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ABSTRACT

Objective: Mebendazole is a popular benzimidazole class anthelmintic drug useful in the treatment of main infections of threadworms as well as
other less common worm infections like whipworm, roundworm, and hookworm in adults and children over 2 y of age. It is poorly soluble in water
resulting in poor absorption from the intestinal tract leading to a decrease in bioavailability. Moreover, Mebendazole has poor flowability due to the
needle-shaped crystals. This work was carried out with the aim of increasing the flowability and solubility of Mebendazole.

Methods: A 32 full factorial design was used to investigate the effect of the concentration of Mebendazole and the quantity of water as an external
phase using evaporative precipitation into an aqueous solution. The prepared agglomerates were characterized for particle size distribution, shape,
Hausner ratio, Carr’s index and % dissolved in 60 min (Ceo).

Results: The prepared agglomerates were found to be monodispersed. They also showed a decrease in the Hausner ration and Carr’s index,
indicating improved flowability. Increase in Ceo indicated that the agglomerates were found to have increased water solubility.

Conclusion: Scanning Electron Microscopy showed that the agglomerates were spherical in shape. Fourier Transformed Infra-Red studies showed
no chemical change in the prepared spherical agglomerates. Differential Scanning Calorimetry and X-ray diffraction studies showed an increase in
amorphous characteristics of prepared spherical agglomerates. This method may be used for drugs with similar characteristics as Mebendazole.
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INTRODUCTION

Mebendazole (MBZ) is a synthetic popular benzimidazole class
anthelmintic drug useful in the treatment of main infections of
threadworms as well as other less common worm infections like
whipworm, roundworm, and hookworm in adults and children over
2 y of age [1, 2]. MBZ shows great promise in the treatment of
capillariasis and hydatid disease. It has recently shown efficacy as an
anticancer agent [3]. Through microtubular destruction,
mebendazole kills helminths by inhibiting glucose uptake into
susceptible parasites [4]. MBZ belongs to class II of the
biopharmaceutics classification systems (BCS) as it is poorly soluble
in water and slow to dissolve [5-9]. It results in poor absorption
from the intestinal tract [10]. Its systemic efficacy is limited by its
poor water solubility [11]. MBZ has poor flowability due to needle-
shaped crystals [8].

Spherical agglomeration is a novel particle engineering technique in
which spherical particles of amorphous nature can be obtained by
various spherical agglomeration methods in the same process.
Spherical shape leads to enhanced flowability, compressibility, and
amorphousness, increases the solubility in water. Spherical
agglomerates can be obtained by typical spherical crystallization
techniques like wet spherical agglomeration method, quasi emulsion
solvent diffusion (QESD) method [12, 13], ammonia diffusion
method [14], neutralization method [15], crystal co-agglomeration
method [16]; non-typical spherical crystallization techniques like
cooling method, pH method, salting out method, and other
techniques [17] like evaporative precipitation into aqueous
solutions (EPAS) [18], solution atomization and crystallization by
sonication (SAXS) [19-22], solvent evaporation method [23, 24].

The objective of the present study is to enhance the flowability
and solubility of MBZ by preparing spherical agglomerates
through evaporative precipitation into an aqueous solution
(EPAS).

MATERIALS AND METHODS
Materials

MBZ was received as a gift sample from K A Malle Pharmaceuticals
Ltd (Ankleshwar, Gujarat, India). Formic acid AR grade was
purchased from SD Fine Chem Limited (Mumbai, India). Distilled
deionized water purchased from SICART (Vallabh Vidyanagar, India)
was used throughout the study.

Preparation of spherical agglomerates

A fixed amount of MBZ is dissolved in 1 ml of formic acid to
prepare the solution. The MBZ solution was sprayed at a rate of 1
ml/min using the spray gun into the water at 90 C and stirred at
600 rpm using a magnetic stirrer. The stirring continued for a
further 3 min after the complete addition of MBZ solution. The
particles of MBZ obtained in the water were separated by vacuum
filtration (Erection Engineering, India). Particles were washed
with water (25 ml each 3 times) to make them free from formic
acid.

Preparation of batches

The factors like concentration of MBZ and volume of external phase
(water) affecting the spherical agglomeration were chosen at
different three levels as shown in table 1 with coded and actual
values.
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Fig. 1: The graphical abstract for preparation of spherical agglomerates
Table 1: Levels of independent variables for 32 factorial designs
S. No. Independent variable Low level (-1) Medium level (0) High level (1)
1 Concentration of MBZ (X1) 2.5% 7.5% 12.5%
2 The volume of the external phase (X2) 25ml 50ml 75ml

A 32 full factorial design was applied to optimize these process variables. The composition of all the above nine batches is shown in table 2. All nine

batches were prepared in triplicate.

