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This study explored the effect of nano-crystalline cellulose (NCC) on Meloxicam (MX) solid dispersion (SD)
prepared by co-grinding technique compared to micro-crystalline cellulose (MCC) in presence of lactose. MX-
tablets were prepared by direct compression of different co-ground SDs or physical mixtures. The solubility,
dissolution, SEM and DSC of different preparations were studied. Flow-through cell apparatus (FTC) was used
to study the dissolution of MX from tablets at pH 7.4. Generally, the results revealed that increasing NCC
loadings showed a direct increase in both the solubility and dissolution of MX. MCC did not improve either the
solubility or the dissolution of MX in the physical mixture, while, co-grinding dramatically decreased the
dissolution rate of MX. It was interesting to find that grinding of MX-powder alone or in a mixture with lactose
highly increased MX solubility and dissolution. SEM as well as DSC were found to be very good tools, without
a single exception, to describe the observed solubility and dissolution of MX in these proposed preparations.
SEM-images showed the particle size reduction upon grinding or co-grinding techniques. While DSC-data
proved that the crystalline structure of MX has been changed to an amorphous state.

INTRODUCTION

advanced drug-loaded systems (Lin and Dufresne, 2014). Micro-

It is known that the rate of dissolution of a drug is a
function of its intrinsic solubility and particle size. Studies with
poorly soluble drugs have demonstrated that particle-size
reduction to the sub-micron range can lead to an increase in
dissolution rate and hence higher bioavailability (Leuner and
Dressman, 2000; Patravale et al., 2004; Rabinow, 2004;
Kesisoglou et al., 2007; Ambrus et al., 2009). However, the
effect of the use of nano-excipient for the formulation of poorly
water soluble drugs has not yet been investigated. Cellulose has a
long history in pharmaceutical industry. Despite an extended
history of use in tableting, there is still continuing research into
the use of new types of cellulose (viz. nanocellulose) in advanced
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crystalline cellulose (MCC), the widely used tablet excipient, is
purified, depolymerized alpha cellulose derived from plant
sources. Cellulose is biodegradable, renewable, and the most
abundant natural polymer in the world. It has highly ordered
hierarchical structure starting from the parallel glucan chains
forming nanosized fibrils, which are further organized in fibril
aggregates (Hult et al., 2001). The fibrils and fibril aggregates are
quite often denoted cellulose nanofibers (NCC) or microfibrils
(Herrick et al., 1983; Turbak et al., 1983; Chakraborty et al., 2005;
Svagan et al., 2007; Quievy et al., 2010). Recently, separation of
cellulose nanofibers from macroscopic cellulose fibers has become
the subject of much attention due to their characteristics such as
high surface-to-volume ratio and outstanding mechanical
properties (Kolakovic et al., 2011). There is still considerable
continuing research into the use of MCC and other types of
cellulose in advanced drug delivery systems whereby the rate of
the drug release may be controlled by microparticle inclusion,
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excipient layering or tablet coating (Khan and Zhu, 1999;
Watanabe et al., 2002; El-Maradny, 2007; Gomez-Carracedo et
al., 2007; Podczeck et al., 2008; Baumann et al., 2009; Bley et al.,
2009; Javadzadeh et al., 2009; Knight et al., 2009; Kranz et al.,
2009; Jackson, Letchford et al., 2011). Traditional method of
production of MCC that includes strongly acidic conditions leads
to extensive hydrolysis of amorphous fractions and formation of
short rod-like MCC fibril bundles with low aspect ratio
(Kolakovic, Peltonen et al., 2011). Method of production of NCC
that was reported for the first time by Turbak et al. (Turbak et al.,
1983) required high-energy input. However, new methods using
super grinder treatment or high-pressure refiner (Chakraborty et
al., 2005; Yano et al., 2005), microfluidizer (Zimmermann et al.,
2004), and high-pressure homogenizer treatment (Herrick et al.,
1983; Dufresne et al., 1997; Nakagaito and Yano, 2005) have been
proposed. All these methods led to a production of gel-like water
suspension with high water content, which can be further
processed into powder by spray drying (Kolakovic et al., 2011) or
freeze drying (Emara et al., 2014). NCC is at the moment a subject
of continuing research. However, to the best of our knowledge, a
few applications of NCC in the pharmaceutical field have been
reported (Jackson et al., 2011; Kolakovic et al., 2011).
Pharmaceutical co-crystals are emerging as a new class of solid
drugs with improved physicochemical properties, which has
attracted increased interests from both industrial and academic
researchers. There are two different techniques for co-crystal
formation via grinding. The first method is neat grinding, which is
also called dry grinding, consisting of mixing the stoichiometric
co-crystal components together and grinding them either manually,
using a mortar and pestle, or mechanically, using a ball mill or a
vibratory mill. To date many kinds of pharmaceutical co-crystals
have been successfully synthesized by neat grinding (Jayasankar et
al., 2006; Lu and Rohani, 2009; Myz et al., 2009; Qiao et al.,
2011). In our previous study (Emara et al., 2014), NCC prepared
from lignocellulosics of water sugar-cane bagasse (SCB) by freeze
drying (Emara et al., 2014), was used as a tablet excipient for the
formulation of a water soluble drug diltiazem hydrochloride (DTZ)
immediate release (IR) tablets and compared to the conventional
MCC. The results of that study showed that the co-grinding of
NCC with DTZ showed an initial fast and rapid increase of
dissolution rate of DTZ compared to MCC (Emara et al., 2014).
Therefore, the aim of this study was to evaluate the usability of
freeze dried NCC prepared from SCB, as a novel tablet material,
in the formulation of immediate release tablets of a water insoluble
drug Meloxicam (MX) by co-grinding technique. MX has been
proposed in this study as a model crystalline drug because of its
poor aqueous solubility (Ambrus et al., 2009). MX is a non-
steroidal anti-inflammatory drug (NSAID) with anti-inflammatory,
analgesic and antipyretic effects. For this purpose, the NCC was
compared to the commercially available MCC (Avicel PH 101) in
presence of lactose as filler. The solubility, in-vitro dissolution,
SEM and DSC of un-ground and ground MX powder, physical
mixtures and co-ground SDs of MX with NCC, MCC and lactose
were studied.

