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Abstract. The aim of this work is to improve the understanding of the physicochemical mechanisms
involved in the functionality of cross-linked carboxymethyl sodium starch (CCSS) as a tablet super
disintegrant (SD). The behavior and properties of this SD (medium uptake, disintegration times, particle
size, and rheology) was investigated in a wetting medium of different physicochemical properties. In
particular, the relative permittivity (dielectric constant) of these media was intentionally modified for
evaluating its effect on CCSS properties. Results showed different swelling behaviors of CCSS particles
according to the relative permittivity of the tested media and allow to propose two underlying mechanisms
that explain CCSS functionality. Both the intra-particular swelling and the inter-particular repulsion are
affected by the relative permittivity of the media. Finally, disintegration test performed on tablets specially
formulated with mannitol (used commonly as an excipient and known to modify relative permittivity)
confirmed that the functionality of CCSS and therefore the disintegration of the tablet can be altered
according to the mannitol content.

KEY WORDS: cross-linked carboxymethyl sodium starch; disintegrant functionality; orally disintegrating

tablets; relative permittivity; repulsive layers.

INTRODUCTION

Tablets are solid oral dosage forms obtained by com-
pression and deformation of solid particles. The forces
during the compression cycle contribute to maintaining
the particles of excipients and active pharmaceutical in-
gredients (API) together through different cohesive forces.
In order to overcome these cohesive forces and ensure
tablet disintegration followed by API dissolution after
ingestion, tablets must contain disintegrants in their for-
mulation. For rapidly disintegrating tablets (soluble, dis-
persible, and orally disintegrating tablets), the
disintegration must be very fast and initiated with a little
quantity of a wetting medium. Excipient manufacturers
have come up with a class of excipients such as cross-
linked carboxymethyl sodium cellulose (croscarmellose),
cross-linked carboxymethyl sodium starch (CCSS), and
cross-linked poly(vinyl pyrolidone) (crospovidone) called
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super disintegrants” (SD) in order to overcome this chal-
lenge (1). These excipients are able to overcome the
cohesive forces binding the different particles between
each other in a very short period of time and with very
little wetting medium. SD are used because they are more
effective at lower concentrations with greater
disintegrating efficiency and mechanical strength than
their traditional counterparts. Their likely mechanisms of
action is a combination of proposed theories including
water wicking, swelling, deformation recovery, repulsion,
and heat of wetting (2,3). However, formulations with SD
remain complex (4). Disintegration kinetics as well as the
shape and size of the resulting particles are not always
constant. Literature has reported a strong influence of
different parameters on the disintegration efficacy. These
parameters can be classified in four different categories
related to (i) the SD itself, (ii) the formulation compo-
nents, (iii) the compaction process, and (iv) the physico-
chemical environment of the SD during the disintegration.
SD parameters such as distribution and concentration in
the tablet (5), particle granulometry, mixed powders’ bulk
density, compression mode, and the resulting tablet poros-
ity are all parameters which have shown to influence the
disintegration efficacy (6-9), as well as the solubility, the
hydrophilic nature of the formulation components, and the
pH of the disintegrating medium (7,10,11). Even if these
previous studies show an influence of the formulation on
the disintegration processes, there is still lacking explana-
tion on the physicochemical phenomena that explain the
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influence of the formulation on the disintegration
processes.

Therefore, the novelty of this work is to gain insight on
the physicochemical phenomena which contribute to this for-
mulation-dependent behavior of a charged SD: cross-
linked carboxymethyl sodium starch (CCSS) (Fig. 1).
CCSS is produced by the cross-linking of native starch
followed by carboxymethylation. The optimum balance
between the molecular weight, the degree of substitution,
and the extent of cross-linking allows for rapid water
uptake by the polymer without the formation of a viscous
gel that might impede dissolution (12). Its primary mech-
anism of disintegration capacity is thought to be due to its
important swelling capacity upon wetting (10,13). When a
tablet is immersed in a wetting medium, depending on the
solubility of the formulation components, they can dis-
solve in the uptaken medium. The dissolution of these
components can change the physicochemical nature of
the uptaken medium, giving rise to a new chemical envi-
ronment in the pore network of the tablet. This effect is
even more important when using SD that is triggered by a
very little volume of wetting medium.

In this work, our strategy consisted in evaluating the
influence of the modifications of the physicochemical en-
vironment of the SD that can result from the dissolution
of formulation components in the pore network of a tab-
let. More specifically, we simulated excipient dissolution
which can change the relative permittivity of a medium in
which they dissolve and influence the disintegrating capac-
ities of CCSS.

