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Abstract. Directly compressible co-processed excipient systems facilitate orodispersible tablets (ODTs)
manufacturing. Despite several excipient systems available, it is reported that the incorporation of
high drug dose into the tablet mass may negatively affect both disintegration and mechanical
properties. Therefore the influence of drug properties on the quality of orodispersible tablets
was investigated. Fast dissolving tablet matrix was made of a co-processed excipient system F-
Melt. Two grades of F-Melt that differed in composition, particle shape, and specific surface area
were used to form tablet matrix. Ibuprofen, diclofenac sodium, and diltiazem hydrochloride were
chosen as model drugs of different physicochemical properties such as solubility, particle size, and
shape. Ninety formulations containing 12.5, 25, or 50 wt% of the model drug and F-Melt type C or
M were prepared by direct compression. The quality of tablets was examined on the base of
disintegration time, wetting time, mechanical resistance and texture analysis. The results showed
that F-Melt grade, drug solubility, and its dose had an influence on the quality of tablets. From
ninety formulations prepared, only four batches containing F-Melt type C and 12.5 wt% of
ibuprofen, diclofenac sodium, or diltiazem hydrochloride could be classified as ODTs. Their
disintegration time ranged from 41 to 144 s. In the case of F-Melt type M, tablets disintegrating
within 101 s of friability below 1% could be prepared only if 12.5 wt% of diclofenac sodium was
incorporated into the tablet mass.
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INTRODUCTION

Orodispersible tablets (ODTs) are convenient solution
for patients with difficulties in swallowing solid dosage forms.
This disorder concerns in particular pediatric, geriatric, bed-
ridden, travelling patients, as well as patients undergoing che-
motherapy, or antipsychotic treatment (1,2). According to the
pharmacopoeial definition, orodispersible tablets consist of
uncoated tablets destined to be placed in the mouth where
they disintegrate rapidly in the saliva. The in vitro disintegra-
tion time should not be longer than 3 min. This kind of tablets
can be taken without any liquid.

Several methods, such as freeze-drying, moulding, and
direct compression have been proposed to prepare orodisper-
sible tablets (3–5). Co-processed excipient systems have been
developed with the aim to facilitate ODTs manufacturing
(6,7). During co-processing, two or more known excipients

are combined together in a technological process to form a
material of new properties (8–10). The chemical structure of
the components is not altered. Thus, there is no need for
toxicological studies of the new material. An important ad-
vantage of co-processed excipient systems is a fixed and ho-
mogeneous distribution of the components in the mixture that
prevents their segregation. Furthermore, the application of
spray-drying process results in the formation of highly porous
granules, which assures immediate disintegration of the tablet
in the saliva (6).

Among co-processed excipient systems, F-Melt (Fuji
Chemical Industry, Japan), Pharmaburst (SPI Polyols, USA),
Ludiflash (BASF, Germany), Pearlitol Flash (Roquette,
France), and Prosolv ODT (JRS, Germany) are destined to
form ODTs by direct compression. In general, they are com-
posed of polyols, disintegrants, and inorganic compounds. The
drug is simply dry blended with the excipient and lubricant,
then the tablet mass can be compressed directly.

A co-spray-dried excipient system F-Melt (Fuji Chem-
ical Industry Ltd., Japan) is a proprietary formulation
composed of microcrystalline cellulose, superdisintegrant,
carbohydrates, and inorganic compounds. F-Melt is avail-
able in two grades such as Type C and Type M. They
differ in the inorganic compound. Grade C contains anhy-
drous dibasic calcium phosphate, whereas grade M has
porous magnesium aluminometasilicate in its composition.
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The data given by the manufacturer indicate that F-Melt
type C is recommended for faster disintegration needs in
both pharmaceutical and nutraceutical formulations, whereas
Type M has better flow properties and it can be used
for pharmaceutical formulations.

There is no report on the influence of the API on the
quality of the tablets made of F-Melt to our best knowledge.
Therefore, the aim of the present work was to evaluate the
application of a new co-processed excipient system F-Melt to
form orodispersible tablets by direct compression. To under-
stand and control the manufacturing process according to
Process Analytical Technology (PAT) recommendations, the
properties of raw materials as well as process and formulation
variables were analyzed.

Three active principle ingredients (APIs) of different
solubility were chosen as models for this study. Ibuprofen
represented the API practically insoluble in water, diclo-
fenac sodium was used as a sparingly soluble compound
and diltiazem hydrochloride was chosen as a freely soluble
API. Their specific water solubility was 0.070, 1,110, and
486.4 mg/ml, respectively. The morphology, particle size,
and specific surface area of the raw materials were also
investigated. Tablets were prepared within a defined range
of the compression force. Due to the fact that the manu-
facturing of orodispersible tablets with high drug dose is
still a challenge, the study focused also on the application
of F-Melt to form tablets with different drug doses. There-
fore, tablets containing from 50 to 200 mg of the API
were prepared. The influence of the API on the quality of
the final tablets was evaluated taking into account the
results from disintegration time measurements, mechanical
resistance, and texture analysis.