MATERIALS AND METHODS

Chemicals and reagents

MX powder was kindly donated from Delta Pharma,
Egypt. Avicel PH-101 (MCC: micro-crystalline cellulose, particle
size ~50 um) was purchased from Fluka, Switzerland. Lactose
monohydrate was purchased from BDH, England. Sodium
hydroxide pellets and Potassium dihydrogen orthophosphate were
purchased from Laboratory Rasayan, India. Distilled water was
Milli RO plus 10, sourced from Millipore, USA.

Analysis of MX

A standard curve ranging from 0.2 to 40 pg/mL in
phosphate buffer (pH 7.5) was constructed. A stock solution was
prepared by dissolving 5 mg of MX powder in 50 mL methanol to
yield a concentration of 100 ug/mL. This solution was serially
diluted with pH 7.5 phosphate buffer to yield the desired
concentration range. The absorbance of the prepared solutions
was measured  spectrophotometrically (DU-650  UV-vis
spectrophotometer, Beckman, USA) at A 363 nm against
phosphate buffer of pH 7.5 as blank. The absorbance was plotted
against the concentration, and the response factor was calculated.
Each concentration was analyzed in triplicate, and the mean values
were calculated. A linear zero-intercept relationship was
established, where the slope and regression coefficient were 0.056
and 0.997, respectively. The percent recoveries ranged from
94.12% to 108.75%, and the average response factor was 14.59 +
1.00.

Preparation of NCC

Water sugar-cane bagasse was first dried in sunlight and
then cut into small pieces (1-3 cm). The cut bagasse was grinded
and the fraction passing through mesh number 60 (0.251 mm sieve
size) was selected for subsequent extraction of cellulose. The
ground bagasse was further dried in a hot air oven (Heraeus, USA)
for 16 h at 60 °C and washed by distilled water (Milli RO plus 10,
Millipore, USA) at 25 °C to remove the dust and impurities on the
surface, then dried. The dried bagasse was soaked in 2:1, v/v
toluene/ethanol mixture for 20 h to remove wax, pigments and
oils, followed by oven-drying at 55 °C for 24 h. The dewaxed
bagasse was bleached with immersing in 1.4% acidified NaClO2
with pH adjusted to 3.0-4.0 by CH3COOH, at 80 °C for 2 h to
dissolve lignin. Hemicellulose were leached with 1% NaOH at
room temperature for 24 h and then at 60 °C for 2 h. The residue
was subsequently washed with distilled water until be neutral and
then air dried. Cellulose isolated from bagasse was hydrolyzed
using 65 % sulfuric acid at 30 ml/g acid-to-cellulose ratio as
previously reported for softwood pulp (Roman and Gray, 2005;
Dong and Roman, 2007). Acid hydrolysis was stopped by diluting
with 10-fold ice water. The NCC gel was washed once,
centrifuged at 5000 rpm for 25 min, and then dialyzed with
regenerated cellulose dialysis membranes with 12-14 kDa
molecular weight cutoff (Fisherbrand, USA) against distilled water
until reaching neutral pH. The suspension was sonicated (High
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Intensity Ultrasonic Processor Model VVC-505, Sonics & Materials,
Inc., 53 Church Hill RD. Newtown, CT, U.S.A.) for 5 min in an
ice bath to avoid overheating, which can cause desulfation of the
sulfate groups on the cellulose (Dong, Revol et al., 1998). NCC
suspension was quickly frozen by pouring liquid nitrogen into the
sample container and freeze-dried (Free Zone 1.0 L Bench top
Freeze Dry System, Labconco, USA) overnight to remove the
solvent water. The dried product was stored under vacuum
(Vacuum oven, Yamato ADP-31, Japan).