Table 2: Composition of various batches of mebendazole spherical agglomerates

Transformed values Real values
Batch No. Concentration of drug (X1) The volume of external phase Concentration of drug (X1) The volume of external
(ml) (X2) phase (ml) (X2)
El -1 -1 2.5% 25
E2 -1 0 25% 50
E3 -1 1 25% 75
E4 0 -1 7.5% 25
E5 0 0 7.5% 50
E6 0 1 7.5% 75
E7 1 -1 12.5% 25
E8 1 0 12.5% 50
E9 1 1 12.5% 75

Characterization of spherical agglomerates particle size analysis

The particle size and distribution of pure MBZ and processed MBZ
were determined by laser diffraction. The wet sample was fed into a
HELOS laser diffraction sensor (HELOS/BF; GmbH, Germany).
Measurement of the median particle size distribution (x50) defined
by the Volume Mean Diameter (VMD) was made.

Uniformity index
It was calculated by using the following formulae

_Dw

Ul = —
Dn

Where Dw and Dn are average weight diameter and average number
diameter respectively and are calculated as follows

YNiDi4

Dw =S—=

»NiDi3

NiDi

Dn = &
YNi

Where Ni is the number of particles with Di diameter

The values of Ul ranging from 1.0 to 1.1 and 1.1 to 1.2 indicate
monodisperse and nearly monodisperse particles [25].

Flowability and compressibility

The bulk density (BD) and tapped density (TD) densities were
determined using the standardized method as described in the
United States Pharmacopoeia (Bulk density test apparatus; Erection,
India). A fixed amount of powder was poured into a cylinder and the
level was recorded. The sample was subjected to 2500 mechanical
tapping and the TD was determined using the tapped volume. In
addition, these measurements, the Hausner ratio, as an indicator of
flowability and cohesiveness as well as Carr’s index, as an indicator
of compressibility as previously described, were calculated.

Drug dissolution study

The dissolution study was performed using USP type Il device DA-6
(Veego Scientific, Mumbai) under non-sink conditions. A 100 mg of
pure or processed MBZ powder sample was placed in 500 ml of
distilled deionized water as a dissolution medium at 37+0.5 °C and
stirred at 100 rpm. The 5 ml samples were withdrawn and filtered
through 0.45 um filters (Whatman filters, USA). The samples were
withdrawn at 5,10,15,30,45, and 60 min with media replacement.
The % of dissolved MBZ was determined and designated as C60.

% Yield calculation

% Yield was calculated by weighing the total amount of MBZ powder
obtained for each batch divided by the total amount of MBZ powder

31



D. M. Modi et al.

taken for the process as per the following formulae.

o6vield= Weight of treated MBZ powder __
oyreld= Weight of MBZ. powder taken X100

Surface morphology

Scanning electron microscopy (SEM; XL 30; Philips, Netherlands)
was used to examine the surface morphologies of the MBZ and
treated MBZ powder particles. All the samples were gold-palladium
sputtered before analysis, and SEM was carried out at 5 kV.

Powder X-ray diffraction (PXRD)

The phase of the MBZ and processed MBZ particles was analyzed
using an Xpert MPD diffractometer (Philips, Holland).

Fourier-transform infrared spectroscopy (FTIR)

FTIR spectra of MBZ and treated MBZ powder were recorded over a
wavelength of 400 cm-1 to 4000 cm-1 using Spectrum GX
spectrophotometer (Perkin Elmer, Germany) using an attenuated
total reflectance (ATR) mode.

Differential scanning calorimetry (DSC)

The DSC analysis was performed using Pyris-1 DSC (Perkin Elmer,
Germany) differential scanning calorimeter. The materials samples
(10 mg) were weighed to aluminum pans (25 1) and sealed with
pierced lids. The analysis was performed in the temperature range
of 0 to 500 °C in a nitrogen atmosphere (50 ml min-!) using a
heating rate of 5 °C min-1. An empty pan sealed with a pierced lid
was used as a reference.

Multivariate data analysis

The effects of independent variables and their interaction on the results
of Hausner ratio, Carr’s index, and C60 values were analyzed; the data
were subjected to multiple regression, and a statistical model
incorporating interactive and polynomial terms shown in equation 1
was used to evaluate the response by using the Design Expert® 7.1.6
software

Yi = b0 + b1X1 + b2X2 + b11X11 + b22X22 + b12X1X2 .......... 1

Where Yi is the dependent variable; b0 is the arithmetic mean of the
9 terms; bi is the estimated coefficient for the factor Xi.