MATERIALS AND METHODS

Materials

Ibuprofen was purchased from Shasun Chemicals &
Drugs Ltd., India. Diclofenac sodium was kindly donated by
Polpharma S.A., Poland. Diltiazem hydrochloride was
obtained from Nicolas Piramal India Ltd., India.

Two grades of a co-processed excipient system F-Melt
such as Type C and Type M obtained from Fuji Chemical
Industry Ltd., Japan were used to form fast disintegrating
tablet matrix in direct compression process. Stearate fumarate
sodium (Pruv, JRS Pharma, Germany) was used as a lubricant
in the present study.

Preparation of Tablets

The composition of the tablet mass was listed in Table I.
API, F-Melt, and the lubricant were gently dry blended in
mortar for 5 min. The mixture was compressed directly to
form tablets of total weight 400 mg. Single-punch press
Korsch-type EK0 with flat-faced punches 12.1 mm in diameter
equipped in tensometers was used. The measurement of the
compression force was carried out by Electronic Signal Ac-
quisition Module Type 0508-S (Meßtechnik GmbH, Ger-
many) with the software ESAM for Windows. The
compression force (F) ranged from 10 to 30 kN.

To find out the interaction between the pure drug and F-
Melt during the direct compression process, no taste masking was
used.

Table I. Composition [%] of the Tablet Mass

Drug dose per tablet [mg]

Amount in the formulation [%]

Drug

F-Melt

type C type M

+ 2% Pruv

Placebo 0 0 100.0 0
0 0 0 100.0

Ibuprofen 50 12.5 87.5 0
12.5 0 87.5

100 25.0 75.0 0
25.0 0 75.0

200 50.0 50.0 0
50.0 0 50.0

Diclofenac sodium 50 12.5 87.5 0
12.5 0 87.5

100 25.0 75.0 0
25.0 0 75.0

200 50.0 50.0 0
50.0 0 50.0

Diltiazem hydrochloride 50 12.5 87.5 0
12.5 0 87.5

100 25.0 75.0 0
25.0 0 75.0

200 50.0 50.0 0
50.0 0 50.0
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Methods

The properties of the raw materials were evaluated on the
base of surface morphology analysis and specific surface area
measurements. The quality of the final tablets was studied tak-
ing into account: surface morphology, specific surface area,
mechanical resistance, texture, disintegration, and wetting time.

Surface Morphology

The surface of drug particles, F-Melt particles, and
placebo tablets prepared at 10 kN was examined using
scanning microscope Hitachi S-4700 (Japan). Powder par-
ticles or tablets were adhered to the sample holder by a
double-sided copper tape. The tablet surface was coated
with carbon using 208 HR carbon sputter coater (Cres-
sington, USA). The pictures of tablets were taken at ×50, ×250,
and ×400 magnification.

Specific Surface Area

Specific surface area (SBET) measurements of F-Melt
particles were made using the ASAP 2010 multi-station gas
sorption surface area analyzer (Micromeritics, USA) using
nitrogen as the adsorbate and applying the Brunauer–
Emmett–Teller (BET) equation (Eq. 1), where V was the
volume adsorbed, Vm was the volume of the monolayer, p
was the sample pressure, p0 saturation pressure and c a con-
stant related to the enthalpy of adsorption.

p
V p0 � pð Þ ¼

1
Vmc

þ c� 1
Vmc

p
p0

ð1Þ

The BET surface area (SBET) was then calculated from
Eq. 2, where na was Avogadro’s number, am was the cross-
sectional area occupied by each adsorbate molecule and mV

was the gram-molecule volume. Surface area measurements
were carried out in triplicate.

SBET ¼ Vm � na � am
mV

ð2Þ

Mechanical Properties

Hardness tester Vanderkamp Benchsaver Series type
VK200 (VanKel, USA), was used to determine the crushing
force (F) of the tablets. The mean crushing force (n=5) was
expressed in kilopond (kp). Specific crushing strength (SCS)
of tablets (n=5) was calculated on the base of crushing force
(F), diameter (D), and height (h) according to the Eq. (3).
Diameter and height were expressed in mm.

SCS ¼ F
D � h ð3Þ

Friability (n=10) was determined using tablet tester
Erweka with 12 paddles because tablets wedged on the blade
when the pharmacopoeial apparatus was used.

Texture Analysis

The texture of tablets obtained by applying the compres-
sion force of 10 kN was analyzed by the mercury porosimeter
PoreMaster 60 (Quantachrome, USA). Prior to the measure-
ment, the tablet was half cut, weighed, and desorbed under
vacuum below 10 mbar. The contact angle (Θ) between mer-
cury and the sample was 130° and the surface tension of the
mercury (δ) was 0.486 N/m. The measurement range of the
pore size was from 3.5 nm to 300 μm. The pore size (D) and
the pore size distribution was calculated from the ratio of the
volume of mercury entering the tablets at a particular pressure
relative (p) to the total volume of mercury (Eq. 4).

