to ensure precise and safe dosing.

To address these challenges, we investigated the use of
Tricalcium citrate (TCC) TB as filler for direct compression
of minitablets in comparison to other often used excipients
like Tablettose® 80, galenIQ™ 721, Vivapur® 102 and
Vivapur® 200. TCC TB is a new brittle direct compression
tableting excipient, combining excellent flowability with a
high mechanical strength while maintaining a short disinte-
gration time without the addition of disintegrants [23]. With
a calcium content of 21%, TCC is already well-established
in the food industry, where it is used as a calcium source for
dairy products, baby food and clinical nutrition while also
being allergen-free [24]. The TCC TB grade, however, was
developed especially for applications in direct compression,
where it already showed excellent results in the investiga-
tion performed by Hagelstein et. al [23]. Additionally, scan-
ning electron microscopy revealed that TCC TB appears as
almost spherical shaped agglomerates consisting of smaller
platelets with a mean size of 135 um, making it suitable for
high performance direct compression applications [23].
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Furosemide was chosen as a model drug, as it is used
for geriatric and pediatric patient groups alike for treatment
of heart failure, edema and renal diseases. It is also part of
the model list of essential medicines for children, which is
published by the WHO [25]. The dosage of furosemide for
young children depends on the desired diuretic effect and
is recommended between 0.5-2 mg/kg/bodyweight admin-
istered 1 to 3 times per day [26, 27]. To meet these dose
requirements, furosemide minitablets with a strength of
0.5 mg and 1 mg and an average weight of 8§ mg per minit-
ablet were produced.

Materials and Methods
Materials

Furosemide was purchased from SRIS Pharmaceuticals
(Hyderabad, Telangana, India). MCC (Vivapur® 102,
Vivapur® 200), isomalt (galenIQ™ 721), lactose (Tablet-
tose® 80), TCC TB, were kindly provided by JRS Pharma
(Rosenberg, Germany), BENEO GmbH (Mannheim, Ger-
many), MEGGLE GmbH & Co. KG (Wasserburg an der
Inn, Germany) and Jungbunzlauer (Ladenburg, Germany),
respectively. Magnesium stearate (Ligamed MF-2-V) and
Aerosil® 200 were kindly donated by Peter Greven GmbH &
Co. KG (Bad Miinstereifel, Germany) and Evonik Industries
AG (Essen, Germany).

Methods
Preparation of Powder Mixtures

Preliminary experiments have shown that minitablets need
elevated levels of lubrication to keep the ejection force low
during tableting process. Therefore, 1% magnesium stearate
(w/w) was added to each powder mixture. All excipients were
blended with 6.25% or 12.5% furosemide (w/w); 1% Aero-
sil® 200 (w/w) and 1% magnesium stearate (w/w) (MgSt). An
overview of all prepared mixtures is given in Table I. Due to
the insensitivity to internal lubrication of TCC TB [23], MgSt
was added from the start for all TCC TB mixtures and mixed
for 10 min in a turbula mixer (Willi A. Bachofen AG, Switzer-
land) at 50 rpm. All other blends were prepared by mixing for
8.5 min before the addition of MgSt, followed by additional
1.5 min of mixing. Afterwards, each batch was passed through
a 500 um mesh by hand before tableting.

Compressibility Index and Hausner Ratio

The bulk and tapped density of all powder mixtures were
determined according to Ph. Eur. 11.0, 2.9.34. (Method 1)
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Table | Composition of all
prepared powder mixtures

Contents in mixture [%]

Material Excipient Furosemide Aerosil ® 200 MgSt Abbreviation
TCCTB 99.0 0.0 0.0 1.0 ™1

TCCTB 85.5 12.5 1.0 1.0 TF12.5A1M1
TCCTB 91.75 6.25 1.0 1.0 TF6.25A1M1
galenIQ™ 721 85.5 12.5 1.0 1.0 IF12.5A1M1
Tablettose® 80 85.5 12.5 1.0 1.0 T80F12.5A1M1
Vivapur® 102 85.5 12.5 1.0 1.0 V102F12.5A1M1
Vivapur® 200 85.5 12.5 1.0 1.0 V200F12.5A1M1

by measuring each powder mixture using an Erweka SVM
22 (Erweka GmbH, Heusenstamm, Germany) with a 250 ml
volumetric cylinder (n=3) [28]. Utilizing the obtained den-
sities and the corresponding weight of each sample, com-
pressibility index (Carr index) and Hausner Ratio were cal-
culated according to Ph.Eur. 11.0, 2.9.36 [28].