An equation was proposed for every dependent variable to
determine coefficients and the p values of each term of the derived
equation. The multiple regression of significant terms and
dependent variables gives the reduced model equation.

Contour plots

The effect of the two independent variables on the Hausner ratio,
Carr’s index, and C60 was optimized by generating the contour plots
using the Design Expert® 7.1.6 software, and various values of them
were found to give the optimized product.
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Selection of the best batch

During the optimization of a multivariable process, in spherical
agglomeration, the responses have to be combined to produce a
product of desired characteristics. The application of the desirability
function combines all the responses in one measurement and gives
the possibility to predict the optimum levels of the independent
variables.

Individual desirability for each response (ID) is calculated from the
following equation.

Q

D= Rmax — Rmin

Q = Rmax-R OR Q = R-Rmin

Here, Q = difference obtained by subtracting an individual response
from the maximum or the minimum value of the response

Rmax = maximum value of the response from all response values
Rmin = minimum value of the response from all response values

R = value of the response experimentally determined. Overall
desirability (OD) is calculated from the following equation.

0D = (ID1xID2xID3)1/3

The value of OD near 1 indicates the batch or product has all the
different desired characteristics [26].

The best batch was selected and further analyzed for SEM, XRD,
FTIR, and DSC to check for sphericity, crystalline or amorphous
characteristics, as well as any change in chemical composition.

Checkpoint analysis

A checkpoint analysis was performed to confirm the role of derived
polynomial equations in predicting the responses. Values of
independent variables were taken at 2 points as shown in table 3.
The theoretical values for HR, % C and C60 were calculated by
substituting the values in the polynomial equation. Spherical
agglomerates were prepared experimentally at 2 checkpoints and
transformed for the responses.

Table 3: Composition of checkpoint batches

Checkpoint batch X1 X2
C1 0.7 -0.5
C2 -1.2 1.1
RESULTS AND DISCUSSION

Characterization of spherical agglomerates

The characteristics of MBZ and different batches of spherical
agglomerates are shown in table 4.

Table 4: Characteristics of MBZ and different batches of spherical agglomerates

Batch no. Particle size* (um) Ul HR* %C* C60# Yield*
MBZ 14.6 1.58 1.60+0.01 37.50+0.45 50.50+0.4 —
E1 28.7 1.36 1.32+0.04 24.24+0.32 63.1+0.3 63+2
E2 35.6 1.40 1.45+0.02 31.03+0.02 62.2+0.5 62+4
E3 421 1.52 1.43+0.07 30.07+0.08 60.2+0.01 61+2
E4 39.8 1.48 1.30+0.06 23.08+0.12 66.3+0.3 62+1
E5 44.6 1.42 1.34+0.04 25.37+0.31 62.4+0.07 61+2
E6 52.3 1.39 1.38+0.05 27.54+0.06 61.3+0.2 63+1
E7 55.3 1.43 1.28+0.09 21.88+0.00 71.5+0.03 62+2
E8 35.6 1.48 1.32+0.03 24.24+0.04 68.6+0.6 64+3
E9 44.5 1.53 1.36+0.04 26.47+0.06 64.4+0.4 63+1

Here* Volume Mean Diameter (VMD)# mean+SD (n = 3); Ul = Uniformity index; HR = Hausner Ratio; %C = Carr’s compressibility index; C60 = %

drug dissolved in 60 min

The mean volume diameter of the prepared agglomerates has been
increased, indicating that the agglomeration of particles has taken place.

The UI of spherical agglomerates was always less than that of MBZ. This
indicates that the process helps in narrowing particle size distribution.
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However, all the batches of spherical agglomerates exhibit Ul greater
than 1.2 (maximum 1.53). Thus, the particle size distribution of spherical
agglomerates may be described as nearly monodisperse [27, 28].

The yield of various batches was found in the range of 61-64%. It
indicates that the process is giving a good yield, but the process may
be further improved to obtain a yield close to 100%.