D ¼ � 4 � d
p

cos θ ð4Þ

The true density of the samples was determined by heli-
um picnometry (AccuPyc 1330, Micromeritics, USA).

Disintegration Time

In Vitro Disintegration Time

The test was carried out using the pharmacopoeial appa-
ratus. The tests were performed at 37°C. Distilled water was
used as a solvent. The mean disintegration time was calculated
from six measurements.

In Vivo Disintegration Time

The study was performed on six healthy volunteers. Prior
to the test, the volunteers were asked to rinse the mouth with
a glass of water. The measurements were performed at least
1 h after a meal. One placebo tablet was placed on a tongue.
The time of complete disintegration when there was no tablet
core on a tongue was measured by stop-watch.

Wetting Time and Water Absorption Ratio

The measurements were carried out according to the
method described by Bi et al. (3). The tablet was put on twice
folded filter paper (12×10,75 cm) placed in the middle of a
Petri dish (7 cm in diameter) containing 7 ml of 0.05% red dye
aqueous solution. The time necessary to the complete wetting
of the outer surface of the tablet was detected by stop-watch.
The measurements (n=3) were performed at the room tem-
perature. The water absorption ratio (R) was calculated on the
base of the tablet weight before (Wb) and after wetting (Wa) as
showed in Eq. 5. After weighing the tablet was half-cut to see
if the tablet core was wetted. The value of the water absorp-
tion ratio (n=3) was expressed in percentage (Eq. 5).

R ¼ Wb �Wað Þ
Wa

� �
� 100% ð5Þ

RESULTS AND DISCUSSION

The analysis of technological process and formulation
variables is essential to develop orodispersible tablets by
direct compression. Despite many patented technologies,
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the efforts are made to prepare tablets of opposite char-
acteristics such as fast disintegration and sufficient me-
chanical resistance. During pre-formulation studies, it should
be taken into account that to assure a fast disintegration,

the tablet weight should preferably not exceed 500 mg
(11).

Recent developments in directly compressible co-pro-
cessed excipient systems facilitate ODTs manufacturing by

Fig. 1. SEM pictures of excipients and APIs: I F-Melt type C, II F-Melt type M, III ibuprofen, IV diclofenac sodium,
V diltiazem hydrochloride. Magnification a x50, b x250, and c x400
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direct compression (1,7–9). Although Fu et al. (4), reported
that during ODTs manufacturing, the incorporation of high
drug dose into the tablet mass may negatively affect both
disintegration and mechanical properties. It may be due to
various interactions between the API and a composed
excipient, which may occur in the solid state. Therefore
the present study focused on the identification of critical
factors that determine the quality of ODTs.

Influence of Powder Characteristics on Tablets Properties

Among powder characteristics particle size, surface mor-
phology, specific surface area, or solubility may influence the
quality of orodispersible tablets (4,10,12–14).

Morphological analysis of APIs and co-processed exci-
pients was presented in Fig. 1. The APIs particles differed in
size and shape. The mean particle size of ibuprofen was about
100 μm. The particles of diclofenac sodium and diltiazem
hydrochloride were smaller: 60 or 30 μm, respectively. Ibupro-
fen particles were in the shape of needles. Both diclofenac
sodium and diltiazem hydrochloride were plates in shape.

The analysis of F-Melt showed that co-processed exci-
pients were porous agglomerates. Their particle size was
about 100 μm. F-Melt type M granules were more spherical
than F-Melt type C agglomerates. It may be due to the pres-
ence of spherical magnesium aluminometasilicate (Fig. 1). The
value of the specific surface area depended also on the pres-
ence of the porous silicate. In the case of F-Melt type M, the
value of the parameter was 3.3 m2/g, and it was more than
three times higher than F-Melt type C (0.9 m2/g).

The results revealed that powder particle size, shape as
well as specific surface area and solubility influenced ODTs
properties. The preparation of ODTs was possible, if the
drug content was 50 mg (Table II). Since the drug dose of
50 mg corresponded to 12.5 wt% of the drug incorporated
into the tablet mass, the impact of the co-processed excip-
ient on the quality of tablets cannot be neglected. The
application of F-Melt type M of high specific surface area
resulted in the decrease in the mechanical resistance. De-
spite porous texture, spherical silicate particles might not
be plastic enough to form coherent compacts during com-
pression. Therefore only one formulation containing F-Melt
type M could be classified as ODTs. In such a case, the
compression force was 15 kN and friability 0.9%. The
increase in the compression force from 15 to 20 kN or
30 kN caused a decrease in friability to 0.4% but the
disintegration time was up to 3 min (Fig. 2, Table II). It
was found that the application of less spherical F-Melt
type C containing anhydrous dibasic calcium phosphate as
an inorganic component, could facilitate the ODTs

manufacturing, especially if low compression forces are
used i.e. 10 kN.