Hausner ratio = Ptk (1)
pTapped
PBulk — P d
Carr index = 100 % —_—TPPed )

P Tapped

peux  Bulk density [g/ml]

Prappea  Lapped density [g/ml]

Angle of Repose

The angle of repose of the powder mixtures was determined
accordingly to the Ph. Eur. 11.0, 2.9.36 (n=3) [28]. An auto-
matic testing system was used (Erweka GT, Erweka GmbH,
Heusenstamm, Germany) to determine the angle of repose of
the powder mixtures via laser scanning of the powder pile.

Powder Flow Through an Orifice

The powder flow through three different orifice sizes (10, 15 and
25 mm) was tested for each mixture according to the Ph. Eur.
11.0, 2.9.36 (n=3) utilizing an Erweka GT (Erweka GmbH,
Heusenstamm, Germany) equipped with a stainless steel funnel
[28]. 100 g of powder were used for each measurement.

Determination of the flow properties of powders using
a shear cell

The flowability index and flow function were deter-
mined utilizing a shear cell powder flow tester (Brook-
field engineering laboratories, inc., Middleboro, USA)

and measuring the compressive strength (o) as a func-
tion of the consolidation stress (¢,) while taking the in Ph.
Eur. 11.0, 2.9.49 described method into account [28, 29].
Approximately 260 ml of each powder sample was placed
into the shear cell with a ring-shaped base. To create a
homogeneous and representative powder bed, the shear
cell was filled evenly and without applying pressure to the
surface. Excess powder was then scraped off using a shaped
blade in plow position, until the powder was even with the
upper edge of the shear cell. The flow function test was
performed using a vane lid and the yield point of a con-
solidated powder was measured, which resulted in a flow
function. The flow behavior was then assessed using the
flowability factor (ff, value), which was calculated using
the Eq. 3 and characterized using the classification accord-
ing to Ph. Eur. 11.0, 2.9.49 [28].

-1
ffe=0y %0,

3

o. Compressive strength [kPa]

C

o, Consolidation stress [kPa]

Tableting

During preliminary experiments, a powder mixture of
TCC TB and 1% MgSt was processed with a compression
pressure of 167 MPa into tablets via the FlexiTab® (Rolt-
gen GmbH + Co. KG, Solingen, Germany) using a 2 mm,
19-Tip tooling (Ritter Pharma-Technik GmbH, Stapelfeld,
Germany).

For following investigations minitablets were com-
pressed on a single punch tablet press (StylOne Classic
105 ML, Medelpharm, Beynost, France/Romaco Kil-
ian, Cologne, Germany) utilizing the same 2 mm, 19
Tip-tooling at a compaction pressure of 167 MPa, sim-
ulating a Fette 102i-16 EuB running at 20 rpm (dwell
time: ~ 50 ms).

@ Springer
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Scanning Electron Microscopy of Minitablets

Scanning electron microscopy (SEM) (SU 3500, Hitachi
High Technologies, Krefeld, Germany) was used to evalu-
ate the surface morphology of the produced minitablets. The
minitablets were fixed onto the sample holder using liquid
conductive silver and analyzed without an additional sputter
coating process to enable the analysis of potential material
contrast. The images were taken using the ultra-variable
pressure detector (UVD) using an acceleration voltage of
5-6 kV at the variable pressure mode of 30 Pa.

Uniformity of Mass of Minitablets

The uniformity of the tablet weight during tableting was evalu-
ated according to the Ph. Eur. 2.9.5. [28]. 20 random minitablets
samples for each mixture were drawn and measured for their
individual weight. Afterwards, the average weight and relative
standard deviation for each mixture was calculated.

Tensile Strength of Minitablets

Each minitablet was measured for its weight (AG 204, Met-
tler Toledo GmbH, Germany), height and diameter (Mitu-
toyo Absolute ID C125B, Mitutoyo Corp., Japan), before the
breaking force of each individual minitablet was determined
(n=5). As the manufactured minitablets with a diameter of
2 mm are too small to ensure precise measurement in a stand-
ard breaking force tester, the minitablets were analyzed using a
texture analyzer TA. HDi (Stable Micro Systems, Godalming,
UK). The measurements were performed with a pre-speed of
0.5 mm/s and a sensitivity of 0.05 N while using a flat-faced
punch (n=5) [30]. The tensile strength (TS) was calculated
according to the equation of Fell and Newton (Eq. (4) [31].
This equation was first used for minitablets by Lennartz and
Mielck [12]. They argued that the established equation for con-
vex-faced tablets by Pitt er al. is not applicable, as minitablet
possess a ratio of > 0.6 between cylinder height and diameter of
minitablets, which clearly exceeds the ratio of 0.06 to 0.3 prior
examined by Pitt et al. for regular-sized tablets [12, 32]. Since
then, this opinion has been adopted by several other authors in
the literature [30, 33-35].
2% F