Preparation of co-ground SDs and their corresponding
physical mixtures

Physical mixtures as well as co-ground SDs of MX
powder with excipients in different ratios were prepared (Table 1).
Different formulas were manually mixed in a low density
polyethylene bag (Nama et al., 2008; Emara et al., 2012) for 5
min. For the preparation of SDs, a fixed weight (0.5g) of the
physical mixture was transferred to a mortar and co-grounded for 5
min (Jayasankar et al., 2006; Lu and Rohani, 2009; Myz et al.,
2009; Qiao et al., 2011). A triplicate of each co-ground SD was
prepared and evaluated.

Preparation of MX tablets (7.5 mg/Tab)

All ingredients were weighed in their specified ratios
(Table 2). Tablets were prepared from different physical mixtures
(F1 & F4) or co-ground SDs (F2, F3 & F5) using the flat-faced,
round punches of 6 mm diameter "Single Punch Press tablet
machine, Stokes-Merrill Model 511-7-A, USA" at 1.5-tons
compression force.

Solubility studies

Solubility measurements were performed according to
Higuchi and Connors' method. (Higuchi and Connors, 1965). In
brief, an excess amount of MX in its physical mixture or co-
ground SD (Table 1) was weighed into glass stoppered test tubes
containing 5 mL phosphate buffer of pH 7.5. The samples were
shaken at 25 'C for 48 h in temperature-controlled shaking water-
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1 GF/F Glass Micro-fiber (98% retention

bath (Lab-Line, USA) at 250 rpm. Samples were filtered through
0.45 um membrane filter (Mellix, USA). Appropriate dilutions of

the filtrates with phosphate buffer of pH 7.5 were carried out and
MX was analyzed spectrophotometrically at A, 363 nm against a
blank of phosphate buffer (pH 7.5). All solubility experiments
were carried out in triplicate.

Tablet characteristics

PTB (311E) 3 in 1 Hardness, Diameter and Thickness
Tester (PTB 311E Tablet Testing Instument, Pharma Test
Apparatebau AG, Germany) was used for determination of
thickness, diameter, weight, and hardness of the prepared tablets
(mean of twenty tablets for each formula was calculated).

In vitro dissolution study

The dissolution rates of MX from the prepared tablets
were determined, in triplicate, by employing the closed-loop setup
of the flow-through cell (FTC) dissolution tester (USP Apparatus #
IV, Dissotest CE-6 equipped with piston pump CY 7-50, Sotax,
Basel, Switzerland) in 900 ml phosphate buffer (pH 7.5). Each
tablet was placed in the 22.6 mm diameter cell (large tablet cell) in
a free tablet position (Figure 1A). The powder cell of the FTC
apparatus with a diameter of 12 mm was assembled as follows:
One ruby bead of 5-mm diameter was positioned in the apex of the
flow-through cell. Two sieves separated by a glass microfiber filter
(GF/D Whatman) and the weighed amount of powder to be studied
were respectively placed on the top of the sieve. The cell was
closed with the prepared insert. The complete powder cell is
presented in Figure 1B. Built-in filtration system (0.7 um
Whatmann GF/F and GF/D glass micro - fiber, and glass wool)
was used throughout the study.

The dissolution medium was kept at 37 £ 0.5 °C and
pumped at turbulent flow rate of 8 ml/min. 10 ml samples were
collected at predetermined time interval for up to 90 min and were
replaced by the same volume of the fresh dissolution medium.
Samples were analyzed spectrophotometrically for the content of
MX at Amax 363 NmM against phosphate buffer (pH 7.5) set as blank.

Filter - efficiency for paticles down to 0.7 pm)
Head ; : \ Whatman GF/D Glass Micro-fiber (98% retention
i . efficiency for paticles down to 2.7 ym)
Glass Wool 12mm ||
Insert \< -
22.6 mm -
- i Powder
Tablet without holder A/

]
\[O«L Rubby Bead

A

Two sieves separated by a glass 5 \ 1
microfiber filter (GF/D Whatman) &y /M

B

Fia. 1: Schematic diagram of the large cell (A) and the powder cell (B) of the FTC (USP Dissolution Apparatus # V).
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Table 1: Composition of different co-ground SDs, physical mixtures and their corresponding solubility data in phosphate buffer pH 7.5 at 25°C (mean + SD,

n=23).
Composition Solubility (mg / 100 ml)
MX powder B1* 33.72+0.48 B2" 55.97 +0.72
Physical mixtures Co-ground SDs