Effect of Technological Process on the Quality of Placebo
Tablets

The microscopic analysis revealed that all tablets made of
either F-Melt type C or F-Melt type M had uniform, smooth
surface. To determine the effect of the compression force on
the mechanical resistance, specific crushing strength and fria-
bility were examined (Tables III and IV). It was shown that
placebo tablets had better mechanical properties than tablets
containing API. Their friability ranged from 0.2% to 0.9%. It
was also shown that F-Melt type C tablets were less friable
than F-Melt type M tablets (Table IV).

Disintegration time of placebo tablets depended mainly
on the compression force and the excipient grade. Tablets
containing F-Melt type C disintegrated more rapidly than
tablets with F-Melt type M (Fig. 2). The disintegration time
of placebo tablets containing F-Melt type C prepared at 10 kN
was 24 s, whereas tablets made of F-Melt type M disintegrated
within 30 s (Table V). Dobetti (12) reported that the incorpo-
ration of insoluble inorganic salts such as dibasic calcium
phosphate and superdisintegrants into the tablet mass may
not only shorten the disintegration time, but it also improved
their mechanical resistance. This may explain why tablets
made of F-Melt type C containing insoluble inorganic salt
had shorter disintegration time and better mechanical resis-
tance as compared to tablets made of F-Melt type M.

These findings were confirmed by in vivo studies and
wetting time measurements. After placing into the mouth,
tablets composed of F-Melt type C disintegrated in 39 s. The
mean disintegration time of tablets containing F-Melt type M
was 1 min 16 s. Their wetting time ranged from 1 to 2 min 3 s
depending on the F-Melt grade. Tablets prepared of F-Melt
type C had also shorter wetting time as compared to tablets
made of F-Melt type M. Despite the water absorbing ability
was about 83–84% regardless F-Melt grade (Table V).

Taking into account the results of both disintegration
time and friability, it was found that only four of ten formula-
tions placebo met pharmacopoeial requirements (Table II).
The best tablets were prepared using the compression force
of 10 or 15 kN. While using higher compression force, the
disintegration time was over 3 min.

Influence of Drug and its Dose on Disintegration and Wetting
Time

The relationship between drug solubility, drug dose and
disintegration time was found. In case of the APIs soluble in

Table II. Optimal Process and Formulation Parameters to Form Orodispersible Tablets with F-Melt

F-Melt grade Drug Drug dose [mg] Compression force [kN] Disintegration time [min s] Friability [%]

C placebo 10–15 0’24”–0’39” 0.4–0.7
Ibu 50 10 2’03” 0.8
Diclo 50 10–15 1’18”; 2’24” 0.5–0.9
Dil 50 15 0’41” 0.9

M placebo 10–15 0’30”–0’34” 0.7–0.9
Diclo 50 15 1’41” 0.9
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water such as diclofenac sodium and diltiazem hydrochloride,
used in the dose of 50 mg per tablet, ODTs could be formed
regardless F-Melt grade. The disintegration time of tablets
containing insoluble ibuprofen was longer (Fig. 2).

Generally the disintegration time of tablets composed F-
Melt type C was shorter than the disintegration time of F-Melt
type M tablets.

The disintegration time of tablets containing 50 mg of
soluble drugs and F-Melt type C ranged from 25 s to 2 min
3 s. Similar results were obtained for tablets with 100 mg of
diltiazem hydrochloride. When 100 mg of ibuprofen or

diclofenac sodium was incorporated into the tablet mass, the
disintegration time was longer and it ranged from 4 to 25 min
39 s (Fig. 2).

It was surprising that the disintegration time of tablets
containing F-Melt type C and ibuprofen in 1:1 ratio, which
corresponded to 200 mg of the API per tablet, could be over
120 min. The disintegration time of similar tablets with F-Melt
type M was about 15 min (Fig. 2). This phenomenon might be
due to a chemical interaction between calcium ions coming
from F-Melt type C and carboxylic group of uncoated ibupro-
fen particles since there is no calcium ions in grade M. Due to

Fig. 2. Disintegration time (t) of tablets containing F-Melt type C (I), or F-Melt type M (II) in
function of the compression force (F). Placebo tablets (asterisk), tablets with ibuprofen (circle),
diclofenac sodium (triangle), and diltiazem hydrochloride (diamond). Drug dose per tablet a 50, b
100, and c, d 200 mg

1125The Influence of the API Properties on the ODTs Manufacturing



the fact that F-Melt represents co-processed excipient system,
the interaction may be more complex and its understanding
needs further studies.