In a first part of this study, we evaluated the macro-
scopic changes such as wetting medium uptake, wet CCSS
particle size, and tablet disintegration times in media of
different relative permittivity. We then evaluated the vis-
cosity of diluted suspensions of CCSS in these media for
the calculation of the rheological solid volume fraction.
Finally, we formulated tablets with different mannitol con-
centrations and evaluated their disintegration time. The
choice of this excipient is in relation to its extensive use
in formulation for direct compression and orally
disintegrating tablets (8,14) as well as its ability to change
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the relative permittivity of aqueous medium in which it is
dissolved (15,16).

MATERIALS AND METHODS

Materials

CCSS (Glycolys® Standard Grade) and mannitol
(Pearlitol SD®) was generously sampled by Roquette SA,
Lestrem, France. Calcium hydrogen phosphate dihydrate
(CHP) (Emcompress®) was obtained from JRS Pharma, St-
Germain en Laye, France, and was chosen because it is an
inert excipient regarding disintegration. Magnesium stearate
(MgSt) was obtained from Cooper, Lyon, France. The sol-
vents were distilled water and absolute ethanol from Sigma,
Saint-Quentin Fallavier, France.

Methods

In order to simulate media of different relative permittiv-
ity (e,), specific solutions were prepared by mixing ethanol
and water in different proportions (17) as well as using satu-
rated mannitol solutions (16) (Table I). Tablets of a 600-mg
weight (60-80 N) were produced by direct compression on a
Frogerais OA press, equipped with a 12-mm flat punch. Two
different qualitative formulations were used (Table II). The
formulations without mannitol were used for the disintegra-
tion test in wetting media of different relative permittivity. The
formulations with different quantities of mannitol were used
for the disintegration test in distilled water.

Disintegration Test

Disintegration time was done on a normalized European
Pharmacopeia apparatus at 25°C in the different tested media
(Table I). Complete disintegration time was recorded when
there were no more particles on the sieve at the bottom of the
basket. The results are presented as a mean of six tablets in
each medium with the corresponding standard deviation.
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Fig. 1. Chemical structure of CCCS
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Table I. Compositions and Relative Permittivity Constants (g,) of
Different Wetting Media

Ethanol Mannitol
Weight percent 0 10 25 50 21
in water (%wt)
& (/) 80.4 74.8 66.4 524 75.6

Wetting Medium Uptake

Wetting medium uptake was evaluated by placing 300 mg
of CCSS powder in a glass test tube. Increasing quantities of
the different wetting media were added stepwise (0.1 mL) to
the tubes. Maximum wetting medium uptake was determined
when the swollen CCSS particles were able to flow freely upon
tube inversion.

Particle Size Determination

Particle sizes of CCSS in different wetting media were
measured by a laser diffraction technique using a particle
analyzer (Mastersizer 2000, Malvern Instruments) with a dis-
persing wet module. Two sets of light sources (helium-neon
and argon) gave a measuring size range of 0.02-600 pm. Fifty
milligrams of dry CCSS powder was dispersed in 50 mL of the
specific studied medium. The suspension was stirred for
15 min. This time was determined experimentally to give
stable particle sizes, and swelling was thus considered to be
at equilibrium. Adequate dispersion into primary particles
was checked by light-transmission microscopy (Axioplan, Carl
Zeiss Microscopy, Jena, Germany). The suspension was added
to a stirred sample cell containing the specific studied medium
to obtain an obscuration value of 15%. A cycle of five mea-
surements over 4 s was initiated after 1 min of circulation. The
analysis was repeated once with a new sample from the same
initial suspension. The sample unit was rinsed twice with the
studied wetting medium between measurements. The size
distribution was calculated by Mie theory using the refractive
indices of starch 1.335 and water or ethanol/water mixes be-
tween 1.330 and 1.345, respectively (18).

Rheology

Rheological experiments were performed on a rotational
rheometer (Anton Paar, Physica MCR 301). A coaxial cylin-

Table II. Tablet Formulations Used for the Disintegration Test in
Wetting Media of Different Relative Permittivity

Formulation mg (%)

CCSS MgSt Mannitol CHP

18 (3) 3(0.5) 0 (0) 579 (96.5)
18 (3) 3(0.5) 60 (10) 519 (86.5)
18 (3) 3(0.5) 180 (30) 399 (66.5)
18 (3) 3(0.5) 360 (60) 219 (36.5)
18 (3) 3(0.5) 540 (90) 39 (6.5)