MX : Lactose = 1:2 B3 33.10+0.53 B4 41.82+0.35
MX : Lactose = 1:5 B5 32.10+0.74 B6 57.47 £ 0.63
MX : Lactose = 1:10 B7 31.90+0.32 B8 60.90 + 0.47
MX : Lactose : MCC = 1:2:1 B9 33.56 +0.29 B10 48.39 £+ 0.41
MX : Lactose : MCC = 1:2:3 B11 31.70 £ 0.55 B12 51.75+0.45
MX : Lactose : MCC = 1:2:6 B13 31.14 +0.65 B14 51.66 + 0.59
MX : Lactose : NCC = 1:2:0.25 B15 34.73+0.48 B16 55.92 +0.39
MX : Lactose : NCC = 1:2:0.5 B17 31.90+0.39 B18 57.11+0.42
MX : Lactose : NCC =1:2:1 B19 32.48 +0.59 B20 67.36 +0.67
MX : Lactose : NCC =1:2:3 B21 33.10+0.39 B22 64.59 +0.39
MX: Lactose : NCC = 1:2:6 B23 31.70 £ 0.57 B24 63.58 +0.71
MX: Lactose : NCC =1:5:1 B25 32.56 +0.49 B26 67.38 +0.48

@ Un-ground MX powder, ® Ground MX powder.

Statistical analysis

The Dissolution profiles of different MX formulae were
compared employing the fit factors (f; & f,) as proposed by Moore
and Flanner (Moore and Flanner, 1996), and are defined as follows
[Equation (1and 2)]:

[ S w, R, —T,
fi=4 — s < 100%

Equation (1) and

0.5
f2=350 10:—'\([1 £l w(R,—T, )3} X l(mz-
' i Equation (2)

where R; is the percentage of released drug for a reference batch at
time point t, T, is the percentage of released drug for the test batch,
n is the number of time points and w; an optional weight factor.
The weight factor can be adjusted to give high or low weightings
to selected time points as required. For example, if it is important
to achieve a certain dissolution level by 40 min, the 40 min time
point should be given a high weighting. The present study uses w;
= 1, meaning that each time point is weighted equally. For each
batch, the calculations were made on the mean values for all the
triplicates.

The factor, f,, is the average % difference over all time
points in the amount of test batch dissolved as compared to the
reference batch. The f; value is O when the test and the reference
profiles are identical and increases proportionally with the
dissimilarity between the two profiles. Difference factor of 0-15
ensures minor difference between two products (Costa and Lobo,
2001).

The f, value is between 0 and 100. The value is 100
when the test and the reference profiles are identical and
approaches zero as the dissimilarity increases, but because f, is a
log function small differences in profile lead to a large drop in f,
(Anderson et al., 1998). FDA suggests that two dissolution profiles
are considered similar if the similarity factor f,is between 50 and
100 (US-FDA, 1997).

Scanning electron microscopy (SEM)

The morphology of the pure MX, the different excipients
used and selected physical mixtures and co-ground SDs of the
active drug and the investigated excipients were examined by
SEM (Quanta 250 FEG Model No. 1027641, Czech Republic).
Each sample was sputter coated using gold sputter coating
apparatus (S150A, EDWARDS, England) before SEM observation
to induce electric conductivity on the surface of the samples.

Differential scanning calorimetry (DSC)

Thermal behavior of the powdered samples of MX,
Lactose, MCC, NCC, selected physical mixtures and co-ground
SDs containing different ratios of MX and the excipients was
estimated by differential scanning calorimeter (DSC-50,
Shimadzu, Japan) to investigate the state of drug in the different
tested samples and to assess incompatibility if any. The samples
were sealed in aluminum pans heated in an atmosphere of nitrogen
and thermograms were obtained by heating at a constant heating
rate of 10 °C/min in the range of 20-300 °C. A nitrogen purge (20
ml/min) was maintained throughout the run. The instrument was
equipped with intra-cooler to assess thermal behavior of the
sample. Alumina standard was used to calibrate the temperature
and enthalpy scale of the instrument.

RESULTS AND DISCUSSION

Solubility studies

The results of solubility measurements of MX in
different formulations were presented in Table 1. The reported
solubility of MX at pH 7 & pH 8 were (26.6 & 155 mg/100 ml,
respectively) at room temperature (23°C) (Luger et al., 1996). Our
study showed that the solubility of un-ground MX (B1) in
phosphate buffer pH 7.5 was 33.72 + 0.48 mg/100 ml at 25°C,
While, grinding of MX (B2) pronouncedly increased the solubility
of MX up to 55.97 + 0.72 mg/100 ml. SEM images (Figures
2A&B) proved that the particle size of MX has been highly
reduced and lost its crystalline structure by grinding of MX in a
mortar for only 5 min.
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Fig. 2: SEM images f() 1 (n-groud M);(B 2 (Groun

MX); (C) = Unround Latse; (D) = Grounchtose; (2) = Un-ground MCC;

(E) = Ground MCC.