The analysis of tablets composed of F-Melt type M
and diltiazem hydrochloride revealed that the disintegra-
tion time was below 3 min regardless the drug dose
(Fig. 2). Tablets disintegrating within 2 min 27 s could
also be obtained with 100 mg of ibuprofen but the com-
pression force should be about 10 kN. Twofold increase in
ibuprofen dose caused the prolongation of disintegration
time to 5 min 6 s. When the compression force was over
10 kN, the disintegration time was even more than three
times longer.

The results showed that the drug dose and the drug
solubility influenced also the water absorption ratio as
well as wetting time. In general, the higher the drug dose,
the lower the water uptake. Tablets containing 50 mg of
the drug had almost twice higher water absorption ratio
than tablets with 200 mg of the API (Table V). If soluble
drug was combined with F-Melt type M, the water ab-
sorption ratio was higher than after incorporation of the
drug into F-Met type C matrix. Depending on the F-Melt
grade, the value of the parameter ranged from 46% to
81% for grade M or from 37% to 68% for grade C. In
contrast, tablets containing insoluble ibuprofen and F-Melt
type C had higher values of the parameter as compared to
F-Melt type M. The water absorption ratio was from 37%
to 72% or from 32% to 70% for F-Melt type C and M,
respectively (Table V).

Similar findings were reported by Fukami et al. (5,13)
and Kuno et al. (14). They found that the incorporation of
polar amino acids or hydrophilic lubricant such as sodium
stearyl fumarate into the tablet mass can shorten the
wetting time. Tablets with hydrophobic ethenzamide and

hydrophilic glycine disintegrated in mouth within 30 s,
which was twice shorter as compared to tablets without
the amino acid.

Due to the high value of specific surface area, F-Melt
type M might be able to absorb the aqueous solution of
diltiazem hydrochloride into its smallest pores. In the case
of insoluble ibuprofen, the solvent penetration into these
pores can be more difficult since pores may be partially
filled with the drug. Therefore after the incorporation of
the soluble drug into F-Melt type M, the higher solvent or
API solution uptake was stated than in case of the insol-
uble drug.

Moreover tablets containing diltiazem hydrochloride and
F-Melt type C had shorter wetting time than tablets, which
matrix was made of F-Melt type M. Their wetting time ranged
from 4 to 6 min 25 s or from 5 min 30 s to 9 min 37 s,
respectively.

Influence of Drug and Its Dose on Mechanical Resistance

The analysis of the tablets containing F-Melt type C
and 50 mg of ibuprofen, diclofenac sodium, or diltiazem
hydrochloride revealed that only 4 formulations of 15 had
friability and disintegration time within the pharmacopoe-
ial range.

The mechanical resistance of F-Melt type M tablets
was lower than F-Melt type C tablets. The same relation-
ship had previously been described for placebo tablets.
Consequently, only one orodispersible formulation could
be obtained in the case of F-Melt type M. It contained
50 mg of diclofenac sodium (Table II). The compression
force higher than 25 kN could be necessary to prepare
tablets of friability below 1% using F-Melt type M

Table III. Specific Crushing Strength (SCS) of Tablets with F-Melt

F-Melt type Drug Drug dose [mg]

SCS [kp/mm2]

Compression force [kN]

10 15 20 25 30

C Placebo 0 0.12 0.20 0.28 0.35 0.40
Ibu 50 0.11 0.20 0.26 0.29 0.32

100 0.08 0.16 0.20 0.24 0.27
200 0.09 0.15 0.18 – –

Diclo 50 0.10 0.20 0.27 0.33 0.38
100 0.09 0.15 0.22 0.29 0.35
200 0.08 0.13 0.18 0.24 0.32

Dil 50 0.06 0.14 0.24 0.30 0.35
100 0.06 0.14 0.24 0.29 0.37
200 0.06 0.14 0.24 0.30 0.35

M Placebo 0 0.12 0.16 0.24 0.30 0.38
Ibu 50 0.06 0.13 0.23 0.24 0.29

100 0.09 0.16 0.22 0.25 0.27
200 0.09 0.14 0.17 0.20 0.21

Diclo 50 0.06 0.13 0.21 0.27 0.37
100 0.07 0.13 0.22 0.29 0.34
200 0.09 0.15 0.24 0.28 0.30

Dil 50 0.05 0.11 0.18 0.24 0.32
100 0.09 0.16 0.23 0.32 0.38
200 0.06 0.13 0.20 0.24 0.29

Table IV. Friability [%] of Tablets Containing F-Melt

F-Melt type Drug Drug dose [mg]

Friability [%]

Compression force [kN]