CCSS cross-linked carboxymethyl sodium starch, MgSt magnesium
stearate, CHP calcium hydrogen phosphate dihydrate
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drical measurement device with a double gap measuring sys-
tem was used. The temperature was maintained constant at 20
+0.1°C. The volume of sample used for each measurement
was 7 mL. An increasing ramp of shear rate from 1 to 200 s
was applied to the diluted suspensions of CCSS. Two different
concentrations of CCSS, 1 and 2 g.L’l, were tested in each
wetting medium. Viscosity was measured at a shear rate of
53 5! which is located in the field of Newtonian behavior for
the suspensions as well as the different pure suspending media

(Fig. 2).
RESULTS AND DISCUSSION

Disintegration Test

Figure 3 shows an exponential relation between relative
permittivity and disintegration time suggesting an underlying
dependency between CCSS functionality and relative permit-
tivity. In pure water, the disintegration time of CCSS tablets is
relatively fast and becomes slower as the ethanol content
increases in the disintegration medium. The first three highest
relative permittivity wetting media have a near-linear relation
with the disintegration time; however, when testing water/
ethanol 50/50, the disintegration becomes excessively long.
The disintegration time in saturated mannitol solutions was
also determined and fell within the values of the correspond-
ing calculated relative permittivity.

Wetting Medium Uptake

Figure 4 shows that the wetting medium uptake by the
CCSS particles increases linearly with the relative permittivity.
Medium uptake can be translated in the solvating capacity of
the CCSS particles by the medium. As the relative permittivity
of the medium decreases, it is less capable of solvating the
CCSS particles and interacts to a lesser extent with the CCSS
particles. The medium is therefore more readily available to
contribute as a simple suspending medium allowing the free-
flowing of the particles upon tube inversion. These results
suggest that the relative permittivity of the wetting medium
can influence the SD functionality and thus the tablet disinte-
gration time by modifying the SD’s capacity of uptaking the
wetting medium or more precisely of the solvating capacity of
the wetting medium.

Particle Size Determination

Figure 5 shows that the volume-mean particle diameter
(dsp) increases linearly as the relative permittivity increases.
Since the SD particles are composed of cross-linked polymeric
chains, the particles cannot completely dissolve and give rise
to a swollen particle upon chain solvation. These results con-
firm that the liquid’s relative permittivity influences the capac-
ity of the SD particle to swell. More precisely, the swelling is
due to the intra-particular polymer chain interactions which
thus vary according to the relative permittivity of the solvating
medium as explained further on. Size determination in a sat-
urated mannitol solution gave a result that was slightly lower
than expected by the ethanol/water mixes, but still very close
to the expected size. The small difference can be due to the
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Fig. 2. Flow curves for various CCSS concentrations (0, 1, and
2 g L!) in 75/25 water/ethanol

different refractive indexes of water/ethanol mixes compared
to saturated mannitol solutions.

Rheology

Rheology studies were done with the intention of show-
ing a supplementary phenomenon that can explain the differ-
ent functionality of the SD particles. Other than swelling due
to intra-particle interactions, an electrical double layer, known
as the Stern and diffuse layers, is also affected by the wetting
medium’s relative permittivity.

The viscosity of a suspension (u) is greater than that of
the pure suspending medium (), owing to the perturbation
of the shear field in the vicinity of the particles. At low
concentrations, the Stokes-Einstein equation (19,20) (Eq.1)
allows calculating a solid volume fraction (¢) of uncharged
solid spherical particles (21):

(H—o) /g =25 ¢ 1)

where (u—puo)/uo is the specific viscosity. However, when
the particles are charged such as CCSS particles, the flow
in the vicinity of the particles is modified due to the
presence of counter-ions within the electrical double layer
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Fig. 3. Tablet disintegration as a function of relative permittivity
(filled diamonds represent ethanol/water solutions and empty triangle
indicates saturated mannitol solution)
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Fig. 4. Liquid uptake as a function of relative permittivity

(22). This effect is known as the electroviscous effect
calculated according to Eq. 2:

(u=po)/ 1o = 2.5 ¢p(1 +p) 2)

where p is the primary electroviscous coefficient and is a
function of particle charge and the ions present in the medium.
The primary electroviscous effect describes the hydrodynamic
radius of the particles and indirectly the dynamic Stern layer
(immobilized hydrated counter-ions cloud surrounding each
particle) (22). In order to account for the electroviscous effect,
we tested the evolution of the specific viscosity as a function of
the concentration of the CCSS particles in the different tested
media. Figure 6 shows a linear relation between the specific
viscosity and the concentration in every medium. Moreover,
Fig. 7 shows that the slope S of this linear function increases
according to the relative permittivity of the medium. These
slopes thus translate the behavior resulting from two phenom-
ena explaining the functionality of the CCSS particles. First of
all, they translate the swelling of the particle due to the solva-
tion effect of the polymeric chains through the solid volume
fraction (¢) as seen previously. More interestingly, the
electroviscous effect also translates the hydrated charged
Stern layer surrounding the particle. Rheology experiments
therefore allow appreciating the change in dimensions of the
CCSS particles due to the intra-particle swelling as well as the
change in the hydrated Stern layer surrounding the particles.
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Fig. 5. Particle size as a function of relative permittivity (filled dia-
monds represent ethanol/water solutions and empty triangle indicates
saturated mannitol solution)
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Fig. 6. Specific viscosity versus concentration for the dispersion of
CCSS in various liquids