SEM image (Figure 2C) showed that the crystal shape of
the un-ground lactose, with variable particle sizes has disappeared
in the ground one (Figure 2D). Ground lactose showed the
formation of very small particles with a rounded shape which was
confirmed by the SEM observations (Figure 2D) and was
consistent by the formation of an amorphous (or ill-crystallized)
layer mainly at the surface of particles (Chikhalia et al., 2006;
Garnier et al., 2008).

SEM image (Figure 2E) showed that the ground MCC
showed a continuous plastic-like structure with the disappearance
of the characteristic fiber-like structure as shown in SEM image of
un-ground MCC (Figure 22).

All the physical mixtures of MX with lactose, NCC and
MCC did not seem to increase the solubility of the drug
(Table 1). On the other hand, Table 1 showed a remarkable
increase in MX solubility from the co-ground SDs prepared from
NCC and lactose, which ranged from 55.97 +0.75 mg/100 ml

(B2 ground MX) up to 67.38 + 0.48 mg/100 ml (B26, co-ground
MX/lactose/NCC). In case of co-ground SDs of MX/lactose,
it was found that increasing the amount of lactose resulted in an
increase in MX solubility as observed with formulae B4, B6 and
B8 (Table 1). SEM images of these co-ground SDs (Figures 3F-
H) showed that the crystal structure of both components in the un-
ground forms (Figures 2A&C) has disappeared and gave rise to
non-crystalline particles which formed a mass like structure in the
ground forms as shown in Figures 2B&D. Also, this mass like
structure was much more pronounced when the amount of lactose
increased in the co-ground SDs (Figures 3F-H). Co-ground SDs
of MX/lactose/NCC showed the highest solubilization effect with
the maximum solubility of MX from B20 and B26 (Table 1).
SEM images of these co-ground systems (B24, B26, Figures 31&J)
revealed that co-grinding of MX with NCC and lactose, gave rise
to the dismantling of the combined mass observed with B4, B6 and
B8, described in the above paragraph (Figures 3F-H), into a
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. Lactose =
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Fig. 3: SEM images of (F)

)= BG (Co- groun MX Lactose =

(Co groun MX Lactose = 1: 10);

22); ( )i (
(1) = B24 (Co-ground MX : Lactose : NCC=1:2:6); (J) = BZG (Co-ground MX: Lactose : NCC=1: 5 1); (K) = B14 (Co-ground MX : Lactose :
MCC=1:2:6).

defined small amorphous forms. It was obvious from the solubility
results (Table 1) that increasing the amount of NCC in the co-
ground SDs from a ratio of 1:2:1 to 1:2:6 (MX/lactose/NCC, B20
and B24, respectively) as well as increasing the amount of lactose
from a ratio of 1:2:1 to 1:5:1 (MX/lactose/NCC, B20 and B26,
respectively) didn't increase MX solubility. While, co-ground SDs
of MX/lactose/MCC (B10, B12 and B14) gave a very slight
decrease in MX solubility compared with the ground MX (B2)
(Table 1). Moreover, increasing the amount of MCC did not affect
the MX solubility. SEM image of co-ground SD of MX/lactose/
MCC (B14) (Figure 3K) gave an un-defined structure. It seems
that MX and lactose particles were embedded within MCC
particles and formed a plastic-like mass. Where, it is known that
MCC is considered as a plastic material and a water insoluble

diluent (Katdare and Chaubal, 2006). Therefore, the solubility of
MX was not increased. We should address here the major
influence of NCC and lactose on MX solubility, which was not
observed with MCC.

This means that NCC could be a very promising tablet
excipient for preparing a water insoluble drug such as MX, where
the inherent physical properties of MCC could be dramatically
altered by nanonization techniques.

Tablet characteristics

Weight variation

The average tablet weight for F1 and F2 ranged from
44.7 — 45.2 mg, F3 and F4 (89.5 — 90.4 mg) and F5 (52.2 — 52.7
mg, cf. Table 2 for tablet composition).
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Thickness and diameter

The prepared tablets showed good uniformity of
thickness and diameter. The values of tablet thickness were in the
range of 1.02-1.07 mm for F1, F2 and F5, 1.51-1.57 for F3 and
1.91-1.96 mm for F4. The average diameter ranged from
6.03-6.07 mm.

Hardness

Average tablet hardness ranged from 9.13 — 10.34 kp for
F1 and F2, 17.9-18.3 kp for F3, 12.2-12.5 for F4 and 13.5-13.9 for
F5.