7§ = ——
Txdxh “)

F  breaking force [N]

d diameter of the tablet [mm)]

h height of the tablet [mm]
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TS tensile strength [N/mm?]
Disintegration Testing

Disintegration testing was performed according to Ph. Eur.
2.9.1. (Method A, n=6) using an automatic disintegration
tester (Erweka ZT72, Erweka GmbH, Heusenstamm, Ger-
many) with 800 ml of demineralized water at 37 + 1 °C [28].
As the minitablets only have a diameter of 2 mm, a modifi-
cation in mesh size (800 um new mesh size) of the appara-
tus was necessary to prevent the minitablets from slipping
through the mesh too soon and allow for a controlled disin-
tegration into individual particles. In addition, the endpoint
of the disintegration testing was verified by visual inspection
throughout the entire measurement.

Content Uniformity

Uniformity of content was tested according to Ph. Eur. 11.0,
2.9.40 [28]. Each sample was prepared by crushing the minit-
ablet and dissolving the furosemide in 10 ml of methanol
(n=10). The amount of furosemide was quantified using an
Agilent 8453 UV-VIS spectrophotometer (Agilent Technolo-
gies, Waldbronn, Germany) at 273 nm. The acceptance value
(AV) was calculated according to the Ph. Eur. 11.0, 2.9.40 [28].

AV = |M—)_(|+ks )

M  reference value [%]

>

mean value of sample contents [%]
k acceptance constant [-]
S standard deviation sample [%]
AV acceptance value [-]
The used method was validated in accordance with the
ICH Q2(R2) guideline [36].
Particle Size of Furosemide
In order to improve the powder flowability of micronized
furosemide the particle size was adjusted. Furosemide was

compacted by direct compression and then broken down using
a centrifugal mill (Retsch ZM1, Retsch Technology GmbH,
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Haan, Germany). Afterwards, the powder was passed through
a 250 pm sieve. The powder was analyzed via dynamic image
analysis using a Camsizer X2 (Retsch Technology GmbH,
Haan, Germany) to measure the particle size. All other used
excipients were also analyzed for their particle size distribu-
tion using the same dynamic image analysis. Afterwards the
span of all measured samples was calculated using Eq. 6, rep-
resenting the width of the particle size distribution.
dyg — dyp

Span = ——— 6
sy (6)

Span  width of particle size distribution [-]

Helium Pycnometer

The true density of all excipients and API was determined
using a helium pycnometer (Belpycno L, Microtrac, Retsch
GmbH, Germany). The pycnometer chamber was purged five
times prior to the analysis. The restriction pressure was set
to 20 kPa during analysis and the process was repeated until
five consecutive measurement cycles exhibited a standard
deviation of less than 0.05%.

Results
Minitablets Formulation Development
Powder Characteristics

The results of the powder flow characterization of all mix-
tures, as well as bulk and tapped densities and resulting Carr
index (C;) and Hausner ratio (Hy), are shown in Table II.
TCC TB with 1% MgSt showed excellent flow properties.
However, the addition of furosemide resulted in a decrease
in the powder flowability. As expected, the effect was more

pronounced with 12.5% (C; 22.91/Hy 1.30) compared to the
6.25% (C; 18.46/Hy 1.23) drug load. The Vivapur® 102 mix-
ture showed the highest value of Carr index/Hausner ratio (C;
25.68/Hy 1.35) of all tested mixtures, representing a poor flow
behavior. As a consequence, an even filling of the die was
only achieved by careful manual filling. Tablettose® 80 (C,
24.21/Hg 1.32) and Vivapur® 200 (C; 22.80/Hy 1.30) powder
mixtures reached moderate flow, whereas galenIQ™ 721 (C;
18.43/Hy 1.23) showed fair flow behavior.

Minitablet Defects

During tableting, minitablets produced with galenIQ™ 721
were sticking to the lower punch cap, leaving residues in the
lower cavities. This resulted in tablet defects, as can be seen
in Fig. 2. In order to resolve this issue, lower compression
forces of 84 MPa and 42 MPa, as well as additional external
lubrication with magnesium stearate, were tested. However,
the sticking remained. Tablettose® 80 also showed a tendency
of sticking, but not as severely as galenIQ™ 721. SEM images

Fig.2 Visible defects of galenlQ™ 721 minitablets due to sticking
to the lower punch cap. left: small defect middle: large defect, cap is
missing, right: normal minitablet