Effect on flowability
A quadratic equation (full model) was obtained for HR and %C as,

HR = 1.3567 — 0.04X1 + 0.045X2 + 0.02X12 — 0.025X22 —
0.0075X1X2........ )

%C = 26.2189 — 2.125X1 + 2.48X2 + 0.9917X12 + 1.333X22 —
0.31X1X2.......... (3)

The correlation coefficient (r?) of HR and % C was found to be
0.9032 and 0.9132, respectively, indicating a good fit. The main
effects of X1 and X2 represent the average result of changing one
variable at a time from its low to high value. The interaction terms
show how HR and %C values are affected when two or more
variables were simultaneously changed. Equations 2 and 3 represent
the effects of individual and combined variables on HR and %C of
prepared spherical agglomerates, respectively. The values of
coefficients of X12, X22, and X1X2 (having p>0.05) in equation 2 and
the value of coefficients X12, X22, and X1X2 (having p>0.05) in
equation 3 are regarded as the least contributing factors and hence,
these terms were neglected to develop a reduced model (equation 4
and 5) by multiple regression of the significant terms (p<0.05) as,

HR = 1.3567 — 0.04X1 + 0.045X2 — 0.025X22.......... 4)
% C = 26.2189 — 2.125X1 + 2.48X2 ............... (5)

F-statistics of the results of the full model and reduced model
ANOVA confirmed the omission of insignificant terms from
equations 2 and 3 as F calculated value is less than F tabled value. So,
the neglected terms do not significantly contribute to predicting the
HR and %C of MBZ spherical agglomerates. It is evident from
equations 4 and 5 that spherical agglomerates with good flowability
(low value of HR and %C) can be prepared by taking a high
concentration of drugs and a low volume of water.

Effect on dissolution

A quadratic equation (full model) was obtained for % drug dissolved
in 60 min Ceo as,

C60 =
63.2889 + 3.1667X1 — 2.5X2 + 1.6667X12 + 0.0667X22-1.05X1X2

A:VVolumeofextemal phase

Design-Expert® Software
Factor Coding: Actual
HR
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The value of the correlation coefficient (r2) was found to be 0.9918,
indicating a good fit. The main effects of X1 and X2 represent the
average result of changing one variable at a time from its low to high
value. The interaction terms show how C60 values are affected when
two or more variables were simultaneously changed. Equation 6
represents the effects of individual and combined variables on the
C60 of the prepared spherical agglomerates. The values of
coefficients of X22 (having p>0.05) in equation 6 are regarded as the
least contributing factors and hence, these terms were neglected to
develop a reduced model (equation 7) by multiple regression of the
significant terms (p<0.05) as,

C60 = 63.2889 + 3.1667X1 — 2.5X2 ...... (7)

F-statistics of the results of ANOVA of the full model and reduced
model confirmed the omission of insignificant terms from equation 6
as F calculated value if less than the F tabled value. So, the neglected
terms do not significantly contribute to predicting the C60 of MBZ
spherical agglomerates.

During dissolution studies, it was observed that the unprocessed
MBZ initially floated on the surface of the dissolution medium while
the modified EPAS-processed powders were wetted readily and
quickly dissolved [29-32].

It is evident from the equation that spherical agglomerates with
good dissolution (high value of C60) can be prepared by taking a
higher amount of drug and a lower volume of water. This may be
attributed to a decrease in the crystallinity of MBZ.

Contour plots

Contour plots generated from Design Expert software are shown in fig.
1, 2, and 3; HR, %C, and C60 are indicated, respectively. It was
observed from the contour plot fig. 1 that the lowest value of HR (1.3)
could be obtained with X1 between-0.5 level (5%) to 0.5 level (10%)
and X2 between 0.5 level (62.5 ml) to 1 level (75 ml). Fig. 2 revealed
that the lowest value of % C (24) could be obtained with X1 between-
0.5 level (5%) to 0.5 level (10%) and X2 between 0.5 level (62.5 ml) to
1 level (75 ml). Fig. 3 showed that the maximum value of C60 (70%)
could be obtained with X1 between 0.5 level (10%) to 1 level (12.5%)
and X2 between 0 levels (50 ml) to 1 level (75 ml). All the two-
dimensional contour plots were found to follow the nonlinear
relationship between X1 and X2 variables. From the contour, it was
observed that drug concentration (10%) and higher volume of
external phase (75 ml) are necessary for lowest HR and %C as well as
highest C60.

® Design Points
1.45
1.28

X1 = B: concentration of drug
X2 = A: Volume of external phase

B: concentration of drug

Fig. 2: Contour plot showing the effect of X1 and X2 on HR
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X1 = B: concentration of drug
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B: concentration of drug

Fig. 3: Contour plot showing the effect of X1 and X2 on %C

Table 5: The individual and overall desirability of all batches

Batch No ID1 ID2 ID3 oD
E1l 0.765 0.742 0.257 0.526
E2 0 0 0.177 0
E3 0.118 0.105 0 0
E4 0.882 0.869 0.540 0.745
E5 0.647 0.619 0.195 0.427
E6 0.412 0.381 0.097 0.248
E7 1 1 1 1
E8 0.765 0.742 0.743 0.750
E9 0.529 0.498 0.372 0.461
Here, ID= Individual Desirability; OD= Overall Desirability

CB60

A Volumeofexternal phasa

Design-Experi® Software
Factor Coding: Actual
® Design Foints
71.5
1

| |
602

X1 = B concentration of drug
X2 = A: Volume of external phase

000

B: concentration of drug

Fig. 4: Contour plot showing the effect of X1 and X2 on C60Selection of the best batch

The values of individual desirability ID1, ID2, ID3, and overall
desirability OD for every batch are shown in table 5. It is evident
from the table that batch E7 has the highest OD value. This can be
called the best batch among all 9 batches prepared.