Dissolution study

The disintegration time of each tablet was visually
observed in the flow cell and recorded during the dissolution test.
The disintegration time was variable according to the type of
cellulose (MCC or NCC) incorporated in each tablet. For NCC
based tablet (F3), the disintegration time was only 3 min with no
visible particles after 1.5 h. While for MCC based tablet (F4), the
disintegration time was > 7 min (58 % increase in the
disintegration time compared to NCC) with some particles
remaining visible till the end of the 1.5 h disintegration period.
The results of average tablet hardness of F3 and F4 were 18.10 and
12.35 kp, for NCC and MCC based tablets, respectively, which
revealed higher compressibility of NCC compared to MCC as
expected for NCC (Emara et al., 2014).

Figure 4 compared the dissolution rate of un-ground and
ground MX powder. It was found that a drastic increase in MX
dissolution rate was achieved upon grinding the pure MX powder
for 5 min. The amount of MX dissolved after 30 min (Qsomin) Was
11% versus 43% from the un-ground and ground forms,
respectively. After 60 min (Qgomin), 17% and 70% of MX were
dissolved from the un-ground and ground drug, respectively. This
means that the solubility as well as the dissolution of MX could be
highly improved, simply, by grinding MX powder for 5 min due to
the particle size reduction as seen in SEM images (Figures
2A&B). Where, the particle size of un-ground MX ranged from 1-
7 um (as shown in Figure 2A). While, the particle size of ground
MX was highly reduced to be in a range of 0.100 — 2.5 pm, as
shown in Figure 2C.

Tablets were prepared from physical mixture (F1) as well
as co-ground SD (F2) of MX/lactose, in a ratio of 1:5 by direct
compression (Table 2). Figure 5 revealed that F1 tablet gave
higher dissolution rate in the first 30 min of the study, where, the
Qsomin Was found to be 66.49% compared to 39.27% from F1 and
F2, respectively. While, Qgomin Was 68.49% compared to 74.7 %
from the above mentioned formulae, respectively. This result
revealed that the tablet prepared from the physical mixture of
MX/lactose resulted in a rapid onset of action and fast entry of the
drug into the blood stream which might be required for the
treatment of acute pain with MX.

The dissolution profiles of F1 and F2 were significantly
dissimilar as depicted by the fit factors (f1&f2) (US-FDA, 1997)
(fl& f2= 21 & 40", respectively). Tablets prepared by physical

mixing of MX with the water soluble diluent lactose brought the
drug in close contact with this hydrophilic carrier which resulted in
an increase of MX dissolution rate. This rapid dissolution rate of
F1 tablet might be due to several factors such as the force applied
during tablet manufacturing on the un-ground crystals of both
components as in case of F1 (cf. Figure 2A & C) which might
reduce the particle size of both components, solubilization effect
of the carrier, improved wettability of the drug and inhibition of
particle aggregation.

SEM image of co-ground SD of MX/lactose 1:5 showed
different result from that of ground MX and ground lactose
(Figures 2B, 2D & 3G). The co-ground MX/lactose SD resulted in
a formation of large aggregates with an ill-crystallized superficial
layer. In addition, we cannot neglect the mechanical force applied
by direct compression of the co-ground components into tablet
form, which might affect the physical nature of the drug and hence
the dissolution rate.

Tablets prepared by direct compression of co-ground
SDs of MX/lactose/NCC were studied in the ratios of 1:5:0 (F2),
1:5:1 (F5) and 1:5:6 (F3), respectively (Table 2).

Table 2: Composition of MX Tablets (7.5 mg / Tab).

Tablet Compositions (Ratio)

Code MX Lactose MCC NCC g
F1 1 5 Physical Mixing
F2 1 5 Co-grinding
F3 1 5 6 Co-grinding
F4 1 5 6 Physical Mixing
F5 1 5 1 Co-grinding

Figure 6 showed that the presence of NCC (F3 and F5)
resulted in an obvious enhancement in MX dissolution rate within
30 min, compared to F2. After 30 min., 39.27%, 60.93 % and
73.84% of the amount of MX was dissolved from F2, F5 and F3,
respectively. After 60 min, 74.67%, 83.57 % and 85.98 % were
dissolved from F2, F5 and F3, respectively.

This means that MX dissolution rate from
tablets was increased by increasing NCC loading. These results
coincided with the solubility studies and proved that NCC can
improve both the solubility and dissolution of MX. Comparing the
dissolution profiles of F2 and F5 against F3 (set as reference) by
the fit factors method. Results revealed that F3 and F5 (containing
NCC) gave similar dissolution profiles (f1&f2 = 11 and 55,
respectively). While the dissolution profiles between F3 and F2
were significantly different (f1&f2 = 27 and 35, respectively).