Table Il Bulk and tapped density of all TCC TB powder mixtures with the resulting Carr index, Hausner ratio and corresponding flow behavior

according to Ph. Eur. 11.0

Mixture Ppuk [g/ml]  abs. stdev. [g/ml] Prapped [g/mL] abs.stdev. [g/m]l] Carrindex [-] Hausner ratio [-] Flow behavior
T™1 0.635 0.004 0.706 0.003 10.18 1.11 Excellent
TF12.5A1M1 0.495 0.002 0.643 0.005 2291 1.30 Moderate
TF6.25A1M1 0.541 0.003 0.663 0.001 18.46 1.23 Fair
IF12.5A1M1 0.403 0.003 0.494 0.002 18.43 1.23 Fair
T80F12.5A1M1 0.528 0.003 0.697 0.003 24.21 1.32 Moderate
VI102F12.5A1M1 0.338 0.002 0.455 0.003 25.68 1.35 Poor
V200F12.5A1M1  0.369 0.001 0.478 0.002 22.80 1.30 Moderate

@ Springer
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of all minitablets were prepared to further evaluate the tab-
let defects. All examined galenIQ™ 721 minitablets showed
scratches and abrasion on the surface of the tablet wall in the
direction of tablet ejection (Fig. 3, A and Fig. 4). Next to the
missing tablet cap, a clear circular imprint of the lower punch
could be seen on the tablet (Fig. 3 A, B). In contrast, the sur-
face of TCC TB minitablets appeared smooth and without any
scratches or imprints from the tableting process (Fig. 3 C, D).

Minitablet Characteristics
Mass Uniformity

The evaluation of the minitablet weight showed the highest
standard deviation for the Vivapur® 102 mixture with a value

Fig.3 SEM images of isomalt
galenlQ™ 721 minitablets (A,
B) with tablet defects. Several
scratch markings can be seen
on the surface of the tablet wall
(A). Additionally, imprints of
the lower punch on the tablet
cap can be seen, forming a
sharp tablet edge (B). TCC TB
minitablets (C, D) showed no
visible markings on the tablet
wall or cap

Fig.4 Scratch markings on the
tablet wall of a galenIQ™ 721
minitablet in the direction of
tablet movement. The markings
cover the tablet wall equally (A,
B). On the tablet cap, a circular
imprint of the lower punch can
be seen, as also a part of the cap
is missing (A)

Uni Bonn 6.00kV 7.2mm x50 UVD 30Pa

@ Springer

of 4.64%, followed by Vivapur® 200 (3.95%) and Tablet-
tose® 80 mixtures (3.72%), despite manual die filling. TCC
TB (2.50%) and galenIQ™ 721 (2.25%) mixtures with 12.5%
furosemide achieved similar results, revealing a low fluctuation
in tablet mass. Only the TCC TB mixture with 6.25% furo-
semide presented better results with a value of 1.90% (Fig. 5).

Tensile Strength

The tensile strength of produced TCC TB minitablets achieved
acceptable results of > 1 N/mm?, which was set as a minimum
requirement to ensure no defects and abrasion during produc-
tion, handling and processing [37]. Tablettose® 80 minitablets
failed to achieve consistent tensile strength values of > 1 N/mm?,
whereas all other excipients also reached the threshold (Fig. 5).

1.00mm  Uni Bonn 6.00kV 7.9mm x100 UVD 30Pa
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Disintegration Testing

Disintegration testing showed acceptable results for all
12.5% minitablet formulations with disintegration times
between 2-11 s for TCC TB, Tablettose® 80 and Vivapur®
102/200 minitablets. Only galenIQ™ 721 minitablets showed
significantly elevated values with a mean disintegration time
of over 31 s (Fig. 6).

Content Uniformity

The acceptance value of TCC TB, Vivapur® 102/200 and gale-
nlQ™ 721 minitablets was below the limit of 15, with values
ranging from 10.71 for Vivapur® 200 to 13.71 for TCC TB,
therefore showing a sufficient uniformity to allow precise dos-
ing (Fig. 6). However, the results for Tablettose® 80 revealed
insufficient uniformity with an acceptance value of 24.33.

Particle Size and Density

The particle size distribution results are shown in Table III.
TCC TB presented the lowest span (0.80) of all measured

excipients, followed by both MCC grades (Vivapur® 102,
1.64; Vivapur® 200, 1.92). Tablettose® 80 (2.29) and gale-
nlQ™ 721 (2.43) showed higher values, indicating a wider
particle size distribution. Additionally, the particle size of the
used micronized furosemide was adjusted to better match the
size of the used excipients, to improve the powder flowability
of all viable mixtures (Table IV).