Checkpoint analysis

From the contour plot, two sets of X1 and X2 were selected. The
spherical agglomerates of MBZ were prepared experimentally using

the same procedure keeping the other process variables constant
with the amounts of X1 and X2 at the selected checkpoint. The
experiment was repeated three times and experimentally obtained
mean HR, %C and C60 values compared with the predetermined
values. The values are also determined from the respective contour
plot for batches C1 and C2. All values are shown in table 6. No
significant difference (p>0.05) was observed between calculated and
experimental values of HR, %C, and C60.

Table 6: Calculated and experimentally determined values for the checkpoint batches

Checkpoint batch HR C60

Calcu Experi Experi Calcu Experi
C1 1.35 1.33 25.7 64.26 63.9
c2 1.45 1.44 31.0 56.74 55.90

Mechanism of formation of spherical agglomerates and factors
affecting the sphericity

We propose the following mechanism for the formation of spherical

agglomerates through the modified EPAS method [33-36].

- Formic acid (Internal phase) and water (external phase) are
miscible.
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- When the heated formic acid solution is sprayed into the aqueous
solution as a powerful spray mist resulted in very fine formic acid
droplets are formed. Very rapid evaporation of the heated organic
solution in EPAS results in fast nucleation, resulting in an
amorphous nanoparticle suspension producing high super
saturation of MBZ, thus favoring smaller spherical particles by
stirring. It can be expected to bring about a high nucleation rate.

Int ] Pharm Pharm Sci, Vol 14, Issue 9, 30-38

- At the end of spraying, a few small particles can be observed in
the white opaque colloidal suspension. As water solubility of MBZ
increases with temperature, some MBZ precipitates during cooling,
increasing the particle size in the suspension.

Agglomerates are spherical in shape as evident from micrographs as
shown in fig. 4.

Fig. 5: SEM image of (A) pure MBZ and (B) batch E7

The process does not induce any chemical change in MBZ as evident
from the comparison of FTIR spectra of MBZ and the agglomerates
prepared from MBZ in fig. 5.

X-ray diffractograms of spherical agglomerates showed a similar
number of peaks to that of the x-ray diffractogram of pure MBZ

\
Tk 3% b
N

“1 ,r’{ \\‘WI ,.-'r
| Il" saon | |

but of lower intensity as per fig. 6. Besides this, the % reduction
in the height of the peak of spherical agglomerates for pure MBZ
is given in table 7. So, it is concluded that MBZ gets transformed
to a less crystalline form during the spherical agglomeration
process [37-39].

L1 \
| J | |
) [ vasise mMBZ

Fig, 6: FTIR spectra of pure mebendazole and spherical agglomerates of batch E7
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Fig. 7: X-ray diffractogram of pure MBZ and spherical agglomerates

of batch E7
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Fig. 8: DSC thermograms of pure MBZ and spherical agglomerates

of batch E7

Table 7: % Reduction in the height of peaks at specific [2 Theta] values of pure MBZ and batch E7

Position Position [2Theta]of Spherical Height of pure MBZ Height of spherical % Reduction in height
[2 Theta] of MBZ agglomerates of batch E7 agglomerates of batch E7 of a peak
14.4758 14.7968 128.61 22/58 82.44

DSC thermograms of pure MBZ and spherical agglomerates are depicted in fig. 7. Pure MBZ showed two endotherms at 245.286 °C and 325.574 °C,
whereas the spherical agglomerates of the batch E7 showed at 246.098 °C and 322.72 °C as well as a decrease in the delta H values indicating that

the pure MBZ has been transformed into the less crystalline form [37].

CONCLUSION

The study aimed to prepare, characterize, and optimize the spherical
agglomerates of Mebendazole by evaporative precipitation into the
aqueous solution (EPAS) method. This method uses the spraying of a
formic acid solution of Mebendazole into poor solvent-water at 90
°C, which can remove the formic acid from droplets to make
spherical particles and convert it into amorphous characteristics. By
optimizing the various process parameters, the flowability,
compressibility, and solubility were improved to the extent that
made them suitable for direct processing to convert into tablets.
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