On the contrary to our previous study (Emara et al.,
2014), we have investigated the potential of addition of NCC
prepared from the same batch proposed in this study (SCB) as an
excipient in the preparation of tablets containing a freely soluble
drug diltiazem, results showed that increasing the amounts of NCC
slowed the dissolution rate of diltiazem. In this regard, we might
conclude that the impact of using NCC as a tablet excipient will
give different dissolution results depending on the physico-
chemical properties of the drug.
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Fig. 4: Dissolution profiles of un-ground and ground MX powder (7.5 mg) using the powder cell of the FTC in phosphate buffer (pH 7.5) (n = 3).
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Fig. 5: Dissolution profiles of tablets containing 7.5 mg MX prepared from physical mixture of MX/lactose 1:5 (F1) and co-ground SD of MX/lactose 1:5 (F2)
using the large cell of the FTC in phosphate buffer (pH 7.5) (n = 3).

Tablets prepared by direct compression of physical
mixtures of MX/lactose and MX/lactose/MCC were studied (Table
2). Figure 7 compared the dissolution rates of physical mixtures of
MX/lactose (1:5) F1 and MX/lactose/MCC (1:5:6) F4, results
showed that addition of 6 parts of MCC (F4) drastically decreased
the amount of MX dissolved compared to F1 (without MCC),
where, after 30 min, 66.49% and 13.62 % of MX were dissolved
from F1 and F4, respectively and 68.8% and 20.5% were dissolved
after 60 min from the two formulae, respectively (Figure 7).
Using NCC had a great effect on improving the MX solubilization
as well as dissolution; in addition, presence of MCC instead of
NCC dramatically decreased the dissolution rate of MX. NCC is a
very promising tablet excipient in formulation of the poorly water
soluble MX and the study needs further integrated and elaborated
work for this important technique.

DSC

DSC was employed to investigate the crystallinity and
the melting behavior of MX, lactose, NCC and MCC in the pure
forms, as well as some of the ground, physical mixtures and
co-ground SDs containing different ratios of MX and excipients.

The DSC thermogram of pure un-ground MX powder
(Figure 8 and Table 3) exhibited a sharp endothermic peak at
260.77 °C corresponding to its melting point, with a normalized
energy of -140.64 J/g (Pathak et al., 2008), while the ground MX
powder showed a sharper peak at almost the same melting
endotherm (260.85 °C) with increased corresponding energy of -
252.45 J/g, which might be an evident of the thermodynamic state
variation (Glicksman, 2011).

It is known that changes in melting temperature and
energy give information about, for instance, content of amorphous
material (Gill et al., 2010). Also, rough treatment of crystalline
material, such as grinding, drying or compaction, can cause
damage to the crystallinity of the material and hence increase the
amorphous nature (Sebhatu et al., 1994; Ford and Willson, 1999).
Moreover, the amorphous forms, owing to higher molecular
mobility as compared to the equivalent crystalline form, may
enhance dissolution rate and this difference can then be used to
estimate the degree of amorphous content in a given sample (Shah
-et al., 2006), which has been proved by the increase of MX
solubility and dissolution by grinding.
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Table 3: DSC parameters of some tested samples.

Tested samples Code Peak (°C) Onset (°C) Endset (°C) Enthalpy (J/g)
MCC - 105.05 36.96 147.15 -205.12
Ground MCC - 94.40 30.41 137.30 -344.39
83.19 27.47 133.70 -215.61
Ground NCC ) 236.27 210.12 289.00 -165.42
Lactose ) 145.14 143.69 156.30 -157.94
217.00 211.39 222.82 -123.97
Ground Lactose ) 145.40 143.69 156.42 -174.30
217.45 211.50 224.06 -130.09
MX B1 260.77 258.15 269.69 -140.64
Ground MX B2 260.85 259.46 267.71 -252.45
145.99 144.13 158.22 -183.21
Co-ground SD of MX/lactose = 1:2 B4 217.01 211.19 224.87 -190.00
237.72 236.94 261.03 -160.26
B6 147.43 142.57 157.46 -115.59
Co-ground SD of MX/lactose = 1:5 217.56 210.56 225.31 -109.61
239.14 231.33 246.93 -74.14
146.77 145.00 155.91 -116.78
Co-ground SD of MX/lactose = 1:10 B8 216.97 210.16 223.08 -101.38
239.94 229.83 252.42 -47.63
80.16 62.97 113.24 -73.56
149.88 145.38 157.45 -30.19
Co-ground SD of MX/lactose/ MCC =1:2:6 B14 215.10 206.34 29935 3168
246.93 242.49 252.02 -31.13
89.00 55.14 120.81 -73.90
145.75 132.62 159.40 -15.78
Co-ground SD of MX/lactose/NCC =1:2:6 B24 205,60 198,65 214 61 095
256.27 247.19 263.25 14.23
149.33 144.47 157.62 -145.98
Co-ground SD of MX/lactose/ NCC = 1:5:1 B26 215.10 204.97 223.11 -113.31
240.12 227.49 248.32 -82.23
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Fig. 6: Dissolution profiles of tablets containing 7.5 mg MX prepared from co-ground SD of MX/lactose 1:5 (F2); MX/lactose/ NCC 1:5:6 (F3) and MX/lactose/
NCC 1:5:1 (F5) using the large cell of the FTC in phosphate buffer (pH 7.5) (n = 3).