True Density

The results of the true density measurement revealed similar
values for all organic based excipients, ranging from 1.52 g/cm?
for galenIQ™ 721 to 1.57 g/cm? for Vivapur® 102. TCC TB
as a mineral based excipient showed a true density of 1.95 g/
cm® while the measured density for furosemide was 1.67 g/cm®.
Re-evaluation of Flow Properties

Carr Index and Hausner Ratio

All re-evaluated powder mixtures showed significantly
improved flow properties (Table II and Table V). TCC TB

Fig.6 Results of minitablet 50 - 30 -
disintegration testing (left) 2433
and content uniformity test- =40 4 25 1
ing (right). The mixture with @ @
galenlQ™ 721 was the only g 30 - E 20 ~
formulation presenting elevated 5 g 1371
disintegration times, while B £ 15 1 13.29 ) 13.13
mixture with Tablettose® 80 En 20 A 'g 1099 10.71
was the only formulation that e g 10 1
failed to reach an acceptance 3 10 - <
value of < 15 I i 5 1

0 T 2 o

NG G A
?’?’ 'b?,v ’v?,?’ '\f’v ’L“ov. qs.,?’ ?,V' ?,?’ ?,V' ?’V' ?,V‘
& F & &S
SRS, SR
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Table Il Particle size distribution of micronized and dry granulated
furosemide with pure excipients as reference and bulk/tapped density
of all pure excipients. Carr index, Hausner ratio and corresponding

flow behavior were determined according to Ph. Eur. 11.0. The span
was calculated using the d;, ds, and dgy, values

X min [HM] Span Ppuk Lg/ml] PTapped [&/ml] Carr index Flow behavior
Hausner Ratio
dyp dsg dgg
TCCTB 82.6 150.34  203.54 0.80  0.642+0.002  0.714+0.001 1.11 Excellent
10.04
galenlQ™ 721 26.76 75.01 209.54 243  0.405+0.003 0.457+0.001 1.13 Good
11.43
Tablettose® 80 26.77 85.63 223.06 229  0.590+0.001 0.719+0.004 1.22 Fair
17.88
Vivapur® 102 27.51 10640  202.12 1.64  0.333+0.001 0.421+0.002 1.27 Moderate
20.90
Vivapur® 200 3144 17350  364.14 192  0.363+0.002  0.444+0.001 1.22 Fair
18.09
Micronized furosemide <3.00 6.17 23.47 3.32 / / / /
Dry granulated furosemide 3.36 10.22 118.65 1182/ / / /

Table IV Measured true densities and rel. standard deviation of all
used excipients and furosemide

Excipient/API True density [g/cm3] rel. stdev. [%]
TCC TB 1.95132 0.04667
galenlQ™ 721 1.52002 0.04807
Tablettose® 80 1.55639 0.03337
Vivapur® 102 1.56686 0.02651
Vivapur® 200 1.55405 0.04741
Furosemide 1.67255 0.02383

(C; 16.52/HR 1.20) and Vivapur® 200 (C; 16.75/Hg 1.20)
with 12.5% furosemide and 1% Aerosil® 200 showed com-
parable values, while Vivapur® 102 (C; 18.26/Hy 1.22)
achieved significantly higher values, which corresponds to
a worse flow behavior. The best flow value showed TCC TB
(C; 15.98/Hg 1.19) with 6.25% furosemide.

Angle of Repose and Powder Flow Through an Orifice
The angle of repose (AoR) and the powder flow through

an orifice (FtO) were measured as additional characteri-
zation for the flowability of a powder. Except for TCC

TB with 6.25% furosemide, which reached a moderate
flow, all other mixtures exhibited poor flow behavior
during AoR testing. Since FtO testing depends on the
orifice diameter, funnel angle, funnel material (wall fric-
tion), and the height of the powder bed, there is no scale
for flowability categorization. The mixtures were there-
fore ranked from shortest (1) to longest (4) flow time
(Table VI).

The results of FtO testing through a 25 mm orifice
matched the results of AoR testing: The lower the drug
load of furosemide in mixtures with TCC TB, the better the
flow properties. A comparison between the used excipients
showed the best flow behavior for Vivapur® 200, followed
by TCC TB and Vivapur® 102. However, TCC TB only
showed significantly better flow behavior during AoR testing
compared to Vivapur® 102, while FtO evaluation did not
reveal a significant difference (Fig. 7).

Flow Function

The powder flow functions revealed that the flow behavior
of the Vivapur® mixtures (free to easy flowing) was slightly
better than the flow behavior of the corresponding TCC TB
mixture (easy flowing) with moderate stress applied (Fig. 8).