Furthermore, when comparing the evolution of the slope
S to sizes observed through laser granulometry in Fig. 8, it is
possible to confirm that both phenomena evolve similarly in
the different media.

The use of the DLVO theory has been recently used as a
simulation tool to explain disintegration mechanism on a fun-
damental level (23). Our experimental results confirm the
implication of the DLVO theory for the charged SD. The
physicochemical explanation of the two phenomena involved
relies in the capacity of the medium to ionize and dissociate
the carboxylate functions of the CCSS. In a high relative
permittivity environment such as water, one can expect a
higher dissociation and ionization of the carboxylate func-
tions. The resulting repulsion between the ionized functions
thus creates swelling since the chains cannot completely dis-
solve due to cross-linking. Equally in these conditions, the
particle becomes very electronegative with an increase of the
surface charges. The negativity of the particle attracts counter-
ions (Na" dissociated) to form a firmly attached Stern layer
around the surface of the particle. This layer can be associated
with a diffuse layer in which the ions’ concentration gradually
decreases with distance from the Stern layer until it reaches
equilibrium with the ion concentration in the suspending
medium (this diffuse layer cannot exist in our experiments,
because co-ions are not present in the medium). The extended
DLVO (Derjaguin, Landau, Verwey, and Overbeek) theory
which adds hydration forces to the repulsive forces between
two particles explains how two particles can interact with each
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Fig. 7. Slopes S versus relative permittivity for the dispersion of CCSS
in various liquids
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Fig. 8. Slope S as a function of relative permittivity

other according to the balance in the attractive Van der Walls
forces and the repulsive (electrostatic and hydration) forces
(24-26). In the completely dissociated state, electronegative
CCSS are surrounded by a dense cationic layer, and the
repulsive inter-particular forces are more important. As the
relative permittivity decreases, dissociation and the repulsive
inter-particular become less important explaining the drop of
the specific viscosity with the increase of ethanol ratio.

Formulated Tablet Disintegration

Mannitol is extensively used as an excipient in tablet
formulation. It is known for influencing the relative permittiv-
ity of an aqueous medium after its dissolution (16). Therefore,
we studied the disintegration time of formulated tablets with
CCSS and mannitol in water. Figure 9 shows that despite the
highly hydrophilic and soluble mannitol, disintegration time
increases as mannitol concentration increases in the tablet.

The tablet uptakes water through its porous network,
mannitol dissolves in the water and thus changes the relative
permittivity of the wetting medium. Intra-particle swelling of
the CCSS decreases as does the inter-particular electrostatic
and hydratation repulsions resulting in a less functional SD
and a slower disintegrating tablet. Above 30% of mannitol in
the tablet, the inhibitory effect on the functionality of the SD
is not as important as at the lower mannitol concentrations.
This is explained by the fact that mannitol is very soluble; and
at a higher mannitol concentration, the dissolution of the
mannitol itself leaving increasingly void spaces in the tablet
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Fig. 9. Disintegration time (s) versus mannitol concentration in

tablets
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compensates for its inhibiting effect of the CCSS
disintegrating functionality.

CONCLUSION

Although the experimental conditions in this study do not
completely reflect pharmaceutical tablet in vivo dispositions,
the results showed an important influence of the relative
permittivity on the CCSS functionality. CCSS is an ionic super
disintegrant, and its functionality is dependent on the dissoci-
ation of the carboxylate functions. By varying the relative
permittivity, we influenced the dissociating capacity of the
different media. This dissociating capacity has repercussions
on the swelling capacity of the CCSS particle as well as on the
repulsive forces surrounding the particle. We also showed that
a very common excipient used in tablet formulation can have
an effect on the CCSS functionality. The comprehension of
this behavior is very important when elaborating tablet for-
mulations. Very common excipients (mannitol, polyethylene
glycol, etc.) can influence the relative permittivity of the wet-
ting medium. Furthermore, these results lead the way to fol-
lowing studies that will show the effect on other formulating
elements (excipients or active ingredients) such as ionic, acid-
ic, or basic compounds that can directly influence the dissoci-
ating capacity of the super disintegrant and its functionality.
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