The thermograms of lactose and ground lactose showed
two endothermic peaks at about 145 °C and 217 °C (Figure 8 and
Table 3). However, grinding of lactose showed minor effect on its
enthalpy value. The thermograms of the co-ground SDs of
MX/lactose = 1:2 (B4), MX/lactose = 1:5 (B6) and MX/lactose =
1:10 (B8) (Figure 8 and Table 3) showed that the endothermic
peaks of lactose were not changed. While the endothermic peak of
MX was highly shifted with a reduced melting endotherm (237.72,
239.14 and 239.94 °C for B4, B6 and B8, respectively); compared

to the ground MX powder. It was interesting to observe that the
enthalpy was decreased for both MX and lactose as the amount of
lactose increased (Table 3), This result might be an indication of
the high damage to the crystallinity of both MX and lactose and
hence the higher degree of amorphous content (Sebhatu et al.,
1994; Ford and Willson, 1999), which have been visually observed
by SEM images (Figures 2A-D and 3F-H). Also, these results
coincided with observed increase of MX solubility and dissolution
(Table 1 and Figure 5). Moreover, the solubility of
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Fig. 7: Dissolution profiles of tablets containing 7.5 mg MX prepared from physical mixture of MX/lactose 1:5 (F1) and MX/lactose/ MCC 1:5:6 (F4) using the
large cell of the FTC in phosphate buffer (pH 7.5) (n = 3).

MX was increased with increasing lactose loading as
reported in Table 1. The thermograms of B6 (Co-ground SD of
MX/lactose = 1:5) and B26 (Co-ground SD of MX/lactose/ NCC =
1:5:1) showed shifting of MX melting point (at 239.14 and 240.12
°C, respectively compared to ground MX powder 260.85 °C),
which might be an indication of the change in MX crystallinity.

B26

B24
B14
" B8

e — S~ B6
~— B4

B2 (Ground MX)

~ ——— B1(MX)
Ground Lactose
Lactose

_ Ground NCC
Ground MCC
MC‘C

Q 50 160 150 , 260 250 ‘ 360
Temperature (Degree Celsius)
Fig. 8: DSC Thermograms of investigated samples.

A decrease of melting endotherm (enthalpy of -74.14 J/g
and -82.23 J/g for B6 and B26, respectively) compared to ground
MX  powder (enthalpy of -252.45 J/g) was  observed
(Figure 8 and Table 3). This decrease in the enthalpy between
ground MX (B2) compared to B6 and B26 might be due to the
dilution of MX in the tested samples. On the other hand, the
increase in the solubility of B26 in relation to B6 (Table 1) could
be due to the different amorphous character which might be
confirmed by MX peak broadness in case of B26 compared to B6
(MX peak onset — endset = 227.49 - 248.32 and 231.33 - 246.93
°C, respectively, Table 3). DSC results might be an indication of
the amorphous state of MX in B6 and B26 and / or particle
engineering changes which could be affecting the crystal size
distribution as well as its morphology. Table 3 showed that
grinding of MCC resulted in a pronounced decrease in its known

characteristic cellulose endothermic peak (Ciolacu et al., 2011)
from 105.05 to 94.40 °C and a high increase of enthalpy from -
205.12 to -344.39 J/g for the un-ground and ground MCC,
respectively).

While, the ground NCC showed appearance of a new
endothermic peak at 236.27 °C with enthalpy of -165.42 J/g in
addition to the characteristic cellulose endothermic peak, which
has been shifted from 94.40 to 83.19 °C with enthalpy of -344.39
and -215.61 J/g, for ground MCC and ground NCC, respectively.
Concerning the co-ground SDs B14 and B24 (MX/lactose/MCC
=1:2:6 and MX/lactose/ NCC=1:2:6, respectively), the major
change of DSC thermograms was found in the SD containing NCC
(B24).

Presence of NCC in the co-ground SD showed the
appearance of a new exothermic peak at 256.27 °C with enthalpy
of 14.23 J/g for B24 and disappearance of the MX characteristic
endothermic peak (Figure 8 and Table 3).

CONCLUSION

Based on this study, NCC might be a promising tablet
excipient alternative to the widely used MCC for enhancing the
solubility and dissolution of the poorly water soluble MX. Also,
grinding of MX powder alone or in a mixture with lactose has
greatly improved its solubility and dissolution.

DSC and SEM analysis were found to be good tools and
gave decisive mirror images of both solubility and dissolution. The
grinding of MX alone or with different excipients is considered a
simple and environment-friendly technique which deserves further
integrated studies.
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