Table V. Bulk and Tapped densities of all viable powder mixtures with adjusted furosemide particle size. The corresponding Carr index and
Hausner ratio was calculated and the flow behavior was characterized according to the Ph. Eur. 11.0

Mixture Ppuk [&/ml]  abs. stdev. [g/ml] Prapped [g/ml] abs. stdev. [g/m]l] Carrindex [-[] Hausner ratio [-] Flow behavior
TF6.25A1M1 0.568 0.001 0.676 0.002 15.98 1.19 Good/Fair
TF12.5A1M1 0.566 0.001 0.678 0.002 16.52 1.20 Fair
VI102F12.5A1M1  0.407 0.002 0.497 0.003 18.26 1.22 Fair
V200F12.5A1M1 0.425 0.007 0.511 0.010 16.75 1.20 Fair
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Table VI Results of the powder flow through three different orifice
sizes

Mixture 25 mm 15 mm 10 mm
TF12.5A1M1 3 3 -
TF6.25A1M1 1 1 1
VI102F12.5A1M1 3 3 -
V200F12.5A1M1 1 2 1

The mixtures were classified according to their respective flow times,
with the shortest time being marked with 1 and the longest time with
4. If there was no significant difference between two mixtures, the
same ranking was given. A ranking was only assigned if all three test
runs were successful

The results also showed that a reduction of the furosemide
content caused an improvement in powder flowability.

Re-testing Weight and Content Uniformity

The weight and content uniformity of TF12.5A1MI1 was
retested to evaluate the impact of the coarse furosemide par-
ticle size. A relative standard deviation of the minitablets
weight of 2.85% was measured, showing similar results to
the previous evaluation. Re-testing of the content uniformity
revealed an acceptance value of 9.12 and therefore a signifi-
cant improvement to the previous measurement containing
micronized furosemide, which showed a value of 13.71.

Discussion
Assessment of Flow Properties
Flowability varied significantly based on the method used.

While TCC TB excelled in bulk property measurements
(Carr Index/Hausner Ratio), Vivapur® 200 exhibited

superior flow in dynamic tests (FtO and shear cell). AoR
testing, however, found no significant difference. Remark-
ably, the same formulation could be classified from 'free
flowing' to 'poor flow behavior', demonstrating that flow
classification is entirely method dependent (Table VII).
The variability in results is not surprising, given that flow
assessments are highly dependent on the testing method
and the shear stress applied [38—42]. This lack of correla-
tion makes it difficult to designate one excipient mixture as
definitively superior for industrial-rotary tablet press pro-
duction. Based on the available results, we are confident that
both formulations (with Vivapur® 200 and TCC TB) would
be suitable for testing in industrial production of minitablets
via direct compression in terms of their flow properties.
A final assessment of the impact of flowability on weight
variation of the minitablets should be conducted by testing
the performance of both formulations after scale-up on a
rotary press, where even die filling would be impacted by
additional process parameters like paddle and turret speed,
which cannot be simulated properly beforehand [43].
However, exclusively adequate flow properties do not
guarantee acceptable content uniformity and smooth tablet
production. This was also seen in this study as Tablettose®
80 minitablets failed to meet an acceptance value of <15
(24.33), although showing moderate flow behavior. Addi-
tionally, the minitablet formulation with galenlQ™ 721 suf-
fered from several tablet defects, making it unsuitable for
rotary press production despite having a fair powder flow.

Tablet Defects

During tableting galenIQ™ 721 tablets experienced a series
of serious tablet defects. The SEM pictures showed scratch
markings on the tablet wall of the galenIQ™ 721 tablets.
Other tablets, however, did not show any similar scratch

Fig.7 AoR (left) and powder 46 - 9 -
flow through a 25 mm orifice 45 4 44.9 8 -
(right) results of all tested TCC 43.8 44.1
TB and Vivapur® 102/200 — 4 7 1
powder mixtures in direct 2 43 1 — 6 4
. a 4,
comparison o 42 4
P g 40.3 g5 1
< 41 A = a
S 40 - 2 s
:._;" 39 -
38 - 2 1
37 - 1
36 - 0 -
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Fig.8 Flow function of the
tested TCC TB and Vivapur®
102/200 mixtures, measured
with a shear cell. Grey lines
divide the graph into differ-
ent sectors, where each sector
corresponds to different flow
behavior from very cohesive to
free-flowing properties of the
tested powders

Unconfined Failure Strength o, [kPa]

0 1 2 3 4 5 6 7 8 9 10
Major Principal Consoldating Stress o, [kPa]
====:TF12.5A1IM1 = === TF6.25A1M1
----- V102F12.5A1M1 ====:V200F12.5A1M1