10 15 20 25 30

C Placebo 0 0.7 0.4 0.2 0.2 0.2
Ibu 50 0.8 0.4 0.4 0.4 0.3

100 1.7 0.9 0.7 0.5 0.5
200 1.5 1.0 0.7 – –

Diclo 50 0.9 0.5 0.4 0.3 0.3
100 2.0 1.1 0.8 0.5 0.3
200 2.0 1.3 0.7 0.6 0.2

Dil 50 1.6 0.9 0.5 0.3 0.3
100 2.5 0.9 0.6 0.5 0.4
200 2.1 1.0 0.8 0.6 0.5

M Placebo 0 0.9 0.7 0.6 0.4 0.2
Ibu 50 2.4 1.3 0.7 0.6 0.4

100 1.6 0.9 0.7 0.6 0.5
200 1.9 1.0 1.0 0.9 0.8

Diclo 50 1.9 0.9 0.6 0.4 0.4
100 2.3 1.1 0.8 0.5 0.5
200 1.7 1.2 0.8 0.3 0.3

Dil 50 3.2 1.3 0.9 0.7 0.4
100 2.0 1.0 0.7 0.5 0.5
200 3.1 1.5 1.1 0.9 0.6
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(Tables II, III and IV). However, their disintegration time
was longer than 3 min (Fig. 2).

The study also showed that because of low mechanical
resistance and long disintegration time, the preparation of
orodispersible tablets with the model APIs in the drug doses
over 100 mg was impossible (Fig. 2, Tables II, III, IV, and V).
The higher the amount of the API was incorporated into the
tablet mass, the lower the mechanical resistance was noticed
(Tables III and IV).

Data listed in Table IV indicate that all the tablets
with F-Melt type C and 50 mg of ibuprofen, prepared
using the compression force from 10 to 30 kN, had the
friability below 1%. Similar findings were reported for
tablets containing 50 mg of diclofenac sodium and 50 or
100 mg of diltiazem hydrochloride. These tablets were
prepared using the compression force of 10 or 15 kN.
To obtain tablets of friability below 1% containing 100
or 200 mg of ibuprofen, the compression force should not
exceed 15 or 20 kN (Table IV). It was also revealed that
even higher compression force than 20 kN should be
applied in the case of tablets with diclofenac sodium or
diltiazem hydrochloride.

These findings were confirmed by values of specific
crushing strength (SCS) listed in Table III. The specific crush-
ing strength of tablets prepared using the compression force
≥15 kN was higher than 0,1 kp/mm2. The application of F-
Melt type C resulted in higher values of this parameter as
compared to tablets made of F-Melt type M.

Similarly to the results of friability, the specific crushing
strength depended also on the drug dose. The highest values
of the SCS were characteristic to tablets containing 50 mg of
ibuprofen or diclofenac sodium. SCS ranged from 0.11 to
0.32 kp/mm2 or from 0.10 to 0.38 kp/mm2, respectively
(Table III).

The increase in the drug dose caused a decrease in
SCS value, except for tablets with F-Melt type C and
diltiazem hydrochloride. In such a case, the value of the
parameter was constant regardless the drug dose and it
depended only on the compression force. Different rela-
tionship was found for tablets made of F-Melt type M and
diltiazem hydrochloride. The highest values of SCS were
noticed for tablets containing 100 mg of the drug. The
analysis of the tablets with ibuprofen and diclofenac

sodium showed diversity of the parameter, which ranged
from 0.06 to 0.37 kp/mm2 (Table III).

Effect of Tablet Texture on Disintegration Time

The porosimetry of mercury was used to evaluate the
relationship between the pore size distribution and disintegra-
tion time (Fig. 3, Table VI).

It was found that the total porosity of placebo tablets
was about 23% regardless the F-Melt grade. However the
total pore volume depended on the F-Melt type. Placebo
tablets composed of F-Melt type M had higher pore vol-
ume than tablets made of F-Melt type C. The total pore
volume was 364 mm3/g or 317 mm3/g. It might be due to
the presence of magnesium aluminometasilicate particles
and it can also be correlated with the high value of the specific
surface area.

Pore size distribution was shown in Fig. 3. There
were two kinds of pores in all tablets examined, indicating
a bimodal pore size distribution. The size of big pores
ranged from 0.5 to 5 μm. There was also small amount
of pores below 0.01 μm.

The incorporation of the drug into the tablet mass had an
influence on the tablet texture. Twofold increase in the dose of
diltiazem hydrochloride or diclofenac sodium caused an in-
crease in the total porosity as well as in the total pore volume.
Different relationship was found in the case of ibuprofen,
especially if tablet matrix was formed using F-Melt type M.
The increase in ibuprofen dose from 100 to 200 mg caused not
only decrease in porosity from 27% to 22% but also the
reduction of the pore volume from 318 to 196 mm3/g.
This phenomenon might be due to low melting point of
ibuprofen (74°C) and needle shape of its particles. When
ibuprofen consisted 50 wt% of the tablet mass, the energy
generated during the compression process could cause its
melting. Then the drug in liquid form might fill the smallest
pores in the porous matrix, which resulted in the decrease
in pore volume and porosity but it also might increase the
median pore size from 0.85 to 1.10 μm. In contrast to
ibuprofen, particles of diltiazem hydrochloride and diclofenac
sodium were in the shape of plates, which particle size
ranged from 30 to 60 μm. Their melting point was 212°C
and 284°C, respectively. During compression, only the finest