Table VIl Summary of Carr index, Hausner ratio, AoR and flow function flowability results with the adjusted furosemide particle size for TCC

TB and Vivapur® 102/200 powder mixtures

Mixture Carr index Hausner ratio Flow behavior AoR Flow behavior Flow function
TF6.25A1M1 15.98 1.19 Good/Fair 40.3 Moderate Easy flowing
TF12.5A1M1 16.52 1.20 Fair 43.8 Poor Easy flowing
VI102F12.5A1M1 18.26 1.22 Fair 44.9 Poor Easy/free flowing
V200F12.5A1M1 16.75 1.20 Fair 44.1 Poor Free flowing

markings. This indicates that some abrasion took place on
galenlQ™ 721 minitablets during the upward movement of
the tablet during ejection, which is often due to insufficient
lubrication. As the surface to volume ratio is higher in minit-
ablets compared to normal-sized tablets, proportionately
higher friction between tablet and the die wall occurred,
which often requires higher or different lubrication [34].
However, we did not observe increased ejection forces dur-
ing the tableting process. Additionally, we were not able
to resolve the problem by the addition of more lubrication
or reducing the compression pressure. Interestingly, previ-
ous studies did not report any tablet defects with the use of
pure galenIQ™ 721 and a comparable amount of the same

@ Springer

lubrication [33, 34, 44]. The addition of API, however, can
also have a large impact on the resulting friction in die,
which in turn requires a change in lubrication.

Additionally, some circular imprints of the lower punch
could be seen on the tablet cap. These markings were not
present on the TCC TB minitablets, but lighter and partial
imprints could also be seen on Tablettose® 80 and Vivapur®
102/200 minitablets (ESM 1 and 2).

The circular imprints of the lower punch only appeared
on tablets with some plastic/elastic deformation behavior
[33, 45]. TCC TB is the only excipient of brittle nature, pre-
senting a different deformation behavior which mainly con-
sists of particle fragmentation creating a new surface area
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[23]. Therefore, once the fragmentation occurred, no further
fragmentation could take place, limiting the deformation of
TCC TB. Plastic excipients, however, experience continuous
deformation throughout the complete compression process.
The difference in deformation is also visible by comparing
the resulting tablet edge between cap and wall. TCC TB
minitablets presented a round and smooth edge without any
damage. Other excipients showed a more pronounced and
harsher but irregularly shaped edge due to the punch imprint,
which was especially distinct in galenIQ™ 721 minitablets.
As these minitablets were also very hard to extract from
the die, it could be possible that the edge jammed between
die and punch, which resulted in additional damage to the
tablet and in extreme cases, contributed to the tear-off from
the tablet cap. Using a brittle excipient like TCC TB can
therefore be beneficial to avoid any additional production
problems, especially on a rotary press.

Minitablet Formulation and Critical Characteristics

TCC TB minitablets reached sufficient tensile strength with
a value of approximately 2 N/mm? for TF12.5A1M1. The
minitablets therefore have the required mechanical strength
to allow safe handling, processing and packaging. This is
very important for minitablets as they are often used in a
variety of minitablet dispensers to facilitate the application
of multiple minitablets [46].

Tablettose® 80 was the only excipient that could not con-
sistently reach the required tensile strength of 1 N/mm?. The
tendency for lower tensile strength in minitablets compared
to other excipients was also observed by Lura and Breit-
kreutz for Tablettose® 80 without API [44]. They showed
that a TS of 1 N/mm? could only be reached at the highest
compression pressures settings, representing the poorest tab-
letability of all tested excipients.

With a tablet size of 2 mm and a very fast disintegration
time of just a few seconds, TCC TB minitablets displayed
all the necessities for good acceptability and swallowabil-
ity. They also fulfilled the requirements of the Ph. Eur. for
immediate-release tablets and even the requirements of the
FDA for orodispersible dosage form [18, 47, 48]. Disintegra-
tion was achieved without the use of disintegrants, avoid-
ing any additional additives and ensuring a safe formulation
without unnecessary risks for small children. In contrary,
galenIQ™ 721 minitablets showed no consistent disinte-
gration within 30 s. The necessary addition of 1% MgSt as
lubricant could also further impact the disintegration time
due to its hydrophobic nature. This was also observed in a
previous study, as an increasing internal lubrication content
led to an enlargement in disintegration time for galenIQ™
721 minitablets [34].