Table V. Disintegration Time [min],Wetting Time [min], andWater Absorption Ratio [%] of Tablets Prepared Using the Compression Force 10 kN

F-Melt type Drug Drug dose [mg] Disintegration time Ph. Eur. [min] Wetting time [min] Water absorption ratio [%]

C Placebo 0 0’24±0’05 1’00 84
Ibu 50 2’03±0’05 2’50 72

100 5’49±0’03 5’47 60
200 18’07±0’08 25’00 37

Dil 50 0’25±0’03 4’00 68
100 2’55±0’07 5’17 55
200 4’15±0’15 6’25 37

M placebo 0 0’30±0’03 2’03 83
Ibu 50 0’27±0’07 2’30 70

100 2’27±0’10 5’02 53
200 5’06±0’20 10’11 32

Dil 50 1’00±0’10 5’30 81
100 1’34±0’04 7’00 77
200 2’44±0’25 9’37 46
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drug particles were able to fill the pores in the tablet matrix.
This may explain the increase in the porosity and total pore
volume.

Despite the porosity of tablets with F-Melt type C and
100 or 200 mg of ibuprofen, or 100 mg of diclofenac sodium
was similar to placebo tablets, their disintegration time was
different. The results of the present study showed that it might
be correlated with physical chemical properties of the API
such as solubility rather than tablet porosity.

Tablets containing diclofenac sodium or diltiazem hydro-
chloride and F-Melt type M had longer disintegration time
than placebo, but their porosity was higher (Figs. 2 and 3,

Table VI). Since the model drugs were soluble in water, satu-
rated solution could be formed on the tablet surface. This
phenomenon may be due to the prolongation of the disinte-
gration time.

The study of pore size distribution profiles showed
also that the amount of the pores, which diameter was
below 0.1 μm diminished with increasing the drug dose
(Fig. 3). This may explain why the disintegration time of
tablets containing 200 mg of drug was the longest (Fig. 2
and 3, Table VI). The lack of the small pores on the
tablet surface may inhibit the penetration of water into
the tablet matrix.

Table VI. Influence of Ibuprofen (Ibu), Diclofenac Sodium (Diclo), and Diltiazem Hydrochloride (Dil) on the Texture of Tablets with F-Melt
(10 kN) Analyzed by Porosimetry of Mercury

F-Melt type C F-Melt type M

Placebo Ibu Diclo Dil Placebo Ibu Diclo Dil

Drug dose [mg] 0 100 100 100 0 100 100 100
Total pore volume [mm3/g] 317 314 201 214 364 318 243 220
Porosity [%] 23 23 23 21 22 27 25 25
Median pore size [μm] 0.65 0.76 1.56 1.23 0.64 0.85 0.98 1.29
Drug dose [mg] 0 200 200 200 0 200 200 200
Total pore volume [mm3/g] dill/317 160 231 211 364 196 246 231
Porosity [%] 23 22 31 26 22 22 30 27
Median pore size [μm] 0.65 0.93 0.96 0.71 0.64 1.10 0.65 0.68

Fig. 3. Pore size [μm] distribution obtained by mercury porosimetry for tablets (10 kN) with F-Melt type C (I), or F-Melt type M (II) containing
a 100 and b 200 mg of: ibuprofen (plus sign), diclofenac sodium (square), diltiazem hydrochloride (triangle), and placebo tablets (circle)
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CONCLUSIONS

The results obtained in the present study showed that a co-
processed excipient system F-Melt was suitable to form fast-
disintegrating tablets by direct compression method, although
the proper choice of F-Melt grade may be essential to form
orodispersible tablets. Physical chemical properties of the drug
and its dose should be taken into consideration to obtain tablets
disintegrating within 3 min of friability below 1%.

The analysis of 10 formulations placebo and 90 formula-
tions of tablets containing the model drugs of different solubility
in 3 different doses revealed that the possibility of orodispersible
tablets manufacturing was also determined by the compression
force used during the direct compression process. To obtain
placebo tablets disintegrating within 34 or 39 s of friability below
1%, the compression force ranging from 10 to 15 kN should be
used. Tablets containing F-Melt type C had shorter disintegra-
tion time and better mechanical resistance than tablets com-
posed of F-Melt type M.

The incorporation of the API into the tablet mass influ-
enced the tablets’ properties. The results revealed that the
drug dose and drug solubility had an influence on mechanical
resistance and disintegration time. Tablets disintegrating with-
in 3 min of friability below 1% were prepared using F-Melt as
a matrix forming agent and the API soluble in water, which
was used in the lowest drug dose such as 50 mg. It corre-
sponded to 12.5% of the API per tablet. The increase in the
drug dose caused a decrease in mechanical resistance as well
as a prolongation of the disintegration time. Therefore only 5
formulations of 90 analyzed could be classified as ODTs
(Table II).