While all excipient mixtures were within the limits of
the required acceptance value to ensure safe and precise

dosage, Tablettose® 80 minitablets did not stay within the
set limitations. With a very high acceptance value of 24.33,
they exceeded the limit of AV <15 by more than 1.6-fold,
revealing insufficient content uniformity. This result is unex-
pected as Tablettose® 80 did not show tablet mass variation
differing to a large extent from other excipients (Tablettose®
80, 3.72% vs. TCC TB, 2.50% vs. Vivapur® 102, 4.64%).
Additionally, the measured flow properties did not show
the worst values of all tested excipients, reaching a moder-
ate flow behavior (C; 24.21/Hy 1.32) while Vivapur® 102
showed poor powder flow (C; 25.68/Hy 1.35).

Considering all evaluated characteristics, Tablettose®
80 and galenIQ™ 721 were not able to reach the minimal
requirements and were therefore not suitable for minitablet
production in our study. TCC TB and Vivapur® 102/200
on the other hand were able to fulfill all needed require-
ments for a successful minitablet formulation. However, it
should also be noted that these findings are applicable for
direct compression of minitablets only. The use of different
manufacturing techniques like wet granulation would prob-
ably lead to different results. It would therefore be of great
relevance to investigate the use of TCC in additional studies
with special regard to granulation processes.

Powder Characteristics

Due to the small target dose of 0.5 mg or 1 mg per minitab-
let, micronized furosemide was chosen as model API. Low-
dosage drugs require a good API distribution in the powder
to reach an acceptable content uniformity, which usually
can be achieved by using a small particle size API [49-51].
However, smaller particle sizes can lead to agglomeration
as a result of electrostatic charge buildup and high van-der-
Waals forces [52-54].

During processing and mixing, the micronized furosem-
ide showed a high tendency for electrostatic charge buildup,
which also resulted in agglomerate formation during powder
blending. These agglomerates were broken down with the
sieving process but still affected the content uniformity to a
certain extent, as a retest with the adjusted furosemide parti-
cle size and TCC TB revealed an improved value. Addition-
ally, the powder flowability of all mixtures was negatively
impacted by the addition of micronized furosemide due to
its cohesive flow properties.

A large difference between the density of the excipi-
ent and API can also lead to unwanted segregation during
the blending process or subsequent handling of the mix-
ture. With a true density of 1.95 g/cm?®, TCC TBs density
is higher than of organic-based excipients (e.g. Vivapur®
102, 1.57 g/cm3), but much closer to many APIs (furosem-
ide, 1.67 g/cm?) than other mineral-based excipients like
dicalcium phosphate (3 g/cm?®) [23]. Therefore, the addition
of API to TCC TB should have a reduced impact, resulting
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in a lower segregation and more manageable reduction in
flowability than in other mineral-based excipients. However,
based on these suggestions, organic-based excipients should
achieve better results in content uniformity testing than TCC
TB. This was not the case in this study, as Tablettose® 80
showed an elevated acceptance value of 24.33. Additionally,
the acceptance value of galenIQ™ 721 (13.13) was similar
to TCC TB (13.71). Taking also the particle size distribution
into account, TCC TB showed the narrowest distribution of
all tested excipients with a span of 0.8. It is therefore possi-
ble that the TCC TB powder formulation experienced better
powder homogeneity, which led to an improved content and
mass uniformity in comparison to other tested excipients
[29].

Additional Aspects

TCC TB also presents a pleasant mouthfeel and a neutral
taste, which is critical as a good palatability is essential for
pediatric formulations [5, 24, 55, 56]. While lactose and
isomalt are often used in oral applications because of their
mildly sweet taste and good mouthfeel, microcrystalline
cellulose has been negatively evaluated on its palatability
previously [57-60]. The study also showed that for water
insoluble excipients, a particle size of over 200-250 um led
to a poorer acceptance due to a bad mouthfeel [58]. As the
particle size of Vivapur® 200 clearly exceeded 250 um, it
can be assumed that MCC, and especially Vivapur® 200
minitablets could show unacceptable palatability and there-
fore decrease patient acceptability. A direct comparison of
TCC and MCC in a palatability study should be conducted
to verify this assumption.

Conclusion

As minitablets are challenging in direct compression plac-
ing higher demands on excipients than normal-sized tablets,
we showed that TCC TB can be used as direct compres-
sion excipient in formulation development, even in high
requirement settings. A TCC TB minitablet formulation
with furosemide was successfully developed and demon-
strated superior results during tableting, disintegration test-
ing and content uniformity in comparison to other direct
compression excipients like Tablettose® 80 and galen]Q™
721. Regarding Vivapur®, no clear superiority or inferiority
could be determined so far, as TCC TB matched all results
consistently. Based on the convincing results of this study,
we are confident that the use of TCC TB on a larger scale
will enable the production of minitablets by direct compres-
sion with excellent quality.
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