ACKNOWLEDGMENTS

The authors wish to express their gratitude to Harke
Pharma, Germany; Fuji Chemical Industry Ltd., Japan; JRS
Pharma, Germany; Polpharma S.A. and Polfarmex S.A.,
Poland for kindly donated samples of F-Melt, Pruv, diclofenac
sodium and diltiazem hydrochloride.

We also would like to thank to Mrs. Anna Łatkiewicz from
Scanning Microscopy Laboratory of Field Emission and Micro-
analysis at the Institute of Geological Sciences, Jagiellonian
University for SEM analysis.

The work was supported by the Polish Ministry of Science
and Higher Education grant no. N N405 024439.

REFERENCES

1. Agarwal V, Kothari BH, Moe DV, Khankari RK. Drug delivery:
fast-dissolve systems, encyclopedia of pharmaceutical technology.
USA: Informa Healthcare; 2007. p. 1104–14.

2. Okabe H, Suzuki E, Sugiura Y, Yanagimoto K, Takanashi Y, Hoshi
M, Nogami E, Nakahara K, Sekiguchi T, BabaM, Saitoh E. Devel-
opment of an easy swallowed film formulation. Int J Pharm.
2008;355:62–6.

3. Bi Y, Sunada H, Yonezawa Y, Danjo K, Otsuka K, Iida K.
Preparation and Evaluation of a Compressed Tablet Rapidly
Disintegrating in the Oral Cavity. Chem Pharm Bull. 1996;44
(11):2121–7.

4. Fu Y, Yang S, Jeong SH, Kimura S, Park K. Orally Fast Disinte-
grating Tablets: Developments, Technologies, Taste-Masking and
Clinical Studies. Crit Rev Ther Drug Carrier Sys. 2004;21(6):433–
75.

5. Fukami J, Yonemochi E, Yoshihashi Y, Terada K. Evaluation of
rapidly disintegrating tablets containing glycine and carboxy-
methylcellulose. Int J Pharm. 2006;310:101–9.

6. Mishra DN, Bindal M, Singh SK, Kumar SKV. Spray Dried
Excipient Base: A Novel Technique for the Formulation of
Orally Disintegrating Tablets. Chem Pharm Bull. 2006;54
(1):99–102.

7. Mistry M. Application-related properties of a new fast dispersible
excipient. Pharm Tech Eur. 2009;21(1):24–7.

8. Gohel MC. A review of co-processed directly compressible exci-
pients. J Pharm Pharmaceut Sci. 2005;8(1):76–93.

9. Nachaegari SK, Bansal AK. Co-processed Excipients for Solid
Dosage Forms. January 2004 www.pharmtech.com.

10. Daraghmeh N, Rashid I, Al Omari MMH, Leharne SA,
Chowdhry BZ. Preparation and Characterization of a Novel
Co-processed Excipient of Chitin and Crystalline Mannitol.
AAPS PharmSciTech. 2010;11(4):1558–71.

11. Park JH, Holman KM, Bish GA, Krieger DG, Ramlose DS,
Herman CJ, Wu SH. An Alternative to the USP Disintegration
Test for Orally Disintegrating Tablets. Pharm Tech. 2008;32
(8):54–8.

12. Dobetti L. Fast-Melting Tablets: Developments and Technolo-
gies. Pharm Tech Eur. 2000;12(9):32–42.

13. Fukami J, Ozawa A, Yoshihashi Y, Yonemochi E, Terada K.
Development of Fast Disintegrating Compressed Tablets Us-
ing Amino Acid as Disintegration Accelerator: Evaluation of
Wetting and Disintegration of Tablet on the Basis of Surface
Free Energy. Chem Pharm Bull. 2005;53(12):1536–9.

14. Kuno Y, Kojima M, Nakagami H, Yonemochi E, Terada K. Effect
of the type of lubricant on the characteristics of orally disintegrat-
ing tablets manufactured using the phase transition of sugar
alcohol. Eur J Pharm Biopharm. 2008;69:986–92.

1129The Influence of the API Properties on the ODTs Manufacturing

http://www.pharmtech.com

	The Influence of the API Properties on the ODTs Manufacturing from Co-processed Excipient Systems
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Materials
	Preparation of Tablets
	Methods
	Surface Morphology
	Specific Surface Area
	Mechanical Properties
	Texture Analysis
	Disintegration Time
	In Vitro Disintegration Time
	In Vivo Disintegration Time

	Wetting Time and Water Absorption Ratio

	RESULTS AND DISCUSSION
	Influence of Powder Characteristics on Tablets Properties
	Effect of Technological Process on the Quality of Placebo Tablets
	Influence of Drug and its Dose on Disintegration and Wetting Time
	Influence of Drug and Its Dose on Mechanical Resistance
	Effect of Tablet Texture on Disintegration Time

	CONCLUSIONS
	References



